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INTRODUCTION ix

richer in interest, broader in its activities and
its outlook, and sweeter to the taste.

To this end men and women who have given
each a lifetime of study and thought to his or
her specialty, will contribute to the Library,
and it is safe to promise that each volume will
- join with its eminently practical information a
still more valuable stimulation of thought.

ErNEsT INGERSOLL.
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24 ELECTRICITY

~ all skilled labour comes under the supervision of
the engineer, who has employed it and the vari-
ous kinds of natural resources, to build up the
gigantic industries which we have to-day. Our
farmers should, in a similar way, take advan-
tage of the electrical engineer’s experience in
the practice of developing and husbanding their
natural resources through the medium of elec-
tric energy, and modernise and render more
productive our agrarian industries, upon which
not only our financial standing is dependent,
but the general welfare of the country as a
whole,






















































42 ELECTRICITY

THE WATERPOWER PLANT

Water Available—In order to generate elec-
tric energy from waterpower, it is necessary to
take advantage of a fall of water, and if a
natural fall is not available, an artificial fall
must be erected; and the higher the fall, the
smaller the quantity of water necessary to ob-
tain the desired capacity of the generating
plant. It is not necessary that the waterfall be
located on the premises or estate, for it may be
many miles distant without affecting the result;
yet for the sake of convenience, first cost and
other kindred reasons, it is desirable to have
the plant near at hand.

In many instances, where the stream runs
through the property or in the neighbourhood,
cheap power may be derived by building a dam
across it, thus increasing the height of the water
for driving a wheel or turbine. Where the
stream is of more than ordinary size, part of
the water may be deflected and led through con-
crete, wooden or steel conduits to the water-
wheel. The water discharged from the wheel
may, in many cases, be distributed for irriga-
ting purposes, a factor of vital importance in






























54 ELECTRICITY

veyed 1600 ft. down a gulley to the little power-
house, which contains a 10-hp. 24-inch impulse
wheel, operating under a 165-ft. head. The 6.5-
kw. generator delivers energy to a sixty-cell
house-lighting battery; an eighty-four-cell bat-
tery for a 35-ft. cabin launch; a forty-eight-sell
battery for a 20-ft. open launch, and a forty-cell
battery for an electric roadster, all of which are
in nearly continuous use five months in the year.
Another development on the estate comprises
a 2-inch pipe with a fall of 110 ft. in its 1200
ft. length, operating a 3-hp. impulse wheel used
to drive a saw belted to a shaft. An unusual
use of hydroelectric energy on the Loines es-
tate is the operation of the roof of the private
astronomical observatory just above the cot-
tage. The dome roof is mounted on wheels and
is moved by a 1.5-hp. motor.

At Lawyersville—Mr. J. Van Wagenen, of
Lawyersville, Schoharie County, N. Y., a prac-
tical and scientific farmer, utilises the 15-ft.
head created by a disused saw-mill dam. His
5-hp. water-wheel is belted to a 3-kilowatt, 125-
volt generator, the output of which is conveyed .
over 3700 ft. of pole-line to the houses of the
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owner and a neighbour. As it was undesirable
to visit the plant half a mile away. night and
morning, to stop and start the turbine, as well
as inadvisable to waste water during the dry
season by letting the plant run all the time, the
turbine valve has been attached to a pull-wire
extending to the bedroom window of a neigh-
bour living 700 ft. distant. Pulling this wire at
5 a. M. starts the plant, and releasing it at night
allows a counterweight to drop, turning off the
water. For this service of starting and stop-
ping the machine the neighbour gets his elec-
tric service free for his house and barn. The
cost of maintenance of the plant has been tri-
fling. The owner wired his house at a cost of
$40 for material, doing the work himself. The
plant cost a little over $500 (see below), the
dam being already built and most of the instal-
lation work being done by the owner and at
odd hours.

