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-PREFACE.

——— -

"TuE full advantages of irrigation arc best realised in
dry trgpical or semi-tropical countries, where rain falls
only at long intervals. Thgre, many a large tract of-
land, that is naturally barren and worthless, is, with
this provision, seen to yield rich and abundant crops. In
these countries irrigation is a commercial necessity,
and large sums of money arc profitubly expended on its
In countrics of Northern Europe, where the climate
is humid and temperate, by far the largest outlay is
incurred, not in irrigation works, but in draining
lands which suffer from an excess of moisture. | It can
rarely be necessary, on such soils, except in periods of
exceptional drought, to have recourse to the double
and expensive process of subsoil draining followed by
irrigation. Subsoil draining is in itsclf a protection
against drought ; and deep tillage and frequent hoeing
and stirring of the surfade soil are to some extent sub-
stitutes for rain, in the cultivation of plants. Still, in a
climate like that of Britain, whcere the rainfall varies
from 15 inches or less annually in dry districts in dry
years, to 150 inches or mere in wet districts in wet years,
it would be strange if the extremes of drought and flood
did not occasion, at different times and in different
places, the need of irrigation as well as of drainage.
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. There are, indeed, few English farms that could
not, in average yegrs, with a good command of water
for irrigating crops, be made to produce far more
largely than they do, and that without incurring out-
lay upon costly engineering works. It is not very
wide of the mark, perhaps, to affirm that English
water-meadows are doubled in, value by irrigation ; and
a good supply of water has been known to increase the
value of arable land from four to ten fold.

But because the need of irrigation is not incessant,
and because abundance of water is within reach of
every farmer in this country, and can generally be
drawn upon frecly and w’thout cost, the watering
of crops in dvy weather suffers unaccountable neglect
amongst us. We have seen crops allowed to fail from
drought, in situations where two or three furrows
fnarked out by a plough, and connected with some
neighbouring watercourse, could have been made the
means of watering many acres of land.

In countries where irrigation is not such a casual
necessit,” as it is in our own, the agriculturists are
more careful to adapt their lands for it, though in
most cases they have to pay dear for the water they
use, and often also have to raise it, at great additional
cipense, to the elevation of the lands to be watered.

On small holdings, and especially in garden culture
and upon market-garden farms, where the value of
the produce is greater than in ordinary farming, the
possibilities of irrigation, and the benefits of its
practice, can scarccly be exaggerated, even in situations
where considerable expcense may be involved in obtain-
ing and applying the necessary quantities of water.

Agricultural water-supply, however, involves much
besides the watering of crops. With the live stock of
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e farm, the need of water is more urgent than for
irrégation, and the dependende of lige stock on artificial
supplies is more incessant. Only those who have had
experience in stock-keeping on a large scale, in‘regions
where there is little or no rainfall during many months
of the year, can realise the full importance of this part
of our subject. -Horseg and cattle require on the
avelage about five gallons each, and a shecp about half
a gallon, per day, in dry weather. On waterless
formations, thercfore, any means of rendering water
easily come at does much to enhance the value of the
land &or grazing purposes.

In the stock-yards, as # the pastures, a plentiful
supply of wholesome water is a first nécessity ; yet
what is the real state of matters in this respect, on
many farms ? A month’s dry weather sees the water-
supply exhausted; or cattle are compelled to drink
from a dirty duck pond, or from some stagnant hole
which is too often the main receptacle for sewage and
liquid manure. Is it wonderful that animals com-
pelled to drink such water are injured in healtih ? that
epidemics break out amongst them P or that milk from
cows so treated is a source of dunger and disease to the
consumers of it ? )

The supply of water for agricultural engines is now
only of secondary importance to the requirements of
live stock ; and water-power, for driving threshing
and other machincs, if not an absolute necessity, is
certainly a great advantage in most situations. Every
acre of land cultivated by steam requires about 100
gallons of water for engine use, and it is of much conse-
quence that this supply should be accessible at every
site likely to be occupied by the engines in cultivating
an entire farm.



U0 PREIACE.

- Most important of all, however, is the question of
supplying the farmhouse and the cottages of the farm
with abundance of pure water. Every adulf consumes
daily about half a gallon of water, and of course large
quantities are required for domestic purposes beyond
what is actually consumed in food and drink. The
total daily requirements vary fgom about three gallons
in cottages, to ten or fifteen gallons in large houses, for
each person. Unless, at the same time, the water is
good, a perfectly healthy condition of the body cannot
be maintained. Many of the most dangerous forms of
disease are known to be introduced into the system
mainly through the agenck of bad water. It is
imperative, tBerefore, in the interests of health, that
all “doubtful ”” waters should undergo a complete
filtering process, which will not merely remove the
ghosser impurities but change chemically those in
solution, before they are considered fit for drinking.

The various methods of irrigating land ; of obtaining
water by artificial means, and of storing and purifying
it for use; of constructing wells, ponds, and reservoirs ;
and of raising water by machinery, are the subjects
disoussed at length*in the following pages.
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IRRIGATION AXD WATER-SUPPLY.

CHAPTER 1.

IRRIGATION.—THFASRY AND EFFECTS.

IrricaTION is the watering of land at will. And
artificial watering is all the more cffectual, as well as
all the more easy of accomplishment, from the face
that the nced of it is not incessant, but may generally
be confined to a few months of the year.

There are few farms, perhaps, that it would be
advisable, even were it possible, to lay wholly under
irrigation : at the same time, there are few farms that,
in average years, could not have been made to larggly
increase their crops had they had full control of the
necessary supply of water.

On many farms which periodically suffer from
drought, it is quite possible to control the water
supply to a much greater extent than is done at
present, and with the best results. Costly engineering
works, by which water is conducted long distances for
purposes of irrigation, are not practicable in general
agriculture; yet many streams which now run by
unutilized might be turned to account, and channels
which now permit the escape of winter rains might, in

B
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.many eases, be dammed with little expense, and the
rainfall saved for irrigating the summer crops.

On the prairies whe plans would somctimes have to
be differcnt, and the expense would probably be
greater ; but the rcsults obtained would well reward
the outlay. Where running streams and storage water
were not available, tube-welly might be sunk at points
where the water could be led across a vast plaifl, or
down a valley, in irrigating streams and ditches, until
it has been wholly absorbed by the soil. In Cali-
fornia single wells are often made to irrigate suffi-
ciently hundreds of acres, by the aid of a reservoir into
which their waters are dis.harged when the soil does
not require them, and there retained until the thirsty
soil calls for irrigation.

Reasons for Irrigation.—Soils which do not contain
'more than 5 to 9 per cent. of moisture, Professor
Church tells us, will yicld none of it to the plant.
Seeds, however, must absorb a very large quantity of
water to induce germination. Young growing plants,
also, requirc large supplies of water, und, indeed, all
vegetable produce when in a growing state. The
actual proportion .- often 70 to 80 per cent., and some-
times as much as 90 to 96 per cent. The whole of this
water is absorbed by the plant through the soil, and
none of it directly from the atmosphere. When the
daily cvaporation from the leaves exceeds the amount
of moisture the plant can take up by its roots, the
plant must wither and die: in other words, it suc-
cumbs to drought.

Professor Johnson says: ‘“The great deserts of the
world are not sterile because they cannot yield the
soil-food required by vegetation, but because they are
destitute of water . . . . Poor soils give good crops
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in scasons of plentiful and well-distributed rain, or’
wiren skllfully irrigated ; but insyfficient moisture in
the soil is an evil that no supphcs of plant- food can
neutralize.”

The reason of this ig obvious ; for, in addition to the
water which enters into vegemble composition, plants
can only take up their foed in a fluid condition. Lawes
and’ Gilbert, at Rothamsted, proved that an acre of
wheat in five months and cighteen days evaporated
through its leaves 3351 tons of wuter. Kvery drop of
this water was more or less instrumental in transport-
ing am atom of food from the soil to some part of the
plant, and when the deposit was made, the water
which was no longer needed passed off through the
leaves.

The reasons for irrigation arc summed up by Pro-.
fessor Church* as follows :—

“1. To make up for the absence of irregular seasonal
distribution of rain, or for a local deficiency of rain-
fall.

“2. Sometimes a particular erop is irrigated because
the plant is of an aquatic or semi- uquatu, nature.

«3. To encourage early and rapid growth by warntth
of the water, or by *he dissolved plant-food which jt
contains.

“4, That the land may be enriched and its level
raised by means of the deposit from the water.”

The third of these reasons, he points out, “is the
determining cause of nearly all the artificial watering
of land in temperate climates. It is not performed
because the soil is dry and hot, for it is carried out
mainly in the wettest and coldest months of the ycar.
It is not performed because the crop to be raised is of

* ¢ Encl. Brit.,”’ 9th ed., art. Irrigation.
B 2



4 IRRIGATION AND WATER-SUPPLY.
‘ '

-an essentially aquatic nature, for ordinary grasses and
meadow herbage are principally watered. But it is
performed that growth may be stimulated and fed
through certain agencies which the water brings to
bear upon the vegetation in question.”

Effects on Soil.—* The immeaiate effect of irrigation
upon the consistence of the soil, is to soften it and render
it more easily penetrable by the plough and by the
roots of the plants. Hence, in dry climates, water is
frequently applied before ploughing, at the rate of
about 400 to 500 cubic yards per acre, or barely
enough to loosen the earth to the depth of a foot. with-
out drenching it. But it i, most important to observe
that the ultimate effcct of long-continued irrigation is to
condense and harden the surface to a very inconvenient
degree.

“«Irrigation affects the quality of the soil by intro-
ducing into it common air and other gases, and vege-
table and mineral matter held in suspension or solution
by the water. In most cases the substances so intro-
duced gre beneficial to vegetation; but in some they
are highly noxiovs. Even the wuter of large rivers
sometimes, as hag been observed in India, deposits on
the surface, or introduces into the texture of the soil,
salts, which in the course of time render it wholly
sterile.”

It likewise acts upon arable soil by facilitating
the decomposition of soluble organic and inorganic
matter contained in it, and carrying off such matter
from it. The extent of this latter action is disputed; but
it must be considerable, for constituents of vegctable
growth have been found in under-drain water from
cultivated fields; and large tracts of ground, impreg-
nated with salts to such a degree as to make them



IRRIGATION.—THEORY AND EFFECTS. 6

.

incapable of cultivation, have been rendered fertile by.
washing with fresh water.

On undrained land, irrigatioh often injuriously
affects the subsoil by charging it with water which
stagnates in it, and renders it cold and sour to the
roots of plants which descend into it.

"It also excreises an ingportant influence on the water-
supply of lands lying at a lower level, by diverting
from their natural channels streams which originally
flowed through such lands; and on the other hand,
by discharging upon their surface surplus waters from
irrigated fields, or by saturating them with water, con-
veyed to them from such #lds by subterranean infil-
tration. These effects are seen, not oply in the soil
itself, but in the diminished or augmented volume of
spring and well water.

Finally, irrigation modifies the temperature of tife
soil bencficially or injuriously by communicating or
abstracting heat, and by promoting evaporation from
the surface, which is necessarily attended with some
cooling of the ground.*

Effects on Vegetation.—Watering the soil promotes
the germination of the seeds of cultivated plants, gnd,
unfortunately, of weeds; and water is in, and of itself
a necessary element of vegetable growth. Desides tHis,
it is never quite free from extraneous matter, and it
always contains, in solution or in suspension, foreign
substances useful or injurious to vegetation. Ilence,in
climates and on soils where the natural supply of water
is insufficient for the normal growth of plants, remu-
nerative agriculture is impossible without artificial
arrangements for procuring and administering it.

In many cascs, however, although the quantity of

% Professor Johnson.

s
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the product is increased, there is a dcterioration in
the quality of it. Therg is no doubt that all crpps
which can be raiscd withoul watering are superior
in flavour and in nutritive power to those grown by
the aid of irrigation. Gurden vegetables, in particular,
when profuscly watered, are so insipid as 1o be hardly
catable. Comparative weight is, therefore, not always
a true test: the heaviest potatoes, for example, aremot
the best.

“ Moderate irrigation of herbaccous plants,” says
an Italian writer, “accclerafes their germination and
growth, but it checks the ripening of their seeds; and
if water isapplied in exces- it renders their texture less
firm and substantial, and at the same time more subject
to decomposifion and waste.”

Theory of Iriigation.— Although,” remarks Pro-
sossor Church, “in many cases it is casy to explain
the reason why walter, artificially applied to land,
brings crops or increases the yield, the theory of our
ordinary water-meadow irrigation is rather obscure.
For we are not decaling in these grass lands with
a semi-dquatic plant like rice, nor are we supplying
any lack of water in the soil, nor restoring the
moisture which a plant cannot retain under a burning
FIN. N
“We irrigate chiefly in the colder and wetter half of
the year, and we ‘saturate’ with water the soil in
which are growing such plants as arc perfectly content
with earth not containing more than one-fifth of its
weight of moisture.

“We must look, in fact, to a number of small
advantages, and not to any one striking beneficial
process, in explaining the aggregate utility of water-
mcadow irrigation.
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“ We attribute the usefulness of water-meadow irri-.
gation then to the following eauses :—

«1. The tcmperature of the water being rarely less
than 10° Fahr. above freezing, the severity of frost in
winter is thus obviated, and the growth, especially of
the roots of grasses, is ®ncouraged.

2. Nourishment or plant food is actually brought
on to the soil, by which it is absorbed and retained,
both for the immediate and future use of the vegetation.

“3. Solution and redistribution of the plant food,
already present in the soil, occurs mainly through the
solvent action of the carbonic acid gas present in a
dissolved state in the irrigatfn water.

“4. Oxidation of any cxcoss of organic matter in
the soil, with consequent production of uscful carbonic
acid and nitrogen compounds, takes place through the
dissolved oxygen in the water, sent on through th€
soil, where the drainage is good ; and

“5. Improvement of the grasses, and especially of
the miscellaneous herbage, of the meadows is promoted
through the encouragement of some, at least;, of the
better species, and the extinction or reduction of mosses
and of unnutritious weeds.”

Drainage in counection with Irrigation.—Irrigation is
only useful when the water is entircly at €ommaitd,
both to lay on and to {ake off at pleasure. Drainage is,
therefore, a necessary preparation for irrigation.

Any want of good management on this point will
entail loss and disappointment. This applies, not
merely to the period of intermission which may be
advisable between the waterings, but also, on stiff
soils particularly, to the thorough under-drainage of
the land.

Tt need not be feared that the thorough drainage of
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- irrigated lands will do more harm than good by wash-
ing the most valuable ¢onstituents of plant food wout
of the soil. Phosphoric acid and potash, which are
the mest valuable components of soils and manures,
Dr. Voelcker tells us, are retained in the land almost
entirely ; while lime, magnesia, sulphuric acid,
chlorine, and soluble silica, the less important because
more abundant and widely distributed mineral matters,
pass into the water of land-drainage in considerable
proportions. There may be a loss of nitrogen, however,
if the land has been manured with a nitrate, and its
application is immediatelv followed by irrigation. Still
the good effects of drainage will always far more than
compensate for any losses which may occur in this way.

Impoverishing Effects of Irrigation.—Water, as has
been Jpointed out, stimulates production by its solvent
fiction on the constituents of the soil and of manures.
But for this very reason, prolonged irrigation is apt to
become injurious, unless the water is rich, or unless
adequate manuring, cultivation, and drainage attend
its pragfice. In well irrigation especially, and also in
canal irrigation, the water used is often of little fer-
tilizing value, and unless it is rationally used, the re-
sults must be disappointing. For the first year or two
after it is brought into play it will probably increase
the crops ; but wﬂ.hout the concurrent application of the
agencies already mentioned for maintaining fertility, it
must eventually reduce the productive power of the soil.

This is exactly what has happened in certain districts
of Upper India, where well and canal irrigation has
been persisted in for years and generations even, with-
out any attempt at sustaining fertility by the appli-
cation of manures, or to lessen the impoverishing effect
of the water by good drainage and cultivation.
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“The real reason,”” says Colonel Corbett,* ¢ of the .
falling off in the produce ®f canal-irrigated lands
appears to be the consolidation ®f the pan by the
treading of the cattle in ploughing, and the hardening
of the upper soil‘in irrigation. This causes shallower
ploughing, the roots of ‘plants have less depth of soil in
which to search for food, and cannot force their way
into® the hardened pan; and there is the alternate
soaking and drying of the land, during which the
natural salts of the earth are gradually brought nearer
the surface by capillary attraction.

¢ This process may go on for some years before the
lands show any excessive antbunt of ek on the surface ;
but the soil is steadily being poisoned by its accumu-
lation near the surface, which accounts, together with
the increased hardness of the soil, for the diminished
fertility of lands some time under irrigation.” ’

Influcnce of Tillnge in mitigating Drought.—Hoeing
and frequent stirring of the soil are good substitutes for
rain. Those parts of the garden that are most fre-
quently cultivated show the best results in dry \yeuther.
A deep, well-manured soil suffers much less from
drought than a shallow soil. Underdraining also is a
safeguard against dronght. The course of the drains can
easily be traced in a dry season by the ranker growth
of vegetation above them.

Dgep cultivation keeps the soil loose and open, and
allows the water to sink into it and escape evaporation.
In the case of deep cultivation gencrally, over a
country, more especially a level country, there is a
reservoir of water under every field sufficient to supply
the wants of vegetation, held there by the soil itself.

A wriier in the American Agriculturist states that,

* ¢« QOn the Climate and Resources of Upper India.”
B 3
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.since some of the great plains of America have been
broken up by the plough, a great amelioration of lecal
climate has taken place. ‘““As soon as the tough sod
has been ploughed, and the soil been mellowed and
made absorbent, the rain soaks into the ground instead
of flowing off, and, percolating through the subsoil,
supplies springs, which break out in low spots and fur-
nish water for new rills and brooks. The atmosphere
is no longer parched, but becomes moist, and its former
extreme variations of tempcrature do not occur. The
climate changes, and the moisture of the air and the
consequent rainfalls are increased. A new circulation
is established, and the stsrms and showers are those
of a temperate instcad of a torrid zone. Facts have
shown that these conclusions are correct, and the
observations taken in many places near the hundredth
neridian, and eastward to the Missouri River, indicate
a greatly increased rainfall, the increase amounting, in
many casecs, to several inches a ycar. TFarmers no
longer fear disastrous droughts, and there are few
loculities where their business is safer.”
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PRACTICAL ADVANTAGES OF IRRIGATION.

In a climate like that of the British Isles, one can
scarcely realise the full advaplages which attend irri-
gation in tropical and semi-tropical countries. In
Culifornia and Mexico, in igypt and India, in parts of
Soutlhiern France, Spain, and Italy, and elsewhere,
where rain falls only at lengthened intervals, there are
vast tracts of land, now contributing bountifully to the
world’s commerce and industry,that would be absolutely
barren and worthless but for this provision.

In the South-western States of America there are
many million acres of the most splendid lagd now
lying idle and waste, unable to find purchasers at
even nominal prices, because, without the means of
irrigating and watering them, they arc practically use-
lcss bot.h for culnvatmn and for stock-ramﬁg Yot
the very same lands, which go a-begging at fifty cents
an acre, in their natural state, wheu a supply of water
has been brought to them, are cagerly purchased at $5,*
$10, and even in come cases at $20, and upwards, per
acre.

In Colorado, where land is of little value to the
farmer unless water is assured, Mr. Pabor tells us that
a quarter-section (160 acres) becomes worth at least

* 1 dollar = 4s. 2d.
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c

*$10 per acre when an irrigating canal has been built.
Water has a commercial $alue of $15 per acre, whert in
the shape of a water“right, which is a perpetual claim
upon a- canal for a certain amount of water each year.
When water is rented by corporations to consumers if
has a yearly average value of $2 per inch, running
contmuously throughout the growing season, whwh
amount is considered sufficient to irrigate one acre of
grain land.

In Madras, taking an average of thirteen improve-
ments, irrigation shows a net annual gain in revenue,
after deducting all chyrges, of 134 per cent. per
annum on the capital.

In Spuin, unwatered land of the first quality sells for
£32 per acre; when irrigated, the sume lands bring
£128 per acre. In the same country, second-class land,
selling at £20 per acre, is at once increased in value to
£100 per acre; third-class land, worth £12 per acre,
is increased to £72; fourth-class land, worth £6 per
acre, is increased to £60, when irrigated. A good
supply nf water thus increases the value of land from
four to ten fold.

In Italy, the increase due to irrigation is also very
great. Mr. Jackson puts it at 50s. on sandy soil, and
at 40s. 6n clayey soils, per acre, annually; which is
obviously an under estimate if these figures are meunt
to represent the increase of produce due to irrigation,
but would probably be near the increased rental
value. .

In France, where irrigation is not an absolute neces-
sity, as in Spain and Italy, it is gencrally considered
that land is worth 50 per cent. more when it can be
irrigated than when it cannot. In Vaucluse, according
to Mr. Moncrieff, the rental of good land is about
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£3 4s. unirrigated ; if irrigated, it rises to about’
£4 3s. per acre. ®

In England, where irrigation s chiefly confined to
the watering of meadows, the produce of grass is at
least doubled by the operation. In favourable situa-
tions, and in good seasons, an irrigated meadow affords
—() Early spring grass to feed stock, in particular
ewes and lambs; (2) a good crop of hay; and (3) a
good crop of after-math. A dry meadow of the same
quality would only afford—(1) an inferior crop of hay ;
and (2) an inferior after-math.

It is not, perhaps, too ch to assume that the
meadow will be all the spring crop the better by
watering.

To give these advantages a money value, it may be
said that, in England, if o dry meadow of good qualit
is worth £2 per acre to rent, the same land, irrigate({,
will probably be worth £5 per acre.

‘Water meadows not only afford grass at an unusual
season, and when most wanted, but the hay crop is
more certain and larger; and the land requires no
manure. These advantages may well be worth an
additional £3 per acre on good land ; while upon poor
land the incrcase will be proportionately greater.



CHAPTEL III
CIRCUMSTANCES FAVOURING IRRIGATION.

Water Supply.— The first consideration, and one
common to all lands, is the question of water-supply,
and the possibility of aﬁ lying that water, or a por-
tion of it, for irrigation purposes.

‘Where water can only be procured by sinking or
boring wells, or by storing rain or flood water in tanks
tnd reservoirs—or where the lands arc on a higher
level than the source of supply, and the water has,
consequently, to be raised by artificial means—the
cost in either case may be greater than the profit to be
derived ; and under such circumstances irrigation will
often be‘deemed impracticable.

Streams, where they exist, furnish the most ample
and most cconomical supply of water. This is par-
ticularly the case when the water can be taken directly
from the stream, and brought upon the field by a short
conductor.

Springs are often advaniageously situated for irri-
gating lower lands by gravitation, and will, as a rule,
furnish more water than would be suspccted. A con-
tinuous flow of 1 cubic foot of water per second,
during twenty-four hours, is sufficient to cover four
acres of land to a depth of nearly 6 inches. One such
spring would, therefore, suffice to irrigate many fields,
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watering them alternately. Where several small.
spgings occur near each other, connecting drains can
often be put in, and the waters cdllected and brought
into one channel. ,

Canals which serve for irrigation are frequently only
conveyers of water from distant rivers, or from natural
lakes. If a canal-is fogmed with the express object
of Watering a given area of land, the capacity of the
canal should be laurge enough to provide a flow con-
siderably in excess of the actual quantity of water
required. Where the water has to be carried a long
distance, and the soil is porgas, the loss by filtration
and evaporation may amowit to 25 and even 33 per
cent.,

Cateh-water Tanks and Reservoirs.—In many cases
where irrigation is carried on, the supply of water is
obtuined by impounding the winter rainfall for usé’
during the dry season. The flood-water, in very dry
districts cven, when stored and made available at the
right scason, is found amply sufficicnt for the pro-
duction of good crops.

Assuming that an inch of water is the least Juantity
that should be applied at cach wateting, this, over one
acre of surface, is equal to 3,630 cubic feet, or 27,152
gallons. To irrigate 30 acres once, at this rete, woiiid
require a tank capacity of 108,900 cubic feet, or a tank
cxactly 1 acre in extent and 10 feet deep; and to irri-
gate 30 acres four times, or G0 acres twice, would re-
quire a tank four times as large, or 1 acre in extent and
10 fect decp.

A tank or reservoir can often be formed by merely
erecting a dam or embankment to impound the water
in a natural basin or ravine. Indeed, it will seldom
pay to muke a ground-tank where the impounding



16 IRRIGATION AND WATER-SUPPLY.

"basin has to be wholly excavated. A tank 1 acre in
extent and 10 feet deep dontains 16,133 cubic yarde of
earth, measured in place; and this cannot, under the
most favourable management, be removed for less than
2d. per yard, or £134 8s. 10d., and generally the cost
will reach 4d. per cubic yard, or even more. Even at
the smaller sum the outlay weuld be even £4 10s. per
acre for 30 acres; and there are few cases, perhaps,
where it would pay a tenant farmer to incur that
expense, although the improvement would be perma-
nent, and would ultimately, no doubt, repay itself.

Wells.—Where no be‘\*{zr method of procuring water
can be devised, wells may be resorted to. The great
objection to wells, however, is not merely the first cost,
but generally the after-expense of raising the water.

Artesian wells are often recommended as a source of
water for irrigation; but they cannot always be de-
pended upon for this purpose, as few of them can yield
an adequate supply of water. At the best « wells can
only be depended upon for such a small supply as
would gerve to irrigate a garden or small market farm,
where the large value of the crops admit of raising
water for a lengthened season, and storing it in reser-
voirs for use in emergencies. The idea that artesian
wells may be made a source of supply for completely
irrigating large tracts of land, if ever held by over-
sanguine persons, must be abandoned. For partial
irrigation they may be made available; but the
quantity of water needed for the irrigation of a few
acres of land only, in localities where there is no
summer rainfall, as upon our western plains, is far
beyond the capacity-of any artesian well to supply,
unless it be one of extraordinary volume.

“Not long ago the Scientific American editorially



‘ CIRCUMSTANCES FAVOURING IRRIGATION. 17

announced that one artesian well would supply a farm
of 640 acres upon the plains Wwith water for irrigation,
and would also form a nucleus for many large stock
farms.

“ The late Horace Greeley, who, although an enthu-
siast upon this subject, was more nearly correct, thought
one artesian well would.serve to irrigate a quarter-
section of land, or 160 acres.

¢ An artesian well, 6 inches in diameter, would give
a stream of 28 square inches, and would deliver 32
quarts per second, if the flow were at the rate of 4
miles an hour. '

“Such a well would furnish an inch of water per
day for 28 acres, or an inch a week for 196 acres,
which would be a very insufficient quantity to irrigate
dry open soils in places where the climate is arid. ,

“The cost of such a well would be at least $5,000
to $10,000, or more than the value of the land when
irrigated.”” ¥

It will be seen from what follows in another chapter
that these estimates of the capacity of artesian wells
are far short of the results actually obtained by sink-
ing wells in Australia and elsewhére. Tube-wells,
too, can be put dowr at a comparatively tnﬂmg ex-
pense, compared with the outlay which has Zn many
cases been incurred in sinking artesian wells.

The multiplication of wells in any district, it need
scarcely be remarked, has the effect of lowering the
spring level. This creates a necessity for deeper wells,
causing the water to be raised from a greater depth,
and entailing more expense.

Use of Drainage Water for Irrigation.—It will some-
times happen that drainage water can be utilized for

* Stewart, ¢ Irrigation for the Farm, Garden, and Orchard.”
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irrigation purposes; but we by no means advocate the
theory sometimes advanced that drainage is impesfect
unless accompanied by irrigation. We do not admit
the general truth of the proposition that on wet soils it
is necessary to have recourse to the double and expen-
sive process of decp draining, followed by irrigation.
There is, doubtless, a certaip medium depth of drain,
dependent of course on the nature of the soil ana sub-
soil, which will remove the excess of moisture in wet
weather, as from a sponge saturated with water, and
yet retain, like a damp sponge, sufficient moisture for
the purpose of vegetatgn in dry weather. This object,
as already explained, may be greatly promoted by deep
and frequent cultivation. When the drainage water
from high lands can be used in irrigating lower lying
lands which are naturally in want of moisture, it may
be done with advantage.

Situation.—The lands that admit of irrigation with
most success arc such as lie in low situations on the
horders of rivers, or in sloping directions on hill-sides,
where a command of water can be obtained from higher
ground. The latter may often be irrigated more profit-
ably than the former, for they are usually less pro-
ductive in their natural state; while they can be
Wwaterediat less expense for laying out the ground and
with a less quantity of water. In tank or well irriga-
tion, or where there is an impounding reservoir, the
situation of the lands to be watered is comparatively
immaterial, provided the source of supply is at a higher
level. '

Soil.—The soils best adapted for irrigation are those
of a light and porous nature, such as sands and gravels.
Clay soils, and also peat soils, are not so often benefited
by it, except in dry and tropical climates, where the
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nature of the soil is of less 1mportance than the
abilify to give it an artificialewatering in scasons of
drought. 2

These remarks, of course, have reference more par-
ticulurly to the surface soil. A retentive surface soil
prevents percolation, favours evaporation, and cools the
land, which are serious disadvantages in irrigation ;
while a retentive subsoil, underlying a porous surface
soil, may be a great advantage in dry climates, as it
economises water.

ITeavy or clay soils must always be thoroughly
under-drained before they can bp successfully irrigated.
They will also be farmed witl most profit when laid
down in pasture, for irrigation adds considerably to
the labour and difficulty of working them.

The relations of soils to water are cxtremely various,
as will appear from the following table :—

Pereentage Torcentage of
of water water evapo-
absorbed. rated.
Loose sand . . . . 25 88 4
Ordinary clay sml . . . 40 52
T.oamy soil . . . . . 61 458
Strong clay soil . . . . 61 ! 3146
Garden soil . . . . 89 24-3
Peat . . . . . . 181 255

M. Debay classifies soils for irrigating purposes
under three heads: (1) Sundy Soils; (2) Argilluceous
Soils; (3) Marshy Soils. Of these he gives the highest
value to sandy soils, the best being a claycy sand,
warm, dry, and having some portion of marl in its
composition. The finer the grain of the sand, the
better adapted is it to irrigating purposes. One feature
connected with the irrigation of sandy soils is, the
abundance of rceds and rushes which they will produce
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when first placed into water; but these will gradually
disappear as the plantd of a higher class of vegetation
increase. Of the trgillaceous soils it may be said that
the more tenacious and impermeable they are, the worse
adapted are they for irrigation; and in such cases,
where irrigation is adopted, deep drainage and deep
cultivation are most essential. Marshy soils are the
least valuable of all for irrigating purposes; but when
well drained and managed they are capable of large
yields.

Climate.—The success of irrigation depends in a
great measure on th§climate. It answers better in
a dry climate than in a moist onc, and where heavy
wet seasons alternate with severe droughts, it will only
be beneficial in the dry seasons. It will also be more
profitable in a mild and genial climate than in onc less
propitious ; as under the former circumstances it will
not only afford more ample crops, but also a greater
number of them, and more certainty of turning them
to good account.

Where the climate is fine, irrigated meadows, for
example, will yield three crops; first an early and
valuable pasturé for ewes and lambs; next a crop
of hay; and, latterly, an after-math or good pas-
ture.

In less favourable situations, only two crops can be
obtained—one of hay and one of pasture; and neither
of them so rich, nor so capable of being turned to great
profit.

The question of rainfall is here, of course, all impor-
tant ; and not merely the amount of annual rainfall,
but its distribution over days and weeks at various
periods of the year.

Crops adapted for Irrigation.— Almost any crop may
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be raised by irrigation, but some plants flourish better
under it than others, as the object and purpose of irri-
'gation is merely to supply the natural wants of the
plants, and not to stimulate them to an undue or ex-
cessive growth. The careful irrigator will study the
wants of the plants he grows, and also the character of
the soil he cultivates. o

In®ur own temperate and humid climate, and in
various other countries of Northern KEurope, grass
meadows seem to be most benefited by irrigation ; but in
warm Southern Europe, Egypt, India, and other parts,
1rr1gutlon is chiefly applied to a,able lands and crops.
It is worth noticing, perhaps, that while in the latter
countries irrigation is a commercial nccessity, and
large sums of money are profitably expended on it,
in the former countries, where the climate is humid
or temperate, by far the largest outlay is incurred,
not in irrigation works, but in artificially drain-
ing lands which suffer from a superabundance of
moisture.

Of all the cultivated grasses and leguminous plants,
rye-grass and lucerne are the two vshlch yleld t1%e best
results under irrigation. The different species of cab-
bage, beet, and turnip thrive well with occasional
waterings; as do also grain crops, up to the peric®®f
inflorescence, after which watering becomes injurious
to them, except for a very short interval when the
grain is filling.

Many of the plants cultivated for industrial purposes
cannot well be grown without artificial supplies of
water at certain times. Too much water injures them ;
yet much of their success depends on their receiving
a regulated abundance of moisture. Madder (Rubia
tinclorum), the sugar-cane (Succharum officinarum), and
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many other important plants of commerce are of this
character. ! . o

The rice plant, #nd a few others of aquatic or semi-
aquatic habits, are extensively grown under swamp
irrigation. Watercress is also raised on a large scale,
in the neighbourhood of most large cities, under very
similar conditions. a



,CIIAI"I;ER IV.

WATER FOR IRRIGATION—QUALITY AND QUANTITY.

Quality of Water.—Although it must often happen
thut no choice is possible, yet all waters arc not alike
guitable for irrigating land. he best water for the
purpose is no doubt that which brings with it those
fertilizing matters which will supply the deficiencies
of the soil and the wants of the crop irrigated.

In examining a water, however, as to quality, its
dissolved and suspended matters must both be taken
into account. Water having no more than a few
grains of dissolved matter per gallon answers the pur-
pose in view satisfactorily.

“Should it be thought,” says Professor Church,
“that the traces of the morc valuable sorts of ®plunt
food, such as compounds of nitrogen, -.phosphates, and
potash salts, existing in ordinary brook or river water,
can never bring an appreciable amount of mentrfAY
matter to the soil, or exert an appreciable effect upon
the vegetation, yet the quantity of water used during
the season must be taken into account. If but 3,000
gallons hourly trickle over and through an acre, and
if we assume each gallon to contain no more than one-
tenth of a grain of plant food of the three sorts just
named taken together, still the total, during a scason
including 90 days of actual irrigation, will not be less
than 9 1bs. per acre.”
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Clear water, especially if it proceeds from a spring
in the same field, produces early and plentiful grass,
but not of a good quality ; and the land remains unim-
proved after many years’ watering. We have seen the
same unsatisfactory result where meadow irrigation
was commenced by drawing water from a stream which
has its source in the overflow of a lake. The stream is
too pure for this purpose, leaving the richer particles
in the lake whence it flows. The water, when first
applied to the meadows, had the effect of eradicating
moss, and helped to decompose waste vegetable matter ;
and it, therefore, fm\a time acted as a stimulus with
seeming advantage. DBut when the meadows were
annuully mown, without an occasional top-dressing, the
system in the end produced comparative exhaustion.
It must be the same in many other places, where there
is no extraneous matter in the irrigating stream, and
where irrigation is begun without attending to local
circumstances.

Thick and muddy waters, which convey along with.
them a rich and nutritive top-dressing and deposit it
on tHe land, are productive not only of temporary but
of permanent ifaprovement, enriching the soil itself as
well as the immediately following crop. In Southern
Trance, Mr. Moncrieff * tells us, the difference between
the meadows irrigated with the silt-bearing waters of
the Duranee canals, and those of the clear cold Lorgues,
is so marked that cultivators prefer to pay for the
former ten or twelve times the price demanded for the
latter.

Artificial richness is sometimes given to waters used
for irrigation, as when the water is taken from the
very bottom of a strecam in order to carry as much

* ¢ Jrrigation in Southern Europe.”
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sediment as possible along with it on to the land, or
where the drainage of sewer8 is conducted into the
irrigating channel. Sewage irriga#ion, liquid manur-
ing, and the use of light manures dissolved in water,
offer the same advantages in a fuller degree, and will
be dealt with in more detail farther on in this work.

River waters,—éspecially such as carry much sus-
pended matter, and such as have received town sewage,
or the drainage of highly manured land,—are more
suitable for irrigation than water from tanks, wells, or
springs. Strcams in which fish abound are always
considered good for irrigating with. ¢ Hard ”’ waters
are also considered better than ¢ soft’’ waters; this
hardness being duc to the presence of sulphate and
carbonate of lime and magnesia, ingredients which are
highly favourable to fertility. It is for this reason
that water coming from the chalk formation is so good
for irrigation purposes. So again with the water that
comes from a granite formation, for it is rich in potash.

‘Water from forests, moors, and pcat bogs, or from
gravel or ferruginous sandstone is, as a rule, of small
utility so far as plant food is concernpd. Watér con-
taining much hydrous oxide of iron s generally con-
sidered very bad for irrigation ; yet Sir John Sinclair
tells us that the famous Preqley bog in Bedfor&shire 1s
strongly impregnated with iron, and that even the
water used to irrigate it is partially affected by it.
Running water from mines is highly inimical to vego-
tation ; and amongst other injurious sorts of refusc
which can find their way into irrigating streams, are
the chemical wastes from mills and factories in which
the processes of dyeing, paper-making, metal-working,
&e., are carried on.

Chemical analysis is the most satisfactory test of the
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quality of a water before it is used in irrigation ; but
some estimate of its probable effects may be formed
by observing theunatural products, the grasses and
other, plants, that grow on the banks and borders of
the irrigating stream. We do not pretend to give a
list of the particular plants which will afford this
criteria of excellence in evary place, for they will be
found to vary with the soil and climate; but every
farmer knows the plants which in his distriet will
afford this indication of quality in the water used to
irrigate with. ““ As a rule,” says Mr. R. Scott Burn,
“the water is of exellent quality if water-cresses
(Nasturtium officinale), the aquatic ranunculus (Ranun-
culus aguatilis), grow near it ; or other plants, such as
the pond weeds (Potamogeton perfoliatus, or P. fluitans),
and the speedwells ( Veronica anagallis,or V. Beccabunga).
The following plants grow in the neighbourhood of
water of middling quality : Sium cutifolium, S. angus-
tifolium, the mints (menthee). If no plants are observable
save the mossesand the sedges (Carer acutaand C. stricta), -
the quality of the water may be considered as bad.”

Quantity of Water required.—On this point it is
impossible to lay down any rule, as the quantity of
water required for irrigating land so much depends on
the cliw.ate, the nature of the sail, the object of water-
ing, and the crop grown.

The more arid the climate, the greater of course the
demand for water.

The composition and texturc of both the super and
subsoil greatly influence the amount of water required.
M. Gasparin states that a soil containing 20 per cent.
of sand needs irrigation once in fifteen days, while with
80 per cent. of sand it requires irrigation once in five
days. A gravelly or sandy subsoil will allow of almost
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unlimited percolation; whilst, if it be clayey and reten-
tiveapercolation is reduced to 2 minimum.

The object of irrigating may beemerely to make up
deficiencies of rainfall and provide sufficient moisture
in the soil for the support of a crop; or it may be for
the sake of depositing on the land the fertilizing
matters which are ‘conveyed by the water. If the
lattef® is the object in view, very large quantities of
water may have to be used to produce the required effect.

In Northern Europe, for example, where irrigated
meadows are common, large quuntities of water are
allowed to flow over tho fields ¥ the principal object
being to manure the land by the sediment thus depo-
sited. In the warmer climates of Southern Europe,
India, &c., on the other hand, irrigation is only used to
moisten the ground, and ta supply by artificial mcans
the want of rain, which is 8o much felt at times in
those countrics; and thus it is that thc watering
which would be effectual in the latter case would be
deemed altogether insufficient for the water-meadows
of Northern Furope.

Peculiarities of climate and soil, tqgether with the
object of watering, will generally hav® more influence
on the amount of weter required for irrigation than
the kind of erop grown. Nevertheless some crap€dali
for very much larger supplics than others.

The crops watered are usually classed in the follow-
ing order, with regard to their special treatment and
the amount of water they require :—

. Grass meadows.

. Lucorne, ryc-grass, and other cultivated forage crops.
. Cabbage, turnips, &ec.

. Beans and peas.

. Wheat, oats, barley.

. Sugar-cane, tubacco, indigo, madder.

Rice.

. Gardens and fruit-grounds.

c?

DN DU O
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The quantity of water supplied during the season-—
which in Europe is only about six months in thesyear,
say from April to-October—to ordinary ploughed or
hoed, field crops varies from 20 to 40 inches. In the
rice fields, of course, this amount is vastly exceeded ;
as it is also in tho water meadows and many other
grass grounds. The proper quantity, as well as the
season for applying it, must nccessarily vary under any
particular soil and climate.

A flow of water, equal to 1 cubic foot per second,
will cover 4 acres te a depth of nearly six inches in.
twenty-four hours ; #ad, continued one hundred days,
it will cover 400 acres to the same depth, or 200 acres
with 12 inches of water. A cubic foot of water per
second throughout the season has been found sufficient
to irrigate from 30 to 90 acres of rice, according to the
rainfall of the district.

Moncrieff gives thefollowing table, by M. Conte, show-
ing the acreage of each crop watered on the St. Julien
Canal, and the amount of water required for each, as a
fair specimen of the irrigation of Southern France :—

¢ 3. 4.
1. 2. Number of| Quotient of
Surface |Percentage| acresof ch\im laby -
«L:m... —_— watered. | borne by | each, irrig- umn 3.
et —-— - -~ leachiothe| able per |~ —— ——~
whole. | cubio fl, - per Discharge in
Acres. SECOI! cubic ft. per
second.

Gardens . . . .| 1183 16- 28 426
Meadows . . . 7893 10-8 70 11'3
Lucernc-grass . . 592- 8 70 84
Beans . . . . 6906 10-2 50 138
Madder . . . . 894°6 53 168 2:3
Chardon. . . 296° 4- 181 1'6
Sundry other crops 8340'1 45°7 454 73
Total . . | 72865 100° — 87-3
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The table gives a mean duty of 83-4 acres watered
duritg the six months of irrigition, per cubic foot per
second. But, as Mr. Moncrieff peints out, the large
area classified as sundries makes this result of little
value, many of the crops included in this arca being only
watered in an emergency, and not regularly, like some
of the other crops.” If, €or example, a vineyard is
lookiﬁg drooping, or a field of wheat turning prema-
turely yellow, it gets a watering. In cascs of great
droughts, wheat is occasionally watered as many as
three times. ?

The meadows are watered fro:n about every seven te
about every fifteen days, and yield three crops in the
scason. Lucerne grass is irrigated about as often as
the ordinary meadows, is cut every month, and yields
five or six crops during the season. Beans are irri-
gated every five days. Madder is not often irrigated
more than threc or four times after being planted
out, the last time being immediately before it is
dug up.*

In Piedmont and Lombardy, Mr. Jackson tells us,t
one cubic foot per sccond waters 50sto 100 acres of
grass land, or only 40 acres of rice. * In the Madras
Presidency, and in the North-west provinces of India,
one cubic foot per second waters, in ordinary geosons,
100 acres of rice, or other very wet cultivation; in
very dry seasons 50 acres. The highest duty actually
performed in Central India is about 270 acres per
cubic foot per second.

The following tables, by Mr. Jackson, furnish
some useful details in regard to Italian irriga-
tion :—

]

* Moncricff, ¢ Irrigation in Southern Europe,”
1 ¢ Hydraulic Manual.,” (Crosby Lockwood & Co.)
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1.

— e - S S N
I Absoxbod ' Utilised. ‘ prende-d.
lMem]ow. Arable.| Meadow. I Arable./|Meadow. | Arable.

. | 2
- e — -

Volume of water I ! .

in cubic ft. ne- (, - . acom L o1RaLn -

cossary por acre { | 5885 | 8476 ¢ 9160 | 9697 A 15045 | 18173

at cach watering i I: I '

|
i |
1T.
i Meadow lund. Arable lund.
\ 1 ————— — — o ———
- Waternng | Watering '\Vnwring Watering
ronece m 7 | ouce m 10 f once in l4jonce in 20
1 days days. days. days.
Quantity of continuous | |
water in cubic fect ]wrz i vnogan - L0153 . 5
sucond per acre necessary l 02486 01740 01501 01005
for irmgution. ’ | I
111
Meadow lnnd. Aaable land.
Watering | Watermg \Vufermg'l ‘Watering
once m 7 jonce m 1y lonce m 14 ounce in 20
days. days. days. | days.
"ATta- 1o acres thal can be l
irrigated by one cubic ft. 402 57-47 66 GG 99°16
per sccond j
1V.
Area in Sand . 5
_— we1C8. andy soil. | Clay soil.
Supply necessary for each acre . P o
of the irrigable area . . . } 1-00 01346 00924

¢ Result adopted for calculation of supply to Lacre: in sanuy-;:nl
01346 cubic ft. ; in clayey soil, -00924 cubie ft.”
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“In Table I. the quantity of water sufficient for one
irri®ation or watering is taken®at 15,045 cubic feet for
meadow and 18,173 for arable land. It cannot be
doubted, by any one conversant with irrigation in India
or Spain, that this quantity is excessive.

“The object of ordinary irrigation in hot climates is
simply to supply the place of rain and soften the soil,
and differs much from the irrigation of lands in colder
regions, which, partaking of the nature of sewage irri-
gation, has for its object the deposition of a fertilizing
sediment rather than a supply of moisture.

“ This latter description of iriigation being excluded
from the project and data under consideration, the
former alone has to be dealt with ; and for such pur-
poses, in India and in Spain, a watering of 10,000
cubic feet is ample, either for pasture or arable land.
One such watering represents a depth of ‘23 feet over
an acre, and is cquivalent to a continuous supply
throughout the year of -000317 cubic feet per second.

“In a hot climate, or with a drier soil, a greater
number of waterings might be required, but not a
larger supply at each watering.” 4

From the foreguing tubles the nuniber of waterings
appear to be forty-six and twenty-three in the year for
meadow and arable land respectively on sand¥ soils,
and thirty and fifteen on cluyey soils. “Leaving out
of consideration the fact that these waterings are a half
and three-quarters larger than would be requisite in
India or Spain, their number secms excessive.

“In India the number of waterings prescribed on
the Nageenah Canal, North-west Provinces, is thus :—

For fruit-gardens . . . . . . 8 por annum.
» hemp . . 5 per crop.
, Tice, indigo, suv wr, tobacoo, gra.ss hubs 4 “
,» cotton, wheat, bu.rlc) grains, and pulses 3 '
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1.
i Sl e S
Absorbed. Utilised. Expended.
Y R
Meadow. | Arable.| Mendow. | Arable || Meadow. | Arable.
R [ ‘ [ I
iVolun'm of water |
in cubic ft. ne- (| - 1 oaum P P -
cossary per Mres 1 5885 ; 5446‘ 9160 9697 1 15045 | 18173
at each watering ' } I )
h |
11.
t Meadow lund. Aruble Innd.
- Watering | Watering :‘v-'l.ftﬂ'i.ll;; Watering
tonce tn 7 |ouee m 10| onee in 14jonce in 20
i days. days. daysy. days.
Quantity of continuouy '
water in cubic fect per 2 v . - .015 . 5
second per acre necessary I 02486 | -01740 1501 1 -01005 I
for irrigation. , I
111,
Mcadow land. : Arable land.
|
— —= -
¢ v Watcnngl ancmngl Wutermngutcring
. once n 7 ,once m 10jlonee m 14 ouce in 20|
days. i days. Auys. duys.
"R 15w acres that can be l
irrigated by one cubic ft 40-23 57-47 G6-66 9916
per second . . 1
1V.
Area in | Sand i ] Clay soil
— acies. andy soil. ! y soil.
Supply necessary for each acre | . . . 0008
of the irrigable aren . . . 1-00 01346 00924
[ |

¢ Result udopto(l for culeunlation of supply to 1 acre: in sandy soil,
*01346 cabic ft. ; in clayey soil, 00924 cubic ft.”
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“In Table I. the quantity of water sufficient for one
irri®ation or watering is taken‘at 15,045 cubic feet for
meadow and 18,173 for avable land. It cannot be
doubted, by any one conversant with irrigation in India
or Spain, that this quantity is excessive.

“The object of ordinary irrigation in hot climates is
simply to supply the place of rain and soften the soil,
and differs much from the irrigation of lands in colder
regions, which, partaking of the nature of sewage irri-
gation, has for its object the deposition of a fertilizing
sediment rather than a supply of moisture.

“This latter description of irrigation being excluded
from the project and data under consideration, the
former alone has to be dealt with ; and for such pur-
poses, in India and in Spain, a watering of 10,000
cubic feet is ample, either for pasture or arable land.
One such watering represents a depth of 23 feet over
an acre, and is equivalent to a continuous supply
throughout the year of ‘000317 cubic feet per second.

“In a hot climate, or with a drior soil, a greater
number of waterings might be required, but not a
laurger supply at ea(,h watering.” 4

From the foregoing tables the nuntber of waterings
appear to be forty-six and twenty-three in the year for
meadow and arable land respectively on sand¥ souls,
and thirty and fifteen on clayey soils. “Leaving out
of consideration the fact that these waterings are a half
and three-quarters larger than would be requisite in
India or Spain, their number secms excessive.

“In India the number of waterings prescribed on
the Nageenah Canul, North-west Provinces, is thus :—

For fruit-gardens . . . . . . 8 per annum.
» homp . . & per crop.
,» Tice, indigo, suu: \r, tobacco, gmss, horbs 4 '
,» cotton, wheat, barley, grains, and pulses 3 '
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“In Spain the number of waterings in the year

generally necessary are !— ‘
L} .
For corn, flax, potatoes, olives, and pines . 6 waterings.

»s. meadows and artificial grasses . . 8 ”
, Garden produce . . . . 20 1

and these by no means show the highest duty obtained
by water in Spain; for gardens on clayey soils* are
irrigated with ‘0014 cubic feet per second per acre
through the year, and only require double or treble
that amount, say ‘004 cubic feet per second, in very dry
seasons ; whereas the \vatering of garden land with
twenty irrigations, as above, requires ‘012 cubic
feet.” *

The assessment of the water rate is made in three
different ways:

1. By fixed outlet, or by measurcment.+

“The small channel of supply being constantly full
and of a certain section, may be charged at so much
per square inch or square foot of section, indepondently
of the amount of pressure, for a certain time, as the
day of 24 hours. 'This has been adopted in Italy, bus
has not been found to work well.

«A further development of this method is to measure
byssiile all the water as distributed, a mode more

# Jackson, ¢ Iydraulic Manual.”
1 "There are three methods of measuring the discharge of a stream:—
1. By weir-gaugos (for small streams) with notch orifice. The
right-angled triangular notch is the best form of orifice, as
it measures large and small quantities with equal precision,
and has a sensibly constant co-efficient of construction.
When orifices are wholly immersed, round or square holes
are the best, because their co-efficients of construction vary
less than those of oblong holes.
2. By current meters, in which the rotations of a fan driven by
the current are registerod by wheel-work.
3. By calculation, from the dimensions and declivity. Woeds have
been known to increase friction tenfold.
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likely to be adopted at present, now that modules are
less*expensive and more effective than formerly.

‘2. By the area of land irrigat&d, or by crop.

3. Water distribution by rotation.

¢ An irrigating channel of fixed dimensions, glving
a constant fixed discharge, passes through the lands
of several proprietors; a Yeriod of rotation is fixed for
this channel, from 6 to 16 days, according to the crops.
Each landowner can then have the whole volume of
the channel turned on to his land once in the total
period of rotation for a certai® number of hours, as
from 2 to 40, or 50, according to the amount of land
he owns.

“ For example. Let 10 days be the period of rota-
tion, and let him require 12 hours’ supply once in that
period. His name is placed on the list, say sixth, and
he gets his supply turned on at a fixed hour, and
turned off at a fixed hour also. If the channel gives
20 cubic feet per section, his amount of water is equi-
valent to a continuous discharge of—

20 X 12
——2)50——" = 1 cubic foot per,second.

.
In this way intermittent supplies admit of mutual
comparison.” *
* Jackson, “ Hydraulic Manual.”

c3



CHAPTER V.

MODES OF IRRIGATING.

THE mode of laying o\ the water must depend on the
configuration of the surface, and on whether the land is
under grass or tillage.

The systems that deserve to be specifically noticed are
—Bed-work Irrigation; Catch-work Irrigation; Sub-
Irrigation; Side-Irrigation with open Drains; Pipe
and Hose Irrigation; Irrigation by Surface Pipes;
Flooding, or Swamp Irrigation; Sewage Irrigation ;
and Warping. The three last-mentioned systems will
be dealt with separately, however, in future chapters.
Water-drills, carts, sprinkling-pots, and syringes ought
also to be mentidned.

Bed-work Irrigation.—This system is only suitable
to.grass lands of a level or nearly level surface. It
consists in laying out the ground into sloping beds or
ridges, 10 or 12 yards wide, according to the nature of
the soil, having their upper ends lying in a gentle slope
from one end to the other of the meadow (Fig. 1). The
main feeder or conductor is taken out of the river or
canal, as the case may be, at a sufficient level to com-
mand the upper ends of these ridges. From this con-
ductor the water is carried by small irenches or irri-
gating channels (2) along the tops of the ridges. These
irrigating channels, or distributors, are made 4 or 5
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inches deep, and 12 inches or more wide at their junc-
tiof with the main conductor, the width gradually lessen-

ing as they recede
from it. When the
distributors are
filled, the water

overflows on both

sides, and is taken
up by the furrows
or drains (b)
which occupy the
hollows between
the ridges. The
water thus col-
lected by the fur-

row drains is re-

ceived by the main drain, which conveys it back
to the river from which it was tuken, or carries it
on to water other meadows, or other parts of the same
meadow below. The main drain is, of course, cut
across the lower ends of the beds, and requires to be

35
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F:ig. 1.

made nearly as large as the conductor.
section of the bed-work.

