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PREFACE.,

—_—

“ HE Electrician” Printing anfl Publishing Company
has had the kindness to ux{d%;rtake the publishing
of “Electricity in Agricultbird and Horticulture,”

which, I venture to hope, will be received favourably by

the English-speaking public who reall it. It contains the
results of a long study and numerous experiments, which
had their origin in the Polar regions, were continued in
more southern latituldes, and have q&ed not only to an
increase of the harvest of every kind of plant which has
come under treatment, but also to a favourable change of
their chemical compounds, eg., an increase of the digestible
nitrogenous matter in seeds, of the sugar in sugar-beets,
proved by chemical analyses, and of the sweetness in berries,

&c. The earlier ripening of some berries and fruits is also

a proved result. There have been many difficulties to over-

come, including the English language; but here the

Publisher, Mr. Geo. Tucker, has kindly gived\me assistance

by reading the manuscript for the press, for which I am

very thankful. The like gratitude I would e‘\\)press to Mr.

R. B. Greig, for much good counsel and many corrections.

A great difficulty has been to estimate the cost of the
apparatus and the quantities of some of the articles necessary
for the electrical installation to enable me to apply the
electric air current to growing crops, especially the cost
of gvood-posts, of labour, of inspection, &c., which are of

a A



iv. PREFACE.

varying value in different countries ; but as these quantities
form in the total cost only a small part, this does not affect

the calculations in a serious way.
THE AUTHOR.

PUBLISHER'S NOTE.

The Publisher is desirous of placing Prof. Lemstrom’s
interesting work before the public, with the view of hasten-
ing the time when the utilisation of the electric current in
agricultural and horticultural work will become a recognised
development of the science and industry of up-to date
cultivation of the land for market crops. That this deve-
lopment will be advanced by Prof. Lemstrém’s valuable
experiments there can, the Publisher considers, be no
question.

As the greater part of the Author’s scientific determina-
tions regarding temperatures are made in Centigrade
degrees, and for other measurements in the metric system,
the Publisher, in accord with the Author’s wishes, and de-
sirous of facilitating the reading of this book, has printed
on the last pages tables containing a Figure showing the
relations between the different thermometers, and a Table
showing the metric measures (with their signs) in English
measures. The Table is attached in such a manner that it
can be readily consulted by the reader during his reading
of the book.



ELECTRICITY IN AGRICULTURE
AND HORTICULTURE.

By Prof. S. LEMSTROM.

INTRODUCTORY.

"§1. It is well known that the question which is the
subject of this book has been a favoyrite field of lnvestlga-
tion for a century past. As the subject is connected w1th
.no less than three sciences—viz., physics, botany and agri-
cultural physics—it is in'itself not particularly attractive.
. The causes which induced me to begin an investigation
of this matter were manifold, and I venture to hope that
a short exposition of them will not be without interest,

During several voyages in the Polar regions (1868 to
Spitzbergen and the north of Norway, and 1871, 1882 1884
to Finnish Lapland), I had occasion to observe with my
own eyes a peculiarity in the vegetable kingdom which also
has attracted the attention ef other explorers. When the
plants in these regions have resisted the frequently destruc-
tive night frosts they show a degree of development which
greatly surpasses that of plants in more southern regions,
where the climatic conditions are more advantageous.
This rich development appears principally in the fresh and
clear colours of the flowers, in their strong perfume, in the
rapid development of the leaves on the trees, and their
scett, but particularly in the rich harvest which diffe-
rentg seeds—such as rye, oats and barley—will produce
when, as before stated, they are not destroyed by the
frosts. From a bushel of rye sown they will often produce
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40 bushels, and from barley 20 bushels, and so forth. It is
the same with grass. These results are attained although
the people cultivate their soil very imperfectly, using only
ploughs and harrows of wood.

Vegetables require, for a rich development, a fertile soil
and a sufficient quantity of heat, light and humidity ; but
one of these principal conditions, that of heat, is to be
found only in a slight degree in the Polar regions. To be
convinced of this it is only necessary to glance at a map
and follow the yearly isothermes, and especially the
summer isothermes. The isotherm corresponding to a
mean temperature of —7°C, to —8°C. crosses Spitzbergen,
and that of 0°C. goes through the north of Finnish Lapland.
The mean temperature for the month of July is there 10°C,,
and at Spitzbergen 5°C.*

The cause of the astonishing development of vegetation
under such conditions has hitherto been held to lie in the
long day, which lasts' from two to three months in these
regions during their short summer. It is further sometimes
supposed that this circumstance will provide the crops with
more light and heat, the principal factors of vegetation.
This is, however, not true, for calculation shows that the
quantity, notwithstanding this long day, is less than it is,
for instance, in 60 deg. of latitude. In consequence of the
low height of the sun over the horizon, the rays meet the
earth in such an oblique direction that their illuminating
and heating power is greatly lessened, and this power is
also lessened by the great absorption in the atmosphere.
Since the quantities of light and heat received are relatively
smaller than in more southern regions, the cause of the rich
development of the vegetables cannot lie in the long day,
and must be sought elsewhere.

For several reasons I was induced to search for the
cause in electrical currents, the effect of which appeary in
the Polar light, and which are going from the atmosphere

* See Thermometer Table at end of book.
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to the earth or vice versa. The existence of these currents
has been proved beyond all doubt through the experiments
of the Finnish International Polar Expedition of 1882-84.

§ 2. My reasons will be shown in 4t\he following order :—

(a) The physiology of plants giveé 4 satisfactory expla-
nation of the functions which most ofkthgir organs have to
perform, and good reasons for their existence and their
varying forms. This is, however, not the case with the
needle-like shape of the leaves in fir trees, and the beard
on the ears of most cereals. Since nothing exists without
a purpose in all the infinite number of ‘objects in Nature,
then the needle-shaped' leaves and the "beard must have
their determined ends. In fact, tﬁ%y are very well fitted to
be the means through which the eﬁéctricitﬁz goes from the
atmosphere into the earth, or vice versa; thatis to say, they
act in the same fashion as metallic points. To pretend that
they really serve as a means of transmitting electricity only
because their form shows them capable of it would be to
go too far. The presence of electricity in the air around
them shows that they are, in fact, in a position to perform
this function of transmission. Through experiments made
during the above-named expedition, it was, a:&:ast by
analogy, proved that they really serve that end, for it was
not only shown that such electrical currents exist, but these
currents were even measured by means of a specially con-
structed apparatus provided with metallic points.

We are thus induced to concede that an electrical current
is going on through the needle-formed leaves of the pine,
and' the beard on the ears of cereals, not to particularise
other plants. Though this is the case, it is not, however,
shown that this electrical current exercises any influence
whitever in the process of vegetation, or, in other words,
has any definite effect on the plant life itself. That must
be proved by experiments, and a description of them, with
an exposition of their results, is the principal object of this
volume.

~
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(6) In studying and observing sections of fir trees from
different latitudes (60 deg. to 67 deg.) we have found a pecu-
liarity in their yearly growth in thickness or year rings.
They show in general a great difference in growth during
different ages, but when due regard is paid to this fact, so
that these differences may be eliminated, there remains
another difference, which clearly must depend on the more
or less advantageous nature of the atmospheric conditions
of the year.

These latter variations, taking into account principally the
thickness of the year rings, show a periodicity in full agree-
ment with the periods of the sun spots and the auroras—
namely, a period of from 10 to II years. By a comparison
between sections of large pine trees from the Polar regions of
lat. 67 deg. and, from more southern latitudes (about 60 deg.),
it will be seen that this periodic variation is much more
pronounced the more nearly we approach the Polar regions.
The circumstance that this periodicity agrees with that
of the auroras will conduce to an investigation of a pos-
sible connection betweeen the electrical current producing
auroras and the year rings of these trees. As this peculiarity
is more strongly developed in those regions of the earth
where the electrical currents in question are of greater
frequency and higher intensity, it indicates a connection
between cause and effect which demands an investigation.*

(¢) In a short Paper entitled, “ On the Periodic Variations
in some Meteorological Phenomena, their Connection with
the Changes of the Solar Surface and their Probable
Influence on the Vegetation,”t I have suggested, with a high
degree of probability, that the harvest results in Finland
show a periodicity which agrees with periodical variations
in the sun spots and in the number of Polar lights, The
greater the yearly number of sun spots and auroras, the
more abundant is the harvest of seeds, roots, and grass¥

* This investigation is not yet published,

+ Finsk tidfkrift, 1878, in Swedish.

t These harvest results also give evidence of the longer cycle period of
about 58 years.
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In the Paper in which I treated these phenomena I have
found the explanation of this periodicity in the different
state of the heat radiating from the sun, either without
spots or supplied with them. In the former case the
greater part of the heat rays are light, and of shorter wave
length ; in the latter case] the greater number are dark, and
of greater wave length, The rays must pass through the
atmosphere, and the dar%c heat rays will be absorbed
during this passage rather'than the lighter ones, and hence
there will be more heat stored up in the atmosphere in the
case when spots appear oq the sun. This heat, generally
contained in watery vapougs, is transported through the
air currents or winds into hlgher latitudes, and will there
exercise its beneficent effect Though I continue to regard
this explanation as highly probable I must introduce some
modification, in order to ascrlbe a large influence to the
Polar light, or rather its cause the electric cutrent from
the atmosphere. '

In consequence of this modification of my ideas, I must
give it an important place in order to explain the perio-
dicity of the harvests.

§ 8. Everyone who has given a\{ctention to the question
of the causes of the electrical conditjons of the atmosphere,
knows that several theories on thi\s matter have been
brought forward. The most widely known suppositions
are the following :—

(2) Unipolar induction, caused by the earth, as a magnet,
rotating around its axis, produces a force component, which
carries the positive electricity up in the atmosphere.

(6) Evaporation, which, according to the opinion of
several physicists, produces electricity, the vapours being
p051t1ve

&) Unipolar induction working together with the evapora-
tion in making every particle, great or little, carried from
the earth, positively electric.
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(d) The vegetation process on the earth, the friction of
the small solid or liquid particles suspended in the atmo-
sphere with the air, or between each other, the air's friction
against the surface of the earth.

(¢) The direct effect of the sun rays on the different
layers of the atmosphere.

A discussion of these very different views cannot be
entered upon here. I will, therefore, only say that the
majority of the physicists, as it seems to me, are at present
inclined to give a certain precedence to the opinion which
searches for the cause of the atmospheric electricity in the
evaporation which is going on all over the earth (perhaps
in connection with the unipolar induction). For my part
I have no doubt that this conception is right—viz., that the
watery vapours act as transmitters of the atmospheric
electricity and carry it to the upper layers of the air,
because it seems to me that this theory is very well founded
and in full harmony with other closely allied phenomena.

According to this opinion, therefore, the evaporation
must be subjected to the same periodicity as the sun spots
and also the electrical phenomena in the atmosphere. My
opinion upon-the manner in which Nature is fulfilling all
‘this process is shortly as follows :—*

The quantities of electricity which are carried up by the
-water vapours to the higher parts of the atmosphere reach
-there an air stratum with a low pressure. As this rarefied
air is provided with a relatively high conducting power, it
will form with the surface of the earth a nearly spherical
condenser. ‘The rarefied air space lies, principally in con-
sequence of the lower temperature, nearer to the earth
surface around the poles. Through this circumstance a
greater quantity of electricity will accumulate in these
regions, and there discharge in auroral displays or in®a
current from the atmosphere. ’

* See also “ L’Aurore Boreale,” by S. Lemstrom. Paris : Gauthier Villars,
1886, p. 13I and following.
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It has already been announced that the Finnish Inter-
national Polar Expedition produced, by experiments made
on mountain tops, auroral beams and light phenomena of
the same nature as the auroras, and hence contributed to
the confirmation of the opinion that auroras are caused by
electric currents in the atmosphere. The E.M.F. (electro-
motive force), or the force which produces this current, was
measured. It was absolutely veky little, but a/ways existing,
though with varying intensity. \It is only in exceptional
cases that it will produce light, phenomena—viz., when the
conditions of the-atmosphere are favourable and the current
is of high intensity. The most\gmportant result here is the
proof of the existence of such fa current, which is always
passing either dowpwards or upwards. :

The experiménts which have B‘pen carried out in Finnish
Lapland, do not, strictly speaking, apply to other regions
of the earth. Considering, howevér, that the laws of atmos-
pheric electricity are nearly the same for all latitudes, the
existence of such a current in the Whole atmosphere seems
not to be in doubt. .

This electric atmospheric current ‘has hitherto been very
little investigated; it is only the atmospheric electricity
which has been measured. The method has been to
measure the potential in a point of thelair (or the electrical
tension of it). These results cannot be Yised for conclusions
regarding electrical current from the atmosphere, and, in
c/onsequence, not for the laws it follows. These observations
of atmospheric electricity can, however, contribute to some
general propositions. When it has been found, for instance,
that the air near the earth’s surface is positive electrically
(and seldom negative), and that the potential increases
with the height, a general conclusion can be drawn that an
dlectric current, an equalising of the difference of potential,
istgoing on between the whole atmosphere and the earth.

As has been said above, this current produces luminous
phenomena or Polar light only when in a state of high
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intensity. When these manifestations appear, principally
in the Polar regions, it must be admitted that the current
there possesses the highest intensity. The effect of it must,
therefore, be more remarkable there than elsewhere.

Once convinced not only of the necessity for finding a
cause for the above-mentioned phenomena of the vegetable
kingdom in the Polar regions, but also for the existence
of the electric current from the atmosphere, I was strongly
induced to connect the two phenomena, and to regard the
electric current as the cause of the peculiar phenomena in
the vegetation, and all that has been said about these
peculiarities will find its explanation in this :—(1) The rich
harvests and their periodicity ; (2) the periodical increase
in the year rings of the fir woods; and {3) the needle-
formed leaves and the beards of the ears will, from this
point of view, only be the means by which the electricity
is conducted from the atmosphere to the earth. As the
intensity of the current is highest in the Polar regions, its
effect must also there be the greatest.

It must nof be overlooked that electricity has hitherto
been regarded as of little or no importance in the complex
life of a plant, and a great effect from its application
was not anticipated. From a further consideration of the
subject it will, however, be clear that this conception must
be changed, and that electricity must be numbered among
the principal factors in plant life.

- THE EXPERIMENTS.

§ & Since the year 1746, when the Scotchman, Maim-
bray, made his experiments on the influence of electricity
on two myrtles, a great number of researches have been
performed to examine this influence. The most strikify
feature of these experiments is that they are always con-
tradictory. Hardly has one explorer obtained favourable
results before another presents himself with directly oppo-

-~
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site ones. A closer scrutiny shows é\hat a favourable result
is obtained every time the experlmenfs are executed with
artificial electricity—namely, with almachine. Exception
shows only one case in which negative electricity was
employed. The experiments have neyer been executed on
a large scale, because the method wag not convenient. In
the case when the method was intended to spread the
electricity over a larger field its application seemed to
present much difficulty.

The cause of the contradictory results has been searched
for under 'conditions of only occasional occurrence—for
instance, difference in soil, different .illumination, &c.
Without denying that such circumstances can exercise a
very great influence, my more recent experience has shown
that these contradictions can be explained without refer- -
ence to chance. Consideration of all the evidence I have
obtained shows so decidedly that electricity exercised a
favourable influence on the growing plants that I found a
new examination of the question necessary. ﬁ\

My first experiments, the aim of which waso test the
usefulness of the method, were carried out in the physical
laboratory of the University of Helsingfors. Omitting
a number of experiments, the results of which only
encouraged me to continue further, I will enumerate the
first definite experiments made, from the beginning of May
to June 24, 1885 :—

(1) Before a window looking to the south three small
compartments of cardboard were constructed, and on a
table within were placed two flower-pots in each compart-
ment. In these pots were sown barley, wheat and rye—
four grains of each sort. The grains of every kind were
of the same weight and appearance. Over the pots was
hung a net of wires provided with points, separated from
each other and insulated. The soil in the pots was connected
with the earth by tinfoil in such manner that, when we
call the compartments 1., I1., 111, the electric current from
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the positive pole of a Holtz electric influence machine was
going in )
I. From the points in the air to the soil.
1I. From the soil in the pot to the points.
III. Without wires.

The negative pole of the machine was conducted to earth.

The pots were watered with water of the same temperature
and of the same quantity in every pot. After certain
intervals the plants were measured as to their height, and
the leaves both as to breadth and length.

A week passed. We could already see a remarkable
difference. The plants in the compartments I. and IIL
developed much more strongly and more rapidly than in
ITII.  The electrical machine was kept working five hours
daily. The experiments were continued to June 24th,
when the increase of vegetation in I. and IL. under the
influence of the electric current was estimated to be 40 per
cent. beyond the result in III. As the soil in the six pots
was exactly alike, the cause of the greater development
must be sought in the electric current.

The difference between I. and I1. was barely perceptible,
though the current in I. was + and in II. —* No differ-
ence between + E and — E is shown in these experiments.
(See.also p. 11 on this point).

(2) In the summer of 1885, the first experiments were
performed on a field. This was a small barley field on the
farm of Mr. W. Lemstrém, in the parish of Vichtis, in the
south of Finland.

Though the external circumstances were unfavourable,
dryness being prevalent,t the results were very satisfactory,
the part of the field under the electric current giving an
increase of about 35°'1 per cent.

(3) In the summer of 1886, the experiments were
executed on a garden field belonging to the Garden Soctety

* <+ stands for positive current, — for negative current,
t That dryness would be unfavourable was not known at this time, but this
will be seen later on.
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in Helsingfors. The plants came under treatment in such
a way that half a garden bed of about 7 metres (23 feet)
in length was under the current, the other half serving as
“control.” The following are the results in percentages :—

Per cent. } \ Per cent,

- increase. [y \ - inc. or dec,
‘White beets ..... T +107°2 V}\a\rden strawberries in
Potatoes ............... + 76'2 | agreenhouse......... *
Red beets... .. ........ + 6529 | €arrots ......ocoeeiennnn. - 512
Radish ....... frt s + 591 [}urnip- cabbage ... - 5§23
Parsnips ... ........ + 54°45 bbage ............... - 4358
107:170) TSP '+ 42'1t [FTarnip-cabbage ... '+ 18
Celery ...... ... .. + 36g0 Turmp .................. S+ 258

> Sré? below. \1‘ Kohl Rabi,

A singular circumstance was that\_\ve could not, during the
summer, see any difference between the experimental and
the control field,and we were on the point of believing that
no difference at all would appear in the harvest, but, from
the table above, it seems that the difference was very great.’

The most remarkable fact in this table is that some of
the plants seem as though favoured by the electricity while
others derived no bencfit and were apparently injured by it.
Among these last mentioned cabbage is prominent. It is,
however, not necessary to discuss this inequality here, as it
was later discovered that it had its cause in the'want of water.

The strawberries, planted in pots, were in a greenhouse
and ranged in three compartments, separated from each
other by walls of cardboard. In every compartment were
two pots, and in the first 4 electricity in the second —(E)
was given, the third being without E. The berries ripened
in the first batch in 28 days, in the second in 33 days, and in
the third in 54 days. The effect of the current was, there-
fore,toshorten in an astonishing manner the time of ripening.
Flere we have a marked difference between the + E and the
~YE, the former having a greater stimulating effect.

In the same summer (1886) a first experiment was per-
formed on the estate of Brodtorp, in the parish of Pojo, in



12 ELECTRICITY IN AGRICULTURE

the south of Finland, whose owner, the Baron E. Hisinger,
I had the good fortune to interest in the experiments, and
to whom I am under a great obligation for assistance in all
directions given with the utmost courtesy and kindness.
The experiments, executed on a wheat field of exceptionally
good development, began first on June 2o0th, when the
wheat was just flowering. When the crop was sifted in
first and second qualities the result was:

On thejexperimental field (0'5 hectare). On the control field {0'5 hectare),
1,226°2kg. 1,292'5kg.

198-1kg. 1st quality, 1,028'1kg. 2nd. 126°'1kg. 1st, 1,166-4kg. 2nd.

As thejexperiments began as late as the time of flowering

of the wheat, an increase of the total crop could not be
expected, but only an improvement in quality. That had
really been the case, and we find that the first quality is
augmented on the experimental field by 57 per cent,

(4) As the experiments hitherto performed had, as shown
above, given very encouraging resxilts, we were induced to
make an extensive series of experiments at Brodtorp in
the year 1887, to which Baron Hisinger consented and
gave, as before, his friendly assistance.

We give below the results obtained, and refer the reader
to the extensive treatment of this subject in the Paper
« Expériences sur PInfluence de I'Electricité sur les Végé-

taux 7 —* Average increase
per cent,
377 | The experiments came about so late } ]
Rye‘.. { 15'77: } that the ears began to be formed... ro'e
o7
Wheat { S/ } ........................................... 451
9'5/,
ORLS ceet i e 54'0
Barley ..o 850
O P 450
POatOES .eininiii e 243
Red beetn. i, 317"
Raspberries ..o 95

* ¢ Commentationes varise in memoriam actorum CCL. annorum.” Edidit
Universitas Helsingtorsiensis, 1890 ; and in the Electrical Review (London),
November 4 and 25 and December 2 and 16, 1898,
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As in the experiments which took place in the field of the
Garden Society at Helsingfors, a number of plants showed
even here a decided decadence. The most prominent were:—

CarrotS vevnnncii et - 479
Peas cooooi — 471
Swedish turnips ........ocoovveiiiiii -135'5
TODbACCO «iveviiiinii i —127°4
Flax ooovineii i, 1.6
Cabbage ............ooeinius e 5 45

: \
The varieties were partly the same as in the field of the
Garden Society, the new ones being flax, tobacco and peas.

(5) The results obtained by the experiments made up
to 1887 were very encouraging to a continuation of the
studies of the phenomenon ; but still many problems& were
yet to be solved. Among these were the following :-%

Do we obtain the same results as in Finland ifi the
experiments should be performed after the same method
in another part of the globe, or, in other terms, would the
effect be the same independent of the latitude?

Considering the great importance of the whole question,
any publication of the results without having given an
answer to that question would, perhaps, have been fatal.
The first and most important point of all was to raise the
necessary funds. That great difficulty was overcome, and
by Prof. E. Mascart we were introduced to Baron A.\
Thenard, who gave us permission to perform the experi-
ments on his estate at Castle Laferté, in Burgundy, and
also his support where it was needed.

Of the exposition hitherto made, it seems that the
greatest difficulty with experiments in the open field is to
get a homogeneous soil on both the experimental and control
fields. But that is not all. The fields must.also be uniformly
lighted by the sun. The shadow of a tree can be of great
corlsequence if it falls unequally on both fields, and that
circumstance will be more effective in the case of a
summer with, in general, bad weather. The summer of
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1888 was exceptionally bad, and fatal to the experiments
on a number of plants, because the field on which they
were carried out was not suitable in many cases. It has,
therefore, been necessary to exclude a number of doubtful
results ; but for further details we must refer to a more
complete publication, “ Expériences sur 'Influence de I'Elec-
tricité sur les Végétaux.”* Here we give only the results
which were certain and of consequence for our purpose.

The plants which were objects of suitable experiments
were :—

In the garden : Raspberries, peas, onions, carrots and cabbage.

In the field :  Wheat, oats, maize, red beets and white beets.

The results gave an augmentation in the following pro-

portions :—
Wheat ..o about 212 per cent.
1(i){at's .................................... " 18'2 ’

AlZE it y 2" ’
Raspberries  ........ooiiiiinne. » 428,
Red beets ..., s 1674,
Peas .o » 750
Beans ... » 364,

Among the plants treated were strawberries, which we
must consider separately, because the experiments on them
were most instructive. On the experimental field were 315
plants, and on the control field 392 plants. The experi-
ments began April 18, 1888, and were continued day and
night. On the plants were, at the beginning, only leaves,
but on April 29 appeared the first flowers on the experi-
mental field,and eight days later on the control field. During
this interval of 19 days there were four days of rain, and, as
the machines are not effective under conditions of rain and
moisture, the time of active action was reduced to 13
days. The development of the flowers on the experimental
field was, therefore, twice as rapid as on the control field,
and the plants of the former field possessed an appeararie
of much greater activity than the latter. This state of things

* See Note on page 12.
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continued to May 18, but then followed eight days with
a burning sun and warmth exceptional even for Burgundy.
From this time the plants on the experimental field began
to languish, and the berries gathered between June 7 and

21 gave—
Experimental field............ 8-065kg. or 157 g. from one plant -
Control 99 eeeeevinens 7°245 kg. or 185 g. ,,J-\

or 151 per cent. less from the experimental field.

