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PREFACE

ABROAD, the use of electricity in connection with
agricultural operations has attained dimensions
of which residents in this country have no con-
ception. Yet there is not the slightest reason
why British farmers should not avail themselves
of the manifold services which it can render them,
even at the present time, whilst in the future—
we wish we could say the near future—it is hoped
that a supply of electricity will be made available
in all parts of the land. In a few places, it is
true, thanks to the energy and initiative of the
managers of the local electricity supply under-
takings, real progress has been made in acquaint-
ing the farmer with the possibilities and advan-
tages of electrical methods; but these bright
exceptions only emphasize the fact that, as a
rule, this very important subject has been
neglected by both parties—the farmer and the
supply authority.

There is hardly a branch of agriculture in which
electricity cannot be employed to advantage ;
moreover, it immensely adds to the amenities of
country life, and should therefore help to stem
the flow of population from the country to the
town. In these days of dear labour and falling
prices, mechanical aids are imperatively neces-
sary to the farmer; and by adopting electricity,
he not only fulfils this requirement most efficiently,
but also adds very materially to the comfort of
his household.

506097



vi <. PREFACE

It is the aim of this small book—the first of
its kind to be published in this country—to indi-
cate as thoroughly as is possible in the space at
command the various kinds of service which
electricity can render to the farmer ; the methods
by which he can at once avail himself of those
services ; and the value of the farmer, as a
desirable consumer, to the supply authority.

In so modest a work it is obviously impossible
to deal with any item in great detail ; it is hoped,
however, that sufficient has been said regarding
the various aspects of the subject to interest the
reader, and to induce him to investigate the
matter more fully.

ARTHUR H. ALLEN.
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ELECTRICITY
IN AGRICULTURE

CHAPTER I
THE APPLICATION OF ELECTRICITY TO FARMING

YEARS ago, agriculture was our chief industry ;
far-reaching economic changes, fundamentally
due to the development of the steam engine and
to the industrial revolution brought about thereby,
deposed it from that eminence half a century
- ago—transport was cheapened and accelerated,
and the produce of the vast fertile plains of foreign
countries was placed on our markets at prices
with which our conservative-minded farmers
could not compete, though the high quality of
their goods enabled them to retain a share of the
demand. Thus it came about that in the year
1913, 50 per cent of our total requirements of food
was derived from foreign sources. Between
1871 and 1911, 4,000,000 acres of arable land had
gone out of cultivation, for it was far more profit-
able to devote it to grazing cattle, and wages in
the agricultural industry, like the profits, were at
a very low ebb.

Then came the great war, like a “‘ sharp medicine’
indeed, not only calling our stalwart husbandmen
from their peaceful occupations to the stern

1
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ordeal of blood and fire, but also threatening to
cut off our imported supplies of food and to bring
about the downfall of the Empire by sheer starva-
tion of the island XKingdom. That peril was
averted, partly by military measures, but also in
great part by the feverish activity of our agri-
culturists, who at the summons of the Government
put forth every effort to increase the amount of
food produced within our borders. The area of
land under the plough was increased by 1,750,000
acres, in spite of the scarcity of labour (in England
and Wales there were 200,000 fewer male agri-
cultural labourers in 1918 than in 1913), and it is
highly significant that this increase was effected
largely by the use of mechanical tractors and
other machines operated by mechanical power.
The conditions which still obtain, and are likely
to continue in operation, compel the British
agriculturist to adopt intensive methods of
cultivation and to make use of machinery as far
as ‘possible, in order to compensate for the high
wages and the scarcity of labour which are
experienced in all parts of the country.

Mechanical Power Essential in Agriculture.
The future of the agricultural industry in this
country depends primarily upon the maintenance,
and the continued extension, of the use of machinery
for agricultural operations. Failing those con-
ditions, the arable land will inevitably be allowed
to revert more and more to pasturage, and we
shall eventually be more than ever dependent
upon imported food-stuffs—a result which will
imperil our national existence in the event of the
outbreak of another great war, and which will
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be disastrous to our economic welfare even if no
such catastrophe overtakes us.

Every effort should be made to popularize and
develop the use of mechanical substitutes for
manual labour on the land, and it is our object, in
the following pages, to explain what electricity
can do in this direction, to show how far we lag
behind other nations in this respect, and to assist
the progressive reader to make good this defect
in our national organization.

What Electricity Can Do. Broadly, it may be
claimed that every operation which can be carried
out with the aid of steam or oil engines can be
done as well or better by means of electricity,
which also offers many other advantages, such as
its use for lighting, heating, and cooking, for
transmitting power derived from waterfalls and
windmills to the place where it must be utilized,
and for the storage of energy in a convenient
form.

Mr. R. Borlase Matthews, whose 600-acre farm
is electrically operated, states that the cost of
producing a given effort on a farm is cheapest
by electrical means; oil tractor power costs 2-3
times, horse labour 5 to 6 times, man-power at
least 17 times as much as electricity to perform
a given task.

When the British Government in 1918 put
forward its scheme for the wide extension of
electricity supply throughout the whole country,
one of the aims on which the greatest stress was
laid was the provision of a *“ cheap and abundant ”’
supply of electricity to farms. That purpose
remains in the forefront of the government
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programme which is now in course of fulfilment ;
a Board of Electricity Commissioners has been
appointed, whose prime duty it is to carry the
plan into effect, and already vigorous steps are
being taken towards that goal. There is, however,
no need to wait for the millennium of universal
supply ; the advantages of electrical operation
can be realized in great part at once.

Possibilities of Electrification. The importance
of the subject to electricity supply authorities
may be gathered from a statement by Dr. J. F.
Crowley in a paper read before the Royal Society
of Arts, that in the United Kingdom there are
over 428,000 farms of from 5 to 300 acres each,
averaging 60 acres, which if electrically operated
would require a supply of at least 4,000,000,000
kWh per annum—as much as is generated by the
whole of the electricity supply undertakings of
England and Wales. Obviously manufacturers
of electrical apparatus are equally interested,
as there would be an enormous demand for their
products.

Official figures issued by the Board of Agriculture
show that on 100 acres of cultivated land the
British farmer grows only 15 tons of corn and
11 tons of potatoes, as compared with the German
farmer’s production of 33 tons of corn and 55 tons
of potatoes; the output of meat is about the
same in both cases, but the British farmer produces
only 17} tons of milk compared with the German
figure of 28 tons. No effort should be spared to
increase the efficiency of British farming, and
there is no doubt that the use of mechanical
power, which has been so widely adopted in
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Germany, instead of manual and animal labour,
is largely responsible for the difference in the
results obtained. That the British farmer is
ready—even eager—to adopt electrical methods
when they are made available to him has been
abundantly demonstrated by the remarkable
development of the agricultural load at Hereford,
under the enlightened leadership of Mr. W. T.
Kerr, until recently the city electrical engineer ;
and what has been done there can equally well
be done at other centres in agricultural districts.

Explanation of Technical Terms. For the
benefit of the uninitiated it is necessary to explain
briefly the units in which power, energy, etec., are
measured. It is important that the definitions
and distinctions made in the following paragraphs
should be understood clearly, otherwise it is
impossible fully to appreciate the data given in
subsequent chapters. '

“Work” and  Power.” *Work,” in the
engineering sense, is a definite entity capable of
exact measurement in terms of force and distance,
usually pounds weight and feet; thus to hoist a
truss of hay weighing 60 1b. to a loft 15 ft. from
the ground level would require the expenditure of
60 X 15 or 900 foot-pounds of work. * Power
is the rate of doing work, and is measured in
terms of work done per minute ; thus the same
amount of ““work ” is done in lifting the afore-
said truss to the loft, whether it is done in one
minute or two minutes, but the “ power ”’ in the
former case would be twice as great as in the
latter. Power is expressed in terms of ‘ horse-
power,” on the assumption that one horse can
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lift 1,000 Ib. to a height of 33 ft. in one minute ;
actually, this is much more than a horse can do
continuously. The amount of powertaken to
drive a fully loaded machine is approximately
constant, but the amount of work it does depends
upon the length of time it is in operation ; particu-
lars of the power required to drive various machines
used on farms are given on p. 57.

Electrical Units. Electrical quantities may be
compared with those met with in water supply ;
thus the electrical  pressure” or * voltage”
is analogous to the pressure of water in a pipe.
Just as water is supplied to consumers at a certain
pressure (so many pounds per square inch), so is
electricity supplied to consumers at a pressure of
so many ‘‘ volts.” For use on farms, this pressure
should be 100 or 200 volts, unless the distances
are great, in which case a pressure of 500 volts
may be necessary. For supply over considerable
distances, or for large amounts of power, the
pressure may be raised to 2,000 volts or more,
but in that case skilled supervision is necessary ;
any pressure above 250 volts must be regarded as
capable of giving a fatal shock. Electric * cur-
rent ”’ may be compared with the flow of water in
gallons per minute, and is measured in ‘‘ amperes,”
representing the rate of flow. A current of
electricity supplied at a given pressure represents
‘ power,” which may be measured in horse-
power ; the amount of power is ascertained by
multiplying the current in amperes by the
pressure in volts, the result being expressed in
“ watts.” Thus a current of 30 amperes supplied
at a pressure of 100 volts equals 3,000 watts.
To avoid using these large figures, the electrical
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unit of power generally used is 1,000 watts, called
‘“one kilowatt,” so that the power above-men-
tioned is 3 kilowatts. The older unit of power
—the horse-power—is rather smaller, being about
3 kilowatt, so that 3 kilowatts equals 4 horse-
power. Thus it will be seen that 30 amperes at
100 volts represents 4 horse-power. Similarly
15 amperes at 100 volts represents 11 kilowatts
or 2 horse-power.

- Work and Output. The amount of work that
can be done with one horse-power depends upon
the time during which work is done at that rate,
usually reckoned in hours; thus a machine
requiring 4 horse-power for 3 hours consumes
3 X 4 = 12 horse-power-hours, a quantity of
“work ” or, as it is often called, ° energy.”
Work or energy can also be measured in foot-
pounds; thus one horse-power-hour = 60 X
33,000 = 1,980,000 foot-pounds. When elec-
tricity is supplied from the mains of a public
authority or company, it is measured not in
horse-power-hours, but in kilowatt-hours; as
explained above, 4 horse-power equals 3 kilo-
watts, and therefore 4 horse-power-hours equals
3 kilowatt-hours. One kilowatt-hour is the
statutory ‘‘ Board of Trade unit’ in terms of
which electrical energy is bought and sold. The
cost of a kilowatt-hour for driving machinery
varies from 1d. to 3d. or more, according to local
circurnstances ; the same amount of energy used
for lighting, however, is usually charged for at a
higher rate, from 5d. to 10d. or more. One
kilowatt-hour will thrash either 14 bushels of
oats, 8 bushels of wheat, or 9 bushels of barley,
grind 3 bushels of oats, stack 5 tons of hay, cut

2—(5389)
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1 ton of chaff, cut up 6 tons of turnips, plough 160
sq. yds. 1 ft. deep, cut and bind a grain crop on
11 acres, milk 50 cows, or churn 80 lb. of butter,
or it will keep 40 lamps each of 20 candle-power

alight for an hour.

Abbreviations and Symbols.

For convenience

it is usual to adopt the following abbreviations

and symbols :—
N Abbrevia-
13::;1“?&3;_ Unit. St;%lb%rl. Example.
Electrical | Volt V| 200 volts = 200 V
pressure
Electrical | Ampere A 10 amperes = 10 A
current,
( Horse-power |. h.p. 2 horse-power
H =, 2/h.p,
Power < Watt w 1,500 watts
b = 1,600 W
| Kilowatt kW 11 kilowatts
= 13 kW
Work I Foot-pound ft.-lb. | 3 foot-pounds
= 3 ft.-lb.
{ Horse-power- | h.p.-hr. | 4 horse-power-hours
| hour = 4 h.p.-hr.
‘ Kilowatt- kWh | 3 kilowatt-hours
hour = 3 kWh

These abbreviations and symbols are used
henceforward throughout this book.



CHAPTER 1
ELECTRICITY SUPPLY

Sources of Power. Where a supply of electricity
is not available from an outside source, the farmer
must of necessity install his own generating
plant, and the question at once arises whence the
motive power shall be obtained. The sources
of energy at his disposal are coal, oil, petrol,
waterfalls, and wind. Of these we may perhaps
regard petrol as too costly, though otherwise
well adapted for the purpose ; and wind power not
only lacks reliability, but is also more expensive
than might be supposed. Water-power is by far
the most desirable source of energy but, like the
wind, is apt to vary widely in strength, and to
fail altogether in periods of prolonged drought.
Coal and oil are practically free from these draw-
backs, and we shall therefore deal with them
first. Within the space at our disposal we cannot
discuss the subject in great detail, but we will
endeavour to indicate the main features of each
mode of driving the plant, assuming that the
requirements of the farm will be met by a maximum
capacity of 10 h.p. This may be provided wholly
by running machinery, but it is preferable to
employ a reasonable amount of storage, and we
shall assume that this course is followed, whereby
it becomes possible to reduce the output of the
generating plant to, say, 5 h.p.

Power from Coal. Coal may either be used to
raise steam in a boiler, or be gasified in a gas
producer. There are many objections to the use

9
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of a steam engine, which requires more attention
and a higher order of skill than a gas engine,
besides being very wasteful of fuel in small sizes ;
for these and other reasons it may be dismissed from
consideration in this connection. There is less
objection to a gas engine and producer of the
suction-gas type (see Fig. 1), in which the gas is
generated automatically in accordance with the
requirements of the engine. The plant consists
of a gas-producer, a simple apparatus for cleaning
the gas, and the gas engine and-cooler for the
circulating water. Anthracite is generally used,
and the producer requires replenishment with
fuel at intervals of three or four hours whilst
running. Otherwise little attention is neces-
sary, beyond removing the ash and cleaning and
oiling the engine. The consumption of anthracite
is about 2% 1b. per kWh, costing, at £3 per ton,
about 0-8d.

Power from Oil. Simple as is the suction-gas
plant, an oil engine is simpler still, and we strongly
recommend it as by far the most suitable motor
in the absence of reliable water-power. The oil
engine, with its cooler, occupies little space and
requires but little attention ; it is easily started,
and can be left running all day unattended. It
is a highly economical prime mover, consuming
about 2 lb. of oil per kWh, and the fuel, which
is supplied in drums or barrels, is clean and
easily handled compared with coal. The fire
risk is negligible, if the exhaust pipe is kept away
from combustible materials, and the oil is stored
below ground or in a safe place at a distance from
stacks or barns. Very little water is required to
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12 ELECTRICITY IN AGRICULTURE

fill up the cooling tank. The engine should be
bolted to a concrete foundation, and may drive
the dynamo by belt, but is frequently coupled
directly to it on a common bedplate (see Fig. 2).
Oil engines are so widely used nowadays for farm-
ing operations that there is no difficulty in obtaining

Ruston & Hornsby, Ltd.
Fie. 2.—O1L-ELECTRIC GENERATING PraNT. 2} kw.

labour sufficiently skilled to look after them.
As a temporary expedient, the dynamo may be
driven by belt from an oil-engined tractor when
the latter is not required for its customary purpose.

Water-Power. Where water-power is available
in sufficient volume and can be developed at
reasonable cost, it is the best of all prime movers,
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as it consumes no fuel, and a water turbine can
be left running continuously, day and night,
without attention other than occasional oiling.
The considerations which determine whether
adequate water-power is available are the flow of
water in cubic feet per second, the available
height of fall, and the regularity of the flow. The
distance of the fall from the farm is not of much
consequence, provided that permission can be
obtained to use the power, and wayleaves to
carry the mains across the intervening property—
unfortunately, these often prove to be insuperable
obstacles to the utilization of water-power.
Whether a waterfall is capable of development
at a reasonable cost is a question which can only
be decided by an engineer after an inspection of
the site ; but in order to ascertain whether there
is any likelihood of its being usable, the following
rough rule may be applied by anyone : . multiply
the head of water in feet by the volume of flow
in cubic feet per second, and divide the product by
12. The result is apprommately the brake horse-
power available. The flow of water should be
measured, together with the head or difference of
levels, at various periods of the year, particularly
the season when the stream is at its lowest.*
In order to ““ harness”’ the fall, it will usually
be necessary to build a dam across the stream,
and this should be so disposed as to pond back
the water, thus obtaining a certain amount of

* For further information on the estimation of water-
power possibilities and on methods of utilizing water-
power, the reader should refer to Hydro-Electric Develap-
ment, by J. W. Meares, uniform with this volume (Pitman,
2s. 6d. net).
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storage (see Fig. 3). From the dam the water is
led in pipes (Fig. 4) to the turbine-house, situated
at a lower level, and there actuates the turbine.
The latter drives the dynamo either by belt or by
toothed gearing.

Wind-Power. Wind-power is commonly used
for driving small pumps by means of a wind-rose
or turbine, but is much less widely used for
generating electricity than it well might be. It
is true that the wind is capricious—far more so
than even water-power, which also is largely
dependent upon the weather—but nevertheless,
with the aid of storage, its fickleness can be
neutralized to a great extent, and an occasional
shortage of wind-power, involving the postpone-
ment of mechanical operations, is not necessarily
disastrous. In this country the average velocity
of the wind throughout the year is in the neigh-
bourhood of 7} miles per hour, but during two-
thirds of the year it exceeds 10 miles per hour,
which is well above the lowest speed at which it
will drive a wind motor satisfactorily. For about
one-third of the year the velocity approaches
15 miles per hour, and in favourable situations
this may be much exceeded. The average velocity
is lowest in summer, when the demand for lighting
is also least, and many mechanical operations
on the farm, such as thfashing, grinding,
cider-pressing, ete., are suspended.

The windmill (see Fig. 5) is mounted on a light
steel tower, usually 50 to 70 ft. high, or on a hill
top, and is provided with automatic governing
devices to accommodate its aspect to the strength
of the wind; if properly constructed, it only
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needs an occasional visit for lubrication, and the
cost of repairs is trivial. Owing to the very
variable speed of the wind, aspecial type of self-
regulating dynamo is used to charge the storage
battery. The cost of a complete installation
before the war was estimated at £450, covering
the wind motor and tower, dynamo, switchboard,
battery and building. Under present conditions
(1922) the cost would probably be £1,000. The
dynamo would give a maximum, with a strong
wind, of 4 h.p., and the battery would give an equal
amount of power for 8 hours ; as the battery could
give a greater output for a shorter period, up to
about 15 h.p. for 1 hour, ample power would
usually be available for all ordinary farming
operations, even during periods of calm.

Storage of Electricity. Emphasis may here be
laid upon the feature which is common to all uses
of electricity, viz., the fact that it can be stored
conveniently in stationary apparatus for use at a
future period. This makes it possible to obtain
from a stream which is capable of giving only,
say, 2 h.p. continuously, an enormously increased
output at command for short periods. Such a
stream would by charging a battery continuously
day and night, afford a supply of about 20 kWh
daily, which would drive a 5 h.p. machine for
some 4 hours at full load, and would cover most of
the requirements on a small farm. A similar
argument applies to the use of wind-power ;
although the power generated varies from moment
to moment, no inconvenience is experienced, as
the energy is stored in the battery, whence it may
be drawn at any time and at any desired rate,
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and the plant can be left running continuously,
under the control of automatic regulating devices.
In the case of wind-power there is no question as

F16. 6.—PETROL-ELECTRIC GENERATING
SET, WITH SWITCHGEAR. 4 kw,

Aster Engineering Co. (1913), Ltd.

to wayleaves, or water rights, and the capital
cost can be ascertained precisely beforehand,
whereas in the case of water-power the cost of the
dam is somewhat uncertain.

In view of the high cost of fuel nowadays and the
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need of economy in its use, the arguments in favour
of the adoption of either water- or wind-power are
greatly strengthened. On the other hand, owing
to high initial cost of the plant, it cannot be
denied that electrical energy thus obtained is
often expensive.

Electrical Plant. Whatever the source of power,
the clectrical apparatus required are practically
identical. They comprise a dynamo, which pro-
duces electrical energy, a storage battery in which
the energy is stored, and the necessary switchgear
for the control of these operations, which can be
largely or entirely automatic. Typical petrol-
electric generating sets, with switchgear, are
shown in Figs. 6 and 7.