The dimensions and inclination of the conductor and
distributors sho:ld be so regulated to the water-supply
that the beds can be wholly laid under water to the depth
of about 1 inch. The conductor must be tapered off
towards its farther end, in order that the diminished
supply of water may still overflow; and the distributors
must likewise be made to tuper towards their farther

Fig. 2 shows a

\&_
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extremlty, both for the purpose of retarding the velo-
city of the water and of preserving a continuous oVer-
flow along their wkole length. On the other hand,
the small drains and the main drain should gradually
widen towards their lower extremity. The distributors
and small drains are usually made from 12 to 18 inches
wide at their junction, and from 6 to 9 inches at their
ends. The inclination of the ridge itself should afford
a fall of 1 in 500, and the inclination of the sides of
the ridges may vary from 1 in 100 to 1 in 1000, accord-
ing to the retentive pagver of the soil. Ridges should
not be more than 100 yards long.

Few if any meadows are now laid out on the bed-
work system, as it is only applicable to flat meadows,
which can generally be rendered productive without
the sacrifice of land which isinvolved in throwing them
up in ridge and furrow form, and cannot be carried out
without very considerable expense, the cost of the work
often ranging from £10 to £20 per acre.

Louden gives an example of a very complete piece of
bed-work irrigation (Fig. 8), which was formed for the
Duke of Bedfords by Smith, at l’nestley, on a meadow
of irregular surfuce The water is supplled from a
brogk (@), to a main feeder, with various ramifications
®b); ‘%he surface is formed into ridges (¢¢), over which
the water flows, and is carried off by the drains (d d) to
the main drains (¢¢), and to the brook at different
places (ff). There are bridges (y) over the main
feeders, small arches over the main discharging drains
(k), and three hatches ().

Formation of Water Meadows on the Bed-worl: System.
—=ir John Sinclair gives the following particulars
on this point : “ The water being carried with a
proper fall—that is, with from 1 inch of fall in 20 yards
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to 1 in 30 yards, according to the weight and velocity
of Yhe water above the moufh of the conductor—to

the highest part of the meadow, the next object is, to
make the conductor large enough to receive all the
water that the stream

contains if there is \ \\\\3\

land enough to use it. \ \\\

If there is a great fall \ \\\
\ N\

from the wear or dam \\\\ .
(sluice) to where the N
meadow is to begin, it
(the conductor) may be made comparatively deep and
narrow (Iig. 4); but on nearly level ground it must be
made shal-

Fig. 4.

lower and N\
wider (Fig. N N\

5), as it is Fig. 5.

only near

the top of the stream that the water has any draught. It
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is of no use to make the bottom of the conductor deeper
than the feeder will dra¥. the water out of it; neifner
is it of any use to make the bottom of the feeder any
deeper than the last floating gutter (or irrigating
channel) willdrawit off. . . . . In forming the master-
feeder it will be necessary to ascertain the breadth and
depth that will hold all the evater that the conductor
brings to it, and thence to the end of the feeder, where
the last floating gutter goes out. Its breadth should be
diminished all the way; and whatever its breadth
may be at the beginnigg, it should end about 2 feet in
breadth where the last floating gutter goes off.

“If the ridges or beds be 10 or 12 yards wide, and
about 100 yards long, with 6 or 8 inches of fall, the
breadth of the floating gutters should be about 18 inches
at the head, or 2 feet, according to the length of the
gutter, und about 6 inches at the lower end of the ridge.
This diminution of the gutter serves to force the water
out over the sides of the beds; and as a part of the
water is always going out of the gutter, it is always
growing less, and consequently does not require so
much foom to held it. The stuff that is tuken out
of the feeder should be laid smoothly along its sides,
with a slope outwardly, and raised about 6 inches
above™i™ surface of the ground; and in crossing
ridges the hollows must be filled up with super-
fluous stuff from the high places or out of the drains,
so that the top of the banks of the fceder may repre-
sent a straight horizontal line, and keep the water above
the surface of the ground, which is necessary to make
it flow down and over the sides of the floating gutters
with proper effect.

“In making the floating gutters, after both sides of
one are cut with a spade, by a line, then cut again witha
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spade down the inside of your lines on both sides,
bedinning at the head about-5 or 6 inches from your
line, so diminishing all the way down to the end, and
pointing the edge of your spade so as to make it
intersect your outside cut. When both sides are
done, the land in the breadth of the gutter will
be divided into three strips, the outside of which will
be loose, and will turn out whole in triangular furrows,
which form the sides of the gutters and keep up
the water above the surface of the ground. After the
sides are cut, there will remain a ast strip in the middle,
which must be taken out and laid in equal portions
on the outsides of the said furrows, or into the lowest
places. In taking out the fast strip, it is best to leave
here and there a piece unremoved, which serves for stops
and saves putting in afterwards. These stops will be,
wanted more or fewer in number, according as there is
much or little descent in the floating gutters. When
there is nothing left in for stops as above, the defect
must be supplied by putting in boards or sods to check
and raise the water to the height you want it. With-
out stops the water would all flow tos the lowes? end of
your work, and there run out too deep’; while the higher
parts of the meadow would remain dry. Notches are
commonly used at first in letting out the waitr from
the feeders and gutters over the beds; but when the
sides become older and firmer, it may bc made to
flow over them. The breadth of the beds should not
exceed 10 or 12 yards; but if less than 8 yards, it is
best, in general, to put ‘wo into one, either with the
spade or the plough. The length of a division of float-
ing gutters should never exceed 100 yards in the ridges
or beds; because, if they are too long, it makes the
water more difficult to regulate, and, if the stream be
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fluctuating when the water falls in, the upper parts of
the beds will be dry. All floating is the betterf of
a descent, from the crown of the ridge to the furrow, of
from 1 inch in a ya,rd to 2 inches. This must be
attended to if the land is to be formed into beds with
the spade or the plough; but where it is in proper
ridges before, they may be taken as they are, be the
descent less or greater than as above.

¢« At the lower end of the meadow, and indeed at the
end of every set of beds, there must be a main drain,
and betwixt every twot gutters there must be a small
drain, to receive the water that flows over the beds and
carry it into the main drain. These small drains must
be parallel with and reverse in their dimcensions to the
floating gutters, least at thc upper and largest at
the lowest end ; whereas the gutters are largest at the
upper end and smallest at the lower. These small
drains, if in a dry soil, will do 6 inches wide at the head
and 18 inches at their junction with the main drain.
The stuff that is taken out of them is always wanted to
make up hollows, or to make up the banks of the feeders,
to carry’them through low places to higher ground; but
wherever it is put’it must be properly smoothed to let
the water flow regularly over it.

“When a meadow is large and the surface not
all upon one section, but has high and low places in it,
more feeders must be made, and more cross or master
drains. Sometimes it happens that a feeder must cross
a drain in carrying the water from one eminence to
another through a hollow : in this case a trunk must be
made with boards of the size of your drain and placed
in it, and the feeder carried over it. The trunk must
be as much longer than the width of the feeder as will
be sufficient to give room for proper banks to the
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feeder, otherwise the weight of the water will force
theth out. If the feeder be small and the drain large,
it will be cheaper s
to make the trunk i
or spout corres- i
pond with the size
of the feeder, and
oY 4

carry the water = r’%_ r
over the drain BN r
in it. Hatches ’ i ,
or sluices (one or | I i
more agcording to
the size of the 5
feeders) are al- i :
ways necessary ’
in the mouths of o i
them, for exclud- SMOE T
ing or admitting '
the water at plea-
sure, and also for
changing it when'
the meadow is
divided into divi-
sions.”

Various kinds
of sluices are em- /5,
ployed to take in Py
water from the Y o
river or canal, j//7/2/, Y N2
&e., to the main ’
feeder. Fig. 6
represents a good construction by Mr. R. Scott Burn.
“gq is the stone sill, 0 b the side quoins in which the
grooves are cut, and in which the wood or sheet-iron
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Fig. 6.
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sluice-door (¢) slides up and down. The stone flat
(d d) supports the wooden uprights (ee), carrying 'she
cross-bar (/) in which the pedestal of the toothed
wheel (9) is fixed, this gearing with the rack of the
stem of sluice door.”
Wooden ““ stops” for the small channels are seldom
used, a turf or a spadeful of carth serving the purpose.
Fig. 7, however, illus-
trates a wooden stop made
ﬂ" of “{wo boards (a a)
joined together, but kept
\ separate by pieces at the

ad
ES

end into which the sluice

board (ff) is passed,

being lifted up by the

fm————————"713  hand-hole (g), and kept

Fig. 7. apart at any point by the

wedge (#). The aperture

to allow the water to flow through is ¢ ¢ ¢, the edge
(cc) being on a level with the bottom of the channel.”

Cateh-work Irrigation.—This differs materially from
the bed-work sysiem. It can be applied to sloping and
undulating surfaces as casily as to level lands, and to
lands under tilluge as well as under grass; it sacrifices
no land and costs very litle, and it is quite as effective
as the more expensive bed-work.

The fecder or conductor, formed as before, is led
along the highest side of the ficld, and a spring or small
stream directed into it is made to overflow the side by
the end of the ditch being dammed up; but as the water
would soon cease to flow equally for any great length,
and would wash the soil away in places, small parallel
gutters or trenches are cut, at distances of 20 or 30 feet,
to cateh the water again (Fig. 8); and each of these
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being likewise stopped at the end, lets the water over its
sid®, and distributes it until it is caught by the next;
and so on over all
the intermediate
beds to the main
drain at the bot- .
tom_of the mea- »
dow. Fig. 9 re-
presents a section
of this system
The cross gutters [)
must be laid out
perfectly  level,
and of course on
most lands will be © «—« B Drauw

winding; and Fig. 8.

these again are

sometimes crossed by feeders running from the con-
ductor to the lowest side of the field, thus forming a
kind of check work.

B < 3-\&}‘?\5\\\{\"
s N NN
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NN
S
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Fig. 10 shows the latter plan of catch-work, in which
¢ the channel of supply at e a delivers the water to the
gutters (¢ ¢), which again Geliver it to the branch gutters
(¢). The water flowing from these ovor the surface of
the land reaches the lowest level, where the catch-
drains (b ) are placed; these deliver the water to the
channel (b 0) which carries it finally off.”
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The cross gutters are rapidly thrown out by the
plough, and may be renewed every year if necessary on
grass as well as on ploughed land; while the principal

feeders and draing remain, and at most only require to
be repaired and filled with water.

As to other modes of watering in catch-work, the
diagonal system is perhaps the most cffective.

In all cases when the water seems to have sunk, it
should be taken up again by opening a new trench for
it, in order to collect or catck it, for diffusing it over
another surface.

In Pennsylvania, Dr. Edwards tells us, ¢ hills so
steep as not to be arable are watered, and produce
greater quantities of grass than flat grounds, without
ever having had a forkful of manure put upon them,
and are now richer than they were thirty years ago,
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after having had two crops of hay, and sometimes three,
anRually taken from them.” '

He describes the American plan, of watering uplands
as follows: “The first object, certainly, is to secure a
complete command of the spring or stream to be made use
of. For that purpose a drain must be made as near the
source as the circumstances of the case may require,
and the water must be then brought on the same level,
by a canal or ditch all along the side of the hill.

“The spirit-level is made use of for the purpose of
finding out the proper line to copduct the water. When
the true level is found and the canal made, the water
should be turned into it, which, if stopped either at the
far end or any part of it, with a gate being shut down,
it will flow over and irrigate the land below; or the
canal may be made so high on the bank that the lower,
side of it shall be about 6 inches above the water
when standing on a level with its source ; and it is then
let out by small gutters, about 10 or 15 fect from each
other, which are spread a little below by arms each way,
so as to meet one another in such a manner as to throw
all the ground under water. By this mode, if shere be
plenty of water, the whole ground ‘may be irrigated ;
but if it be scanty, nalf of these gutters may be stopped
by small sods one day, or two days if necessary, and the
other half afterwards, when the first are taken up; so
that the whole can be flooded alternately every other
day ; a practice preferred by some, oven where the water
is abundant.

« At a distance of near two rods below the first canal
another is made, to receive all the water that has
flowed over the ground between the two, and again
turned out as above;” repeating the process till the
lowest level of the field is reached.
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¢“The whole surface of the land to be irrigated should
be made so fair and sthooth that where the watet is
turned out to produge its great effect, there should not,
" to have it complete, be a hollow or hillock, in which a
drop of water can stand, or over which it cannot flow.”

Sub-Irrigation.—This consists in saturating a soil
with water from below instead of from the surface, and
is effected by a system of subsoil pipes, which, ‘pro-
ceeding from a main conduit or other supply, can be
charged with water at pleasure. In some parts of the
United States perforated pipes are used for the purpose,
but the common drain-pipe answers quite as well. The
usual plan is to surround the field with an open drain
or main, and intersect it by covered drains communi-
cating with this main. If the field is level, nothing

_ more is necessary than to fill the main, and keep it full

* till the ground is sufficiently soaked. The water escapes
through the joints of the pipes, and rises into the super-
incumbent soil, by pressure and by capillary attraction,
to as great a height as the water is standing in the
main drain. In this manner water may be given to
the roets of plants in dry weather; and when the
saturation is com'plete the whole of the water may be
removed at will by opening the drain outlets and re-
establishing free drainage. ~When the land slopes,
the lower ends of the drains must be closely stopped,
and the water admitted only into the main on the upper
side; this main being kept full till the land is soaked,
after which the mouths of the lower drains are opened
to carry off the superfluous water.

It is claimed that this method produces all the good
effects of surface irrigation with a much less quantity
of water, while the surface soil does not bake. For
lands under tillage the plan is an oxcellent one, par-
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Of course, by this method,
no deposit from the water is left on the surface of the
land. It is chiefly adopted on feny and drained mo-
rasses, which are apt to become parched in summer;
but it would be very valuable for all light soils tinder
green crop in seasons of drought. .

Side-Irrigation with Opan Drains.—On this system
the Reld is intersected by open drains, at the usual
distances, which communicate with the open ditches or
drainage canals. When the land is to be irrigated,

*water is let into the ditches, andg thence to the small
drains, till it rises to or near the level of the surface;

w
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and the ground is laid dry again by opening the sluice

valves, and emptying *he side ditches.

The Demerara

field system (Fig. 11) offers unusual facilities for this
wnethod of irrigation, in the simplest form. By stop-
ping up the small drains at a @ near their junction with
the side-line draining trench, and then filling the
navigation trenches to overflowing with fresh water, the
open drains become collectors, and the water can be
made to rise in them to any desirable height, swamp-
ing the entire ground surface if nccessary. When
the watering is complete, the pressure of water from
the navigation trenches is withdrawn, the stoppages
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in the drain mouths are removed, and the surplus water
is free to escape to tMe draining trench., Wheve a
sandy or gravelly spil rests on a retentive subsoil, this
mode of watering may take place without drains by
filling to the brim and keeping full for several days
surrounding trenches ; but the beds or fields between
the trenches must not be toe great.

Irrigating by Pipes and Hcse—* There are inany
cases in which the methods of surface irrigation pre-

“’*’W’n‘-’v;s ’”l;‘

’;':1“/.). ~“r

-.I(WM( J.a.:l,

viously described are unsuitable. Where the surfaces
are irregular, where the crops are changed several
times in a season, where the ground is under biennial
or perennial crops, and furrows cannot be maintained,
or where the ground is too valuable to be occupied by
furrows or water channels ; these and other conditions
will be favourable to one or other of the following
plans. The first to be treated of is that of under-
ground pipes and stationary hydrants, from avhich
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water may be distributed under pressure through india-
rubbér hose and sprinklers (ﬁg 12) An elevated
reservoir is provided, from which ar iron pipe, having
a capacity equal to an inch and a half in area for each
acre to be irrigated, is carried along the centre of the
garden. A 2-inch pipe will be required for two acres,
A 3-inch oune for four acres?and a 4-inch one for eight

e . .

acres. From this pipe others are carried at right
angles 200 feet apart to within 100 feet of the boundary
upon each side. The pipes are laid a foot beneath the
“surface, or so fur that they can nf#ver be disturbed by
the plough. Upon the lateral pipes, which should be
at least an inch and a half in diamecter, so that the flow
shall not be unduly interrupted by friction, upright
pipes, or hydrants, are attached, which project at least
three inches above the surface of the ground. These
are about 200 feet apart. They are furnished with

- valves, which opcrate by means of a square head and a
key. Each one is fitted with a cap which screws on or
off, and which is attached to the hydrant by a short
chain for its preservation. When this cap is unscrewed,
a section joint affixed to the end of ﬂhe hose m¥y be
sorewed in its place.”

“When this apparatus is in operation, the water
descending from the elevated tank or reservoir passes
through the pipes and the hose, and escapes with some
degree of force, depending upon the height of the head,
through a flattened nozzle, which scatters it in a thin
sheet or broken shower. With this apparatus one man
may water copiously five acres of ground in a day or
mght Each hydrant being the centre of a plot 200

(Aget squarc, serves to irrigate, with 100 feet of hose,

very nearly or perhaps one acre of ground To irri-

gate five acres in ten hours would give an hour and a
D
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half to each plot, and amply sufficient for an active
man to get around a plot of 200 by 200 feet.” *
An improved nozzle for shower irrigation is manu-

’ i :u " 4,
7 ,,/‘}':/,'5 D A A
U l/f/,/;z//,
e
“ // ,I/ /;// /l//"/'
Fig. 13.
factured by Messrs. J. Warner & Sons, London, and is

represented in Fig. 13.
Irrigation by Surface Pipes.—By this method the
distributing pipes are laid upon the surface of the

Fig. 14.

ground, and are perforated in such a manner that the
water is discharged in a shower of spray upon the
¢ Stewart's “ Irrigation for the Farm, Garden, and Orchard.”
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ground (Fig. 14). The distance the pipes are laid
apast may be 24.feet or more, bt this will depend upon
the pressure and force with whwh the water is dis-
charged. The disadvantage of this system is its first
cost ; but once the apparatus is provided it can be put
in operation with little expense, all that is required
being the turning-on and ¢ff of the water at intervals.
Weater- Drilis, Water-Carts, Garden-Engines, and Sy-
ringes.—The watcr-drill is now in great request for
sowing turnip and mangel seeds in dry weather. As
- these crops are put in at one of ghe driest periods of
the year, its use insures a rapid and healthy braird of
the young plants. The drill is a common turnip and
manure drill, with the manure-barrel fitted for carrying
water and for distributing itin the rows immediately
undcrneath the seed. The quantity of water can be
regulated, and either pure water or manure water may
be used. In the latter case superphosphate, or guano,
is dissolved in water, and thc mixture used at the
ordinary rate for dry manure per acre. The water-
cart is sometimes used in dry weather for watoring
drilled crops after they are started info growth.  Twn
forms of improved water-carts are slroown in Figs, 15
and 16. The former
is maunufactured by
Messrs. Colman & Mor-
ton, Chelmsford ; the
latter by Messrs. James
& Son, Cheltenham.
Each of these carts is
fitted with a short hose
for dropping into the )
tank or well, &c., and a pump for ﬁlllng it with ease and
rapidity. Galdcn-cngmes and Syringos, though very
»2

Fig.
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serviccable in their place, are of course only useful -
where a few plants or beds of ground are to be Gealt
with. Fig. 17 shows a special syringe, manufactured

by J. Warner & Sons, for washing hop vines. By -
means of thisinstrument all parts of the vine are casily

Fig. 17,

reached, and it cffects great saving in the washing
mixture,



CHAPTER VI.

MANAGEMENT OF IRRIGATED GRASS LANDS.

" Application of Water.—On Engliﬁh water-mecadows, as
a rule, the irrigating scason begins at the end of
October, and is continued till about the first week in
April. The usual plan is to keop the land flooded to a
depth of about 2 inches during the months of Novem-
ber, December, and January, for a fortnight or three
wecks at u time, and then let the water drain off from
it for a week or so before flooding again. In February
and March the waterings are gradually shortened to
eight days at a time. At the beginning of April the
land is left dry, and in May the grass crop is cut.

In November the water is used vely plentifully for
the first three weeks, after which it 1s taken off for a
week, or changed tv another part of the meadow. When
the grass turns dark the water should be taken off. A
standard work on farming directs that it should be
taken off on occurrence of frost. The true rule, how-
ever, is not to take it off nor to lay it on in a frost ;}—
not to take it off, because the water, freezing on the
ground, forms a coat of ice which protects the grass;
not to lay it on, because the' ground, being already
frozen, can be no longer protected.

In December and January the chief care consists in
keeping the land sheltered by water from the severity
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of frosty nights. In wery frosty weather it is better
to take off the water from the meadows altogether if it
is severe, and likely to continue long; but this must
be done at the beginning of the frost; if this has not
been done the water should be allowed to remain on
during the continuance of the frost. The danger from
frost is, that if ice forms under and around the roa¢s of
the grasses the plants may be thrown out by the ex-
pansion of the water. This can only be prevented by
keeping the grass protected by water, or clse making
the land so thoroughly dry that no injury will result
from frosty weather. In spring the young and tender
shoots of grass are casily nipped and destroyed by
frost, if these precautions are neglected.

In February the management is much the same as
in January, only, if the weather is mild, the water will
require to be taken off or changed more frequently.
If the water remains on for many days about the
end of this month, in bright weather, a white scum
arises, very destructive to the grass; and if the land
is exposed, without water, to severe frosty nights,
the greater part of the grass will be killed. The
only way to avoid this is to tuke the water off early
in the morning, and turn it over at night; or, if the
day be very dry, keep the water off altogether during
the frost, for it is only when the grass is wet that the
frost has a pernicious effect.

In March, as vegetation sets in, care must be taken
to shelter the young grass as much as possible.
When the water is changed or removed, a mild day
must be chosen for it ; and it is best to do it in the
morning, that the ground may dry before night, and
be able to withstand a frost the better. In this month
scum on the water must be guarded against; but,
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insfead of changing the wager at stated times, it
should be done according to the weather, always taking
advantage of a fine day, which may vary the time from
a week to once in a few days, less or more. )

If the meadows are to be spring-fed, the watering
ceases about the middle of March, or the first week in
Apzl at latest. Early in’ May, when the spring-feed
is eaten off, the water is used for a few days before
laying up the meadows for mowing ; and again when
the hay crop is carried off.

The watering of grass landg, other than water-
meadows, is very simple, as it is seldom practicable to
lay them under water, and they can only be irrigated
by flowing the water over them. This is done at
intervals, which will be determined by the weather
more than anything else. As the grass is never com-
pletely covered, the irrigation cannot be carried on in
frosty weather ; so that on high lands, and, indeed, on
most catch-work meadows, where the ground slopes or
is undulating, it is impracticable to irrigate during
winter, and watering has to be delayed until the
spring frosts are over. This put§ off the Bpring
watering until April or May; after which, how-
ever, there is still time to grow a crop of hay. Any
attempt to irrigate upland meadows in winter, and
to pasture them in early spring, would but injure the
meadow by means of frost, and at the same time rot
the sheep.

Spring-Feeding.—The great value of water-meadows
consists in the early spring feed which they afford,
between ‘“hay and grass,” by which the farmer is
enabled to breed early lambs, As soon as the lambs
are able to travel with the ewes, about the middle of

~ March or the beginning of April, the flock is put into
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the water-meadows. Care is taken to make them ag
dry as possible for some‘days before the sheep begir. to
feed them, and, on account of the quickness of the
grass, it is not usual to allow the ewes and lambs to go
into them with empty stomachs, nor before the morn-
ing dew is gone. The general hours of feedirg are
from ten or eleven in the morning till four or five in
the afternoon, when the sheer are taken off and fofded
on swedes or mangel for the night, or else put into a
dry meadow or pasture where a few swedes or mangel
and some box-feeding can be supplied to them. The
grass on the water-meadows is daily hurdled out in
portions, according to the number of sheep, to prevent
their trampling it down ; but a few spaces arc left in
the hurdles for the lambs to get through and feed
forward in the rich grass. One acre of good grass will
be sufficient to last five hundred couples a day. The
great object is to make the water-grass last till the
winter rye, barley, and forward vetches, &c., come in
for feed ; the meadow is then laid up for hay.

Late spring pasturing on meadows is objectionable,
as it always lcspens the hay crop, and the harm
done is usually in proportion to the dryness of tho
meadow. Water-meadows may be fed during April,
and then be laid up for hay ; but dry meadows should
not be spring-fed at all.

Laying-up Meadows.—In regard to the time of laying-
up the meadows, quaint old Tusser says :—

“Bpare meadow at Gregory, marshes at Paske,
For fearc of drie summer, no longer time aske;
Then hedge them and ditch them, bestowe theroon pence,
Corn, meadow, and pasture aske always good sense.”

St. Gregory is the 12th of March; Paske is Easter;
and Tusser’s meaning evidently is that marsh meadows
may be grazed a month longer in spring than dry
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megdows, and still yield a good crop of hay, however
dry “the summer.

After spring-feeding, before any water is given, the
meadows should be put into the best condition for
laying up. The ditches and furrows should be ex-
amined and repaired, the drains cleared, and all rub-
bish taken off the surface’ Any inequalities of the
surface should also be remedied with the spade, first
taking off the turf, and then replacing it and beating
it firmly down. The mecadows jare next bush and
‘chain harrowed ; any rubbish brought up is picked off,
and then the ground is rolled with a heavy roller. If
any grass sceds are to be sown, it may be done pre-
vious to harrowing. Farmyard manure, if given at
all, should be applied when the hay crop comes off,
and only in a well-rotted state. Artificial fertilizers will
rarely be necessary; but if given at all it- may be in
*the form of a top-dressing, after laying-up for mowing.

Cutting.—From the great succulency of the plants
produced in water-meadows, the converting of them into
hay requires particular attention. It is des1mb1e that
the grass should be ready to cut early in the season,
not later than the end of June or the beginning of
July, when the weather is likely to be favourable for
hay-making ; and to this end the meadows should be
laid up early. It is not advisable, however, to cut the
grass of water-meadows too soon, or before it ap-
proaches ripeness, as there is then more loss of weight
and substance in the making. The best time to mow
is when the bulk of the grasses are in flower, unless in
cases where the grass has fallen down, and would spoil
if it romained uncut. Attention, however, must be
paid to the state of those plants which constitute the
‘bulk of the crop, and if the rough-stalked meadow-

p3
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grass, the scented verndl grass, the soft meadow-gwas,'
are the most abundant, the grass may be cut earlier.
In taking off the gtass, carts and waggons should be
used .very carefully upon the meadows, lest ruts may
be cut to the injury of the surface. Roadways across
the meadows, from point to point, should be previously
laid out, using wooden culverts where the roads aross
the irrigating ditches or drains.

Repairs.—In addition to what is done at the time of
laying-up for mowirg, a water-meadow will require.
some annual repairs in autumn. Thus, in the month
of Qctober, when the after-math is fed off, the banks of
the feeders must' be repaired where they have been
trodden down by the sheep or cattle, and the sand or
mud that lodges in any of them thrown out. The sides
of the feeders and gutters may be trimmed with a large
sharp reaping-hook, and the bottoms may get a light
shovelling out. The clearings may be trodden down
smoothly at the back of the gutters, or put into hollow
places, &c.; but it must always be observed not to
clean_the floating gutters so hard at the lower end as
at the upper, that the diminishing proportion of their
size may not be destroyed.

Water-Meadow Grasses.—These plants, Dr. Singer
observes, ought to be percnnial, as it can never be
intended that the mcadow should soon be broken up.
In America, timothy, or meadow cat’s-tail (Phleum
pratense), is greatly in favour for water-meadows; and
it is remarked that white clover bears drowning better
than any other plant of that nature, although it does
not yield the bulk which is desirable in a hay crop. By
careful management, re-seeding, and manuring, timothy
and clover may be retsined in a water-meadow; but
many of the following plants are but slightly inferior
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ic,them, and, as they grow more abundantly and con-
stantly, are better adapted to this culture:—(1) per-
ennial red clover, or cow-grass, witich naturally prospers
where the soil contains a due proportion of marl or lime;
(%) soft meadow-grass (Holcus lanatus), which thrives
well in any soft- soil, especially if it be also watered ;
(3)e rough-stalked meadow-grass (Poa trivialis), which
delights in a soil between loam and bog, possessed like-
wise of a degree of moisture; (4) crested dog’s-tail
(Cynosurus cristatus), which thgives well in watered
loams; (5) swcet-scented vernal grass (Anthozanthum
odoratum), which hardly fails in any water-meadow
where it has been once established, and whilst it adds
to the bulk and weight of hay, it likewise communi-
cates, if made in dry weather, the sweetest odour to
the whole crop; (6) bent grasses, in particular white- ¢
bent (A4 grostis alba), and creeping-bent (A grostis stoloni-
fera), or the famous fiorin, which some recommend in
preference to every other, for water-meadows, long and
fully irrigated.

The nature of the herbage upon an irrigated meadow,
remarks Mr. Stewart, depends great}y upon th® skill
with which the irrigation is managed. If water is
used in excess, the more valuable grasses disappear and
inferior ones take their place—such as couch grass, the
spear grasses, and other coarse species.

Italian rye-grass (Lolium Italicum) is extensively
grown under irrigation in England and elsewhere, and
yields repeated heavy cuttings of forage for soiling.
It is the chief grass grown upon the Italian water-
meadows, upon which it yields an aggregate cutting
of forty tons and upwards of greeh fodder per acre
yearly.



CHAPTER VIL
MANAGEMENT OF IRRIGATED ARABLE LANDS.

Tue irrigating furrows upon cultivated land can
seldom be permanenti except in vineyards and the
like, where there is not a constant change of crop
going on. In such grounds a system of irrigation
may be laid out as complete as in the case of a water-
meadow, as the work will be permanent in character,
and the first outlay will be the last, if the work is
properly done. Generally, however, the irrigating
channels on arable land will be destroyed at every
ploughing, and must be re-made for every crop.

The watering of arablo land and crops, though un-
common with us, is universal in warm countries, and
even in Southern France, Spain, and Italy. In many
cases the crop is' grown in drills, and the water is
simply introduced ir the furrow between each row.
In this mode of irrigation, no collecting drains are
required, as the whole of the water laid on is absorbed
by the soil. The principal expense of the operation is
that of preparing the lands by throwing the surface
into a proper level or levels. The main conductor
carries the water to the higher part of the field, and
the rest is easy. A side conductor should be formed
along the entire length of the field; so that the field
can be watered in sections if wished, by ¢losing the
supply-channel at any desired point.
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- With crops under flat cultpre, such as wheat or
bar“fey, there are other plans available. If the ground
slopes, the ordinary catch-work system may be adopted,
drawing with the plough light furrows from the main
conductor at the top of the field, parallel and hori-
zontal to it, or in diagonal or diamond form, or other-
wise, according to the comtour of the surface. On
leve! ground the land may be ploughed into beds, and
the water introduced in furrows during the growth of
the crop: this may be done eithes by a system of side-
‘irrigation, the soil absorbing the water from the
ditches, or by regular flooding.

“In the flat plains of the Rioja,” Mr, Roberts* tells
us, “a small mound or embankment of clay is formed
around each field ; and when irrigation is required,
the water is admitted from some of the minor channels,
of which therc is a network on every farm, through
an opening in the bank, usually placed at the corner of
the field. It is then allowed to flow until the enclosure
is completely covered to a depth of about three inches,
when the inlet is closed with a sod, and in a few
minutes the water is all absorbed by the parched ®oil.

¢ In sloping ground the Spanish fafmers often level
the field into a seiies of horizontal plots or terraces,
that each inclosure may be irrigated in the manmer
above described. When this is not done, water is
admitted at the high side of the field, and allowed to
flow over it; and numerous little cuts, like plough
tracks, with their corresponding mounds, are made
across the enclosure, or at right angles to the direction
in which the water flows, so as to check its velocity,
and thus facilitate its absorption by the soil.”

This system is illustrated in Figs. 18 and 19. The

* « Irrigation in Spain.”
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“divisions do not slope un both sides, but incline in y.ﬁa/
direction, as shown in Fig. 18,at ad, @ b, a b ; but are
horizontal, in the direction of the arrows in plan,

|| -

Fig. 19.

QL

Fig. 19. The channel of supply is at A 4, and sluices
are provided at C C C, by which the water can be let

into or kept out of the channels of distribution (a a), -*
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paced at the upper side of thetinclined divisions (& d).
The channels of distribution (¢ a) are divided from
each other by small embankments or ridges, as shown
in section in Fig. 18. The water, after passing over the
surfaces (d d) is taken up by the channels (4 4).”

Mr. Roberts ¢omments on the skilful manner in
whish the Spanish farmers, when irrigating their lands,
conduct the water from one field to another, or from
one part to another of the same field on a different
level. When all the lower pargs are irrigated, they
construct temporary dams with the hoe, and by this
means raise the level of the water so as to be able to
reach the higher parts of the field. A sod or a stone
serves the purpose of a hatch, or ““stop-off.”’

Time of Watering.—The evening hours are considered
the most favourable time, but this rule is nowhere
universally observed.

Application of Waler—Watering should not be
deferred until the ground is too dry, as it does not
bake so readily afterwards. In dry weather, a mode-
rate watering should be given before sowing or é}lant-
ing, and for a time afterwards the gx;pund should only
be kept moist enough to favour germination, and pre-
vent the surface hardening. For the young growing
plants, moderate, frequent waterings are best. No
rule can be laid down, however, that will be generally
applicable. The various field crops which may be
brought under irrigation all call for special treatment,
and this will vary with the district in which they are
grown. The reader may here usefully refer to what
has been already said on this point under the heads of
crop suited to irrigation, and the number of waterings
bestowed on different crops, in Chaps. III. and IV.
In the case of nearly every crop, the ground must be
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allowed to get occasionally dry ; for even those crops™
which require watering most are easily injured if the
water is in excess, or,is allowed to remain on too long.

Cultivation.—The soil should never be stirred when
wet. Tillage and cultural operations *should be timed
with reference to the watering, or the watering should
be so timed with reference tb them, that these opera-
tions may be performed when the soil is dry and just
before watering.”



CIIAPTER VIIL

SWAMP IRRIGATION.

Swawmp irrigation is practised mdbe or less on the rice
or paddy fields of India, Egypt, Southern Europe, and
the Carolinas, and other south-eastern states in America.
These crops are gencrally produced on tide-swamps, or
other low-lying grounds, which possess no means of
natural drainage; and under this system the land is
commonly laid under water for weeks at a time, some-
times, indeed, from the time of sowing till the time of
reaping.

The rice plant appears to adapt itself in a very
wonderful manner to swamp life. Even here, how-
ever, there is doubtless no exceptions to the gemeral
rule, that stagnant water is injuriou$ to the higher
forms of vegotation. 'Where the produce of rice under
such treatment appears to be as great as is to be
expected from the most skilful and intelligent culture
of the plant, it will probably on examination by analysis
be found to compare but poorly in nutritive value with
that grown under different conditions ; otherwise, the
presumption is that, though the water was retained on
the field during the whole time of the growth of the
crop, it was not really stagnant, but constantly under-
going renovation, by percolation or some other means.

Rice irrigation has been well"described by the late



66 IRRIGATION AND WATER-SUPPLY,

Robert Russell, of Kilwhiss, who visited the Carol¥tu ”
rice plantations in 1865, and published an interesting
account of them irt the Transactions of the Highland
and Agricultural Socicty for 1866.

“It is on the tide- -swamps of the Savannah, and the
numerous other rivers in Georgia and the Carolinas,”
says Mr. Russell, “ that the finc rice known in Europe
as the Carolina rice is cultivated. The production of
rice for exportation is in a large measure confined to
these swamps; and (it is further limited to the freshk,
tide water swamps, for where the tides are salt, or
even brackish, they are unfit for irrigation.

“Though a considerable quantity of upland rice is
raised here and there for domestic use, none of it is
reckoned sufficiently good in quality for exportation.
The rice which grows in the tide-swamps is of much
better quality than what grows in dry cultivation.
The pickles of the irrigated rice are large and equal in
size, and the husk is easily separated from the kernel ;
whereas the uphnd rice, being smaller and more un-
equul the sample is not only inferior, but there is a
great deal more, 'waste and labour in its preparation for
market.”

Another objection to the culture of rice on the dry
upland soils is the great amount of manual labour
which is required to keep the crop free from weeds.
The lengthened period of hot weather over which its
growth is extended, and particularly the circumstance
of this crop, like our cercals, either being sown broad-
cast or in narrow drills which do not admit of horse-
hoeing, tend to give great encouragement to weeds, so
* that its culture demands too much hand labour to be
generally profitable.

“The swamps which form the rice grounds were
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Talnimed by erecting embankmtents along the sides of
the river, and preventing the overflow of the tides. .

« Main canals, having sluices om their mouths, are
dug from the river to the interior about 20 feet in
width ; and as they sometimes extend across the whole
breadth of the swamp, thc;y are more than 3 miles in
lenggh. The rice plantations are subdivided into fields
of about 20 acres each. The ficlds have embankments
raised around them, with sluices communicating with
the main canal, so as they may §e laid dry or under
water separately, according as it may be required.
Numbers of open ditches are also dug over the grounds,
for the purpose of allowing the water to be more easily
put on or drawn off.

“ From the nature of the works which are required
to reclaim the tide-swamps, and render them fit for
cultivation, large capitals are invested. A great ex-
penditure of labour is constantly required to maintain
the banks in good order, to clean out the drains and
canals, as well as to keep the sluices and valves in
repair. It would be out of place here to give any
detailed estimate of the expenses ang profits of” rice
culture. The fact, however, of the rice grounds being
higher in value than any land devoted to any other
crop in the south-eastern states, is quite sufficient to
attest the profitableness of rice culture. Nor is this so
much to be wondered at when it is considered that the
land which is capable of raising rice with advantage is
comparatively limited, and has been almost all occupied
for a considerable time.”

In Carolina there is considerable diversity in the
mode of cultivating the rice crop. “Some planters
plough all the grounds every year. Those who follow
this system give a light furrow in the beginning of
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January, and afterwards make shallow furrows or drills,
15 inches apart, to receive the seed, which is sown
broadcast at the rate of from two to three bushels per
acre. A small quantity of water is then admitted for
a day or two until the seed sprouts.

“The most approved and general mode of cultivating
the rice fields, when free irom weeds, is to sow the
seed without ploughmg The stubble of the previous
crop is burned over in spring, which is essily effected
from the large quanjity which is left at harvest. A
negro then goes into the ficld, and makes a rut with a
hoe between the rice rows of the former crop. This
serves as a rcceptacle for the seed. Sometimes this
operation is done by a small drill-plough. The seed is
cither covered by a rake, or the water is admitted at
once, and covers it by washing down the soil.

 In all cases, the water is admitted to the fields as
soon a8 the seed is sown, and when the young shoot
appears above ground the water is drawn off. In the
course of a week the crop usually receives another
watering, which lasts from ten to thirty days, accord-
ing wo the progress which vegetation makes. This
watering is chiefly useful for killing the land weeds
that make their appearance as soon as the ground
becomes dry. But, on the other hand, when the field
is under water, aquatic weeds in their turn grow up
rapidly, and, to check their growth, the field is once
more laid dry, and the crop is then twice hand-hoed.
By the 1lst of July the rice is well advanced, and
water is again admitted and allowed to remain on the
fields until the crop is ripe. This usually takes place
from the 1st to the 10th of September. The water is
drawn off the day previous to the commencement of
reaping.”
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w Jn the Piedmont district, ig Italy, where a great
denl of rice is cultivated, the ground is first put under
water, then worked up into mud, before the rice is sown
broadcast over it, The water is then turned off, and
the rice is left to germinate in the damp earth before
being irrigated again. After this it is left almost
constantly under water.* o

" If some of the paddy-growing districts of India
the same course of puddling prcparatory to sowing is
followed. The land is ploughed several times while
under water, and in the operation the soil is worked
into a puddle, by the ploughs and by the feet of the
cattle. It is then left to stagnate for a few days, after
which more water is let on, and the ploughing and
puddling repeated. Where vegetable manures are
applicd, these are trodden into the puddled soil. Before
seeding the ground, the surface is smoothed by meuns
of a heavy plank drawn by cattle.

“The rice grounds,” Mr. Russell concluded, “are
comparatively healthy to white men in winter, but tho
very reverse in summer and sutumn when the crops
are growing and ripening. It has beeh often remarked
that the swamps, in their original %tute, along the
southern rivers of the United States were by no means
so dcleterious to the whites as they arc now, when
brought under cultivation. This scems to apply, to a:
certain extent, to all the rich alluvial soils in the river
bottoms, but is particularly applicable to the rice
grounds that are irrigated by the tides. Indeed, the
undrained swamps rewain comparatively healthy so
long as they are covered with the natural vegetation.
The mere stirring of the soil, and the exposing of it to
the atmospheric influences of a hot climate, invariably

* Moncrieff, “ Irrigation in Southern Europe.”
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give rise to malaria. For this reason, the Campagna,
in Italy became much more unhealthy, as Dr. ArnSid
states, in his Roman History, after its drainage. There
is nothing of coursé deleterious in the mere culture of
rice ; it is the mode in which the irrigation is managed.
This opinion is confirmed by the fact that the rice
grounds at the mouth of the Mississippi, on which the
water is not allowed to stagnate, are more health; to
the white inhabitants than either the sugar or cotton
grounds of the lower Mississippi that are under dry
culture. But the p:(lmtice adopted on the tide-swamps
of Carolina, of laying the fields dry at intervals during
summer and autumn, seems to give rise to miasmata of
the most deadly character to the white inhabitants,
but from which the coloured are exempt. The planters,
with their fumilies, invariably lcave the rice grounds
during the hot season, and remain in a more healthy
part of the country until the crops are harvested. And
though the negrocs are not liable to those discases
which are so fatal to the white inhabitants in summer,
yet they do not increase in the rice districts.”

The water-cress beds, which arc to be found in the
neighbourhood ‘of London and all other large cities,
afford a more striking cxample of swamp vegetation
than the rice grounds we have been considering. Water-
cress is grown on ground cntirely under water, but the
water is never altogether stagnant. It is a plant that
can only be grown where there arc running streams,
and it also favours a limestone or chalk formation, so
that in all but small artificiul beds, its cultivation is
limited to comparatively few localities.

In some cases it is merely allowed to grow in the
natural stream, but those who make a busincss of grow-
ing it, increase the arew by making beds at right
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angles to the stream. The beds are excavated to a
dej th of about 8 inches, and ave usually &5 feet wide,
and of a length governed by the level of the land.
They should be so constructed that the water from the
stroam may be directed into them by the use of board
dams, and an overflow channel must be provided. Lime
or chalk may be added to the bottom of the beds, if the
seilsis naturally deficient in calcareous matter.

Water-cress is naturalized in many streams, and
where it occurs a supply may be gecured for stocking
the beds. The plant throws oﬂg roots at each joint
below the surface, and if the stem be made into cuttings,
each of these fragments, if set in the soil of the bed,
will soon form a vigorous plant. The cuttings may be
set a foot apart each way immediately before the water
is let into the beds.

‘Where cuttings cannot be procured, the plants can
be readily raised from seeds. If the sceds are sown in
a box in good garden soil, and kept very moist, a
supply of plants for transplanting will soon be at
hand. The starting of beds of water-cress should begin
in carly spring.



CIIAPTER IX.

SEWAGE IRRIGATION AND LIQUID MANURING.

THaovGH there are various ways of utilizing sewage,
irrigation is the method which has been most exten-
sively practised, and is the ouly one which demands
notice in this work.

“DBy sewage irrigation the grcatest luxuriance of
growth known to English agriculture is obtained. It
is adapted to all irrigable crops; but the best results
are obtuined with rapid-growing succulent plauts, such
as Lucerne or Italian rye-grass. The scwage is pourced
on at the rate of 400 tons per acre, equal to a thickness
of 4 inches of wuter, during a few hours, twice in the
growth of a smgle crop or cutting. Drainage, deep
cultivation, and’ subsoiling should accompany the pro-
cess; these tillage operations being only performed,
of course, when the land has been laid-up dry. The
drained and deeply-cultivated soil then passes the
whole of the rich and fertilizing sewage amongst the
fibrous rqots of the plants, by which its substance is
permeated. By this practice, a cutting of 10 to 20 tons
of succulent forage is obtained as the result of not
more than a month or five woeks’ growth. The land
is soaked twice or thrice, at intervals of a fortnight
after each cutting; and four or five cuttings are thus
obtained from the application of 3,000 to 12,000 tons
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of gewage in the course of thesyear. Here, as well as
in ordinary irrigation accompanied by land drainage,
the result is due to an added temperature, and an
addition of plant food, both of which the soil ex-
periences ; and especially to the constant motion and
passage of this food beside and amongst the Hungry
roots of the plants which feed upon it.”” *

Rearly all the sewage farms in this country are laid
out on the *catch-water” system, which consists in
floating on large quantities of Nquid sewage over a

‘number of successive breadths of land. The objections

urged against this system are—(1.) That the bulk of
the water escapes by flowing off the surface, and not
through the soil to the drains; and that, therefore,
there is no real security that the sewage is purified at
all : the fact that it flows off the surfacc, showing that
there is more liquid applied than the land can absorb.

. (2.) That as the essence of the catch-water system is

the pouring of sewage, and of the same particular
volume of sewage, over successive areas of land, all
the areas of land cannot be equally fertilized, since the
sewage cannot be made to flow evehly aver all® the
land.t '

These objections apply with even more force to the
“ Pane-system,” which is analogous to the Spanish
system of irrigation by water, where rectangular and
generally square plots of land are laid out perfectly
flat, surrounded by a low bank, and gencrally on suc-
cessive levelS™ The upper plots, in such cases, must
evidently retain the whole of the suspended matter
which is contained in the liquid sewage, leaving little
else than clear water to flow off to the lower levels.

* «The Soil of the Farm.” By John Scott and J. C. Morton.
+ W. Hope ‘“On Sewage Irrigation.”
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The Romford Sewage Farm, in the occupation of
Mr. Hope, has been laid out in beds on the ridge-and-
furrow system, each bed being 30 feet wide. The
ridges are raised up in the centre, with a carriage or
guttér along the ridge, over the sides of which the
sewage flows, as in some water-meadows. Mr. Hope
considers that this system or sewage distribution is the
best of all, even for arable lands, and presenté no
diiﬁculty to horse or steam cultivation ; as nothing, in
his opinion, is more simple than to form a low ridge,
by means either of the horse or of the steam-plough.

On hill-side lands, which do not admit of irrigation
by the ridge-and-furrow system, Mr. Hope adopts
another plan. The hill-side land is ploughed hori-
zontally with a “ turn-wrest”” plough, and then with a
double-mould-board plough going in the same direc-
tion, across the hill, it is thrown irto little ridges, as
if for potatoes. The sewageis applied to this hill-side
from a carrier running along the top, the across-hill
furrows effectually preventing the liquid scouring away
the earth from the plants. On this system Italian
rye-grass, &c., cannot be grown, nor can cereals; but
as the slope of the hill-side is far too rapid to permit
of the application of any liquid by irrigation, if the
surface were left smooth, this is no drawback.

At Edinburgh, where sewage irrigation has been
practised with marked success for more than 100
years, about 250 acres of the Craigentinny and Loch-
end meadows are flooded with crude sewage, at the rate
of 2,600,000 gallons every 24 hours. Of this land,
200 acres are in permanent pasture, and 50 acres in
Italian rye-grass. The irrigation is carried on in the
rudest and cheapest way by the owners of the land
adjoining the streams of sewage; no cost having been
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incurred in providing permanbnt carriers of any kind.
The permanent grass is cut about four times in the
season, and yields an aggregate crop of about 40 tons
per acre. The Italian rye-grass is cut five times, and
yields as much as 60 tons to the acre. The whole
produce is sold, by public auction, at the beginning of
April in each year, in Small allotments, and realises
~ from £20 to £40 per acre. It is eagerly bought up
for cow-feeding, by dairymen in and around Edin-
burgh; who, in addition to fhe price paid for the
" plots, cut and remove the grass at their own expense.
The annual cost of applying the sewage, and receipts
for the produce, are given by Mr. Birch* as follows :—

REcErPTS. EXrENDITURE. )

£ $
250 acres of grass, at an ‘Wagesof watermen—three
average of £30 per acre 7,500 in summer and one in

winter—and  cost of
cleaning out carriers . 180

Estimated rent of land,

250 acres at £2 per acre
per annum . . . 600
Balance . . . 6,822

£7,600

This statement, however, is incomplete. The rent
ought to be at least £5 per acre ; and nothing is charged
for the sewage.

« About 8 acres of the Craigentinny Farm, which is
land of excellent natural quality, but too high to be
irrigated by gravity, has had sewage pumped on to it
by steam power. This land has received about 3,000 tons
of sewage per acre in six or eight waterings during the
year, and the rye-grass grown upon it has realised from
£25 to £36 an acre—prices equal to those obtained at

¢ «(On Sewage Irrigation by Farmers.'
E
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Lochend, where four tirhes the quantity of sewage has
been applied.”

It is estimated thut the yield of land under sewage
irrigation, with forage and root crops at least, is five-
fold greater than the yield of the common agriculture
of England. The quality of sewage-grown crops is
also higher. Thus the proportion of cream yielded
from sewage-fed grass at Croydon is stated to be about
15 per cent., whilst that obtained from ordinary pastures
is only about 10 per G:nt. The increase of saccharine
matter in sewage-grown root crops is so great as to give
the crops so grown an entirely new value, in addition to
the greater weight produced. On one sewage farm,
Mr. E. Chadwick, C.B., tells us the rhubarb grown is
so superior that it is used for making a champagne, and
a winc of the character of a “ still hock.”

At the Annual Conference on National Water Supply,
Sewage and Health, held in 1879, Mr. Colcbrook, as
chairman of the Reading sewage farm committee, stated
the result of their oxperience the preceding year, par-
ticularly in the growth of mangold under irrigation.
The nighest weight per acre was 110 tons and the
lowest 77 tons; which, he believed, was the heaviest
weight ever known to have been grown. There was
this peculiarity in the growth of the mangold ; it was
intended in the spring of the year to irrigate the land
while the crop was growing, but the spring was wet
and they were not able to hoe the land when they
wanted, and when they were able to do sop the weeds
filled the trenches and they could not get the sewage on
to the land while the crop was growing. He pointed out
that for this reason he believed it was quite possible to
overdose the land with sewage, and the result they ob-
tained was chiefly owing to not having done so. The
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crop of rye-grass was equallfgood. They cut six ex-*
cellent crops during the year of not less than 20 tons
per acre each crop, whilst the year before they had
seven crops. They had rigidly excluded storm-water,
and he attributed a great deal of their success to that.
At Bedford, - where the sewage of 20,000 of the
population is applied to ¢180 acres, chiefly of market-
girden culture, the weights per acre of the principal

crops have been as follows :—
) Tons per acre.
Italian rye-grass, per crop (sometlm 8 cut four or

five times a yeur) . . 251030
Carrots . . . . . . . 24,30
Onions . . . . . . . . 12,16
Potatoes . . . . . .12 ,,156

As much as .£03 per acre has been realised with
a crop of celery, and from £30 to £40 per acre with
crops of onions, rhubarb, and asparagus.

In regard to the price which a furmer can afford to
pay for liquid sewage, when poured over his land, .
it has becn said that for its use to be profitable the
price must not exceed 3d. per ton. At 400 tons per
dressing this is equal to 16s. 8d. per acre, and as
the land requires in most cases to*be dressed #ix or
cight times, that rice is clearly proRibitive.

At Cheltenham, where the corporation land under
sewage is not sufficient to utilise the whole of the
sewage at their disposal, it is applied to neighbouring
private lands at a charge of 7s. per acre for each dress-
ing. The corporation lets its sewage-fed land at over
£6 an acre, and probably not more than one-third of
this rent can be charged to the sewage, as the lands are
only dressed on an average about five times a year.

Sewage is best applied to land under tillage, or
to grass land that will be mown. If it is mot posi-
tively dangerous to graze land while under sewage
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‘irrigation, it is at any Lte objectionable, and should
never be practised, unless, indeed, the land has been
laid dry for a considerable time. That any ill effects
are produced by feeding dairy cows or other stock on
sewage-grown crops there is not the least reason to
suppose. The soil itself cannot be injured by sewage
nor even the crops, unless the dressing of sewage is
immoderately large. o

“Sewage-sickness,” remarks Mr. Birch, ““is a term
that has become commgq because it sounds appropriate;
but, as a matter of fact, time has no effect in making
land sewage sick, for its pores may be filled, as at
Edinburgh, year after year, with infinitely more
dissolved manure than can be made use of by vege-
tation, and the land will continue to be as productive

. and as capable of receiving sewage as ever. A crop
may, however, be ruined if it is covered with sewage,
even although it may not have had enough for its
manurial requirements; or land may be done more
harm to than good, temporarily, by one single ill-timed
dressing. Experience has proved that over-feeding
with sewage has no ill effect, although land may be
choked with it in 6ne meal.”

