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PREFACE.

THE object of the present work is to impart to beginners
a knowledge of the fundamental principles of the various
processes employed in the Manufacture of Iron and
Steel, together with an account of the valuable proper-
ties of these metals, so far as they can be treated in an

elementary manner.

The book is not intended to supersede any of the
larger manuals on the subject, but rather to prepare the
student for a more advanced course of study. It also
is hoped that manufacturers and workmen connected
with trades in which iron and steel are used may find

some of the contents of value to them.

A chapter has been added dealing specially with
chemical principles and changes for the assistance of

students having but a limited knowledge of chemistry.
v
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vi . PREFACE.

Pupils preparing for the ordinary grade examinations
of the City and Guilds of London Institute will find the
questions at the end of each chapter specially useful.

The author desires to acknowledge his indebtedness to
the works of Percy, Gruner, Kerl, Phillips, Bell, Green-
wood, Bauerman, and others ; to the authors of various
papers read before the Iron and Steel Institute; and to
Mr. Arthur Adams for his kindness in reading the proof
sheets.
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IRON AND STEEL MANUFACTURE.

CHAPTER I

INTRODUCTION.

IroN, although very widely diffused throughout the
earth’s crust, is seldom found in the free state. This
circumstance, together with the great dissimilarity be-
tween the metal and the minerals in which it occurs,
may account for the fact of its nature and properties
remaining comparatively unknown until the later period
of the world’s history, which has been termed the *Iron
Age.” People unacquainted with the extraction of
iron from common ironstone would be unlikely to
discern any relationship between that substance and
metallic iron or steel, and although the purer varieties
of magnetite and haematite may be easily reduced when
in contact with burning fuel, considerable skill is re-
quired to form and fashion it into useful articles.

Of all the metals, iron is the one most eminently
adapted to the wants and requirements of industry,
being, as Horner says, “not only the soul of every
other manufacture, but the mainspring perhaps of
civilised society.” It is not only extremely valuable
in its commercially pure state, but when in combina-
tion with other elements, forms compounds having an
endless variety of applications.

It is not known who first discovered iron, but

A .



2 IRON AND STEEL MANUFACTURE.

tradition attributes it to the accidental burning of a
wood in Greece. Or, in the process of charcoal burn-
ing for metallurgical or other purposes, if the soil
contained a mass of meteoric iron, or an easily reducible
oxide, a mass of iron might have been obtained.

The earliest contrivance for smelting iron ore in a
systematic manner would probably be a kind of rude
hearth, similar to the low conical furnace employed by
the natives of South Africa at the present time. This, or
a similar arrangement would very likely be built on the
windward side of a hill, so as to obtain a natural
draught. An important improvement was the addition
of the foot-blast, such as that still used in Ceylon and
India. Simple leather-bellows are inflated by strings
pulled by the hand, and worked by the pressure of men’s
feet for the exhaust. During the fourth century A.p.
single-acting bellows with valves were introduced into
Gaul by the Romans. These were afterwards superseded
by double-acting bellows.

Another primitive contrivance, known as the Catalan-
forge, blown by water-blast, was the only arrangement for
supplying Europe with iron for several hundred years;
and in the United States of America many thousands of
tons are annually produced by a similar forge known as a
“bloomery.” In later times the walls of the smelting
furnace were made higher, consequent on the use of more
refractory ores. A lateral opening was made in the lower
part for the withdrawal of the bloom below, instead of from
above, as in the Catalan-forge. Such a furnace was
termed the “stiickofen” or high-bloomery. This, and the
later form of the ¢ blauofen ” were the prototypes of the
modern blast furnace, being worked with compressed air.
With such arrangements there would be no difficulty in
combining the iron with sufficient carbon, etc., to
form cast-iron. As the varieties of iron known as
malleable-iron, steel, and pig- or cast-iron differ essen-
tially in the amounts of carbon contained, it would
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be easy to produce either by properly proportioning the
ore, fuel, air, etc. »

Iron making on a large scale was introduced into
Britain by the Romans, especially in those parts most
conveniently situated for purposes of exportation. It
is a remarkable circumstance, that in several dis-
tricts where the existence of extensive iron-beds had
not been dreamt of by Englishmen until within
the last fifty years, such as those of North Yorkshire
and Northamptonshire, the remains of ancient work-
ings recently discovered show that the Roman colonists
were acquainted with them. For centuries after the
Roman occupation the art was almost lost, for in
the time of Edward the Third the metal was so rare,
that the pots, and spits, and frying pans were classed
amongst his Majesty’s jewels. In 1354 it was enacted
that no iron, wrought or unwrought, should be exported
under heavy penalties. In the sixteenth century a
revival appears to have taken place in iron manufacture.
The smelting of iron, entirely with wood fuel, caused such
an enormous consumption of timber, that an Act was
passed in 1581 to check its use within a radius of 20
miles of London.

Early in the seventeenth century we find recorded the

- first attempts to smelt iron with coal, and about the year
1620 Dud Dudley successfully accomplished this most
desirable result, but the secret died with him, and it was
not till the early part of the eighteenth century that the
method was permanently established. Even at the
middle of that century the home manufacture had so
fallen off, that four-fifths of the iron used in this country
was imported from Sweden. At what period the blast-
furnace was established is unknown, but it was probably
used as early as the fifteenth century in conjunction
with the ¢ finery ” for producing malleable iron.

In 1784 Cort introduced his method of refining pig-iron
in the puddling-furnace, and rolling the puddied balls
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into bars by means of grooved-rolls. This gradually
superseded almost all the older methods.

In 1828 James Neilson recommended the use of the
hot-blast, in direct opposition to the.views of the
most eminent metallurgists of the day. Four years
after its introduction at the Clyde works, their weekly
output was doubled without the consumption of extra fuel,
the air being heated to 300° C.

In 1855 a total revolution occurred in the iron trade by
the valuable invention of the Bessemer process, an inven-
tion, which, as Sir L. Bell says, “will probably for some
time, if not permanently, remain as a culminating point
in the progress of the manufacture of iron.” For some
time the invention seemed likely to fail, until Mr. R. F.
Mushet proposed to add a manganese compound at the
completion of the blow, thus bringing about complete
success.

Subsequently, Messrs. Siemens conceived the notion
of constructing a furnace in which an intense tem-
perature could be produced, with the aid of heat from the
combustion of gaseous fuel. These renowned metal-
lurgists have given to the world an invention, invaluable
a8 a means of producing temperatures hitherto undreamt
of, which ranks equal in importance with that of Bessemer.

In fact Siemens and Bessemer may truly be said to have -

inaugurated a new era, termed the “ Age of Steel.”

The next great advance, made by the collection and
utilisation of the waste gases of the blast-furnace, by a
Frenchman at Ebbw Vale in South Wales, was so suc-
cessful, that in a few years it was almost universally
adopted, with a saving of a million and a half tons
of coal per annum. This utilisation of the waste gases
led Mr. Cowper to adopt the regenerative principle of
Siemens in stoves for heating the blast, thus placing at
the disposal of ironmasters much higher temperatures
than before. ’ '

Lastly, of quite recent date, Messrs. Thomas & Gilchrist
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have adopted the principle of a basic lining for the Bes-
semer converter, whereby common pig-iron—containing a
considerable quantity of phosphorus—may be employed
for making good steel. The success of the process has led
many experimenters to test the suitability of basic linings
for the Siemens furnace, and excellent results have been
obtained, so that the dephosphorisation of pig-iron, both
in the Bessemer-vessel and in the open-hearth, must now
be recognised as an accomplished fact.

CHAPTER IL

DEFINITION OF METALLURGICAL TERMS. REFRACTORY
MATERIALS. FUEL

Ore.—An ore is a naturally occurring substance con-
taining a metal, chiefly in the forms of oxide, sulphide,
and carbonate. These corapounds are generally associated
with earthy matter, termed gangue, which may often be
separated by mechanical means, such as crushing, washing,
and sorting. Some metals are found in nature in the
metallic state, when they are said to occur “native.”

Calcination and roasting.—When an ore or other
substance is subjected to a temperature, insufficient to
melt it, but sufficient to expel volatile matter, and render
the body more porous and more fit for the subsequent
smelting, it is said to be “calcined.” When the main
object of the process is to oxidise the substance, the
operation is termed ‘roasting.”

8lag.—The fusible compound formed by the union of
metallic oxides with silica is termed a “silicate,” in
which other bodies are often dissolved. When such a
“silicate” is a waste product of an operation it is termed
‘a “slag.” It may be glassy, crystalline, or stony. Rapid
cooling tends to produce a glassy slag, while slow
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cooling induces the crystalline form. The presence of
much lime and other earths renders a slag stone-like in
character. :

Flux.—A flux is a substance added to ores, or other
metalliferous substances, for the purpose of uniting
with the foreign matter and forming a fusible slag.
The kind of flux added will vary with the nature of
the bodies to be removed ; thus, a siliceous gangue re-
quires a basic flux, and a basic gangue a siliceous one,

" Smelting.—This term in its broadest sense is applied
to the whole of the processes by which a metal is
extracted from its ores with the aid of heat.

Welding.—When two pieces of metal are joined
together by pressure to form one compact mass, they
are said to be welded. This union is effected at different
temperatures, according to the character of the metal,
thus—iron requires a white-heat, but steel must be
welded at a lower temperature. It is necessary that the
metals should be in a soft condition, with clean surfaces,
and that the metal should possess considerable malleabil-
ity and tenacity ; for this reason cast-iron cannot be
welded.

Occlusion.—Metals, when melted in contact with air
or other gases, absorb them more or less, and retain a
portion after solidification ; the portion thus retained is
said to be occluded.

Cementation.—When a metal is heated in contact
with a powder, which modifies its nature and composition,
without melting, the process is termed cementation, and
the powder employed is termed the cement. Iron is
heated in this way with carbon to form steel ; this is a
“carburising” cementation. When cast-iron is heated
with oxide of iron, the oxygen of the latter so modifies
the character of the iron that it becomes malleable ; this
is an “oxidising ” cementation.

Fining and refining.—The term “fining” is applied
to the operation of purifying pig-iron, either in the
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puddling-furnace or in the old charcoal-finery. The
term “refining” is applied to a preliminary process
originally used to partially purify pig-iron, and convert
.t into white iron, before fining it.

Hot-short and cold-short.—When a metal cannot
be hammered or rolled at or above a low red-heat, without
cracking, it is termed “red-short.” On the other hand,
& metal, which cannot similarly be worked below a low
red-heat, is said to be * cold-short.”

Metal.—This term is applied to a certain number of
the chemical elements which have well defined characters
in common, such as metallic lustre, conductivity, and
high specific fravity. The influence of heat upon metals
is very varied ; some melt at a low temperature, others
require a red-heat, a strong-red, or a white-heat respec-
tively, to melt them. The following table by Pouillet
Willl explain the temperatures corresponding to different
colours :—

Incipient red-heat corresponds to 525°C. 977° F.

Dull-red ” 700 1292
Incipient cherry-red ,, 800 1472
Cherry-red " 900 1652
Clear cherry-red " 1000 1832
Deep-orange " 1100 2012
Clear-orange » 1200 2192
White . 1300 2372
Bright-white . 1400 2552
Dazzling-white » 1500 2732

Metals expand when heated and contract on cooling,
and within certain limits, the expansion is proportional
to the range of temperature. Certain anomalies however
exist, thus—molten pig-iron expands at the moment of
becoming solid, and solidified bismuth occupies a larger
space than bismuth in the liquid state. One of the most
distinctive features of a metal is an internal mobility, in
virtue of which, its shape may be altered by pressure with-
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vut disruption of themass. This property is possessed by
metals in various degrees, so that the ¢ malleability ” or
power of being extended by pressure without cracking,
and “ductility,” or the capability of being permanently
elongated by a tensile stress combined with lateral
pressure, are by no means equal in extent ; nor is the
order of their malleability the same as of their ductility,
for the former depends on the softness and tenacity,
while the latter is much more dependent on tenacity.
By ““tenacity ” or tensile strength is understood the re-
sistance a body offers to an attempt to pull its particles
asunder when a stretching force is applied. The ten-
acity is generally diminished by a rise in temperature,
while the reverse is often the case with regard to
malleability and ductility. Some metals have a feeble
tenacity, and are then said to be brittle. When a body
resists rupture by a bending or twisting force, it is said
to be “tough.” [Elasticity is a property of bodies,
in virtue of which they tend to recover their size
and shape after being subjected to a disturbing force.
There is a limit in every solid body, beyond which, it will
not return to its original form on the withdrawal of the
force ; this is termed the limit of perfect elasticity.  Hard-
ness,” which is measured by resistance to a compressive
force, like all the other physical properties of a metal, is
modified ‘by the presence of impurities, so that in many
cases softness is a test of purity. All malleable metals
become hardened by pressure, and often require anneal-
ing during the process of manufacture. The fractured
surface of metals is often characteristic, being spoken
) “brous, crystalline, granular, columnar, and con
thus—wrought-iron is fibrous, zinc is crystalline,
granular, tin is columnar, and hard steel is con-
Crystalline structure is often accompanied by

388, and fibrous structure by high tenacity. Most

re much heavier than water, and the ratio which

'8 the number of times a body is heavier than an



REFRACTORY MATERIALS. 9

equal volume of water is termed its “ specific gravity.”
The “ specific heat,” or the capacity of a body for heat,
extends over a wide range with regard to metals ; iron
for example being ;L;th that of water, while lead is less
than g%. The oxides of metals are usually basic in
character, but this property is only relative, as an oxide
which is basic in one compound may become acid when
allied with a stronger base.

Alloys.—By uniting two or more metals in various
proportions an almost infinite variety of combinations
may be obtained, possessing to a greater or less extent
the properties of their constituents; these are termed
“alloys.” The effect of this is, generally, to increase the
hardness, alter the specific gravity, and otherwise modify
the character of the components. The melting point of
an alloy is usually less than the mean of the constituents,
and sometimes below that of either.

REFRACTORY MATERIALS.

In any hearth or furnace where a high temperature is
desired, it is necessary that it should be lined inside
with a material capable of withstanding the heat, and
scorifying action of the matter operated upon, without
melting. Refractory materials are either used in the
natural state, such as silica, alumina, lime, magnesia,
oxides of iron and fire-clay; or they are made to
undergo a certain preparation. In some cases the
materials are moulded to the internal shape of the
furnace. If they are not of a plastic nature, such
as lime and magnesia, tar or some other binding
material is added, to give the necessary plasticity. Fire-
bricks are generally made of fire-clay mixed with burnt-
clay and white sand, which prevent the bricks cracking,
and diminish the fusibility. The composition differs
with the purposes for which the refractory materials are
designed. In some cases they are required to withstand
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a high and prolonged temperature without softening ; in
others they are required to withstand great pressure ;
in others to resist the corrosive action of metallic oxides ;
and in others to withstand great and sudden changes
of temperature.

Crucibles are open-mouthed vessels in which metals
and other bodies may be strongly heated with safety.
They are made of mixtures of clays in the raw and in
the burnt state, or the same mixed with coke dust and
graphite, the most refractory being those made with
clays containing the largest amount of silica, and the
smallest quantity of lime and oxide of iron. When
graphite 1s used, with sufficient clay to impart the
requisite plasticity, they are termed black-lead or plum-
bago pots. Good plumbago crucibles resist sudden changes
of temperature, and may be used several times, until
they are worn too thin to bear the weight of the metal.
The crucibles used for making steel at Sheffield are
made of a mixture of Burton and Stannington clays,
mixed with burnt clay and a little coke-dust.

Refractory materials are either acid, such as ganister
and Dinas clay ; neutral, such as kaolin (fire-clay) ; or
basic, such as dolomite, bauxite, alumina, etc. A sub-
stance is termed acid, neutral, or basic, when the acid
is greater, equal to, or less in equivalence than the base.
(See p. 21.)

CGanister is a highly siliceous substance, with sufficient
plasticity to enable it to be used for lining a furnace,
such as the Bessemer converter.

Dinas clay is more siliceous than ganister and
highly refractory. It is devoid of plasticity, so that it
requires a little clay to be mixed with it, in order to
mould it into bricks, which are termed silica-bricks.

Fire-clay is essentially a hydrated silicate of alumina,
which resists a high temperature without softening ; all
other bodies that may be present may be considered as
impurities, which generally tend to make it more fusible,
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especially potash and soda. Its plasticity or power of
being moulded into different shapes is owing to its
chemically combined water.

Dolomite (CaCO, + MgCO,) is a double carbonate of
lime and magnesia. When 1t is strongly heated, car-
bonic acid is expelled, leaving caustic lime and magnesia
(CaO + MgO). If this double oxide be exposed to air, it
re-absorbs carbonic acid and water. This substance is
used for lining furnaces which require a ¢ basic ” fettling.

Bauxite and Belfast ore.—Bauxite is a basic sub-
stance generally containing but little silica, found in the
south of France. It is highly refractory and requires
the addition of a little clay to render it plastic. Belfast
aluminous-ore is similar to Bauxite.

ANALYSES OF REFRACTORY SUBSTANCES.

Ganis- | Dinas | Fire- | Baux- | Belfast
ter. clay. | clay. ite. ore,
Silica, - - - - - [ 8i0, | 895 | 98'3 |63-30| 28 | 9-87
Alumina, - - - - |ALO;| 48 ‘7 123:30| 574 | 34:57
Ferrous oxide, - - | FeO | 28 2| 180 — 508
Ferric oxide, - - |Fe,O3i — - = 255 | 27-93
Lime, - - - - -| Ca0 ‘4 2 73 2 91
Magnesia, - - - | MgO 2| — — — 62
Potash, - - - -| K,0 ‘1 1 — — —
Titanium oxide, - | TiOy | — — — 31 | 3561
Water and Volatile . . . .
jooliiey } — | 22| 5 |1087| 110 | 1751
FuEL. .

By this term is meant—substances that may be burned
in air, giving heat call)]able of being applied to economic
purposes. The two chief elements employed are carbon
and hydrogen, the latter in fuels being always asso-

.
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PYROMETERS. . . 13

The bodies used as fuel are—wood, peat, coal, petro-
leum, and natural gas. From some of these are obtained
prepared fuels, such as charcoal, coke, etc.

arcoal is prepared by heating wood to a tempera-
ture of about 400° C. in a covered pile, or in a closed
vessel, so as to admit only a limited supply of air. This
is the purest form of solid fuel.

Coke is made in a similar way to charcoal in piles, in
kilns, and in ovens. The bee- 3
hive-oven Fig. 1 is a somewhat
circular chamber of brickwork, l f
with an arched roof, having a [
chimney opening at the top for
the escape of the products of com-
bustion and vapours. The cavity Fig. 1.
is about 9 feet to 10 feet in diameter, and 4 feet to 5 feet
high. The charge is introduced through a doorway in
front, about 2} feet square, through which the charge is
also withdrawn. These ovens are generally built in two
rows back to back, with a charge of three tons in each,
- which reaches up to the springing of the dome of the
roof. 'When the charging is completed, the doorway
is loosely filled up with bricks, through the openings
of which the air can pass. In some ovens an iron
door is used. Supposing the oven to be hot from
a previous charge, in three hours the lower holes are
closed, and in twenty-four hours the upper ones are
closed. The oven is now allowed to remain twelve hours
with the chimney open. When the flame ceases, the
damper is closed, and the oven allowed forty-eight
hours to cool. The charge is then withdrawn by means
of a large shovel suspended by a crane, and the hot coke
quenched with water. :

Pyrometers.—The heat of a furnace is measured
by an instrument called a ‘“pyrometer.” A good
pyrometer must be capable of giving a constant in-
dication for the same temperature, and must not
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change with use. Various methods are employed for
this purpose.

The temperature of the hot-blast, used for the blast-
furnace, is generally determined by its power of fusing
certain metals whose melting points are known. Tunner
uses different alloys of silver and platinum for measuring
the temperature of a furnace. Pouillet exposes a ball of
copper or of platinum of given weight to the heat of the
furnace, and then rapidly transfers it through a clay tube
to a vessel containing a known weight of water, at a known
temperature. From the increase in temperature of the
water the temperature of the furnace is calculated.
The mode of calculation is as follows :—

-1,

)
wxs

T is the temperature, ' — ¢ the rise in tem
perature of water, /7 the weight of water,
w the weight of ball, and s its specific heat.
To this result must be added the observed
temperature of the water. Daniell esti-
mated high temperatures by means of a rod
of platinum placed in a plumbago tube.
The inner end of the platinum was fixed,
while the outer end pressed against a lever
serving as an index. He assumed that the
expansion was proportional to the tempera-
= ture. Siemens’ electric resistance pyrometer
~ is far superior to the foregoing arrangements
= and is represented in part in Fig. 2. It
congists of a platinum spiral (a) of known

Fig.2.  resistance, wound on a cylinder of fire-clay,
and enclosed in a casing of platinum or copper ac-
cording to the temperature to be measured. The
two cnds of the coil are connected hy thick platinum
wires with two thick copper wires, at the part which
is less strongly heated. These wires are insulated by
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pipeclay tubes (bb) and communicate with the measur-
ing instrument by which the resistance is measured.
The electric resistance of platinum is increased fourfold
by a rise in temperature from 0° to 1650° C. The portion
(¢ d) which is exposed to the highest temperature of the
furnace is encased in wrought iron or platinum, and the
outer portion (c ¢) is enclosed in an iron tube. The outer
tube is shown in Fig 2A, and the resistance arrangement
in Fig. 2B.

QUESTIONS.

1. What is an ore? In what condition are iron ores for
exa.m_&le usually found?
2. What do you understand by the term “dressing” as ap-
plied to ores? Mention cases in which this is unnecessary.

3. What object is gained by submitting an ore to calcina-
tion or roasting?

4, What is a slag; how is it formed ; and for what purpose
is it produced?

5, What is a flux? By what principles would you be
guided in the choice of a flux?

6. What conditions are necessary to produce a good weld?
‘Why will not pig-iron weld?

7. What do you understand by the term “cementation” as
applied to iron and steel?

8. Explain the terms “fining” and “refining” and mention
operations to which your answer is applicable.

9. What is meant by the terms*red-short”and “cold-short”
when applied to malleable iron, and to what causes are those
properties commonly attributed?

10. What are the most characteristic Properties of a metal?

“What do you understand by the term “metal ”?

11. Explain the terms “ malleability,” “ductility,” and
“tenacity ” as applied to metals.

12, What do you understand by a “tough” metal?

13. Define the terms “elasticity” and “limit of elasticity.”

14, Name the different kinds of fracture in metals and give
an example of each kind.
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15. What do you understand by a refractory substance?
Give a few examples. '
mal.g‘ What is a crucible? Of what materials are crucibles

e?

17. What is fire-clay? How does it differ from sand?

18. What is the nature of the substance called “ganister”
and for what purposes is it used?

19. What is Dinas clay? How is it made into bricks?

20. What is dolomite, and for what purposes is it employed
in steel making?

21. What kind of a substance is Bauxite? Under what
circumstances would you use it as a furnace-lining?

22. What is charcoal, coke, and anthracite?

23. What is the use of a pyrometer? Describe any useful
pyrometer with which you are acquainted.

CHAPTER IIL

CHEMICAL PRINCIPLES AND CHANGES.

THE present chapter is intended for the non-chemical
student, so as to impart a better conception of the chemical
changes involved in the various operations connected with
iron and steel manufacture.

Chemists have found that all bodies, whether in the
form of a solid, a liquid, or a gas, are either simple sub-
stances or can be resolved into simple substances, termed
‘“elements.” These elements are represented by symbols,
which are usually the initial letter or letters of their names.
Different elements combine together in definite pro-
portions forming an endless variety of substances, termed
“compounds.”

Elements are classified into “metals” and “non-metals,”
the former being distinguished by well marked properties,
which are absent in the latter. The ultimate particles or
“atoms” which compose any element differ in weight
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from the atoms of any other element, and the relative
weight compared with hydrogen is termed the “‘atomic
weight.”  The following elements are referred to in the
present work.

wetal. | | e | NomMetal | I | SRR

Aluminium, | Al 274 | Carbon, C 12
Arsenic, As 75 Hydrogen, H 1
Calcium, Ca 40 Nitrogen, N 14
Chromium, Cr 52 Oxygen, (0] 16
Copper, Cu 63 Phosphorus, P 31
Iron(Ferrum),| Fe 56 Silicon, Si 28
Magnesium, | Mg 24 Sulphur, S 32
Manganese, | Mn 55

Titanium, Ti 50

Tungsten i

Wo. r&m?r }’ w 118,‘.1'

Compounds are formed, as already stated, by the
combination of different elements, thus; FeO represents
oxide of iron, and MnO oxide of manganese. In many
cases two elements unite in more than one proportion,
such as FeO, Fe,0,, Fe,0,, each of which requires a
distinguishing name. There are several systems of no-
menclature, but the simplest—for compounds containin
two elements—is that of writing the name of the meta!
first, and the non-metal or least metallic element after-
wards, giving it the termination “ide.” When two
non-metals combine, the one which is most unlike a metal
is written second. Sometimes Greek prefixes are used for
the element of the second position, such as mono, di, tri,
tetr, etc., to indicate the number of atoms present.

B
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Another system is to make the metal terminate in
“ic” or “ous.” That compound which contains the
greater proportion of the non-metallic constituent is
distinguished by the suffix “ic” and that containing
the lesser in “ous.” The following list will illustrate
these points.

Name. Name. Name. Formula.
Iron oxide, Ferrous oxide, Iron protoxide, FeO.
Iron trioxide, Ferric oxide, Iron sesquioxide, | FeyOs.
Iron tetroxide, Triferric tetroxide,| Black oxide of iron,| FeyO,.
Manganese oxide, | Manganous oxide, m’;ﬁ:ﬁ;’ de, } | MnO.
o . . Manganese
Manganesedioxide,| Manganic oxide, peroxide, } | MnO..
Aluminium oxide, | Aluminic oxide, | Alumina, Al O,
Calcium oxide, Calcic oxide, Lime, CaO.
Magnesium oxide, | Magnesic oxide, | Magnesia, MgO.
Titanium dioxide, | . —_ Titanic acid, TiO,.
Carbon monoxide, | Carbonic oxide, —_ CO.
Carbon dioxide, P Carbonic acid, COq
Silicon dioxide, Silicic oxide, Silica, 8i0;,.
Ph°;g‘_}go'§;de, } | Phosphoric oxide, | Phosphoric acid, | P:0s
Sulphur dioxide, | Sulphurous oxide, | Sulphurous acid, S0,
Sulphur trioxide, | Sulphuric oxide, | Sulphuric acid, 80;.

When three elements—one being a metal and another
oxygen—are combined together, the name of the second
is made to end in “ate.” In the following list a few
compounds are given to illustrate this, but it should
be observed that the order of placing the sym-
bols is immaterial. In works on metallurgy the
arrangement of formule in the last column is most
common.
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Name. Name. Formulse.
Iron silicate, Ferrous silicate, FeSiO0; or FeO.Si0,.

v » . » Fe Si0, or 2Fe0.8i0,,
Iron sulphate, Ferrous sulphate, FeSO, or Fe0.S0;.
Calcium silicate, Silicate of lime, CaSiO; or CaO0.8Si0,.
Aluminium silicate, | Silicate of alumina, | Al,SizO,; or 2A1,0,.3Si0,
Calcium carbonate, | Carbonate of lime | CaCOj; or Ca0O.CO,.

(Limestone),
Iron carbonate, Ferrous carbonate, | FeCO; or FeO.CO,.

Equations.—When two or more elements unite to
form a compound, or two compounds unite to form a
more complex compound, the change may be represented
by a chemical equation, thus;—

3Fe + 40 = Fe0,
Iron. Oxygen. Iron tetroxide.
3 x 56 4x16 168 + 64
FeO + 8i0, = Fe0.Si0,
Ferrous oxide. Silica, Ferrous silicate.
56+16 28 + 32 72 +60

Any chemical change may be so represented, the bodies
taking part in the change being placed on the left hand
side of the sign of equality *“=7", and the bodies formed
after the change, on the right hand side.

The quantities involved in any such change can be seen
at a glance, since the symbol of an element represents a
definite weight, given in the table, p. 17, as the atomic
or combining weight. Thus, in the first equation 3 x 56
parts of iron unite with 4 x 16 parts of oxygen to form
168 + 64 = 232 parts of the black oxide of iron.

When a chemical change occurs, the production or ab-
sorption of heat is the result, the former by the union of
elemeénts or compounds, the latter by the forcible separa-



20 IRON AND STEEL MANUFACTURE.

tion of the constituents of a compound. When the
temperature produced is considerable, it is usual to speak
of it as combustion; thus, carbon combines with oxygen
to produce carbonic acid and generates intense heat.

C + 20 = CO,
Carbon, Oxygen. Carbonic acid.

In common language it is said to burn, and the burning
of fuel is simply the result of chemical combination.
‘When substances combine with oxygen they are said to
be “oxidised,” and the substance which imparts the oxy-
gen is termed an oxidising agent. Conversely, substances
which remove oxygen from a body are termed reducing

agents. The following lists give some examples of both
kinds.

Ozidising A gents. Reducing Agents.
Oxygen (O). Carbon (C).
Air (O and N). Carbonic oxide (CO).
Iron tetroxide (Fe,0,). Hydrogen (H).
Iron trioxide (Fe263). Compounds of carbon
Slags containing the and hydrogen, such
above or similar ox- as coal-gas.
“ides. All fuels.
Carbonic acid (CO,). Sometimes metals.
Water (H,0).
Examples of Oxidation.
3FeO + O = Fe0,

Ferrous oxide. Oxygen. Iron tetroxide.

2(9Fe0.8i0) O = TFe0, + 32(Fe0.8i0,)
Tap-cinder. Oxygen., Bull dog. Bull-dog slag.

3FeCO, + O = Fe0, + 3CO,
Iron carbonate. Oxygen. Iron tetroxide. Carbonic acid.

3Fe0 + CO, = Fe0, + CO

Ferrous oxide. Oarbonic acid. Iron tetroxide. Carbonic oxide.
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Ezamples of Reduction.
Fe,0, + 6H = 2Fe + 3H,0
Ferric oxide. Hydrogen. Iron, ‘Water.
Fo,0, + 3C = 2Fe + 3CO
Ferric oxide. Carbon. Iron. Carbonic oxide.
Fe, 0, + 3CO = 2Fe + 3CO,

Ferric oxide. Carbonic oxide.  Irom. Carbonic acid.

Fe, 0O, + CO = 2FeO + CO,

Ferric oxide. Carbonic oxide. Ferrous oxide. Carbonic acid.

It will be obvious that in the cases of oxidation and
reduction, the change may be partial or complete. Thus,
iron is completely oxidised when converted into Fe,O,,
and oxide of iron is completely reduced when all the
iron is brought to the metallic state.

The following is a short description of the chief sub-
stances mentioned in the present chapter and which are
subsequently alluded to.

Oxygen (O).—This is the most abundant element,
forming probably one half the solid mass of the earth,
Sths of all water, and about 21 per cent. by volume of the
air. It is necessary for life and all ordinary processes of
combustion. In the air it is a gas, but in its compounds
it is chiefly a solid or a liquid. Its oxidising action has
been already mentioned. It is the chief supporter of
combustion, that is, it forms the active medium in which
bodies burn.

Oxides, as the compounds of oxygen with other
elements are termed, are divided into two groups:—1°
Those which have an acid character, chiefly oxides of the
non-metals, and often termed acids, such as carbonic acid
CO, and silica SiO,. 2°. Those of a basic character,
chiefly oxides of the metals, which are termed bases.
These two classes are opposite in character, and when
united in equivalent proportions, neutralise each other,
forming what are termed “neutral” bodies, which do net
possess the characteristic properties of either kind. Thus
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silica 8i0, will neutralise oxide of iron FeO, forming a
silicate which is neither acid or basic. If any compound
contain an excess of acid or base, it is classified either as
an acid or as a basic substance, according to the kind which
predominates. Thus, 3FeO . SiO, is a basic silicate, and
Fe0.Si0, an acid silicate, because in the former there is
more Fe than is required to neutralise the acid SiO,,
and in the latter less than is necessary for this purpose.
Hydrogen (H) is chiefly found in nature in combina-
tion with oxygen, forming water (H,0), which contains
$th its weight of hydrogen. It differs from other non-
metals in not uniting with metals to form compounds, but
metals such as palladium and iron absorb it in large
quantities, when it is said to be occluded. It burns in
air or in pure oxygen, forming water, and evolving great

heat : 2H+0=H,0.
It is a constituent of wood, peat, coal and coal-gas, part
of it prebably existing as water; and in combination
with carbon it forms what are termed hydro-carbons, such
as marsh-gas CH,, and olefiant-gas C,H,, When the
latter are burnt the hydrogen forms water, thus:
CH, + 40 = CO, + 2H,0
Marsh-gas. Oxygen. Carbonic acid. Water.
CcH, + 60 = 200, + 2H,0
Olefiant-gas. Oxygen. Carbonic acid. Water.
In some furnaces and gas-producers, steam is introduced
along with air to increase the volume of combustible
gases, but only a very limited amount of steam can be
used for this purpose (see p. 96).

Nitrogen (N) forms about 79 per cent by volume of
the air, 1ts chief function being to modify the active
properties of oxygen. It neither burns nor supports
combustion, so that the nitrogen which enters a furnace,
for the most part, comes out unchanged, thus robbing it
of a large amount of heat without contributing any itself.

Air is simply a mixture of oxygen and nitrogen along
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with small quantities of water and carbonic acid. Omit-
ting the latter, its composition may be taken as :—

By Volume. By Weight.
N 79 7
0 21 23
100 100

A ton of air thus contains about 515 lbs. of oxygen.
Air resembles oxygen in its properties, but is less active
on account of the inactive nitrogen.

Silicon (Si).—This non-metal is a greyish-black sub-
stance. It is generally present in iron, and supposed to
exist, like carbon, in the * free ” and in the “combined ”
state. It is of little importance as an element, but in
combination it forms about 3th of the earth’s crust.
It burns in oxygen, forming silica, thus:

Si + 20 = 8i0,
Silicon.  Oxygen. Silica.

8ilica (SiO,) plays a prominent part in the manu
facture of iron and steel, being the chief slag-forming
substance. It exists largely as sand, and in combination
with “bases” termed silicates. Thevarious slags are chiefly
combinations of Si0, with alumina AL, lime CaQ,
ferrous oxide FeO, manganese oxide MnO, etc., which
fuse at high temperatures. Uncombined silica is practi-
cally infusible.

Carbon (C).—This non-metal is an essential con-
stituent of all living matter, and of all ordinary fuels,
such as coal. It exists in the free state as the diamond,
and as graphite or black-lead. In the latter form it
is used in the manufacture of crucibles, etc., because of
its infusibility and its non-tendency to form fusible slags
with acid or basic substances. It will burn away in
contact with air, but will not melt or vapourise. Tt
exists in pig-iron and steel in the free and in the
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combined state. Part of the free carbon of pig-iron
sometimes rises to the surface of the molten mass when
allowed to stand, and is known as “kish.” Charcoal and
coke are almost entirely composed of carbon, with a little
earthy matter, which is left as ash when the carbon is
burnt. Either form of carbon will burn in oxygen, form-
ing oxides. When carbon is strongly heated in the
presence of steam the latter is decomposed and the
carbon oxidised thus:

C +HO =H, + CO
Carbon. Water. Hydrogen. Carbonic oxide.

3C +2H,0 =CH, + 2CO
Carbon. Water. Marsh-gas. Carbonic oxide.

Carbon dioxide or carbonic acid (CO,) is a gas,
about 1} times the weight of air, and is formed when
carbon is burned in oxygen or in a free supply of air,

thus : C + 20 = CO,
Qarbon. Oxygen. Carbonic acid.

Also when carbonic oxide is burned in air or oxygen, thus:

CO + 0 = CO,
Carbonic oxide. Oxygen. Carbonic acid.

If carbon dioxide is brought in contact with red-hot
carbon, it takes up some of the latter, forming twice its
volume of carbonic oxide CO, thus :

co, + C = 20C0.
Carbonic acid. Carbon. Carbonic oxide.

In this case carbonic acid is oxidising. CO, is not
poisonous, but it will not support life or combustion.
Carbon monoxide or carbonic oxide (CO) is a
colourless gas, about the same weight as air, extremely
poisonous, and burns in air or oxygen with a blue flame,
producing carbonic acid, and evolving considerable heat.
The gas formed in gas-producers is chiefly carbonic oxide.
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It is a powerful reducing agent, probably the chief agent
in reducing oxide of iron in the blast-furnace, thus :

Fe,0, + 3CO = 3CO, + 2Fe.

Ferric oxide. Carbonic oxide. Carbonic acid. Iron.
At high temperatures CO is decomposed (dissociated),
especially in the presence of other bodies, such as iron,
which combine with carbon.

20 = C + CO,
Carbonic oxide. Carbon, Carbonic acid.

This is probably the case in the blast-furnace, and in
the cementation process for steel.

Phosphorus (P).—This non-metal is generally a
waxy-looking crystalline solid, which readily melts and
vapourises. It is highly inflammable in air, forming
a white cloud of phosphorus pentoxide P,0,, also called
phosphoric acid. It combines with oxygen in two pro-
portions, forming oxides of phosphorus. One of these
oxides unites with bases to form compounds termed
phosphates. It Yrobably exists in iron and steel as an
element, but in slags as a phosphate. Thus: phosphate
of iron (3FeQ.P,0;) is found in tap-cinder, and phosphate
of lime (4030.%26 ) in basic slag. .

Phosphates are decomposed by silica at high tempera-
tﬂres, because under these conditions Si0, is non-volatile,
thus :

3Fe0.P,0, + Si0, = 3Fe0.8i0, + P,0;.
Iron phosphate.  Silica, Iron silicate. Phosphoric acid.

Phosphoric acid is reduced by carbon or even by iron,

the phosphorus uniting with the iron, thus :

PO, + 5C = 5C0 + 2P
Phosphoric acid. Carbon. Carbonic oxide. Phosphorus.
Sulphur (S) is a non-metal, and solid at ordinary
temperatures. It readily melts and vapourises, and
unites with metals forming sulphides, such as ferrous
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sulphide FeS. With oxygen it forms oxides, viz., sul-
phur dioxide SO,, and sulphur trioxide SO,.

Manganese (Mn) is a metal somewhat resembling
iron, and unites with oxygen in several proportions, but
its oxides are more difficult to reduce than those of
iron, in consequence of the greater affinity of manganese
for oxygen. For this reason, manganese, when present
with iron, tends to prevent iron from being oxidised,
as in the case of puddling.

Chromium (Cr) is a metal somewhat similar in its
character and properties to manganese.

Aluminium (Al) is a white metal, soft, malleable, and
ductile, and does not oxidise in air. It only forms one
oxide, alumina ALO,.

Calcium (Ca) is a metal with so strong an affinity for
oxygen that it is seldom obtained in the uncombined
state. As calcium oxide or lime CaO: it forms the base
in limestone Ca0.CO,, and with silica it forms a variety
of silicates, such as Ca0.Si0,, etc.

Fusion and solution.—When a body is melted by
heat, it is said to undergo *fusion”; but when a body is
absorbed by a liquid, it is said to be dissolved, and the
liquid is then termed a solution. Thus, iron in the state
of fusion will dissolve carbon, and when the solution
solidifies the carbon may be retained, when it is said
to be in the “ combined ” form ; or the carbon may separ-
ate in crystals of ¢graphite,” which is also termed
free carbon. The condition in which a body separates
from its solution depends upon the rate of cooling; the
more gradual the change from the liquid to the solid
state, the more perfect will the separation be. Liquids
not only dissolve solids but also gases, thus; Bessemer
steel absorbs air and other gases, some of which are
expelled on cooling, some are retained and are said
to be occluded, whilst some act chemically on the
steel, and alter its properties, Metals in a spongy
state also possess the power of occluding gases under
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certain circumstances, sometimes to a remarkable
extent. (See p. 6.)

QUESTIONS,

1. Define the terms “atom,” “element,” “compound,”
“metal,” and “non-metal.”

2. What do you understand by the atomic weight of an
element ?

3. How is an element and a compound usually represented

"~ 4. Upon what principles is the naming of chemical com-

pounds based? Write the names for FeO, Al,0;, and MnO,.

5. What do you understand by a chemical equation ?
‘What advantage is gained by its use?

6. What is tie general result of chemical action ?

7. Define the terms oxidation and reduction, and give
exam%l,es of each.

8. What is an oxide? Give examples.

9. Clearly explain the difference %etween an acid- and a
basic-substance.

10. Describe the properties of the gases hydrogen and
nitrogen.

11. What is the difference in character and properties be-
tween silicon and silica? What is a silicate ?

12. Describe the different forms of carbon. What are the
general effects of carbon on iron ?

13. What is the chief difference between carbonic acid and
carbonic oxide from a metallurgical point of view ?

14. What is the difference between phosphorus and phos-
phoric acid? What is a phosphate ?

CHAPTER 1IV.

Ores oF IrRoN, COMPOUNDS, ETC.

Native iron.—Iron in the metallic state is of very
rare occurrence, which may be accounted for by its great
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affinity for oxygen and other non-metals. Large masses
of iron, known as meteorites, are occasionally found in
different parts of the world; they are easily distinguished
from the masses of terrestrial origin, as they invariably
contain nickel (which very rarely occurs in ordinary iron
ores) and the metal is usnally found in a mass containing
crystals. The mass is nearly always covered on the sur-
face with a thin coating of oxide, which protects the
metal from oxidation. Berzelius gives the analysis
of a mass from Siberia weighing 1600 Ibs.,, and of
one from Bohemia weighing 103 lbs. Stromeyer ana-
lysed an enormous mass found near Treves which
weighed 3300 lbs.

| Locality. ! Bohemia. t Siberia. I Treves.

; Analyst. . Berzelius. Stromeyer.

lTron,. - - -| 9378 88:04 818
Nickel, - - - 381 10-73 119
Cobalt, - - - 21 46 10
Copper, - - -1 — 07 —
Manganese, - - ' —_ 13 02
Magnesium, - - -— ‘05 —
Carbon, - - - — ‘04 —_
Sulphur, - . - — — 51
Insoluble Matter, - | 2-20 48 —_

| 10000 | 10000 | 10000

Iron occurs in a great variety of minerals, but the
oxides and carbonates are almost the only forms utilised
by the smelter.

Magnetite or magnetic iron ore.—When pure it
contains 7241 per cent. of iron, and is represented by the
formula Fe,O,. It is sometimes crystalline, but more



ORES OF IRON. 29

generally massive. It is black or dark brown in colour,
rittle, magnetic, and leaves a black streak when drawn
across a plate of unglazed porcelain; it has a specific
gravity of about 5-2. It occurs in granite, gneiss, clay-
slate, hornblende, chlorite, and occasionally in limestone.
Nearly all the Swedish iron is obtained from this ore,
which also occurs in great abundance in the island of Elba
and in the United States of America.

Franklinite.—This ore is similar in colour to mag-
netite, but less magnetic, occurring in crystals and
massive. It gives a dark reddish brown streak, and has
a specific gravity of about 5-1. It consists of ferrous
and ferric oxides, manganous and manganic oxides, and
oxide of zinc. It is chiefly found in New Jersey, and
is used as a source of zine, and spiegel-eisen.

Hematite.—Composition Fe,O,, containing 70 per
cent. of iron when pure. It exists in erystals, in fibrous,
columnar, kidney-shaped, granular, and compact forms.
Its colour varies from dark iron-grey in the crystallised,
to deep red in the compact varieties. Its specific gravity
is as high as 5'3 when in crystals, and as low as 42 in
earthy varieties. Special names are given to different
forms, thus :—Specular ore, as in the brilliant crystalline
species of Elba and Brazil. Micaceous ore, as in the
scaly varieties of South Devon. Kidney ore, as that
from Cumberland. Red ochre is a compact earthy
variety, often containing clay. Puddlers’ ore is a com-
pact, unctuous form from Cleveland, and used for lining
Euddling furnaces. Spanish or Bilbao ore is a siliceous

#matite containing manganese, and noted for its purity,
hence its use in the open-hearth steel process.

Ilmenite or titaniferous iron ore.—This is a dead
black mineral, generally found massive, consisting of
ferrous and ferric oxides, titanic oxide and magnesia.
It gives a brownish streak, and its specific gravity varies
from 4'5 to 5. It may be typically represented by the
formula FeO.TiO, + MgO. TiO,.
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Turgite.—This is an ore resembling hzmatite in colour
and streak, hut is hydrated, consisting of 94'7 per cent.
ferric oxide, and 5'3 per cent. water. Formula 2Fe,O,,
H,0. It occurs both compact and fibrous. Its specific
gravity varies from 42 to 4'7.

Brown h®:matite.-—This class, which contains sev-
eral varieties, is distinguished by its brown or yellowish-
brown colour, its brown streak, and a considerable
proportion of water. It is chemically a hydrated ferric
oxide. The different forms are :—Géthite, Fe,O,, H,0 ;
brown iron ore or limonite, pea ore, yellow ochre, and
bog ore, 2Fe,0,, 3H,0. Its specific gravity varies from
3:6 to 44, Dolitic deposits, like those of Northampton-
shire, frequently contain phosphorus from the fossil
remains of organic matter.

Siderite or spathic iron ore.—This is a carbonate
of iron FeCO,. The purer varieties occur in crystalline
forms, the more impure and most abundant occur in
beds of considerable thickness, or in detached nodules in
the clay and shales of the coal measures. This class is
the chief source of British iron. Manganese is often pre-
sent in spathic ore, in some cases to the extent of 50 per
cent. The pig-iron obtained from rich manganese ores
is termed spiegel-eisen. Siderite contains 48-27 per cent.
of iron, the crystals have a pearly lustre of a yellowish-
brown or grey colour, owing to a surface coating of
hydrated oxide. The streak is white, representing the
true colour of the mineral. Clay-ironstone is a compact
earthy variety containing clay, and of a brown colour.
Black-band is a carbonate, mixed with carbonaceous
matter, frequently in laminz, amounting in some
varieties to 20 and even 30 per cent. These ores are
often very impure, containing carbonates of lime, mag-
nesia, and manganese ; clay, potash, phosphoric and sul-
phuric acids, iron and copper pyrites, along with water
and organic matter.
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The following table shows the composition of different
ores of iron :—

Red

i
Name,  [Mogmstie siuma. | Brown | S5 | Glay tonsione. (O
| Brendon,| Black-
Locali Danne- | Ulver- | Dean ?

ty. mora. | stone. | Forest. sggsll.:;. Lm&or Dudley. | Eston.

Ferric oxide(Fe,05)] 27755 ' 9323 l 9005 81 1+45 40 360
Ferrous ,, (FeO),| 3803 & — - 4304 | 36714 | 4586 | 3992
aenye ot} 10| s 08 | 126e | 138 | 06 | 5
Alumina (AL;Oy), - 29 ‘63 ‘14 01 674 556 786
Lime (Ca0), - - 38 05 ‘06 28 270 1-37 744
Magnesia (MgO), - 61 —_ 20 363 217 185 382
Potash (K0),- -| —  — — - % | — 27
Silica (8i0g), - -| 12534 | 490 92 ‘07 | 17°37 | 1068 876

Carbon  dioxide . _ _ . . .
e } o1z 3886 | 2657 | 3102 | 2285

Phosphorus pen- . l _ . _ . 91 . o
o hyOT } | 09 34 21 | 186

Sulphuricacid(SOs)| — ‘09 — — — e —
Sulphur, - - - 04 ‘ — — — - — 1

Iron pyrites (FeS,),] — = 03 — — ‘10 ‘10 -
Water, - - - - ‘11 *56 822 18 177 108 « 266

Organic matter, -| — - - — 2'40 | .90 | —

Iron pyrites.—This mineral is very abundant in
nature, and is only used as a source of iron after the
sulphur has been removed in the manufacture of sulphuric
acid, when the resulting oxide is known as “ blue billy.”
The chemical formula is FeS,. Some varieties are bronze-
yellow in appearance, others are nearly white, with a
metallic lustre ; the streak is brownish black, and the
specific gravity varies from 48 to 5-1.

British ores.—The chief ores of Britain are spathic
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ores and hamatites, although magnetites and pyrites are
present, the latter to a considerable extent in some
localities. Clay-ironstone occurs abundantly in Stafford-
shire, Yorkshire, Derbyshire, Warwickshire, Shropshire,
North and South Wales, and Scotland ; black-band, in
Lanarkshire, Linlithgowshire, North Staffordshire, and
South Wales ; red hematite, in North Lancashire, Cum-
berland, and North Wales ; brown hematite, in Glouces-
tershire, Glamorganshire, Northamptonshire, Leicester-
shire, Lincolnshire, Buckinghamshire, and Oxfordshire.
Of the above ores, heematite is valuahle for producing
pigiron for the Bessemer process, on account of its
freedom from phosphorus and sulphur. It is also used
as the cement in producing malleable cast iron, and as
a fettling for puddling-furnaces, etc.

Chemical relations of iron.—Pure iron is not a
commercial article except as a medicine, but it may be
obtained in several ways. 1°. By reducing pure ferric
oxide in a porcelain tube by means of a current of
hydrogen gas at 700° C. ; the iron is obtained in the form
of a dark powder, which when somewhat heated, fires
spontaneously in contact with air, forming Fe,0;. When
the reduction is effected at a much higher temperature,
a spongy mass of a silvery-grey colour is obtained.
2°. By strongly heating the purest variety of iron wire
with a little pure oxide of iron, covering the mixture
with powdered glass free from lead, and exposing the
whole to a high temperature in a covered clay crucible.
The small portion of carbon present in the wire is
removed in reducing the oxide, while the other im-
purities pass into the slag. 3°. By electrolytic decom-
position of a solution of pure ferrous chloride or
sulphate, a mass of silvery-white, soft, malleable iron
is obtained, which, after annealing, has a specific gravity
of 7-81.

Iron may be exposed to dry air for an indefinite period
without alteration, but in the presence of moisture a
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layer of rust (Fe,O,, 3H,0) is formed. The oxidation is
accelerated by the presence of carbonic acid, which is
always present in the air, a carbonate of iron being
formed. This rapidly absorbs a further portion of water
and oxygen from the air, and in this way the rusting is
slowly conveyed to the centre of the mass of iron. The
layer of oxide or carbonate is electro-negative with regard
to iron, so that a galvanic action is set up, causing decom-
position of the water. This electrical condition still
further augments the liability of iron to rust.

When iron is strongly heated in contact with air or
oxygen, its surface becomes rapidly coated with a scale of
black oxide Fe O,, which peels off when the iron is
struck with a hammer.

Iron is readily attacked by hydrochloric- or dilute
sulphuric acid, hydrogen gas being evolved, and chloride
or sulphate of iron being formed. If concentrated sul-
phuric acid be employed, the metal is oxidised at the
expense of the acid, and sulphurous acid is evolved.
If a clean strip of iron be immersed in fuming nitric acid
the iron is not attacked, and is said to remain passive ;
if the temperature be raised, or the iron be touched with
a copper wire, dissolution immediately begins. Ordinary
nitric acid attacks iron vigorously, especially if slightly
diluted, nitrate of iron being formed. Iron may be
rendered passive to nitric acid by removing it from the
liquid, exposing it to the atmosphere, and then re-
immersing in the acid. The symbol for iron is Fe, and
its atomic weight 56.

Iron and oxygen.—There are three oxides of iron of
metallurgical importance—ferrous oxide FeO, ferric or
red oxide Fe,0,, and magnetic or black oxide Fe,O,.
Ferrous oxide is a black unstable compound, which
rapidly oxidises in ¢Ontact with air, and unites with acids
to form ferrous salts. This oxide is the principal base in
all slags produced in refining pig-iron, such as tap-
cinder, 2Fe0.Si0,. In combination with carbonic acid

c
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it forms that most important class of iron ores termed
“ gpathic.” :

Ferric oxide occurs in nature as heematite, and in
the hydrated state as brown hwmatite. It may be -
artificially prepared by strongly heating ferrous sulphate,
which is decomposed, yielding Fe,0,. It is a very
stable compound at ordinary temperatures, but at a white
heat it gives up oxygen, forming Fe,O,.

Magnetic oxide.—As mentioned previously, this
compound is very abundant in nature, forming the richest
ores of iron, and from which some of the purest iron is
obtained. It is artificially prepared when iron is strongly
heated in air or oxygen, as in the formation of smithy-
scale. This oxide is also formed when iron is heated in
contact with superheated steam, thus forming a protective
coating. This is the principle of Prof. Barft’s process.

Iron and sulphur.—A compound of iron and sulphur
occurs in nature as pyrites. These elements readily
unite when heated together, forming ferrous sulphide
FeS. Sulphur, even in small quantities, has a very in-
jurious effect on wrought iron, making it red-short,
although the metal may be readily worked in the cold.
With cast-iron a small quantity of sulphur is an ad-
vantage, making it stronger, more easily fusible, and
more liquid when poured. Sulphur in pig-iron tends to
the production of the white variety ; the surface and
fractured portions often exhibit black patches, which are
characteristic of sulphur in iron. Sulphide of iron
when heated with carbon is but little affected, but it is
decomposed at a high temperature by oxidising substances.
When this sulphide is heated with ferrous sulphate in
suitable proportions, the whole of the sulphur is removed
as SO,, leaving ferric oxide Fe,O,

Iron and phosphorus—’fhese bodies readily unite
when phosphorus 1s dropped into red-hot iron, form-
ing a phosphide of iron, which, according to Percy, has
the formula Fe,,P. When oxide of iron is reduced in
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the presence of an earthy phosphate, phosphorus is
separated, and unites with the iron. ‘3 per cent. of
phosphorus in wrought iron makes it harder and some-
what diminishes its tenacity. ‘5 per cent. makes it
cold-short, but not red-short. 1 per cent. makes it very
brittle. The effect of phosphorus on iron is, to impart a
coarsely crystalline structure, diminish its strength, in-
crease its fusibility, and make it cold-short. The presence
of phosphorus in cast-iron diminishes its strength, but on
account of its imparting fluidity to the metal, its presence
is beneficial in making fine castings.

Iron and arsenic.—The effect of arsenic on iron is
much the same as that of sulphur, a very small amount
will make the metal red-short. Several compounds of iron
and arsenic are known, varying from grey to white in
colour. Arsenic is not a frequent impurity in iron.

Iron and silicon.—A compound of silicon and iron,
known as silicon-iron, highly crystalline, and of a silvery-
white colour, is now an article of commerce, and is used
for producing soundness in steel castings. It is ob-
tained by reducing silica with carbon in the presence of
iron. If iron be heated alone with silica no action takes
place. The effect of silicon on cast-iron is to set the
combined carbon free, so that, as a rule, the greyer the
pig, the higher the amount of silicon present. Silicon
makes iron hard, more easily fusible and brittle.

Ferrous oxide and silica unite in various proportions
forming silicates. The slag produced in purifying iron
is chiefly a basic silicate, 2'e0.SiO,, containing about
70 per cent of ferrous oxide, melting at a white heat, and
becoming very liquid. When this silicate is heated with
access of air for some time, and then the temperature
considerably increased, a fusible silicate liquates out,
known as “bull-dog slag,” leaving behind a very refractory
substance, chiefly ferric oxide Fe,O,, termed “bull-dog,”
which is used for lining puddlingfurnaces. The above
oxide does not unite with silica when heated, but if
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carbon or a reducing agent be present, it may be reduced
to ferrous oxide, FeO, which then unites with the silica.

Iron and carbon.—Carbon unites with iron in various
proportions up to about 4} per cent., forming the different
varieties of steel and pig-iron. 'When manganese is
present a larger proportion of carbon may be taken up.
The difference between malleable-iron, steel, and pig-iron
is chiefly dependent on the relative amounts of carbon
in combination with the iron. The more the carbon,
the harder and more fusible the metal becomes, and this
effect is considerably increased by the presence of other
bodies, such as phosphorus, sulphur, etc. Combination
takes place when iron is heated in contact with gaseous
fuel, such as carbonic oxide, cyanogen, and hydrocarbons;
or by a prolonged exposure to a high temperature in
contact with solid carbon, such an operation being termed
cementation. 'When the carbon present in iron reaches
‘15 per cent, the iron is sensibly harder: this may be
considered the greatest amount of carbon which can be
present in malleable iron without diminishing its soft-
ness and malleability. Steel may be considered as
iron containing from ‘15 to 1‘8 per cent. carbon. When
the proportion of carbon is low the metal is termed
“mild-steel” or ingot-iron, and in like manner those
with the higher proportions of carbon are termed
“hard-steels.” Carbon exists in pig-iron in two states—
free and combined. ~ When the carbon is chiefly in the
combined form, the iron is “white.” On the other hand,
when the carbon is free, being diffused through the iron
in crystalline scales, the iron is called “grey”; but neither
variety is entirely free from graphite or combined carbon
respectively. In some varieties the carbon is partly
combined and partly free, which gives to the fractured
surface of the metal a speckled appearance, consisting of
grey spots, enclosed by reticulating lines of white : it is
then termed “mottled iron.”

The amount of carbon in the combined form may be
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readily determined by Eggertz method, which depends
on thefact that,when iron or steel isdissolved in nitricacid,
the intensity of the colour of the solution will be propor-
tional to the amount of carbon originally present in the
combined form. The graphite not being affected by
nitric acid, will remain in the insoluble residue.

Grey pig-iron may be converted into white, by melting
and sudden cooling, the iron being considerably hardene
by this means. This principle is applied in chill-casting.
Vice versa, white iron is changed to grey by melting and
slow cooling. From the ahove remarks it will be observed
that grey pig-iron is much softer than white, and the
hardness of hardened steel may be due to the carbon
passing into the combined form, while annealing restores
it to the graphitic condition.

ArLoys oF IRON.

Gold alloys with iron making it harder and more
fusible. Platinum, when present in iron to the extent of
1 per cent., makes it fine grained, the alloy being ten-
acious, tough, and ductile. The presence of a little iron
in brass and bronze increases their strength. Copper in
iron is somewhat injurious making it hard, so that
any notable quantity of copper in pig-iron renders it
unfit for making the best classes of wrought iron.
Zinc alloys with iron to the extent of 7 per cent., which is
used for alloying with brass in the production of delta-
metal, Aich’s metal, sterro-metal, etc. Zinc forms a
surface alloy with iron in galvanising. A similar use is
made of tin in the process of tinning iron plates, which
coating is both ornamental, and protects the iron from
oxidation. An alloy of 10 parts iron with 80 parts tin
is said to be preferable to pure tin in tinning copper
vessels. 7 parts of antimony to 1 part iron (termed
martial regulus) is used for producing casts of medallions,
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and similar objects. Antimony when present in iron to
the extent of -2 per cent. makes it hoth hot- and cold-
short. Nickel and cobalt alloy with iron without seriously
affecting its malleability, as is shown by the workable
nature of meteoric iron. Chromium makes iron white,
hard, brittle, and less fusible. Oxide of tungsten, in the
presence of iron and carbon at a high temperature, is
reduced, the tungsten alloying with the iron and forming
a very hard, fine-grained, white alloy. Titanium occurs
in pig-iron smelted from titaniferous ores, but passes out
in refining.

Manganese frequently occurs in iron ores, and is par-
tially reduced along with the iron. 'When present to the
extent of from 5 to 20 per cent., it causes the production
of white pig-iron in a highly crystalline condition, con-
taining a large amount of carbon wholly in chemical
combination.  This is termed ¢“spiegel-eisen.” When
the manganese exceeds the above amount, the distinctive
crystalline plates are no longer apparent. Alloys con-
taining up to 87 per cent. of manganese are now manu-
factured for use in steel making, being distinguished by
the name of “ferro-manganese.” These alloys are hard,
crystalline and brittle.

QUESTIONS.

1. Describe the various kinds of iron ore that are used for
iron smelting.

2. Enumerate the chief British iron ores, giving their
chemical composition and the localities where they are found
in quantity.

3. For what special purposes are any of these ores particu-
arly suitable or unsuitable, on account of their physical pro-

erties or chemical composition ¢

4. If you wished to obtain a sample of pure iron, how
would you proceed ? .

5. When iron is strongly heated in air it is oxidised.
‘What is the difference in the change when iron is exposed to
moist air without heating ?
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6. What is the action of nitric, hydrochloric, and sulphuric
acids respectively on iron ?

7. Name the three principal oxides of iron, and briefly
explain how they differ from each other.

8. What is the effect of sulphur on iron? How do you
suppose sulphur gets into iron during smelting ?

9. What 1s the influence of phosphoruson iron? For what
reason is phosphorus sometimes added to iron ?

10. Name any useful compound of iron and silicon, and
state for what purpose it is used.

11. What do you understand by the terms “bull-dog ” and
“bull-dog slag ” ?

12. What are the chief peculiarities of cast-iron, wrought-

iron, and steel ?
" 13. What are the differences between white and grey pig-
iron, and what are the causes of these differences?

14. What is “spiegel-eisen” and how does it differ from
¢ ferro-manganese ” ?

15. What is the effect of a ﬁrolonged heating of malleable-
iron to redness in contact with charcoal ?

CHAPTER V.

MALLEABLE IRON. DIRECT METHODS OF EXTRACTION.

Properties of iron.—Malleable iron is of a greyish-
white colour, having a granular, crystalline, or fibrous
fracture, according 'to the mode of treatment. When
rolled or hammered hot the iron becomes fibrous, but
continued cold hammering induces a crystalline or granu-
lar structure, making it hard and brittle. The nature
of the fractured surface varies also with the manner in
which the iron has been broken, for specimens broken by
progressively increasing stresses are invariably fibrous,
whilst the same specimen broken by a sudden blow will
be crystalline. The presence of impurities generally tends
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to impart a granular or crystalline fracture, and makes
the iron less malleable. When impurities, such as sulphur
and arsenic, render the metal unworkable at a red-heat,
it is said to be hot- or red-short. On the other hand,
some substances, such as phosphorus, cause iron to crack
when hammered cold, it is then termed cold-short. The
specific gravity of iron is about 7-7, and when the metal
is compressed at a high temperature, the density is in-
creased ; but in wire-drawing and cold-rolling the metal
elongates more than its transverse section diminishes, and
the density is diminished, but its tenacity is increased.
Its fusing point is said to be about 2000° C.; but be-
fore melting it assumes a pasty state, when two pieces
may be joined together by welding. To ensure a good
weld the surfaces must be clean, and the metal at a
white heat. In order to dissolve any scale the smith
adds a little sand, which unites with the oxide and
forms a fusible silicate. The presence of any foreign
bodies, such as carbon, silicon, sulphur, phosphorus,
copper, oxygen, etc., increases the difficulty of welding.
Iron possesses considerable malleability, ductility, and
tenacity. Its tensile strength ranges from 17 to 25 tons
per square inch, but this, like all the other physical pro-
perties, is modified by the presence of impurities, which
tend to make it harder, more fusible, and brittle. 'When
iron is heated to dazzling whiteness, it burns, forming
the black oxide Fe,O,, the iron becoming friable and
brittle, and is then termed “burnt-iron.” Iron may be
magnetised by bringing it in contact with, or near to a
magnet, but it loses its magnetism when the excitin,

magnet is withdrawn. Its specific heat is ‘1137, an

its conductivity about 120, silver being taken as 1000.
Its electric resistance is 5'8 times that of pure copper.
When iron is exposed to moist air it readily rusts or
oxidises, so that it is often coated with some substance
to prevent this action, such as tinning, galvanising, and
painting.  Prof. Barff preserves iron from rusting by
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exposing it at a red-heat to superheated steam, which
imparts to it a coating of the black oxide Fe,O,.