When the source of energy is fuel, the amount of
electrical storage required is very much less than
in the case of water- or wind-power, as the output
can be adjusted to the demand (up to full load)
at will where fuel is used, whereas additional storage
for wind or water-power plant is necessary to
allow for the maximum power of wind or water
being often much below the maximum power of
the dynamo. Moreover, the cost of storing fuel
is far below that of storing electrical energy.
Where oil is used, it is in fact possible to dispense
with storage almost entirely, the automatic
control (Fig. 7) causing the engine and dynamo
to start the moment any consuming device,
from a glow lamp upwards, is switched on. It
is highly advisable, however, to employ sufficient
storage to carry on the lighting and other indis-
pensable functions for at least three days, to provide
against a temporary stoppage of the engine or
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other item of the plant. The installation should
be housed in a dry and well-ventilated building

Austin Motor Co., Ltd.

Fi1a. 7.—AvutoMAaTIC PETROL-ELECTRIC GENERATING
SET. § kw.

away from dust, and from manure heaps; the
latter give off ammoniacal vapours, which are
highly injurious to storage batteries. The storage
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cells may conveniently be carried in two tiers
by a wooden stand resting on a brick floor (see
Fig. 8).

Pritchett and Gold and E.P.S. Co., Ltd.
F16. 8.—ELECTRIC STORAGE BATTERY FOR FARMHOUSE.

Cost of Plant and of Energy Produced. The
cost of a complete self-starting oil-engine-driven
outfit of 5 h.p. is £375 at the time of writing.
Allowing for attendance, interest and depreciation,
repairs and stores, and assuming a consumption
of 4,000 kWh per annum, the cost of energy
obtained by this means may be estimated at
6d. per unit. The cost of a suction-gas plant
to give equivalent service would be about £300,
and the cost per unit about 6d. In each case
allowance is made for only a small amount of
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storage. The cost of a water-power installation,
assuming that the hydraulic works are of a simple
character and the pipe line not unduly long, may
be put at £800, and the cost of energy at 10d. per
unit. With wind-power the costs would be £1,000
and 1s. per unit respectively. Inthelast two cases
it is assumed that sufficient storage would be
provided to maintain lighting and other essential
services for a fortnight. These prices are merely
illustrative ; so much depends upon local conditions
and on the varying market prices of plant and fuel,
that no close estimate is possible.

Arrangement of Plant. In the space here
available it is impossible to discuss the details of
the generating and storage plant more fully, but
a few words may be added concerning the general
arrangement of a private installation. A high
pressure should not be chosen, as it increases the
cost of installation and maintenance in various
ways, and lessens reliability somewhat. Where
the distance over which the current is to be dis-
tributed does not exceed, say, 100 yards, a pressure
of 100 V is quite high enough. No higher pressure
need be wused unless the working and lighting
places are widely scattered, or the loads exception-
ally heavy. A pressure of 200 V may be regarded
as the highest ever required for general distribution
for lighting, heating, and cooking, and for power
up to 10 h.p., but the lower voltage is preferable.

Where practicable, the engine-room should be
near the house for convenience of access in bad
weather, but not so near as to cause a nuisance by
noise and exhaust fumes. Where water or wind-
power is employed, it may not be possible to site
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the dynamo-room close at hand, but the storage
battery should be near the house if possible, in order
to keep it under observation and to secure the best
regulation of the lights. Every cell of the battery
should be examined once a week, and any indica-
tions of irregularity should be at once followed by
steps to remove the trouble. While storage
batteries nowadays are very well-made, they
remain the weakest point of the installation. One
important advantage of a low voltage is that the
number of cells required is correspondingly low—
33 for a 100-V system. One person ought to be
instructed in the care of the plant, particularly
of the battery, and should be held responsible for
its maintenance in good condition.

Capabilities of Electric Plant. Even a very
small plant will do a surprising amount of work.
On the farm of Mr. W. ' W. Ballantyne, at Strat-
ford, Ontario, a § kW set runs a milking machine,
a cream separator, a pump in the dairy, a root-
pulper. an émery wheel, horse clippers, a sheep-
shearing machine, a fanning mill, a washing
machine, a suction cleaner, an electric iron, and a
toaster, besides charging batteries for motor-
car lighting, pumping water for the house, and
lighting the farm-house and out-buildings.
Naturally these devices are used at various times
during the 24 hours and not simultaneously. The
owner finds that he can dispense with the labour
of one man, besides enjoying the convenience of
electric lighting, ete. (Hlecirical News, June lst,
1920.)

A large number of firms, both British and foreign,
are manufacturing small oil-engine and dynamo

3—(5389)
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sets, from 3 kW upwards, for private installations.
In some cases these are to a great extent auto-
matic, the engine and dynamo starting up when the
battery requires charging.

Public Supply. It is hoped that at no distant
date, a supply of electricity will be available at
all parts of the kingdom near a town or a railway.
Where such a supply can be had, the farmer will
be well advised to use it, as he will thereby save
himself the outlay of capital on private plant,
and will avoid all risk of a prolonged failure of the
supply, besides obtaining energy at a lower price
than that of production by private generating
plant. Application should be made to the supply
authority concerned, who will state the terms on
which a connection can be made. As a rule,
farms are not likely to be situated near the route
of existing mains, and therefore special mains must
be laid to supply them ; it will then be found
highly advantageous, if not indispensable, to
co-operate with neighbouring farms in obtaining
a supply of electricity, as each will secure lower
terms, and the mains will be laid in the most
suitable direction. The cables may be either
underground or overhead ; for short distances the
former will be preferred, where an underground
network is already laid, but for distances exceed-
ing, say, half a mile, or where the township is
supplied through overhead cables, the latter
should be employed. The poles are usually
erected in the hedge-rows (Fig. 9) to avoid obstruc-
tion to farming operations, and to ensure acces-
sibility to them without damage to crops, but the
overhead cables can be carried across corners of



By courtesy of Mr. W. T, Kerr.

Fic. 9.—TRANSFORMER POLE IN AGRICULTURAL SUPPLY
SERVICE.

Showing incoming high-pressure line, jsolating switches, 10 kVa
transformer, ow-pressure switch and fuses, and outgoing low-pressure
3-phase, 4-wire distribution.
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fields, at a suitable height—mot less than 20 ft.
at the lowest point. The construction of the line
will rest with the supply authority.

If the distance from the network is short, the
supply pressure will be that prevailing in the
township, but for long distances it will usually
be desirable to transmit energy at high pressure—
2,000 V to 5,000 V, alternating current—and in
that case a transformer will be installed at the farmi
to reduce the pressure to a suitable value. The
farmer is recommended to adopt a low pressure
for his circuits, as explained in the previous
chapter. The cost of the transformer will be
the same for 100 V as for 200 V, and while local
dealers may be unwilling to stock lamps, etc., at
the lower voltage, the resulting inconvenience is
immaterial compared with the advantages of the
lower pressure. Moreover, when several low-
pressure installations have been started, the
agents will waive their objection ; and at the worst,
supplies could always be obtained directly from
the makers.

Alternating Current Supply. Having a constant
supply of electricity available, the farmer will
not require storage. As a matter of fact, the
supply in thinly populated areas will almost
invariably be given by alternating current, which
is not suitable for storage without conversion.
The advantages of using alternating current are
very material; not only can its pressure be
changed by a transformer to any desired value,
at small cost, but also the motors used with it are
exceedingly simple and robust, and the controlling
gear is reduced to the minimum. Thus an
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alternating current motor can be put in the charge
of an unskilled man without risk of injury, and the
drive is effected in the simplest possible way.
Moreover, if the farmer wishes to adopt electric
ploughing, cultivation, etec., alternating current
is far more flexible than direct current, and indeed
is almost indispensable. The only advantage
of direct current, perhaps, is the facility with
which electric battery vehicles can be charged
on the premises where it is used ; but this is not a
serious matter.



CHAPTER III

THE DISTRIBUTION OF ELECTRICITY

The Distributing System. The supply authority’s
mains—and statutory powers—end at the con-
sumer’s terminals, to which the incoming cables
are brought after passing through a double-pole
switch and fuses belonging to the supplier, and a
meter. Beyond that point the farmer has com-
plete control, subject only to the requirement
of law that he shall not use his supply in such a
way as to interfere with the supply to other con-
sumers. The uses of electricity for lighting and
for other applications in the house are discussed
in Chapter IV ; it only remains here to consider
how to bring the electric current to the lamps and
motors in barns and outhouses. Properly handled,
electricity is the most flexible means of distribut-
ing power in existence; improperly handled,
it may give rise to quite unnecessary troubles.

Wiring Systems. For lighting purposes, a
permanent system of wiring to the various points
will be necessary. The accepted method for a
high-class job is to enclose the insulated wires
everywhere in screwed steel tubing, but this is
not at all essential. Cheaper tubing systems are
available, as well as systems in which the insulated
wires themselves are enclosed within a continuous
metallic sheath, and for most purposes, at moderate
voltages, such sheathed wires are perfectly suitable,
besides being easy to install, and adequately

28
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By courtesy of Mr. W.T. Kerr.
F1¢. 10.—Low-PreEssURE SurpLy LiINEs ENTERING

FarM.

Single-phase supply is taken to the house and 3-phase supply to the
farm buildings .
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protected from mechanical injury. Alternatively,
the insulated wires may be protected with a
covering of specially tough rubber, similar to that
used for solid tyres on the wheels of vehicles, and
generally known as ‘‘ cab-tyre sheathing ” (C.T.S.).

Where circumstances allow of it, the wires
should be run on the exterior of the walls, where
they are less liable to meet with injury than inside
barns, ete., and looped-in
to the indoor lighting
fittings. The switch con-
trolling each light should
be of heavy make, and
situated high up on the
wall, or enclosed in a stout
wooden box.

Lamps and Fittings.
While the lamps used in
farm buildings and yards
are identical with those
used in the house—with
the exception that for
hghtmg large spaces the

gasﬁlled ” type of lamp
is preferable to the ordinary  vacuum ” type,
on account of its greater economy—the fittings are
wholly different. Lamps in working places or in
the open air should be protected by fittings with
stout glass covers, and provided with suitable
reflectors (see Fig. 11). In very exposed positions
further. protection should be provided by metal
guards outside the glass covers. The fittings
should be of very substantial construction, water-
proof if out of doors, and of suitable material.

Benjamin Electric Co.

Fi1a. 11.—ELEcTRIC LAMP
Frrrine ror FARMYARD.
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Ordinary fittings, if exposed to ammoniacal
vapours, are quickly corroded and destroyed.

An electric lamp is practically devoid of fire
-risk, under normal conditions. Even if the bulb
is broken, the lamp cannot set fire to anything,
for the filament is destroyed instantly and thus the
current is cut off. The only case
in which fire risk is present is
when the bulb is in close contact
with inflammable material for a
long period whilst burning. The
heat being then unable to escape
freely, the temperature may rise
to ignition point. Hence it is
important to place the lamps
where the air can circulate freely,
and there is no possibility of hay,
etc., being piled up so as to bury
them.

Ease of Control. One of the.
conveniences of electric light is
the facility with which it can
be controlled. Tt is easy, for
instance, to arrange switches at
each end of a long cattle shed, so
that a person entering at one end can switch on
the lights, pass through, and turn them out as he
leaves at the other end, without retracing his
steps. Yards can be lighted brightly with lamps
mounted on poles or on the walls of buildings, and
a switch can be provided in the farmer’s bedroom,
so that if he hears suspicious noises in the night,
be can flood the yards with light, without leaving
his room.

Benjamin Electric Co.

Fia. 12.—PORTABLE
ELecTRIC LAMP.
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Portable lamps are also of the greatest utility
to the farmer. The bulbs are mounted in strong
lanterns (see Fig. 12), connected by flexible cable
of any desired length with plugs which can be
inserted in wall-sockets permanently fixed at
suitable points. Thus the user can carry a lantern
from one building to another, obtaining light with
which he can inspect the remotest corners, without
the least risk of setting fire to hay or other
combustible materials.

The ability to carry on work in barns, ete. after
darkness sets in, where other lights could not be
used with safety, is one of the many advantages
conferred upon the farmer by the use of electricity.

Power Wiring. The wiring for fixed motors
can be carried out in the same manner as for
lighting. ~Where the supply is single-phase
alternating current and is given through a double-
wound transformer, the amount of insulated wire
required may approximately be halved by using
“ earthed concentric wiring.”” This consists of an
insulated conductor covered by a bare metal
sheathing which is used to carry the return current.
This system is mentioned on account of the economy
in wiring which it makes possible ; the system is
not, however, universally permissible and it
should be adopted and installed only under the
supervision of a competent electrical engineer.*

* This remark applies to the whole of the electrical
installation. The farmer should never himself attempt
to install or extend electrical equipment. It costs little
more to obtain professional advice and skilled labour at
the time of installation, and by this means it can be

ensured that the whole equipment can subsequently be
used safely and efficiently by unskilled labour.
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For supply to portable electric motors, wall
sockets should be provided at suitable points
within 20 ft. of where the motor will stand, the
wiring thus far being of the class used for light-
ing. Each motor will be provided with a
length of flexible cable and a plug correspond-
ing to the sockets, so that it can readily be
plugged in anywhere. Iach such wall-socket
must be fed through a switch capable of break-
ing the current taken by the motor at full load,
and should be in a situation protected from the
weather.

Overhead Lines. In some cases it will be
desirable to use portable motors in the fields, away
from the buildings ; it will also be necessary to
cross spaces between buildings. In such cases it
is preferable to carry the wires overhead, where
they will be out of reach of mechanical damage
and corrosion by seepage from manure heaps or
drains. The height must be chosen to clear
fully-loaded carts of hay, etc., by at least the
height of a man erect—say, 20 ft. from the ground
to the lowest point of the wire, poles being erected
if necessary to attain that elevation.

The conductors may be of bare stranded cable,
of copper or aluminium. The cables are bound to
insulators supported by swan-neck brackets,
screwed into the poles, and may be connected to
the indoor wires by running the latter up the
terminal pole (in an iron pipe, if exposed to
damage), and clamping them securely to the
cables.

The terminal pole in the field should be provided
with a stout wooden box containing the socket,
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and having a lock-up door. By carrying the bare
cables on a line of poles along the side of any
field, it is made easy to tap them anywhere by
means of conductors attached to metal hooks and
provided with a handle, as described below.

Tapping High-Pressure Mains. While it is
undesirable to employ high pressures on power
lines used for agricultural purposes, circumstances
may render it necessary to do so, and on the
Continent the practice is not uncommon. In
such cases the ordinary plug and socket method of
connection cannot be used. Special connecting
devices are mounted on some of the poles which
carry the high-pressure mains. These devices may
consist either of a set of copper hooks mounted on
insulators at a height of about 20 ft. from the
ground, and connected by cables to the line
conductors, or special sockets, one for each line
conductor. Alternatively, the connection may be
made directly to the line conductors by means of
special tapping devices.

Fig 13 shows a switch for mounting on the pole
where a tapping is to be effected, at a height of
15 or 20 ft. from the ground. The switch-rod
8 has an extension at the lower end so arranged
that the flexible conductor C (leading to the trans-
former truck mentioned later) cannot be put on the
hook A until the switch has been placed in the open
position, as illustrated ; in this position, the
switch isolates the hook from the line, so that the
cable can be attached in perfect safety by
means of a long pole. The switch-rod § is then
pushed into the contact B, which is connected
with the line conductor by a cable L, and
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locks the ring on the hook 4 by the same
movement.

Fig 14 shows a tapping pole provided with a
hook H at the upper end, which can be hooked on

-
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F1g. 14.—-IMPLEMENT FOR
MaxiNe CONNECTION WITH
F1a. 13. BARE WIRES.

PoLE SwiTcH CONTROLLING Connection is made between the
2] hook (which rests on the overhead
CONNECTION BETWEEN ;\g,re)ﬂan(}) 1the tglrminal (to which
e flexible cable is connected)
OVERHEAD LINE AND }G)ﬁ, a cogld“ct'or minnhllzt'thmugr;]
P 3 e centre of an insulating rod.
BUExIBLERCABCE The implement is manipulated
by a pole inserted in the insulated

socket M.

the actual line conductor ; a spring § attached to
the hook is connected by a fuse-wire F to a rod

passing through the bamboo pole P, the lower end
of the rod carrying a terminal to which the flexible
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cable C is clamped. When the rod is drawn down
into the position shown, the fuse wire is tightened
by the spring, so that if an excessive current
passes and melts the fuse-wire, the ends are rapidly
separated and the arc is thus extinguished. An
insulator I carrying a socket with a bell-mouth M
is clamped to the lower end of the bamboo, and
when connection is to be made, a long pole is
inserted into the bell M to form a handle.

Whether provided with a ring as shown in Fig.
13, or attached to a terminal fitting as in Fig. 14,
the flexible cable must be permanently fixed at its
other end to the terminals in the transformer
cabin, so that it shall be impossible for anyone to
handle the cables after they are connected to the
line and consequently charged at high pressure.

All high-pressure lines, apparatus, and cables
should be examined and approved by a competent
electrical engineer before being put into service,
in order to prevent any risk of accident to unskilled
employés.

Portable Transformers. When a pressure above
500 V is employed, it is necessary to transform it
to a lower value for use on the motors. The best
practice is to house the transformer permanently
in a weatherproof hut or building, but in the
United States and Canada the transformer itself
is often made weatherproof and fixed in the open,
or, if of small size, on one of the line poles, the
general appearance being then as in Fig. 9. This
eliminates the making of temporary connections
to the high-pressure lines, but a transformer must
be provided at each point from which it is wished
to take supply. Capital expenditure is reduced
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and greater flexibility of service is obtained by
arranging to make temporary connection to the
high-pressure line at any desired point. A port-
able transformer is then required, mounted in a

Fic. 15.—SECTIONAL ELEVATION OF TRANSFORMER TRUCK
FOR AGRICULTURAL SERVICE.

Showing 90-kVa oil-cooled transformer, reactance coil, and
compartment for switchgear.

covered wagon provided with broad wheels and
arranged for haulage by horses or by tractor. A
transformer truck for 70 kW weighs about three tons
complete, and can be hauled by two horses. The
interior of the wagon is divided by a partition into
two compartments, one containing the transformer
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and the fuses necessary for its protection, together
with a * choking coil ” to prevent damage by
lightning, whilst the other contains the low-pressure
switchgear and a cable connecting box. Such a
wagon is shown in section in Fig. 15. These
portable transformers are widely used in Germany,
often being hired out to farmers by the company
which owns the electricity supply system.

Flexible Cables. To connect the transformer
wagon with the motor a flexible cable is used,
which may conveniently be carried on a portable
cable creel if the length is great. It is desirable
to limit the length of each cable to 300 yds., and
if greater distances have to be covered two or more
lengths are joined together with special connectors.
Thus only the necessary length of cable is used in
each case, reducing the amount of labour and the
wear on the cables. The smaller motors are
usually provided with a short length of cable
(about 10 yds.) ; when the motor is so large as
to require a wheeled truck, a cable drum carrying
up to 300 yds. of cable can be mounted on the
truck.

Care should be taken to connect the metal
framework of the transformer wagon with the
earth when it is in use, by means of a cable connected
to an iron rod driven deeply into damp ground.



CHAPTER IV
DOMESTIC APPLICATIONS OF ELECTRICITY

Indoor Lighting. By no means the least important
of the uses of electricity on the farm are those
which are centred in the homestead. Electricity
can contribute in so many ways to the comfort and
well-being of the family that its introduction goes
far to mitigate the isolation and monotony of life
in a country house. Those who have experienced
the discomforts of lighting with paraffin lamps and
candles during the long winter evenings, relieved
by little in the way of public entertainments or
other distractions, can appreciate the contrast
afforded by brilliant illumination without odour or
eye-strain, with the resultant beneficial effects upon
health and humour. Lighting is naturally the
first consideration following upon the provision of
a supply of electricity, and it should be carried out
in accordance with scientific principles, in order to
secure all the advantages of electrical methods
without introducing undesirable effects. Owing
to the brilliancy of the incandescent filament,
no lamp should be directly visible to the eye,
the pupil of which, if exposed to a bright light,
immediately contracts and thus largely neutralizes
the benefits of ample illumination; in fact, a
room in which there is a bright unshaded light is
essentially a badly lighted room, and will always
appear as such.