Liguid Manuring.—DBy this term is understood the
practice, now seldom adopted except on a very small
scale, of applying the drainings from the stables or from
the dunghill, direct to the land in the liquid form.
The use of liquid manure is no doubt very effective,
but it is the extract of the dung-heap, which is after-
wards of greatly diminished value. In the majority
of cases, therefore, it will be found best to apply the
liquid part in conjunction with the dry portion of the
farmyard manure.

In order, however, that the liquid manure which
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flows from the cattle-yards afd from the dung-heap
may not be lost, it should be collected in tanks. This
will be useful whether the practice of liquid manuring
is adopted or not, as in the latter case the dry manure
may be made to absorb it.

If the dung-heap is made on an impervious bott.om,
or a small tank or vat isesunk in the ground at the

‘idwer end of the pit, the drainage from the manure
will flow into it, and, by attaching a small band-pump
to the vat the liquid that there gollects can be pumped

'back again upon the heap, whenever it is decmed
desirable to moisten it.

‘Where liquid manuring is to be practised, the liquid
in the tank may be distributed over the lands in various
ways and by various means.

On a moderately large scale it will probably answer
to lay down pipes above or under ground. Through
these the water can be made to flow, by gravitation
where practicable, or otherwise by pumping. The
hose-and-jet system, which has failed in sewage irriga-
tion from the large quantitics of liquid which had then
to be dealt with, will answer better here; as, although
it will be found more expensive than®a system of per-
forated surface pipes, which are self-working, the hose-
and-jet system enables the manure to be directed where
it i8 most wanted. On a smaller scale liquid-manure
carts may be used. These will be found not very
expensive to begin with, and will do a considerable
amount of work. If theland is near by the tank, a man
and a boy, with one horse and two carts, will water
ten acres a day, at a cost of about a shilling an acre.

Fig. 20 is an illustration of one of Bamford’s chain-
pumps employed in filling a cart from the liquid-manure
tank. For liquid manure and sewage the chain-pump
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is the best that can be used. It requires a little more
power to raise a given quantity of water than a good
lift-pump; but it has other advantages. Having no

valves it is not easily choked ; it seldom gets out of
order; and as it is empty when out of use, it is not
liable to be injured by frost.

Fig. 21,

Fig. 21 represents a distributor, manufactured by
Mesars. S. Owen & Sons, London, for attaching to liquid-
manure carts, with braces necessary to fix it. It can be
removed at pleasure when the cart is required simply
for water only.
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For gardens, and other sn:{all plots of ground, a
hand-barrow or garden-engine, with a small force-
pump and a distributing hose
and jet attached, similar to
that shown in Fig. 22, will
serve every purpose.

« JLiquid manure may be ap-
phed with great effect to all
crops. The quantity to be used
_will depend on whether it is pure \
drainings from the stalls and the
dung-hill, or has been diluted with rain-water. It is
seldom desirable, even where possible, to use it the full
strength. Diluted with, say, two-thirds water, it may
be applied at the rate of 1,000 to 2,000 gallons per
acre cach dressing, and the dressings may be repeated
as frequently as in sewage irrigation.

“ Great advantage has attended the use of the water-
drill for sowing turnip and mangold seed in dry
seasons. By applying the artificial manures in a
liquid state, the germination of the seed and the sub-
sequent brairding can generaﬂy be rehed on. *In a
dry climate the water-dnll is desirable in any year, if
root crops which have to be put in at the driest and
hottest seasons are to b successfully cultivated. The
same quantity of manure is used as in the dry state,
and the quantity of water is regulated by the condition
of the land and the dryness of the atmosphere. Super-
phosphate and guano nre the most suitable manures for
the water-drill.”” * Soot is also well adapted for apply-
ing in the liquid form, either by means of the water-
drill or by flowing on through pipes or otherwise.

* ¢ Soil of the Farm.”

Fig. 22,

E3



CHAPTER X.

WARPING OR SILTING.
/
TH1s species of irrigation consists in repeatedly flooding
low-lying tidal or river lands, and allowing a succession
of sediment to be deposited. Sometimes the object is
only to fertilize the land, but more generally it is
practised with the double purpose of raising the surface
of low and swampy ground.

In either case, warping depends for its effect upon
the presence of much suspended alluvial matter in the
water used. Being stirred, and kept in motion by the
tide, that alluvial matter is, by the process of warping,
conveyed over the adjoining lands and there deposited
during a period of rest. As soon as this has been done,
the clear water is drawn off slowly, so that the new
deposit is not disturbed. Another flood is then ad-
mitted, and so on until the warp is completed. In this
way the thinnest and poorest soils, if favourably situ-
ated, may be covered with the richest alluvial to almost
any depth.

One tide will leave, on an average, one-eighth of an
inch of warp; and in this way 3} feet of added soil has
been obtained in three or four years. Dr. Anderson tells
us that in one experiment, where the water used con-
tained 233 grains of mud per gallon, 210 were deposited
during the warping.
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Warping is effected by a cut or canal from the sea
or river, with sluices for the admission and discharge
of the water, which is confined to the grounds intended
to be warped by surrounding banks raised to the
required height. . The higher the banks and the deeper
the sheet of water that can be impounded the better,
as a greater burden of sediment will be deposited ; but
the he1ght of the bank is, of course, limited by tbe
difference in level between the land surface and the

, water in the canal.

In these banks there are fewer or more openings to
let in and out the water, according to the size of the
field to be warped. In general they have only two
sluices, one called the flood-gate, to admit, the other
called the waste-gate, to let off the water gently.
These are enough for 10 or 15 acres. The flood-gates
are placed so high as only to let in spring-tides, and the
waste-gales are so constructed as to let the water run
off between the ebb of one tide and the flow of the next.
To avoid the danger of the newly-deposited matter
being stirred up and carried off again by the retreating
water, the waste-gates may be made to open at the top
instead of at the bottom.

Seasons for Warping.—The dry months of summer
are considered the best for this work. Land may be
warped, however, in any season, provided the water is
always muddy; in other cases it should be practised
more particularly when the weather is dry and the
fresh water in the river very low. When the season is
wet, and the river full of fresh water, warping cannot
be advantageously executed. The fresh water then
mixes with the tide, makes it not half so muddy and
thick, and consequently incapable of depositing the
same quantity of sediment.
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Effects of Warping.— 1t is easy to understand the
importance of the effects produced by adding to any
soil large quantities of fertilizing mud. Herepath has
calculated that, in one particular instance, the quantity
of phosphoric acid brought by warping upon an acre of
land exceeded seven tons. As, moreover, the matters
are all in a high state of division, they must exist in g
condition peculiarly favourable to the plant. The over-
flow of the Nileis only an instance of warping on the
large scale, with this difference, that it is repeated once
only in every year, whereas in this country the opera-
tion is repeated at every tide until a deposit of the
desired thickness is obtained, after which it is stopped,
and the soil brought under ordinary cultivation.”*

The fertility of warped lands is so great that they
have been known to yield full crops for fifteen or even
twenty years in succession without manure. When laid
down in grass sced the land is not warped, for the mud
would destroy such a crop.

There can be no doubt, however, that the warp of
some rivers is much more valuable than that of others.
The value must depend on a variety of circumstances,
such as the quantity of valuable mgrcdlents contained
in the mud, and the proportion of the several ingre-
dients. The presence of any one useful or essential
ingredient must add value to the warp, and the greater
the proportion of all of them the more valuable will be
the deposit.

Mr. Moncrieff + gives an example of this work having
been carried on with great success near Avignon, by
means of the water of the Crillon canal. M. Thomas,
a merchant of that city, having a property composed of

¢ Anderson’s “ Agricultural Ohemxstry "
+ ¢ Irrigation in Southern Kurope."
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gravel and stones, and fit only for grass crops, laid some
of it out in terraces, and obtained the use of 14 cubic
feet per second of water from the Crillon canal, which
he turned over it for the four winter months of every
year. After three years he found he had covered an
area of 22-2 acres with a coating of the finest alluvial
matter, from 20 to 27 inches thick. The cost of the
operation, including a water-rent of 16s., was just £7
per acre. The land, which before had been worth
.£19 8s. 6d. per acre, was valued After this improvement
at £113 7s., and yielded seven or eight crops of wheat
without requiring any further manure.

Soils and Situations for Warping.—No land but such
as is on a level or below that of spring-tide, or similarly
placed for river or canal flooding, can be improved by
this process. Of lands so situated there are, however,
extensive areas ulong the shores of the British Empire.
In almost every Firth in the three kingdoms, and all
along our shores, may be seen extensive tracts of barren
sands and mosses which arc overflown by spring-tides;
and however barren they are, they may be reclaimed
and rendered fertile by warping. Cherrycob %ands
were reclaimed by this means, and are said to be 4 yards
thick of warp.

“Some of the marine mosses are so loose and pulpy
in the subsoil that if drained they would be reduced to
a level sufficiently low for warping, especially if the
coarse and useless herbage on the surface were in the
first instance pared and burned. If afterwards warped
in the manner above described, they would become the
most fertile soils in the empire. Besides, it is often
more easy to rebank this than any other soil ; for if a
river or broad ridge, 30 or 40 feet wide along the bank
of the river, were left undug and planted with willows,
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" it would serve as an im}gervious bank to shut out or let

in the water at pleasure. While the rest of the surface

was dug, and drained, and cropped, and thereby reduced

to a low level, this bank, left undug, would not sink in

the sdme proportion, but might serve the purpose at

least of an excellent foundation for a more solid bank,

even though of itself it might be too light, loose, or low,
to serve that purpose.” *

Cost.—The expense of warping has been variously
stated at from 30s. to'£10 an acre. In ordinary cir-
cumstances it can seldom cost more than the smaller
sum, as after the banks and sluices are fixed, which
outlay cannot be wholly charged on the warping, the
only expense will be the occasional wages of a man to
attend the sluices. On the other hand, poor land has
been so raised in value by this outlay as in many cases
to repay the cost in a single year.

* ¢ General Report of Scotland.”



CHAPTER XL

COST OF IRRIGA’I'IN‘G LAND.

THE cost per acre of irrigating land will, of course,
depend on a variety of circumstances. It will vary
according to the mode of irrigation adopted, the nature
of the work, the configuration of the land, and the
natural roughness or smoothness of the surface, the
distance from the source of water-supply, and the
means by which the required amount of water can be
. obtained.

Bed-work irrigation is the most expensive ; but even
here the cost will vary considerably. If the ground is
smooth on its surface, or in regular ridges; if the
water can be easily brought to the meddow, and ne#her
wear nor conductor is necessary, the cost may not
exceed £3 per acre. If, however, the land has a rough
and irregular surface; if a long conductor, and a
proper wear be required, with hatches both in it and
in the feeders, the cost may be £10 per acre.

“Few people unacquainted with the art of irriga-
tion,” says Mr. Stephers, “and the regularity of form
which the adjustment of water requires, have any idea
of the expense of modelling the surface of a field.
Where the ground is nearly level, and the surface
covered with turf, the turf may be taken up, the
ground properly shaped, and the turf replaced for £3
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per acre ; as was instanced in one case belonging to the
late Sir Charles Menteath, of Closeburn, in 1826;
whereas, in a case of Mr. Lawson, of Cairnmuir, in
Peeblesshire, the cost was £12 per acre. In one field
it cost Mr. Simpson, of Glenythan, Aberdeenshire,
about £7, and in another field only £1 16s. 9d. per
acre. From £7 to £9 may be taken as a fair average
of the expense of converting land into water-meadow.
Unless, therefore, the advantage to be derived were
considerable, such an %xpense would not be justifiable;
but in all cases where meadows have been well managed
the yield has at least doubled.”

The expense of forming some of the Wiltshire water-
meadows has much exceeded £10 or £12 per acre.
£20 and even £40 per acre, have, it is said, been
expended in the formation of some of these meadows;
but the latter sum seems altogether unreasonable, even
for the most elaborate work; though no doubt the
value of these meadows, which are worth an annual
rent of from £5 to £10 per acre, will warrant a large
expenditure, so long as it is judiciously made.

Wohere a new.'meadow is to be formed on the bed-
work plan, and the ground is favourable, the whole of
the work within ihe boundary fence may be done by
the plough, except a little final touching-up and shap-
ing out of the channels and gutters, which would have
to be done by the spade, and need not cost more than
£2 to £2 10s. per acre. The width of the beds or
ridges is first set out, then the land is ploughed two or
three times, always ‘ gathering ”’ and “splitting ” in
the same place, to get the necessary rise and round of
the beds. After this the ground is well rolled, har-
rowed, seeded, and rolled again. It then remains to
draw out the feeders on the crowns of the ridges, and
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the furrows in the bottoms between the beds. This is
readily done by a single turn of the ridging plough.
A man follows with a spade and gives the final touch
up, and the work is complete. The expense of outside
conductors, dams, and wears will not usually exceed a
few shillings per acre.

Catch-work irrigation cam be practised at very little
expense. The ‘cost of forming the furrows by the
plough will not often exceed ds. per acre, and very
little spadework is needed. Thidis decisive in favour
dof catch-work, where it can be adopted. It also requires
much less water, and is often fully as cffective as bed-
work irrigation. The furrows need to be but very
small, as all that is required of them is to arrest the
flow of the water, and cause it to spread out equally
again in a thin sheet over the whole surface. The total
cost of this system, including the expensc of bringing
the water to the ficld, need seldom be morc than 10s.
per acre.

In the foregoing cases nothing is supposed to be paid
for the water itself; but in many countries the water
rates are high for irrigating land; 4nd it may also
occur that there is considerable expense in raising the
water and in bringing it to the land after the right to
use it is obtained.

In France, where one cubic foot of water per second
is used to irrigate 70 acres of land, as much as £100
is paid per cubic foot per second during the season ;
and the cost per acre varies from £1 s. to £1 10s.
annually.

¢In Spain, the Iberian Irrigation Company makes a
charge of about 30s. per acre, for twelve waterings per
year, equivalent to a total depth of 33 inches of water
over the entire surface irrigated.
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¢ In Italy, the average cost of the water to the farmer
is from £150 to £170 per cubic foot per second, equiva-
lent to 11s. 6d. per acre for maize, 81s. 6d. an acre for
meadows, and £4 an acre for rice.”’ *

The same writer states that in California, Colorado,
and other parts of the United States, the ¢ actual cost”
of irrigating land “has becn found to range from so
small a sum as $1+ per acre upwards. That is, a comm-
munity of farmers, numbering some hundreds, may con-
struct the necessary da.ns, canals, sluices, and feed-gates,
1o irrigate 10,000 to 50,000 acres of land at a total cost
not to exceed $5 per acre, where the conditions of water-
supply, character of soil, and surface of the land are
favourable. . . . . This estimate will allow of substan-
tially constructed works, which will require but little
repair or renewal to keep them in permanently good
condition. Large tracts of land have been supplied
with water for irrigation at a much less cost than
this, in some cases even so low as 25 to 50 cents per
acre; but this cost covers only the construction of the
main supply ditch, and not the interior ditches, which,
to ke permanent, should be well laid out and properly
constructed. It is now sufficiently well known, how-
ever, that a supply of water for irrigation can be brought
to and spread over a farm upon our dry plains at a total
expenditure of capital per acre not any greater than the
annual rent paid per acre for irrigating water in Euro-
pean countries.”

Where the water used in irrigation has to be raised
from wells by pumping, or other means, the working
expenses will be much increased. In Behar, where
well irrigation is common, and the water is usunally

* Stewart, ¢ Irrigation for the Farm, Garden, and Orchard.”’
t The American dollar is 100 cents ; equivalent to 4s. 2d.
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‘raised by bullocks working a rope and buckets, one
peair of bullocks can, in hot weather, irrigate one-tenth
of a beegah per day, and in cold weather one-seventh
of a beegah (a beegah is about two-thirds of an English
yacre). This—allowing four annas* per diem, a low
‘rate of hire, for two labourers; pair of bullocks, wear
and tear of rope and buckets, &.—would leave each
irrigation to cost, in the hot weather, Rs.2 8 01 per
beegah, and in the cold weather Rs. 1 12 O per beegah,
i.c. from 6s. 10d. to 4s. 4d. per acr®.
" The crops are usually irrigated four or five times, so
that, allowing each watering to cost only Rs. 1 8 0 per
“beegah, there is still, at lowest calculation, Rs. 6 0 0
per beegah, or about 17s. per acre, expended annually
in the mere application of the water.
Canal irrigation costs very much less than well irri-
’gation, where, in the latter case, the water has to be
‘raised by artificial means.

1 anna =1-4d. + 1 rupee = 22-4d.



CHAPTER XII

SOURCE§ OF WATER-SUPPLY.

RAIN may be termed the direct source of water-supply,
though rain itself is due to the evaporation which goes

on from sea and land. The moisture which rises through

the air is, in fact, equal to that which falls through it.

Every drop of fresh water on the surface of the globe,

or within the earth’s crust, has been distilled from the

atmosphere. .

Rainfall—For drainage works we require to know
the maximum fall of rain during storms, but for water
supply we must estimate the least quantity of fall.

The comparative quantity of rainfall depends upon
the- vicinity of mountain ranges, and not upon altitude.
The greatest fall occurs in the west of hilly districts.
In Great Dritain it varies from 15 inches annually, in
dry districts in dry years, to 150 inches in wet districts
in wet years. In exceptional cases, ncar the Lake dis-
trict, as much as 220 inches has fallen in one year.
The mean annual rainfall in England is estimated at
82 inches.

Influence of Vegetation on Rainfall—The fall of rain
in any district increases with the increase of vegetation,
and especially of forest growth. ¢ Trees and forests,”
remarks Steinmetz, ‘ contribute to the formation. of
springs and watercourses, not only by means of the
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humidity which they produce and the condensation of
vapours by refrigeration, but also by reason of the
obstacles which they present to the evaporation of the
water in the soil itself, and by means of the roots which,
by dividing the soil like so many perforations, render it
more permeable and facilitate filtration. The clearing
of forests, and the consequent drying up or draining of
marshes and bogs, have caused a material alteration,
not only in the entire face of the country, but in the
_supply of water to the rivers f®merly derived from
"those reservoirs, and in the periodical amount of rain-
fall and the regularity of its distribution.” In Germany
it is considered that, in order to insure a regular and
sufficient rainfall in agricultural districts, the propor-
tion of forest or woodland should not be less than
20 per cent.

Springs.—One of the duties of rain-water is to re-
Jplenish the deep-seated springs. This is done by that
portion of the rainfall which escapes evaporation and
drainage, and penetrates into the porous strata of the
earth. And that it is the rainfall which is the imme-
diate and only source of supply to all the subterrangan
reservoirs, as well as to all the surfate strcams and
lakes, it would be easy to prove. It may be daily
observed that springs increase or decrease in proportion
as it does or does not rain; and if a drought occurs, of
a few weeks’ duration even, many of them go dry alto-
gether. If the drought werc protracted for a year or
less, there would be scarcely any springs met with in all
the land. The absence of rainfall has the very same
effect in diminishing the water of lakes, and it tells far
sooner in the flow of rivers.

Water-bearing Strata.—Although a considerable
portion of the rain-water, perhaps one-fourth of the
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entire quantity which falls on the surface of the earth,
penetrates its porous strata, and is gathered in subter-
ranean recesses, there is no more a general distribu-
tion of water in the stratification below the crust of the
earth than there is on the surface. Yet many thou-
sands of pounds are annually wasted in fruitless attempts
to get water where it does'not exist.

Predictions of water being obtainable from subter-
ranean sources at a given point on the surface can
never be certain wifhout a very thorough knowledge
of the geological position, thickness, porosity, dip, and
soundness of the strata over all the area that can have
influence upon the flow of the percolating water.
There are, of course, water-bearing strata ; but though
plenty of water may be got by sinking at one point,
it may happen that only a few rods distant mno
water will be obtainable in the same stratum, an inter-
vening fuult having intercepted the flow and led it off
in another direction. In one case, after trying a
number of places for water, none was found within
120 feet of the surface, and yet close by water was
obtiined at 40" feet in depth. Sometimes, by the
extension of a heading from a shaft in a water-bearing
stratum, to increase an existing supply, a fault is
pierced, and the existing supply led off into a new
channel.

“The underground flow of water towards wells or
springs is limited and controlled, not only by the
porosity of the strata which it enters, but also by their
inclination, curvature, and continuous extent, and by
the imperviousness of the underlying stratum. The
chalk and limestone do not admit of free percolation,
and are unreliable as conveyors of water from distant
gathering surfaces, since their numerous fissures
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through which the water takes its course are neither
continuous nor uniform in direction.

“ The mere distance from hills or mountains need
not discourage us from sinking wells. Waters are
sometimes gathered through inclined strata from very
distant water-sheds, and sometimes their course leads
under considerable hills of Inore recent deposit than the
stratum in which the water is flowing.” *

Commencing with the chalk formation downwards,
Professor E. Hull has arranged twelve sets of strata
according to their water-bearing quality. Of the
twelve seven are permeable, or water-bearing forma-
tions, viz.:—(1) Chalk and Upper Greensand; (3)
Lower Greensand; (4) Purbeck and Portland beds;
(6) Coral Rag and Grit; (8) Oolite and Upper Lias
sands; (10) Middle Lias; (12) New Red Sandstone,
with a total thickness varying from 1,275 to 5,500
.feet; while alternating with the above are five im-
permeable or dry formations, viz.:—(2) Gault clay;
(5) Kimmeridge clay; (7) Oxford clay; (9) Upper
Liasjclay ; (11) Lower Lias and Keuper marls, with
a total thickness varying from 2_,11'0 to 5,430 feet
vertical.

The water-bearing strata, it is seen, consist of sand-
stones and limestones of various kinds; the dry
formations of clays and shales. Yet the very same
“strata that now throw out springs or yield water
when pierced would, if occurring at a different level,
or if inclined at a suitable angle, become the means of
draining water away from other parts than that in
which their waters are now collected. This follows
as a matter of course, for the conditions would merely
be reversed, and the water would pass through the beds

* Fanning, ¢ On Water Supply.”
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in another direction, the springs of one locality being
in fact but the natural drainage of another.”

Effect of Drainage on Water-Supply and Floods.—
Every inch of rainfall lost by drainage from every acre
of ground represents a loss of 100 tons of water to that
acre. The average loss of water by drainage through-
out the country is probably half the rainfall, but taking
itat 10 inches, then the loss will be 1,000 tons per acre,
or 640,000 tons per square mile.

The modern system of drainage clears the land of its
surplus water almost as soon as it falls, there being
now few of the ancient surface reservoirs, in the shape
of bogs and marshes, to receive and retain it for future
use. It does not follow, however, that the subterranean
reservoirs must suffer, because where there is a porous
surface stratum (and it is the porous strata only that
feed these underground reservoirs) the rain-water fall-
ing upon it will sink as before, until the level of super-
saturation rises to the level of the drain-pipe, which
will only carry off the surplus water.

The immediate effect of the drainage of higher lands
hasy however, often been to inundate the lower levels,
by causing the watercourses of the district to rise more
speedily and to greater hcight than before. But as
the flow of the stream is more rapid, and the total
volume of discharge is not augmented, the floods sub-
side sooner.

Artificial Sources of Supply.—The foregoing con-
siderations lead to the conclusion that, in all cases of
artificial water-supply, it must be obtained from one of
two sources—either from subterranean reservoirs, or
from surface drainage—and that geological conditions
will determine which of these sources can be made most
availuble. 'Where water-bearing strata can be tapped,
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the supply may be obtained by sinking wells; but
where the subjacent water-bearing strata lie so deep

that the expense of a well would be too great, the

supply must be obtained by artificial storage of rain-

water and surface-drainage. These different means of

obtaining water will be found treated of at length in

the succeeding chapters. °

The distillation of sea-water is said to be the only
means of domestic water-supply in some districts of
South America. For agricultuial and farm purposes
generally, even on the smallost scale, however, the
distillation of water would be very far from econo-
mical.

Still there are times and places when men cannot
afford to disregard any possible means of obtaining
even a few drops of water. An Australian recently
supplied himself with water in a very novel way, and

. saved his life by it, while crossing one of the waterless
regions of that vast continent. This he did by thrust-
ing the ends of green scrub-wood—¢“mallee serub >”’—
into the fire, and catching the sap driven out at the
other end in a bark trough. He stites that a dezen
mallec sticks, 4 feet long and 2 or 3 inches in diameter,
would give a pint of water in an hour; and suggests
that the same device may possibly be found of vital
importance to other bush-rangers and travellers in
arid regions.



CHAPTER XIII.

WELLS AND WELL-SINKING.

‘WeLLs are of three kinds:—1. Open Wells. 2. Bored
Tube Wells, commonly called ¢ Artesian Wells.”
3. Driven Tube Wells, sometimes termed ‘¢ Abys-
sinian Tube Wells.”” One or all of them may be
Sowing wells, or they may not. In the latter case, the
water may rise to the surface or mear it; but will
generally have to be raised some distance by pumping.

Driven Wells, or “Abyssintan Tube Wells.”—The
newest system of obtaining water from subterranean
cavities is by driving a tube into the ground until its
perforated end reaches a stratum containing water.
When that occurs, the water will immediately flow
through the perforations into the pipe; and, if a pump
is attached to the upper end of the tube, by pumping
for a time, all the particles of sand and fine gravel will
be drawn out, and the cavity thus formed around the
perforations will remain filled with pure water, as shown
in Fig. 23.

Mr. Robert Sutcliff* has given a good account of
the” process of driving a tube-well:—“In the first
place,” he says, “ the materials used must be of the
very best quality, and especially tough and good iron
is required for the tubes. The first tube is pointed

* Annual Conforence on National Water Supply, 1879.
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and perforated up for a few inches, with holes varying“
from one-eighth to quarter inch. The point is some-
what bulbous; but only suffi-
ciently so to make clearance
for the sockets, by which the
tubes are connected together.
On the tube a clamp *is
fastened, provided with steel
teeth, so as to grip the tube.
This clamp is tightened by
means of two bolts. Next,
a cast-iron driving-weight,
or monkey, is slipped on to
the tube, above the clamp.
The tube, thus furnished, is
stood up perfectly vertical,
in the centre of the tripod ;
, ropes are made fast to the
monkey, and driving is com-
menced by two men pull-
ing the ropes, and allowing
the monkey to fall on the
clamp. It is particularly
importunt that tke bolts of the clamp are kept tight,
" so that no slipping takes place. When the pointed
tube has so far penetrated the earth that the clamp
reaches the ground, the bolts are slackened, and the
clamp raised again some two or three feet. Length
after length of the tube is thus driven into the earth,
being connected together by socket-joints. It will be
noticed that the tube well proper is, therefore, self-
boring, and that no core of earth is removed.
“One of the first questions that will suggest itself
to a thinking mind is, will not the small perforations
F2

S

Fig. 23.




100 TRRIGATION AND WATER-SUPPLY.

be entirely blocked up by being thus forcibly driven
through the earth? This was the American’s first
idea, and he provided a sort of sleeve, in the shape of a
sliding-tube, over the perforations, to protect them
from the earth. Experience, however, has proved this
protection to be quite unnecessary. The perforations
are made sbout four times as numerous as is necessary
for obtaining a full flow of water from the tubes.
Earth does find its way into the tube wells in pellets,
like the casts from a worm ; but some of the per-
forations arc always left sufficiently open to allow water
to pass into the well; and, if the soil comes rapidly
into the tubes, it is easily mixed with water poured
down from the surface, and drawn up by }-inch tubes,
to which a pump is attached.

In the Abyssinian and other campaigns, « the wells
were only used singly, as one or two were found suf-
ficient to supply the wants of a number of troops.
When, however, large supplies for manufactories,
towns, and villages were needed, a fresh development in
the system took place. Instead of single wells of great
dianfeter, groups of moderate size were driven, and
coupled together by horizontal mains ; sothat powerful
steam-pumps could draw from many wells at the same
time. The great friction that would be caused by
drawing an enormous body of water to a single spot is
thus avoided. Wells so coupled draw from a very
large area of ground, and the water-level at any one
spot is'not so readily lowered. The very action of the
pump, too, in drawing the water to the wells, opens
and maintains channels of communication which help
to keep up the level of the water. In putting down
plant for a large supply of water, a trench, hundreds
of feet in length, and some two or three feet in depth,
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is dug; and tubes are driven every 20 feet, and’
coupled by mains as already described.

« It may be interesting to refer to some particular
instances, where large supplies of water are thus ob-
tained. At West Thurrock, in Essex, a cement com-
pany is pumping from two S-inch tube wells, about
80 feet deep, 220,000 gallons per day of 10 hours.
Another cement works at Northfleet is pumping 60,000
gallons per day. These haye been pumped daily
for about four years, and still give a constant supply.

" As expense is an important feature, it may be men-

tioned that the cost of these did not exceed £60 each.
The coupled tube wells are to be found in greatest
numbers at the centres of beer manufacture, where
abundance of pure and cool water is an absolute neces-
sity. At Burton-on-Trent about two million gallons
are pumped daily from these wells.

"““When rock, solid stone, or incompressible clay is
met with, a tube cannot be driven through it without
first making a hole and removing the cores. In some
cascs, however, there may be many feet of loose earth
which ean be easily driven through.® The tubes, there-
fore, may be fitted with a temporary hard wooden
point, which will allow them to be driven through the
soft earth, and when an obstruction that cannot be
penetrated is met the point is knocked out, and, being
wood and in sections, it floats to the surfuce of the water
and leaves an open-ended tube, through which ordinary
boring tools can be passed to chisel and break up the
rock. A tube can frequently be driven through gravel
and olay to a depth of, say, 70 feet in a single day. To
bore to the same depth in a similar stratum frequently
takes ten days or a fortnight. The saving that may be
effected by driving through the loose stratum can,
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“therefore, be readily appreciated, and what is still
more important, the upper part of the tubes are fixed
more tightly in the ground than if a boring had been
made to receive them. In some cases, however, hard
strata come right to the surface, and the boring opera-
tions, consequently, cannot be deferred. When this is
the case, instead of using a puinted tube, an open-ended
steel-shod pipe is driven into the hole as the boring pro-
ceeds. As the tools pags down inside the pipe they do
not cut so large a hole as the outside circumference, and
some little trimming down of the sides is left for the
steel shoe to perform.

“In great depths the single tier of pipes with which
the work is commenced cannot be forced the whole
way. Tubes, therefore, of smaller diamcter are in-
serted ; but, as to pump by the tube-well method air~
tight joints are absolutely necessary, the final tube
is continuous from the deep spring to the surface. In
this way tube wells 300 and 400 fect in length are put
down, and if the spring, when tapped, rises to the
surface, or within, say, 25 feet of it, only an ordinary
lift pamp is requii‘(,d to obtain the supply. Where the
water does not rise to the required height, a deep-well
pump can be lowered into the tube Well and worked by
rods from the surface.”’

The latest method of driving tube wells is more
particularly applicable to tubes of large size, and is so
simple as to merit a brief notice. ‘“An elongated
cylindrical weight passes down inside the tube, and the
blow, instead of being struck at the surface, is delivered
where it is wanted, near the point which penetrates the
earth. As water in the tube would impede the force of
the blow, the first socket above the perforationsis made
sufficiently long to admit of a stout iron ring or washer
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being placed in the centre of it in such a way that the
two lengths of tube, when screwed tightly together,
butt against it, one on the under, and the other on the
upper surface. The interior of this ring is of sufficient
size to allow the water to pass freely through it, but it
has a screw thread cut throughout its whole length.
During the operation of driving, the opening in this
ring is closed by a steel plug, which is screwed down
into it until its shoulder butts op the ring. The upper
surface of the plug forms an anvﬁ, on which the driving
‘weight falls. The plug isreadily removed and brought
to the surface when the required depth has beenreached.”

< Artesian,”’ or Bored Tube Weils.—Where driven
tube wells are not practicable, from the nature of the
strata which have to be passed through, artesian wells
anay be attempted. These are simply open-ended steel-
shod pipes, which are driven down after the drill as it
bores through the rock, the core of earth at the same
time being brought to the surface.

The term ¢“artesiun’’ is only properly applied to
wells in which the water rises to or above the surface.
But many so-called artesian wells are not “flowmg”’
wells, the water supplied by them having to be raised
partly by pumping.

Self-flowing wells and springs are similar in action,
and their principle is this: water percolating through
pervious strata, such as sand, gravel, or chalk, is finally
arrested in its downward course by an impervious stra-
tum of rock or clay, causing it to accumulate in the
pervious strata above as in a reservoir, and when the
source of supply is higher than the ground at the place
where the well is bored, the water will rise to the sur-
face, or even considerably above it.

The process of sinking artesian wells of great depth



104 IRRIGATION AND WATER-SUPPLY.

is attended with considerable difficulty and expense,
but in many cases it is not necessary to go very deep.
There are cases on record where a couple of men have
completed a flowing artesian well in a few hours, and
the tools used werc carried on their backs. For larger
operations a steam driller may be necessary, but smaller
sets of the same machinery ‘are made for working by
horse, and even by hand power.

Some soils are easier operated in than others, but
when the depth is not very great, if no rocks or
boulders arc met with, there will be no difficulty about
the sinking.

In some formations—such as granite, hornblende,
and limestone—artesian wells are not generally success-
ful, unless water is reached before touching the solid
rock. Where rock has to be passed, the cxpense iy
more and water uncertain, unless the geological condi-
tions of the district are well understood.

“ Among the causes of the failure of artesian wells,”
says Mr. Spon, ‘“ we may mention thosc numerous rents
and faults which abound in some rocks, aund the deep
ravines and valloys by which many countries are tra-
versed ; for when these natural lines of drainage exist,
there remains a small quantity only of water to escape
by artificial issues. 'We are also liable to be baffled by
the great thickness either of porous or impervious strata,
or by the dip of the beds, which may carry off the
waters from adjoining high lands to some trough in an
opposite direction—as when the borings are made at the
foot of an escarpment where the strata incline inwards,
or in a direction opposite to the face of the cliffs.”

The artesian well at Passy, for supplying water to
Paris, is probably the largest well of the kind yet at-
tempted. It is carried through the chalk into the
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lower greensands, which were reached at a depth of
about 1,900 feet, the bore finishing with a diameter of
2 feet. The first water-bearing strata was reached at a
depth of 1,894 feet, but the water did not rise to the
surface. At length a true artesian spring was tapped
at a depth of 1,923 feet, yielding 5,582,000 gallons per
day. The total cost of the well was £40,000. It was
laid with solid masonry to a depth of 150 fcet, then
wood and iron tubing was introdgced to 1,804 feet from
the surface, und below that there was a length of copper
pipe pierced with holes.

There are, however, many deeper wells than that at
Passy. The artesian well at Belcher’s sugar factory,
St. Louis, is 2,197 feet deep. It was finished in thirty-
three months, at a cost of 10,000 dols. If report is true,
the same American city can probably claim to have the
deepest well in the world, for another artesian boring

»at St. Louis is said to have reached a depth of 3,850 feet,
or 3,000 feet below the level of the sea.

Along the lines of the great railroads which now
traverse the Americun continent, fromg the Atlantic to
the Pacific, water is obtained at certain,points by méans
of deep artesian wells for supplying the necessities of
the*roads. This, though often the only resource in the
uninhabited and waterless districts passed through, is
not successful at all places, and at hundreds of railway
stations on these lines every drop of water they get,
even for drinking and culinary purposcs, has to be
brought long distances by rail on special water-trains,
which it is incumbent to run once or twice a day for
that purpose.

During the autumn of last year we spent several weeks

{on the Texas Pacific and the Southern Pacific Railroads,
and the lands immediately adjoining them ; and, west of
¥3
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the Pecos river, at least, at all the stations along these
routes, took notes of what had been done, or was being
done, in order to obtain a sufficient water-supply. Thus,
at Wild Horse Station, on the Texas and Pacific road, we
found two wells had been bored, and plenty of water
obtained in both, at a depth of 350 feet. Ten miles
farther on, at Van Horn Station, a depth of 750 feet
was reached before obtaining water. None of these
wells, however, are seff-flowing, and pumping-engines
of about 35 horse-power, with two men in attendance,
were employed at each of them for raising the water.

At Haskell Station, on the Southern Pacific road,
and only eight or nine miles south of Van Horn, a
boring had been made to the depth of 1,200 feet with-
out finding water. At Sierra Blanca, forty miles farther
west, where the two roads unite, water had not been
found at a depth of 700 feet. At Finlay Station, twenty-
one miles west of Sierra Blanca, the boring had been
stopped at 200 feet without any signs of water.

A similar record could be given as the result of
borings at more than a dozen other stations on the rail-
ways skirting the upper valley of the Rio Grande.

At the time of our visit, the prices being paid for
boring were at the rate of $3 per foot for the first
100 feet, increasing half a dollar per foot every 50 feet
beyond that depth. The bores were generally 73 inches
in diameter.

Ft. -+ Ft. dols. cts. Ft. Ft. dols. ets.
110100 =3 00 per foot. 550 to 600 == & 00 per foot.

100 ,, 150 =3 50 ,, 600 ,, 650 = 8 50 ,,
160 ,, 200—=4 00 650 ,, 700= 9 00 ,,
200 ,,250 =4 50 700 ,, 750= 9 50
250 ,,80=6 00 750 ;, 800 =10 00 ,,
300 ,,30=5 560 800 ,, 850 =10 &0 ,,
350 ,, 400 =6 00 " 830 ,, 900=11 ¢o0 ,,
400 ,, 450 =16 &0 » 900 ,, 950 =11 60 ,,
460 ,, 500=7 00 950 ,,1000=12 00 ,,
500 ,, 560 =17 60




WELLS AND WELL-SINKING. 107,

At the above rates the cost of a well 1,000 feet would
be $7,255. These prices, however, only included labour,
the railway companies finding tubes, tools, engines, and
fuel, &c.; so that the total cost must have been con-
siderably greater. An engineer in charge of the boring
at one of the stations told us that, making allowance
for accidents, the actual total cost of one of these wells
would be nearly double the above sum.

At Chicago, where there are wpwards of twenty arte-
.sian wells, varying in depth from 1,200 to 1,640 feet,
the average cost was found to be $6,000 for a 53-inch
bore, and $5,000 for a 4}-inch bore, in each case
1,200 feet deep.

No doubt, where the bore is less than 100 feet in
depth, it can be done at a small outlay. We have heard
a practical man say that, in easy working soil, it would
then be profitable at $1 a foot; and that the tools and
entire outfit for sinking such a well need not cost more
than $75. The tubes would cost about 15 cents a
foot.

As to the cost of boring artesian wells in England,
we will quote Mr. Spon: “Boring,” hg says, “is usfially
executed by con‘ract. The approximate average cost
in’England may be taken at 1s. 3d. a foot for the first
30 feet and 2s. 6d. a foot for the second 30 feet, and
continue in arithmetical progression, advancing ls. 8d.
a foot for every additional 30 fect in depth. This does
not include the cost of tubing, conveyance of plant and
tools, professional superintendence, or working in rock
of unusual hardness, such as hard limestone and whin-
stone.”

Open Wells.—All the old domestic wells are of this
class, and have been formed by digging or sinking a
shaft of several feet in diameter. Owing to the great
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expense of doing this they are naturally of very limited
depth as compared with the tube wells we have pre-
viously been discussing, few of them exceeding 60 feet,
and the majority of them probably not reaching half
that depth.

Very few open wells are now dug. Besides the
question of greater expense, there arc many objections
to them, which the decper tube wells are free from. In
many cases the open wells are merely catch-water
tanks, and even where water does rise in them from
below, it is liable to be spoilt by the drainage from the
surfuce carrying organic matters into the well.

In sinking a well of this kind the top waters, to a
depth of 10 or 12 fect, should be carefully stopped off
by selid masonry or hydraulic cement, and means
adopted for keeping it free from contamination.

The water is raised in many open wells by pumping,
but the old plan, which is still cxtensively in use in
rural districts, was to draw water from the well by
means of a rope and bucket.

The cost of digging a well in a clay soil, and build-
ing & well ring, say 3 feetin diameter, will be about £10
for the first 20 feet in depth, the expense increasing
considerably in proportion for every foot of addi-
tional depth. This is exclusive of winch or pump, &ec.



CHAPTER XIV.
CATCH-WATER RESERVOIRS.

IN cases not admitting of supply by means of wells,
and where springs do not appear on the surface, the
fluctuation of the rainfall, and consequently the flow of
streams at different seasons of the year, require almost
invariably that there shull be artificial storage of winter
rainfall for summer use. When the mean annual re-
quirements, whether for domestic use, for hydraulic
power, or for live stock and irrigation purposes, one or
all combined, are nearly equal to the mean available
rainfall, the question of storage becomes of supreme
importance.

Determination of availuble Raz')g/'a.'ll.——For messure-
ment of rainfall two kinds of data are required : (1)
drainage-area, catchment-basin, or gathering-ground ;
(2) depth of rainfall. ’

Drainage areas are usually bounded by water-shed
lines. The water-shed does not always, however, prove
the drainage boundury; as, for example, when a porous
superstratum overlies an impervious stratum. In such
cases the drainage boundary will not be at A but at B
(Fig. 24). Artificial watercourses and drains may also
lead the water away from its natural course ; but while
this will diminish the yield of one water-shed, it will
add to the natural supply in another place.
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Steep rocky surfaces, or clay soils, make the best
gathering-grounds, as the rain-water flows rapidly off
them and less is lost both by evaporation and absorp-

| Fig. 24

tion than on flat and porous surfaces. Sand, gravel,
and chalk, as well as many of the softer sandstones, are
all so exceedingly absorbent that the rain is swallowed
up as fast as it falls on them.

We have, then, only this general rule: Water-shed
lines are the ‘boundaries of the basins, but geological
features may affect the quantity as already deseribed.

The available rainfall of a district is that part of the
total fall which remains to be stored or carried away,
after deducting the losses by evaporation, percolation,
absorption by plants, and other causes. The propor-
tion which this béars to the total rainfall varies very
much, being affected by the distribution of the rain-
fall, the porosity of the soil, the steepness or flatness of
the ground, the nature and quantity of vegetation upon
it, the temperature and moisture of the air, and other
circumstances. Upon average drainage areas, and
including floods and flow of springs, it may ordinarily
be taken at about 50 per cent. of the annual rainfall.
For different surfaces its ratio is more approximately as
follows :— '

On primary rocks . . . nearly 1

On moorland and hill pasture . . 8to-6
On cultivated land . . . . .oth o, 2
On chalk ditto . B
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Assuming then that half the rainfall can be made
available for storage, a fall of 32 inches per annum
leaves us 16 inches, or 16-16 tons per acre.

But there are losses incidental to storage which must
not be overlooked. Reservoirs constructed on the
surface of the ground are geldom perfectly water-tight,
and a certain amount of percolation isalmost inevitable.
More or less evaporation will also take place from the
surface of the reservoir. The%amount of evaporation
from the surface of water has, in England, been found to
be 18 inches or more per annum ; but the percentage
of storage water lost by evaporation will of course de-
pend on the superficial area of the reservoir, and in any
case will be comparatively small. If these two losses,
however, taken together, amount to 6 or 7 per cent. of
the reservoir water, it takes 1 inch off the available
rainfall, and lcaves us with only 15 inches available for
consumption.

When water is impounded in manufacturing dis-
tricts, it is common to allow from 1 to 1 of the avail-
able supply to the riparian owners, leaving § or g for
the impounders.

Site of Reservoir.—This should be carefully chosen
in*regard to the gathering-ground, the nature of the
surrounding and underlying soil, the requirements
of live-stock, irrigation, and agriculture in general,
as well as the cost of construction. The most favour-
able site, as affecting cost, is where a comparatively
small embankment, thrown across a gorge or valley,
will form a large reservoir with the water retained
on three sides by the rising ground. An imperme-
able clay surface is as important as the configuration
of the ground, as it not only influences the cost of
puddling, but the proportion of the rainfall which can
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be collected, and also its retention in the reservolr is
largely dependent on this feature. The position of the
reservoir for supplying grazing stock with water, or for
irrigation or other purposes, is of less consequence than
obtaining a good storage, unless the reservoir is so
distant from the place of consumption that the cost of
delivery pipes would defeat the object of storage
altogether.

Capacity of Reservoirs.—As a matter of economy, it
will always be better to construct one large reservoir
than two smaller ones to hold the same amount of
water ; but there is of course a practical limit to the
height of the dams. Deep open reservoirs, however,
are in all cases preferable to shallow ones, for other
reasons besides that of first cost ; for where the surface is
large in proportion to the capacity of the reservoir, the
greater will be the evaporation, and shallow water also
encourages the growth and decay of vegetable matter.

Construction of Resercoirs.—Small reservoirs, such as
would generally afford sufficient supplies for all agri-
cultural purposes, need entail only a moderate umount
of engineering skjll and of pecuniary outlay. Where
a ravine or gorge can be converted into a storage
reservoir, no excavation will be needed, and the only
expense will be that of constructing the dam, unless
the bottom requires puddling. In such situations,
however, the dam must be of great weight and strength
as well as height.

The Texas and- Pacific Railway Company conceived
the idea of obtaining a large water-supply from a reser-
voir of this kind, near Carisso Pass, where the position
was favourable for forming a lake basin of very large
area- At a point where the gorge between two moun-
tain ranges narrows to a width of perhaps 60 yards, an
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embankment, some 75 feet wide at base, 20 feet at top,"
and 24 feet high, was thrown across it. Riding over
the waterless prairie, some miles to the south of this
spot, we noticed the artificial mound, and guessing its
purpose, was lured out of our way, partly through
interest in the scheme, and partly that we might
quench our thirst’in the &ool and pleasant waters of
the imaginary lake which was in hiding on the other
side. But not a single drop of yater was there! The
scheme had been carried out regardless of geologicai
¢onditions, which, on the gigantic surface of the lake
(that ought to have been) there had been no attempt
to rectify by art. The floods had been there in their
season, us was attested by the water-mark on the inner
side of the embunkment, and the embankment had
stayed the torrent of water which had rapidly arisen
behind it ; but the basin of the reservoir was sandy and
. porous, and appearances too plainly showed that the
whilom lake had vanished underground, when the floods
were over and the dry season set in.

In some places a natural hollow exists, which, with
very little excavation, can be made to form a capital
reservoir. A reservoir on level ground will entail
movre labour; but it is not always mnecessary in this
cuse even that the entire capacity of the reservoir
should be excavated ; for provided water can be led on
from higher ground, a small portion of digging mneed
only be done, and the excavated material used for
raising the rides, making about two-thirds of the
capacity duc to embanking, and only about one-third
to excavation. The principle of this reservoir is, how-
ever, objectionable, owing to the sides being raised so
much above the natural level of the ground; so that,
even where it could be filled to that raised level, it
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may be better to excavate to the full extent if neces-
sary.

An excavating scoop, which is manufactured by
Messrs. John Fowler and Co., will be found to greatly
facilitate and cheapen the construction of these reser-
voirs. The implement in question was originally
designed for making large ponds or reservoirs on Aus-
tralian sheep farms; but its successful employment for
this purpose has led tg other application of it, and it is
now used for other descriptions of excavating work,
and particularly for levelling land and constructing
dams. The scoop is worked by drawing it backward
and forward betwecn two steam-ploughing engines, in
the same way as the implements cmployed in
the double-engine systcm of steam-ploughing tackle,
the engines being placed one on cach headland, and
the implement being pulled backward and forward
between them. The scoop is, however, always filled
by one of the engines, the other engine being used
only for pulling the loaded scoop to the point where it
is required to discharge. By ploughing the ground
firs¢, and using the scoop after, an extensive basin can
soon be scooped out on the levelest surface ; the depth
being determined by the number of times the opera-
tions of ploughing and scooping are repeated.

‘Where the bottom of the reservoir is of a porous
nature, it should be puddled to make it retain water.
‘Where clay is not available for puddle, all that is
necessary is to cover the bottom with loam to the depth
of 12 or 18 inches, and then puddle or work this well
with water till it will allow none to percolate. This
working, or puddling, may be done by turning a flock
of sheep or a herd of cattle into the bed of the reser-
voir to trample it well when wet. A similar practice
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is followed in India. When it is required to make the
bed of a reservoir water-tight, they keep it wet and
turn buffaloes into it, as their treading effectually
puddles the bottom, and prevents water being lost by
percolation.

In the construction of small reservoirs, and certainly
of underground tanks, th& use of concrete may be
advisable. Common lime, properly slaked, and mixed
with sand, if faced with cement,will make admirable
tanks. Portland cement is a double silicate of lime
and alumina, made from the deposits of chalk and
alluvial clay on the shores of the rivers Thames and
Medway, and possesses the property of setting and
bardening under water. One barrel of Portland cement
mixed with 16 gallons of water, if laid on half an inch
thick, should cover 100 square feet of surface. One
barrel of Portland cement and two barrels of clean sharp
sand, mixed with 23} gallons of water, should cover
219 square feet of surface to the same thickness; and
one barrel of cement and three barrels of sand, with 28}
gallons of water, should cover 285 square feet of sur-
face. The composition of cement and sand mayebe
used if allowed to set before water is lef into the work.

The mode to be czaployed in filling the reservoir, and
the best means of providing for overflow, will be sug-
gested by circumstances.

For drawing off the water from the reservoir, the em-
ployment of one or more large syphons will probably
be preferable to making an opening in the embank-
ment. On a level surface the water may have to be
raised by pump, in order to distribute it by gravitation.
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RAISING WATEAZ BY MECHANICAL MEANS.

IN irrigation works of any great extent the question
of raising water by artificial means may be dismissed,
as too expensive an undertaking for individual enter-
prise. Where, however, circumstances favour a unified
system of irrigation, and the scheme is generally
adopted by landowners or occupiers, and carried out as
a public work under proper control, it may be otherwise.

In Egypt, for example, where some improvement of
the present system is urgently called for, two schemes
for improved irrigation by raising water by means
of pumping are now under the consideration of the
Gevernment. The first of these, presented by the
Minister of Public Works, proposes to fill the lesser
canals during the dry seuson. The second proposal,
which is favoured by the Public Works Company, is
to keep the great summer canals perpetually full and
to unify the canal system. The former project would
be the less costly, and the amount requisite for it
might, perhaps, be met by a slight increase in the
land-tax on lands already watered, and a tax on lands
expected to be reclaimed. In return, a partial ex-
emption from the corvée would compensate the fella-
heen from the increased burden. The latter scheme
would call for a heavy outlay, but would abolish the
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corvée entirely; and, in the event of a deficit, the
Government would endeavour to meet it by an extra-
ordinary budget rather than lmpose a new water-tax.
The expenment of artificially ralsmg water by steam-
pumping has already been tried in the province of
Behera, with very discouraging results; but this is
attributed to the bad quality of the machines. Before
sanctioning either scheme, the Government will, pro-
bably, cause experiments to be ymade in one or two
provinces.

" As already remarked, however, where irrigation is a
work of individual enterprise, it cannot be practised
with profit on an extensive scale, unless the water is
delivered by gravitation,from an elevated canal, river,
or impounding basin. As there are thousands of
situations where the only source of water-supply is
below the level of the land to be watered, the effect is
prastically to prohibit the artificial application of
water to such lands on a large scale.

It is different in garden culture, and in market-
garden farms, where the area of land under cultivation
is comparatively small, and the valué of the prodace
is far greater than in ordinary farming. The diffi-
culties in the way or raising a sufficiency of water for
irrigating garden crops in dry weather are not so
insurmountable ; and the expense will, in most cases,
be amply repaid by the increased profits.

For other purposes than irrigation—the wants of
live-stock, for feeding engines, and driving machinery,
and for domestic purposes—though the need of water
is greater, it is required in smaller quantities; and the
cost of raising it, when the source of supply is below
the level of the place where it is to be used, is then a
subsidiary consideration.
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As regards the most economical power and machines
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for raising water, much will depend on the height of



TAISING WATER BY MECHANICAL MEANS. 119

the lift and the quantity to be raised. Hand or’
animal power, steam, wind, and water, are all employed
as motive-powers for this purpose; and the instru-
“ments for utilizing the power so used vary from the
primitive rope and bucket to the water-ram and the
steam-pump. .

For raising water from? open wells, the rope and
bucket is the most simple means. An improvement
on the old mode of drawing by bucket is shown in
Fig. 25, as designed and manufactured by S. Owen and

Fig. 26.

Son;, London, in which a windlass is erected over the
well, and two buckets are in use, one filling while the
other is emptying. Wherc required, a self-tipping
apparatus is provided, with a cast or wrought iron
trough, into which the buckets discharge themselves as
they reach the surface. In Fig. 26, part of a series of
troughs is shown connected together by short pieces of
flexible or other pipe, so that any number can be filled
for watering a large flock of sheep (as required in the
Australian colonies, &c.), the man at the wheel keep-
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‘ing at his work while the self-acting apparatus fills
his troughs. This apparatus for raising water is also
largely employed for deep wells in many parts of

Fig. 27.

England where pumps would be expensive, and the
labour required to work them great.

When a large and continuous supply of water has to
be raised by this method, a pony or donkey may be
employed to hoist the buckets. On the Continent, this
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mode is practised successfully, and the pony is trained
to work without attendance.