SCHEME FOR IRON AND STEEL PROCESSES.

Two distinct methods are employed for smelting iron
ores, known respectively as the ““direct” and * indirect ”
methods : the former, which is the older and little used at
the present time, having been superseded by the latter or
more modern method. The various processes are repre-
%?nted in a general manner in the accompanying scheme

ig. 3.

gIn the direct method, the ore is reduced to iron or steel,
in arrangements such as the Catalan-forge and Siemens’-
rotator, then hammered, re-heated, and finished with the
hammer or rolls. In the indirect method, the ore is
calcined, and afterwards reduced in a blast-furnace, the
iron then being run into pig-moulds; the pig-iron
8o obtained is afterwards refined (or puddled direct),
puddled, hammered, rolled, re-heated, and finished in
the rolls for bar-iron. If steel is desired, the bars are
heated with carbon in the cementation furnace, then
melted in crucibles for cast steel.

In the old method, the finery and open-fire were used
instead of the puddling and re-heating furnaces.

Pig-iron is treated in the Bessemer-converter for the
production of Bessemer-steel ; in the Siemens’ furnace
for Siemens-steel ; and melted in the cupola for foundry
purposes. The bloom of iron produced in the rotatory-
furnace may be made into steel by treating it in the
Siemens’ open-hearth furnace.

Direct METHODS OF MAKING MALLEABLE IRON.

‘When malleable iron is extracted from the ore in one
operation the process is said to be ¢ direct.” Many
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attempts have been made in recent years to revive the
ancient principle of direct extraction, but the blast-fur-
nace has been brought to such a pitch of excellence as
regards economy of materials, and perfection of its reduc-
ing action, as to outstrip all rivals.

In reducing the ore directly, two things have to be taken
into account : 1st, the easy oxidation of iron by carbonic
acid and water, at the temperature at which ferrous oxide
is reduced to the metallic state by carbon, carbonic oxide,
or hydrogen ; 2nd, the facility with which iron at a red-
heat combines with carbon. Now if gaseous fuel be em-
ployed as a source of heat and reducing energy, carbonic
acid and water will be produced, and a large excess of
unburnt gas would be required to neutralise the oxidising
tendency of these bodies, and this excess would require
to be increased with the temperature. Sir L. Bell states
that at a temperature near whiteness, iron will be oxidised,
if carbonic acid and carbonic oxide are present in equal
proportions, and that when the volume of carbonic acid
CO,, to carbonic oxide CO, is as 11 to 100, the reduction
of protoxide of iron is no longer possible. In other
words, gas ceases to be useful as a reducing agent, when
it contains one tenth its volume of burnt gas. This
enormous volume of unburnt gas not only represents a
great waste of fuel, but also a great quantity of heat is’
absorbed in raising it to the requisite temperature, which
can only be done by strongly heating the whole of the
ga.s previous to its partial combustion. In the blast-

urnace the combustion of solid carbon to carbonic oxide

produces the requisite temperature, without producing
an oxidising atmosphere, which makes that furnace un-
equalled for reducing energy.

With regard to the second difficulty, viz., the readi-
ness with which iron combines with carbon at a red-heat.
If solid carbon be employed to reduce oxide of iron, then
only the exact quantity of carbon for such reduction
must be added, in order to avoid carbonisation of the iron,
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and the operation must be performed in a closed vessel,
heated from the outside. But for this purpose the ore
must be broken small, the flux and fuel well mixed with
it, and the temperature maintained for a long time, with
a considerable expenditure of fuel.

In all direct processes malleable iron can only be pro-
duced, by sacrificing a considerable portion of the iron,
which passes into the slag, and this loss is in inverse ratio
to the amount of carbon taken up by the iron. On the
other hand, the blast-furnace allows of the most perfect
utilisation of the fuel, and the slags produced therein are
practically free from iron. Moreover, the pig-iron produced
can be converted into malleable iron or steel in the
Bes]semerconverter, without an additional expenditure of
fuel.

Catalan process.—This primitive method of making
iron is now practically obsolete, only being retained in
remote districts where there is an abundant supply of
wood fuel and rich ores, as in the Pyrenees. It consists

of a hearth made of sandstone, and

lined with charcoal Fig. 4. The back

and opposite walls are faced with iron,

and of the remaining sides, one is of

rough masonry, and the other, which

forms the working side of the furnace,

consists of two iron plates, the lower

one having a hole for tapping the slag.

Fig. 4. The top of this plate serves as a

fulcrum for the workman’s tools. The twyer is made

of sheet copper, and generally inclines at an angle of from

30 to 40 degrees, according to the degree of carbonisation

desired. The blast is supplied by a blowing apparatus

called a trompe Fig. 5. The water falling down the

pipe A, drags air through the inclined openings BB. This

mixture of air and water falling into the cistern is divided

into two streams, the air rising and passing forward into
the twyer, the water running out of the cistern at c.
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Heematites are smelted directly, but carbonates are first
calcined. The ore in small
pieces is charged in with
charcoal, several lumps of
charcoal being placed near é
the twyer. The heat is
gradually raised until a
pasty mass is formed, which |
1s then pushed towards the '
twyer. After two hours the
full blast is turned on and
the slag tapped off. The
slag is fluid and formed at -
the expense of the iron ; it
is a silicate of iron 2FeO,
8i0,, containing lime, mag-
nesia, and oxide of man-
ganese, which composition
1s favourable for the trans-
ference into the slag of any
phosphorus that may be
present. When the whole %
of the ore is reduced, the o
blast is stopped, and the
spongy masses of iron
worked into a lump or Fig. 5.
bloom with iron tools; it is then carried to the
shingling hammer and shingled, in order to squeeze
out the slag and consolidate the porous mass of
iron. It is then re-heated in a similar fire and the
iron finished under the hammer. If the operation is
prolonged by arranging the twyer at a less inclination
. than in the above case the iron combines with carbon
and forms steel. The conditions governing the formation
of slag in this hearth are similar to those of the puddling-
furnace, and different to those in the blast-furnace ; the
former being oxidising in its action, the latter reducing.
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The chemical changes occurring in the Catalan process
may be briefly stated thus—The air introduced by the
twyers, being brought in contact with red-hot charcoal,
causes a brisk combustion, with the formation of carbonic
acid CO,. This gas on ascending through other highly-
heated charcoal is reduced to carbonic oxide CO. The
latter being a reducing agent acts on the ferric oxide
Fe,0,, which is partly reduced to the metallic state, and
partly to ferrous oxide FeO, which unites with silica and
other foreign matters to form the fusible slag mentioned
above.

American bloomery, Jersey-, and Champlain
forge.—This simple method, largely employed in the
United States and Canada, is a modified form of the
Catalan-process, and is conducted in much the same
manner, except that the ore is in a finer state of division,
and the furnace is worked continuously.

The furnaces are built in rows on either side of a wall,
each measuring about 28 by 30 inches in area by 25 feet
in height above the twyers, and 14 inches below them.
The sides are formed with cast-iron plates, and the bottom
of beaten earth or cinders. In some cases a hollow iron
bottom, cooled by water, is used. A water-box 12 inches
by 8 inches is let into the twyer plate, and the water,
after cooling the twyer, passes through the bottom plate,
The twyers are arranged so that the blast strikes the
middle of the hearth. In front of the forge, at 16 inches
above the bottom, is a flat iron hearth 18 inches wide,
and in the side plate beneath it is a tap-hole for with-
drawing the slag. The blast is used at a pressure of
11 to 1§ lbs. per square inch, and heated to 300° C. by
passing through cast-iron pipes in chambers fixed above
the hearth.

The fire being made up, the forge is heaped up with
charcoal, and crushed ore is scattered over the fuel
The ore is gradually reduced, without melting, as it
descends, and the reduced grains collect into an irre-
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gular mass at the bottom of the hearth. The earthy

matters at the same ‘time separate as slag. Fresh sup-
plies of ore and fuel are added from time to time,
and in about three hours a mass, weighing 300 Ibs.,
termed a “ bloom,” is lifted and held before the twyers
for a few minutes, then carried to the hammer and
shingled. It is then reheated and fashioned into bars.
Sir L. Bell says that such a process can only be con-
ducted where high prices, fostered by protective duties,
prevail, and where it would be inexpedient to incur
the large outlay involved in the erection of modern
ironworks.

The Chenot process was introduced about the year
1855, and was considered a great metallurgical discovery,
but after a few years working it was abandoned, except
in one locality in Spain, where its continuance depended
on the possession of a quantity of charcoal screenings
which would otherwise have been wasted.

The furnaces are rectangular retorts built in pairs—
4 feet 6 inches long, 1 foot 8 inches wide, and 33 feet
high. Beneath each retort is a rectangular tube of the
same section, into which the metallic sponge is discharged.
The total height of retort and tube 18 50 feet. At the
junction of the two parts are arranged four fireplaces,
the flames from which circulate round both furnaces
by a series of channels, which unite near the top and
pass into a common flue. This mode of heating is
very imperfect, as more heat is lost outside than passes
into the retort. Four tons of fuel are required for the
production of 1 ton of merchant-bars, and about 45 per
cent. of the iron is lost. The retorts are charged with ore,
broken small, and mixed with charcoal. The reduction
extends over three days, producing 'a spongy mass of
metallic iron, which requires three days to cool out of
contact with air, to prevent rapid oxidation. The
sponge obtained is made into steel by melting in
crucibles with carbon ; or balled in a charcogl hearth,
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then hammered, piled, re-heated, and
rolled into bars of wrought iron.

Blair’s process.—In 1873 Mr. Blair
in America introduced the Chenot pro-
cess on an improved plan, but the
furnace was irregular in its action, and
the production small compared with
that of the blast-furnace. The retorts
are cylinders 3 to 4 feet.in diameter,
and 40 feet high. The great difficulty
was to cause the heat to penetrate
successfully to the centre. In order
to effect this, Blair placed in the top
of each retort a concentric cylinder, and
through its axis a double blowpipe, by
means of which a current of gas and
air was forced in, producing by its com-
bustion sufficient heat to make the ore
and charcoal, charged into the annular
space round the cylinder, red-hot.

Fig. 6 represents in section and plan
one of a group of three furnaces. A is
the retort, C the cylinder, D the gas-
pipe, E the air-pipe, F the charging-
space, G the annular space for combus-
tion of the gas, K the gas-main, which
introduces the gas at two different
levels. This gas was originally obtained
from the reduction of the ore, but its
amount being found insufficient, a special
gas-producer was afterwards provided.

- The cylinder L beneath the reduction

chamber receives the sponge of iron,
and is kept hermetically closed while
the iron cools, as in the Chenot furnace.
The wrought iron walls are double, in
order to allow a current of water to
circulate through them.
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Siemens’ direct process.—This is one of the most
recent attempts to extract iron in an economical manner
from the ore in one operation, but it suffers under the
disadvantages of all direct methods, as explained on
. page 43.

The furnace (Fig. 7) consists of a cylindrical rotating

Fig. 7.

chamber, 8 feet in diameter and about 9 feet long, and
rests on four anti-friction rollers. The inside is lined
with bauxite, which consists of alumina, ferric oxide,
water, and a little silica. From this substance, when
mixed with 3 per cent. clay and 6 per cent. plumbago,
bricks are made. The working door is at one end, and
beneath this is a tap-hole for slag. The furnace is heated
with gas supplied from a gas-producer, the air being
heated by passing through one of a pair of regenerators.
Ore, in small pieces, is charged into the hot furnace with
lime, and the cylinder rotated. When red-hot, about 20
per cent. of small coal is added as the reducing agent,
and the velocity increased. The carbon and hydrogen
of the coal, together with the carbonic oxide of the gas,
react on the oxide of iron, removing its oxygen and
liberating metallic iron, the particles of which gradually
D
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cohere to form a spongy mass, called a bloom. The lime
and the basic lining of the furnace unite with the siliceous
matters to form a slag, which, in consequence of its basic
character, is highly favourable to the taking up of any
phosphorus that may be present in the ore. When
the reduction is complete, the slag is tapped off; then
a quick rotation is imparted to collect the iron into
three or more balls, which is effected by means of
ribs projecting from the lining. The balls are then
shingled, re-heated, and finished in the usual -way. If
steel is desired, 10 per cent. of spiegel-eisen is added
after tapping off the slag. The charge is then melted and
cast into moulds. In some cases the balls are treated for
steel in the open-hearth furnace. The advantages claimed
for this method are—economy of time, saving of fuel, and
purity of the iron, since the metal is not brought in con-
tact with solid fuel, as in the blast-furnace, except the
coal added as a reducing agent.

In a newer form of the rotator the length is 10 feet
6 inches, and the same in diameter. At the back of the
rotating chamber is fixed a water-jacket to keep the ring
at the back cool. In order to maintain the circulation
of water, and also to turn the charges over as the vessel
revolves, four water pipes pass beneath the lining from
back to front of the rotator, connected alternately with a
valve at the front end, and the water-jacket at the back.
Each pipe has two bends or knees, the lining on which
stands above the general level of the furnace-lining.
These knees serve to divide the bloom of iron at the
conclusion into three balls.

QUESTIONS.

1. What is meant by the term “malleable iron”? State its
chief physical properties.

2. How may iron be protected from rust? Describe the
method invented by Professor Barff.




PIG-IRON. 51

3. What do you understand by the “direct” method of ex-
tracting malleable-iron?

4. Under what disadvantages do all direct methods suffer
with regard to economy of production?

5. Very pure iron may obtained by direct methods;
would the iron be equally pure if obtained from a coke blast-
furnace and afterwards treated by puddling? Give reasons

for your answer.

6. How would you extract the iron from a rich ore in a
fine state of division ?

7. When an ore consisting wholly of ferrous carbonate is
heated to strong redness in a vessel from which atmospheric
air is excluded, and the substance of which has no action on
the ore, what chemical change occurs?

8. When iron is extracted in the malleable state from phos-
pﬁoric ore in the Catalan forge, what becomes of the phos-
phorus?

9. What difficulties are met with in attempts to reduce iron
ore by gas alone, without the admixture of solid fuel?

10. Describe Siemens’ direct process of producing malleable
iron, and roughly sketch the furnace employed.

11. Describe the production of iron in the American
bloomery.

CHAPTER VL

Pi1G-IRON. PREPARATION OF ORES.

. Pig- or cast-iron.—In the indirect method of pro-
ducing malleable iron, a crude product consisting of
iron, carbon, silicon, phosphorus, sulphur, manganese,
and very frequently other elements, such as copper,
arsenic, titanium, chromium, etc., is first obtained ; it
is termed “pig-iron,” and is D-shaped in section, being
3 or 4 inches square and about 3 feet long. Pig-iron is
arranged into a variety of classes, according to the colour,
texture, size of the crystalline plates, and general char-
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acter of the fractured surface. That containing the
largest grain and largest crystals of graphite is known
as No. 1, the numbers increasing as the lustre and size of
the grain diminish. When the metal ceases to be grey
the numbers are not used, the iron being designated as
mottled, either strong or weak, and white, in which, when
manganese is present in quantlty, the crysta,ls are large
and lustrous and the iron intensely hard; such a pig is
termed spiegel-eisen. The lower numbers of grey iron are
called foundry-pigs, being used for castings. The higher
numbers are termed forge-pigs, being chiefly used for the
production of wrought iron. Two other varieties are also
made, which, owing to their comparative freedom from
sulphur and phosphorus, are used for making Bessemer-
steel, and are termed Nos. 1 and 2 Bessemer-pigs.
Grey iron requires a higher temperature to melt it than
white iron, but becomes very liquid, and expands on
becoming solid, which admirably adapts it for casting.
White iron becomes less perfectly fluid, and passes through
an intermediate pasty stage before becoming liquid, and
the same during solidification after fusion. It contracts
considerably after becoming solid. Grey iron is produced
at a higher temperature in the blast-furnace than white,
which tends to make it more impure. It sometimes
happens that both kinds are contained in the hearth of a
blast-furnace at the same time, the white being the heavier
goes to the bottom, and when the furnace is tapped flows
out first in a sluggish stream, emitting brilliant sparks ;
the grey iron following runs perfectly fluid without sparks.
Common white iron is produced when the furnace is
charged with a heavy burden of cinders, i.e. slag from
other processes mixed with ore, and is then termed
. “cinder-pig,” as distinguished from metal produced from
ore alone, which is termed ¢all-mine-pig.” Cinder-pig
is dull in colour, and presents a rough honeycombed ap-
pearance on the surface; it is very hard and brittle.
White iron is also produced when easily reducible ores are
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employed, so that the charge can be reduced and melted
rapidly, and the melted metal remains a shorter time in
contact with the highly heated carbon. Insuch a casea
greater proportion of ore to fuel is employed, and con-
sequently a lower temperature obtained. The produc-
tion of grey iron requires a temperature far beyond
that of mere fusion, causing the reduction also of other
oxides, such as silica, besides those of iron. Such a con-
dition is brought about by working with light burdens,
that is, excess of fuel, and using very hot blast. Other
things being equal, the iron will be grey if the slag is
refractory, for the particles of carburetted metal cannot
coalesce, until the foreign matter has united with the flux
to form a fusible slag, hence they remain longer subjected
to the action of carbon and silicon, which latter element
induces greyness in pig-iron. The following analyses
show the composition of (L) grey, (IL.) white, (IIL.)
spiegel-eisen, (IV.) mottled pig-iron:—
L IL. IIL IV

Iron, 94-56 94-08 88-84 9456
Graphite, 310 ‘10 ‘12 1-50
Combined carbon, ‘04 3-00 317 1-64
Manganese, *50 1-37 7-39 ‘50
Other constituents, 1-80 =~ 145 48 1-80
100 100 100 100

PREPARATION OF IRON ORES FOR SMELTING.

Iron ores are sometimes subjected to preliminary opera-
tions preparatory to the smelting process, according to
their nature and to the facility of obtaining supplies. In
parts of the world where good ores are abundant, such
as in England, mechanical treatment of poor ores, such as
washing, dressing, etc., offers no advantages. On some
parts of the Continent where the opposite condition
holds, poor ores are sifted, crushed or stamped, and
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washed, the object being to wash away by a stream of
water the lighter impurities, such as sand, from the ore.

Weathering.—In some cases, such as the clay-iron-
stones of the coal measures and ores containing pyrites,
exposure to the atmosphere for a lengthened period
causes oxidation and disintegration of the shale and
pyrites, whereby the former can be readily separated,
and the latter are partially oxidised and washed away
by rain. Soluble matter may be still further removed
by frequently watering the heaps during dry weather.

For regularity of result in smelting, it is advisable to
have the lumps of ore, fuel, and flux reduced to a uniform
size according to the capacity of the furnace, and the
greater or less ease with which the ore is reduced. In
the large Cleveland furnaces blocks of ore 4 to 6 inches in
diameter are employed, while the hard magnetic ores of
Sweden are reduced to § or 1 inch cubes. Large pieces
allow of a freer passage of the gases; small pieces
pack closer and offer greater resistance to the blast, but
a greater surface is exposed to the reducing gases. The
crushing is affected by lever machines, such as Blake’s
rock-crusher ; by tilt, or other hammers ; and by rollers.

Calcination.—This operation is resorted to in the case
of all iron ores, except massive red hematite and certain
magnetites. The effect of this is to decompose any
pyrites, with the partial volatilisation of the sulphur, to
eliminate carbonic acid, water, and other volatile matter,
and to convert ferrous into ferric and magnetic oxides,
which greatly reduces the liability to form slag with
silica. Moreover the ore is rendered more porous, and
more readily susceptible to the action of reducing agents.
The loss of weight by calcination is from 25 to 50 per
cent.

Calcination is performed in heaps, in stalls, and in
kilns. The first method is adopted in localities where
fuel is cheap, and space abundant. The ground is first
covered with a layer of coal a few inches thick, then
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a layer of iron ore 12 inches thick ; this is succeeded by
fresh layers of coal and ore, the whole heap being from
3 to 9 feet high. Fire is then applied at the base, and
the combustion gradually extends to the whole mass,
3 cwts. of coal being required for 1 ton of calcined
ore. Black-band ironstone often contains sufficient carbon
to effect the calcination without additional fuel, except
the layer of small coal at the base.

Calcination is conducted in some districts in stalls,
each of which consists of three vertical walls enclosing a
space into which the ore is placed. Draught-holes are
left at suitable intervals for the passage of the air.
This forms a kind of rough kiln. Calcining in kilns
is much preferable to the preceding method, as the
fuel is more perfectly utilised and a more uniform
product is obtained. In South Wales the kiln Fig. 8
is in the form of an inverted truncated cone in section,
15 to 18 feet high, 20 feet long, 8 to 9 feet wide at top
and 2 feet wide at the base. Two arched passages,

T—NI

Fig. 8. Fig. 9.

splayed outwards, are left at the base for withdrawing
the charge. At a height of a few feet above the to
is a railroad supported on pillars, over which the loade
wagons pass, and deliver their contents into the kiln in
alternate layers of ore and fuel.

One of the best forms of kiln is that of Gjers Fig. 9,
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largely used in the Cleveland district. The body is of fire-

brick cased with wrought iron plates. The diameter at

base is about 14 feet, at the boshes about 20 feet, and at

top about 18 feet. The bottom of the brickwork rests

on cast-iron plates, and the whole is supported on cast-

iron pillars. In the centre of the base of the kiln is a

cone about 8 feet high, and the same in-diameter at the

base. The total height of the kiln is about 30 feet,

and the capacity about 6000 cubic feet. From two to

three days are required for the calcination, with the

consumption of 1 cwt. of coal per ton of ore. When

the operation is complete, the ore is discharged at

the bottom between the pillars, being directed outwards

by the cone. The calcination is carried on con-
tinuously.

Fig. 10 represents a Swedish kiln about 20 feet high,

employing the waste gases

of the blast-furnace as a

source of heat, instead of

solid fuel. The combus-

tion is effected by means of

a blast of air introduced

through the twyer (a),

which communicates with

the annular space (b), from

which the air penetrates

into the furnace by a num-

ber of small openings. The

gas is conveyed by the

pipes (dd), and enters the

furnace by the channels

(¢). Above these are other

77 channels (¢¢)which are kept

S “» closed ; these are used for

Fig. 10. introducing bars to break

up any lumps that may have caked together, or to

admit additional air if necessary. The calcined ore is
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discharged through five radial openings (f). The
charging is performed at the top, which is sur-
mounted by

a chimney

for  regu-

lating  the

draught. =

Hoffmann’s
calciner is
designed to
utilise the
whole  of Fig. 11.

the heat generated —

by the combustion of

the fuel, thereby

effecting a consider-

able saving. It dif-

fers from a barrel

furnace with regard

to the direction of /

the gaseous current, |

and the stationary {M

condition of the solid

matter. The com- %

bustion is conducted

in a horizontal direc-

tion in the same

order as the gas.

Figs. 11 and 12 re-

present a circular

furnace of this kind

in plan and section. -

The calcining space Fig. 12.

is circular, and is roughly divided into sixteen com-
partments (MM) by means of projections raised towards
the roof. The whole circular space is divided by
means of a wrought iron door (p). In Fig. 11 this

1
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door divides No. 16 from No. 1 compartment. A
lateral opening or doorway (B) is also provided for each
chamber, for the purpose of discharging the calcined ore,
but it is bricked up during the operation, only two
being open at a time—one being charged and the other
being discharged. The air for combustion is drawn
through these doorways, and passes in the direction of
the chambers 3, 4, 5, 6, etc. Each compartment com-
municates with the central gallery (c), and thus with the
chimney by means of inclined flues (), each of which
is provided with a damper (d); all these are kept closed,
except that connected with No. 16. Along this flue the
products of combustion finally pass into an interior ¢ircular
space (c), termed the smoke-flue, which communicates
with the chimney. The outer wall is double, about
3 feet thick, the two portions being separated by a space
filled with sand, in order to close up any cracks produced
by heat in the brick-work.

The cold air, as before mentioned, passes into the
caleiner at Nos. 1 and 2, then circulates through 3, 4, and
5, containing ore already calcined, the air being heated at
its expense. The air then arrives at No. 6 where the ore
is red-hot. The fire commences here and occupies No. 7
and part of No. 8. This is the zone of greatest heat. The
gases then traverse the remaining chambers, giving up
their heat to the matter being calcined.

The fuel is charged in small quantities through openings
in the roof, when it inflames immediately, and burns
without smoke, because of the high temperature of the air
employed for its combustion, and the incandescent space
into which it arrives. The same openings are only used
for charging every 24 hours, a fresh range being opened
every 4 hours, working in the direction of the general
current. Every 24 hours the operation in one chamber
is completed. Then the iron partition (p) is transferred
from No. 1 to No. 2, the doorway of No. 1 closed and that
of No. 3 opened. The damper of No. 16 is then closed
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and that of No. 1 opened. Now the contents of No. 3 are
discharged and the chamber No. 2 re-filled. The operation
is thus continuous, and only stopped in the case of serious
repairs. This furnace is chiefly used for baking bricks
and burning limestone. An oval form is also employed
in some works.

QUESTIONS.

1. What impurities does pig-iron usually contain ?

2. Describe the classification of pig-iron based on the char-
acter of its texture as exhibited at a fractured surface.

3. What are the leading differences between forge- and
foundry-pigs, and why are they requisite ?

4. Under what furnace conditions are white, grey, and
mottled pig-iron respectively produced ?

5. What relations have been observed between the char-
acter of the slag and the nature of the iron produced in a
blast furnace ?

6. What purpose is served in calcining iron ores? Describe
some method of calcination with which you are familiar.

7. Describe Gjers’ calciner for iron ores.

8. Describe the Swedish kiln employing waste gases as a
source of heat. .

9. Describe Hoffmann’s circular calciner and the method of
calcination conducted therein.

CHAPTER VIIL

INDIRECT METHOD OF EXTRACTION.

Reduction in the blast-furnace.—The calcined ore
is put into the blast-furnace with coal, coke, or charcoal,
and a suitable flux, which is usually limestone. The heat
is well utilised,and the reduction more perfect than in any
other form of furnace. In the blast-furnace there are
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two currents travelling in opposite directions, and con-
stantly acting on each other—a ‘“gaseous” ascending
current and a ‘““solid” descending one. The former
travels at the rate of about three feet per second, the
. latter at the rate of 3 feet per hour. The effect of the
blast on the carbon of the fuel is to produce carbonic
acid CO, at the level of the twyers, with evolution of
great heat. This gas ascends, and is reduced by carbon
at a very short distance from the twyers, thus,

CO, + C=2CO0.

This carbonic oxide is the principal reducing agent in
the blast-furnace, the oxide of iron being reduced to the
metallic state as a spongy mass, thus—
Fe, 0, + 3CO = 3CO, + 2Fe.

At the same time the flux and earthy matter of the ore
unite to form slag, which descends with the iron ; the
latter in contact with highly heated carbon is carburised,
then melts and collects inthe hearth,where,in combination
with other substances, such as silicon, phosphorus, sulphur,
and manganese, which have also been reduced, it consti-
tutes pig-iron. On the top of the molten iron floats
the liquid slag. The temperature and pressure have a
great influence on the reducing action, and as the tem-
perature increases with the temperature and pressure of
the blast, it follows that as the reducing energy becomes
greater the metal is more impure. When very pure
iron is desired rich hematite and cold-blast are used,
with charcoal as fuel. Great advantage is gained
by the use of hot air, as less carbon is required for
reduction and fusion. It is also useful to remedy
defects, and to regulate the passage of materials in the
furnace. If the fusion or reduction is at fault the tem-
perature of the blast is raised, or more carbon is added.
The former acts instantly, while the latter often takes
several hours to remedy the defect.

The quality of the pig-iron produced from a given
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furnace will depend on the temperature, the nature of
the charge, and the mode of working. With easily
reducible ores and heavy burdens—that is with a large
proportion of ore to fuel—the iron will be white, since
the metal is kept only the minimum time in contact with
incandescent carbon. With a high temperature and a
light burden the pig-iron is more siliceous and grey.
The same things influence the character of the slag.
Blast-furnace slags are mainly double silicates of lime
and alumina, and may be represented by the formula

3(Ca0.8i0,) + AL,0, 3810,
or 6(2Ca0.8i0,) + 2A1,0,.3Si0,.

The former is the kind of slag obtained from charcoal--
furnaces, and the latter from furnaces using coke or
coal. In both cases the lime is replaced more or less by
magnesia, oxide of iron, and oxide of manganese; while
the silica is sometimes replaced to a small extent by
alumina. The colour varies from white to grey, some-
times with varying shades of yellow, green, blue, and
black, according to the metallic oxides present. Generally
a white or grey slag accompanies grey iron, and a dark
coloured slag, white iron. The former slag often contains
excess of lime, which diminishes its fusibility ; the latter
is more fusible and contains oxide of iron, which, when
present in quantity, makes a very liquid “ scouring ” slag,
t.e. one attacking the lining of the furnace. The * scour-
ing” slag sometimes contains as much as 20 per cent.
of iron. When forge or mill cinders are added to the
charge, the resulting metal is called cinder-pig-iron, and
the change produced by the reduction of such slags may
be represented by the following equation—

3(2Fe0. 8i0,) + 4C = (2Fe0. 3Si0,) + 4CO + 4Fe.

When phosphoric acid P,0, is present in the blast-
furnace, it is reduced, and the phosphorus passes into
the iron, which can be prevented by allowing much
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oxide of iron to pass into the slag. Blast-furnace slag
has been utilised for building purposes, and for making
slag wool.
The temperature and condition of the charge in differ-
ent parts of a blast-furnace are repre-
sented by the aid of Fig. 13, prepared
70 by Sir L. Bell. The zone (a) contains
the raw materials : in (b) the ore is
¢ partially reduced by carbon ; and in
s0 (¢), which is at a dull red-heat, the
limestone added as a flux is decom-
*0 posed into lime CaO, and carbonic
|50 acid CO,, which is liberated, thus :—

oo CaCO, = CaO + CO,.

l,, In the zone (¢) carbonic acid CO,
, oxidises carbon from the fuel forming
“L——1 carbonic oxide CO ; and in (f) which
Fig. 13. is at a bright red-heat, the reduced
iron takes up carbon, forming pig-iron. This action
is continued in the lower zones, in which foreign
oxides, such as silica and phosphoric acid, are also
reduced ; the silicon, phosphorus, etc., uniting with
the iron. In the zone (i) the temperature is very
high, the iron is thoroughly fused, as well as the
slag formed by the. union of the flux with the earthy
matter. In the zone (k) the temperature attains to
intense whiteness ; here the molten materials separate
according to their specific gravities, the iron falling to
the bottom, and the lighter slag floating on the top.
The fluxes employed in iron smelting vary with the
nature of the ore to be treated. In some rare cases the
ores are self fluxing, containing acid and basic constituents
in the requisite proportion to form slag. This may be
also effected by using a mixture of ores of dissimilar
composition, such as siliceous- and calcareous hzmatites,
or both with clay-ironstone. More generally a non-

Scale of Feet
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ferruginous flux is added, and although it increases the
weight of material to be operated upon, it is more easily
obtained.

For ironstone containing clay, which is very frequently
the case, limestone is the flux used. Rich hamatites,
such as those of Cumberland and Lancashire, require clay
as well as limestone. Of late years, a brown hamatite
containing much free alumina called ¢ Belfast Aluminous-
Ore” has been used in preference to clay. Some smelters
recommend the use of quick lime instead of limestone,
producing an economy of fuel, since the absorption of
heat by the expulsion of carbonic acid in the case of
the raw carbonate, as well as the carbon removed by the
conversion of carbonic acid into carbonic oxide,is avoided ;
but it is necessary to use the lime soon after burning,
otherwise it takes up carbonic acid and moisture again
from the air. When the ore is a carbonate, contain-
ing metals in the protoxide condition, the flux required
is silica, added in quantity sufficient to form a silicate,
in which the oxygen of the acid would be equal to the
oxygen in the bage, thus :-—

(FeO, MnO. Si0,).

The fuel used in the blast-furnace is either charcoal,
peat, coke, or raw coal. Charcoal is only used in small
furnaces, on account of expense, but it is highly advan-
tageous when very pure iron is required, owing to its
freedom from sulphur and other impurities. Peat is
only used in remote districts where other fuel is not
available.

The value of coke for blast-furnace work is largely
dependent upon its comparative freedom from sulphur
and ash. The coke must be sufficiently hard and
dense to resist the great pressure of materials it has to
sustain in large furnaces ; on the other hand it must be
sufficiently porous to allow of the free passage of the
ascending gas. Anthracite, notwithstanding its com-
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parative purity, is very dense, and only permeable with
difficulty ; it is also very liable to decrepitate into small
fragments, which retard the draught. In South Wales,
where this fuel is used, it is necessary to work with an
open tymp, so as to clear out the small particles of
anthracite from the hearth.

Raw coal is very largely used, both alone and in
admixture with coke, which is probably the most advan-
tageous method. The coal employed must be of the
non-caking variety, hence we find raw coal in use in the
West of Scotland, Staffordshire, and Derbyshire.

Ferro-manganese.—This may be considered a variety
of pig-iron in which the iron is replaced largely by
manganese. It is produced by smelting, in the blast-
furnace, ores containing much manganese, and it is
possible to obtain a product having as much as 87 per
cent. of manganese. The furnace must be worked with
a large excess of fuel ; a large amount of limestone, so as
to produce a basic slag; and a considerable pressure of
blast, previously raised to a higher temperature than is
used for ordinary iron ores.

" Ferro-manganese is a hard, crystalline substance, but
the crystals are much smaller than those in spiegel-eisen.
It is chiefly used in steel making by the Bessemer and
Open-Hearth processes, as described on pp. 144, 155.

BLAST-FURNACE AND ITS
ACCESSORIES.

An English blast-furnace of the
old type Fig. 14 is a very mas-
sive structure of stonework or

. brickwork, usually -circular in

) form in the interior, which con-

L — sists of a shaft approaching in

Fig. 14. sectional elevation to that of two
truncated cones joined at their bases; the upper and more
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acute being termed the “ body,” which is surmounted by

a chimney containing one or more openings for the pur-:
poses of charging ; the lower cone forms the * boshes.”"
This lower cone is sometimes continued to the ground

level, but more often the furnace is enlarged, forming the -
“ hearth,” in which the molten iron collects, three sides

being continued to the bottom, and the other left open’
for means of access. The hearth is supported on a mass

of masonry, with channels for the escape of moisture.

The foundations are traversed by arched galleries in -
order to keep the whole building dry. '

One of the objects in the construction is to keep the
heat as much as possible in that part where it is required,
and to diminish loss of heat by radiation.. The interior is
lined with fire-brick, and the outer part is built of rough
sandstone, or ordinary brickwork, tlixe two layers being
separated by a space filled with sand or slag. The
dimensions vary, in England, from 9 to 20 feet in dia-
meter, and 30 to 45 feet in height.

The modern blast-furnace is an elongated barrel-
shaped structure, the height being four to five times
that of the greatest width. The body is formed
of wrought iron plates, } inch thick, riveted to-
gether, and within which is built the outer casing of
ordinary masonry, the inside being lined with fire-brick,
about 18 inches thick, while in some cases, between the
two layers of brickwork, is a small space filled with sand
to allow for expansion and contraction. The body or
stack is supported on a cast-iron ring resting on iron
columns, and the lower part, from the top of the columns
to the tymp-arch, is also cased with iron.. The hearth
is independent of the masonry of the stack, and is built
in after the stack is completed. It requires to be made
of very.refractory material of considerable thickness,
having to withstand a very great heat, in addition to the
corrosive action of the molten slags. '

The hearth is perforated with three to six holes for

E
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the introduction of twyers which convey the blast of air
into the furnace. On the front or working side the
hearth is extended outwards for a short distance, form-
ing a rectangular cavity known as the fore-hearth,
which is bounded in front by a refractory stone termed
the dam-stone. The arch covering this cavity is called
the tymp-arch. The tymp is made either of a block of
refractory stone, or of a hollow cast-iron box built in
the masonry, and through this box a current of water
constantly circulates, in order to keep it cool.
In fig. 15, A is the charging gallery, B the cup and cone
- - arrangement for charging, ¢ the
throat, D the body, EE the
boshes, F the blast-main, G the
iron ring supporting the body,
HH the pillars, I the hearth, x
the twyers, L the dam, / the iron
dam-plate, m the fore-hearth.
The dam is formed of fire-brick,
and is carried up to the twyer
level, a semi-circular notch in the
top edge serving as a passage for
the slag. The tap-hole for the
molten iron is a narrow slit
through the bottom of the dam.
() is the tymp. N is the open-
ing for collecting the waste gases
— which are utilised for heating
the blast, boilers, etec.
. .+ The charge is tipped into
Fig. 15. the cup or hopper (z), and
allowed to fall into the furnace by lowering the cone B,
which acts very advantageously in distributing the charge
over the surface of the materials already in the furnace.
Form and interior dimensions.—The descent of
the materials must, in all cases, be sufficiently slow for the
reducing action of the gas and carbon to penetrate to the
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centre of each fragment, before it reaches the region of
fusion, and as a rule, the furnace is built smaller in pro-
portion to the ease with which the various oxides are
reduced.
The horizontal section given to the hearth must
vary according to the pressure of the blast, and the
orosity of the materials employed in the furnace.
hen hard coke is used, and the ore is in large pieces, a
longer time is required for the air to penetrate to the
centre of each lump, and a greater pressure is then needed.
But this tends to produce a higher temperature, and,
consequently, greater reducing energy, which necessarily
makes the metal more impure. The height of the
furnace should be limited when the fuel is friable, such
as anthracite, and the ore in small pieces; for if the
charge is too compact the gas can only circulate with
difficulty. Moreover, in a mass of different materials,
descending gradually, the difference of density becomes
greater as the height of the furnace is greater ; the heavier
pieces of ore tem% to descend vertically while the lighter
particles of fuel are forced to the sides, which circumstance
limits the. possible height. The in-
ternal shape of a blast-furnace, should
be that of the general form which it
tends to assume after some weeks of
working. It has been found in prac-
tice that the section is modified where
the heat has been greatest, and that
the sharp angles of the hearth and \
boshes of the older forms were invari- —
ably burned away. When a furnace is Fig.16.  Fig. 17.
working irregularly, which often arises from an ac-
cumulation of lime and unreduced ore in the hearth and
boshes, it is generally due to scaffolding. Fig. 16 is
a section of a furnace showing an excrescence of this kind
given by Mr. R. Howson who recommends the shape Fig.
17 as the best form for avoiding scaffolds.
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Greater height may be given to a furnace to increase
its capacity, and to intercept the heat more completely.
Combustion should only occur in the neighbourhood of
the twyers, and the greater the distance of the upper
end of the charge from the zone of combustion, the more
perfectly will the heat be extracted from the ascending
gases, 80 that furnaces are now built 80 to 90 feet in

height.

Fig. 18.

The section of most blast-
furnaces is round, which
economises ‘the heat, and
causes it to be more uni-
formly distributed ; but there
is always a difficulty in -
forcing the blast- to the
centre, since the charges sink
more there than at the circum-
ference. This circumstancein-
duced Rachette to adopt an el-
liptical or rectangular section.
The large production of 30
tons of grey iron in 24 hours
in this small furnace is due
to the suitable distribution of
the blast, and the non-con-
ducting nature of the walls.
Truman states that the
charges descend uniformly
to the twyers, thus utilisin
the fuel more completely, an
that the smelting is rapid.
This furnace Fig. 18 is oblong
and rectangular in shape,
being 3 feet wide at the
twyers, 7 feet at the throat,

and about 30 feet high, with a capacity of 2000 cubic feet.
The object of this shape is to keep the ascending gases
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more to the centre and to cause a more perfect action on
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Fig. 19.

the descending solid materials. The blast is introduced
through six or eight twyers, three or four being placed on
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each of the longer sides of the hearth, thus causing a
better distribution of the air.

The interior profile of a few different types of the blast-’
furnace is shown in Fig 19 A—F. ,

Collection of waste gases.—The waste gases of
blast-furnaces were formerly allowed to escape, the furnace
tops being always left open, but this system has been
almost universally abandoned, except in a few localities
where fuel is cheap and cold-blast is used. Various
contrivances have, from time to time, been devised for
closing the throat, so as to prevent the escape of the
waste gases, which are conducted into suitable apparatus,
where they are burnt to generate heat for heating the
blast, etc., as before mentioned.

In the charcoal furnaces of Sweden, and some old coke
furnaces, a portion of the gases is collected without closing
the top, by introducing a number of iron pipes through
the brickwork, at a depth of 10 or 12 feet below the top.
In the Upper Hartz, and other places, an annular space
is formed in the upper part of the masonry of the fur-
nace, communicating with the interior, beneath the
surface of the charge, by a number of openings inclin-
ing upwards, in order to prevent the lodgment of the .
charge in them. A large pipe opens into the annular
space, and is connected with a high stack, so as to obtain
the necessary draught for drawing off the gases. With
some small straight furnaces a cast-iron cylinder is
inserted in the throat, leaving an annular space which
forms a collecting flue for the gases. The mode of
charging by means of a central cylinder causes the more
compact and finer particles to go to the centre, and the
larger pieces to the sides, which latter then become more
permeable by the gases. In order to correct this defect
a fixed cone Fig. 20, supported by radial arms, is added,
8o as to distribute the charge more uniformly.

Escalle uses a fixed cone without a cylinder, Fig.21. The
top being closed, the gas is collected by the cone, the radial
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arms which support it being hollow, so that the gases pass
through them to the off-take. Moveable cones are now

~Fig. 20. Fig. 21.

more generally used, both for collecting the gases and dis-
tributing the charge. The most simple and general form
consists of a fixed cup (a), Fig. 22, and a moveable cone
(b) suspended by a chain so that it may be raised or
lowered at will. Various contrivances are in use for con-
trolling the movement of the cone, a frequent form being
a pinion moved by a hand-wheel, and gearing into a rack
attached to a counterpoised weight. The gases pass
through a lateral flue into the main pipe, which conducts
them to the boilers, heating stove, etc.

Fig. 22. Fig. 23.

At Ulverstone in Cumberland a central iron tube Fig,
23, lined with brick, has been adopted for collecting the
gases. The tube is about 5 feet in diameter, and extends
about 5 feet into the throat of the furnace. It rests on six
ribs of brickwork. In Langen’s apparatus the gas collecting
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tube is placed externally to the furnace, which may there-
fore be kept filled with the charge. It consists of a bell-
shaped tube, which rests on an inverted conical charging
cup. The bell is suspended from a lever, and the charge is
placed in the conical cup, so that when the bell is raised
the materials glide into the furnace.

ers.—The twyers, used for introducing the air into
the blast-furnace, are subjected to intense heat, and require
to be protected by a continuous circulation of water. They
are therefore made with a double casing of wrought-iron,
cast-iron, or bronze. Fig. 24 shows the arrangement of
a Staffordshire twyer. Another form, known as Lloyd’s
spray-twyer, is open at the back, and the cooling water, in

Fig. 24. Fig. 25.

the form of spray, is driven from the end of a perforated
pipe against the port of the twyer. Another form, termed
the Scotch twyer, Fig. 25, consists of a spiral wrought iron
tube enclosed in a cast-iron casing; a current of water
circulates through the coil to keep 1t cool.

The number of twyers employed varies in different
furnaces, according to the nature of the fuel and class of
ore. An excess of blast causes the consumption of too
much fuel, with the production of white iron; it also
tends to cool the slags and impede the working. With

" an insufficient blast, the .temperature of the furnace is
lowered, and the production of iron lessened. With
small charcoal furnaces two or three twyers are used.
In large coke furnaces six or seven are arranged symme-
trically round the hearth, with their axes pointing a little
away from the centre. When producing forge-pig, the
twyers are arranged horizontally, or glightly inclined
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downwards, thus causing a partial decarburisation. For
foundry-pig, the twyers are often slightly inclined
upwards. :

Hot-blast.—The use of hot air was first introduced by
Neilson at the Clyde Iron Works in 1828, and was soon
attended with great economy of fuel, and an increased make
ofiron. The arrangements for heating the blast are of two
kinds:—cast-iron pipes through which air passes, heated
externally ; and chambers of refractory brickwork, con-
structed on the principle of Siemens’ regenerators, which
are now in more general use.

Cast-iron stoves.—Fig. 26 represents an old form of

stove, which consists of a series of
arched pipes of cast-iron, arranged in an
oblong fire-brick chamber; along each
of the long sides of this chamber are
two circular mains, fitted with sockets,
into which the legs of the vertical pipes
are received, while between the mains,
and running the full length of the stove,
is a rectangular fireplace. The pipes are
very unequally expanded by the heat,
and this, when the extremities are fixed —
to the mains, leads to frequent breakages. Fig. 26.
The defects of this arrangement have caused many
modifications to be introduced. Thus the horse-shoe
pipes have been replaced by an inverted V shape,
which gives a smaller radius of curvature to the
arch ; ‘and greater uniformity of heating is obtained
by introducing stops at intervals in the entry main, so
that, the air passes alternately backwards and forwards
across the arch. In some works, the vertical pipes instead
of being arched are united by short horizontal limbs at
right angles, and are placed close together. .

In many German works a number of horizontal
pipes of elliptical section are arranged in a fire-cham-
ber, in a similar manner to the tubes of a locomotive,
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and united into a continuous serpentine coil by arched
bends, which are external to the fire, thus lessening the
tendency of these bends to break by irregular expansion.
Of the regenerative type, two principal forms are em-

ployed, invented respectively by Cowper and Whitwell.
The Cowper stove Fig. 27, is a circular wrought
iron tower, closed with
a dome-shaped roof, and
lined internally with fire-
brick. It contains a cir-

cular fire-brick flame flue
A, into which the waste
gases from the blast-fur-
nace pass by the valve
B. The body of the stove
is occupied by a checker
work of fire-brick for ab-
sorbing the heat. The

gas entering the flue A,
is there burnt, the air
necessary for combustion

entering by the valve c.
The hot products passing
downthrough thechecker

m work make it red-hot,

" and finally pass into the

‘? chimney-flue D.

) " The stove having been
Fig. 27. thus heated, the valves B,
0, and D are closed, and the cold-blast valve at the bottom
of the stove opened, together with the hot-blast valve F.
The cold air enters at the bottom or cooler end, and
ascends through the brickwork, getting gradually hotter,
and then escapes by the valve F, which communicates
with the blast-furnace, at a temperature of 800° C.
Two stoves are worked in conjunction, one being heated
by the combustion of the waste gases, while the other is



HOT-BLAST STOVES. 75

being utilised in heating the blast. These stoves are 50
to 55 feet high, and 20 to 25 feet in diameter.

Whitwell's stove Fig. 28, differs from Cowper’s
chiefly in the arrange-
ment of the absorbing
brickwork. The air
for the combustion of
the waste gases is
admitted at several
points of the stove,
80 that the combus-
tion is rendered more
perfect. The regen-
erative brickwork is
built so as to form a
number of lohg and
narrow vertical cham-
bers, communicating
with each other at the
top and bottom. The 7
blast - furnace  gases ‘
enter through A, and Fig. 28.
meeting with warm air introduced through suitable
passages, combustion takes place, and the flame rising
up ¢, passes down the narrow passages, z, to the bottom.
Here more air is admitted to burn completely the uncon-
sumed gases, which rise up D and pass down through
another series of narrow channels, finally leaving at the -
chimney valve E. 'When the stove is sufficiently heated,
which takes about two hours, the gas- and chimney-valves
are closed and the blast-valve opened, the blast entering
in inverse order to the gases, as in the Cowper stove.

It is advisable to place the stoves as near to the
furnace as is consistent with the other arrangements
of the works, in order that the blast may retain as
much of its heat as possible. With some charcoal
furnaces the stoves are placed on a level with the fur-

INNS
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‘nace top, and the hot-blast main carried down vertically
to the twyers, but much greater regularity of draught,
.and freedom from dust is secured by bringing the waste
gases to stoves on the ground level.

The advantages of hot-blast are :—(1) Economy of
fuel, since less fuel is required, also the heated oxygen
has a greater affinity for the carbon and hydrogen of the
fuel ; (2) the blast penetrates the fuel more freely on
account of its density being less; (3) under equal circum-
stances, less pressure is required for hot- than for cold-
blast ; (4) irregularities are better overcome with hot-
blast ; (5) it facilitates and accelerates the blowing in
of a furnace. The disadvantages are :—(1) The pig-iron
is liable to be more impure, since silica, phosphoric acid,
etc., are reduced to a greater extent, and (2), in conse-
quence of the higher temperature, the furnace walls are
more quickly destroyed.

Lifts.—In hilly countries the blast-furnace may be
erected in a valley, the top being on a level with the
ground. The charge is then tipped in without special
apparatus. In most cases this is not possible, and lifts
are required for raising the materials. These are of
various kinds.

The inclined plane Fig. 29, consists of a railway

/,///////;
Fig. 29.
between the ground and top of furnace, inclined at an
angle of 30°. On this incline runs a platform carriage,
triangular in vertical section, with two pairs of unequal
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wheels. The power is supplied from a steam engine
working a winding drum, around which passes a wire
rope or flat-linked chain.

- Qolliery lift.—This consists of a cage moving be-
tween vertical guides similar to those used in the shaft
of a coal mine. Itis worked by a direct-acting engine
fixed either on the ground, or on the charging plat-
form.

‘Water-balance.—This is a simple and effective lift:
still in use at several works, although more power is
required for pumping water to the furnace top than:
for that of a direct lift ; it is also difficult to keep the
water-boxes tight. It consists of two cages moving
vertically between guides, and connected by a chain
passing over a pulley. - Below the floor of each cage:
1s fixed a water-tight box provided with a discharge-valve.
When one cage is at the top, having '
discharged its load, water is caused
to flow into its box until the weight
is sufficient to pull up the other cage
which is loade£

Pneumatic lift.—This form of
lift is now frequently used, the areas
of the cylinders being adjusted for
a pressure of from 4 to 7 lbs., so
that the force of the air in the blast- L I
main is sufficient to raise the re-
quired load. Gjers’ lift Fig. 30,
consists of a large cast-iron ram,
which works in a 36 inch cylinder,
rising the whole height of the fur-
nace. From this piston pass wire
ropes over four pulleys down to each
corner of the lifting table, which is
sufficiently large to hold four bar- ™
rows. The weight of the ram is Fig. 30.
greater than that of the empty lift, and when the
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latter is at the top the ram will be at the bottom, so
that by applying pressure beneath the ram, it rises, and
the table is lowered. The loaded table is heavier than
the ram, but when air is removed from under the ram a
partial vacuum is formed, and the atmospheric pressure
brings it down, and consequently lifts the loaded table
up to the furnace-throat.

Blowing-cylinder.—This is used for supplying com-
pressed air to the blast furnace. It resembles a steam
cylinder but is of larger dimensions, and the lateral
openings for admission of air are often omitted. The
piston is made of plates of cast-iron fixed on an iron
or steel shaft. On the circumference are arranged two
leather rings which press against the sides of the cylinder,
one for the up and the other for the down stroke. To
avoid friction, fine plumbago dust is projected against
the interior of the cylinder from time to time. Two sets
of valves are arranged on the cylinder cover at each end,
the longer series open inwards for admission of air as the
piston recedes, and close at the return-stroke. Then the
other series or discharge-valves open, and allow the com-
pressed air to pass out.

Blowing-cylinders do not furnish a regular supply of
air, the air being compressed most at the middle of the
stroke, hence a “regulator” is placed in the course
of the main between the engine-room and the furnaces.
The regulator is a large cast-iron cylinder open at
the top and closed with a weighted piston. When
the supply of blast is greater than is required, the
piston rises, but when the quantity diminishes, the
piston falls and exerts a compressing force until equili-
brium is restored. If the blast-main is of con-
siderable length, or includes stoves, the regulator is
unnecessary.

Blast-furnace gases.—Owing to the larger con-
sumption of fuel, coke-furnaces give off more waste
gases than charcoal-furnaces. Kerl gives the com-
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position of the gases as shown in the following

table : —

Charcoal-Furnaces. | Coke-F. | Coal-F.

I. II. III. IV.
Nitrogen N 634 59°7 644 56°3
Carbonic oxide CO 296 202 346 215
Carbonic acid CO, 59 194 9 152
Marsh gas CH, 10 3 — 42
Olefiant gas C.H, — — — 18
Hydrogen H -1 4 ‘1 10
100 100 100 100

The following table gives the composition of ' the gases
from some British furnaces :—

Gartsherrie.| Alfreton. Ormesby.

Nitrogen N 5442 5535 54-91
Carbonic oxide | CO 30-31 25-97 26-66
Carbonic acid CO, 57 77 1836
Marsh gas CH, 345 375 —
Olefiant gas C.H, ‘14 *43 —
Hydrogen H 598 673 07

100 100 | 100
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The large proportion of nitrogen is brought into the .
furnace in the blast along with the oxygen, but while
the latter performs an essential part of the work in the
furnace, ‘the former passes through unchanged, and
abstracts a valuable proportion of the heat, without con-
tributing to its production. The amount of oxygen
escaping is greater than that introduced by the blast,
which increase is obtained from the solid materials in the
furnace. The hydrogen, both the free, and that in com-
bination with carbon, is derived from the decomposition
of the water vapour of the air. The carbon is chiefly
derived from the fuel. By withdrawing the gases at
different levels, it is found that the proportion of carbonic
acid to carbonic oxide diminishes progressively down the
furnace, and that in the upper part of the hearth they
consist almost entirely of nitrogen and carbonic oxide.
The waste gases carry over with them a considerable
amount of dust of a non-combustible nature, which greatly
diminishes the heating power, so that the practice of
washing the gases by passing them through a water
trough, before going to the stoves and boilers, is often
adopted. -

Scaffolding, bears, etc.—Sometimes the charge of a
furnace is obstructed in its descent, the lower portion
being melted and withdrawn leaves a “scaffold,” which,
with the increasing weight from above, often gives way
suddenly, and falls into the hearth. This is called a
“glip,” and deranges the working of the furnace.

In some cases large ferruginous masses, called ‘‘bears,”
are formed in the hearth of a blast-furnace, often contain-
ing irom, copper, silicon, graphite, manganese, nickel,
cobalt, and cyano-nitride of titanium, a compound re-
sembling copper in colour.
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QUESTIONS.

1. Givea sketch in vertical section of a modern blast-furnace
with a closed top.

2. Explain the working of a blast-furnace for smelting iron,
more especially in regard to chemical changes as affecting
carbon and phosphorus.

3. State the chief chemical changes taking place inside a
blast-furnace using clay-ironstone and hot- %ast, with lime-
stone as flux, and coke as fuel.

4. In a blast-furnace it is impossible to make the fuel do its
full duty. Why is this?

5. Why is more fuel required to produce Bessemer pig- than
white pig-iron from a given ore, under constant conditions as
to furnace, ete.?

6. How would you regulate the working of a blast-furnace so
as to obtain varieties of pig-iron suitable for (1) casting, (2)
for conversion into malleable iron by the puddling process?

7. Enumerate the different fluxes employed in smelting iron
and state for which class of ore each is specially suitable.

8. Discuss the merits of charcoal, coke, and coal as fuel for
smelting iron in the blast-furnace.

9. State the physical proFerties of ferro-manganese and how
it is made on the large scale.

10." How would you bring into working order a blast-furnace
in which the charge had become “chﬂ.ﬁad,” that is, solidified
in the neighbourhood of the twyers?

11. What are the relative advantages and disadvantages
of “hot-” and “cold-"blast as applied to a blast-furnace for
smelting iron?

12. Scaffolds are sometimes formed in a blast furnace, to
what causes are they attributed and how may they be avoided?

13. What advantages have followed from increasing the
height of blast-furnaces in recent years?

14, Sketch and describe the Rachette furnace.

15. Describe the Cowper-stove and explain how it differs
from that of Whitwell.

16. Mention some methods of utilising blast-furnace sLa?.

17. Give the composition of the gases from the top of a
modern iron smelting blast-furnace.

18. Describe different modes of closing the top of a blast-

furnace for the purpose of collecting the waste gases. i
F
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19. Describe some form of hot-blast twyer.

20. Describe some form of lift in common use for raising
materials to the top of a blast-furnace. :

21. Describe the blowing-cylinder used for producing com-
pressed air for a modern b%zs’o—furnace. ‘Why is a regulator
sometimes required ?

22. What object is gained by washing blast-furnace gases?

CHAPTER VIIIL

REFINING Pi1G-IRON.

Two distinct methods have been adopted for the con-

version of pig-iron into wrought-iron, depending on the

kind of furnace employed, viz., the openfire or hearth-finery,

and the puddling-furnace, which is of the reverberatory

type. The chemical reactions are similar in both cases,

being based on the oxidation of the impurities by oxygen,
both in the gaseous and in the combined form.

Open-fire or finery.—In former times this hearth

was termed a “bloomery” from the nature of the product

which was called a bloom. The hearth is rectangular,

- and formed of cast-iron plates lined with

charcoal, the bottom being exposed to a

current of air in order to keep it cool.

Three sides are vertical while the remain-

ing side slopes a little outwards. In the

simplest or German forge the flames

escape into an o]})Jen hood, but in the

Swedish forge the hearth is covered with

a cylindrical roof, and communicates with

! % the chimney by a lateral flue. The fuel

employed is charcoal, the fire being blown

by a blast of air issuing from a single

twyer. A view of the finery in vertical section is given
in Fig. 31. :
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In the open-fire the iron is placed in contact with the
fuel. Now this intermixture is objectionable, because the
refining is based on oxidation, and the fuel acts as a
reducer, so that which the air oxidises, the fuel tends
to deoxidise, the purification being retarded thereby.
The consumption of fuel is also very great. If the iron
is designed to retain some carbon, so as to produce a
steely product, then the open-fire is admissible.

The char%;a of pig-iron, usually in broad thin plates, is
Flaced on a bed of glowing charcoal, which reaches to the
evel of the twyers. The operation of refining is hastened
by the addition of hammer scale and rich slags, which
assist in oxidising the impurities. The fusion of the iron
is allowed to take place gradually, so as to expose it for a
lengthened period to the oxygen of the blast. At the
moment of fusion the foreign elements are rapidly oxi-
dised. The silica unites with the oxide of manganese and
oxide of iron to form a fusible slag, which, in consequence
of the excess of metallic oxides, is called a basic silicate
(3Fe0.8i0,).

The ferrous oxide FeO, acts as a vehicle for oxygen,
absorbing the gas, and being converted into the black
oxide Fe,O,. The latter coming in contact with the
impure iron, oxidises the impurities, itself being again
reduced to FeO. After a time the slag becomes neutral,
and is in part removed ; then fresh basic slag and hammer
scale are added. To complete the operation, the masses
of iron are lifted up to the twyer level in order to com-
pletely oxidise the combined carbon. The white-hot
mass of iron, which is now of a spongy texture, is then
taken to a heavy hammer and compressed to a slab,
termed a ‘“bloom.” The subsequent treatment of the
bloom varies in different districts. In Italy the gartially
refined mass is removed from the hearth and cooled
with water ; then broken up, and re-heated sufficiently
to cause the iron and slag to cake together, when
it is again removed. In the third stage the iron



84 IRON AND STEEL MANUFACTURE.

is rTe-heated with rich slags until it is sufficiently
refined.

In South Wales a superior quality of iron sheets for
tin-plates is made from the best pig-iron in a charcoal-
finery. The pig-iron is first partially refined in a hearth
termed a ¢ refinery,” Fig. 32, which is described
on the next page. The charge of 2} to 3 cwts. of
refined iron from a coke * refinery ” produces a finery
ball, weighing about 2 cwts., which is shingled and
drawn out to a long bar, 2 inches thick, under a lever-
hammer. The bar is then nicked and broken into pieces,
the best pieces being selected, and made into small
bundles or piles. These bundles are re-heated in the

flame of a coke-fire, in a
special furnace known as
the “hollow-fire,” the upper
part of which forms a cham-
ber in which the piles are
re-heated. The piles are
then welded under a ham-
mer and rolled into sheets.
Before finishing, the sheets
are annealed, pickled in sul-
/ phuric acid, and then rolled
Fig. $2. cold. Finery-slag is highly
basic, containing upwards of 76 per cent. of ferrous
oxide FeO.

The Swedish-Lancashire finery is arched over
at the top, and communicates with the chimney by a
horizontal flue, in which the pig-iron undergoes a pre-
liminary heating.

REFINING IN THE REFINERY.

For the better qualities of wrought iron, crude pig-
iron was formerly submitted to a preliminary operation
in a rectangular hearth, termed a refinery, Fig. 32, with
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a number of twyers so arranged on two of its sides as
to project a stream of air on to the molten iron, in order
to oxidise its impurities. The iron is finally quenched,
by running it into an iron trough, thus causing the
carbon to remain in the combined form, which condi-
tion greatly facilitates puddling by the original “dry”
method, as white iron assumes a pasty state before
melting.

The hearth consists of a cast-iron framework with a
sandstone or firebrick bottom, and is surmounted by
a low brick chimney, bounded on its sides and back
by hollow iron castings, through which a current of
water is made constantly to circulate. The front of
the hearth is closed by a cast-iron plate, having a tap hole
for the metal and slag. The casting mould, placed in
front of the hearth, is also made of thick cast-iron plates,
and is about 3% feet wide by 10 feet long by 8 inches
deep. It is placed upon the edges of two long cisterns,
through which water circulates for the purpose of cooling
the mould, which quickly cools the refined iron when it
is run into the mould.