Electric light lends itself like no other illuminant

39
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to control by suitable shades and reflectors, and
to waste this quality would be foolish. The most
pleasing method of using it is that known as semi-
indirect lighting, in which the lamp is suspended
in a translucent bowl (Fig. 16), fairly near the white
ceiling ; part of the light passes through the
substance of the bowl, shedding a soft illumination
on the walls and tables,
whilst part is thrown dlrectly
on the ceiling and diffusively
reflected therefrom, the re-
sultant effect being ideally
cheerful and pleasant. Where
electric light is wused, a
ceiling remains white for
years without requiring re-
newal, and the walls and
curtains also keep clean far
longer than with any other
= artificial illuminant. Where
British Thomson-Houston & strong light is desired, as
ol d0% upon a library table, suit-

Fic. 16.—BowL FirTING .
ror  Fisormio  Lawe. able reflectors are available
Semr-Inprrecr Lientine  which, without permitting
e “ glare,” concentrate the
light in the required direction without plunging the
rest of the room in darkness. On the other hand,
where a subdued light is needed, as in a bedroom
where there is a young child, the light can be
reduced to any desired degree by a dimming
switch. To secure all these advantages to the full,
it is advisable to employ a competent contractor.
If the supply pressure is 50 V or 100 V, the range
of sizes of lamp available is greater than with
higher pressures; more efficient lamps are also
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obtainable for the lower pressures.

These are

important reasons for choosing a low voltage.

As the house will in
most cases be built
before the
light is introduced,
a system of wiring
should be chosen
which can be carried
out without undue
interference with the
walls and decorations.
Such a system is
the metal-sheathed or

electric -

Falkirk Iron Co.

Fig. 17— FarLco” ELEcCTRIC

IrON.,

rubber-covered wire already described in connec-
tion with the lighting of the farm buildings,
which can be installed neatly and unobtrusively,
as well as quickly, and at moderate expense.

ikl 1 a s
Fia. 18.—'“Farco” EL

ECTRIC

IroN, SHOWING HEEL REST

N Usk.

Much depends upon
the proper choice
of positions for the
lamps, and this also
should be the subject
of competent advice ;
the ordinary house-
holder should realize
that experience and
skill are essential to
the attainment of
the best effects.

Electric Irons and Cooking. There are many
other directions in which electricity can lighten
domestic duties and add to the amenities of the

home.

For instance, the electric iron (Figs. 17
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and 18) is a boon to the housewife, which, once
she has tried it, she will never willingly forgo.
Still more desirable is the electric cooking stove
(Fig. 19), which has been brought to a high degree
of perfection, and not only simplifies the art of
cookery, but also
effects an enormous
economy of labour
and abolishes the
huge coal fire neces-
sary to heat the
old-fashioned oven,
whilst producing,
with certainty, far
better results. The
cooker constitutes a
rather heavy load—
2 or 3 kW being
necessary to prepare
meals for six or
eight persons—but
the full load is only
Jackson Electric Stove Co. required for half an
Fie. 19.—ELEcTRIC COOKER hour or so, whilst
FOR SIX PERSONs. g :
The switches shown provide separate heatmg the oMo
heat control for the boiling plates, and the consump-
Fell-apd ovan: tion can be greatly
diminished during the remainder of the opera-
tions. The average consumption of energy for
cooking is about 0.6 kWh per head per day.
The electric cooker can roast, bake, boil, grill,
fry, and steam all kinds of food, and gives off
no fumes or disagreeable odours, whilst it is also
perfectly clean and always ready for use at a
moment’s notice.
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Electric Heating. Another popular application
of electricity is to radiators (Fig. 20), which can be
carried about and used in any part of any room,
giving off no fumes, and being therefore absolutely
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Belling & Co.
F16. 20.—ELECTRIC RADIATOR.
Hot-wire type; giving an appearance and effect closely resembling
those of a coal fire.
harmless to health. Whilst this system of heating
is too costly for general house warming, except
where ample waterpower is available, it is ideal
for local heating, and with a radiator one can be
perfectly comfortable in a room which is otherwise
quite cold. The radiator can be switched on at
pleasure, and instantly emits a cheerful glow
accompanied by a torrent of heat which can be



Hobart Electric Co
Fi1g. 21.——ELECTRIC KITCHEN MACHINE.

The small electric motor at the top of the
machine is geared to a vertical spindle to
which any one of a number of implements
can be attached for preparing foodstuffs
placed in the detachable vessel. The motor
can also be applied to a variety of other
services and the machine is so arranged that all
parts can be kept clean.
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General Electric Co., Ltd.
Fi1a. 22.—“ TiME-SAVER”’ ELECTRIC WASHER.

The dolly is driven by a 3-h.p. motor which is placed below the tub,
out of harm’s way. A control handle causes the wringer to be driven
forwards or backwards from the same motor.
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directed wherever desired ; there are no ashes
to sweep up, and the apparatus needs no cleaning
other than the usual dusting.

Other applications of the heating power of
electricity are to bed-warming, keeping baby’s
food hot all night, making tea, coffee or toast on
the breakfast table, heating curling tongs, ete.

Electric Power. Electricity also lends itself to
many domestic operations which otherwise entail
the expenditure of manual
labour. By pumping water to
an elevated tank whence it can
be piped to the kitchen  and
bathroom, one of the most
coveted advantages of city life
can be secured. A kitchen
machine (Fig. 21) can be had
which will grind coffee, etc.,
shred vegetables, mix custards

G. E. Co.  and soups, chop meat and make
Fie. 23. sausages, beat eggs, and other-

Brecrric FAN.  wise prepare food for cooking, not
only at a minimum of expense—for it is driven by
a very small motor—but also with surprising
economy, owing to its making possible the use of
parts of vegetables, etc. which would ordinarily
be consigned to the dust-bin.

The electric washing-machine (Fig. 22) dollies
clothes, wrings them, and saves a vast amount of
labour in the laundry. Towel-driers and hot
linen cupboards are useful in the bathroom,
electric fans (Fig. 23) are useful everywhere, and
the electric hair drier blows a breeze of heated air
over the coiffure. Polishing machines brighten
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the silver, the electric suction cleaner removes dust
from carpets, and the floor-polisher serves the
purpose indicated by its name. Lastly, the
portable electric kinematograph enables the owner
to give a moving-picture entertainment in his
drawing-room, accompanied, if desired, by a
faultless performance of the works of the greatest
composers on the electric piano. All these and
other advantages are at the service of the
farmer who enjoys the privilege of a supply of
electricity.

Electric Communication. Whilst the telephone
is in no way connected with the use of electricity
in the household, and can be installed entirely
independently thereof, it undoubtedly claims a
place in this book. A telephone places the farmer
in direct communication with every other user of the
public telephone system throughout the country
and not only enables him to ascertain the latest
market prices, to buy and sell, to manage several
farms from one centre, and to give instructions to
tradesmen, etc., but also brings all his neighbours
who are similarly equipped within speaking
distance at any hour of the day or night, affords
instant communication with the doctor or the
veterinary surgeon, and provides his household
with a channel for conversation with their friends,
which greatly relieves the loneliness of families
scattered over the countryside, especially in the
winter. In the rural districts of Ontario every
other house is provided with a telephone, and in the
Province of Alberta there are few farmers without
one.

Unfortunately the public telephone service in
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this country is at present much more costly than
it ought to be, but that is another story—to which
a happy conclusion may yet be written. Apart from
the public telephone service, an intercommunica-
tion telephone system connecting the farm-house
with the outbuildings, workmen’s cottages, and
other points on the farm is easily installed and may
prove of the greatest value as a time-saver,
besides affording a convenient means of keeping
in touch with operations at all points without
personally visiting them.

Consumption of Power. Some data regarding
the power consumed by the appliances mentioned
in this chapter may be of use to the reader. It
should be observed that as a rule few of these
appliances are simultaneously in use, so that the
maximum power actually demanded is usually
but a small proportion of the maximum possible
demand calculated as the sum of all the ratings of
the individual appliances. Asinnumerable patterns
of domestic appliances are made, varying in size
and power, the data in Table I opposite must be
regarded as approximate.

Knowing the power consumption of an appliance,
in watts, the cost of electricity consumed, in pence
per hour, is obtained by multiplying the consump-
tion (in watts) by the cost of electricity (in pence
per unit) and dividing by 1,000. For example, the
cost of electricity for a 30 candle-power (40W)
lamp, using electricity at 8d. per unit, is 40 X 8
= 1,000 = 0.32d. or about {d. per hour. Actually,
the cost of electricity is much less than 8d. per unit
to a farmer using electricity for a variety of
purposes (see Chapter XI, p. 109).
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TABLE 1

APPROXIMATE PowER CONSUMPTION
OF ELECTRICAL APPLIANCES

Power

Appliance. Consumption

in Watts.

Vacuum lamp of 15 candle-power . J 20
” ” 0 2] . . 40
Gas-filled lamp of 200 candle-power . o 120

Radiator, according to size A p ! 500-3,000
Laundry iron . 5 5 400

Cooker, according. to size. P - .1 2,000-6,000
Bed-warmer . 3 3 3 30
Hot-plate (for table. use) 5 3 o 600
Toaster " L 2 q 350
Kettle o < 3 7 L 500
Griller . A 3 . 5 < % 1,100
Fan . 3 . 3 5 3 30
Kitchen machlne . i 5 3 . 150
Washing 4 | 3 : [ 250
Towel drier . 3 . & & . 200
Boot cleaner . : f 4 . . 200

Hair drier 0 J . . . ) 500

Refrigerator . . & . 5 5 250
Suction cleaner H A L . . 125
Sewing machine . 3 o 3 d 100
Knife cleaner J § 3 3 3 200
Soldering iron 3 > 5 > 0 200




CHAPTER V

ELECTRIC DRIVING IN MECHANICAL
OPERATIONS

In this chapter we are mainly concerned with
the use of electricity to perform duties of mechanical
driving for which steam or oﬂ engines would
otherwise be necessary. :

Advantages of Electricity. Farming differs from
all other industries in that the farmer does not enter
into contracts to any great extent. He cannot
count upon either crops or prices, he is to a high
degree dependent on the weather, and he puts
a large proportion of his produce into store.
He has to look ahead some 15 months, and regulate
his actions in accordance with very uncertain
estimates. Moreover, his work 1is irregular,
coming with a rush at times, whilst at other
times his men are practically idle for long periods.
Any means that will enable the work to be
spread out over the day and year should be.
welcomed, and in view of the continuous depletion
of the rural population, any device that will
reduce the monotony of farm life is highly desir-
able. These functions are admirably filled by
electricity, which provides for cheerful lighting
without fire risk, and being available at any moment
and in any weather, enables farming operations to
be so regulated as to reduce the * peak ’ loads and
fill up periods of inactivity. It is an ideal motive

50
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power for the farm—flexible, easy to control,
safe in the hands of unskilled workmen, economical
of manual labour, and cheap. The electric motor
has a large overload capacity, takes very little
power on light load, requires the minimum of
attention, and lasts for years without needing
repair. In order to meet modern conditions, farm-
ing should be made as far as possible analogous
to factory operation ; large farms should be run,
large fields should be cultivated, and the utmost
possible use should be made of machinery. In a
paper read before the Institution of Electrical
Engineers, Mr. R. Borlase Matthews enumerated
well over a hundred different uses for electricity
in farming, of which some 40 were actually in
operation on his own farm or were about to be
adopted there.

Scope for Development. It has been estimated
on the basis of the industrial census of 1906
that in Great Britain at that date there was in all
some 213,000 h.p. of steam, gas, and oil engines
in use on farms, steam constituting about one-half
of the total. By this time the figures must have
been doubled, but even so they represent a mere
fraction of what might be attained. It is stated
that some 100,000 potential farm consumers are
situated within five miles of electric power stations
in this country, representing, on the basis of actual
experience, a probable demand of 3,000,000 lamps
and 500,000 h.p. to commence with ; and there
remains an enormous number of farms beyond the
limited radius above-mentioned.

At Hereford, where the supply of electricity to
farms has been developed far more than at any
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other British centre, the farmers eagerly seek
connection to the system, and take energy costing
£25 a year on the average. Similarly in Canada,
the use of electricity on farms is very general ;
in Ontario it is supplied from the three-phase
lines of the Hydroelectric Power Commission.
In France the co-operative system is widely
adopted, either to generate power or to obtain
bulk supply ; the societies are assisted by special
district banks, which are supported by the State,
and special credit is afforded to agricultural
interests. In 1914 there were nearly 100 such
banks in existence. In Germany there were
in 1913 650 co-operative societies supplying
electricity for agricultural purposes.

Examples of Electrical Operation. In April,
1920, a Departmental Committee of the Ministry
of Agriculture and Fisheries submitted a report
on Agricultural Machinery (Cmd. 506) in which
the advantages of electricity for farming operations
were emphasized officially. Amongst those
mentioned were simplicity, low first cost, inexpen-
sive foundations, easy starting, portability, low
consumption when running idle, large overload
capacity, small wear and tear, little attention
required, even turning, rotary motion, etc. One
witness stated that on a farm of 800 acres in
Sweden, practically every machine except those
used for cultivation was electrically driven.
Whereas, before the use of electric power, the
farmer had had to employ 10 horses, 16 men, and
4 boys, he was now able to do the same work with
1 horse, 7 men and 2 boys; the product was of
increased value, due to the smoother working of
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the machinery, he could thrash much earlier,
obtaining a higher price and avoiding loss through
the ravages of rats and mice, and he made a total
saving of £5 a day on the thrashing operation.
In Denmark (where in 1917 there were 271
co-operative societies) one co-operative system was
supplying electricity to 3,000 farmers, besides
other consumers, and a new power station was
being built. So- highly are the comfort and
convenjence of electrical methods appreciated,
that Danish farmers not electrically equipped have
difficulty in retaining their employees.

Another instance of electrical operation is
to be found in a large pig-sty in Denmark. The
sty is a two-story structure, in which 1,000 animals
are housed, and everything is done by electric
power, including grinding corn, removing refuse,
and fetching foodstuffs and young pigs from the
neighbouring town of Randers. Railway lines
are laid all over the sty, and three men do all the
work.

Methods of Driving. The methods of applying
electric power to the machines depend on whether
the latter are stationary and under cover, or
portable. In the former case the simplest plan is
to install a motor driving a countershaft by belt
(Fig. 24) ; the shaft is fitted with pulleys of various
sizes, according to the speeds at which the respec-
tive machines have to be driven. The motor
should be of not less than 5 h.p., and should be
suitably enclosed to prevent the access of dust and
dirt to the interior ; for this purpose the machine
itself may be of the totally enclosed type, or at
least of the ‘‘ enclosed ventilated > type, which is



54 ELECTRICITY IN AGRICULTURE

somewhat cheaper. If the supply is direct
cur{'ent, the motor will be shunt-wound ; if alter-
nating, it will be of the squirrel cage induction
type.

T
%

By courtesy, British Electrical Development Association.

Fic. 24.—ELEcTRIC MOTOR DRIVING FARM
COUNTERSHAFTING.

At small expense countershafting and pulleys can be arranged
so that a number of machines can be driven from one motor.

The motor should be bolted down to a concrete
or timber foundation, and should be surrounded
by a fence or guard to prevent damage and to
keep the belt free from interference. A very good
alternative is to bolt the motor to the ceiling
rafters ; as ball bearings are commonly fitted to
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small motors nowadays, the motor will not need
lubricating for months at a time, and it is well out
of the way overhead, besides which the horizontal
belt drive is better than a sloping drive, and the
belt is removed from ready access. Although
fire risk is very remote, it is advisable to shield
the flooring over the motor with thin sheet-iron ;
this applies also to the starting gear, if the latter
is attached to a wooden partition. The centre
line of the motor should be not less than 10 ft.
from that of the countershaft, as the motor will
generally run at 1,000 or 1,500 r.p.m., and the
shaft at 150 or 200 r.p.m., so that the pulleys will
be of widely different diameters. The driven
machines are bolted down to the flooring, and
should be provided with fast and loose pulleys, so
that any one of them can be started at pleasure,
by shifting the beélt. The countershaft should
run in ball bearings or self-oiling bearings, as it
is not likely to receive frequent attention.

For small operations such as churning and cream
separating, it is preferable to use a much smaller
motor, either a separate motor to each machine, or
a single one so arranged that it can be used to
drive any one of a number of machines.

Portable Motors. For driving out-door machines,
a portable motor is required ; this can be mounted
on a carrier fitted with handles for manual trans-
port, if of small power (up to,2 h.p.), but for such
work as driving thrashing machines a motor of
from 5 to 25 h.p. is required, and this being too
heavy for handling must be mounted on a wheeled
truck (¥ig. 25), on which it remains whilst at
work, the wheels being spragged to prevent

5—(5389)
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movement. The starting gear should be mounted
on the same truck, and a length of cab-tyre sheathed
cable should be provided, long enough to reach
from the working position to the nearest wall-
socket. Portable motors should always be pro-
vided with rain-proof and dust-proof covers, and

{ g To SRE e R
By courtesy, British Electrical Development Association,
Fie. 25.—PorTABLE ELEcTRIC MOTOR OF 30 h.p.

The motor is mounted on a light but rigid truck with broad wheels

suitable for running on soft ground. The machine is protected

by a detachable casing of sheet metal through which penetrates

the shaft carrying a driving pulley, Thrashers or other machines

are belt-driven from this pulley in the usual way. The motor

is supplied through a trailing cable from a plug and socket or
from a tapping on overhead lines.

as they run at high speeds but drive slow-running
machines, they are often fitted with reduction
gearing having a ratio of about 1 to 6. A 2-h.p.
motor and cradle, with reduction gear and cable,
weighs about 2 cwt., and can be carried by two
men.
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Power Data. Table II gives the horse-power
required for various machines employed on a

farm of, say, 300 acres.

TABLE II.—HoORSE-POWER REQUIRED FOR

Various FArM MACHINES

Horse-
wne, | G| howe
Chaff cutter L | 10 tons 4-5
Root 55 Q : 6-7 ,, 2-3
Potato crusher . . 20 ,, 1
Oat crusher | VR 1
Miscellaneous pumps .| 100-1,000 gall. per kour 313
Manure mill | bl 30 tons 2-3
Portable thrasher | 200 bushels 3-8
Grain cleaner | 8-16 tons 1-3
‘Winnower . ! 7-10 1
Drum thrasher w1th
cleaner . . 550 bushels 25
Hay and corn h01st 5 30 tons 1-2
Flour mill . ; }-% ton 2-4
Band saw, or shearmg
machine . d —_— 1
Milking machine | o 1-3
Cream separator . 5 1,300 Ib. per hour 13
Cider milling x 2%
Ensilage cutter . 9 55 tons 10

Dr. ¥. C. Crowley gives the following data for
power applications associated with farming—

Dairy work (churns and kneading machines
of large size) . = 3 o

Cart-making and ]omery (lathes, saws, and
drilling machines) 2

Sawmills (saws and grmdstones) 4

Lock-making and smith’s work (lathes, drills,
grindstones, bellows, etc.) .

Bakeries (kneading machmes)

Butchery (meat-beating, mlnclng, sausage-
making) . 5 S .

Horse-
power,

3-5

3-5
3-8

i)
11-3

2-3
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The same authority states that a motor of
from 2 to 5 h.p. will cut in an hour up to 20 cwt. of
chaff with a consumption of 0-1 to 0-3 kWh per
cwt. It usually takes a man an hour to cut
1 ewt. by hand, and 2 horses and a driver can cut
from 3 to 4 cwt. per hour. For turnip cutting the
consumption is from 0-01 to 0-02 kWh per cwt., and
for oat crushing about 0-25 kWh per ewt. A motor
of 1 h.p. can deal with 460 gallons of milk per hour,
the consumption for separating, churning, and
kneading the butter being 1-14 kWh per 100 gallons.