Well Pumps.—The pump, however, is a more con-
venient instrument for raising water from wells than
the rope and bucket. For low lifts, under 26 feet,
the common suction, or lift pump, is sufficiently power-
ful; but for deep wells, f0rce-pumps, or suction and
forcing pumps, of the treble or double barrelled type,
with valves in the buckets, and awm additional retaining-
valve for lifts over 100 feet, will have to be used.
In these pumps the rods pass down inside the rising
main pipes, which are of larger diameter than the
working barrels, thus allowing of the buckets and valves
being drawn up for repair through the pump-head or
cover, which is fixed above the highest level to which
the water is likely to rise under any circumstances.
‘Without some such provision, access could not be
.gained to the working barrels and lower valves should
they become immersed, or where they are confined in &
small bore hole.

Fig. 27 represents a small steam-engine working a set
of Warner & Sons’ treble-barrelled deep-well puntps.
The same class of pumps can be furnished for water,
wind, horse, and even for manual power.

Where only small supplies of water are needed, the
question of raising it from deep wells by manual power
is, however, so difficult to arrange, that small motors,
of one or more horse-power, worked by gas or hot air,
are commonly employed, especially in country houses.
They are more cconomical than steam, and do not require
skilled labour.

Power required to raise Water from Deep Wells.—
Appleby gives the following table of power required to
raise water from deep wells by pumping :—

G
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Gallons of water raised per hour ...| 200 l 350 | 500 | 650 | 800 | 1000
|

Height of 1ift foroneman,infeet| 90 | 61| 36| 28| 22| 18

” » y» donkey, | 180 1102 | 72| 56| 45| 36
» »  » bomse ., | 630|857 | 262|196 | 164 | 126
H.P. .

" ,t;team’-’engine} s | 990 | 561 | 396 | 308 | 242 | 198

A good high-pressurc steam-engine should raise
3,300 gallons 1 foot high per minute per nominal
horse-power ; the friction of the pump being com-
pensated by the excess of the indicated power over the
nominal.* The power required depends, of course, on
the height to which the water has to be raised.

Rule for finding required Ilorsc-Power.—For calcu-
lating the horse-power required to raise a given quan-
tity of water 1o a given height, we have this general
rule : multiply the weight in pounds of water to be
lifted in onc minute by the vertical height in feet, and
divide by 83,000.

Erample.—Find the horse-power that will be required
to raise 2,000 gallons of water per minute to a height
of 100 feet. ‘

A gallon of water weighs 10 1bs. Therefore

2,000 x 10 X 100 < 83,000 = 60-60 H.-D,

Many cngincers add onc-fifth for friction. This would
bring the required horsc-power in the cxample up to
?2:72.

.Cost of Pumping.—Mr. Fanning gives the following
among other examples of the cost of pumping water in
various American cities by stcam-power and by water-
power :—

* Box, ‘‘ On Hydraulics.”
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Centrifugal Pumps.—For raising a large volume of
water to a moderate height this class of pump is in-
valuable. The limit to which it can be economically
employed depends upon circumstances which are con-
stantly varying. It is used to raise water to a height
of 40 or 50 feet at times, but is best adapted to lifts not
exceeding 25 feet.

An advantageous arrangement is to work these pumps
/

Fig. 28.

by a portable cngine, as not only can both the engine
and pump be placed in any position most suitable for
working, but when not required for raising water the
engine can be easily detached, and applied to any work
for which portable engines are adapted—such as sawing,
threshing, grinding, &c.

On low-lying lands an engine and pump of this class
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is invaluable for draining, as well as irrigation pur-
poses. The smaller sizes are adapted for being worked
by horse-power or by bullocks. Fig. 28 shows a
pump of this kind being worked by a horse. It is
manufactured by Messrs. Hornsby & Sons, Limited,
Grantham.

The following table givVes the nominal horse-power
required for the discharge of given quantities of water
with lifts of 10 and 20 feet :— ¢

Nominal Nominal
Diameter of s c(}})ﬁlrlg?g per H.P. required | 1 P.Orequired
pipe. minnte. for &l li_(z-foot for a 1;20-1'001:
Inches.
3 100 1 2
4 200 15 3
[ 350 2 4
6 500 2% 5
7 750 3 G
8 1,000 4 8
10 1.500 6 10
12 2,300 8 1t
14 2,800 10 16
15 3,300 12 20
18 6,000 20 35

— P W -

Wind-Power.—The objection to windmills in drainage
wqrks was, that this power was too variable to be relied
upon for keeping the water down to a certain level.
There can, howe.cr, be no such objection when wind-
mills are employed to raise water from wells for irri-
gation purposes, or for watering live stock, if storage
reservoirs arc provided cqual to, say, a week’s supply. By
this means the wind can be utilized whenever it blows,
and none of the water is wasted. The windmill works
night or day, as called upon by the passing breeze; it
wastes no water, requires no fuel, and needs no attend-
ance. There are few field-pumps that might not be
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effectively worked by a small windmill, and a larger
one will many times furnish a full water-supply for
every purpose on the farm. Where water has to be
raised for gardens, a windmill is indispensable. On the
dry plains of the far West, too, where deep wells have

Fig. 29.

been sunk, but are 7t self-flowing, the windmill is the
only means of economically bringing the water to the
surface, and of cnabling stock-grazing to be carried on
with success and profit. The wells may be many miles
from the homestead, but a windmill-pump will keep up
an unfailing supply of water without the daily attention
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of the stockmaster, and at no cost for wages and fuel.
Fig. 29 represents a windmill working a well-pump,
as erected by J. Warner & Sons, London.
Self-regulating windmills are now made of two kinds.
In one kind the circle of fans faces the wind at all times,
but their angle to the wind is changed with its force.
The other is the “solid wlteel,” the fans being all fixed,
which swings round with its edge against the wind,
when it becomes violent, by a self-regulating arrange-
ment, which is partly effected by the centrifugal force
‘of weights, and partly by the direct pressure of the
wind. In the former, the self-regulating contrivance
is as follows: When the mill begins to run too fast
it pumps water rapidly into a chamber or cylinder, and
this increasc of water moves an arm, which turns the
fans edgewise to the wind. When the wind slackens, a
reverse movement takes place. By these arrangements
the mills are rendecred perfectly safe even in a gale of
wind. DBoth these forms are well adapted to farm pur-
poses and pumping water for cattle. They are made of
various sizes, and range in price from £10 to £200.
Water-Power.—Water, like wind power, is more
economical than steam power for pumping purposes
when it can be conveniently employed. Our illustra-
tion (Fig. 80) shows an overshot water-wheel, by S.
Owen & Sons, Loudon, working a set’of treble-barrelled
pumps for the supply of a farm, &e., where a large
quantity of water is required. In other cases, breast or
undershot water-wheels may be cmployed, and they
can be worked with any water that is available. Mr.
Wheeler gives an instance of a water-wheel working
treble-barrelled pumps, for the supply of purc water for
a mansion, homestead, gardens, stables, &c., the motive
power being sewage; and in another case, where the
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water is taken from the duck pond, to pump pure water
from the well. The wheels and pumps cost from £76,
for supplying 1,700 gallons a day, through 1,200 feet
of inch pipes, with 90 feet lift, the fall for working

the wheel being only 5 feet; to £133 for supplying
1,200 gallons through 1,600 feet of piping, with 165-
feet lift. Mr. Clutton states that the cost of fixing
water-whecls 8 feet in diameter, in the nexghbourhood
of the Cotswold Hills, for the supply of farm promises
and cottages, was from £55 to £70.

Noria, or Persian Whecl.—Markham* thus describes
the use of the Neria (I'ig. 31) in Eastern Spain, for
raising water to irrigate terraced ficlds on different
levels above the canal:  These norias are of extreme
antiquity, having been used in one form or aunother
from time immemorial by Eastern nations. A deep
channel is cut from the canal, over which a huge
timber wheel is placed, upwards of 15 feet in diameter.
By its side are two stone pillars supporting a cross-beam,

* ¢« On Spanish Irrigation.”
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to the centre of which an upright beam is attached.
This upright beam is the axle of a double wheel working
horizontally, the two parts being joined by strong bat-
tens which lock with cogs in the great wheel. A long
pole is fastened to the upper part of the upright beam,
to which mules are harnessed and driven round. They
move round the horizontal wheel, the battens of which

lock with the cogs in the great wheel and turn it round.
The great wheel is fitted with a succession of boxes
round the circumference, which fill when at the lower
end of their revolution, bring the water up, and pour
it into a trough leading into a channel. Thus the
fields up to 15 fect above the level of the mother canal
are irrigated. The upper channel brings the surplus
¢ 3
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water to another large wheel, which raises it in the
same way to terraced fields at an elevation of 30 feet
above the mother canal. The norias in Algiers and
elsewhere are usually fitted with earthenware jars,
instead of boxes round their circumference.”

Hydraulic Ram.—The improved self-acting hydraulic
ram is a highly useful and efficient apparatus, and is
now much employed for raising water for such purposes
as irrigating lands dhd supplying farm buildings.
Fig. 32 shows its con-
struction and principle of
working. ‘Its principal
parts are the reservoir
or air-chamber (a), the
supply pipe (4), and the
discharge pipe (¢). The
running strcam rushes
down the supply pipe (?), .
and striking the waste valve (d) closes it. The stream
being thus suddenly checked, its momentum opens the
valve (¢) upwards, and drives the water into the reser-
voir (@) until the air within being compressed into a
smaller space by its elasticity, bears down upon the
water, and again closes the valve (¢). The water:in
the supply pipe (/) has, by this time, expended its
momentum and stopped running ; therefore the valve
(@) drops down again, and permits it to escape. It
recommences running, until its force again closes the
water valve (d), and a second portion of water is
driven into the reservoir as before—so it repeatedly
continues—the great force of the compressed air in the
reservoir driving the water up the discharge pipe (¢).”
It works day and night without needing attention, and
will raise water to any height or distance, without

Fig. 32.
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cost for labour or motive power, where a few feet fall
can be obtained. With the same quantity of water and
fall to work it as the water-wheel and pump, the ram
will send up double the quantity of water that the
wheel will do, and to the same height. The ram is
made in sizes to raise from 300 to 100,000 gallons
per day, and will force fo a height of 1,500 feet. It
raises a part of the same water that works it, or will
raise pure water from a well ot spring, whilst worked
from a stream of impure water. Our illustration
"(Fig. 33) shows a ram, erected by Messrs. S. Owen
and Sons, supplied by a fall of water from a lake, and

forcing up to a farm at an elevation] the waste water
expended in working the ram being carried off to a
lower level and into the natural channel which the
overflow of the lake finds for itself. It will work when
quite immersed ; its cost is small to begin with; it
occupies but little spacc ; and will werk for years with-
out once stopping or needing any repairs.

The hydraulic ram is applicable where no more than
18 inches fali can be obtained, but the greater the fall
the more powerful the action of the machine, and the
greater the elevation to which the water can be raised.
If at all possible, a fall of 8 or 10 feet should be ob-
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tained. At the same time it is not advisable to use a
greater fall than is absolutely necessary to raise the
required quantity of water to the desired height, as the
ram is then subjected to an unnecessary amount of
work, the wear and tear of all the parts is increased,
and the durability of the whole is proportionately de-
creased.

The proportion between the water raised and that
running to waste depefids mainly on the height of the
spring or source of supply above the ram, relatively
with the height to which the water is delivered. The
quantity raised varies in proportion to the height to
which it is conveyed with a given fall, and the length
of the pipe through which the water is forced; the
longer the pipe, the greater is the friction to be over-

_come. It is, however, not unusual to apply a ram for
forcing water to a distance of 1,000 yards or more.

If the ram is fixed at a reasonable distance from the
point where the water is to be delivered, the fall neces-
sary to deliver a given quantity is approximately as
follows * :—

About one-seventh part of the water will be raised to
five times the hexght of the fall, and so on in the same
proportion.

Thus, if the ram be placed under a head or fall of
10 feet, and the strcam delivers 50 gallons per minute,
about 7 gallons per minute can be raised to a height
of 50 feet, or 34 gallons to a height of 100 feet; or,
in other words, an efficiency of 70 per cent. is obtained.
Some of the improved forms of ram show, we believe,
considerably greater efficiency than this.

‘The ram should be fixed in a pit 2 or 3 feet deep,
sufficient to protect it from frost, and a race should be

¢ Appleby, “ Handbook of Machinery.”



"RAISING WATER BY MECHANICAL MEANS, 133

cut to convey the waste water away. The pipes should
also be laid at such a depth in the ground that they are
out of the reach of the severest frost.

The cost of raising water by means of a hydraulic
ram will depend on the quantity of water to be raised,
the helght to which it has to be forced, and the length
of piping. Mr. Wheeler g1ves particulars of rams fixed
for the supply of houses and gardens, varying from
£92 10s., with a lift of 200%eet and 1,800 feet of
piping, and yielding 1,400 gallons in 24 hours; to £26

“for 273 feet of piping and 1,700 gallons.



CHAPTER XVI.

WATER-SUPPLY FOR LIVE STOCK AND FOR
AGRICULTURAL MACHINERY.

In the earlier chapters of this work attention has been’
drawn to the need of water in the economy of plant life
and growth, and to its use in irrigating land for the
supply of those wants. The amount of water necessary
for irrigation works may be greater than the require-
ments for other agricultural purposes, but assuredly not
more important. For the live stock of the farm the need
of water is more urgent than for irrigation, and the
dependence of live stock on artificial supplies is more
incessant. Whether in the fields or in the yards, water
isafirst necessity in summer, and also in the yards during
winfer. Only those who have had experience of stock-
keeping on a large scale in waterless regions, where
there is little or no rainfall during many months of the
year, can realise thc full importance of this part of our
subject. The water-supply for agricultural engines is
now only of secondary importance, and water-power for
driving threshing or any other machines, if not an ab-
solute necessity, is certainly a very great economy and
advantage in many situations.

Water for Stock in the Iields.—A supply of good
water for stock during the summer months is an
essential requisite in all pasture fields. Horses and
cattle require on the average about five gallons each per



WATER FOR LIVE STOCK, ETC., 135

day, and a sheep about half a gallon per day in dr.y
weather. On waterless formations, therefore, any means
of rendering water.easily come at does much to enhance
the value of the land for grazing purposes.

The plans usually adopted are either to sink deep
wells or to form reservoirs or drinking-ponds. If a
well is sunk in the corner of a field where two fences
cross, one trough may be made to serve for watering
the stock in four fields; and if'the well has plenty of
water, pipes may be laid to carry part of it to other
fields, which will be found cheaper than sinking more
wells. When a pump is necessary, the water-trough
for the stock should not be placed immediately under
the pump-spout, but some feet distant, a piece of tubing
being employed to convey the water. The pump itself
should be fenced off so that cattle and horses cannot
reach it.

Millions of acres in Central Australia, which for
years have been considered uninhabitable, have been
turned into fertile country by the aid of artesian wells
and catch-water reservoirs. The cquntry in parts is
fairly watered, but wells are everywhere necessary to
supplement the supply from the creeks. Those squatters
who recognise this fact arc doing well. The most
valuable run, Tarella station, carries 60,000 sheep, the
owner having constructed eight dams, averaging
10,000 cubic yards each, on the Bunker Creck. Not
content with this, he sank three artesian wells at dif-
ferent spots, one of which is suflicient for the require-
ments of 20,000 sheep, whilst each of the others yields
3,000 gallons of water a day. A new artesian well at
Sale, with its overflow of 400,000 gallons of water a
day, rising 12 feet above the surface, is a great success.
The recent sinking of an artesian well by Mr. De
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Renzil Wilson, on Tatara Run, near Curriwillinghi, on
the New South Wales side of the Queensland boundary,
where at the depth of 200 feet a spring was tapped
which forced itself to the height of 15 feet above the
surface, and at the estimated rate of 500 gallons per
minute, 18 even more successful.

Field ponds answer very well in localities where no
other means of coming at water for stock is available.
These are simply smail reservoirs or receptacles for
collecting water, and are dug out of the ground. They
are usually made circular in plan, and so situated that
they furnish a supply to four fields.

It need never be very difficult to make a pond in a
clayey soil, which is itself retentive of water. Where
ponds are made in a porous soil, much more care is neces-
sary. The bottom and sides must then be covered with
a thick coat of the toughest clay, from a foot to two
feet thick, well rammed down. There is the greatest
difficulty in finding water in chalky soils, because these
are not in themselves very retentive of it, and generally
lie in such beds that it is impracticable to dig through
theti. But cven here ponds are easily made by digging
into the chalk, and lining them with a coat of clay, as
before directed. Some farmers judiciously pave the
declivity by which the cattle approach the pond, and this
renders it much more lasting than it would be, and pre-
serves the water clean, while others pave the whole pond.

There are different methods of constructing ponds,
but the plan adopted is gencrally this: The ground
plan is circular, and usually 40 or 45 feet in diameter,
with a centre depth of about 5 feet. This hole being
dug out, a layer of clay, sufficicntly moistened, is
trodden down to the depth of a foot. Upon this a
layer of quick-lime, an inch or more in thickness, is
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spread ; and above that another layer of clay, a foot
thick, is trodden and rammed as before. The use of
the lime is to prevent worms penetrating through the
clay in dry weather. A pond of the above dimensions
will cost from £8 to £12.

Formerly the price of making a pond 60 feet in
diameter was £10. A cifcle 60 feet in diameter con-
tains an area of 314 square yards; so that each square
yard of surface cost at this rate ¥3d. And the capacity
of such a pond, 6 feet deep in Centre, is 2094 cubic
yards, each of which must have cost in the above in-
stance 111d. Five pounds have been given for a pond
36 feet in diameter, which is 104d. each square yard of
surface; and supposing it 4 feet deep at the centre, 2s.
each cubic yard. It is plain from these figures that
the larger the pond the less in proportion is the expense.

Water for Stock in the Yards.—Where a supply can-
not be drawn from springs or running streams, recourse

“should be had to deep wells or to rain-water tanks.
Ponds and open watering-places about the farmyurd
are very objectionable, as the water in them is always
more or less polluted from yard drainage and fsom
trampling by cattle. In many places’ driven or bored
wells are now ecrccted within the buildings, and even
where the supply has to be brought a considerable dis-
tance from running springs, the employment of pipes
enables water to be laid on to every stall in the yards
if necessary, and at a comparatively small cost. The
“boon of this can only be appreciated by those farmers
who have tried it. Not only is less labour entailed in .
tending the stock, but the animals themselves thrive
better than when they are driven out to drink in all
sorts of weather, and left standing in the pond, or

¢ hanging about the yard-gates to catch a chill.
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" The roofs of all farm buildings are, or ought to be,
spouted ; and if the rain-water from the roofs is collected,
it will in most cases be found more than sufficient not
only for the supply of the farm stock, but also for
threshing purposes. Rain-water from the roofs, if
stored in cool brick tanks, will keep sweet and fresh for
any length of time and in ady climate. We have pur-
sued this plan in the tropics for a number of years, and
though it was our only supply for domestic use, never
had reason to complain of the water. Ivery 1,000
square feet of roofing, with a rainfall of 82 inches, will
yield over 16,000 gallons of water per annum ; and as
the buildings on an average farm afford at least four
times that amount of roof surfuce, it is evident there
need be no lack of water about the farmyard. At the
above rate, 4,000 square feet of roofing would supply
64,000 gallons of water per annum, or 175 gallons per
day. DBut the consumption of water at the yards, on an
average-sized farm, would be very much less than that. -
The cattle would be in the pasturcs all summer, and
the horses also, perhaps; so that the summer con-
sumption of water by live stock, in an ordinary farm-
yard, would nover be likely to exceed 50 gallons per
day. The brick tanks or cisterns should be large
enough to contain a supply for cight months. Rain-
water stored in barrels, especially open-headed barrels,
is not fit for animals to drink. A plentiful supply of
good water for live stock all through the dry swmmer
weather, laid on both to fields and yards by supply pipes,
troughs and ball cocks, instead of having to cart it very
often from a distance, is so great a boon that no farmer
would object to pay & per cent. on the necessary outlay.
Water for Agricultural Machinery.——Another reason
for a good water supply to every field is the increasing
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use of steam power in cultivating the soil. Every acre’
of land cultivated by steam requires about 100 gallons
of water for engine use. A 20-acre field requires 2,000
gallons. The convenience, not to say the economy, of
having this supply at hand in the field itself is very
great. On all recently laid-out farms, where steam cul-
tivation has been introducéd, much attention has been
given to this point. Where springs, brooks, or drink-
ing ponds are not accessible at ®very site likely to be
occupied by the engines in cultivating an cntire farm,
tanks or wells should be provided. A tank placed in a
corner where four fields meet would usually serve for
all the fields, as in the case of a drinking pond so
placed.

On the majority of farms, where the fields are tile-
drained, the drainage-water may be led into tanks or
cisterns and stored in sufficient quantity, not only for
_the use of the engines cmployed in steam cultivation,
but also for watering the live stock, and sometimes
even for working a water-wheel or turbine. Messrs.
Howard, on their Bedfordshire farm, have so planned
the drainage that it supplies a tank or pond at every
point occupied by the engine’engaged ih tilling any part
of fhe farm; and at the farmyard a reservoir has been
excavated in the cl»y which holds half a million gallons
of water. Extensive application of drainage-water has
also been made on the estates of Lord Hatherton, in
Staffordshire. In this case several ponds are used for
“%toring the water, which is first carried to the farm-
yard and employed to drive a water-wheel which does
all the threshing, &c., in addition to driving a saw-
mill. After this, the water is passed to meadows on a
lower level, where it is used in extensive and profitable
irrigation.



CHAPTER XYVIL

(]
WATER-SUPPLY 70 DWELLINGS.

ImpPorTANT though it is to secure a gocd supply of
water for irrigating crops, for watering live stock, and
for driving machinery, the wants of the farmhouse
itself, and of the cottages, are, in this respect, still
greater. Water is one of the prime necessaries of life,
and should be not only abundant but good. It is
estimated that an adult consumes, on an average, about
half an ounce daily for each pound weight of the body :
therefore, a man weighing 150 pounds will require 75
ounces daily; nbout 50 ounces in drink and the re-
mainder in the food. Unless, at the same time, the
waser consumed is good, a perfectly healthy condition
of the system cannot be maintained ; and it is well
known that disease, in some of its most ‘danger;ous
forms, is often introduced through the agency of bad
water. Of coursc large supplies of water must be
provided for domestic purposes beyond the quan-
tities actually necessary to be consumed in food and
drink. '

Quantity required.—*The minimum quantity that is
sufficient for the supply of a cottage or small farm-
house, for all ordinary domestic purposes, may be taken
at 13§ gullons per day, allowing 5} persons as the
average number to a house, and 2} gallons for each
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person. This, of course, gives no margin for water-’
closets, baths, or other similar luxuries, which belong
only to a Jarger class of dwelling. This quantity may
appear small; but, having made extensive inquiry
amongst cottagers and others, I found sufficient
evidence to satisfy myself that it was the full quantity
that was used when the ‘water had to be baled or
pumped from a tank, and not left to run to waste from
a tap. Mr. Easton, in his evid®nce before the Select
Committee on the Public Health Amendment Act of
1878, stated that, as the result of his experience and
inquiries amongst cottagers in Susscx, he was satisfied
that this quantity was sufficient. Colonel Cox put the
quantity at 3 gallons a day, and the other witnesses
agreed with the estimates of Mr. Easton and Colonel
COox, some even putting it at less. In the Sixth
Report of the Rivers Pollution Commissioners is
.given an instance of four cottages, provided- with a
tank, in which the rain-water was collected from the
roofs—one of the inhabitants being a laundress, who
used a large quantity of water, and another feeding a
number of pigs. The size of this tank was bazely
sufficient to give 10 gallons a day fo cach cottage;
yetoit is stated that it had never failed to maintain a
sufficient supply.

“ The large quantity used in towns—varying from
20 to 30 gallons a head—is due partly to manufac-
tories, street watering, and flushing sewers; but,
principally, to waste. This is proved by the fact, that
towns supplied by meter do not average more than 7-
gallons a head; and by the test applied to several
streets in Brighton, where it was found that the supply
did not average more than 4§ gallons a head, although
the number of persons to a house would be above
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‘the average, and water-closets and baths be freely
used.”’*

Professor Rankinet gives as a fair estimate of the
daily demand for water, per inhabitant, for different
purposes, the following, based upon British water

supply and consumption :—
Impenn,l gallons por day.
Least Iv_emge Greatest.
Uscd for domestic purpeses . . .7 10 15
Washing streots, (‘xtmgmshmg n‘en, sup-

plying founta.ms, &c 3 3
Trade and manufactures . .7 7 7
‘Waste under careful regulations, say .2 2 2%

Totals . . . . 19 22 27%

Sowrces of Supply.—Water, as ordinarily used for
drinking purposcs, is obtained from either springs,
wells, lukes, or rivers, or from stored rain-water or land
drainage. Where nonc of the other sources are avail-
able, the rain-water falling on the roofs of the houscs, if
collected, filtered, and stored in underground tanks, will
furnish an ample and perfectly good supply.

“Granting,” snys Mr. Wheeler,  that 2} gallons per
head per doy is enough for all the ordinary domestic
requircments of a cottage, suflicient rain falls on the
roof of every house in the course of a year, if properly
stored, to yicld a full supply. A cottage with its out-
buildings covers about 500 squarc feet of ground.
Taking the rainfall at 22 inches per annum, the quan-
tity that may be relied on as an average in the driest_
districts of the country, a slated roof will yield 5,700

gallons—nearly equal to a daily supply of 154 gallons,
or rather more than 22 gallons per head. Tlled roofs

* Mr. Wheoler, C.E., “ Universal Confercnce on National Water-

Supply,” 1879.
T “Civil Enginccring.”
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would yield less than this, being more porous than
slates. Thatched roofs may be considered as altogether
unsuitable for the collection of rain-water, from their
absorbent nature, the difficulty of providing spouting,
and the chance of pollution from the organic matter in
the decaying straw.”

. Where rain-water from’the roofs is the only supply,
the minimum sizé of the tanks to be provided becomes
an important question. It is%usually reckoned that
the impounding tanks or reservoirs should contain four
months’ supply in the rainy districts and six months’
supply in the dry districts of England. Thus a tank
for a cottage, where the daily consumption is 14 gallons,
would require to hold from 1,680 to 2,548 gallons.

At the Reading Meeting of the Royal Agricultural
Society of England last ycar, Mr. C. G. Roberts, Hasle-
mere, Surrey, exhibited a very ingenious apparatus for

. collecting pure rain-water from the roofs of buildings.
The apparatus, which is entirely self-acting, consists of
a separator, the function of which is to reject the bad
and store the good water, by preventing the first portion
of the ramfall (which washes and brlngs down ﬂ;om
the roof or gutters all kinds of impurifics) from passing
intp the storage tank. The-first water from the roofs
when a shower Talls is directed into the waste-pipe; then
the separator cants, and turns the purc water into the
storage tank. An illustration of this apparatus appears
in the Journal of the Society, vol. xviii., part 2.

Impurities in Water.—Water may be very good for
irrigation purposes and yet utterly unfit for household
use. The most wholesome waters, as a rule, are spring
water, deep-well water, and upland surface water ; and
the most dangerous ones are river water, to which

"sewage gains access, and shallow-well water. Stored
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rain-water, especially that gathered in large towns and
cities, where smoke from innumerable chimneys taints
the air, and the surface water from cultivated land, are
of “ doubtful” quality.

Rain-water is more pure than any other water before
its descent, and it is only in large towns or cities where
it becomes contaminated by atmospheric impurities, and
is rendered unfit for use in the condition in which it
falls. Tt is generally termed soff, in contradistinction
to spring water, which is considered %ard. The soft-
ness, which consists in a solvent action upon the fatty
substance of the skin, is owing to a small amount of
carbonate of ammonia, which is formed in the atmo-
sphere and precipitated with the water.

+ Spring water and deep-well water, when impure, are
usually so from the excess of inorganic matter, with
which occasionally they rise highly charged. These
admixtures are derived from the ground through which
the water flows. The incrustations which form in steam
boilers are caused by the precipitation of the impu-
rities, in consequence of the concentration of the water
in:the boiler. They may be effectually removed, no
matter what their nature, by boiling charcoal in the
water, or by gently heating the water and filtering, it
through charcoal.

Pond water and shallow-well water is often full of
animalcula, sewage, vegetable matter, sediment, &c.

The water from mountain streams and rivulots is
always purer than that from low grounds, because the
water from high lands runs rapidly, and generally over
gravelled beds. River water from low grounds is
generally rendered impure by the presence of organic
matter generated in sewers and drains, and thence dis-
charged. Almost every gallon of such water contains
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a quantity of spores, seeds, or ova of vegetable and
animal organisms, and if a bottle of it is allowed to
stand by for a short time a sediment is thrown down
in which a number of creatures will be discovered by
the microscope. Water of this sort is unwholesome
and dangerous, whether it contains the actual carricrs
of disease or not, _

Filtration.—In all towns wherc water-works exist
the water supplied has already undergonc filtration
through sand and gravel, which is the only plan avail-
‘able for companies dealing with such immense quantities
of water. One square yard of filter-bed should be pro-
vided for each 700 gallons required in 24 hours, and
the filter-bed should be 6 fect in total depth, composed
as follows: 30 inches of fine sand, 6 inches of coarse
sand, 6 inches of shells, 30 inches of gravel. DPerfo-
rated pipes should traverse the bottom of filter-beds to

- collect the filtered water, and the fine sand forming the
top stratum should be frequently rencwed.

The sand and gravel filter, however, is not sufficient,
nor has it the power to remove a deal of the animal-
cula and other injurious matters oftenscontained in the
water. River water thus filtered may be none the less
unwholesome because it is made clearer. Iivery one
knows that the liquid evacuations of both men and
animals is often clear, and can be readily passed through
a stratum of coarse sand, but the liquid is not less free
from sewage after being so passed. This filtration at
best can only be looked upon as a means of removing
the grosser impurities. It is therefore imperative that
the water should undergo another and more complete
filtering process before it can be considered fit for

(drinking, such as passing it through certain media
which have the power of thoroughly purifying the
H
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water by oxidizing the organic matter and changing
chemically the impurities in solution.

The Registrar-General most strongly recommends
the adoption of a system of domestic filtration, every
consumer employing upon his own premises suitable
means to purify the water xequired for his use. He
also recommends that householders should obtain real
water purifiers, and pot mere straincrs. The old-
fashioned system of passing water merely through balls
or slabs of charcoal, or material which has the appear-
ance of being charcoal, worked into a solid form, is for
the most part uscless for the proper filtration of water.

The best filters are constructed entirely with pure
charcoal, and remove lead, lime, and sewage from water.
They are also self-cleansing.

In Fig. 34 we have an illustration of Lipscombe’s
Self - cleansing
Charcoal Cis-
tern Filter. The
drawing repre-
sents afilterand
pure water re-
]fz)"_‘a'f.'f{;ﬁ. - Si| servoir inside

an ordinary

house cistern,
> but thcy may
Fig. 1. be modified to
suit any cistern or tank above or under ground. The
impure water passes through the inlet into chamber of
filter, thence upwards through a plate, usually of porous
stone, represented by the dotted line, then through
powerful purified charcoal into the pure water reser-
voir, from which it may be drawn off cold by the pure- -
water tap, or hot and pure from the boiler. )
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Practical advantages of irriga-
tion, 11

Prairie irrigation, 2

QUANTITY of water required
" for dwellings, 140
for irrigation, 23, 26
live stock, 134
steam cultivation, 139
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RAINFALL, 92
Rain water, 143, 144
Rain-water tanks, 138, 143
Raising , 116
Reading sewage farm, 76
Reasons for irrigation, 2
Repairs to water-meadows, 58
Besorvoirs, 15, 109, 115
Rice, 22, 27, 31, 65
irrigation, 656 .
River water, 25, 144, 145
Romford sewage farm, 74
Roof water, 138
Rope and bucket, 119
. Rye-grass, 21, 27, 69

SAND and gravel filter, 145
Seasons for warping, 83

Sewage irrigation, 72
sickness, 78

Shallow well water, 144

Side irrigation, 47

Silting, 82
t3ite of reservoir, 111
Sluices, 41

¢ Soft”” water, 25, 144
Soils adapted for irrigation, 18
and situations for warping,

85

sterile from lack of water, 2
Soot water, 81
Sources of water-supply, 92, 142
Spring feeding, 56

water, 144
Springs, 14, 93, 103
Storage of drainage water, 139
Streams, 14

THE
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Sub-irrigation, 46
Sugar-cane, 21, 27, 31
Swamp irrigation, 65
Syphon, 115
Syringes, 51

TESTS of water, 25
Theory of irrigation, 6

Time of watering, 63

Tobacco, 27, 31

Twrnips, 21, 27

WARPING, 82
‘Wator-bearing strata, 93
‘Water-carts, 51, 52
‘Watercress, 22, 70
Wator for dwellings, 140
irrigation, 23
livo stock, 134
machinery, 134, 138
steam cultivation, 139
stock in the fields, 134
stock in the yards, 137
in plants, 2
power, 127
supply, 14
‘Watering arable land, 60
‘Watershed, 109
‘Well irrigation, 91
pumps, 121
Wells, 16°
and well-sinking, 98
‘Wheat, 27,°31
¢¢Wholesome”’ waters, 143
‘Wind power, 125
‘Wooden ‘“stop,” 42
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 WEALE'S RUDIMENTARY SCIENTIFIC SERIES.

“.* The volumes of this Series are freel INustrated witn
“oodcuu, or otherwise, where requisite, Throughout the fol-
lowing List 1t must be understood that the books are bound in
limp cloth, unless otherwise stated; Buf the wolumes marked
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CIVIL ENGINEERING, SURVEYING, ETC.

3 WELLS AND WELL-SINKING. By JoHN GFO. SWINDELL,
ARI B.A., and G. R. Burnery, C.E. Revised Edition, "With a New

endix on the Qualities of Water. Illustrated. 2s.

35. TH% BLASTING AND QUARRYING OF STONE, for
Bmldmg and other Purposes. With Remarks on the Blowing up of Bndges

Gen. \IR]OHN Burcoyng, Bart., K.C.B. Illustrated. 1s.

43. ZUBULA AND OTHER IRON GIRDER BI(]DGES par-
ticularly descnhmg the Britannia and Conway Tubular Bridges. By G.
DryspaLE Dempsey, C.E, Fourth Edition, 2s.

44. FOUNDATIONS AND CONCRETE WORKS, with Practical
Remarks! on Footm band Concrete, Béton, Plle-drwmg, Caissons, and -
Cofferdams, &c. Donson. Fifth Edition. 1s.

60. LANI) AND ENGINFERING SUR VEYING By T. BAKER‘

E. Fourteenth Edition, revised by Professor J. R. Youne., 2s.%

Bo*. EJIIBANAING LANDS FROM THE SEA. With example‘
and Particulars of actual Embankments, &. By J. Wicacins, F.G.S.

81. WAZTER WORKS, for the Supply of Cities and Towns. W1
a Description of the Principal Geological Formati~ns of England as in-
fluencing Supphes of Water ; and Details of I Lngmcs and Pumpm Machinery
for raising Wat By Samuer Hucues, F New Edition. 4s.f

18, CIVII. ENG]NEI:RING ]N NORTH AMER]CA a Skelch

Davip Strvenson, F.R , &c. Plates and Diagrams

163, JROIVV BRIDGES, GIR. DﬂRS, ROOFS, AND OZHER
WORKS. By FRANC]S Campin, C.E, 2s,

197. ROADS AND STREETS (THE CONATRUCT]ON OF).
By Henry Law_C.E,, revised and enlarged by 1) K CLARK, C.E,, including

avements of Stone, Woad, As 4s. 6

203. SANITARY WORK IN ;IJE SIIIALLER TOWNS AND IN
VILLAGES. ByC. ¢ E. Revised Edition. 3s.t

212, GAS-WORKS, .TIIEIR CONSTR UCTION AND ARRANGE-
MENT; and the Manuhcture and Distribution of Coal Gas. Originally
written I')y Samuer Hucnres, C.E. Re-written and enlarged by WiLLiam
Ricuarps, C.E. Seventh l:d'mon with important additions, gs. 6d.t

213. PIONEER ENGINEERING. ?l‘realxse on the Engmeering
Operations connected with the \ett]ement of Waste La.nd.i in New Conn-
tries. By Epwarp Donson, Assoc. Inst. C.E.

216, MATERIALS AND CO]VSYRUCTION A Theoretical nnd\
Practical Treatise on the Strains, Designing, and F rection of Works of Con-__
straction. By Frawncis Camein, C.E. Second Edition, revised. 3s.t

219, C/VIL ENGINEERING. By HENRY Law, M.Inst. C.E.
Including HyprauvLic EnciNeERING by Gro, R. Burneir, M.Inst, C.E.
Seventh Edition, revised, with large additions by D. KINNeAR CLARK,
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. ,

C&8™ The % sndicales that these vols. may be had strongly bound at 6d. exira., .
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33.

34
59-

82.

MECHANICAL ENGINEERING, ETC.

CRANES, the Construction of, and other Machinery for Rn.ising
Heavy Bodies. By Josepn Gurynn, F.R.S. Illustrated. 1s.6d.

THE STEAM ENGI/NE. By Dr. LARDNER. Illustrated. Is.6d.

STEAM BOJLERS: their Construction and Management. By
R. A onNG, C.E. Illustrated. 1s.6d.

THE POWER OF WAITER, as applied to drive Flour Mills,

and to give motion to Turbines, &c. By Josern GLYNN, F.R.S. 2s.f

98. PRACTICAL MECHANISM, the Elements of; and Machine

139.
164.
165.
166.
171,

190,
200.

202.

211, 7

217,

223.

236.
237.

2 38..

Tools. By T.Baker, C.E. With Additions by J. NasmyrH, C.E, 2s.6d.1
THE STEAM ENGINEYa Treatise on the Mathematical Theor
of, with Rules and Examples for Practical Men. ByT.Baker, C.E. 1s.6d.
MODERN WORKSHOP PRACIICE, as applied to Steam
Engines, Bridges, Crancs, Ship-buildinf), &c. ByJ].G. WiNioN. 3s.%
IRON AND HEATZ, exlibiting the Principles concerned in the
Construction of Iron Beams, Pillars, and Girders. By J. ARMouRr. 2s. 6d.%
POWER IN MOTION : Horse-Power, Toothed-Wheel Gearing,
Long and Short Driving Bands, and Angular Forces. By J. ARMOUR, 2s.}
THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. By]J.Maxron., 6th Edn. With 7 Plates and 350 Cuts. 3s.6d.§
STEAM A]Vy IHE STEAM ENGINE, Stationary and
Portable. (Becing an Extension of the Elementary Treatise on the Steam
Engine of Mr. John Sewcll.) By D. K. Crark, M.I.C.I. 3s.6d.3 |
FL;EL, its Combustion and Economy. By C. W. WILLIAMS,
‘With Recent Practice in the Combustion and Economy of Fuel—Coal, Coke,
‘Wood, Peat, Petrolecum, &c.—by D. K. CLARK, M.I.%.E. 3s.6d.%
LOCOMOTIVE ENGINES. By G. D. DempsEY, C.E.; with
large additions by D. KinneAr CLArRk, M.I.C.E. 3s.%
YfE BOILERMAKER'S ASSISTANT in Drawing, Tem-
lating, and Calculating Boiler and Tank Work. By Joun COURTNEY.
ractical Boiler Maker. Edited bv ). K. Crark, C.E. 100 Illustrations. zs.
SEWING MACHINERY : Its Constiuction, History, &c., with
tull Technical Directions for Adjusting, &c. Ry J. W. UrRQUHART, C.E. 2s.t
MECHANICAL ENGINEERING. Comprising Metallurgy,
Moulding, Casting, Forging, lools, Workshup Machinery, Manufacture of
the Steam Engme, &c. By Franus Camrein, C.E. Sccond LEdition. 2s. 6d.%
DETAILS OF MACHINERY. Comprising Instructions fot
the Execution of various Works in Iron. By Irancis Camein, C.E. #3s.t
THE SMITHY AND FORGE; includimg the Farrier’s Art and
Coach Smithing. By W. J. E. Crane. Illustrated. 2s,6d.}
THE SHEET-METAL WORKER’S GUIDE; aPractical Hand-
book tor Tinsmiths, (_:op%t‘:’rsmiths, Zincworkers, &c. Witk 94 Diagrams and
Working Patterns. 3y W. J. E. Crane. Second Edition, revised. 1s. 6d.

251, STEAM AND MACHINERY MANAGEMENT: with Hints

254.
255-

256.

260.

on Construction and Sclection. By M. Powis BaLg, M.I.M E. 2s.6d.t

THE BOILERMAKER'S READY-RECKONER. By J
Courtxey. Edited by D. K. CLArk, C.E. 4s,, limp; ss., bali-bound.

LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for
Eng}ilneers in charge of Locomotive Engines. By MicuAkL ReynoLps, M.S.E.
Eighth Edition. 3s. 6d., limp; 4s. 6d. cloth boards.

STATIONARY ENGINE-DRIVING. A Practical Manual for
Engineers in charge of Stationary Engines. By MicxaeL Reynocps, M.S.E,
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards, )

IRON BRIDGES OF MODERATE SPAN: their Construc-
tion and Erection. By Haminron W. PENDRED, late Inspector of Ironwork
to the Salford Corporation. es. [(Fust published.

BS%™ The t indicales that these vols. may be kad strongly bound at 6d. extra.
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‘MINING, METALLURGY, ETC.

. MINERALOGY, Rudiments of; a concise View of the General
Properties of Mmeuls By A. RAMSAV F.G.S.,, F.R.G.S, &c. Thid
Edition, revised and enlarged. Tilustrated. 3s. 6d.t

117. SUBTERRANEOUS SURVEYING, with and without the Mag.
netic Needle. By T'. FENwick and 1. BAK‘PR C.E. Illuetw :d. 2s, 0d.3

133. METALLURGY OF COPPER ; an Introduction to the Methods
ot Seeking, Mmmg, and Assaving Cop cr, and Manufacturing its Alloys
By Rosrk1 H. Lampory. Ph.D. ~ Woodcuts. 2s. 6d.t

135. ELECTRO-ILIF'ZAILURGY Practically Treated. By ALEX.
ANDER Warr, F.R.S.S.A. Eighth Fdition, revised, with additional Matter
and Hlustrations, including the most recent Processes.  3s.3

172. MINING 700LS, Manual of. For the Use of Mine Managers,
Agents, Students, &c. By WirriAm MoxrGANs.  2s. 6d.t

172%. MINING 700LS, ATLAS of Tongravings to Illustrate the above,

containing 235 1llustrations, drawn to Scale. 4to. gs. 6d.; cloth boards, 6s.

176. METALLURGY OF IRON. Containing History of Iron Manu-
facture, Mcthods of Assay, and Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &. By H. BAuermAN, F. G.S. Filth Edition
revised and enlarged. 55.3

180. COAL AND COAL MINING. By WARINGTON W, SMmvTH,
M.A., F.R.S. Sixth Edition, revised. 3s.6d.t

195. 7/{E MINERAL SURVEYOR AND VALUER'S COM.
PLETE GUIDE., Comprising a Treatise on Improved Miming '\ur\eym
and the Valuation of Mining Properties, with new Traverse Tables, By’ \Vg
LivieRrN, Mining Engineer. Second deon with an Appendix on Magnetic
and Angulnr Sunveying, with Records of the Peculiarities of Needlo Disturb-
ances.  With Four Plates of Diagrams, &c. 3s 6d.% [Fust published

214. SLATE AND SLATE QUARRYING, Scientific, Practical, and

Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. 3s.}

-

ARCHITECTURE, BUILDING, ETC.

16. ARCHITECTURE—ORDERS—The O1ders and their Asthetic
Principles. Ry W. H. Leeps. Ilustrated. 1s. 6d.

17.*ARCHITECTURE—STYLES—The History and Description of
the Styles of Archltecture of Various Coun(rlcs, from the Farliest to the
Present Period. By T. Taunor Bury, F.R 1.B.A., &c. Illustrated. zs.

*.* ORDFRS AND SIYLES OF ARCHITFCIURY, 72 Omf Vol., 3s. 6d.

8. ARCHITECTURE—DESIGN—-The Principles of Design in
Architecture, as deducible from Nature and exemphfied in the Works of the
Greek and Gothic Architects. By E. L. GArneaT, Architect. Ilustrated. 2s 6d.

¢ The thiee fref.r:dme Works, 112 One /mnd:amf Vﬂl., half bound, emtilled
“ MOLERN ARCHITECIURE,” price 6s.

22, THE ART OF BU/LDING, Rudiments of. General Principles
of Construction, Materials used in Building, Strength and Use of Materials,
Working Drawm"s, Specifications, and Estimates. By E. Dosson, 2s.3

25. MASONRY AND STONECUTTING : Rudimentary Treatise
on the Principles of Masonic P’rojection and their application to Con-~
struction. By EpwaArp Donson, M.R.ILB.A., &c. 2s. 6d.3

42. COTTA GE BUILDING. By C. BRUCE ALLEN, Architect,
Tenth Edition, revised and e¢nlarged. With n.Chapter on Economic Cottages
for Allotments by Epwarp E. ALLEN, .

45. LIMES, CEMENTS, .ﬂ[ORTARS CONCRETES' MASTICS,
PLASTERING, &ec. By G. R. HI!R&ELL, C.E. Thirteenth denn lﬁ.ﬁﬂ

WS~ e t indicales that these vols. may be had strongly bound af 6d. extra.
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Architecture, Building, etc., continucd.
57. WARMING AND VENTILATION. An Exposition of ‘the
General Principles as apﬁlied to Domestic_and Public Buildings, Mines,
Lighthouses, Ships, &c. By C. TomLinson, F.R.S., &c. Illustrated. 3s.

i1, ARCHES, PIERS, BUTTRESSES, &’.: Experimental Essays
on tbgl’rinciples of Construction. By W. BLanDp. Illustrated. 1s.6d.

116, ZHE RCOUSTICS OF PUBLIC BUILDINGS; or, The
Principles of the Science of Sound ag{lied to the purposes of the Architect and
Builder. By T. Rogrr Smitn, M.R.LB A., Architect. Tlustrated. 1s. 6d.

129. ARCHITECTURAL MODELLING IN PAPER, the Art of.
By T. A. Ricuarpson, Archigect. Illustrated. 1s. 6d.

128. V/ITRUVIUS —7U0E ARCHITECTURE OF MARCUS
VITRUVIUS POLLO. In Ten Books. Translated from the Latin dy
Josern GwiLr, F.S A, F.R.A.S. With 23 Plates. gs.

130. GRECIAN ARCHITECTURE) An Inquiry into the Principles
of Beauty in; with an Historical View of the Rise and Progress of the Art in
Greece.” By the EARL OF ABERDEEN. Is.

‘e® The two preceding Works in One handsome Vol., half bound, entitled “ANCIENT

° ARCHITKCTURE,”” price 6s,

132. THE ERECTION OF DWELLING-HOUSES. Ilustrated by
a Perspective View, Plans, Elevations, and Sections of a pair of Semi-
detached Villas, with the Specification, Quantities, and Estimates, &c. By
S. H. Brooks. New Ldition, with Plates. 2s. 64 t

156. QUANTITIES & MEASUREMENTS m Biicklayers’, Masons’,
Plasterers’, Plumbers’, Painters’, Paperhangers’, Gilders’, Sonths?, Carpenters’
and Joiners’ Work. By A. C Bea1on, Surveyor. New Edition, 1s. 6d. |

175. LOCKWOOD & €O.’S BUILDER’S AND CONTRACIOR'S
PRICE BOOK, containing the latest Prices of all kinds of Builders’ Materials
and Labour, and of all Trades connected with Building, &c., &c. Edited
by F. T.W. MiLLER, Architect. Published annually. 3s. od.; half bound, 4s.

182. CARPENTRY AND FOINERY—THE ELEMENTARY PRIN-
CIPLES OF CARPENTRY. biefly composed fiom the Standard Work of
Tuomas TreEpcoLp, C.E. With a TREATISE ON JOINERY by.E.
WynpHAM TARN, M.A. Fourth Edition, Revised.  3s. 6d.1

182*%. CARPENTRY ANLD FOINERY. AILAS of 35 Plates to
accompany the above. With Descriptive Letterpress. 4to. 6s.

185. THE COMPLEI1IE MEASURER ; the Mcasurement of Boards,
Glass, &c.; Unegqual-sided, Square-sided, Oct2gonal-sided, Round $1mber
and Stone, and Standing Timber, &c. By RicHarp Horion. ™ Filth

. Ldition. 4s.; strongly bound n leather, 5. = ®

87. HINIS 170 YOUNG ARCHITECIS. By G. WIGHTWICK.
New Edition. By G. H. GuiLraume. Illustrated. 3s. 6d.%

188 HOUSE PAINIJING, GRAINING, MMARBLING, AND SIGN
WRITING : witha Course of Elementary Drawiny for House- Painters, Sign-
Writers, &c., and a Collection of Uscful Receipts. By Kiuis A, Davinson.
Fitth Edition. With Coloured Plates. 5s. clotb limp ; 6s. cloth boards.

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING,
In Six Sections: General Principles; Arch Drawing, Cutting, and Setting ;
Pointing; Paving, Tiling, Materials; Slating and Plastering} Practica

. Geometry, Mensuration, &c. By Apam Hammonp. Sixth Editton.  1s. 0d.

91, PLUMBING. A Text-Book to the Practice of the Art or Craft of
the Plumber. With Chapters upon House Drainage. Fourth Edition.
With 330 Illustrations. By W. P. BucHAN, 3s. 6d.3

192, THE 7TIMBER IMPORTER'S, TIMBER MERCHANT'S,
and BUILDER’S STANDARD GUIDE. By R.E. Granpy., 3s.%

20b. 4 BOOK ON BUILDING, Cwil and Ecclesiastical, mcluding
CruRrCH ResTorATION. With the Theory of Domes and the Great Pyramid,

. ___%c. By Sir Epmunp BrekeiT, Bart., LL.D., Q.C., F.R.A S. 4s. 6d.%

k‘ The $ tndicatss that these vols. may be had strongly bound at 6d. extra.
7. STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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Architecture, Building, etc., continued.
226. THE YOINTIS MADE AND USED BY BUILDERS in the

Construction of various kinds of Fnginecring and Architectural Works. By
Wyvire J. Curisiy, Architect. With upwardsof 160 Engravingson Wood, 38.%
228. THE CONSIRUCTIION OF ROOFS OF WOOD AND IRON
By E. Wynpuam Tarn, MLA., Architect. Second Edition, revised. 1s, 6d

229. ELEMENTARY DECORATION : as applied #5"the Interior
and Exterior Decoration of Dwelling-Houses, &c, By J. W. Facry. zs.

257. PRACTICAL HOUSE DECORAT/ON. A Guide to the Art
of Ornamental Painting, the Arrangement of Colours in Apartments, and
the Principles of Deccorative Design. With Remarks on the Nature and
Properties of Pigments. By James . FAcry. 2s, 6d.

.* The two preceding Works, tn One handsome Vol., half-bound, entstled *‘ Housk
DECORATION, ELEMENTARY AND PRACTICAL,” price §s.

230. HANDRAJILING. Shoying New and Sunple Methods for finding
the Pitch of the Plank, Drawing the Moulds, Bovelhng,]gointing-up, and
Squaring the Wreath. By Grorck CorLinGs. Plates and Diagrams. 1s.6d,

24y. BUILDING ESTATES : aRudimentary Treatise on the DeveloE-
ment, Sale, Purchase, and General Management of Ruilding Land. y
Fowr ER MAITLAND, Surveyor. Second Edition, revised. 2s.

248. PORTLAND CEMENT FOR USERS. By HENRY FArja,
Assoc. M, Inst. C.E. Second Edition, corrected. Illustrated. zs.

252. BRICKWORK : a Practical Treatise, embodying the General
and Higher Principles of Bricklaying, Cutting and Setting, &c, By F.
WALKER. Second l])Echticm, Rewvised and Enlarged. 1s. 6d.

23. THE PRACTICAL BRICK AND I7LE BOOK. Comprising

189. Brick Anp TiLk MakinG, by E. Dosson, A.I.C.E.; PracTicAL BricKLAY-

252. ING, by A. HaAMMOND ; BRICKWORK, by F. WALKER. 550 pp. with 270 1llus.
trations. 6s. Strongly half-bound.

253. 7HE TIMBER MERCHANT’S, SAW-MILLER'S, AND
IMPORTER’S FRE!GHT-ROOK AND ASSISTANT. By WM. Ricu-
ARDSON. With a Chapter_on Speeds of Saw-Mill Machinery, &c. By
M. Powrs BaLe, A.M.Inst.C.E. 3s.t .

258. C/IRCULAR WORK IN CARPENTRY AND FOINERY.
A Practical Treatise on Circular Work of Single and Double Curvature.
By Georae CoLiings, Author of ““ A Treatise on Handrailing.'”  2s. 6d.

259. GAS FITZING: A Practical Handbook treating of every
Description of Gas Laying and Fitting. By JouN BrAck. With 122 lllus-
trations. 2s.6d.} «

261. SHORING AND ITS APPLICATION : A Handbook for the
Use of Students. By Grorce I1, BLAGROVE. 1s8.6d.  [Fust pubdlished.