The iron, in the form of pigs and scrap, is placed in
alternate layers with coke upon a bed of ignited fuel at
the bottom of the hearth, and the blast supplied at a
pressure of 1% to 24 lbs., according to the combustibility
of the coke. In about 2 to 2} hours the charge is melted,
and in another hour the blast has sufficiently oxidised
the impurities in the iron. The refining is hastened
when basic iron-slags and hammer-scale are added to the
charge.

The element whose chemical affinity for oxygen is
greatest will absorb this gas first, and others will be
oxidised in turn in proportion to their chemical energy.
The order of oxidation will be as follows:—Silicon,
manganese, phosphorus, sulphur, carbon, and iron. But
this order will be modified according to the temperature
employed, and the kind of slag present. Also oxygen
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will combine with the dominant metal by the influence
of mass, so that refining slags always contain a laﬁe
amount of oxide of iron, and may be represented by the
formula 2Fe0.Si0,.

The refined metal, forming a plate 3 inches thick,
shows a silvery-white fracture, the lower part being com-
pact, and the top part dull and cellular. The metal is
very brittle, and is readily broken into pieces suitable for
the puddling process.

PupbpLING—DRY AND WET.

The method of dry puddling in a reverberatory fur-
nace was developed by Cort, and patented by him in
1784. The furnace-bottom was lined with sand, which
became thinly glazed over with slag during the
working. In later years the bottom was covered
with a lining of oxide of iron, formed by oxidising
scrap iron in the strongly oxidising atmosphere of
the furnace. Each operation is composed of three
periods—fusion, rabbling, and forming the blooms.
White or refined iron is chiefly used. About 4 cwts. of
refined metal are charged into the furnace, and are par-
tially melted in about half an hour, forming a pasty mass,
which does not become liquid as is the case in wet
puddling. It is then stirred with iron tools so as to
bring all parts under the oxidising influence of the air.
As the impurities are removed the iron becomes less
fusible, requiring the temperature to be gradually raised.
The particles of iron are then collected into balls by
the puddler, each ball weighing about 80 lbs.

The modern puddling-furnace Figs. 33 and 34 is a re-
verberatory, with a low flat roof, generally slanting from
fireplace to flue. The fire-bridge A and flue-bridge B are
formed of hollow iron castings encased in fire-brick ; the
bed is likewise formed of iron plates rebatted together ;
and the sides generally consist of hollow iron castings.
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These hollow castings are kept cool by the circulation of
air or water through them. The laboratory or working
part C is about 6 feet long and 4 feet wide, tapering
towards the flue-bridge. The grate area varies from one-
third to one-half that of -the laboratory. The bed is

Fig. 33.

Fig. 34.

lined with broken slags, haminer scale, and red oxide of
iron, and the sides with bull-dog, all being well rammed
down ; this is termed “fettling.” The working door is
on the same side as the fire hole, and is made of fire-
brick set in an iron frame ; it is suspended by a chain
attached to a counterpoised lever. The flue generally
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slopes down towards the stack, its sectional area being
about one-fifth to one-seventh that of the fire-place.

‘Wet-puddling or pig-boiling.—This method is
characterised by the complete fluidity of the pig-iron
and the length of the puddling, which often lasts over
an hour, so that the whole process requires about two
hours. The preliminary refining is dispensed with. The
pigs submitted to this process are siliceous or strongly
carburetted, and should be manganiferous if steel is
desired. Now manganese retards the decarburisation
of the iron, by constantly reducing magnetic oxide
Fe,0, to ferrous oxide FeO, and ferrous oxide to
metaflic iron, which reduction would otherwise be
effected by carbon, so that as long as the iron contains
manganese its superior affinity for oxygen practically
prevents Fe,O, being formed. Moreover, slags contain-
ing oxide of manganese are more fluid, and more easily
expelled by shingling and re-heating. A little manganese
in steel also improves its quality.

The bed and sides of a modern puddling-furnace are
lined with refractory materials rich in oxide of iron.
When the iron is melted, it is between two oxidising
influences—the air and oxide of iron—and the operation
will be shorter and the product more uniform in propor-
tion as the rabbling (or moving of the mass by the tools
of the puddler) is more vigorous, because by that means
a more thorough mixture of the iron and oxidising
substances is effected. The ferruginous slag formed
takes up oxygen from the air, causing FeO to pass into
Fe,O,, which then oxidises the impurities in the order
of their oxidisability, viz., silicon, manganese, phosphorus,
sulphur, and carbon.

he period of rabbling has two distinct phases—1°,
the scorification of silica and oxide of manganese; 2°, the
very agitated period, termed the ¢ boil,” when decar-
burisation occurs, the bath of metal being covered with
jets of burning carbonic oxide. The forcible ejection of
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this gas causes the slag and globules of iron to be lifted
up, giving the appearance of a liquid when boiling. As
the carbon is removed the iron requires a higher temper-
ature to keep it liquid, and particles of iron begin to
solidify and join together, or, as it is technically termed,
“come to nature,” and form a spongy, sparkling mass.
The metal is then collected into balls by the workman.
The excellence of the iron produced will mainly depend
on the prevalence of a high temperature during the boil,
so as to maintain a highly oxidising atmosphere; for if
the temperature be too low, the reducing flame of car-
bonic oxide prevents the complete liberation of carbon,
and hard iron or steel results. The quality of the iron
will also depend on the kind of pig-iron operated upon,
for the greater the quantity of impurities, especially
phosphorus and sulphur, the more prolonged must the
puddling be, and the greater will be the waste of iron.
The slag from a puddling-furnace is essentially a silicate
of iron 2Fe0.8i0,, containing many of the impurities
originally present in the iron, and is termed  tap-cinder.”
Mechanical puddling.—Many attempts have been
made to lessen the enormous
amount of labour which has to be
expended in puddling, by sub-
stituting mechanical appliances.
The methods proposed are—tools
imitating manual rabbling, and
rotating or oscillating hearths.
Mechanical tools are so ar-
ranged as to be capable of a
compound motion over the bed
of the furnace, one of the sim-
plest being that of Eastwood
Fig. 35. The rabble
is supported in a stir-
rup connected with Fig. 35.
one end of a bent lever placed overhead, which receives
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a to and fro motion through a crank, and a lateral motion
through a screw and wormwheel gearing; this double
motion enables it to be worked over the whole bed. The
machine is bolted to the back of the casing, on the work-
ing side of the furnace, and by means of a fast and loose
pulley may be put in and out of gear at will.

Danks’ furnace.—This furnace Fig. 36 consists of
a cast-iron cylinder with conical ends, 4 feet long and

Fig. 36.

5 feet 3 inches in greatest diameter, bound with iron
hoops. The shell is formed of segments bolted together,
and on the inside are twelve radial ribs which keep the
fettling in position. The cylinder is encircled at either
end with a roller way which rests on anti-friction rollers.
One end of the chamber is open to the fire-place, and the
other end opens into an elbow-shaped moveable flue B
leading to the chimney. The front conical cover has a
tap-hole for slag, and the charge is withdrawn at the
chimney-end by removing the moveable flue. The fire-
place has an air-blast ¢, placed below the grate for increas-
ing the combustion, and also small twyers in the back
wall, through which air is blown at the level of the fire-
bridge. The fire-bridge is hollow, being kept cool by a
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current of water, and fettled on the inside. The chamber
is first lined with a mixture of crushed iron-ore and lime,
made into a mortar, which is then dried by a wood
fire made inside. Then on this initial lining, is
melted some iron-ore and hammer-slag, and into this,
when liquid, are thrown pieces of “ilmenite ” or harder
ore, until the lining is studded with such pieces project-
ing from two to six inches. About 2} tons of ore are
required for fettling a 700 Ibs. furnace.

The charge of pig-iron is introduced at the chimney-
end with 20 per cent. of cinder, and as it melts the furnace
is made to slowly revolve, so that the iron is continually
exposed to the action of the air in all parts. The action
is the same as in ordinary puddling. The speed is
gradually increased as the operation proceeds, and when
the particles of iron begin to adhere the speed is again
reduced to two revolutions per minute. The iron is
collected into one large ball, and removed at the flue end
by a forked lever carried by a crane. The time required
for working a charge varies from 1 hour to 1} hours,
accordingly as white or grey iron is used. Eight to ten
charges may be worked for one fettling, with the con-
sumption of 22 cwts. of coal per ton of iron. The
oxidation of the impurities is chiefly effected by the oxides
of iron in the fettling, and their removal is more perfect
than by hand-puddling. A certain portion of the oxide
of iron in the fettling is also reduced, so that one ton of
puddled iron is obtained from 18} cwts. of pig-iron em-
ployed.

The disadvantages of the process are :—that a large
mass of 700 lbs. weight has to be hammered or squeezed,
requiring special appliances; the slag is difficult to
remove completely from the interior of the mass; the
wear and tear is very great, requiring frequent repairs ;
and the lining very soon wears away. Mr. J. Williams
describes the furnace thus: “ As a worker of metals it
is without an equal ; as a melter it is inferior to many ;
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as to endurance it is the shortest lived of any ; and as
to convenience of repairs it is one of the most difficult.”
Crampton’s furnace.—Mr. Crampton has introduced
a revolving furnace Fig. 37, similar to that of Danks,
with a double casing, through which water circulates so
as to preserve the lining. The essential point of this
furnace is the use of finely divided fuel as the source of
heat. The ordinary fire is replaced by a tube-piece

Fig. 38.

¢, fitted into the end plate of the moveable flue-piece;
it is bell-mouthed towards the flue, and through this
tube a stream of fine coal, mixed with the necessary
amount of air, is injected automatically. Fig. 38 shows
the feeding arrangement. The fuel is perfectly consumed
owing to its intimate admixture with air, producing a
high and regular temperature.

Pernot’s furnace.—M. Pernot at St. Chamond uses a
furnace Fig. 39 with a fixed roof and circular turning
bed, inclined at an angle of 5° or 6°. It consists of three
parts ;—the fire-place burning ordinary fuel, or a gas-pro-
ducer for generating gaseous fuel ; the puddling-chamber
with moveable bed ; and the flue leading to the chimney.
Fig. 39 represents a Pernot furnace heated with gaseous
fuel. The bed is made of hollow wrought iron segments,
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and fettled in the usual way with oxide of iron and cinder.
Below the bed is a strong iron carriage moving on rails.
This carriage has two pairs of [ ]
wheels, and upon the framework 77/
is mounted the socket of the re- 7
volving axis of the bed. Rotation
is imparted by means of an end-
less screw and worm wheel, which sz
is fixed to the circumference of
the ring at the bottom of the bed.
Conical friction-rollers are also pro-
vided to assist the central pivot in
keeping the hearth in position as
it rotates. Fig. 39.

From 15 to 20 cwts. of pig-iron with some scrap iron
are introduced, after having been previously heated to
redness. The charge is rapidly melted, and when the
refining is completed, the iron is balled up by workmen.
From 9 to 10 charges are worked off every 24 hours.
The inclination of the bed causes the lining to be alter-
nately under the molten iron and exposed to the flame, so
that the bottom heat is constantly renewed and sticking
of the charge prevented. Moreover, the exposure of the
lining at each rotation favours oxidation, so that any
FeO which has been reduced by the carbon of the pig-iron,
is again converted into Fe;O, The rotation not only
rabbles, but promotes the reaction of the lining on the
pig-iron. The disadvantages of this method are :—the
great initial cost, the large quantity of fettling used, and
the rapid wear of the bed, while the manuj labour re-
quired is the same as in an ordinary furnace, although the
work is much less fatiguing. The advantages are : —the
large increase of metal refined in a given time, with a
great economy of fuel, which is its principal advantage.
The bed being removeable, the roof is readily accessible for
repairg, and a new bed can be run under and worked
while the old one is being mended.
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Gas-furnaces for puddling.—By the use of gas-
producers, fuel may be used which is too inferior for ordi-
nary furnaces and a higher temperature obtained by
the combustion of the gas formed, than by using
solid fuel directly. The puddling operation is the
same as usual, except in suclil arrangements as Pernot’s,
where gas may be used in combination with mechanical
puddling. In the case of Siemens’ furnace, the regen-
erators are liable to be choked with dust, slag, and iron,
carried over during the boiling stage. This may be
largely remedied by passing the waste gases through an
intermediate chamber, so as to deposit the solid matter
before entering the regenerators. In some cases certain
ferruginous substances have been placed at the entrance
of the regenerators to act as a kind of filter. The diffi-
culties arising from the deposition of dust, etc., have pre-
vented the use of gas in many forges. The extreme
heat produced in Siemens’ furnace probably increases
the affinity of iron for carbon, which renders the fining
difficult, and tends to produce an imperfect, steely iron.

The system of heating on the regenerative principle
was developed by Sir William Siemens, and so named by
Stirling, the originator of the principle, because the waste
heat was restored again to the furnace. The regenerators
are chambers of open refractory brickwork, built in pairs,
two pairs being required for each furnace, each pair being
used alternately for absorbing the heat of the gaseous
products from the furnace and heating the gas and air
required for combustion. Fig. 40 shows the furnace in
vertical section with the regenerators beneath the bed.
The larger chamber in each pair is used for heating the
air and the smaller for heating the gas. By means of a
reversing valve the waste gases pass to the right or left
pair at will. When the waste gases are passing down
through the right pair, the cold air and gas are passing up
through the left pair, the direction being reversed when
sufficient heat has been absorbed. The ratio of gas-space
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to air-space is as 4 : 7, which allows for varying amounts

Fig. 40.

of air while the gas remains the same, and an oxidising
or reducing flame as required.

The bed of the furnace is made of cast-iron boxes,
cooled by circulation of water, and provided with similar
water-bridges at each end. It is lined with oxide of
iron, slag, etc., like an ordinary puddling-furnace. A
heating chamber is arranged at each end of the furnace,
in which the pig-iron is heated to redness before charging.

The heated gas is brought into

the furnace by a narrow rectangu- Q
lar chamber, opening into a slit

in the body of the fire-bridge. ~ -

The hot air enters through a
Eara.llel flue behind the gas-flue,
ut at a higher level, so that by
its greater demsity it falls and

mingles with the gas. At this g
point combustion takes place. ’ s
The gas-producer Fig. 41, is Fig. 41.

a nearly rectangular chamber lined with fire-brick.
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The side A is formed of iron plates lined with
fire-bricks, and has a step grate B, with wrought
iron bars c. The fuel is charged through the hopper
D. The gas passes up the pipe E, which is cased
with iron, and into a horizontal wrought iron pipe
which conveys it to the regenerator. The com-
bustible portion of the gas consists chiefly of car-
bonic oxide CO, called air gas. When a jet of steam
is introduced into the regenerator the gas liberated
contains hydrogen and carburetted hydrogen ; it is then
called water gas. The gases generated in gas-producers
for metallurgical purposes contain from 25 to 34 per
cent. carbonic oxide, 55 to 60 per cent. nitrogen, the
remaining portion consisting of carbonic acid, hydrogen,
and hydrocarbons.

The effect of water vapour or steam on incandescent
carbon is to form hydrogen, marsh-gas, and carbonic
oxide, thus:

C+H,0 = CO+2H,
3C+2H,0 = 2CO+CH,.

The effect of oxygen is to produce carbonic oxide. The
amount of steam admitted should never exceed 10 per
cent. of the air, otherwise the water vapour will tend to
stop the process by diminishing the combustion. By
the use of superheated steam a slightly larger amount
than 10 per cent. may be advantageously admitted.

Waste heat.—The waste heat of furnaces used for
refining iron has been utilised in a variety of ways, but
chiefly for heating steam-boilers. The commonest form
of boiler is a vertical cylinder with hemispherical dome,
placed in the chimney. The flame passes round it, or
through a central flue connected with the outer shell
by horizontal tubes. Two furnaces are generally con-
nected with one boiler.

At Rhonitz a combination of puddling and re-heating
furnaces is adopted. An ordinary gas-producer using
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wood fuel is combined with three hearths in one straight
series. The first'is used for re-heating, and receives the
hot gases without air. The second is the puddling-
furnace where the gases are burned by admitting air
at the fire-bridge. The third is heated by the waste
heat from the puddling-furnace, and used for heating
the pigs previously to puddling. Lastly, a hot-blast
stove 1s placed in the base of the chimney, by which
means the air employed in the puddling-furnace for
burning the gases is raised to 200° C.

The method of using the waste heat in Siemens’ fur-
nace has been already described. A somewhat analogous
plan is employed by Ponsard (see Fig. 53).

The loss in puddling varies, according to the impurity
of the pig-iron employed, from 5 to 10 per cent.; and
the fuel consumed is from 20 to 25 cwt. per ton of
puddled bars produced. The charge of pig-iron for
an ordinary puddlingfurnace is 4 to 4} cwts., and in
Staffordshire 5 to 7 heats are worked off in 12 hours.

QUESTIONS.

1. In what respects does the modern differ from the original
process of puddling ? . .

2. In puddling pig-iron containing phosphorus, sulphur, sili-
con, and manganese, in what way are these bodies removed ?

3. Roughly sketch and describe some form of mechanical
puddling-tool, and state its advantages and disadvantages
as compared with hand-tools.

4. Describe some form of mechanical puddling-furnace, and
state how far it has been successful. :

5. Describe the chemical changes which take place during
the puddling of pig-iron in the ordinary manner.

6. Describe the method of refining iron in the “finery.”

7. Contrast the nature of the chemical changes taking place
in the puddling-furnace with those occurring in the blast-
furnace.

8. Sketch and describe a modern puddling-furnace.

G
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9. Sketch and describe some form of rotating furnace used
for puddling iron. State its advantages and disadvantages.

10. Describe some method of puddling iron in which gas is
used instead of solid fuel.

11. How is the waste heat of puddling-furnaces utilised ?

12. From puddling a ton of pig-iron of a given quality, how
many cwts. of rails would you get ?

CHAPTER IX.

TREATMENT OF PUDDLED-IRON.

THE operations which are conducted in that part of an
iron-works known as the “forge,” include puddling, shing-
ling or hammering, rolling, etc. The oldest classes of
hammers for shingling are the “tilt,” where the axis is be-
tween the point of application of the cam and the head ;
and the “helve,” or lift-hammer, where the hammer-
block and lifting-cam are on the same side of the fulerum.
The former is used for light work, the latter for heavier
work, such as shingling puddled-balls, blooming piles,
etc. The modern form is the steam-hammer, employed
both for shingling and welding.

Various forms of squeezers are also used, instead of the
hammer, for the treatment of puddled balls.

The rolling mill is generally used for merchant iron,
the rolls being of two kinds—¢ roughing ” rolls, and
« finishing ” rolls of several forms, according to the shape
of the bar required.

The white-hot balls of iron formed in the puddling-
furnace are taken to a hammer or squeezer, in order to
expel the enclosed slag and weld the particles of iron
into a compact mass, and also to confer ipon them a
shape suitable for passing through the rolls.
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The tilt-hammer Fig. 42 rarely exceeds 5 cwts.,
and is not much used
for shingling, except in
works where small
quantities are treated.
It generally consists of — =’
a wooden shaft hooped " Fig. 42.
with wrought iron; at one end is the head in the
form of a heavy hammer, and the other end is de-
pressed by the projecting teeth of a revolving cam,
falling by its own weight as each tooth passes. The
fulerum is placed between the head and the cam, but
nearer to the latter.

The helve-hammer consists of a heavy mass of cast-
iron weighing from 2 to 10 tons, lifted by projecting
pieces fixed in a cam-ring, and falls by its own gravity
through a space of 16 to 48 inches. Fig. 43 represents
a “belly-helve” in —
which the cam is
placed below the sur-
face of the ground,
and acts on a projec- m
tion termed a “bray,” g. 43.
which can be lengthened or shortened according to the
size of the iron to be hammered. This form enables
the workman to go all round the hammer to inspect the
work. The heas of the arm contains the hammer face,
made of wrought iron and dovetailed in. The anvil is
also of wrought iron attached to a heavy casting weigh-
ing from 12 to 15 tons.

e steam-hammer Fig. 44 is now largely em-
ployed both for shingling and welding. It is a simple
direct-acting machine, and takes up little room compared
with the cumbrous wheel-work of the old helve. The
force of the blow in shingling is generally required to
be light at first, and with the steam-hammer the force can
be varied with the work to be done. Another advantage
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is, that the hammer always works parallel with the piece
under operation, which is not the case with helves, the
hammerman having to use thickness pieces to overcome

Fig. 44. T
this difficulty. Both sides of the steam-hammer are also
accessible for working.

It consists essentially of a vertical high-pressure engine
with an inverted cylinder. The piston-rod is attached
to a heavy block or “tup” moving between guides on
the inner faces of the standards, which consist of a massive
cast-iron framing. The ordinary hammer is double-acting,
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the steam being exhausted above or below the piston.
The slide-valve is balanced against the steam-pressure in
the valve-chest so as to be easily moved. A lever moves
the steam-admission-valve, and the exhaust is opened by
the hammer moving a bent lever.

The hammer varies in weight from 30 to 60 cwts., but
in forging very heavy masses the block may weigh 5 to
10 tons. The force of the blow is however, to a great
extent, independent of the mass of the hammer head.
The anvil is of great weight, having a massive foundation,
which stands clear of the framing.

S8queezers.—These machines have superseded ham-
mers in some forges, the welding of the ball being effected
by pressure without impact. There are two kinds in use
—Ilever and rotatory squeezers.

The crocodile-squeezer Fig. 45 is used both with
single and with double jaws. The lower jaws are fixed

A=

Fig. 45.

while the upper ones are opened and closed by a crank
and connecting rod attached to the end of one of them.
The upper jaw is sometimes serrated so as to better grip
the puddled ball, which is inserted at the wide end and
gradually rolled by the workman towards the narrow
end. By this means the slag is expelled and the particles
of iron firmly welded.

Rotatory-Squeezers.—Fig. 46 represents a horizon-
tal machine, which consists of a revolving cylinder (a)
having its surface corrugated or studded with teeth.
This cylinder is placed eccentrically with regard to that
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of the outer casing (b), the inside of which is similarly
‘roughened. The ball is placed by the workman in the
space (¢) and carried forward by the rotation of the
cylinder (¢). The pathway gradually narrowing, the
ball is compressed into smaller dimensions, and finally
leaves at the narrowest part (d) in a condition ready for
rolling. The cylinder revolves at the rate of 12 revol-
utions per minute, and is driven by a bevel-wheel and
pinion placed beneath. The distance between the press-
ing surfaces is fixed, so that balls of a somewhat uniform
size and weight must always be used.

Fig. 46. Fig. 47.

Mr. Danks uses a vertical squeezer on the rotatory
plan Fig. 47. Two roughened parallel rolls (aa), 4 feet
in length and 18 inches diameter, revolve in the same
direction, and above these rolls, on a parallel shaft, is
arranged a large cam (b), the periphery of which revolves
at the same rate as the surface of the two rolls. At the
end of the rolls is fixed a horizontal steam-hammer (c),
the face of which hammers the bloom while it is being
squeezed by the cam and rolls. The bloom is then
re-heated and rolled.

Rolling-mill for puddled iron.—The forge-train
Fig. 48 contains two sets of rolls—the roughing-
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rolls, represented at the right hand, and the finish-
ingrolls to the left hand. The roughing-rolls are

Fig. 48.

usually 5 feet long, and about 20 inches in dia-
meter, forming a series of gothic and diamond-shaped
grooves between them, diminishing in size from right
to left. The larger grooves are gothic-shaped, and rough-
ened, so as to more effectually lay hold of the iron; the
smaller ones are diamond-shaped. The distance between
the rolls is regulated by the screws () and the connection
between them is established by means of the cogs attached
to the ends (b). The “journals” or necks of the rolls
run in metal bearings, which are supported in cast-iron
frames or “housings” (cc). The finishing-rolls are ar-
ranged in housings similar to the roughing pair, but have
rectangular channels instead of the diamond grooves.
These channels diminish in size from right to left. The
two sets of rolls are connected together by heavy couplings
(d €) keyed tightly together. The two rolls of each pair
revolve at the same speed, which in the roughing-rolls is
about 70 revolutions per minute, and in the finishing-rolls
about 90 revolutions per minute.

The bloom of iron is first passed through the largest
groove of the roughing-rolls, then lifted back over the top
roller, turned one quarter round, and passed through the
next smaller hole. This operation is repeated until the
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bloom is reduced to a square bar small enough to enter the
flat grooves of the finishing-rolls. In this pair, the pro-
cess of reduction is continued until a puddled-bar of the
desired thickness is obtained.

Re-heating and welding.—The bars and slabs of
iron, obtained by shingling and rolling puddled-bars, are
of inferior quality, and require to be further improved, so
as to form good malleable iron. This is done by cutting
up the bars into short lengths, arranging them in fagots
or _bundles, then re-heating them and hammering or
rolling to any desired shape.

Bars are generally cut up by means of powerful lever

- shears, containing knife edges of
hardened steel, termed crocodile- or
cropping -shears Fig. 49. The
lower blade is fixed to a cast-iron

75 stancheon, and the upper one moves
?on a pin (a) passing through the
same support. The lever Y)], b) is

—~—— connected with the motor by the

Fig. 49. crank (¢c). The top jaw opens and
closes at every revolution of the shaft by which the
power is supplied. Guillotine-shears are also used, see
page 106.

The piles or bundles, for re-heating, vary greatly in size
and arrangement, according to the desired size and shape
of the finished bar. For ordinary bar-iron the piles are
made about 2 feet long and 4 inches square. For large
sizes they may be 5 or 6 feet long and 10 or 12 inches
square. In all cases it is advisable to have the pieces
forming the pile of uniform size. Each bundle is bound
firmly together by stout wire. For common iron puddled-
bars are used, but for a better quality the iron from a
second rolling is used to form the top and bottom plates
of the pile ; if the iron obtained from welding the latter
pile is cut up and again fagoted, the iron is termed
best-best.
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For iron plates, bar-iron of suitable quality is made
into piles of various lengths and thicknesses, then re-
heated, and rolled to the desired thickness. _

For large sheets, the piles are 20 inches long, 7 inches
wide, and 4 inches deep, weighing about 70 lbs. The
white-hot pile is made into a square bloom, by passing it
through the grooves of the blooming-rolls, then through
plain roughing-rolls, and finally through the polished
finishing-rolls.

Black-plates, as the thin plates intended for tinning are
called, are doubled over upon themselves after every
re-heating, so that several sheets are rolled together. The
plates are then cut to proper size and separated.

Nail-rods.—Two different methods are adopted for
making nail rods—by rolling a bar to the desired thinness;
and by slitting a strip of iron into parallel rods, which is
by far the more common. Two or three pieces of iron are
made into a pile, and raised to a welding-heat in a re-
heating furnace. It is then taken.to the rolls and ex-
tended into a bar 10 to 12 feet long and 4 inches wide ;
then passed between smooth rollers to obtain the desired
thickness. It is then transferred
to the slitting rolls Fig. 50. These =
consist of spindles carrying steel g
discs fixed at suitable distances.

When revolving, the discs on the

upper spindle project into theﬁ

spaces of the lower series, thus

forming a rotatory shearing-ma-

chine. On inserting one end of Fig. 50.

the iron strip between the guides, it is drawn forward by
the shearing-discs and cut into rods, which are afterwards
cut to length.

Hoop-iron is made from small piles, which are heated
and rolled between grooved rolls, and finished between a
pair of cylindrical rolls, where it is pressed to the desired
thickness. The great length of the bars, and their tend-
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ency to cool quickly, make it necessary to drive the
grooved rolls at great velocity, but the finishing-rolls
work at an ordinary speed of 100 revolutions per minute..

Small sizes of flat, square, and round iron are rolled
with trains having three rollers in height, so as to hasten
the work while the iron is hot, the mill being driven from
the middle roll. The bar is passed between the bottom
pair and returned between the upper pair, so that the
operation is performed in both directions. A speed of
230 revolutions per minute is common. In rolling bars
of small section, guides are used to keep them straight.
It is usual to attach parallel guides, with friction-rollers, to
the tables in front of the rolls, which are then termed
“guide-mills” or “trains.” In the short finishing-rolls for
round iron, each has a semi-circular groove, and the two
together form a complete circle.

Plate-mills are usually made with two sets of rolls, each
being a plain cylinder of uniform diameter. The first or
roughing-pair has the top roll balanced by counterweights,
whilst the top finishing-roll runs freely. These latter
rolls are cast in chills and highly polished. The size varies
from 5 to 9 feet long and from 20 to 36 inches in diameter.
The speed is 25 to 40 revolutions per minute, the higher
speeds being used for light plates.

Guillotine-shears.—These shears are used when a
cut of eonsiderable length is required, as in the shear-
ing of heavy plates, sheets, etc. The form Fig. 51 is
now also used in some works, in place of the crocodile-
shears, for puddled-bars, blooms, etc. It contains two
diagonal-edged knife blades (aa), the upper one moving
vertically between guides, and worked by a crank (b).

Rails and thick bars are finished by cutting off, whilst
hot, the rough or crop ends with cireular saws, 3} to
4} feet in diameter, and driven at great velocity.

The rolling mill employed for finishing puddled iron,
so as to form merchant bar, consists of two sets—the
roughing and the finishing rolls. The rolls are arranged




ROLLING MILL. 107

in housings with adjustments similar to those described
for the forge-train, except that the

finishing-rolls are provided with

lateral tightening screws for keep-

ing them always in exact position.

In order to prevent lamination, the

pile is passed through the roughing-

rolls with the joints alternately

flat and edgeways, which renders

the welding uniform.

Universal rolling-mill.—The
contrivance consists of a combina-
tion of vertical and horizontal rolls,
so arranged as to compress the
pile equally in both directions at
once. Fig. 52 shows the position of
the rolls. The vertical rolls work ¢
upon slides, and can be adjusted to
different distances by means of Fig. 51.
screws. The horizontal pair are driven in the usual way
from the bottom roll, and the vertical pair are connected
with them by an
intermediate  shaft,
which receives its
motion from the driv-
ing-pinion.

In the forging of
heavy piles, steel in-
gots, etc., great ad-
vantage is gained by
the use of a hydraulie-
squeezer or press. It
consists of a vertical
cylinder with its ram acting downwards against a table
or anvil; or a pair of dies are used for special shapes.
The ram is connected with the piston of a smaller press,
by which it is raised.

W

I
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Re-heating furnaces.—The shingled masses, and
bars of iron obtained from the forge, contain slag and
_impurities, which have not been eliminated in the previous
operations, and the object of re-heating is to remove
these substances as much as possible, and raise the billets
or slabs of iron to a welding temperature. The enclosed
slag partially liquates out as a fluid basic silicate,
leaving a basic residue mixed with black oxide of iron
Fe,O,, which is largely removed in rolling. The basic
slag also acts on the manganese, silicon, phosphorus, etc.,
retained by the iron, oxidising them, the oxides passing
into the fluid slag. The sulphur and carbon are also
partly oxidised in the same way, and probably removed
as gases. ,

The re-heating furnace Fig. 53 is somewhat similar
in shape to the puddling-furnace; the bed is flat and

Fig. 53.

slightly inclines down to the flue, and is lined with sand.
In some works basic material is used. It is essential
that the fire-place should be large enough for the furnace
to be rapidly raised to a white heat ; the ratio of the
section of the fire-place to the bed being about 2 : 1.
The arch of the roof should be as low as is compatible
with the size of the piles, or other mass of iron, to be
heated. The slag runs off the bed constantly to the
bottom of the flue, and is termed ¢ flue cinder.”

Of late years gas-furnaces have been used for re-heat-
ing, such as Siemens’ furnace. A modification of the
regenerative furnace has been applied to re-heating by
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Ponsard Fig. 54. In this arrangement the gas from the
producer is delivered directly to the furnace, and burnt

Fig. 54.

with hot air, which is heated by a “ recuperator ” placed
under the bed of the furnace. The recuperator is a
brick chamber, partly solid and partly hollow, containing
a number of vertical passages, the adjacent ones bein
separated, and the alternate ones connected by horizon
passages in the perforated bricks. The flame passes
downwards, while the cold air, admitted at the bottom,
passes upwards by separate channels, the action being
continuous.

The Boétius furnace differs from the preceding
one, in the manner of heating the air required for
the combustion of the gas used. Fig. 55 shows the
general arrangement in vertical section. The gas-pro-
ducer is constructed with passages in its walls, through
which the air supplied to the furnace is compelled
to pass, thus being heated. It meets and mingles
with the gas at the furnace-bridge, where combustion
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takes place. The economy of this system over an
ordinary re-heating furnace, burning solid fuel, is con-

siderable, a saving of 20 per cent. of fuel being effected
by its use. The producer is a deep rectangular chamber
closed with an arched roof, and is built as a part of the
furnace itself.

The Bicheroux furnace is used both for puddling
and re-heating with gaseous fuel. The gas is made in an
ordinary Siemens-producer, built with the furnace, and
burned directly, as in the Ponsard and Boétius methods.
The air for combustion is heated by contact with the bed
of the furnace, a broad flat flue, which runs under the
bed, being provided for this purpose. It is also further
heated by circulating round a large vertical pipe, which
conveys the gas from the producer to the furnace. In a
modification of this furnace, termed the Casson-Bicher-
oux, the walls of the producer are made with narrow
channels, as in the Boétius plan, in order to provide an
additional supply of hot air.

TINNING IRON PLATES.

The iron plates are first thoroughly cleansed in warm
dilute sulphuric acid, then washed and scrubbed with
sand to remove all traces of rust, which would prevent
the tin from adhering ; the plates are then immersed in
a bath of melted tallow, which dries them thoroughly.
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The tinning arrangement comprises six pots, each heated
by a separate fire, and termed respectively—the tinman’s-
pot, tin-pot, washing-pot (divided into two compartments),
grease-pot, cold-pot, and the list-pot. The plates from
the tallow- or tinman’s-pot are placed in the tin-pot, the
surface of the molten tin being covered with tallow to
prevent oxidation ; after being heated for an hour and a
half in the melted metal they are removed, drained, and
plunged into the first division of the washing-pot, which
also contains molten tin, then removed and brushed to re-
move excess of tin ; afterwards they are quickly dipped in
the tin in the second division to remove the hrush marks.
They are then transferred to the grease-pot containing
melted tallow, which removes any excess of tin by draining.
After about ten minutes the plates are inserted in melted
tallow contained in the cold-pot. Lastly, in order to re-
move the tin which has drained down and formed a bead
at the lower edge of the plate, the edge of each plate is
dipped in the list-pot, which contains melted tin, about
% inch deep; then by striking the plate sharply with a
stick the superfluous metal is detached. The plates
are rubbed with bran, and afterwards with sheepskin,
when they are ready for use.

An inferior variety of tin-plate, in which the iron is
coated with an alloy of tin and lead, is termed * terne-
plate.”

GALVANISING.

Galvanised iron is a term applied to iron plate, and
iron articles coated with zinc, to prevent the iron rusting.
The zinc was originally deposited by means of an electric
current. It is now manufactured by dipping the clean
iron into a bath of molten zinc, the surface of which

_is covered with sal-ammoniac in order to prevent oxi-
dation, and at the same time to remove any oxide that
may be formed. The iron is cleansed in dilute sulphuric
acid before dipping it in the molten zinc.



112 IRON AND STEEL MANUFACTURE.

COMPOSITION OF REFINING-SLAGS.

From a From a
Refry, | oddlng- | Bebostng
Ferric oxide (Fe,0q), - - — 827 —
Ferrous oxide (FeO), - - 65°52 6632 76-73
Silica (8i0,), - - - - - 2577 771 15°15
Manganous oxide (MnO), - 157 129 1'51
Alumina (Al,0g), - - - - 360 163 1-95
Lime (Ca0), - - - - - 45 391 —
Magnesia (Mg0),- - - - 128 34 —
Sulphur (8), - - - - - 23 1-78 1'36
Phosphorus (P), - - - - 1-37 — —
Phosphoric acid (P,0;),- - — 8:07 222
99°79 9932 98-92

QUESTIONS.

1. Give a description of some form of steam-hammer and
its mode of use in forging large masses of iron.

2. Describe alever- and a rotatory-squeezer for compressing
puddled-iron.

3. A bloom of puddled-iron being given, how would you
convert it into bars ?

4. What is the object of re-heatingiron? What purpose is
served by piling or fagoting ?

5. Concisely describe the appliances and manipulation re-
q(\)ldisite to convert a bloom of well-puddled-iron into nail
rods.

6. How are the thin iron sheets produced which are subse-
quently used for tinning ?

7. What is the difference in the method of rolling thick bars,
and small bars of iron ?

8. Describe the method of producing iron plate,and describe
the rolls employed.
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9. What kind of appliance is used in forging heavy piles and
steel ingots ?

10. Describe the Ponsard re-heating furnace.

11. Describe the Boétius re-heating furnace.

12. Explain the principle of the Casson-Bicheroux furnace.

13. What is the difference in composition between the slag
from a re-heating furnace, and that from a puddling-furnace ?

14. Describe the process of tinning iron plates.

15. What is meant by galvanising, and how is it done ?

CHAPTER X.

IRON-FOUNDING.

THE art of founding, although not strictly a modern
process, is one that has been greatly developed of late
years. The caster generally works from a pattern, an
impression of which is made in sand, or other suitable
material. The moulding material must possess consider-
able pliability, be non-fusible, and unalterable in com-
position, so as to lend itself readily to the making of
moulds, into which the fluid metal is poured, thus ob-
taining an exact fac-simile of the pattern. .

The pattern is made larger than the desired object,
about 4th of an inch to the foot being allowed for the
shrinkage of the cast-iron, varying with the iron and
the articles to be cast. When a pattern is required for a
standard, from which castings will often be required,
mahogany is preferred on account of its durability ; in
other cases pine is generally used. Most patterns are
coated with shellac-varnish so as to present a hard sur-
face, and to close up the pores of the wood, thus rendering
it impervious to moisture, which might so distort the
pattern as to render it useless. It also imparts a smooth
surface, so that the sand has less tendency to stick to
it when the pattern is withdrawn from the mould.

H
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The pattern often requires to be modified from what
the casting is to be, in order to render the moulding
practicable. For instance, castings which require to
have recesses left in them necessitate the use of a piece
of wood called a “print.” This is placed in the exact
place on the pattern where the required hole is to be,
and a core-box is made to furnish a core of the shape of
the hole desired.

Pig-iron used.—A mixture of different kinds of pig-
iron is generally preferable to any single brand, because
the metal runs more solid. Further, as cast-iron artieles
are required of different degrees of hardness and strength,
according to the purposes for which they are required, it
is difficult to get the requisite quality without mixture.
A slightly mottled fine-grained pig-iron is suitable for
castings where great strength is required, and a whiter
variety offers a great resistance to a crushing force, while
a greyer iron i1s weaker. The different kinds of grey
iron have a tendency to become whiter when remelted,
owing to some of the carbon f)assing into the combined
form ; this produces a slightly-mottled cast-iron when a
small-grained grey pig is used. It sometimes happens
that the reverse is the case, and a softer iron is then
obtained.

The condition of the carbon is modified by a variety
of circumstances, such as the mode of melting, the rate
of cooling, and the presence of impurities. It has been
already stated, that quick cooling tends to increase the
amount of combined carbon, and slow cooling to increase
the amount of free carbon. Manganese, phosphorus, and
sulphur, in notable quantity, cause white iron to be
formed, while silicon acts in the opposite way, causing the
separation of graphite. When a number of foreign ele-
ments are present, they modify the effect which each
would have on the iron when present alone.

Grey iron is most generally employed, because it has the
property of becoming thinly liquid when melted, and of
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expanding when on the point of solidifying, which makes
it particularly suitable for foundry work. ‘Mr. T. Turner
has shown that silicon, when added to white iron, pro-
duces a soft grey iron by the separation of graphite, and
when present in suitable proportion improves the quality
of the metal. From his experiments he deduces the
following :— o

1. “ White pig-iron contains less than 1 per cent. of
silicon, but when sulphur or manganese is present the
iron may still be white, although more than 1 per cent.
of silicon is present.”

2. “Mottled iron contains about 1 per cent. of silicon,
and a small proportion of sulphur considerably affects the
product.”

3. “In grey iron the carbon is almost entirely gra-
phitic, and it usually contains about 1-8 per cent. of
silicon, the maximum limit being 3 per cent.”

In addition to pig-iron the founder adds scrap cast-
iron to the melting charge for most purposes. This
scrap consists of gates, runners, heads, etc., and worn-
out and waste castings of all kinds. The larger the
amount of scrap to be used, the softer should be the pig-
iron melted with it. Scrap, however, unless its com-
position is known, obviously cannot be much used where
exact and definite mixtures are required.

The tensile strength of pig-iron varies from 4 to 10
tons per square inch, the average being about 7} ‘tons.
The crushing strength should bear a proportion to the
tensile strength of 4 to 1. 'When the ratio is much less
than this, the metal is weak ; and when the ratio exceeds
that of 6 to 1, the metal is hard and brittle.

In remelting pig-iron for foundry purposes two kinds
of furnaces are employed— Reverberatory-furnaces and
Cupola-furnaces.

The reverberatory-furnace Fig. 56 varies in size
according to the work required, and has a capacity
of from 3 to 10 tonms '%he charging doors are on
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one side and the tap-hole on the other. It is used for
melting iron for cast-

ing large pieces, and

for remelting faulty

castings. The large

volume of air pass-

ing over the bed has

a refining influence

on the molten iron,

Fig. 56. oxidising some of

the silicon, phosphorus, etec. This furnace is said to
produce a tougher and more homogeneous product
than the blast-furnace. On the other hand, more iron
is oxidised and wasted in the slag, and more fuel is
consumed. This furnace is also used when it is desired
to melt the iron out of contact with the fuel, so as to pre-
vent any impurities in the latter from uniting with the iron.
The cupola - furnace generally employed for
foundry purposes has a cylindrical hearth, and tapers
somewhat towards the top; it differs from a smelt-
ing blast-furnace in the absence of boshes. Coke-
furnaces generally have a closed front wall with no
fore-hearth, the metal being removed at one tapping.
Charcoal-furnaces are often narrower at the top and
bottom than in the middle. They often have a fore-
hearth, which enables the furnace to contain more iron.
The flux employed is principally limestone, which forms
a slag with the ash of the coke, the sand adhering to
the pigs, and with parts of the furnace lining. Some
founders add fluor-spar, which produces a more liquid
slag. The waste heat of cupolas has been utilised in
some furnaces for heating the blast, thus effecting an
economy of fuel. If too high a temperature be em-
ployed the thinly liquid slag rapidly attacks the lining.
If too low a temperature be used, the iron becomes too
pasty, and the slag forms a nose on the twyers. The
blast is usually supplied by a fan. :
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An improved form of cupola has been invented by Mr.
Stewart. Fig. 57 represents a vertical section. The
charge is introduced at the door (2) from a landing-stage
not shown in the figure. The twyers are arranged at
three different levels (60b), so that there are three zones of
fusion, thus distributing the blast and causing a more
perfect combustion. The cupola is arched at the top,

| Fig.51. . Fig. 58,

and is provided with an opening (c) for the escape of
gases. The furnace is supported on four pillars and is
provided with a drop-bottom. A receiver (d) is fixed in
front for the molten metal, from which it is tapped into
the casting-ladle. The blast is provided by a Root’s
blower Fig. 58.

This machine consists of a pair of rotatory 8-shaped
revolvers (aa) enclosed in an iron case. These revolvers
are mounted on steel spindles, working in gun-metal
bearings in the ends of the case, and coppled outside by
means of a pair of toothed wheels, so as to control the
position of the pieces with regard to each other.. The
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blower is driven by means of two leather belts, one crossed
and the other open, working on to pulleys on opposite
ends of the respective spindles. The air-inlet as a rule is
at A and the outlet at B, but in special cases the direction
may be reversed. By means of this blower a pressure of
blast is said to be procured, far in excess of that attainable
with a fan, and with less expenditure of power.

In the case of heavy castings, requiring several tons of
metal, a common plan is to melt about two tons of iron
in a .cupola, and tap it into a ladle. Then to close the
tap hole, and melt another two tons, which require about
h£f an hour, then to run it into the ladle containing the
first charge. This may be repeated three or four times,
until the requisite quantity of iron for the casting is
obtained. The metal from each tapping is covered with
charcoal, about an inch thick, to diminish the loss of
heat ; and the excess of heat imparted by each addition
of metal to the ladle is sufficient to keep the whole in a
molten condition for upwards of three hours.

Moulding and casting.—The founder distinguishes
iron castings as:—open-sand, green-sand, dry-sand, loam,
and chilled casting, according to the nature of the mould
employed. Occasionally a complex piece may embrace
two or more methods.

1° Open-sand.—This method is employed for rough
work where boxes could not be used, but the castings are
rough on one side. A bed is prepared in the floor of the
foundry and if the casting is of large dimensions a layer
of coal or coke is laid down. This is covered with coarse
moulding-sand 2 feet thick, and upon this the ordinary
moulding-sand is sifted. The pattern is laid down, and
sand rammed in and around it; then a dam of sand is
formed round the pattern. The sand is next pierced by
the moulder with a bent wire, passing under the pattern
without touching it, and then the pattern is removed:
The mould is next dusted over with burnt sand or char-
coal-powder, and if deep, weights are placed on the vacant
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places to keep the sand from rising. A gutter is then
made, termed a ‘“‘runner,” to feed the mould with molten
.iron, which, in deep work passes to the bottom, and
branches off to convey the metal to different parts. The
metal, when set, is covered with a layer of sand, and then
left to cool.

2° Green-sand.—This method is used for light work,
or common castings, such as grates, bars, water-pipes, etc.
It differs from open-sand casting in the use of a box to
cover the mould (furing casting. The raw sand is sifted
and mixed with some coal-dust, the portion next
to the pattern only being used once, so that a cer-
tain amount of fresh sand is required for each casting.
The model is laid on a flat board on the floor and covered
with one half of a box (z) which is then filled with sand.-
The first portions of sand, termed *facing-sand,” are
sifted through a fine sieve, then ordinary moulding-
sand is well rammed in. () is now inverted and
the second half of the box (b) is fixed on the lower
one, then filled with sand and well rammed in, when
the whole box is turned upside down. That which
forms the upper half (a) is now removed, leaving
the pattern in the lower one (b). The sand in (a
is now knocked out, the frame replaced on () an
sand filled in, rammed, and levelled as before. The two
halves are now separated, the pattern removed, then put
together again, and the metal run in.

he metal is run through gutters made in the sand,
termed “gates.” These are made by laying in wooden
taper pins sufficiently long to reach above the edge of
the upper box, which pins are removed at the same
time as the pattern.

Green-sand with dried cores.—When a casting is
required to be made with a certain part left hollow, in
order to lighten its weight, or to produce a necessary
cavity, a core of sand of the desired shape of the cavity is
used. 'The core is formed by pressing sand into a wood
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or iron mould, termed a “core-box,” consisting of two
halves, so as to be readily detachable for taking out the
core, which is then blackened and well dried. .

The moulding is performed in the same way as de-
scribed under the head of “green-sand,” and when the
pattern is removed the core is fitted into the mould, and
the casting conducted as before. This system is used for
pipes, columns, and similar hollow work.

Dry-sand.—This method is employed for large castings
where green-sand would not sufficiently resist the pres-
sure applied, and for ornamental work, such as parts of
machinery, long tubes, statues, etc. The sand used is
a mixture of old loam and fresh sand. The process o.
moulding is the same as with green-sand, but when
-the moulds are finished and blackened they are dried in
a stove from 12 to 24 hours. The metal is then poured
in the usual way.

Loam.—This branch of moulding differs from the pre-
ceding ones, in the use of a clayey-sand termed “loam,”
and in not generally using a pattern to
form the mould. The loamn is formed of
a mixture of sand, clay, and cowhair
¢ moistened with water. Take the case of

an ordinary round evaporating pan. A
board (a), Fig. 59, is first made and at-
tached to a spindle (c) to form the inside,
and a similar board (b) to form the outside
Fig.59.  diameter and shape. These are termed
strickle-boards.

The mould is commenced at the bottom of a pit, by
making a foundation formed of a layer of bricks, and
then covering it with loam. A flat plate or ring of iron
is placed level on the loam, and in the centre is fixed the
iron spindle (c), the lower part of which is turned slightly
conical, fitting into a bored bush with arms or feet
attached ; this is rammed up in the floor, or attached to
the base plate of the mould. The top part of the spindle

frm——————————
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is kept in position by a hole in a plank laid across the
mouth of the pit. The board () is now swept round and
another layer of bricks and loam added, and so on until a
space is filled up of the size and shape of the interior of the
pan, which is generally cast bottom upwards. For large
work the moulder leaves a space round the spindle, in
which a fire is suspended in a grate for drying the loam,
after removing the spindle and board. In some cases it
is dried in portions as it is built up. After blacking the
core, the loam is struck up by the board (b), which leaves
a coating of loam exactly the thickness of the metal after-
wards forming the pan. A cope or cover corresponding
to the top flask of a sand-mould has now to be made.
This may be built up in bricks and loam in the same way
a8 the interior, and.dried and blackened on removal ; or
a sand top-part may be rammed around the thickness
contained in a flask or box. In either case, the top is
lifted when the operation is completed, and the thickness,
formed by the beard, removed. The top, after drying
and blacking, is then lowered into place again. The
whole is placed in a pit and well rammed all around with
" sand, in order to prevent rupture or distortion of the
mould when the metal is run in.

The mould and casting are left to cool for a period de-
pending on the size of the article. In some cases, portions
of the core have to be removed immediately the metal
has solidified, in order to prevent the casting splitting
by contraction.

Some founders, instead of striking up
the thickness on the core, and subsequently g
moulding the cover, strike the outside of §
the pan direct, on an independent plate, §
the board being made in this case the §
reverse way, as in Fig. 60. This outside, §
after drying and blacking, is placed in = Fig. 60.
the pit and the inverted core lowered into it. This
‘plan is particularly advantageous in cases where the
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bottom of the pan has to withstand great heat when in
use, since the casting will be sounder at the bottom, be-
cause of the sullage, etc., rising to the top part of the
mould.

Casting in Chills.—This process may be illustrated
by a brief description of the method employed for casting
chilled-rolls. Such rolls must have a close grain, and a
hard, smooth, highly polished surface.

The mould is made up of a combination of sand and
cast-iron. The parts, intended to form the bearing and
driving- or tenon-ends, are moulded in a strong sand, then
thoroughly dried, and coated with blacking. The mould,
for the working-part or barrel of the roll, is formed of a
heavy cylindrical casting of iron, truly bored out to a size
sufficient to allow of the roll being turned to the proper
dimensions. The sand-moulds are secured to this casting
by means of cotter-pins, and the whole is then placed ver-
tically in a casting-pit. The iron, after melting in a re-
verberatory furnace, is run in by a gate formed in the
bottom box, and enters the lower bearing in a tangential
" direction, so that the molten metal is caused to rotate
rapidly, forcing the dirt and slag to the centre of the
mould, as the centrifugal action of the spinning metal
causes the heavier and purer particles of iron to fly out-
wards towards the surface, while the lighter particles,
being kept inwards, flow out through the head. This
rotatory action greatly diminishes the liabilityto pin-holes.
The metal, after filling the mould, rises to the top into a
supplementary channel called the “head,” where the
dross or “sullage” is collected. This opening also serves
the purpose of feeding the casting with fresh iron as the
various parts set and contract.

The effect of using the iron cylinder as a mould, is to
cause the iron to solidify rapidly in contact with the
walls of the “chill-mould,” in consequence of the heat
being rapidly conducted away. The depth of the chilled
surface 1s made to vary, according to the purpose for
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which the casting is required, and can be regulated by
mixing various pig-irons in the proper proportion, and
then testing the iron by means of test pieces, of uniform
size, cast in chill-moulds. By fracturing these tests, the
depth of the chill is ascertained and the right mixture
determined. Pin-holes and split-castings are caused in
various ways, such as by injudicious mixing of unsuitable
ig-irons, porous chill-moulds, bad melting, pouring too
ot or too cold, etc.

Malleable-iron castings are made in the same way
as ordinary green- or dry-sand castings, if of medium
size; and by the methods of ‘“odd-side” and * plate-
moulding,” if of small dimensions. These castings are
largely used to take the place of small forgings in light
work, such as sewing machines, bicycles, wringing
machines, frames of pulley blocks, spanners, keys, ete.
Their great toughness as compared with ordinary cast-
iron, together with the small cost as compared with
wrought iron forgings, render them well fitied for many
purposes.

Mitis castings.—Messrs. Nordenfeldt and Ostberg
have succeeded in producing castings from wrought iron
by alloying it with aluminium. The iron is heated in
crucibles, in a specially constructed furnace burning
{mtroleum as fuel. When the iron is just melted, a
ittle aluminium is added, varying from ‘05 to ‘1 per
cent., which lowers the melting point of the iron suffi-
ciently to enable it to be manipulated, and poured into
moulds. By this means the inventors claim that gases
are not absorbed, (as is the case when a metal is raised
considerably above its melting point), and sound castings
are thus obtained. The castings do not require anneal-
ing when taken out of the mould. The tensile strength
is said to be from 20 to 50 per cent. greater than that of
the raw material.



124 IRON AND STEEL MANUFACTURE.

QUESTIONS.

1. In casting from a pattern, what precautions are necessary
with regard to the construction of the latter ?

2. What kind of pig-iron is most suitable for castings?

3. For what purpose does the founder add scrap to the melt-
ing charge ?

4. Briefly describe a founder’s reverberatory-furnace, and
mention its advantages and disadvantages as compared with
a cupola-furnace.

5. Describe some form of cupola-furnace used for foundry-
purposes. How is this furnace usually blown ?

6. What is meant by open-sand and green-sand casting, and
to what articles is each kind applicable ?

7. Describe the method you would adopt in producing a
“ chill-casting ” in the form of a solid cylinder.

8. Describe the process of casting an iron pillar weighing
two tons.

9. Briefly describe the process of casting a hemispherical
iron pot, such as an ordinary household washing-copper.

10. What are the characteristic features of loam-moulding,
and what precautions are necessary ?

11. What is malleable-cast-iron? How are malleable-cast-
ings made, and what kind of iron is requisite ?

12. What are Mitis castings, and what advantage is claimed
by the inventors for the process ?
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STEEL.

CHAPTER XI.

PROPERTIES AND ALLOYS OF STEEL.

THE definition of the term *Steel” presents many
difficulties, seeing that authorities differ considerably as
to the precise meaning which is to be attached to the
word, but all agree that it forms the connecting link
between malleable- and pig-iron, and also that carbon
is an essential constituent. The International Commis-
sion of the Philadelphia Exhibition in 1876 recommended
the following terms for adoption :—

(a) Weld-iron, for all malleable compounds of iron
(containing the ordinary ingredients) prepared in any
form other than the liquid state, and which cannot be
hardened and tempered.

(b) Weld-steel, for all bodies similar to (z) which can
be hardened and tempered.

(¢) Ingot-iron, for all compounds of iron (containing
the ordinary ingredients) which have been melted and
cast,dand which cannot be sensibly hardened and tem-

ered. :
P (d) Ingot-steel, for all compounds similar to (c) which
are capable of being hardened and tempered.

Steel may be defined, simply, as a compound of iron
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with from ‘15 to 1'8 per cent. of carbon, which latter
may be partially replaced by manganese, and to a small
extent by other elements, malleability being essential.
Sir Joseph Whitworth proposed to designate iron or
steel according to its tensile strength, in tons per square
inch of section, and the amount of its elongation before
fracture, when a standard test-piece is employed.
Pro%erties.——Steel, in the soft state, has a white colour
with a bluish tinge, and becomes whiter when hardened,
sometimes almost pure white. The lustre is similar to
that of iron. When freshly broken the fractured surface
affords some indication of its quality, being generally
finely granular or crystalline, uniform in structure, and
destitute of fibre ; but these will vary with the mode of
breaking, and with the amount of carbon and other
elements which the steel contains, Much carbon makes
steel close-grained and lustrous. When mild steel is
broken by a sudden blow the surface is crystalline, but
when broken with progressive stresses, the appearance
inclines to the fibrous state. The tenacity of good steel
is very high, exceeding that of any other metal, and is
increased by cold-rolling, or by wire-drawing. Steel
possesses the valuable property of being hardened by
quick cooling after heating, and hard steel may be
annealed or softened by making it red-hot and cooling it
slowly. The hardness of hardened steel may be reduced,
by gradually raising it in temperature up to a certain
point, when it becomes highly elastic ; this reduction
is termed ¢ tempering.” Steel requires to be welded
at a lower temperature than iron, and its power of being
welded diminishes with the increase of carbon. The
melting-point of steel is probably from 1600° to 1800° C.,
the fusibility increasing with the amount of carbon and
other elements present. The specific gravity of steel
varies from 7-6 to 7-8, being slightly less in the hardened
than in the softened state, in consequence of the in-
crease in bulk caused by this process. Steel resists the



PROPERTIES OF STEEL. 127

influence of magnetism more than iron, but when mai
netised the property is permanent ; the presence of muc
manganese prevents the acceptance of magnetic power.
Steel is less readily oxidised by exposure to air than
iron, but the presence of other metals, such as manganese
and chromium, increases its liability to oxidation.

ErrFEcT OF VARIOUS ELEMENTS ON STEEL.

Phosphorus.—The presence of this element is much
more prejudicial in steel than in iron, and the more
})hosphorus a steel contains the more readily does it
ose its characteristic properties by repeated heatings,
becoming finally incapable of being tempered. Phos-
phorus hardens steel more than carbon does, makes it
cold-short, more fusible, more brittle, more rigid, and
less elastic, especially when the carbon is high. Gruner
states that two or three parts of phosphorus in a thousand
makes steel strong and elastic, but diminishes the tena-
city. Steel with ‘5 per cent. of carbon must not contain
more than ‘04 per cent. of phosphorus, or it will not roll
well, so that a greater proportion than this can only
be used by keeping the carbon low. This is effected
by the use of ferro-manganese in the place of spiegel-
eisen, in the manufacture of Bessemer and Siemens
steel.

Silicon.—This element appears to harden steel to a
less extent than phosphorus, and causes the metal to
be red-short, brittle, and less tenacious, but a very
small quantity may improve the steel. Silicon readily
oxidises, forming silica Si0,, and this being an acid,
unites with bases, such as manganese oxide, iron oxide,
etc., to form a slag ; for this reason silicon only occurs
in steel in small quantities. It also lowers the propor-
tion of combined carbon.

Sulphur.—The presence of sulphur in steel in notable
quantity makes it red-short, more fusible, brittle, and
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less tenacious. It also prevents steel from welding, but
is not so injurious in cold working.

. Man ese.—This metal hardens iron, but in a less
degree than carbon. When present in small quantity it
improves the quality of steel, increasing its tenacity and
elasticity. The bodies known as ferro-manganese and
spiegel-eisen, used in steel making, have been already
described. The use of manganese is valuable, for the
refining influence its oxide exerts on the impurities con-
tained in the iron, such as silicon. phosphorus, sulphur,
etc., removing them as oxides. It also neutralises the
effect of the small quantities of these elements retained
in the steel. Of late years Mr. Hadfield has introduced
steels, containing very little carbon, and from 7 to 22
per cent. of manganese, which are extremely hard, tough,
and non-magnetic. The strongest alloy contains 14 per
cent. of manganese.

Chromium gives whiteness and brilliancy to steel,
which then possesses great hardness and strength.
Chromium has a remarkable influence in increasing the
resistance of steel to compression, and when present in
small quantity increases the ductility and tenacity.

Tungsten, when present in steel to the extent of 1 to
3 per cent., is said to make tough and ductile alloys,
which are also very hard, with a fine crystalline structure. .
Such steels possess great coercive force, powerfully.
retaining their magnetism after being once excited.

Titanium may exist in steel in small quantity, but
although much of this element may be present in the pig-
iron, it is usually removed in refining, like silicon.

Copper is often present in small amounts in steel,
usually not exceeding ‘03 per cent. Its effect is to make
iron and steel very hard, and in small quantity does not
seriously affect the mechanical properties of steel. Mr.
F. Stubbs considers that 1 per cent. of copper in steel
gives to it the peculiar property of resisting oxidation at
high temperatures. The bad effect generally attributed.
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to copper in steel is probably due to sulphur, which
usually accompanies copper in iron ores. Swedish iron
is practically free from this element.

Tin alloys with steel, making it red-short and unweld-
able, even when present in small quantity.

Carbon.—The effect of carbon on iron has been dis-
cussed (p. 36). Carbon exists in steel in two forms,
corresponding to its condition in white and grey cast-
iron. When the carbon is present in the combined
form the steel is hard, and when present in the free-
state the steel is soft, so that the relative hardness of
two samples of steel will depend upon the amount of
carbon in combination in each case. Sir F. Abel, after
an exhaustive series of experiments on this subject, draws
the following conclusions : —

1°. “That in the annealed state, carbon exists as a
carbide* (Fe,C), uniformly diffused through the mass.”
N 2°. “Cold rolled samples are in a similar condition to

o. 1.”

3°. “Hardening by sudden cooling prevents the separa-
tion of carbon as a carbide, its condition being the same
as when the steel is in the fused state. Imperfect harden-
ing will allow some carbide to separate out.”

4°. “In tempered steel the condition of the carbon is
intermediate between that of hardened and annealed
steel, a blue temper being about half-way between these
extremes.”

Hardening.—Steel is hardened by compression, and
bhammering - hardens more than rolling, being more
efficient. In the various methods of hardening, the
quantity of liquid used, its specific gravity, conducting
power, specific heat, boiling point, and heat of vaporisa-
tion influence the final result.

Take four liquids—mercury, water, oil, and coal-tar ; °
raise four pieces of the same steel to the same tem-

* This is what is generally described as ¢ free carbon.”
I
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perature, and plunge one into each of the above liquids,
and it will be found that the hardness will be in the
order given, mercury producing the greatest degree of
hardness, and coal-tar the least. The hardening power
of water is influenced by other substances which may be
present in it, as well as by its temperature, thus : sul-
phuric acid and dissolved salts increase the conduct-
ing power and hasten the cooling, rendering the steel
harder. Hot water on the other hand will induce less
‘hardness. Further, the rate of cooling is also depend-
ent on the way the steel is held in the liquid. The
rapidity with which the steel is cooled down to 300° C.
has a greater effect on the hardening than the subsequent
cooling to the ordinary temperature. The hardening
power of steel increases with the amount of carbon, as
does also its brittleness, both of which properties are
often further increased by the presence of other
elements.