1y

A difference in quality was also noticeable, the‘ berries
from the control field being fresher and more fragrant, those
from the experimental field sweeter. It was evident that
the electricity had damaged the plants. Rightly tp esti-
mate the damage, the number of fruits was couni)ed to
be on the average 16 on every plant on the experirf‘lental
field, but only eight on the control field ; the fecundity had
been twice as great on the experimental field. \

The cause of this unexpected change in the devélop-
ment must be sought in the electric current, and the con-
sequence is that the quantity of this agent must be
lessened in times of burning sun. But it will be seen that
an equal watering of both fields should have altered the
result in favour of the experimental feld.

We must, then, conclude that electricity is not so harm-
less that it may be given in an unlimited quantity; the
external circumstances must be carefully considered. The®,
same damaging through the burning sun happened with \
maize, which, in the beginning of May, showed an evident
greater activity on the experimental field than on the
control field, but was found afterwards to decline.

In all the series of experiments the results showed that
some of the plants were not favoured by electricity. Among
these were carrots,cabbage,rooted cabbage, tobacco and peas.

Puring the experiments in Burgundy it happened that,
besiles the areas upon the field, there were fields of experi-
ment and control both for carrots and peas in the garden.
These four small fields, being of the same size, were equally-
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watered ; care was taken that every field should receive
the same quantity of water. The result was that the
carrots gave an increase of 125 per cent, and the peas
{after careful estimation) 75 per cent.*

The results so far showed, therefore, that, if electricity
is applied according to the above-mentioned method,
favourable results were obtained equal to an increase of 40
to 80 per cent. It had, besides, been shown that elec-
tricity administered at the time of strong sunshine was
damaging to the development of the plants. One other ex-
perience gained from these experiments is the following :—

The more fertile the soil and the more vigorous the
vegetation the more stimulating will the effect of the electric
current prove. A number of results show this. We will
compare two experiments on potatoes and red beets, the one
made on the field of the Garden Society, the other on the
field at Brodtorp. The former field possessed all the
properties of garden soil, the latter was little better than
ordinary farm land :—

Garden soil. Field.
For potatoes there was an increase of 76°z per cent. | 24°3 per cent.
For red beets » ” 653 317 »

Electricity will, in a high degree, accelerate the ripening
of fruits, berries and roots, and probably develop more
sugar in them. The former effect is well shown by
experiments on strawberries and raspberries, the latter
will be the object of further investigation.t

In the greenhouse the strawberries under electrical
treatment ripened in an average time of 30 days, while 24
days more, or in all 54 days, was necessary for the berries
without the benefit of the electric current. The same was
the case with raspberries on the open field in Brétdorp,
though the difference of time was there only 17 days. The

- Y
* The peas were, shortly before ripening, purloined by pigeons.

+ See the analysis of sugar beets in the experiments of the summer of 1902
and 1903 on page 47.
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development of sugar has been stated in an analysis made
in France on white beets, giving an increase of about
18 per cent. of sugar,* to which the remarkable augmenta-
tion of the sweetness of the strawberries, in the same place,
is additional evidence. {

Comparing the experiments me'\'\de in southern Finland
and in Burgundy, we find the resuplts\lin general to be the
same, but the increase seems to beiless in Burgundy. We
must, however, remember that tht weather during the
summer of 1888 in Burgundy was \;xceptionally bad, and,
considering the law of greater devé“lopment in the more
vigorous vegetation, we cannot assert'that the fact of a less
increase per cent. in southern regions is sufficiently proved.

§ 8. Experiments continued.—After along interval the ex-
periments were resumed in 1898. Some of the questions still
remained unanswered. Amongst these was the question :
What time of the day is the best for applying electricity,
and is the effect proportional to the time during which it
is applied ?

During the interval between the experiments a new type
of influence machine had been constructed, with cylinders
instead of plates, rotating in the opposite direction. This
type of apparatus, which has since been modified again,}
came in use in the summer of 1898, when the experiments
were carried out at Villa Kammio, near Helsingfors, where
Dr. W. Lybeck had kindly given a piece of land in his
garden and a room for the machine. In these experiments
the soil for the experimental field, as well as for the control
field, was divided into two parts, whereby its properties were
equalised. The machine was in motion from 3 a.m. to 9 a.m,,
and from 4 p.m. to 8 p.m., or about eight hours daily.

The experiments began on June 17th, and by the middle
of Ju}y tobacco plants on the experimental field showed so
evident a superiority that photographs of both fields were
taken, one of the experimental field and one of the control

* See result of the analysis on page 47. 1 See Fig. 5, page 21.
¢
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field. Two of these photographs are represented in Figs.
I and 2 on the opposite page.

The machine had been at work for 164 hours when the
photographs were taken. The difference between the
experimental and control fields was estimated at 40 per
cent. The experiments were continued till August 24th,
and the harvest gave :

From the experimental field 16 plants weighing 18 kg.
» control s I6 4 ’ 13 ke.

or nearly 39 per cent. better result on the experimental field.

The fields were situated on gently sloping ground, and
were divided into two sections, an #pper and a lower one,
of which the upper was watered with 50 per cent. more
water than the lower. The results were:

Carrots an increase of 87 per cent.

White Beets ,, 112 ”
Beans . 'L,

Of thé carrots, the upper and more watered field showed
the above increase; of the beets, on the contrary, the lower
or less watered. The remaining fields showed nearly the
same result. The short time (only eight hours daily)
during which the machine was in motion exercised a con-
siderable influence on the results.

We must here call attention to a singular circumstance
concerning these experiments. It seems that the tobacco
plants bad by middle July, or during the time I could
personally survey the experiments, already given, approxi-
mately, the surplus that was attained in the final result.
Therefore, it appears as if the electricity had no increased
effect over the interval of more than a month during
which the experiments were continued. This strange cir-
cumstance gives rise to the supposition that a defect, not
seen by the person in charge, belongs to these experiments.
I suppose that the machine had been running uncharged
during the greater part of this time without this fact being
observed. I was myself on a journey.
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§ 6. The following year, in the summer of 1899, the
experiments were again removed to Brédtorp, where Baron
E. Hisinger, with his usual benevolence and never-failing
interest, gave us some land and caused the necessary work
for the culture of the plants to “‘é continued. As stated
above, the greatest difficulty in d ¢h experiments, when a
comparison between the harvest ftom two fields had to be
made, lies in obtaining homogentous soil—that is, a soil
which fully possesses the same qualities of fertility. As this
is dependent not only on the eleménts of which it is com-
posed, but also on the depth of cultlvatlon and humidity of
the soil, the choosing of the land is,very difficult. In order
to overcome these difficulties, at leasf to a certain degree, the
following method'was introduced. It will be best illustrated
through Fig. 3 below :—

G B

t

CII x EH CIII

Go, | Sb, | Go, | Sb, { Ca, | Ca, | Po [ Po.
Sb, Go, Sb, Go, Po || Po Ca, Ca,
Go, Sb, Go, Sb, Ca, Ca, Po Po
R, R, Sb, Sb, Tr Be, Pe, Pe,
Sb, Sb, R, ! R, Pe, \ Pe, Be,

H
- |
Cu Cu Cu { Cu Tr | Trx T | Tr
!
l
i

R, R, Sb, ' Sb, Be, Be, + Pe, Pe,’
W, || W, st St, | O, . B, | B
St, St, W, W, B, A 0, | O,
W, W, | St St, o, | O. B, | B,

FiG. 3.

The plants taken under experiment were
Cereals :(—Wheat=W; W, W; Rye=R; R, R, Oats=0; 0. O, and
Barley=B; B, B,
Skell Vegetables :—Peas=Pe; Pe, Pe; and Beans=Be.
Roots : —Sugar Beets=Sb, Sb, bb3 Carrots= Ca, Ca, Ca,, and Potatoes = Po.
Fruits: ——Goosebernes—Gol Go, Go;, Strawberries=St; St, St;, Currants

u.
Clover=Tr, and Cabbage®=Sb; Sb, Sb,.

TFhe tobacco was grown in fields which in August, 1899,
were sown with rye, and the raspberries were in fields where

* Cabbage was in the summer o 1900 sown on the lower squares marked

Sb, Sb., &e.
n9
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the wheat was sown. The former had little, the latter no
success at all. The columns with superscription C;, Cyp, Cont
signify control fields, those with E, and E; experimental
fields. As shown by Fig. 3, every sort of plant had three.
experimental and three control fields.* Each field was
5 square metres (16'5 feet), and the different control and
experimental fields were separated by a space 5 metres broad
sown with oats. These fields were reaped green.

o

I
o

L

R N A

i

Fig. 4.

Among the plants\ which weré under experiment during
the first year results could not be expected from currants,
gooseberries, strawberries and clover, or from wkeat
and rye, which were sown on August 21st. For the most

* Except currants, clover and beans, where some fields were missing.
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sensitive plants, such as sugar beets, carrots, beans and
cabbage, the soil during 1899 was not sufficiently cultivated,
and so a result from them could not be expected, particu-
larly when we remember that the greatness of the percent-
age of increase depends on the vigour of vegetation.
There remained this year, therefore, only barley, oats, peas
and potatoes.

One might think that all inequalities in fertility would be
eliminated when the experimental squares and the corre-
sponding control squares are situated in the manner shown
in Fig. 4, where the squares under C are control fields and
under E experimental fields ; but that was not the case, for
the soil represented in Fig. 3 under the last column, Cyy;
showed such a superiority over the soil in the columns
marked C;; and E,,, that the given results would, without
observing this fact, be erroneous. To obtain a reliable
result, it will, therefore, be nccessary to graduate the soil
according to its fertility.

[f to all the squares under E,; the value 1 is given, the
squares under Cj, must be put ==1'4, and the squares
under C;; =08 The harvest from the squares under Cj;
must be divided by 1°4, and under C,, by o8, In this
way we shall attain, not the reality, but a minimum of
increase.

By this graduation wc had a good proportion of oats
growth in the fields which lay between C,; and E;; and
between E;; and C,;,; the growth in the latter was at least
twice the former.

The new influence machine was used on these experiments
(see Fig. 5), with cylinders of about 30 cm. in diameter
and 40 cm. in length. [t was kept in motion about eight
hours daily, from 7 a.m.—11 a.m. and from 4 p.m.—38 p.m.
This rule could not,however, be regularly followed,especially
in mid weather. In case of rain the machine ceased to
work. On the other hand, the machine was at work during
a longer period in cloudy days, when it was not to be
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feared that electricity with sunshine would exercise a
damaging effect. In such a way the machine worked
From June r15—30,an average of 6°5 hours daily.

IR ]Ul)’ I—I§ 1] 6.5 3
2 12 16'—31 3] 6.3 2
, August 1—15 ” 77 "
3 E) 16—31 3] 63 3]
[E] SePt- I_IS E2] 67 L2l
” » I6"‘24 » 62 IH

Thefieldsweresown on June 14 and 15,1899. Watering, as
equally as possible, was done on June 28, 29 and 30,
July 4, 5,7, 14, 18 and 19, and on August 2. Rainy days
were: During July, 4; August, 11; September, 11. The
insulated wire net was laid out round the flelds E; and E;
in such a way that a galvanised iron wire of I'§mm. in
diameter was drawn on posts round the field, and on this
wire were extended cross-wires at a distance of 1'25 metres
from each other. The wires were fixed on the posts with
sheltered insulators of ebonitc.

RESULTS.
Oats.
EXPERIMENTAL FIELDS. CONTROL FIELDS.
No. Weight. No. Weight,
S 34°9kg. ) SR 30'okg.
2 e 383 ,, 2 —
TN 39°5 » ; K ST 279 ,,
Average increase ...... 28°7 per cent.
Barley.
I ... 4z°1kg i I oo o 37'7kg
2 ... 361, ‘ 2 31°9,,
3 i 42°1 ,, L ST 29°0 ,,
Av(rage increase ...... 23’0 per cent.
Peas.
SO 41°2kg. ) | SOOI 42'7kg.
T 35°3 5 } 2 e 393 ,,
3 e 35°5 5, l 3 e, 391 ,,
Average decrease ...... 7'5 per cent.
Cabbage. N
Weight of a | Weight of a
Number. Weight. Plant. | Number, Weight. Plant.
Io..... 48 s5316kg. 17167kg. | 1 ... 43 3870kg. 0°'89gkg.
2. 50 57°37, 1'448, |z... 48 7304, 15434,

K T 48 4888, 1018, ‘3 ...... 43 6905, 1600 ,,
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Sugar Beets.

EXPERIMENTAL FIELD. CONTROL FIELD.
Leaves. Roots. { Leaves. Roots.
) SRS 17-21kg. ...... 11°05kKg. | I.eons 26°35kg. ...... 13°18kg.
2...... 2670, ...... 1828, 2. 1785, ... 978 ,,
Foeonen 1764, ... 1105, ' 3ee.... 20733, eeeees 1360 ,,

As the number of plants was equally distributed over all
the fields, we can here compare the average of the weight
of the roots. This gives an increase of 104 per cent. for
the experimental field; but as the growth in the roots
depends upon, besides other circumstances, the greater or
less number of leaves which the plant is spreading in the
air, it is preferable to compare the squares where the
weight of the leaves was nearly alike—that is, the experi-
mental fields 1 and 3 and the control field 2z, and likewise
experimental fleld 2 and control fields 1 and 3. The

former gives an increase of 130 per cent. and the latter
338 per cent.

Carrots.
Only two squares could be compared with each other, in
consequence of the unequal development in the other fields.

EXPERIMENTAL FIELD. ‘ CONTROL FIELD.
Number of | Number of
Plants. Leaves. Roots, @ Plants, Leaves. Roots.
469...... 6:38kg. ... 1891kg. | g5oz...... 486kg. ... 14'72kg.
Weight of a root, o'oqo3kg. ' Weight of a root, o'o293kg.
showing an inctrease of 37'5 per cent.
Potatoes.
EXPERIMENTAL FIELD. ‘ CONTROL FIELD.
Number of | Number of
Plants.  Leaves, Roots. | Plants.  Leaves. Roots.
} ST 175 2763kg. 5313kg.| 1.0 175 21'04kg. 36°13kg.
2. 187 2614, 4824, |2...... 190 19°'I3,, 3491,
[ (4887 ,,)*
KERTRES 197 2338, 4930, |3 193 19'13, 30°36,,
(4250 ,,)*
Average harvest of a plant, Average harvest of a plant,

o27kg. | o'18kg.
Per cent. of increase, 50'0.

* The numbers in parentheses are those actually received
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The remaining plants gave no results, partly because this
was their first year of growth, partly from other causes.
The beans, for instance, were destroyed by night frosts.

When, in considering these experiments, we take into
account the imperfect cultivation of the soil and the late
sowing, they show, in general, the same results as during
the previous years’ experiments.

The decreasing tendency of cabbage and peas has been
observed before, and shows only that the watering has
been too little, which was the case at the beginning of the
experiment during the month of June.

The experiments made in the year 1899 might, in general,
be regarded as a preparation for the following year, 1900.

As the growth was under the average, the consequence
must be a low increase per cent., according to the law
stated above. This had really been the case. Remember-
ing that the electricity was applied only during 65 hours
daily, we must regard the results as satisfactory.

§7. The experiments were continued during the year
1900, and were chiefly undertaken for the purpose of
finding out the effect that electricity exercises during the
night.

As the wheat and rye were this year observed with special
attention from the sowing onwards, we will devote to them
a separate description. From 1899 there were in the fields
gooseberries, currants, strawberries and clover, which, like
the other squares, were manured. The fields were also
thoroughly cultivated, beginning in the autumn of 1899.

The sowing of barley and oats was done on May 3oth.

» » potatoes ' ” June sth.
»”» ” carrots ” ' ,, Oth,
» » beans and sugar beets ,, s,y 7th-8th.

The germinating in the barley and oats squares began at
the same time on both the experimental and the conhirol
fields. The germinating of sugar beets, carrots and potatoes
occurred at the same time, and the flowering also was



AND HORTICULTURE. 25

contemporaneous on both fields, so that regarding these
no inequality was observed.

The influence machine was at work all the time it could
be charged from June 2nd to 18th, and likewise from
September 6th to 13th. During the rest of the time it
was at work, with small changes, from 7 p.m. to 7 a.m.

Average No. of No. of

Period. hours daily. Length of spark in mm. days.

Day. 7I\'ight.
June 2-18...| 17°0 day and night | 1'5t0 2’2 o'5to 19| 8

» I9-30...| 10'5 night 0’5, 15 o2, 08 —*W

July 1-15...| 86 ,, r's seldom o3 ,, o5 | 4t

» 160-3I... 107 1'5too8 o1, 08 1]
; seldom

Aug. 1-15.... 7°2 ,, ‘ Very short 1§

» I6-3T...0 76 , — o1, o5 | 3t

Alternating -+pole %nd - pole every day.

Sept. 1-13...| 12°5 night and day 1'5 o1y 03| 5l

The spark-length between the discharging balls was
measuredT at the time of setting in motion, when it was
stopped, and sometimes while it was going on. In general
this length is very variable, as will be seen from the above.
The spark-length is the measure of the potential to
which the wire net can be charged, and depends on
external meteorological conditions, the most significant
of which is the humidity of the air. The faster the elec-
tricity is streaming out from the wire net the lower is the
potential to which the wire net can be loaded by means of
a machine of given strength. The electricity meets in
such/a case with smaller resistance in the air-layer between

* The sky often clear. 1 Clear and half-clear. § Cloudy and clear.
§ Misty. || Cloudy and hali-clear. - T The length of spark was measured
in millimetres =0"04in.
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the wire net and the plants. This resistance is, in general,
greater in the day, the air being drier, than at night, when
the air is more humid. The electrical air-current which
goes from the wire net through the plant is, therefore,
different during the day than during the night. The plants
show in their life cycle essential inequalities during the
day and the night. It is for this reason that the electrical
treatment was in 1900 restricted to the night hours.

Barley.
EXPERIMENTAL FIELD | CONTROL FIELD.
Straw. Seed Straw. Seed.
Looeees 7°oky. ... 1°950kg. T 4'25kg...1°686 (1°350)kg.*
2. 80, ...18c0,, 2. 7°00 4, ...1°926 (27200} ,, ¥
Zeeenns 65, -..2'850,, Zeeenns 8-00,,...1°608 (2°250) ,, *
Increase ...... 26°4 per cent.
Oals,

The oat fields showed this year such great inequality
that no sure results were to be expected from them. They
were situated a little higher on the squares where the
carrots were planted in 1899. This inequality was due to an
old ditch, which some ten years previously had been filled.
This ditch went through two of the experimental squares,
and lowered their fertility in such a remarkable way that
comparing them with the other squares with a prospect of
sure results was out of the question. My opinion is, how-
ever, as I had an opportunity of following the whole
development during the summer, that the electricity exer-
cised so great an influence that the effect of it was about
the same as on the barley above.

Peas.
EXPERIMENTAL FIELD, i CONTROL FIELD.
Straw. Seed. | Straw. Seed.
Ioo.... 7°5kg.... o'8rokg. ‘ Tooeen 4'0kg.... 0’506 (0°405)kg.
2. 4°5 4, -.. 1'003 ,, 2. 50, ... 0716 (1°003) ,,
Zeeenes 50, ... 1'205 ,, 3o 60, ...0716 (I'OO%) ”
Increase ...... 55°'7 per cent.

* The numbers actually received are put in parentheses.
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Potatoes.,
EXPERIMENTAL FIELD. CONTROL FIELD.
Number of Weight of Number of Weight of
Plants, Reaped Potatoes. Plants, Reaped Potatoes.
I.. 150 ...... 19°:30kg. T T......... 128 ... 16'50kg.
2.. 121 ...... 20°50,, 2.0 112 ...... (3770) ,,
K TTTS 127 .ones 17°40 ,, K T —_

If the control field 2 is excluded, the increase will be
seen to be 170 per cent, a number very little different to
that obtained previously. So the result must be regarded
as very uncertain.

Carrots.
EXPERIMENTAL FIETLD. CONTROL FIELD.

Leaves. Roots, Leaves. Roots,
I...4'950kg....13 500kg. " | 1...2'gockg....8'125 (6'500)kg.
2...8'000,. ...20'800 ,, - 2...4'500 ,, ...9°428 (13'200) ,,
3...6'800 ,, ...17"700 ,, |3...57200 ,, ...9°429 (13°200) ,,

Increase ...... 927 per cent.

Sugar Beets.

EXPERIMENTAL FIELD. CONTROL FIELD.
Leaves. Beets. Leaves. Beets.
T...... 140kg. ...... 19°70kg. T 10°15kg. ...... 15°30kg.
2. 14°3 4 oo 21°10 ,, 2o I16°50 55 .v..en 1820 ,,
3eeiins 116, ...... 2320 ,, Soeiien TI'50,, «.on-- IT'50 ,,
Increase ...... 42°2 per cent,
Clover.

The number of experimental fields was two and of
control fields three. One of the experimental fields
suffered from the same cause as mentioned above con-
cerning the oats squares, and must, therefore, be left out
of consideration. If the second control field is excluded,
so that only the two control fields situated on both sides
of the experimental field come into consideration, the
results will be—

EXPERIMENTAL FIELD. CONTROL FIELDS.

Hay. Seed. ~ Hay. Seed.
I..... o 1ookg. ...... 2-20kg. . | S 87ke. ...... 2'20kg.
Fevreeinns 80, ... 168 ,,

The average gives an increase of 19°8 per cent. hay and
134 per cent. seed.
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We must, however, regard this result as uncertain, because
the control field 1 showed from the beginning a high degree
of development, and had to be excluded from comparison.
Control field 3 was again situated in the column of squares
the fertility of which was too great. When we take that
into consideration, and use the same minimum number of
reduction as above, or 14, the increase will be

751 per cent. hay and 833 per cent. seed.
The uncertainty is, however, great in this experiment,
and the percentage of increase can hardly be determined.

Beans.
EXPERIMENTAL FIELD.
Harvest. No. Weighting. No. Weighting. No. Weighting.

Aug.29th ... 1 ... 855 ... 2 ... 1,250 ... 3 ... 1,085
Sept. oth ... 1 ...1,150 ... 2 ... 1,170 ... 3 ... L,280
2,005 2,420 3,265
CONTROL FIELD.
Aug. 2¢9th ... 1 ... 390 ... 2z ... 2,850 ... 3 1,725
Sept. oth ... 1 ... 910 ... 2 ... 1,220 ... 3 1,400
(1,300) (4,079) (3,125)
1,625 2,232

If the control field 2 is excluded, as the fertility is too
great for comparison, and if No. 1 is divided by o8 and
No. 3 by 14, the increase will be 36'6 per cent.

At the same time, it seems that the first average harvest
from the experimental field will surpass that from the
control field if the latter is treated in the way recommended,
which shows an earlier development on the former.

Currants.

On the squares planted with currants, the number of
bushes which had begun to grow in the experimentalNMield
and in the control field was very different, so that, regarding
the quantity, no comparable results could be obtained.
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Gooseberries.
Of gooseberries, on the contrary, the following harvest
was obtained :—

EXPERIMENTAL FIELD. CONTROL FIELD.
Weight in g. Weight in g.
Aug. 23rd... 1 ... 137 Aug. 23rd... 1 ... 62
" 2 ..17§ »” 2 .12
» 3 . 75 ” 3 ... 169
Increase ...... 12'8 per cent.