SHIPBUILDING, NAVIGATION, MARINE
ENGINEERING, ETC.
§1. NAVAL ARCHITECTURE. An Exposition of the Elementary

Principles of the Science, and their Practical Application to Naval Construc-
tion. By J.Peake. Fifth Edition, with Plates and Diagrams. 3s. 6d.%

53*. SHIPS FOR OCEAN & RIVER SERVICE, Elementary and
Practical Principles of the Construction of. By H. A. SOMMERFELDT. 1. 6¢.
53**. AN ATLAS OF ENGRAVINGS to Ilustrate the above. Twelv
large folding plates. Royal 4to, cloth. 7s. 6d.

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS,

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes.
&c., relative to every class of vessels. By Rorert Kipping, N.A. 2s.

54*. JRON SHIP-BUILDING. With Practical Examples and Detaile,
By Joun GrantaaMm, C.E. sth Edition. 4s.

B~ The % inditates that these vols. may be had strongly bound at 6d. extra.
LONDON : CROSBY LOCKWOOD AND _SON,
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shipbuilding, Navigation, Marine Engineering, etc., conz.
55. THE SAILOR’S SEA BOOK: a Rudimentary Treatise on
Navigation, By James GrREENwoobp, B.A. With numerous Woodcuts and
Coloured Plates.” New and enlarged edition. Ky W. H. Rasser. 2s. 6d.3
80. MARINE ENGINES AND STEAM VESSELS. By ROBERT
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the
Authorwnd by Georee Carusie, C.k., Senior Surveyo: to the Board of
Trade, Li®rpool. 4s. 6d. imp; ss. cloth boards.
3bis. THE FORMS OF SHIPS AND BOATS. By W. BLAND.
Seventh Edition, Revised, with numerous Illustrations and Models. 1s. 6d.
99. NAVIGATION AND NAUTICAL ASTRONOAMY, in Theory
and Practice. By Prof. J. R. Y%ounG. Necw Edition. 2s. 6d.
106, SHIPS® ANCHORS, a Treatise on. By G. CoTsrELL, N.A. 1s.6d.
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre
of Effort of the Sails; Weights and d*zes of Ropes: Masting, Rigging,
and Sails of Stecam Vessels, &c. 12th Ed#tion. By R. Kipping, N,A. 25 6d.t
155. ENGINEER’S GUIDE TO THE ROYAL & MERCANTILE
NAVIES. By a PracticaL EnNGINERR. Revised by D, F. M‘CARTHY. 38.
+ 855 PRACTICAL NAVIGATION, Consisting of The Sailor’s
g Sea-Book. By James GrerNnwoon and W. H. Rosskr. Together with
20 the requisite Matliematical and Nautical Tables for the Working of the
4+ Problems. By H.Law, C.E., and Prof. J. R. Younc. 7s. Half-bound.

AGRICULTURE, GARDENING, ETC.

61*. A COMPLETE READY RECKONER FOR THE ADMEA-
SUREMENT OF LAND, &. By A. ArmAn, Third Edition, revised
and extended by C. Nokris, Surveyor, Valuer, &c. 2s.

131, MILLER'S, CORN MERCHANI'S, AND FARMER’S
READY RECKONER. Second Edition, with a Price List of Modern
Flour-Mill Machiuery, by W. 8. Hurron, C.E. 2s.

140. SOILS, MANURES, AND CROPFS. (Vol. 1. OUTLINES OF
MoperN Farming.) By R.Scoit Burn. Woodcuts. zs.

141. FARMING & FARMING ECONOMY, Notes, Historical and
Practical, on. (Vol. 2. OuTLiNES OF MODERN FARMING.) By R. Scort BURN. 38.

142. ST0CK; CAITLE, SHEEP, AND HORSES. (Vol. 3.
OurLINEs oF MoperN Farming.) By R. Scort Burn, Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the, By
R. Scort BUurn. (Vol. 4. OuTLINES OF MODERN FARMING.) 2s.

146, UTILIZATION OF SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE I.AND. (Vol. 65 OuTLINES OF MODERN
FarminGg.) By R. Scorr Burn. Woodcuts, 2s.6d.

- Nos. 140-1-2-5-6, 112 One Vol., handsomely half-bound, entitled *“ OUTLINES OF

MobgrN FARMING.” 'By RoBeRT Sco1T BURN, Price 125,

177. FRUIT TREEZ, The Scientific and Profitable Culture of. From
the French of Du BreuiL, Revised by Gro. GLERNY. 187 Woodcuts. 3s. 6d.%

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND
DISEASES OF. By W. C. SpooNeEr, M.R.V.C., &c. Fourth Ldition,

, enlarged, including Specimens of New and Improved Breeds. 3s. 6d.¢

201. K/7CHEN GARDENING MADE EASY. By GEORGE M. F.
GLenvy. 1llustiated. 1s, 6d.3

207. OUTLINES OF FARM MANAGEMENT, and the Organi-
zation of Farm Labour. By K. Scorr Burn. 12s.6d.t

208, OUTLINES OF LANDED ESTATES MANAGEMENT.
By R. ScorT BURN. 28, 6d.%

+* Nos. 207 & 208 tn One Vou., kandsomely half bound, entitled * OuTLINES o¥

LANDED ESTATES AND FARM MANAGEMENT,” By R. Scort BURN. Price 6s.

Zhe $ indicales that these vols. may be had stvongly bound at 6d. extra.
7, STATIONERS’ HALL COURT, LUDGATE HILL. E.C.




8 { WEALE'S RUDIMENTARY SERIES.

Agriculture, Gardening, etc., continued.
309. THE TREE PLANTER AND PLANT PROPAGATOR.

A Practical Manual on the Propagation of Forest Trees, Fruit Trees,
Flowering Shrubs, Flowering Plants, &c. By SAmMurL Woon. 2s.t

210, ZHE TREE PRUNER. A Practical Manual on the Pruning of
Fruit Trees, including also their Training and Renovation ; also the Pruning
of Shrubs, Climbers, and Flowering Plants. By SamueL J¥5on. 2s.%

8, Nos. 200 & 210 s One Vol., handsomely half-bound, entitled ** Tur Trus
PLANTER, PROPAGATOR, AND PrRUNER.” By SAmusL Woop. Price 5s.

218. THE HAY AND STRAW MEASURER : Being New Tables
for the Use of Auctioneers, Valuers, armers, Hay and Straw Dealers, &c.
By Jou~ SteerLe. Fourth Edition. fs.

222, SUBURBAN FARMING. The Laying-out and Cultivation of
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry,
and Pigs. By Prof. JouN FONALDSON and R. Scort Burn, 3s. 6d.4

231. THE ART OF GRAFTING AND BUDDI/NG. By CHBARLES
Bavizr. With Illustrations. 2s. 6d.3 :

232. COTTAGE GARDENING ; or, Flowers, Fruits, and Vegetables
for Small Giardens. By E. HoBpAY. 1s. 6d.

233. GARDEN RECEIPTS. Edited by CHARLES W. QUIN. 1s. 6d.

234. THE KITCHEN AND MARKET GARDEN. Compiled
by C.W. Suaw, Editor of * Gardening 1llustrated.” 3s.t

230 DRAINING AND EMBANKING. A Practical Treatise, em-
bodying the most recent experience in the Application of Improved Methods.
Ry }OHN Scorrt, late Profesdor of Agriculture and Rural Economy at the
Royal Agricultural College, Cirencester. With 68 Illustrations. 1s. 6d.

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water
Mecadows, Sewage Irrigation, Warping, &c. ; on the Construction of Wells,
Ponds, and Reseivoirs; and on Raising Water by Machinery for Agricul-
tural and Domestic Purposes. By Prof. Jou~n Scotr. With 34 lllus. 1s. 6d.

241. FARM ROADS, FENCES, AND GATES. A Practical
Treatise on the Roads, Tramways, and Waterways of the Farm; the
Principles of Enclosures; and the different kinds ot Fences, Gates, and
Stiles. By Professor Joun Scort. With 75 lllustrations. 1s. 6d.

242. FARM BUILDINGS. A Practical Treatise on the Buildings
o necessary for various kinds of Farms, their Arrangement and Construction,
including Plans and Estimates, By Prof. Joun Scoir. With ros Illus, 2s.

243. BARN IMPLEMENZTS AND MACHINES. A Practical
Treatise on the Application of Power to the Operations of Agriculture; and
on various Machines used in the Threshing-barn, in the Stock-yard, and ia the
Dairy, &c. By Prof. J. Scorr. With 123 Illustrations. 2s.

244. FIELD [IMPLEMENITS AND MACHINES. A Practical
Treatise on the Varieties now in use, with Principles and Details of Con-
struction, their Points of Excellence, and M. By Profe Joun
Scort. With 138 Illustrations. 2s.

245. AGRICULTURAL SURVEYING. A Practical Treatise on
Land Surveying, Levelling, and Setting-out; and on Measuring and Esti-
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c.
By Prof. Joun Scott. ith 62 Illustrations. 1s. 6d.

®_* Nos. 230 1o 245 1n One Vol., handsomely half-bound, entitled * Tne CoMPLETE
Tzxt-Book or FArRM ENGINEERING.” By Professor Joun Scorr, Price 12s.
250, MEAT PRODUCTION. A Manual for Producers, Distributors,
&c. By Joun EWART. 2s.6d.t

SB™ The § indicales that these vols. may be had. styongly bound at 6d. exiva.

LONDON : CROSBY LOCKWOOD AND SON,
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MATHEMATICS, ARITHMETIC, ETC.
32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their

tion, m x vol,, Mustrated. 258 " T [Sust published.
** In ovdering dke above, be careful to say, “ Original Edition " (No. 32), lo distin-
gussh it from the Enlarged Edition in 3 vols. (Nos. 168-9-70.)

76, DESCRIPTIVE GEOMETRY, an Elementary Treatise on;
with a Theory of Shadows and of Perspective, cxtracted from the French of
G. Moxce. To which is addeg, a description of the Principles and Practice
of Isometrical Projection. By J. F. Hea1ner, M.A.  With 14 Plates. 2s.

178. PRACTICAL PLANE GEOMETRY : giving the Simplest
Modes of Constructing Figures contained in one Planc and Geometrical Con-
struction of the Ground. By J. F. Hm’mm, M.A. With 215 Woodcuts. 2s,

83, COMMERCIAL BOOK-KEEPING. With Commercial Phrases
and Forms 1n English, French, Italian, and German. By Jamrs Hapbon,
M.A., Anthmetical Master of King's b(rllege School, London.  1s. 6d.

* 84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-
tions of 1ts Lheoretical Principles, and numerous Examples for Practice. By
Professor J.R. Youne. Eleventh Edition. 1s. 6d,

84*. A Kry to the above, contaming Solutions in full to the Exercises, together
with Comments, Explanations, and Improved Processcs, for ‘the Use of
Teachers and Unassisted Learners. By J. R. Youneg, 1s. 6d.

85. EQUAIIONAL ARITHMETIC, applied to Questions of Interest,
Annuities, Life Assurance, and General Commerce ; with various Tables by
which all Calculations may be greatly facihitated. By W. Hipstey, 2s.

86. ALGEBRA, the Elements of. By JAMES HaDDON, M.A.
‘With Appendix, contaiming miscellancous Investigations, and a Collection
of Problems in various parts of Algebra. 2s.

86*. A Kry AND COoMPANION to the above Book, forming an extensive repository of
Solved Examples and Problems in Illustration of the vanious Expedients

' necessary in A)lgcln aical Operations. By J. R. Youne. 1s. 6d.

88. EUCLID, THE ELEMENTS OF : with many additional Propositions

89. and Explanatory Notes: to which is prefixed, an Introductory Essay on
Logic. By Henry Law, C.E. 2s.6d.%

o2 Sold also separately, viz. i—

88, FEucuip, The First Three Books. By Hexry Law, C.E. 1s. 6d.

89. Eucrip, Books 4, 5, 6, 11, 12. By Hexnry Law, C.E. 1s. 6d. [}

90. ANALYTICAL GEOMEIRY AND «€ONIC SECTIONS,
By Jamus Hann. A New Edition, by Professor J. R. YounG. 2s.%

91. PLANE TR/GONOMETRY, the Elements of. By JAMEs

o Hann, formerly Mathematical Master of King’s College, London. 1s. 6d.

92. SPHERICAL TRIGONOJMETRY, the Elements of. By JAMES

HaNN. Revised by CrarLes H. Dowuing, C.E. 1s.
** Or with *“ The Elements of Plane Trigonometyy,” in One Volume, 2s. 6d.
93. MENSURATION AND MEASURING. With the Mensuration

and Lovelling of Land for the Purposes of Modern Engincering. By T.
Bakegr, C.E. New Edition by E. Nucent, C.E, [llustrated. 1s. 6d.

101. DIFFERENTIAL CALCI/LUS, Elements of the. By W. S. B.
Woornousr, F.R.A.S,, &c. 1s. 6d.

102. INZEGRAL CALCULUS, Rudimentary Treatise on the. By
HomrrsHaMm Cox, B.A. Tllustrated. 1s.

136. ARITHMET.C, Rudimentary, for the Use of Schools and Self-
Instruction. By James Happon, M.A. Revised by A. ARMAN. 1s. 6d.
137. A Kev 10 HADDON’S RUDIMENTARY ARITHMETIC. By A. ARMAN, 1s. 6d.

1 B~ Zhe x sndicates that these vols. may Be lmdi':;mn:g;; b;n;_a; 6d. extra. -
7 STATIONERS’ HALL COURT, LUDGATE HILL, E.C,
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Mathematics, Arithmetic, etc., continued.
168, DRAWING AND MEASURING INSTRUMENTS. Includ-

ing—I. Instruments employed in Geometrical and Mechanical Drawing,
and in the Construction, Copying, and Measurement of Maps and Plans.
I1. Instruments used for the purposes of Accurate Measurement, and for
Arithmetical Computations. . F. HEATHER, M.A. Illustrgtet{. 18, 6d

169. OPTICAL INSTRUMENTS. Including (more %cmny) Tele-
scopes, Microscopes, and Apﬁaratus for ﬁroducing copies ags and Plans
by Ehoto hy. B 1&_ F. Heatner, M.A. Tllustrated. 1s.6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Tacluding—I. Instruments Used for Determining the Geometrical Features
ot a portion of Ground. 1I. Instruments Employed in Astronomical Observa-
tions. By J. F. HeatHer, M.A. Wlustrated, 1s. 6d. L.

* 2 The above three wolumes form an enlargement of the Author's original work,
“Mathematical Instruments.!” (See No.32 in Ille Series.),

168.) MATHEMATICAL INSTRUMENTS. By J F. HEATHER,

xég.} M A. Enlarged Edition, for {!ic most part entirely re-written. The 3 Parts as

170.) a ove, in One thick Volume. With numerous Illustrations. 4s. 6d.1 .

v§8. T/HHE SLIDE RULE, AND HOW 710 USE IT; containing
full, easy, and simple Instructions to perform all Business Calculations with
uncxampled rapidity and accuracy. By CuArcRs Hoare, C.E. Fifth
Edition. _With a Slide Rule in tuck of cover. 2s.6d.%

196. THEORY OF COMPOUND INTEREST AND ANNUI-
11ES; with Tables of Logarithms_ for the more Difficult Computations of
Interest, Discount, Annuities, &c. By Ffnor Trioman, 4s.%

199. ZHE COMPENDIOUS CALCULATOR ; or, Easy and Concise
Methods of Perforring the various Arithmetical Operations required in
Commercial and Husiness Transactions; together with Useful Tables. By
D. O’Gorman. Twenty-sixth Edition, carefully revised by C. NoRrrIs. 38,
cloth limp; 3s. 64., strongly half-bound in leather. .

204. MAT HEPMA ZICAL TABLES, tor Tngonometrical, Astronomical,
and Nautical Calculations; to which is prefixed a Treatise on Logarithms,
By Hrnry Law, C.E. Together with a Series of Tables for Navigation
and Nautical Astronomy. By Prof. J. R. Youne. New Edition. 4s.%

204*. LOGARITHMS. With Mathematical Tables for Trigonomctrical, )
Astronomical, and Nautical Calculations. By Henry Law, M.Inst.C.E. New
and Revised Edition. (Formin §‘part of the above Work). 3s.

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
TJONS, and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W. S. B. WooLnousr, F.R.A.S., F.S.S. Sixth Edition. 2s.t

227, MATHEMATICS AS APPLIED 70 THE CONSTRUC-

" T/VE ARTS. lllustrating the various processes of Mathematical Investi-
gation, by means pf Anthmetical and Simple Algebraical Equations and
Practical Examples. By Francis Campin, C.E. Second Edition, 3s.t

PHYSICAL SCIENCE, NATURAL PHILO-
SOPHY, ETC.

1. CHEMISTRY. By Professor GEORGE Fownes, F.R.S. With
an Appendix on the Application of Chemistry to Agriculture. 1s.

NA TP C‘}RAL PHILOSOPHY, Introduction to the Study of. By
C. TomrLinsON. Woodcuts. 1s. 6d.

6. MECHANICS, Rudimentary Treatise on. By CHARLES Tom-
riNsoN, Illustrated. 1s. 6d.

7. ELECTRICITY ; showing the General Principles of Electrical
Science, and the purposes to which it has been applied. By Sir W. Snxow
Hagrnis, F.R.S,, &c. ‘With Additions by R. Saming, C.E., ({S.A. 1s. 6d.

7*. GALVANISM. By Sir W. SNow HARris. New Edition by
Roserr Sasmng, C.E., F.S.A. 1s. 6d. .

8. MAGNETISM ; being a concise EX&OS“IOI] of the General Prin-
ciples of Magnetical Science. By Sir W. Svow Harris. New Edition,
revised by H.ﬂ‘ Noap, Pb.D. Vk?ith 165 Woodcuts. 3s. €d.3 !

LONDON : CROSBY LOCKWOOD AND SON,
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>hysical Science, Natural Philosophy, ete., continued.

11, THE ELECTRIC TELEGRAPH ; its History and Progress;
with Descriptions of some of the Apparatus. By R. Saming, C.E., F.S.A. 3s.

12. PNEUMATICS, including Acoustics and the Phenomena of Wind
Currents, for the Use of Beginners By CHARLES Tomuinson, F.R.S,
Fourth Edition, enlarged. Illustrated. 1s.6d. [(Fust pudlished.

72. MANUXX OF THE MOLLUSCA ; a Treatise on Recent and
Fossil Shells. By Dr. S. P. Woobwarnp, A.L.S. Fourth Edition. With
Appendix by RaLpi Tats, A.L.S,, F.G.S. With numerous Plates and 3oo0
Woodcuts. 6s.6d. Cloth boards, 7s. 6d.

96. ASTRONOMY. By the late Rev. ROBERT MAIN, M.A, Third
Edition, By WiLL1AM Thynne I8nN, B.A,, F.R.A.S, 2s,

97. STATICS AND DYNAMICS, the Principles and Practice of;
embracing also a_clear development of Hydrostatics, Hydrodynamics, and
Central Forces. By T. Baksgr, C.E. Yourth Edition. 1s. 6d.

138. TELEGRAPH, Handbook of the; a Guide to Candidates for
Employment in the Telegraph Service. By R. Bonp. 3s.t

173. PHYSICAL GEOLOGY, partly based on Major-General PoRT-

* Lock’s * Rudiments of Geology.”” By RALpH TaTE, A.L.S., &c. Woodcuts, 2s.

174. ZIISTORICAL GEOLOGY, partly based on Major-General
PorTrock's ““Rudiments.” By Ravpn Tate, A.L.S., &c. Woodcuts. 2s. 6d,

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and

& Historical. Partly based on Major-General PorTLocK’s “ Rudiments of

174. Geology.” By RaLpu TaTE, A.L.S., F.G.S,, &c. In One Volume. 4s. 6d.%

183 ANIMAL PHYSICS, Handbook of. By Dr. LARDNER, D.C.L.,

& formerly Professor of Natural Philosophy and Astronomy in University

l84. College, Lond. With §20 Illustrations. In One Vol. 7s. 63., cloth boards.

** Sold also tn Tawo Parts, as follows :—
183. AwnimaL Puvsics. By Dr. LAroner. Part 1., Chapters I.—VTI. gs.
184. Animar PHysics. By Dr. LArnoyer.  Part I, Chapters VIIL—XVIIL. 3s.

FINE ARTS.
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young

Students and Amateurs in Architecture, Painting, &c. By Georce PyNg. 2s.

40 GLASS STAINING, AND THE ART OF PAINTING ON
GLASS. From the German of Dr. GEssrrT And EMANUEL O1T0 FROM-
BERG. With an Appendix on THE ART OF ENAMELLING. 2s. 6d. .

69. MUSIC, A Rudimentary and Practical ® Treatise on. With
numerous Examples. By CuArLEs CHILD SPENCER. 28. 6d.

71. PIANOFORTE, The Art of Playing the. With numerous Exer-
cises & Lessons from the Rest Masters. By CHARLES CHILD SPENCER. 15.6d.

©9-71. MUSIC & THE PIANOFORTE. In one vol. Half bound, 5s.
181. PAINTING POPULARLY EXPLAINED, including Fresco,

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature,
Painting on lvory, Vellum, Pottery, Enamel, Glass, &c. ‘With" Historica
Sketches of the Progress of the Art by THomAs JouN GULLICK, assisted by
Jonn Timss, F.S.A. Fifth Edition, revised and enlarged. 5s.1

186, A GRAMMAR OF COLOURING, applied te Decorative
Painting and the Arts. By Georce FieLp. New Edition, enlarEed and
adapted to the Use of the Ornamental Painter and Designer. By Eruis A,
Davipson. With two new Coloured Diagrams, &c. 3s5.3

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR
PICTURE AMATEURS including Methods of Painting, Cleaning, Re-
Lining and Restoring, Schools of Painting, &c. With Notes on the Copyists
and Imitators of euch Master. By PuiLipeg DARYL. 25, 6d.}

@~ The t sndicates that these vols. may be had strongly bound at 6d. extra.

7 STATIONERS’ HALL COURT, LUDGATE HILL, E.C.
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INDUSTRIAL AND USEFUL ARTS.

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac.
ture of. By E. Donson, MM\R.L.B.A. Tllustrated, 3s.4

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise
on. By Sir Evmunp Brekerr, LL.D., Q.C, Seventh Edition, revised and en-

larged. 4s. 6d. ]|mp1:vss. 6d. cloth boards. .
834*. CONSTRUCTION OF DOOR LOCKS. Compiled from the
Papers of A. C. Honss, and Rdited by CrArLEs TomLion, F.R.S8. 2s, 6d.
162. THE BRASS FOUNDER’S MANUAL; Instructions for
Modelling, Yattern-Making, Moulding, Turning, Filing, Burnishing,
Bionzing, &c. With copious Receipts. &c. By WALTER GRAHAM. 2s.%
205. THE ART OF LETTER PAINTING MADE EASY. By
. G. BapgnocH. Tllustrated with ¥2 full-page Engravings of Examples. 1s.
215, THE GOLDSMITH'S HANDBOOK, containing full Instruc-
tions for the Alloying and Working of Gold. By Growree K. Grr, 3s.t
225. THE SIL VERSMITI!"S HANDBOOK, containing full In-
structions for the Alloying and Working of Silver. By Grorcr E. Gee. 151
&, The two preceding Works, in One kandsome Vol., half-lound, entitled * Tug
GornsmiTh’s & Strversmirin’s Compreti HANDBOOK,” 75,
249. 7HHE HALL-MARKING OF YJEWELLERY PRACTICALLY
CONSIDERED. By Grorce E. Gre, 3s.%
224, COACH BUILDING, A Practical Treatise, Historical and
Descriptive. Ry J. W. Buregss. 2s. 6d.%
235. PRACTICAL ORGAN BUILDING. By W. E., DICKSON,
M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.1
262. THE ART OF BOOT AND SIHOEMAKING, including
Measnrement, 'Last-fitling, Cutting-out, Closing and Making. By Joun
. Rrprorb LENO.  Numerous Illustrations. Second Edition. 2¢,%
263. MECHANICAL DENTISTRY : A Practical Treatise on the
Construction of the Various Kinds ot Artificial Dentures, with Formule,
Tables, Receipts, & By CHARLEs Hunter., Lhird Edition. 3s.

MISCELLANEOUS VOLUMES.

36. 4 DICTIONARY OF TERMS wused in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAE-
OLOGY, the FINE ARTS, &c. Ry Joun Wearg. Fifth Edition. Revised
by Ronert Hunt, F.R.S. Tllustrated. 5s. hmp; 6s. cloth boards.

so. THE LAW OF CONTRACIS FOR WORKS AND SER-
VICES. By Daviiy Ginrons. ‘Lhird Edition, enlarged. 3s.%

112 MANUAL OF DOMESTIC MEDICINE. By R. GOODING,
B.A, M.D. A Family Guide in all Cases of Accident’and Emergency. 2s.%

112%, MANAGEMENT OF HEAL7H. A Manual of Home and
Personal Hygience. Ry the Rev. Jamrs Barn, BA. 1s.

150. LOGIC, Pure and Applied. By S. H. EMMENS.  1s.6d. '

153. SELECTIONS FROM LOCKE’S ESSAYS ON THE
HUMAN UNDERSTANDING. With Notes by S. H, EMMENs.  2s.

154. GENERAL HINTS 70 EMIGRANIS. 25,

157. THE EMIGRANT'S GUIDE 70 NATAL, By ROBERT
JAmes Mann, F.R.AS,, F.M.S. Second Edition. Map. 2s.

193. HANDBOOK OF FIELD FORTIFICATION. By Major
W. W, Knoivvs, F.R.G.S. With 163 Woodcuts. 3s.4 .

194. THE HOUSE MANAGER : Bemg a Gude to Housekeeping,
Practical Cookery, Pickling and Preserving, Housebold Work, Dairy
Management, &c. By AN Orp HousekBEPER. 3s. 6d.t

194, HOUSE BOOK (The). Comprising :—I. THE HOUSE MANAGER.

112 & By an OLp Housrxrerer. IT, Domestic Menicive. By R. Gooping, M.D.
112¢ 1[I MANAGEMENT OF HiArTH. By J. Bairp. 1n One Vol., half-bound, 6s.

B WS The % indicales that these vols. may be had strongly bound at 6d. extra.
TI.ONDON : CROSBY LOCKWOOD AND SON,




WEALE’S EDUCATIONAL AND CLASSICAL SERIES. 3

"EDUCATIONAL AND CLASSICAL SERIES.

. HISTORY.

1. England, Outlines of the History of; more especially with
veference to the Origin and Progress of the Enghsh Constitution. By
‘Witiaw DoueLas Hamiiton, F.S.A., of Her Majesty’s Public Record
Office. ¢th Edition, revised. §s.; cloth boards, 6s.

5. Greece, Qutlines of the History of; in connection with the
Rise of the Arts and Civilization in Europe. By W. DoucrLas HAMILTON
of Univerait‘:y College, London, and Epwarp "Levien, M.A., of Balliol
College, Oxford. 2s. 6d.; cloth fwards, 3s. 6d. X

. 1. Rome, Outlines of the History of: fiom the Earliest Period
to the Christian Era and the Commencement of the Decline of the Empire
By Epwarp Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds, 35.6d.

9. Chronology of History, Art, Literature, and Progress,
from the Creation of the World to the P?sent Time. The Continuation by
‘W.D. HamiLton, F.S.A.  3s.; cloth bodrds, 3s. 6d.

s0. Dates and Events in English History, for the use of
Candidates in Public and Private Examinations. By the Rev. E, Rann. 1y,

ENGLISH LANGUAGE AND MISCELLANEOUS.

1. Grammar of the English Tongue, Spoken and Written,

‘With an Introduction to the Study of Cumparative Philology. By Hvpas
CrArkg, D.C.L. Fourth Edition. ~ 1s. 6d.

(1*. Philology: Handbook of the Comparative Philology of English,
Anglo-Saxen, Frisian, Flemish or Dutch, Low or 'latt Dutch, High Dutch
or German, Danish, Swedish, Icelandic, f.atin, Itahan, kFrench, Spanish, and

\ Portuguese Tongues. By Hype CLArkg, D.C.L. 1s.

12. Dictionary of the English Language, as Spoken and
Wntten. Contaming above 100,000 Words. By Hybe CLarkg, D.C.L.
3s. 6d.; cloth boards, 4s 6d. ; complete with the GRANMAR, cloth bds., 55.6d.

43. Composition and Punctuation, famibarly Explained for
those who have nﬁglected the Study of Grammar. By JusTIN BRENAN.

. 17th Edition. 1s.6d. .

49. Derivative Spelling-Book: Giving the Origin of Every Word
from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, -Spanish,
and other Languages: with their present Acceptation and Pronunciation.
By J. Rownoinam, F.R.A.S. Improved Edition, 1s. 6d. )

51. The Art of Extempore Speaking: Hints for the Pulpit, the
Senate, and the Bar. By M. Baurain, Vicar-G8neral and Professor ag the
Sorbonne. Translated from the French. Sﬁxlid:tiog,camlully corrected. 28.6d.

52. Mining and Quarrying, with the Sciences connected there-
with. First Book of, for Schools. By J. H. CoiLins, F.G.S., Lecturer to
the Miners’ Association of Cornwall and Devon. 1s.

53. Places and Facts in Political and Physical Geography,

. for Candidates in Examnations, By the Rev. EDcArR Ranp, B.A. 1s.

54. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixea, a Brio{ Treatise upon Modern Chemical Nomencla-
ture and Notation. By WM. W PINK and GeokGr E. WEBSTER. 25,

THE SCHOOL MANAGERS' SERIES OF READING
. BOOKS,
Kdiged by the Rev. A. R. GRANT, Rector of Hitcham, and Honorary Canon of Ely;
formerly H.M. Inspe« tor of Schools.
INTRODUCTORY PRIMER, 3d.

]

0 5. d. s d
FiRST STANDARD . , o 6 | FourTh STANDARD . . . 1 2
Skconn  ,, . . o010 Firrn ” . - . 6
THIRD » o | Sixta " . .1 6

« . .

Lussons FRoM THE BiBLE. Part I. Old Testament. 1s. .
Lessons FRoM THE BipLe. Part II. New Testament, to which is added
THE (GEOGRAPHY OF THE BipLE, for very young Children. By Rev. C.
THORNTON FORSTER. 15.2d. *,* Or the Two Parts in One Volume. 2s,

7 STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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—

FRENCH. .
.24, French Grammar. With Complete and Concise Rules on the
Genders of French Nouns. By G. L. Strauss, Ph.D. 1s. 6d.
25. French-English Dictionary. Comprising a large number of
New Terms used in Engineering, Mining, &c. By ALFRED ELwrs, 1s. 6d.
26. English-French Dictionary. ]?3' ALFRED ELWES, 2s.
25,26. French Dictionary (as above). Complete, in One Vol.,, 3s.;
cloth boards, 3s. 6d. *,* Or witk. tne GRAMMAR, cloth bpafds, ss. 6d.
47- French and English Phrase Book : containing Intro-
ductory Lessons, with Translations, several Vocabularies of Words, a Col-
lection of suitable Phrases, and Easy Familiar Dialogues. 1s. 6d.

GERMAN.
39. German Grammar. Adapted for English Students, from
Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss. 1s. 6d.
40. German Reader: A Senes of Extracts, carefully culled from the
most approved Authors of German;; with Notes, Plilological and Ex-
planatory. By G. L. StrAuss, Ph.D. 1s.

41-43. German Triglot Dictionary. By N.E. S. A. HAMILTON.
In Three Parts. Part I. German-French-English. Part 1I. Enghish-Ger-
man-French, Part 11I. French-German-English.  3s., or cloth boards, 4s.

41-43 German Triglot Dictionary (as above), together with German

& 39. Grammar (No. 30), in One Volume, cloth boards, ss.

ITALIAN.

27. Itallan Grammar, arranged 1n Twenty Lessons, with a Course
of Exercises. By ALrrep Erwss, 1s. 6d.

28. Italian Trigiot Dictionary, wheremn the Genders of all the/
Italian and French Nouns are carefully noted down. By ArLrrep ELwes.
Vol. 1. Italian-English-French, 2s.6d.

30. Italian Triglot Dictionary. By A. ELwes. Vol. 2.
English-French-Italian. 2s. 6d.

32. Ttalian Triglot Dictionary. By Avrrep Erwes. Vol 3.
Irench-Ttalian-English,  2s. 6d.

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d.
32, Cloth boaids.

SPANISH AND PORTUGUESE.

3¢. Spanish Grammar, in a Simple and Practical Form. With
a Course of Exepcises. By ALrrep Erwes. 1s. 6d.

35. Spanish~English and English-Spanish Dictionary.
Tncluding a larze number of Fechnical Terms used in Mining, Engineering, &c.,
with the proper Accents and the Gender of every Noun. By ALrFrEp ELwis.
48. 3 clotﬁ boards, 5s. *4* Or with the GRAMMAR, cloth boards, 6s. «

§5. Portuguese Grammar, in a Sunple and Practical Form.
‘With a Course of Exercises. By ALrrep Erwrs., 1s. 6d.

56. Portuguese-English and English~Portuguese Dic-
tionary. Including a large number of Technical Terms used in Mining,
Jngineering, &c., with the proper Accents and the Gender of every Noun.
By ALFRED ELwEs. §s.; cloth boards, 6s. *¢* Or with the GRAMMAR,
cloth boards, 7s. .

’

HEBREW.
46*. Hebrew Grammar. By Dr. BRESSLAU. 1s. 6d.

44. Hebrew and English Dictlionary, Biblical and Rabbinical;
containing the Hebrcw and Chaldee Roots of the Old Testament Post-
Rabbinical Writings. By Dr, BRessLAU, 6s.

46. English and Hebrew Dictionary. By Dr. BRESSLAU. 38,

$4,46. Hebrew Dictionary (as above), in Two Vols., complete, with

46%.  the GRAMMAR. cloth boards, 12s.

LONDON : CROSBY LOCKWOOD AND SON,
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LATIN.

19. Latin Grammar. Containing the Inflections and Elementary
. Principles of Translation and Construction. Bythe Rev. THoMAs GOODWIN,
.A., Head Master of the Greenwich Proprietary School. 1s. 6d

0. Latin-English Dictionary. By the Rev. TROMAS GOODWIN,

A, 28,
22. English-Latin Dictionaryj together with an Appendix of

French 8ng Italian Words which have their origi .
Rev. THON;‘AS Gounwm: ;A?Afc “.5‘? eir origin trom the Laun. - By the

t0,22. L.atin Dictionary (as above). ) Complete in One Vol., 3s. 6d.
cloth boards, 4s. 6d. *,* Or with the GRAMMAR, cloth boards, ss. 6d.
LATIN CLASSICS. With Explanatory Notes in English,

1. Latin Delectus. Contaifing Extracts from Classical Authors,
with Genealogical Vocabularies and Expl y Notes, by H. Youne. 1s.6d.

2. Czesaris Commentarii de Bello Gallico. Notes, and a Geographical
Register tor the Use ot Schools, by H. Foung. 2s.

3. Cornelius Nepos. With Notes. By H. YouNG. Is.

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco-

. lics by W. Rusuron, M.A., and on the Georgics by H. Youna. 1s. 6d.

§. Virgilii Maronis Aneis. With Notes, Critical and Explanatory,
by H. Youne. New Edition, revised and improved With copious Addi-
tional Notesby Rev. 1. H. L. Lrary, D.C.L,, tormerly Scholar o? Brasenose
College, Oxtord. 3s.

§; ———— Part 1, Books i,—vi., 1s, 6d.
g ———— Part 2, Books vii.—xii., 2s.

6. Horace; Odes, Epode, and Carmen Swmculare, Notes by H.

YounG. 1s. od.

. Horace} Satires, Epistles, and Ars Poetica. Notes by W. BRowN-

RrRIGG SmnH, M.A,, F.R.G.S. 1s.6d.

8. Sallustil Cnispi Catalina et Bellum Jugurthinum, Notes, Critical
and Explanatory, by W. M. Donng, B.A., Trin. Coll., Cam. 1s. 6d.

9. Terentii Andria et Heautontimorumenos. With Notes, Critical
ana Explanatory, by the Rev. James Davizs, M.A. 1s. 6d.

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical
and Explanatory, by the Rev. JAMES Davies, M.A. 2s.

11. Terentii Eunuchus, Comeedia. Notes, by Rev. J. DAVIES, M.A.

-

IS. .

12. Ciceronis Oratio pro Sexto Roscio Anlerino. Edited, with an
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev.
James Davies, M.A. 1s. 6d. .

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia.
With Introduction, Analysis, and Notes, Explanatory and Crtical, tg Rev.

LA Hd. L. Leary, D.C.L. tormerly Scholar ot Brasenose College, Oxford.
1s. 6d.

14. Ciceronis Cato Maior, Lzxlius, Brutus, sive de Senectute, de Ami-
atia, de Clans Oratoribus Dialogl. With Notes by W. BROWNRIGG Smi1H,
M.A., F.R.G.S. 2s.

16. Livy: History of Rome. Notes by H. YoUNG and W. B. SMITH,
M.A. Partr. Books 1., u., 1s. 6d.

AE%, =——— Part 2. Books iii., iv,, v., 1s. 6d.

17. Part 3. Books xx1., Xxii., 18. 6d,

19. Latin Verse Selections, trom Catullus, Tibullus, Propertius,
ana Ovid. Notes by W. B. DoNNE, M.A., Trinity College, Cambridge. 2s.

20. Latin Prose Selections, from Varro, Columella, Vitruvius,
Seneca, ({umhlian, Florus, Velleius Paterculus, Valerius Maximus Sueto-
nius, Apuleius, &c. Notes by W. B. Donng, M.A. 2s.

21, Juvenalis Satnre. With Prolegomena and Notes by T. H. S,
wscort, B.A., Lecturer on Logic at King’s Coliege, London. 2s.
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GREEK. ’ )

14. Greek Grammar, in accordance with the Principles and Philo
logical Reseaiches of the most eminent Scholars of our own day. Ry HaANns
CrAupe HamIL1ON, 18. 6d.

15,17. Greek Lexicon. Containing all the Words in General Use, with
their Significations, Inflections, and Dcubtful Quantities. By Henry R.
HammroN. Vol. 1. Greek-Enghsh, 2. 6d.; Vol. 2. English-Greek, zs. Or
the Two Vols. in One, 4s. 6d.: cloth boards, ss. « ©

14,15. Greek Lexicon (as above). Complete, with the GRAMMAR, in

1;.  One Vol,, cloth boards, 6s.

GREEK CLASSICS. With Eiplanatory Notes in English.

1. Greek Delectus. Containing, Extracts from Classical Authors,
with Genealogical Vocabularics and Explanatory Notes, by H, Youne. New
Fdition, with an improved and enlarged Supplementary Vocabulary, by Jonn
Hu1cmison, M A., of the High Srhool: Glasgow. 1s.°6d.

2, 3. Xenophon’s Anabasis; or, The Retieat of the Ten Thousand.
Notes and a Geographical Register, by H. Young. Part 1. Books i. to iii.,
1s. Part 2. Books 1v. to vit,, 1s. .

4. Lucian’s Select Dialogues. The Text carefully revised, witk

Grammatical and Explanatory Notes, by H. Youna. 1s. 6d. .

5-12. Homer, The Woiks of. According to the Text of BARUMLEIN.
With Notes, Critical and Explanatory, drawn {rom the best and latest
Authorities, with Preliminary Observations and Appendices, by T. H. L.
Lrary, M.A,, D.C.L.

THE 1L1AD : Part 1. Books i, to vi,, 15.6d.  Part 3. Books xiii. to aviii., 1s. 6d,

Part 2. Booksvil.toxil., 1s.6d.  Part 4. Books xix. to xxiv,, 1s. 6d.

Tug Opyssey: Parti. Booksi. to v, 1s. 6d Part 3. Books xu1. to xviii., 1s. 6d.

Part 2. Books vir.to xii., 1s. 6d. | Part 4. Books xix. to xxiv., and
Hymns, 2s. A

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and
the Phedo. From the Text of C. F. HerMANN. Edited with Notes, Critical
and Lixplanatory, by the Rev. James Davirs, M.A. 2s.

14-17. Herodotus, The History of, chiefly after the Text of GAISFORD,
With Pieliminary Observations and Appendices, and Notes, Critical and
Explanatory, by I, H, L. Lrary, M.A,, D.C.L. .

Part 1. E(mks i. (The Cho and Kuterpe), 2s.

Part 2. Booksi (1he 1haba and Melpomene), 2s.

Part 3. Books v.-vit. (The Terpsichore, Erato, and Polymnia), 2s.
Part 4. Books vin., ix. (The Urania and Calliope) and Index, 1s. 6d.

18. Sophocles: (EEdjpus Tyrannus. Notes by H. Youne. 1s.

20« Sophocles: Antigone. From the Text of DiNDORF. Notes,
Critical and Explapatory, by the Rev. Joun MILNER, B.A, 2s,

23. Euripides: E—Iecuba and Medea. Chiefly fiomn the Text of DIN-
poRF. With Notes, Critical and Explanatory, by W. Brownr1GG SmiTn,
M.A., F.R.G.S. 15 6d. . .

26. Euripides: Alcestis. Chiefly from the Text of DINDORF. With
Notes, Critical and Fxplanatory, by Joun MiLner, B.A. 1s. 6d.

30. Zschylus: Promethens Vinctus : The Prometheus Bound. From
the Text of Dinporr. Edited, with English Notes, Critical and Explanatory,
by the Rev. James Davies, M.A. 1s.

32. Aschylus: Septem Contra Thebes: The Seven against Thebes.
From the Text of Dinnorr, Edited, with English Notes, Critical and Ex-
planatory, by the Rev. James Daviss, M.A. 1s. .

40. Aristophanes: Acharnians. Chiefly from the Text of C. H.
Wreise. With Notes, by C. S. T. TownsuEnp, MLA. 1s. 6d.

41 Thucydides: History of the Peloponnesian ‘War. Notes by H.,
Youne. Book 1. 1s. 6d. *

42 Xenophon's Panegyric on Agesilaus. Notes and Intro.
duction by L, F. W. JewiTr. 1s.6d. o

43. Demosthenes. The Oration on the Crown and the Philippics.
With English Notes. By Rev. T. H. L. LEary, D.C.L., formerly Scholar of
Brasenose College, Oxford. 1s. 6d.
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A
CATALOGUE OF BOOKS
INCLUDING MANY NEW AND STANDARD WORKS IN
ENGINEERING, MECHANICS, ARCHITECTURE,
NATURAL AND» APPLIED SCIENCE,

INDUSTRIAL ARTS, TRADE AND COMMERCE, AGRICULTURE,
GARDENING, LAND MANA(:‘EMENT, LAW, de,

PUBLISHED BY

‘CROSBY LOCKWOOD & SON.

MECHANICS, MECHANICAL ENGINEERING, etc.

New Manual for Practical Engineers,
THE PRACTICAL ENGINEER’S HAND-BOOK. Comprising

a Treatise on Modern Engines and Boilers, Marine, Locomotive and Sta-
tionary. And containing a large collection of Rules and Practical Data
relating to recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a
comprehensive Key to the Board of Trade and other Examinations for Certi-
ficates of Competency in Modern Mechanical Engineering. By WALTER S.
HuTtron, Civil and Mechanical Engineer, Author of “ The Works® Manager's
Hand-book for Engineers,” &c. 1th upwards of 370 Illustrations, Second
Edition, Revised with Additions. Medium 8vo, nearly 500 pp., price 18s.
Strongly bound. [Fust published.

=" This work is designed as a companion tQ the Author's * WORKS’
MANAGER'S HAND-BOOK.” It possesses many new and original features, and gon-
tains, like its predecessor, a quaniity of matter not originally intended for publica-
tiom, but collected by the author for his own usc in the consruction of a great variety
of modern engineering work,

The information is given in a condensed and concise form, and is illustrated by
upwerds of 370 Woodcuts; and comprises a quantity of tabulated matter of great
value to all engaged in designing, constructing, or estimating for ENGINES, BOILERS
and OTHER ENGINEERING WORK,

*x* OPINIONS OF THE PRESS.
* We have kept it at hand for several weeks, referring to it as occasion arose, and we have not
on a single occasion consulted its pages without finding the information of which we were in quest.’

—Atheneum.

“Ath ghly good ical handbook, which no i can go without 1
something that will be of service to him."—Marine Engineer.

‘“An llent book of refe for i and a valuable text-book for students ot

engineering."—Scolsman.

*This valable mm’lvual qnbodlelsv the results and experience of the leading authorities on
hanical engineering."—. 2 ews.

* The author has collected together a surprising quantity of rules and practical data, and has
shown much judgment in the selections he has made. . . . There is no doubt that this book is
one of the most useful of its kind published, and will be a very popular compendium.”—ZEnuguneer.

* A mass of information, set down in simple language, and in such a form that it can be easily
referred to at any time. The matter is uniformly good and well chosen, and is greath elucidated
by the ations. The book will find 1ts way on to most engineers’ shelves, where it will rank as
one of she most useful books of reference."—Practical Lngineer. .

< Full of usefit) information, and should be found on the office shelf of all practical engineers.”

—Lnglish Mcchanic,
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Handbook for Works’ Managers.

THE WORKS' MANAGER'S HANDBOOK OF MODERN
RULES, TABLES, AND DATA. For Engineers, Millwrights, and Boiler
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass
Founders, &c. By W. S. Hurton, Civil and Mechanical Engineer, Author
of “The Practica Engineer’s Handbook.” Third Edition, cargfully I'{evlsed,
with Additions. In One handsome Vol., medium 8vo, ptice 15s. Strongly bound.

¥=%" The Author having compiled Rules and Data for his own use in a great
variety z}f modern engineering work, and having found his notes extremely useful,
decided lo publish them—revised to date—believing that a practical work, suited to
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be favourably received,

In the Third Edition, the following amohg other additions have been made, viz.:
Rules for the Proportions of Riveted Foints in Soft Steel Plates,the Results of F:’c{m
ments by PROFESSOR KENNEDY for the Institution of Mechamical Engineers—Rules
forthe Proportions of Turbines—Ryles for the Strength of Hollow Shafts of Whit-
worth’s Compressed Steel, érc.

*,* OPINIONS OF THE PRESS,

* The author treats every subject from the pont of view of one who has collected workshop
notes for application in workshop practice, rather than from the theoretical or iterary aspect. The
volume contains a great deal of that kind of mnformation which is gained only by practical experi-
ence, and is seldom wntten in books."—Engineer,

“The volume 15 an _exceedingly useful one, brimful with engineers' notes, memoranda, and
rules, and well worthy of bemg on every ) 's bookshell."—Mechanical World.

‘*A formidable mass of lacts and figures, readily ac ible through an elab index
v « o+ » Sucha volume will be found absolutely necessary as a hook of reference in all sorts
of *works’ connected with the metal trades.”—Ry/and's fron Trades Circular,

. *Brimful of useful information, stated i a concise form, Mr, Hutton's books have met a press-
ing want among engineers. The book must prove extremely useful to every practical man
possessing a copy."—Practial Engineer,

The Modernised ‘¢ Templeton.”
THE PRACTICAL MECHANIC'S WORKSHOP COM-

PANION. Comprising a great variety of the most usefu] Rules and Formule
in Mechanical Science, with numerous Tables of Practical Data and Calcu-
lated Results for Facilitating Mechanical Operations, BX WiLLIAM TEMPLE-
TON, Author of “The Engineer's Practical Assistant,” &c. &c. Fifteenth _
Editlon, Revised, Modernised, and considerably Enlarf;d bz WALTER S.
HurtTon, C.E., Author of “The Works’ Manager's Handbook,” “ The
Practical Engineer's Handbook,” &c. Fcap. 8vo, nearly 500 pp., with Eight
Plates and upwards of 250 Illustrative Diagrams, 6s., strongly bound for
workshop or pocket wear and tear.

53~ TEMPLETON'S * MECHANIC'S WORKSHOP COMPANION * has been for more
thats @ quarter of a century deservedly popular, and, as a recognised Text-Book and
well-worn and thumb-mrrkzd vade mecum of several gemerations of intellsigent
and asprring workmen, 1t has had the veputation of having been the means of raising
many of them in thewr position in life.

In consequence of the lapse of time since the Author's death, and the great
advances 1 Mechanical Science, the Publishers have thought 1t advisable to have 1t
entwrely Reconstructed and Modermsed ; and n iis present greatly Enlarged and
Improved form, they are sure that 1t will commend itself to the English workmen of
the present day all the world over, and become, like 1ts predecessors, thesr indispens-
able friend and referee.

A smaller tyf: having been adopted, and the page increased in size, while the
number of f es has advanced from about 330 to nearly 500, the book practically cons '
tains double the amount of matter that was comprised wi the original work,

** OPINIONS OF THE PRESS.
** In its modernised form Hutton's * Templeton’ should have a wide sale, for it contains much
luable i ion which the h. will often find of use, and not a few tables and notes: h
lie might look for in van in other works. This modernised edition will be appreciated by all who
have lcarned to value the original editions of * Templ ) em Esgitsh Mech !
Tt has met with great success m the engineering workshop, as we can testify; and there are

a great many men who, 1n 4 great measure, owe their rise in life to this httle book."—Bwilding News.

*This familiar text-book—well known to all an 4 of tial service to
the every-day requirements of enginecers, millwrights and the various trades connected with
d build The new d edition is worth 1ts weight in gold."— Bws/dynyr

g Ol
News  (Second Notice )
** The publishers wisely entrusted the task of revision of this popular, valuable and useful book
to Mr, Hutton, than whom a more competent man they could not have found.”==/7o2.
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v Stone-working Machinery. . .

STONE-WORKING MACHINERY, and the Rapid and Economi.
cal Conversion of Stone. With Hints on the Arrangement and Management
of Stone Works. By M. Powis BaLe, M.LM.E,, A.M.I.C.E. With numerous
Illustrations. Large crown 8vo, 9s, cloth.

“The book skould be in the hands of every mason or student of stone-work."—Coliiery

wavdian. )
‘It is in every sense of the word a standard work upon a subject which the author Is fully
[ to deal exh ively with." 2 's Weekly Reporier,

** A capital handbook for all who ipulate stone for building or ornamental purposes.' —
Machinery Market,

« Turning, .

LATHE-WORK : A Practical Tyeatise on, the Tools, Appliances,

and Processes employed in the Art of Tuming. By Paur N. HasLuck.

Third Edition, Revised and Enlarged. Cr®wn 8vo, 5s. cloth.

** Written by a man who knows, not only how work ought to be done, but who also knows how
to gu it, and how to convey his kuowledge to others. To all turners this book would be valuable.
—Lngineering.,

. _‘“We can safely recommend the work to young engineers. To the amateur it will simply be
invaluable. To the student it will convey a great deal of useful information."—Esgineer,

* “A compact, succinct, and handy guide to lathc-work did not exist in our language unt Mr.
Hasluck, by the publication of this treatise, gave the turner a true vade-mecum." ' —House Decorator,

Serew-Cutting.

SCREW THREADS : And Mcthods of Producing Them. With
Numerous Tables, and complete directions for using Screw-Cutting Lathes.
By Paur N. HasLuck, Author of * Lathc-Work,” ¢ The Mectal Turner's
Handybook,” &c. Waistcoat-pocket size, price 1s. [ust published.
“ Full of useful information, hints and practical criticism.  Taps, dies and sc ewing-tools gene-
¢ rally are illustrated and their action described “—Mecharnical Worid
“It1s a complete compendiuim of all the details of the screw-cutting lathe ; in fact, a ymnltins
#  ex parvo on all the subjects it treats upon.”—Carpenter and Lurlder.

Engineer’s and Machinist’s Assistant.
THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'’S
*  PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data.
By WiLLiAM TrMrLETON, Seventh Edition, with Additions, 18mo, 2s. 64,

cloth,

** Templeton's handhook pies a fc place among books of this kind. A more suitable
glresant to an apprentice to any of the mechanical trades could not bly be made." i
ews,

P

“A deservedly appreciated work, which should be in the ‘drawer’ of every mechanic,”—
Fughisle Mechanic, . ®

Iron and Steel. .

¢ IRON AND STEEL?" : A Work for the Forge, Foundyy, Factory,
. and Office. Containing ready, useful, and trustworthy Information for Iron-
" nfasters and their Stock-takers; Managers of Bar, Rail, Plate, and Sheet

Rolling Mills; Iron and Metal Founders; Iron Ship and Bridge Builders;

Mechanical, Mining, and Consulting Engineers ; Architects, Contractors,

Builders, and Professional Draughtsmen. By CHARLES HoARE, Author o

* The Slide Rule,” &c. Eighth Edition, Revised throughout and considerably

Enlarged. With folding Scales of ‘Foreign Measures compared with the

English Foot,” and * Fixed Scales of Squares, Cubes, and Roots, Areas,

Decimal Equivalents,” &c. Oblong 32mo, leather, elastic band, 6s.

« 4 For comprehensiveness the book has not its equal.”—/sos.
*QOne of tﬁe best of the pocket books, and a useful companion in other branches of work than

ted ind steel.”—Fyglish Mechanic.
# ‘mn".w;cgrdnll :‘fcomme;d this book to those engaged in considering the details of all kinds oz

" Iron and steel works."—Naval Seience.

High-Pressure Steam Engines,
THE HIGH-PRESSURE STEAM-ENGINE : An Exposition
of s Gom, arative Merits and an Essay towards an Improved System of Construc-
tion. By Dr. ErnNsT ALBAN. Translated from the German, with' Notes, by
Dr.PoLE, M. Inst, C.E., &c. With28 Plates. 8vo, 16s. 64. cloth,
“Goes i examinati f the high-| ngine, the boiler, ppend-
' ages, and dﬂo:trov:sz}:’x’ﬂl:ct: \‘: eevery s&:ﬁ?ﬁ: mt:rrary‘.‘— ;:‘r:rgl:win: CI:rmitk. sad tns d
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Engineering Construction.