Dynamo, 3 kw. (seeond-hand) ................... .. $ 50.00
Water-wheel, 9 kw. (naked wheel) ............ .. .. 5500
Governor (mew) ......................... 75y
Wire (7400 ft.) .................... ... 2140 Iy
Labour (installing whesl) .. .. .. 39ty
Fixtures (lamps and the Jik., .. %o 1oy
- One small motor 2 byp. ipew, . Aty

Toxar ........ ... .. X5,244





















62 ELECTRICITY

the engines can readily be made without shut-
ting down the entire plant.

Efficiency.—The problem involved in the con-
struction of a steam-electric power-plant must
necessarily be treated in conjunction with the
cost of construction, operation and mainte-
nance; as it is the ultimate aim to produce elec-

tricity at a minimum of expense. The ef-.

ficiency of a steam-electric power-plant is low,
ranging from 5 per cent. to 14 per cent. of the
heat value of the coal. Fourteen per cent. is
extremely economical and can only be secured
by the best designed and equipped plant and by
scientific operation. The average plant of re-
cent construction operates with an efficiency of
from 8 per cent. to 10 per cent.

The following table taken from the au-
thor’s ‘“Steam Electric Power Plants,’’ shows
~ the approximate loss per pound of coal in a well
conducted, first class power plant. It will be
noticed that the coal is assumed to have a heat-
ing value of 14,000 B. T. U., of which the equiv-
alent of 12.8 per cent. or 1792 B. T. U. are de-
livered to the switch board.

P
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66 ELECTRICITY

pansion on both sides of the piston-head, while
in the gas engine, the gas explosion takes place
on one side of the piston-head only. The gen-
erator is usually directly connected (mounted
on the shaft of the engine’s fly-wheel), and
in some instances it is driven by a belt from the
engine’s pulley.

In the producer-gas engine plant, a total effi-
ciency of 15 to 17 per cent. and even higher is
obtainable, through the proper selection of ma-
chinery making up the plant.

The producer plant can be operated on different kinds of
fuel. Those in most common use are “pea” and “buckwheat”
anthracite, lignite, foundry or gas-house coke (broken to small
size), and in some cases, charcoal. The relative values of
different coals can be approximately determined not only by
chemical analysis, but by combustion in a coal calorimeter,
or by actual trial in a gas producer. With the calorimeter
test, the standard unit of heat is the British thermal unit
(B.T.U.) defined as the amount of heat required to raise
the temperature of one pound of pure water one degree (1°)
Fahr. This is equivalent to 778 foot-pounds of energy, from
which we find that 1 hp. is equivalent to 2545 B.T.U.s per
hour. The anthracite commonly used has a heat value of ap-
proximately 13,000 B.T. U.’s per pound.

The fuel consumption with some producer-gas plants does
not exceed 11 pounds of pea-size anthracite per brake horse-
power per hour, on test-runs at a rated load of 10 to 12 hours’
duration. This is equivalent to 16,250 B.T.U.’s of heat sup-
plied per brake horsepower per hour, and to a complete plant
efficiency of 2545 < 16250 = 15.7%.












70 ELECTRICITY

exceptionally low, and the entire plant is a
simple one. It.consists of the engine, a small
water-circulating system and a storage tank.
When the engine is shut down, and the oil sap-
ply shut off, all expenses cease until ready to
start again. The fuel oil is preferably run by
gravity directly from the tank-car in which it is
received into a storage tank, from which it is
pumped into the engine itself. No refuse of
any kind is produced in the operation of this
engine. Robinson, in ‘‘Gas and Petroleum En-
gines,’’ tabulates the results of various tests of
a 25-hp. oil engine, and shows that the lowest
oil consumption per actual or brake horsepower,
is a trifle less than ¥ lb., while the average is
just one pound of oil. As the gallon of fuel oil
weighs approximately 714 lbs., it will be read-
ily seen that one horsepower per hour can be
produced at a cost of 2 cents. This cost does
not include overhead charges such as insurance,
interest and depreciation of plant, labour, ete.