The cause of hardening is generally attributed to the
sudden cooling fixing the condition of the particles in the
same way as when hot, that is, the carbon is retained
in the combined form ; but much of the brittleness of
hardened steel results from the unequal contraction,
caused by the different rates of cooling of the interior
and the exterior, which inequality induces so strong a
tension between the various parts, that a slight force is
often sufficient to overcome their cohesion.

Tempering.—By cautiously re-heating hardened steel
to a certain point, the tension is greatly released, some
carbon or carbide is set free, and the metal loses its
brittleness, and becomes softer in proportion to the tem-
perature to which it is raised; so that by this means
various degrees of hardness may be produced in the
same steel to suit the requirements of different articles ;
this operation is termed “tempering.” The surface of
the steel is made bright before heating, and when the
temperature reaches 220° C. a faint yellow colour appears,
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succeeded by other colours as the process proceeds, so
that the colour indicates the temperature of the steel,
and therefore the degree of softness or *temper.” These
colours are due to a thin coating of oxide, which forms
on the surface and produces the colour as an optical effect.
The following table shows the tempers used for various
articles, the lowest temperature indicating the hardest
temper :—

Temperature, Colour, Article, -
220° C. Faint yellow. Surgical knives.
230 Straw yellow. Razors.
255 Brownish yellow. Scissors, hard chisels
265 Purplish brown. Axes, planes.
277 Purple. Table knives.
288 Light blue. Swords, springs.
293 Dark blue. Fine saws, augers.
316 Blackish blue. Hand saws.

When the steel is heated much beyond this point it be-
comes too soft for any kind of tools. The term *tem-
per” is used to express the hardness, whether due to
treatment or composition.

All kinds of steel expand on hardening, varying with
the amount of carbon present. The temperature to
which steel should be raised for purposes of hardening,
must be regulated according to the quantity of carbon
it contains, since overheating is highly injurious. The
harder the brand of steel, that is, the more highly
carbonised it is, the lower will be the temperature
required; moreover a small article will require a lower
temperature than a large one made of the same steel,
because it is more suddenly cooled. Bulky articles, such
as the face of an anvil, cannot be hardened by plunging
into water face downwards, but must be placed upright
in water and deluged with a large stream of cold water
falling from above. The same remarks apply also to
smaller articlés having steel faces.
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In hardening files it is important to protect the teeth
from oxidation during heating, which is done by coverin
them with a fusible paste, made of common salt an
flour or ale-grounds. The files are then heated in a coke-
fire, then placed on a block with lead rests, and straight-
ened with a leaden hammer. The workman, holding the
tang by means of tongs, dips the file in a saturated solution
of salt and water, and removes it when the hissing noise
ceases. If the file has warped, it may be sprung a little
by means of pressure exerted by the workman. The
hardening of edge-tools is effected by heating in coke-fires
and plunging thewm into water. They are then rubbed
bright and tempered by placing on a thick cast-iron
plate which is below a red-heat. Those tools, such as

. plane.irons, which are made of a combination of steel and
iron, invariably become convex on the steel side, and
require to be set by placing them iron side downwards
on an anvil, and hammering the steel side with a par-
ticular shaped hammer. The setting of cast steel chisels,
knives, etc., is done by placing the convex side on the
anvil, and striking the other side with a setting hammer.

Saws are hardened by heating them in an air-furnace,
and dipping into whale-oil, or a mixture of whale-oil and
tallow. Care is required in removing them from the
furnace so as not to bend them with the tongs. They
are next tempered by being passed over a clear charcoal-
fire, until the oily matter is burnt off. The saws are
now flattened while warm, and any buckling removed by
careful hammering. A method adopted by some hardeners
of steel, is to heat the article in a bath of molten lead kept
at a uniform temperature, by which all parts are equally
heated. This plan is said to be well adapted for all
kinds of cutlery as well as files. In hardening irregular
shaped masses of steel the more bulky part should be
immersed in the water first if possible, and the more
pointed parts last. To prevent buckling in pieces of
irregular shape and thickness, encasing the thinner parts
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in iron, and hardening as a whole, is sometimes re-
sorted to.

Welding steel.—It is much more difficult to weld
steel than iron, and the greater the amount of carbon,
the greater is the divergence. Various fluxes have been
recommended to prevent the carbon burning away, and
to render the welding surfaces clean, but have not come
into common use ; sand, and a mixture of borax and sal-
ammoniac being the best. It is important that the tem-
perature of the metal should not be raised higher than
absolutely necessary ; the higher the amount of carbon
the lower should be the temperature used, hence the
necessity of heavier hammers. The pieces should be
tapped gently at first, and when they have begun to
adhere they may be struck more heavily. The tem-
perature at the finish must not be too low. It is best
to work the steel rapidly, reheating as often as neces-
sary (in order to prevent finishing too cold), and to anneal
the whole piece when finished, so as to correct the
effects of local hardening. When steel is to be welded
to iron, the latter may be at a higher temperature with
advantage.

QUESTIONS.

1. What is steel ?

2. What is the influence of phosphorus and silicon respec-
tively on steel ?

3. Describe the physical properties of an alloy of iron con-
taining but little ca,rgon and 15 per cent. of manganese.

4, How would you distinguish steel from iron%

5. Why is the presence o sulghur 80 injurious in steel ?

6. How is steel hardened and tempered, and what is the
object of the latter operation ?

7. In what states does carbon exist in steel hardened in
the usual manner, and in the same steel after annealing ?

8. In hardening a circular saw of large dimensions, what
steps would you take to prevent buckling ?

9. Describe the process to be gone through in tempering an
ordinary cast steel chisel.
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10. Describe the process of hardening files.

11. How are edge-tools hardened and tempered ?

12. Describe the comparative results of tempering mild steel
in water and in oil, and so far as you are able, give a reason
for the difference.

13. What class of ores is best adapted for the manufacture
of steel ?

14. What are the uliar advantages of the Swedish
wrought-iron employed for making the best steel ?

15. Describe the process of welding steel. Why is it more
difficult to weld steel to iron than iron to iron ?

CHAPTER XIIL

PRODUCTION OF STEEL BY PUDDLING, CEMENTATION,
Erc.

THE different methods of making steel may be classified
thus :—(1) By direct methods as in the Catalan forge,
etc.; (2) From pig-iron in the finery; (3) By puddling
pig-iron; (4) By the cementation process; (5) By the
treatment of blister-steel, or iron and carbon in crucibles ;
(6) By pneumatic processes, such as that of Bessemer;
(7) In open-hearths, such as that of Siemens.

1. The direct methods in the Catalan-forge, Siemens’
rotator, Blair’s furnace, etc., have been described when
treating of iron.

2. Finery method.—This differs but little from that
employed in making iron, the operation being conducted
80 as to leave sufficient carbon in the bloom to constitute
steel. This is done by prolonging the operation, thus
leaving the iron a longer time in contact with incan-
descent carbon, and by using a less oxidising blast. The
best pig-irons for this purpose are the strongly mottled-
aﬁd ispiegel—eisen varieties. This method is now almost
obsolete.
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3. Puddling method. —This is essentially the same
as that used for wrought iron, but greater care is required
in selecting the pig-iron employed, which should prefer-
ably contain manganese. This metal acts in retarding
the decarburisation, in consequence of its superior affinity
for oxygen, by constantly reducing tetroxide of iron to
protoxide, and the protoxide to metallic iron ; thus pre-
venting the carbon from being oxidised. Oxide of man-
ganese also produces a very fluid slag, which is easily
expelled. A little metallic manganese improves the
quality of steel. The addition of spiegel-eisen to the
charge of non-manganiferous pig-iron, does not answer
so well as when the manganese already exists in the pig-
iron employed.

A thinly liquid slag is essential to protect the iron
from a too rapid oxidation, and thus permits a more
prolonged rabbling, so as to remove the impurities other
than carbon. A slag with a double base of FeO and
MnO, containing about 10 per cent. of the latter, is very
fusible, and but feebly decarburising. Only one class of
iron is operated upon at a time, as in a charge of mixed
irons one kind would be purified sooner than another.

The melting of the charge must be rapidly performed
in order to lessen oxidation. The rabbling requires great
care, and when the metal ¢ comes to nature” in the form
of fine white, brilliant grains, it indicates good and
uniform steel. A lower temperature is employed during
the final stages of the rabbling period than when puddling
for iron, so that the metal separates more readily while
carbon is still present in it. The balling is done in a
neutral atmosphere, and the balls taken quickly to the
hammer. 8 to 9 charges of iron would be worked off in
the same time as 6 to 7 of steel.

Cementation process.—This consists of exposing
bars of malleable iron in contact with charcoal, to a high
and prolonged temperature, in closed vessels, from which
the air is excluded, in this way forming blister-steel.
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The furnace Fig. 61 is rectangular in plan, and covered
with an arch, having a hole 12
inches square in the centre, which
hole is opened during cooling. It
contains two rectangular fire-brick
or fire-stone vessels, arranged one
on each side the fireplace, which
runs the whole length of the fur-
nace. Each of these vessels is
about 12 feet long and 4 feet square,
but the sizes differ in different works.

Swedish bar-iron is preferred for making the best
kinds of steel, and hammered bars generally to rolled bars.
Ordinary sizes of bars for cementation are 2 to 5 inches
wide, and £ inch thick. The pots are charged by cover-
ing the bottom with coarse charcoal, and on this is placed
a row of iron bars about half an inch apart, and so on
alternately, until the vessel is full. The top is then
covered with wheel-swarf or mud from grindstones,
which melts and forms a glaze when heated, thus
excluding the air. The charge for one pot may be
from 15 to 30 tons of iron. Two small holes are left in
the furnace, corresponding to two similar holes in the
vessels, through which a bar, termed the ¢ trial-bar” or
“ tap-bar,” projects from each vessel. When the fire is
lighted, two or three days are required to obtain the proper
temperature, which is then maintained from seven to nine
days according to the temper of steel required, the
hardest steel requiring the longest time. On examining
the trial-bar from time to time, by withdrawal and fracture,
the conversion is seen to have penetrated gradually to
the centre, when the vessels are allowed six days to cool
down. Conversion begins at a temperature of 1000°
C., but goes on more actively at 1170°; at higher tem-
peratures cast-iron is produced.* By cementation the

A7) 2\

7
7 41

Fig. 61.

* Bauerman, Metallurgy of Iron, p. 421.
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fibrous iron is changed to a more or less crystalline steel,
and the surface of each bar is covered with blisters, which
in good steel are small and fairly regular. These blisters
are probably due to the reduction of oxide of iron con-
tained in the enclosed slag, and the evolution of carbonic
oxide. The fractured surface shows a reddish-white,
crystalline structure, which is darker in colour and finer
in grain the greater the amount of carbon. If air has
gained access to the bars during conversion, they are
rough on the surface and have a skin of iron. When
the temperature has been too high, and fusion on the
surface has taken place, they are called “glazed” bars.
Both aired and glazed bars are unfit for making cast-steel.

Different varieties of blister-steel are manufactured,
and named according to their degree of carburisation,
which depends on the length of exposure to the action of
the carbon. In what is termed “spring-heat” the core
of the bar contains unaltered iron; in  country-heat”
the iron is more completely changed; in “single-shear-
heat” still less iron is unchanged; in ‘“double-shear-heat”
the amounts of altered and unaltered iron are about equal.
In all cases the transitions from steel to iron must be
gradual, for if the line of separation is sudden the pro-
cess has been too rapid, and the bars are said to be
“flushed.” In “steel-through-heat” the iron is com-
pletely converted into steel. The increase of weight in
converted bars.is from 4 to 4 per cent.

The manner in which the carbon passes through the
iron so as to produce cement-steel is unknown ; it may
be transmitted in the form of gaseous compounds of

- carbon, such as carbonic oxide CO, cyanogen CN, and
hydrocarbons, such as marsh gas CH,. According to
this view the gases are decomposed in the pores of the
bars, and the carbon unites with the iron. The CO gives
up carbon, being changed to CO,, thus,

2Co = CO, + C

Carbonic oxide. Carbonic acid. Carbon.
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The liberated nascent nitrogen and hydrogen passing out-
wards are brought in contact with charcoal, with which
they again unite. Also carbonic acid takes up fresh
carbon forming carbonic oxide, thus,
CO, + C = 2CO.
Carbonic acid. Carbon. Carbonic oxide.

These gases act as vehicles for the transmission of carbon
to the interior. On the other hand, it may be that the
gaseous compounds of carbon are decomposed at the
surface of the bars, and the combined carbon transmitted
to the interior. We may assume that solid carbon unites
directly with iron, on the surface of the bars with which
it is in contact.

Blister-steel is used for common purposes without
further treatment, but generally the bars are fagoted and
welded one or more times. Re-heating tends to decar-
burise the steel, so that the surfaces of the piles are
covered with clay, or with sand and borax, which forms a
fused coating and protects the metal from oxidation.

“Spring-steel ” is obtained by re-heating, and drawing
out between the rolls, the variety of cement-steel termed
« spring-heat.” ¢ Shear-steel ” is obtained from a better
quality first drawn out into bars, then re-heated and
fagoted. “Double shear-steel ” is of still superior
quality, generally re-heated and welded, then again cut
up, heated, and welded.

The texture of blister-steel is modified accordingly as
it has been rolled or hammered. Hammered steel has a
finer grain, and a more compact structure than rolled
steel ; it has a greater power of resistance, with greater
uniformity and density.

Case-hardening.—This is a kind of cementation on a
small scale, and consists of the production of a surface
coating of steel on iron articles, by exposing them to a
high temperature, for a short period, in contact with car-
bonaceous matter. The articles are enclosed in an iron
case with charcoal, leather, ferrocyanide of potassium
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K, FeCy, etc., and the case made air-tight ; then the
whole is heated in a furnace for a time proportionate
to the thickness of the steel-facing required. The con-
version may extend to a depth of } inch in 4 hours.
The work is hardened by plunging it into water while
hot. Small articles are case hardened by rubbing them
when red-hot in powdered ferrocyanide of potassium,
re-heating to decompose the powder, and then plunging
them in water.

Cast-steel. —The method of melting blister-steel in
crucibles, instead of finishing it in the solid state, as
described in the preceding processes, was introduced by
Huntsman in 1740, who by this means produced a
much more homogeneous metal, than was generally ob-
tained by working crude steel under the hammer. Bar
iron, carbon, and oxide of manganese, or spiegel-eisen are
frequently added to the blister-steel to produce different
qualities. Cast steel is also made directly in crucibles, by
melting bar-iron with carbon and oxide of manganese, or
spiegel-eisen.

The melting-house consists of a number of melting
furnaces arranged in a row. Each furnace is oval or
rectangular in shape, lined with fire-brick or ganister,
large enough to contain two melting-pots, one in front of
the other, and deep enough to allow of sufficient coke to
cover the lids. 3 feet deep by 14 feet wide is a common
size. From each furnace a flue leads into a square stack,
40 feet in height, which receives the flues from several
furnaces. The house-floor is on a level with the top of
the melting-holes, and the grate-bars, as well as a flue
leading into the chimney to regulate the draught, are
accessible from the cellar.

The application of gas-furnaces for melting is gradually
superseding coke-fires. The principle is the same as
described on p. 94, and the general arrangement is
shown in Fig. 62. The top of the melting-chamber,
like that of the ordinary furnace,is below the ground
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level, the moveable covers alone projecting above the
surface.

Fig. 62.

The pots for melting steel are made of a mixture of
different clays, burnt-clay, and coke-dust. In Shef-
field they are composed of a mixture of Burton and
Stannington clays, to which is sometimes added Stour-
bridge clay, and if the pots have to withstand excessive
heat, china-clay is also added. This mixture is incor-
porated with about a third of its quantity of coke-dust
and old pots, the whole being ground very fine and
sifted. The pots are moulded in an iron frame by
means of a wooden plug, then slowly dried, and the
night previous to being used, they are gradually raised
to a dull red-heat ; this is termed annealing. Each pot
is about 18 inches high, 7 inches in diameter at the
mouth, and lasts one day, during which time three
charges are melted of about 50 lbs., 44 lbs., and 38 lbs.,
respectively.

The bars of blister-steel are carefully selected,according
to the temper required, all “flushed” or “aired” bars
being rejected. They are broken up into small pieces,
weighed, and introduced into the pot, and the lid care-
fully adjusted. When the melting is completed, the
crucible is removed and the metal skimmed, then poured
or ‘“teemed,” as it is termed, into a mould. Should a
piece of coke accidentally get into the pot, it makes the
steel red-short, and produces a bright glittering fracture.
If the steel does not remain a sufficient time in the fire,
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or if poured at too high a temperature, it will teem
‘“fiery,” and the ingot will be honeycombed. If the
metal remain too long in the fire it will teem “dead,” the
fracture will appear scorched, and though sound, it
will be brittle if hard, and wanting in tenacity if mild.
If the metal be cooled too much before teeming, the
fracture will be dull in colour and full of pin-holes. Mild
steel rises in the mould after teeming, and to make the
ingot sound a cast-iron stopper is inserted in the top of
the mould. Hard steel, containing from § per cent. of
carbon and upwards, teems “dead,” that is, settles down
3 or 4 inches at top of the ingot. A pot of cast steel, when,
removed from the fire, has the appearance of a boiling
liquid from the liberation of gases, which are accompanied
by scintillations, and if poured in such a condition the
metal would boil over in the mould, and produce a spongy
structure; it is therefore allowed to stand some time to
be “killed,” as it is termed. For large ingots, the con-
tents of several crucibles are poured simultaneously, by
gangs of men, into channels which convey the steel to
the mould.

For the best class of cast steel, the iron obtained from
Dannemora ore, which is a magnetite containing man-
ganese, is used ; good steel cannot be made from inferior
iron, containing sulphur, phosphorus, silicon, etc. in
notable quantity, as these elements are very hurtful.
All elements present in addition to carbon increase the
hardness, brittleness, and liability of the steel to crack in
hardening, but small quantities of each confer special
properties, which may be useful in specific cases.

In 1801 Mushet introduced the method of makin,
cast steel, by melting malleable iron with carbon an
oxide of manganese in crucibles, which method has since
been largely practised, but such steel is only of second-
ary quality. Another plan is to melt bar-iron with
charcoal, and add a little spiegel-eisen at the end of
the melting. The .celebrated Heath process consists
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of adding to the crucible, with the steel, a carbide,
(obtained by reducing oxide of manganese with carbon,
or a mixture of oxide of manganese with carbonised pitch)
to improve the steel in melting. Sherman introduced a
little potassium iodide into the pot along with the steel,
with the object of removing sulphur and phosphorus, in
virtue of their strong affinity for iodine. Many other
physics have been tried from time to time, such as sal-
ammoniac, common salt, yellow prussiate of potash, potas-
sium chromate, etc., with the object of making high
quality cast-steel from inferior bar-iron, but without
success.

Indian- or Wootz' steel is made in crucibles by
melting 1 1b. of malleable iron with 10 per cent. of the
wood and leaves of the “Cassia auriculata” and the surface
covered with green leaves. A lid is luted on, or the mouth
stopped up with clay. The charge, at the conclusion of
the heating, is allowed to cool in the crucible, which is
then broken, the iron re-heated, and drawn into a bar.

Malleable cast-iron.—This variety of iron is pro-
duced by an “oxidising ” cementation. For this purpose,
the cast articles should be made of a superior quality of
iron, such as that produced from Cumberland hematite
smelted with charcoal, white pig-iron being preferred,
especially for large castings. ‘

The articles are embedded in powdered red hematite,
in cast-iron or wrought-iron cases, which are arranged in
a furnace or annealing oven as it is termed, heated with
gas or with the flames from solid fuel. At each operation,
a certain portion of fresh ore or iron secale from rolling
mills is added, the used ore being mixed with it, which,
being somewhat clotted, renders the mass more perme-
able to the gases generated inside. About three days
are required for annealing small articles, and five to six
days for large work, the temperature being gradually
raised at the commencement, and allowed to cool slowly
at the conclusion.
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The oxide of iron Fe,O,, which is used as the cement
powder, gives up oxygen, itself being reduced to the
magnetic oxide Fe,0,. This oxygen unites with carbon
and other impurities i’orming oxides, but only the gaseous
oxides, such as carbonic oxide CO, are removed from the
iron, hence silicon and phosphorus remain, which explains
why only pure cast-iron can be employed. - Some chemists
consider that the change in physical properties is not
due to the removal of carbon by oxidation, but to the
separation of amorphous carbon within the metal, with-
out which the metal would remain brittle, notwithstand-
ing the oxidation of carbon on the surface. The iron, by
this annealing process, is changed from very brittle white
iron to malleable iron, of a greyish white colour when
broken, resembling mild steel ; it is only with very great
care that it can be welded.

QUESTIONS.

1. How is steel produced in the finery? What iron is most
suitable for this process?

2. What is the difference in the processes employed for pro-
ducing puddled-iron and puddled-steel?

3. Describe the process of converting wrought-iron into
steel by the system of cementation.

4, How is iron case-hardened?

5. What is shear-steel and how is it made?

6. What is blister-steel? Describe the character of its frac-
tured surface. For what purposes is it used?

7. How is blister-steel made into cast-steel? What is the
general character of cast-steel?

8. On comparing cast-steel with cast-iron, what points of
resemblance and difference respectively would be observed?

9. Describe the chemical changes which occur during the
conversion of a bar of iron into blister-steel.

10. How do you account for the change which occurs in bar
iron by the process of converting it into blister-steel?

11. Describe some form of crucible-furnace in which gas is
used as fuel.
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12. What are the nature and composition] of the pots used

in melting steel?
13. Explain the use of manganese in making cast-steel.

CHAPTER XIII

THE BESSEMER PROCESS FOR STEEL.

THIS process consists of blowing air through molten pig-
iron, in a vessel called a converter, whereby the carbon,
silicon, and some of the iron are oxidised ; the oxidation
produces a very high temperature, keeping the mass in”
a liquid state, without the aid of ordinary fuel, and
leaving the iron commercially pure.

Two distinct modes of working, employing totally
different classes of pig-iron are now adopted. In one, the
converter is lined with an acid material, termed ganister,
and the method may be designated the “Acid” Bessemer-
process ; in the other, the vessel is lined with calcined
dolomite, which is a basic material. This method is
called the ¢ Basic” Bessemer-process. In the acid pro-
cess, the iron employed must be free from sulphur and
phosphorus, as these elements are not removed from the
iron, so that only the purer classes of pig-iron can be
used, such as those obtained from Cumberland h@matite.

The converter is sometimes fixed, as in the Clapp-
Griffiths process, but more generally it is so arranged as
. to be moveable through an angle of 180°, thus enabling the
metal and slag to be poured from the mouth. Figs. 63
and 64 represent the most usual form of vessel ; it consists
of a shell of wrought-iron plates riveted together, the neck
being inclined at an angle of 30° to the axis of the body.
The centre of the body is enclosed with a stout band of
iron, upon which are fixed two arms, termed trunnions,
by which the vessel is suspended on iron standards.
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thus equalised. The wrought iron shell is put together in

3 parts—the neck, the body, and the bottom being so

connected by bolts and cotters as to be easily detached for

repairs. The tipping - gear

consists of a worm-wheel 8

feet in diameter attached to

= the belt of the converter, and

gearing with a screw of 43

inch pitch, the screw receiv-

ing its motion from the cranks

of a pair of hydraulic engines,

mounted on one of the stand-

Fig. 65. ards of the comverter. A

15 ton converter is 24 feet high and 104 feet internal
diameter.

The lining having been dried, the converter is made
red -hot by burning coke inside, the unburnt coke
and ashes being then tipped out, and the vessel
brought into the horizontal position. Molten pig-iron
is then run in from a cupola or reverberatory melt-
ing furnace, the amount varying from 1} to 10 tons,
according to the size of the converter. It is then
rotated into the vertical position, the blast being
first turned on to prevent the metal running through
the twyer-holes. For the first five minutes the flame is
but slightly luminous, and but few sparks are emitted.
During this period the graphite is converted into com-
bined carbon, and the silicon and manganese are oxidised,
also a little iron, forming a silicate of iron and manganese.
Then the carbon begins to burn, the action gradually
becomes very violent, the flame is brilliant, and showers
of sparks, consisting of carbon, iron, and slag are ejected,
through the rapid ebullition produced by the escape
of carbonic oxide from all parts of the metal. This lasts
for seven or eight minutes, when the activity diminishes.
‘When the last trace of carbon is burned, the flame
suddenly drops, and if the blast is continued, the iron.

>
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itself burns ; but the heat produced by the combustion
of the iron is less than the cooling effect of the air, so
that the metal would soon solidify. The converter is
then brought to the horizontal position, about 10 per
cent. of spiegel-eisen, or an equivalent amount of
ferro-manganese being run in, or dropped in in the
solid state. The metal is then poured into the
ladle, and thence into ingot-moulds. The duration
of a blow depends to a great extent on the amount of
silicon present. A feebly siliceous iron will be refined in
15 minutes, but a verysiliceous one may require 30 minutes,
depending on the nature and amount of the other impuri-
ties. In the latter case, the first period lasts about 10
minutes, and the second period 20 minutes. As iron,
after decarburisation in the Bessemer vessel, always con-
tains oxygen, the object of adding spiegel-eisen or ferro-
manganese is to give sufficient manganese to combine
with this oxygen, and enough carbon to convert the iron
into steel, the oxide of manganese formed combines
with the silica, rendering the slag more fusible. The slag
from the acid Bessemer-process contains excess of silica,
and thus differs from tap-cinder, which is neutral or
basic. The following analysis of Bessemer slag will make
this point clear :—

Silica (8i0,), - - - 7315
Alumina (ALO,), - - 2-64
Ferrous oxide (FeO), - 20-02
Manganese oxide (MnO), - 265
Lime (Ca0), - - - 95
Sulphur (S), - - - 68

99-99

The following analyses by Snelus give, by volume, the
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composition of the gases given off from the converter
during an 18 minutes blow :—

After | After | After | After | After
Name Formula. 2 min. |4 min, | 6 min, {10 min.|14 min.

Carbonic acid, COo, 996 | 857 | 805 | 3'58 | 1'34

Carbonic oxide, | CO | 03 | 3:95 | 458 [19'59 [31-11
Oxygen, (0] 76 | — — | -] =
Hydrogen, H — 90 | 200 _

Nitrogen, N 8925 |s6-58 |s5-37/[7683 [67°65

100 | 100 | 100 | 100 | 100

The iron used in the acid Bessemer-process must be
practically free from phosphorus and sulphur, as these
bodies are not removed during the blow; but silicon
to the extent of 2 to 3 per cent. is advisable, as it
furnishes great heat by its union with oxygen, so
that grey iron rich in silicon is preferred. ~When
the silicon is deficient, the blow is said to be too
“cold,” which may be remedied by adding some
silicon-iron, and increasing the pressure of the blast.
Also when white pig-iron is used, the combined carbon
burns, forming carbonic oxide at the early stages
-of the blow. This passes away from the mouth of the
vessel, the heating power of the carbon only heing par-
tially utilised, thus making the blow too cold.

Basgic Bessemer-process.—In 1872 Snelus showed
that the retention of phosphorus by iron was intimately
connected with the composition of the slag, which, in
the acid process, is an acid silicate, and that when this
was made basic, the phosphorus passed into the slag,
as in puddling. Thomas and Gilchrist introduced the
method of using hasic linings for the Bessemer vessel in
1878, and succeeded in making good steel from common
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pig-iron, containing 2 to 3 per cent. of phosphorus. The
reat difficulty in the early experiments was to get a
ining, which would act on the phosphoric acid and silica
produced by the blast, forming with them a fusible slag,
and yet endure a reasonable time. This is now accom-
plished by having a double lining ;—one fixed, made of
calcined dolomite mixed with tar, and rammed in round
a central core ;—the other renewable, consisting of lime
thrown in during the blow.

In the acid process, white iron can only be treated
with difficulty and much waste ; the carbon being in the
combined form produces carbonic oxide at an early stage
and does not yield sufficient heat. Now, in the basic
process, white iron, poor in silicon but rich in phosphorus,
18 preferred, although grey and mottled iron may be
used. Pink states that 1 to 2 per cent. of phosphorus
is indispensable, hence ferro-phosphorus is added to pig-
iron containing only ‘5 per cent. of phosphorus.

The converter employed in the basic process is similar
to the ordinary one, but is generally wider ; and, as the
lining wears ra{)idly away, special facilities for changing
a vessel, wholly or in part, are necessary. For this
reason the concentric converter with detachable parts
is the most suitable. The lime and metal are lifted by
the blast during the blow, and when the violence of the
reactions between the oxygen of the air and the oxidis-
able elements in the iron is somewhat expended, the
materials ejected drop into the vessel, when the new
form is employed, whilst in the ordinary shaped vessel
some material would cling to the nose.

‘When the metal has been run in, the blast is turned
on and the vessel turned up into the vertical posi-
tion. A short flame is at first perceived, due to the
liberation of a little carbonic acid CO,, contained in
the lime. In about two minutes the sparks begin to
leave the converter in a continuous shower. After
about eight minutes the yellow sodium-line is seen, when
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the flame is looked at through a spectroscope ; this
commences the second period, which lasts ten or twelve
minutes, when the carbon lines disappear. The blow
is then continued for two minutes, called the * after-
blow,” during which the phosphorus passes into the
slag. Then the vessel is turned into a nearly horizontal
position, and a sample taken for testing by flattening
under the hammer. The first sample may be brittle,
with an open crystalline grain, and contains say ‘7 per
cent. of phosphorus. The vessel is again turned up and
the after-blow’ continued for half a minute, when on
again testing as before it may still be brittle, and contain
‘4 per cent. of phosphorus. The blow is repeated, and
the test may this time be malleable, with a close grain,
representing say ‘07 per cent. of phosphorus. Now
10 per cent. of ferro-manganese is added in lumps, when
a long series of sparks is discharged. After the addition
of the ferro-manganese, some of the phosphate of lime in
the slag is decomposed by the carbonic oxide produced,
so that the metal contains more phosphorus than before
its addition. The slag is first poured off, then the
metal is run into the ladle.

The slag is much greater in quantity than that from
the acid process, and highly basic in character, as the
following analysis will show :—

Silica (8i0,), - - - 8:02
Phosphoric acid (P,0;), - 17-15
Ferrous oxide (FeO), - 9-04
Manganese oxide (MnO), - 6-27
Lime (Ca0), - - - 56:03
Magnesia (Mg0), - - 3-20
Sulphur (S), - - - 29

100-00

1t is stated that the phosphorus exists in the slag as
a tetrabasic phosphate of lime (4Ca0.P,0;). This slag
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when finely ground is sold to farmers as a manure. Itis
also utilised in admixture with tar as a lining material
for re-heating furnaces.

The ladle Fig. 66 used in Bessemer works is made

of wrought iron, lined inside with a re- p
fractory substance similar to that lining T
the converter, having a hole at the {i]a
bottom for running out the metal, and (II[ge
closed by an iron rod or stopper (a), also [i -
coated with refractory material The uaam-
opposite end passes through a slide-bar Fig. 66.
(b) on the outside, which is worked by a hand-lever.
The ladle is suspended on a moveable platform, and
is provided with a worm-wheel gearing for tipping
it over, for conveniently removing the slag. The
platform is fixed to the top of a central hydraulic’
ram, by the motion of which it is raised or lowered.
Around this ram the platform revolves by means of
spur gearing, worked by a man standing at the middle
of the platform, so as to bring the hole of the ladle over
each of the moulds as required when tapping.

The regulation of the blast, the movement of the
converter, the platform, and the crane by which the
ingot-moulds are lifted, are effected by a man on a raised
platform outside the casting pit.
. The moulds are made of cast-iron, open at both

ends, tapering towards the top to facilitate the removal
of the ingots. The moulds are generally filled from the
top, then sand is thrown on the surface. of the metal,
and the lid tightly secured, to ensure sound ingots. Some-
times a group of moulds is filled from the bottom, being
arranged round a large one in the centre, into which the
metal is tapped. From the bottom of this run feeding-
tubes of fireclay, opening upwards into each member of
the group.

The rapidity with which pig-iron is refined and con-
verted into steel by the Bessemer-process, together with
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the operation upon large quantities at a time, and the
small amount of labour as compared with puddling and
cementation, give it an immense advantage as regards
economy ; but the metal is inferior to the high class
steel produced by the older processes, although it is
well adapted for rails and many other articles for which
mild steel is suitable.

Gla.pg and QGriffiths’ process.—This is a pneumatic
process like the Bessemer, but the vessel is fixed, and
the blast is introduced from the lower part of the sides,
instead of at the bottom, which appears to bring about
different chemical reactions. The ordinary converter is
about 5} feet internal diameter and 10 feet high, lined
with silica-bricks, and provided with from four to six
horizontal twyers, fitted with valves for regulating the
blast. The twyers are arranged about 9 inches above
the floor of the converter, and about 5 inches below the
surface of the metal when charged, which enables a soft
blast of 5 or 6 lbs. per square inch to be used. As the
slag rises, it is run off through a slag-hole during the
intermediate stages of the blow. At the conclusion the
metal is tapped as from a cupola. Ferro-manganese is
then added to the metal in the ladle to form mild steel.
The process appears to almost completely eliminate the
silicon, but leaves the phosphorus untouched; so that
good hematite pig-iron must be used. One great ad-
vantage of this method is that it enables the smaller
users to manufacture their own steel without an
enormous outlay for plant at the start.

QUESTIONS.

1. Describe the construction of an ordinary Bessemer-
converter.

2. A blow in the Bessemer-converter is found to be too
“cold.” How can the temperature be rapidly raised ? To
what cause do you attribute variations in temperature during
the blow ?
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3. How is the lining of a Bessemer-converter effected dur-
ing the blow ? Give the composition of the ordinary lining.

4. What kind of pig-iron 18 considered essential for tﬁe
acid Bessemer-process

5. What is meant by the basic Bessemer-process, and how
does it differ from the acid process ?

6. What is the nature of the gases given off from the

Bessemer-vessel during the blow ?

7. How do you account for the removal of phosphorus from
the iron by the basic process ?

8. What is the nature of basic slag, and in what state of
combination does phosphorus exist in it ?

9. Name any applications of basic slag to useful purposes.

10. Show by means of a sketch in vertical section the
arrangement of a Bessemer-converter during the blow and
also during the period of pouring.

11. Describe the ladle employed for receiving the charge
of a Bessemer-converter.

12. Describe Clapp and Griffiths’ modification of the Bes-
?emer-process, and state what advantages are claimed
or it.

CHAPTER XIV.

OPEN-HEARTH PROCESS.

THIS process is conducted in a Siemens’ regenerative
furnace and comprises three modifications :—1°. Pig and
scrap process; 2°. Pig and ore process; 3°. A combina-
tion of the two former is now generally adopted and
termed the Siemens-Martin process.

The first or Martin-process consists of melting
malleable iron with pig-iron, preferably one low in silicon
and containing manganese. When the charge is melted,
it may be kept in fusion, because the intensity of the
oxidising action may be easily maintained. In order
to hasten the operation, the pig-iron is charged into the
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furnace in the liquid state and speedily raised to a white-
heat ; the malleable iron, previously raade red-hot, is
then added in lumps. With a neutral flame, No. 1 grey
pig will dissolve 9 times its weight of Bessemer-scrap,
while No. 3 pig will not dissolve more than 4 times its
weight, and when the flame is oxidising, considerably
less. The oxide of iron Fe,O,, formed by oxidation,
reacts on the carbon of the pig-iron, producing car-
bonic oxide, which, on escaping, agitates the bath of
metal, and thus tends to make it uniform in com-
position. When the whole is melted a test is taken,
and when the metal shows the proper fracture and
toughness as well as the right degree of decarburisation
by Eggertz’ test, it is run into a ladle, and cast into ingot-
moulds as in the Bessemer-process. This method of
working is only possible with the best pig-iron, so that
the usual plan is to completely decarburise, and then add
spiegel-eisen or ferro-manganese. The latter, containing
less carbon, produces a milder steel than the former.

The second or Siemens-process is worked with pig-
iron and purerichoxides, the latter replacing the scrap-iron
of the Martin process. In the latter the iron takes up
carbon from the pig-iron, but in the Siemens method the
oxide of iron assists the atmosphere in its oxidising
action. It partly removes the silicon, manganese, and
carbon, so that the process is hastened and the material
used is less costly. The difficulty has been to make the
light ore thoroughly penetrate the denser metal. This dif-
ficulty has been partly avoided by adding the ore in small
portions at intervals. The weak point of this method is
the corrosive action of the basic oxide on the lining of
the furnace, forming an acid silicate of iron, which
increases with the amount of ore used, especially when a
large portion is added at one charge. At Landore the
charge of ore and scrap is added cold, and 8 to 12 per
cent. of spiegel or ferro-manganese is added at the con-
clusion as usual.
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The third modification or Siemens-Martin pro-
cess is similar to the Siemens method in the mode of
working. Pig-iron is first charged into the hot furnace,
and then iron and steel scrap are added in small quanti-
ties at a time, and a certain quantity of rich oxide
of iron. Spiegel or ferro-manganese is added at the
conclusion.

In the three modifications as above described, it has
been assumed that the pig-iron contains but little phos-
phorus and sulphur. These elements are only to a
small extent removed by the process, in consequence of
the siliceous nature of the slag, which is but feebly oxi-
dising, so that phosphate of iron could have but a
temporary existence. ‘ '

The Siemens open-hearth furnace is of the reverbera-
tory type, having a slightly concave bed lined with sand,
which has been well rammed in and strongly heated (see
Fig. 40). The bed also slightly inclines towards the tap-
hole, which is situated beneath the middle working door
on the front side of the furnace. In the newer forms of
this furnace the roof has a strong slope from each side
to the centre, giving a very plunging flame ; the air-space
beneath the bed is enlarged, the gas-ports are longer
and narrower, and the regenerators are larger and roofed
with semi-circular arches, so as to give a larger exhaust
flue for the flame, and thus modify its temperature before
it reaches the regenerators.

Pernot’s furnace with moveable bed,alreadydescribed
as used in puddling iron, is also used for making steel.
(See Fig. 39, p. 93.) The inclination of the bed and the
rotation of the furnace cause a more energetic oxidising
action than occurs in the Siemens furnace, so that less scrap
and ore are necessary for the charge. At St. Chamond the
pig-iron is charged after being heated to redness, and the
steel- or iron-scrap is added cold at the same time. The
bed is made to rotate three to four times per minute durin,
charging and working. The pig-iron melts first an
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forms a liquid bath, and the scrap is alternately exposed
to the action of the air and molten metal by the motion
of the bed. The pig-iron is thus uniformly oxidised by
the oxide of iron Fe O, formed at each revolution, when
the unmelted iron is exposed to the air, the iron thus
acts as a vehicle for oxygen.

It is claimed for this method that with a 5 ton charge,
5 operations may be completed in 24 hours, each charge
only requiring 7 cwts. of coal, and ltcwts. for the pre-
liminary heating of the pig-iron. The charge consists -
of 1th pig-iron and 4ths crop ends of rails, etc. At the
conclusion of the refining, spiegel-eisen or ferro-manganese
is added as in the Siemens process.

Ponsard has modified the Pernot furnace by the addi-
tion of two twyers inserted inthe side lining. These twyers
work alternately, with the object of hastening the first
part of the process. The bed only moves half a revolu-
tion, since in a complete revolution the twyers would be
alternately in and out of the metal. The central spindle
upon which the hearth rotates is made hollow, and
through this passage the blast passes to the twyers.
This method then is a combination of the Bessemer and
Siemens systems of making steel.

Open-hearth basic process.—The object of a basic
lining, as in the Bessemer converter, is to enable common
pig-iron containing phosphorus and sulphur to be used.
The fixed lining of calcined dolomite and tar, and the
addition of lime to the charge, causes a highly basic slag
to be formed, which takes up a portion of the phosphorus
and sulphur as well as the silicon. In the basic Bessemer-
process, the phosphorus largely passes into the slag
during the “ after-blow,” when the carbon is reduced to
a minimum, so that this after-blow, with the consequent
loss of iron, seems essential. In the Siemens furnace,
this refining influence is absent, and Gruner states that
unless a similar contrivance be adopted, such as
Ponsard’s, it is doubtful whether mild steel, free from
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phosphorus, can be produced from common phosphoric
pig-iron.

ick’s open-hearth furnace.—This furnace Fig. 67,
is the same in principle as the ordinary Siemens furnace,

Fig. 67.

but differs in construction and arrangement of the parts.
The furnace or melting chamber (A) consists of a circular
or oval body with an iron or steel casing. 1tis placed ona
platform, supported by girders, and left entirely clear
underneath, so that the bottom is kept cool and the lining
better preserved. The four regenerators (BB) form four cir-
cular towers, and instead of being situated below the bed of
. the furnace, are placed in pairs at opposite sides of the
furnace ; each regenerator forms a separate structure,
which is out of harm’s way in case of the metal breaking
out, and as it has only its own weight to carry it cannot
get out of shape. It is very desirable to regulate the
relative amounts of the heated gases passing through the
regenerators, in order to control the relative amounts of
heat stored up in these chambers. The tendency is
for the gas-chamber to receive the largest share of the
waste heat, whereas the air-chamber should be the more
highly heated of the two. This is effected by the adoption
of a new kind of disc-valves. .

This class of furnace is adopted by the Patent Shaft and
Axle Company, Wednesbury, where Mr. Wailes has made
several improvements in the parts, with the result that
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steel is made with an average consumption of 9 cwts. of
coal per ton of steel. These furnaces are worked with a
basic lining for the bed, which can be rammed round a
core as in the Bessemer vessel. The roof consists of a
strong iron ring, lined with silica-bricks, and suspended
from girders so as not to rest on the sides of the hearth,
a space of } inch being left between the basic and acid
linings. An opening at the side allows the inflow of
heated gas, and directly over this is an opening in the roof
through which the hot air is admitted, thus acting like a
blowpipe. The charge of scrap and common pig-iron is
put into the hot furnace and melted in four hours, a slag
being formed ; the reaction is maintained for another four
hours by occasional additions of iron and lime, until the
boiling ceases. Towards the end of the process a little
pig-iron, rich in carbon, is added to produce a lively
boiling for about twenty minutes. Samples are taken and
tested in the usual way.

QUESTIONS.

1. Describe the process of making the so-called Siemens-
Martin steel and the chemical reactions concerned therein.

2. Sketch and describe Siemens’ open-hearth furnace.

3. Describe Pernot’s open-hearth furnace, and state what
advantages are claimed for its use.

4. Describe a Siemens gas-producer and state the chemical
changes which occur therein.

5. What attempts have been made to remove phosphorus
from steel in the open-hearth furnace, and how far have they
been successful ?

6. The regenerators in an open-hearth furnace have of late
years been built separately from the furnace. What ad-
vantage is gained by this method?

7. &’hat advantage is claimed for the use of a circular bed
instead of one somewhat rectangular ?

8. Contrast the basic open-hearth process with the basic
Bessemer-process and state which you consider most successful.
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9. Why is steel prepared by the Siemens-process usually
not well suited for the best kinds of cutting instruments?
‘What class of steel is preferred for that purpose?

CHAPTER XV.

STEEL CASTING. TREATMENT OF STEEL INGOTS,
TESTING, ETC.

Steel Castings. (See p. 140-141).—The operation of
pouring molten steel requires great care so as to get
compact and weldable ingots. The higher the temperature
of the liquid metal the more gas it absorbs, and as the
temperature falls the absorbed gases are liberated ; if how-
ever, the steel be poured at too high a temperature some
of these gases will remain after the surface has solidified,
and produce a honeycombed appearance; the cavities are
termed blow-holes.

A ladle of Bessemer- or Siemens-steel is a seething
mass, and if poured in this state is very liable to produce
unsound castings. About thirty years ago Bessemer used a
siliceous pig-iron for mixing with the spiegel-eisen,in order
to quiet the steel, and insure greater soundness, and if the
blow was not too hot, it was fairly successful. Great
caution however should be exercised in adding substances
to neutralise the effects of impurities, as more injurious
ingredients may be introduced, making the steel
brittle and too hard. A great advantage is gained by
mechanical agitation of the metal, and for this purpose
Mr. Allen lowers into the ladle of steel a rotating paddle,
the motion of which facilitates the escape of the gases, and
in"a great measure prevents blow-holes in the ingots.
By the aid of this agitator, and the use of ferro-manganese
alone as a quieting agent, good sound castings are obtained.
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“Glazed” iron (which is iron containing silicon) and a
triple compound of iron, manganese, and silicon, termed
“silicon-ferro-manganese,” are now largely used for adding
to molten steel to produce sound ingots. With regard to
this subject, Mr. Pourcel says; ¢ On analysing a sample
free from blow-holes, silicon is always found; whilst a
honeycombed sample contains interposed slag but no free
silicon.”

Silicon is more oxidisable than carbon, so that solid
silica 8i0, is formed instead of gaseous carbonic oxide CO.
Moreover, silica forms with oxide of iron and oxide of
manganese a fluid slag, which largely liquates out when
the steel solidifies. This is especially important in basic
steel, where the ordinary slag is less fusible, since it is
the slag between the molecules which makes the steel
red-short. The two reducing bodies, manganese and
silicon, act simultaneously in reducing the oxide of iron
formed while the liquid metal is exposed to the air.

Miiller considers that silicon acts by increasing the
solvent action of steel, which then retains the gases in
solution instead of being liberated. He also suggests
that the beneficial effect of adding spiegel-eisen, is partly
due to the evolution of carbonic oxide which ensues,
sweeping out some hydrogen at the same time, thus
reducing the liability to blow-holes. The different
opinions as to the cause of blow-holes may be summarised
as follows :—1°. By gases in solution. 2°. By gases formed
by the action of the air on the metal during pouring.
3°. By air and gases carried into the metal mechanically
when the metal is being run into the moulds, the viscous
mass preventing them from escaping.

In large complicated castings due allowance must be
made for contraction, for steel contracts twice as much as
cast iron ; therefore large castings are often made in two
or more pieces to avoid internal strains. In consequence
of the contraction,steel castings have often been destroyed
when left in the moulds to cool. They should be re-
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directly through the ¢ cogging-” or roughing-rolls, then
re-heated and rolled in the finishing-rolls to the required
section. For rails, the blooms after ‘ cogging” are
finished right off without re-heating, being rolled in long
lengths and then cut into rails of the required length by
circular saws. This reduces the amount of waste from
the crop-ends, as a fewer number of rough ends require
to be cut off, than when the rails are made in short
lengths.

Compound armour-plates are made by casting a
steel face on to a wrought iron back, and rolling the mass,
when sufficiently cold, into a plate of the required dimen-
sions. The face being hard offers a great resistance to the
penetration of projectiles, while the soft iron back pre-
vents the plate cracking by the impact. The mode of
production is to take a foundation plate of iron 12 inches
thick, and connect it by screws, etc., to a mild steel plate
2 inches thick, leaving a space 5} inches between. These
are made red-hot, placed upright in a moulding-box
sunk into sand in an ordinary casting-pit, and the space
filled with open-hearth steel, run from a ladle at the
highest possible temperature into feeders, which lead to
the mould. The steel face-plate is protected from melt-
ing by being placed against a thick cast-iron plate.

Gjers’ soaking-pits.—The object of these is to utilise
the internal sensible heat, given out by the metal while
cooling, for the purpose of bringing the whole ingot to the
proper temperature for rolling, without the necessity of re-
heating. The pits are square in section, and are built of
masonry. The depth and height are a little greater than
the size of the ingots to be placed in them. They are used
for steel ingots obtained from the Bessemer and open-
hearth processes, Soaking-pits are represented in H Fig.
68 used in connection with a Bessemer plant. A is the
converter, B the ladle, ¢ the moveable platform, D two of
the ingot moulds, E the crane to remove the ingots from
the moulds to the soaking-pits, H the brick soaking-pits,




MECHANICAL TESTS. 163

F the crane for lifting the ingots from the soaking-pits to
the rolls G. The ingot of metal is removed from the

Fig. 68.

moulds as soon as it has sufficiently solidified, then
placed in the hot pit, and closely covered. By this
means the heat given out by the metal is absorbed and
stored up by the brickwork. In about an hour the ingot
will be at a uniform temperature throughout, and suffi-
ciently hot for rolling. During the soaking process a
quantity of gases is liberated from the metal, consisting
of hydrogen, nitrogen, carbonic oxide, etc. ; thus exclud-
ing the air, and preventing oxidation. If the brickwork
becomes overheated, it may be cooled by dropping in
a piece of coal, when the surplus heat is absorbed in
gasifying the coal and in volatilising the products.
Considerable economy is claimed for this mode of work-
ing, as the loss of metal by oxidation during re-heating,
together with the requisite expenditure of fuel, is
avoided.

MECHANICAL TESTS AND PROPERTIES.

The value of different varieties of iron and steel, for
many purposes, is determined by submitting them to
certain mechanical tests, such as tensile, transverse, and
crushing stresses; by the amount of elongation before
rupture, and by their limits of elasticity. Some brands
are tested by their malleability and toughness. For Ad-
miralty requirements, iron ship-plates of the first class
must have a- tensile strength of twenty-two tons per
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square inch lengthways, and eighteen tons per square inch
crossways. Plates one inch thick and under must be
capable of being bent hot, without fracture, to an angle
of 125° lengthways of the grain, and to 90° crossways.
In the cold, one inch plates must bend to an angle of
15° along the grain, and to 5° across the grain, without
fracture. Half-inch plates are required to bend to angles
of 35° and 15° respectively. '

Rivets, which should be made of the toughest wrought
iron, or mild steel, should be capable of being bent double
in the cold without cracking, and the heads hammered,
when hot, until the diameter is two-and-a-half times that
of the shank, without fracture on the edges. Mr. Boyd
has shown that rivets, made of Siemens steel, are stronger
and tougher than iron ones.

* “Angle-iron may be tested hot by being bent as in
AB Fig. 69, or one flange cut off and bent in the cold as
in c.

Qéﬁqu E!ss

Tee-iron may be tested when hot by bending it into
the form D, and by treating it in the cold as c.

Z and 1 or channeliron may be tested by bending
when hot as in E, ¥, and when cold as in c.

G represents a piece of Landore-Siemens steel plate
doubled fourfold without fracture. H represents a piece
of Siemens half-inch round bar steel formed into a knot
2} x 13 inches without fracture.”

* Bancroft’s papers on mechanical tests.
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The physical tests to which iron and steel are subjected
are usually certain defined alterations in shape, as pre-
viously indicated, or endeavours to produce fracture, the
stress required being carefully determined.

Stress is the term applied to any force, either of ex-
tension or compression, and tends to produce an alteration
of form. '

Strain-is the term applied to the alteration of form
produced by the action of a stress, and within certain
limits, varying in different bodies, is proportional to it.
The limit 1n any case where this proportionality ceases is
termed the “limit of elasticity.”

Elasticity is the resistance to alteration of form which
a body possesses, and is measured by the stress required
to produce a given strain.

The modulus of elasticity is the calculated stregs,
applied as a stretching force, which would double the
length of the body tested, if the elasticity were perfect.

Within the limits of elasticity, a body will recover its
original dimensions when the stress is removed. Beyond
the limits of elasticity the strain increases more rapidly
than the stress, and in part remains when the stress is
removed. The permanent strain is commonly termed per-
manent-set,

Tensile testing.—In testing a bar of iron or steel
three things are generally determined, viz.—the force
required to- produce rupture; the amount of elongation
produced by the stretching force; and the limit of elas-
ticity. Iron and steel are elastic bodies, and admit of the
application of a considerable force before breaking, but
in ordinary cast-iron the limit of elasticity is low. The
elastic limit in any given quality of iron or steel will
depend partly on the mechanical treatment it has under-
gone, but if such treatment raises the elastic limit in one
direction it is done at the expense of its elastic limit in
the opposite direction ; thus, if the elastic limit be raised
for tension it is lowered for compression. The ultimate
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elongation is merely an average of the elongations of
the length of a bar, the parts of which have elongated
very differently, and that percentage will vary for every
different length of the bar for which it is calculated ;
hence in accurate testing an arrangement is used for
determining the condition of such different parts during
the progress of the test.

The shape and length of the test-piece, as well as the
method of holding it, also has an influence on its apparent
strength.  The old method of holding specimens was by
means of pins Fig. 70 A, and if the pin is sufficiently
large, and the hole exactly in the axis the plan is satis-
factory, but expensive. It is usual now to use shackles
with wedge-shaped grips for plate specimens, using test

B
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bars as shown in Fig. 70 B. With materials which are
brittle the test-bar must be recessed, but with ductile
materials it is often left parallel ; nevertheless the recessed
form is best, and the distance between the shoulders
should be eight or ten inches. Fig. 70 ¢, shows the
form of round bars for friction grips with V-shaped
recesses, which are simple and convenient. The defect of
a clip like this, is, that the specimen may slip a little on
the one side, being held less tightly than on the other;
the specimen then breaks by tearing. Many specimens
are prepared with a screw-thread chased on the ends, on
which nuts are screwed, these being held in a clip; this
plan is expensive, and is objectionable if the screw-
threads are not accurate. Professor Unwin considers
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the official German test-bar Fig. 70 D the best form of
specimen for tension experiments. The test-bar is formed
with collars, under which are placed two halves of a ring
having a spherical bearing-surface, the only objection
being its expense.

Tensile testing-machines.—These machines are
chiefly made with two pairs of jaws, in which the test-
piece is held, one pair being connected with the head
of the ram of a hydraulic cylinder, and the other end
with a lever carrying weights, by which the tensile-stress
exerted by the hydraulic power is measured. Some
machines have the jaws and test-piece so arranged as
to produce a pull in a vertical plane, while in others the
jaws are made to work horizontally.

Fig. 71 represents a simple 30-ton machine, in which

e %%Z !

A is the cast-iron bed-plate, B a hollow standard
supporting a beam or lever F at the top. ¢ is the
hydraulic pump, the ram of which is attached to a pair
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of jaws D. The opposite pair of jaws E are connected
with the levers F and G by a connecting rod H. The
lever F carries a jockey-weight K, and also a rod and
plate for supporting additional weights L, which represent
tons and half tons. The beam F is supported on a knife-
edge at M, the shorter arm being balanced by a dead-
weight. The distance of the knife-edge from the point
of attachment of the rod H is 2 inches, and the length of
the arm MN 56 inches, which gives a leverage of 28
to 1. When the jockey-weight K is placed at No. 20 of
the scale, it exerts a pull of 1 ton on the jaws E. The
bell-crank lever @ is also supported on brackets 0 ; it is
15 inches long, and the vertical distance from the point
of attachment to the knife-edges P is 3 inches, giving
a leverage of 5 to 1. The pull is exerted through a
third knife-edge shown at Q. Thus the total advantage
gained by the compound lever is 28 x 5 =140 ; therefore
a weight of 8 lbs. suspended at L represents 1120 Ibs. or
4 ton. The moveable
' grips or dies which
hold the test - piece
EE are shown in Fig.
- ‘ 71 B. They are par-
Fig.7..8 allel and serrated on
o  Toot their inner faces, but
tapered at the back
to an incline of 1 in
6, causing the grip to be tightened in proportion to the
pull, and loosened when the stress is removed. The
hydraulic ram has a stroke of 8 inches.

To test a bar of iron or steel § inch diameter and 8 to
12 inches long, it is placed in the grips and pressure
applied by the hydraulic pump, the jockey-weight being
at zero of the scale. A weight representing 21 tons is
placed on its seat, and the jockey gradually moved to-
wards the point marked 20. If this is found insufficient
to balance the pressure exerted by the pump, and the bar
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shows no signs of breaking, the jockey is returned to
zero and an additional weight added. The above process
is then repeated, and so on until the bar breaks, when
the weights added representing tons, and the position of
the jockey representing fractions of a ton, are noted, the
pump being worked continuously, except during the in-
tervals of moving the weights. The bar is then measured,
to determine its amount of elongation between two
marks previously made on the bar, and its reduction of
area at the point of rupture.

In making comparative tests it is essential that all
test-pieces should be of the same length and thickness,
for a thin section will give a proportionately higher resis-
tance per unit of area than a thicker one. The pro-
portional elongation before fracture is greater with short
pieces than with long ones.

Cast-iron.—The tensile strength of cast-iron is some-
times determined for special purposes, but it is much
more common to test it for transverse stress and the
amount of deflection without breaking. When the iron
is required for casting columns and similar work which
have to support great weights, its crushing strength is
then required to be known. The test-pieces for trans-
verse tests are generally cast 3 feet 6 inches long, 2
inches deep, and 1 inch wide, thus allowing a distance
of 3 feet between the supports. Now the strength of
a rectangular bar, supported at the ends and loaded at
the centre, is inversely as the distance between the sup-
ports, and diregtly as the width, and the square of the
depth. S=y';i . Therefore a bar 1 foot long between
the supports, and 1 square inch in section, would have
a strength equal to $ths that of the standard test-bar
mentioned above. :

Transverse testing-machine.—A 40 cwt. machine
for testing bars for transverse stress is represented in
Fig. 72. Tt consists of a bed-plate A of cast-iron, which
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supports a hollow square pillar B.  On the top of this
rests a wrought-iron lever ¢, balanced on a knife-edge D,
and adjusted by means of a counterpoise E. Inside the
pillar 1s an eye-bolt FF, through which the test-piece
is placed, the extremities of which pass through the

[2]
.
i

= i N
Fig.72.A
Feet
? 1 2 3

moveable dogs or eye-pieces GG Fig. 72 A, which may
be fixed 3 feet apart, or less if desired. Near the top
of the eye-bolt at H Fig. 72 B is another knife-edge
which supports the eye-bolt, and between the knife-edge
and the screw is placed a distance-piece, which prevents
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the point of the screw J from touching the knife-edge
when pressure is applied by the screw by means of the
hand-wheel K.

The arm CL is graduated to represent cwts. and frac-
tions of a cwt., and carries a heavy sliding-weight »,
moved by a small friction-roller. When the centre of
the weight points to 0, it is just counterpoised by the
weight E, and when it is at the mark 40, it exerts a
pressure of 40 cwts. on the centre of the test-bar. The
movement of the lever ¢ is limited by the check-bracket P.

The horizontal distance from the knife-edge D to the
line passing through the centre of the screw J, along
which the pressure is exerted, is 1§ inches, and the
distance from O to 40 of the scale is 35 inches, which
gives an advantage of 20 as regards leverage. The
weight M weighs 2 cwts.,, and this multiplied by 20
equals 40 cwts.

To test a bar of cast-iron it is placed in the position
shown in Fig. 72A. The centre of the weight M pointing
to 0, the screw is made tight and the sliding weight
moved a little away from zero, which causes the arm ¢
to dip. The screw is again tightened, which produces a
pull on the centre of the bar and restores equilibrium in
the lever c. The weight is again moved along the scale
and the screw again tightened. The amount of deflection
is now measured by means of a rule and calipers, and
the process repeated with frequent measurements until
the bar breaks, when the breaking weight is noted.

Punching and drilling.—Punching holes in iron
and steel plates weakens the metal more than drilling,
but if a smaller hole than required be punched and after-
wards rimered out to the proper size, the strength appears
to be about the same as by drilling alone. The effect
of punching is to cause a compressed ring round the
punched hole, and rimering removes the metal which is
thus forced into a state of tension.

The tensile strength of good wrought iron varies from



172 IRON AND STEEL MANUFACTURE.

20 to 27 tons per square inch, and that of steel from
27 tons upwards per square inch, varying with the
amount of carbon. The tenacity of both iron and steel
is considerably increased by cold-rolling, and by wire-
drawing. The following table will show the effect of
different proportions of carbon on iron :—

Carbon per cent. Te;:irl:qmli&z?“
15 34-39
12 37-40
‘9 56-59
6 | 37-41
33 33
21 27
06 22

The tensile strength of cast-iron varies from 4 to 14
tons per square inch of section, but the average of good
cast-iron is about 7% tons. The crushing strength is
about four times that of the tensile strength, ranging from
25 to 50 tons per square inch. The safe working stress
however is 7 tons for compression, and 1} tons for tension.
With regard to transverse stress, a bar of cast iron
3 feet long by 2 inches deep by 1 inch wide, is required
by engineers to bear a load at its centre of 25 to 30 cwts.
and to give } inch deflection without breaking.

QUESTIONS.

1. If you wished to produce a large steel casting, would you
use the open-hearth process or the Bessemer-process in the
production of the steel ? Give your reason for the selection.

2. What methods have been adopted for the prevention of
blow-holes in steel castings ?




QUESTIONS. 173

3. How do you account for the formation of blow-holes in
cast-steel ?

4. Why is steel cast under great pressure, as in Sir Joseph
Whitworth’s process, alleged to be superior to the same
kind of steel cast not under pressure ?

5. Steel-castings are sometimes found to be useless when
cold ; to what causes may the defect be attributed ?

6. What is the nature of silicon-ferro-manganese ; for what
is it used ; and how do you account for its efficacy ?

7. How are compound armour-plates o(f)repared ? What
advantages are gained by the peculiar mode of construction.

8. Describe tﬁe construction, mode of use, and advantages
of Gjery’ soaking-pits.

9. What kind of tests would you apply to a sample of
wrought iron and steel respectively to determine their value as
constructive materials ?

10. The tensile strength of iron is increased by the addition
of carbon. To what extent is this the case ?

11. What effect is produced on the tensile strength of a bar
of wrought iron by “cold-hammering” or “cold-rolling”
when the strength is tested in the usual manner and when
it is tested by concussive action ?

12. Define the terms * tensile-strength,” “stress,” * strain ”’
and “limit of elasticity.”

13. Describe with sketch some simple form of tensile
testing-machine.

14. What is the average ultimate tenacity of good cast-iron,
good wrought iron, mild steel, and high quality cast-steel ?

15. Show with the aid of a sketch the shape and dimen-
sions of a piece of steel used in determining its tenacity.

16. What influence have the dimensions and shape of the
test-piece on the result of the test ?

17. Describe the method used in various tensile testing-
machines for holding the test-piece, and state which method
is the most suitable.

18. What are the usual tests apfp]ied to cast-iron? Why
do they differ from those required for steel ?

19. Sketch and describe some form of transverse testing-
machine.

20. How would you conduct a transverse test with a sam-
ple of cast-iron, and what sized test-piece would you employ ?
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29 AND 30, BEDFORD STREET, COVENT GARDEN,
LonpoN, W.C., September, 1839

CLASSICS.