That the effect of electricity has been great is, however,
seen from fields 1 and 2, where the experimental fields
have a great overweight. That the control field 3 has
such a great overweight over the corresponding experi-
mental field results from the greater development of a
couple of bushes. Excluding this number, the increase
will be 79'3 per cent.

Strawberries.
EXPERIMENTAL FIELD. CONTROL FIELD.

Harvest. 1 2 3 { Harvest. I 2 3
July 27 ... — ... 86g... 258 July27 ... — ... q1g8... —
w27 .0 — .o25 .. o— |, 27 ... — L. — ..—
Aug. 1 ... — ... 42 ... 6 | Aug. 1 ... — ... 26 ... —
’ 3 ... 10g... 23 ... I2 ’ " 3 ... 38-.. 8 ...10g
’ 8 ... Ir ... 13 ... 12 }' ’ 8§ ... 5§ ... II ... 19
» II ... 13 ... II ... 20 y II .. — ... 16 ... 11
Cyy I4727 — ...o22 ... I ’ » 1427 3 18 ... 12

Total ... 34 222 89 (  Total ... 11 120 ' 52

Though the harvest cannot be regarded as good, either
from the experimental field or the control field, the increase
on the experimental field is of such superiority that the effect
of the electricity is evident. The percentage of increase is,
on the average, from all three fields, 88:7 per cent. The
earlier development is also noticeable.

§8. On August 21, 1899, the rye and wheat were sown
in rows. The sowing began at 6 a.m., and was finished
at 7 pym,, in the following order :—

Control Fields ......... W, W; R, R..
Experimental Fields... R; R; W; W, W, R..
Control Fields ......... R, W..
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On August 28th the first rye-germs were observed ; un-
favourable weather delayed the germinating.

On August 2gth the rye-germs in the experimental fields
were much longer and more numerous than on the contro!
fields.

On August 30th the wheat had come up in all the experi-
mental fields, but only a few germs were observed in the
control fields.

On August 31st the influence machine was stopped.

On September 1st the germs were carefully observed in
allyithe fields. In the experimental fields they were remark-
aljly better and more numerous than in the control fields.

The difference in germinating time was 12 to 24 hours.

In a square of 4o cm? the number of germs were counted
and their lengths measured, as follows :—

Wiheat.
EXPERIMENTAL FIELD. CONTROL FIELD.
Number of  Average Number of Average
Germs, Length. Germs. Length.
b QO 43 ... — T ... 55 ereens —
2 s 50 ..u... 10°9 cm 2 . 49 ...... [o0'3 cm
3 aeeeen 69 ...... — 3 s 50 ...... —_
176 154
Rye.
EXPERIMENTAL FIELD. CONTROL FIELD. .
Number of  Average Number of Average
Germs.  Length. Germs. Length.
T ... 7L eenn — I ... 47 .- —
2 ennn 65 .. ... II1'5cm 2 . 54 .euens 10°8 cm
3 eenens 53 — 3 e 58 ... —
194 159

The growth on the experimental fields appeared tighter
and more developed.

During the summer of 1900 the experimental_ fields
provéd to be superior to the control fields both for wheat
and rye. On July roth in that year both rye and wheat
lay down so that the wire net came to stand higher than
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it ought to have done. The harvest was made on August
16th, and gave the following results in grammes :—

Wheat.
EXPERIMENTAL FIELD. CONTROL FIELD.
Straw and Seeci\ Straw and Seed
together together.
7 SO 24,800 \ ) SUOUROUODR 20,550
2 e 24,500 2 e 22,250
3 oereerienieneens 27,200 % K TR 20,800
Seed. i Seed.
1st quality. 2nd quality. Total% 1st quality. 2nd quality. Total.
. 6,000 ... 1,620 ... 7,620 I... 4,770 ... 1,300 ... 6,070
. 5,700 ... 1,000 ... 7,600‘ 2 ... 4,370 ... 2,700 ... 7,070
. 3,779 ... 1,500 ... 5,270}| 3 ... 4,600 ... 3,150 ... 7,750

As it seems that the experimental field 3, which gave
the greatest quantity -of stra\‘\‘i and seed together (27,200 g.
against 24,500 g. and 24,800 g in both 2 and 1), has given
the least quantity of seed,a mistake has clearly been made.
The most probable error is that a clerical mistake has been
made in writing 3,770 g. instead of 5,770 g.

Experimental fields 1 and 2 give an average of
5,800 1St quahty seed.
Control fields 1 and 2 " 4,570 » »

or an increase of 28 per cent. of 1st quality seed. The com-
bined increase is 168 per cent.

Rye.
EXPERIMENTAL FIELD. CONTROL FIELD.
Straw and Seed Straw and Seed

together. together.

) TR 19,900 1.0 ST 20,500

- 20,600 2 e 15,800

TR 18,750 TS 16,650

Seed. Seed.

1st quality. znd quality, Total. 1st quality. 2nd quality, Total.
. 3,460 ... 2,860 ... 6,320 | 1 ... 2,900 ... 3,260 ... 6,160
2 ... 2,380 ... 4,350 ... 6,730 | 2 ... 2,250 ... 2,560 ... 4,810
. 3,670 ... 2,710 ... 6,380 | 3... 2,050 ... 3,II0 ... 5,160

'1he experimental fields give an average of
3,170 1st quality seed.
H) control 19 ] ,400 »2 ]

or an increase of 32'1 per cent of 1st quality seed. The com-
bined increase is 28+4 per cent.
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§9. Comparing the results for both the years 1899 and
1900, they appear to be alike for barley and oats, or an
increase of 25 to 30 per cent.; for peas the decrease of 7 per
cent. has grown to an increase of §5'7 per cent.; and for
carrots from 37'5 to 927 per cent. In general, the per-
centage of increase was greater during the summer of 1900.
During the summer of 1899 the machine was at work, on
an average, for 6°5 hours daz/y; during the summer of 1900,
principally during #he nig/t, for 10 hours. The longer time
during which the machine was at work in the latter summer
will’ suffice to explain the higher increase, so we cannot
conclude from these results whether day or night is more
favourable for the electrical treatment.

When all the results received are taken into considera-

tion, the increase appears greater if the application of
electricity is continued by day and night. So we seem
entitled to suppose that there is a certain dependence
between the percentage of increase and the period during
which electrical treatment takes place ; but any declaration
that they are proportional to each other cannot be made
from the experiments hitherto carried out.
"~ As above mentioned, the electric current which goes
from the wire net through the plants to the earth is
different during the day and the night: during the day,
high potential and great resistance; during the night, low
potential and little resistance. It must be understood that
we here take normal conditions for granted—that is to say,
clear days and clear nights. During moist weather the
potential is low, and in case of rain the machine can be
continued at work only when a nearly constant spark is going
on in a gap (1mm.)) of the circuits to the earth, This was
not applied in the above-mentioned experiments, but the
machine was stopped.

It might now happen that the changes in the poténtial
and the resistance were such that the intensity .of the
current was constant, or nearly so; but upon this point our
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knowledge is. at present very inadequate. Most probably
the intensity in question isyvery variable. Hence it seems
that this relation between Qhe increase per cent. and the
period during which the electrical air-current exercises its
effects is also a variable quar'\__ti{*y, and that the effect of the
electric air-current is different under different exterior con-
ditions. This must be taken\into consideration in judging
the amount of the increase pe&centage.

As mentioned above, the greatest difficulty in determining
this percentage of increase lieg in the want of uniformity
in the soil. An augmentationof the number of squares
might perhaps lead to an equaljsing of the difference in
the average fertility of the soil;; but this will lead to
another difficulty—namely, that which consists in making
out the many squares. Much skill and foresight are neces-
sary to avoid confusion. ’

As will be seen from the experiments previously des-
cribed, there were for rye and wheat 12 squares (six for each).
It would have been ‘necessary to prepare each square
separately in order to attain positive Yesults. That mis-
takes might happen here is easy to \comprehend, and
some have really happened; but they were so apparent
that they could be immediately corrected. A To prepare
the whole soil beforehand would obviously have been too
costly.

A relatively satisfactory result could certainly be obtained
in the following way :—Two squares of 3 m. (108 sq. ft.)
are prepared with the soil from the field in which the elec-
trical treatment is to be applied. They must lie at least
5 m. from this field and from each other. The soil on both
the squares must be well mixed and put out in equal quanti-
ties in every square. One is put under the same electric
treatment as the field. If care is taken that the sunshine
and the rain will reach both the squares in the same pro-
portions, comparable results can be obtained. The increase
per cent. for the whole field can then be calculated.
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The experiments in the summer of 1903, particularly
at Atvidaberg, Sweden, showed it to be. necessary to im-
prove the method of control, as the constitution of the soil
will have a marked influence, especially in rainy summers.
Besides the above-described method it should have a wholly
artificial addition of well-mixed earth put into two boxes,
1m? in surface and {m. in depth, the sowing to be as equal
as possible in number and at the same depth. One of the
boxes should be placed under the electric air-current and
the other 1om. apart from the field under the same current.
The growth in these boxes will show the effect of this
current, and also provide the means to judge if the fields
have been of equal fertility.

In connection with these experiments, it is to me an
agreeable duty to express my best thanks to Baron E.
Hisinger for the warm interest he has taken in the work
and for the real support he has given it.

HOW .DOES ELECTRICITY EXERCISE ITS
INFLUENCE ON THE PLANTS?

§10. During the summer of 1898 some experiments at
the Physical Laboratory of the University of Helsingfors
were performed regarding the state of liquids in capillary
tubes under the influence of the electrical air-current.
These experiments were continued in the spring of 1900
by myself, assisted by a student (R. Bengelsdorff), and in the
autumn and winter of 1901 with the aid of another student
(V. J. Laine). The most important of these results may
here be cited.*

If a capillary tube is lowered into a glass of water united
electrically with the earth, and a fine metal point, in con-
ducting connection with the negative pole of an influence

* See the Author, “ On the State of Liquids in Capillary Tubes under
Influence of Electrical Air-Currents,” Ofversigt af Finska Wet. Soc., Forh.
Bd. XLIIL, 1901. In German: Drudes Annalen. 1901, § Bd., p. 729.
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machine, is placed above the capillary tube, when the
machine is started water-drops will appear after some
seconds in the upper part of the tube. It is assumed that
the inner surface of the tube has been moistened just
before, and that the positive pole of the machine is united
with the earth. The water climbs up the walls of the tube
and forms one or more drops or small water cyligders. The
quantity of water which in such a way ascends in the tube
is proportional to the square of the distance of the point
from the meniscus of the water pillar in the tube, and is
\dependent upon the length and diameter of the tube and
'the resistance in the circuit. 1

The positive pole exercises no influence, so that this
effect is produced by the current from the earth through
the liquid in the capillary tube tq the point. Wﬁen the
connection with the earth is removed, all effect peases
Hence it follows.that an electric current is produced by
which the liquid is drawn up in the positive direction.'

The application of this phenomenon on the method ‘used
in our experiments on growing plants is as follows :—The
electric current produced by the influence machine when
its positive pole is earthed goes from the earth through the
plants to the points of the insulated wire net and back to
the negative pole. This causes an ascent of liquid or juicg
in the capillary tubes of the plants, and produces in suck a
way an augmentation of the energy with which the civculation
of the juices is going gn.

During the experiments made hitherto the insulated
wire net had been united with the positive pole of the
influence machine, and had thus been made positive, in
analogy with Nature itself, where the potential of the air
is ordinarily positive. A thorough investigation of the
influence machine resulted in detecting the following pecu-
liarity, not beforé observed by me: As the machine, pro-
vided with Leyden jars at both poles and with the one pole

earthed, is stopped, after having been again moved and set
DZ4
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in movement afresh there will occur a change of poles.
This change easily escapes the attention of the observer.
Such a change of pole might, therefore, have occurred
during the experiment by which the wire net had been
charged alternately positively and negatively.

For this reason it was very important to make a series
of experiments in which strict control over the direction
of the current was exercised. The experiments were
executed in the same way as the experiments mentioned
on pages g and 10, with, however, a few modifications,

Sixteen burnt clay pots of middle size (19 em. in
diameter at the upper side, 14 cm. in diameter at the
bottom, and 19 cm. in height) were placed before the
windows, four in number, facing south. The pots were
placed four in a line before the window. The earth
in these pots had been well mixed in a box and distri-
buted alike in all the pots. In each of 12 pots out
of the 16 was sown, on May 18th, 1901, 12 grains of
wheat, the same of oats and barley—two grains in the
middle, and in five symmetrically situated places also
two grains. In the four remaining pots were set strawberry
plants in the middle, and around them in three places
were sown carrots. The pots were placed in four sections,
one before each window, so as to stand in a row—the pot
with the strawberries and carrots inside, then the pot with
wheat, and last that with oats and barley. Every section
was separated from the other by screens of white paste-
board, and care'was taken that the light was the same for all.

Above the three first sections (I, II., I1I.) was suspended
by a thread of silk a wire net furnished with points 25 cm.
broad and 120cm. long, at a height of 40cm. above the
earth in the pots. Through the holes in the bottom of the
pots were introduced equal-sized strips of zinc which were
in conducting communication with each other and with
the earth in every section. The pots stood on plates of
burnt clay, and these on plates of thick glass supported
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by small pieces of ebonite, In Section IV, which ought
to serve as control, the pots with their plates stood on the
same kind of insulating layer, but with' no zinc strips
beneath nor wire net above.

After having found a new way to determine the 51tuat10r1
of the poles at [the influence machine, we could easily con-
trol this each time the machine was set in motion. When
the machine is 'hli‘(‘)wed to work without Leyden jars, and
its poles are atl&a ‘distance of 1°5 cm,, a stream of light
can be observed) between the poles. This fine light is
violet at the negatlve pole, ending with a bright point on
the surface of the ‘sphere but it is white and very bright at
the positive pole. ‘The change of colour in the light-current
does not take place in the middle, but is nearer to the
positive pole. .

The influence machine used on this occasion was of the
new type, with small cylinders (15 cm. diameter and 20 cm.
in length), and enclosed in a glass box, in which was placed
a little plate with sulphuric acid for the drying of the air_
The machine was set in motion by an electrodynamic motor,
into which was led a current of from five to six Daniel
elements. The negative pole of the machine was placed
in connection : r\

In Section I., with the zinc strips underneath the pots,
the wire net of thz\same section being led off to
earth ; )

In Section IL, with the wire net above the pots, the
zinc strips of this section being led off to earth ;

In Section III, with a commutator of ebonite (lying
on a plate of glass) through which a leading con-
nection could be produced, one day with the zinc
strips and the other day with the wire net, in the
same section. At the same time the commutator
effected a connection so that one day the wire netand
the other the zinc strips were united with the earth;

\ N

In Section IV., no current.
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The machine was kept in motion from 6 to 7 a.m. till
o to 10 am., and from 4 to 5 pm.to 8 to g p.m. In cloudy
and cold weather, which occurred very seldom, the machine
was kept moving a longer time, sometimes even all night.

We worked thus from—

May 215t t0 3ISt ..ooiiiiiiiie 9o hours daily.
June 1stto zoth ...l 9'9 »
July 1st to 3st .o 57 o ”
August 1stto 13th ... 82 , ”

From the middle of June the windows were kept open
" during the night in order to lessen the warmth. Watering
was done every day in measured quantities. For the first
two weeks Section II., or the section in which the current
- went from the plants to the wire net, showed the highest
development; but from this time Section I., where the
" current went in the opposite direction, began to take the
ascendency, and kept it till August 13th, when the experi-
ments ceased. This refers only to the barley, oats and wheat.

On July 10th appeared the first ear of oats in Section I11.,
on July 14th in Section II., and on July 16th in Section I.

On July 23rd the brush of a barley-ear began to appear
-~ in Section I, and on July 25th in Section II. The wheat
could not, however, be brought to form ears.

This proved generally that these kinds of cereal could
not be brought to a normal condition of development in
the prevailing high temperature, and so the experiments .
ceased, as | have said, on August 13th.

But the development of the strawberry plants went on
normally, except in Section I, where the plant died, pro-
bably from the strong effect of the current. In Sections I1.
and IIIL the commencement of the flowerings, of which the
plants in Section I1.showed a powerful growth, wereremoved.

At the end of the experiments the cereals showed, at an
~ exact estimation, in
Section L. 6o per cent, more development than in Section IV,

bA II‘ 45 33 N 7 bR N
s 1L 40 " 5 3
(See also Fig. 6 on opposite page).

» »



UMD otr 0 pure )

sufhis 2y pue stuswredwod NP 2y
Jo juawdolpanp Ay

ayy ur «1011ed 3y}

UDLIND DIIID]D DY JO UOTRANP M) C — + ¢ - L
.m:C:UWT, HED._.J, mp

1 DTPUL “2INTY UvWOY MY Y,
moys ‘yderSoioyd e woly oSy saoqe 2y —'9

g€ 280 sangar

ROR




AND HORTICULTURE. 39

With regard to the strawberry plants, the same progress
was observed with both the Sections II. and IIL
The carrots showed the following results :—

Leaves. Roots. Increase

. Weight in g. Weighting. in per cent.
Section I. ... 3090 ... 104'60 positive current ... 18277
” IL. ... 15°70 ... 4900 negative current ... 32°4
» III. ... 1670 ... 42°og alternately positive ... 132

and nkgative

»  IV... 1665 ... 37°00 no currdng - —

The results of this series of experiments indicates clearly
that carrots, which have showed hitherto de:reased growth
from the electric treatment (except at"the J:xperiments in
the garden of Laferté in Burgundy and\at the experiments
made at Brédtorp in 1899 and 1900, wherd watering was
done during the experiments), were here ifcreased ; and
this conclusion can be applied to other ve stables which
have previously showed a decrease frdm |*he electrical
treatment. It shows, further, that the pOSltEIE current in
Section L. is giving a result which far surpassej: the negative
one in Section II.

Consequently, it is not only by a mechanical updrawing
from the root of the water and dissolved matter within it
that the electric circuit operates; it aids the development
more powerfully when it goes in the opposite direction,

The question therefore arises: Is the positive current
able to exercise a mechanical effect on the plants? With-
out doubt ; for it is known that when a cut branch from a“
leafy tree is put into water upside down, it can suck up. the
water and keep living a long time ; and it is the same with
plants. The positive current introduces into the plants the
different elements or compounds of the air, besides oxygen
and nitrogen—water, carbonic acid, ozone and nitric acids,
ammonia, &c.* A portion of these compounds is formed

» Experiments executed in the laboratory of physics at the University of
Helsingfors show that the electric current which is going out from the points
forms the followirg chemical compounds, the nature of which has been deter-
mined by chemical analysis : Ozone (2 great guantities), nitric acids, nitrous
acid, ammonia (doubtful).
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by the passage of the electricity from the points into the
air, and the current introduces them in a fresh condition
into the capillary tubes of the plant. In this way the
effect of the electric air-current can be reduced to a purely
mechanical one.

We do not maintain that any other effects than the

mechanical may not occur ; but our experience does not go
" so far that we can say anything with certainty on this point.

The effects of the two currents can be determined in the
following way :—

The negative current going from the earth to the plants
facilitates the drawing-up of water with the dissolved
matter through the roots of the plant to its capillary tubes,
and thus produces a stronger circulation of the saps.

The positive current brings to the plants the different
elements, and introduces them through the openings in
their capillary tubes in such a way as to promote vegetation.

This latter effect is, as mentioned above, very much more
effective than the former.

In the above-related experiments the effects were pro-
duced by an artificial electric air-current ; but, as also men-
tioned above, a continual electric current is going upwards
or downwards, certainly in the polar regions and in our
latitudes, but probably everywhere ; and this current must
evidently exercise a greater or lesser influence on the life of
vegetables in the way we have endeavoured to show. '

Electricity takes a much larger part in the life of vege-
tables than it has been presumed to do till now. The
amount or value of this influence cannot be determined
without examining more exactly the electric currents of the
atmosphere. The methods used at present for this pur-
pose cannot lead to this knowledge. New methods must
be introduced, and this question will be one of the most
significant in the scientific programme of the future.

We cannot say that the question regarding the influence of
the artificially produced electric air-currents has reached
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its solution; but the experiments have led to an admissible
explanation, founded on facts, showing the way in which
this influence is exercised. They have also effected some
advance in our knowledge, which l‘f‘as not yet attained the
necessary degree of exactness, but ‘which possesses some
importance both to science and to thq practical application
of our scientific knowledge. We xﬁay’ therefore summarise
our present knowledge as follows :—

(@) The real increase per cent. Eue to electrical treat-
ment has not yet been exactly determined for the different
vegetables which have been under experiment. But we
are approaching itd smallest value ‘in fixing it at 45 per
cent. for land of average fertility. 1

(6) The better and more scientifically a field is cultivated
and manured, the greater is the increase per cent. On
poor soil it is so small as to be scarcely perceptible.

(¢) Some vegetables cannot endure' the electrical treat-
ment if they are not watered, but then they will give very
high percentage increases. Among these are peas, carrots
and cabbage.

(@) Electrical treatment when accompanied by hot sun-
shine is damaging to most vegetables,!probably to all;
wherefore, if favourable results are aimeci\at, the treatment
must be interrupted in the middle of hot and sunny days.

(6) As it is very difficult to determine the effect of
electricity on most plants, a special arrangement must be
made to get an approximate determination of the increase.
In this connection we have already set out (page 33) what
must be done in order to avoid the uncertainty which arises
from the want of homogeneousness in the soil.

Since the preceding part of this book was written, the
following experiments have been carried out during the
summers of 190z and 1603 :—

In all the experiments mentioned hereafter, the mew
type of influence machine, described on page 21 (see Fig. 5),
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and the new insulators were employed. The size of the
machine was also the same, and the whole equipment was
made at Helsingfors.

ENGLAND.

EXPERIMENTS AT DURHAM COLLEGE OF SCIENCE,
NEWCASTLE-ON-TYNE.—Summer, 1902.

After a long correspondence with Mr. Hogarth, of
Kirkcaldy, I was induced to erect an installation for
experiments to be made at Durham College of Science.
After having corresponded with Mr. R. B. Greig, I got
the conditions for my experiments settled, and it was
determined that they should begin as early as possible.
As a matter of fact, they could not begin before May 24th,
1902, after all plants had been sown. This work was com-
pleted on May 22nd. The machine employed was driven
by an electromotor.

Our intention was to put under experiment the following
plants:—Barley, oats, sugar-beets, mangolds, potatoes, beans,
carrots, turnips, swedes, clover, rye grass and strawberries,

After the electric current had been applied some days
(from May 24th to June 2nd) it could be seen on nearly all
plants that germination and vegetation were much better
on the experimental fields than on the control fields. Espe-
cially was this the case with strawberries, and the barley
showed a much richer development under current than
without it. But after the commencement of June the bad
weather—the rain and the low temperature—began to
exercise their strongest influence.

The following meteorological observations, taken at
Cockle Park, Morpeth, may be set out to give a true idea of

4

the weather during the summer of 1902 =
Average No. of

Hours of No. of days hours machine

Sunshine. without rain. in motion.
May 24-31 ( 7 days) ... 240 ... ..... b ceeeenins 9'8
June 1-30 (30 ,, ) ... 1420 . ....... 14 ...... .. 98
July 1-31 (31 ,. ) ... 1045 .. -n... 10 «oove ... II°L
Aug. 1-31 (3T , ) ... 1200 .ieernnns ) - T 87
Sept. 1-30 (30 ) II00 .oivnnnen T4 i 1o's
Oct. 1-3 (3 , ) Rain all the time. ‘



AND HORTICULTURE. 43

As the rule is certain that the better the vegetation the
higher the increase per cent., a good result was not to be
expected, in consequence of diminished vegetation generally.
But from another cause—viz., that the machine has none
or little effect shortly before, during, and shortly after rain,
a lowered result must be the cépsequence. From the

majority of plants no harvest could i) obtained, because they
had not sufficient time to ripen ; gthers were destroyed by
insects, and so on. It is therefore to be regarded as
somewhat astonishing that the results have been as good

as the following table shows :—
Area of Exp. Field

Increase per Cent. = Control Field,
Strawberries ......... 37°0 \ ......... 1°49 m.
» Potatoes (1st).....J... 31T} 23'3 % «ovee-en- 845 m.
\ ” (2nd) ...... 154 } (average) ......... 845 m.
\ Mangolds ......... . 250 \ ......... 845 .
"Peas' .oiiiiiinienl. 200 Yevrrrnnnn 845 m.
]Sugar-beets ............ — i\ ........ 446 .