According to Mr. R. Borlase -Matthews, the
annual cost of a horse and driver is £148; 550
kWh of electricity will do the same amount of
work, costing, even at 1s. per kWh, only £27 10s.
Manual labour costs as much as electricity at
15s. per kWh.

Milking by Electricity. A byre containing ten
cows requires a motor of 1 h.p. to drive the milking
machine. Several cows are milked at the same
time, and from 10 to 15 can be milked per hour by
one man tending three or more milkers at once.
In a farm at Hereford 70 cows are milked twice
daily with a machine driven by a motor of 8} h.p.

Ensilage Cutting. In Canada ensilage is cut and
silos are filled with electrically driven machines ;
ensilage cutting is an autumn load, and takes
from 2 to 15 h.p. Larger equipments used in
Canada take from 20 to 25 h.p., and both cut and
elevate ensilage at the rate of from 10 to 15 tons
raised 39 or 40 ft. per hour.

Nearly 100 German farms, Mr. Matthews states,
use electricity for preserving green fodder. A
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metal plate is laid at the bottom of the silo, and
when the silo has been filled, another plate is
placed on the top of the fresh green fodder. An
electric current is then passed through the silage
from one plate to the other for a period varying
from one to two days, the energy consumed being
from 13 to 20 kWh per ton.

An alternative treatment, recommended by the
same author, is to stack the grass whilst green, and
to blow air through the stack by means of an
electrically-driven fan. In this way the grass is
thoroughly dried and converted into excellent hay,
of better quality than that produced in the usual
way.

Mowing and Harvesting by Electricity. When
mowing and harvesting machines are hauled by a
tractor, the knives and binders are usually mechani-
cally driven at a rate depending on the speed of
travel. Mr. Matthews finds that if an electric
motor fed with current from a dynamo mounted
on the tractor is used for driving the knives at
a constant speed, crops can be cut about one-third
faster than by the usual method, and heavy and
angled crops can be dealt with satisfactorily.

English Electrical Farms. On one of the farms
supplied with electricity by the Hereford Corpora-
tion there are from 80 to 100 cows; a motor of
7% h.p., installed in a lock-up cabin, drives machines
for cutting chaff, kibbling corn, and pulping roots
for cattle food, as well as pumping. Electric
light is installed in the cow-byres, foal yards, and
farm-house, 30 lamps being used, of which 4 of
50 candle-power each are mounted in a bracket
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fitting for lighting the yard. This farm consumed
in one year 633 units for lighting, at 41d. a unit,
and 930 units for power at 3d. a unit, making a -
total cost of £23 a year ; the average annual cost
per farm is £20. The first cost of the electric
farming plant is half that of steam or oil driven
plant, and the fire insurance premium is greatly
reduced. Moreover labour is less costly, and can
be employed usefully on wet days in cutting chaff
or kibbling corn.

Similarly, on a farm of 285 acres near Altrincham,
30 lamps were installed in the house and farm
buildings, and the whole of the machinery was
driven by a 7} h.p. motor fixed in the granary ;
the machines included a corn mill, chaff cutter,
root pulper, cake mill, etc. The supply mains
consisted of half a mile of concentric cable laid
underground, and a transformer at the farm
reduced the supply pressure of 2,000 V to 100 V.

At another farm in the North of England,
electricity has been used since 1904 ; it is supplied
at 500 V for power, and 250 V for lighting, from a
station 1} miles away, by underground cable.
There are 45 lighting points, and on account of the
high voltage almost all the wiring is carried out in
screwed steel tubing. The average annual cost
of lighting over a period of 10 years was £5 13s. 4d.
A 10-h.p. motor is used to drive line shafting,
which extends through the wall of the motor
house to the mill house, and drives a thrashing
machine, bean bruiser, turnip pulper, cake bruiser,
straw cutter, bone crusher for hen food, and
small lathes and drilling machines in a workshop.
A motor of 2 h.p. drives a churn and milk separator.
It is also proposed to install a milking machine,
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refrigerator, electric incubator, horse clipper, and
washing machine, and electric heaters in the byre
and milk house. The farm affords a useful type
of load to the supply station,-as the machines are
used in the early part of the day, and the greatest
demand for light and power occurs in the early
morning. In 1906-7 this farm used 1,672 units
for power, costing at 2d. per unit £14 5s.

Electric Progress Abroad. In Italy a network
of 25 miles of high-pressure lines, with 20 distri-
buting stations, has been installed on the Roman
Campagna, and thrashing and pressing operations
are carried out with portable transformers
and motors, while owners of orchards install
motor-driven pumps for irrigation. In Bavaria
there are few farms without electric power, and
near Lucerne there are over 1,000 farms electrically
equipped.

The use of electricity is developed very widely
in California, where rainfall is scanty. In 1915
electricity was supplied by fourteen companies to
10,583 installations, representing 190,000 h.p.,
and about 12,000 motors, of which 80 per cent
were used for irrigation and the remainder for
miscellaneous farming operations. The Californian
farmers use electricity for cooking, ironing, driving
washing machines and sewing machines, etc., more
freely than city people, and petrol-electric genera-
ting sets are sold in great numbers. In Western
Ontario 500 farms are connected to the supply
mains. The advantages of electric power are so
highly appreciated there that a farm with electricity
available from the public mains is worth at least
$1,000 more than a similar farm which does not
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enjoy that privilege. The system of supplying
electricity to farmers originally adopted by the
Hydroelectric Commission was based on the cost
price of energy at the municipal boundaries plus
the cost of carrying it over a special line to the
consumer, but this was found to be commercially
feasible only when there were at least three custom-
ers per mile of the route, and tended to favour
unduly farms that were near the main roads. A
better plan has been devised, according to which
each district is treated independently, and all the
consumers in that area are charged alike, the price
diminishing as the number of consumers in the area
increases. KEight classes of service are tabulated,
ranging from the public lighting of a hamlet to
farm service of the heaviest type ; a fixed charge
is made for the service, and a running charge
depending on the consumption of energy—a
system which is steadily growing in favour
elsewhere also.

In Australia, on the big sheep farms, electricity
is widely used for shearing sheep.

Electricity in Horticulture. Turning to horticul-
ture, for market gardening electricity has many
uses. The chief application is to pumping, for
which purpose an electric motor is immensely
superior to a gas engine, requiring no attention
and taking up little space ; it can be controlled
automatically by the height of water in a tank, and
the cost of maintenance is trifling. A 10-h.p. motor
will lift 20,000 gallons of water per hour to a height
of 50 ft., costing, at 2d. per unit, 1d. per 1,000
gallons. A motor pump can also be used to drive
a circulator in the hot-water system, in which case
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the boilers can be fixed on the ground level, uniform
temperature can be maintained, and the pipes can
be fixed at any desired level. Other applications
are to stoke-hole pumps, spraying plants, chaff-
cutting, screening soil, grading fruit, trolleys and
conveyors for moving fruit or soil, automatic
stoking, ventilation, etc. Electric light is also of
great value in a nursery garden, for night work,
and in sheds and offices, and in some cases experi-
ments are being made with electroculture (see
Chapter X). By the use of electric light in the
spring, flowers can be induced to bloom at an
earlier date than under natural conditions, and
thus they can be placed on the market when
prices are high ; this process is being adopted with
great profit in certain market gardens.

Thrashing by Electricity. The driving of
thrashing machines is, next to ploughing, the
heaviest and most important power service in
agriculture ; it is also one to which the electric
method is most admirably adapted. Wherever
overhead lines are available electric thrashing can
be carried out in the fields, so that the grain and
straw can be put into store separately, with the
minimum of handling and without loss of time.

Thrashing machines may be obtained with a self-
contained motor, but the ordinary belt-driven
machines can be used in conjunction with a
portable motor. The smaller machines require
from 2 to 6 h.p. ; those which are fitted with straw
presses, ete., and are usually driven by mechanical
power require from 20 to 25 h.p. Dr. F. C.
Crowley states that electric thrashing machines
are widely used in Germany, where the following
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results have been obtained for the energy con-
sumed, in kWh per cwt.— Rye, 0-35-0-70 ; wheat,
0-35-0-60 ; oats, 0-25-0-50; barley, 0-30—0-55;
mixed grain, 0-280-45. Mr. Matthews gives data
from Dutch farms approximating to the lower
values mentioned above.

Experience has shown that electric is much
cheaper than steam thrashing, both in first cost
and in working cost, especially where the power
required is small or the working periods are short.
The electric thrasher is extremely convenient in
use, owing to its light weight and portability,
its requiring no supplies of water and fuel, its
independence of the weather (as it can be used
indoors in wet weather with perfect safety), the
ease with which it can be controlled, and its high
efficiency even when working at hght load. More-
over the uniformity of rotation of the motor
results in a cleaner thrashing, a better product,
and increased output. Actual measurements have
shown an increase of from 1 to 1} per cent in the
quality of grain produced by electric as compared
with steam thrashing. By carrying out the work
in two stages—thrashing and rough cleaning in
one machine, and further cleaning, dressing, and
grading in another—the work can be done with a
motor of 5h.p., employing fewer hands, and
spreading the work over a longer period. Actual
tests show that the power cost of a thrasher driven
by an oil tractor is more than five times as much
as with the electric motor at 5d. per kWh (R. B.
Matthews).



CHAPTER VI
ELECTRIC PLOUGHING

Mechanical Ploughing. Of all the mechanical
operations conducted on a farm, the most arduous
and the most important is ploughing. It is unfor-
tunate, therefore, that this is also the most difficult
operation to deal with by mechanical methods in
place of animal power. The work is distributed
over a large area, every inch of which has to be
operated upon, and in this respect ploughing,
harvesting, and cultivation are distinguished from
all other mechanical problems.

The simplest method of dealing with this class
of work is certainly to use an automobile plough
or reaper, which is independent of all other appara-
tus, and this is the solution which has most
frequently been adopted in this country with the
aid of the petrol engine ; but it has certain draw-
backs, such as the great weight of the machine,
which partly undoes the work of the plough by
compacting the soil, the necessity of skilled atten-
tion, high first cost, high cost of fuel, and con-
siderable fire risk. Agricultural tractors were
built and purchased with headlong haste during the
latter part of the war, but proved somewhat
disappointing to their optimistic advocates.

Another solution to the problem is found in
the system of hauling ploughs to and fro by means
of stationary engines, usually steam engines,
which is free from some of the objections to the

65
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automobile apparatus, and has been in use for many
years.

Both the above methods have been adapted
to electrical operation, but the automobile electric
plough can hardly be considered a promising
device, being very heavy—though it is economical
in working, and free from fire risk. The haulage
system, on the other hand, lends itself readily to
electrical operation, and has been adopted very
extensively on the Continent. Apart from other
advantages, it is cheaper both in first cost and in
operation than steam haulage, and employs less
labour, as there is no coal or water to be carried
to the haulage engines.

As but little experience has been gained in this
country, we must go abroad for data regarding
working results. According to Italian experience
in 1914, horse ploughing cost from 22s. to 24s.
per acre, steam ploughing 18s., and electric
ploughing 12s. 6d. per acre (with electricity at
11d. per unit), all costs being included. Later
data from Italy, published in March, 1920, illustrate
the changed conditions ; electric ploughing cost
26s. inclusive of labour, interest, and depreciation,
while petrol tractors cost no less than 121s. 6d.
owing to the excessive cost of fuel.

Electric Power Lines. Assuming that the cable
haulage system is employed, the equipment is
naturally divided into two sections: The line
supplying power to the machines; and the
haulage and ploughing gear. The line will con-
sist of bare copper or aluminium conductors
carried on wooden poles by means of porcelain
insulators, and will work at a fairly high voltage,
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owing to the considerable distance over which the
power has to be transmitted. In the case of
direct current, the highest practicable voltage
500 V, and two wires will be required ; this system
would usually be employed in proximity to a town
having a public supply at 500 V or thereabouts for
power, connection being made to the mains at a
suitable point through the necessary switches and
circuit-breakers, with an electricity meter in
circuit. There is, however, a farm in this country
where a private generating plant working at this
pressure is installed, to which we shall refer
later (p. 72). More generally, especially when the
distance from the public supply network exceeds
a mile, the supply will be alternating, probably
three-phase, and in that case three wires will be
required, at a pressure of from 1,000 to 3,000 V,
which necessitates insulators of higher quality, but
allows of the use of much smaller wires or cables.

The farmer should not attempt to install the
power line without the services of an experienced
contractor, as any pressure above 200 V is capable,
under certain conditions, of imparting a fatal
shock to a man who accidentally makes contact
with the bare wires. The line must therefore be
of substantial construction and sound workman-
ship. Arriving at the field to be ploughed, the line
should be carried along one side of it, at a height
not less than 20 ft. where it crosses a roadway or
cart track, and not less than 15 ft. elsewhere. The
poles may with advantage be set in the hedgerow,
out of the way. Connection is made with the line
by means of special devices (see Figs. 13, 14, p. 35)
designed to enable the operation to be carried out
without danger to the unskilled user.



68 ELECTRICITY IN AGRICULTURE

Cables and Transformers. A flexible cable—
preferably of the tough-rubber-sheathed type—
completes the connection to the apparatus, which
is mounted on a wheeled truck or trucks. In the
case of a 500-V direct-current supply, no trans-
former is necessary, the current being led to the
motor through a double-pole switch, -circuit-
breakers (which are preferable to fuses), and an
ammeter, which indicates the load on the motor.
If, on the other hand, the supply is three-phase
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Fi1c. 26.—DiacraM oF DouBLE HAULAGE-DRUM SYSTEM
oF PLOUGHING.

A tilting plough is hauled to and fro by haulage ehgines at each side
of the field.

alternating, at a pressure above 500 V, a trans-

former will be necessary to reduce the supply

pressure to a moderate value, which should not

exceed 500 V.

A separate truck is used for the transformer,
(see Fig. 15, p. 37) the high-pressure connections
and transformer being completely enclosed, so
that the workmen run no risk of coming in
contact with conductors at a dangerous voltage.

Plough-Haulage Systems. We come now to the
haulage machinery, which may be arranged in
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three different ways. One method is to use two
single-drum haulage machines one on each side of
the field to be ploughed, which haul the ploughs
alternatively to and fro (Fig. 26); in this case a
power line must be provided on each side of the
field. Another method is to use one double-drum
haulage machine, the cable passing round a pulley
on an anchor carriage at the opposite side of the
field, and the gear being reversed in direction at
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Fic. 27.—D1acram or SinGLE HAULAGE-DRUM SysTEM
oF PLOUGHING.

©

Only one haulage engine is required by this method of ploughing,
the haunlage rope passing round an anchor drum at one side of the
field and being driven by a reversible double-drum haulage machine.

each end of a furrow (Fig. 27). The third method
uses one stationary double-drum haulage machine,
with two cables passing in opposite directions
round the field over pulleys at the corners, and
round pulleys at the ends of the furrow, alternately
hauling the plough to and fro (Fig. 28). This
system is used very widely in Italy; it has the
advantage that the haulage machine is not moved
until the whole field has been ploughed, and
therefore long trailing cables are not required.
In all the systems considered the haulage gear
consists of a motor driving a drum or drums,
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through reduction gear, with clutches which enable
the idle drum to run free when paying out cable.
In the case of double-drum machines, the motor
drives the drums alternately through suitable
gearing, hauling-in the cable on one drum while
the other pays it out. The motor should be of
from 30 to 50 h.p., as the work is very heavy ; to
plough a field 12in. deep with multiple-share
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F1c. 28.—Di1aGcraMm OF TESCARI SYSTEM OF HAULAGE
rorR ELEcTRIC PLOUGHING.

A single, reversible haulage engine is uscd. The
anchor trucks, b, ¢ are moved to the left after each
traverse of the plough. The haulage engine and the
anchor drums ¢, d remain in the positions a,, ¢,, d;, until
the whole of field I is ploughed, whereupon they are
moved to a,, ¢,, d,, preparatory to ploughing field IL.

ploughs covering a width of 3 ft. requires about
30 h.p., in heavy soil, but to allow for stones,
roots, etc., 50 or 60 h.p. must be provided. In
practice, a plough of this order would deal with
about 8% acres in a day of twelve hours.* At the
end of each furrow the plough is tilted, as in steam
ploughing, to make the return journey.

* Mr. R. Borlase Matthews states that a large haulage
set will plough 19 to 20 acres a day, as compared with 1
acre by horse haulage.
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Comparative Advantages. Amongst the advan-
tages of the double-engine system of ploughing
are the following : It is easier to adjust, requires
less rope, can be used over uneven ground, and can
plough furrows up to 650 yds. long. On the other
hand it is costly to install, and requires a supply
of power at both sides of the field.

Fie. 29.—ANcHOR TRUCK, FirLLET TYPE.

The truck is provided with an anchor plate, parallel to the length of the

truck. This plate penetrates easily into the ground as the truck

is moved forward but offers great resistance to tipping in the direction
of the plough-rope pull.

The single-engine system, dispensing with one
of the haulage engines but replacing it by an anchor
trolley carrying a pulley (see Fig. 29), is otherwise
very similar to the former ; it has the advantages
of cheapness, both in haulage plant and in electrical
installation, but requires more rope, is more
difficult to adjust, and cannot be used over hilly
ground where the driver cannot see the signals
of the ploughman.

6—(5389)
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The advantages of the third system have already
been mentioned, but on the other hand, it requires
a still greater length of cable and additional anchor
pulleys, and is unsuitable for use on uneven
ground.

An English Installation. As an example of the
use of two single-drum haulage machines, we may
take the farm of Mr. Chorlton at Cotgrave, near
Nottingham, on which electrical methods have been
in use since 1910. The farm has an area of 240
acres, and the soil is of a heavy nature, requiring
three or four horses to haul a plough. Steam
ploughing was tried, but proved unsatisfactory,
and involved the services of two or three men and
a horse to serve the engine, besides three men
operating the apparatus. The electrical equip-
ment includes a 25-h.p. suction-gas engine and
producer, driving a 500-V dynamo in an out-
building ; this plant supplies electricity for
lighting, as well as for the power requirements
of the farm.

The current is carried to the various parts of
the farm by overhead lines of bare copper, with
which connection is made by flexible conductors,
which are attached to the lines by hooks and
slide along them as required. The electric plough-
ing tackle comprises two trolleys which are fitted
with electrically driven haulage gears, and travel
along opposite sides of the field under cultivation,
hauling a reversible three-furrow plough to and
fro between them by means of a cable. After
each journey the trolleys are moved forward by
hauling on a cable anchored at the far end of the
field, by means of a cable drum mounted on the
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trolley. The plough hauling rope is 400 yds. long,
and weighs half a ton ; it is capable of sustaining a
pull of 5 tons if required. A 25-h.p. winch can
haul the three plough-shares through the heaviest
and stickiest clay, ploughing 8 or 9in. deep and
9 or 10 in. wide. The haulage trolleys weigh 4 tons
each ; they would be more convenient to handle
if they were made capable of propelling them-
selves. The trolley motors are fitted with pulleys,
so that when they are unclutched from the winding
drums, they can be used to drive thrashing
machines, ete., by means of leather belts; they are
also suitable for harrowing, mowing, cutting drains,
etc., and are operated by the farm hands. It is
stated that a field 289 yds. square, of heavy clay
soil, can be ploughed 8in. deep with an expendi-
ture of 11 tons of coal. Nine miles of single
furrow can be cut per hour, consuming 8 kWh,
which at 2d. per unit would cost 1s. 4d. (to which
must be added the cost of labour, capital charges,
ete.).

Automobile Ploughs. While the use of an
automobile plough, equipped with a storage
battery, has been considered, the great weight of
such an outfit detracts from its efficiency, owing
to the compression of the soil by the wheels of the
tractor. An alternative method is to employ a
motor plough, connected to the supply line by
a trailing cable, which is paid out and picked up
again as the plough passes to and fro. In order to
provide a positive means of haulage, a chain is
stretched across the field between anchors, and the
motor on the plough drives a wheel which engages
with the chain. This type of plough has a high
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efficiency, and is light, comparatively inexpensive,
and completely under the control of the ploughman.
A motor of 15 to 20 h.p. suffices to operate the
equipment. The complete plant, with 275 yds.
of chain, two anchors, 650 yds. of trailing cable,
and 6 wheeled supports for the cable, is said to
cost from £355 to £600, according to the size of
the motor. Steam haulage gear would cost from
five to ten times as much. The cost of ploughing
14 in. deep is given as about 9s. per acre, with
electricity at 2d. per unit.