ELEMENTARY CLASSICS,
18mo, Eighteenpence ¢ach,

THIS SERIES FALLS INTO TWO CLASSES—

(1) First Reading Books for Beginners, provided not
only with Introductions and Notes, but with
Vocabularies, and in some cases with Exercises
based upon the Text

(2) Stepping-stones to the study of particular authors,
intended for more advanced students who are beginning
to read such authors as Terence, Plato, the Attic Dramatists,
and the harder parts of Cicera, Horace, Virgil, and
Thucydides.

These are provided with Introductions and Notes, but
no Vocabulary. The Publishers have been led to pro-
vide the more strictly Elementary Books with Vocabularies
by the representations of many teachers, who hold that be-
ginners do not understand the use of a Dictionary, and of
others who, in the case of middle-class schools where the
cost of books is a serious consideration, advocate the
Vocabulary system on grounds of economy. It is hoped
that the two parts of the Series, fitting into one another,
may together fulfil all the requirements of Elementary and
Preparatory Schools, and the Lower Forms of Public
Schools.

10.9.8 b2
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The following Elementary Books, with Introductions,
Notes, and Vocabularies, and in some cases with
Exercises, are either ready or in preparation:—

Aeschylus.—pROMETHEUS VINCTUS. Edited by Rev. H.
M. STEPHENSON, M. A,

Arrian.—SELECTIONS. Edited for the use of Schools, with
Introduction, Notes, Vocabulary, and Exercises, by Rev. JoHN
BonDp, M.A., and A. S. WALPOLE, M. A. .

Aulus Gellius, Stories from. Being Selections and
Adaptations from the Noctes Atticae. Edited, with Exercises for
the use of Lower Forms, by Rev. G. H. NALL, M.A., Assistant
Master in Westminster School.

Caxsar.—THE HELVETIAN WAR. Being Selections from
Book I. of the ‘ De Bello Gallico.” Adapted for the use of
Beginners. With Notes, Exercises, and Vocabulary, by W,
WELCH, M.A,, and C. G. DUFFIELD, M. A,

THE INVASION OF BRITAIN. Being Selections from Books
IV. and V. of the “ De Bello Gallico.” Adapted for the use of
Beginners. With Notes, Vocabulary, and Exercises, by W,
WELCH, M.A., and C. G. DUFFIELD, M.A.

THE GALLIC WAR. BOOK I. ‘Edited by A.S. WALPOLE,
M

LA

THE GALLIC WAR. BOOKS IIL axp III. Edited by the
Rev. W. G. RUTHERFORD, M.A., LL.D., Head-Master of West-
mibster.

THE GALLIC WAR. BOOK IV. Edited by CLEMENT BRYANs,
M.A., Assistant-Master at Dulwich College.

THE GALLIC WAR. SCENES FROM BOOKS V. anp VI,
Edited by C. COLBECK, M.A., Assistant-Master at Harrow ;
formerly Fellow of Trinity College, Cambridge.

THE GALLIC WAR. BOOKS V. AND VI. (separately). By
the same Editor. Book V. ready. Book VL. in preparation.

THE GALLIC WAR. BOOK VII. Edited by Rev. JOHN
BonD, M.A,, and A. S. WALPOLE, M. A.

Cicero.—DE SENECTUTE. Kdited by E. S. SHUCKBURGH,
M.A., late Fellow of Emmanuel College, Cambridge.

DE AMICITIA. By the same Editor.

STORIES OF ROMAN HISTORY. Adapted for the Use of
Beginners. With Notes, Vocabulary, and Exercises, by the Rev.
G. E. JEaNs, M.A., Fellow of Hertford College, Oxford, and
A. V. JoNEs, M.A. ; Assistant-Masters at Haileybury College.

Eutropius.—Adapted for the Use of Beginners. With Notes,
Vocabulary, and Exercises, by WiLLiIAM WELCH, M.A., and C.
G. DUrrFIELD, M.A., Assistant-Masters at Surrey County School,
Cranleigh.

Homer.—[LIAD. BOOK 1. Edited by Rev. JouN BonD, M.A.,
and A. S. WALPOLE, M. A, ’
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Homeér.—ILIAD. BOOK XVIIL. THE ARMS OF ACHILLES,
Edited by S. R. JAMES, M. A., Assistant-Master at Eton College.
ODYSSEY. BOOK 1. Edited by Rev. JoHN BoND, M.A. and
A. S. WALPOLE, M. A.
Horace.—ODES. BOOKS I.—IV. Edited by T. E. PAce, M.A.,
late Fellow of St. John’s College, Cambridge ; Assistant-Master
at the Charterhcuse, Each 1s. 6d. -

Latin Accidence and Exercises Arranged for Be-
GINNERS. By WiLLIAM WELCH, M. A,, and C. G. DUFFIELD,
M.A., Assistant Masters at Surrey County School, Cranleigh,

Livy.—BOOK 1. Edited by H. M. STEPHENSON, M.A., late

* liead Master of St. Peter’s School, York.

BOOKS XXI. and XXII, (separately), with Notes adapted
from Mr. Capes’ Edition, for the use of junior students, and with
Vocabularies by J. E. MELHUISH, M.A., Assistant-Master in St.’
Paul’s School. [ £ the press.

‘THE HANNIBALIAN WAR. Being part of the XXI. AND
XXII. BOOKS OF LIVY, adapted for the use of beginners,
by G. C. MacaurLay, M.A,, late Fellow of Trinity College,
Cambridge.

THE SIEGE OF SYRACUSE. Being rart of the XXIV, AND
XXV. BOOKS OF LIVY, adapted for the use of beginners.
With Notes, Vocabulary, and Exercises, by GEORGE RICHARDS,
M.A., and A. S. WALPOLE, M. A. .

LEGENDS OF EARLY ROME. Adapted for the use of begin-
ners. With Notes, Exercises, and Vocabulary, by HERBERT
WILKINSON, M. A. [ 72 preparation.

Lucian.—EXTRACTS FROM LUCIAN. Edited, with Notes,
Exercises, and Vocabulary, by Rev. JoHN BonND, M.A., and
A. S. WALPOLE, M. A.

Nepos.—SELECTIONS ILLUSTRATIVE OF GREEK AND
ROMAN HISTORY. Edited for the use of beginners with
Notes, Vocabulary and Exercises, by G. S. FARNELL, M. A,

Ovid.—SELECTIONS. Edited by E. S. SHUCKBURGH, M.A,
late Fellow and Assistant-Tutor of Emmanuel College, Cambridge.

EASY SELECTIONS FROM OVID IN ELEGIAC VERSE.
Arranged for the use of Beginners with Notes, Vocabulary, and
Exercises, by HERBERT WILKINSON, M. A.

STORIES FROM THE METAMORPHOSES. Edited for the
Use of Schools. With Notes, Exercises, and Vocabulary. By
J. BoNnD,M.A,, and A. S. WALPOLE, M. A.

Pheedrus.—SELECT FABLES. Adapted for the Use of Be-
ginners. With Notes, Exercises, and Vocabularies, by A. S.
WALPOLE, M.A.

Thucydides.—THE RISE OF THE ATHENIAN EMPIRE.
BOOK I. cc. LXXXIX. — CXVIL. AND CXXVIIL —
CXXXVIIIL Edited with Notes, Vocabulary and Exercises, by F.
H. CoLsoN, M. A., Senior Classical Master at Bradford Grammar
School ; Fellow of St. John’s College, Cambridge.
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Virgil.—£NEID. BOOK I Edited by A. S. WALPOLE, M.A.

ZNEID. BOOK I Edited by T. E.Pacr, M.A., Assistant-
Master at the Charterhouse.

ZNEID. BOOKIIL Edited by T. E. PAGE, M. A, [77 preparation.

m:::mo. BOOK IV. Edited by Rev. H. M. STEPHENSON,

LA,

ZNEID. BOOK V. Edited by Rev. A. CALVERT, M.A.,
late Fellow of St. John’s College, Cambridge,

ZNEID. BOOK VI. , Edited by T, E. PAGE, M.A.

ZNEID. BOOK VIL' Edited by A. CALVEKT, M.A.

[In the press;
ZNEID. BOOK IX. Edited by Rev. H. M. STEPHENSON,
M.A

GEORGICS. BOOK I Edited by T. E. Pace, M.A.

{27 2he press.
SELECTIONS. Edited by E. 8. Suvcksvren, M.A,

Xenophon.—ANABASIS. BOOK I Fdited by A. S.
WALPOLE, M.A.

ANABASIS. BOOK I. Chaps. I.—VIIL. for the use of Begimuers,
with Titles to the Sections, Notes, Vocabulary, and Exercises, by
E. A. WELLS, M. A., Assistant Master in Durham School.

ANABASIS. BOOK II. Edited by A. 5. WarLrorLg, M. A,

ANABASIS, SELECTIONS FROM. BOOK IV. THE RE-
TREAT OF THE TEN THQOUSAND. Edited, with Notes,
Vocabulary, and Exercises, by Rev. E, D, SToNE, M. A., formerly
Assistant-Master at Eton.

SELECTIONS FROM THE CYROPALDIA. Edited, with
Notes, Vocabulary, and Exercises, by A. H. Cookr, M. A., FelloWw
and Lecturer of King’s College, Cambridge.

The following more advanced Books, with Introductions
and Notes, but no Vocabulary, are either ready, or in
preparation ;—

Cicero.—SELECT LETTERS. Edited by Rev, G. E. Juans,
M.A., Fellow of Hertford College, Oxford, and Assistanit-Master
at Haileybury College,

Euripides.—HECUBA. Edited by Rev. JoMN Bonp;, ML.A.
and A. S. WALPOLE, M. A,

Herodotus.—SELECTIONS FROM BOOKS VIl Anp VIIL
THE EXPEDITION OF XERXES. Edited by A. H. Cookr,
M.A., Fellow and Lecturer of King’s College, Cambridge.

Horace. — SELECTIONS FROM THE SATIRES AND
EPISTLES. Edited by Rev. W. J. V. BAKER, M.A., Felluw of
St. John’s College, Cambridge.
SELECT EPODES AND ARS POETICA. Edited by H. A,
DALTON, M. A., formerly Senior Student of Christchureh ; Assistant-
Master in Winchester College.




CLASSICAL SERIES. y

Plato.—~EUTHYPHRO AND MENEXENUS. Edited by €. E.
GRAVES, M.A., Classical Lecturer and late Fellow-of St. John’s
, College, Cambdridge.
Terence.—SCENES FROM THE ANDRIA. FEdited by F. W.
CorNIsH, M.A., Assistant-Master at Etan College. .
The Greek Elegiac Poets.— FROM CALLINUS TO
CALLIMACHUS. Selected and Edited by Rev. HErszeT
KvyNastoN, D.D., Principal of Cheltenham College, and formerly
Fellow of st. John’s College, Cambridge. )
Thucydides.—BOOK IV. Cus. L—XLI. THE CAPTURE
. OF SPHACTERIA. Edited by C. E. GRAVEs, M.A.
Virgil.—GEORGICS. BOOK II. Edited by Rev. J. H. SKRINE,
M. A., late Fellow of Merton Cotlege, Oxford ; Warden of Trinity
College, Glenalmond.
2.8 Other Volumes to follow,

CLASSICAL SERIES
FOR COLLEGES AND SCHOQLS.
Feap. 8vo.

Being_ select pprtions of Greek and latin authors, edited

with Introductions and Notes, for the use of Middle and

Upper forms of Schodls, or of candidates for Public

Examinations at the Universities and elsewhere.

Aischines.— IN CTESIPHONTEM. Edited by Rev. T.
GWATKIN, M.A,, late Fellow of St. John's College, Cambridge,
and E. S. Shuckburgh, M. A, [ the press.

Aischylus, —PERSA. Edited by A. O. PRICKARD, M.A.
Fellow and Tutor of New College, Oxford. With Map.  3s. 64,

SEVEN AGAINST THEBES, SCHOOL EDITION. Edited
by A. W. VErrALL, Litt.D., Fellow of Trinity College,
Cambridge, and M. A. BAYFIELD, M. A., Head-Master’s Assistant
at Malvern College. 3s. 6d. :

Andocides.—DE MYSTERIIS. Editedby W, J. Hickix, M.A.,
formerly Assistant-Master in Denstone College. 25, 6d.

Attlc Oratdl‘S.-,—Selections from ANTIPHON, ANDQOCIDES,
{YSIAS, ISOCRATES, AND ISAEUS. Edited, by R. C.
Jess, Litt.D., LL.D., Professor of Greek in the University
of Cambridge. Second Edition. 6s.

Cazsar.—THE GALLIC WAR. Edited, after Kraner, by Rev.
JonN Boxp, M.A., aud A. S. WALPOLE, M.A. With Maps. 6s.

Catullus.—SELECT POEMS. Edited by F. P. SimpsoN, B.A.,
late Scholar of Balliol College, Oxford. New and Revised
‘fdition, 5s. The Text of this Edition is carefully adapted fo
School use.
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Cicero.—THE CATILINE ORATIONS. From the German
of KArRL HALM. Edited, with Additions, by A. S. WILKINs,
Litt.D., LL.D., Professor of Latin at the Owens College, Man-
chester, Examiner of Classics to the University of London. New
Edition. 3s. 6d.

PRO LEGE MANILIA. Edited, after HALM, by Professor A. S.
WILKINS, Litt.D., LL.D. 25, 6a'.

THE SECOND PHILIPPIC ORATION. From the German
of KArL HALM. Edited, with Corrections and Additions,
by Joun E. B. MAYoR, Professor of Latin in the University of
Camb:dge, and Fellow of St. John’s College. New Edition,
revised. §s

PRO ROSCIO AMERINO. Edited, after HaLM, by E. H,
DoNkIN, M.A., late Scholar of Lincoln College, Oxford; Assis-
tant-Master at Sherborne School. 4s. 6d.

PRO P. SESTIO. Edited by Rev. H. A. HoLDEN, M.A,, LL.D,,
late Fellow of Trinity College, Cambridge ; and late "Classical
Examiner to the University of London. §s.

Demosthenes.—DE CORONA. Edited by B. DRAKE, M.A.,
late Fellow of King’s College, Cambridge. New and revised
Edition, edited by E. S. SHUCKBURGH, M. A. [/n the press.

ADVERSUS LEPTINEM. Edited by Rev. J. R. KinG, M.A,,
Fellow and Tutor of Oriel College, Oxford. . 6d.

THE FIRST PHILIPPIC, Edited, after C. REHDANTZ, b Rev.
T. GWATKIN, M.A., late Fellow of St. John’s College, Cam

2s. 6d.
IN MIDIAM. Edited by Prof. A. S. WILKINs, Litt.D., LL.D.,
and HERMAN HAGER, Ph.D., of the Owens College, Manchester.
[4n preparation.
Euripides..—HIPPOLYTUS. Edited by J. P. MAHAFFY, M.A.,
Fellow and Professor of Ancient History in Trinity College, Dub-
lin, and J. B. BURY, Fellow of Trinity College, Dublin. 3s. 6d.
MEDEA. [Edited by A. W. VERrALL, Litt. D,, Fellow and
Lecturer of Trinity College, Cambridge. 3. 64.
IPHIGENIA IN TAURIS. Edited by E. B. ENGLAND, M.A,,
Lecturer at the Owens College, Manchester. 4s. 6d.
ION. Edited by M. A. BAYFIELD, M. A., Headmaster’s Assistant
at Malvern College. 3s. 6d.
BACCHAE. Edited by R. Y. TYRRELL, M. A., Professor of Greek
in the University of Dublin. [/n preparation.

Herodotus.—BOOK III. Edited by G. C. MacauLAY, M.A_,
formerly Fellow of Trinity College, Cambndge [Zn prefaratwn. -
BOOKS V. AND VI. Edited by J. STRACHAN, M.A., Professor
of Greek in the Owens College, Manchester. [/7 pr:parahon.

BOOKS VIIL. anp VIII. Edited by Mrs. MONTAGU BUTLER.
[Zn the press.

Hesiod—THE WORKS AND DAYS. Edited by W. T.
LENDRUM, Assistant Master in Dulwich College. [/ pre/mmhon.
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Homer.—ILIAD. BOOKS I, IX., XI., XVL.—XXIV. THE
STORY OF ACHILLES. Edited by the late J. H. PrartT,
M.A., and WALTER LEAF, Litt.D., Fellows of Trinity College,
Cambridge. 6s.

ODYSSEY. BOOK IX. Edited by Prof. JoHN E.B. MAYOR. 2s. 6d.
ODYSSEY. BOOKS XXI.—XXIV." THE TRIUMPH OF

- ODYSSEUS. Edited by S. G. IIaMILTON, B.A., Fellow of

Hertford College, Oxford. 3s. 64.

Horace.—THE ODES. Edited by T. E. PAGe, M.A., formerly
Fellow of St. John’s College, Cambridge ; Assistant-Master at
the Cthar;erhouse. 6s. (BOOKS 1., II., IIL, and IV. separately,
2s. each.

THE SATIRES. Edited by ARTHUR PALMER, M. A., Fellow of
Trinity College, Dublin; Professor of Latin in the University of
Dublin. 6s.

THE EPISTLES AND ARS POETICA. Edited by A. S.
WiLkINs, Litt.D., LL.D., Professor of Latin in Owens College,
Manchester ; Examiner in Classics to the University of
London. 6s.

Isaeos.—THE ORATIONS. Edited by WILLIAM RIDGEWAY,
M.A., Fellow of Caius College, Cambridge; and Professor of
Greek in the University of Cork. [Zn preparation.

Juvenal. THIRTEEN SATIRES., Edited, for the Use of
Schools, by E. G. Harpy, M.A., late Fellow of Jesus College,
Oxford. 5.

The Text of this Edition is carefully adaptea to School use. |
SELECT SATIRES. Edited by Professor JoHN E. B. MAYOR.
X. AND XI. 3s.64. XIL—XVI. 4. 64.

Livy.—BOOKS II anD III. Edited by Rev. H. M. STEPHENSON,

M.A. 5

BOOKS }s(XI. AND XXII. Edited by the Rev. W. W. CArss,
M.A. With Maps. 5s.

BOOKS XXIII. AND XXIV. Edited by G. C. MacAauLAy, M.A.
‘With Maps. 5s.

THE LAST TWO KINGS OF MACEDON. EXTRACTS
FROM THE FOURTH AND FIFTH DECADES OF
LIVY. Selected and Edited, with Introduction and Notes, by
F. H. RAWLINs, M. A., Fellow of King’s College, Cambridge ; and
Assistant-Master at Eton. With Maps. 3s. 64.

THE SUBJUGATION OF ITALY. SELECTIONS FROM
THE FIRST DECADE. Edited by G. E. MARINDIN, M.A,,
formerly Assistant Master at Eton. [4n preparation.

Lucretius. BOOKS IL.—III. Edited by J. H. WARBURTON
LEE, M.A., late Scholar of Corpus Christi College, Oxford, and
Assistant-Master at Rossall. 4. 64.

Lysias.—SELECT ORATIONS. Edited by E. S. SHUCKBURGH,
M.A., late Assistant-Master at Eton College, formerly Fellow and
Assistant-Tutor of Emmanuel College, Cambridge. New Edition,
revised. 6s.
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Martial. — SELECT EPIGRAMS. FEdited by Rev. H. M.

STEPHENSON, M.A. New Edition, Revised and Enlarged. 6s. 64.
Ovid.—FASTI. Edited by G. H. HaLram, M.A., Fellow of St.
ohn’s College, Cambridge, and Assistant-Master at Harrow.
ith Maps. 5t
H%iRgIDl}JM { EFISTULZ XIIL Tdited by E. 5. Suvexavors,
TRISTIA“.J Edited by the same. In atioss.
METAMORPHOSES. BOOKS I.-—Iil. Edited by C. SiMMONS,
M.A. : Iln preparation.
METAMORPHOSES. BOOKS& XIII. anp XIV. Edited by
C. S1MMONs, M.A. 4. 64.
Plato.—LACHES. Edited, with Introduction and Notes, by M. T.
TATHAM, M. A, formerly Assistant Master at Westminster. 2s. 64.
THE REPUBLIC. BOOKS I.—V. Edited by T. H. WARR=N,
M.A., President of St. Mary Magdalen College, Oxford. 6s.
Plautus.—MILES GLORIOSUS. Edited by R. Y. TvRRELL,
M.A., Fellow of Trinity College, and Regius Professor of Greek in
the University of Dublin, Second Edition Revised. §s.
AMPHITRUO. Edited by ARTHUR PALMER, M.A., Fellow of
Trinity College and Regius Professor of Latin in the University
of Dublin. [ the press.

Pliny.—LETTERS. BOOK I{I. Edited by Professor JorN E. B.

MaYyor. With Life of Pliny by G, H. RENDALL, MLA. 3s
LETTERS. BOOKS I. and If. Edited by J. Cowan, sB.A.,

Assistant-Master 1n the Grammar School, Manchester. ‘
[Z5 the press.

Plutarch.—LIFE OF THEMISTOKLES. Edited by Rew,
H. A. HoLDpEN, M.A,, LL.D. §s.

LIVES OF GALBA AND OTHO. Edited by E. G. HarpYy, M.A
. [In the press

Polybius.—THE HISTORY OF THE ACHZAAN LEAGUE
AS CONTAINED IN THE REMAINS OF POLYBIUS.
Edited by W. W. CaPEs, M.A. 6. 64,

Propertius.—SELECT POEMS, Xdited by Professor J. P.
POSTGATE, M.A., Fellow of Trinity College, Cambridge. Second
Edition, revised. .

Sallust.—CATILINA aNp JUGURTHA. Edited by C. MErI-
vALE, D.D., Dean of Ely. New Edition, carefully revised and
enlarged, 4s. 64. Or separately, 2s. 6d, each.

BELLUM CATULINAE. Edited by A. M, Cook, M.A., Assist.
ant Master at St. Paul’s School. 4s. 64,
JUGURTHA. By the same Editor. [/n preparation

Tacitus.—AGRICOLA aAnp GERMANIA. Edited by A. J.
CHURCH, M.A., and W. J. BroDRriBB, M.A., Translators &
Tacitus. New-Edition, 3s. 64. Or separately, 2s. each.

THE ANNALS. BOOK VI. By the same Editors. 2s. 6d.
THE HISTORIES. BOOKS I. anp 1I. Edited by A, D,
GoDLEY, M.A. 5.
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Tacitus.—THE HISTORIES. BOOKS IIL.—V. By the same

Editor, [/ the {rzs:.
THE ANNALS. BOOKS I axp II. Edited by J. S. REID,
M.L., Litt.D, [/n preparation.

Ter‘ence.—HAUTON TIMORUMENOS. Edited by E. S,
SHUCKBURGH, M.A. 3s. With Translation, 4s. 6d.
PHORMIO. Edited by Rev. Joun Bonp, M.A., and A. S.
. WALPOLE, M.A. 4s5.°64. .
Thucydides. BOOK IV. Edited by C. E. Graves, M.A.,

Classical Lecturer, and late Fellow of St. John’s College,
Cambridge. ¢,

BOOK V. By the same Editor. [ 17 the press.
BOOKS I, 11, AND III. Edited by C. Bryaxs, M.A.
[Inn preparation.

BOOKS VI. ANDVII. THE SICILIAN EXPEDITION. Edited
by the Rev. PERCIVAL FRrosT, M.A., late Fellow of St. John’s
College, Cambridge. New Edition, revised and enlarged, with

af. 5.
Tibullus—SELECT POEMS. Edited by Professor J. P.
PoSTGATE, M.A. [Z preparation.
Virgil.—ENEID. BOOKS IL anp III. THE NARRATIVE
" OF ZNEAS. Edited by E. W. Howson, M.A., Fellow of King’s
College, Cambridge, and Assistant-Master at Hairow. 3s.
Xenophon.—HELLENICA, BOOKS 1. anp II. Edited by
H. HAILSTONE, B.A,, late Scholar of Peterhouse, Cambridge.
With Map. 4s. 6d.
CYROPADIA. BOOKS VII. anp VIII. Edited by ALFRED
GooDWIN, M.A., Professor of Greek in University College,

London. 5§s.

MEMORABILIA SOCRATIS. Edited by A. R. CLUER, B.A,,
Balliol College, Oxford. 6s.

THE ANABASIS. BOOKS I.—IV. Edited by Professors W. W,
GoopWwIN and J. W. WHITR. Adapted to Goodwin’s Greek

rammar. With a Map, §s.

HIERO. With Introduction, Summaries, Critical and Explanatory
Notes apd Indices, and Critical Appendix. Edited by Rev.
H. A, HoLpeN, M.A., LL.D. Third Edition, revised. ~3s. 6d.

OECONOMICUS. By the same Editor. With Introduction,
Explanatory - Notes, Critical Appendix, and Lexicon, Fourth

Edition. 62,
* & Other Volumes will follow,

CLASSICAL LIBRARY.

(1) Texts, Edited with Introductions and Notes,
for the use of Advanced Students. (2) Commentaries
and Translations.
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Aschylus.—THE EUMENIDES. The Greek Text, with
Introduction, English Notes, and Verse Translation. By BERNARD
?RAKE, M.A., late Fellow of King’s College, Cambridge.

vo. §S.
AGAMEMNON. Edited, with Iantroduction and Notes, by A. W,
VERRALL, Litt.D. 8vo. [ /7 the press.
AGAMEMNON, CHOEPHORE, AND EUMENIDES.
Edited, with Introduction and Notes, by A. O. PRICKARD, M.A.,
Fellow and Tutor of New College, Oxford. 8vo.
[/ preparation,
THE ¢“SEVEN AGAINST THEBES.” Edited, with Intro-
duction, Commentary, and Translation, by A. W. VERRALL,
Litt.D., Fellow of Trinity College, Cambridge. 8vo. 7s. 64.
THE SUPPLICES. A Revised Text, with Introduction, Critical
Notes, Commentary and Translation. By T. G. TuCKER, M.A.,
Fellow of St. John's College, Cambridge, and Professor of Classical
Philology in the Univer~ity of Melbourne. 8vo. [/n the press.

Antoninus, Marcus Aurelius.—BOOK IV. OF THE
MEDITATIONS. The Text Revised, with Translation and
Notes, by HASTINGS CROSSLEY, M.A., Professor of Greek in
Queen’s College, Belfast. 8vo, 6s.

Aristotle.—THE METAPHYSICS. BOOK I. Translated by
a Cambridge Graduate. 8vo. 5s.

THE POLITICS. Edited, after SusemidL, by R. D. HIcks,
M.A., Fellow of Trinity College, Cambridge. 8vo.

[{n the press.

THE POLITICS. Translated, with Analysis and Critical Notes,
by Rev. J. E. C. WELLDON, M.A., Fellow of King's College,
Cambridge, and Head-Master of Harrow School. Second Edition,
revised. Crown 8vo. 10s. 6d.

THE RHETORIC. Translated, with an Analysis and Critical
Notes, by the same. Crown 8vo. 7s. 64,

THE ETHICS. Translated, with an Analysis and Critical Notes,
by the same. Crown 8vo. [/ preparation.

AN INTRODUCTION .TO ARISTOTLE’S RHETORIC.
With Analysis, Notes, and Appendices. By E. M. CoPE, Fellow
and Tutor of I'rinity College, Cambridge. 8vo. 14s.

THE SOPHISTICI ELENCHI. With Translation and Notes
by E. PosTg, M.A., Fellow of Oriel College, Oxford. &vo. 8s. 6d.

Aristophanes.—THE BIRDS. Translated into Lnglish Verse,
with Introduction, Notes, and Appendices, by B. H. KENNEDY,
D.D., Regius Professor of Greek in the University of Cambridge.
Crown 8vo. 6s. Help Notes to the same, for the use of
Students, 15. 6d.

Attic Orators.—FROM ANTIPHON TO ISAEOS. By
R. C. JEBB, Litt.D., LL.D., Frofessor of Greek in the University
of Cambridge. 2 vols. 8vo. 2§s.
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Babrius.—Edited, with Introductory Dissertations, Critical Notes,
Commentary and Lexicon. By Rev. W. GUNION RUTHERFORD,
M.A., LL.D.,Head-Master of Westminster. 8vo. 12s. 64.

Catullus.—SELECT POEMS. With Commentary Illustrative of
Roman Social Life. By W. M. RaMmsAy, M.A., Professor of
Latin in the University of Aberdeen. [2n preparation.

Cicero.—THE ACADEMICA. The Text revised and explained
by J. S. Remp, M.L., Litt.D., Fellow of Caius College, Cam-
bridge. 8vo. 15s.

THE ACADEMICS. Translated by J. S. REmp, M.L., Litt.D.
8vo. 5s. 6d.

SELECT LETTERS. After the Edition of ALBERT WATSON,
M.A. Translated by G. E. JeaNs, M.A., Fellow of Hertford
College, Oxford, and late Assistant-Master at Haileybury. Second-
Editio:. Revised. Crown 8vo. 10s. 6d.

) (See also Classical Sertes.)

Euripides.—MEDEA. Edited, with Introduction and Notes, by

A, W. VErrALL, Litt.D. 8vo. 7s. 6d.

IPHIGENIA IN AULIS. Edited, with Introduction and Notes,
by E. B. ENGLAND, M.A. 8vo. [/n preparation.

INTRODUCTION TO THE STUDY OF EURIPIDES. By
Professor J. P. MAHAFFY. Fcap. 8vo. 1s. 6d. (Classical Writers.)

(See also Classical Series.)

Herodotus.—BOOKS I.—III. THE ANCIENT EMPIRES

OF THE EAST. Edited, with Notes, Introductions, and Ap-
ndices, by A. H. SAYCE, Deputy-Professor of Comparative
F;ilology, Oxford ; Honorary LL.D., Dublin. Demy 8vo. 16s.

BOOKS IV.—IX. Edited by REGINALD W. MacaN, M.A,,

Lecturer in Ancient History at Brasenose College, Oxtord. 8vo.
[Zn preparation.

HERODOTUS. Tiranslated with Introduction, Notes and Indices,
by G. C. MacauLAY, M. A., formerly Fellow of Trinity College,
Cambridge, and Assistant Master at Rugby. 2 vols. Crown 8vo.

. [4n the press.

Homer.—THE ILIAD. Fdited, with Introduction and English
Notes, by WALTER LEAF, Litt.D., late Fellow of Trinity College,
Cambridge. 8vo. In Two Volumes. Vol. I. Books I.—XII. 14s.
Vol. I1. Books XIII.—XIV. 14s.

THE ILIAD. Translated into English Prose. By ANDREW
LANG, M.A., WALTER LEeaF, Lit.D., and ERNEST MYERS,
M.A. Crown8vo. 125 6d.

THE ODYSSEY. Done into English by S. H. BUTCHER, M.A.,
Professor of Greek in the University of Edinburgh, and ANDREW
LANG, M.A., late Fellow of Merton College, Oxford. Seventh
and Cheaper Edition, revised and corrccted. Crown 8vo. 6s.

INTRODUCTION TO THE STUDY OF HOMER. By the
Right Hon. W, E. GLADSTONE, M.P. 18mo. Is. (Literature
Primers.)
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Homer.—HOMERIC DICTIONARY. For Use in Schools and
Colleges. Translated from the German of Dr. G, AUTENRIETH,
with Additions and Corrections, by R. P. KEgp, Ph.D, With
numerous Illustrations. Crown 8vo. 6s.

(See also Classical Seyies.)

Horace.—THE WORKS OF HORACE RENDERED INTO
ENGLISH PROSE. With Introductions, Running Analysis,
Notes, &¢. By ]J. LONSDALE, M.A., and S. L, M.A. (Glod
Edition.) 3s. 6d.

STUDIES, LITERARY AND HISTORICAL, IN THE
ODES OF HORACE. By A. W, VERRALL, Litt.D., Fellow of
College, Cambridge. Demy 8vo. 8s. 64.

(See also Classical Series.)

Juvenal.—THIRTEEN SATIRES OF JUVENAL. With a
Commentary. By JoHN E. B, MAYOR, M. A., Professor of Latin
in the University of Cambridge, Crown 8vo.

*.* Vol. 1. Fourth Edition, Revised and Enlarged. 10s. 64
Vol. 1. Second Edition. 10s. 64.

*,* The new matter consists of an Introduction (pp. ¥—53), Addi-
tional Notes (pp. 333—466) and Index (pp. 467—526). It is also
issued separately, as a Supplement to the previous edition, at §s.

THIRTEEN SATIRES. Translated into English after the Text
of.]J. E. B. MAYOR by ALEXANDER LEEPER, M.A., Warden
of Trinity College, in the University of Melbourne, Crawn &vos

3s. 6d.
(See also Classical Series.)

Ktesias.—THE FRAGMENTS OF THE PERSIKA OF
KTESIAS., [Edited with Introduction and Notes by JoHN
GILMORE, M.A. 8vo. & 6d.

Livy.—BOOKS L.—IV. Translated by Rev. H. M. STEPHENSON,
M.A., late Head-Master of St. Peter’s School, York.
[4n preparation.
BOOKS XXI—XXV. Translated by ALFRED JoHN CHURCH,
M.A., of Lincoln College, Oxford, Professor of Latin, University
College, London, and WILLIAM JACKSON BRODRIRB, M.A., late
Fellow of St. John’s College, Cambridge. Cr. 8vo. 7s. 6d.
INTRODUCTION TO THE STUDY OF LIVY. By Rev.
W. W. CarEs, Reader in Ancient History at Oxford. Fcap. 8vo.
15, 6d. (Classical Writers Series.)
(See also Classical Series.)

Martial. —BOOKS I. anp II. OF THE EPIGRAMS. Edited,
with Introduction and Notes, by Professor J. E. B. MAYOR, M. A.
8vo. [1% the press.

(See also Classical Series.)

Pausanias.—DESCRIPTION OF GREECE. Translated by
J. G. FRAZER, M. A,, Fellow of Trinity College, Cambridge.

[Zn dreparation.
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?hglgnxchua—THE NEW PHRYNICHUS ; being a Revised

ext of the Ecloga of the Grammarian Phrynichus. With Intro-
duction and Commentary by Rev. W. GUNION RUTHERFORD,
M.A., LL.D., Head-Master of Westminster. 8vo. 18s

Pindar—THE EXTANT ODES OF PINDAR. Translated
into En‘hl?h, with an Introduction and short Notes, by ERNEST

" MYERS, M.A., late Fellow of Wadham College, Oxford. Second
Edition. Crown 8vo. §s.

THE OLYMPIAN AND PYTHIAN ODES. Edited, with an
Introductory Essay, Notes, and Indexes, by BASIL GILDERSLEEVE,
Professor of Greek in the Johns Hopkins University, Baltimore,
Crown 8vo. 7s. 6d.

Plato.—PHZEDO. FEdited, with Introduction, Notes, and Appen-
dices, by R. D. ARCHER-HIND, M. A., Fellow of Trinity College.
Cambridge. 8vo. 8s. 64.

TIMAEUS.—Edited, with Introduction, Notes, and a Translation,
by the same Editor. 8vo. 16s.

PHZAEDO. Edited, with Introduction and Notes, by W. D. GEDDEs,
LL.D., Principal of the University of Aberdeen. Second Edition.
Demy 8vo. 8s. 6d.

THE REPUBLIC OF PLATO. Translated into English, with an
Analysis and Notes, by J. LL. DAVIES, M.A., and D. J. VAUGHAN,
M.A. 18mo. 4s. 64.

EUTHYPHRO, APOLOGY, CRITO, AND PHEDO. Trans-
lated by F. J. CHURCH., 18mo. 4. 64.

PHADRUS, LYSIS, AND PROTAGORAS. A New and
Literal Translation, mainly from the text of Bekker. By J.
WRIGHT, M. A., Trinity College, Cambridge. 18mo. 4. 6d.

(Sce also Classical Series.)

Plautus.—THE MOSTELLARIA OF PLAUTUS. With Notes,
Prolegomena, and Excursus. By WILLIAM RAMsAy, M.A.,
formerly Professor of Humanity in the University of Glasgow.
Edited by Professor GEORGE G. RaMsay, M. A., of the University
of Glasgow. 8vo. 14s.

. (See also Classical Series.)

Pliny.—CORRESPONDENCE WITH TRAJAN. C. Plinii
Caecilii Secundi Epistulae ad Traianum Imperatorem cum Eiusdem
Responsis.  Edited, with Notes and Introductory Essays, by
E. G. HArRDY, M.A., Fellow of Jesus College, Oxford, and for-
merly Head Master of Grantham School. 8vo. 10s. 64.

Polybius.—THE HISTORIES OF POLYBIUS. Translated
from the Text of F. HuLTscH by E. S. SHUCKBURGH, M.A,,
late Fellow of Emmanuel College, Cambridge. 2 vols. Crown

vO. 24,

Sallust.—CATILINE AND JUGURTHA. Translated, with
Introductory Essays, by A. W. PoLLARD, B.A. Crown 8vo. 6s.
THE CATILINE (separately). Crown 8vo. 3s.

(See also Classical Series.)
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Sophocles.—@EDIPUS THE KING. Translated from the
Greek of Sophocles into Enélish Verse by E. D. A. MORSHEAD,
M.A,, late Fellow of New College, Oxford ; Assistant Master at
Winchester College. Fcap. 8vo. 3s. 64.

Tacitus.—THE ANNALS. Edited, with Introductions and
Notes, by G. O. HOLBROOKE, M.A., Professor of Latin in Trinity
College, Hartford, U.S.A. With Maps. 8vo. 16s.

THE ANNALS. Translated by A. J. CHURCH, M.A., and W. J.
BRODRIBB, M.A. With Notes and Maps. New Edition. Crown
8vo. 7s. 6d.

THE HISTORIES. Edited, with Introduction and Notes, by
Rev. W. A. SPOONER, M.A., Fellow of New College, and
H. M. SPOONER, M.A., formerly Fellow of Magdalen College,
Oxford. 8vo. [/n the press.

THE HISTORY. Translated by A. J. CHURCH, M.A., and
g. J. BroDRIBB, M.A. With Notes and a Map. Crown 8vo.

THE AGRICOLA ANDGERMANY, WITH THE DIALOGUE
ON ORATORY. Translated by ‘A. J. CHURCH, M.A., and
W. J. DroDrIisB, M.A. With Notes and Maps. New and
Revised Edition. Crown 8vo. 4s. 64.

INTRODUCTION TO THE STUDY OF TACITUS. By
A. J. CHURCH, M.A. and W. J. BRODRIBB, M.A, Fcap. 8vo.
1s. 64. (Classical Writers Series.)

Theocritus, Bion, and Moschus. Rendered into English
Prose, with Introductory Essay, by A. LANG, M.A. 18mo. 4s. 64.
*.* Also an Edition on Large Paper. Crown 8vo. 9s.

Thucydides.—BNOK VIII. Edited with Introduction and
Notes, by H, C. GoopHART, M.A., Fellow of Trinity
College, Cambridge. [4n preparation.

Virgil.—THE WORKS OF VIRGIL RENDERED INTO
ENGLI1SH PROSE, with Notes, Introductions, Running Analysis,
and an Index, by JAMES LONSDALE, M.A., and SAMUEL LEE,
M.A. New Edition. Globe 8vo. 3s. 64.

THE ZNEID. Translated by J. W. MackAlL, M.A., Fellow of
Balliol College, Oxford. Crown 8vo. 7s. 6d.

Xenophon.—COMPLETE WORKS. Translated, with Introduc-
tion and Essays, by H. G. DAKYNs, M.A., Assistant-Master in
Clifton College. Four Volumes. Crown 8vo. [Zn the press

GRAMMAR, COMPOSITION, & PHILOLOGY.

Belcher.—SHORT EXERCISES IN LATIN PROSE COM-
POSITION AND EXAMINATION PAPERS IN LATIN
GRAMMAR, to which is Breﬁxed a Chapter on Analysis of
Sentences. By the Rev. H. BELCHER, M. A., Rector of the High
School, Dunedin, N.Z. New Edition. 18mo. 1s. 6d.

KEY TO THE ABOVE (for Teachers only). 3s. 6d.
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Belcher.—SHORT EXERCISES IN LATIN PROSE COM-
POSITION. Part II., On the Syntax of Sentences, with an
Asppendix, including EXERCISES IN LATIN IDIOMS, &c.

- 38mo. 2s. : :
KEY TO THE ABOVE (for Teachers only). 3s.

Blackie.~——GREEK AND ENGLISH DIALOGUES FOR USE

* IN SCHOOLS AND COLLEGES. By JOHN STUART BLACKIE,
« Emeritus Professor of Greek in the University of Edinburgh.

. New Edition. Fcap. 8vo. 2s. 64.
Bryans.—LATIN PROSE EXERCISES BASED UPON
- €AESAR’S GALLIC WAR. With a Classification of Casar’s
+ . Chief Phrases and Grammatical Notes on Cesar’s Usages. By
. CLEMENT BRYANS, M.A., Assistant-Master in Dulwich College.
Second Edition, Revised and Enlarged. Extra fcap. 8vo. 2s. 64.
KEY TO THE ABOVE (for Teachers only). New Edition. 4s. 6d.
GREEK PROSE EXERCISES based upon Thucydides. By the
.. same Author. Extra fcap. 8vo. In preparation.
Cookson.—A LATIN SYNTAX. By CHRISTOPHER COOKSON,
- M.A., Assistant-Master at St. Paul’s School. 8vo. [/n preparation.
Cornell University Studies in Classical Philology.
. Edited by Isaac FLAGG, WILLIAM GARDNER HALE, and
- T T "R, 1. The CUM-Constructions : their

Part 1, Critical. 1s, 84. nett, Part 2,

\M GARDNER HALE. 3s. 44. nett. 1II.

of its Application in Language. By

’ . Is. 3d. nett. :

Eic 3 IN LATIN. By K. M, Eickg, B.A.,

2 School. Globe 8vo. 2s.
En; ON LATIN SYNTAX AND IDIOM.
EFERENCE TO ROBY’S SCHOOL
I sasissaea ave By E. B. ENGLAND, M.A., Assistant
 Lecturer at the Owens College, Manchester. Crown Svo. 2s.6d.
Key for Teachérs only, 2s. 6d. )
Giles.—A MANUAL OF GREEK AND LATIN PHILOLOGY.
" By P. GirLes, M.A., Fellow of Gonville and Caius College,
Cambridge, Crown 8vo. [{n preparation.
Goodwin.—Warks by W. W. GoopwiN, LL.D., Professor of
Greek in Harvard University, U.S.A. .
"SYNTAX OF THE MOODS AND TENSES OF THE GREEK

VERB. New Edition, Revised and Enlarged. 8vo. [/ the press.
AGREEK GRAMMAR. New Edition, revised. Crown 8vo. 6s.
*9¢ is the best Greek Grammar of its size in the English language.”—°

NrEENEUNM. : .

<A GREEK-GRAMMAR FOR SCHOOLS. Crown8vo. 3s. 6d.

Greenwood.—THE ELEMENTS OF GREEK GRAMMAR,

v including Accidence, Irregular' Verbs, and Principles of Dériva-
tion and Composition ; adapted to the System of Crude .Forms.
By J. G. GREENWOOD, Principal of Owens College, Manchester.

‘ New Edition. Crown8va., §s.64. X

¢
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Hadley and Allen.—~A GREEK GRAMMAR ¥FOR
%CIEIOOLS \?FDC (l:iOLLEI?ES'd By JAMEs RAnLn_x, te
rofessor in Yale College. evise n t it y
FREDERIC DE Fom;s'x?g ALLEN, ?rolzlslsdor mpﬁarvaw C& .
Crown 8vo. 6s. .
Hodgson.—MYTHOLOGY FOR LATIN VERSIFICATION.."
A brief Sketch of the Fables of the Ancieuts, prepstesd ta be
rendered into Latin Verse for Schoals. By E. Hopcsow, B.P.,
Jate Provost of Eton. New Edition, revised by F, Q. HonasaN,
M.A. 18mo, 3. .
Jackson.—FIRST STEPS TO GREEK PROSE COMPOSI-
TION. By BLOMRIELD JACKSON, M.A., Assistant-Masied' in

King's College School, London. Neéw RBdition, revised and
enlarged. 18mo. 1s 64

KEY TO FIRST STEPS (for Teachers only). 18mo. 4.

SECOND STEPS TO GREEK PROSE COMPBOSITION, wiih
Miscellaneous Idioms, Aids to Aeccentuation, and Rxamination
Papers in Greek Scholarship. 18mo. s, 4. @ -

KEY TO SECOND STEPS (for Teachers anly), i8mp., 89, 6d.

Kynaston.—EXERCISES IN THE COMPOSITION OF
GREEK IAMBIC VERSE by Tramslations from English Dra-
matists. By Rev. H. KyNasToN, D.D., Principal of Cheltenham

" College. With Introduction, Vocabulary, & New Edition,
revised and enlarged. Extra feap. 8vo. §s.
KEY-TO THE SAME (for Teachersonly). Extra fcap. 8vo. 4s. 6d.

Lupton.—Works by{. H. LuproN, M. A., Sur-Master of St. Paul’s
School, and formerly Fellow of St. John’s College, Cambridge.
AN INTRODUCTION TO LATIN ELEGIAC VERSE
COMPOSITION. Globe 8vo. 25 64. -

LATIN RENDERING OF THE EXERCISES IN PART II.
(XXV.-C.). Globe 8vo. 3s. 6d.

AN INTRODUCTION TO LATIN LYRIC VERSE GOMPO-
SITION. Globe 8va. 3s.

KEY FOR THE USE OF TEACHER§ ONLY. Globe Bva

Mackie.—PARALLEL PASSAGES FOR TRANSLATI
INTO GREEK AND ENGLISH. Careful graduaw? fn:%%

use of Colleges and Schools. With Indexes. Ry Rew ErLLIg (g‘;
'.;IACKIE, %:Iassieal Master at Heversham Grammar School. Glo'
vo. 45 6d. . .
Macmillan.—FIRST LATIN GRAMMAR, By M. C. -
MILLAN, M.A., late Scholar of Christ’s College, Cambridge &
sometime Assistant-Master in St. Paul's Hchosl. New Editiom,
enlarged. Fcap. 8vo. 1s. 64.
Macmillan’s Greek Course.—Edited by Rev. W. GuanioN
RuTHERFORD, M.A., LL.D., Head Master of Westminsten
1.—FIRST GREEK GRAMMAR. By the Editor. New Edi
thoroughly revised. Globe 8vo. 2s. fion,
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Macxmllans Greek Course.— IL.—EASY EXERCISES!
"IN GREEK ACCIDENCE. By H. G.. UNDERHILL, M.A.,

Assistant-Master St. Papl’s Preparatory Scho-'. Globe §ya &g.’

111.—SECOND GREEK EXER{CISE BOOK. By .Rev. W.

HEAgD, [{n pregaration.
‘IV.—MANUAL OF GREEK Accmmc& By the Editon
prMm.

V.—MANUAL OF GREEK SYNTAX. By the th.

PPy V)

leon —PARALLEL EXTRACTS, Arranged socmmo-_ig_..
© = TVoms, - By J. B.-R®

{
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Peile.—A PRIMER OF PHILOLOGY. By J. PmiLk, Litt.D.,
Master of Christ’s College, Cambridge. 18mo. Is.

Postgate.—SERMO LATINUS. A Short Guide to Latin
Prose Composition. Part I. Introduction. Part II. Selected
Passages for Translation. By J. P. PosTGATE, M.A,, Litt. D.,
Fellow and Classical Lecturer of Trinity College, Cambridge,
Professor of Comparative Philology in University College, London.
Globe 8vo. 2s. 6d. - :

KEY to ¢ Selected Passages.,” 3s. 6d.

Postgate and Vince.—A DICTIONARY OF LATIN
ETYMOLOGY. By J. P. PosTGATE, M.A., and C. A. VINCE,
M.A.- [/n preparation.

Potts (A. W.)—Works by ALEXANDER W. PorTs, M.A.,
LL.D., late Fellow of St. John’s College,” Cambridge; Head
Master of the Fettes College, Edinburgh.

HINTS TOWARDS LATIN PROSE COMPOSITION. New

. Edition, Extra fcap. 8vo. 3s. .

.PASSAGES. FOR TRANSLATION INTO LATIN PROSE.
Edited with Notes and References to the above. New Edition.
Extra fcap, 8vo. 2s. 64

LATIN VERSIONS OF PASSAGES FOR TRANSLATION

" INTO LATIN PROSE (for Teachers only). 2s. 64.

Preston.—EXERCISES IN LATIN VERSE OF VARIOUS
KINDS. By Rev. G. PrREsTON, M.A., late Fellow of Magdalene
College, Cambridge, and Head Master of the King’s School, -
Chester. Globe 8vo. 2s. 6d. )

‘KEY, for the use of Teachers only. Globe 8vo. §s.

Reid.—A GRAMMAR OF TACITUS. ByJ. S. Rem, M.L.,
. Fellow of Caius College, Cambridge. (17 preparation.
A GRAMMAR OF VERGIL. By the same Author. [/#preparation.

*o" Similar Grammars to other Classical Authors will probably follow.

Roby.—A GRAMMAR OF THE LATIN LANGUAGE, from
Plautus to Suetonius. By H. J. RoBy, M.A., late Fellow of St.
John’s College, Cambridge. In Two Parts, Part I. Fifth
Yidition, containing:—Book I. Sounds. Book IL Inflexions.

- Book III. Word-formation. Appendices, Crown 8vo. 9s.
Part II. Syntax, Prepositions, &. Crown 8vo. 10s. 64.
** Marked by the clear and pra:tised insight of a master in his art. A book that

do honour to any country.”’—ATHENAUM.

. SCHOOL LATIN GRAMMAR. Bythe same Author. Cr. 8vo, §s.

Rush.—SYNTHETIC LATIN DELECTUS. A First- Latin
*  Construing Book arranged on the Principles of Grammatical
Analysis.  With Notes and Vocabulary. By E. RusH, B.A.
With Preface by the Rev. W. ¥. MouLroN, M.A,, D.D.. New
and Enlarged Edition. Extra feap. 8vo. 2s. 6d.

Rust.—FIRST STEPS TO LATIN PROSE COMPOSITION.
Br the Rev. G. Rust, M. A, of Pembroke Coll., Oxford, Master
of the Lower School, King’s Coll.,London. New Ed. 18mo, 1s. 6.

H
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Rust.—KEY TO THE ABOVE. By W. M. YATks, Assistent-
Master in the High School, Sale, lgmo. 35
Rutherford.—Warks by the Rev. W, GUNION RUTHERFORD,
" M.A,, LL.D., Head-Master of Westminster;
REX LEX. A Short Digest of the principal Relations between
. Latin, Greek, and Anglo-Saxon Sounds. 8vo. [/ preparation.
THE NEW PHRYNICHUS; being a Revised Text of the
Ecloga of the Grammarian Phrynichus. With Introduction and
Commentary, 8vo. 18s. (See also Macmillan’s Greek Course.)

,Shuckburgh.—PASSAGES FROM LATIN AUTHORS FOR
TRANSLATION INTO ENGLISH, Selected with a view to
the needs of Candidates for the Cambridge Previous, Local, and
Schools’ Examinations. By E. S. SHUCKBURGH, M.A., Em-
manuel College, Cambridge. Crown 8vo. 2s.

Simpson.—LATIN PROSE AFTER THE BEST AUTHORS,
By F. P. SimpsoN, B.A., late Scholar of Balliol College, Oxford.
Part I. CASARIAN PROSE. Extra foap. 8vo. 2s. 64,

KEY TO THE ABOVE, for Teachers only. Extra fcap, 8va. §s. -

Strachan and Wilkins.— ANALECTA. Passages for
Translation. Selected by JoHN S. STR&4CHAN, M.A., Pembroke
College, Cambridge, and A. S. WILKINS, Litt.D., LL.D., Fellow
of St. John’s College, Cambridge, Professors in Owens College,
Manchester. Crown 8vo. §s. -

Thring.—Waorks by the Rev. E. THRING, M.A., late Head-Master
of Uppingham School.

A LATIN GRADUAL. A First Latin Construing Book for
‘Beginners. New Edition, enlarged, with Coloured Semtence
Maps. Feap. 8vo. 2s. 64.

AMANUAL OF MOOD CONSTRUCTIONS. Feap. 8vo, 1s. 67,

Welch and Duffield.—LATIN ACCIDENCE AND EXER-
CISES ARRANGED FOR BEGINNERS. By WIiLLIAM
WELCH, M.A,, and C. G. DUFFIELD, M. A., Assistant Masters ‘at
Cranleigh School. 18mo. 1s. 62, ‘ ..

book is ded as an introduction to Macmillan'’s Elementary Classicd, and
is the development of & plan which -has been in use for some time and has been
worked satisfactorily. ,

White.—FIRST LESSONS IN GREEK, Adapted toc GOOD-
WIN’S GREEK GRAMMAR, and designed as an introdugtion
to the ANABASIS OF XENOPHON. By JouN WiLLIAMS

. . Waitg, Ph.D,,: Assistant-Professor of Greek in Harvard Univer-
sity. Crown 8vo. 4. 64.
. Wrright.—Works by J. Wricur, M.A., late Head Masteryof
_ Sutton Coldfeld School, )
A HELP TO LATIN GRAMMAR ; or, The Form and Use of
Words in Latin, with Progressive Exercises. Crown 8va. 4s 64.
THE SEVEN KINGS OF ROME. An Easy Narrative, abridged
from the: First Book of Livy by tho omission of Difficult Passages ;
being a First Latin Reading Rook, with Grammatical Notes and
Vocabulary. New and revised Edition. Fcap. 8vo, (34 64,

8
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“Wright.—FIRST LATIN STEPS; OR, AN INTRODUE-
TION BY A SERIES OF EXAMPLES TO . THE STUD.Y

v - OF THE LATIN LANGUAGE. Crown 8vo. . -

Toh

A';;I'OIC PRIof‘h'/IER Arranged lortheUseof Begmnet& Extrd fcap.

’ 25, .

« A COMPLETE LATIN COURSE, oomprising. Rules with Ex-
amples, Exercises, both Latin and Engl!sh, on ¢ath Rale, and
Vocabulaﬁes. Crovm Svo 2:.6&

ANTIQUITIES ANCIENT HISTDR’Y AND
HILOSQPHY.

Arnold —-Works by w T. ARNOLD, M.A.
A HANDBOOK OF LATIN EPIGRAPHY. [/n Prépuration.
- THE ROMAN SYSTEM QF PROVINCIAL ADMINISTRA-
. TION TO THE AGCESSION .OF CONSTANTINE' THE
GREAT. Crown8ve. 65 .
. \Arneld (T.)~THE SECOND PUNIC WAR. Belng’Chaptds on
THE:HISTORY OF ROME. By thglate T owu :A
.D.D., formerly Head. Masterof R gbyS 00, an

, of Modem History In the Umversny xford, Edlt wnh otes,

by W. T. ARNL)LD, M.A. With'8 Maps. Crown 8va, S 6d.

'Beesly —_STORIES FROM .THE HISTORY OF ROME.

By Mus. BEESLY,, Feap. 8vo.. 2s. 6d.

" Burf.—ROMAN LITERATURE IN RELATION TO ROMAN

i+ ART. By Rey. RORERT BUpN, M.A,, Fallow of Trinity College,
Cambridge. , With numerous fustrwoqs ra Crown8vq. '14s

Bury —A HISTORY OF, THE LATER ROMAN EMPIRE

)

FROM ARCADIUS TO IRENE, A.Di’ 3p5—%0. - By JoHN
‘B. BUrY; M.A,- Fellow of Trinity - Collegey Dnbhpf 12 v?Is.

‘:lassxcal Wrxters.—Edaed by jonx RICHM\D mem, M. A..
LL.D. Fcap. 8vo. Is. 64, each.
EURIPIDES. By Professor MAHAFFY. .
MILTON. By the Rev. STOPFORD A. BROOKE, M.A;
By the Rey. W. W. Capgs, M.A. ,
I'XGIL. By Professor NRTTLESHIP, M.A. : J
OCLES. By Profestor L. CAMPBELL, M. A4
OS'!‘H'ENEb By Professors H. Butcikx, M. A
TACITUS. ‘By Professor A ] Cnlricu, MA‘, M ‘W, J.
BroDRIBB, M.A.
Freemém “—Works by Epwarp A. Fxtnmm, D.CA:, LhD.,
on. Fellow of Trinity College, ‘Oxford, Regius. Profmr of
odarn History in the AIniversity of Oxford.
ms*rorw 'OF ROME: (Historical Course for- Sthool.) " 18mo,
- [I8 prepavition.
A SCHOOL HIS’I‘ORY OF ROMBR. Crown 8vo. [/ yation.
HISTORICAL EBSAYS. Second Séries. [Greek Romau
. -Hisbory.}. 8w 103, 64, : , ‘
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Fyfe~A SCHOOL HISTORY OF GREECE. By C. A.
Fe#re, MLA.  Crown 8vo. [n preparation.

Bardner.—sAMOS AND SAMIAN COINS. An Essay. By
PERGY GARDNER, M.A., Litt:D., Professor of Archzology in

- the University of Oxford.  With Hiustrations, 8vo. 7s. 62

Geddes. — THE PROBLEM OF THE HOMERIC POEMS.
By W. D. GEDDEs, Principal of the University of Aberde¢n.
Svo. 145,

Gladstone.—Works by the Rt. Honn. W, E. GLADSTONE, M.P.

THE TIME AND PLAGE OF HOMER. Crown 8vo, 65. 6.
A PRIMER OF HOMER. 18mo. 1s.

-@OW.—~A COMPANION TO SCHOOL CLASSICS. By
amEs Gow, Litt.D,; Master of the High School, Nottingham ;
ate Fellaw of Trinity College, Caimbridgen With Ulustrations.

_ Second Edition, Revised. Crown 8vo. 6s. . )

Harrison and Verrall-—cuLTs AND MONUMENTS
OF ANCIENT ATHENS. By Miss J. E. HARRISON and Mrs.
A, W, VERRALL, Illustrated. Crown 8vo. [Zn the press.

Jebb.—Works by R. C. Jess, Litt.D., LL.D., Professor of Greek
in the University of Cambridge. = -

THE ATTIC ORATORS FROM ANTIPHON TO ISAEOS.
© 2vols. 8vo. B3,

- A& PRIMER OF GREEK LITERATURE. 8mé. 12

. {See alsd ‘Tlassical Series.)
Kiepert, —MANUAL OF ANCIENT GEOGRAPHY, Trans.
- Yated frbrh the German of Dr. HeinricH KIEPERT. Crown8vo. s,

. Lianciani.-—~ANCIENT ROME IN THE LIGHT OF RECENT
DISCOVERIES. By RopoLFo LANctany, LL.D. (Harv.),
Professor of Archazology in the University of Rome, Director of
%mnmgau for t%e Natienal Government and the Mynicipality of

ome, &c. With 100 Tllustrations, Small 4to. 245,
{Miahaffy.—Works by J, P. Masarry, M.A., D.D., Fellow and
Professor of Ancient History in Trinity College, Dublin, and Hon.
Fellow of Queen’s College, Oxford. ) .
SQCIAL LIFE IN GREECE; from Homer to Menarder.
Fifth Edition, revised and enlarged. Crown 8vo. gs.
GREEK LIFE AND THOUGHT ; from the Age of Alexander
to the Roman Conquest. Crown 8vo. 12s. 6d. .
RAMBLEY AND STUDIES IN GREECE. With Illustrations.
Third Bditién; Revised and Enlarged. With Map. Crown 8vo.

104, 64,
A PRIMER OF GREEK ANTIQUITIES. With Illastrations.

I8, 17 L, . .
_ RBURIPIDES, 18mo. Is 64. (Classical Writers Series.)
Mayor (J. E. B.)—BIBLIOGRAPHICAL CLUE TO LATIN
. LITERATURE, Edited after HUBNER, with large Additions
by Professor Joun E. B. MAYOR. Crown 8vo. I0s. 6d,
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Newton.—ESSAYS IN ART AND ARCHAOLOGY. By Sr
CHARLES NEwrtoN, K.C.B., D.C.L., formerly Professor of
Archzology in University College, London, and Keeper of Greek
and Roman Antiquities at the British Museum. 8vo. 125, 64’

Sayce.—THE ANCIENT EMPIRES OF THE EAST. By
A. H. Savce, Deputy-Professor of Comparative Philosophy,
Oxford, Hon. LL.D. Dublin. Crown 8vo. 6s. ’

Stewart.—THE TALE OF TROY. Done into English by
AUBREY STEWART, M.A., late Fellow of Trinity College,
Cambridge. Globe 8vo. 3s. 6d. 3

Waldstein.—CATALOGUE OF CASTS IN THE MUSEUM
OF CLASSICAL ARCHAOLOGY. By CHARLES WALDSTEIN,-
Litt.D., Ph.D., LL.D., Unwersity Reader in Classical Awchah-
logy, and Director of the Fitzwilliam Museum. Crown 8vo. 1s. 6d.

*.* Also an Edition on Large Paper, small 4to. 5s,

Wilkins.—A PRIMER OF ROMAN ANTIQUITIES. By
Professor WILKINS, Litt. D., LL.D. Ilustrated. 18mo.. 1s.

A PRIMER OF ROMAN LITERATURE. By the same Author.

[ns the press.

MATHEMATICS.

(1) Arithmetic and Mensuration, (3) Algebra,
(3) Euclid and Elementary Geometry, (4) Trigo-
nometry, (5) Higher Mathematics.

ARITHMETIC AND MENSURATION.

Aldis.—THE GREATGIANT ARITHMOS. A most Elemen
Arithmetic for Children.. By MARY STEADMAN ALDIs. Wit
Illustrations. Globe 8vo. 2s. 64.

Army Preliminary Examination, Specimens of
Papers Set at the, 1882—87.—With Answers to the
Mathematical Questions. Subjects: Arithmetic, Algebra, Eaclid,
Geometrical Drawing, Geography, French, English Dictation.
Crown 8vo. 3s. 64. -

This selection of papers at recent Preliminary Examinations for the
admission to the Army are intended for the use of Candidates preparing

for these Examinations. .

Bradshaw.—A COURSE OF EASY ARITHMETICAL EX-
AMPLES FOR BEGINNERS. By J. G. BraDsHAW, B.A.,
formerly Scholar of Jesus College, Cambridge, Assistant;Master
at Clifton College. Globe 8va. 25, With Answers, 2. 64,

Brooksmith (J.).—ARITHMETIC IN THEORY AND
PRACTICE. By I. BROOKSMITH, ‘M.A., LL.B., St. John’s
College, Cambridge’; Barrister-at-Law; one of the Masted of
Cheltenbam College. New Edition, revised. Crown §va. 4s. 64,
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Brooksmith. — ELEMENTARY: ARITHMETIC. .
BrOOKSMITH, M.A., LL.B., 8t. John’s College, Cambndge ;
Barrister-at-Law ; and sometime one of the Masters of Cheltenham
College ; and E. J. BRooksMITH, B.A., LL.M., St. John'’s Col-
lege, Cambridge ; Instructor of Mathematics at the Royal Military
Academy, Woolwich. Crown 8vo. [Z7 the press.