A’ chemical analysis of the sugar-beets made by Mr.
S. H. Collins at Durham College of Science gave the
following results :—

Experimental Plot. Control Plot.
Water ............oo TAQG  vevereeiiiiaens 75°312
Cdne Sugar...... ....... 1445 ....ooeennn e 12°24
Glucose ..ooveeiiiinn.n. 0°36 RS U 038
Other solids ............ 1075  ceereinninnns \ 12°07
/ 10000 Y 10000

Or an increase of 221 per cent.—or 1805 per cent. of
that of the control field—of cane sugar on the experimental
field. This analysis agrees fully with an analysis executed
in Burgundy in 1888.

One kind of plant, the rye-grass, gave a negative result;
but as all the experimental fields were situated lower than
the control fields, the former received the water flowing
from the latter, and, during such a summer as that of 190z,
the effect of this was considerable. The control fields had
also the advantage of having been more recently manured,
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and were, in consequence, in a better condition than the
experimental fields.

Remarks—The increased percentage of produce on the
experimental plots compared with the control plots has
here, as always, been determined in the following way :—

When the produce on the experimental plots is called e,
{a—0) 100

b
for the ‘increase per cent. When the sign — is put before
the figures in the tables, it signifies that the produce on
the experimental plot has been less than on the control
{a—b) 100
b

and on the control plots 4, the formula will be

plot, the formula being, in this case, = decréase

per cent.

GERMANY.

EXPERIMENTS AT KRVSCHANOWITZ, NEAR BRESLAU,
GERMANY, by Dr. Otto Pringsheim. Summer, 1502.

Dr. Pringsheim, who employed a machine of the same
size and type as that previously mentioned, obtained the

following results from the electrical treatment :—
Area of Exp. Field

Increase per Cent. = Control Tield.
Strawberries ......... 50T aeeee. 13°4 m.
. . . No.of plants respec-
Carrots in Garden®. 131 { tively 775 and 667
Potatoes (1st) ...... 13°8 208 T 884 m.
, (2nd) ...... 17747, 0 (eeeans 144°4 m.
:, (3rd) ...... 30°3 (average) " 144'4 m.
Barley (1st) ......... 6'9} 106 ...... 2880om.
»w (2nd) ... 142 (average)...... 2880 m.
Oats (1st) voovvvvenenn 40'7)] 226 ... 144°0 m.
» (znd)............ a'5)(averazi)e....  I44'0m,

The machine was driven by an electric motor fed by
accumulators, and worked on an area of 1,175 square metres.
The weather was about the same as at Durham College
of Science, Newcastle, England, but perhaps a little warmer.

* The experimental field was more in shade than the control field. The
part of the experimental field which was in shade gave shorter roots.



AND HORTICULTURE. 45

The machine was at work about 10 hours, mostly at night.
By these experiments it is shown that the abnormal
weather has exercised a fatal influence on the vegetation.

SWEDEN.

EXPERIMENTS IN ATVIDABERG, by Baron Theodore
Adelsvard. Summer, [igoz.
Meslin (barley, oats, peas, &c.) an increase of zo'g per cent.
Beets (cattle food) ’ T,, . 26°5 '
Carrqts e 9 'y - 29 »t
. The machine worked here on an area of 3:4qo ha.=84 acres. .
As the insulated wire net in these experiments had a
great extension, their signification with! regard to the use
and application of the method is very important; but
the rainy and cold weather caused much damage, so
that it was almost impossible to obtain sure results. The
rain was so abundant that the ground here and there could
not absorb all the water, and, in consequence, the vegetation
showed an inequality which made the comparison of the
two fields very uncertain.

ENGLAND.

EXPERIMENTS AT DURHAM COLLEGE OF SCIENCE,
NEWCASTLE-ON-TYNE. Summer, 1903.

The results of these experiments were as under :—

Date of har- Crop ~——-Crop per cent.-——~  Topsor sfraw per cent.
vest 1903. : Watered, Unwatered.  Watered. Unwatered.
Oct. 16.../Turnips ...... 990 “ ... 495 ... 992 .. 670
5 I6...Sugar Beets.. 400 ... 496 ... 603 .. 666
,» 13...Mangels...... o2 .. 332 .. 209 .. 398
Sept. 22... Rape .......! L2716 ... —208 ... — .. =
s  S... Potatoes...... 308 ... 655 . — .. —
s S...Peas ... 281 ... 79 ... 853 ... 591
5, 2I...Beans......... ~&32 ..-I120 .. 16%9 25'3
»  I...Rye Grass...129'7 ... 974 ... — .. —
» 22...Clover ...... 13'3 ... —I0% ... —_ .. —
JKIZ; :0 } Strawberries.. - &3 ... 384 ... — . -—

* QOther plants which were under treatment could not be examined, and
are, therefore, omitted.
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Second experimental and control plots gave for potatoes,
—26°5 per cent. ; peas, 9'4 per cent.; pea straw, — 21’4 per
cent. ; beans, —8.9 per cent. ; straw —0'3 per cent.

The machine worked on an area of 100 m%

It is shown by this table that turnips, rape, peas, rye grass
and clover have been improved by the watering, but not
so sugar-beets, mangels, potatoes and strawberries, on all of
which watering had a marked deleterious influence. Espe-
cially was this the case with strawberries, the experimental
plot of which had suffered much from the rain in the
summer of 1902.

On the unwatered control plot the harvest of strawberries
was, to July 2oth, 11870z ; on the unwatered electrified
plot, on the contrary, 18250z, which shows the earlier
ripening of the fruits on the electrified plot.

Remarks—In considering the results of these experi-
ments it must be kept in mind that the control field had
not been manured within the last four years, while the field
in which were the experimental plots had not been manured
during the last five years, or a year earlier, The experi-
mental plots also lie about 0’3 m. lower than the control
plots, and, therefore, may have lost more by washing during
the rainy season of 1go2 than the higher lying plots. The
remainder of the active force of the soil, which evidently
existed chiefly at the bottom, was therefore carried away in
a higher degree from the experimental than from the
control fields. The soil on these fields was mixed in the
spring of 1903, but as this could not reach the bottom
itself the experimental squares were in a more unfavour-
able position than the control squares. The whole field
should have been manured in order to produce the best
result from the electrical treatment, but the manuring was
omitted in order to prevent inequality in the sub-soil.

The soil was too poor to give a high increase per cent.,
for it is the general rule that the richer the soil and the
more luxuriant the vegetation the greater the influence of
the electrical current upon the produce.
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With the turnips and the sugar beets the surplus of leaves
is equal to the surplus of roots, while with the mangold
this is not the same, and with the peas and beans the straw
and the stalks are far more developed than the fruit itself;
this with the peas has given a positive result, but with the
beans a negative one. This shows that the soil has become
poorer and yet poorer on the experimental fields than on
the control fields, and this is confirmed by lvthe circum-
stance that on the second experimental field patatoes and
beans have given negative results and peas alléw positive
one. This poverty of the soil appears most sttiking in the
reduction of the percentage of sugar, which the chemical
analysis shows, concerning sugar beets, to be :—%

Control Experimental'f—-——“IncreaSe.—ﬁ.

fields. fields. Absolite. Relative.
Per cent.  Per cent. Per cent. Per cent.
In the summer, 1902 ... 12°24'... 14°45 ... 2:21}... 181
» »” 1903 ... 871 ... 943 ... o‘72\A.. 83
Orareductlc')n of 35 .. 50 .. — %.. 98
GERMANY.

EXPERIMENTS IN KRYSCHANOWITZ, NEAR BRESLAU.—
Summer, 1903.
Per cent.  Per Cent.

Strawberries showed an increase of ... 1280
Sugar beets ......... No. 1 increase 119'g .

. 79'4

sy eeereereaees No. 2 w392

Barley oooiciiiiieei increase 323
Beans ... ’ 321
CaITOS en e eeiieeeeeei e decrease  —-37°6
Potatoes .../ ... increase 776

The machine acted upon an area of 517 m?

Owing to a misunderstanding the machine had got a.
velocity about four times greater than was necessary.
This acted badly upon the carrots, which were not watered.
This crop has always, under such circumstances, given
a negative result. Whether this too great velocity
had any noteworthy influence on the other plants cannot
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be ascertained with certainty. On both the experimental
and the control field in the results given under No. 3
(sugar beets), the earth had been mixed, and again laid out
in equal quantity on both fields. A chemical analysis of
the sugar beets, duly made in a sugar refinery, gave an
increase of the percentage of sugar from 141 to 151, or
7'24 per cent. of the whole.

Remarks—This quality of the electric air current (or
electrical treatment) of increasing the percentage of sugar

in the sugar beets has occurred in the following cases :—
Absolute. Relative.

In Burgundy in 1888 we got an increase of 269 = 181
At Durham College in 1902....ceeviiiininn. 2’21 = 1805
. ' In 1903 . ciiiiiiiniinns o7z = 84
In Atvadaberg in 1go3 ........oocoen oinil. 19 = 134
,» Kryschanowitz in 1903......c.covvivinin, o = 724

We may regard it, therefore, as sufficiently proved.

SWEDEN.
THE EXPERIMENTS IN ATVADABERG.—Summer, 1903.

We give below a table showing the function of the
machine during the different months :—
~Working.—.  No. of Not working.

Month. No. of No. of hours No. of No. of
days. hours. in day. days A.daysB.
May (from 23rd) ¢ 150 167 ... © o
June ... 26 450 173 ... 2 2 1,2,3,18
July <ol 23 369 166 .. I 7 3,7,16,17,20-23
August ......... 17 311 182 8 6 1517, 2327
Sept. (until t4th) 3 97 194 ... 7 2 2, 7-I1, 14

A, On account of rain. B, from other causes.

{

From September 15th no attempt was made to use the
machine.

We see by this table that the machine by the month of
July begins to show slight irregularities, but that the
greatest irregularities occur in the latter part of August
and in September. Therefore it seems to serve a practical
purpose to divide the plants which were under treatment
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into two groups. In the first group come corn, rye,
barley, oats and meslin, and in the second group the
root crops—potatoes, sugar beets, carrots and beets. The
former were reaped in the month of August (oats the 14th
September), the latter in the first week of October, except
the potatoes, which were reaped in the middle of September.
The most important time of dTvelopment comes, for the
former in the months of June, {July and August, for the
latter in July, August and S‘Hp ember. The machine
worked very well during the mgmths of May, June and
July ; but during, August and,September together for
not more than 22 days out\ of 61, of which 17
_ days were during August and only five days during
September. These circumstances appear clearly from the
‘tabulated results.

For each kind ofjplants three squéires of 16 m?, situate as
shown in Fig. 4 (middle part), page 2o, were chosen for the
experimental field, and three squares-situated in the same
way for'the control field, within a distance of about §m,
In each pair of squares (except for the rye, which was
autumn corn) the earth from both fields'was dug to a depth
of 30cm, mixed, and laid out afresh in equal quantity on
each square.

The machine acted upon an area of 403 hectares, and
the large extension of the wire net in the%e cxperiments
will give them a particular interest.

! The First Group—Corn.

,From Atvidaberg I got samples of all species of corn
which had been under electrical treatment. There were
two samples for each species, one taken from the harvest on
the experimental field, the other from the harvest on the
control field. The weight of the sample was about Sogr,
All the flattened and half grains, and of the oats and
barley all those without a shell, having been picked out,

E
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these samples had to undergo treatment in a separator
constructed for the purpose.#

The rye was thus divided into three qualities—1st, 2nd
and 3rd quality—and each had a weight of 1,000 grains.
Barley and oats were only in 1st and 2nd qualities.

The operation was as follows: The corn from the control
field was at first separated, the threads of the spiral having
been disposed of at a convenient distance from each other.
Then the corn from the experimental field was separated,
the distance between the threads of the spiral being the
same. -

Rye. ,
From the field sown in the autumn of 1902 squares
were taken for the experimental field as well as for the

control field. The harvest, calculated by the hectdre
(247 acres) was :(—

‘ 1st Quality. | 2nd Quality. | 3rd Quality.
- + Crop = Straw | Weight Weight IWeigh-t
, kg. kg. Per |of 1,000| Per }of 1,000 Per 0f1,000

cent. | grains | cent. | grains | cent. 1 grains

in g, in g. ‘ in g

Exp. field... 1,917 5,583 | 47°6|2885|278| 2203 24'5 16738
Control field 1,604 4,646 | 38°3|27'04]32°5|21'72|29'2| 16'04

Increase ... 19.5% 2072%| 93] 181 — | — | — | —

The electric air currents had thus augmented the rye
harvest by 195 per cent. and improved the quality of the
corn so that we obtained of 1st quality 9'3 per cent. more
on the experimental field, or under the current, than on the

* The sgparator consisted of a spiral cut out of a brass tube (12°2cm. long
and §°7 em. in diam.), which could be shortened or lengthened. Through this
the distance between the threads of the spiral could be enlarged or diminished
as required. The threads of the spiral had a breadth of 0°36 cm. and a thick-
ness of 0'18cm., and their edges were kept sharp. The spiral was furnished
with bottom ends with circular holes in the middle, and was, when in a hori-
zontal position, pushed on to the axis of a centrifugal machine, which was kept
by an electric motor in slow rotation {1 revolution in 2 seconds) to avoid the
effect of centrifugal force. ’



AND HORTICULTURE., 5I

control field. But, besides that, the weight of 1,000 grains
had augmented by 1°81 gr. on 27°04, or by 67 per cent.

According to the statement of the Manager, Mr. Tillberg,
the yearly average of produce per hectare for the three
last years was in Atvidaberg 2,347kg., and was this year
317 per cent. lower than this average. This circum-
stance also caused 2 diminishing of the increase per cent,,
according to the rule already mentioned that “ the better
the vegetation the hlgher the increase per cent.”

\ Barley.

This crop was sown on the experimental and control
fields on which the $oil had been, as above mentioned,

mixed. Calculated pér hectare, there was obtained :—
X

\ 1st Quality. 2nd Quality.
) Crop Straw Weight of Weight of
kg. kg. Per 1,000 Per 1,000
B cent. grains cent. grains
4 ing. in g.

Exp. Field ...| 3,708 | 7,229 | 479 | 4964 | 521 | 3899
Control Field | 2,646 | 4,021 | 426 | 4959 | 574 | 39'33
Increase ...... 40'1% | 79°8% 53 0%05 —

i

The barley had thus given a surplus crop of 40'1 per
cent. and a 53 per cent. increase of first quality on the
experimental as against the control field. The surplus
weight of 1,000 grains is here only 005 g.

Oats. N

The experimental and control fields were treated in
the same way as for barley. The harvest, calculated
per hectare, was :—

Ist Quality. 2nd Quality.
Crop Straw Weight of Weight of
kg. kg. Per 1,000 Per 1,000
cent, grains | cent. grains
in g. in g.

Exp. Field ...| 2,271 2,521 | 76'5 | 5020 | 23'5 | 27°16
Control Field | 1,258 | 2,521 | 67°9 | 49°45 | 32°'T | 29'44
Increase ...... 16'0% | o'o% 86 075 | — —
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The harvest of oats shows the singularity that the harvest
of straw is the same on both fields, although there is an
increase of crop of 160 per cent. For the other species
of corn the increase of crop is accompanied more or less
by an increase in straw. The explanation partly lies in
the improvement of the crop which the electric air current
had caused (the percentage of first quality on the experi-
mental field exceeding that on the control field by 86%,
and also the weight of 1,000 grains on the former field
over that of 1,000 grains on the latter by 075 g.) ; but this
does not seem sufficient to explain the above-mentioned
singularity. We must therefore suppose that the number
of grains of oats on each straw has been greater on the
experimental field. A fault in the drainage of this field
was observed during the summer, which had reduced the
fertility of the field, and thus a falling off of the increase
per cent.

Meslin.

This consisted of barley and oats, and occupied the
greatest part of the field, or 2'g2 hectares (=506 acres).
It was observed that the net over this field became from
time to time in contact with the plants, and had to be
carefully looked after in this respect. During these inter-
ruptions the current was stopped ; thus the current acted
for a shorter time on this field. Another cause of the
shortening of time was that the net was twice destroyed
by straying horses. On the first occasion the damage was
repaired in nine days, so that the current was not opera-
ting upon this field from May 3ist to June r1th (in all
twelve days, of which three days was from another cause).
The second time there was no current from June 20th to
July 1st.

For the meslin there were two experimental fields and
two control fields, of the same size and quality as for
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barley and oats; and again, on these fields the soil was
mixed. The samples were taken from both fields, which
we will call A and B. For the purpose of examining the
corn, the oats were separated from the barley, and showed
the following proportions :—

4

Y

A | B
Exp. Field. | Cont. Field | Exp. Field, Cont. Field.
Per cent. | Per cent. | Per cent. L| Per cent.
Barley ...... 64°5 578 1 341 1 330°
Oats «..vvn. 35°5 42°2 659 i 67°0

From this we see that the barley on A represented about
two-thirds ar3d on B one-third, and the oats on?-third and
two-thirds respectively. After deciding the ‘proportion
between barley and oats, the corn was cleaned in the way
previously mentioned. The harvest from the first fields
was (—

st Quality. 2nd Quality.

Crop. | Straw. Weight .
- kg.p kg.‘ Pec |ofrpoo| Pexr | Weight of
cent. | grains | cent. | 1,000 grains
in g. m gy
Exp. Field A | 2,583 | 3,453 |{53'8 | 57 16 | 46°2 46'00}B rley.
Cont. ,, 1,812 | 2,042 |148:8 | 56'92 | 51°2 | 43702 \
Exp. , — — |/88'2|4539 | 118 17‘88}
Cont. ,: — — 87:8| 4685 | 122 | 17°84 Oats. )
Increase ...... | 42°6% | 69:4%| 50| 124 | — —  Barley,
sy eeenes 426% | 69'4%h | o4|-14 | — —  Qats.

The meslin has thus given an increase of 42'6 per cent. for
barley and oats together; but whilst the barley shows a
surplus of 5 per cent. on first quality, the surplus for oats
is only o4 per cent., which we may regard as equal zero ;
and while barley, for a weight of 1,000 grains, gives' a
surplus of 1'24 g., this is reduced for cats to a negative
of —1'4¢g.
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On the experimental field B the harvest was as
follows :—

1st Quality Corn.!  2nd Quality Corn.

Crop. | Straw. Weight )
- kg. kg. Per |of1,000| Per Weight of
cent. | grains | cent. 1,000 grains.
ing. In g.

Exp. Field B| 2,313 | 3,937 {51'7 56°47 | 48°3 44'70}Bar]ey,
Cont. |, 2,500 | 3,542 (L43°4 | 54792 | 56°6 |43°77

Exp. - —_— 804 | 46°46 | 19°6 | 218y

Cont. ,, — — 806 | 46°38 | 19°4 25-12}Oats'

Increase ...... ~7'5%| 11°2%| 83| 155 | — — Barley.
59 eeaes — — |—o02 | 008| — — Oats,

The barley on the experimental field B thus gave a
surplus of 8'3 per cent. first quality and of 1'55 g. in the
weight of 1,000 grains, whereas the corresponding quantities
for oats were —o02 and 008, or almost equal to zero.
Oats, which, when cultivated alone, show so important
an Improvement as 86 per cent. increase in first
quality and o775 g. in the weight of 1,000 grains, show,
when cultivated along with barley, under electrical treat-
ment, no such improvement, which is a most remarkable
result. Probably the cause is that the barley was grown
taller than the oats, and thus received more of the electric
current. The whole quantity of oats is, nevertheless,
increased in the same proportion as the barley.

These two second experimental and control fields give
a negative result of —7'5 per cent. in crop, but 11°2 per cent.
surplus in straw. The cause of this lies in the exceptionally
large harvest which the second control field has given, this
surpassing the harvest from the first control field by 688 kg.,
or about 38 per cent., and the yearly average harvest of
meslin, which during the last three years had been 2,047 kg.
per hectare, by 453 kg., or 22’1 per cent. This unusual
fertility seems to depend on chance, and therefore the
results of the second experimental and control fields are
wholly excluded from the account, especially as the barley
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on this experimental field shows the same improved qualities
as that on the first experimental field.

We must now call attention to the difficulties which
always arise in the choice of experimental and cdntrol
fields. Already at these experiments, which embracelonly
four different cornfields, accidental circumstances ha&e ‘\m
two cases, diminished the increase per cent. or have trans-
formed this into a minus quantity. In the first case it was
a fau\t in the drainage, in- the second case an unusually
great fertility of a control field. And this notw1thstand1ng
the previous careful mixing of the soil. Unfortunately, the
quality of the subsoil seems to be of such great consequenck
to the success of the experiments that this method has noty
been a sufficient safeguard. It will therefore be necessary ',
to improve the method, to ensure a regular increase per
cent. (see pages 33 and 37).

If  all circumstances are taken into consideration we
must conclude that the increase per cent. during 1903 has
been between 35 and 4o per cent. for the corn crop, added
to the improved quality of the corn, shown not only by the
Tables above, but especially by the chemical analysis of
the crops (pape 60).

Second Group Roots.

| On the Exp. Field. On the Control Field.
L Mean Mean

ncrease Weight Weight

Crop- per cent. | No.of | g | No.of | oG
Roots. Root Roots. Root
in g. in g.

Potatoes ...... . 48

Sugar beets ...+ 6:22% 398 357 406 337
Fodder beets | — 24 305 803 316 823
Carrots ......... - 879 578 358 549 393

A chemical analysis of the sugar beets gave as the per-
centage of sugar of the beets from the experimental field an

* The increase per cent. is determined by the mean weight of one root.
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increase of 1'9 per cent, or from I4°2 per cent. to 16'1 per
cent., which makes 134 per cent. increase on the percen-
tage of sugar in the sugar beets from the control field:

‘The increase percentages are small for potatoes as well
as for sugar beets, and it comes near the fact to suspect the
cause to be a greater fertility of the control fields, in
analogy with the second experimental and control fields in
the case of the meslin. It is known with certainty that, on
the mixing of the soil, the subsoil of the fields showed very
different constituents. In favour of this view also there
is the negative result with the fodder beets, which always
previously have given a fairly high increase per cent. If
the fertility of the two fields had been, the same, and if
the electric air-current had had no effect, the harvest ought
to have been the same from both fields, but the negative
result shows a smaller fertility of the soil of the experi-
mental field. Carrots, which have always been a delicate
crop, cannot here serve as a proof. »

At all events, the Summer was so wet in the latter half of
August and the earlier part of September that the condition
of the subsoil had a marked influence on the fertility of the
soil. That the electric current had exercised an influence
on the roots during a long period, and ought thus to have
produced a higher increase per cent., if both fields had been
of an equal fertility, is shown by the great increase of the
percentage of sugar in the sugar beets, for such a condition
is not produced suddenly.