WINDMILL POWER PLANTS

Another source of energy for generating elec-
tric power is the windmill, which is extensively
used throughout the country for pumping water












74 ELECTRICITY

steel, and properly galvanised to protect it from
all kinds of weather conditions. The following
table shows the horsepower of such wheels in
different wind velocities:

@ @ @ o m
Yo ELn S.h E.b Teb Byl Sak
¢f ERE FRs Exs FiE EEZ HRZ
@ = @ R 8 8 2
12-ft. . 2 .67 1.6 3.12 5.4 8.5
16-ft. . .36 1.21 2.9 5.5 8.6 153

In tests by Prof. ¥. H. King, of the Univer-
sity of Wisconsin, a 12-foot windmill of this
type connected to a grinder for reducing corn
to feed-meal produced the following results:

Wind veloeity in miles,

per hour ......... 104 153 208 259 285 31.3
Meal ground per hour,
in pounds ......... 139.2 236.8 474.56 831 1006 1068

Oats and other light grains will feed slower
than corn in proportion to their wetght. Also,
if exceedingly fine meal is to be made the quan-
tity will be less in proportion to its fineness.

The 12-foot windmill will grind through the
year on an average, 75 to 80 bushels of meal per
day, and with proper attachments do all the
pumping, feed-cutting, shelling and wood saw-
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too heavy are generally installed on two-tier
wooden racks in order to save floor space. The
larger cells are set in one tier, the wooden
stringers being supported by vitrified brick set
upon the floor or by another set of glass in-
sulators resting on vitrified tiles.

The number of cells is determined by the
voltage of the system. Isolated plants of the
various voltages require batteries of the num-
ber of cells, as follows:

Voltage of System Number of Cells
110 60
115 64
125 70
220 120
230 126
250 138

The size of the individual cells needed is de-
termined by the number of lamps, their candle-
power and efficiency, and the length of time they
must be supplied on one discharge.

Rating.—Storage batteries are rated in ‘‘am-
pere hours.”” This method defines their capac-
ity, and is the product of the number of
amperes of discharge multiplied by the number
of hours such discharge can continme. The
capacity at the eight-hour rate is considered
the normal. As the ampere discharge is in-
























86 ELECTRICITY

are placed at intervals, thus reducing the dam-
age possible from electrical discharges in

storms.
QUESTIONS

. Describe the various advantages of central-station service.

. What are the sources of power for isolated plants?

. What is a hydroelectric plant?

. What should be the size of the equipment in relation to

the power developed?

5. Describe the method of calculating the horsepower of a
given water.

6. Give a description of a complete hydroelectric installa-
tion of an Illinois farmer.

7. Give some examples of waterpower developments on farms
in the State of New York.

8. Describe the methods of generating steam.

9. How is coal rated?

10. How should coal be stored?

11. How should boiler and engine rooms be arranged?

12. What is the average efficiency of a well-designed steam-
power plant?

13. What is an internal-combustion engine?

14. Describe the action of a gas engine.

15. What is producer-gas?

16. What is the average efficiency of a producer-gas plant?

17. What is an aleohol engine?

18. How could alcohol be produced at the farm?

19. What is an oil engine?

20. What is the cost of producing one hp.-hour, excluding over-
head charges, at the engine shaft?

21. As this cost does not include losses in transmission and
in motors, ete., would it be fair to compare this cost
with the charges made by central-station concerns?

22. How may the wind be utilised to do farm work?

23. Describe the difference between the early Dutch and the

modern American windmill.
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‘ CHAPTER-IV
ELECTRIC MOTOR APPLICATIONS

SmaLL electric motors are revolutionising the
methods of performing many of the operations
of modern rural life. Almost any process that
must be performed repeatedly with little or no
variation can be done successfully and much
more economically by a motor-driven mechan-
ical device than by any other means. Electric
motors in small sizes are rapidly passing from
the class of luxuries into the class of necessities,
and it is safe to say that within a few years
these little labour-savers will be doing the
larger part of the routine work on the farm
as well as in the home, inn, shop, or factory of
the town.