PATTERN-MAKING : A Practical Treatise, embracing the Main
Types of Engineering Coustruction, and includinf Gearing, both Hand and

achine made, Engine Work, Sheaves and Pulleys, Pipes and Columns,
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in
Loam and_Greensand, &c., together with the methods of (Estimating the
weight of Castings; to which is added an Appendix of Tables for Workshop
Reference. By a FOREMAN PATTERN Maxer, With upwards of Three
Hundred and Seventy Illustrations. Crown 8vo, ¥s. 6d. cloth.

" A well-written technical guide, evidently wrtten by a man who understands and has prac-
tised what he has wntten about. We cordially recomniend 1t to engineermg students, yourg
Joumeil_men. and others desi: of bemng nitiated into the of pattern-making,”'—Bulder.

** Likely to prove a welcome guide to many 1 orkmen, especially to draughtsmeh who have
lacked a training 1n the shops, pupﬁs pursuing their practical studtes in our factories, and to em-
ployers and managers in engineering works. — Hardware Trade Fournal,

‘*More than 370 1llustrationd’help to explain the text, which is, however, always clear and ex-

plicit, thus rendering the work an excellgnt vade mecusm for the apprentice who desizes to become
master of lus trade."—English Mechanc,

Dictionary of Mcchanical Engineering Terms.

LOCKWOOD’S DICTIONARY OF TERMS USED IN THE
PRACTICE OF MECHANICAL ENGINEERING, embracing those current
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and
Boiler Shops, &c. &c. Comprising upwards of 6,000 Dcfinitions, Edited by
A ForEMAN PATTERN-MaARER, Author of ¢ Pattern Making.” Crown 8vo,
75. 6d. cloth. [Fust published,

** Just the sort of handy dictionary required by the various trades engaged in mechanical en;

Y 8 T e e e
**T'his admirable l‘ll(.‘(l(m:\r* although p‘nm.mly mtended fur the use of draughtsmen And other
techmcal craftsmen, 15 of much larger value as a book of reference, and will find a ready welcome
in many hbranes."—G/asgow Herald.

Smith’s Tables for Mechanics, etc,

TABLES, MEMORANDA, AND CALCULATED RESULTS,

FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, eic.

Selected and Arranged by Francis Suitu. Fourth Edition, Revised and En-

larged, 250 pp., waistcoat-pocket size, 15, 6d. limp leather, [Fust published.

‘* It would, perhaps, be as difficult to make a small pocket-hook selection of notes and formule
to suit ALL engincers as it would be to make a universal medicine ; but Mr, Smith's watstcoat-
pocket collection may be looked upon as a successful attempt.”"—Lngineer.

**The hest example we have ever seen of 250 pages of useful matter packed into the dimen.
sions of a card-case.”~—Buuldupg News.

N ‘* A veritable pocket treasury of knowledge."—/ron,

Steam Boilers,,

A TREATISE ON STEAM BOILERS: Their Strength, Con-
struction, and Economical Working. By RoserT WiLsoN, C.E. Fifth Edition.
12100, 65, cloth, ¢
** The best treatise that has eser been published on steam bollers,”— Esgisneer.
*‘The author shows himself perfect master of his subject, and we heartily recommend all em-
ploywy steam power to possess themselves of the work, —Ryland's Iron Trade Circular,

Boiler Chimneys. -

BOILER AND FACTORY CHIMNEYS ; Theiv Draught-Power
and Stabsirty, With a Chapter on Lightmng Conductors. By ROBERT
WiLson, A I.C.E., Author of “A Tieatise on Steam Boilers,” &¢. Second
Edition, Crown 8vo, 3s. 64, cloth. [Fust publishid,

Boiler Making.

THE BOILER-MAKER'S READY RECKONER. With Ex-

amples 'of Practical Geometry and Templating, for the Use of Platers,

Smiths and Riveters. By Joun CourTNEY, Edited by D. K. CLARK, M.I.C.E.

Second Edition, Revised, with Additions, 12mo, 5s. half-bound.

*'A most useful work, . . . » Noworkman or apprentice should be without this book.”—

Ivon Trade Cyrculay.

** A reliable gumide to the working boiler-maker."—JZron. !
. ** Boil k will readily gnise the value of this volume. . . . The tables are clearly
nted, and so arranged that the{ can be referred to with the (E{eatest facility, so that cannot be

loubted that they will be ge: ly appreciated and much used."—Minung Fournal,




MECHANICS, MECHANICAL ENGINEERING, elc.

Steam Engine, .
TEXT-BOOK ON THE 'STEAM ENGINE. With a Sup-
) on Gas Engi By T. M. Goobeve, M.A,, Barrister-at-Law,

Author of “The Elements of Mechapism,” &c. Ninth Edition. With
numerous Illustrations. Crown 8vo, 6s. cloth.

*‘Professor deve has given us a treatise on the steam engine which will bear com;
with anythng wcr':gewy Huxley or Maxwell, and we can awud?tgno higher praue."——Erw#?«:frs.‘m

*‘ Prafessor Goodeve's book 1s ably and clearly wntten. It is a sound work "—dAtkeraum.

‘* Mr. Goodeve's text-book is a work of which every young cngineer should possess himself.”
—Muting Fournal.

‘* Essentially practical in its aims. The manner of exposition leaves nothing to be desired.”"—
Scotsman.

[}
** A valuable zade mectem for the student of eneinecring. and should be 1n the possession of
every scientific reader."—Colézes y Guardiei,

Gas Engnes. .

ON GAS-ENGINES. Being a Reprint, with some Additions, of
the Supplement to the Teat-book on the Steam Engine, by T. M. GOODEVE,
M.A. Crown 8vo, 2s. 6d, cloth. [Fust published.

, " Like all Mr Goodeve's writings, the present is no exception in point of general excellence.
1t is a valuable bittle volume."—2Zeceanical 1 ordd.

“ Thu little book will be useful to those who desire to understand how the gas-engine works.
—English Mechanic.
Steam,
THE SAFE USE OF STEAM. Containing Rules for Un-

professional Steam-users. By an ExciNeer. Fifth Edition. Sewed, 6d.
“ If stcam-users would but learn tlus httle book by heart, boiler explosions would become

* sensations by theur rarity."—Zugiis/r Mechanic,

Coal and Speed Tables.
A POCKET BOOK OF COAL AND SPEED TABLES, for

Engneers and Steam-users. By NerLson Forey, Author of “ Boiler Con-
struction.” Pocket-sizc, 3s. 6d. cloth; 4s. leather.

“This 15 a very useful hook, contaming very useful tables, The results given are well chosen,
and the volume contains evidence that the author really understands his subject. We can recom-
meiul the work with pleasure."—AMeckanical #'orid,

“These tables are designed to meet the requirements of every-day use ; they are of suflicient
scope for wost practical purposes, and may be commended to engineers and users of steam,”—
dron.

< This pocket-book well merits the attention of the practical 8nginecr. Mr. Foley has -
plled a very uscful set ot tables, the mfornation contamed i wincli 1 frequently required by
engineers, coal consumers and usets of steam,"—Jron and Coal 1) rag:.r Reveew.,

Fire Engineering.
FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With
2 History of Fire-Engines, their Construction, Use, and Management; Re-
marks on Fire-Proof Bui'“ings, and the Pieservation ot Life from Fire;
Statistics of the Firc Appliances in English Towns; Foreign Fire Systems;
Hints on Fire Brigades, &c. &c. By Cnaries F. T. Young, C.E. With
numerous Illustrations, 544 pp., demy 8vo, £1 4s. cloth.

* To such of our readers as are interested in the subject of fires and fire apparatus, we can most
heartily commend this book. It 1s really the only Englsh work we now have upon the subject.”"—
Engineerng. .

o *1t displays much evidence of careful research; and Mr. Young has put his facts neatly
together. It 15’evident enough that lus acquaintance with the practical details of the construction of
steam fire engines, old and new, and the conditions with which it is necessary they should comply,

4 is accurate and full.™ ~Engancer.

Gas Lighting.
COMMON SENSE FOR GAS-USERS: A Catechism of Gas-
Lightwg for Householders, Gasfitters, Mallowners, Architects, Engineers, ctc,
By RobrkT WiLsoN, C.E. Author of “A Treatise on Steam Boilers.”
Second Edition, with Folding Plates and Wood Engravings. Crown 8vo,
price 1s. in wrapper.

“AR ugers will decidedly benefit, both In pocket and comfort, if they will avall themselves
of Mr, Wilson's counsels,”—ZFngineeriy,
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. THE POPULAR WORKS OF MICHAEL REYNOLDS
(“Tue ENGINE DRIVER’S FRIEND "),
Locomotive- Engine Driving.

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for
Engwneersin charge of Locomotive Engines, By MICHAERL vaxox.ns, Member
of the Society of Engineers, formerly Locomotive Inspectog L. B.and S.C. R,
Eighth Edition. Including a Kgv To THE LocoMoTIVE ENGINE, With Illus-
trations and Portrait of Author, Crown 8vo, 4s. 64. eloth.

“Mr. Reynolds has supphed a want, and has supplied it well. We can confidently recommend
the book, not only to the practical driver, but to everyone who takes an interest in the performance
of Jocomotive engines."—The Enganeer.

““ Mr. Reynolds has opened a new chapter i the.literature of the day. ‘This admirable practical
%;tisc, of the practical utihity of which we have to speak m terms of warm commendation.”—

EHBUMN,

« Evidently the work of one®who knows lus subject thoroughly."— Reilway Service Gazelte.

“* Were the cautions and rules ?v:ven sg the book to become part of the every-day working ot
our engine-drivers, we nught have fewer distressing acadents to deplore,"~=Scotsinan,

Stationary Engine Driving.

STATIONARY ENGINE DRIVING : A Practical Manual for
Engineers 1n cha;fc of Statwnary Engines. By MicHAEL Reynorps. Third

Edition, Enlarg ith Plates and Woodcuts. Crown 8vo, 4. 64. cloth.

* The author is th ighly d with his_subj and his advice on the various points
treated ss clear and practical, . . He has produced a manual which 1s an exceedingly useful
one for the class for whom 1t is specially mtended."—Engiszeernyr.

“*Qur author leaves no stone unturned. He 1s determined that his readers shall not only know

about the 'y engine, but all about it."—HAsugeseer.

“ An engineman who has mastered the conteuts of Mr,Reynolds's bookwill require but little actual
experience with boilers and engines before he can be trusted to look after thom "—ZEauglisk Mechansc

The Engineer, Fireman, and Engine-Boy.

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive
Engines and their Inventors. By MicHAeL ReynoLps. With numerous Illus-
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth.
** From the technical knowledge of the author it will appeal to the railway man of to-day more
forcibly than anything written by Dr. Smudes, . . . The volume contams information of a tech-
nical kind, and facts that every driver should be fammibar with."—Znglish Mechamc.
*‘We should be glad to sec this book 1 the possession of everyone in the kingdom who has
ever laid, or 1s to lay, hands on a locomotive engine. "—Jvos,

Continuous Railway Brakes.
CONTINUQUS RAILWAY BRAKES : A Practical Treatiss on

the several Systems in Use in the Umted Kingdom ; their Construction and
Performance. With cEpious 1llustrations and numerous Tables. By MICHAEL
ReyNoLps, Large crown 8vo, gs. cloth,

** A popular explaration of the differcnt brakes. It will be of great assistance in forming public
o u}:‘o‘n, and will be studied with bencfit by those who take an iterest m the brake."—ni'nglull

echanc.

** Written with sufficient technical detail to enable the principle and relative connection of the
various parts of each particular brake to be readily grasped.”"—Mechanical World.
Engine-Driving Life. ¢

ENGINE-DRIVING LIFE ; or, Stirring Adventures and Inci-
dents in the Lives of Locomotwe-Engine Drivers., By MICHAEL REYNOLDS,
Ninth Thousand. Crown 8vo. zs. cloth.

**From first tolast is perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown
into the shade by true incidents, endless in their variety, related in every page.’—Nortk British Mail.
“An{fme 0 wishes to get a real insight into railway life cannot cﬁ) g:‘ttﬂ than read ‘ Engine-
Dﬁ'ih%h ife’ for himsel ; and if he once take it up he will find that the author’s enthusiasia and real
love of the engine-driving professionwill carry him on till he has read every page."—Saturday Rewew.

Pocket Companion for Enginemen.

'
THE ENGINEMAN'S POCKET COMPANION AND PRAC-
TICAL . EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS,
AND MECHANICS. By MicHAEL ReyNoLps. With Forty-five Illustra-
tions and numerous Diagrams. Second Edition, Revised. Royal 18mo, 3s. 64.,
strongly bound for pocket wear. Fust gub ished.
** This admirable work is well suited to accomplsh its object, being the honest wor! ship ot
& competent engineer.”—Glz spow Herald.
“ A most meritorious work, giving in a succinct and practical form all the information an engine-
minder desirous of mastering the scientific principles of his daily calling would require."—Msler,
** A boon to those who are striving to become efficient mechanics, "==Dailp. Chronicie.
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French-English Glossary for Engineers, ete.

A POCKET GLOSSARY of TECHNICAL TERMS : ENGLISH-
FRENCH, FRENCH-ENGLISH ; with Tables suijtable for the Arch al,
Engineering, Manufacturing and ’Nautical Professions, By JoRN JAMES
FLETCHER, Engineer and Surveyor ; 200 pp. Waistcoat-pocket size, 15. 6d.,
limp leather.

Mt i) be in th ket of every £ -—
It ﬂ"ﬂ‘eﬁyﬂyﬁmwﬁ ﬁe'rrwrae‘::i?r:ta?n%cc::r‘:spondcn':mulsg::nﬂcm::d El{;?;:nd to have
80 large a namber of the words relating m a liliputian
volume. ‘l'he little book will be umful both to students nnd travellers,”—.d rchut

**The ary of terms is very complete, and many of the tables are new and well arranged.
We cordla]y commend the buok.w—Mechnnml I$ori I} &

Portable Engines.

THE PORTABLE ENGINF ITS CONSTRUCTION AND
MANAGEMENT. A Practical Manual for Owners and Users of Steam
Eagines generally, By WiLLiam Dysog WANsBRoUGH. With go Illustra-
tions. Crown 8vo, 3s. 6d. cloth. [Fust published.
** ‘This is n work of value to those who use steam mnchlncry + ._. Should béread by every-
one who has a steam engne, on a farm or elsewhere "—Maré Lane Express.
** We cordially commend tlus work to buyers and owners of steaw engines, and to those who
!mvc 1o do with their construction or use.”"— Timber Trades Fournal.
‘Such a general knowledge of the steam engins as Mr. ansbrough furnishes to the reader
should be acquared by all intelligent owners and others who use lhe steam engine. '—Building News.

CIVIL ENGINEERING SURVEYING, ete.

MR. HUMBER'S IMPORTANT ENGINEERING BOOKS.

The Water Supply of Cities and Towns.

A COMPREHENSIVE TREATISE on the WATER-SUPPLY

OF CITIES AND TOWNS. By WiLLiam HuMmsgr, A-M. Inst. C.E., and

M. Inst. M.E., Author of ‘‘Cast and Wrought Iron Bridge Construction,”

&c. &c. Illustrated with 50 Double Plates, 1 Single Plate, Coloured

Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of

Text, Imp. 4to, £6 6s. elegantly and substantially half-bound in morocco.
List of Contents.

1, Historical Sketch of some of the means Conduits.—~XIII. Distribution of Water.~XIV,
that have been adopted for the Supply of Water Meters, Service ipes, and House Fittings.—
to Cities and Towns.—II. Water and the Fo- XV. The Law and Economy of Water Works.
Rﬁn Matter usually associated with it.—III. XVI. Constant and Intermmen: Supply.—

all and Evaporation—IV, Sprmgs and XVII, Description of Plate: Avendxces.
the water-bearing formations of various dis- vi Tablu of Rates of Supply. ‘elocities,
tricts.—V. Measurement and Estimation of the together with Specifications of sveral

flow of Water —VI, On the Selection of the Wnrks lllusnated umon%whlch will befound‘
Sanrce of Supply.—VII. Wells.—VIII. Reser- Dundee,
rs.—1X. ‘Fre Purification of Water.—X., Halifax. Lambeth, Rotherham, bub and

Pumps — XI. Pumpmg Machinery. — XIIL others.,
* The most systemth: and valuable work upon water supply hitherto produoad in Engllsh.
y other language. Mr. ork i
‘é:m:veness much more distinctive of Franch and German than of Enghsh technical treal
— THEEY,
"“KWu can congratulate Mr. Humber on having been able to give so large ;n nmount of infor-
mation on a subject so |mponant as the vm!er sllpplY of cmcs and towns. lates, fitty in
ber, are mostly works, and alone would have command the attention

of every engineer whose practlce may lie in this branch of the profession,"—Bxilder.
Cast and Wrought Iron Bridge C’onatmction.

A COMPLETE AND PRACTICAL TREATISE ON CAST
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Ivom
Foundations. In Three Parts—Theoretical, Practical, and Descnptwe. By
WiLLiaM HUMBER, A-M. Inst. C.E.,and M. Inst. M. E. Third Edition, Re-
vised and much jriproved, with us Double Plates (20 of which now first
appear in this edition), and numerous Additions to the Text. In Two Vols.,
imp. 4to, £6 16s. 64. half-bound in morocco.

* A very valuabk i to the dard i of ¢ i n addition to
elevations, plans and sections, large scale details are given whxch vc mnch enﬁ'nnce the instruc-
tive wonh of these illustrations.'—Cuwvil Engincer and Architect 5"

Mr. P!\lmbersstately volumes, lately 1ssued—in which the most I.II'I ﬁ ?cted
Mng ﬁue last five years, under the direction of the late Mr. Brunel, Slr W, Cubltt, r. Hawk.
r. Pay r. Fowlera. Mr, Hemans, |md others among our most eminent
in great

tall,"—Enpincer,
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* MR, HUMBER'S GREAT WORK ON MODERN ENGINEERING.

Complete in Four Volumes, imperial 4to, price £12 12s., balf-morocco. Each
Volume sold separately as follows :—

A RECORD OF THE PROGRESS OF MODERN ENGINEEI_'l’-
ING. First SErIES. Comprising Civil, Mechanical, Marine, Hydraulic,
Railway, Bridge, and other Engineering Works, &. By WiLeiam HUMBER,
A-M. Inst. C.E., &c. Imtp. 4to, with 36 Double Plates, drawf to a large scale,
Photographic Portrait of John Hawkshaw, C.E., F.R.S,, &c., and copious
descriptive Letterpress, Specifications, &c., £3 3s. half-morocco,

List of the Plates and Diagrams.
Victoria Statlon and Roof, L. B. & S.C.R. Thames, West I.ondon Extension Rallwng (s
€,

(8 plates) ; Southport Pier l[’z plates); Victoria g_la(cs); Armour Plates: Suspension B
Station and Roof, L. C. & and G. W. R, (6 hames (4 plates), The Allen Engin¢; Sus-
plates); Roof of Cremorne Music $1all, Bridge sion Rridge, Avon (3 plates); Undeground
over G. N, Railway; Roof of Station, Dgeh alway (3 plates),

Rhenish Rail (z plates); Bridge over the

* Handsomely hthographed and printed. It will ind favour with many who desire to pweserve
in a permanent form copies of the plans and specil prepared for the guid of the con-
tractors for many i V—E

works.' g .

HUMBER'S RECORD OF MODERN ENGINEERING, SEcoND
SerI1Es. Imp. 4to, with 36 Double Plates, Photograshic Portrait of Rotert
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress,
Specifications, &c., £3 3s. half-morocco.

Last of the Plates and Diagrams.
Birkenhead Docks, Low Water Basin (15 and Abergavenny Rallway; Ebbw Viadutt,
gates); Charing Cross Station Roof, C. C. Merthyr, Tredegar, and "Abergavenny Ral-
allway (3 plates); Ingswell Viaduct, Great way; College Wood Viaduct, Cornwall Ra'l
Northern i{mlway; Robbery Wood Viaduct, way ; Dubhn Winter Palace Roof (3 Kl.ntes);
Great Northern Rallway: Iron Permanent Bridge over the Thames, L. C. & 1), Railwa
Way, Clydach Viaduct, Merthyr, Tredegar, (6 plates) ; Albert Harbour, Greenock (4 platur
“ Mr. Humber has done the profession good and true service, by the fine collection of examples
he has here brought before the profession and the public "— Practual Mechansc's Fournal,

HUMBER’'S RECORD OF MODERN ENGINEERING., THIRD
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R.
M‘Clean, late Pres, Inst. C.E,, and copious descriptive Letterpress, Speci-
fications, &c., £3 3s. half-morocco,

Last of the Plates and Diagrams.

MAIN DRAINAGE, METROPOLIS.—North Sewer, Reservorr and Outlet (4 plates) ; Outfall
Side.~Map showmg Interception of Sewers; Sewer, Filth Hoist; Sections of Sewers (North
Middle Level Sewer (2 plates) ; Outfall Sewer, and South Siudes),

Bridge over River Lea (3 plates), ()utf.nll.‘:ew.er, THAMES EMKANKMENT.—Section of River
Bridds over Marsh Lane, North Woolwich ‘Wall ; Si b Tier, W 2 plates),
Railway, and Bow and Barking Railway Junc- Landing Stairs between Charn, ross_and
ton; Outfall Sewer, Imdge over Bow and ‘Waterloo Bridges; York Gate (z plates); Over-
Barking Railway (3 plates); Outfall Sewer, flow and Outlct at Savoy Street Sewer (3 plates) ;
Dridge over East London Waverworks' Feeder Steamboat Pier, Waterloo Bridge (3 plates) ;
(2 plates), Outfall Sewer, Reservoir (2 plates); {_'undlon of Sewers, Plans and g‘yectlons;
Outfall Sewer, Tumbling Bay ana Outlet ; Out- ullies, Plans and Sections; Rolling Stock;

Sewer, Penstocks, Sowsz S:de.—OQutfall Gramte and Iron Forts, '
Sewer, Bermondsey Branch (2 plates), Outfall

“ The drawings have a constantly i ing value, and wh desires to possess clear repre-
sentations of the two great works carried out by our Metropohtan Board will obtamn Mr. Humber's
volume,"—Zngineer.

HUMBER’S RECORD OF MODERN ENGINEERING. FourTH
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John
Fowler, late Pres. Inst. C.E,, and copious descriptive Letterpress, Speci-
fications, &c., £3 3s. half-morocco. -

Last of the Plates and Diagrams.

Abbey Mills PurnFIng Station, Main Drain- Mesopotamia ; Viaduct over the River Wye,
age, Metropols (4 \X ates); Barrow Docks (f; Midland Railway (3 plates) ; St. Germans Via.
plates); Manquis Viaduct, Santiago and Val- duct, Coriwall Railway (‘:erlataq); Wrought-
paraiso Railway (2 glates): Adam’s Locomo- Iron Cylmder for Diving ; Millwall Docks
tive, St. Helen's Canal Railway (2 plates); (6 plates); Mﬂroﬂs Patent Excavator; Metro-
Cannon Street Station Roof, Charing Cross olitan District Railway (6 plates); Harbours,
Railway (3 plates) ; Road Bridge overthe River orts, and Breakwaters (3 plates).

Moka (2 plates); Telegraphic Apparatus for '

«We gladly welcome another year's issue of this valuable publication from the able pen of
Mr. Humber, *‘he ce and general 1) of this work are well known, while its useful.
ness in gaving the measurements and details ot some of the latest examples of engineering, as
carried out by the most enunent nen in the profession, cannot be too highly prized."—Artrsan.
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The tables of
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elements, two 1 which are constant and on

CIVIL ENGINEERING, SURVEYING, e¢tc.
MR. HUMBER'S ENGINEERING BOOKS—continued. .

Strains, Calculation of.

A HANDY BOOK FOR THE CALCULATION OF STRAINS
IN GIRDERS AND SIMILARSTRUCTURES,AND THEIR STRENGTH.
Consisting of Formul® and Corresponding Diagrams, with numerous details
for Practisal Application, &c. By WiLLiamM Humakr, A-M., Inst, C.E., &c.
Fourth Editien. Crown 8vo, nearly 100 Woodcuts and 3 Plates, 7s. 64. cloth,

“The are neatly exp: d, and the di good."—Ath
** We heartily commend thus rezlly £andy book to our engineer and architect readers,”—Esg

Hsh Mechanic,

Barlow’s Strengthof Materials, enlarged by Humber

A TREATISE ON THE STRENGTH OF MATERIALS

are added, Experiments by HopGkiNsoN, FAIRBAIRN, and KIRKALDY; and
Formula for Calculating Girders, &c. Arranged and Edited by W, HUMBER,
A-M. Inst, C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous
Woodcuts, 18s. cloth,

** Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in

future, as it has hitherto done, as the standard treatise on that particular subject.”—ZEngineer,

“There 1s no greater authonty than Barlow."—Butlding News.
*Deserves a place on the . of every civil —English Mech

AN OUTLINE OF THE METHOD OF CONDUCTING A4
TRIGONOMETRICAL SURVEY, for the Formation of Geogmphu:al and
Topofgm hical Maps and Plans, Malitary R , Levelling, &c., with
Useful Problems, Formula, and Tables. By Lieut.-General FrRoME, R.E.
Fourth Edition, Revised and partly Re-written by Major General Sir CHARLES
V\lhul:mw, G.C.M.G.,,R.E. With 19 Plates and 115 Woodcuts, royal 8vo, 16s.
cloth.
* The simple fact that a fourth edition has been called for is the best testimony to its merits.

No words of praise from us can strengthen the position so well and so steadily maintained by this
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary
to bring every portion of the contents up Lo the present date.”—Broad Arrow.

Oblique Bridgcs.

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE
BRIDGES. With 13 large Plates. By the lage Grorge WartsoN Buck,
M.I.C.E. Third Edition, reviscd by his Son, J. i, Warson Buck, M.IL.E. ;
and with the addition of Description te Diarrams for Facilitating the Con-
sltrultl:tion of Oblique Bridges, by W. H. BarLow,"M.I.C.E. Royal 8vo, 12s.
cloth,

** The standard text-book for all enyineers regarding skew arches is Mr. Buck’s treatise, and 1t

would be imposuible to consult a hetter."—F ngencer
" ¢

Mr. Buck's treatise 1s recognised as a standard text-book, and his treatment has divesred the

subject of many of the mtricacies sunposed to belong to 1t.  Asa guide to the engineer and archi-
tect, on a confessedly dufficult subject, Mr. Buck's work 15 unsurpussed.”—Buslding News,

Bridge Construction.

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC-
TION OF MASONRY, TIMBER, AND IRON. Consisting of 46 Plates from
the Contract Drawings or Aameasurciment of Select Works. By W. D.
HasxoLr C.E. Second Edition, with the addition of 554 Estimates, and the
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. Imp.
4to, £2 128, 6d. halt-morocco.

* A work of the present nature by a man of Mr. Haskoll's experience must prove invaluable.

will iderabl, h 1ts value."—£Lug g

EARTHWORK TABLES. Showing the Contents in Cubic

Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average

of 8o feet. By JosEpH BROADBENT, C.E., and Francis CampIN, C.E. Crown

8vo, 5s. cloth.

* The way in which accuracy is attained, by n&lmplg diviston of e:c,h cross section into three
€ (! 1s ing -
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Statics, Graphic and Analytic,

‘GRAPHIC AND ANALYTIC STATICS, in their Practical Appli-
cation to the Treatment of Stresses in Roofs, Solid Givders, Lattice, Bowstring
and Suspension Bridges, Braced Iron Arches and Piers, and other Framewortks.
By R. HupsoN GratiaM, C.E. Containing Diagrams and Plates to Scale.

ith numerous Examples, many taken from existing Structures. Specially
arranged for Class-work in Cqlleges and Universities. Second- Edition, Re-
vised and Enlarged. 8vo, 16s, cloth. .
‘Mr, Graham’s book will find a place wh hic and analytic statics are used or studied.
—Engrneer.
*“This exhaustive treatise is admirably adapted for the archit and engi and will tend
to wean the profession from a tedious am!‘ \} d mode of calculation,” ~Zuildisg News.
**"Che work is excellent from a practical pomt of view, and has evidently been prepared with
rouch care. The directions for working are ample, #id are illustrated by an abundange of well-
! d ! It 1san text-book for the ical At

Survey Practice.

AID TO SURVEY PRACYICE, for Refevence in Surveying, Level-

ling, Setting-out and in Route Surveys of Travellers by Land and Sea. With

‘Tables, Illustrations, and Records, By Lowis D'A. Jackson, AM.I.C.E.,

Author of “ Hydraulic Manual,” *“ Modern Metrology,” &c. Large crown 8vo,

125.6d, cloth.

“Mr. Jackson has produced a valuabl de c1esn for the surveyor. 'We can recommend
this book as ining an 1 1 to the 1 of the plished "
Athenwum,

“ As a text-hook we should advise all surveyors to place it in their libraries, and study well the
matured instructions aflforded n its pages."—Colliery Guarduan
“

he author brings to his work a fortunate union of theory and practical ezpenenee which,
aided by a clear and lucid style of writing, rerders the book a very useful one."—Zwuzider.

Surveying, Land and Marine.
LAND AND MARINE SURVEYING, in Referenceto the Pre-

paration of Plans for Roads and Railways; Canals, Rivers, Towns’ Water

Supplies: Docks and Harbours, With Description and Use of Surveying

v Instruments. By W. Davis Haskorr, C.E., Author of * Bridge and Viaduct

Construction,” &c. Second Edition, Revised, with Additions, Large crown
8vo, gs. cloth.

** A most useful and well arranged book for the aid of a student. We can strongly recommend

it zs a;{areful.ly written and valuable text-book, Itenjoysa well-deserved repute among surveyors.”
—Buridry,

** Thus volume cannot fall to prove of the utmost practical utiity. Tt may be safely recommended
10 all students who aspire to become clean and expert surveyors,” —Mnng Fournal,

Levelling.

A TREATISE ON.THE PRINCIPLES AND PRACTICE OF
BEVELLING. Showing its Application to purposes of Railway and Civil
Engineering, ir. the Cgnstruction of Roads; with Mr, TELForD's Rules for the
same, ByFreperick W. Siums,F.G.S,, M. Inst. C.E. Seventh Edition, with
the additionof LAw’s Practical Examnples for Setting-out Railway Curves, and
TrAUTWINE'S Field Practice of Laying-out Circular Curves. ith 7 Plates
and numerous Woodcuts, 8vo, 85, 6d. cloth, *,* TRAUTWINE on Curves
may be had separate, ss.

Y

ineer.
younger
»ut the present €aILON 0f Mr. SUNMS's useful work, —Z&ngineersmy

Tunnelling.

PRACTICAL TUNNELLING. Explaining in detail the Setting-
out of the works, Shaft-sinking and He_adin%-driving, Ranging the Lines and
Levelling underground, Sub-Excavating, Timbering, and the Construction
of the Brickwork of Tunnels, with the amount of Labour ﬂ‘eg’uired for, and the
Cost of, the various gortions of the work. By Freperick W. Simums, F.G.S.,
M. Inst. C.E. Third Edition, Revised and Extended by D. KINNEAR CLARK,
M. Inst.C.E. Imp. 8vo, with 21 Folding Plates and numerous Wood Engrav-
ings, 30s. cloth.

* The estimation in which Mr, Simms's book has been held for over thirty years cannot be more
truly expressed than in the words of the late Prof. Rankine:—The best source of information
onthe subéect of tunnels is Mr. F. W, Sunms's work on Practical Tunnelling.’ *"—A rokddect,

“Mr. Clark has added immensely to the value of the book.""—Engenecr.

* The additional chapters by Mr, Clark, ing as they do xamples of mod
practice, bring the book well up to date, ‘—ZEngsneerins.
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HeaZ, Ewpm;.;z:bn by. o

EXPANSION OF STRUCTURES BY HEAT. By Joun
KeiLy, C.E.,, late of the Indian Public Works and Victorian Railway Depart-~

ments. Crown 8vo, 3s. 6d. cloth, [Fust publrshed.
SUMMARY OF CONTENTS.
Section _I. FORMULAS AND DaTa, Section VI. MEcHANICAL FORCE oF
Section II. METAL Bars, . EAT,
Section II1. SiMeLE FraMES. Section VII, Work or EXPANSION
Section IV. CoMPLEX FRAMES ] AND AND CONTRACTION.
PLATES. Section VIII. SusreNsioN BRIDGES.

Section V. THERMAL CoNDUCTIVITY.  Section IX, MASONRY STRUCTURES.
‘* The aim the author has set before him, viz., to show the effects of heat upon metallic and
other structures, is a laudable one, for this s a branch of physics upon which the engineer or archi-
tect can find but little reliable and comprehenstve data in books "—Rislder,
‘“ Whoever is concerned to know the effect of changes of temperature on such structures as
suspension bridges and the like.,coukll not do better than conshlt l'\ir.cKaily‘s valuable and handy

exposition of the princip in tMese

Practical Mathematics.

MATHEMATICS FOR PRACTICAL MEN : Beinga Common-
place Book of* Pure and Mixed Mathematics. Designed chuefly for the use
of Civil Engineers, Architects and Surveyors. By OniNTHUS GREGORY,
LL.D., F.R.A.S., Enlarged by HENrY Law, C.E. 4th Edition, carefully
Revised by J. R. YouNg, formerly Professor of Mathematics, Belfast College.
With 13 Plates, 8vo, £1 1s., cloth.
*The enﬁinecr or architect will here find rcng}_y to his hand rules for solving nearly every mathes
" :al difficulty thai may arise m his practice he rules are m all cases explamned by means of
iples, 1n which every step of the pracess 1 clearly worked out."—Builder .
“ One of the most serviceable buoks for practical mechanics, . . . 1t 15 an instructive book
for the student, and a text-hook for hun who, having once mastered the subjects 1t troats of, necds
occasionally to refresh his memory upon them,"—Burldirng News.

Hydraulic Tables,

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMUL/E
Jor finding the Discharge of Water from Orifices, Notches, Weurs, Pipes, and
Ruvers, ith New Formule, Tables, and General Information on Rainfall
tch t-Basins, Drai Scwerage, Water Su})ply for Towns and Mili
Power. By Joun NEvILLE, Civil Engineer, M.R.1.A. Third Edition, care-
fully revised, with considerable Additions, Numerous Illustrations. Crown
8vo, 14s. cloth.
1t is, of all English books on the subject, the one nearest to completeness, . . . From the
good arrangement of the matter, the clear )! , ANt d of e fully
calculated tables, and, above all, the thorough acquamntance grith both thaoqr and construction,
which is displayed from first to last, the book will be found to be an acquisition." A rehastegf.

River Engineering. .
RIVER BARS : The Causes of their Formation, and theiy Treatment
by “ Induced Tidal Scour.” With a Description of the Successful Reduction
e by this Method of the Bar at Dublin, By I. J. MANN, Assist. Eng. to the
Dublin Port and Docks Board. Royal 8vo, 7s. 6d. cloth.
“We d all i dinh works—and, indeed, those concerned in the improve-
mens ot m nﬁl':“ 3&‘;&\:}2&1}4{6 mmhfswry s branch :r‘éngm:'ulng " Engineering
and Mdr?:mr Fournal, "

Hydraulics.
HYDRAULIC MANUAL. Consisting of Working Tables and
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field
rations, By Lowis D'A. Jackson, Author of “ Aid to Survey Practice,”
¢ Modern Metrology,” &c. Fourth Edition. Rewritten and Enlarged.
Large crown 8vo, 16s. cloth.

*The author has been a careful observer of the facts which have come under his notice, as
well as a painstaking collector and critic of the results of the experiments of others, and from the:
great mass of material at his command he has constructed a manual which may be accepted as a
trustworthy guide to this branch of the engineer's profession. '—Z&regineerung.

“ The standard work in this department of mechanics. The present edition has been brought
abreast of the most recent practice. —~Scofsmare,

“The most useful feature. of this work 15 its freedom from what is superannuated, and its
thorough adoptl ofrecen;aﬁ ; the text is, in fact, in great part a short account of the
great modemn experiments.”"—Nafure.
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Drainage.
ON THE DRAINAGE OF LANDS, TOWNS AND BUILD-
INGS. By G. D. Dempsey, C.E., Author of “The Practical Railway En-
gineer,” &c. Revised, with large Additions on RECENT PRACTICE IN
DRAINAGE ENGINEERING, by D, KINNEAR CLARK, M.Inst. C.E. Author of
“Tramways : their Construction and Woiking,” *“ A Manual of Rules, Tables,
and Data for Mechanical Engifeers,” &c, &c, Crown 8vo, 7§L.761. cloth.

ust Published.
“ The new matter added to Mr Dempsey's excellent work is ch ised by the prel
sive grasp and accuracy of detail for which tKe name of Mr. . K Clark 15 a suthcient voucher.”—
Athenawm

*“ As a work on recent ice in drai g ing, the book is to be commended to all
who are making that branch of engneermy sclence their special study "—/»ozn.

** A comprehensive manual on d il S, and a useful di to the student.”
Bredlding News.

Tramways and their Working.
TRAMWAYS : THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System; with an exhaustive

Analysis of the various Modes of Traction, including Horse-Power, Steam,

Heated Water, and Compressed Air; a Description of the Varieties of Rolling

Stock; and ample Details of Cost and Working Expenses: the Progress

recently made in Tramway Construction, &c. &c. By D. KINNEAR CLARK,

M. Inst. C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two
Vols., large crown 8vo, 30s. cloth.

“ All interested in tramways must refer to it, as all railway engineers have turned to the author’s

worl_c' ‘All(,axlwlay Machinery." "—~Znyneer.

and p work on ys, in which the history of this kind of locomo.
tion, and a descrption and cost of the vanous modes of laymg tramways, are to be found.”—
Fuldmg News.

** The best form of ralls, the best mode of construction, and the best mechanical appliances
are so fairly indicated 1 the work under review, that any engmeer aboutto construct a tramway
:w‘ ll}zbe enabled at onve to obtain the practical information’ which will be of most service to him."—

thenaiin.,

Oblique Arches. :

A PRACTICAL TREATISE ON THE CONSTRUCTION OF
OBLIQUE ARCHES. By Joun Hart. Third Edition, with Plates, Im-
perial 8vo, 8s. cloth,

Curves, Tables for Setting-out.
TABLES OF TANGENTIAL ANGLES AND MULTIPLES

{2’ Setting-out Curves from 5 to 200 Radus. Bg! ALKXANDER BEAZELEY,
.Inst. C.E. Third Edition. Printed on 48 Cards, and sold in a cloth box,
wmstcoat-gocket s1ze, 3S, 6d.
* Fgch table {s printed on a small card, which, being placed on the theodohte, leaves the hands
{ree to muipulate &e mstrument--no small advantage as regards the rapidity of work "—Aagineer
“Very handy ; a man may kgow that all his day's work must fall on two of these cards, which
he puts mto hus own card-case, and leaves the rest behand."—dhencin.,

Engineering Fieldworlk.

THE PRACTICE GF ENGINEERING FIELDWORK, applicd
to Land and Hydraulic, Hydrographic, and Submarine Surveying and Levelling.
Second Edition, Revised, with considerable Additions, and a Supplement on
‘Waterworks, Sewers, Sewaye, and Irrigation. By W. Davis HaskoLr, C.E.
Numerous Folding Plates. In One Volume, demy 8vo, £1 5s. cloth.

Tunnel Shafts.

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A
Practical and Theoretical Essay, By J. H. Warson Buck, M. Inst. C.E.,
Resident Engineer, London and North-Western Railway, Illustrated with
Folding Plates, royal 8vo, 12s. cloth
*Many of the methods given are of extreme practical value to the mason ; and the observations
on the form of arch, the rules for ordering the stone, and the ¢ of the L will be
found of derable use, We d the book to the g P B News.
* Will be regarded by civil engineers as of the utmost value, aud calculated to save much time
and obviate many mistakes."—Colliery Guardwan.
Girders, Strength of.
GRAPHIC TABLE FOR FACILITATING THE COMPUTA-
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL
GIRDERS, efc., for Parllamentary and other Estimates. By J. H. WaTsox
Buck, M. Inst. C.E. On a Sheet, 25.64,
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PrSSIE—
Trusses.

TRUSSES OF WOOD AND IRON. Practical Applications of
Science in Deteymining the Stresses, Breaking Weights, Safe Loads, Scantlings,
and Details of Construction, with Complete Working Drawings. By WiLLIAM
GRIFFITHS, Surveyor, Assistant Master, Tranmere School of Science and
Art. Oblong 8vo, 4s. 6d. cloth.

* This handy little book enters so nunutcly into every detail connected with the construction of
roof trusses, that n student need be 1ignorant of these matters for want of an easy source to come
at the knowledge.”—Practical Engincer. .

‘ From the manner of treating the subject, Mr. Griffiths’ book is clear enough to enable a
student to be his own teacher. It will be useful i the science school and in workshops.”—A rchstect.

Railway Working.

SAFE RAILWAY WORKING. A Treatise on Railway Acci-
dents: Their Cause and Prevention; with a Description of Modern Appliances
and Systems. By CLemeNT E. STRETTON, OVE,, Vice-President and Con-
sulting Engineer, Amalgamated Socie® of Railway Servants. With Illus-
trations and Coloured Plates, crown 8vo, 4s. 6d. strongly bound.

OuTLINE ¢ F CONTENTS,

Chapter I. SUMMARY OF ACCIDENTS, 1885.—I1. PERMANENT WAY.—III. S1G-
NALLING; Brock SysTEM.—IV. CoNTINUOUS BRAKES.—V. BREAKING OF RaAlL-
wAyY AxLES.—VI. RaiLway CouPLINGS.—VIL. RAILWAY SERVANTS AND THE LAw
oF MaNnsLAUGHTER.—Appendix I. RAlLwAay TRAFFIC RrTURNS.—II. RaiLway
SiNaL RETURNS.—III, CoNTINUOUS BRAKES RETURNS.—IV. MIXED TRAINS.

*,* OPINIONS OE THE PRESS.

** A book for the enginecr, the directors, the mannﬁcﬂ; and, m short, all who wish for infermas
t]i\on on rulway matters will find a perfect encyclopedia m ¢ Safe Rallway Workmg,' "—Railway

leview.,

“Mr Clement E. Stretton, the energetic Vice-President of the Amalgamated Society of Rail-
way Servants, may be congratulated on having coll d, in a very form, much valuable
mformation on the principal questions affecting the safe working of rallways,"—Ratlway Fngineer,

“We comnmend the remarks on railway signalhing to all rmlway managers, especially where 4
umiorm code and practice 1s advocated "= Hes epath s Railway Fournal,

Field-Book for Engineers.

THE ENGINEER'S, MINING SURVEYOR'S, AND CON-
TRACTOR’S FIELD-BOOK. Consisting of a Series of Tables, with Rules,
Explanations of Systemns, and use of Theodolite for Traverse Surveying and
Plotting the Work with minute accuracy by means of Straight Edge and Set
Square only; Levelling with the Theodolite, Casting-out and Reducing
Levels to Datum, and Plotting Sections in the ordinary manner; setting-ont
Curves with the Theodolite by Tangential Angles and Multiples, with Right
and Left-hand Readings of the Instrument: Setting-out Curves without
Theodolite, on the System of Tangential Angles by sets of Tangents and Off-
sets: and Earthwork Tables to 8o feet deep, calculated for every 6 in#hes in
de'fth. By W. Davis HaskorL, C.E, With nugerous Woodcuts, Fourth
Edition, Enlarged. Crown 8vo, 12s. cloth,

**The book is very handy, and the author might have added that the separate tables of sines
and tangents to every muinute will make 1t useful for many oth. i
tables existing all the same,"—Athenazum.

‘“Every person d in eng; ing field i! will the imp of sucha
work and the amount of valuable time which will be saved by reference to a set of relialle tables
prepared with the accuracy and fulness of those given in this volume."—Ralway News.

Earthwork, Measurement of. .

A MANUAL ON EARTHWORK. By ALEX, ]J. S. GRAHAM,
C.E. With numerous Di.agrams_. 18mo, 2s. 6d. cloth,
esthll;ates. astwell as f:: the more exact ation
offices."—Artizan.

Strains in Ironwork.

THE STRAINS ON STRUCTURES OF IRONWORK ; with

Practical Remarks on Iron Construction, By F. W, SxeiLps, M, Inst. C.E.

Second Edition, with 5 Plates. Royal 8vo, ss. cloth,

*The student cannot find a better ittle book on this subject.”—Esngisneer,

Cast Iron and other Metals, Strength of.

A PRACTICAL ESSAY ON THE STRENGTH OF CAST

IRON AND OTHER METALS. By Tromas TrepcoLp, C.E, Fifth

Edition, including HopckinsoN’s Experimental Researches. 8vo, 12s. cloth,

A s,

ly and
n the 's ant

le for rough
d g‘s
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ARCHITECTURE, BUILDING, etc.

Construction.

THE SCIENCE OF BUILDING : An Elementary Treatise on
the Principles of Construction. By E. WynpHAM TarN, M.A., Architect,
. Second Edition, Revised, with 58 Engravings. Crown 8vo, 75. 6d. cloth.
“ A very valuable book, which we gly d to all stud "—Builder.
* No architectural student should be without this handbook of ional ki '—
Archutect.

Villa Architecture,
A HANDY BOOK OF VILLA ARCHITECTURE: Bseing a
Series of Designs for Villa Rewidences in various Styles, With Outline
Specifications and Estimates, Bi C. Wickes, Architect, Author of “The
S ireg and Towers of England,” &c. 61 Plates, 4to, £1 115, 64. half-morocco,
gt edges.
“The whole of the designs bear evidence of their being the work of an artistic architect, and
they will prove very valuable and suggestive."—Buuiding News.,

Text-Book for Architects.

THE ARCHITECT'S GUIDE: Being a Text-Book of Useful

Information for Architects, Emngineers, Surveyors, Conmtractors, Clerks of
orks, &c. &c. By FrEperRICK ROGERS, Architect, Author of * Specifica-

tions for Practical Architecture,” &c. Second Edition, Revised and Enlarged.

‘With numerous Illustrations. Crown 8vo, 6s. cloth.

“As a text-book of useful information for ai hitects, engincers, surveyors, &c., It would be

hard to find a handier or more complete bttle volw »."—Stendard.
* A young archutect could hardly have a better guide-book."—Timber Trades Fournal.

Taylor and Cresy’s Rome,
THE ARCHITECTURAL ANTIQUITIES OF ROME., By

the late G. L. TavLoR, Esq., F.R.I.B.A., and Epwarp Cresy, Esq, New
T AT Al S S e s I e R o Y A VS -

N.B.—This is the only book which guwes on a large scale, and with the precision
of architectural measurement, the principal Monuments of Ancient Rome in plan,
elevation, and detail. ©

*Teylor and Cresy’s work has from its first publication been ranked among those professional
books which cannot be hetered. . . . It would be difficult to find examples of drawings, even
amoug those of the most painstaling students of Gothic, more thoroughly worked out than are the
one hundred and thirty plates ir this volume.”"—drchssect.

Architectural Drawing.

PRACTICAL RULES ON DRAWING, for the Operative Builder
andsgugng g‘tudmt wn Architecture. By GrorGE PyNe. With 14 Plates, 4to,
7s. 6d. boards.

Civil Architecture.

THE DECORATIVE PART OF CIVIL ARCHITECTURE.
By Sir WitLiaM CHamBers, F.R.S. With Illustrations, Notes, and an
Examination of Grecian Architecture, by Josera GwiLt, F.S.A, Edited by
W. H. LEEDS. 66 Plates, 4to, 21s. cloth.

House Building and Repairing.
THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost
to Build, Alter, or Repair? =~ =~ T
fessional People, as well -
the late JAMEs D. SiMon . e
Mirter, A.R.LB.A, With numerous Illustrations, ' Third Edition, Revised,
Crown 8vo, 3. 6d. cloth.
¢ In two years it will repay its cost a hundred times over"—Fic/d,
A very handy book."—English Mechanic,
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Designing, Measuring, and Valuing. .

THE STUDENT'S GUIDE to the PRACTICE of MEASUR-
ING AND VALUING ARTIFICERS' WORKS. Containing Directions for
taking Dimensions, Abstracting the same, and bringing the Quantities into
Bill, wath Tables of Constants, and copious Memoranda for the Valgation of
Labour agd Materials in the respective Trades of Bricklayer and Slater,
Carpenter and Joiner, Painter and Glazier, Paperhanger, &c.” With 8 Plates
and 63 Woodcuts, Ongma!&yeedxted by Epwarp_Dosson, Architect. Fifth
Edition, Revised, with considerable Additions on Mensuration and Construc-
tion, and a New Chapter on Dilapidations, Repairs, and Contracts, by E.
WynNpHAM TARN, M.A. Crown Bvo, gs. cloth,
* Well fulfils the promise of its title-page, and we can thoroughly recommend it to the class
‘or whose use it has been compiled. Mr. Tarn's add. an i have much § d the
ssefulness of the work, and have especially augmented its value to students.”—Engineersng.
“The work ‘hns‘been cp;efulli revised anxd edited by Mr. )a.iiWyndham ‘Tarn, M.A,, and com-

srises several on p and repairs, and other
natters, . . . This edition will he found the most complete treatise on the principles of measur-
ng and valuing artificers’ work that has yet been published.”"—Bxu/dsng News.

Pocket Estimator and Technical Guide.

THE POCKET TECHNICAL GUIDE, MEASURER AND
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech-
nical Directions for Measuring Work in all the Building Trades, with a
Treatise on the Measurement of Timber and Comglete Specifications for
Houses, Roads, and Drains, and an easy Method of Estimnating the various
parts of a Building collectively, By A. C. BeAToN, Author of “ Quantities
and Measurements,” &c. Fourth Edition, carefully Revised and Priced
according to the Present Value of Materials and Labour, with 53 Woodcuts,
leather, waistcoat-pocket size, 1s. 6. gilt edges.
«“No bulder, architect, surveyor, or valuer should be without his * Boaton’s Guide.' "=
healding News.
«Contams an extraordmary amount of information in daily requisition in measuring and
stimatng. Its presence m the pocket will save valuable time and trouble.”—Buliung I¥orld.
“ An exceedingly handy pocket compamon, thoroughly reliable.”—Busider's 11 eekly Reporicr.
#Tlus neat little compendium contains all that is requisite in carrymyg out contracts for
ccavating, tiling, bricklaying, paving, &c."~=Britisk T/'adz(};’aur/ml,

Donaldson on Specifications.

THE HANDBOOK OF SPECIFICATIONS; or, Practical
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing u
Specifications and Contracts for Works and Cdnstructions, Illustratgd by
Precedents of Buildings actually d by rchi an ne
gineers. B(, Professor T. L. DoxALDsoN, P.R.LBA., &c. New Edition, in
One large Vol., 8vo, with upwards of 1,000 pages of Text, and 33 Plates,
£1 115. 64, cloth, : .
. -four specifications of executed works are given, in .
fl(f,‘};a's,?s";'r‘ g‘l?new Hg:ms of Parliament, by Sir Charles Barry, ainah‘fgixnfh?;c?egg;:]
ﬁunge. b]{ Mr. Tite, M.P. Th~ latter, 1n nd I
ocument, .
S i e works.' . . . It is valuable as a record, and mo;
cl:::'kn;f' g‘:’éﬁ?ﬁ’;ﬁ?{.m. . Suffice it to say that Donaldson's 'r:i" i m.r%\fral‘u:xlgs llasa
st be bought by all architects."—Bulder.

a very aj
embodies, to a great extent, as Mr. Denaldson meitions, ‘the bill of quantities

Sartholomew and Rogers’ Specifications.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern Buildings, Upon the Basis of the
Work by ALFRED BarTHOLOMEW, thoroughly Revised, Corrected, and greatl
added to by FREDERICK RoGERS, Architect. Second Edition, Revised, witl
Additions.~ With nuwmerous Iilusts,, medium 8vo, 15s. cloth,

# The collection of fications prepared by Mr. R on the basis of Bartholomew’s work
too well known to need any recommendation from us. It is one of the books with which every
sung architect must be qu-'l'lppod ; for time has ‘shown that the specifications cannot be set aside
irqugh any defect :hen:ﬁ. -t'lArchiuwf derablo valn . o

“ r specifications are of considerable value, and it was an excel -
le a?:?::g c‘a‘:\ntlllfe‘:nb{?t upon the basis of the late Alfred Bartholomew's valuab%a‘?o'r;? c’?;e
cond edition of Mr. ogers's book is evidence of the waut of a book dealing with modarn s
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Geometry for the Architect, Engineer, etc.

PRACTICAL GEOMETRY, for the Architect, Engincer and
Mechanic. Giving Rules for the Delineation and Application of various
Geometrical Lines, Figures and Curves, Bsy E. W, Tarn, M.A,, Architect,
Author of “The Science of Building,” &c. Second Edition. With Appen-
dices on Diagrams of Strains and Isometrical Projection, With 172 Illus-
trations, demy 8vo, gs. cloth, s
“No book with the same objects in view has ever been published in which the clearness of the
rules laid down and the illustrative chagrams have been so satisfactory.”—Scots man.
* This is a manual for the practical man, whether archi i or hanic. . . . The
object of the author being to avoid all abstruse formulee or comphcated methods, and to enable
¥ ith but a mod k ledge of gcometry to work outthe problems required.”—Zngissh
Mechansc.