The chief cause, however, of the low ncrease per cent.
lies in the circumstance that the influence machine from 1st
August to 15th September had not been at work for more
than 22 days, hence there were 23 days of inactivity. From
15th September to 8th October, or 23 days further, the
machine was out of use owing to a misunderstanding of
the skilled manager in Atvidaberg, Mr. Tillberg, who, with
never-failing interest, exercised the supervision and direction
of these experiments. He reported on the 15th September
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that, because only sugar beets, fodder beets and carrots
were unripened, he did not think it worth while to let the
machine work. There were in all 46 days of inactivity,
among them 15 rainy days, during which it was indifferent
whether the machine worked or not. " Altogéther, therefore,
we have 38 days when the machine was out of use. There
was a further eight days of inactivity, three b[.mg in con-
sequence of necessary repairs and three days] because of
great conducting power of the air due to its hu 1d1ty

During two of the eight days this humidlty oglthe atmos-
phere caused anotheér difficulty, due to 7adiv'activity. This
quality of the air was discovered by Elster and Geitel in
1902-1903, and acts chiefly in such a manner that the air
has a great conducting power for electricity. When this
condition of the air arrives the only thing'to do :IS to wait
for its cessation, which happens: generally after spme few
hours, or at most one day. Duririg June and July it bccurred
but three times. Mr. Tillberg tried to neutralise the effect
of this radio-activity by putting new cylinders ‘on the
machine and by varnishing the old cylinders, &c. This
work might have been avoided, however, for, after having
ascertained conclusively that the air in the room is quite
dry, and after having given the cylinders a careful drying
by warming them, we can but wait for the cessation of'\the
conducting power in the air before resuming operatlonsx

According to information from Atvidaberg, the weat ?\I:
during the latter part of September: was: not actually wet}
but humid. It is, therefore, probable that the machiné
could have been kept in activity during I'14-1days tores
Remembering that the effect of the electric “air'‘currént is
nearly the same as that of sunlight,-it is véry likély that &
continuance of the electrical air current tréatnfent: during’
these two weeks would have augmented to 'a perceptible
degree the increase per cent. of the roots. Oné conséquence
of the experiments this year is evident, namely, the necessity’
of improving the method of control. (Seé pages 33-34.)
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We will now make a comparison between some of the
plants which on the different places have been under treat-
ment during 1903.

Increase per cent Increase per cent. of
T . H
Place. sugar in sugar beets.
Barley. |Sugarbeets.| Potatoes. | Absolute. | Relative.
Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
Kryschanowitz | 32°5 797 7'6 1'o 7'2
Durham Col-
olege, England | ... 496 65'5 o7 84
Atvidaberg ... [ 4o 62 48 19 13'4

As the machine has worked in these places on very
different areas we could understand if the increase per cent.
had a relation to the area; but this is not the case, for in
Kryschanowitz, near Breslau, where the machine worked
on an area of 517m? there was an increase per cent. of barley
of 32'5 per cent., whilst in Atvidaberg, where the machine
worked on an area of 40,300m? (403 hectares), the same
crop gave 40°1 per cent, or 76 per cent. more. We must
therefore conclude that the wet weather which prevailed in
Atvidaberg during August and September caused this small
increase of the roots, and also that a greater fertility pre-
vailed there on the control fields for the same plants. This
remarkable fact is also observable in the harvest of
potatoes. In Kryschanowitz there was 76 per cent., and in
Atvidaberg 4'8 per cent. ; but at Durham College, where the
machine worked on an area of only 100 m? the increase was
65°5 per cent. The machine at Kryschanowitz had a speed
of 3'5 turns per second, at Atvidaberg 2'5 turns, and at
Durham College about 1'0 turns ; the quantity of electricity
generated, and therefore distributed, is almost proportional
to the number of turns per second.

The main cause contributing to this unequal result is,
without doubt, to be found in the inequality of the soil
of the experimental and control fields, and therefore it is
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necessary to improve the method of controlling, as
previously stated.

If all the above enumerated conditions had been duly
attended to during the experiments, it is very probable
that the increase per cent. for the roots would have been
about the same as for the crops, inpaddition to the improve-
ment ir} the quality of the roots. ‘ X

It is a great pleasure to me to éxpress to the professors
and teachers at Durham College df Science, England, my
best thanks for all their kindness in assisting me, but
especially to Mr. R. B. Greig, who i‘-as given me so much
of his valuable time ; and to Dr. Thornton, who helped me
with the arrangemént of the electrictmotor and its adapta-
tion for my purposes. Mr. Greig hav1pg been transferred to
the University of Aberdeen, Prof. Gilchrist had the kind-
ness to allow the experiments to be continued, and Mr.
Bryner Jones undertook the onerous!task of supervising
the experiments and sending me the results. For all this
I beg to express to them my best thanks. ,

To Dr. Pringsheim, to whom I stand in such great
obligation, not only for the indefatigable care he devoted
to the experiments and to their carrying,out at Breslau,
but also for the great kindness and hospllahty shown me
by Mr. and Mrs. Pringsheim during my stay In Breslau, and
particularly at Kryschanowitz, I am very happy to express
my sincerest thanks.

It is also a pleasant duty to me to express my deep
thankfulness to Baron Adelsvird for his goodwill and
assistance in placing his land at my disposal for the experi-
ments. [ am all the more grateful to Baron Adelsvird, as
he gave me a conscientious and active assistant in the
person of his skilled and interested manager, Mr. Knut
Tillberg, who carried out and supervised in an able
manner the experiments, and also provided me with all
necessary workmen for my purpose.
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’

RULES FOR APPLYING THE ELECTRICAL
AIR-CURRENT ON GROWING PLANTS.

Introduction—The principal manner in which electricity,
or an electrical air current, exercises its influence on growing
vegetables has been discovered to consist (1) partly in pro-
ducing ozone and nigﬁc compounds and introducing them
into the capillary tubek of the plants when the current is
going from the points &f the wire-net to the earth (posi-
tive) ; and (2) partly i“n drawing up the sap from the roots
upwards when the cufrent is going from the earth to the
points (negative),* the former effect being about 30 per
cent. greater than theylatter. If we suppose that the
former or positive curfent is applied, it will be easy
to apply it for the purpose, and to give clear rules for
this application. The lengthy experience I have had in
these experiments enables' me to give these rules, which, if
they are intelligently appliéd, will lead to favourable results.

L

The whole scheme of the experiments will be easily
understood from the diagram (Fig. 7) on the opposite page.

From the positive pole ¢ of the influence machine is
conducted an insulated copperiwire through a hole in an
ebonite disc fixed in the wall)over the posts p to the
insulated wire net wwww over the growing plants. The
negative pole ¢ is conducted to a zinc plate, 2, in humid
soil. Following are details of :—

1. The electric influence machine, its installation, and

the motor.

2. The experimental and control fields.

3. Putting the wire-net on the insulators and their fixing.

4. Remarks.

5. Cost of the experiments,

* See “On the State of Liquids in Capillary Tubes under the Influence of an
Electrical Air-Current.” By the Author. (Se¢ p. 34).
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IL

The Electric Influence Mackhine and its Installation.—As
the old machines of Holtz and Wimshurst have shown,
especially on prolonged use,manyinconveniences, ] have con-
structed the type represented in Fig. 5 (facing p. 21), in which
these inconveniences are, for the most part, removed. This
machine consists of two cylinders of glass or ebonite, E,
rotating in opposite directions, one within the other,
and provided with metallic (tin) boats fixed on strips of
tinfoil. Over the machine is placed a cover fitted with
a drying apparatus not shown in the figure, The glass
cylinders are covered with a special varnish to protect them
from humidity, and the brushes are made of silver-thread,

The machine is best charged if first put in rotation by
some turns in the wrong direction, the outer cylinder going
from the brushes of the transverse conductor against the
points of the collector, and afterwards in the right direc-
tion—that is to say, the outer cylinder rotating from the
collector against the brushes, causing sparks to go between
the separate spheres of the discharger. The spheres must
be separated at least 2 cm., and some sparks taken before
the machine comes to full charge. In experiments on
the land the machine must be installed in a dry room,
preferably on an upper floor, but always some height over
the soil. In this room the temperature must be kept
always some degrees higher than the outside. In such
places the drying apparatus referred to above is not neces-
sary, but the cover must always be kept over the machine
to protect it from dust.

The machine charging the positive pole must be con-
nected to the insulated wire net by means of insulated
copper wire, and the negative pole with a plate of zinc
(o'sm?) in humid soil.

The method of distinguishing the negative from the
positive pole is simple. Take away the connection of the
Leyden jars with the poles on the one side and also the
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conducting wire (to earth or the insulated wire net), and put
the spheres of the discharger at a distance apart of about
1’5 cm.  If the machine is moved a stream of light is seen
between the spheres, violet on the side of the negative
pole, with a small bright spot on the sphere, white and
very bright, on the positive side. The machine is easily
made to perform this experiment. As the machine, when
stopped, very frequently changes its polés, this experi-
ment must always be repeated and the m chme continue
in motion before fixing the conducting w1re§9

The new machine does not give so long'a spark as the
older one, but the quantity of electricity .generated and
given out is much greater. If a machine of, the new type,
of medium size, with glass cylinders of 40 cm. length and
about 30 cm. diameter, gives 100, the Wi:.rnshurst, with
plates of 45 cm. diameter; gives only 27,}and in some
cases only, 22; while the old Holtz machine, with four
plates 46 cm.,, gives 30. But the greatest advantage of
this new type of machine is that it can be kept in motion
for three months if necessary, cleaning the gldss cylinders
between the tin strips with a linen cloth only being
necessary from time to time. After long use the glass
cylinders must be thoroughly cleaned up and fitted afresh
with new tin strips and boats, if necessary, and be also-
covered with new varnish. '

The Motor—Any small motor—electric, ho&-air or
otherwise—is suitable to do the little work req"i\red to
move the machine. If an electric motor is used it can
be battery-driven. Small hot-air motors are suitable for
this work. The machine, 4, shown in the illustration
(Fig. 7) has an output of {%5th of a horse-power and costs
about 48 sterling, or, say, $41. It is easily managed.

The Field—If the purpose is to apply the electricity in
such a way that the results can be brought clearly forward
for comparing the yield on two fields, of which the one
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is under electrical treatment (experimental field), the other
serving as the control field, we have to observe the following
points :—

(@) CHOICE OF FIELD,

The qualities of the 'soil' rhust, as far as possible, be the
same throughout the whole field—of the same composition,
the same humidity, the same fertility, and of about the
same height over a common level. The field must,
further, be in the same way exposed to the sun, so that
no shadow at all {eg., from growing trees) falls upon it.
We will suppose that the experiments are to be made on
six kinds of plants, and we then divide the field into

squares, as shown in Fig:8.¢

Ey | E2 C4|C2
Ez2| E4 Cz2|Cy

E | E2| |C4|C2
Ez|Ea Cz|Ca ,
Es|Ea Cs|Cs
Es|Ea C3|Ca
Es}Eg Cs|Cs

Eg .Es Cg|Cs

Es|Eg| |Cs|Ce

F16.8 .

The side of every squate is 5 m2, making the area
25 sq. m. When the experiments are made in a garden
the squares can be arranged in two beds or layers, with
a pathway between them. Such paths must be made
between the ranges of squares. In Fig. 8 the squares
marked E,, E,, &c, represént experimental fields, and the
squares marked C,, C; &c., the corresponding control
fields. Between the two ranges of fields is left a space
of 5 m., which can be sown with any sort of plant, but
must be out of consideration so far as the experiment
is concerned. ‘
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If we number the kinds of plants with which experi-
ments are to be made,

! 2 3 4 5 6,

it is safest to sow them as indicated in the figure. The
plants No. 1 are sown where we have E, and C,, &c. Insuch
an arrangement we shall get three experimental fields and
three control ficlds for every sort. If there is any inequality
in the soil it will, for the most part, be eliminated by the
results from the three fields.* g

The seed must, of course, be chosen with mu¢h care, and
must be as equal as possible for both kinds of fields.

\

Fi1a. 9.

If a general application of electricity is to be given, wg
posts are to be ﬁx;:d as shown in Fig. 9. In this figure the
round dots signify posts provided with insulators, as
described below. Along these insulators the wire is carried.

ITI.

Fixing the Wire Net and Insulators—Along each range
of the experimental squares posts, 2'5 m. in length and
about 6 cm. in diameter, are rammed in the ground very
firmly to a depth of 1 m. and at a distance apart of 143 m.

* See the remarks made on pa>ges 33 and 34.
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Every corner-post must have on the inner side (the side
of the experimental field) a short stout support to resist
the strain of the iron wire. The insulators (Fig. 10) have
now to be firmly fixed to the posts, putlting the ring &
around the post and drawing the screw.

When the insulators are well fixed, galvanised iron wire
(of 1'5 mm. diameter) is carried with a medium tension
along the posts, over the porcelain bell of the insulator.
The wire is put round the bell and fixed with a separate
short wire.

FIG. 10.—0, ring ; ¢, ebonite tube ; 7, iron bar ; o, porcelain bell ; g, post.

When these conducting wires have been fixed all round
the experimental field, cross-wires of about 06 mm. diameter
are laid on them from one side to the other at a distance
of about 125 m,, and in this way eight cross-wires cover
1om. This finer wire must be furnished, at 1 m, apart,
with small points 2 cm. in length, nearly similar in appear-
ance to the well-known barbed wire.

The wire net, being now fully insulated from the posts,
is, as stated above, connected by means of a well insulated
conducting wire to the positive pole of the electric machine,
the negative pole being conducted to carth by means of a
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wire and a zinc plate. When the wire between the net
and the machine is led through a wall it must be insulated
with a round plate of ebonite (4 cm. diameter), as shown
in Fig. 7.

After some sparks have been taken between the spheres
of the discharger, the spheres are to be put in contact and
the wires connected with ¢ and ¢&.  Here, after the spheres
are separated, the wire net is charged. To prove ths
the spheres of the discharger are brought to within a short
distance of one another (1 mm. or less), and a small sparl;
will bejseen between them, notifying that the net is cllarg%d,
well 1lulated and fitted for its purpose.

The: height of the' wire net above the plants must ".e
about 0’4 m. at its lewest point, and this height must be
increased as the plants are growing, This raising needs to
be done only once or twice, by loosening the rings of thé
insulators, lifting them up and, again fixing them,

The wire net must be carefully examined to sec that
it does not touch the plants, as all the electric current will
be conducted away by such contact. ’

As the electricity, if given in too large quantity, may
damage the plants, especially if administered at periods of
burning sunshine, it is best to apply the current on sunny
days for only four hours in the morning (from 6 a.m. or
7 am. to 10 a.m. or II a.m.) and for four hours in the
afternoon (from 4 p.m. or § p.m. to 8§ p.m. or 9 p.m.).

On cloudy days, however, it can be given the whole day,
and even during the night when the weather is moist.
During rainy days it is useless to keep the machine in motion,
because the wire net then loses its charge instantly.

In very dry periods, with burning sun, it is best to
interrupt the applications of the electricity, or to administer
for only one or two hours a day.

When the air is very moist the machine will speedily lose
its charge, because the electricity is going from the wire nct
almost instantly. On such occasions it will be advisable
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to put the spheres of the discharger so near that sparks are
intermittently passing between them. These sparks are
very small, but they will keep the machine charged; a
Leyden (Lane)* jar in the conductor to earth will have the
same effect.

Remarks—During the experiments with this installation
attention must always be directed to the insulation of the
wire net and the charging of the machine.

The insulators must be carefully observed every day,
because spiders make their webs over from the wire net to
the posts. This web must be cleared away.

When the electric machine is kept in a dry room, it will
be charged at the first turns. In the summer it sometimes
happens that the air in the room is colder than that outside.
In this case a condensation of watery vapour begins within
the machine, and its insulation is cestroyed. (This has
not hitherto been observed, because the older machines
have never been used for continuous work, and have always
been kept in an ordinary room with dry air) The best
course is, thetefore, to put the machine, together with the
motor, in a small room on an upper floor (about 2 square
metres in area), provided with a small fireplace with the
fire laid ready to be lighted, or a small heating apparatus
with source of heat outside, care being taken that the tem-
perature inside the room is always two or three degrees
higher than that outside.

The best method to observe, with regard to the supply
of the electric current, is to construct, as it were, a central
supply station, to branch out conductors 5 km. on all sides
around it,and to sell the electricity as an ordinary article of
commerce. In this way the cost of current will be ascer-
tainable, and this is most desirable from all points of view.

COST OF THE INSTALLATION.
The cost of an installation for the application of elec-
tricity to growing plants on a field of an area of 10 hectares

* A Leyden jar transformed into a Lane jar is a jar with which the length
and the number of sparks can be measured.
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(equal to 247 acres), or on I hectare (equal to 2°47 acres),
would be as follows :(—
For For
Electrical Machine and Motor— 1o Hectares. 1 Hectare.
One influence-machine of medium
size, with reverse rotating glass
cylinders of about 30 cm. (rrin.) ‘r\
in diameter and 4o cm. (153in.) in \
length coovviiiiiiiiiiiii A32 o o A£32 o o
One hot-air motor, one-tenth horse \ '
POWET tvivvrireiinininniinns creeiien 10 o o 10, 0 ©
L

[njt/a/ors, Wires and Posts— \

40 insulators for the field and 1o
for the conductor to the field (at
1s. 1d each) ......oooil cienienls 35 4 =2 313 9

13,800 metres galvanised iron wire 3
of r'smm. in diam. (weighing \
13'4 kg. per 1,000 m., equal o0
185 kg.), at 77d. ..., v e 518 8 o 11 11

81,000 m. galvanised iron wire
(1,000 m. weighing 2°48 kg., equal
to zor kg )at srdd. ...l g 12 8 °o 19 3

Labour for placing points on this

wire (150 m. in one hour equals

Y

540 hours at 4d.) ...l g 0 o o 18 o
640 poste 2°5 m. in length and 7 cm.
indiam. ..o, 2 11 3 o 5 2
Io posts 5 m. in length and 8 cm.
to 1o cm. in diam......c.ciieninians o010 © o 5 o
Installation of machinery, motor, &c. 4 o o 4 o O
/ Say, A£108 16 9 L5213 1
Annual Charges — 10 HFe‘(c::arcs. I HE::{HIC-
Setting up and taking down wire net
each season ..........cociiieiini. £3 6 8 L1 o o
Inspection and supervision (2 hours
daily) cooieiii e 5 o o 1 o o
Contingencies, renewals, &c.......... 4 o o 1'0 O
Interest, 10% on capital, £108 16 9 10 16 10 5 3
£23 3 6 48 5 3
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REVENUE.

We will take the wheat as a crop at medium price to
estimate the revenue from the application of the electrical
air-current. A field sown with wheat gives, speaking
generally, 34 bushels per acre as an average crop on ordinary
good wheat land; then an increase of 45 per cent. on 25
acres, or say I0 hectares, is equal to 383 bushels.

383 bushels at 3s. 6d. per bushel equals... £67 o 6
Less the yearly cost.u..coovveeneiiiinininnn... 23 3 6

The net profit on 24 acres equals ... £43 17 o

Or more than four-tenths of the whole cost of the com-
plete installation will be realised in the first year.

As the cost of the installation does not increase in direct
proportion to the area of land treated, it follows that on
larger areas the profits would be greater, whereas on a very
small area (1 or 2 acres) the increased crop would not pay
for the application of the electric current.

In the case of horticulture, however, it is an entirely
different matter. The produce has a much higher value,
and the electrical treatment will always repay the cost when
the area is not too small and is very intensively cultivated.
In this department of agricultural work, therefore, the
future for the electrical treatment of growing crops has a
most promising future.

Remarks.—In other countries, where the wheat prices are
much higher, this process of calculation will give, generally
speéking, 30 hectolitres* per hectare, or 300 hectolitres for
10 hectares. In these countries also the capital cost and
maintenance charges are, speaking generally, lower than in
the United Kingdom. The electrical treatment gives an
increase of 45 per cent. Therefore

135 hectolitres at 15°3s. per hectolitre, equals 4103 5 6

Less the yearly cost ....coooevieieine o iiiias 123 3 6

The net profit on 10 hectares will be .. ...... A 8 2 o

or neatly three-quarters of the whole cost of the complete

* One hectolitre equals 2°751 bushels.
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installation. This great difference comes from the very low
price of wheat in Great Britain, The price per bushel
varies very much :—

New York. Berlin. Stockholm. Helsingfors.
s.d. 5. d s.d. s d s. d. s, d.
Hectolitre...12 6 ... 13 4 ... 12 7to 15{8 ... 17 1¥ ... 18 11t
Bushel ...... 75... 711... 58to 7‘:5 .. 63%... 6 10t
Though the above calculations on the financial side of

the question are merely approximate tht;re will undoubtedly
be great pecuniary advantage in appl‘ying the electrical
treatment, when we take into consideration not only the
increase in the harvest but also the improvement of the
crops, as shown by the chemical analyses., That the electri-
cal air-current will prove of great service ig orchards and on
large market growing lands, by inducing earliness and rapid
maturity as well as increased crops, seems to be clearly
demonstrated, \

The cost of the installation includes vthe electrical
machine, which is put down for a sum of £32, or $164, and
this sum imay be regarded as very high in comparison with
the cost of the older machines, But my own experience
will here be useful. He who would avoid the troubles I
cxperienced in working with the older machine will not
hesitate to use the new type, with its opposité-direction
rotating cylinders. This new type of influence-mathine has
the following advantagesin comparison with the olde>ones:——

The New Machine. The QOlder Machine.

{Glass cylinders 40 cm, in length (45 cm. plates.)
and 30 ¢m. in diam.)

1. It never
charged.}

fails to be 1. The older machine fails
very often to be charged, espe-
cially in the summer, when the

air is sultry and humid.

2. It can be kept at work
during several months continu-
ously.

3. It can be used on a greater
area (say up to 1o hectares).

2. When at work it must be
cleaned every third day.

3. It can only be used upon an
area not exceeding 25 hectares.

* American wheat.

1 Russian wheat.

I Excepting when the air is 7edéo-actzve, which will occur very seldom, say
four or five times in the summer, and then only for a few hours.
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Chapter 1., Elementary Theory—Chapter Il., Historical Notes—Chapter IIl., Receivers—
Chapter 1V., Transmitterss—Chapter V., Magneto and Primary Battery Telephone Sets—Chapter V1.,
Primary Batteries—Chaptér VII., Private Telephone Installations—Chapter VI1I1., Magneto Systems,
Small Switchboards—Chapter 1X., Magneto Systems, Multiple Switchboards-——Chapter X., The Call
Wire and Ring-through Systems—Chapter XI., Central and Common Battery Circuits—Chapter XII.,
Apparatus used on Common-Battery Switchboards—Chapter XIII., Apparatus Racks and Distributing
Frames—Chapter X1V., Stdndard C.B. Practice—Chapter XV., Transfer and Divided Systems—
Chapter XVI., Party Line Working-—~Chapter XVII., Junction Line Working—Chapter XVIII, Call
Wire, Operator’s Instrument -and other Special Circuits—Chapter XIX., Desks for Supervision and
Testing—Chapter XX., The Lhy-out and Wire Scheme of a Common Battery Telephone Exchange—
Chapter XXI., Small Commorg Battery Switchboards—Chapter XXII., Common Battery Telephone
Instrument Circuits, Designs and Accessories—Chapter XXI1I., Extension Line and Private Line
Working—Chapter XXIV., Power Plant—Chapter XXV., Telephone Trunk Line Exchanges—
Chapter XXVI., Automatic Switghing Systems.

Alfrec —AMATEURWIRELESS TELEGRAPH DESIGNS. By

Alfrec. 1s, 6d. nett. i
In this little Volume an attempt is made to convey to those whom it may interest information of a
purely practical nature which has been obtained from experiments. Very few calculations and formulae
have been introduced, and those employed are very simple. The Author regards economy and cheap-
ness, both in time and material, as the essentials of any design, and as the book is intended solely for
amateurs no heed is paid to any particular wireless system. The resultant sets, both sending and
receiving, may prove rather different from the usual types, but should fulfil their object.

Anderson—BOILER FEED WATER : A Practical Treatise on its
Quality, Effects and Purification. By Fred. A. Anderson, B.Sc. (Lond.), F.1.C., F.C.S.
Cloth Bound. 6s. nett. A
The great increase in the working pressure of steam boilers during the last few years, and
the wide adoption of water-tube boilers, have directed attention more generally to the subject of
the quality of the water used for boiler feed. . . In this book an attempt has been made to
give a concise account of themost important impurities to bemet with in feed waters, especially
in land instailations, together with the methods for their detection and removal,

Ayrton—THE ELECTRIC\ ARC. By Mrs. Ayrton, M.LE.E.
Very fullv Illustrated. Price 12s. 6d¥ . .