Convenience and Safety—They may be lo-
cated in almost any place where current is sup-
plied for electric lights, and can be started and
stopped as simply as turning light on or off,

so that the machine operated may be placed
88


















94 ELECTRICITY

Corn Sheller Wood Surfacer
Shredder Planer

Drill Mangle

Horse Clipper Elevator
Ice-Cream Freezer Refrigerator

Ice Machine Meat Grinder
Washing Machine Lathe

Ironing Machine Circular Saw
Sewing Machine Band Saw
Vacuum Cleaner Ice-Making Machine
Hay Hoist Sprinkling System
Grist Mill Plough

Husker Truck

In selecting a motor to drive a given machine,
great care should be used to choose one suitable
to the particular purpose in view. It is evident
that too large a motor will make the outfit un-
necessarily expensive; on the contrary; if the
motor is too small, failure will result. The mo-
tor must be of proper size and must be adapted
to the work in order to produce the most satis-
factory results.

Nearly all such machines may be operated by
portable motors, so that one or two motors
(preferably of two different sizes) will suffice
to run a dozen or even more machines at once.
To facilitate application, the motors, particu-
larly those of small size, are placed on trucks
or hand-carriages, and the latter arrangement






























104 ELECTRICITY

FEED GRINDER
8” large or small ma.ke .. Caps,city, 8 bu per hr. 4 Hp.

16” » » » lo »
Machine runs at 75 r. p- m. for each H.P.

107 o Ca.pamty, 15 bu. per hr. 6 HP'
107 e 50 » » » 15
HUSKER

6 roll. Capacxty, all that one man can carry ....15 Hp.

Two 6 roll. 300 to 400 bu. per hour ....... 12 »
4 roll. » 175 » 250 » » » ., 8 »
2 roll. » 100 ” 200 > » 0 ..., 4 ”

COMBINATION CHUEN AND BUTTER-MAKER

Capacity

50 Ga]s ........................................ . l Hp

B

200 i ieiiieeeeaaaa 2 »

{0 2 ”

PASTEURIZER
B00 IbS. .....uviniiii i it 2 Hp.
CREAM SEPARATOR

Capacity, 350 gal. of milk per hr. ............... 3 Hp.
” 450 » v ¢ Twowo L. 3 >
» 650 2 ¢ o»omo L 3
» 850 » ¥ 2P e 1 »
» 1000 » » *» e 1 »

QUESTIONS

1. What are the advantages of using electric motors for op-
erating farm machinery?

2. Is it safe to use an electric motor in the barn?

. Where can electric motors be applied?

. What are the different kinds of machinery to be operated
on the farm?

. Describe the group-drive method.

. Calculate the size of belt for a motor of given horsepower.

. What are the proper speeds of single and double belts?

. Calculate the size proper of pulleys under given conditions.

. What benefits are to be derived from a portable motor?
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CHAPTER XIII

THE TELEPHONE IN RURAL COMMUNI-
TIES

Tae farmer of to-day, whenever he is
thoroughly convinced that a certain tool or
piece of machinery will do his work better, do
more of it, or increase his income, isn’t very
long in becoming the owner of that tool or ma-
chine. That this attitude has proven benefi-
cial to himself and to his calling is demonstrated
by the wonderful strides agriculture has taken,
and the improved methods employed on the
average farm. But he must be convinced. He
is a careful, prudent man, not quick to jump at
conclusions.

The first thought that must have come to the
minds of a majority of farmers upon the advent
of the rural telephone line was, ‘‘Of what good
to the farmer is the telephone?’” This was
a very natural question.

Some farmers argued that they had gotten
225






THE TELEPHONE 227

neighbours, involving a loss at every step. Lost
time means lost money and lost opportunity.