Continental Progress. On the Continent great
progress has been made in the development of
electric ploughing. A German haulage gear is
provided with two speeds—2} and 3} miles per
hour—and the carriage is self-propelling, the motor
being coupled either to the cable drums or to the
rear wheels, at pleasure. The haulage drum is
driven by belt, so that in the event of stoppage
of the plough by roots or large stones, the belt
slips and no damage is done to the machinery.
The same driving pulley can be used to drive
thrashing machines, etc. The anchor carriage
used with a single-haulage truck weighs about
4 tons, and is provided with disk-shaped wheels
to bite the ground ; it can be advanced by power
derived from the haulage cable as the work pro-
ceeds. A serious objection to the outfit is the great
weight of the haulage engine, which is no less than
13 tons. A French equipment is much lighter,
the truck weighing 4 tons with a motor of 45 h.p.,
and exerting the same maximum pull as the German
plant, viz., 8,800 Ib. The truck is self-propelling,
and is anchored by a spade, which is first driven
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into the earth by two handwheels, and afterwards
cuts its way through the soil as the truck advances,
a coulter being provided in front of it ; with this
mode of anchoring, a pull of 57,0001b. can be
withstood. The anchor spade is 13 ft. long, and
can be driven 10 in. deep if necessary, giving an
earth resistance of 10-8 sq. ft. whilst a three-share
plough 13 in. deep ploughs only 3} sq. ft., so that
there is an ample margin of anchorage.

Power Supply. The main difficulty in electric
ploughing is to convey the power to the motor.
A motor of 50 h.p., which is often used, cannot be
supplied economically at a less pressure than
500 V, and even at this working voltage, a high-
pressure line must be run across the fields and
connected to thehaulage-car through a step-down
transformer. The high-pressure line must be
tapped at various points, and in order to do this
with safety to the workpeople, various ingenious
devices may be employed. The transformer
truck should be divided into two compartments,
to house the high and low pressure apparatus
respectively (see Fig. 15, p. 37). In the high-
pressure side are situated the transformer and
circuit-breakers ; in the low-pressure side the fuses,
a meter, instrument transformer, low-pressure
terminals for the trailing cable, and a drum for
the latter. The truck weighs about 3 or 4 tons
when loaded, and is arranged for horse traction.

The trailing cable, for a three-phase motor, has
three cores of 0-04 sq. in. each, and is provided in
lengths of 300 yds., which can be joined together
with male and female connectors; its life is
greatly increased if it is supported clear of the
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ground, light supports being available for this
purpose.

Mr. R. Borlase Matthews has described a French
portable plant comprising a 50-h.p. petrol tractor
to haul the apparatus from farm to farm, a motor
of 125-h.p., a portable 5,000 V overhead trans-
mission line and trailing cables, and steel plough
ropes, the equipment being guaranteed to plough
25,000 acres per season.

Cost of Ploughing. The cost of ploughing
with horses or oxen is from 24s. to 40s. per acre,
being generally nearer the higher figure (on a
pre-war basis). In order to use mechanical
ploughing economically, the plant must be kept
at work as continuously as possible. The figures
in Table III relate to a ten-hour day, through-
out the ploughing season (a condition which
can only be fulfilled on a large farm, or by the
co-operation of a number of small farmers).
The area ploughed would be 1,240 acres (deep) or

TABLE III

CosTt oF PLOUGHING BY VARIOUS SYSTEMS
(Pre-War Values)

PlDeelp . lg)lrdinﬁiry
oughing oughing
Byztem, (12-11in,) _ (7-8in.)
Cost per acre. Cost per acre.
5 go.dan il 18l
Steam haulage engines 5 200 12 10
Petrol tractor — 18 -

Electric haulage eng:ines, “with’
energy at ld. per unit

166'114;
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2,470 acres (ordinary) by haulage, and 650 acres by
tractor. The capital charges form a large propor-
tion of the cost, and therefore arrangements should
be made to keep the plant engaged throughout
the ploughing season, by co-operation between
adjoining farmers if necessary; further, the
haulage plant should be used for other purposes,
such as harrowing, mowing, thrashing, etc., whereby
the proportion of the capital charges allocated
to ploughing is reduced.

It should be observed that where the subsoil
is good, deep ploughing results in crops heavier
by 20 to 35 per cent than ordinary ploughing,
and that deep ploughing by electricity is much
cheaper than by steam.

In Italy, in 1914, ploughing 100 days per annum,
it was found that the cost was 21s. per acre with
steam, and 14s. per acre with electricity at 2d.
per kWh. In 1920 experiments with the Violati-
Tescari-electric system showed that an acre could
be ploughed at a cost of 26s., including all capital
charges, the enhanced cost of labour, etc. Using
tractors the cost was nearly four times as much,
owing to the high cost of fuel.

According to data from the Rothamsted experi-
mental farm, ploughing can be done with a tractor
three or four times as quickly as with horses, and
thus full advantage can be taken of favourable
weather ; all the ploughing can be done before
Christmas, leaving time in the spring for extra
ploughing, which immensely improves the crops.
It has been found that the bacteria which fertilize
the soil are most active in the autumn, and that
the earlier and quicker land is ploughed, the
greater is its fertility. A 10-acre field can be
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ploughed in two days by one man with a tractor, at
a less cost (at present wages) than before the war
with horses.

Power Required for Ploughing. As information
regarding the mechanical aspects of ploughing is
not generally available, the following particulars
may be found useful. It has been found by experi-
ment that to plough light soil requires an effort
of 740 to 820 Ib. per sq. ft. ; heavy soil, 1,125 to
1,230 Ib. ; four-year lucerne, 1,7801b.; heath
land, 1,2601b. Denoting this effort by ¢, the
horse-power required to haul the plough at
the rate of vft. per sec., when ploughing a
furrow w ft. wide and d ft. deep, is given by the
formula—

Horse-power = ¢ X w X d X v -+ 550.

The value of v does not usually exceed 3 miles per
hour, or 44 ft. per sec. From this formula, the
horse-power required to plough 3 ft. wide, 8in.
deep at 3 m.p.h. in light soil, would be 800 X 3
X % X 4} = 550 = 13 h.p. In heavy soil, under
the same conditions, the power required would be
1,200 X 3 X % X 4} = 550 = 20 h.p. A margin
of power, however, must be allowed for large
stones and other obstructions, and for this reason
the haulage engine should be able to exert twice
the normal force.

As there are 43,560 sq. ft. in an acre, the drea
that could be ploughed by a plough 3 ft. wide, at
3 m.p.h. (4} ft. per sec.), apparently would be
3 X 4} X 3,600 - 43,560 = 1-1 acres per hour,
or 11 acres in a ten-hour day; but in practice
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delays occur, and it may be taken that 8 acres
would be nearer the mark.

Mr. R. Borlase Matthews gives the following
figures for actual results obtained with electric
ploughing equipments—

TABLE IV
CoNSUMPTION OF ELECTRICITY FOR PLOUGHING
Depth of furrow, | Acres ploughed | Consumption per

inches. per hour.* acre, kWh.

6 28 14

10 1-8 18

12-12-75 1-1-25 24

10 plus 6 1-25-1-4 36—40
subsoiling

* Acres per hour depends on capacity of ploughing set.



CHAPTER VII
ELECTRIC HAULAGE

Electric Vehicles. Vehicles propelled by elec-
tricity are not often met with far beyond the
outskirts of towns, mainly because they are not
conveniently adapted for long journeys. The
reason for this is that charging stations are not
yet available at the roadside, whereas petrol can
be purchased anywhere ; no doubt this deficiency
will be remedied in the future, for electric vehicles
are gaining in popularity, and electricity supply
authorities are learning to appreciate the value
of this outlet for their product, as well as their
duty to fulfil a public want. In the meantime,
however, we must take the situation as we find it,
and admit that in most parts of the country
charging stations are lacking. An electric wagon
can traverse a distance of about 40 miles before
requiring a fresh charge ; unless it is known that
the charging can be done at the end of the journey,
to enable the vehicle to return, it is obvious that
the maximum radius of operations from the home
charging station is 20 miles, and it is wise to keep a
few miles in hand, so that an outward journey of
15 or 16 miles is about the working limit. However,
this radius should be ample for most of the require-
ments of the farm, and the electric vehicle offers
so many advantages for farm use that it is worth
while to give a brief account of its characteristics.

80
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Propelling Apparatus. The body of an electric
vehicle may take a variety of shapes—open or
covered, van or wagon, or provided with seats for
passengers—but the propelling mechanism always
consists of three essential components—one or two
electric motors, a battery of accumulators, and a
controller. The motors are of a special design
to withstand the weather and to exclude dust
and damp from the interior; they are some-
times mounted in the wheels themselves, but are
more often geared to the wheels with chains and
sprocket wheels. When one motor is provided
for each back wheel, no differential gear is required,
nor is there a clutch or Cardan shaft; the
mechanism is therefore extremely simple and
reliable. The battery is housed in. a box slung
under the chassis, and is of a type specially
developed to deal with the severe conditions of
loading to which it is subjected ; it may be of the
lead and sulphuric acid type, or of the nickel-
iron-alkali type, the former having advantages
in operation and the latter a much longer life.
Usually the working voltage of the motors and
battery is 80 V, and the charging voltage about
100 V. The controller is a kind of electric switch,
taking the form of a rotatable drum enclosed in a
casing ; it enables the motor to be driven for-
wards or backwards at any speed within the
compass of the equipment. Suitable brakes are
provided, and for use in hilly country it is possible
to provide means for charging the battery whilst
running downhill, thus recovering some of the
energy expended in propelling the vehicle uphill.
For haulage on cultivated land the rims of the
driving wheels have to be fitted with strakes



82 ELECTRICITY IN AGRICULTURE

to secure adhesion, which hinder the use of vehicles
on roads; to overcome this difficulty an Italian
firm has devised sets of detachable rubber blocks,
which can be bolted on the rims, thus in a few
minutes converting a land tractor to a road
vehicle.

Fi16. 30.— GARRETT’’ ELECTRIC LORRY. 3}-TON MODEL.

The storage cells are hung beneath the chassis in the casing below the
sacks in this illustration,

Ease of Control. An outstanding feature of
the electric vehicle is the perfect ease with which
it can be controlled. It is no exaggeration to say
that in an hour any person of average intelligence
can learn all that there is to learn in this connec-
tion, and in fact the ‘ electric” is absolutely
unapproached by any other type of automobile
in this facility of management. On this account it
is particularly well adapted for use by women, if
necessary. Repairs are so seldom required, that
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the vehicle can be kept constantly in use, and
the difficulty in starting which is not infrequently
experienced with petrol vehicles is entirely absent ;
provided that the battery is not exhausted, the
electric vehicle can always be started at a moment’s
notice without any muscular effort.

Industrial electric vehicles are made for loads
from 1 ton to 5 tons, a useful size being the 2-ton
van, or 2}-ton lorry ; the normal speed is from
9 to 12 miles an hour on the level. The driver’s
seat is on the front of the vehicle, and is usually
protected with a canopy (see Fig. 30). The
battery, in the case of the 2-ton vehicle, weighs
from 17 to 21 cwt., according to the maker,
and comprises from 40 to 44 lead cells, or 60
nickel-iron cells.

Battery Charging. There are three methods of
charging the battery: at constant current, at
constant pressure, and by “ boosting.” The first
is the normal method ; the current is maintained
at a steady value, which is stated by the makers,
until the battery begins to give off gas, when the
current should be decreased somewhat, and
continued until all the cells are gassing freely.
This method of charging requires a maximum
voltage, at the finish, of 2.6 V per cell, or 110V
for a 42—cell lead battery ; the same voltage would
suit a nickel-iron battery of 60 cells. During the
earlier part of the charge a voltage of about
2:2 V per cell is sufficient in the case of a lead
battery, so that some 18 V would have to be
absorbed in a regulating resistance. In the second
method of charging, the full voltage is applied at
the start (about 2-3 V per lead cell, or 1-67 V per
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nickel-iron cell), and a strong current flows, which
gradually diminishes as the battery becomes
charged. This is a very convenient method, as
no attention is necessary after the charge is
commenced, but an extra full charge at a higher
voltage should be given occasionally. “ Boosting
consists of giving the battery a partial charge at a
rapid rate, and is very similar to the constant-
pressure method ; its special function is to refresh
a partly discharged battery in a short time,
for instance, whilst the driver is having lunch at a
market town, after a long run which has depleted
the charge unduly. By this method a battery
which has been half discharged can have one-
third of its full charge put in within an hour, or
if it has been fully discharged, the same time
suffices to give it half its normal charge. Where
it is possible to arrange for boosting charges en
route, the radius of action of the vehicle is increased
materially.

If the suppply pressure at the farm is 100 or
110 V, direct current, charging is a simple matter.
If the current is alternating, or at a different
pressure, a motor-generator will be necessary,
consisting of a small motor driven by the farm
supply, and driving a dynamo which generates
current at a pressure suitable for charging the
battery. A direct-current supply at 200 or 220 V
could be used without a motor-generator, by
inserting resistance in the charging circuit, but
this is a wasteful system. An alternative to the
motor-generator, in the case of an alternating-
current supply, is a mercury vapour rectifier,
which has no moving parts, and converts the
current to direct current for the battery.
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Generally a transformer would be required with
the rectifier, to give the correct voltage, and as
there is a constant drop of 20 V or so in the recti-
fier, the system is not much more economical
than the motor-generator, but it is a simple and
convenient device. In either case there is required
a small switchboard, equipped with an ammeter,
a voltmeter, and an automatic switch to ensure
the correct charging of the battery, which might
otherwise be reversed, or mishandled in other
ways. There is, however, no difficulty in the
operation.

Uses of Electric Vehicles. The vehicle, when
made in the form of a wagon, can be arranged to
tip its contents, and this operation can be effected
with power derived from the battery. As a milk-
cart or delivery van, the electric vehicle is ideal,
as it is at its best when making short runs with
frequent stops; under these conditions it is far
superior to horsed or petrol vehicles both in
economy of capital and labour, and in the rapidity
with which it makes the round. For this reason
the electric wagon for collecting refuse has been
adopted very widely by local authorities, the saving
effected by its use having been demonstrated
repeatedly. For collecting certain crops, or
distributing manure, the electric wagon is well
adapted ; whenever it stops, the motor stops, and
consumes no energy, whilst it can be started again
with a movement of the controller handle. A
petrol engine, on the other hand, is usually kept
running during short stops, consuming fuel; if
it is stopped, it has to be started again laboriously
before the vehicle can be moved.



CHAPTER VIII

PUMPING AND IRRIGATION

Pumping by Electricity. One of the applications
of electric power which is needed most commonly
on a farm, and for which it is suited most admirably,
is pumping water, for use in the house or farm
buildings, or for irrigation. -Quite frequently
small pumps are operated by wind-power, from a
wind-rose mounted on a tall steel tower, and
driving a reciprocating pump, but where electricity
is available it is far better and cheaper to install
a small motor driving a centrifugal pump (Fig.
31), by which an abundant supply of water can be
raised from a depth of 25 ft. to any height up to
100 ft. (or higher if necessary, with a more expensive
type of pump).

The installation of such a pumping outfit is
simple, the pump and motor being mounted together
on a cast-iron bedplate which is bolted down to a
timber or concrete foundation, and coupled to the
necessary piping. The set is controlled by a
simple starting switch, and needs no attendance
except for oiling occasionally. It is easy to apply
automatic control to such a plant, so that it pumps
water until a tank is full, and then stops working
until the water-level again falls to a predetermined
value. The only difficulty that may be met with
is due to the need of priming; if the pump is
full of air, it will not start lifting until it has been
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filled with water. Hence a foot-valve must be
fixed at the foot of the suction pipe, and kept in
order, and means must be provided to prime the
pump in the event of its running dry through
leakage of the valve. It is also desirable to place
the pump as near as possible to the level of the
water in the stream or well from which the supply
isderived. This, however, is not a serious matter,

Rees Roturbo Mfy. Co , Ltd.

Fi1c. 31.—ELECTRICALLY-DRIVEN CENTRIFUGAL PUMmP.

and it is common to nearly all pumps, however
they be driven.

The efficiency of a well-designed centrifugal pump
is very high—60 to 80 per cent—which is much
better than that of a plunger pump. Besides
saving the cost of a tower for a wind pump, the
electric pump is independent of the occurrence of
calms, which may necessitate the provision of a
high-level reservoir capable of holding a week’s
supply of water, and thus it is considerably

7—(3389)
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cheaper in first cost; it is also cheaper in main-
tenance and attendance. A centrifugal pump
cannot conveniently be driven by a windmill,
which is therefore restricted to the use of the
inefficient plunger pump. Moreover, a motor-
pump will last for years, whilst a reciprocating
pump is subject to wear and corrosion, which
cause leakage. In some cases, however, it may be
necessary to drive a reciprocating pump by motor ;
this presents no difficulty, suitable reduction
gearing being provided. Such a case occurs when
water has to be raised from a well more than
25 ft. deep, as it is not desirable to fix a motor-
pump below ground. Several ingenious devices .
of the chain-pump type have been developed
for lifting water from deep wells without fixing a
pump below ground, and these can readily be
driven by electricity. Water can also be raised
from a bore-hole only a few inches in diameter by
the ¢ air-lift” pump, which can be driven by
electric power.

In California hundreds of thousands of acres
of agricultural land in arid districts are irrigated
by means of electric pumps, and the output of food
products was enormously increased during the
war, mainly by the use of this system. In this
country rain is not so scarce, but in some districts
irrigation is necessary, whilst in others drainage is
equally needful, and for both purposes the electric
pump is ideally adapted.

Tt is estimated that electric motors of an aggregate
power of 200,000 h.p. are in use in the United States
on farms, and that of this total no less than
160,000 h.p. is used for irrigation and the
reclamation of desert lands.
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Pumping Data. To raise 100 gallons of water
per minute through a height of 33 ft. requires a
net expenditure of 1 h.p.; but owing to losses in
the motor, pump, and pipes, at least double this
amount must be supplied electrically. The work
done in lifting water is measured in ft.-lb. by the
product of gallons of water into the height in
feet multiplied by 10, a gallon of water weighing
101b. Hence, in order to find the ‘ water horse-
power,” the result thus obtained is divided by the
time occupied in minutes and by 33,000. As
already mentioned, twice this horse-power must
be supplied to the motor, unless the plant is a
large one—the best result, without allowing for
loss of head in the piping, being about 73 per cent
efficiency for a town supply.



CHAPTER IX

ELECTRICITY IN DAIRY AND POULTRY
FARMING

Milking by Electric Power. We have already
mentioned the use of electricity for milking cows ;
this process is electrical only in that the milking
machine is driven by a small electric motor. By
no other means can the power be applied and
controlled so conveniently, and it is one of the
outstanding advantages of the use of electricity
on the farm that it so greatly facilitates the
adoption of mechanical milking, thus abolishing
the open milk-pail with all its insanitary accom-
paniments, and ensuring the purity of the milk,
besides immensely reducing the time and labour
involved. A motor of 1 h.p. can milk five cows at
a time, and one man can attend to three or four
milkers. Milk being a fertile medium for germs, it
is most important to shield it by every possible
device from infection, but this cannot be
accomplished where hand milking is in vogue.

At a Canadian dairy where electricity was freely
used in 1913, it was found from records taken over
six months that the energy consumed for milking
cost one-sixteenth of a penny per cow, and for
cream separating slightly over id. per hour.