Abstract from Author's Preface—~1his book owes its origin to a series of articles
published in 7'4e Elecfrician in1895-6. inexperimenting onthearc mvaim was not so much to add
to the large number of isolated facts that had alrea@y been discovered, as to torm some idea of t];e
bearing of these upon one another, and thus to arrive at a clear conception of what takes place in
each part of the arc and carbons at every moment.

Baines—BEGINNER’S MANUAL OF SUBMARINE CABLE
TESTING AND WORKING, By G. M. Baines. 7%4ird Edi/ion. Cloth. 7s.6d.
nett, post free 8s.

This book has been written to mest the requirements ot those about to commence the study
of Submarine Telegraphy. All subjects demanding attention have be-n brought within the scope
of the volume and have been dealt with at sufficient length to enable an intelligible idea to be
obtained of them, With regard to the algebraical portion of the study, all the formule bave been
worked out step by step, and, where convenient, have been supplemented by arithmetical
equivalents. The book is divided into 18 chapters, and deals with: Batteries, Ohm’s Law, Joint
Resistance, Wheatstone Bridge, Bridge Measurements, Insulation Test by Direct Deflection,
Inductive Capacity, Internal Resistance and E.M.F. ot a Battery, &c.. Current Strength in
Wheatstone Bridge, &c. ; also Tests of Broken or Faulty Cables, and Description of Submarine

Telegraph Apparatus, &c.

Barker, E. Raymond —S:z RAYMOND-BARKER, E., p. 11.

Beaumont—THE STEAM-ENGINE INDICATOR AND INDI-
CAIOR DIAGRAMS. Edited by W. W. Beaumont, MLL.C,E., M.LLM.E,, &c. New
and Enlarged Edition, Now Ready. 6s. nett. post free. X
The object of this book is to place in the hands of students and practical men a concise
guide to the ohjects, construction and use of the indicator, and to tbe interpretation of indicator
iagrams. ILengtby discussion of theoretical or hypothetical matters bas been avoided. The
behaviour of steam and its expansion under different condxt19ps hgve beep t'rea.ted in a sxmp}e
manner so'far as these questiousﬁ. are important to the consideration of indicator diagrams in
their most usual practical applications.
\
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Bond—RATING OF ELECTRIC LIGHTING, ELECTRIC
TRAMWAY AND SIMILAR UNDERTAKINGS. By W. G. Bond, Cloth, Bvo
price 2s. 6d. nett.

This little book is intended for the use of Directors, Secretaries, Engineers and other
Officials connected with Electric Traction, Lighting and Power Distribution Companies. The
chief object of the Author has been to enable those who are not familiar with the principles and
practice of rating to ascertain for themselves whether the Rateable Value of their property is
reasonable or excessive, and thus avoid unnecessary expense at the outset.

Boult—COMPREHENSIVE INTERNATIONAL WIRE TABLES
FOR ELECTRIC CONDUCTORS. By W, S. Boult. Price ¢s. post free.

Broughton—ELECTRIC CRANES: Their Design, Construction

and Application, By H. H. Broughton, AM.I.LE.E,, AAm.LLE.E,, A M.I.M.E., Whitworth

Exhibitioner, Head of the Electrical Engineering Department and Lecturer on Machine Design and

Structures at the Municipal Technical College, Brighton.

NOW READY. 25s. nelf. Postage 9d. U.K., Abroad 1s. 8d. About 900 pages. More than 600
Hlustrations (nearly all original for this book). Nearly 100 Tables (many of special value), Folding
Plates, Scale Drawings, Curves and specially made Photographic reproductions.

This book is the most comprehensive work ever published on the important subject of the Design,
Construction and Application of Electric Cranes and Hoists. It is the first Volume of a complete
Manual on Lifting and Hauling Machinery. Careful attention is given to the question of the electric
equipment of cranes, and the treatment is such as to be readily understood by those engineers, designers
and draughtsmen whose knowledge of heapy electrical engineering is limited to elementary principles.
In the chapter devoted to electrical equipment, motors, electro-mechanical brakes, controllers, collectors
switchgear and wiring are considered. A large number of wiring diagrams are included, and safety
devices of approved construction are described. The important question of the rating of motors for
intermittent service is considered at length, and keeping in mind the needs of mechanical engineers,
practical information takes the place of theoretical discussion. Many fully worked out examples are
given in connection with the section on structural steelwork, and constants of the utmost value to the
consultant and to the designer are included. Dimensioned working drawings of cross-girders, gantries,
jibs, pedestals and superstructures characterise the section on the structural part of cranes, as also do
the typical specifications of work of the highest class. The question of the power required to drive
cranes and crane mechanisms is considered in detail, and several examples are worked out. Special
attention is given to mechanical equipment, and a large number of constants and design coefficients
are included. The design, construction and arrangement of mechanical brakes also receive adequate
treatment. Considerable space is devoted to overhead cranes, to gantry cranes and to jib cranes, and
the examples selected represent the most recent practice. The many special cranes and crane systems
used in shipyards and in steelworks are described in detail, and the drawings of the British, German and’
American built cranes will be invaluable to designers, constructors and users.

There are 15 Chapters, and the following is a synopsis of the Contents : Chapter I., Introductory—
Chapter I1., Electric Equipment—Chapter I11., Structural Steelwork—Chapter 1V., Power required to
Drive Cranes—Chapter V., Mechanical Equipment—Chapter V1., Crane Arrangements—Chapter VII,,
Arrangement of Crane Mechanisms—Chapter VIII., Design of Crane Mechanisms—Chapter I1X.,
Overhead Travelling Cranes and Gantry Cranes—Chapter X., Jib Cranes—Chapter XI., Building Slip
Equipments—Chapter XIi., Fitting-out Basin Cranes—Chapter XIII., Steelworks Cranes—Chapter
XI1V., Specifications—Chapter XV., Properties of Sections and Conductors.

Carter—MOTIVE POWER AND GEARING FOR ELECTRICAL

MACHINERY: A Treatise on the Theory and Practice of the Mechanical Equipment
of Power Stations for Electric Supply, and for Electric raction. Bythe late E. Tremlett
Carter, C.E., M.I.LE.E. 650 pages, 200 [llustrations, Scale Drawings and Foldin,
Plates, and over 80 Tables of Engineering Data. In one volume. New edition, ravise
by G. THOMAS-DAVIES, Now Ready. Price 6s. 6d. nett, post free 7s.
Part I.~—Introductory. Part II.--The Steam Engine. Part III.—Gas and Oil Engines.
Part IV.—Water Power Plant. Part V.—Gearing, Part VI.—Types of Power Stations

Cooper—PRIMARY BATTERIES: THEIR CONSTRUCTION
AND USE. By W.R. Cooper, M.A. Fully Illustrated. Price ros, 6d. nett.

Auther’s Preface—Exfract.—Primary Batteries form a subject from which much has been
hoped, and but little realised. But even so, it cannot be $aid that the advance has been small ;
and consequently no apology is offered for the present volume, in which the somewhat scattered
literature of the subject has been brought together. Recent years have seen important additions
to the theory of the voltaic cell, and therefore a cousiderable number of pages have been devoted
to this part of the subject, although it is impossible to do more than give a superficial sketch of
the theoryin a volume like the present. With regard to the practical part of the subject, this
volume is not intended to be encyclopazdic in character; the pbject has been rather to describe
those batteries which are in general use, or of particular theoretical interest. As far as possible,
the Author has drawn on his personal experience, in giving practical results, which, it is hoped,
will add to the usefulness of the book. Owing to the importance of the subject, Standard Cells
have been dealt with at some length. Those cells, however, which are no longer in general use
are not described ; but recent work is summarised in some detail so as to give a fair idea of our

knowledge up to the present time. It has also been thought well to devote a chapter to Carbon-
Consuming Cells.

Cooper—See *“* THE ELECTRICIAN” PRIMERS, page 8.
Dawson—ELECTRIC TRACTION ON RAILWAYS. By Philip

Dawson, M.Inst.C.E., M.I.E.E., author of * Electric Tramways and Railways,” and
“Ths Engineering and Electric Traction Pocket Book.” 1,000 pages, over 6oo illustra-
tions (nearly all original}; roval 8vo. Ilandsomely bound. Price 25s. nett, postage 6d.
U.K. 1s.4d, abroad.
This book deals entirely with the application of electric traction torailways,as distingnished
from tramways. All the calculations necessary to determinjz the size and type of motor required
2
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under any given circumstances are carefully gone into,and are such as are used in actual practice.
The important question of the calculation of motor-driven axles is also considered in detail, and
a complete example worked out, The impedance of single-phase lines equipped with overhead
conductors is carefully gone into, and actual examples given to show how any quantity can be
ascertained beforehand for any given system. The questlon of the calculation and coustruction
of catenary suspension for single-phase railways is fully worked out, and examples of different
forms of construction given. An easy, simple and elementary theory of the siugle-phase motor
has been specially prepared for this book, so as to explain, as clearly and simply as possible, the
principles involved in its construction and operation. Special attention is given to practical
examples in connection with the construction of trucks and car bedies. Muitiple unit control

both for continuous and alternating currents, is fully gone into, and diagrams for all the most
important constructions are given, as well as illustrations of special details. Care ul attention
is given to theoretical and practical considerations in connection with the design and construction
of third rail, and all the most important methods hitherto adopted are amply described and fully
illustrated. A chapter is devoted to electric locomotives, both continuous and alternating
current, designed for all classes of service, and this chapter is very fully illustrated with examples
of work actually carried out. A limited apount of space is devoted to the most important and
general features connected with the design and consrr ction of power stations and sub-stations,
and general details. To the subject of accumulator rggtion {or railways all necessary space has
been accorded. Considerable attention is given toiﬁnqncial detairs and estimates as regards
working costs, maintenance costs, and all the numerous financial details required tor the
successful operation of the electrified line. The work izas been prepared on the basis that the
reader is acquainted with tbe principles underlying lectrical engineering data as well as with
the principles of railway construction and apparatus; and, the book is intended to supply that
special knowledge, both practical and theoretical, which is essential to every engineer who has
either to equip or operate electric railways. '

Dick and Fernie—ELECTRIC MAINS AND DISTRIBUTING
SYSTEMS. By J.R. Dick, B.Sc., M.LE.E.}and F. Fernie, A.M.I.C.E., A.M.LE.E.
Fully illustrated. ~Price 10s. 6d. pett. '

The authors have dealt with the subject in such a way that engineers and designers of underground
cable systems will have available, in a convenient form for'reference, sufficient information. 1t is also
foped that the book will prove helpful to students, as well ag to engineers and contractors, whose require
ments, especially from the point 'of view of design, have been primarily considered.

CONTENTS.
Part 1., The Design of Cable Systems and thelCalculation of Conductors. .

Chapter I., Introductory ; Principles of Network Desigry—Chapter 11., Calculation of Distributors
—Chapter [1]., Association of Distributors and Feeders—Chapter IV., Design of Feeders—Chapter V.,
Special Types and Arrangements of Feeders—Chapter VI., Heating of Cables—Chapter VII.,
Network Analysis—Chapter VIII,, Power Networks—Chapter 1X., Three-Phase Networks—Chapter
X., Alternating and Polyphase Networks—Chapter XI., Abnormal Pressure Rises on H,-T. Alter~
nating Circuits.—Chapter XII., E.H.T. and H.T. Systems, Supply in Bulk.

Part I1., The Installation and Maintenance of Cables and Cable Systems.

Chapter I., Construction and Properties of Cables—Chapter 11., Testing of Cables—Chapter I11.,
Electrolysis on Underground Systems—Chapter 1V., Electric Osmose on Underground Systems-—
Chapter V., Causes of Faults, Measures for Preventing them—CHhapter VI., Cable Ducts and Troughs—
Chapter VII., Choice of Cables and Methods of Laying—Chapter-VIIL., Laying of Cables and Ducts—
Chapter 1X., Records of Mains and Allocation of Costs—Chapter X., Earthing, Locating Earths and
Earth Indicators—Chapter XI., Cable and Jointing Accessories—Chapter X11., Joints, Boxes, Discon-
necting Boxes and Pillars—Chapter XI11., Costs of Cables and Installation of Cables.

Down—¢“THE ELECTRICIAN” HANDY COPPER WIRE
TABLES AND FORMULZ FOR EVERYDAY USE IN FACTORIES AND
WORKSHOPS. By P. B. Down, Wh.Ex., A.M.I.M.E. | Price zs. 6d. nett.

Eck—LIGHT, RADIATION AND ILLUMINATION. From the
German of Panl Hogner. Translated by Justus Eck, M.A.,DL.LE.E,, &c. Fully Illus-
trated. Price 6s. nett. [n preparation.

N The important subject of Light, Radiation and Illumination is dealt with by Mr. Hogner

in a very complete wav, and the student, as well as_the engineer and manufacturer, will fiud Mr,

Eck’s translation of Mr. Hégner’s excellent scientific and literary work of the greatest value in

connection with this subject. Both author and translator have made the 'subject their special

study for many years.

“THE ELECTRICIAN” WIREMAN’S POCKET BOOK AND
ELECTRICAL CONTRACTOR'S HANDBOOK—Ste ROBINSON (A. W) and
WARRILOW (W. E.), p. 11.

Ewing—MAGNETIC INDUCTION IN IRON AND OTHER
METALS. By Sir J. A. Ewing, F.R,S. 382 pages, 173 Illustrations. Third Edition,
Second Issue. Price 10s. 6d. nett.

Synopsis of Contents.—After an introductory chapter, which attempts to explain the
fundamental ideas and the terminology, an account is given of the methods which are usually
employed to measure the maignetic quality of metals. Examples are then quoted, showing the
results of such measurements for various specimens of iron, steel, nickel and cobalt. A chapter
on Magnetic Hysteresis follows, and then the distinctive features of induction by very weak and
by very strong magnetic forces are separately described, with further description of experimental
methods, and witb additional numerical results. The influences of Temperature and ot Stress are
discussed. The conception of the Magnetic Circuit is then explained, and some account is given of
-experiments which are best elucidated by making use of this essentially modern method of treatment,

« THE ELECTRICIAN” PRINTING & PUBLISHING CO., LTD.,
1, ¢ and 3, Salisbury Court, Fleet Street, London, E.C.
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Fisher and Darby—STUDENTS GUIDE TO SUBMARINE

CABLE TESTING. By H. K. C. Fisher and J. C. H, Darby. New and Enlarged

Edition. Fully Illustrated. Price 7s. 6d. nett, post free; abroad, 8s.

The authors of this book have, for some years past,been engaged in the practical work of
Submatine Cable Testing in the Eastern Extension Telegraph Company’s service,and have em-
bodied their experience in a Guide for the use of those in the Telegraph Service who desire to qualify
themselves for the examinations which the Cable Companies have recently instituted. To those
desirous of entering the Cahle Service Messrs. Fisher and Darby’s book is indispensable, as it
is now necessary for probationers to pass these examinations as part of the qualification for service.

A valuable set of Questions and Answers is added to the New and Enlarged Edition,

Fleming—ELECTRICAL LABORATORY NOTES AND FORMS.
Arranged and prepared by Prof. J. A. Fleming, M.A., D,Sc., F.R.S,, &c.

This important Series of Notes and Forms for the use of Students in University and other
Electro-technical Classes has a world-wide reputation, and many thousands of copies have been
snld. From time to time, as considered desirable, the Notes and Forms have been corrected or
re-written, but the original divisions of the forty Forms into *‘ lilementary’ and * Advanced”
has hitherto been observed. At the same time it is realised that the time has come for additions
to be made to the original Set, and Dr. Flemini has written Ten Additional Notes aud Forms
(Nos. 41 to 50). It should be remembered that the numerical order observed in the above list has
no relation to the difficulty or class sequence of the exercise, but is simply a reference number for
convenience. The Subjects of the additional Notes and Forms are:—

No. SuBjECT. No. SuBjJECT.
1. The Exploration of Magnetic Fields. 26, The Standardization of an Ammeter by
2, The Magnetic Field of a Circular Current. the Potentiometer.
3. The Standardization of a Tangent Galva- 27. The Determination of the Magnetic Per-
nometer by the Water Voltameter. meability of a Sample of Iron,
4. The Measurement of ¥lectrical Resistance 28, The Standardization ef a High Tension
by the Dirvided Wire Bridge. Voltmeter.
5. The Calihration of the Ballistic Galvano- 29. The Examination of an Alternate Current
meter. Ammeter.
6. The Determination of Magnetic Field 30, The Delineation of Alternating Current
Strength. Curves.
7. Experiments with Standard Magnetic 31. The Efficiency Test of a Transformer.
Fields 32. The Efficiency Test of an Alternator.
8. The Determination of the Magnetic Field 33. The Photometric Examination of an Arc
in the Air Gap of an Electromagnet. Lamp.
9. The Determination of Resistance with the 34, The Measurement of Insulation and High
Post Office Pattern W heatstone Bridge. Resistance.
10, The Determination of Potential Differ- 35+ The Complete Efficiency Test of a
ence by the Potentiometer. Secondary Battery.
11. The Measurement of a Current by the 36. The Calihration of Klectric Meters.
Potentiometer. 37. The Delineation of Hysteresis Curves of
12, A’Complete Report ona Primary Battery. Iron.
13. The Standardization of a Voltmeter by 38. The Examination of a Sample of Iron for
the Potentiometer. Magnetic Hysteresis Loss.
14. A Photometric Examination of an Incan- 39. The Letermination of the Capacity of a
descent Lamp. Concentric Cahle,
15. The Determination of the Absorptive 40. The Hopkinson, Test of a Pair of Dynamos.
Powers of Semi- 1 ransparent Screens. 41, Determination of Dynamo Efficiency by
16, The Uetermination of the Reflective Routin’s Method.
Power of Various Surfaces. 42. Separation ot Hysteresisand Eddy Cur-
17. The Determination of the Electrical Effi- rent Losses in Continuous-Current
ciency of an Electromotor by the Cradle Dynamo Armatures.
Method. 43. Efficiency Test of Two Equal Trans-
18, The.Determination of the Efficiency of an formers by the Differential (Sump-
Electromotor hy the Brake Method. ner’s) Methbod.
19. The Efficiency Test of a Combined 44. Measurement of the Efficiency and
Motor-Generator Plant. Power Factor of a Polyphase In-
20, Testofa Gas Engine and Dynamo Plant. duction Motor by the Wattmeter
21. The Determination of the Klectrical Re- Method.
sistivity of a Sample of Metallic Wire. 45. Determination of the Characteristic
22. The Measurementof Low Resistances by Curves of Dynamo Machines.
the Potentiometer. 46, The Ahsolute Measurement of Capa-
23. The Measurement of Armature Resist- city,
ances. 47, The Measurement of Inductances.
24, The Standardization of an Ammeter by 48, The Test ofa Rotary Converter.
Copper Deposit. 49. The Parallelisation of Alternators.
25. The Standardization of a Voltmeter by 50. The Examination of an Alternating-
the Potentiometer. ¥ Current Motor.

These “ Electrical Laboratory Notes and Forms’ have been prepared to assist Teachers,
Demonstrators and Students in Electrical Laboratories, and to enable tbe Teacher to economise
time, They now consist of a series of 50 Exercises in Practical Electrical Measurements and
Testing. For each of these Exercises a four-page Report Sheet has been prepared, two and some-
times more pages of wbich are occupied with a condensed account of the theory and practical in-
structions for performing the particular Experiment, the other pages being ruled up in lettered
columns, to be filled in by the Student with the observed and calculated quantities. These
Exercises are perfectly general, and can be put into practice in any Lahoratory,

Each Form is supplied either singly at 4d. nett, or at 3s. 6d. per dozen nett {assorted or
otherwise as required) ; in Sets of any Three at 1s.nett; or the Complete Set of 50 Exercises,

« THE ELECTRICIAN ” PRINTING & PUBLISHING CO., LTD,,
1, 2 and 3, Salisbury Court, Fleet Sjtreet, London, E.C.
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price rzs. 6d. nett, or in a handy Portfolio, 145, nett, or bound in strong Cloth Case, price 13s. nett,
Spare Tabulated Sheets for Observations, price 1d. each nett. Strong Portfolios can also
supplied, price 1. 6d. each. The best quality Foolscap Sectional Paper for Drawings (16in. by
13in.) can be supplied, price 9d. per dozen sheets nett. . . .

Sample Copy of any one of the Notes and Forms will be sent post free to amy Teaching
Establishment, or to the Professor or Demonstrator of a Class for Electro-Technology., A complete
Prospectus will also he sent post free on application.
N.B.—A limited number of the first 4@ of the NoTEs AND ForMs, set out on previous page,

can be supplied in a smaller size (103 by 8), hound in strong cloth, price 6s. nett, post free,

Fleming—THE ALTERNATE CURRENT TRANSFORMER
IN THEORY AND PRACTICE. By Prof. J. A. Fleming, M.A,, D.Sc., F.R.S,,
Vol. I. New Edition—Almost entirely Rewritten, and brought up to date More
than 600 pages and 213 illustrat.ons, 12s. 6d. post free; abroad, 13s. Vol. II. Thirdissue.
More than 6oo pages and over joo illustrations, 12s, 6dz\post free; ahroad, 13s.

Since the first edition of this Treatise was published, the §tudy of the properties and appli-
cations of alternating electric currents has made enormous progréss. . . . . The Author has,
accordingly, rewritten the greater part of the chaptere, and availed himself of various criticisms,
with the desire of removing mistakes and remedying defects of treatment. In the hope that this
will he found to render the book still useful to the increasing nuinbets of those who are practically
engaged in alternating-current work, he has sought, as far as pojsible, to avoid academic methods
and keep in touch with the necessities of the student who has to deal with the subject not as a
basis for mathematical gymnastics but with the object of acquirisdg practically useful knowledge,
\

Fleming—A HANDBOOK FOR THE ELEpTRICAL LABORA-
TORY AND TESTING ROOM ByDr. ]. A. Flémltng, M.A., F.R.S.,M.R.}, &ec.
Vol. 1., price 12s. 6d. nett, post free 13s. Vol. II., r4s. nett.

This, Handbook has been written especially to meet the requirements of Electrica
Engineers in Supply Stations, Electrical Factories and Testing Rooms. The Book consists of a
series ot Chapters each describing the most approved and practical, methods of conducting some
one class of Electrical Measurements, sugh as those of Resistance, Electromotive Force, Current,
Power, &c., &c. It does not contain merely an iadiscriminate collection ot Physical Laboratory,
processes without regard to suitability tor Engineering Work. '&The Author has brought to
its compilation a long practical experience of the methods described, and it will be found to he a
digest of the best experience in Electrical Testing. The Volumes tontain a usefel Chapter on
the Equipment of Klectrical Lahoratories and numerous lables of Electrical Data.

Synopsis oF CONTENTS.

~ Vol. L. Vol. II.
Chapter I.—Equipment of an Electrical Test- Chapter 1.—The Measurement of Electric

ing Room. Quantity and Knergy.

5»  1I.—The 'Measurement of Electrical 5» 1I.—The Measurement of Capacity
Recsistance. and Inductance.

ss 1II.—~The Measurement of Electric sy 1II.—Photometry.
Current. 5, 1V.—Magnetic and Iron Testing.

5» IV.—The Measurement of H.MLF. ;5  V.—Dynamo, Motor and Transformer

ss  V.—TheMeasurement of ElectricPower. Testing.

Fleming—HERTZIAN WAVE WIRELESS TELEGRAPHY:

A Reprint of a series of articles in the ‘‘ Popular Science Montﬁly,” based upon Dr.
Fleming’s Cantor Lectures hefore the Society of Arts, 1903, By'Dr. J. A. Fleming,
F.R.S. 108 large8vo. pages, fully illustrated. 3s. 6d. nett.