The Science of Geometry.
THE GEOMETRY OF COMPASSES; or, Problems Resolved
by the mere Description of Civtles, and the use oé Coloured Diagrams and
Symbols, By OLIvVER Byrne. Colourcd Plates. Crown 8vo, 3s. 64. cloth,

“ The treatise is a good one, and remarkable—like all Mr Byrre’s contributions to the science
of geometry—for the lucid cl "—Bilding News.

of its

DECORATIVE ARTS, ete.

Woods and Marbles (Imitation of).

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS
AND MARBLES, as Taught and Practised by A. R. VAN pEr Bukag and P.
VAN DER BURrG, Directors of the Rotterdam Painting Institution. Royal folio,
18% by 12} in,, Illustrated with 24 full-size Coloured Plates; also 12 plain
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £1 115, 64,

List of Plates,
1. Various Tools required for Wood Painting  Fuushed Speci Mahogany : Spech
—a, 3. Walnut. Prel y Stages of G of various Grains and Methods of Manipulation
and 3I-‘imshed Specimen — 4. Tools used for  —z0, 21. Mahogany: Earlier Stagesand Finished

Marble Painting and of — me , 23, 24. Sienna Marble: Varieties
6. St. Retn Marble: Earlier Operations and of Grain, Prelimnary Stages and Fimshed
i:'uuahed Specunen—y. Methods of Sketching S?ecmnen—es. 26, 27. Juniper Wood : Methods
chfferent Gramns, Knots, &c —8. 9. Ash: Pre- of producing Gramn, &c.: Prehmnary Stages
lmunary Stages and Finished Specimen— 10, and Finihed Specimen—z8, ag, 30. Vert de
Methods of Sketching Marble Gramns—ri, 1a, Mer Marble. Vaneties of Gramn and Methods
Breche Marble Preliminary Stages of Workir_l‘g of Working Unfimshed and Finished Speci-
and Finished $ 3. Maple : Meth n 31. 32 33. Qak : Varietics of Grain, Tools
of Producing the different Grains- 14, ‘i' Bird's Employed, and Methods of Mampulation, Pre-
e Maple: Preliminary Stages and Finshed hminary Stages and Finished Specimen—3q,
Specimen—16. Methods of Sketching the dif- gé.. ‘Waulsort Marble: Vaneties of Graln, l?l?-
ferent Species of White Marble—17, 18. White ed and Finished Specimens,
Marble: Prehminary Stages of Process and

“*,* OPINIONS OF THE PRESS,

* Those who desire to attain skill in the art of painting woods and marbles will find advantage
In consulting this lmok‘.l o S?"’ne of the Working Men's Clubs should give their young men
the o to study it.” .

A comprehensive guide to the art. The expk: ions of the the i ion and
management of the colours, and the beauufullr executed plates will not be the least valuable to the
student who aims at making his work a faithful t; of nature." jiding News.

“Students and novices are forrunate who are able to become the possessors of so noble a
work."—Architect.

House Decoration.

ELEMENTARY DECORATION., A Guide to the Simplex
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of
Dwelling Houses, &c. By James W. FAcEy, Jun, With 68 Cuts, r12mo, 2s.
cloth limp.

*As a technical guide-book to the decorative painter it will be found reliable."—Buikding News.

PRACTICAL HOUSE DECORATION : A Guide to the Art of
Ornamental Painting, the Arrangement of Colqurs in Apartments, and the
grinciplgs of Decorative Design. With some Remarks upon the Nature and
roperties of Pigments. By JaMES WiLL1AM FAcEY, Author of “ Elementary
Decoration,” &c. With numerous Illustrations. 1zmo, 2s..6d. cloth limp.

N.B.—~The above Two Works together in One Vol,, strongly half-bound, 55,
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b’olour. :

A GRAMMAR OF COLOURING. Applied to Decorative
Painting and the Arts. By Georce FigLp, New Edition, Revised, Enlarged,
and adapted to the use of the Ornamental Painter and Designer. By ELLIS
A. Davipson, With New Coloured Diagrams and Engravings. 12mo, 3s. 6d.
cloth boargs.

*The book is a ost useful »2susne of the properties of pigments,”"—Buslder,

House Painting, Graining, etc.

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN
IWRITING, A Practical Manualof. By ELris A.Davioson. Fifth Edition.
With Coloured Plates and Wood Engravings. 1zmo, 6s. cloth boards.
** A mass of informaticn, of use to the amateur and of value to the practical man."—Englisk
Aechane. »
“‘Simply invaluable to the youngster entering uporfthis particular calling, and highly service-
able to the man who 15 practising it."—Furnsture Gascite.

Decorators, Eeceipts for.
THE DECORATOR'S ASSISTANT : A Modern Guide to De-

corative Artists and_Amateurs, Painters, Writers, Gilders, &c. Containing
upwards of 600 Reccipts, Rules and Instructions ; with a variety of Informa-
tion for General Work connected with every Class of Interior and Exterior
Decorations, &c. 152 pp., crown 8vo, Is. in wiappel.

“ Full of r&epts of value to decorators, pamters, gilders, &c. The hook contains the gist of
targer treatises on colour and techmical processes. 1t would be difficult to ncet with a work so full
of varied mformation_on the pamtcr's art "~ Buxlding News

We recommend the workto all who, whether for pleasure or profit, require a guide to decora-
tion."—Plumnber and Decorator. -

Moyr Smith on Interior Decoration.
ORNAMENTAL INTERIORS, ANCIENT AND MODERN.,

By J. Moyr Smrtn. Super-royal 8vo, with 32 full-page Plates and numerous

smaller Ilusts., handsomcly bound in cloth, gilt top, price 18s. | Fust published,

1=~ In “ORNAMENTAL INTERIORS' the designs of more thaa thirty artisi-
decorators and archutects of high standing have been illustvated. The book may
therefore fairly clawm to grve a good gencral view of the works of the modern school
of decoration, besides ging charactenistic examples of carlier decorative arrange-
ments.

“ORNAMENTAL INTERIORS” gives a short account of the styles of Imterior
Decoration as practiscd by the Ancients wn Egypt, Greece, ssynia, Rome and Byzan-
twum., This part 1s sllustrated by charactenisiic designs. The mawn body of the
work, however, 1s devoted to the sliustration of the modePn styles of Decorative gdrt,
and many examples ave gwen of decorative designs switable for modern Dining-
Rooms, Drawing-Rooms, Libraries, Starrcases and Flall, Parlours, Studies and
Smoking-Rooms. The Decoration of Public Buildings 15 wllustrated by views of the
chief State Apartments mn Buckengham Palace and Windsor Castle, the Salle de
Leys at Antwerp, the Salle de Manages at Brussels, and of other works which have
distWuctive featuves suitable for the purpose.

*.¥ OPINIONS OF THE PRESS,

«The hook is well illustrated and handsomely got up, and contains some true criticism and a
good many good examples of decorative treatment "— 77 Ruild:

*We can greatly commend Mr Moyr Smith’s book, for it 15 the production of vne professedly
capable in decorative work, and abounds with useful hints and descnptions of executed modern
work, together with a well-put zesume of aucient styles. . . . As much a bouk for the drawing-
room as %or the manufacturer,”—The Britesh Architect.

““ Well fitted for the dilettante, amateur, and professional designer “—Decoratzon.

s« Thisis the most claborate, and beautiful work on the artistic decoration of mteriors that we
have seen . . The scrolls, pancls and other designs from the authors own pen are very
beautiful and chaste ; but he takes care that the designs of other nien shall figure even more than
his own “—ZLeverpool Albror.. .

“To all who take an imterest in elaborate d this hand: volume will be
welcome."—Graphic, . L

“Mr Moyr Suith deserves the thanks of art workers for having placed within their reach a
hook that seems emmently adapted to afford, by example and precept, that gudance of which
inost craftsmen stand in néed.”— Furmitire Gazelte.

British and Foreign Marbles.

MARBLE DECORATION and the Terminology of British and
Foreign Marbles, A Handbook for Students. By GEORGE H. BLAGROVE,
Author of * Shoring and its Application,” &c. With 28 Illustrations. Crewn
8vo, 3s. 6d. cloth. [Fust published.
. c
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DELAMOTTE’S WORKS ON ILLUMINATION AND ALPHABETS.

A PRIMER OF THE ART OF ILLUMINATION, for the Use of
Begwuners : with a Rudimentary Treatise on the Art, Practical Directions for
its exercise, and Examples taken from Illuminated MSS., printed in Gold and
Colours, By F. DELaMoTTE. New and Cheaper Edition. Small 4t0, 6s. orna-
mental boards, B

*“The aamplasf of ancient MSS. recommended to the student, which, with much ieod sense,
rom ibl

the author ch to all, are selected with judgment and knowledge,
as well as taste."—Athenzum.

ORNAMENTAL ALPHABETS, Ancient and Medizval, from the
Eighth Century, with Numerals; including Gothic, Church-Text, large and
small, German, Italian, Arabesque, Initials for Illumination, Monograms,
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen,
Missal Painters, Masons, Det€orative Painters, Lithographers, Engravers,
Carvers, &c. &c. Collected and Engraved by F. DELAMOTTE, and printed in
Eolo&lrs. New and Cheaper Edition, Royal 8vo, oblong, 2s. 64. ornamental

0ards,
** For those who inser! lled sent: round grilded chalices, who blazon shop legrends ovex
e use-

t
shop‘doors. who letter church walls with pithy sentences from the Decalogue, this book will by
ful."—Atrenaun.

EXAMPLES OF MODERN ALPHABETS, Plain and Oynamental ;
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque;
with several Original Designs, and an Analysis of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur-
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c.
Collected and Engraved by F. DeLaMOTTE, and printed in Colours. New
and Cheaper Edition, Royal 8vo, oblong, zs. 64, ornamental boards.

“There is comprised in it every possible shape into which the letters of the alphabet and

numerals can be formed, #nd the talent which has been expended 1 the conception of the various
plam and atters 1s lorful."—Stardard.

MEDIZEVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F, G. DeLaMoTTE. Containing 21 Plates and Illuminated
Title, printed in Gold and Colours, With an Introduction by J. WiLLis
Brooks. Fourth and Cheaper Edition, Small 4to, 4s. ornamental boards.

‘* A volume in which the letters of the alphabet come forth glorified in giding and all the colours
of the prism interwoven and intertwined an mlermmgled."—éun.

THE EMBROIDERER'S BOOK OF DESIGN. Containing
nitials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical
evices, Medizval and Modern Alphabets, and National Emblems. Col-
lected by F. DELAMDTTE, and printed in Colours. Oblong royal 8vo, 1s. 6d.
ornamental wrapper.

** The book will be of great assistance to ladies and young children who are endowed with the
art of plying the needle in this most ornamental and useful pretty work.”"—ZEast Anglian Tamyes.

Wood Carving.
INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with
Hints on Design. By A Lapy, With Ten large Plates, 2s. 64. in emblematic
wrapper.

* The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A
Lady’s’ pubhication."—Ashencwum.
i The directions given are plain and easily und 3."—English Mechanic

Glass Painting.

GLASS STAINING AND THE ART OF PAINTING ON

GLASS. Fromthe German of Dr. GesseRT and EMANUEL OTTO FROMBERG,
With an Appendix on THE ART OF ENAMELLING, 12m0, 28. 6d. cloth limp.

Letter Painting.

THE ART OF LETTER PAINTING MADE EASY. B
I_AHES GRre1G BapENocH. With 12full-page Engravings of Examples, 1s, clot|
imp.
“The m 1s a simple one, but quite original, and well worth the careful attention of letter-
painters. It can be easily d and d.”—~Building News.,
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CARPENTRY, TIMBER, etc. .

Tredgold’s Carpeniry, Enlarged by Tarn,
THE ELEMENTARY PRINCIPLES OF CARPENTRY.
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist-
ance of Tjmber, and the Construction of Floors, Arches, Bridges, Roofs,
Uniting_Ironyand Stone with Timber, &c. To which is added an Essay
on the Nature and Properties of Timber, &¢., with Descriptions of the kinds
of Wood used in Building; also numerous Tables of the Scantlings of Tim-
ber for different purposes, the Specific Gravities of Materials, &ec. THOMAS
TrepcoLp, C.E. With an Appendix of Specimens of Various Roofs of Iron
and Stone, Illustrated, Seventh Edition, thoroughly revised and considerabl
enlarged by E. WynnuaM TarN, M.A,, Author ot “The Science of Build-
ing,” &c. With 61 Plates, Portrait of the Authorl and several Woodcuts, In
one large vol,, 4to, price £1 3s, cloth,
*Ought to be in every architect’s and every buﬂaer's Hbrary.”—)?ullder.
* A work whose 1 excell must d if skilful carpentry is con-
cerned, The author’s principles are rather confirmed than mmpawred by time. The additional

)

‘plates are of great intrinsic value."—Birlding News.
Woodworking Machinery.

° WOODWORKING MACHINERY : Its Rise, Progress, and Con-
struction. With Hints on the Management of Saw Mills and the Economical
Conversion of Timber. Illustrated with Examples of Recent Designs by
leading English, Fiench, and American Engineers. By M. Powis BALE,
A.M. Inst. C.E., M.LM.E. Large crown 8vo, 12s. 6d. cloth.

* Mr. Bale 15 evilently an expert on the subject, and he has collected so much information that
his book 1s all-sufhicient for buslders and others engaged in the conversion of timber,”—.4 rchitect.

““The most preh of 1 g hinery we have seen. The
author 1s a thorough master of his snbject."—Bm‘ldmg News,

. appearance of this book at the present time will, we should think, give a considerable
impetus to the onward march of the machmist engaged in the d and £z o
woo;:-workmg machines, It should be in the office of every wood-working factory."—Bmglish

echrantc.
Saw Mills,
SAW MILLS : Theiv Avvangement and Management, and the
Economical Conversion of Timber. (Being a Companion Volume to * Wood-
working Machinery.”’) " By M. Powis Barg, A.M. Inst. C.E,, M.LLM.E.
With numerous Illustrations. Crown 8vo, 10s. 6d. cloth,

** The administratton of a large sawing establishment is discussed, and the subject examined
from a financial standpomt. Hence the size, shape, order, and disposition of saw-mills and the
hike are gone wmto in detail, and the course of the timber is traced from its reception to its
geh;::y in 1ts converted state. We could not desire a more complete or practical treatise,”—

weelder.

e We bighly recommend Mr. Bale’s work to the attention m:d perusal of all those who 35e en-
gaged in the art of wood conversion, or who are about build or delling ils on 1m-
proved principles.”"—Buslding News. »

Carpentering.
THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car-

spenters; comprising all the Elementary Principles essential for acquiring a

nowle&ge of Carpentrr Founded on the late PETErR NIcHOLSON’s Standard
Work, A New Edition, revised by ARTHUR AseriTEL, F.S.A, Together
with Practical Rules on Drawing, by GEorce Pyne, With 74 Plates,
4to, £1 15. cloth,
Handrailing.

A PRACTICAL TREATISE ON HANDRAILING : Showing

. New and SimPle Methods for Finding the Pitch of the Plank, Drawing the
Moulds, Bevelling, Jointing-up, and Squaiing the Wreath. By GeorGe
CorrinGs, Illustrated with Plates and Diagrams. 12mo, 1s. 6d. cloth limp.

¢ Will be found of prartical utility 1n the execution of this difficult branch of jonery.” —Buslder.

“ Almost every difficult phase of this somewhat intricate Lranch of joinery s elucidated by the
aid of plates and explunatory letterpress."—Furniture Gazette,

Circular Work.

CIRCULAR WORK IN CARPENTRY AND FOINERY: A
Practical Treatise on Circular Work of Single and Double Curvature, By
GEORGE CoLLiNGS, Author of * A Practical Treatise on Handrailing.” Illus-
trated with numerous Diagrams. 12mo, 2s. 64. cloth limp, [Fust lished.
tion, ‘all:il uce].lcn‘tilelx‘it;lple of what a book SI this kind should be. Cheap in price, clear in defini-
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Timber Merchant’s Companion.

THE TIMBER MERCHANT'S AND BUILDER'S COM-
PANION. Containing New and Copious Tables of the Reduced Weight and
Measurement of Deals and Battens, ot all sizes, from One to a Thousand
Pieces, and the relative Price that each size bears per Lineal Foot to any
given Price per Petersburg Standard Hundred; the Price per Cube Foot of
Square Timber to any given Price per Load of 50 Feet; the proportionate
Value ot Deals and Battens bér thé Standard, to Square Timber by the Load
of 50 Feet; the readiest mode of ascertaining the Price of Scantling per
Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c. Y
WiLriaM DowsiNGg, Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl.
*Every timber merchant and builder ought to possess it."—Hull Advertiser.
* We are glad to see a fourth edition of these admirable tables, which for correctness and
simplicity of arrangement leave nothing to be desired "— Ttnber Trades i‘faurnal.
‘* An exceedingly well-arrangee], clear, and concise manual of tables for the use of all who buy
or sell tunber."—Fournal of Forestry.

Practical Timber Merchant.
THE PRACTICAL TIMBER MERCHANT. Being a Guide

for the use of Building Contractors, Surveyors, Builders, &c., comprisin

useful Tables for all purposes connected with the Timber Trade, Marks of"

Wood, Essay on the Strength of Timber, Rewnarks on the Growth of Timber,

&c. By W. Ricuarpson. Fcap 8vo, 3s. 6d. cloth. .

**This handy manual contans much valuable information for the use of timber merchants,
builders, foresters, and all others connected with the growth, sale, and manufacture of tumber,' —
Fournal of Forestry.

Timber Freight Book.

THE TIMBER MERCHANT'S, SAW MILLER'S, AND
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules,
Tables, and Memoranda relating to the Timber Trade. By WiLLiAM

Ricuarpson Timber Broker; together with a Chapter on ““ SPEEDS OF Saw

MiLL MACHINERY,” by M. Powrs BaLg, M.ILM.E., &, 12mo, 3s. 64. cl. boards.

“ A very useful manual of rules, tables, and memoranda, relating to the timber trade. We re-
itasa pend of calculation to all timber measurers and merchants, and as supply-

ing a real want in the trade."—Building News.

Packing-Case Makers, Tables for,
PACKING-CASE TABLES ; showing the number of Super-

ficial Feet in Boxes or Packing-Cases, from six inches square and upwards,
By W. Ricuarpson, Timber Broker. Second Edition. Oblong 4to. 3s. 6d, cl.
“Invaluable labe

ng tables,”—/ . “'Will save much labour,"—Grocer,
(3
Superficial Measurement.

THE TRADESNAN'S GUIDE TO SUPERFICIAL MEA-
SUREMENT. Tables calculated from 1 to 200 inches in length, by 1 to 108
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber
Merchants, Builders, &c. By James Hawxkings. Third Edition, Fc§p.,
3s. 6d. cloth.
*A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any
surface of which the hmits have been ascertained can be mstantly deterrmined. The book will be
found of the greatest utihity to all ged 1n buld D "—Scotsman.

Forestry.

THE ELEMENTS OF FORESTRY. Designed to afford In-
formation concerning the Planting and Care of Forest Trees for Ornament or
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B.
HoucH. Large crown 8vo, 10s. cloth,

Timber Importer’s Guide.

THE TIMBER IMPORTER’S, TIMBER MERCHANT'SAND
BUILDER'S STANDARD GUIDE. By Ricuarp E. Granpy. Compris-
ing an Analysis of Deal Standards, Home and Foreign, with Comparative
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic
and North American Deals, including all internediate Expenses, Freight,
Insurance, &c. &c. Together with copious Information for the Retailer and
Builder, Third Edition, Revised. 1zmo, 2s. 6d. cloth boards.
* Everything it pretends to t;: : rbuﬂt up gradually, it ]l:u}:sks one from a forest to a‘; treenail, and
g bricks, i o

throws in, as a ight, a host of

Py
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Chain Cables.

CHAIN CABLES AND CHAINS. Comprising Sizes and
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and
Chain Making, Forming and _Weldm? Links, Strength of Cables and Chains,
Certificated fg Cables, Marking Cables, Prices of Chain Cables and Chains,
Historical N&tes, Acts of Parliament, Statutory Tests, Charges for Testing,
List of Manufacturers of Cables, &c. &c. By THoMas W.TraiLr, F.E.R.N,,
M. Inst. C.E., Enginecr Surveyor in Chief, Board of Trade, the Inspector
of Chain Cable and Anchor Proving Establishments, and General Superin-
tendent, Lloyd’s Committee on Proving Establishments. With numerous
‘Tables, Illustrations and Lithographic Drawings, Folio, £2 2s. cloth,
bevelled boards,
* The author writes not only with a full acquaintance with gcientific formulze and details, but
also with a profound and fully-mstructed sense of the @nportance to the safety of our ships and
sailors of fidelity in the manufacture of cables,

'—Atheneumn.

**The business of cham cable making 1 well explamed and illustratad. 'We can safely recom-
mend this work to all 1 any way connected with the mauufacture of chan cables and chawns, as a
good bouvk."—Aature.

** It contains a vast amount of valuable information. Nothing seens to be wanting to make 1t

K letc and dard work of refc on the subject."—Naulial Magazine,

Pocket-Book for Naval Architects and Shipbuilders.

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET-BOOK of Formula, Rules,and Tables,and MARINE ENGINEER'S
AND SURVEYOR'S Handy Book of Reference. By CLEMENT MACKROW,
Member of the Institution of Naval Architects, Naval Draughtsman. Third
Edition, Revised. With numerous Diagrams, &c. Fcap., 12s. Gd. strongly
bound in leather,
**Should be used by all who are enFaged in the construction or design of vessels. , . . Wil
he found to contain the most useful tables and formula req by shiy d carefully d
from the Lest authorities, and put together n a popular and simple fonn,"—Z&ngineer.
**The professional shipbuilder has now, in a convenient am? accessible form, reliable data for
solving many of the numerous problems that present themselves i the course of his work,"—/roz.
*‘There is scarcely a subject on which a naval arclitect or shipbuilder can require to refresh
his memory which will not he found within the covers of Mr. Mackrow's book.”—Esyritsk Mechanc,

Pocket-Book for Marine Engineers.

A POCKET-BOOK OF USEFUL TABLES AND FOR-
MULAZ FOR MARINE ENGINEERS. By Frank Procror, A.L.N.A.
Third Edition. Royal 32mo, leather, gilt edges, with strap, 4s.

**We recommend 1t to our readers as going far to supply a long-felt want,"—Naval Science.

* A most useful compamon to all marine engmeers,”"—UnutedgdService Gazelte,

Lighthouses,
EUROPEAN LIGHTHOUSE SYSTEMS? Being a Regort of

a Tour of Inspection made in 1873. By Major Georcr H. ErLioT, Corps of
Engirieell;s, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts, 8vo,
+21s. cloth.

** The following are published in WEALE'S RUDIMENTARY SERIES,
MASTING, MAST-MAKING, AND RIGGING OF SHIPS, By

RoserT Kireing, N.A. Fifteenth Edition. 12mo, 2s. 6d. cloth boards,

SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with
an Appendix, By Rosert Krering, N.A, Illustrated. 12mo, 3s. cloth boards,

‘NAVAL ARCHITECTURE. By James Peake, Fifth Edition,

with Plates and Diagrams. 12mo, 4s, cloth boards.

MARINE ENGINES AND STEAM VESSELS (A Treatise on),
By RoBerT Murray, C.E,, Principal Officer to the Board of Trade for the
East Coast of Scotland District. "Eighth Edition, thoroughly Revised, with
considerable Additions, by the Author and by Georek CarrisLe, C.E.,
Senior Surveyor to the Board of Trade at Liverpool. 1zmo, 5s.cloth boards,

PRACTICAL NAVIGATION. Consisting of THE SAILOR'S SEA-
Boor, by Jas. GReexwoop and W. H. RossER ; together with the requisite
Mathematical and Nautical Tables for the Working of the Problems, by
Hexry Law, C.E. and Prof, J. R, Younag, Illustrated 12mo, 7s. half-bound.
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" MINING AND MINING INDUSTRIES.

Metalliferous Mining.

BRITISH MINING : A Treatise on the History, Discovery, Practical
Development, and Future Prospects of Metalliferous Mmnes in the United King-
dom. BE. RoserT HunT, F.R.S., Keeper of Mininq Racords; Editor of
“ Ure's Dictionary of Arts, Manufactures, and Mines,” &c. Upwards of gso
Pp., with 230 Illustrations, Second Edition, Revised. Super-royal 8vo, £2 2s.
cloth. [Fust published,
*.* OPINIONS OF THE PRESsS,
“One of the most ble works of refe of modern times. Mr. Hunt, as keeper of mining
records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else,
and has evidently made the most of the‘m. . . . The languago and style adopted are good, and

hiedic I

the treatment of the various consci and scientific.”"—Engineering.

** Probably no one in this country was !)encg qualified than Mr. Hunt for undertaking such a
work. ght into fi n duning a long life-time with the principal guar-
dians of our mueral and mietallurgical industries, he 1 a i J ally I
or coll 13 y 1. The use which he has made of his opportunities is suffi-
ciently attested by the dense mass of information crowded into the handsome voluine which has
,}sust been published. . . . In placing before the reader a sketch of the present position of

ritish Miming, Mr. Hunt treats his subject so full*:md 1llustrates 1t so amply that this section really *
forms a httle treatise on practical mining. . . . The book 15, m fact, a treasure-house of statistical
information on mimng subjects, and we know of no other work. embodyin;i’so great amass of matter
of this kind, Were this the only ment of Mr. Hunt's volume 1t would be sufficient to render 1t
indispensable in the library of everyone i d 1n the of the mining and metallur-
gical mdustnes of thus country,”— . dthenaum.,

_**A mass of information not elsewhere available, and of the greatest value to those who may
De interested in our great minoral industries "—Engineer,

*‘A sound, busi T llection of i ing facts. . . . The amount of information
Mr. Hunt has gh her 15 . « . The volume appears likely to convey more
fustruction upon the subject than any work hitherto publhished.”"—Alineng Fournal.

“*The work will be for the nuning industry what Dr. Percy's celcbrated treatise has been for the
metallurgical—a book that cannot with advantage be omitted from the lbrary."- /ron and Coal
Trades Review.

*The hiterature of mining has hitherto p d no work apr hing in imp to that
which has just been published. There is much 1 Mr. Hunt's valuable work that every shareholder
in a nune should read with close attention. The entire subject of practical mmng—from the first
sef;d‘ for the lode to the latest stages of dressimg the ore—is dealt with in a masterly mananer.”
—Acadeiny.

Coal and Iron.

THE COAL AND IRON INDUSTRIES OF THE UNITED
KINGDOM. Comprising a Description of the Coal Fields, and of the Princi-
pal Seams of Coal, with Returns of their Produce and its Distribution, and
Analyses of Special Vaieties, Also an Account of the occurrence of Iron
®res in Veins or Seams; Analyses of each Variety; and a History of the
Rise and Progress of Pig Iron Manufacture since the year 1740, exhibiting the
Economies introduced in the Blast Furnaces for its Production and Improve-
ment. By RICHARD MEADE, Assistant Keeper of Mining Records. With
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom.
8vo, £1 8s. cloth, '
“The book is one which must find a place on the shelves of all interested in coal and iron
production, and in the iron, steel, and other metallurgical industnes."—Ewngincer.
“Of this book we may unreservedly say that 1t 1s the best of 1ts class which we have ever met.
. . .« A book of reference which no one engaged in the iron or coal trades should omit from his
library."—ZIrorn and Coal Trades Review,
“An exh anda ble work of refe " —Mining Fournal,

Prospecting for Gold and other Metals.

THE PROSPECTOR'S HANDBOOK : A Guide for the Pro-
igector and Traveller in Search of Metal-Bearing or other Valuable Minerals.
y J. W, Anperson, M.A, (Camb.), F.R.G.S., Author of *Fiji and New

Caledonia,” Third Edition, Revised, with Additions. Small crown 8vo,

3s. 6d. cloth, (Fust published.

Wil suglply a much felt want, especially among Colonists, in whose way are so often thrown
many mineralogical specimens the value of which it is difficult for anyone, not a specialist, to
dotermine, The author has placed his instructions before his d in the pl P
terms, and hus book is the best ofits kind,"—Enguneer. '

““How to find commercial minerals, and how to identify them when they are found, are the
leading polnts to which attention is directed. The author has managed to pack as much practical
detail into his pages as would supply material for a book three times lts size,”—Ménsng Fournal,

*'Those toilers who explore t dd dden tracks on the face of the globe will find

e T
much that s useful to them in this book."—.thenazums.
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Miml;w Notes and Formulee.

NOTES AND FORMULZZE FOR-MINING STUDENTS. By
OHN HERMAN MERIVALE, M.A,, Certificated Colliery Manager, Professor of
ining in the Durham College of Science, Newcastle-upon-Tyne. Second
Edition, carefully Revised. Small crown 8vo, cloth, price 2s. 64.
[Fust published.
1= Thisbook consists of a collection of notes and formule drawn from various
sources, the authd¥ity being quoted in most instances. It is hoped that the work will
de us;ful not only to students but to the profession. .
he principal sources of information upon g maltters are the Tr 21
of the various Enginecering Societies to which the student, 11 most of our large towns,
access. A great many vefevences to the most familiar of them are given, so that
the student who wishes to follow up a subject may be in a position to int kv if
with details which could not be wncluded 1n a work like this. i
he examples of the usé of the formule, at the eng of the book, are merely given
10 assist students working without a teacher. ®
** Invaluable to anyone who 1s working up for an examination on mining subjects.”—Coal and
Iron Trades Review.
‘‘The author has done his work in an gy, and has p a book
2}_1:1:" will be of service to students, and those who are practically engaged in muung operations,"—
ngrineer,

4 J

* A vast amount of technical matter of the utmost value to mining engineers, and of consider-
able interest to students.”—Sckoolmaster.

Mineral Surveying and Valuing.

THE MINERAL SURVEYORAND VALUER'S COMPLETE
GUIDE, comprising a Treatise on Improved Mining Surveymng and the Valua-
tion of Mining Properties, with New Traverse Tables. By Wu. LINTERN,
Mining and Civil Engineer. Second Edition, with an Appendix on * MaF-
netic and Angular Surveying,” with Records of the Peculiarities of Neecdle
Disturbances. With Four Plates of Diagrams, Plans, &c. 12mo, 4s. cloth.

[Fust published.
“An fund of i ion of great valne."—Minfngy Fournal.

* Mr. Liatern's book forms a valuable and thoroughly trustworthy gulde."—Jron and Céal
Trades Review.

“This new edition must be of the highest value to colliery surveyors, proprietors and mana-
gers."—Collrery Guardian.

Metalliferous Minerals and Mining.

TREATISE ON METALLIFERQUS MINERALS AND
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c., Author of “A
Treatise on Slate and Slate Quarrying."” Illustrated with numerous Wood
Engravings. Fourth Edition. Crown 8vo, 12526d. cloth.

«Neither the practical miner nor the general reader interested in mines, canhave a betr book

for his companion and his guide.”"—Munng Fournal, »
“The volume is one which no student of mi y should be "—Colliery Guardian,
“ We are doing our readers a service in calling their attention to tlus valuable work."—Miénung

# « A hook that will not only be useful to the geologist, the practical miner, and the metallurgist,
but also very interestung to the , neral public."—/roz.

““As a history of the present state of muning throughout the world this book has a real value,
and it supphes an actual want, for no such infc has hth been brought tog within
such limited space,”~—Athenzum.

Earthy Minerals and Mining.

A TREATISE ON EARTHY AND OTHER MINERALS
AND MINING. By D. C. Davies, F.G.S. Uniform with, and forming a
Companion Volume to, the same Author's ‘‘ Metalliferous Minerals and
Mining.” With 76 Wood Engravings. Second Edition. Crown 8vo, 125, 6d.
cloth,

“Itis fally a practical work, ded primarily for the use of practicalmen. . . . We
do not remember to have met with any English work on mining matters that contains the same
amount of information packed in equally form, == cad.

“ The book is clearly the result of mnn, ti;e:lrs' careful work and thought, and we should be
inclined to rank it as among the very best of the handy technical and trades 1s which have
recently appeared.”—Brutesk Quarierly Review.

«“The volume contains a great mass of f 1 inf i full, hodised and pre-
sented ina ver! Ligible shape.”—5 )

*The subject matter of the volume will be found of high value by all—and they are a numer-
ous class—who trade in earthy minerals,"—Atkenaum.
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: "~
Underground Pumping Machinery.

-MINE DRAINAGE. Being a Complete and Practical Treatise
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip-
tion of a Jarge number of the best known Erﬁines, their General Utility and
the Special Sphere of their Action, the Mode of their Application, and
their merits compared with other forms of Pumping Machinery, By STEPHEN
MicHELL. 8vo, 15s. cloth. )

*Will be highly esteemed by colliery owners and lessees, mining engineérs, and students
erally who require to be acquainted with the best means of securing the drainage of mines. It
1s a most valuable work, aud stands «lmost alone in the 1 of steam p i hi a
Collrery Guardian.
* Much valuable information is given, so that the hook is thoroughly worthy of an oxtensive

|t 1 men and purch of h Yy —Muang Fournal.

Mining Tools.
A MANUAL OF MINING TOOLS. For the Use of Mine

Managers, Agents, Studeats, &c, By WirLiaM MorcANs, Lecturer on Prac-
tical Mining at the Bristol School of Mines. 12mo, 3s. cloth boards.

ATLAS OF ENGRAVINGS to Illustrate the above, contain-

ing 235 Illustrations of Mining Tools, drawn to scale, 4to, 4s. 64. cloth.

** Students 1n the science of mining, and overmen, captains, managers, and viewers may gain
practical knowledge and useful hints by the studv of Mr. Morgans’ manual."—( olltery Guardian.
= “A lvalunble work, wlich will tend materially to unprove our nuuing hterature.”--Menuny

ournal,

Coal Mining.

COAL AND COAL MINING : A Rudimentary Tyeatisc on. By

Sir WARINGTON W. SmyTH, M.A , F.R.S, &c., Chiet Inspector of the Mines of

the Crown. New Edition, Revised and Corrected. With numerous 1llustra-

tions. 12mo, 4s. cloth boards.

“As an outline 15 given of cvery known coal-ficld in this and other countries, as well as of the
principal methods of working, the book will doubtless interest a very large number of readers.”—
Mntng Fournal,

Subterraneous Surveying.
* SUBTERRANEQUS SURVEYING, Elementary and Practical

Tseatise on; with and without the Magnetic Needle, By THoMas FENWICK,
Eurv;yor of Mines, and TnoMas Baker, C.E. Illustrated. 12mo, 3s. cloth
oards. .- -

NATURAI; AND APPLIED SCIENCE.

Text Bool of Electricity.

o
THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By
HeNrY M. Noap, Ph.D,, F.R.S,, FC.S. New Edition, catefully Revised,
With an Introducticn And Additional Chapters, by W, H. PResce, M.I.C.E.,
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra-
tions. Crown 8vo, 12s. fd. cloth.

“The ongnal plan of this book has been carefully adhered to so as to make it a reflex of t.e
existing state of electrical science, adapted for students, . . . Discovery seems to bave pro-
gressed with marvellous strides ; nevertheless it has now apparently ceased, and practical apphea-
tions have commenced their carcer ; and it 15 to mive a faithful account of these that this tresh
edition of Dr. Noad's valuable text-book 1s launched forth."—ZExtract front [rntroduction &y IV, H,
Preece, Esg,

““We can recommend Dr. Noad's book for clear style, great range of eub’lect. a good index,
and a plethora of woodcuts. Such collections as the present are indispensable "—Adthesnczint.

“ Dr. Noad’s text-book has earned for 1tself the rey ot a truly manual for the
student of electricity, and we gladly hail tlus new amended edition, which brings it once more to
the front.  Mr. Preece as reviser, with the assistance of Mr. H. R, Kempe and Mr. . P, Edwards,
has added all the practical results of recent invention and research to the admrable theoretical
expositions of the author, so that the book 1s about as complete and advanced as 1t is possible for
any book to be within the lmuts of a text-book,"—7 elegraphic Fournal.

Electricity.
A MANUAL OF ELECTRICITY : Including Galvanism, Mag-

netism, Dia-Magnetism, Electro-Dynamacs, Magno-Electricity, and the Electric
Tt{agraph. By Henry M. Noap, Ph.D,, F.R.S, F.C.S. Fourth Edition,
‘With 500 Woodcuts, 8vo, £1 4s. cloth,

*“’The accounts given of electricity and galvanism are not only complete in a scientific sense
‘but, which1s a rarer thing, are popular and interesting."—ZLascet, +

“It is worthy of a place in the library of every public institution,"—Mining Fournal,
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Electric Light. o

ELECTRIC LIGHT : Its Production and Use. Embodying Plain
Directions for the Treatment of Voltaic Batterics, Electric Lamps, and
Dynamo-Electric Machines. By J. W, UrqunarT, C.E., Author of “ Electro-
plating.” Second Edition, with large Additions and 128 lllusts. 7s. 6d, cloth.

“The book is by far the best that we have );et met with on the subject."—Atkenasent.

“It 1s the only work at present available which gves, in language intelligible for the most part
9 the erdinary reade* a greneral but concise history of the means which have been adopted up to
he present time m pfdducing the electric hght,"—Metropolitan.

“The book contams a general account of the means adopted in producing the electric ght,
ot only as ohtamed from voltaic or galvanic batteries, but treats at length of the dynamo-electnic
1achine m seseral of its fonns,"—Collzery Guardian.

Electric Lighting.

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT-

ING, By AraN A. CANPBELL SWINTON, Asiociate S.T.E. Crown 8vo,

1s. 6d, cloth. L]

*‘ Anyone who desires a short and thoroughly clear exposition of the elementary principles of
lectric-lightmg cannot do better than read this liftle work "—Bradford Observer.

Dr. Lardner’s School Handbooks.

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LARDNER,
328 Illustrations. Sixth Edition. One Vol, 3s. 64. cloth,

‘* A very convenient class-book for juntor students in private schools. It is intended to convey,
1 clear and precise_terms, general notions of all the principal divisions of Physical Science,”—
Irttash Quarterly Review.

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. LARDNER,
With 190 Illustrations, Second Edition. One Vol, 3s. 6d. cloth,
* Clearly written, well arranged, and excellently illustrated."—Gardener's Chronidic.

Dr. Lardner’s Electric Telegraph.

THE ELECTRIC TELEGRAPH. By Dr, LArDNER. Re-
vised and Re-written by E. B, BriguT, F.R.A.S. 140 Illustrations. Small
8vo, 2s. 6d. cloth,

“ One of the most readable books extant on the Flectric Telozraph “—Frglish Mechaic,

ytorms.

STORMS : Their Nature, Classification, and Laws; with the Means
of Predicting them by their Embodiments, the Clouds. By Wu. BLasius.
With Colourcd Plates and Woodcuts., Crown 8vo, 10s. 64, cloth.

“A very readable book . . . The fresh facts contauned m s pages, collected with evident
are, form a useful repository for meteorologists m the study of atmosphencal disturbances -
he book will pay perusal as bemg the production of one who Fres cvidence of acute observas
on "—Nature. -
The Blowpipe.

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND

GEOLOGY. Containing all known Methods of Anhydrous Analysis, many

Working Examples, and Instructions for Making Apparatus. By Lieut.-

Colonel W. A. Ross, R.A.  With 1zo Illustrations. Cr. 8vo, 3s. 64. cloth,

“The student who goes conscientiously through the course of experimentation here laid down
1l grain a better insizht into inorgamc chemistry and mmeralogy than if he had ‘got up'any of
1e Nest text-books ot the day, and passed any number of exammations in their contents, —Cherme
1 News.

The Military Sciences.
AIDE-MEMOIRE TQO THE MILITARY SCIENCES. Framed

from Contributions of Officers and others connected with the different Ser-
vices. Originally edited by a Comnmittee of the Corps of Royal Engineers,
Second Edition, most carefully revised by an Officer of the Corps, with many
Additions; containing nearly 350 Engravings and many hundred Woodcuts,
Three Vols., royal 8vo, extia cloth boards, and lettered, £4 10s.
“ A compendious encyclopedia of military knowledge, to which we are greatly indebted."—
denburgh Review.,
mield Fortification.
A TREATISE ON FIELD FORTIFICATION, THE ATTACK
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. B
Colonel I. S. MAcAuLAY, late Professor of Fortification in the R.M.A., Wool
wich, Sixth Editior, crown 8vo, cloth, with separate Atlas of 12 Plates, 12s.




26 CROSBY LOCKWOOD & SON'S CATALOGUE.

Lal
Temperaments, :

OUR TEMPERAMENTS, THEIR STUDY AND THEIR
TEACHING. A Popular Outline. By ALEXANDER STEWART, F.R.C.S.
Edin, In one large 8vo volume, with 30 Illustrations, including A Selection
from Lodge's “ Historical Portraits,” showing the Chief Forms of Faces.
Price 15s. cloth, gilt top,

*The book is exceedingly interesting, even for those who are not systgmatic students of an-
:hmp‘ology.’. 7 ‘.[To th()s‘se who think the proper study of mankind is man," 1t will be full of attrac-

ion."—uvatly Telegraph.
' The author's obf;ct is to enable a student to read a man’s temperament in his aspect. The

work 15 well adapted to 1ts end. It 15 worthy of the attention of students of human nature.”—
Scotsmasn.

* The volume is heavy to hold, but light to rcad. Though the
exhaustively, he wntes in a popular and pl manner that d
veader,”~Punch,

Pneumatics and Acowstics.
PNEUMATICS : including Acoustics and the Phenomena of Wind

Cuyrents, for the Use of Beginners. By Cuarres Towmrinsown, F.R.S,,
F.C.S.,, &c. Fourth Edition, Enlarged. With numerous Illustrations.
12mo, 15. 6d. cloth. (Fust published.

s, "}ieginners in thestudy of this important application of science could not have a better manual.” '
—SCOISINAN.

* A valuable and suitable text-book for d of Acoustics and the Pl of Wmd
Currents."—Schvolmaster.

Conchology.

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent

and Fossil Shells. By S. P. Woonwarp, A.L.S., F.G.S,, late Assistant

Palzzontologist in the British Museum, Fifth Edition, With an Appendix

on Kecent and Fossil Conchological Discoveries, l'jy RarpH TATE, A.L.S,
o

author has treated his subject
it to the general

F.G.S. Illustrated by A. N. WATERHoUSE and JosePH WILsSON LowRy,

;)Vit}:j 23 Plates and upwards of 300 Woodcuts. Crown 8vo, 75. 6d. cloth
oards,

“ A most valuable h of hological and geological inf 10n."=Scte Gossp.

Astronomy.

ASTRONOMY. By the late Rev. RoBerT Mamn, M.A,, F.R.S,,
formerly Radcliffe Observer at Ozford. Third Edition, Revised and Cor-
rected tothe present time, by WiLL1aM THyNNE LyNy, B.A,, F.R.A.S,, formerly
of the Royal Observatory, Greenwich. 1z2mo, 2s. cloth limp.
x ".} dsound and simple trcatice, very carefully edited, and a capital book for beginners,"—
C1e0M ledyre.

**Accurately brought down to the requirements of the present time by Mr. Lynn.,"—Edu-
cational Tymes, .

Geology. ,

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL
AND HISTORICAL. Consisting of “Physical Geology,” which sets forth
the leading Principles of the Science; and * Historical Geology,” which
treats of the Mineral and Organic Conditions of the Earth at each successive
epoch, especial reference being made to the British Series of Rocks, By
RIALI:I;)OEA;‘E, A.L.S., F.G.S,, &c., &, With 250 Illustrations, 1amo, 5.
clot rds,

“The fulness of the matter has elevated the book into a manual. Its information is exhaustive
and well arranged." "—School Board Chronscle,

Geology and Genesis,

THE .TWIN RECORDS OF CREATION ; or, Geology and
Genesis: their Perfect Harmony and Wonderful Concord. By GEORGE W,
VicTor LE Vaux.,” Numerous Illustrations. Fcap. 8vo, ss. cloth.

“A b ibution to the evid of Revelation, and disposes very concluslvely of the
arguinents of those who wonld set God's Works agamnst God's Word, No real difficulty.is shirked,
and no sophistry is left unexposed.”"—7 ke Rock.

“The remarkable pecubarity of this author is that he bines an unbounded admiration of
science with an_unbounded admiration of the Written record., The two impulses are balanced to
a nicety ; and the 15 that diffi which to minds less evenly poised would be seri-
ous, find i d 1 of the happiest kinds. '— London Review.
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DR. LARDNER'S HANDBOOKS OF NATURAL PHILOSOPHY, .

THE HANDBOOK OF MECHANICS. Enlarged and almost re-

;ri;}enhby BenjaMIN LoEwy, F.R.A.S, With 378 Illustrations. Post 8vo,

. cloth.

“The p y of the original has been retained, and which had become obsolete
have been replaced by others of more ds h he )l hrough are
studiously glopuhr, md care has been taken to show the application of the various branches of
physics to the industrial arts, and to the practical business of lite."—-AMunng Fournal.

“Mr, Loewy has carefully revised the book, and brought 1t up to d i Y
Nature.

. *Natural Ehﬂosophy has had few exponents more able or better skilled in the art of popu-
tarising the subject than Dr. l.ardner; and Mr. Loewy 15 duing good service in fitting thus treatise,
aund the others of the series, for use at the present tinie,”—Scozsmarn.

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
New Edition, Revised and Enlarged, b#BeNjaMiN Loxwy, F.R.A.S. With
236 Illustrations, Post 8vo, 5s. cloth.
“ For those ‘who desire to attain au X ledge of physical science without the pro-
found tiods of k 1 inves! ,’ this work 15 not merely intended, but well adapted.”
—Chemucal News.
. *The volume Dbefore us has been carefully edited, augmented to nearly twice the bulk of the
t‘oslvner edition, and all the most recent matter has been added. . . . Itisa valuable text-book."”
~Nature.

“Candid for pass i will find it, we think, specially suited to their requirements.”
English Mechanc,

THE HANDBOOK OF HEAT. Edited and almost entirely re-
v:ritgen by BENjaMIN Lokwy, F.R.A,S., &c. 117 Illustrations, Post 8vo, 6s,
cloth.

* The style Is always clear and precise, and conveys instruction without leaving any cloudiness
or lurking doubts behind."—Zzgineering.
*“ A most exhaustive book on the subject on which it treats, and is so arranged that it can be

anderstood by all who desire to attain an accurate knowledge of physical science . . . . M

Loewy has mcluded all the latest discoveries in the varied laws and effects of heat."—>tandard.

A lete and handy text-bouk for the use of students and general readers,"—Znglish
Mechanic.

THE HANDBOOK OF OPTICS. By DioNvysius LArRDNER,D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in University
College, London. New Edition. Edited by T, OLvER HARDING, B.A. Lond.,
of University College, London, With 298 Illustrations, Small 8vo, 448
pages, 5. cloth,

*“Written by one of the ablest English scientific writers, beautifully and elaborately lllustrated.”

Mechanic s Magazine, »

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND
ACOUSTICS. By Dr, Larongr. Ninth Thousan@ Edit. by GEorgE CAREY
FoOSTER, B.A., F.C.S. With 400 Illustrations, Small 8vo, 55. cloth,

“The book could not have been entrusted to anyone better calculuted to preserve the terse and
'd style of Larduer, while correcting is errors and brnging up lus work to the present statc of
‘nliﬁ‘:: knowledge."—FPopular S:1once Review,

*.* The above Five Volumes, though each is Complete in sself, form A Com-

PLETE COURSE OF NATURAL PHILOSOPHY,

r,

Dr. Lardner’s Handbook of Astronomy.

THE HANDBOOK OF ASTRONOMY. Forminga Companion
. to the ** Handbook of Natural Philosophy.” By DioNysius LArDNER, D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in University
College, London. Fourth Edition. Revised and Edited by Evwin Dunkin,
F.R.A.S,, Royal Cbservatory, Greenwich, With 38 Plates and upwards of
100 Woodcuts. In One Vol., small 8vo, 550 pages, 9s. 64. cloth.
+ Probably no other book contains the same amount of i ion in so and well-
arranged a form—certainly none at the price at which thig 1s offered to the public."—A thenesnt,
““We can do no other than pronounce this work a most valuahle manual of y, and we
strongly recommend 1t toall who wish to acquire a general—but a. the same time cotrect—acquaint-
ance with this sublime science.”—Quarterly Fournal of Secrence.
"ol sl ot Sk o bl Y et
utar inciples o e science, al 0
othmeﬁm hematical bronch gf Fetrone , not to be without this work beside m-'_pfm’l
agazine,

i,
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DR. LARDNER’S MUSEUM OF SCIENCE AND ART,

THE MUSEUM OF SCIENCE AND ART., Edited by
Dronysius LARDNER, D.C.L., formerly Professor of Natural Philoathy and
Astronomy in University College, London. With upwards of 1,200 Engrav-
ings on Wood. In 6 Double Volumes, £1 1s., in 2 new and elegant cloth bind-

ing; or handsomely bound in half-morocco, 31s. 64. .
Contents : .
The Planets: Are they Inhabited Worlds ¢-— motive — Thermometer — New Planets: Le-

Weather Pnﬁnumcs— Popular Fallacies in verrier and Adams’s Planet—Mapnitude and
uestions of sical Science—Latitudes and Mmnteness--Common Things: The Almanack
ongntudes — I.unar Infl — M i —Optical I How to observe the Heavens

Stones and Shooting Stars—Railway Accidents — Common i‘hmgs. ‘The Locking-glass —

—Light—Common Things: Awr—[.ocomotion Stellar Universe—The Tides—Colour—Com-

in the United States—Cometary ]nfluences— men Things: Man—Magnifyi F Glasses—In-

Common Things: Water—The Polter's Agg— stinct and Inteligence—The Solar Microscope

Common Thmgs- Fire -— Locomotion and —The Camera Lucida—The Magic Lantern—

‘Transport, their Influence and Progress—The The Camera Obscura—The Microsco The

Moon — Common Things: The I.arth—The ‘White Ants: Their Manners and Habits—The

Electric Telegraph — Terrestrial Heat--The Surface of the Earth, or First Notions of

Sun—Earthquakes and Volcanows—Barometer, Ceogm&)\hy—sdenca and Poetry—The Bee—

Safety Lamg, and Whitworth's Micrometric Steam Navigatwon — Elcctro-Motive Power —

St

Apparatus— Steam—The Stcam Engine—The Thunder, Lightning, and the Aurora Boreals
Eye—~The Atinosphere — 1me -~ Common —The Printing Press—The Crust of the Earth
‘Things* Pumps—Common Things  Spectacles, —C ts—The & D he Pre-Ad
the Kaleidoscope — Clocks and Watches — ite Earth—Echpses—Sound,

M pic L g and Eng g—Loco-

*.* OPINIONS OF THE PRrESsS,

**This series, besides affording popular but sound mstruction on sclentific suhjects, with which
the humiblest man in the country ought to be acquamted, also undertakes that teaching of ‘ Com-
mon Things ' which every well-wisher of his kinel s anxious to promote  Many thousand copres of
this serviceable pubhcatinn have been printed, m the hehef and hope that the dedire for instruction
a'nd mmprovement widely prevails , and we have no fear that such enlightened faith will meet with

‘* A cheap and mteresting publication, alike informmg and attractive. The papers combine
suhjects of m?mmnue and great scientific knowledge, considerable inductive powers, and a
popular style of treatment "—Spectalor.

** The * Museum of Scicnce and Art’ is the most valnable contribution that has ever been

made to the Scientific Instruction of every class of souety."—Sir DAVID BREWSTER, in the
North British Review,

‘““Whether we consider the liberality and beauty of the illustrations, the charin of the writing,
or the durable wterest of the matter, we must express our helief that there 15 hardly to be found
among the new hooks one that would be welcomed by people of so many ages and classes asa

luable present.”’—Z: g
"% Separate books formed from the above, suitable for Workmen's Libraries,
w Science Classes, ctc.

Oommon Thkings Explained. Containing Air, Earth, Fire, Water, Time,
Man, the Eye, Locqmotion, Colour, Clocks and Watches, &c. 233 Illus-
trations, cloth gilt, ss,

The Microscope. Containing Optical Images, Mainifying Glasses, Origin
and Description of the Microscope, Microscopic Objects, the Solar Micro-
scope, Microscopic Drawing and Engraving, &c. 147 l'llusu'ahons, cléth
gilt, 2s,

Popular Geology. Containing Earthquakes and Volcanoes, the Crust of
tg:a Earth, &c. 2oz Illustiations, cloth gilt, 2s. 6d.

Popular Physics, Containing Magnitude and Minuteness, the Atmo-
sphere, Metcoric Stones, Popular Fallacics, Weather Prognostics, the
Therr , the Bat ter, Sound, &c. 8g Illustrations, cloth gilt, 2s, 6d.

Steam and its Uses. Including the Steam Engine, the Locomotive, and
‘ Steam Navigation. 89 Illustrations, cloth gult, zs.

Popular Astronomy. Containing How to obsérve the Heavens—The
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ-
ences, &c. 182 Illustrations, 4s. 64.