According to Mr. L. Birks, electrical engineer
to the Dominion of New Zealand, on April 30th,
1920, out of 35,643 milk-suppliers to the dairy
factories, 8,806 were using milking-machines
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requiring 2 to 3 h.p. each; the demand for this
purpose will constitute a large proportion of the
total demand for electric power in the Dominion,
and a revenue of £24 to £30 a year is derived
from the average dairy farm for the milking-
machine alone. Careful measurements have shown
that the consumption of energy is from 25 to
30 kWh per cow per

annum, but with [
efficient plant and
good management
much less energy |
suffices. Under the
local conditions a | =
suitable installation | &
comprises an elec- | &#
tric motor, vacuum | @
pump, cream separ-
ator, water supply || ]
pump, and a 10- ||
gallon hot-water |
cistern (electrically
heated).

Electrical Steril- ¢ Eimowmic Mozor

ization of Milk. In

the dairy electricity finds employment in driving
churns (Fig. 32) and cheese presses, refrigerators,
and cream separators; it has also proved to be an
efficient means of sterilization without injurious
effect on the milk, but this process has not yet
become so well known as it deserves to be. At
Liverpool University experiments have been in pro-
gress for some ten years, and it has been proved
that whilst ‘ pasteurized ”’ milk is not completely
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freed from bacteria and quickly becomes self-
contaminated again, electrically sterilized milk

Tank
T - E+ E- I_H'T
ap
ey J {fL J\TL

Fi16. 33.—Di1acraM ILLUSTRATING ELECTROLYTIC
STERILIZATION OF MILK.

remains sound and sweet for several days, or even
weeks.

The method illustrated in Fig. 33 consists in
treating the milk with alternating current whilst

W

FiG. 34.—AN ELECTRODE FOR THE STERILIZATION
oF MILK.

it is flowing slowly through a glass tube between
copper electrodes (Fig. 34), maintained at a
potential difference of 2,500 to 3,500 V. The
passage of a small current through the milk
raises its temperature to about 147° Fah., which
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provides a convenient means of observing the
operation of the apparatus; it is held that the
heating plays no appreciable part in the process,
as milk raised to the same temperature by other
means is not sterilized. The untreated milk is
poured into a tank, from which a second tank is
fed through a ball-valve, so that the milk in the
latter vessel is kept at a constant level and there-
fore flows through the apparatus at a uniform
rate ; after sterilization the milk is delivered into
one or other of two tanks, from which it is run off
into a main receiver, the use of the auxiliary tanks
being to prevent any milk flowing directly into
the main tank in the event of any failure of the
apparatus. The connections are so arranged that
no person can touch the ‘“live” high-pressure
terminal, and the milk both enters and leaves the
apparatus at earth potential, so that the apparatus
is absolutely safe to handle.

The treated milk is practically free from
bacteria, but otherwise is not altered in any way,
its taste being unaffected. The bacillus coli, a
common infection, and the bacillus tuberculosis
are completely destroyed, even in milk which
is rich in these bacteria ; the lactalbumin, which is
coagulated in milk treated by the ordinary method
of sterilization, and the enzymes, are unaffected
by the electrical process. At Liverpool the
experiments were so successful that plant was
laid down by the Corporation at one of its milk
depots for the treatment of milk on a large scale,
over 100 gallons of milk being sterilized daily and
distributed in bottles.

Besides the sterilizing apparatus, a small trans-
former is required to raise the pressure of the
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alternating current to the necessary high pressure,
and if the electricity supply is direct current, a
motor-generator is used to convert it to alternating
current, the Liverpool plant giving 2 A at 4,000 V,
or 8 kW.

Another method of sterilizing milk is by exposing
it to ultra-violet rays produced by mercury vapour
lamps.

Incubation by Electricity. On the poultry
farm, which, with the dairy, is usually under the
control of the housewife, electricity can be applied
to drive apparatus to mash potatoes, mix food-
stuffs, etec. Its advantages are, however, more
conspicuous in connection with the hatching of
eggs, for which purpose it is ideally adapted.
Being free from fumes and fire risk, and under
perfect control, it is by far the best means for
heating incubators. The heating appliance con-
sists of carbon-filament incandescent lamps, which
are extremely cheap and most readily inserted
or replaced, while the incubating chamber is
constructed of wood in two compartments, one
above the other, the lower one containing the eggs
and the upper one the heaters. A thermostat
is placed in the incubating compartment, and
is connected with the heating circuit, controlling
the current so as to maintain a constant
temperature of 103° F. in the chamber.

Mr. R. Borlase Matthews emphasises the im-
portance of circulating the air in the incubator
with an electric fan. He states that in his 2,240-
egg incubator, thus equipped, the average propor-
tion of fertile eggs hatched is 83-5 per cent. 'This
incubator measures 5 ft. square by 32in. deep.
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Electrical heating is also particularly advantageous
for brooder houses or foster-mothers.

A duck farm exists near New York, where some
20,000 to 25,000 ducks are raised yearly for
table use by means of electric incubators having a
total capacity of no less than 9,600 eggs. The
heating lamps are connected to a circuit at a
pressure of 10V, so that fire risk is practically
eliminated ; this pressure is obtained from a
transformer, the supply being alternating current
at 110 V, but direct current could equally well be
used, at any pressure up to 220 V, the lamps being
connected in series if necessary to obtain the right
resistance. The amount of heat required being
small, the energy consumed is inexpensive ; more-
over, as it is a continuous load, and does not occur
in the winter, it should be obtainable on specially
favourable terms from a public supply system. At
the duck farm above-mentioned, electric lamps
are used to illuminate the farm buildings, and
20 bushels of green food are cut up twice daily
and mixed with other food by electrically driven
machines, for the 10,000 ducks, the mixer being in
constant use. Two out of three pumps are also
driven electrically, the third being wind-driven.

‘ Intensive >’ Egg-Production. Another use to
which electricity can be put on a poultry farm is
to stimulate egg-laying. It has been found by
experiment that when the day is prolonged by
the use of artificial light, fowls will eat more,
take more exercise, and lay more eggs. Hence
“intensive ”’ egg-laying has been practised by
providing electric light in the hen-run, during the
season of short days, the cost being small compared
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with the profits accruing from the sale of the
eggs.

Under Canadian conditions, chickens hatched
out with incubators before the end of March will
lay eggs in winter, if provided with electric light.
Experiments carried out at the Manitoba Agri-
cultural College, Winnipeg, in 1919, proved
beyond doubt that by this means an abundant
supply of eggs could be obtained in winter when
the price of eggs was at its highest. The lamps
were used from dusk to 10.30 p.m., and from
7 a.m. to daylight. Mr. R. B. Matthews states
that from 10 to 25 per cent more eggs can be
obtained during the winter months at a cost for
lighting of only 2d. per bird per annum.

The electrical egg-tester consists of a box con-
taining an electric lamp, and having an opening
rather smaller than an egg ; when an egg is placed
against this aperture, with the lamp alight, the
interior of the egg is brightly illuminated, and it
is easy to judge of its condition.



CHAPTER X

ELECTROCULTURE

Electricity and the Growth of Plants. For many
years the idea of accelerating the growth of plants
by electrical treatment has been the subject of
experiment and more or less scientific research
on the part of inventors, but the results on the
whole have been disappointing. Of the numerous
methods of applying electrification that- have
been tried, very few have shown any real promise,
and only one has shown fairly consistent and
favourable results, viz., that which makes use of
a high-pressure electrical discharge into the air
over the growing plants. During the past fifteen
years a good deal of attention has been devoted
to this process by a number of patient experi-
menters, and it appears to be certain that, other
things being equal, the high-pressure discharge
does increase the yield and hasten the growth of
plants. The amount of the increase varies a
good deal with the season’s weather and with the
mode of conducting the process, which is still in
the stage of experiment.

The High-Pressure Discharge. This process of
electrification of plants is known as ° Electro-
culture,” and is usually carried out by suspending
over the young plants a series of parallel wires
of small section, which are maintained at a pressure
of from 30,000 to 60,000 V above earth potential.
The treatment is applied for a few hours daily,
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morning and evening. The fine parallel wires are
supported by a stouter wire running along each
side of the field under treatment, and attached
to insulators on poles ; in some cases the network
is fixed at a height sufficient to clear loaded wagons,
in others it is only 5 or 6 ft. from the ground, so
that it has to be removed before the harvest is
taken, and in other experiments the network has
been supported from the poles in such a way that
it can be kept within 1 or 2 ft. of the tops of the
growing plants throunghout their development, and
hauled up out of the way for harvesting. There
is little doubt that the last-named method is the
most effective. The network is very light and
easily raised or lowered. According to Dr. C.
Chree, uniform conditions at the level of the crop
can be secured if the distance between adjacent
wires does not exceed the height of the wires
above the crops. '

Preferably the charge is unidirectional, the
wires being positive with regard to the earth, but
in some cases alternating current has been used ;
thelatteris the easier to apply, the production of a
continuous current at such high pressures present-
ing some technical difficulties, which however are
not insuperable. In all cases the high-pressure
current is obtained by means of a transformer in
the first instance, being afterwards rectified. The
first investigator in this country who obtained
marked results was Sir Oliver Lodge, who used for
the purpose of rectification a device known as the
Lodge valve, which permits the current to flow
through it in only one direction, and this system
has been followed by most of the researchers.
Another effective rectifier is that of Delon, which
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employs a combination of condensers with a
mechanical revolving switch of simple construction,
and has been proved very satisfactory in operation.

When the process is at work, a slight hissing
sound is heard from the charged wires, and at
night they may be seen to glow faintly. The
amount of energy used to charge the wires is very
small, and the cost of the network is also very
moderate compared with the results attained,
while of course the apparatus can be used year
after year. The operation of the plant is simple,
and can be entrusted to any man of reasonable
intelligence.

Results of Electrification. It will be of interest
to quote some of the results which have been
obtained in recent years, premising that in every
case control plots adjoining the electrified areas,
but not electrified, are sown with similar seed and
serve for the purpose of comparison. In 1912,
Miss E. C. Dudgeon, Lincluden Mains Farm,
Dumfries, experimenting with potatoes, recorded
an increased yield of 10 cwt. 3 qr. per acre; in
1913 the increase was 13 cwt. 3 qr., and in 1914
1 ton 3 cwt. It will be noticed that the increase
is progressive, and it has been found that a plot
which has been electrified in one year will again
show an increased crop in the following year,
although not then electrified, so that apparently
some influence is exerted on the soil. In 1915
Miss Dudgeon grew oats, and obtained an increase
of 31 per cent in the grain, and 63 per cent in the
straw. Her theory is that under the influence of
the electrical discharge, the ingredients in the soil
necessary to plant growth are rendered more
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soluble and more easy of assimilation ; that the
sap is enabled to flow more vigorously, and the
formation of starch and sugar is increased ; that
respiration, absorption, and evaporation are
accelerated, and by increased chemical activity
in the plant its whole fabric is improved.

Official Trials. In 1916 further experiments
were carried out on Miss Dudgeon’s farm, under
the observation of Prof. V. H. Blackman and
Mr. I. Jorgensen, and were described in the
Journal of the Board of Agriculture. The crop
was oats, and the field had been in pasture without
manure for three years. The network consisted of
No. 24 SW.G. bronze wires 4} yds. apart, sup-
ported at their ends at 7 ft. from the ground, and
sa ging to 6ft. at the centre (the wires had been
10 ft. high in 1915, and 15ft. in 1914). The
current was 3 A at 50 V in the primary circuit,
and the electrical discharge was used for 848 hours
during the season, in the daytime. The result was
an increase of 49 per cent in the yield of grain, and
88 per cent increase in straw, in spite of a heavy
loss of grain through stormy weather. The
increased value of the crop was calculated at
£6 7s. per acre, whilst the energy expended cost
11s. at 1d. per umit.

Other Experiments. Some interesting experi-
ments were carried out at Llantwit Vadre, near
Pontypridd, in 1917 and 1918. The plant included
a Delon rectifier, and maintained a pressure of
30,000 to 39,000 V on the network, according to
the weather; it cost £300, and was capable of
dealing with 100 to 150 acres—say, £3 an acre.
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The network wag of galvanizéd steel wire, and cost
(for 1-2 acres) about £12, or £10 an acre, making
a total first cost of £13 per acre. The crop was
potatoes, and increases of 17-2 and 12-6 per cent
were registered, in comparison with control
plots, the yield in 1918 amounting to 9:46 and in
1917 to 7-5 tons per acre. The duration of treat-
ment was 282 hr. in 1917, and 588 hr. in 1918,
and the current going to the network was 2:5 mA
in 1917 (dry), to as much as 7 mA (wet weather) ;
in 1916, with a different arrangement of the
network, the current averaged 0-5 mA.

Many other records could be given, if space
permitted, but we must be content with stating
that many experimental installations have been
set in operation, and the Board of Agriculture is
conducting researches with a view to developing
the system on scientific lines. The latest report
of a committee appointed by the Board to investi-
gate the subject states that the average effect
of electrification on spring-sown oats and barley
is an increase of 22 per cent in the yield.

The process is equally applicable to greenhouses,
and in a number of market gardens it has been
employed with success, tomatoes, cucumbers,
strawberries, ete., being ready for market from
two to three weeks before unelectrified produce,
and commanding a correspondingly high price.
. The cost of an apparatus for four large green-
houses, 200 x 28 ft., including an oil engine, was
£135, and the running cost was 2s. 6d. a week.

The Wolfryn Process. During recent years
much has been claimed for a system of electrifying
seeds before sowing—the Wolfryn process, in
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which the seed is soaked in-a-weak solution of salt
or calcium chloride, through which a current is
passed for several hours, after which the seed is
dried in a kiln. Large areas were sown with the
electrified seed in Dorset, and the results obtained
were said by many farmers to be quite comparable
with those given above for electroculture.
Reports of the Director of the Government Agri-
cultural Experimental Station at Rothamsted,
and by Messrs. Sutton and Sons at Reading, on
trials carried out in 1919, were, however, unfavour-
able. While in both cases some tests showed a
slight increase of yield, others showed the contrary,
and the conclusion was that the process lacked
certainty, and could not be compared in effective-
ness with manuring the soil. It was regarded as
an ‘‘ adventure,” which might or might not prove
profitable. At the time of writing, therefore, it
cannot be considered a sound process.

Amongst other methods of increasing plant
growth, the use of artificial light has been tried,
with the aid of electric lamps. By this means the
rate of development is doubled, but the cost is
considerable, and the process is suitable for use
only under special circumstances (see Chapter
V, p. 63).

Artificial Fertilizers. The use of chemical fer-
tilizers is an indispensable feature of modern
agriculture, and great quantities of * nitrate ”
are imported from Chile for this purpose, as well
as various chemicals from other sources. In
recent. years great progress has been made in the
‘production of nitrogenous manures, such as
sulphate of ammonia, by the ¢ fixation” of
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nitrogen from the air-by- electrical nieans ; * this
source of nitrogen is inexhaustible, and in certain
districts where a cheap and abundant supply of
e'ectricity is available the fixation of nitrogen
has become an exceedingly important industry.
One process, in which an electric arc is employed,
is comparatively simple and easily controlled,
and it is confidently anticipated that at no distant
date it will be possible for a farmer who operates
on a fairly large scale to manufacture nitrogenous
fertilizer with the aid of his own electrical plant.

* See also Industrial Nitrogen, by P. H. S. Kempton,
uniform with this volume (Pitman, 2s. 6d. net) for a
detailed treatment of the fixation of nitrogen and the
applications of nitrogen products.

8—(5389) 20 pp.



CHAPTER XI
THE HEREFORD DEVELOPMENT

Legislative Obstacles. Whilst in other countries
the use of electricity in agriculture has been
developed widely, in Great Britain it has made
but little progress. Probably the chief reason for
this backwardness is the fact that under the
conditions which have hitherto obtained, a supply
of electricity has rarely been available to the
farming community. The legislative restrictions
which have so long hampered the development of
electricity supply in this country included the
strict confinement of an ordinary statutory
authority to set bounds, usually those of the town
or urban district concerned, so that a farmer a
few yards beyond the boundary could not legally
be supplied with electrical energy from the town
mains. Moreover, any attempt on the part of
the authority to obtain powers to supply in
adjoining districts was generally resisted by the
authorities governing those districts, a short-
sighted policy which can only be ascribed to
jealousy, which was gratified at the expense of the
unfortunate residents in the outer areas. The
establishment of a Board of Electricity Com-
missioners, however, with the definite duty of
taking measures to extend the supply of electricity
throughout the length and breadth of the land,
with a special charge to provide for the needs of
agriculture, and with extended powers for that
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purpose, has fundamentally altered the situation,
and though the accomplishment of their task will
occupy many years, the way is now clear to the
desired goal.

Difficulties Overcome. In the meantime, the
fact that where the will to overcome the obstacles
is present, the way can be found, has been admirably
demonstrated in a few areas, of which the most
noteworthy is that of Hereford, an undertaking
to which we have several times referred in the
course of this work. For the remarkable progress
which has been made in that quarter the credit
must be given to the City Council, which owns and
controls the electricity supply undertaking, and in
particular to the insight and perseverance of the
City electrical engineer, Mr. W. T. Kerr, M.LE.E.*
At first progress was slow, but by steady propa-
ganda and educational effort Mr. Kerr gradually
secured the confidence of the farmers ; as soon as
a few of them adopted electrical methods, and
learned to appreciate the benefits they derived
therefrom, others quickly followed, and the
problem changed from a canvass for consumers to
a search for plant to supply them.

Even before the war the agricultural supply
had been developed and placed on a sound footing ;
indirectly the war gave it a marked impetus, for
plant which had been installed for the manu-
facture of munitions of war was made available
for the purposes of peace, partly by the assistance
of the Development Commissioners, who learnt
that a large number of farmers were anxiously
waiting for a supply of electricity, with little

* Mr. Kerr resigned his appointment early in 1922.
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prospect of its becoming available, the whole of
the Corporation’s resources being fully taken up.
The Commissioners therefore made a loan to the
Corporation for the purpose of securing the
Government generating plant and devoting it
to the supply of electricity over a radius of 15
miles ; thus, in effect, the swords were beaten into
ploughshares. -

Overhead Mains. The existing network of
mains is chiefly overhead lines carried on wooden
poles, the pressure being 11,000 V. Such a line
costs at present prices £850 a mile. A heavy
line is being erected on steel lattice poles, about
36 ft. high, with spans of from 320 to 350 ft.;
for a commencement the line will run out 10}
miles, but later it will be extended to 16 miles.
Wayleaves have been obtained without much
difficulty, at a maximum rental of 1s. per pole per
annum, mainly by the tact and persuasive powers
of Mr. Kerr, who has secured wayleaves for a
total of 65 miles of overhead lines and over 2,000
poles. The cost of the steel pole line is £1,805
per mile. Low-pressure lines (19/-064"} cost £300
per mile, very light larch poles being used, 40 ft.
long, with the butts charred to prevent decay ;
the low-pressure supply is three-phase at 400 V,
and the line carries 60 kW and supplies up to a
distance of three miles from the transformers.

System of Supply. There are in the Hereford
district over 6,500 farms, which, if they used
internal combustion engines for power generation,
would consume, at 500 gallons each and 2s. 8d.
a gallon, over £425,000 worth of petroleum per
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annum. A farm of 100 acres consumes from
3,000 to 10,000 units of electricity per annum,*
with a load factor of 20 per cent, and a high diver-
sity factor—plant rated at 125 kW can safely be
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R AN T S T Ll P N Y|

6 8+ 100 1241 2 4 6 By 108 87

AM. Noon P

F1c. 35.—Loap CURVE oN A RURAL SupPPLY LINE NEAR
HererorDp (6TH OCTOBER, 1920).

Supply-station engineers will appreciate the importance of the
relatively heavy demand shown during the daytime.

supplied from a 25 kW transformer, the size found
most suitable. Three transformer stations can
supply low-pressure current to an area measuring
15 miles long by 6 miles wide. The transformers

* According to both Continental and British experience
quoted by Mr. R. Borlase Matthews, the annual consump-
tion of electricity in farm buildings averages 10 kWh per
acre served by them. On a very up-to-date farm, plough-
ing would account for an additional consumption of
33 kWh per acre of arable land, and other operations
such as cultivation, electric silage, harvesting, etc., would
increase this to 44 kWh per acre. In the farm-house
the consumption for lighting may be estimated at 200 kWh,
and for cooking, heating, and domestic power at 800 kWh,
per annum.
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need not be placed in buildings, which are costly ;
they may be mounted on poles, but usually a
village requires a water tank fed by an automatic
electric pump, and a good place for the trans-
former is under the tank. A typical load curve
for a rural supply line near Hereford is reproduced
in Fig. 35.