Fleming.—ELECTRIC LAMPS AND ELECTRIC LIGHTING.
By Prof. J. A. Fleming, M.A,, D.Sc., F.R.S. Second Edition. Very fully illus-
trated, handsomely bound, on good paper, price 6s. nett.

Fleming—THE CENTENARY OF THE ELECTRIC CURRENT.

1769—1805. By Prof. J. A. Fleming, F.R.S. With Illustrations of early apparatus and
interesting Chronological Notes. In neat paper'covers 1s. nett, post free 1s. 3d.

Fleming—THE ELECTRONIC THEORY OF ELECTRICITY.

By Prof. ]J. A. Fleming, M.A., D.Sc,, F.R.S. Price 1s. 6d. post free.

Fynn—THE CLASSIFICATION OF ALTERNATE CURRENT

MOTORS. By V. A. Fynn, M.ILE.E. Fully lllustrated. 3s. nett.

Geipel and Kilgour—A POCKET-BOOK OF ELECTRICAL
ENGINERRING FORMULZ, &c. By W. Geipel and H, Kilgour. Second Edition.
8oo pages. 7s. 6d. nett; post free at home or abroad, 7s. od.

With the extension of all branches of Electrical Engineering (and particularly the heavier
branches), the need of a publication of the Pocket-Book style dealing practically therewith
increases ; for while there are many such hooks referring to Mechanical Engineering, and several
dealing almost exclusively with the lighter hranches of electrical work, none of these suffice for the

urposes of the numerous body of Electrical Engineers engaged in the application of electricity to
Eighting, Traction, Transmission of Power, Metallurgy, and Chemical Manufacturing.
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“THE ELEGTRICIAN” PRIMER!

By Warious Authors. [COPYRIGHT.

Edited by Mr. W. R. COOPER, M.A,, B.Sc., M.l E.E.
Each Primer is complete in itself and gives a clear insight into the subject dealt with.

There are, in all, over 80 PRIMERS in this Collection. The complete set comprises over 1,000 pag
and (appr0x1mate1v) 550 illustrations, the greater portion specially drawn and made for these v
umes, and consequently Copyright. Following is a list of the subjects dealt with :—

Vol.I. THEORY @5/ Vol 11, Price 6s. nett, (For Price of VVOI. K1, Price 4s. 6d. nett. (For

Primers.) Price 3s. 6d. nett. . . of single Copies see below.)
(For price of Single Copies Single Copies see below.)
see below.) TELEGRAPHY,
1. Effectn of an Electric Corrent (—] TR T
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Gerhardi—ELECTRICITY METERS, THEIR CONSTRUCTION
AND M ANAGEMENT. A Practical Manual for Central Station Engineers, Distri-
buting Engineers, and Students. By C, H, W. Gerhardi. 8vo. Fullyillustrated. os. nett,

The Author ot this valuahle Practical Manual on the Management of Electricity Meters
has had many years’ experience with Electricity Meters as chicf of the Testing Department of the
largest electricity supply undertaking in the United Kingdom. Mr. Gerhardi’s intimate acquain-
tance with the working of ail existing meters on the market, and with the details of their construc-
tion, is a guarantee that the hook will meet the requirements of those engaged in work in which the

Electricity Meter forms an essential part,

Goldschmidt—ALTERNATING CURRENT COMMUTATOR

MOTORS. By Dr. Ing. R. Goldschmidt. Over 6oo pages. Fully Illustrated, with many
Tables and Curves. 6s.6d. nett.

. This work is divided into two parts. The first consists of a series of articles on Commutator Motors
which have been reprinted from The Electrician and revised and expanded by the author. The second
part is also made up of articles which gives the result of the author’s experienfe on the Leakage of
Induction Motors, The Treatise contains many Tables and Curves intended for] the handy use of the
designer of Induction Motors. ]

Gore—THE ART OF ELECTROLYTIC SEPARATION OF

i M}::TA’LS. By Dr. George Gore. Over 300 pages, 106 illustrations. Prjce 1os. 6d. post free.

Dr. Gore’s work is ot the utmost service in connection with all classes of eiectrplytic work con-
nected with the refining of metals. The book contains both the science and the art of the subject
(both the theoretical principles upon which the art is based and the practical rules and details of tech-
nical application on a commercial scale), so that it is suitable for both studentsjand manufacturers.

Gore—ELECTRO-CHEMISTRY. By Dr. G. Gore.  Price zs.
.. At the time wlen this book first appeared no separate treatise onl\Electro-Chemistry
exlsted_m the English language, and Dr. Gore, whose lln)ooks on electro-metallurgy, electro-
deposition and otber important branches of electro-technical work are known throughout the
world, has collected together a mass of useful information, arranged in consécutive order, and
giving brief descriptions of the laws and general pringiples which underHe Elegtro-Chemistry.

Hansard—TRAMWAY TRACTIVE EFFORT AND POWER
DIAGRAM. By A.G. Hansard. 2s.6d., post free in tube 3s.,mounted on ll.nen, §s.,post free.

Hawkins—THE THEORY OF COMMUTATION. By C. C.

Hawkins, M.A., M.ILE.E. Paper covers. 2s. 6d. nett.

Heather—ELECTRICAL MANUAL FOR MINING ENGI-
NEERS, By H. J. S. Heather, B.A,, M.I.C.E,, M.LLE.E. Fully illustrated. Ready
December, 1911, .

In the series of lectures which form the hasis of the work the Author has endeavoured to
impart such a knowledge of electrical engineering as will enable resident engineers of mines and
those in control of mining machinery to cope with any difficulties they may meet in the course of
their work. The Janguage employed is clear, simple and direct, and the work should prove ex~
tremely useful to all those who are directly or indirectly interested in mining plant, an&)parﬁcu-
larly to those employed in the gold mining industry.

Heaviside—ELECTROMAGNETIC THEORY. By Oliver Heavi-

side. Vol.I. Second issue. 466 pages. Price12s.6d., post free 13s. Vol. I1. 568 pages.
Price 12s. 6d. post free; abroad 13s. 3
Extract from Preface to Vol. [.—This work is something approacking a connected treatise
on electrical theory, though without the strict formality usually associated with a trealise. The
following are some of the leading points in this volume. The ‘Erst chapter is introductyry. The
second consists of an_outline scheme of the fundamentals of electromnagnetic theory Yrom the
Faraday-Maxwell point of view, with some small modifications and extensions upon Maxwell’s
equations. The third chapter is devoted to vector algebra and analysis, in the form used by me
in former papers. The fourth chapter is devoted to the theory of plane electromagnetic waves,
and, being mainly descriptive, may perhaps be read with profit by many who are unable to tackle
the mathematical theory comprehensively. I have included the application of the theory (in
duplex form) to straight wires, and also an account of the effects of self-induction and leakage.
Extract from Preface to Vol. II.—From one point of view this volume consists essentially
of a detailed development of the mathematical theory of the propagation of plane electro-
magnetic waves in conducting dielectrics, according to Maxwell’s theory, somewhat extended.
From another point of view, it is the development of the theory of the propagation of waves alonE
wires. But on account of the important applications, ranging from Atlantic telegraphy, throuF
ordizary telegraphy and telephony, to Hertzian waves along wires, the Author has usually
preferred to express results in terms of the concrete voltage and current, rather than the specific
electric and magnetic forces belonging to a single tube of flux of energy. . . . Tbe theory of
the latest kind of so-called wireless telegraphy (Lodge, Marconi, &c.) has been somewhat
anticipated, since the waves sent up the vertical wire are hemispherical, witb their equatorial
bases on the ground or sea, which they run along in expanding. (Seet 60, Vol. I.; alsot193 in
this volume.) The author’s old predictions relating to skin conduction, and to the possibilities of
long-distance telephony have been abundantly verified in advancing practice; and his old
predictions relating to the behaviour of approximately distortionless circuits have also received
fair support in the quantitative ohservation of Hertzian waves along wires. .
With regard to Vol. I1I. of Mr, Oliver Heaviside’s very important work on Electromagnetic
Theory, the Publishers desire to state that Vol, III. is approaching completion, and will be
published early in 1912. It will be an exceedingly valuable addition to the previous volumes. It
will provide the means of solving many of the problems which those engaged in practical electrical
industrial operations are called upon to consider, and it will also be a work of inestimable value
to the scientist.
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Heaviside—¢* ELECTRICAL PAPERS.” In Two Volumes. By

Oliver Heaviside. Price £3: 3s. nett,

The first twelve articles of Vol. 1. deal mainly with Telegraphy, and the next eight with the
Theory of the Propagation of Variations of Current along Wires. Then follows a series of
Pagers relating to klectrical Theory in general.

The contents of Vol, IT. include numerous Papers on Electro-Magnetic Induction and its
Propagation, on the Self-Induction of Wires, on Resistance and Conductance Operators and
their Derivatives Inductance and Permittance, on lilectro-Magnetic Waves, a general solution
of Maxwell’s Electro-Magnetic Equations in a Homogeneous Isntropic Medium, Notes on Nomen-
clature, on the Theory of the Telephone, on Hysteresis, Lightning Conductors, &c.

These two Volumes are scarce and are not likely to be reprinted.

Hickman—THE PRACTICAL WIRELESS SLIDE RULE. By

Dr. H. R. Belcher Hickman., /Now Ready. 2s. 6d, nett, in envelope, post free, 2s. od.
In leather case 3s., post free 3s. 3d.

Dr. Belcher Hickman's Practical Wireless Slide Rule will prove an indispensable com-
panion to all who have calculations to make in connection with Wireless Telegraphy, Telephony
and allied subjects, The Slide Rule has been very carefully prepared, and has been approved by
several of our leading wireless experts. The fullest directions are provided for using the rule.

Houston—STUDIES IN LIGHT PRODUCTION. By R. A.
Houston, M.A., Ph.D., D.Sc. I preparation.

Jehl—CARBON MAKING FOR ALL ELECTRICAL PUR-

POSES. By Francis Jehl. Fully ilustrated. Price 10s. 6d. post free.

This work gives a concise account of the process of making High Grade and other
Carbon for Electric Liglting, Klectrolytic, and all other electrical purposes.

CONTENTS. .
Chapter I.—Physical Properties of Carbon. Chapter IX.--The Estimation of High Tem-
55 1I.—Historical Notes. peratures.
» 1IL.—Facts concerning Carbon. . X.—Gas Analysis.
y» IV.—The Modern Process of Manu- s,  XI1.—On the Capital necessary for
facturing Carbons. starting Carbon Works, &c.
» V.—Hints to Carbon Manufacturers »»  XIL—The Manufacture of Electrodes
and Electric Light Engineers. on a Small Scale.
sy VI.—A “New? Raw Material. »» X111.—Building a Carbon Fagtory.
» VIL.—Gas Generators. ys XIV,—Soot or Lamp Black.
» VIII.—The Furnace. . XV.—8oot Factories,

Kennelly and Wilkinson—PRACTICAL NOTES FOR ELEC-
TRICAL STUDENTS. Laws, Urits and Simple Measuring Instruments, By A. E,
Kennelly and H. D. Wilkinson, 320 pages, 153 illustrations, Price 6s. 6d. post free.

Kershaw—THE ELECTRIC FURNACE IN IRON AND STEEL
PRODUCTION. By JohnRB.C.Kershaw,F.I1.C. Fullyillustrated. 8vo. Pricejs. 6d. nett,

Kilgour—Se«e GEIPEL AND KILGOUR.

Lemstro6m—ELECTRICITY IN AGRICULTURE AND HORTI-
CULTURE. By Prof. S. Lemstrém. With illustrations. Price 3s. éd. nett.

The late Dr. Lemstrdm's work in connection with the Application of Electricity to
Agriculture and Horticulture has attained world-wide recognition, and in 1he development,
which this branch of Electrical Science 1ind Application is undergoing Prof. Lemstrém’s valuable
early experiments prove of the greatest service, The book is circulating in all parts of the world,
as it is realised that there are great possibilities in front of us in regard to this great question.

Livingstone —THE MECHANICAL DESIGN AND CON-
STRUCTION OF COMMUTAIORS. By R. Livingstone. Very fully illustrated.
Now Ready. Price 6s. nett.

This book is intend~d principally for draughtsmen and engineers engaged in the design ot
electrical machinery, but it wil also be found useful by students. . . . Lhe two types dealt with
represent the most general present-day practice in commutator construction, and will serve to
show the piinciples involved in design.

Livingstone—LIVINGSTONE’S DIAGRAM FOR THE EASY
CALCULATION OF SHAFT AND BEAM DEFLECTIONS. With fully worked
out examples for use. Now Ready. On bard paper, price 2s. 6d nett ; by post, in tube,
2s. 10d. On card, 3s. nett; by post, in tube, 35 6d. 10 per cent. reduction on orders for
6 copies; 15 per cent. for 12 to 20 copies ; 20 per cent, above zo copies up to 50 ; beyond
50 33% per cent.

This Diagram will be found indispensable to Draughtsmen and Engineers whose work involves
the calculation of Sharfc and Beamn defiections. As this class of calculation is almost universal in
Draughtsmen s and Engineers’ offices, it is anticipated by the Publishers that a large demand will arise
for this timne znd labour-saving device.

Livingstone—THE MECHANICAL DESIGN AND CONSTRUC-

‘I'ION OF GENERATORS. By R. Livingstone, Zn Preparation.
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Lodge—WIRELESS TELEGRAPHY.—SIGNALLING ACROSS
SPACE WITHOUT WIRES. By Sir Oliver J. Lodge, D.Sc., F.R.S. New and
Enlarged Edition. Very fully illustrated. Price §s. nett, post free 5s. 3d.

The new edition forms a complete Illustrated Treatise on Hertzian Wave Work. The Full
Notes of the interesting Lecture delivered by the Author before the R oyal Institution, Londoen, in
June, 1804, form the first chapter of the buoi. The second chapter is devoted to the Appiication
of Hertz Waves and Coherer Signalling to Telegraphy, while (?hapter II1. gives Detaiis of other
Telegraphic Developments. In Chapter IV, a history of the Coherer Principle is given. including
Professor Hughes’ Early Observations before Hertz or Branly, and the work of M. Branly.
Chapters are also devoted to ** Communications with respect to Coherer Phenomena on a Large
Scale,” the “ Photo-Electric Researches of Drs. Elster and Geitel,” and the Photo-Electric
Researches of Prof. Righi.

Maurice-——ELECTRIC BLASTING APPARATUS AND EXPLO-
SIVES, WITH SPECIAL REFERENCE TO COLLIERY PRACTICE. By Wm.
Maurice, M.Nat.Assoc. of Colliery Managers, M.I.Min.E., AAM,L.LE.E. Price 8s. 6d. nett.

. The aim of this book is to prove itself,a useful work of reference to Mine Managers,
Engineers and others engaged in administrajlye occupations by affording concise information
concerning the most approved kinds of apparatus, the classification and properties of explosives,
and the best known means of preventing accidents in th= use ot them. The work gives not only
an explanation of the construction and safe appligation of blasting appliances, the properties of
explosives, and the difficulties and dangers incdrreg in daily work, but it also serves as an easy
introduction to the study of electricity—without at\|least a_rudimentary knowledge of whick no
mining official can now be considered adequately tra\ned. Particular attention has been devoted
to the problem of safe shot firing in coal mines{ and an attempt has been made to present the
most reliable information on the subject that experience and recent rescarch have made possible.

Maurice—THE SHOT-FIRER’S GUIDE: A Practical Manual on
Blaﬁs&ing and the Prevention of Blasting Accidents. By 'W. Maurice, M.I.M.E,,A.LE.E,
3s. €d. nett.

. This work covers the entire field of mining’ work in collieries, quarries, &c., where shot
firing is an essential part of the operations. The work bas been specially prepared in the
popalar Question and Answer setting as a Guide Book for the use of Colliery Managers Mining
Students, Underground Qfficials, Quarry Owners hnd all interested in the safe application of
Explosives, **The Shotfirer's Guide ” contains reférences to the latest researches into the Coal
Dust question, including Dr. Henry Payne’s Paper‘?efore the Coal Mining Institnte of America,
Dr, Snell's Presidentiat Address to the British Medical Association, and the Experiments that
are being carried out by the Miniog Association of Great Britain at Aliéits. Such a book will
be indispensable alike to busy mine managers, whose reading time is limited, and to students
and workmen who realise the necessity for making themselves thoroughly ax faif with one of the
most difficult of mining problems. K;collection of Examination Questions relating to Shot-
firing is appended.

Phillips—THE BIBLIOGRAPHY OF X-RAY LITERATURE
AND RESEARCH. Belng a carefully and acéurately compiled Ready Reference Index
to the Literature on Rontgen or X-Rays. Edited by C. E. S. Phillips. With an Historical
Retrospect and a Chapter, * Practical Hints.” on X-Ray work by the Editor. Price 3s.

Pierce—PRINCIPLES OF WIRELESS TELEGRAFPHY. By G,
W. Pierce, M.A., Ph.ID. 12s.6d. nett.

Pritchard—THE MANUFACTURE OF ELECTRIC LIGHT
CARBONS. By Q. G. Pritchard. A Practical Gujde to the Establishment of a Carbon
Manufactory, Fully illustrated. Price 1s. 6d., post free 1s, od.

Raphael—THE LOCALISATION OF F)QLULTS IN ELECTRIC
LIGHT MAINS. By F. Charles Raphael. New Editjon. Price 7s. 6d. nett.

Although’the localisation of faults in telegraph cables bxs been dealt with fully in several
hayd-books and pocket-books, the treatment of faulty electric light and power cables has never
been discussed in an equally comprehensive manner. The conditions of the prohlems are,
however, very different in the two cases; faults in telegraph cahles.are seldom localised before
their resistance has become low compared with the resistance of the cahle-itself, while in electric
light work the contrary almost always obtains. This fact alone entirely changes the method of
treatment required in the latter case, and it has been the Author’s endeavour, by dealing with the
matter systematically: and as a separate subject, to adeguately fill a gap in technical literature.

Raymond-Barker—THE TWO-TONE VIBRATING TRANS-
MITTER AND CABLEINDUCTIVE SIGNALLING. By Edward Raymond-Barker.
MLC.E. fully illustrated. 1s. nett; by post, 1s. 3d. .

This book gives a Description of a Novel Telegraphic Apparatus and Equal-Time-~
Element System for Electro-Vibrating Telegraphic Working. .
Among the uses to which this Book may be put, that of affording in Physical Lecture

Rooms interesting Examples illustrating Theoretical Principles will be found worthy of attention.

Robinson and Warrilow—“THE ELECTRICIAN” WIRE-
MAN'S POCKET-BOOK AND ELECTRICAL CONTRACTOR’S HANDBOOK.
Compiled by A. W. Robinson and W. E. Warrilow, AM.LE.E. Fully Illustrated.
5s. nett, by post 5s. 3d. R . . .

The following is a brief synopsis of the contents : Systems of Wiring; Wiring Diagrams, Typica

Interior and Exterior Installations (Residences, Shops, Churches, Chapels, Public Buildings, Exhibitions,

&c.) 3 Temporary Wiring and Illumination ; Testing and Testing Instruments ; Wiring Rules; Notes

“THE ELECTRICIAN ” PRINTING & PUBLISHING CO,, LTD,,
. » 2 and 3, Salisbury Court; Fleet Street, London, E.C.
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and Data on llluminating Engineering ; Metal Filament Lamps; Shades and Reflectors; Lanterns
and Special Fittings ; Arc Lamps and Accessories ; [llumination Curves, &c. ; Small Motors for Trade
and Domestic Purposes ; Erection and Maintenance of Steam, Gas, Paraffin and Petrol Engines and
‘Water Turbines; Batteries and Switchgear; General Notes on Running of Plant, &c.

Sayers—BRAKES FOR TRAMWAY CARS. By Henry M. Sayers,
M.I.LE.E. Ilustrated. js. 6d. nett,

A series of valuable articles on the general principles which should determine the design
and choice of brakes for tramcars. Owing to the auther’s extensive experience in the construction
and working of tramways. This work should prove invaluable to engineers and managers of
tramway networks and all who are interested in tramway management.

Searle—ON RESISTANCES WITH CURRENT AND POTEN-
TIAL REGULATORS. By G.F.C. Searle, M.A,, F.R.S. 25, nett.

Shaw—A FIRST-YEAR COURSE OF PRACTICAL MAGNET-
ISM AND ELECTRICITY. By P. E. Shaw, B.A., D.Sc., Senior Lecturer and Demon-
strator in Ph{sics at University College, Nottingham. Price 2s. €d. nett ; 2s. gd. post free.

The many small books on Elementary Practical Physics, which are suitable for schools or

for university intermediate students, all assume in the student a knowledge of at least the rudi-
ments of algebra, geometry, trigonometry and mechanics, There is, however, a large and grow-
ing class of technical students who have not even this primitive mathematical training, and whe
cannot, or will not, acquire it as a foundation for physical science. They enter the labora-
tory and ask for an introduction to such fundamentals of the subject as most affect the arts and
crafts. Oun the one hand, mere qualitative experiments are of little use to these {or any othe¥)
students; on the other hand, mathematical expressions are stumbling\blocks to them. Im
attempting to avoid both these evils, I have sought to make the experimental work as quantitative
as possible, yet to avoid matbematics. As novelties in such a work as this the ammeterand volt-
meter are freely introduced. also some simple applications of the subject—e.g., the telephois,
telegraph, &c. “There are three introductory exercises, six exercises on magnetism, twenty on
electricity and six on the applications.

Soddy—RADIO-ACTIVITY : An Elementary Treatise from the—
Standpoint of the Disintegration Theory. By Fredk. Soddy, M.A. Fully Illust=a{€d, and
with a full Table of Contents and extended I’x;dex. 6s. 6d. nett. =

Extract from Author’s Preface.—In this book the Author has at‘zmipted to give a con~
nected account of the remarkable series of investigations which ave followed M. Becquerel’s
discovery in 1896 of a new property of the element Uranium. The discovery of this new pro-
perty of self-radiance, or “radio-activity,” has proved to be the beginning of a new science, in
the development of which physics and ~ chemistry bave played equal parts, but which, in the
course of only eight years, has achieved an independent position.. . . . Radio-activity has
passed from the position of a descriptive to that of a philosophical science, and in its main
ﬁeneralisatious must exert a profound influence on almost every other branch of knowledge.

t has been racognised that there is a vast and hitherto almost unsuspected store of energy bound
in, and in some way associated with, the unit of elementary matter represented by the atom of

Dalton. . . . Since the relations between energy and matter constitute the ultimate ground-

work of every philosophical science, tbe influence o!ythese generalisations on allied branches of

knowledge is a matter of extreme Interest at the present time. The object of the book bas been
.to give to Students and all those who are interested in any branch of science a connected account
of the main arguments and chief experimental data by which the results bave been acbieved.

TEMPERATURE COEFFICIENTS OF “CONDUCTIVITY”
COPPER. Strongly bound in cloth, 2s, 6d. nett.

The compilers (Messrs. CLARK, FORDE and TAYLOR, the well-known consulting engineers) have
made fresh investigations of the temperature coefficient over the range of temperature to which Cables
are usually exposed, and the results of their investigations are now published. .

TABLE 1, gives the reist. at different temperatures when the Res. at 32°F.=1. TaBLE 1L gives
the resist. at different temperatures when the Res. at €0°F.=1. TaBbLE [11, gives the resist. at different
Elgng]l:)erleﬁures when the Res. at 75°F.=1}; and TaBLR 1V, gives the log. reciprocals of coefficients in

able 11,
SHEET TABLE SHOWING LOG. RECIPROCALS OF COEFFICIENTS FOR COPPER
RESISTANCES. At dJdifferent temperatures from 32°F. to 834'9°F. On stroog
cardboard, price 6d. nctt.

Telephony—BRITISH POST OFFICE TELEPHONE SERVICE,

An illustrated description of tbe Exchanges ot the Post Office Trunk and Metropolitan
Telephone Services, giving much interesting information concerning these Exchanges.
How ready, 8vo, very fully illustrated. Price 3s. 6d. nett.