.Candler.—HELP TO ARITHMETIC. Designed for the use of
Schools, By H. .CANDLER, M.A., Mathematical Master of
Uppingham School. Second Edition. Extra fcap. 8vo, 2s. 6d.

Dalton.—RULES AND EXAMPLES IN ARITHMETIC. By
the Rev. T. DALTON, M.A., Assistant-Master in Eton College.
. New Edition, with Answers. 18mo. 2s. 6d. .

Goyen.—HIGHER ARITHMETIC AND ELEMENTARY
MENSURATION, By P. GoYEN, Inspector of Schools,
Dunedin, New Zealand. Crown 8vo, 5s. :

- Hall and Knight.—ARITHMETICAL EXERCISES AND
EXAMINATION PAPERS. With an Appendix containing
Questions in LOGARITHMS and MENSURATION. By H. S, HaLL,
M.A., formerly Scholar of Christ’s College, Cambridge, Master
of the Military and Engineering Side, Clifton College ; and S. R,
KNIGHT, B.A., formerly Scholar of Trinity College, Cambridge,
late Assistant Master at Marlborough College, Authors of
‘‘ Elementary Algebra,” ‘‘ Algebraical Exercises and Examination
Papers,” gn?“ igher Algebra,” &c. Globe 8vo. 2s. 6d.

Lock.—Works by Rev. J. B, Lock, M. A., Senior Fellow, Assistant
Tutor, and Lecturer in Gonville and Caius College, Cambridge,
- formerly Master at Eton. :
ARITHMETIC FOR . SCHOOLS. With Answers and 1000
additional Examples for Exercise. Third Edition, revised. Stereo-
typed. Globe 8vo. 45,64, Or in Two Parts:—Part I. Up to
and including Practice. Globe 8vo. 2s. PartII. With 1000
additional Examples for Exercise. Globe 8vo. 3.
* X The complete book and the Parls can also be oblained without
answers at the same price. . But the editions with answers will always
. be supplied unless the others are specially asked for.

A KEY TO MR..LOCK’S “ ARITHMETIC FOR SCHOOLS.”
By the Rev. R. G. WaTsoN, M. A., formerly Head Master of the

' Dérset: County School. Crown 8vo. 10s. 6d.

*ARITHMETIC FOR BEGINNERS. A School Class Book of
"+ Commercial Arithmetic. Glohe'8vo. 2s.° 6d.
- : s {4 Key is in the press.

© A" SHILLING CLASS-BOOK OF ARITHMETIC ADAPTED
FOR USE IN ELEMENTARY SCHOOLS. 18mo. [/7 prep.

Pedley.—EXERCISES IN. ARITHMETIC for the Use of
" 'Schecls. Containing more than 7,000 original Examples, By
. 8. PEDLEY, late of Tamwarth Grammar School.. Crown 8vo. §s.
Also in Two Payts 25, 64. each. .
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Smith.—Works by the Rev. BARNARD SmiTH, M.A., Iate Reetor
of Glaston, Rutland, and Fellow and Senlor Bursar of S, Peter’s
College, Cmbtidg.

ARITHMETIC AND ALGEBRA, in thelr Principles and ApEli-
¢ation; with numerous systematically arranged Examples taken
from the Cambridge Examination Papets, with especial reference
to the Ordinary Examisiation fot the B,A, Degree. New Editioh,
carefully Revised. Crown 8vo. Kos. 64.

ARITHMETIC FOR SCHOOLS. New Edities, Crown 8vo,
» 6d. :
AﬁKEY TO THE ARITHMETIC FOR SCHOOLS. New

Edition. Crown 8vo. 8s. 6.

EXERCISES IN ARITHMETIC. Crown 8vo, limp cloth, 2s,
‘With Answers, 25. 64. An-wers separately, 6d.

SCHOOL CLASS.BOOK OF ARITHMETIC. 18ni6, cloth. 3s.
Or sold separately, in Three Patts, 1s. each,

KEYS TO SGHOOL CLASS-BOOK OF -ARITHMBTIC.
Parts I., I1., and IIL., 2s. 6d. each,

SHILLING BOOK OF ARITHMETIC FOR NATIONAL
AND ELEMENTARY SCHOOLS. i8mo, cloth. Or separately,
Part 1. 24. ; Part 11, 34. ; Part III. 7d. Answers, 64.

THE SAME, with Answers complete. 18aio, éloth. 13 64

KEY TO SHILLING BOOK OF ARITHMETIC. 18mo. 4s. 6d.

EXAMINATION PAPERS IN ARITHMETIC, 18mo. 1s. 6d.
The same, with Andwers, 18mo, 25. Answers, 6.

KEY TO EXAMINATION PAPERS IN ARITHMETIC.
18mo. 4. 64.

THE METRIC SYSTEM OF ARITHMETIC, IT8 PRIN.-
CIPLES AND APPLICATIONS, with numerous Examples,
written exprestly for Standard V, in National Schools, New
Edition. 18mo, cloth, sewed. A )

A CHART OF THE METRIC SYSTEM, on & Sheet, size 42 in.
by 34in. on Roller, monnted and varnished. New Edition.
Price 3s. 64.

Also a Small Chart on & Card, priee 14,

EASY LESSONS IN ARITHMETIC, cotnbihing Exercites in
Reading, Writing, liig, and Dictatien. Part L for Standard
I. in National 8choola. Crbown 8ve. ¢d.

EXAMINATION. CARDS IN ARITHMETIC. (Dedicated to
Lord Sandon.) With Answers and Hints,

Standards I. and If, in box, 1s. .Standards IIf.; IV., and V., in
boxes, Is. each, Standard VI. in Two Parts, in boxes, 1s. each.
A and B papers, of nearly the same diﬂiculﬁy, are giyen 30 'as to
grevent copying, and the cojours of the A and pers differ in each
" Standard, and from those of every other Standard, so that a master or
mistress cdn see at a glance whether the children have the proper papers.

Thornton.—FIRST LESSONS IN BOOK-KEEFING, ByJ.
THorRNTON, New Edition. Crown 8vo. 2s. 62,
A KEY TO THE ABOVE, Oblong 4ta. 10s. 64,
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.Fodhunter.«-MENSURATION FOR BEGINNERS., Byl
ToDHUNTER, MLA,, F.R.8., D.S¢,, late of St. John's College,
ambridge. With Examples. New Edition. 18mo. as. 64,
KEY TO MENSURATION FOR BEGINNERS. By the Rev.
FR. LAWRENCE MCCARTHY, Professor of Mathematigs in St.
Peter’s College, Agra, Crowh 8vo. 7s. 64,

ALGEBRA,

-Palton.—RULES AND EXAMPLES IN ALGEBRA. Bj the
: Rev. T. ‘DALTON, M.A., Assistant-Master of Eton College.
Part I, Qew Edition. 18mo, 25 Part IL 18mo. 2s. 64,
4 Key 4o Past 1. for Teackess only, 7s. 6d.
Hall and Knight.—Works by H. S. Haiy, M.A,
: fbrinetly. Qhoht of Christ’s Culkge, Cambndg@ Mﬁtlr of the

f—— A Allan-

o —asasasane oh BBQUEL 10 T RLDAVIEIN lese._  saa-
GEBRA FOR SCHOOLS.” Second Editiom. Crown 8vo. 7s. 6d.

SOLUTIONS OF THE EXAMPLES IN “HIGHER ALGE-
BRA.” Crown 8vo. .10s. 6d.
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Smith.—SOLUTIONS OF THE EXAMPLES IN “A TREA-
TISE ON ALGEBRA.” Crown 8vo. 10s. 64.
Tadhunter.—Works by I. TopHUNTER, M.A., F.R.S,, D.Sc.
late of St. John’s College, Cambridge. :
““ Mr. Todhunter is chiefly k to Stud of Math ics as the author of a
series of admirable mathematical text-books, which posseas the rare qualities of being
ge'z;r‘;n wstyle and absolutely free from mistakes, typographical or other.”’—SATURDAY

ALGEBRA FOR BEGINNERS. With numerous Examples.
New Edition. 18mo. 2s. 6d.

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 6s. 6.

ALGEBRA. For the Use of Colleges and Schools, New Edition
Crown 8vo. 7s. 64, '

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND
SCHOOLS. Crown 8vo. 10s. 64d. . .

EUCLID; & ELEMENTARY GEOMETRY.

Constable.—~GEOMETRICAL EXERCISES FOR BE-
GINNERS. By SAMUEL CONSTABLE. Crown 8vo. 3s. 6d.
Cuthbertson.—EUCLIDIAN GEOMETRY. By FRANCIs
CUTHBERTSON, M.A., LL.D., Head Mathematical Master of the

City of London School. Extra fcap, 8vo. 4s. 6d.

Dodgson.—Works by CHARLES L. DonGsoN, M.A., Student and
late Mathematical Lecturer of Christ Church, Oxford.

EUCLID. BOOKS I. AND 11, Sixth Edition, with words sub-
stituted for the Algebraical Symbols used in the First Edition.
Crown 8vo. 2s.

*.* The text of this Edition has been ascertained, by counting the words, to be

less than five-sevenths of that contained in the ordinary editions.

EUCLID AND HIS MODERN RIVALS. Second Edition,
Crown 8vo. 6s. .

CURIOSA MATHEMATICA. Part I. A New Theory of
Parallels. Second Edition. Crown 8vo. 2s..

Dupuis.—ELEMENTARY SYNTHETIC GEOMETRY OF
THE POINT, LINE AND CIRCLE IN THE PLANE.
By N. F. Duruss, M.A., F.R.S.C., Professor of Pure Mathe-
myatics in the University of Queen’s College, Kingston, Canada.
G obe 8vo. 4s. 64.

Eagles.— CONSTRUCTIVE GEOMETRY OF PLANE
CURVES. By T. H. EacLes, M. A,, Instructor in Geometrical
Drawing, and Lecturer in Architecture at the Royal Indian En-
gineering College, Cooper’s Hill. With numerous Examples,

’ Crown 8vo. I2s.

Hall and Stevens.—A TEXT BOOK OF EUCLID’S
ELEMENTS. Including alternative Proofs, together withadditional
Theorems and Exercises, classified and arranged. By H, S.
HaLL, M.A., formerly Schalar of Chri-t’s College, Cambridge,
and F. H. STEVENS, M.A,, formerly Scholar of Queen’s College,
Oxford : Masters of the Military and Engineering Side, Cliftor
College. Globe 8vo. Books L.—VI. 45. 64. Book I 1s.
Books I. and IL. Second Edition. 1s, 64, ( Books T.—IV.
3s. Books ITL—VI. 3s. A
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Halsted.—THE ELEMENTS OF GEOMETRY. By GEORGE

BRUCE HALSTED, Professor of Pure and Applied Mathematics
. in the University of Texas. 8vo. 12s. 6d. -

Kitchener..——A GEOMETRICAL NOTE-BOOK, containing
Easy Problems in Geometrical Drawing preparatory to the Study
of Geometry. For the Use of Schools. By F, E. KITCHENER,
M.A,, Head-Master of the Grammar School, Newcastle, Stafford-

‘" shire. New Edition. 4to. 2s. .
Lock.—EUCLID FOR BEGINNERS. Being an Introduction
. to existing Text-books. By Rev. J. B. Lock, M.A., author
of ‘“Arithmetic for Schools,” ¢ Trigonometry,” *Dynamics,”
‘‘ Elementary Statics,” &c. [Zn pregaration.

Mault.—NATURAL GEOMETRY: an Introduction to the
Logical Study of Mathematics. For Schools and Technical
Classes. With Explanatory Models, based upon the Tachy-
metrical works of Ed. Lagout. By A, MAULT. 18mo. Is.

] Models to Illustrate the above, in Box, 12s. 6d.

Millar.—ELEMENTS OF DESCRIPTIVE GEOMETRY. By
J. B. MILLAR, M.E., Civil Engineer, Lecturer on Engineering in
the Victoria University, Manchester. Second Edition.Cr. 8vo. 6s.

Stevens.—Works by F. H.- STEVENs, M.A., formerly Scholar of
Queen’s College, Cambridge, Master of the Military and Engineer-
ing side, Clifton College.

EUCLID. BOOK XI. Propositions 1-—21 with alternative proofs,
Exercises, and Additional Theorems and Examples. Globe 8vo.

: [ 49 the press.

ELEMENTARY MENSURATION, with exercises in the men-

. .suration of Planeand Solid Figures. Globe 8vo. [ 218 ke press.

Syllabus of Plane Geometry (corresponding to Euclid,
Books I.—V1.). Prepared by the Association for the Improve-
ment of Geometrical Teaching. New Edition. Crown 8vo. 1s.

) ) o [47 the press.

Syllabus of Modern Plane Geometry.—Association
for the Improvement of Geometrical Teaching. Crown 8vo.
Sewed. 1s. .

Todhunter.—THE ELEMENTS OF EUCLID. For the Use
of Colleges and Schools, By I. TODHUNTER, M.A,, F.R.S,, D.Sc.,
of St. John’s College, Cambridge. New Edition. 18mo. 3s. 6d.

KEY TO EXERCISES IN EUCLID. Crown 8vo. 6s. 6.

Wilson (J. M.).—ELEMENTARY GEOMETRY. BOOKS
1.—V. Containing the Subjects of Euclid’s first Six Books. Fol-
lowing the Syllabus of the Geometrical Association. By the Rev.
J. M. WiLsoN, M.A., Head Master of Clifton College. New

- Edition. Extra fcap. 8vo. 4. 64.

TRIGONOMETRY.

Beasley.—AN ELEMENTARY TREATISE ON PLANE
TRIGONOMETRY. With Examples. By R. D. BEASLEY,
M.A. Ninth Edition, revised and enlarged. Crown 8vo. 3s. 6d.
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Johnson.—A TREATISE ON TRIGONOMETRY. By W. &'
JounsoN, M.A., late Scholar and Assistant Lecturer in Mathe-
matics of King’s College, Cambridge. Crown 8vo. 8. 6d.

Lock.—Warks by Rev. J. B. Lock, M. A., Senfor Fellow, Assistant
Tuter and Lecturer in Goaville and Caius Gblhg!, Cambridge ;

. formerly Master at Eton,

TRIGONOMETRY FOR BEGINNERS as far gs the Solutian of
Triangles. Globe 8vo. 2s. 64

AKEY TO “ TRIGONOMETRY FC!]I BEGINN’ERS ” Adi e& i
‘mﬂ;d. the key te’ “Elamemary "Trigoiometrp.”  Crown
6%

ELEMENTARY TRIGONOMETRY. Sixth Edition (lu thi
edition the chapfer on logarithms hag been carefolly revisd®.

Globa 8vo. 44, 6d.

Mr. E. J. Routx, D.Sc,, F.R.S., writos:—1}t is an able treatise. It takes the

difficulties of the subject one at g time, and so lpads the young student ausily

A KEY TO ¢ ELEMENTARY TRIGONOMETRY.” B
HENRY CARR, B.A., of the Grammar School, Lages; 'ﬂu;
Africa. Cyown &vo. . 6d., -

HIGHER TRIGONOMETRY. Fifth Edition, Globe 8vo. 4¢.64.
Both Parts complete in One Volume. Globe §vo. 7. 64
(See also under Arithsmetic, Highar Mathematics, and Ewhd»l

M¢Clelland and Preston.—A TREATISE ON SPHERICAL

" TRIGONOMETRY. Witk applications to Spherical Geometry
and numerous Examples. 3 WILLIAM J. M‘CLELLARD, M.A,,
Principal of the Incorporated Society’s School, Santry, Dublin,
and THaMAs PRESTON, Sch.B.A. In Two’ Pam'. ronnﬁvo
Part I. To the End of Solution of Tnanglca, 4. Gd Ban IL! 5s. -
Both Parts in one Valume, B3, 64 - ’

Palmer.—TEXT-BOOK OF PRACTICAL LOGAR!TBMS
AND TRIGONOMETRY. By J. H. PALMER, Heid Sé¢hool-
naster R.N., H.M.S. Cambridge, Devonport. Glgbe 8vo. 4s. 6d.

Snowbsll —THE ELEMENTS OF PLANE AND SPEERT.

CAL TRIGONOMETRY. By j. C. SNoWrALL, M A Pour-
teenth Edition. Crown 8vo. 7s. 64.

Todhunter.—Works by 1. ToDHUNTER, M. A,, F.R.S., T&.Sc,,

late of St. John’s College, Cambridge.

TRIGONOMETRY FOR BEGINNERS. With numexgys
Examples. New Edition. 18mo. 25 64.

KEY TOTRIGONOMETRY FOR BEGINNERS. Cr, 8vy. 8 6a.

PLANE TRIGONOMETRY. For Schools and Colleges. New

. Edition. Crown 8vo. §s. . ’

KEY TO PLANE TRIGONOMETRY. Crown 8vo. 1os, 64.

A TREATISE ON SPHERICAL gIGONOMETRY New
Edition, enlarged. €town 8vo.
'(See also under Arithmetic and memtwn, Algebra, and Efgﬁer
Mathematics.)

5
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HIGHER MATHEMATICS.

Airy.—Warkaly 8ir G. B.A1rY, K.C.B., formerly Astronomer-Royal,
ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL
EQUATIONS. Designed for the Useof Students in the Univer
sities. With Diagrams, Secand Edition. Crown 8vo. §s. 64.
ON THE ALGEBRAICAL, AND NUMERICAL THEQRY
OF ERRORS OF OBSERVATIONS AND THE COMBI-
NATION OF OBSERVATIONS. Second Edition, revised,
Cyawn 8ya. 6. &4, R '

Algxander (T.)—ELEMENTARY APPLIED MECHANICS.
Being the simg]er and more practical Cases of Stress and Strain
wrou'gtht out individually from first principles by means of Elemen-
tary Mathematics. By T. ALEXANDER, C,E., Professor of ‘Cjvil

Engineering, Trinity College, Dublin. Part I. Crown 8vo. 4s. 64,
Alexander and Thomson.—ELEMENTARY APPLIED

' MECHANICS. By THOMAS At{.)ﬁ.muzk, C.E., Professor of
€ivil Engineering, Trinity College, Dublin, and ARTHUR WATSON
THoMION, €.E., B.Sc., Professor of Engineering at the Techaical !

. Colleé::, Glasgow. Part II, TRANSVERSE STRESS, Crown §vo.
1054 @4 . D
Army Preliminary Examination, 1882-1887, Speci.
- mens of Papers set at the, With answers to the Mathematical
tions. Subjecty ; Arithmetic, Algebm, Burlid, Geomstrisal
Drawing, Geography, Freach, English Dictation. Cr. 8vq. 3 64.
Ball (W. W. R.).—A SHORT ACCOUNT. OF THE HIS-
TORY OF MATHEMATICS. By W. W. Rousg BaLi,
Fellow and Assistant Tutor of Trinity College, Cambridge, and of
the Inner Temple, Barrister-at-Law.  Crown 8vo.. 10s. 64.

Ball (Sir R, 8.)—EXPERIMENTAL MECHANICS. A
Course of Lectures delivered at the Royal CoIIeEe of Science for,_,
Ireland. By $r ROBERT StawreLL Baii, LL.D.,, E.RS,~

Astronomer-Royal of Ireland. New Edition. With Tlhustrations.

Crown 8vo. 6. . - .

-

)
’
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Carll.—A TREATISE ON THE CALCULUS OF VARIA-
TIONS. Arran, %ed with the purpose of Introducing, as well as
IMlustrating,. its Principles to the Reader by means of Problems,
and Designed to present in all Important Particulars a Complete
View of the Present State of the Science. By Lewis BUFFETT *
CARrLL, A.M. Demny 8vo. 21s.

Cheyne.—AN ELEMENTARY TREATISE ON THE PLAN-
" ETARY THEORY. ByC. H. H, CHEYNE, M.A,, F.R.A.S.
With a Collection of Problems. Third Edition. Edited by Rev.

A. FREEMAN, M.A., F.R.A.S. Crown 8vo. 7s. 6d.

Christie.—A COLLECTION OF ELEMENTARY TEST-
QUESTIONS IN PURE AND MIXED MATHEMATICS;
with Answers and Appendices on Synt}‘enc Division, and on the
Solution of Numerical }::m uations by Horner’s Method. By JAMES
R. Curistig, F.R.S Royal Military Academy, Woolwich,
Crown 8vo. 8s. 6d.

Clausius.—MECHANICAL THEORY OF HEAT. By R.
CrAusius. Translated by WALTER R. BROWNE, M.A,, late
Fellow of Trinity College, Cambridge. Crown 8vo.- 10s. 6d.

Clifford.—THE ELEMENTS OF DYNAMIC. An Introduction
to the Study of Motion and Rest in Solid and Fluid Bodies. By 'W.
K. CLIFFORD, F.R.S., late Professor of Applied Mathemat»cs and
Mechanicsat Umvemty College, London. Part .~KINEMATEC,
Crown 8vo. Books I—III. 7s. 64. ; Book 1V. and Appendix 6s.

Cockshott and Walters.——A TREATISE ON GEO-
METRICAL CONICS. In accordance. with the Syllabus of
the Association for the Improvement of Geometrical Teaching.
By A. COCKSHOTT, M.A., formerly Fellow and Assistant-
Thutor of Tnmty College, Cambndge ; Assistant-Master at Eton ;
and Rev. F. B, WALTERS, M.A., Fellow of Queens’ College,

. Cambndge, and Principal of ng William’s College, Isle of
Man., With Diagrams. Crown 8vo. §5s.

Cotterill.—APPLIED MECHANICS: an Elementary General
Introduction to the Theory of Structures and Machines. By
James B. CorTerILL, F.R.S., Associate Member of the Council
of the Institution of Naval Archnects, Associate Member .of the
Institution of Civil Engineers, Professor of Applied Mechanics in
the Royal Naval College, Greenwich. Medium 8vo, 18s.

ELEMENTARY MANUAL OF APPLIED MECHANICS.
By the same Author. Crown 8vo. [ 77 preparation.

Day (R. E.) —ELECTRIC LIGHT ARITHMETIC. ByR. E.
DAy, M.A., Evening Lecturer in Experimental Physxcs at ng’s
College, London. Pott 8vo, 2.

Day.—PROPERTIES OF . CONIC SECTIONS PROVED
GEOMETRICALLY. ' Part 1. The Ellipse with an ample
‘collection of Problems. By the Rev. H. G. Day, M. A., formerly
" Fellow of St. John’s College, Cambridge. Crown 8vo., 3s./64.
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Dodgson.—CURIOSA MATHEMATICA. Part I. A ew
Theory of Parallels. By CHARLEs L. DopGsoN, M.A., Student
and late Mathematical Lecturer of Christ Church, Oxford, Author
of ‘“Euclid and his Modern Rivals,” *“ Euclid, Books I. and IL.,”
&c. Second Edition. Crown 8vo. 2s. .

Drew.—GEOMETRICAL TREATISE ON CONIC SECTIONS.
By W. H. Drew, M.A., St. John’s College, Cambridge. New
Edition, enlarged. Crown 8vo. §s.

Dyer.—EXERCISES IN ANALYTICAL .GEOMETRY. Com-
piled and arranged by J. M. DYEr, M.A, With Illustrations.
Crown 8vo. 4s. 64d.

Eagles. —CONSTRUCTIVE GEOMETRY OF PLANE
CURVES. By T. H. EAGLES, M. A., Instructor in Geometrical
Drawing, and urer in Architecture at the Royal Indian En-
gineering College, Cooper’s Hill. With numerous Examples.
Crown 8vo. 12s.

Edgar (J. H.) and Pritchard (G. S.).—NOTE-BOOK ON
PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY.
Containing Problems with help for Solutions. By J. H. EDGAR,
M.A., Lecturer on Mechanical Drawing at the Royal School of
Mines, and G. S. PRITCHARD., Fourth Edition, revised by
ARTHUR MEEZE. Globe 8vo. 4s. 64,

Edwards.—THE DIFFERENTIAL CALCULUS With Ap-
plications and numerous Examples. An Elementary Treatise by
JosepH EDWARDs, M.A., formerly Fellow of Sidney Sussex
College, Cambridge. Crown 8vo. 10s. 64.

Ferrers.—Works by the Rev. N, M. FERRERS, M.A., Master of
Gonville and Caius College, Cambridge.

AN ELEMENTARY TREATISE ON TRILINEAR CO-
ORDINATES, the Method of Reciprocal Polars, and the Theory
of Projectors, New Edition, revised. Crown 8vo. 6s, 6d.

AN ELEMENTARY TREATISE ON SPHERICAL HAR-
MONICS, AND SUBJECTS CONNECTED WITH
THEM. Crown 8vo. 7s. 64,

Forsyth.—A TREATISE ON DIFFERENTIAL EQUA-
TIONS. By ANDREW RUSSELL ForsyTH, M.A., F.R.S., Fellow
and Assistant Tutor of Trinity College, Cambridge, 8vo. 14s.

Frost.—Works by PErcivaL Frost, M.A., D.Sc., formerly Fellow
of St. John’s College, Cambridge; Mathematical Lecturer at
King’s College.

AN ELEMENTARY TREATISE ON CURVE TRACING.
8vo. 12 : -

SOLID GEOMETRY. Third Edition. Demy 8vo. 16s.

HINTS FOR THE SOLUTION OF PROBLEMS in the Third
Edition of SOLID GEOMETRY. 8vo. 8s. 64.

d
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Greaves.—A TREATISE ON ELEMENTARY STATIES. ' By
JoHN GREAVES, M.A., Fellow and Mathematical Lecturet of
Christ's College, Cambridge. Second Edition. Crown8vo. 6s. 64.

STATICS FOR BEGINNERS. By the Same Author. Globe 8vo.
35, 6d.

Greenhill.— DIFFERENTIAL AND INTEGRAL -CAL-
CULUS. With Applications. By A. G. GREENHILL, M.A.,
Professor of Mathematics to the Senior Class of Artillery Officers,
Woolwich, and Examiner in Mathemafits to the Universit§ of
London. Crown 8vo. 7s. 64.

Hayward.—THE ALGEBRA OF CO-PLANAR VECTORS
AND TRIGONOMETRY. By R. B. Havwarp, F.R.S.,
Assistant Master at Harrow. - [{n preparation.

Hicks.—DYNAMICS OF PARTICLES AND SOLIDS. By
‘W. M. Hicks, Principal, and Professor of Mathematics' and
Physics, Firth College, Sheffield, late Fellow of St. John’s
College, Cambridge. Crown 8vo,’ ’ [k preparatidy,

Ibbetson.—THE MATHEMATICAL THEORY ' OF PER-
FECTLY ELASTIC SOLIDS, with a short account of Viscous
Fluids. An Elementary Treatise. By WILLIAM JOHN IBBETSON,
M.A., Fellow of the Royal Astronomical Society, and of the Cam-
bridge Philosophical Society, Member of the London Mathematical
Society, late Senior Scholar of Clare College, Cambridge. 8vo. 2ls.

Jellett (John H.).—A TREATISE ON THE THEORY OF
FRICTION. By JorN H. JELLETT, B.D., late Provost of Trinity
College, Dublin; President of the Royal Irish Academy. 8&vo.

Johnson.—Works by WiLLIAM WooLsEY JoHNSON, Professor of
Mathematics at the U.$. Naval Academy, Arnopolis, Maxyland.
INTEGRAL CALCULUS, an Elementary Treatise ‘on the;
Founded on the Method of Rates or Fluxions.. Demy 8vo. 9.
CURVE TRACING IN CARTESIAN CO-ORDINATES.
" Crown 8vo. 4. 64. ) o _
A TREATISE ON ORDINARY AND DIFFERENTIAL
EQUATIONS. Extra crown 8vo. . in ke prpssx,
Jones.—EXAMPLES IN PHYSICS. By D. K Jouxs, B.Sc.,
Professor of Physics in University College of Wales, Aberystwyth,
Fcap. 8vo. 3s.6d. ]

Kelland and Tait.—INTRODUCTION 7TO ‘Quﬂaﬁk
NIONS, with numerous examples. By P. KELLAND, M;A,,
F.R.S., and P. G. TAIT, M.A., Professors in the Department of
Mathematics in the University of Edinburgh. Second Editién.

Crown 8vo. 75, 6d. ) ]
Kempe.—HOW TO DRAW A STRAIGHT LINE: a Lécture

on Linkages, By A. B. KeMpE. With Ilustrations, €rotvh 8vo.
1s. 6d. (Nature Series.)
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Kennedy: —THE MECHANICS OF MACHINERY. By A
B. W. KBRNEDY, F.R.8., M.Inst.C.E.; Professor of Engihéeting
and Meokanical Techmology ih University College; London. With

. Illustrations. Crown 8vo. 125, 6d. -

Knox.—DIFFERENTIAL CALCULYS FOR BEGINNERS.
By ALRXANDER Kfox. Feap. 8vo. 3s. 64,
Lock.—Works Ly the Rev. J. B. Lock, M.A., Author of
¢ Trigonometry,” ** Arithmetic for Schools,” &c.
HIGHER TRIGONOMETRY. Fifth Edition. Globe vo. 4s, 64,
DYNAMICS, FOR BEGINNERS. Second Edition. (Steted- *
typed.) Globe 8vo. 3. 64,
ELEMENTARY STATICS. Globe 8vo. 4. 6(1
(See also under Arztltmetu', Euclid, and Trtgohoﬂtdfy)

AAULEV X 1VIESSUL UL Iu’&l DAY L s T WWIICEYy A
Scotia. With Illustrations. Crown 8vo. 3o0s. 64.

OUL « ccciVO  a . PROBLEM PAPERS. Crewn
8vo. 108 _6d.
toMPAniogi TO % WEEKLY PROBLEM PAPERS” Créwn
vo. 105 6d. ..

Mulr.—A TREATISE ON THE THEORY OF DETERMI-
NANTPS. With giaduatéd sets of Examples, For ¥sé in Collegés
and Schools. By THos. MUix, M.A,, F.R.S.E, Mathemancal
Master in the High School of Glasgow. Crown 8vo. 7s. 64,

da
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Palmer,—TExr BOOK OF PRACTICAL LOGARITHMS
" 'AND TRIGONOMETRY. By J. H. PALMER, Head School-
master R.N., H.M.S. Cambridge, Devonport. Globe 8vo. 4s. 6d.

Parkinson.—AN ELEMENTARY TREATISE ON ME-
CHANICS. For the Use of the Junior Classes at the University
and the Higher Classes in Schoo By S. PARkINsoN, D.D.,
F.R,S., Tutor and Prxlector of St. John’s College, Cambridge.
Xlith a Cg}lection of Examples. Sixth Edition, revised. Crown

vo. 9s. 6d. ‘

Pirie.—LESSONS ON RIGID DYNAMICS. By the Rev. G.
PIrIE, M.A,, late Fellow and Tutor of Queen’s College, Cam-
bridge ; Professor of Mathematics in the University of Aberdeen.
Crown 8vo. 6s.

Puckle.—AN ELEMENTARY TREATISE ON CONIC SEC-
TIONS AND ALGEBRAIC GEOMETRY. With Numerous
Examples and Hints for their Solution ; especially designed for the

* Use of Beginners. By G. H. Puckre, M.A. Fifth Edition,
revised and enlarged. Crown 8vo. 7s. 6d.

Reuleaux.—THE KINEMATICS OF MACHINERY. Out-
lines of a Theory of Machines. By Professor F. REULEAUX
Translated and Edited by Professor A. B. W. KENNEDY, F.R.S.

. C.E. With 450 Illustrations. Medium 8vo. 21s.

Rice and Johnson.—DIFFERENTIAL CALCULUS, an
Elementary Treatise on the ; Founded on the Method of Rates or
Fluxions. By JoHN MiNoT Rice, Professor of Mathematics in
the United States Navy, and WILLIAM WOOLSEY JOHNSON, Pro-

" fessor of Mathematics at the United States Naval Academy.
Third Edition, Revised and Corrected. Demy 8vo. 18s.
Abridged Edition, gs.
Robinsun.—TREATISE ON MARINE SURVEYING. Pre-
ared for the use of lLymn’.ger Naval Officers. With Questions for
aminations and Exercises principally from the Papers of the
- Royal Naval College. With the results. By Rev. JouN L.
RoBINSON, Chaplain and Instructor in the Royal Naval College,
Greenwich. With Illustrations. Crown 8vo. 7s. 6d.
CoNTENTS.—Symbols used in Charts and Surveying—The Constructionand Use

s S e o Mo e T b g, it

'l'll:e'san:nd l"iidalel‘Obse ions—Soundings—Chronom ﬁm ian Distances

~Method of Plotting a Survey—Miscell Exercit Ind

Routh.—Works by Epwarp Joun Rourth, D.Sc., LL.D.,
F.R.S., Fellow of the University of London, Hon. Fellow of St.
Peter’s College, ‘Cambridge.

A TREATISE ON THE DYNAMICS OF THE SYSTEM OF

. RIGID BODIES. With numerous Examples. Fourth and
enlarged Edition. Two Vols, 8vo. Vol I.—Elementary Parts,

. 14¢ . Vdl. T1—The Advanced . 145, . .

STABILITY OF A GIVEN STAXE OF MOTION, PAR.
TICULARLY STEADY MOTION, Adams’ Prize Essay for
1877. 8vo. 8s. 6d.
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8anderson.—HYDROSTATICS FOR BEGINNERS. ~ By
F. W. SANDERSON, M.A., late Fellow of the University of
Durham, and Scholar of Christ’s College, Cambridge ; Assistant
_ Master in Dulwich College. Globe 8vo. ?I» the press.
Smith (C.).—Works by CuarLes SmitH, M.A., Fellow and
Tutor of Sidney Sussex College, Cambu:.'ge.
CONIC SECTIONS, Seventh Edition. Crown 8vo. 7s. 6d.
SOLUTIONS TO CONIC SECTIONS. -Crown 8vo. 10s. 64.
AN ELEMENTARY TREATISE ON SOLID GEOMETRY.
Second Edition. Crown 8vo. g¢s. 64. (See also under Algebra.)
Syllabus of Elementary Dynamics. Drawn up by the
Association for the Improvement of Geometrical Teaching. 4to.
Part I [Zn preparation.
Tait and Steele.—A TREATISE ON DYNAMICS OF A
PARTICLE, With numerous Examples, By Professor TAIT,M.A.,
. and W.J,STEELE, B.A. Fifth Edition, revised. Crown 8vo. #3s.
Thomson.—Works by J. J. THoMsoN, Fellow of Trinity College,
Cambridge, and Professor of Experimental Physics in the University.
A TREATISE ON THE MOTION OF VORTEX RINGS. An
Essay to which the Adams Prize was adjudgéd in 1882 in the
University of Cambridge. With Diagrams. 8vo. 6s. -
APPLICATIONS OF DYNAMICS TO PHYSICS AND
CHEMISTRY Crown 8vo. 7s. 6d.
*Todhunter.—Works by 1. TODHUNTER, M.A., F.R.S., D.Sc.,
late of St. John’s College, Cambridge.
¢ Mr. Todhunter is chiefly known to students of Mathematics as the author of a
series of admirable mathematical text-books, which possess the rare c:lualids of being

clear in style and absolutely free from mistakes, typographical and other.”—
SATURDAY REVIEW,

MECHANICS .FOR BEGINNERS. With numerous Examples.
New Edition. 18mo. 4. 6d.

KEY TO MECHANICS FOR BEGINNERS. Crown8vo. 6s. 6d.
AN ELEMENTARY TREATISE ON THE THEORY OF
EQUATIONS. New Edition, revised. Crown 8vo, %s. 64,
PLANE CO-ORDINATE GEOMETRY, as applied to the Straight
Line and the Conic Sections. With numeréus Exampless New

Edition, revised and enlarged. Crown 8vo. 7s. 64.

KEY TO PLANE CO-ORDINATE GEOMETRY. By C. W.
BoURNE, M.A. Head Mast' of the College, Invernéss, Crown
8vo. 10s. 6d.

A TREATISE ON THE DIFFERENTIAL CALCULUS. With
numerous Examples. New Edition. Crown 8vo. 10s. 6d. .,
A KEY TO DIFFERENTIAL CALCULUS. By H. St. J.

HUNTER, M.A. Crown 8vo. 10s. 64. i

A TREATISE ON THE INTEGRAL CALCULUS AND ITS
APPLICATIONS. With numerous Examples. New Edition,
revised and enlarged. Crown 8vo. 10s. 64. KEV. [/n the press.

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE
DIMENSJONS. Neow Edition, revised. -Crown 8vo, 45
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Todhunter.—A TREATISE ON ANALYTICAL STATIGE.
With oumerous Examples,  Fifth Editien. Edited by Professor
J. D. EVERETT, F.R.S. Crown 8yo. 10s. 6d.

A HISTORY OF THE MATHEMATICAL THEORY OF

) EROB%BILITY from the time of Pascal to that of Laplace.
VO, 195,

A HISTORY OF THE MATHEMATICAL THEORIES OF
AT'I‘RACTION, AND THE FIGURE,QF THE EARTH,
from the time of Newton to that of Laplace, g vols. 8vo, 24s.

" AN ELEMENTARY TREATISE ON LAPLACE’S, LAME’S,

. AND BESSEL’S FUN(‘TIONS. Crown Bvo. Jos. f4.

Yan ot R e bﬂ?l Aloe’ a TO‘IVI”I.

Lollege. New t...., greally eniarged. —... ...

EXAMPLES FOR PRACTICE IN THE USE OF SEVEN.
FIGURE LOGARITHMS.” "For the Use of Colleges “and
Schools, By the same Author. 890 5:. I

T T

'SGIENCE.

(r) Natural Philosophy, (2) Astronomy, (3)
Chemlstry, (4) Blologr (5) Medicine, (6) Anthro-
e

pology, (7) Physical %graphy and Gteng, (8)
Agriculture. -

NATURAL PHILOSOPHY

‘A!r]}(' :—Works by Sir G. B. Ajrv, K.G.B,, formerly Astropomer
OY: al,
) ON bOU D AND ATMQSPHER[C VIBRATIONS With
the Mat ematical lements of Musi¢. sngnpd f r the, Use of
Students in the Umverslty Second’ dxtlon, rewsed and enlarged.
Crown 8vo.  gs.
A TREATISE ON MAGNETISM Designed for thc Use of
Students in the University.” Crown 8vo. 9. 6d.
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“#iry.~GRAVITATION: an Elementary Explanation of the Prin-
¢tipal Perturbations in the Solar System. Second Edition. Crown

8vo. 7s. 6d.
Alexander (T.).—ELEMENTARY APPLIED MECHANICS.
Being the simpler and more practical Cases of Stress and Strain
- wrought out individually from first principles by means of Ele-
mentary Mathematics. By T. ALEXANDER, C.E., Professor of
Civil Engineering, Trinity College, Dublin. Crown 8vo. Part L.

. 45 64
Alexander — Thomson. — ELEMENTARY APPLIED
: M_ECHANICS. By THOMAS ALEXANDER, C.E., Professor of
Civil Engineering, Trinity College, Dublin, and ARTHUR WATSON
- et TW T T Prafaccae © Wnoineering ~t the Techr "'

PR .~ JOs. ¢

* Cotterill —APPLIED MECHANICS: an Elementary General
Introduction to the Theory of Structures and Machines. By
James H. CorTeRILL, F.R.S., Associate Member of the Council
of the Institution of Naval Architects, Associate Member of the
Institation of Civil Engineers, Professor of Applied Mechanics in
the Royal Naval College, Greenwich. . Medium 8vo. "18s.

ELEMENTARY MANUAL OF APPLIED MECHANICS.

: By the same Author. Crown &vo. [/ pregaration.

. Cumming.—AN INTRODUCTION TO THE THEORY OF

. ELECTRICITY. By LinN&us CUMMING, M.A., one of the
" Mastersof Rugby School. With Illustrations. Crown 8vo. 8s. 6d.
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Daniell.—A TEXT-BOOK OF THE PRINCIPLES OF
PHYSICS. By ALrFrep DaAnizLL, M.A.,, LL.B.,, D.Sc.,
F.R.S.E., late Lecturer on Physics in the School of Medicine,
Edinburgh. With Illustrations. Second Edition. Revised and
Enlarged. Medium 8vo. 21s. ’

Day.-—ELECTRIC LIGHT ARITHMETIC. By R. E, Day,
M.A., Evening Lecturer in Experimental Physics at King’s
College, London. Pott 8vo. 2.

Everett.—UNITS AND PHYSICAL CONSTANTS. By J. D.
Evererr, M.A.,, D.C.L.,, F.R.S.,, F.R.S.E.,, Professor of
Natural Philosophy, Queen’s College, Belfast. Second Edition.
Extra fcap. 8vo. §s.

Gray.—THE THEORY AND PRACTICE OF ABSOLUTE
MEASUREMENTS IN ELECTRICITY AND MAGNET-
ISM. By ANDREW GRAY, M.A., F.R.S.E., Professor of Physics
in the University College of North Wales. Two Vols. Crown
8vo. Vol. I. 125 6d. [Vol. IL. Jn the press.

ABSOLUTE MEASUREMENTS IN ELECTRICITY AND
MAGNETISM FOR BEGINNERS. By the same Author.
Abridged Edition. Fcap. 8vo. [ preparation.

Greaves,—ELEMENTARY STATICS, A TREATISE ON.
B {onu GREAVES, M.A., Fellow and Mathematical Lecturer
ofy Christ’s College, Cambridge. Second Edition, revised. Crown
8vo. 6s. 6d.

STATICS FOR BEGINNERS. By the same. Crown 8vo. 3s. 64-

Grove.—A DI%;I)ON}:}\RZ OF M&JSIC ‘I}nNgll)ls hMalJJﬁI(l:?IANS.
A.D. 1450—1889). By Eminent Writers, i oreign.
(Editcd by Sir GEORGE GROVE, D.C.L., Director of the Royal
College of Music, &c. In four volumes. Demy 8vo.

Vols. L., II., IIL, and IV. Price 21s. each.

Vol. I. A to IMPROMPTU. Vol. II., IMPROPERIA to
PLAIN SONG. Vol. III. PLANCHE to SUMER IS
ICUMEN IN. Vol. IV, SUMER IS ICUMEN IN to
ZWISCHENSPIEL, and APPENDIX. Demy 8vo. cloth, with
Illustrations in Music Type and Woodcut. Also published in Parts.
Parts I. to XIV., Parts XIX—XXII., price 3s. 64. each. Parts
XV., XVIL, price 7s. Parts XVII.,, XVIIIL., price 7s. Parts
XXIII.—XXYV. (Appendix), 9s.

*.* The Appendix just published completes the Dictionary. A
general Index will be published as a separate volume.
“ Dr. Grove’s Dictionary will be a boon to every intelligent lover of music.”’—

SATURDAY REVIEW.

Huxley.—INTRODUCTORY PRIMER OF SGIENCE. By T.
H. HuxLEy, F.R.S., &:. 18mo. 1Is.

Ibbetson.—THE MATHEMATICAL THEORY OF PER-
FECTLY ELASTIC SOLIDS, with a Short Account of Viscous
Fluids. An Elementary Treatise, By WILLIAM JOHN IBBETSON,

B.A., F.R.A.S., Senior Scholar of Clare College, €ambridge. 8vo,
213,
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Jones.—Wotks by D. E. Jones, B.Sc., Professor of Physics in
- University College of Wales, Aberystwyth.

EXAMPLES IN PHYSICS. Fcap. 8vo. 3s. 64,

SOUND, LIGHT, AND HEAT. AnElementary Text-book. With
Illustrations, Fcap. 8vo. (/% the press.

Kempe:--How TO DRAW A STRAIGHT LINE; a Lecture
on Linkages. By A. B. KEMPE. With Illustrations. Crown
8vo. 1s. 6d. (Nature Series.)

Kennedy.—THE MECHANICS OF MACHINERY. By A. B.
W. KENNEDY, F.R.S., M.Inst.C.E,, late Professor of Engineering
and Mechanical Technology in University College, London. With

- numerous Illustrations, Crown 8vo. 12s. 64.

Lang.--EXPERIMENTAL PHYSICS, ByP. R. ScorT LANG,
M..A., Professor of Mathematics in the University of St. Andrews,
With Illustrations. Crown 8vo. [ 77 the press.

Lock.—Works by Rev. J. B. Lock, M. A., Senior Fellow, Assistant
Tutor and Lecturer in Gonville and Caius College, Cambridge,
formerly Master at Eton, &c. ’

DYNAMICS FOR BEGINNERS. Second Edition. Globe 8vo.

3s. 64.
ELEMENTARY STATICS. Globe 8vo. 4s. 64.

Lodge.—MODERN VIEWS OF ELECTRICITY. By OLIVER
{; LopGe, LL.D., D.Sc., F.R.S., Professor of Experimental
hysics in University College, Liverpool. Illustrated. Crown

8vo. 6s. 6d. (Nature Series.)

Loewy.—QUESTIONS AND EXAMPLES ON EXPERI-
MENTAL PHYSICS: Sound, Light, Heat, Electricity, and
Magnetism. By B. Loewy, F.R.A.S., Science Master at the
London International College, and Examiner in Experimental
Physics to the College of Preceptors. Fcap. 8vo. 2s.

A GRADUATED COURSE OF NATURAL SCIENCE FOR
ELEMENTARY AND TECHNICAL SCHOOLS AND
COLLEGES. By the Same. In Three Parts. PartI. FIRsT
YEAR’S COURSE. Globe 8vo. 2s.

Lupton.—NUMERICAL TABLES AND CONSTANTS IN
ELLEMENTARY SCIENCE. By SYypNEy LupToN, M.A,.
F.C.S., F.I.C., Assistant Master at Harrow School. Extra fcap.
8vo. 2+ 6d.

Macfarlane.—PHYSICAL ARITHMETIC. By ALEXANDEk
MACFARLANE, D.Sc., Examiner in Mathematics in the Univemity
of Edinburgh. Crown 8vo. 7s. 6d.

Macgregor.—KINEMATICS AND DYNAMICS. An Lle-
mentary Treatise. By JAMES GORDON MACGREGOR, M.A., D, Sc.,

- Fellow of the Royal Societies of Edinburgh and of Canada, Mugro
Professor of Physics in Dalhousie College, Halifax, Nova Scotia.
With Illustrations, Crown 8vo, 10s.64. . .
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MAayer.—SOUND: a Series of Simple, Entertiining, and Tneg-
pensive Experiments in the Phenomena of Sound, for the Use of
Students of gvery age. By A. M. MAVER, Professor of Physics
in the Stevens Institute of Technology, &c. With nuperous
Ilustrations..  Crown 8vo. 3s. 6. (Nature Series.) '

Mayer and Barnard.—LIGHT : a Series of Simple, Entertain-
ing, and Inexpensive Experiments in the Phenomena of Light, for the
Use of Students of every age. By A.. M. MAYER and C. BARNARD.
With numerous Illustrations. Crown 8vo. 2s. 64 (Mature Series.

~Newton.—PRINCIPIA., . Edited by Professor Sir W, THoMsaN
and Professor BLACKBURNE, 4to. 3Is. 6d, .

THE FIRST THREE SECTJIONS OF NEWTON’S PRIN.
CIPIA. With Notes and Ilustrations, Also a Collection of
Problems, ”principally intended as Examples of Newton’s Methods.
By PErCIVAL FRosT, M.A. Third Edition. 8ve. 12s.

Parkinson.—A TREATISE ON OPTICS. By S. PARKINSON,
D.D., F.R.S,, Tutor and Prelector of St. John’s College, Cam-

- bridge. Faurth Edition, veyised and eplarged. Crown 8vo. 10¢. 6d.

Peabody.—THERMODYNAMICS OF THE STEAM EN-
GINE AND OTHER HEAT-ENGINES. By Crci. H.
PEABODY, Associate Professor of Steam Engineering, Massachu-
setts Institute of Technology. 8vo. [Z the press.

Perry. —STEAM. AN ELEMENTARY TREATISE. By
JorR PERRY, C.E., Whitwerth 8chaelar, Fellow .of the Clispidal
Saciety, Professor of Mechanipail Engineering and Applied Mech.
anics at the Technical College, Finsbury. With numerous Wood-
cuts and Numerical Examples and Exergises, 18mo. 4s. 6

Rg{}elgh.—THE THEQRY OF SOUND. RyLorp gma.g;o_ﬂ,

.A., F,R.S, formerly'Fellow‘qf Trinity College, ambridge,
8vo. Vol. 1. 125. 6d. 'Vol. II. 12s. 6d. [Vol. I11. in the press.

Reuleauyx,—THE XINEMATICS OF MACHINERY.  Out.
lines of a Theory of Machines. By Professor F. REULEAUX.
Translated and Edited by Professar A. B, W, KgNNEPY, F.R.S.,

..C.E. With 450 IJlugtrations. Medium ﬁyo. 215,

Rascoe and Schuster.—SPECTRUM ANALYSIS; Lectures
delivered in 1868 before the Society of Apethecaries of London.
gz Sir HeNrY E, Roscqg, LL.D., F.R.S., formerly Professor of

emistry in the Owens College, Vfctotin Universil{, Manchester.

" Fourth Kdition, revised and considerably enlarged by the Author
and by ARTHUR SCHUSTER, F.R.S., Ph.D., Professor of Applied
Mathematics in the Owens College, Victoria University. With Ap-

. mpendices, numierous Tlustrations, dnd:Plates. Medium 8vo. 3s.

-Sanderson.—~HYDROSTATICS FOR 'BEGINNERS. By
F. W. SANDERSON, M.A., late Fellow of the Univdrsity of
Durham, augd Scholar of Christ's College, Cambridge ; Assiftgnt

. . Maater in Dulwich College. Globe 8vo. In the press,

:8hann.—AN ELEMENTARY TREATISE ON HEAT, IN

* RELATION TO STEAM AND THE STEAM-ENGINE.
By G. SHANN, M.A. With Ulustrations, Crown 8va  4s. 64.
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ﬁpottaswoode.—rpommsuton OF LIGHT. By the late
. » SPOTTISWOODE, F.R.S. With Illustrdtions.© New Edition.
Crown 8vo. 3s. 6d. (Natyre Series.)

-Stewart (Balfour).—Works by BALFOUR StewarT, F.R.S.,
" .late Langworthy Professor of Physics in the Owens College,
Victoria University, Manchester.
~PRIMER DF PHYSICS.” With numerous TNustrations. New
‘Hdition, with Questions. 18mo. (Scsence Primers.)
LESSONS IN ELEMENTARY PHVSICS. With numerous
“* Tllashrations and_ Chromolitko of the Spectra of the Sun, Stars,
and Nebule. New and Enlarged Edition. -Feap. 8vo. zf
QUESTIONS QN BALFOUR STEWART'S ELEME TARY
LESSONS IN PHYSJCS. By Prof. THoMAS H. CorE, Owens
College, Manchester. New Edition, Feap. 8vo, 2s.

Stewart and Gee.—ELEMENTARY PRACTICAL PHY-
~ '6ICS, LESSONS .IN. By BALPOUR STEWART, FIR(S., and
. "W. W, HAaLDANE GEE, B.Sc. Craown 8vo.
Vol. .—GENERAL PHYSICAL PROCESSES. 6s.
Vol, I3 —ELECTRICITY ANDMAGNETISM. 7. 64.
Vol; I{1.—OPTICS, HEAT, AND SOUND. [In the press.
PRACTICAL PHYSICS FOR SCHOOLS AND THE JUNIOR
STUDENTS OF COLLEGES. By the same Anthors. Globe 8vo.
Vol. L—ELECTRICITY AND MAGNETISM. 2s 6d.

Stokes.—ON LIGHT. g?ug ¢ Burpett Lectures, delivered in
Aberdeen m 1883, 1884, 1885 Bir GEORGE GABRIEL STOKES,
M.A. i{ fc. Fellow of Pembroke College, and Lucagian
gi‘of or of athematics in the Unijversity of mbndge First

ourée: ON THE NATURE OF LiGHT.— Second Course: ON

LIGHT A§ A MEANS OF INVESTIGATION,—Third Course : QN THE

" BENEFICIAL EFFECTS OF LIGHT. Complete in one volume.
Crown 8vo, 7s, 6d. (Nature Series.)

*_* The Second and Third Coutses may be had separately. Crown

. Bvo.  2¢.6d. ehck.

‘,,S;g -—AN EL}:‘,}?{JENT RY TREATISE ON SOUND. By
. H.' 'STONE, ith Illustrations. 18mo. 3+ 6d.

. T8it~—HEAT. By P. G. Tarp, M.A., Sec. R.5.E., formerly

: Fellow of St Peter’s College, Cambridge, Professor of Natural
Philosophy in the University of Edinburgh. Crown. 8vo. 6s.

Thompspry.—-ELEMENTARY LESSONS IN ELECTRICITY

g ‘MAGNETISM. SyLvanus P. THOMPSON, Principal

rofessqr aof Physxcsm e Technical College, Finsbury. With

ng;mtlon;. New Edition, Revised. - FortysThud Thousand.

Foap, 8vo, 4s. 6d.

Thomsnn. 8ir W.,—Works by Sir WiLLIAM THOMSON,

D.C.L., LL.D,, F.R.S., F.R.$.E., Fellow of St. Peter’s College,

QCambridge, and Professor of Natnral Phllosophy in the University

- of Glaggow
ELECTROSTATICS AND MAGNETISM REPRINTS OF
PARERS ON, Seétound BEdition. Medium &vo. .18s.
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Thomson.—POPULAR LECTURES AND ADDRESSES.
3 vols. With Illustrations. Crown 8vo, Vol. I. Constitution
of Matter. 6s. (Nature Series.)

Thomson, J. J.—Works by J. J. THoMsoN, Fellow of Trinity
Sollege, Cavendish Professor of Experimental Physics in the

niversity.

THE MOTION OF VORTEX RINGS, A TREATISE ON.
An Essay to which the Adams Prize was adjudged in 1882 in
the University of Cambridge. With ms. 8vo. 6.

APPLICATIONS OF DYNAMICS PHYSICS AND
CHEMISTRY, Crown 8vo. 7s. 6d.

Todhunter.—NATURALPHILOSOPHY FOR BEGINNERS.
By I. TopDHUNTER, M.A., F.R.S., D.Sc

Pa.rt I. The Properties of Solid and Fluid Bodies. 18mo. 3s. 6d.

Part I1. Sound, Light, and Heat. 18mo. 3s. 64.

Tumer.—HEAT AND ELECTRICITY, A COLLECTION OF
EXAMPLES ON. By H. H, TURNER, B.A., Fellow of Trinity
College, Cambridge. Crown 8vo. 2s. 64.

Wright (Lewis). —LIGHT; A COURSE OF EXPERI-
MENTAL OPTICS, CHIEFLY WITH THE LANTERN.
By L.ewis WRIGHT. With nearly 200 Engravings and Coloured
Plates. Crown 8vo, 7s. 64.

ASTRONOMY.

Airy.—POPULAR ASTRONOMY. With Illustrations by Sir
G. B. AIry, K.C.B., formerly Astronomer-Royal. A New Edition.
"18mo. 4s. 6d.

Forbes.—TRANSIT OF VENUS. By G. Forses, M.A.,,

) Professor of Natural Philosophy in the Andersonian University,
Glasgow. Illustrated. Crown 8vo. 3s. 6d. (Nature Series.)

Godfray.—Woaks by HucH GoODFrAY, M.A,, Mathematical
Lecturer at Pembroke College, Cambridge.

A TREATISE ON ASTRONOMY, for the Use of Colleges and
Schools, Fourth Edition. 8vo. 12s. 64.

AN ELEMENTARY TREATISE ON THE LUNAR THEORY,
with a Brief Sketch of the Problem up to the time of Newton.
Second Edition, revised. Crown 8vo, §5s. 64.

Lockyer.—Works by J. NoRMAN LoCKYER, F.R.S.

PRIMER OF ASTRONOMY. With numerous Illustrations.
New Edition. 18mo. 1s. (Science Primers.

ELEMENTARY LESSONS IN ASTRONOMY. With Coloured
Diagram of the Spectra of the Sun, Stars, and Nebule, and
numerous Illustrations. New Edition (36th thousand), rewised
throughout. Feap. 8vo. §s. 6d.

QUESTIONS ON LOCKYER’S ELEMENTARY LESSONS IN
ASTRONOMY. For the Use of Schools By JoHN ForBis-
ROBRRTSON. 18mo, cloth lim

THE CHEMISTRY OF THE gUN. With Illustrations. Svo. 45
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Lockyer.—THE METEORIC HYPOTHESIS, With THustra-

tions. 8vo. [Z98 the press.
THE EVOLUTION OF THE HEAVENS AND THE EARTH
Crown 8vo. With Illustrations. . [/n the press.

Newcomb.—POPULAR ASTRONOMY. By S. Newcowms,
, LL.D., Professor U.S. Naval Observatory. With 112 Illustrations
and § Maps of the Stars. Second Edition, revised. 8vo. 18s.
It is unlike anything else of its kind, and will be of more use in circulatinga
know! of Astronomy than nine-tenths of the books which have appeared on the
subject of late years.” —SATURDAY Revizw,

CHEMISTRY.

Armstrong.—A MANUAL OF INORGANIC CHEMISTRY.
By HENRY ARMSTRONG, Ph.D,, F.R.S., Professor of Chemistry
in the City and Guilds of London Technical Institute. Crown 8vo.

- ) [Zn preparation.
Cohen.—THE OWENS COLLEGE COURSE OF PRAC-
. “‘TICAL ORGANIC CHEMISTRY., By JurLius B. COHEN,
Ph.D., F.C.S., Assistant Lecturer on Chemistry in the Owens
College, Manchester. With a Preface by S;R HENRY RoSsCOE,
F.R.S., and C, SCHORLEMMER, F.R.S. Fcap. 8vo. 2, 6d.
Cooke.—ELEMENTS OF CHEMICAL PHVSICS. By Josian
. P, COOKE, Junr.,, Erving Professor of Chemistr{ and Mineralogy
in Harvard University. Fourth Edition. Royal 8vo. 21s.

Fleischer,.—A SYSTEM OF VOLUMETRIC ANALYSIS.
By EMIL FLEISCHER. . Translated, with Notes and Additions,

. from the Second German Edition by M. M. PATTISON MUIR,
F.R.S.E. With Illustrations. Crown8vo. 7s.6d.

Frankland.—AGRICULTURAL CHEMICAL ANALYSIS
A Handbook of. By PERCY¥ FARADAY FRANKLAND, Ph.D.,
- B.Sc., F.C.S. Associate of the Royal School of Mines, and
Demonstrator of Practical and Agricultural Chemistry in the
Normal School of Science and Royal School of Mines, South
Kensinﬁton Museum. Founded upon Leitfaden fiir die Agriculture
Chemicke Analyse, von Dr. F. KROCKER. Crown 8vo. 7s. 64.
Hartley.—A COURSE OF QUANTITATIVE ANALYSIS
FOR STUDENTS. By W. NoeL HARTLEY, F.R.S., Professor
of Chemistry, and of Applied Chemistry, Science and Art Depart-
, ment, Royal College of Science, Dublin. Globe 8vo. §s.
Hiorns.—Works by AxTrUR H. HI0RNS, Principal of the School
of Metallurgy, Birmingham and Midland Institute.
PRACTICALMETALLURGY AND ASSAYING. A Text-Book
_for the use of Teachers, Students, and Assayers. With Illustra-
" "tions. Globe 8vo. 6s.
A TEXT-BOOK OF ELEMENTARY METALLURGY FOR
" THE USE OF STUDENTS. To which is added an Appendix
of Examination Questions, embracing the whole of the Questions
set in the three stages of the subject by the Science and Art
« Department for the past twenty years. Globe 8vo. 4.
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Hiorns;—IRON AND STEEL MANUFACTURE. -A Téa<-
Book for Beginners. Illustrated. Globe 8vo. 3s. 64

Jones.—Works by Francrs jones, P.R.S.E;; F.€. S., C‘K&nﬁ&f
Master in the Grammar School, Mdnchester

THE OWENS COLLEGE JUNIOR COURSE of PRAC
TICAL CHEMISTRY. With Preface by Sir HENXY ROs¢OE,
F.R.S,, and Iluwstrations. Neéw Edition. 18mob. 2¢. G

QUESTIONS ON CHEMISTRY. A Seties of Problems anfl
Exercises in Inorganic and Organic Chemistry. Feap. 8vo. 3.

Landauer.—BLOWPIPE ANALYSIS. By J. LANDAUER.
Authorised English Edition by J. YLQR and W, E. Kay, of

L Owens College, Manchektet. Mwoi'dalm in preparation.

upton.—CHEMICAL ARITHMETI With 1,200 Problems,
%y SYDNEY Lupton, M.A., gi firierly KsslqkHRl
Master at Harrow. Second Edinon, Revxsed and Abridgéd.
Feap. 8vb. - 4. 6d.

Meldola —THE CHEMISTRY OF PHOTOGRAPHY &
RarHAEL MELDoLA, F.R.S., Professor of Chémistey A

- ‘Technical College, Finsbury, Clty add GuiMys of Londoh Hukti-
tute for the Advancement of Techinical Education. Crown 8Vo.
6s. (Nature Series.) .

Meyer.—HISTORY OF CHEMISTRY ao tnn
Meyer., Translated bg GeorGE MCGOWAR.

Mixter.—AN ELEMENTARY TEXT- Eoo*ﬁ
ISTRY. By WirtiaM G. MixTeR, Professor of cﬁé ry
the Sheffield Scientific School of %me Colleg& 133

. Revised Edition. Ctown 8vo. .

Muir.—PRACTICAL CHEM STRY r Wrcné s'fu.
DENTS. Spedially arranged for the fi

* M. M. PATTISON MUIR, F.R.S.E. Feap. &o. 13, B&

Mtir and Wilson. —-'rgn ELEMENTS O J '!‘HERMAL
CHEMISTRY. PaTTisoN MUyre, F.R. S.E
Fellow and Praelector of Chemistry it Gohy J.nd Caidé
Cambridge ; Assisted by Davip Mdrk WiLss 0.