Suppose in the rush of the busy season, when
every hour is precious, a piece of machinery
breaks down. What is the result? To get re-
pairs means a trip to town; lost time; perhaps
a wasted crop. With the telephone at hand,
the new part may be ordered in a moment and
be on its way by rural delivery before the
““boy’’ could saddle his pony and get started
after it, often reducing the delay from a day
to an hour.

The product of the average farm in the Uni-
ted States is worth $850 but the progressive
business farmer who uses the most improved
implements and machinery produces 50 to 100
per cent. more than the average. There are
only about 200 good working days in a year on
the farm, therefore every day counts. When a
corn field is getting weedy, a day’s work with
the cultivator will make a difference of $25 in
the value of the crop. When a field of wheat
is ripe, the delay of a day may cost more.

The successful farmer has to consider all
these things and he cannot afford the time to
























THE TELEPHONE 235

They should be at least 18 inches apart. The
upper bracket should be 8 inches from the top
of the pole, and the other 20 inches below it on
the opposite side. The bracket should be nailed
to the pole with one 50-penny and one 20-penny
nail.

Cross Arms.—Where three or more wires
are to be run on the same pole cross-arms should
be used. They are made of sawed yellow pine
painted with two good coats of metallic paint,
and are of a length to accommodate from two to
ten pins. The size of the arm used for tele-
phone work is 234x334 inches, bored for 11
inch pins. :

The proper way to attach the cross-arms to the pole is to
cut a recess about 1} inches deep, 10 inches from the top,
and of such width as to cause a tight fit of the arm; then
fasten with a machine bolt, through the arm and the pole,
with & nut and washer on the opposite side of the pole. Two
lag screws can be used for this purpose, but they are not quite
as good. The arm may be further strengthened by two iron
“cross-arm braces.” These usually consist of straight flat gal-
vanised iron bars 1} inches wide by } inch thick, varying in
length from 20 to 28 inches. Ifoles are usually punched in
one end for the reception of 3-inch lag screws, and in the other
end for §-inch carriage bolts. On straight lines, where the
distances between the poles are equal, the cross-arm should be
placed on alternating sides of the pole. On curves, the cross-
arm should be placed on the poles so that the strain of the
wire will pull it against the pole; then the strain of the wire
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be giving more or less trouble. The guying
can be done by a brace-pole, or by running a
No. 6 or No. 9 wire from the top of the pole to
an anchor which should be set in the ground
some four feet, or by running a guy-wire from
the top of the pole to a suitable guy stub.
Single guys to anchor should be used whenever
possible and set in the line of the resultant
strain from the line wires. When it becomes
necessary to raise the guy-strand to a sufficient
height to clear obstacles or cross the highway,
guy-stubs should be used. The poles should not
be guyed to fences or trees, as the former are
not permanent, and the swaying of the trees
will break the wire.

Telephone Wire—No. 12 B. S. galvanised
iron telephone wire is the proper wire to use
for the telephone circuits. It will give the most
satisfactory results, and is by far the cheapest
in the end. It should be stretched tight, leav-
ing not more than 10 inches sag between the
poles. The wire clamp consists of a clamp
which has an automatic arrangement whereby
the wire is automatically gripped when a strain
is exerted on the pulley-blocks to which the















































































































274 ELECTRICITY

4. Describe the experiments of Dr. Pringsheim.

5. Describe the experiment conducted at Burham, Eng.

6. What is the yield per acre on German farms as compared
with American farms?

7. How much potash-salts is used on German farms as com-
pared with American farms?

8. What is air nitrate?

9. Describe the Birkeland-Eyde process.

10. Describe the Frank-Caro process.

11. How would the manufacture of air-nitrates affect farm
products?
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Waterpower, availability of, Windmills as a source of elec-
42, 46 tric energy, 11, 71; con-

Water supply, domestic, un- struction and management
der electric control, 165-168 of, 71-756

Wzger-wheels, proper form of,
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