Cost of Electric Supply. Mr. Kerr finds that the
use of an electric iron for a few days is sufficient
to convert the user to a readiness to try anything
that is electrically operated, and thus leads to the
adoption of electric cookers,” radiators, etc.
Similarly, a farmer who has installed electric
light and power in his farm buildings is always
willing to try other electrical apparatus, in the
light of the favourable experience that he has
gained. The average demand of the farm is
15 h.p., the power being applied to pumping,
pulping machines, ete., lighting, flat-irons, cookers,
and radiators. The tariff is based on a fixed
annual charge of £10 per kilowatt of average
demand, together with a running charge of 23d.
per unit consumed, for the first 520 wunits per
kilowatt, after which the price is reduced by half.
An example of the application of the tariff is given
below, for an installation of 20 lamps of 50 W each,
two 1-kW radiators, one 4-kW cooker, and one
motor of 8 h.p. used 2 hours daily. The average
demand is 3-2 kW, and the consumption 5,000
units per annum.

The cost of lighting by electricity is found to be
about one-third of that with petroleum, in addition
to which there is a marked saving in painting and
decoration.
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£ s d

Fixed charge at £10 per kilowatt per annum 32 - -
1,664 units at 23d. . 3 : TGRS
3,336 o 24d. less 50 per cent SRSl TR 6
Total . : . £66 14 2

Average price per unit, 3-2d.

The National Aspect. Mr. Kerr has pointed out
that if the farmers are obliged to resort to oil or
petrol for their motive power, the bulk of the
agricultural machinery will be dependent upon
imported fuel, the supply of which is liable to be cut
off by enemy action in war-time ; the extension
of electricity supply to cultivated areas is thus a
measure of national defence. The wages paid
for agricultural labour nowadays are high enough
to attract the best types of men and women to
the land, if the living conditions are made cheerful
and comfortable, a state to which the use of
electricity is highly conducive. Some 2,500,000
acres of land went out of cultivation in 1920,
and all classes of cereal crops are decreasing in
volume, as well as the number of cattle and sheep ;
there is great risk to the national interests unless
the migration from the land is checked.

For every horse that is displaced by the sub-
stitution of mechanical power, an outlay of £5
a week is saved, and three acres of land is set free
for more efficient utilization. In France and
Holland large sums are being provided by the
respective governments for the purpose of supply-
ing electricity in agricultural districts, owing to the
improved results obtained by its use.
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Canadian Developments. For many years the
immense water-power resources of the Province
of Ontario have been in course of development
by the Hydro-Electric Commission of that Province
which is charged with the duty of utilizing the
Falls of Niagara and other rivers for the generation
of electricity, and distributing electrical energy
to the local authorities throughout the Province.
Naturally, the Commission is deeply interested
in the welfare of the farming community which
forms so important a section of the industrial
population of Canada, and has spared no effort
to develop the use of electricity for all agricultural
purposes. With this end in view, the Commission
has periodically organized Jocal exhibitions of
apparatus for domestic and industrial use on
farms, as well as travelling outfits for demonstrating
the various applications of electricity in villages,
etc. These propaganda efforts are fully described
in the annual reports of the Commission, to which
the greatest credit is due for its practical and
intelligent policy. The travelling outfits are
taken to farms and set in operation from the
high-pressure transmission lines, and the amount
of work accomplished, together with the energy
consumed at each farm is published with com-
parative data showing the much greater cost
of doing the same work by other means. The
Commission also has in operation a number of
demonstration farms completely equipped with
electric power ; accurate records of work done and
energy consumed are kept, and the reports of the
Commission are a mine of informaticn on these
points (see Bibliography, p. 113).

It is not only on farms within reach of the









BIBLIOGRAPHY

For further information, the reader is referred to
the following publications—

‘ Electricity in Agriculture and Horticulture,” by S. Lemstrom
(Benn Bros., 1904).

“ F(‘ifth )Report of the Hydroelectric Commission of Ontario”’

1913).

““Report of Board of Agriculture and Fisheries,”” by J. H.
Cahell (1913).

‘ Electricity in Farming’’ (El. Rev., 4th June, pp. 796-799,
11th June, pp. 837-839, and 18th June, pp. 869-871, 1915).

‘“ Electricity for the Farm,”” by F. J. Anderson (Macmillan,
N.Y., 1915).

‘“ Electricity on a Nottinghamshire Farm.”” (El. Rev., 11th
Feb., 1916, pp. 185-187).

‘“ The Application of Electricity to Agricultural Purposes,’”
by W. T. Kerr (Proc. Inc. Munic. El. Assoc., 1916).

‘“ Electroculture and Crop Production: Results during
1916’ (El. Rev., 11th May, 1917, pp. 507-508).

‘“The Use of Electricity in Agriculture’’ (El. Rev., 19th
Jan., pp. 62-64, 26th Jan., pp. 88-89, and 2nd Feb., pp.
116-118, 1917).

‘“ Overhead Electric Discharge and Crop Production,’”” by
V. H. Blackian and I. Jorgensen (Jour. Board of Agric.,
April, 1917, pp. 45-49).

‘“ Report of Sub-committee to the Conjoint Board of Scientific
Societies on the Application of Science to Agriculture (Nov.
1917). (Abstract El. Rev. 9th Nov., 1917, pp. 439-440.)

‘“ Electric Ploughing”’ (abstract of article by A. Delamarre,
in Rev. Gen.d’ El.). (El. Rev. 8th Feb., pp. 128-129, and
15th Feb., pp. 150-151, 1918.)

‘““Notes on Electroculture,”” by I. Jorgensen (FElectrician,
14th June, 1918, pp. 122-124).

“ Electroculture Expenments at Llantwit Vadre’’ (El. Rev.
6th Dec., 1918, pp. 536-537).

““The Use of Electmclty in Agriculture,”” by J. F. Crowley
(Jour. Royal Soc. Arts, 3rd and 10th Oct., 1919).

‘‘ Electrochemical Treatment of Seeds,”’ by Dr. Mercier (1919).

‘“Report on the Proposed Electrolytic Treatment of
Seeds (Wolfryn Process) before Sowing,”” by E. J. Russell
(Jour. Ministry of Agric., Jan., 1920).

113



114 ELECTRICITY IN AGRICULTURE

“Le Labourage Electrique,”” by H. Guédeney (Bull. Soc.
Francaise des Electriciens, No. 86, Feb., 1920).

“Report of ths Departmental Committee of the Ministry
of Agriculture and Fisheries on Agricultural Machinery
(Cmd. 506, April, 1920).

‘“ Electrical Sterilization of Milk”’ (El. Times, 15th July,
1920, pp. 51-52).

‘“ Electric Power for Milking-Plants,”” by L. Birks (New
Zealand Jour. of Science and Technology, Vol. IV, No. 3,
pp. 110-113, 1921).

‘“ An Electroculture Problem,’’ by C. Chree (Proc. Phys. Soc.
London, 1922).

“ Eleetro-Farming, or the Applications of Electricity to

Agriculture,’”’ by R. Borlase Matthews ( Jour.I.El. E., May,
1922).

The undermentioned Technical .Primers, uniform
with this volume (Pitman, 2s. 6d. net) deal with
subjects of associated interest—

Steam Boiler Inspection and Maintenance, by Reg. Clayton.
Secondary Cells, by G. C. Allingham. (In preparation.)
Electric Cables, by F. W. Main.

Industrial Motor Control (Direct Current), by A. T. Dover.
Traction Motor Control (Direct Current) by A. T. Dover.
Dynamo and Motor Faults (Direct Current), by R. M. Archer.
Belts for Power Transmission, by W. G. Dunkley.

Elements of Illuminating Engineering, by A. P. Trotter.
Industrial Electric Heating, by J. W. Beauchamp.

Electric Vehicles, by F. Ayton. (In preparation.)
Mechanical Handling of Goods, by C. H. Woodfield.
Pneumatic Conveying, by E. G. Phillips.

Industrial Nitrogen, by P. H. S. Kempton.

Many other volumes are in preparation for this
series, full particulars of which can be obtained from
the publishers at Pitman House, Parker Street,
Kingsway, W.C.2.



INDEX

ABBREVIATIONS, 8

Air-lift pump, 88

Alternating current supply, 26
Altrincham, electric farm, 60
Ampere, 6, 8

Anchor trolley, 69, 71, 72, 74
Automatic generating plant,

20, 21

BatTeRIES of vehicles, charg-
ing, 83

Bibliography, 113

Birks, L., 90

Blackman, Prof. V. H., 100

Board of Trade unit, 7

Boosting charges, 84

CaBurESs, flexible, 38, 68, 75

California, electric farms, 61,
88

Canada, electric farms, 52, 58,
61, 110

Chaff-cutting, 57, 59

Chain pump, 88

Chree, C., 98

Coal, 9

Conductors, cost of overhead,
106

, height of overhead, 67

, overhead, 66, 72, 106

Cooking, electric, 42, 49

Co-operative systems, 24, 52,
77

Cost of electric power, 58, 60,
61, 66, 108

of energy, 21

of generating plant, 21

of power, comparative, 3

Cotgrave farm, 72

Crowley, J. F., 4, 57, 63

Current, electrical, 6

DELIVERY vans, electric, 85

Delon rectifier, 98, 100
Denmark, electric farms, 53
Distributing system, 28
Driving machines electrically,
50, 52, 60, 61, 63, 64
Dudgeon, Miss E. C., 99

EGG-PRODUCTION,
95

intensive,

tester, electric, 96

Electricity Commissioners, 4,
104

supply,
scheme, 3

Electroculture, 97

, cost, 101

, results, 99, 100, 101

Energy, 7

Ensilage cutting, 57, 58

Governmeut

Fans, electric, 46, 49

Farm machines, power to
drive, 57, 58, 60, 61, 63, 64

Farms, electrified, 52, 53, 59,
60, 72

in U.K., number, 4

Fertilizers, artificial, 102

Fire risk, 31, 55

Fittings for electric lighting,
30

Foot-pound, 7, 8

Gas power, 10

Gearing, 56

Generating plant, 10, 12, 15,
20-22

Glare, 39, 40

HARVESTING by electricity, 59
Heating, electric, 43, 49, 94
Hereford, 5, 51, 59, 104, 108

, electric farms, 59, 106
| High-pressure discharge, 97

115



116

*‘ Horse-power’’ defined, 6, 7, 8

-hour, 7, 8

Hydro-electric Commission of
Ontario, 52, 62, 110

INCUBATION by electricity, 94
Irrigation by electric pumps,
88

Irons, electrie, 41, 49
Italy, electric farms, 61

.JORGENSEN, 1., 100

KEerr, W. T., 5, 105, 108, 109
Kilowatt, 7, 8

-hour, 7, 8

, cost, 7

, product, 7
Kitchen machine, 44, 49

Lawmps, electric, 30, 31, 32, 49
Lighting, indoor, 39, 40, 59,
102

, outdoor, 30

, semi-indirect, 40
Llantwit Vadre, 100

Load curve, Hereford, 107
factor on farms, 107
Lodge, Sir Oliver, 98

MARKET gardens, electricity

in, 62
101
Matthews, R. B., 3, 51, 58, 59,
64, 70, 76, 79, 94, 96, 107
Milk, electric sterilization of,
91

, electroculture in,

Milking by electricity, 57, 58,
g , cost, 90
Motor-generator, 84

Motors, electric, 53-55
Mowing by electricity, 59)

NEew Zealand dairies, 90, 91

Night work with electric light,
63

Nitrogen, fixation of, 103

INDEX

O1L power, 10, 12
Overhead mains, 24, 26, 33,
66, 67, 72, 106

PETROL electric plant, 18, 19
Pigsty, electric, 53

Plough, automobile, 65, 73
Ploughing by electricity, 65
, cost, 66, 73, 74, 76, 77

, haulage systems, 66, 68,
2 Y

} , power required, 70, 73,

| 78, 79

| ——, pressure, 67, 75

‘ , rate, 70, 73, 78, 79
Power consumption, 48, 49,

57, 60, 79

| “ Power’’ defined, 5

, electric, 6

' —— used on farms, 51, 107

, gources, 9

Pressure, choice, 22

, electrical, 6

of public supply, 26

Production, comparative, 4

! Pump, efficiency of electric,
87

| Pumping, automatic control,
86

, electric, 46, 57, 62, 86
, power required, 89

Rectifier, Delon, 98, 100
, mercury-vapour, 84

|
| RADIATORS, electric, 43, 49

Safety precautions, 36, 67

Saving due to electric power,
52, 53

Shearing sheep, 62

Steam power, 10

Sterilization of milk, 91

Storage of electricity, 17, 20

Suction cleaner, 47, 49

gas power, 10,11, 72
Supply mains, 24, 25, 29

] Symbols, 8

‘ SAFETY of electric lighting, 31,




INDEX

TaprpPING overhead mains, 34,
67, 72

Telephones, 47, 48

Tescari system of ploughing, 70

Thrashing by electricity, 57,

* 60, 61, 63, 64

Transformer, pole, 25, 36

truck, 37, 68, 75

Transformers, portable, 36, 68

ULTRA-VIOLET rays, 94
Units, electrical, 6, 8

VEHICLES, electric, 80
, capacity, 83

, construction, 81
, control, 82

117

Vehicles, radius of action, 80
Volt, 6, 8
““ Voltage ’ defined, 6

WarL sockets, 33
Washing machine, 45, 46, 49
Water-power, 12, 14 .
Watt, 6, 8

Windmill, 15

Wind power, 15, 16
velocity, 15
Wiring, concentric, 32
surface, 41

, systems, 28, 41

to motors, 32

““ Work >’ defined, 5, 7
Wolfryn process, 101, 102

Printed in Bath, England, by Sir Isaac Pitman & Sons, Ltd,
x—(5389)






* Pitman’s Primers are all notakle for the amount of information
expressed clearly in a small space.’’>—7'he Manchester Guardian.

‘Pitman’s
Technical Primers

Edited by R. E. NEALE, B.Sc. (Hons.)
A.CG.I1., AM.IE.LE.

IN each book of the series the tundamental
principles of some sub-division of technology are
treated in a practical manner, providing the student
with a handy survey of the particular branch of
technology with which he is concerned. They
should prove invaluable to the busy practical man
who has not the time for more elaborate treatises.

Each in foolscap 8vo, about 120 pp.
lustrated, 2/6 net

SIR ISAAC PITMAN AND SONS, LTD.
PArkER STREET, KiNncswAy, LoNpon, W.C.2



Pitman’s Technical Primers
Each 2/6 net

The Steam Locomoiive, By E. L. Ahrons, M.I.Mech.E.,
M.I.Loco.E.

Belts for Power Transmission. By W. G. Dunkley, B.Sc.
(Hons.).

Water-Power Engineering. By F. F. Fergusson,
A.M.Inst.C.E.

Photographic Technique. By L. J. Hibbert, F.R.P.S.

Hydro-Eleetric Development. By J. W. Meares, F.R.A.S,,
M.Inst.C.E.,, M.I.LE.E.

The FElectrification of Railways. By H. F. Trewman,

M.A.

Continuous Current Armature Winding. By F. M. Denton,
ACGI, AMIEE.

Municipal Engineering. By H. Percy Boulnois,
M.Inst.C.E., F.R.San.Inst:

Foundrywork. By Ben Shaw and James Edgar.
Patternmaking. By Ben Shaw and James Edgar.

The Eleetric Furnace. By Frank J. Moffett, B.A.,
M.I.LE.E., M.Cons.E.

Small Single-Phase Transformers, By E. T. Painton,
B.Sc. (Hons.), AM.LLE.E.

Pneumatiec Conveying, By E. G. Phillips, M.LE.E,,
A .M.I.Mech.E.

Boiler Inspection and Maintenance. By R. Clayton.
Electrieity in Steel Works. By W. McFarlane, B.Sc.
Modern Central Stations. By C. W. Marshall, B.Sc.

Steam Locomotive Construetion and Maintenance. By
E. L. Ahrons, M.I.Mech.E., M.I.Loco.E.

High Tension Switchgear. By H. E. Poole, B.Sc. (Hons.),
A.CG.I, AMILEE.

High Tension Switchboards. By the same Author.

Power Factor Correction. By A. E. Clayton, B.Sc,
A.KC, AMIEE.

Tool and Machine Setting. By P. Gates.
Tidal Power. By A. Struben, O.B.E., AM.I.C.E.



Pitman’s Technical Primers
Each 26 net

Sewers and Sewerage, By H. Gilbert Whyatt, M.Inst.C.E.,
M.R.San.Inst.

Elements of Illuminating Engineering. By A. P. Trotter,
M.ILE.E.

Coal-Cutting Machinery. By G. F. F. Eager, M.Inst.Min.E.

Grinding Machines and Their Use. By T. R. Shaw,
M.I.Mech.E.

Electro-Deposition of Copper. By C. W. Denny, A M.I.LE.E.

Directive Wireless Telegraphy. By L. H. Walter, M.A,,
AMIE.E.

Testing of Continuous-Current Machines. By C. F. Smith,
D.Sc.,, M.I.LE.E., AM.I.C.E.

The Eleetrieal Transmission of Energy. By W. M.
Thornton, D.Sc.

Steam Engine Valves and Valve Gears. By E. L. Ahrons,
M.I.Mech.E.

Mechanieal Handling of Goods. By C. H. Woodfield,
M.I.Mech.E.

Industrial and Power Aleohol. By R. C. Farmer, O.B.E,,
S DISchaPh. DY B, IC.

Radioactivity and Radioactive Substances. By J. Chad-
wick, Ph.D., M.Se. With a Foreword by Sir Ernest
Rutherford, F.R.S.

House Decorations and Repairs. By W. Prebble.

Eleetric Power Systems. By Capt. W. T. Taylor,
M.Inst.C.E., M.I.Mech.E.

High Voltage Power Transformers. By the same Author.

The Manufacture and Uses of Explosivess. By R. C.
Farmer, O.B.E., D.Sc., Ph.D., F.1.C.

Cotton Spinning Machinery and Its Uses. By W. Scott
Taggart.

Town G(as Manufacture. By Capt. Ralph Staley, M.C.,
RIES

Eleetric Cables, DBy F. W. Main, A M.LLE.E.
Capstan and Avtomatic Lathes. By Philip Gates.



Pitman’s Technical Primers
Each 2/6 net

Kinematograph Studio Technique. By L. C. MacBean.
Industrial Nitrogen. By P. H. S. Kempton, B.Sc. (Hons.),
A.R.C.Sc.

The Testing of Transformers and Alternating-Curren!
Machines. By Charles F. Smith, D.Sc., M.I.LE.E.

Continuous Wave Wireless Telegraphy. By B. E. G.
Mittell, A.M.LLE.E.

Switching and Switchgear. By H. E. Poole, B.Sc. (Hons.).
Industrial Motor Control. By A. T. Dover, M.I.E.E.
Petrol Cars and Lorries. By F. Heap.

Oils, Pigments, Paints and Varnishes. By Rupert H.
Truelove.

Filtration. By T. R. Wollaston, M.I.Mech.E.

Metallurgy of Iron and Steel. Based on Papers by Sir
Robert Hadfield, Bt.

Electrie Traction Controls. By A. T. Dover, M.I.E.E.

Industrial Application of X-Rays. By P. H. S. Kempton,
B.Sc. (Hons.).

Abrasive Materials. By A. B. Searle.

Sparking Plugs. By A. P. Young and H. Warren,

Eleetricity in Agriculture, By A. H. Allen, M.LLE.E.

Railway Signalling : Aufomatic. By F. Raynar Wilson.

Railway Signalling : Meechanieal. By F. Raynar Wilson.

Lubricants and Lubrication. By J. H. Hyde, of the
National Physical Laboratory.