Ramsay. ——EXPERIMENTAL PROOFS cm‘s
THEORY FOR BEGINNERS. 1AM RAMsAY, gl
Professor of Chemistry in Umversxty ;.Xoﬂ nStbl Pott 8V‘

Remsen.—‘l?(vorks by IRA REMSEN, Professor of Cheistry ia the

ohns ins Univefsity.

.comourfbs OF .CARBON ; or, 6:gani%55emmfry, a8 Tiiteor
duction to the Study-of. Crawnt 8vo

AN INTRODUCTION TO THE STY OF c s’fRY
(INORGANIC CHEMISTRY}. Crowh 8t i

‘IHE ELE‘MENTS OF CHEMISTRY 'rett B&ol'for

A8 % 6."Boox oF iNORGANIC cnzmsrkv.  Médidin

vo: 10s. :

Roscoe.—Works by Sir Henry E. Roscor, F.R.S., foife
Profzisor of Chemistry in the Victoria Umvemty the Owens Cgﬁege,
Manchester. “



SCIENCE. ' 47

Roscoe.~-PRIMER OF CHEMISTRY. With mamerous fiustta- -
tions. New Edition. With Questions, i8ino. 1s. (Sciznce Primers.)

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC
AND ORGANIC. With numerpus Illustrations and Chromolithgr ;
of the Solar Specttum, and of the Alkalies and Alkaline
New Edition. Fcap. 8vo. ' 45, 6d. (Sece under THORPE.)

Roscoé¢ and Schorlemmet.—INORGANIC AND OR-
GANIC CHEMISTRY. A Complete Treatisé o Thorganis amt :
Organic Chemistry. By Sir HENRY E. RoscoE, F.R.S.,.and Prof.
C. SCHORLEMMER, F.R.S, With Illustrations, Medium 8vo,

Vols. I. and II.—INORGANIC CHEMISTRY. )

Vol. L—The Non-Metallic Elements, Second Edition, reviged.
21s.  Vol. IL. Parf I.—Metals. 18s. Vol. II Part II.—~Metals.
New and thorouﬁhly Revised Edition. 18s.

Vol. I11.—ORGANIC CHEMISTRY.

* THE CHEMISTRY OF THE HYDROCARBONS and tHeir
Derivativesy, or ORGANIG CHEMISTRY. With numerous-
Illustrations, Five Parts. Parts 1., IL, and IV. 2i1s. each.

" Parts II1. and V. 18s. each.

Thorpe.—A SERIES OF CHEMICAL PROBLEMS, prepared
with :Special Reéterence to Sir H: E. Roscoe’s Fdssbns in%ilemeh‘- !
tary Chemistry, by T. E. THorpe, Ph.D., F.R.S., Professor of
Chemistry in the Normal School of Science, South Kensington,
adapted for the Preparation of Students for the Government
Science, and Soclety of Arts Examinations.. Witha Preface by Sip

- HEN®Y E. RoscoE, F.R.S. New Edition, with Key. 18mo. 2s,

Thorpé and -Riicker.—A TREATISE. ON CHEMICAL
PHYSICS. By T. E. THorPE, Ph.D., F.R,S. Professor of
Chetnistry in the Normal Schoot of Science, and Ptofessor A, W.
RUCKER. Illustrated. 8vo. .. UUn preparation. 1
right.—METALS AND THEIR CHIEF INDUSTRIAL
APPLICATIONS. By C. ALDER Wm:{xr D.Se,, &c

Medical Sehobk

Lectdrer on Chemistry id St. Mary’s Hospital Medical
Extra fcap. 8vo. 3s.6d. o '
_ _ BIOLOGY. | :
Alien.——on THE COLOUR OF FLOWERS, ad Illistrated in
the British Flora. By GRANT ALLEN. With Ilastrations,
Crown 8vo. 3s.6d: (Nature Series.) L B
Balfour,— A TREATISE ON COMPARATIVE EMBRY-

- OLBAY. By F. M. BaLroud, M.A.,, F.R.6.; Félow s
.. Lecturer. of %‘tinity’Cone , Cambtidge. With Illustrations.
. Second Edition, reprinted without aiterstion from the Pirst

. Editiod. In2vols, 8vo. Vol. L. 18. Vol II 215 .

Balfour ard Ward.—& GENERAL TEXT BOOK OF
OTANY, By IsaAc BAYLEY BAtLrouR, F.R.8., Profesior of
Gtany in the U{liversity of Edinburgh, and H, ‘hAlfSHALL*WA'!lD,
F.R.S., Felloir of Christ’s Cdllege, Cdmbridge, aifd Pfofeasgt’.of
Botany in the Royal Indian Engineéting College, Cooper’s Hill.
8vo. : It preparation.
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Bettany.—FIRST LESSONS IN PRACTICAL BOTANY.,
By G. T. BETTANY, M.A,, F.L.S., formerly Lecturer in Botany
at Guy's Hospital Medical School. 18mo. 1s.

Bower.—A COURSE OF PRACTICAL INSTRUCTION IN
BOTANY. By F. O. Bower, D.Sc., F.L.S., Regius Professor
of Botany in the University of Glasgow. Crown 8vo. 10s. 64.

Darwin (Charles).—MEMORIAL NOTICES OF CHARLES
DARWIN, F.R.S,, &c. By THoMAs HENRY HUXLEY, F.R.S.,
G. J. RomaAngs, F.R.S,, ArcHIBALD GEIKIE, F.R.S., and
W. T. THISELTON DYER, F.R.S. Reprinted from Nafure,
" With a Portrait, engraved by C. H, JEeNs, Crown 8vo.
2s. 6d, (Nature Series.)

Eimer.—EVOLUTION. By Prof. EiMER. Translated by J. T.
CUNNINGHAM. 8vo. [/n preparation.

Fearnley.—A MANUAL OF ELEMENTARY PRACTICAL
HISTOLOGY. By WiLLiAM FEARNLEY. With Illustrations.
Crown 8vo. 7s. 6d.

Flower and Gadow.—AN INTRODUCTION_TO THE
OSTEOLOGY OF THE MAMMALIA., By WiLLiAM HENRY
FLowgr, LL.D., F.R.S., Director of the Natural History De-
partments of the British Museum, late Hunterian Professor of Com-
parative Anatomy and Physiology in the Royal College of Surgeons
of England, With numerous Illustrations. Third Edition. Re-
vised with the assistance of HANs GaApow, Ph.D,, M.A., Lecturer
on the Advanced Morphology of Vertebrates and Strickland
Curator in the University of Cambridge. Crown 8vo. 10s. 64.

Foster.—Works by MICHAEL FosTER, M.D., Sec. R.S., Professor
of Physiology in the University of Cambridge. .

.PRIMER OF PHYSIOLOGY. With numerous Illustrations.
New Edition. 18mo. 1s.

A.TEXT-BOOK OF PHYSIOLOGY. With Illustrations. Fifth
Edition, largely revised. In Three Parts. Part I., comprising
Book I. lood—The Tissues of Movement, The Vascular
Mechanism. 10s. 6d.

Parts I1. and IIL. are in the press preparing for early publication.

Foster and Balfour.—~THE ELEMENTS OF EMBRY-
OLOGY. By MICHAEL FosTER, M.A., M.D,, LL.D., Sec.R.S.,
Professor of Physiology in the University of Cambridge, Fellow
of Trinity College, Cambridge, and the late FRANCIS M. BALFOUR,
M.A., LL.D., F.R.S., Fellow of Trini(i College, Cambridge,
and Professor of Animal Morphology in the University. Second
Edition, revised. Edited by ADAM SEDGWICK, M.A., Fellow
and Assistant Lecturer of Trinity College, Cambridge, and WALTER
HEeAPE, Demonstrator in the Morphological Laboratory of the
University of Cambridge. With Illustrations, Crown 8vo. 10s. 64,
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Foster and Langley.—A COURSE OF ELEMENTARY
PRACTICAL PHYSIOLOGY AND HISTOLOGY. By Prof.
MICHAEL FosTER, M.D,, F.R.S., &c.,and J. N. LANGLEY, M.A.,
F.R.S., Fellow of Trinity College, Cambridge. Sixth Edition.
Crown 8vo. 7s. 6d.

Gamgee.—A TEXT-BOOK OF THE PHYSIOLOGICAL
CHEMISTRY OF THE ANIMAL BODY. Iucluding an
Account of the Chemical Changes occurring in Disease. By A.
GAMGEE, M.D., F.R.S., formerly Professor of Physiology in the
Victoria University the Owens College, Manchester. 2 Vols. 8vo.
With Illustrations. Vol. I. 18s. [Vol. II. in the press.

Gray.—STRUCTURAL BOTANY, OR ORGANOGRAPHY
ON THE BASIS OF MORPHOLOGY. To which are added
the principles of Taxonomy and Phytography, and a Glossary of
Botanical Terms. By Professor AsA GRAY, LL.D. 8vo. 10s. 64,

Hamilton.—A SYSTEMATIC AND PRACTICAL TEXT-
BOOK OF PATHOLOGY. By D. J. HamILTON, F.R.C.S.E.,
F.R.S.E., Professor of Pathological Anatomy, University of Aber-
deen. Copiously Ilustrated. 8vo. Volume I. 25s.

Hooker.—Works by Sir J. D. Hooker, K.C.S.I, C.B,, M.D,,
F.R.S.,, D.C.L. '

PRIMER OF BOTANY. With numerous Illustrations. New
Edition. 18mo. 1Ys. (Science Primers.)

THE STUDENT’S FLORA OF THE BRITISH ISLANDS.
Third Edition, revised. Globe 8vo. 10s. 64.

Howes.—AN ATLAS OF PRACTICAL ELEMENTARY
BIOLOGY. By G. B. HowEs, Assistant Professor of Zoology,
Normal School of Science and Royal School of Mines. With a
Preface by THoMas HENRY HUXLEY, F.R.S. Royal 4to. 14s.

Huxley.—Works by TuomMas Henry HuxLEY, F.R.S.
INTRODUCTORY PRIMER OF SCIENCE. 18mo. 1Is.
(Science Primers.)
LESSONS IN ELEMENTARY PHYSIOLOGY. With numerous
Ilustrations. New Edition Revised. Fcap. 8vo. 4s. 64,

QUESTIONS ON HUXLEY’S PHYSIOLOGY FOR SCHOOLS.
By T. ALcock, M.D. New Edition. 18mo. 1s. 6d.

Huxley and Martin.—A COURSE OF PRACTICAL IN-
STRUCTION IN ELEMENTARY BIOLOGY. By T. H.
HuxLey, F.R.8., LL.D., assisted by . N. MARTIN, M.A,,
M.B., D.Sc., F.R.S., Fellow of Christ’s College, Cambridge.
New Edition, revised and extended by G. B. HOWEs, Assistant
Professor of Zoology, Normal School of Science, and Royal School
of Mines, and D, H. ScotT, M.A., PH.D., Assistant Professor of
Botany, Normal School of Science, and Royal School of Mines.
New Edition, thoroughly revised. With a Preface by T, H.
HuxLEy, F.R.S. Crown §vo. 10s. 6d.

e
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Klein.—MICRO-ORGANISMS AND DISEASE. An Intro-
duction into the Study of Specific Micro-Organisms. By E,
KLEIN, M.D,, F.R.S,, Lecturer on General Anatomy and Physio-
logy in the Medical School of St. Bartholomew’s Hospital, Professor
of Bacteriology at the College of State Medicine, London, With
121 Illustrations. Third Edition, Revised. Crown8vo. 6s.

THE BACTERIA IN ASIATIC CHOLERA. By the Same.
Crown 8vo. §s.

Lankester.—Works by Professor E. RAY LANKESTER, F.R.S.
A TEXT BOOK OF ZOOLOGY. 8vo. [ 772 preparation.

DEGENERATION : A CHAPTER IN DARWINISM, Hius-
trated, Crown 8vo. 2s. 6d. (Nafure Series.)

Lubbock.—Works by SIr Jorn LusBocK, M.P., F.R.S., D.C.L.
THE ORIGIN AND METAMORPHOSES OF, INSECT,
With numerous Illustrations. New Edition. Crown 8vo. 3s.

(Nature Series.) '

ON BRITISH WILD FLOWERS CONSIDERED IN RE-
LATION TO INSECTS. With numerous Illustrations. New
Edition, Crown 8vo. 4s. 6. (Nature Series.)

FLOWERS, FRUITS, AND LEAVES. With Illustrations.
Second Edition. Crown 8vo. 4s. 6d. (Nature Series.)

Martin and Moale.—ON THE DISSECTION OF VERTE-
BRATE ANIMALS. By Professor H. N. MARTIN and W. A.
MoALE. Crown 8vo. [Zn preparations.

Mivart.—Works by ST. GEorce MivarT, F.R.S., Lecturer on
Comparative Anatomy at St. Mary’s Hospital.
LESSONS IN ELEMENTARY ANATOMY., With upwards of
400 Illustrations, Fcap. 8vo. 6s.64.

THE COMMON FROG. Illustrated. Cr. 8vo. 3s. 67, (Nature Series.)

Miiller.—THE FERTILISATION OF FLOWERS. By Pro-
fessor HERMANN MULLER. Translated and Edited by D’Akcy
W. THOMPSON, B.A., Professor of Biology in University College,
Dundee. With a Preface by CHARLES DARWIN, F.R.S. With
numerous Illustrations. Medium 8vo. 21s, :

Oliver.—Works by DANIEL OLIVER, F.R.S., &c., Proféssor of
Botany in University College, London, &c.
FIRST BOOK OF INDIAN BOTANY. With numerous Illus.
trations. Extra fcap. 8vo. 6s. 64.
LESSONS IN ELEMENTARY BOTANY. With nearly 200
Illustrations. New Edition. Fcap. 8vo. 4s. 64,

Parker.—A COURSE OF INSTRUCTION IN ZOOTOMY
(VI%RTEB?%T;\). Bytl;r. t]}xnnv PAngER, B.Sc. London,
Professor of Biology in the University of Ot New
With Illustrations, Crown 8vo. 8s. 64. % Zaatand,




SCIENCE. 51

Parker.—LESSONS IN ELEMENTARY BIOLOGY. By the
same Author. With Illustrations. 8vo. [Z7 the press.

Parker and Bettany.—THE MORPHOLOGY OF THE
SKULL. By Professor W. K. PARKER, F.R.S., and G. T.
BETTANY, M.A,, F.L.S. Illustrated. Crown 8vo. 10s. 64,

Romanhes.—THE SCIENTIFIC EVIDENCES OF ORGANIC
EVOLUTION. By GEeorGE J. Romanes, M.A., LL.D.,
F.R.S., Zoological Secretary of the Linnean Society. Crown
8vo. 25, 6d. (Nature Series.)

Sedgwick.—A SUPPLEMENT TO F. M. BALFOUR’S
TREATISE ON EMBRYOLOGY. By ADAM SEDGWICK,
M.A., F.R.S., Fellow and Lecturer of Trinity College, Cambridge.
8vo. Ilustrated. [/n preparation.

Smith (W, G.).—DISEASES OF FIELD AND GARDEN
CROPS, CHIEFLY SUCH AS ARE CAUSED BY FUNGI.
By WorTHINGTON G. SMiITH, F.L.S., M.A.L., Member of the
Scientific Committee R.H.S, With 143 New Illustrations drawn
and engraved from Nature by the Author. Fcap. 8vo. 4. 6d.

Stewart—Corry.—A FLORA OF THE NORTH-EAST OF
IRELAND. Including the Phanerogamia, the Cryptogamia
Vasculaxia, and the Muscinez. By SAMUEL ALEXANDER
STEWART, Fellow of the Botanical Society of Edihburgh, Curator
of the Collections in the Belfast Museum, and Honorary Associate
of thé Belfast Natural History and Philosophical Society ; and the
late THoMAs HuGgHEs CorRY, M.A., F.L.S,, F.Z.S., M.R.L.A,,
F.B.S. Edin., Lecturer on Botany in the University Medical and
Science Schools, Cambridge, Assistant Curator of the University
Herbarium, &c., &. Crown 8vo. §s. 6d. )

Wallace.—DARWINISM. An Exposition of the Theory of
Natural Selection with some of its applications. By ALFRED
Russe. WaLracg, LL.D., F.L.S., Author of *The Malay
Archipelago,” ¢ The Geagraphical Distribution of Animals,”
¢Island afi?:,” &c. Crown 8vo. Os.

Ward.—TIMBER AND SOME OF ITS DISEASES. By H.
MARSHALL WARD, M.A., F.R.S., F.L,S., late Fellow of Christ’s
College, Cambridge ; Professor of Botany in the Royal Indian
Engineering Collegé, Cooper’s Hill. With Illustrations. Crown
8vo. 6s. (Nature Series.)

Wiedersheim (Prof.)—ELEMENTS OF THE COM-
PARATIVE ANATOMY OF VERTEBRATES, Adapted
from the German of ROBERT WIEDERSHEIM, Professor of Ana-
tomy, and Director of the Institute of Human and Comparative
Anatomy. in the University of Freiburg-in-Baden, by W.
NEWTON PARKER, Professor of Biology in the University College
of South Wales and Monmouthshire.. With Additions by the
Author and Translator,. With Two Hundred and Seventy Wood-

cuts. Medium 8vo. 12s. 64.
e2



§3 MACMILLAN’S EDUCATIONAL CATALOGUE.

MEDICINE.

Brunton.—Works by T. LAuber BaunTON, M.D., D.Sc.,
F.R.C.P., F.R.S., Assistant Physician and Lecturer on Materis
Medica at St. Bartholomew’s Hospital ; Examiner in Materia
Medica in the University of London, in the Victoria University,
and in the Royal College of Physicians, London; late Examiner
in the University of Edinburgh.

A TEXT-BOOK OF PHARMACOLOGY, THERAPEUTICS,
AND MATERIA MEDICA. Adapted to the United States
Pharmacopeeia, by FRANCIS H. WiLLIAMS, M.D., Boston, Mass.
Third Edition. Adapted to the New British Pharmacopceia, 1885,
Medium 8vo, 21s.

TABLES OF MATERIA MEDICA : A Companion to the Materia
Medica Museum. With Illustrations, New Edition Enlarged.
Cheaper Issue. 8vo. §s.

Griffiths.—LESSONS ON PRESCRIPTIONS AND THE
ART OF PRESCRIBING. By W. HANDSEL GRIFFITHS,
Pu.D,, L.R.C.P.E, New Edition. Adapted to the Pharmacopceia,
1885. 18mo. 3s. 64.

Hamilton.—A TEXT-BOOK OF PATHOLOGY, SYSTEMA-
TIC AND PRACTICAL. By D. ). HamiLTOoN, M.B.,
F.R.C.S.E., F.R.S.E., Professor of Pathological Anatomy, Uni-
versity of Aberdeen. Copiously Illustrated. Vol. I. 8vo. 25s.

Klein.—MICRO-ORGANISMS AND DISEASE. An_ Intro-
duction into the Study of Specific Micro-Organisms. By E.
KLeiNn, M.D,, F.R.S,, iecturer on General Anatomy and Piylysio-
logy in the Medical School of St. Bartholomew’s Hospital, London.
With 121 Illustrations. Third Edition, Revised. Crown 8vo. 6.

THE BACTERIA IN ASIATIC CHOLERA. By the Same
Author. Crown 8vo.  §s.

White.—A TEXT-BOOK OF GENERAL THERAPEUTICS.
By W. HALE WHITE, M.D,, F.R.C.P., Senior Assistant Physiciag
to and Lecturer in Materia Medica at Guy’s Hospital. With Illus-
trations. Crown 8vo. 8s. 64,

Ziegler-Macalister.—TEXT-BOOK OF PATHOLOGICAL
ANATOMY AND PATHOGENESIS. BEdProfenor ERNST
ZigcLER of Tiibingen. Translated and Edited for English
Students by DONALD MACALISTER, M.A.,M.D., B.Sc.,F.R.C.P.,
Fellow and Medical Lecturer of St. John’s College, Cambridge,
Physician to Addenbrooke’s Hospital, and Teacher of Medicine in
the University. With numerous Illustrations. Medium 8vo.

Part .—~GENERAL PATHOLOGICAL ANATOMY. Second
Edition. 125, 64,

Part IL—SPECIAL PATHOLOGICAL ANATOMY. Sections
L—VIII, Seccnd Edition. 124.64. Sections IX,—XIL 124, 64,
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ANTHROPOLOGY.

Flower.—FASHION IN DEFORMITY, as Illustrated in the
Customs of Barbarous and Civilised Races., By Professor
FLower, F.R.S., F.R.C.S. With Illustrations. Crown 8vo.
25, 6d. (Nature Series.)

Tylor.—ANTHROPOLOGY. An Introduction to the Study of
Man and Civilisation. ByE. B. TyLor, D.C.L., F.R.S. With
numerous Illustrations. Crown 8vo. 7s. 64.

PHYSICAL GEOGRAPHY & GEOLOGY.

Blanford.—THE RUDIMENTS OF PHVYSICAL GEOGRA-
PHY FOR THE USE OF INDIAN SCHOOLS; with a
Glossary of Technical Terms employed. By H. F. BLANFORD,

. F.G.S. New Edition, with Illustrations. Crown 8vo. 2s. 64.

Fisher.—PHVYSICS OF THE EARTH’S CRUST. By the Rev.
OsmoND FIsHER, M.A., F.G.S., Rector of Harlton, Hon. Fellow
of King’s College, London, and late Fellow and Tutar of Jesus
College, Cambridge. Second Edition, altered and enlarged. 8vo.
125,

Geikie.—Works by ARCHIBALD GEIKIE, LL.D., F.R.S., Director-
General of the Geological Survey of Great Britain and Ireland, and
Director of the Museum of Practical Geology, London, formerly
Murchison Professor of Geology and Mineralogy in the University
of Edinburgh, &c.

PRIMER OF PHYSICAL GEOGRAPHY. With numerous
Illustrations. New Edition, With Questions. 18mo. 1s.
(Science Primers.)

ELEMENTARY LESSONS IN PHYSICAL GEOGRAPHY.
With numerous Illustrations. New Edition. Fcap. 8vo. 4s. 64,
QUESTIONS ON THE SAME. 1s. 64. .

PRIMER OF GEOLOGY. With numerous Illustrations. New
Edition. 18mo. 1s. (Science Primers.)

CLASS BOOK OF GEOLOGY. With upwards of 200 New
Illustrations. Crown 8vo. 10s, Gd.

TEXT-BOOK OF GEOLOGY. With numerous Illustrations.
Second Edition, Seventh Thousand, Revised and Enlarged. 8vo. 28s.

OUTLINES OF FIELD GEOLOGY. With Illustrations. New
Edition. Extra fcap. 8vo, 3s. Gd.

THE SCENERY AND GEOLOGY OF SCOTLAND,
VIEWED IN CONNEXION WITH ITS PHYSICAL
GEOLOGY. With numerous Illustrations. Crown 8vo. 12s. 64.

(See also under Geography.)

Huxley.—PHYSIOGRAPHY. An Introduction to the Study
of Nature. By THomas HenNry HuxrLey, F.R.S. With
numerous Illustrations, and Coloured Plates. New and Cheaper
Edition. Crown 8vo. 6s.



54 MACMILLAN'S EDUCATIONAL CATALOGUE.

Lockyer.—OUTLINES OF PHYSIOGRAPHY—THE MOVE-
MENTS OF THE EARTH. By J. NoRMAN LOCKYER, F.R.S.,
Correspondent of the Institute of France, Foreign Member of
the Academy of the Lyncei of Rome, &c., &c.; Professor of
Astronomical Physics in the Normal School of Science, and
Examiner in Physiography for the Science and Art Department.
With Illustrations. Crown 8vo. Sewed, Is. 64.

Phillips.— A TREATISE ON ORE DEPOSITS. By J. ARTHUR
PHuiLLips, F.R.S,, V.P.G.S,, F.C.S., M.Tnst.C.E., Ancien Eléve
de I’Ecole des Mines, Paris ; Author of ““ A Manual of Metallurgy,”
¢“The Mining and Metallurgy of Gold and Silver,” &. With
numerous Illustrations. 8vo. 23s.

Rosenbusch —Iddipgs. — MICROSCOPICAL PHYSIO-
GRAPHY OF THE ROCK-MAKING MINERALS: AN
AID TO THE MICROSCOPICAL STUDY OF ROCKS. By
H. RoseNBUSCH. Translated and Abridged for Use in Schools
and Colleges. By JosepH P. Ippines. IHustrated by 121
‘Woodcuts and 26 Photomicrographs. 8vo, 24s.

AGRICULTURE.

Frankland.—AGRICULTURAL CHEMICAL ANALYSIS,
A Handbook of. By PErRCY FARADAY FRANKLAND, Ph.D.,
B.Sc., F.C.S., Associate of the Royal School of Mines, and
Demonstrator of - Practical and Agricultural Chemistry in the
Normal School of Science and Royal School of Mines, South
Kensington Museum. Founded upon Leitfaden fiir die Agriculture

. Chemiche Analyse, von Dr. F. KROCKER. Crown 8vo. 7s. 6d.

Smith (Worthington G.).—DISEASES OF FIELD AND
GARDEN CROPS, CHIEFLY SUCH AS ARE CAUSED BY
FUNGI. By WorTHINGTON G. SwmitH, F.L.S., M.A.IL,
Member of the Scientific Committee of the R.H.S. With 143
Illustrations, drawn and engraved from Nature by the Author.
Fcap. 8vo. 4s. 64.

Tanner.—Works by HENRY TANNER, F.C.S., M.R.A.C.,
Examiner in the Principles of Agriculture nnder the Government
Department of Science ; Director of Education in the Institute of
Agriculture, South Kensington, London ; sometime Professor of

Agricultural Science, University College, Aberystwith.

ELleGENTARY LESSONS IN THE SCIENCE OF AGRI-

CULTURAL PRACTICE. Fcap. 8vo. 3s. 64.
FIRST PRINCIPLES OF AGRICULTURE. 18mo. 1s.
THE PRINCIPLES OF AGRICULTURE. A Series of Reading

Books for use in Elementary Schools. Prepared by HENRY

TANNER, F.C.S., M.R.A.C. Extra fcap. 8vo.

1. The Alphabet of the Princiglcs of Agriculture. 6d.
I1. Further Steps in the Principles of Agriculture. 1s.
II1. Elementary School Readings on the Principles of Agriculture
for the third stage. 1s. .
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Ward.—TIMBER AND SOME OQF ITS DISEASES. 13y
H. MarsHALL WARD, M.A,, F.L.S,, F.R.S., Fellow of Christ’s
College, Cambridge, Professor of Botany at the Royal Indian
Engineering College, Cooper’s Hill. With Illustrations, Crown §vo.

- 6. (Nature Serits.) T ’ )

POLITICAL ECONOMY.

Bohm-Bauerk.—CAPITAL AND INTEREST. ' Translated
" by WiLUAM SMART. 8vo. [In the press.
Cairnes.—THE CHARACTER AND LOGICAL METHOD
OF POLITICAL ECONOMY. By J. E. CAIrnNEgs, LL.D.,
Emeritus Professor of Political Economy in University College,
London. New Edition. Crown 8vo. 6s.
Cossa.—GUIDE TO THE STUDY OF POLITICAL
ECONOMY. By Dr. Luict CossA, Professor in the University
of Pavia. Translated from the Second Italian Edition. With a
Preface by W. STANLEY JEVONs, F.R.S. Crown 8vo. 4s. 64.
Donisthorpe.—INDIVIDUALISM : A System of Politics. By
WORDSWORTH DONISTHORPE. 8vo. [7n preparation.
Fawcett (Mrs.).—Works by MILLICENT GARRETT FAWCETT:—
POLITICAL ECONOMY FOR BEGINNERS, WITH QUES-
TIONS. Fourth Edition. 18mo. 2s. 6d.
TALES IN. POLITICAL ECONOMY. Crown 8vo. 3s.
Fawcett.—A MANUAL OF POLITICAL ECONOMY. By
Right Hon. HaNRY FAWCETT, F.R.S. Sixth Edition, revised,
with a chapter on ‘State Socialism and the Nationalisation
of the Land,” and an Index. Crown 8vo. 12s.
AN EXPLANATORY DIGEST of the above. By CYRIL A.
WATERS, B.A. Crown 8vo. 2s. 64,

Gunton.—WEALTH AND PROGRESS: A CRITICAL EX-
‘AMINATION OF THE WAGES QUESTION AND ITS
ECONOMIC RELATION TO SOCIAL REFORM. By
GEORGE GUNTON. Crown 8vo. 6s.

Jevons.—Works by W. STANLEY JevoNs, LL.D. (Edinb.), M. A.

" (Lond.), F.R:S., late Professor of Political Economy in University
College, London, Examiner in Mental and Moral Science in the
University of London.

PRIMER OF POLITICAL ECONOMY. New Editjon. 18mo.

1s.  (Schence Primeys.) .
THE THEORY QF POLITICAL ECONOMY. Third Edition.

Revised. Demy 8vo. 10s, 6d.

Keynes.—THE SCOPE AND METHOD OF POLITICAL
ECONOMY.: By J. N. Ksynzs, M.A. [Zn preparation.

Marshall.—THE ECONOMICS OF INDUSTRY. By A.
MARsHALL, M.A., Proféssor of Political Economy in the Uni-
versity of Cambridge, and MARY P, MARSHALL, late Lecturer at
Newnham Hall, Cambridge. Extra feap. 8vo. 2s. 64.
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Marshall. —ECONOMICS. By ALFRED MARsHALL, M.A.,

Professor of Political Economy in the University of Cambridge.

2 vols.  8vo. [In the press.

Palgrave.—A DICTIONARY OF POLITICAL ECONOMY.
By various Writers. Edited by R. H. INGLIS PALGRAVE,

. . [/n preparation.

Sidgwick.—THE PRINCIPLES or POLITICAL ECONOMY.

By HENRY SipGwick, M.A., LL.D., Knightbridge Professor

ofy Moral Philosophy in the University of Cambridge, &c., Author

of ““The Methods of Ethics.” Second Edition, revised, 8vo,

16s.
- THE ELEMENTS OF POLITICS. By the same Author. 8vo.
[7n the press.
Walker.—Works by FRANCIS A. WALKER, M.A., Ph.D., Author
of ““Money,” ‘‘Money in its Relation to Trade,” &c.
POLITICALMECONOMY. Second Edition, revised and enlarged.
8vo. 12s. 64d.
A BRIEF TEXT-BOOK OF POLITICAL ECONOMY.
Crown 8vo. 6s. 6d.
. THE WAGES QUESTION. 8vo. 14s.

Wicksteed.—ALPHABET OF ECONOMIC SCIENCE. By
PHILIP H. WICKSTEED, M.A. Part 1. Elements of the Theory
of Value or Worth. Globe 8vo. 2s, 6d.

MENTAL & MORAL PHILOSOPHY.

Boole.—THE MATHEMATICAL ANALYSIS OF LOGIC.
Being an Essay towards a Calculus of Deductive Reasoning. By
GEORGE BOOLE. 8vo. Sewed. §s.

Calderwood.—HANDROOK OF MORAL PHILOSOPHY.
By the Rev. HENRY CALDERWOOD, LL.D., Professor of Moral
Philosophy, University of Edinburgh. Fourteenth Edition, largely
rewritten. Crown 8vo. 6s.

Clifford.—SEEING AND THINKING. By the late Professor
W. K. CLIFFORD, F.R.S. With Diagrams. Crown 8vo. 3s. 6d.
(Nature Series.)

Jardme.—THE ELEMENTS OF THE PSYCHOLOGY OF
COGNITION. By the Rev. ROBERT JARDINE, B.D., D.Sc.
(Edin.), Ex-Principal of the General Assembly’s College, Calcutta,
Third Edition, revised and improved. Crown 8vo. 6s. 64

Jevons.—Works by the late W, STANLEY Jevons, LL.D., M.A.,,

© F.R.S.

PRIMER OF LOGIC. New Edition. 18mo. 1Is. (Science Primers.)

ELEMENTARY LESSONS IN LOGIC; Deductive and Induc-
tive, with copious Questions and Examples, and a Vocabulary of
Logical Terms. New Edition. Fcap. 8vo. 3. 6d.

THE PRINCIPLES OF SCIENCE. A Treatise on Logic and
Scientific Method. New and Revised Edition. Crown 8vo. 12s. 64.
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Jevons.—STUDIES IN DEDUCTIVE LOGIC. Second Edition.
Crown 8vo. 6s.
LOGICAL PAPERS. 8vo. [7n preparation.
Kant—Max Miller.—CRITIQUE OF PURE REASON
By IMMANUEL KANT. In commemoration of the Centenary of
its first Publication, Translated into English by F. MAx MULLER.
With an Historical Introduction by LupwiG NoOIRE. 2 vols.
8vo. 16s, each.
Volume I. HISTORICAL INTRODUCTION, by Lubwic
NOIRE ; &c., &c,
Volume II. CRITIQUE OF PURE REASON, translated by
F. MAX MULLER.
For the convenience of students these volumes are now sold separately.

Kant—Mahaffy and Bernard.—KANT’S CRITICAL
PHILOSOPHY FOR ENGLISH READERS. By J. P.
MAHAFFY, D.D., Fellow and Tutor of Trinity College, Dublin,
Professor of Ancient History in the University of Dublin, and
Joun H. BERNARD, B.D., Fellow of Trinity College, Dublin,
Archbishop King’s Lecturer in Divinity in the University of
Dublin. A new and completed Edition in 2 vols. Crown 8vo.

Vol. I. THE KRITIK OF PURE REASON EXPLAINED AND
DEFENDED. 7s. 6d.

Vol. II. THE ‘‘ PROLEGOMENA.” Translated with Notes and
Appendices. 6s.

Keynes.—FORMAL LOGIC, Studies and Exercises in. Including
a Generalisation of Logical Processes in their application to
Complex Inferences. By JoHN NEvILLE KEYNES, M A., late
Fellow of Pembroke College, Cambridge. Second Edition,
Revised and Enlarged. Crown 8vo. 10s. 64.

McCosh.—PSYCHOLOGY. By James McCosH, D.D., LL.D.,
Litt.D. President of Princeton College, Author of ¢ Intuitions of
the Mind,” ¢ Laws of Discursive Thought,” &c. Crown 8vo

1. THE COGNITIVE POWERS. 6s, 64.
II. THE MOTIVE POWERS. Crown 8vo. 6s. 6d.

FIRST AND FUNDAMENTAL TRUTHS: being a Treatise
on Metaphysics By the Same, Extra crown 8vo. 9.

Ray.—A TEXT-BOOK OF DEDUCTIVE LOGIC FOR THE
USE OF STUDENTS. By P. K. Ray, D.Sc. (Lon. and Edin.),
Professor- of Logic and Philosophy, Presidency College Calcutta.
Fourth Edition. Globe 8vo. 4s. 64.

‘The SCHOOLMASTER says :—** This work . . is deservedly taking a place among
the recognised text-books on Logic.””

Sidgwick.—Works by HeNrY SIDGWICK, M.A., LL.D., Knight-
bridge Professor of Moral Philosophy in the University of

Cambridge. .

THE METHODS OF ETHICS. Third Edition. 8vo. 14s. A
Supplement to the Second Edition, containing all the important
Additions and Alterations in the Third Edition. Demy 8vo. 6s.
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Sidgwick.—OUTLINES OF THE HISTORY OF ETHICS,
for English Readers, Second Edition, revised. Crown 8vo.

3s. 6d.

ELEMENTS QF POLITICS. Demy 8yq. [des the press.

Venn.—Works by JouN VERN, Sc.D., F.R.S., M.A., Fellow and

Lecturer in Moral Sciences in Gonville and ‘Cajus rfoﬂege, Cam-
bridge, Examiner in Moral Philosopby in the University of
London. ' o

THE LOGIC OF CHANCE. An Essay on the Foundations and
Province of the Theory of Probability, with special Reference to
its Logical Bearings and its Application to Mgqral and Social
Science. Third Edition, rewritten and greatly enlarged. Crown
8vo. 1I0s. 64. S

SYMBOLIC LOGIC. Crown 8vo. 1as. 6d.

THE PRINCIPLES OF EMPIRICAL OR INDUCTIVE
LOGIC. Medium 8vo. 18s. ’

GEOGRAPHY.

Bartholomew.—THE ELEMENTARY SCHQOL ATLAS.
By JoHN BArRTHOLOMEW, F.R.G.S. 4to. 1s.
This Elementary Atlas is designed to illustrate the principal text-
books on Elementary Geography.
A SCHOOL ATLAS. By the'same Author. 4to. [In preparation.
Clarke.—CLASS-BOOK OF GEQGRAPHY. By C. B. CLARKE,
F.R.S. New Edition, revised 1889, with Eighteen Coloured Maps.
JFcap. 8vo. Paper covers, 3s. ; cloth, 3s. 64.
Geikie.—Works by ArcHIBALD GEIKIE, F.R.S., Direc;ox-‘(}gx;e;ﬁ
' of the Geologica Survey of the United Kingdom, apd Uirecltdr
the Museum of Practical Geology, Jermyn Street, Londen;
formerly Murchison Professor of Geblogy and Minerzg.logy in the
University of Edinburgh. -
THE TEACHING OFg GEOGRAPHY. A Practical Handbook
for the use of Teachers. Crown 8vo. 2s. Being VolJume I af &
New Geographical Series Edited by ARCHIBALD GEIXIE, F.R.S.
*_* The aim of this yolume is to advocate the claims of geography as
an educational discipline of a high order, and to show ,howiés
claims may be practically recognised by teachers.
GEOGRAPHY OF THE BRITISH ISLES. 18mo. 1s.

Green. — A SHORT GEOGRAPHY OF THE BRITI$H
ISLANDS. By JoHN RICHARD GREEN and ALICE STOP¥ORD
GrEEN. With Maps, Fcap. 8vo. 3s. 64. SN

Grove.—A PRIMER - OF GEOGRAPHY. By Sir Ggorc:
Grove, D.C.L. With Illustrations. 18mo. Is. (Sejersce Primers.)

Kiepert.—A MANUAL OF ANCIENT GEOGRAPHY. ¥From
the German of Dr, H. KIEPERT. Crown 8vo. §s. ’
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Macmillan’s Geographical Series. Edited by ARCHIBALD
GEIKIE, F.R.S., Directpr-General of thg Geological Survey of the
United Kingdom. *+* - v

The following List of Volumes is contemplated :— -

THE TEACHING OF GEOGRAPHY. A Practical Handboo
for the use of Teachers. 'By ARcHIBALD GEIKIE, F.R.S.,
Director-General of the Geological Survey of the Unjted Kingdom,
and Director of the Museum of Practical Geology, Jerm{n treet,
London ; formerly Murchison Professor of Geology and Mineralogy
in the University of Edinburgh. Crown 8vo. 2s.

*." The aim of this volume is to advocate the claims of geography
- wn O, HS vorume,  aenee * o chow how

GE(
G
TH
AN
GE(
M
GE(
I
GE(C
St
GEOGRAPHY QF ASIA.

- GEOGRAPHY QF AFRICA. ' '
GEQGRAPHY OF THE OCEANS AND OCEANIC ISLANDS.
ADVANCED CLASS-BOOK OF THE GEOGRAPHY- OF

BRITAIN.
GEOGRAPHY Or AUSTRALIA AND NEW ZEALAND.
GEOGRAPHY OF AMERICA.
GEOGRAPHY OF INDIA. By H. F. BLanForp, F.G.S.
ADVANCED CLASS-BOOK OF THE GEOGRAPHY OF
~ EUROPE. . '

Mill —AN ELEMENTARY CLASS-BOOK OF GENERAL

GEOGRAPHY. By HuceH RosBrrT MiLL, D.Sc., F.R.S.E.,
Lecturer on Physfography and on Commercial Geography in the
Heriot-Watt College, Edinburgh. ‘With Illustrations. Crown

. 8vo. 3s.64. . :
" Sime.—A GEOGRAPHY OF EUROPE. ByJamxs SIME, M.A.
* With Illustrations. Globe 8vo. ' “[In the press.
Strachey.—LECTURES ON GEOGRAPHY. By General R.

STrACHEY, R.E., C.S.I., President of the Royal Geographical
Societg Crown 8vo. 4s. 64. - :
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HISTORY.

Arnold (T.).—THE SECOND PUNIC WAR. Being Chapters
from THE HISTORY OF ROME. By THOMAS ARNOLD,

- D.D. Edited, with Notes, by W. T. ARNoLD, M.A., With &
Maps. Crown 8vo. 8s. 64,

Arnold (W. T.).—THE ROMAN SYSTEM or PROVINCIAL
ADMINISTRATION TO THE ACCESSION oF CONSTAN-
TINE THE GREAT. By W.T. ARNOLD, M.A. Crown 8vo. 6s.

“Qught to prove a valuable handbook to the student of Roman history.”—

GUARDIAN.

Beesly.—STORIES FROM THE HISTORY OF ROME.
By Mrs. BEEsLy. Fcap. 8vo. 2s. 64.

Bryce.—THE HOLY ROMAN EMPIRE. By JAMES BRryck,
D.C.L., Fellow of Oriel College, and Regius Professor of Civil Law
in the University of Oxford. Eighth Edition. Crown 8vo. 7s. 6d.

. *e" Also a Library Edition. Demy 8vo. 14s.

Buckley.—A HISTORY OF ENGLAND FOR BEGINNERS.
By ARABELLA B. BUCKLEY. Author of ‘“A Short History of
Natural Science,” &c. With Coloured Maps, Chronological and
Genealogical Tables. Globe 8vo, 3s.

Bury.—A HISTORY OF THE LATER ROMAN EMPIRE
FROM ARCADIUS TO IRENE, A.D. 395-800. By JoHN P.
BuRryY, Fellow of Trinity Coll., Dublin.2 vols. 8vo. [/ the press.

Eggleston.—THE HOUSEHOLD HISTORY OF THE UNI-
TED STATES AND ITS PEOPLE. By EDWARD EGGLESTON.
With Illustrations. 4to. 12s.

English Statesmen, Twelve.—A Series of Short Bio-
graphies, not designed to be a complete roll of Famous Statesmen,

ut to present in historic order the lives and work of those leading
actors in our affairs who by their direct influence have left an
abiding mark on the policy, the institutions, and the position of
Great Britain among States.

The following list of subjects is the result of careful selection. The
great movements of national history are made to follow one
another in a connected course, and the series is intended to form a
continuous narrative of English freedom, order, and power. The
volumes as follow, Crown 8vo, 2s. 6J. each, are ready or in
preparation :—

WILLIAM THE CONQUEROR. By EDWARD A. FREEMAN, D.C.L.,

R

LL.D. eady.
Hexry I, By Mrs. J. R. GREEN. [Ready.
EpwaArDp I. By F. YORK POWELL.

HENRY VII. By JAMES GAIRDNER. [Read)y.
CARDINAL WoLsEY. By Professor M. CREIGHTON. [Ready.
ELIZABETH. By the DEAN OF ST. PAUL'S.

OLIVER CROMWELL. By FREDERIC HARRISON. [Ready.
WiLLiam III. By H. D. TRAILL, [Ready

WALPOLE. By JOHN MORLEY. [7n the prm:
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English Statesmen, Twelve—wntinued.
CHATHAM. By JoHN MORLEY.
P1TT. By JOHN MORLEY.
PEEL.. By J. R. THURSFIELD. [7n ke press.

Fiske.—Works by Joun FiskE, formerly Lecturer on Philosophy
at Harvard University, author of * Outlines of Cosmic Philosophy,
based on the Doctrine of Evolution, with Criticisms on the Positive
Philosophy,” ¢ Darwinism, and other Essays,” ‘‘American Politi-
cal Ideas viewed from the Standpoint of Universal History.”

THE CRITICAL PERIOD IN AMERICAN HISTORY, 1783
—1789. Extra crown 8vo. 10s. 6d.
THE BEGINNINGS OF NEW ENGLAND ; or, The Puritan
- Theocracy 6? its Relations to Civil and Religious Liberty. Crown
8vo. 7s. 64, .

Freeman.—Works by EDWARD A. FreemaN, D.C.L., LL.D.,

Regius Professor of Modern History in the University of Oxford, &c.

OLD ENGLISH HISTORY. With Five Coloured Maps, New
Edition. Extra feap. 8vo.

A SCHOOL HISTORY OF ROME. Crown 8vo. [/ preparation.

METHODS OF HISTORICAL STUDY, A Course of Lectures.
8vo. 10s. 64.

THE CHIEF PERIODS OF EUROPEAN HISTORY. Six
Lectures read in the University of Oxford in Trinity Term, 1885,
With an Essay on Greek Cities under Roman Rule. 8vo. 10s. 64.

HISTORICAL ESSAYS. First Series. Fourth Edition. 8vo.

10s. 6d.

Contents :—The Mythical and Romantic Elements in Early English History—
The Continuity of English History—The Relations between the Crown of
England and Scotland—St. Thomas of Canterbury and his Biographers, &c.

" HISTORICAL ESSAYS. Second Series. Third Edition, with
additional Essays. 8vo. Io0s. 6d.

Contents :—Ancient Greece and Medizval MY—}"}"ﬂe (;Alafm?m’s‘_\ Homer and

the Homeric Ages—The Hi. orians of Ath y
Alexander the Great—Greece during the Macedonian Period—Mommsen’s
History of Rome—Lucius Cornelius Sulla—The Flavian Casars, &c., &c.

HISTORI(%ALIESSA'YS.f l;I’hu’d TS:gnﬁ . sto;n 125, .
coiﬂ?u; 'i‘I::ve:)mml—o'ﬁ:: Go‘:l';e-a—t anenna—Rtetp::lor la:g el

Byzantine  Empire—First Impressions of Athens—Medizval and Modern
G The Southern Sla Sicilian Cycles—The Normans at Palermo.

THE GROWTH OF THE ENGLISH CONSTITUTION FROM
THE EARLIEST TIMES. Fourth Edition. Crown 8vo. §s.

GENERAL SKETCH OF EUROPEAN HISTORY. New
Edition. Enlarged, with Maps, &c. 18mo. 3s. 64. (Vol. L. of
Historical Course for Schov:>ls.§s

EUROPE. 18mo. 1Is. (History Primers.)

Fyffe.—A SCHOOL HISTORY OF GREECE. By C. A. FYFFE,
M.A. Crown 8vo. In preparation,
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Green.— Works by JouN RICHARD GREEN, M.A., LL.D.,

late Honorary Fellow of Jesus College, Oxford.

A SHORT HISTORY OF THE ENGLISH PEOPLE. New
and Thoroughly Revised Edition. With Coloured Maps; Genea-
logical Tables, and Chronological Annals. Crown 8vo. 8s. 64.
148th Thousand.

Also the same in Four Parts. Parts I, IL, and III. ready; Part
1V, shortly, - With the corresponding portion of Mr. Tait’s
¢ Analysis.” Crown 8vo, 3s. each. Part I, 607—1265. Part IL
1204—1553.  Part III. 1540—1689, Part IV. 1660—1873.

HISTORY OF THE ENGLISH PEOPLE. In four vols. 8vo.

Vol. I..EARLY ENGLAND, 449—1071—Foreign i
1071-1214—The Charter, 1214-1201—The Parliament, 1307
1461. With eight. Coloured Maps. 8vo. 16s.

Vol. IL—THE MONARCHY, 1461-1540—The Reformation,

" 1540-1603. 8vo. 16s. ’ .

Vol. IIL.—PURITAN ENGLAND, 1603-1660—Thée Revolu-
tion, 1660-1688, With four Maps. 8vo. 165,

Vol. 1V.—The Revolution, 1688-1760—Modern England, 1760-

. 181 k With Maps and Index. 8vo. 16s. ,

THE MAKING OF ENGLAND. With Maps. 8vo. 16s.

TI;E CO?QUEST OF ENGLAND. With Maps and Portrait.

vo. 18s.

-ANALYSIS OF ENGLISH HISTORY, based on Green’s ¢ Short
History of the Eﬁhsh People.” By C. W. A, TaIt, M.A,,
Agssistant-Master, Clifton College. Crown 8vo.  3s. 64.

READINGS . FROM ENGLISH HISTORY. = Selected and
Edited by JoHN RICHARD GREEN. Three Pirts. Globe 8vo.
1s. 6d. eac I. Hengist to Cressy. II. Cressy to Cromwell.
1LI. Cromwell to Balaklava,

Guest.—LECTURES ON, THE HISTORY OF ENGLAND,
By M. J. Guest. With Maps. Crown 8vo. 6s.

" Historical Course for Schools—Edited by Epwarp A.
FrEEMAN, D.C.L., LL.D., late Fellow of Trinity College, Oxford,
Regius Professor of Modern History in the University of Oxford.

L—GENERAL SKETCH OF EUROPEAN HISTORY. By
EpwarDp A. FreEEmaN, D.C.L. New Edition, revised and
enlarged, with Chronological Table, Maps, and Index. 18mo. 3s.6d.

II.—HISTORY OF ENGLAND. By EpiTH THOMPSON. New
Ed., revised and enlarged, with Coloured Maps. 18mo. 2s. 64.

III.—HISTORY OF SCOTLAND. By MARGARET MACARTHUR.
New Edition. 18mo. 2s. .

IV.—HISTORY OF ITALY. - By the Rev. W. HunT, M.A.
New Edition, with Coloured Maps. 18mo. 3s. 6d.

V.—HISTORY OF GERMANY. By J. Sime, M.A. New
Edition Reviced. 18mo. 3s.

VI.—HISTORY OF AMERICA. By jouN A. Dovie. With

Maps. * 18mo. 4¢. 64d.
ViIL.—EUROPEAN COLONIES. By E. J. PAYNE, M.A. With
Maps. 18mo. 4s. 6d.

¢l

L ———
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Histori¢dl Course for Schools—wntinued.
* VIIL—-FRANCE. By CHARLOTTE M. YoNGE. With Maps,
18mo. 3. 6d.
GREECE. By EDWARD A. FREEMAN, D.C.L. [/1 preparation.
ROME. By EDWARD A. FREEMAN, D.C.L. [Zn preparation.
History Primers—Edited by JoHN RICHARD GREEN, M.A.,
LL:D., Author of ‘A Short History of the lnglish People.”
ROME. By the Rev. M. CREIGHTON, M.A., Dixie Professor of
Ecclesiastical History in the University of Cambridge. With
Eleven Maps. 18mo. Is.
GREECE. By C. A. Fyrre, M.A., Fellow and late Tutor of
University College, Oxford. With Five Maps. 18mo. 1Is.
EUROPEAN HISTORY. ByE. A. FrREemaNn, D.C.L., LL.D.
With Maps. 18mo. 1Is.
GREEK ANTIQUITIES. By the Rév. J. P. MAHAFFY, M.A.
Illustrated. 18mo. Is.
CLASSICAL GEOGRAPHY. By H. F. Tozeg, M.A. 1Sma. Is.
GEOGRAPHY, By Sir G. GRoVE, D.C.L. Maps. 18ma. Is.
ROMAN ANTIQUITIES. By Professor WILKINs, Litt.D.,
LL.D. Ilustrated. 18mo. 1.
. FRANCE. By CHARLOTTE M. YONGE. 18mo. Is.
Hole.—A GENEALOGICAL STEMMA OF THE KINGS OF
g\IGLAND AND FRANCE. By the Rev. C. HoLe. On
eet. Is. )

Jennings—CHRONOLOGICAL TABLES. A synchronistic
arrdngement of the events of Ancient History (with an Index).
By the Rev. ARTHUR C. JENNINGS, Rector of King’s Stanley,
Gloucestershire, Author of ‘A Commentary on the Psalms,”
;vl:icclesia. Anglicana,” ‘‘Manual of Church History,” &c.

. §s

Ldbberton.—NEW HISTORICAL ATLAS AND GENERAL
HISTORY. By R. H. LABBERTON, Litt Hum.D. 4to. New
Edition Revised and Enlarged. 155,

Lethbridge.—A SHOQRT MANUAL OF THE HISTORY OF
INDIA. With an Account of INDIA As 1T 1s. The Soil,
Climate, and Productions ; the People, their Races, Religions,
Public Works, and Industries ; the Civil Services, and System of
Administration. By Sir ROPER LETHBRIDGE, M.A., C.1.E., late
Scholar of Exeter College, Oxford, formerly Principal of Kishn yghur
College, Bengal, Fellow and sometime Examiner of the Calcutta
University. With Maps. Crown 8vo. 3s.

Mahaffy.—GREEK LIFE AND THOUGHT FROM THE
AGE OF ALEXANDER TO THE ROMAN CONQUEST. By
the Rev. J. P. MAHAFFY, M.A., D.D., Fellow of Trinity College,
Dublin, Author of ¢ Social Life in Greece from Homer to Menan-
der,” “ Rambles and Studies in Greece,” &c. Crown 8vo. 12s. 64.

Michelet.—A SUMMARY OF MODERN HISTORY. Trans-

lated from the French of M. MICHELET, and continued to the
Present Time, by M. C. M. SiMPsoN, Globe 8vo, 4s. 6d.
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Norgate.—ENGLAND UNDER THE ANGEVIN KINGS:
By KATE NORGATE. With Maps and Plans. 2 vols. 8vo. 32s.

Otté.—SCANDINAVIAN HISTORY. By E. C. Ortt. With
Maps. Globe 8vo. 6s.

Seeley.—Works by J. R. SEELEV, M.A., Regius Professor of
Modern History in the University of Cambridge.
THE EXPANSION OF ENGLAND. Crown 8vo. 4s. 64.
OUR COLONIAL EXPANSION. Extracts from the above.
Crown 8vo Sewed. 1Is.

Tait.—ANALYSIS OF ENGLISH HISTORY, based on Green’s
¢ Short History of the English People.” By C. W. A, TaIT,
M.A., Assistant-Master, Clifton College, Crown 8vo. 3s. 64.

Wheeler.—A SHORT HISTORY OF INDIA AND OF THE
FRONTIER STATES OF AFGHANISTAN, NEPAUL,
AND BURMA. By J. TaLBovs WHEELER. With Maps.
Crown 8vo. 12s.

COLLEGE HISTORY OF INDIA, ASIATIC AND EURO-
PEAN. By thesame. With Maps. Crown 8vo. 3s. 64.

Yonge (Charlotte M.). —CAMEOS FROM ENGLISH
HISTORY. By CHARLOTTE M. YONGE, Author of ‘‘The Heir
of Redclyffe.” Extra fcap. 8vo. New Edition. §s, each. (1)
FROM ROLLO TO EDWARD II. (2) THE WARS IN
FRANCE, (3) THE WARSOF THE ROSES. (4) REFOR-
MATION TIMES. (5)ENGLAND AND SPAIN. (6) FORTY
YEARS OF STUART RULE (1603—1643). (7) THE RE-
BELLION AND RESTORATION (1642—1678.) [Skortly,

EUROPEAN HISTORY. Narrated in a Series of Historical
Selections from the Best Authorities. Edited and arranged by
E. M. SEwWELL and C. M. YONGE. First Series, 1003—1154.
New Edition. Crown 8vo. 6s. Second Series, 1088—1228.
New Edition. Crown 8vo. 6s.

THE VICTORIAN HALF CENTURY—A JUBILEE BOOK.

With a New Portrait of the Queen. Crown 8vo., paper covers, 1s.
Cloth, 1s. 64.

LAW.

" Anglo-Saxon Law, Essays on.—Contents: Anglo-Saxon
Law Courts, Land and Family ILaw, and Legal Procedure.
Medium 8vo. 18s.

Ball.—THE STUDENT'S GUIDE TO THE BAR. By
WALTER W, R, BaLL, M.A., of the Inner Temple, Barrister-at-
Law ; Fellow and Assistant Tutor of Trinity College, Cambridge,
and Fellow of University College, London. ourth Edition
Revised. Crown 8vo. 2s. 64.
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Bigelow. — HISTORY OF PROCEDURE IN ENGLAND
FROM THE NORMAN CONQUEST. The Norman Period,
1066-1204. By MELVILLE MADISON BigeLow, Ph.D., Harvard
University. Demy 8vo. 16s.

Bryce.—THE AMERICAN COMMONWEALTH. By JaMes
Bryce, M.P., D.C.L., Regius Professor of Civil Law in the
University of Oxford, Author of ¢ The Holy Roman Empire.”
In Three Volumes. Demy 8vo. 54s. Part I. THE
NATIONAL GOVERNMENT. Part II. THE STATE
GOVERNMENTS. Part III. THE PARTY SYSTEM. Part
1V. PUBLIC OPINION. Part V. ILLUSTRATIONS AND
REFLECTIONS. Part VI. SOCIAL INSTITUTIONS.

Buckland.—OUR NATIONAL INSTITUTIONS. A Short
Sketch for Schools. By ANNA BuUCKLAND. New Edition.
With Glossary. 18mo. Is.

Dicey.—INTRODUCTION TO THE STUDY OF THE LAW
OF THE CONSTITUTION. By A. V. Dicey, B.C.L., of
the Inner Temple ; Barrister-at-Law ; Vinerian Professor of English
Law in the University of Oxford ; Fellow of All Souls’ College ;
Hon. LL.D. Glasgow. Third Edition. Demy 8vo. 12s. 6d.

English Citizen, The.—A Series of Short Books on his
Rights and Responsibilities. Edited by Henry Cralx, C.B.,
M.A. (Oxon.), LL.D. (Glasgow). Crown 8vo. 3s. 6d. each.

CENTRAL GOVERNMENT. By H. D. Trawii, D.C.L,
late Fellow of St. John’s College, Oxford.

THE ELECTORATE AND THE LEGISLATURE. By
SPENCER WALPOLE, Author of *‘The History of England from
1815.”

THE POOR LAW. By the Rev. T. W. FowLE, M.A.

THE NATIONAL BUDGET; THE NATIONAL DEBT;
TAXES AND RATES. By A. J. WiLsON,

THE STATE IN RELATION TO LABOUR. By W. STANLEY
Jevons, LL.D., F.R.S.

THE STATE AND THE CHURCH. By the Hon. ARTHUR
Errior, M.P.

FOREIGN RELATIONS. By SPENCER WALPOLE.

THE STATE IN ITS RELATION TO TRADE. By Sir
T. H. FARRER, Bart,, Permanent Secretary to the Board of

Trade.

LOCAL GOVERNMENT. By M. D. CHALMERS, M. A.

THE STATE IN ITS RELATION TO EDUCATION. By
HEeNRY CrAIK, C.B,, M.A., LL.D.

THE LAND LAWS. By Sir F. PoLLocK, Bart. late Fellow of
Trinity College, Cambridge, Professor of Jurisprudence in the
University of Oxford. &c. Second Edition.

COLONIES AND DEPENDENCIES. Part 1. INDIA. By
{; S. COTTON, M.A. II. THE COLONIES. By E. J.

AYNE, M.A.
S
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English Citizen, The—continued.

JUSTICE AND POLICE. By F. W. MAITLAND.

THE PUNISHMENT AND PREVENTION OF CRIME. By
Colonel Sir EDMUND DU CANE, K.C.B., R.E., Chairman of
Comnmissioners of Prisons, Chairman of Directors of Prisons,
{)ngpecuorGeneml of Military Prisons, Surveyor-General of

rsons,

Holmes.—THE COMMON LAW. By O. W. HoLMEs, Jun.
Demy 8vo. 125,

Maitland,—PLEAS OF THE CROWN FOR THE COUNTY
OF GLOUCESTER BEFORE THE ABBOT OF READING
AND HIS FELLOW JUSTICES ITINERANT, IN THE
FIFTH YEAR OF THE REIGN OF KING HENRY THE
THIRD, AND THE YEAR OF GRACE 1221. Edited by
F. W. MAITLAND. 8vo. 7s. 6d.

(See also under Englisk Citizen Series.)

Paterson.—Works BY JAMES PATERSON, Barrister-at-Law.

COMMENTARIES ON THE LIBERTY OF THE SURJECT,
AND THE LAWS OF ENGLAND RELATING TO THE
SECURITY OF THE PERSON. Cheaper Issue. Two Vols.
Crown 8vo. 2Is.

THE LIBERTY OF THE .PRESS, SPEECH, AND PUBLIC
WORSHIP. Being Commentaries on the Liberty of the Subject
and the Laws of England. Crown 8vo. 125,

Phillimore.—PRIVATE LAW AMONG THE ROMANS.
From the Pandects. By JoHN GEORGE PHILLIMORE, Q.C.
8vo. 16s.

Pollock.—ESSAYS IN JURISPRUDENCE AND ETHICS.
By Sir FREDERICK POLLOCK, Bart., Barrister-at-Law, M.A.,
Hon. LL.D. Edin,; Corpus Christi Professor of Jurisprudence in
the University of Oxford; late Fellow of Trinity College,
Cambridge. 8vo. 10s. 64.

(See also under Englisk Citizcn Serics.)

Richey.—-THE IRISH LAND LAWS., By ALEXANDER G.
RicHry, Q.C., LL.D., Deputy Regius Professor of Feudal
English Law in the University of Dublin. Crown 8va. 3s. 6d.

Stephen.—Works by Sir J. FrrzjaMes STEPHEN, Q.C., K.C.S.I.,
a Judge of the High Court of Justice, Queen’s Bench Division.

A DIGEST OF THE LAW OF EVIDENCE. Fifth Edition,
revised and enlarged. Crown 8vo. 6s.

A DIGEST OF THE CRIMINAL LAW: CRIMES AND
PUNISHMENTS. Fourth Edition, revised. 8vo. 16s.

A DIGEST OF THE LAW OF CRIMINAL PROCEDURE
IN INDICTABLE OFFENCES. By Sir JAMEs F. STEPHBN,
K.C.S.I., &c., and HERBERT STEPHEN, LL.M., of the Inner
Temple, Barrister-at-Law. 8vo. 125, 64,
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Stephen.—cwntinued.

A HISTORY OF THE CRIMINAL LAW OF ENGLAND.
New and Revised Edition. Three Vols. 8vo. 48s.

GENERAL VIEW OF THE CRIMINAL LAW OF ENGLAND,
Second Edition. -8vo. The first edition of this work was pub-
.lished in 1863, The new edition will be substantially a new
work, intended as a text-book on the Criminal Law for University
and other Students, adapted to the present day. (47 the press.

"MODERN LANGUAGES AND
LITERATURE.

(1) English, (2) French, (3) German, (4) Modern
Greek, (5) Italian, (6) Spamsh.

ENGLISH.

Abbott.—A SHAKESPEARIAN GRAMMAR. An attempt to
illustrate some of the Differences between Elizabethan and Modern
English. By the Rev. E, A. ABBoTT, D.D., formerly Head
gdaster 62!’ the City of London School. New Edition. Extra feap.

Vo .