The Bee and White Ants: Their Manners and Habits. With Illustra-
tions of Animal Instinct and Intelligence, 135, Illustrations, cloth gilt, zs.

The Electric Telegraph Popularized, To render intelligible to all who
can Read, irrespective of any previous Scientific Acquirements, the various
forms of Telegraphy in Actual Operation, 100 Illustrations, cloth gilt,
18,
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COUNTING-HOUSE WORK, TABLES, etc. -

Accounts for Manufacturers.

FACTORY ACCOUNTS : Their Principles and Practice. A
Handbook for Accountants and Manufacturers, with Appendices on the No-
menclature o Machine Details ; the Income Tax Acts, the Rating of Fac-
tories ; Fire and Boiler Insurance; the Factory and Workshop Acts, &c.,
including also a Glossary of Terms and a large number of Specimen Rulings.
By EMILE GARCKE and J. M, FELLs, Second Edition. Demy 8vo, 250 pages,
price 105 6d. strongly bound. [Fust published.
“ One of the most m)lpnrtaut works ever publiched deahng with these matters., The authors
have treated the subject from the standpomt of the factory, as practical men speaking to practical
men, and not, as has been too ofich the case, as schoolmasters to schoolboys, "~ Flectriciarn.
“ A very interesting deseription of the roquirenwm’oﬂ'-\clwg Accounts. . . . theprinciple
o the Factory A to the g 1 cothmercial Dooks s one which we lhomnglr\)ly
agree with "— Aqountants' Fournal
' Characterised by extreme thoroughness  There are few owners of Factories who would
2_(}:: dcnlvc great benefit from the perusal of this most adnnrable work."—Zocal Governsnent
roricie,

Foreign Commercial Correspondence.
THE FOREIGN COMMERCIAL CORRESPONDENT : Being

Aids to Commercial Correspondence in Five Languages—English, French,
German, Italian and Spanish. By CHARLES E, Baker, Crown 8vo, price
about 55. [In preparation.

Intuitive Calculations.
THE COMPENDIOUS CALCULATOR; or, Easy and Con-
cise Methods of Performing the various Arithmetical Operations required in
Commercial and Business Transactions, together with Useful Tables. By
Danier O'‘Gorman. Conected and Extended by J. R. Young, formerly
Professor of Mathematics at Belfast College Twenty-sixth Edition, care-
fully Revised by C. Norris. Fcap. 8vo, 3s. 6d. strongly half-bound in lcather.
It would be difficult to exaggerate the usefulness of a book lhike thus to everyone engaged in
commerce or .xnalnufactleylni'ltldurt:'y Itis crammed full of rules and formule for shortemng and
s - .
"« Supplies spedial and rapid metbods for all kinds of calculations.  Of great utihity to persons
engaged in any Y«md of commercial transactions "—Scots man,

Modern Metrical Units and Systems.

MODERN METROLOGY : A Manual of the Metrical Units
and Systems of the Prescnt Century.  With an A&gcndix containing a proposed
English System. By Lowis D'A. Jackson, A.M! Inst. C.E., Author of ' Aid
to Survey Practice,” &c. Laige crown 8vo, 12s. 6d. cloth,

* The author has hrought together much valuable and intergsting information. . .

. We
cannot but recommend the work to the consideration of all interested m the practical reform of our
weights and measures.”—Nasiere,

“ For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstra-
tings of the effects of the various systems that have proposed or adopted, Mr. Jackson's
treltise 1s without a rival."—dcaderv.

The Metric System and the British Standards.

A SERIES OF METRIC TABLES, in which the Bvitish Stand-
ard Measures and Weights are compaved with those of the Metric System at present
wn Use on the Continent. By C. H. DowriNg, C.E. 8vo, 10s. 6d. strongly bound.
 Their accuracy has been certified by Professor Airy, the Astronomer-Royal."—28u tider.
“Mr. Dowling's Tables are well put together as a ready-reck for the of one
system into the other."—Atkenzim.

Iron and Metal Trades’ Calculator.

THE IRON AND METAL TRADES' COMPANION, Fcr
expeditiously ascertaining the Value of any Goods bought or sold by Weight,
from 18, per cwt. to 112s. per cwt., and from one farthing per pound to one
shilling per pound. Each Table extends from one émund to 100 tons. To
which are appended Rules on Decimals, Square and Cube Root, Mensuration
of Superficies and Solids, &c.; Tables of Weights of Materials, and other
Useful Memoranda. By THos. DowNIE. 396 E;?" gs. Strongly bound in leather,
+ A most useful set of tables, and wall supply a want, nothing like them before existed.”—

B“q?x'lfhzf:ﬁt'qpaciany adaﬁxted to the iron and metal trades, the tables will be found useful in
i m ‘whic hand

every other 1s bought and sold by weight,"—Ravway News,
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Calculator for Numbers and Weights Combined.

THE COMBINED NUMBER AND WEIGHT CALCU-
LATOR, Containing upwards of 250,000 Separate Calculations, showing at
a glance the value at 421 difterent rates, ranging from 4th of a Penny to zos.
each, or per cwt., and £20 per ton, of any number of articles consecutively,
from 1 to 470.—Any number of cwts., qrs., and 1bs,, from 1 cwt. to 470 cwts.—
Any number of tons, cwts., qrs,, and Ibs,, from 1 to 23} tgns. By WiLLiaM
Cﬂémwxcx, Public Accountant, Imp. 8vo, 30s. strongly bound for Office wear
and tear.

K3 This comprehensive and entively unique and original Calculator is adapted
for the use_of Accountants and Auditors, Railway Comp , Canal Comp.
Shippers, Shipping Agents, General Carriers, etc. Ironfounders, Brassfounders,
Metal Merchants, Iron_Manufacturers, Ironmongers, Engineers, Machinists, Boiler
Makers, Mallwrights, Roofing, Bridge and Gurder Makers, Colliery Proprietors, ctc.
Tymber Merchants, Bulders, Com¥raciors, Architects, Surveyors, Auctioneers,

Valuers, Brokers, Mull Owners and Manufacturers, Mill Furmshm, Merchants and
General Wholesale Tradesmen.,
*.¥ OpINIONS or THE PRESS.

*“The book contains the answers to questions, and not sunply a set of Ingenious puzzle
methods of arnving at results. It 1s as easy of reference for any answer or any number of answers
as a dictinnary, nnh the rcferences are even more quickly made. For makmg up accounts or esti-
mates, the book must prove invaluable to all who have any considerable quantity of calculations
involving price and m any 1 fon to do."—ZLanguncer.

“The most complete and practical ready reckoner which it has heen our fortune yet to sce.
It is dithcult to 1magine a trade or occupation m which it could not be of the greatest use, cither
in saving human labour or i checkmng work."—The Miller.

‘* The most perfect work of the kind yet prepared."—Glasgow Herald.

Comprehensive Weight Calculator.

THE WEIGHT CALCULATOR. Being a Series of Tables
1‘1}30:1 a New and Comprehensive Plan, exhibiting at One Reference the exact
alue of any Weight from 1 1b. to 15 tons, at 300 Progressive Rates, from 1d.
to 168s. per cwt., and containing 186,000 Direct Answers, which, with their
Combinations, consisting of a single addition (mostly to be performed at
sight), will aftord an aggregate of 10,266,000 Answers; the whole being calcu-
Jated and designed to ensure correctness and promote despatch, By Henry
HarBeN, Accountant, Fourth Edition, carefully Corrected. Royal 8vo,
strongly half-bound, £1 5s. [Fust published.
“ A practical and useful work of reft for men of 1 s generally , 1t1s the best of the
kind we have seen,"—lronmonger.
*Of priceless value to business men. Its accuracy and completeness have secured for it a
reputation which renders it quite unnecessary for us to say one word 1 its praise. It is a necessary
‘book 1n all mercantile offices."—Shepield Independent.

Cowmprehensive Discount Guide.

THE DISCOUNI GUIDE. Comprising several Series of

Tables for tne use of Merchants, Manufacturers, Ironmongers, and others,

by which may be ascertained the exact Profit arising from any mode of using

Discounts, either in the Purchase or Sale of Goods, and the method of either

Altering a Rate of Discount or Advancing a Price, so as to produce, by bne

operation, a sum that will realise any required profit after allowing one or

more Discounts : to which are added Tables of Profit or Advance from 1} to
go per cent., Tables of Discount from 1} to 98¢ per cent., and Tables of Com-
mission, &c., from § to 10 per cent. By HENRY HARBEN, Accountant, Author
of " The Weight Calculator.” New Edition, carefully Revised and Corrected.

Demy 8vo, 544 pp. half-bound, £1 ss. )

*“ A book such as this can only be aqprecnated by buginess men, to whom the saving of time
means saving of money. We have the lugh authority of Professor J. R. Young that the tables
throughout the work are constructed upon strictly accurate prnciples.  The work must prove
of great value to merchants, manufacturers, and general traders."—ZA»itish Trade Fournal.

Iron Shipbuilders’ and Merchants’ Weight Tables.

IRON-PLATE WEIGHT TABLES: For Iron Shipbuilders,
Engineers and Iron Merchants. Containing the Calculated Weights of up-
wards of 150,000 different sizes of Iron Plates, from 1 foot by 6 in. by % in, to
10 feet by 5 feet by 1 in. Worked out_on the basis of 4o 1bs. tothe square
foot of Iron of 1 inch in thickness. Carefully compiled and thoroughly Re-
vised by H. BurrinsoN and W. H, SiupsoN. , Oblong 4to, 25s, halt-bound.
**This work will be found of great utility. The authors have had much practical experience
of ‘whit is wanting in 'x_rmls_ing'_ L' g “i‘d the use of the book will save much time in making

>
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INDUSTRIAL AND USEFUL ARTS.

Soap-making.
THE ART OF SOAP-MAKING : A Practical Handbook of the
Manufacture of Hard and Soft Soaps, Tolet Soaps, eic. Includin%vmany New
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys,
By ALEXANDRR WATT, Author of ** Electro-Metallurgy Practically Treated,"
&c.ﬁjwlxthhnumerous Illustrations, Third Edition, Revised. Crown 8vo,
7s. 6d. cloth, -

**The work will prove very useful, not merely to the technological student, but to the practica}
soap-boiler who wishes to understand the theory of his art."—Chemacal News.

**Really an 11 pl a ical manual, as it does, th hly and
exhaustively both mnto the theory and practice of Soap manufacture. The book is well and honestly
done, and descrves the considerable circulation with which it will doubtless meet."—RA»owledyre.

¥ Mr. Watt’s hook is a thoroughly practical treatise on &n art which has almost no literature in
our la; . We congratulate the author on the sucgess of h® endeavour to fill a void m English
technical literature."—Nature. |

Leather Manufacture.
THE ART OF LEATHER MANUFACTURE. Being a

Practical_Handbook, in which the Operations of Tanning, Currying, and
Leather Dressing are fully Described, and the Principles of Tanning Ex-
Jained, and many Recent Processes introduced; as also Methods for the
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut
Dressing, &c. By ALEXANDER WaATT, Author of * Soap-Making," * Electro-
Metallurgy,”” &c. With numerous Illustrations. Second Edition. Crown

8vo, 9s. cloth. [Fust published.
** A sound, comprehcensive treatlse on tanning and i1ts accessaries, The hook 1s an emineatly
t d which redounds to the credit of both author and publishers."—Chemical

Review.

““This volume is technical without being tedious, comprehensive and complete without being
prosy, and it bears on every page the impress of a master hand. We have never come across a
better trade treatise, nor one that so thoroughly supplied an absolute want,"—Shoe and Le
Trades’ Chronicle.

Boot and Shoe Making.

THE ART OF BOOT AND SHOE-MAKING. A Practical
Handbook, including Measurcment, Last-Fitting, Cutting-Out, Closing and
Making, with a Description ot the most approved Machinery employed.
By JouN B, LENO, late Editor of St. Crispin, and The Boot and Shoe-Maker.
With numerous Illustrations, Second Edition. Crown 8vo, 2s. 6d. cloth,
| Fust pudlished.
**This excellent treatise is by far the best work ever written on the subject. new work,
\} ull modern mpr s, was much wanted. This want is now satistied. The chapter
on clicking, which shows how waste may be prevented, will save fifty times the price of r.he}:ook."
—Scottish Leather Trader.
* This volume 1s replete with matter well worthy the perusal of hoot and shoe manufacturers
and experienced craftsmen, and mstructive and valualle in tiR highest degree to all younyy
begmners and craftsnien in the trade of which it treats,"—Leatier Trades' Crrcular.

Dentistry.
s MECHANICAL DENTISTRY : A Practical Treatise on the
Construction of the various kinds of Artyficial Dentures. Comprising also Use-
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c.
lvi\}' CuarLes HunteER. Third Edition, Revised, With upwards of roo
aod Engravings. Crown 8vo, 3s. 6d. cloth. [Fuest publashed.

“The work 1 very practical.” = Monthly Review of Dental Surgery,

““Wa can strongly recommend Mr. Hunter's treatise to all stud paring for the profc
of dentistry, as well as to every mechanical dentist,”—Dusdlen Sournal of Medsal Science.

+ Wood Engraving.
A PRACTICAL MANUAL OF WOOD ENGRAVING., With
a Brief Account of the History of the Art, Bly WiLrLiaM NorRMAN Brown.
With numerous Illustrations. Crown 8vo, 2s. cloth.

4 The author deals with the subject in a thoroughly practical and easy scries of representative
lessons.”'—Paser and Printing Trades Fournal,

* The book is clear and complete, and will be useful to anyone wanting to understand the first
elements of the beautiful art of wood cngraving."—Graplhec. .
Paper Making.

A TREATISE ON PAPER; with an Cutline of its Manufacture,
Complete Tables of Sizes, efc.  For Printers and Stationers, By RicHARDSON
PAKKINSON. 8voO, 3s. cloth ; 2s. 6d. gaapcr wrapper,

* An admirable handbook by a man who understands his subject."—Printers' Register,
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LOCKWOO0D'S HANDYBOOKS FOR HANDICRAFTS.

15" These Handybooks are written to supply Handicraftsmen with -informa-
tion on workshop practice, and are intended to convey, 1n plain language, lechnical
knowledre of the seveval crafts. Waorkshop terms ave used, and workshop practice
uescribed, the text bewng frecly illustrated with drawwmgs of modcyn tools, appliances
and processes, uscful alike to the yowng beginner and to the old hand, whose range
of rfpzrunu has been narvowed under a system of divided labvuy, as well as to
amaltcurs.

1==%" The following Volumes are already published,

Metal Turning.
THE METAL TURNER’S HANDYBOOK. A Practical Manual

for Workers at the Foot-Lathe: Embracing Information on the Tools,

Apphances and Process:s employed in Metal Turning. By Paur N. Has-

1L.uck, A.LLM.E., Author of “ Lathe-Work.” With upwards of One Hundred

Illustrations. Second Edition, Revised. Cr. 8vo, 25, cloth. [Fust published.

“ Altogrether admirably adapted to intiate studonts mto the art of turning " —ZLezwcester Io

“ Clearly and concisely written, excellent m every way, we heartily commend it to all interested
fn metal turning "—AMechanical 1torld.

“* With the assistance of a clever master, a clear and vivid exy 1, and an it ot
illustrations, the work lets handicraftsinen know what arc the resouices of the turnmg-lathe and how
these inay be developed.”—Dundee Advertiser.

Wood Turning.

THE WOOD TURNER'S HANDYBOOK. A Practical Manual

Jor Workers at the Lathe: Embracing Information on the Tools, Appliances

and Processes Employed in Wood Turning. By Paur. N. HasLiUck, A.LLM.E ,

Author of “Lathe-Woik,” #“The Metal Turner’s Handybook,” &c. With

upwards of One Hundred Ilustrations. Crown 8vo, 2s, cloth, [Fust published.

* The voluine is wcll and clearly wutten m a Jucud style, and all the mstructions are fully given.
It will be found of great value to workmen and amateurs, and forms a safe and relable guide to
every branch of the lathe mampulation "—~Carpenter and Builder

i An excellent manual for workers at the lathe "—Glasgorw Hervald,

“We recommend the bouk to young turners and amateurs A multittzde of workmen have
Tutherto sought in vam for a manual of this special mdustry.”—Meckianical 1Forid.

Watch Repairing.
THE WATCH FOBBER'S HANDYBOOK. A Practical Manual

on Cleaning, Reparring and Adjusting, Embracing Information on the Tools,
Materials, Appliances and Processes Employed in Watchwork. By Paur N.
HAsLuck, A.LLM.E., Author of “ Lathc-Work,” “ The Metal Turner’s Handy-
Book,” “The Wood Furner’s Handybook,” &c. With upwards of One
Hundred Illustrations. Crown 8vo, 2s. cloth. [ Fust published.
“Wrtten iy a <lear style eyactly suted to beginners and amatcurs  We heartily recommend
1 "—Dractical Lnrieer
“ We recommend it to crafismen in watchmaking as a vscful and well-written grammar of thar
art M—Scotsmman.,
m “Alloyuunz persons cornected with the trade should acquire and study this excellent, and at
&he saune tune, mexpensive work M—Clerkenrcll Chroscle. v

Pattern Making.
THE PATTERN MAKER'S HANDYBOOK. A Practical

Manual, embracing Information on the Tools, Materials and Appliances em-

ployed in Constructing Patterns for Founders. By PauL N. HasLuck,

A.I.M.E. With One Hundred Illustrations. Cr. 8vo,2s. cloth. [Fust published.

«Mr. Hasluck's ‘Lathe Work' and kindred ()rmluclmns have acyuired a high reputation
s new volume, * Pattern Malany,’ contams mvaluable advice, and furmshes the studious workman
with a very large amount of practical intornination "—~L/iovd's News.

«Especially useful to the bogmner. We commend 1t to all who are interested in the counsels
it so ably gives "—Colliery Guardian. R

" 1‘Kw bandy volume sound inf
artificers, —Hardware Trade Fournal.

Mechanical Manipulation.
THE MECHANIC'S WORKSHOP HANDYBOOK. A Practical
Manual on Mechanical Mampulation. Embracing Information on various
Tandicraft Processes, with Useful Notes and Miscellaneous Memoranda.
By Paur N. HasLuck, A.LM.E. Author of ¢ Lathe-Work,” “The Metal
“Turner’s Handybook,” % The Wood Turner’s Handybook.” &c, Crown 8vo,
2s. cloth, [Fust ready.

ion of consmderable value to stud and
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Electrolysis of Gold, Silver, Copper, etc.
ELECTRO-DEPOSITION : A Practical Treatise on the Electvolysis
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip-
tions of Voltaic Batteries, Magnet and Dynamo-Electiic Machines, The:-
mopiles, and of the Materials and Processes used in every Department of
the Art, and seveial Chapters on ELECTRO-METALLURGY. By ALEx-
ANDER WATTgAuthor of * Electro-Metallurgy,” &c. With numerous Illus-
trations. Second Edition, Revised and Corrccted. Crown 8vo, gs. cloth.

[Fust pudlished.
* Evidently wntten by a practical man who has spent a long period of tume 1n electro-plate
workshops, The mformation given respecting the details of workshop manijaulation 1s renurkably

complete. . . . Mr. Watt's book will prove of great value to electro.depositors, jewellers, i

wvarlous other workers in metal."—Nature.

** Emmently a book for the practical worker in electro-deposition. It containe minute ard
practical descriptions of methods, processes and matenials as actually pursued and used m the
workshop. Mr. Watt's book recommends itself to all 1gterestedsn its subjects.”—2&ngineer.

Electro-Metallurgy.

ELECTRO-METALLURGY Practically Treated. By ALEXANDER

Warr, F.R.§,S.A. Eighth Ldition, Revised, with Additional Matter and

Illustrations, including the most recent Processcs. 12mo, 3s. 6d cloth boards,

' “From this book both amateur and artisan may lcarn everything necessary for the successful
prosecution of electroplating.”—{rosn.

Electroplating.
ELECTROPLATING : A Practical Handbook, DBy J. W. Urgu-

HART, C.E. With numerous Illustrations. Crown 8vo, gs. cloth.

*The information given appears to be based on direct personal knowledge. .« Itsscienca

&5 sound and the style 1s always dear."—Aerecernr.
Electrotyping.
ELECTROTYPING : The Reproduction and Muliiplication of Print-

ing Surfaces and Works o Art by the Electro-deposition of Mectals. By J. W.

UrQUBART, C E. Crown 8vo, 5s. cloth.

“The book is thoroughly practical. The reader is, thercfore, conducted throngh the leadmg
taws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing
processes, up to the final preparation of the work.,”—A»2 Fowrnal

**We can recommend this treatise, uot merely to amateurs, but to those actually engaged m tha
trade."—Chemical Nrivs.

Goldsmiths’ Work.
THE GOLDSMITH'S HANDBOOK. By Gseouwae E. Grz,
eweller, &c. Third Edition, considerably Enlarpdd, 1210, 35. 6. clotht

oards.
*“ A good, sound, technical educator, and will be generally m!.ccptc(l as an authouty. It egactly

fulfils the purpose intended."—/70; ooz al Fournal
“Will speedily become a standard book which few will care fo be without."—Feweller and

Metalworker.
Silversmiths’ Worlk.

« THE SIL VERSMITH’S HANDBOOK. By Crorce E. GEE,
Jeweller, &c. Second Edition, Revised, with numcrous Ilustrations. rzmo,
3s, 6d. cloth boards.

““The chief ment of the work - its practical character. . . The workers in the trade will

lpeed}ll%(hscow-r Its ments when they sit down to studyat e Esteitsh Mecharnt.
*This work forms a valuable sequel to the author’s ‘Goldsimth's Handbook. "—Sicversmths’

Trade Fournal.
** The abpuve two works together, strongly ha ,-Sound, price 7s.

Textile Manufacturcrs’ Tables.

UNIVERSAL TABLES OF TEXTILE STRUCTURE.

Tor the use of Manufacturers in every branch of Textile Trade. By josern

EpMoNDSoN, Oblong folio, strongly bound in cloth, price 7s. 6d.

W~ The principle on which the tables are founded 1s well krown, and much
wsed in the musitn manufacture, bul the wntricacy of the calculalions hitherto
required (especrally where warp and weft differ in counds and 1n the cleseness of the
thyveads) has prevenied its gencval pplication. By these tables all the adjustments
may be made without calculation. *Mere references to the proper places bring out
the veqriaved information.

* Immense labour has been bestowed on the work lu»ﬁ the author. The tables are adapted to
every mode of numbering yarns and setts, and apply to all the branches of textile manufacture.”—
Lextile Recorder.

D
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Ilorology.
A TREATISE ON MODERN HOROLOGY, in Theory and Prac

tice. Translated from the French of CLAUDIUS SAUNIER, ex-Director of the

School of Horology at Macon, by Jurien TrierLiN, F.R.A.S., Besancon

Watch Manufacturer, and Enwarp Rice, M.A., Assayer in the Royal Mint,

With Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates.
Second Edition. “Super-royal 8vo, £2 2, cloth, £2 10s. half-calf,

“ There is no horolo%ic:d work in the English langu.age at all to be comBared to this producs

tion of M. Saumer’s for ciearness and completeness. It 15 alike good as a guide for the student and

b 2 for the d horologist and skilled L Y—Horolog ical Fonrnal.

** The latest, the most complcte, and the most reliable of those literary productions to which
continental watchmakers are indetted for the mechanical superiority over their English brethren
—m fact, the Book of Books, is M. Saunier’s * Treatise.”” —/F atchmaker, Feweller and Sitver sy ilh.

**Tlns magmificent treatise is one ot the most valuable and cumgrehensive contributions to the
literature of horological art and science ever produced, and cannot be too highly commended.
1s a perfect cycl dia of watch and cl M—Te C -y Watch and Clockinaker.

Watchmalking. "

THE WATCHMAKER'S HANDBOOK. Intended as a Work-

shop Companion for those engaged in Watchmaking and the Allied Mechani-
cal Arts. Translated from the French of CLAUDIUS SAUNIER, and consider=
ably Enlarged b; £ULIEN TrrppLIN, F.R.A.S., Vice-President of the Horologi-
cal Institute, and Epwarp Rica, M.A., Assayer in the Royal Mint, With
Numerous Woodcuts and Fourteen Copper Plates, Second Edition, Revised.
With Appendix. Crown 8vo, gs cloth. [Fust published.
* Each part 1s truly a treatise in 1itself.  The arrangement is good and the language 1s clear and
contine,  Itis an admrable guide for the young watchmaker. —Zigunee rong,
** It is impossible to speak too hyzhly of 1ts exccllence, It fulfils every requurement in a hand.

book mtended for the use of 2 workman. Should be found i every workshop.'=/f atic and
Clockmnaker.

** This book contains an immense number of practical detals hearing on the daily occupation
of a watchmaker, and it will be found of gredt use to an army of workers.”— W atchmaker and
Metalworker (Clucago).

CHEMICAL MANUFACTURES & COMMERCE.

The Alkali Trade, Sulphuric Acid, etc.

A MANUAL OF THE ALKALI TRADE, including the
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder.
By Joun Lomas, Alkali Manufactuier, Newcastle-upon-Tyne and London.
With 23z Illustiations and Woirking Drawings, and containing 390 pages ot
Text. Second Edition, ;vith Additions. Super-royal 8vo, £1 10s. cloth.
*This book 15 written hy a f er for f s. The working detm!s of the most
approved yorms of apparatus are given, and these are accompanied by no less than z3a wood en

gravings, all of which may be used for the purposes of construction. Every step in the manufac-
ture 15 very fully uescribed 1n tlis manual, and each mnp, ] A —Athenauin,

**The author is not cne of those clever compilers who, on short notice, will ‘read up 'any conceiv-
alle subject, but a practic ] man i the best sense of the word. We find here not merely a sound
and luminons explanation oi the chemncal prinaples of the trade, but a notice of numerous matt 1rs
which have & most importaut bearmg on the successful conduct of alkali works, but which are
generally overlooked by even the most experienced tech authors."—C# ¢ Review.

Brewing.
A HANDBOOK FOR YOUNG BREWERS. By HERBERT

Epwarps WRiGgHT, B.A. Crown 8vo, 3s. 64. cloth.

“ This little volume, contaming such a large amount of good sense in so’small a compass, ought
to recommend itself to every brewery pupil."—Brewers' Guardiasn.

Commercial Chemical Analysis.
THE COMMERCIAL HANDBOOK OF CHEMICAL ANA-

LYSIS; or, Practical Instructions for the determination of the Intrinsic or
Commercial Value of Substances used in Manutactures, in Trades, and in the
Arts. By A. NormanDY, Editor of Rose’s *Treatise on Chemical Analysis.”
New Edition, to a great extent Re-written by Henxry M Noap, Ph.D.,
F.R.S. With numerous Illustrations. Crown 8vo, 12s. 6d. cloth.

**We strongly recommend this book to our readers as a guide, alike indispensable to the house-
wife as to the p 1 "—Medical Tenes.'

l to the s ;appointed under the new Act, The most receiit results are given,
and the work is well ethted and carefully written."—Nature,
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Dye~Wares and Colours.

THE MANUAL OF COLOURS AND DYE-WARES : Their
Properties, Applications, Valuation, Impuritres, and Sophistications, For the
use of Dyers, Printers, Drysalters, Brokers, &. By J, W. SLATER, Second
Eszhtxou*,e evxseg Andn}‘ glf*e:ll‘tly Enlarged. Cro_jv_vn 8vo, 7s. 6d. cloth.
" t leria tinclovia. i
article isct‘ouflllmarf&e :?&:.%End tlfe m:tms of dutc;mi:l’mg' tll;g ﬁ?&nﬁﬁt&‘lﬁnﬂﬁ?gais:ﬁg
n, are 1 as e & $

hiable to sopmtsu:m re given with cl an as "G Hemist
4 TTist,
** There is no other work which covers precisely the same ground. To students preparing
for examinations in dyemg and printing it will prove dingly useful.”—C# ¢ Vews.
Piginents.

THE ARTIST'S MANUAL OF PIGMENTS. Showing
their Composition, Conditions of Permanency, Non-Permanency, and Adul-
terations; Effects in Combination withgEach Jther and with Vehicles; and
the most Reliable Tests of Purity. Together with the Science and Arts
Department’s Examination Questions on Painting. By H. C. STANDAGE.
Second Edition, Revised. Small crown 8vo, 2s. Gd. cloth,  [Fust published.
* This work is indeed mrultiem-in-parvo, and we can, with good conscience, recouimend it to
ell who come in contact with pigments, whetlicr as makers, dealers or users,”—Chemicdl Revtew.
*This manual cannot fail to be a very valuable aid to all painters who wish their work Lo
endure and be of a sound character; 1t 15 plete an D: ive,"—Spectator.
*The author supf)hcs a great deal of very valuable intormation and memoranda as to the
chemical qualities and artistic ellect of the principal pigients used by painters.”—&n iider.

Gaunging. Tables and Rules for Revenue Officers,
Drewers, ete.
A POCKFT BOOK OF MENSURATION AND GAUGING :
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers,
Spitit Merchants, &c. By J. B. ManT (lnland Revenue). Oblong 18mo, 4s.
leather, with elastic band. [Fust published.
** Tlus handy and useful book is adapted to the requirements of the Inland Revenue Depart-

tent, and will be a favourite book of reference.  The range of subjects is comprehensive, and the

arrangement simple and clear."—Crvz ‘1.

5 A ;nost use(ul book. It should Le in the hands of every practical brewer."—Brewers

Q1ernal,
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Agricultural Facts and Figuyres.

NOTE-BOOK OF AGRICULTURAL J’ACTS AND FIGURES
FOR FARMERS AND FARM STUDENTS. By Privrost McCoNNELL,
Fellow of the Highland and_Agricultural Society ; late Professor of Agricul-
ture, Glasgow Veterinary College. Third Editton. Royal 32mo, full roan,
gilt edges, with elastic band, 4s.
* The most complete and comprehensive Note-book for Farmers and Farm Students that we
aye seen. It literally teems with nforination, ard we can cordially 1 dit to all
vith agriculture."— North Bratssh Agricudinrit.

Youatt and Burn’s Complete Grazier.

THE COMPLETt GRAZIER, and FARMER'S and CATTLE-
BREEDER'S ASSISTANT. A Compcndium of Husbandry; especially in
the departments connected with the Dreeding, Rearing, Feeding, and General
Management of Stock; the Management of the Dairy, &, With Directions
for the Culture and Managem: nt of Grass Land, of Grain and Root Crops,
the Arrangement of Farm Offices, the use of Impl ts and Macl and
on Draining, Irrigation, Warping, &c.; and the Application and Relative
Value of Manures. By WiLLIAM YouarT, Esq., V.S. Twelfth Edition, En-
larged by ROBERT ScoTT BURN, Author of * Outlines ot Modern Farming,"
+ Systematic Small Farming,” &c. One large 8vo volume, 86o pp., with 244
llustrations, £1 1s. half-bound.
o The standard and text-book with the farmer and grazier."—Farmers Magasine,
« A treatise which will remamFa s‘t?&ld{)rd)work on the subject as long as British agriculture
e ixpress (Farst otice),
.m‘ﬂ"el‘sﬁe bﬂg{*dggl:‘ﬁx :ll éz-paltmnts of agriculture, and contains an immense amount of
valuable information. It is, in fact, an encyclopdia of lture put_into lable form, and 1t
ts the only work equally comprehensive brought down to present date. It is excellently pr_mmd on
thick paper, and sum:lug hound, and deserves a place i the hibrary of svery aguicultuzist,”—Mars
Lane Fxpress (Second Notice).




(.’ - .o ,
36 CROSBY LOCIL{WOOD & SON'S CATALOGUE._

Flour Manufacture, Milling, ete.
FLOUR MANUFACTURE : A Treatise on Milling Science

and Practice. By Frieprich Kick, Imperial Regicrungsrath, Professor of
Mechanical Technology in the Imperial German Polytechnic Institute,
Prazue. Translated from the Second Enlarged and Revised Edition with
Supplement. By H, H. P. PowLes, Assoc. Memb. Institution of Civil En-
gincers. Nearly 400 pp. Illustrated with 28 Folding Plates, and 167 Wood-
cuts. Royal 8vo, 25s. cloth. [Fust publashed.
* This valuable work is, and will remain, the standard authority on the science of milling. . .
‘The miller vho has read and digested this work will have luid the foundation, so to speak, of a suc-
cewsful career 3 he will have acquired a number of general principles which he can proceed to
apply. In tlis handsome volume we at last have the accepted text-book of modern milling in good,
sound l:nl_z!lsh, which has little, if any, trace of the Gerinan idiom."—7%e Mzlier.
** Professor Kick tieats the subject so thoroughl{ both on its theoretical and practical sides that
his work is well suited to be a text book of technical education anywhere.” —S.otsman. R
*“The of this rated work in Enclish is very opportune, and Dritish millers
will, we are sure, not be slow 1n avaiung then selves of its pages.”—Mallers’ Gazetie,

Small Farming.
SYSTEMATIC SMALL FARMING ; or, The Lessons of my

Faym. Being an Introduction to Modern Farm Practice for Small Farmers
in the Culture of Crops; The Feeding of Cattle; The Management of the
Dairy, Poultry and Pigs ; The Keeping of Farm Work Records ; The Ensilage
System, Construction of Silos, and other Farm Buildings; The Improve-
ment of Neglected Farms, &c. By RoserT ScorT BURN, Author of * Out-
lines of Landed Estates’ Management,” and *Outlines of Farm Manage.
ment,” and Editor of * The Complete Grazier.” With numerous Illustrations,
ctown 8vo, 6s, cloth,

“ This is the completest book of its cluss we have secn, and one which every amateur farmer
will read with pleasure and accept as a gwmde."—Feld.

*Mr. Scott Burn’s pages are severcly practical, and the tone of the practical man is felt
throughout. The book can only prove a treasure of aid and sugyestion to the small tarmer of
Inteligence and energy."'—British Quarterly Review,

“The volume contains a vag amount of useful information No branch of farming is left
untouched, from th~ labour to be done to the resulte achieved."—Glasgow fHerald.

Modern Farming.

OUTLINES OF MODERN FARMING. By R. ScorT BURN.
Soils, Manures, and Crops—Farming and Farming Economy—Cattle, Sheep,
and Horses—Management ot the Dairy, Pigs and Poultry—Utilisation of
Town-Sewage, Irrigation, &c. Sizth Edition, In One Vol,, 1,250 pp., half-
bound, profusely Illustrated, 12s.

*The ann of the author has been to make his work at once comprechensive and trustworthy,

and m this am he has succeeded tp a degree which entitles o to much credit."—Morning
Aavertiser,

‘‘Ervinently calculated to enligh the agricultural ¢ ity on the vaned subjects of
which it treats, and hence it should find a place m every farmer's ibrary."—Caty Press.
** No farmer should be without this beok."~Benbu v Guar diai.

Agricultural Engineering.
FARM ENGINEERING,THE COMIPLETE TEXT-BOOK OF»

Comprising Draining and Embanking; Irrigation and Water Supply ; Farm
Roads, Fences, and Gates; Farm Buildings, their Arrangement and Con-
struction, with Plans and Estimates; Barn Implements and Machines; Field
lmplements and Machines; Agricultural Surveying, Levelling, &c. By Prof.
Joun Scort, Editor of the Farmers' Gaszetle, late Professor of Agriculture
and Rural Economy at the Royal Agricultural College, Cirencester, &c. &c.
In One Vol,, 1,150 pages, half-bound, with over Goo Illustrations, ras,

“* Written with great care, as well as with knowledge and ability. The author has done his
work well ; we have found him a very trustworthy guide whercver we have tested his statements,
‘The volume will be of great value to agricultural students,”—Afar# Lane Express.

*Jeor a young agriculturist we know of no handy volume so hikely to be more usefully studied.*
—RBall's Weekly Messenger,

English Agriculture.

THE FIELDS OF GREAT BRITAIN : A Text-Book of
Agriculture, adapted to the Syllabus of the Science and Art Department,
For Elementary and Advanced Students. «By HugH CLEMENTS (Board of
‘Trade). 18mo, 2s. 6d. cloth. '

** A most comprehenstve volume, giving a mass of information."—A gricultural Ecopomist.

“It s a long tune simnce we have seen a hook which has pleased us more, or which contains
3uch a vast and useful fund of knowledge."—ZEducational 1ymes. !
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Farm and Estate Book-keeping.

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS.

A Practical Treatise, presenting, in Three Plaps, a System adapted to all

8Classas of Farms. By JornsoN M, WoopumaN, Chartered Accountant, Crown
vo, 3§. 64. cloth.

s wall ge found of great assistance by those who lnten'd to commence a system of book-keep-
Inq. the author's examples being clear and ¢ cit,'and his explanations, while full and accurate,
boing to a large extend free from technlcalities."—Live Stock Fournal,

Farm Account Book.

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving
a Weekly Labour Account and Diary, and showing the Income and Expen-
diture under each De{aﬂmem of Crops, Live Stock, Dairy, &c. &c. ith
Valuation, Profit and Loss Account, and Balance Sheect at the end of the
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com-
plete Record of the Farming Operat®ns. y Jounsox M. WoopMax,
Chartered Accountant, Author of '* Book-keeping for Farmers.” Folio,
25, 6d. half-bound. -

*‘Contains every

exlture.

Early Fruits, Flowers and Vegetables.

THE FORCING GARDEN ; or, How to Grow Early Fruits,
Flowers, and Vegetables. With Plans, and Estimates for Building Glass-
houses, Pits and Frames, Containing also Original Plans for Double Glaring,
a New Method of Growing the Gooseberry under Glass, &c, &c.,and on Venti-
lation, Protecting Vine Borders, &c. With Illustrations. By SaMueL Woob,
Crown 8vo, 3s.6d. cloth,
* Mr, Wood's book is an orlgiml and exhaustive answer to the question * How to Grow Early
Fruits, Flowers and Vegetables?’ "—Lard and Water,
Good Gardening.

A PLAIN GUIDE TO GOOD GARDENNG ; or, How to Grow
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures,
Seeds, Planting, Laying-out of Gardens and Grounds, &c. B‘y S. Woon,
Third Edition, with considerable Additions, &c., and numerous Illustrations,
Crown 8vo, 5s. cloth,

form for keeping farm readily and accurately.”—Agré

* A very good book, and one to be hlgh]y dedasa ical guide,”—A ¢k .
“May be ded to young g g and specially to amateurs, for the plaim
and trustworthy information it gives on matters."—Garaeners’ Ch: le.

G ainful Gardening.

MULTUM-IN-PARVO GARDENING ; or, How to make One

Acre of Land produce £620 a-year by the Cultiva®ion of Fruitsand Vegetables ;

also, How to Grow Flowers in Three Glass Houses, so as to realise {196 ger

annum clear Profit. By SAMUEL Woob, Author of * Good Gardening,” &c.

Fourth and cheaper Edition, Revised, with Additions. Crown 8vo, 1s. sewed,

*We are bound to recommend it as not only suited to the case of the amateur and gentleman's
gardener, but to the market grower."—Gardeners’ Magazine,

Gardening for Ladies.

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN,
and Amateurs’ Complare Guide, With Illustrations, By SaMuerL Woob.

Crown 8vo, 3s. 6d. cloth.
¢ Full of shrewd hints and useful instructions, based on a hifetime of experience."—Scofsmarn.

RReceipts for Gardeners.

GARDEN RECEIPTS, Edited by CHarRLES W, QUIN, 12mo0,

15. 64, cloth limdp. )
** A useful and handy book, contalning a good deal of valuable infe LRy

Kitchen Gardening.
THE KITCI‘:? AND MARKET GARDEN, By Contributors

to * The Garden.)” Compiled by C. W. SHAW, 12m0, 35. 6d. cloth boards.

+ The most valuablgompendium of *itchen and market-garden work d."—Farmer.
Cottage Gardening.

COTTAGE GARDENING ; oy, Flowers, Fruits, and Vegetables for

Small Gardens. By E. HoBpAy, 12mo, 18, 64. cloth Limp,

# Consains much useful information at a small charge."—~Glasgow Herald,
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ITudson’s Land Valuer’s Pocket-Book.

THE LAND VALUER'S BEST ASSISTANT : Being Tables
on a very much Improved Plan, for Calculating the Valug,of Estates, With
Tables for reducinﬁ‘Scotch. Irish, and Provincial Customary Acres to Statute
Measure, &c. By R. Hupson, C.E, New Edition, Royal 32mo, leather,
elastic band, 4s.

** This new edition includes tables for ascertaining the value of leases for any term of years;

and for showini how to hy out plots of ground of certain acres in forms, square, round, &c., with

luable rules for ingr the probable worth of standing timber to any amount ; and is of
{fucalculable value to the country gentleman and professional man. " "~Feruiers Younwl’.

Ewart’s Land Iniproder’s Pocket-Book.
THE LAND IMPROVER'S POCKET-BOOK OF FORMULE,
TABLES and MEMORANDA rczuivcd in any Computation relating to the
Permanent Improvement of Landed Propeity. By Joun EwarT, Land Surveyor
and Agricultural Engineer. Second Edition, Revised. Royal 3amo, eblong,
leather, gilt edges, with elastic band, 4s.
* A compendious and handy little volume."~Spectator.

Complete Agricultural Surveyor’s Pocket-Book.

THE LAND VALUER'S AND LAND IMPROVER'S COM-
PLETE POCKET-BOOK. Consisting of the above Two Works bound to-
gether, Leather, gilt edges, with strap, 7s. 6d.

* Hudson's book is the best ready-reckoner on matters relating to the valuation of land and
crops, and 1ts comlination with Mr, Ewart’s work greatly enhances the value and usefulness ot the
fatter-mentioned. . . . It is most useful as a manual for refe e."—Norii o England Farmer.

L]
Auctioneer’s Assistant.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the Valua-
tion fer Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and
of Froperty generalll‘:y; with Prices for Inventories, &c. By JouN WHEELER,
Valuer, &c. Fifth Edition, re-written and greatly extended by C. Noxris,
Surveyor, Valuer, &c. Royal 32mo, ss. cloth.

¢ A neat and concise book of refe ) an admirable and clearly-artanged List of
prices forinventories, and avery p?'n.ucal guide to determme the value of furmture, &c."—Standard.
varied and useful as to the val for

" ‘ontamsnlarf,e quantity of - purch
sale, %r renewal of leases, annuities and reversions, and of property ﬁrenerally. with prices for
fuventorics, and a guide to detqynune the value of wterior fittings and other effects.” ' —B.sslder.

Auctioneering.
AUCTIONEERS : Their Duties and Liabilities, By ROBERT

Squiess, Auctioneer, Demy 8vo, 10s. 6d, cloth,
* The position and dutfes of aucti treated pendiously and clearly."—Builder.
+ Every auctioneer ought to possess a copy of this work."—7y gev,

“Of great value to the profession. . . . We readily welcome this book fron the fact that It
treats the subject m a manner somewhat new to the profession.”—Estates Gazette,

Legul Guide for Pawnbrolers.

THE PAWNBROKERS', FACTORS' AND MERCHANTS'
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal,
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se
corities, By H. C. FoLkARrD, Esq., Barrister-at-Lav-, Author of ¢ The Law
of Slander and Libel,” &c. With Additions and Cors=ctions to 1876. Feap.
8vo, 35. 6d. cloth.
+ Thi si hing th: ires to be ki ing the de
o el P T e T SO ST S et
ron. ‘
“ k undertaken by Mr!Folkard has been tisfactorily performed. . . . Such ex.
s A S S S P i
5y (LN N
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How to Invest.

HINTS FOR INVESTORS : Being an Explanation of the Mode
ot Transacting Business on the Stock Exchange, To which are added Com-
ments on the Fluctuations and Table of Quarterly Average inoes of Consols
since x7sg'.i Also a Coxg of the London Daily Stock and Share List, By
WALTER M, PLAYFORD, Sworn Broker. Crown 8vo, 2s. cloth,

 An lavaluable gyjde to and sp N .

Uetropolitan Rating Appeals.

REPORTS OF APPEALS HEARD BEFORE THE COURT
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 188s.
By Epwarp RYDE and ARTHUR Lyon Rype. Fourth Edition, brought down
to the Present Date, with an Introduction to the Valuation (Metropolis) Act,

and an Appendix by WALTER C. R“m;, of yle Inner Temple, Barrister-
at-Law. 8vo, 16s. cloth, -

. *¢ A useful work, occuﬁing a place mid-way between a handbook for a lawyer and a fruide to
,the surveyor. Itis cgmpll by a gentleman emifnent m Ins profession as a land agent, whose spe-

cialty, 1t is lies in the of roperty for rating purposes.—ZLand
Ap‘:xt.r‘ Record. property & purp '
House Property. .

HANDBOOK OF HOUSE PROPERTY. A Populay and Practical
Guide o the Purchase, M, orlgu%e, Tenancy, and Compulsory Sale of Houses and
Land, including the Law of Dilapidations and Fixtures; with Examples of
all kinds of Valuations, Useful Information on Buildings, and Suggestive
Elucidations of Fine Art. By E. L. TarBuck, Architect and Surveyor.
Fourth Edition, rzmo, 5s. cloth, [Fust published.

* The advice Is thoroughly practical.”—Zaw Fournal.
#This is a well-written and thoughtful work, We commend the work to the careful study of all
d in i flecting houses and land."—Land Agents’ Fecord (First Nouce).
** Carefully brought up to date, and much improved by the addition of a division on fine art.
—Land Agents' Record (; nd Notce),

Inwood’s Estate Tables.

TABLES FOR THE PURCHASING OF ESTATES, Freehold,
Copyhold, or L hold; A itres, Ad , etc., and for the Renewing of
Leases held under Cathedral Churches, Colleges, or other Corporate bodies,
for Terms of Years certain, and for Lives; also for Valuing Reversionary
Estates, Deferred Annuities, Next Presentations, &c. ; together with SMART'S
Five Tables of Compound Interest, and an Exwension of the same to Lower
and Intermediate Ratcs. By W.INwoop. 22nd Edition, with considepable
Additions, and new and valuable Tables ot Logarithms for the more Difficult
Computations of the Interest of Money, Discount, Afnuities, &c., by M, FEvor
THOMAN, of the Société Crédit Mobilier of Paris. 12mo, 8s. cloth,

#*Those interested in the purchase and sale of estates, and in the a-{justmeut of compensation
cases, as well as in in i life &c., will find the present cdition of
enfnent sepvice,"—Enguneersngy. . i

** ‘Igwood's Tables' still maintain a most enviable reputation, The new issue hagheen enriched
by la additional contributions by M. Fedor Thoman, whose carefully arrangod Tables cannor
fail to be of the utmost utility,"—Mning Fournal,

Agricultural and Tenant-Right Valuation.

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S

. ASSISTANT. A Practical Handbook on Measuring and Estimating the

Contents, Weights and Values of Agricultural Produce and Timber, the

Values of Estates and Agricultural Labour, Forms of Tenant-Right-Valua-

tions, Scales of Compensation under the Agricultural Holdings Act, 1883,

&c. &c. By Tom GHT, Agricultural Surveyor, Author of “The Live

Stock of North Devgyf,” &c. Crown 8vd, 3s. 6d. cloth. [Fust published.

« Full of tables and exagffles in connection with the valuation of _tenant-right, estates, labour.

contente, and weights of, t, and farm vroduce of all kinds. The book is well calculated to

assist the valuer in the g#€charge of his duty."—Agriciltural Gaselte.

"« An eminently -al handbook, full of I tables and data of undoubted interest and
value to su-veyors an preparing val of all kinds."—Fasrmer.

4 Show: at a glanca the value of land, crops, and the cost of seeding, hatvesting, &c. &c. It

l‘sl a reglly practical and useful ‘handbook, for which we anticipate a very large sale."—Readsng

7).
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A Complete Epitome of the Laws of this Country.

EVERY MAN'S OWN LAWYER: A Handy-book of the
Principles of Law and Equity. By A BARRISTER. Twenty-fifth Edition,
Reconstructed, 'I‘hmoughlg Revised, and much Enlarged. Brought down to
the end of last Session, and including careful Digests of—Coroners Act, 1887 ;
Probation of First Offenders Act, 1847 ; Margarine Act, 1887, Aén'cidtur

Holdings (England) Act, 1883 ; Cottage Gardens (Compensation for Crops) Act,
1887; ankﬂltptcy Act, 18833 Allotments Act, 1887 ; Merchandise Trade Marks
Act, 1887; Truck Amendment Act, 1887; Water Companies (Regulation of
Powers) Act, 1887 ; Registration of Deeds of Arrangements Act, 3887. Crow,
8vo, 684 pp., price Gs. 84. (saved at every consultationl), strongly bound in
cloth, [Fust published.

** THE BOOK WILL BE FOUND TO COMPRISE (AMONGST.
OTHER MATTER)— \

THE RIGHTS AND WRONGS OF INDIVIDUALS—MERCANTILE AND COMMERCIAL LAW
—PARTNERSHIPS, CONTRACTS AND AGREEMENTS — GUARANTEES, PRINCIPALS AND
AGENTS—CRIMINAL LAW—PARISH LAW—COUNTY COURT LAW—GAME AND FISHERY
LAWS—POOR MEN'S LAWSUIIS—LAWS CF BANKRUPTCY—WAGHRS--CHEQURES, BILLS
AND NOTES—COPYRIGHT—ELECTIONS AND REGISTRATION—INSURANCE~—LIBEL AND
SLANDER—MARRIAGE AND DIVORCE~— MERCHANT SHIPPING~MORTGAGES —SETTLE-
MENTS—STOCK EXCHANGE PRACTICE—TRADE MARKS AND PATENTS—TRESPASS—NUI-
SANCES—TRANSFER OF LAND=WILLS, &c. &c. Also LAW FOR LANDLORD AND TBNANT
—MASTER AND SERVANT—HEIRS--DEVISEES AND LEGATEES—HUSBAND AND WIFE—
EXECUTORS AND TRUSTEES—GUARDJAN AND WARD—MARRIED WOMEN AND INFANTS
—LENDER, BORROWER_AND SURETIBS—DEBTOR AND CREDITOR—PURCHASER AND
VENDOR~—COMPANIES—FRIENDLY _SOCIETIES—CLERGYMEN—C HURCHWARDENS—MED]-
CAL PRACTITIONERS—BANKERS—FARMERS—CONTRACTORS—STOCK BROKERS—~SPORTS-
MEN—GAMEKEEPERS—FARRIERS~HORSE DEALERS—AUCTIONLERS—HOUSE AGENTS—
INNKEEPERS —BAKERS—MILLERS—~PAWNBROKERS—SURVEYORS—RAILWAYS AND CAR-
RIERS—CONSTABLES—SEAMEN—SOLDIERS, &c, &c.

. 0= The following subjects may be tioned as some of those which have re-
ceived specral attention during the present revision :—Marriage of British Subjects
Abroad; Police Constables; Pawnbrokers; Intoxicating Liquors Licensing;
Domestic Servants; Landlord and Tenant; Vendors and Purchasers; Parlia-
mentary Elections ; Municipal Elections ; Local Elections ; Corrupt Practices at
all Elections ; Public Health and Local Government and Nuisances ; Highways;
Churchwardens; Vestry Meetings ; Rates.

It is believed that the extensions and amplifications of the msent edition,
while intended to meet the requirements of the ordinary Englishman, will also
have the effcct of rendering the book useful to the legal practitioner in the
country.

One result of the reconstruction and revision, with the extensive additiona
thereby necessitated, has begn the cnlargement of the book by neasly a hundred and
fifty sages, wnile the price remains as before,

»#* OPINIONS OF THE PRESS.

*It is a complete code of Enghsh Law, written in plain language, which all can understand.

Wk S;\_nuld be in tle hands of cvery business mau, and all who wish to abolish lawyers bills,”—
‘eckly Times.

"f{ useful and concise epitome of the Jaw, compiled with considerable care.”—Law Magasisne,

* A concise, chieap and complete epitome of the English law. So plamnly written that he who
funs may read, and he who reads may understand.”—Figaro.

“ A dictionary of legal facis well put together. The book is a useful one.” - Spectator.

# A work which has Jong becn wanted, which is thoroughly well done, and which we most
cordially recommend. "—Sunday Times.

Private Bill Legislation and Provisional Orders.

HANDBOOK FOR THE USE OF SOLICITORS AND EN-
GINEERS Engaged in Promoting Private Acts of Parliament and Provi.
sional Orders, for the Authorization of Railways, Tramways, Works for the
Supply of Gas and Water, and other undertakings of a hke character, By
L. LiviNgSTON Macassey, of the Middle Tem Barrisler-at-Law, and
Member of the Institution of Civil Engineers; Aughor of “ Hints on Water
Supply.” Demy 8vo, gso pp., price 25s. cloth. g [Fust published.
* The volume is a desideratum on a subject which can be nalg ac'piired by practical experi-
ence, and the order of procedure in Private Bill Legislation and Provisi 1al Orders is followed.
Tme s -OF'S SUEEestions and notes will be found olf'vgmat value to engi and others professi
ally en_Fagnd in lhis clags of practice.”~ Huilding News, . Y.
* The author’s double {ster has eminently qualified him for
. e amalda ) L - P »16 l"‘l poin:’ 0‘
rogio

an
.2 CIPenence as3n Sngesr anc harrister

J. OGDEN AND CO. LIMITED, PRINTERS, GREAT SAFFRON HILL, E.C. .
