Special Steels, Based on Notes by Sir Robert Hadfield,
Bart. ; compiled by T. H. Burnham, B.Sc. (Double
Vol., price 5s. net.)

The Diesel Engine. By A. Orton.

Drop Forging and Drop Stamping. By H. Hayes.

Descriptive Lists post free on application.

SIR ISAAC PITMAN AND SONS, LTD.
PArRKER STREET, KinGgsway, Loxpox, W.C.2



A LIST OF BOOKS

PUBLISHED BY

SirIsaac Pitman& Sons, Ltd.
« (Incerporating WHITTAKER & CO.)
PARKER STREET, KINGSWAY,

LONDON, W.C.2

The prices given apply only to the British Isles, and are:
subject to alteration without notice.

A complete Catalogue giving full details of the Iollowing
books will be sent post free on application,

ALL PRICES ARE NET.
s. d.
AcCCcUMULATORS, MANAGEMENT OF. Sir D, Salomons 7 6
AEROFOILS AND RESISTANCE OF AERODYNAMIC

Bopies, PrROPERTIES OF. A. W. Judge .18 O
AERONAUTICAL DESIGN AND CONSTRUCTION,
ELEMENTARY PRINCIPLES OF. A. W. Judge . 7 6
AeroNAvUTICS, ELEMENTARY, A, P. Thurston. . 8 6
AERONAUTICAL ENGINEERING, TEXT-BOOK OF. A.
Klemin s % v d : b .15 O
AEROPLANES, DESIGN oF. A. W. Judge . .14 0
AEROPLANE STRUCTURAL DEsIGN. T. H. Jones
and J. D. Frier * . - . .21 O
AEROPLANES AND AIRSHIPS. W E. Dommett A
AIRCRAFT AND AUTOMOBILE MATERIALS—FERROUS.
A. W. Judge 5 3 o 5 5 .25 O
AIRCRAFT AND AUTOMOBILE MATERIALS—NON-
FERrrROUS AND ORGANIC. A, W. Judge . .25 0
AIRCRAFT, DicTiONARY OF. W. E. Dommett . 20
ArLiGNMENT CHARTS. E. S. Andrews . : . 20
ALTERNATING CURRENT MACHINERY, DESIGN OF.
J. R. Barr and R. D. Archibald . 3 .3 o
ALTERNATING CURRENT MACHINERY; PAPERS ON
. THE DEsiGN oF, C.C. Hawkins, S. P. Smith and
S. Neville . z 3 .21 0
ALTERNATING—CURRENTWORK W PerrenMa.ycock 10 6

x—5



ARCHITECTURAL HYGIENE. B.F.and H. P. Fletcher
ARITHMETIC OF ALTERNATING CURRENTS. E. H.,
Crapper 5 . 5 A 3 3 5
ARITHMETIC OF ELECTRICAL ENGINEERING, Whit-
taker’s 4 .
ARITHMETIC OF TELEGRAPHY AND TELEPHONY
T. E. Herbert and R. G. de Wardt. . A
ARMATURE CoNsTRUCTION. H. M. Hobart and
A, G. Ellis £ 3 5 . 5
ARTIFICIAL SILK AND I'rs MANUFACTURE. J.

Foltzer. Translated by S. Woodhouse . 5
ASTRONOMERS, GREAT. Sir R, Ball .
AsTRONOMY FOR EVERYBODY. Prof. S. Newcombe
ASTRONOMY FOR GENERAL READERS. G. F.

Chambers
AUTOMOBILE AND AIRCRAFT ENGINES A Ww. ]udge
AUTOMOBILE IGNITION AND VALVE TIMING, START-

ING AND LIGHTING. J. B. Rathbun . 5
Baup6t PrRINTING TELEGRAPH SysTtEM. H., W,

Pendry S S . .
BLUE PRINTING AND MODERN PLAN COPYING.

B. J. Hall . J S : £ A 5

BREWING AND MALTING. J. Ross Mackenzie
CABINET MAKING, ART AND CRAFT oF. D. Denning
CALCULUS FOR ENGINEERING STUDENTS. J. Stoney
CARPENTRY AND JOINERY. B.F. and H. P. Fletcher
CeraMic INDUsTRIES PockET BOoOK. A. B. Searle
CHEMICAL ENGINEERING, INTRODUCTION TO. A. F.
Allen 3 3 J S
CHEMISTRY, A Fmsr Boox OF. A. Coulthard .
CoaL MINING, MODERN PRACTICE oF. Kerr and
Burns. Part 1, 5/-; Parts 2, 3 and 4, each .

CoLour IN WovVEN DEesiGN: A TREATISE ON
TEXTILE CoLOURING. R. Beaumont . K
LCoMPRESSED AIR Power. A, W. and Z. W. Daw
CoNTINUOUS-CURRENT DyYNAMO DEsSIGN, ELEMEN-
TARY PrINCIPLES OoF. H. M. Hobart . .
ConNTINUOUS CURRENT MOTORS AND CONTROL AP-
PARATUS. W, Perren Maycock . 3 2
DETAIL DESIGN OF MARINE SCREW PROPELLERS.
D. H. Jackson . : . 5 5 5

s.
10
4
3
5
25

v

W NeeRn -] @ (="

e © oo o o

-2 - o I I N - =) o (=] oo

©c o o oo ©



Direct CURRENT ELECTRICAL ENGINEERING, J.
R. Barr ¢ . s 2 s ¢ :
DIirReCT CURRENT ELECTRICAL ENGINEERING, THE
ELEMENTS oF. H. F. Trewman and G. E.

Condiffe 5 3 A 3 . . 5
DiviNg MANUAL AND HANDBOOK OF SUBMARINE
AppLIANCES. R. H. Davis . v o 5

DrawING AND DEsioNING., C. G. Leland . 5
DRrRAWING, MANUAL INSTRUCTION. S. Barter &
DRrEss, BrLousg, AND CosTUME CLOTHS, DESIGN

AND FABRIC MANUFACTURE ° OF. R.
Beaumont 4 5 9 3 s
Dyn~namo, How 10O MANAGE THE. A. R. Bottone .
DyNAMO : 1Ts THEORY, DESIGN AND MANUFACTURE,
THE. C. C. Hawkins. Vol. I s S 5
ELEcCTRIC LIGHT FITTING : A TREATISE ON WIRING
ForR LicuTING, HEATING, &c. S. C. Batstone .

ELECTRICAL INSTRUMENT MAKING FOR AMATEURS.
S. R. Bottone . e 4

ELECTRIC BELLS AND ALL ABOUT THEM, S R.
Bottone 5

ELEcTRIC CIRCUIT THEORY AND CALCULA‘IIONS

W. Perren Maycock . . 3
ELecTrRIC GUIDES, HAwkins’. 10 volumes, each
ELECTRIC MINING MACHINERY. S. F. Walker .

ELECTRIC MOTORS AND CONTROL SYSTEMS, A. T.
Dover 5 o ¢ S

ELECTRIC MOTORS—CONTINUOUS POLYPHASE AND
SINGLE-PHASE MoTors. H. M. Hobart .
ELEcTRIC MoTORS, A SMALL Book oN. C.C. AND
A.C. W, Perren Maycock , . 0 3 .
ELECTRIC LIGHTING AND POWER DISTRIBUTION.
Vol. I. W. Perren Maycock . S 5 3
ELECTRIC LIGHTING AND POWER DISTRIBUTION.
Vol. II. W, Perren Maycock s z 3
ELeEcTRIC LIGHTING IN THE HoME. L. Gaster .
ELEcTRIC LIGHTING IN FACTORIES. L. Gaster and
J. S. Dow . S . . 3
ELECTRIC TRACTION. A. T Dover .
ELECTRIC WIRING, FITTINGS, SWITCHES AND LAMPS
W. Perren Maycock . : 3 s 5

15

W ~

42

21

10

15

18

10
10

21
10

°9

9

?O

(=] OQQ (-]



ELECcTRIC WIRING D1aGRAMS, W, Perren Maycock
ELecTrRIC WIRING TABLES, W. Perren Maycock .
ELECTRICAL ENGINEERS’ Pocker Book. Whit-
taker's « . 4 5 . .
ELECTRICAL INSTRUMENTS IN Tm:onv AND PrAcC-
TICE. Murdoch and Oschwald
ELECTRICAL MAcCHINES, PracTICAL TESTING OF.
L. Oulton and N. J. Wilson . 5 9
ELECTRICAL TRANSMISSION OF PHOTOGRAPHS M.]J.
Martin s . A J
ELECTRICITY AND MAGNETISM, FIRST Boox or. W.
Perren Maycock . . 5 . . 3
ELECTRO MoTors: How MapE AnD How USED.
S. R. Bottone . . :
ELECTRO-PLATERS’ HANDBOOK G E. Bonney
{ELEcTrRO-TECHNICS, ELEMENTS OF. A. P. Young
ENGINEER DrAUGHTSMEN'S Work: HINTS To BE-
GINNERS IN DRAWING OFFICES. . : o
{ENGINEERING SCIENCE, PRIMER OF. E.S. Andrews.
Part 1, 3s. ; Part 2, 2s. 6d. ; Complete . 3
ENGINEERING WORKSHOP EXERCISES, E. Pull .

ENGINEERS' AND ERECTORS’ POCKET DICTIONARY :
ENcLisn, GERMAN, Dutcu. W. H. Steenbeek

ENGLIsH FOR TECHNICAL STUDENTS, F. F. Potter.
EXPERIMENTAL MATHEMATICS, G, R. Vine
Book I, with Answers . : v
o II with Answers .

ExprLOSIVES, HISTORICAL PAPERS ON MODERN G
W. MacDonald . : .

ExpLosivEs INDUSTRY, RISE AND PROGRESS oF
THE BRITISH . -
FIELD MANUAL OF SURVEY ME‘IHODS AND OPERA-
TIONS. A. Lovat Higgins . .
F1eLD WoORrRkK For ScHoors. E. H. Ha.mson and
C. A. Hunter . . 5
FILEs AND" FILING. Fremont and Taylor . .
FrrTiNGg, PrRINCIPLES OF.  J. G. Horner »
F1ve FIGURE LocariTHMS. W. E. Dommett .
FLAax CULTURE AND PrREPARATION. F. Bradbury
FuseLage DEsiGN. A, W. Judge . . .
«GAS, GASOLENE AND OI1L ENGINES. J. B. Rathbun

[ Y ]

L2

(-3

(1] b

NN 0

bt

ool

o O

oM (W ) -] =) o [

L

ComoaanoO o o o



GAs ENGINE TROUBLES AND INSTALLATIONS. J.
B. Rathbun & A /)
GaAs AND O1L ENGINE OPERATION J. Okill s
Gas, Om, AND PETROL ENGINES: INCLUDING
SuctioN GAs PrLaNT AND HUMPHREY Pumps.
A, Garrard . 2 2
Gas SupPLY IN Pkmcmu:s AND PRACTICE Ww.
H. Y. Webber
GEOMETRY, THE ELEMENTS OF PRACTICAL PLANE.
P. W. Scott o s
GEOLOGY, ELEMENTARY. A J. Jukes-Browne
GERMAN -GRAMMAR FOR SCIENCE STUDENTS. W.
A. Osborne . 4 ¥
GRAPHIC STATICS, Em:mmmxy ] T Wxght a
HANDRAILING FOR GEOMETRICAL STAIRCASES, W.
A. Scott 3 . . g
HEeAT, LIGHT AND SOUND J. R. Ashworth .
Hice Heavens, IN THE. Sir R, Ball, .
HosiERY MANUFACTURE. W. Davis . ‘ .
HypraurLic MoTtors AND TurBmwEs, G. R.
Bodmer . .
ILLUMINANTS AND ILLUMINAIING ENGINEERING,
MopeErN. Dow and Gaster . . 3 s
InpDIcaATOR HANDBOOK. C. N. Pickworth . A
INpuctioN Coirs. G. E. Bonney n g
INpuctIoN CoiL, THEORY OF THE. E. Taylor-Jones
INsuLATION OF ELECTRIC MacHINES, H. W,
Turner and H. M. Hobart
Ionic VALVE, GUIDE TO STUDY OF THE. W D
Owen 3 5 o . .
IRONFOUNDING PRACTICAL J. G. Horner
LeaTHER WORK. C. G. Leland . :
LETRIK LiGHTING CoNNEcCTIONS. W. Perren
Maycock . . . . . .
LeENs WORK FOR AMATEURS H. Qrford s 5
LicHTNING CONDUCTORS AND LIGHTNING GUARDS.
Sir O, Lodge . 3 . . :
LOGARITHMS FOR BEGINN’ERS. C. N. Pickworth .
MACHINE DRAWING, PREPARATORY COURSE TO.
P. W. Scott 5 # 3 .
MAGNETISM AND ELECTRICITY, AN Inrnonucrony
Course OF PracTicAL. J. R. Ashworth 2

8.

oo

LKL a &

—
o oNN L)

15

25

7
6
12

.21
2

. 10

5

3

. 15

1

3

o

[~ - -2 o0 ©eCc © ©

(=] o OO o© oS o

e o



MAGNETO AND ELEcTRIC IGNITION. w.
Hibbert » 5 s - s v -

MANURING LAND, TABLES FOR MEASURING AND
J. Cullyer . 2 3 5 3 : .

MARINE ENGINEERS, PRACTICAL ADVICE FOrR. C.

W. Roberts . 5 8 E 5 5 -
MATHEMATICAL TABLEs. W. E. Dommett. g
MATHEMATICS, MINING (PRELIMINARY). G, W,

Stringfellow 5 5 . - . .

With Answers Do. . £ 4 < &

MECHANICAL TABLES, SHOWING THE DIAMETERS
AND CIRCUMFERENCES OF IRON BARs, ETC.
J. Foden . £ .

MECHANICAL ENGINEERS’ Pocxn‘r Book. Whit-
taker’s : . . L 3 : s

MEcHANICS’ AND DRAUGHTSMEN’S POCKET BoOOK.
W. E. Dommett . S . . .

METAL TURNING. ]. G. Homer S 5 3
MeTaL Work—REPoussE. C. G. Letand . -
MEeTAL WoORK, TEACHER’S HANDBOOK. J.S. Miller

METRIC AND BRITISH SYSTEMS OF WEIGHTS AND
MEeasures. F. M. Perkin . 3 3 .

MeTRIC CONVERSION TABLES. W. E. Dommett .
Mirring, MopErN. E. Pull 2 s 3 -

MINERALOGY : THE CHARACTERS OF MINERALS,
THEIR CLASSIFICATION AND DEscriPTION. F. H.
Hatch 5 R 3 o g 3 i

MoTioN PICTURE OPERATION, STAGE ELECTRICS
AND Irrusions. H. C. Horstmann and V. H.

Tousley . - . 5 3 e
Motor TRUCK AND Aurouonu.n MOTORS AND
MecueaNisM. T. H. Russell . tf o

Motor BoATs, HYDROPLANES AND HYDROAERO-
PLANES., T. H. Russell 5 t { £
Moving Loaps oN RAILwWAY UNDERBRIDGES. H.
Bamford 3 ; 5 - 3 5
Navar DICTIONARY, ITALIAN - ENGLISH AND
ENcLIsH-ITALIAN, W. T. Davis. 3 Z
OptICAL INSTRUMENTS, MODERN, H, Orford g
OPTICS OF PHOTOGRAPHY AND Pao’rocnpmc
Lenses. J. T. Taylor. . 1 B :

S,

T -

= G N -]

N W

o e cn @e@0 © o B

e, OoOC®

(-4

(]

¢ oo @



PATTERN-MAKING, PRINCIPLES OF. J. G. Horner.

PipEs AND TuUBES: THEIR CONSTRUCTION AND
JoinTing. P. R. Bjorling . A

PLANT, PHYSIOLOGY RESEARCHES IN. W. R. G.
Atkms v b 6 " .

PLYWOOD AND GLUE, MANUFACTURE AND Usk oF,
Tre. B. C. Boulton 0 s 3 N

PorLypPuase CURRENTS. A. Still 2 : 3
PoweRrR WIRING D1agrams, A, T. Dover . 4
Pracricar EvecTrIC LIGHT FirTiNg. F. C. Allsop

PrACTICAL SHEET AND PLATE METAL WORK, E.
A, Atkins . 5 s : s 5 S

Rap10-TELEGRAPHIST'S GUIDE AND Loc Book.

W. H. Marchant . o a o e

RA1ILWAY TECHNICAL VOCABU‘LARY L. Serraillier
REINFORCED CONCRETE. W. N. Twelvetrees k

REINFORCED CONCRETE BEAMS AND CoLUMNS,
PracticAL DEsSIGN oF. W, N. Twelvetrees .

REINFORCED CONCRETE MEMBERS, SIMPLIFIED
METHODS OF CALCULATING. W. N. Twelvetrees

REINFORCED CONCRETE, DETAIL DESIGN IN.
E. S. Andrews . 5 o & 3 .

Roses AND RoseE GrowinG. R. G. Kingsley .
Roses, NEw . A . 4 4 .
RussiIAN WEIGHTS AND MEASURES, TABLFS OF.

Redvers Elder 5 b . g .
SAFE LoADS ON STEEL PILLARS, TABLES or. E. S.
Andrews . S 5 5 5
SitipE Rure. A. L. Higgins 3 o . .
Sripe Rurte. C. N. Pickworth . 5 c 3
SoiL, SCIENCE OF THE, C, Warrell . 5 g

STarRRY REALMS, IN. Sir R. Ball . . o
StEAM TURBO-ALTERNATOR, THE. L. C. Grant .

STEEL WoORKS ANALYsIS, J. O. Arnold and F,
Ibbotson . . . g . .

STORAGE BATTERY PRACTICE. R. Rankin . 5
STRESSES IN HOOKS AND OTHER Cunvxn BEAMS,
E. S. Andrews . 5 t q

SUBMARINE VESSELS, RTC. W. E. Dommett 2

-3 )

-] 0 ao o 2] [— - - o

(= <} QM oML RNO



SURVEYING AND SURVEYING INSTRUMENTS, G. A.
T. Middleton

SURVEYING, TUTORIAL LAND AND MINE T Bryson

TecHNICAL DICTIONARY, INTERNATIONAL. E.
Webber 4 : . 5 5 5 &

TELEGRAPHY ;: AN EXPOSITION OF THE TELEGRAPH
SysTEM OF THE BRITISH Post OFFIcE. T. E.
Herbert

TELEGRAPHY, ELEMENTARY H w. Pendry

TELEPHONE HANDBOOK AND GUIDE TO THE
TELEPHONIC EXCHANGE, PRACTICAL. ]. Poole
TexTILE CALCULATIONS. G. H. Whitwam . 3

TRANSFORMERS FOR SINGLE AND MULTIPHASE
Currents. G. Kapp g

TRIGONOMETRY FOR ENGINEERS, PRIMER OF, W G.
Dunkley .

TRIPLANE AND THE S’IABLB Buauum J. C.
Hunsaker . . . . . .

TurRRET LATHE ToOOLS, How 10 LAY OvUT 5
UnioN TEXTILE FABRICATION. R. Beaumont .

VENTILATION, PuMmPING, AND Haurage, THE
MATHEMATICS OF. F. Birks .

VoLUMETRIC ANALYsIS. J. B. Coppock . .

WATER MAINs, THE LAy-Out oF Smarr. H. H.
Hellins

WIRELESS POCKET Boox MARINE W. H Marchant

WIRELESS TELEGRAPHY AND HERTZIAN WAVES,
S. R. Bottone A 3

WIRELESS TELEGRAPHY : A PRACTICAL HANDBOOK
FOR OPERATORS AND STUDENTS. W.
Marchant .

Woop-BLOCK PRINTING. F Morley Fletcher 3
WoobncarviNG. C. G. Leland .

WOODWORK, MANUAL INSTRUCTION. S. Barter
WooL SuBsTITUTES. R. Beaumont

15
25

. 12

@

g 00

10

)

o OO

H»OS OO0 © & O oo

-] (=3

(23 IR -

Catalogue of Scientific and Technical Books post free.

LONDON : SIR ISAAC PITMAN & SONS, LTD.

¢ PARKER STREET, KINGSWAY, W.C.2