Bacon.—ESSAYS. Edited by F. G. SELBY, M.A., Professor of

'Logl&and Moral Philosophy, Deccan College, Poona. Globe 8vo.

3s. 6d.
Burke.—REFLECTIONS ON THE FRENCH REVOLUTION.
Edited by F. G. SELBY, M.A, Glohe 8vo. [In preparation
Brooke.—PRIMER OF ENGLISH LITERATURE. By the
Rev. STOPFORD A. BROOKE, M.A. 18mo. Is. (Literature Primess.)
Butler.—~HUDIBRAS. Edited, with Irtroduction and Notes,: by
ALFRED MILNES, M.A. Lon., late Student of Lincola Colle gd
Oxford. Extrafcap 8vo. PartI. 3564, Parts IL and IIL. 4.
Campbell. —SELECTIONS. Edited by Cecr. M. Barrow
M.A., Principal and Professor of English and Classics, Doveton
College, Madras. [7n preparation.
Cownper’s TASK: AN EPISTLE TO JOSEPH HILL, ESQ
TIROCINIUM, or a Review of the Schools; and THE I,S-
TORY oF JOHN GILPIN. Edited, mthNotee,'by WiLL1aM BEN-
HAM, B.D. Globe 8vo. 1s. (Globe Readmg: rom Standard Authors.)
THE TASK. Edited by F. J. Rowg, M.A., and W. T. WEBB,
M.A., Professors of English therature, Presndenc'y College,

Calcutta. (/s preparation.
Dowden.—SHAKESPEARE By Professor DowDEN.  i8mo.
-(Literature Primers.)

ryden.——Sl:LECT PROSE WORKS. Edited, with Introduction
and Notes, by Professor C. D. Yonge. Fcap. 8vo. z.s}
- i
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Gladstone.—SPELLING REFORM FROM AN EDUCA.-
TIONAL POINT OF VIEW. By ]J. H. GLADSTONE, Ph.D.,
F.R.S., Member of the School Board for London. New Edition.
Crown 8vo. 1s. 6.

Globe Readers. For Standards I.—VI. Edited by A, F.
MuURIsON, Sometime English Master at the Aberdeen Grammar
School. With Illustrations, Globe 8vo.

Primer 1. (48 pp.)  34. Book III. (232 pp.) 1s. 3d.
Primer1I. (48 pp.) 3d. Book IV. (328 pp.) 1s. 9d.
Book I. (96 pp.) Book V. (416 pp.) 2s.

Book IL (136 pp.) od.° Book VI, (448 pp.) 2s. 6d.

*¢ Among the sets of read before the public the present series is
honourably distinguished by the marked s:rrlority of its materials and the
careful ability with which they have been adapted to the growing capacity of the
pupils. The plan of the two primers is excellent for facilitating the child’s first
attempts to read. In the first three following books there is abundance of enter-
taining reading. . .. . Better food for young minds could hardly be found.””—
THR ATHENAEUM.

*The Shorter Globe Readers.— with Illustrations. Globe

8vo,
Primer 1. (48 pp.) 34.
Primer II. (48 pp.) 34.
Standard 1. (92 pp.) 64. Standard V. (216 pp.) is. 3d.
Standard II. (124 pp.) 94. Standard VI, (228 pp.) 1s. 64.

* This Series has been abridged from * The Globe Readers’® to meet the demand
or smaller reading books.

Goldsmith.—THE TRAVELLER, or a Prospect of Society ;
and THE DESERTED VILLAGE. By OLIVER GOLDSMITH.
With Notes, Philological and Explanatory, by J. W. HALEs, M. A.
Crown 8vo. 6d.

THE VICAR OF WAKEFIELD. With a Memoir of Goldsmith
by Professor MAssON. Globe 8vo. 1s. (Glode Readings from
Standard Authors.)

SELECT ESSAYS. Edited, with Introduction and Notes, by
Professor C. D. YONGE. Fcap. 8vo. 2s. 64.

THE TRAVELLER AND THE DESERTED VILLAGE.
Edited by ARTHUR BARRETT, B.A., Professor of English Litera-
ture, Elphinstone College, Bombay. ' Globe 8vo. 1s. 6d.

THE VICAR OF WAKEFIELD. Edited by HAROLD LITTLE-
DALE, B.A., Professor of History and English Literature, Baroda
College. Globe 8vo. [Zn preparation.

Gosse.—A HISTORY OF EIGHTEENTH CENTURY LIT-
ERATURE (1660-1780). By EPMUND GOsSE, M.A., Clark
Lecturer in English Literature at Trinity College, Cambridge.
Crown 8vo. 7s. 6d.

Gray.—POEMS. By JouN BRADSHAW, LL.D. [/# preparation.

Hales.—LONGER ENGLISH POEMS, with Notes, Philological
and Explanatory, and an Introduction on the Teaching of English,
Chiefly for Use in Schools. Edited by J. W, HALEs, L%.A.,
Professor, of English Literature at King’s College, London. New
Edition. Extra fcap. 8vo. 4s. 64.

Standard I11. (178 pp.) 1s.
Standard 1V. (182 pp.) 1s.
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Helps.—ESSAYS WRITTEN IN THE INTERVALS OF
BUSINESS. Edited by F. J. ROWE, M.A., and W. T. WEBB,
M.A., Professors of English Literature, Presidency College,
Calcutta. Globe 8vo. 2s.6d.

Johnson’s LIVES OF THE POETS. The Six Chief Lives
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaulay’s
‘‘Life of Johnson.” Edited with Preface and Notes by MATTHEW
ARNOLD. New and cheaper edition. Crown 8vo. 4s. 6d.

Lamb (Charles).—TALES FROM SHAKESPEARE. Edited,
with Preface, by the Rev. CANON AINGER, M.A. Globe 8vo.

.. 28, (Globe Readings from Standard Authors.)

Literature Primers—Edited by JouN RICHARD GREEN,
M.A., LL.D., Author of ‘‘ A Short History of the English People.”

ENGLISH COMPOSITION. By Professor NICHOL. 18mo. 1Is.

ENGLISH GRAMMAR. By the Rev. R, Morris, LL,D., some-
time President of the Philological Society. 18mo. 1s.

ENGLISH GRAMMAR EXERCISES. By R. Morris, LL.D,,
and H. C. BOWEN, M.A. 18ma. 1s.

EXERCISES ON MORRIS’S PRIMER OF ENGLISH
GRAMMAR. By JoHN WETHERELL, of the Middle School,
Liverpool College. 18mo. 1s. ’

ENGLISH LITERATURE. By STOPFORD BROOKE, M.A. New
Edition. 18mo. 1Is. .

SHAKSPERE. By Professor DOWDEN. 18mo. 1Is.

THE CHILDREN’S TREASURY OF LYRICAL POETRY.
Selected and arranged with Notes by FranNcis TURNER PAL.
GRAVE. In Two Parts. 18mo. 1s. each.

PHILOLOGY. By ]J. PEILE, M.A. 18mo. Ls.

ROMAN LITERATURE. By Professor A. S. WILKINS,
Litt, D.L.LD, [ £ the press.

A History of English Literature in Four Volumes.
Crown 8vo.

EARLY ENGLISH LITERATURE. By STOPFORD BRUOKE,
M.A. {In preparation.
ELIZABETHAN LITERATURE. By GEORGE SAINTSBURY.

ys. 6d.
EIGHTEENTH CENTURY LITERATURE. 1660—1780. By
EpMUND Gosse. M.,A. 7s. 6d.
THE MODERN PERIOD. By PROFESSOR E. DOWDEN. [/ prep.
Macmillan’s Reading Books.—Adapted to the Englishand
Scotch Codes. Bound in Clath.
PRIMER. 18mo. (48 pp.) 24. | BOOK III. for Standard IIL
BOOK I for Standard I. 18mo. 18mo. (160 pp.) 6d.
(96 pp.) 44 .

BOOK 1I. for Standard II. 18mo. | BOOK 1V. for Standard IV.
(144 pp.) 5d. 18mo. (176 pp.) 8d.
BOOK V. for Standard V. 18mo. | BOOK VI. for Standard VI. Cr.
(380 pp.) 1s. 8vo. (430 pp.) 2. .

Book VL. is fitted for higher Classes, and as an Introduction to
English Literature.
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Macmillan’s Copy-Books—
Published in two sizes, viz, :—
1. Large Post 4to. Price 44. each.
2. Post Oblong. Price 24. each.

1. INITTATORY EXERCISES AND SHORT LETTERS.

2. WORDS CONSISTING OF SHORT LETTERS

*3. LONG LETTERS. With Words containing Long: Letters—Figures.

*;. WORDS CONTAINING LONG LETIE

4a. PRACTISING AND REVISING COPY- BOOK. For Nos. z to 4

*s. CAPITALS AND SHORT HALF-TEXT. Words beginning with a Capital

*6. HALF-TEXY' WORDS begimis; wnhCa itals—Figures.

*7. SMALL-HAND AND HALF-TE ith Capitals and Figures.

*8, SMALL-HAND AND HALF- I'EXT With fltals and Figures.

8a. PRACTISING AND REVISING COPY-BOO For Nos. sto 8.

*9. SMALL-HAND SINGLE HEADLIN #8S—Figures.

10. SMALL-HAND SINGLE HEADLINES - Figures.

r1. SMALL-HAND DOUBLE HEADLINES—Figures.

12. CQMMERCIAL AND ARITHMETICAL EXAMPLES &ec.

12a. PRACTISING AND REVISING COPY-BOOK. For Nes. 8o 12.
* These numbers may be kad with Goodman's Patint Sliding

Copies. Large Post 4to. Price 64. each.

Martin.—THE POET’S HOUR : Poetry selected and arranged for

Children. By FRANCES MARTIN, New Edition. 18mo. 2s. 6d.

SPRING-TIME WITH THE POETS: Poetry selected by
FRANCES MARTIN. New Edition. 18mw. 3s 6d.

Milton.—By $topForD BrOOKE, M.A. Fcap. 8vo. 1s. 64-
(Classical Writers Series.)

Milton.—PARADISE LOST. Books I. and II. Edited, with
Introduction and Notes, by MICHAEL. MACMILLAN, B.A. Oxon,
Professor of Logic and Moral Philosophy, Elphinstone College,
Bombay. Globe 8vo. 2s. 64. Book I. separately 1s. 64,

L’ALLEGRO, IL PENSEROSO, LYCIDAS, ARCADES,
SONNETS, &c. Edited by WILLIAM BELL, M. A., Prof. of
Phllosophy and Logic, Government College, Lahore. Globe 8vo.

COMUS By the same Editor. [ 77 the press.
SAMSON AGONISTES. By H. M. Percivar, M. A., Professor
of English Literature, Presidency College, Calcutta.
[/n preparation.
Morley.—ON THE STUDY OF LITERATURE. The Armual
Address to the Students of the London Society for the Extension
of University Teaching.  Delivered at the Mansion House,
February 26, 1887. By]oHN MORLEY. Globe 8vo. Cloth. 1s. 6d.
* Also a Popular Edition in Pamphlet form for Distribulton, price 2d.
APHORISMS. ?' the same. Being an Address delivered before
the Phllosophnca Socnety of Edinburgh, November 11, 1887.
~ Globe 8vo.
Morrls.—Works by the Rev. R. Morris, LL.D. HISTORICAL
OUTLINES OF ENGLISH ACCIDENCE, comprising Cha
on the History and Development of the Langx.age, and on ord-
formation. New Edition. Extra fcap. 8vo. 6s.
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Morris —continued.

ELEMENTARY LESSONS IN HISTORICAL ENGLISH
GRAMMAR, containing Accidence and Word-formation, New
Edition. 18me. 2s. 64.

PRIMER OF ENGLISH GRAMMAR. 18me. 1s. (See also
Literature Primers.)

Morris and Kellner.—HISTORICAL OUTLINES OF
ENGLISH SYNTAX. By Rev. R. Morris and Dr. L.
KELLNER. (4% preparation.

Oliphant.—THE OLD AND MIDDLE ENGLISH. A New
£dition of *THE SOURCES OF STANDARD ENGLISH,”
revised and gieatly enluged. By TF. L. KINGTON OLIPHANT.
Extra fcap. 8vo. gs,

THE NEW ENGLISH. Bythe same Author. 2vols. Cr. 8vo. aIs.

Palgrave.—THE CHILDREN’S TREASURY OF LYRICAL
POETRY. Selected and arranged, with Notes, by FRANCEs
TURNER PALGRAVE. 18mo. 2s. 64. Also in Two Parts. 1s. each.

Patmore.—THE CHILDREN'S GARLAND FROM THE
BEST POETS. Selected and arranged by COVENTRY PATMORE.
Globe 8vo. 2s. (Globe Readings from Standard Authors.)

Plutarch.—Being a Selection from the Lives which Illustrate
Shakespeare. North’s Translation. Edited, with Introductions,
Notes, Index of Names, and Glossarial Index, by the Rev. W.
W. SKEAT, M.A. Crown 8vo. 6s.

Ryland.— CHRONOLOGICAL OUTLINES OF ENGLISIL
LITERATURE, by F, RYLAND, [/ the press.

Saintsbury.—A HISTORY OF ELIZABETHAN LITERA-
TURE. By GEOKGE SAINTSBURY. Cr. 8vo. 7s. 64.

Scott’s (Sir Walter) LAY OF THE LAST MINSTREL,
and THE LADY OF THE LAKE. Edited, with Introduction
and Notes, by FRANCIS TURNER PALGRAVE. Globe 8vo.
(Globe Readings from Standard Authors.)

MARMION ; and THE LORD OF THE ISLES. By the same
Editor. Globe 8vo. 1s. (Globe Neadings from Standard Authors.)

MARMION. Edited, with Introduction and Notes, by MICHAEL
MACMILLAN, B.A. Globe 8vo. 3s. 6d.

THE LADY OF THE LAKE. Edited by G. H. STUART, M. A.,
Professor of English Literature, Presidency College, Madras,

Globe 8vo. - [ /n preparation,
THE LAY OF THE LAST MINSTREL. By the same Editor.
Globe 8vo. ’ In preparation.

ROKEBY. By MICHAEL MACMILLAN, B.A. Globe 8vo. 3s. 64.

Shakespeare.—A SIIAKESPEARIAN GRAMMAR. By Rev.
E A. AmsotrT, D.D., Head Master of the City of London Sehool.
Globe 8vo. 6.

A SHAKESPEARE MANUAL. ByF. G. FLEAY, M.A., late
Head Master of Skipton Grammar School. Second Edition.
Extra fcap. 8vo. 4s. 6d.
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Shakespeare—continued.

PRIMER OF SHAKESPEARE. By Professor DOwDEN. 18ino.
1s. (Literature Primers.)

THE TEMPEST. Edited by K. DEIGHTON, late Principal of
Agra College. Globe 8vo. 1s. 6d.

MUCH ADO ABOUT NOTHING. By the same Editor. Globe
8vo. 2s.

TWELFTH NIGHT. By the same Editor. [In the press.

THE WINTER’S TALE. By the same Editor. Globe 8vo. 2s. 6d.

KING JOHN. By the same Editor. [/ preparation.

HENRY V. By t{e same Editor. Globe 8vo, 2r,

RICHARD III. Edited by C. H. TAWNEY, M.A., Principal and
Professor of English Literature, Elphinstone College, Calcutta.
Globe 8vo. 2s. 64.

JULIUS CAESAR. By the same Editor. [/n preparation.

OTHELLO. By K. DEIGHTON. Globe 8vo. 2s. 6d.

CYMBELINE. By the same Editor. Globe 8vo. 2. 6d.

Sonnenschein and Meiklejohn. — THE ENGLISH
METHOD OF TEACHING TO READ. By A. SONNEN-
SCHEIN and J. M. D. MEIKLEJOHN, M.A. Fcap. 8vo.

COMPRISING :

THE NURSERY BOOK, containing all the Two-Letter Words
in the Language. 1d. (Alsoin Large Type on Sheets for
School Walls, ~5s.)

THE FIRST COUKRSE, consisting of Short Vowels with Single
Consonants. 6d.

THE SECOND COURSE, with Combinations and Bridges,
consisting of Short Vowels with Double Consonants. 6d.

THE THIRD AND FOURTH COURSES, consisting of Long
Vowels, and all the Double Vowels in the Lan, e. 6d.

“ These are admirable books, b they are constructed onagﬁnci e, and that the
simplest principle on which it is possible to learn to read English.”’—SrRcTATOR.

Southey.—LIFE OF NELSON. KEdited by MICHAEL
MACMILLAN, B.A. [/12 preparation.

Taylor.—WORDS AND PLACES; or, Etymological Illustra-
tions of History, Ethnology, and Geograpky. By tle Rev.
Isaac TAYLOR, M.A,, Litt. D., Hon. LL.D., Canon of York.
Third and Cheaper Edition, revised and compressed. With Maps.
Globe 8vo. 6s.

Tennyson.—The COLLECTED WORKS of LORD TENNY-
SON, Poet Laureite. An Edition for Schools. In Four Parts.
Crown 8vo. 2s. 6d. each.

SELECTIONS FROM LORD TENNYSON’S POEMS. Edited
with Notes for the Use of Schools. By the Rev. ALFRED
AINGER, M.A., LL.D., Canon of Bristol. (/% preparation.

SELECT POEMS OF LORD TENNYSON. With Introduction
and Notes. By F. J. Rowg, M.A., and W. T. WEBB, M.A.,
Profes-ors of English Literature, Presidency College, Calcutta.
Globe 8vo. A

This selection contains :—*‘ Recollections of the Arabian Nights,” ““ The Lady of
Shalott,” *“ Oenone,” * The Lotos Eaters,” * Ulysses,” © Tithonus,” ‘ Morte
d’Arthur,” *“ Sir Galahad,” ““Dora,” *‘ Ode on the Death of the Duke of
Wellington,” and * The Revenge.”
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Thring.—THE ELEMENTS OF GRAMMAR TAUGHT IN
ENGLISH. By EDWARD THRING, M.A., late Head Master of
Uppingham. With Questions. Fourth Edition. 18mo. 2s.

Vaughan (C.M.).—WORDS FROM THE POETS. By
C. M. VAUGHAN. New Edition. 18mo, cloth. 1s.

Ward.—T;—IE ENGLISH POETS. Selections, with Critical
Introductions by various Writers and a General Introduction by
MATTHEW ARNOLD, Edited by T. H. WARD, M.A. 4 Vols.
Vol. 1. CHAUCER To DONNE.—Vol. II. BEN JONSON
T0 DRYDEN.—Vol, III. ADDISON T0 BLAKE.—Vol, IV.
WORDSWORTH To ROSSETTI. Crown 8vo. Each %s. 6d.

Wetherell. —EXERCISES ON MORRIS'S PRIMER OF
ENGLISH GKAMMAR. By JouN WETHERELL, M.A.
18mo. Is. (Literature Primers.)

Woods.—A FIRST POETRY BOOK. Compiled by M. A.
Woops, Head Mistress of the Clifion High School for Girls.
Fcap. 8vo. 2s. 6d.

A SECOND POETRY BOOK. Compiled by the same. Fcap,
8vo. 4s. 6d.

A THIRD POETRY BOOK. Compiled by the same. Fcap.
8vo. 4s. 6d.

Wordsworth.—SELECTIONS. Edited by WiLLIAM WORDs-
WORTH, B.A., Principal and Professor of History and Po'itical
Economy, Elphinstone College, Bombay. [£/n preparation.

Yonge (Charlotte M.).—THE ABRIDGED BOOK OF
GOLDEN DEEDS A Reading Book for Schools and general
readers. By the Author of ‘“ The Heir of Redclyffe.” 18mo,
cloth. 1s. Globe Readings Edition. Globe 8vo. 2s.

FRENCH.

Beaumarchais.—LE BARBIER DE SEVILLE. Edited,
with Introduction and Notes, by L. P, BLOUET, Assistant Master
in St. Paul’s School. Fcap. 8vo. 3s. 64.

Bowen.—FIRST LESSONS IN FRENCH. By H. Cour-
THOPE BOWEN, M.A,, Princiﬂal of the Finsbury Training College
for Higher and Middle Schools. Extra fcap. 8vo. 1s.

Breymann.—Works by HERMANN BREYMANN, Ph.D., Pro.
fessor of Philology in the University of Munich.

A FRENCH GRAMMAR BASED ON PHILOLOGICAL
PRINCIPLES. Second Edition. Extra fcap. 8vo. 4s. 64.

¥FIRST FRENCH EXERCISE BOOK. Extra foap. 8vo. 4s. 6d.

SECOND FRENCH EXERCISE BOOK, Extra fcap. 8vo. 2s. 6d.
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Fasnacht.—Works by G. Evcine FAsNacHT, Author of * Mac-
millan’s Progressive French Course,” Editor of *‘Macmiflan’s
Foreign School Classics,” &e.

THE ORGANIC METHOD OF STUDYING LANGUAGES.
Extra fcap. 8vo. I. French. 3s. 6d.

A SYNTHETIC FRENCH GRAMMAR FOR SCHOOLS.
Crown 8vo. 3s. 64,

GRAMMAR AND GLOSSARY OF THE FRENCH LAN-
GUAGE OF THE SEVENTEENTH CENTURY. Crowa
8vo. [/n preparation.

Maemillan’s anary Series of French Reading

Books.—Edited by G. EuGENE FASNACHT, formerly Assistant-
Master in Westminster School. With Illustrations.  Globe 8vo.

- CORNAZ—NOS ENFANTS ET LEURs AMIS. Par Su-
ZANNE CorNaz. Edited by EpitH HARrRVEY. With Notes,
Vocabulary, and Exercises. Globe 8vo. 1s. 6d.

DE MAISTRE—LAJEUNE SIBERIENNE ET LE LEPREUX
DE LA CITE D’AOSTE. Edited, with Introduction, Notes,
and Vocabulary, By STEPHANE BARLET, B.Sc. Univ, Gall. and
London ; Assistant-Master at the Mercers’ School, Examiner to
the College of Preceptors, the Royal Naval Callege, &c. 1s. 6d.

FLORIAN—FABLES. Selected and Edited, with Notes, Vocabu-
lary, Dialogues, and Exercises, by the Rev. CHARLES YELD, M. A.,
Head Master of University School, Nottingham. Illustrated. Is. 6d.

LA FONTAINE—A SELECTION OF FABLES. . Edited, with
Introduction, Notes, . and Vocabulary, by L. M. MORIARTY, B A.,
Professor of French in King’s College, London. 2s.

MOLESWORTH.—FRENCH LIFE IN LETTERS. By Mrs.
MoLEswORrRTH., With Notes on Idioms, &c. 1s, 64. )

PERRAULT—CONTES DE FEES. Edited, with Introduction,
Notes, and Vocabulary, by G. E. FAsNacHT. New Edition with
Exercises. 1s. 6d.

(See also German Authors, page 77.)

Macmillan’s Progressive French Course.—By G.

EUSGiNEl FASNACHT, formerly Assistant-Master in Westmioster

choo

I,—TIRST YEAR, containing Easy Lessons on the Regnlar
Asﬁccxdence New and thoroughly revised Edition. Extra fcap.

vo. IS

I1.~SECOND YEAR, containing an Elementary Grammar with
copious Exerci~es, Notes, and Voecabularies. A new Edition,
enlarged and thoroughly revised. Extra feap. 8vo. 2s.

1II.—THIRD YEAR, containing a Systematic Syntax, and Lessons
in Composition. Extra feap. 8vo. 2s. 64.

THE TEACHER'S COMPANION TO MACMILLAN’S
PROGRESSIVE FRENCH COURSE., With Copious Notes,
Hints for Different Rend-rings, Synonyms, Philological Remarks,
&c. By G. E. FASNACHT. Globe 8vo. Firsé Year 4s. 6d.,

Second Year 45. 6d., Third Year 4. 64,
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Macmillan’s Freneh Composition.—By G. E. Fas
NACHT. Part I. Elementary. Extra Fcap. 8vo. 2s5.64. [Razdy
Part II. Advanced. [Part 11, in the press.

THE TEACHER'S COMPANION TO MACMILLAN’S
COURSE OF FRENCH COMPOSITION. By G. EUGENE
FasvacHT. First Course. Extra fcap. 8vo. 4s. 6d.

Macmillan’s Progressive French Readers. By

G. EUuGENE FASNACHT.

I.—FirsT YEAR, containing Tales, Historical Extracts, Letters,
Dialogues, Ballads, Nursery Songs, &c., with Two Vocabularies :
(1) in the order of subjects; (2) in alphabetical order. A new
and thoroughly revised Edition, with Imitative Exercises, Extra
feap. 8vo. 25, 64,

II.—SxcoNp YEAR, containing Fiction in Prose and Verse,
Historical and Descriptive Extracts, Essays, Letters, Diafogues,
&c.ﬁdNew Edition; with Imitative Exercises, Extra fcap. 8vo.
2s. 6d.

Macmillan’s Foreign School Classies. Edited by G.
Ev6eENE FASKACHT. 18mo.

FRENCH.
CORNEILLE—LE CID. Edited by G. E. FASNACHT. Is.
DUMAS- LES DEMOISELLES DE ST, CYR. Edited by
VICTOR UGER, Lecturer in University College, Liverpool. Is. 6d.
_LLA FONTAINE’S FABLES. Books I.—VI. Edited by L. M.
MoRIARTY, B.A., Professor of French in King’s College, London.
{7 preparation.
MOLIERE—L’AVARE. By the same Editor, 1s.
MOLIERE—LE BOURGEOIS GENTILHOMME. By the same
Editor. 15, 64, -
MOLIERE—LES FEMMES SAVANTES. By G. E. FASNACHT.

1s. :

MOLIERE—LE MISANTHROPE. By the same Editor. 1s.

MOLIERE--LE MEDECIN MALGRE LUL By the same
Editor. 1s.

RACINE~BRITANNICUS. Edited by Evcing PELLISSIER,
Assistant-Master .im Clifton College, and Lecturer in University
College, Bristol. 2s. .

FRENCH READINGS FROM ROMAN HISTORY. Selected
from Various Authors and Edited by C. CoLBECK, M.A,, late
Fellow of Trinity College, Cambridge; Assistant-Master at
Harrow. 4 64,

SAND, GEORGE —LA MARE AU DIABLE. Edited by W, E.
RusseLL, M, A., Assistant-Master in Haileybury College. 1s.

SANDEAU, JULES—MADEMOISELLE DE LA SEIGLIERE,
Edited by H. C. STEEL, Assistant-Master in Winchester College.

15, 6d.

THIERS'S HISTORY OF THE EGYPTIAN EXPEDITION.
Edited by ‘Rev. H. A, Burr, M.A. Assistant-Master in
‘Wellington College. [2n preporation.
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Macmillan’s Foreign School Classics (wntinued)—

VOLTAIRE—CHARLES XII. Edited by G. E. FASNACHT, 3s.64.
* % Other volumes to follow.
(See also German Authors, page 77.)

Masson (Gustave).—A COMPENDIOUS DICTIONARY
OF THE FRENCH LANGUAGE (French-English and English-
French). Adapted from the Dictionaries of Professor ALFRED
ELwALL. Followed by a List of the Principal Diverging
Derivations, aud preceded by Chronological anmd Historical Tables.
By GUSTAVE MASSON, Assistant-Master and Librarian, Harrow
School. New Edition. Crown 8vo. 6s.

‘Moliére.—LE MALADE IMAGINAIRE. Edited, with Intro-
duction and Notes, by FRANCIS TARVER, M.A., Assistant-Master
at Eton. Fcap. 8vo. 2s. 64.
(See also Mucmillan's Foreign School Classics.)

Pellissier.—FRENCH ROOTS AND THEIR FAMILIES. A
Synthetic Vocabulary, based upon Derivations, for Schools and
Candidates for Public Examinations, By EUGENE PELLISSIER,
M.A,, B.Sc., LL. B., Assistant-Master at Clifton College, Lecturer
at University College, Bristol. Globe 8vo. 6s.

GERMAN,

‘Huss.—A SYSTEM OF ORAL INSTRUCTION IN GERMAN,
by means of Progressive Illustrations an1 Applications of the
leading Rules of Grammar. By HErRMANN C. O. Huss, Ph.D.
Crown 8vo. §s.

Macmillan’s Progressive German Course. By G.
EUGENE FASNACHT.

PART I.—FIRST YEAR. Easy Lessons and Rules on the Regular
Accidence. Extra fcap. 8vo. 1s. 6J.

Part II.—SECOND YEAR. Conversational Lessons in Systematic
Accidence and Elementary Syntax. With Philological Illustrations
and Etymological Vocabulary. New Edition, enlarged and
thoroughly recast. Extra fcap. 8vo. 3s. 64.

Part III.—THIRD YEAR. [In preparation.

TEACHER'S COMPANION TO MACMILLAN’S PROGRES-
SIVE GERMAN -COURSE. With copious Notes, Hints for
Different Renderings. Synonyms, Philological Remarks, &c. By
G. E. FASNACHT. Extra Fcap. 8vo. FIRST YEAR. 4s. 64.

‘SECOND YEAR. 4s. 64.

Macmillan’s Progressive German Readers. By
G. E. FASNACHT.

I.—FIRsT YEAR, containing an Introduction to the German order
of Words, with Copious Examples, extracts from German Authors
in Psrzse and Poetry ; Notes, and Vocabularies. Extra Fcap. 8vo.,
25,
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Macmillan’s Primary: German Reading Books.
(See also French Authors, page 74.)

GRIMM—KINDER UND HAUSMARCHEN. Selected and
Edited, with Notes, and Vocabulary, by G. E. FASNACHT. New
Edition, with Exercises. 2s. 6d.

HAUFF.—DIE KARAVANE. Edited, with Notes and Vocabu-
lary, by HERMAN HAGER, Ph.D. Lecturer in the Owens College,
Manchester. New Edition, with Exercises, arranged by G. E.
FASNACHT. 3.

SCHMIDT, CHR. VON.—H. VON EICHENFELS., Edited,
with Notes, Vocabulary, and Exercises, by G, E. Fasnacht.

[£9n the press.
Macmillan’s Foreign School Classics. Edited by
G. EUGENE FASNACHT, 18mo.

GERMAN.

FREYTAG (G.).—DOKTOR LUTHER. Edited by Francis
STORR, M.A., Head Master of the Modern Side, Merchant Tay-
lors’ School. [/n preparation.

GOETHE—GOTZ VON BERLICHINGEN. Edited by H. A.
BuLr, M.A,, Assistant Master at Wellington College. 2s.

GOETHE—FAUST. Parrt L, followed by an Appendix on PART
1I. Edited by JANE LEE, Lecturer in German Literature at
Newnham College, Cambridge. 4s. 6d.

HEINE—SELECTIONS FROM THE REISEBILDER AND
OTHER PROSE WORKS, Edited by C. CoLBECK, M.A.,
Assistant-Master at Harrow, late Fellow of Trinity College,
Cambridge. 2s. €d.

LESSING.—MINNA VON BARNHELM. Edited by JaMEs
SIME, M. A. [/n preparation.

SCHILLER—SELECTIONS FROM SCHILLER’S LYRICAL.
POEMS. Edited, with Notes and a Memoir of Schiller, by E. J.
TURNER, B.A., and E. D. A, MORSHEAD, M.A. Assistant-
Masters in Winchester College. 2s. 6d.

SCHILLER—DIE JUNGFRAU VON ORLEANS, Edited by
JosEPH GOSTWICK. 2s. 64.

SCHILLER—MARIA STUART. Edited by C. SHELDON, M.A.,
D.Lit., of the Royal Academical Institution, Belfast. .2s.6d.

SCHILLER—WILHELM TELL, Edited by G. E, FASNACHT.
2s. 6d,

SCHILLER.—WALLENSTEIN. Part I. DAS LAGER. Edited
by H. B. COTTERILL, M.A. 2=

UHLAND—SELECT BALLADS. Adapted as a First Easy Read-
ing Book for Beginners. With Vocabulary. Edited by G. E.
FASNACHT. Is.

- ®¥ Other Volumes to follow,
(See also French Authors, page 75.)
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Pylodet.—NEW GUIDE TO GERMAN CONVERSATION;
containing an Alphabetical List of nearly 80co Familiar Words;
followed by Exercises; Vocabulary of Words in frequent use ;
Familiar Phrases and Dialognes ; a Sketch of German Literature,
Idiomatic Expressions, &c. By L. PYLODET. 18mo, cloth limp.
2s. 6d. .

Whitney.—Works by W. D. WHITNEY, Professor of Sanskrit
and Instructor in Modern Languages in Yale College.

A COMPENDIOUS GERMAN GRAMMAR. Crown 8vo. 4s. 6J.
A GERMAN READER IN PROSE AND VERSE. With Notes
and Vocabulary. Crown 8vo. §s.

Whitney and Edgren.—A COMPENDIOUS GERMAN
AND ENGLISH DICTIONARY, with Notation of Correspon-
dences and Brief Etymologies. By Professor W. D. WHITNEY,
assisted by A. H. EDGREN. Crown 8vo. 7s. 6d.

THE GERMAN-ENGLISH PART, separately, 5s.

MODERN GREEK.

Vincent and Dickson. — HANDBOOK TO MODERN
GREEK. By Sir EpGAR VINCENT, K.C.M.G. and T. G.
DicxsoN, M.A. Second Edition, revised and enlarged, with

pendix on the relation of Modern and Classical Greek by
Professor JEBB, Crown 8vo, 6s. :

ITALIAN.

Dante. — THE PURGATORY OF DANTE. Edited, with
Translation and Notes, by A. J. BUTLER, M.A., late Fellow of
Trinity College, Cambridge. Crown 8vo, 12s. 6d.

THE PARADISO OF DANTE. Edited, with Translation and
Notes, by the same Author. Crown 8vo. 12s. 6d.

SPANISH.

Calderon.—FOUR PLAYS OF CALDERON. Edited, wih
Introduction and Notes, by NorMAN MacCoLr, M.A,, late
Fellow of Downing College, Cambridge. Crown 8vo. 14s.

The four plays here given are E/ Principe Constante, La Vida es

Sweno, El Alcalde de Zalamea, and E! Escondido y La Tapada.

DOMESTIC ECONOMY.

Barker.- FIRST LESSONS IN THE PRINCIPLES OF
COOKING. By LApY BARKER., New Edition. 18mo. 1Is.

Berners.—FIRST LESSONS ON HEALTH. By J. BERNERS.
New Edition. 18mo. 1s
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Coolery Book.—THE MIDDLE-CLASS COOKERY BOOK.

Edited by the Manchester School of Domestic Cookery. Pott 8vo.

[/n preparation.

Fawcett.—TALES IN POLITICAL ECONOMY. By MiLLI-
CENT GARRETT FAWCETT. Globe 8vo. 3s.

Frederick.—HINTS TO HOUSEWIVES ON SEVERAL
POINTS, PARTICULARLY ON THE PREPARATION OF
ECONOMICAL AND TASTEFUL DISHES. By Mrs.
FREDERICK. Crown 8vo. 1s.

“‘ This unpretending and useful little volume distinctly supplies a desideratum

« « . . The author steadily keeps in view the simple aim oIf, ‘ making oweryday

meals at home, particularly the dinaer, attractive,” without ading to the ordinary

household expenses.””—SATURDAY REVIEW.

Grand’homme.— CUTTING-OUT AND DRESSMAKING.
From the French of Mdlle. E. GRAND’ HOMME. With Diagrams.
18mo. 1s.

Jex-Blake.—THE CARE OF INFANTS. A Manual for
Mothers and Nurses. By SoPHIA JEX-BLAKE, M.D., Member
of the Irish College of Physicians ; Lecturer on Hygiepe at
the London School of Medicine for Women. 18mo. 1Is.

Tegetmeier.—HOUSEHOLD MANAGEMENT AND
COOKERY. With an Appendix of Recipes used by the
Teachers of the National School of Cookery. By W. B.
TEGETMELER. Compiled at the request of the Schaol Board for
London. 18mo. Is.

Thornton.—FIRST LESSONS IN BOOK-KEEPING. By
J. THORNTON. New Edition. Crown 8vo. 2s. 6d.

The object of this volume is o make t¢he theary of Book-keeping sufficiently

plain for even children to understand it.

A KEY TO THE ABOVE FOR THE USE OF TEACHERS
AND PRIVATE STUDENTS. Containing all the Exercises
worked out, with brief Notes. By J. THORNTON. Oblong 4to.
105, 6d.

Wright.—THE SCHOOL CC JKERY-BOOK. Compited and
Edited by C. E. GUTHRIE WRIGHT, Hon Sec. to the Edinburgh
School of Cookery. i18mo. Is.

ART AND KINDRED SUBJECTS.

Anderson.—LINEAR PERSPECTIVE, AND . MODEL
DRAWING. A School and Art Class Manual, with Questions
and Exercises for Examination, and Examples of Fxamination
Papers. By LAURENCE ANDERSON.  With Illustrations, Royal
8vo. as.

Collier.—A PRIMER OF ART, With IHustrations, By Jemn
COLLIER. 18mo. Is
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Cook.—THE NATIONAL GALLERY : A POPULAR HAND-
BOOK TO. By EpwarD T. Cook, with a Preface by JoHN
RuskIN, LL.D., and Selections from his Writings. Second
Edition. Crown 8vo. Half Morocco, 14s.

",; Also an Edition on large paper, limited to 250 copies. 2 vols.
vo. .

Delamotte.—A BEGINNER'S DRAWING BOOK. By
P. H. DerLamor1E, F.S.A. Progressively arranged. New
Edition improved. Crown 8vo. 3s. 64.

Ellis.—SKETCHING FROM NATURE. A Handbook for
Students and Amateurs. By TrISTRAM J. ELLls. With a
Frontispiece and Ten Illustrations, by H. STACY MARKSs,
R.A., and Thirty Sketches by the Author. New Edition, revised
and enlarged. Crown 8vo. 3s. 6d.

Hunt.—TALKS ABOUT ART. By WiLLiAM HunT. With a
Letter from Sir J. E. MiLLAIS, Bart., R.A. Crown 8vo. 3s. 6.

Meldola.—THE CHEMISTRY OF PHOTOGRAPHY. By
RAPHAEL MELDOLA, F.R.S., Professor of Chemistry in the
Technical College, Finsbury, City and Guilds of London Institute
for the Advancement of Technical Education. Crown 8vo. 6s.
(Nature Series.)

Taylor.—A PRIMER OF PIANOFORTE PLAYING. By
FRANKLIN TAYLOR. Edited by Sir GEORGE GROVE. 18mo. 1Is.

WORKS ON TEACHING.

Arnold.—REPORTS ON ELEMENTARY SCHOOLS. 1852-
1882. By MATTHEW ARNoLD, D.C.L., LL.D. Edited by the
Right Hon. Sir FRaNcis SANDFORD, K.C.B. Crown 8vo, 7s. 64.

Ball.—THE STUDENT’S GUIDE TO THE BAR. By WALTER
W. R. BaLL, M.A., of the Inner Temple, Barrister-at-Law ;
Fellow and Assistant Tutor of Trinity College, Cambridge, and
Fellow of University College, London. Fourth Edition Revised.
Crown 8vo. 2s. 6d. :

Blakiston—THE TEACHER. Hints on School Management.
A Handbook for Managers, Teachers’ Assistants, and Pupi
Teachers, By J. R. BLAKISTON, M.A. Crown 8vo. 2s. 6d.
(Recommended by the London, Birmingham, and Leicester
School Boards.)

¢ Iato a comparatively small book he has crowded a great deal of exceedingly use-
ful and sound advice. It is a plain, common-sense book, full of hints to the teacher
on the management of his school and his children.”—ScHooL Boarp CHRONICLE.

Calderwood.—ON TEACHING. By Professor HENRY CALDER-
. wooD. New Edition. Extra fcap. 8vo. 2s. 64.
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Carter.—EYESIGHT IN SCHOOLS. A Paper read before the
Association of Medical Officers of Schools on April 15th, 1885.
By R. BRUDENELL CARTER, F.R.C.S, Ophthalmic Surgeon to
St. George’s Hospital. Crown 8vo. Sewed. 1s.

JFearon.—SCHOOL INSPECTION. By D. R. FEarRoN, M.A.
Assistant Commissioner of Endowed Schools. New Edition.
Crown 8vo. 2s. 6d. -

Geikie.—THE TEACHING OF GEOGRAPHY. A Practical
Handbook for the use of Teachers. By ARCHIBALD GEIKIE,
F.R.S., Director-General of the Geological Survey of the United
Kingdom, &c. (Being the Introductory. Volume.to Macmillan’s
Geographical Series.) Crown 8vo. 2s.

‘Gladstone.—OBJECT TEACHING. A Lecture delivered at
the Pupil-Teacher Centre, William Street Board School, Ham-
“mersmith. By J. H. GLADsTONE, Ph.D., F.R.S., Member of
the London School Board.  With an Appendix, Crowp

-’ 8va. 3d.

-~ It is a short but interesting and instructive publication, and our younger

teachers will do well to read it carefully and thoroughly. There is much in these
few pages which they can learn and profit by.””—THE SCHOOI. GUARDIAN,

Hertel.—OVERPRESSURE IN HIGH SCHOOLS IN DEN-

. MARK. By Dr. HERTEL, Municipal Medical Officer, Copen-
hagen. Translated from the Danish by C. GODFREY SORENSEN.
With Introduction by Sir J. CRicHTON-BROWNE, M.D., LL.D.,
F.R.S. Crown 8vo. 3s 6d.’

DIVINITY. -
** For other Works by these Authors, see THEOLOGICAL
: CATALOGUE. '

Abbott (Rev. E. A.)—BIBLE LESSQONS. By the Rev.
E. A. ABBOTT, D.D., formerly Head Master of the City of
~ London School. New Ldition. Crown 8vo. 4. 6d.
¢ Wise, suggestive, and really profound inmitiation into religious thought.”
—GUARDIAN. . , .
Abbott—Rushbrooke.—THE COMMON TRADITION OF
THE -SYNOPTIC GOSPELS, in the Text of the Revised
. Version.. By EpwiN. A, ABBOTT, D.D., formerly Fellow of St.
I[ohn’s College, Cambridge, and W. G. RUSHBROOKE, M.L.,
ormerly Fellow of St. John’s College, Cambridge. Cr. 8vo. 3. 6d.
~The Acts of the Apaostles.— Being the Greek Text as
revised by Professors WESTCOTT and HorT. With Explanatory
. Notes for the Use of Schools, by T. E. PAGE, M.A., late Fellow
v of 8t. John’s College, Cambridge ; Assistant Master at the Charter-
" * .house. Fcap: 8vo. 45 64. . ) .

4
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Arnold.—Works by MATTHEW ARNoLD, D.C.L., formerly Pro-
fessor of Poetry in the University of Oxford, and Fellow of Oriel,

A BIBLE-READING FOR SCHOOLS.—THE GREAT PRO-
PHECY OF ISRAEL’S RESTORATION (Isaiah, Chapters
xl.—Ixvi.). Arranged and Edited for Young Learners. ew
Edition. 18mo, cloth. 1s.-

ISATAH XL.,—LXVI. With the Shorter Prophecies allied to it.
Arranged and Edited, with Notes. Crown 8vo. §s.

1SAIAH OF JERUSALEM, IN THE AUTHORISED ENG-
LISH VERSION. With Introduction, Corrections, and Notes,
Crown 8vo. 4s. 6d.

Benham.—A COMPANION TO THE LECTIONARY. Being
a Commentary on the Proper Lessons for Sundays and Holy Days.
By Rev. W. BENHAM, B.D., Rector of S. Edmund with 'S,
Nicholas Acons, &c. New Edition. Crown 8vo. 4s. 64,

Cassel.—MANUAL OF JEWISH HISTORY AND LITERA-
TURE ; preceded by a BRIEF SUMMARY OF BIBLE HIS-
TORY. By Dr. D. CasseL, Translated by Mrs, HENRY Lucas,
Fcap. 8vo. 2s. 6d.

Cheetham.—A CHURCH HISTORY OF THE FIRST SIX
CENTURIES. By the Ven. ARCHDEACON CHEETHAM,
Crown 8vo. (77 the press.

Cross.—BIBLE READINGS SELECTED FROM THE
PENTATEUCH AND THE BOOK OF JOSHUA. By
the Rev. JOHN A. Cross. Second Edition enlarged, with Notes
Globe 8vo. 2. 6d.

Curteis.—MANUAL OF THE THIRTY-NINE ARTICLES.
By G. H. CurTEls, M.A., Principal of the Lichfield Theo-
logical College. [/n preparation.

Davies.—THE EPISTLES OF ST. PAUL TO THE EPHE-
SIANS, THE COLOSSIANS, AND PHILEMON ; with
Introductions and Notes, and an Essay on the Traces of Foreign
Flements in the Theology of these Epistles. By the Rev. J.
LLEWELYN DAvigs, M.A., Rector of Christ Church, St. Mary-
lebone; late Fellow of Trinity College, Cambridge. Second
Edition, Demy 8vo. 7s. 6d.

Drummond.—THE STUDY OF THEOLOGY, INTRO-
DUCTION TO. By James DruMMOND, LL.D., Professor of
Theology in Manchester New College, London, Crown 8vo, §s.

Gaskoin.—THE CHILDREN’S TREASURY OF BIBLE
STORIES. By Mrs. HERMAN GAskoIN. Edited with Preface
by Rev. G. F. MACLEAR, D.D. PART L—OLD TESTAMENT
HISTORY. 18mo. 1s. PARTIL.—_NEW TESTAMENT. 18mo.
1s. PART IIL.—THE APOSTLES: ST. JAMES THE GREAT,
ST. PAUL, AND ST. JOHN THE DIVINE. 18mo. 1s.
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Golden Treasury Psalter.—Students’ Edition. Being an

Edition of ‘“The Psalms Chronologically arranged, by Four
Friends,” with briefer Notes. 18mo. 3. 6d.

Greek Testament.—Edited, with Introduction and Appen-
dices, by CANON WESTCOTT and Dr. F. J. A. HorT. 7Two
Vols. Crown 8vo. 10s. 64. each.

Vol. I. The Text.
Vol. II. Introduction and Appendix.

Greek Testament.—Edited by Canon Westcorr and Dr.
HORT. School Edition of Text. I2mo. cloth. 4s. 64. 18mo.
roan, red edges. §s. 6d.

GREEK TESTAMENT, SCHOOL READINGS IN THE. Being
the outline of the life of our Lord, as given by St. Mark, with
additions from the Text of the other Evangelists. Arranged and
Edited, with Notes and Vocabulary, by the Rev. A. CALVERT,
M.%., late Fellow of St. John’s College, Cambridge. Fcap. 8vo.
4s. 6d.

THE ACTS OF THE APOSTLES. Being the Greek Text as
revised by Drs. WestcoTT and HorT. With Explanatory Notes
by T. E. PAGE, M.A., Assistant Master at the Charterhouse.
Fcap. 8vo. 4s. 64.

THE GOSPEL ACCORDING To ST. MATTHEW. Being the

Greek Text as revised by Drs. WESTCOTT and HORT. ith
Explanatory Notes by Rev. A. SLoMAN, M.A., Head Master of
Birkenhead School. [4n preparation.

THE GOSPEL ACCORDING To ST. MARK. Being the Greek
Text asrevised by Drs. WEsTCOTT and HorT. With Explanatory
Notes by Rev. J. O. F. MUrrRAY, M.A., Lecturer in Emmanuel
College, Cambridge. Fcap. 8vo. [4n preparation.

THE GOSPEL ACCORDING To0 ST. LUKE. Being the Greek
Text as revised by Drs. WESTCOTT and HorT. With Explana-
tory Notes by Rev. JoHN BonD, M.A. [Zn preparation.

Hardwick.—Works by Archdeacon HARDWICK :—

A HISTORY OF THE CHRISTIAN CHURCH. Middle
Age. From Gregory the Great to the Excommunication of
Lutker. Edited by WiLLiaM S1UBBs, M.A., Regius Professor
of Modern History in the University of Oxford. With Four
Maps. New Edition. Crown 8vo. 10s. 6d.

A HISTORY OF THE CHRISTIAN CHURCH DURING

. THE REFORMATION, Ninth Edition, Edited by Professor
StuBBs. Crown 8vo. 1I0¢. 6d.

Hoole.—THE CLASSICAL ELEMENT IN THE NEW
TESTAMENT. Considered as a Proof of its Genuineness, with
an Appendix on the Oldest Authorities used in the Formation of
the Canon. By CHARLEs H. HoOLE, M.A., Student of Christ
Church, Oxford. 8vo. 10s. 64.
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Jennings and Lowe.—THE PSALMS, WITH INTRO-
DUCTIONS AND CRITICAL NOTES. By A. C. JENNINGS,
M.A.; assisted in parts by W. H. Lowg, M,A. In 2 vols,
Second Edition Revised, Crown 8vo. 10s. 6. each.

Kay.—ST. PAUL'S TWO EPISTLES TO THE CORIN-
‘THIANS, A COMMENTARY ON. By the late Rev. W.
Kay, D.D., Rector of Great Leghs, Essex, and Hon. Canon of
St. Albans ; formerly Principal of Bishop’s College, Calcutta ; and
Fellow and Tutor of Lincoln College. Demy 8vo. 9s.

Kuenen.—PENTATEUCH AND BOOK OF JOSHUA: an
Historico-Critical Inquiry into the Origin and Composition of the
Hexateuch. By A. KUENEN, Professor of Theology at Leiden.
Translated from the Dutch, with the assistance of the Author, by.
PuiLLip H. WICKSTEED, M.A." 8vo. 14s

The Oxrorp MAGAzZINE says:—** The work is osolutely indispensable to all

special students of the Old Testament.”

Lightfoot.—Works by the Right Rev. J. B. Ligurroor, D.D.,
D.C.L., LL.D., Lord Bishop of Durham. .

ST. PAUL'S EPISTLE TO THE GALATIANS. A Revised
Text, with Introduction, Notes, and Dissertations. Ninth
Edition, revised. 8vo. 12s. )

ST. PAUL’S EPISTLE TO THE PHILIPPIANS. A Revised
Text, with Introduction, Notes, and Dissertations.  Ninth
Edition, revised, 8vo. 12s.

ST. CLEMENT OF ROME —THE TWO EPISTLES TO
THE CORINTHIANS. A Revised Text, with Introduction and
Notes, 8vo. 8s. 64,

ST. PAUL’S EPISTLES TO THE COLOSSIANS AND TO
PHILEMON. A Revised Text, with Introductions, Notes,
and Dissertations, Eighth Edition, revised. 8vo. 12s.

THE APOSTOLIC FATHERS. Part II. S. IGNATIUS—
S. POLYCARP. Revised Texts, with Introductions, Notes,
Dissertations, and Translations. 2 volumes in 3. Demy 8vo. 48s.

APOSTOLIC FATHERS. Abridged Edition. With short Intro-
ductions, Greek Text, and English Translation. By the same
Author. 8vo, [7n the press.

ESSAYS ON THE WORK ENTITLED “SUPERNATURAL

REL61£:ION ."” (Reprinted from the Contemporary Review.) 8vo.
105. 6d.

Maclear.—Works by the Rev. G. F. MACLEAR, D.D., Canon of
Canterbury, Warden of St, Augustine’s College, Canterbury, and
late Head-Master of King’s College School, London :—

A CLASS-BOOK OF OLD TESTAMENT HISTORY. New
Edition, with Four Maps. 18mo. 4s. 6d.
A CLASS-BOOK OF NEW TESTAMENT HISTORY,

including the Connection of the Old and New Testaments.
With Four Maps. New Edition. 18mo. . §s. 64
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Maclear—continued.

A SHILLING BOOK OF OLD TESTAMENT HISTORY,
for National and Elementary Schools. With Map. 18mo, cloth.
New Edition. . .

A SHILLING BOOK OF NEW TESTAMENT HISTORY,
for National and Elementary Schools, With Map. 18mo, cloth.
New Edition.

These works have been carefully abridged from the Author’s
large manuals.

CLASS-BOOK OF THE CATECHISM OF THE CHURCH
OF ENGLAND. New Edition. 18mo. 1s. 64,

A FIRST CLASS-BOOK OF THE CATECHISM OF THE
CHURCH OF ENGLAND. With Scripture Proofs, for Junior
Classes and Schools. New Edition. 18mo. 6d.

A MANUAL OF INSTRUCTION FOR CONFIRMATION
AND FIRST COMMUNION., WITH PRAYERS AND

| DEVOTIONS. 32mo. cloth extra, red edges. 2.
i AN INTRODUCTION TO THE CREEDS. 18mo. 2. 6d.
CLASS-BOOK OF THE THIRTY-NINE ARTICLES.
. [Z72 the press.
Maurice.-—~THE LORD’S PRAYER, THE CREED, AND
THE COMMANDMENTS. A Manunal for Parents and
Schoolmasters: To which is added the Order of the Scriptures.
By the Rev. ¥.DENISON MAURICE, M.A. 18mo, cloth, limp., s,

y Pentateuch and Book of Joshua: an Historico-Critical

' Inquiry into the Origin and Composition of the Hexateuch. By
A. KUENEN, Professor of Theology at Leiden. Trans'ated from
the Dutch, with the assistance of the Author, by PHiLip H.
WICKSTEED, M.A. 8vo. 14s.

Procter.—A HISTORY OF THE BOOK OF COMMON
- PRAYER, with a Rationale of its Offices. By Rev. F. PROCTER,
& M.A. 18th Edition, revised and enlarged. Crown 8vo. 10s. 64,

Procter and Maclear.—AN ELEMENTARY INTRO-

3 DUCTION TO THE BOOK OF COMMON PRAYER. Re-

c arranged and supplemented by an Explanation of the Morning

e and Evening Prayer and the Litany. By the Rev. F. PROCTER

and the Rev. Dr. MACLEAR. New and Enlarged Edition,
containing the Communion Service and the Confirmation. an
Baptismal Offices. 18mo. 2s. 64. .

1 Psalms, The, with Introductions and Critical
¥ Notes.—By A. C. JENNINGS, M.A., Jesus College, Cambridge,
: Tyrwhitt Scholar, Crosse Scholar, Hebrew University Prizeman,
» and Fry Scholar of St. John’s College, Carus and Scholeficld
Prizeman, Vicar of Whittlesford, Cambs. ; assisted in Parts by W.
i H. Lowe, M.A., Hebrew Lecturer and late Scholar of Christ’s
& College, Cambridge, and Tyrwhitt Scholar. In 2 vols. Second
Edition Revised. Crown 8vo, 10s. 6d. each. - :
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Ramsay.—THE CATECHISER’S MANUAL; or, the Church
Catechism Illustrated and Explained, for the Use of Clergymen,
Schoolmasters, and Teachers. By the Rev. ARTHUR RAMSAY, |
M.A. New Edition. 18mo. 1Is. 6d.

Rendall—THE EPISTLE TO THE HEBREWS. English
Text with Commentary. By the Rev. F. RENDALL, M.A.,
formerly Fellow of Trinity College, Cambridge, and Master of
Harrow School. Crown 8vo. 7s. 64.

Ryle.—AN INTRODUCTION TO THE CANON OF THE
OLD TESTAMENT, By Rev. H. E. RYLe, M.A., Fellow
of King’s College, and Hulsean Professor of Divinity in the
University of Cambridge. Crown 8vo. [Zn preparation.

Simpson.—AN EPITOME OF THE HISTORY OF THE
CHRISTIAN CHURCH DURING THE FIRST THREE
CENTURIES, AND OF THE REFORMATION IN ENG-
LAND. Compiled for the use of Studeats in Schools and
Universities by the Rev. WILLIAM SiMprsoN, M.A., Queen’s |
College, Cambridge. Seventh Edition. Fcap. 8vo. 3s. 6. ‘

St. James’ Epistle.—The Greek Text with Introduction and
Notes. By Rev. JosePH MAYOR, M.A., Professor of Moral
Philosophy in King’s College, London, 8vo. [/n preparation.

St. John’s Epistles.—The Greek Text with Notes and Essays,
by BrookE Foss WEsTcoTT, D.D., Regius Professor of Divinty,
and Fellow of King’s College, Cambridge, Canon of Westminstier
&c. Second Edition Revised. 8vo. 12s. 64.

St. Paul’s Epistles.—Greek Text, with Introductionand Notes. |

THE EPISTLE TO THE GALATIANS, Edited by the Right

Rev. J. B. LigaTroor, D.D., Bishop of Durham. Ninth
Edition. 8vo. 12s.

THE EPISTLE TO THE PHILIPPIANS. By the same Editor.
Ninth Edition 8vo. 12s.

THE EPISTLE TO THE COLOSSIANS AND TO PHI.
LEMON. By the same Editor. Eighth Edition. 8vo. 12s.
THE EPISTLE TO THE ROMANS, Edited by the Very Rev.
C. J. VaveHaaN, D.D., Dean of Llandaff, and Master of the

Temple. Fifth Edition, Crown 8vo. 7s. 6d.

THE EPISTLE TO THE PHILIPPIANS, with Translation,
Paraphrase, and Notes for English Readers. By the same Editor.
Crown 8vo. §s.

THE EPISTLE TO THE THESSALONIANS, COMMENT-
ARY ON THE GREEK TEXT. By JonN EaDIE, D.D., LL.D.
Edited by the Rev. W. Young, M.A., with Preface by Professor
CAIRNS. 8vo. 125
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228t, Paul’s Epistlés—wntinucd.

ﬂ THE EPISTLES TO THE EPHESIANS, THE COLOSSIANS,

’ AND PHILEMON; with Introductions and Notes, and an
Essay on the Traces of Foreign Elements in the Theology of these
Eglfstles. By the Rev. J. LLEWELYN DaAvies, M. A., Rector of
Christ Church, St, Marylebone ; late Fellow of Trinity College,
Cambridge. Second Ediiion, revised. Demy 8vo. 7s. 64.

THE TWO EPISTLES TO THE CORINTHIANS, A COM-
MENTARY ON. By the late Rev. W. Kay, D.D., Rector of

T Great Leghs, Essex, and Hon. Canon of St. Albans ; formerly

i Principal of Bishop’s College, Calcutta ; and Fellow and Tutor of

B Lincoln College. Demy 8vo. 9. )

+ The Epistle to the Hebrews. In Greek and English.

< With Critical and Explanatory Notes, Edited by Rev. FREDERIC

RENDALL, M.A., formerly Fellow of Trinity College, Cambridge,

and Assistant-Master at Harrow School. Crown 8vo. 6s.

4 THE ENGLISH TEXT, WITH COMMENTARY. By the

" same Editor. Crown 8vo. 7s. 64,

The Epistle to the Hebrews. The Greek Text with
Notes and Essays by B. F. WESTCOTT, D.D. 8vo. [/n the press.

» Westcott.—Works by BroOKE Foss WestcoTT, D.D., Canon of

v Westminster, Regius Professor of Divinity, and Fellow of King’s
College, Cambridge.

f A GENERAL SURVEY OF THE HISTORY OF THE
CANON OF THE NEW TESTAMENT DURING THE
FIRST FOUR CENTURIES. Sixth Edition. With Preface on

. ¢¢ Supernatural Religion.” Crown 8vo. 10s. 64.

% INTRODUCTION TO THE STUDY OF THE FOUR

: GOSPELS. Seventh Edition. Crown 8vo. 10s. 64.

THE BIBLE IN THE CHURCH. A Popular Account of the
Collection and Reception of the Holy Scriptures in the Christian
Churches. New Edition. 18mo, cloth. 4s. 64,

THE EPISTLES OF ST. JOHN. The Greek Text, with Notes
and Essays. Second Edition Revised. 8vo. 12s. 64.

THE EPISTLE TO THE HEBREWS, The Greek Text
Revised, with Notes and Essays. 8vo. [Zn the press.

SOME THOUGHTS FROM THE ORDINAL, Cr. 8vo. 1s. 6d.

Westcott and Hort. —THE NEW TESTAMENT IN
THE ORIGINAL GREEK. The Text Revised by B. F.
WESTCOTT, D.D., Regius Professor of Divinity, Canon of
Westminster, and F. } A. Hort, D.D., Lady Margaret Pro-
fessor of Divinity Fellow of Emmanuel College, Cambridge : late
Fellows of Trmity College, Cambridge, 2 vols. Crown 8vo.
10s. 64, each.

Vol. I. Text.
Vol II. Introduction and Appendix.
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Westcott and Hort.-—THE NEW TESTAMENT IN TH
- ORIGINAL GREEK, FOR SCHOOLS. The Text Revi

by BrookE Foss Wzsrcor T, D.D., and FENTON JOHN ANTHON

HorT, D.D. 12mo. cloth. 4s.6d. " 18mo. roan, red edges. §s.

Walson.—THE BIBLE STUDENT’S GUIDE to the m
Correct Understanding of . the English Translation of the Ol
Testament, by reference to the onmnal Hebrew. By WILLI
WILSON, D.D, Canon of Winchester, late Fellow of Queen
College, Oxford. = Second Edmon, carefully revised.
cloth. 25s.

Wright.—THE BIBLE WORD-BOOK : A Glossary of Archii
Words and Phrases in the Authorised Version of the Bible and
Book of Common Prayer. By W. ALDIS WRIGHT, M. A., Vi
Master of Trinity College, Cambridge. Second Edition, Rev'
and Fnlarged. Crown 8vo. 7s. 6d.

Yonge (Charlotte M.).—SCRIPTURE READINGS FOR
SCHOOLS AND FAMILIES. By CHARLOTTE M. YoNck
Author of ¢ The Heir ot Redclyffe.” .In Five Vols.

FIrRsT SERIES. GENESIS TO DEUTERONOMY. Extra feap. 8w
1s. 64, With Comments, 3s. 6. . I

SECOND SERIES. From JosHUA to SorLoMoN. Extra fca
8vo. 15, 6d. With Comments, 3s. 6d.

THIRD SERIES. The KinNGs and the PROPHBETS. Extra feap
8vo. 1s. 64, With Coruments, 3s. 64.

FOURTH SERIES. The GospeL TiMEs., 1s. 64, With Comment
Extra fcap. 8vo, 3s. 6d.

FIFTH SERIES. APOSTOLIC Tmns. Extra fcap, 8vo. 1s. 6
With Comments, 3. 6d.

Zechariah—Lowe.—THE HEBREW STUDENT'S COX
MENTARY ON ZECHARIAH, HEBREW .AND LX]
With Excursus on Syllable-dividing, Metheg, Initial Dagesh, af
Siman Rapheh. By W. H, Lowg, M.A., Hebrew Lecturer
Christ’s College, Cambridge. Demy 8vo. 10s. 64,
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