Wade—SECONDARY BATTERIEIS: THEIR MANUFACTURE

AND USE. ByE. J. Wade. Now ready. 500pages. 265 IMustrations. Price ros. 6d. nett,
In this work the Author deals briefly with the Theory and very fully with the Chemistry,
Design, Construction and Manufacture of Secondary Batteries or Accumulators, Prospectuses,
post free, on application. 5
The scope of Mr. Wade's important work covers the whole class of apparatus embraced in
tbe theory, construction and use of the secondary battery. The major portion of the book treats
the accumulator purely from the point of view of an appliance which fulfils an important and
definite purpose in electrical engineering practice, and wbhose manufacture, use and properties
rust be understood just as fully as those of a generator or a transformer. The concluding
chapter (X.) gives a complete description of all modern electrical accumuiators. The book
contains 265 illustrations and a very copious index.

“THE ELECTRICIAN ” PRINTING & PUBLISHING CO., L'I“D‘>
1, 2 and 3, Salisbury Court, Fleet Straet, London, E.C-,
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Warrilow—See ROBINSON AND WARRILOW, p. 11.

Weymouth—DRUM ARMATURES AND COMMUTATORS
(TH]?ORY AND PRACTICE). ByF. M. Weymouth. FullyIllustrated. Price 7s. 6d.
post free.

Wilkinson—SUBMARINE CABLE-LAYING AND REPAIRING.

By H. D. Wilkinson, M.I.E.E., &c. Over 400 pages and 200 specially drawn illustrations.
Second Edition. Price 15s. nett.

This work describes the procedure on board ship when removing a fault or break ina
submerged cable and the mechanical gear used in different vessels for this purpose ; and considers-
the best and most recent practice as regards the electrical tests in use for the detection and
localisation of faults, and the various difhiculties that occur to the beginner. It gives a detailed
technical summary of modern practice in Manufacturing, Laying, Testing and Repairing a Sub-
marine Telegraph Cable. The testing sectidn and details of ’boardship practice have been prepared
l:vith tﬁ)e object and hope of helping men inithe cable services who are looking further into these

ranches,

Young—ELECTRICAL TES']TJNG FOR TELEGRAPH ENGI-

NEERS. By J. Elton Young. ery. fully illustrated. Price 10s.6d., post free 11s.
This book embodies up-to-date theory and practice in all that concerns everyday work off
the Telegraph Engineer.

GONTENTS]
Chapter 1.-—~Remarks on Testing Apparatus, Chapter VII.—Measurement of Inductive Capa--

s Il —Measurements of Current, Poteti- city.

tial & Battery Resistance, 1} »» VIIT.—~Localisation ot Disconnections,
s» IIT.—~Natural and Fault Current. . 5 IX.—Localisation of Earth and Con=~
s» 1V, —~Measurement of Conductor Re* tacts.

sistance. ”» X.~Corrections of Localisation Tests..
. V.—Measurement of Insulation Re- ss XI.~—Cable Testing during Manufac-

sistance. k] ture, Laying and Working.
s VI.—Corrections for Conduction and 5y XII.—Submarine Cable Testing during

Insulation Tests. Localisation and Repairs.

Woods—ZATHER: A Theory of the Nature of Ather and of its.
i Place in the Universe. By Hugh Woods, M.D., M.A.O., B.Ch,, B.A. 8vo. Bound
strong cloth. Price 4s. 6d. nett, post free gs. od.

[}

THE INTERNATIONAL TELEGRAPH CONVENTION AND
SERVICE REGULATIONS. (Lisbon Revision, 1908.) The complete Official French
Text with English Translation in parallel columns, by C. E. J. Twisaday (India Cffice,
London), Geo. R, Neilson (Eastern Telegraph Co., London), and officially revised
by permission of H.B.M. Posimaster-General. Cloth (foolscap folio), 6s. nett; (demy
icgio),dss.d 6d. nett, or foolscap, interleaved ruled paper, 8s. 6d. nett. Postage 6d.;
abroad, gd,

INTERNATIONAL WIRELESS TELEGRAPH CONFERENCE,

BERLIN, 1g03. Full Report of the Proceedings at the Conference. Translated
into English by G. R. Neilson, Officially accepted by the Post Office Authorities.
Bound Clotb, 6s. postage per copy 6d., abroad 1s§

INTERNATIONAL RADIO-TELEGRAPHIC CONFERENCE,

BERLIN, October-November, 1906, with the Intetpational Radio-Telegraphic Conven-
tion, Additional Undertaking, Final Protocol ande\*;ervice Regulations in French and
English, Officially accepted L'ranslation into English of the complete Proceedings at

f tbis Conference. This translation, which has been made by Mr. G. R. Neilson, is pub-
lished under the authority of H.B.M. Postmaster-General, and is accepted as official by
the British Government Departments concerned. Strongly bound in cloth, 15s. mett}
leatber, 19s. nett. (lettered free), Postage per copy: U.K. 6d.; abroad 1s, 6d.

ELECTRICITY IN MINES.—Under the new Rules and Regula-
tions concerning the Use of Electricity in Mining Operations, it is compulsory thati
directions for the effective Treatment of Cases of Apparent Death from Electric Shock be
conspicuously placed in certain prescribed positions in the Mines.

A set of these DIRECTIONS, with illustrations showing the method of application,.
accompanied by PRECAUTIONS to be adopted to prevent danger from the electric current
and INSTRUCTIONS for dealing with BROKEN ELECTRIC WIRES, is now ready.

Prices :—On paper, 17in. by 12}in. .. .. 4d.each; 3s.6d. per dozen.
On card, ditto .. .. 8. 6s, 6d. "
Post free or carriage paid in each case,

“THE ELECTRICIAN” PRIMERS. Scecompleteliston p. 8.

A further volume of ' The Electrician® Primers is in the press. The new volume will dea
exclusively with practical applications of electricity to industrial operations.

Thompson—THE ELECTRIC PRODUCTION OF NITRATES
FROM THE ATMOSPHERE. By Prof. S. P. Thompson, D.Sc., F.R.S. Price 2s. 6d. nett..

“ THE ELECTRICIAN ” PRINTING & PUBLISHING CO,, LTD,,
I, 2 and 3, Salisbuyy Court, Fleet Street, London, E.C,
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Portraits—STEEL-PLATE PORTRAITS. Price 1s. each; post

free on Roller, 1s. 2d. India mounts 1s. extra. Or framed in neat Black Pillar or Brown
Ornamental Frames, price 4s. 6d. ; carriage paid (U.K.) 5s. If with mounts 1s. extra.

Lorp KeLvin. Pror. W. E. AYRTON. *MrcHAEL FARADAY,

SiR WiLL1AM CROOKES. Dr. JouN HopPkINSON, M.A. *WILLOUGHBY SMITH.

SiR OLIVER J LoDGE. Sir JosrpH WILSON SWaN. SIR JAMES ANDERSON,
HERMANN voN HELMHOLTZ. WERNER VON SIEMENS, Cyrus W. FIeLD,

LorDp RAYLRIGH, [F.R.S. | Sir Wn, SI®MENS Sir W. H. Preece, K.C.B.
Pror. SIR J. J. THOMSON, ALEXANDER SIEMENS. Sir HEnrY C. Mance, C.LE.
HeinricH HerTz. Col. R. E, R. CrompTON, C.R. | C. H. B. PaTEY, C.B.

WILLIAM STURGEON. Sir ToHN PENDER, G.C.M.G. * 1s. extra.
Price £1. 5s,, in Sepia or Black; in very Massive Frame, £3, 2s,
A Handsome Plate Reproduction of RoseRT DUDLEY's famous Painting of

TEIIN ““GRBAT EASTERIN 7

(By permission of the Executors of the late Sir JAMES ANDERSON.)
The subject measures 24 in. by 17 in., and is India mounted on fine etching boards, the mount
measuring 27 in. by 21 in, The entire plate measures 36 in. by 27 in,

““THE_ELECTRICIAN” ELEGTRICITY SUPPLY,
POWER AND HEATING BOOKLETS.

A number of Booklets and Leaflets dealing with the various Applications of Elc'ctricity to Local Con-
sumers has been prepared by Mr. W. K, Warrilow, AM.LE.E., and these have had a large circulation.
They are being added to from time to time, and the list available at September, rorz, includes the

following :—
INDUSTRIAL POWER SERIES.
1. Electric Power in Woodworking Shops. 6. Portable Electric Tools and Appliances.
2. Electric Power in Engineers' Workshops. 7. Ten Minutes with the Electric Motor (C.C.).
3. Llectric Power in Printing Works. 8. 'L'en Minutes with the ‘L hree-Phase Motor.
4. Electric Passenger and Guods Lifts. 9. Electric Organ Blowing,
5. Electric Power in Bakeries, 10. What the Small Motor Can Do.

LIGHT AND HEAT SERIES.
1. White and Golden Lights (Flame Arcs). 3. Electricity in the Kitchen. L.
2. Electric Heat in the Home. 4. Electric Signs. 5. Electric Fans.
These Booklets are supplied at the prices below set out:—
Prices for ‘Industrial Power” and ‘“Light and Heat” Series of Copyright

Booklets.
. L£s d . L oso d.
50 €OPIES ceenvenans .. 010 O 500 COPIES +vevvavsssen 3 I0 o) Net assorted.
100 1y e .. o017 6 750 5 4 10 0} If of any one Book-
I 6 1,000 o} letless 5 percent.

250 » 17
If ordercd in quantitics of not less than 250 (assorted or otherwise), {’hesfront and back pages of the
Booklets (whether white paper or coloured) can be printed with text or illustrations supplied by the
Purchaser at the prices following :—
s. d. s. d.
250 €OPIES sevvnas .. 10 gextra, 1,000 COpies .. 15 6 extra.
500 25 eeses iz 6 ,, 1,500 o, vee 17 9 4
750 $y eresreccescess 14 O 2,000 3, eenee.. P .. 0 O 4
Or Purchasers’ own covers can be artached to the pamphlets (carefully printed to cut to the booklet
sgze)i(;u a small charge for the work involved. 1n this way any printed matter can be included with the,
ooklets.
Estimates for any desired printed matter in connection with the Booklets, either bound in or separately,
will be furnished free on request.
Special text and illustrations for pamphlet literature on any electrical subject will be provided,
Tomptly on application to the Industrial Department, ** The Electrician” Printing & Publishing Co.,
Ltd., 1, 2 and 3,.Salisbury Court, kleet Street, London, E.C. (Telephone: Holborn 6363 and 6364.)

ELECTRICITY SUPPLY, TRACTION AND POWER TABLES,

Useful and Complete Gioup of Statistics, &c., for Local Authorities, Supply Station
Engineers, Consulting and Contracting Engineers. Mantfacturing and Supply Houses, &c.

TABLE I-—Electricity Supply Undertakings of the United Kingdom, with no Tram-
way Load, containing’particulars ot the System employed, Voltage, Frequency, Connec-
tions, Number of Consumers, &c., and complete Technical Information as to the
Equipment of each Station.

TABLES Ia and II.—Towns taking Electricity Supply ‘“‘In Bulk,” giving full particulars
in cach case; and Eiectricity Woxks Supplying both Lighting and Tramways,
containing similar information to Table L. for Stations with 2 Combined Lighting and
Tramway Load. A

TABLE III.-Electric Power Undertakings of the United Kingdom, containing a List ot
the various Power Companies, particulars ot tbe bystems employed and Areas covered
(with Maps up-to-date), and Technical lnformation with regard to the Stations, Mains,
Sub-stations, &c. A

TABLES IV., V. and VI.—Electric Tramways and Railways of the United Kingdom

including those with their own Power Houses and those which buy tbeir Power. For the

“THE ELECTRICIAN ” PRINTING & PUBLISHING CO., LTD,,
1, 2 and 3, Salisbury Court, Fleet Str:get, London E.G .
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E£LECTRICITY SUPPLY, TRACTION AND POWER TABLES.—Continued
former full particulars are given as to Power Station Equipment, and in both cases
information is included as to Track, Line Equipment, Feeders, Rolling Stock, &c,
TABLES VII and VIII.—Colonial and Poreign Electricity Supply Works, giving technical
particulars of the Generating Plant, System ot Distribution, Periodicities, Voltages.
Connections to Mains, &c., of the principal Electricity Supply Undertakings of the
Colonies, Central and South America, ['Iapan, &c., &c., and Colonial and Foreign
Electric Tramways. giving particulars of Power House Equiprent, Track, Line
Equipment, Feeders, Rolling Stock, &c. A valuable compilation for exporters of engi-
neering specialities.
The whole set will he sent (complete with Index) post free for 6s, 6d.

This complete Set of “ ELECTRICIAN” TABLES, &c., forms the most Complete and Useful
‘Group of Statistics ever prepared for Central Stations, Electrical Engineers’ and Contractors’
Offices, Local Authorities, Manufacturing and Supply Houses, &c,, and gives at a glance all
information likelyjto be required in the preparation ot Technical Data, Statistical Statements, &c.
The information 14€prepared in a form which enables comparison to be readily made. To Manu-~
facturers and Supplies Dealers the Tables are indispensable.

* + ELECTRICITY UNDERTAKERS

will find these I’Ebh‘qa.tiuns of great value for Reference in discussions upon questions
relating to Electr*?:ity., Supply for Lighting, Power Transmission, Tramways, &c.

PHYSICAL SOCIETY OF LONDON.
The “PROGEEDINGS ” of the Physical Society of London.

Published Bi-Mebthlyifrom December to August. Can be obtained from the Publishers, * THE
ELECTRICIAN ”’ PRINTING AND PuBLISHING Co. (LTD.), 1, 2 &3, Salisbury-court, Fleet-street, London,
from whom all Publications of the Society are obtainable, Price of * Proceedings " to Non-Fellows
43. nett per part, post free 4s. 3d. Annual Subscription, 20s. post free, payable in advance.

Strong cloth cases for binding the ** Proceedings,” price Is. 4d. each.

Back Issues of the “PROCEEDINGS,’”’ to Fellows of the Socioty only,
at the following prices (orices to Non-Fellows on apolication) :

Vols. I.-XI1., 4s. a Yolume in parts. Vols. XIII. and XIV., 1 vol,, cloth 21s., unbound 19s. Vols.
XV. and XVI,, 1 vol, cloth 42s., unbound 39s. Vol. XVII,, 1 vol,, cloth 16s., unbound 14s. Vol
XVIIL, 1 vol, cloth 16s., unbound 14s. Vol. XIX,, 1 vol., cloth 18s., unbound 16s. Vol. XX,, 1 vol,,
cloth 14s., unbound 12s.  These prices do not include carriage.

ABSTRACTS OF PHYSICAL PAPERS from Forei gn Sources:

Vols. 1. (1895), 11. (1896), and 111. (1897), 17s. 6d. each ; to Fellows, 13s. 2d. each.
Other Publications of the Physical Society are:
(1) THE SCIENTIFIC PAPERS OF THE LATE SIR CHARLES WHEATSTONE, F.R.S.
Demy 8vo., cloth, Price, 15s. (to Fellows, 4s.)
Uniform with the above.
{2) THE SCIENTIFIC PAPERS OF JAMES PRESCOTT JOULE, D.C.L., F.R.S.

Vol. 1., 4 Plates and Portrait, price £1 (to Fellows, 4s.}. Vol. I1., 3 Plates, price 12s. (to Fellows, 4s.)
{3) PHYSICAL MEMOIRS,

Part [.—VON HELMHOLTZ, On the Chemical Relations of Electrical Currents. Pp. 110.

Price 4s. (to fellows, 3s.). .
PART I.—HITTORF, On the Conduction of Electricity in Gases; PULU]J, On Radiant Electrode
Matter. Pp. 222. Price 7s. 6d. (to Fellows, 5s. 9d.).
ParT III.—VAN DER WAALS, On the Continuity of the Liquid and Gaseous States of Matter.
Pp. 164. Price 68. (to Fellows, 4s. 6d.).
{4) BLAKESLEY, T. H. A Tablk of Hyperbolic Sines and Cosines. 1s. (to Fellows, 9d.).
(5) LEHFELDT, R. A. A List of'Ghief Memoirs on the Physics of Matter. 2s. 6d. (to Fellows, 1s.).

SELECTED LIST OF STANBARD WORKS

For Electrical and Mechanical Engineers, Students, &c.
Allsop—PRACTICAL ELECTRIC LIGHT FITTING. ByF.C.

Allsop. 5s.
Avery—AUTO-TRANSFORMER DESIGN. By A. H. Avery. 3s.6d.
nett.

Ayrton—PRACTICAL ELECTRICITY. By W. E. Ayrton. Revised

and largely re-written by Prof. T. Mather. cs. nett.

Baker—THE TELEGRAPHIC TRANSMISSION OF PHOTO-
GRAPHS. By T. Thorne Baker. 2s. 6d. nett.

Barr—PRINCIPLES OF DIRECT CURRENT ELECTRICAL
ENGINEERING. By Jas. R. Rarr, 10s. nett.

Bedell and Pierce—DIRECT AND ALTERNATING CUR-
RENT TESTING. By F. Bedell, assisted by C. A Pierce. 8s, 6d. nett.

Bell —ELECTRICAL POWER TRANSMISSION. By Dr.Louis Bell

Fifth Edition, 16s. nett,

s “THEELECTRICIAN ” PRINTING & PUBLISHING CO., LTD,,
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Bell—-POWER DISTRIBUTION FOR ELECTRIC RAILROADS.
By Dr, L. Beil. 11s.

Blount.—PRACTICAL ELECTRO-CHEMISTRY. By B. Blount.

Second Edition, 15s. nett.

Bohle and Robertson—TRANSFORMERS. By H. Bohle and

D. Robertson. 25s. nett.

Booth—SUPLERHEAT, SUPERHEATING AND THEIR CON-
TROL. By W.H. Booth. 6s. nett,

BOOth~}YVATER SOFTENING AND TREATMENT. By W.H.

Booth. 7s. 6d. nett.

Booth and Kershaw-—-SMOKE PREVENTION AND FUEL
ECONOMY. By W. H. Booth and J. B. C. Kershaw. 6s.

Broughton—ELECTRIC CRANES. Se p. 4.

Brew—THREE-PHASE DISTRIBUTION. By W. Brew. 7s. 6d.

nett.

Buchetti—ENGINE TESTS AND BOILER EFFICIENCIES.
By J. Buchetti. Edited and translated by Alex. Russell, M.A., M.LE.E, 10s. 6d. nett.

Burns—ELECTRICAL PRACTICE IN COLLIERIES. By D.

Burns, M.LM.E, Second Edition, 7s. 6d. nett.

Clerk—THE GAS, PETROL AND OIL ENGINE. By Dugald
Clerk. Vol.I. 12s.6d. nett.

Clerk Maxwell—A TREATISE ON ELECTRICITY AND
MAGNETISM. By J. Clerk Maxwell, M.A,, F.R.S. Third Edition. Twovols. £1.12s.

Collins—MANUAL OF WIRELESS TELEGRAPHY. By A. E.
Collins. 6s. 6d. nett,

Collins—THE DESIGN AND CONSTRUZTION OF INDUC-
TION COILS. By A. F. Collins. 13s. 6d. nett.

Connan—SWITCHBOARD MEASURING INSTRUMENTS FOR
CONTINUOUS AND POLYPHASE SYSTEMS, By John C. Connan. 3s. nett.

Cooper—Se¢e “THE ELECTRICIAN ” PRIMERS, page 8.
Cooper—A TREATISE ON ELECTRO-METALLURGY. By

By W. G. McMillan, Third edition. Revised by W. R. Cooper. 125. 6d. nett,

Coyle and Howe—ELECTRIC CABLES. By D. Coyleand F. J. O.

Howe. 15s. nett.

Cramp—CONTINUOUS CURRENT MACHINE DESIGN. By

W. Cramp. 3s.nett,

Crotch—TELEGRAPHIC SYSTEMS AND OTHER NOTES.
By A. Crotch. ss. nett,

Crotch—THE HUGHES AND BAUDOT TELEGRAPHS., By

A. Crutch. 1s. 6d, nett.

Curry—THEQRY OF ELECTRICITY AND MAGNETISM.

By C. E. Curry, Ph.D., with Preface by Prof. L. Bolizmann. 8vo., 460 pages. 8s. 6d. nett,

Cushing—STANDARD WIRING FOR ELECTRIC LIGHT AND

POWER, By H. C, Cusbing, Jun. Strongly bound in cloth, 3s. post free.

Dawson—See ELECTRIC TRACTION ON RAILWAYS, page 4.

Dawson—“THE ENGINEERING” AND ELECTRIC TRAC-
TION POCKET BOOK. By Philip Dawson, C.E., M.[.LE.E. 3rd Edition. 20s. nett.

Del Mar—ELECTRIC POWER CONDUCTORS. By Wm. A.

Del Mar. os. nett.

Deventer— TELEPHONOLOGY. ByH.R.Van Deventer. 17s. nett.

Drysdale—THE FOUNDATIONS OF ALTERNATE-CURRENT
THEORY. By Dr. C. V. Drysdale. 8s. 6d. nett.

#THE ELECTRICIAN "™ PRINTING & PUBLISHING CO, LTD.
1, 2 and 3, Salisbury Court, Fleet Streety London, E.C. ¢
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Du Bois—THE MAGNETIC CIRCUIT IN THEORY AND
PRACTICE. By Dr. H. du Bois. Traunslated by Dr. E, Atkinson. 12s. nett.

Edgcumbe —INDUSTRIAL ELECTRICAL MEASURING IN-
STRUMENTS, By Kenelm Edgcumbe, 8s. nett.

Ellis— ELEMENTARY PRINCIPLES OF ALTERNATING-
CURRENT DYNAMO DESIGN. By A. G. Ellis. 12s, nett,

Ennis — APPLIED THERMODYNAMICS. By W. B. Ennis,

24s. nett.

Erskine-Murray—WIRELESS TELEPHONY. By Ernst Ruhmer.
Translated by ). Erskine-Murray, D.Sc. 10s. 6d. nett.

Erskine-Murray—A HRBNDBOOK OF WIRELESS TELE-
GRAPHY. By]. Erskine~Mu!rra v, D.Sc. Third Edition. 10s. 6d. nett.

Ewing—THESTEAM EN\GI EAND OTHER HEAT ENGINES.
By gir J. A, Ewing, I'R.S. Tlyrd edition. 15s.

Ewing—MAGNETIC INQUCTION IN IRON AND OTHER
METALS. Seep. s.

Faraday — EXPERIMEN‘}‘AL RESEARCHES IN ELLEC-
TRICITY. 1839-1855. Three ols. 8vo.cloth, £z, 8s.

Field —THE PRINCIPLES\\ OF ELECTRO-DEPOSITION. By

S Field, y6s. nett.

Fleming.—See works of Dr. J. A Fleming in “The Electrician” Series,
pages 5 and 6.

Fleming—THE PRINCIPLES OF ELECTRIC WAVE TELE-
GRAPHY. By Prof. T. A. Fleming, M.A.,, D.Sc. znd Edition. 28s. nett.

Fleming—MAGNETS AND ELECTRIC CURRENTS. By Dr.

1. A. Fleming, M.A., F.R.S. Crown 8vo., cloth, 7s. 6d.

Fleming — AN ELEMENTARY MANUAL OF RADIO-

TElaEGRAPHY AND RADIOTELEPHONY. By Prof. J. A, Flemmg D.Se, F.RS,
78, 6d. nett.

Fleming—THE PROPAGATION OF ELECTRIC CURRENTS
IN "TELEPHONE AND TELEGRAFH CONDUCTORS. By Prof. J. A. Fleming,

Foster—STEAM TURBINES AND TURBO-COMPRESSORS:

Their Design and Construction, By Frank Foster, 10s. 6d. nett.

Foster and Porter—ELEMENTARY TREATISE ON ELEC-
TRICITY AND MAGNETISM. By G.C.Fo: %r,and A.W . Porter. 3rd Ed. ros. 6d. nett.

Fourﬂebr—THE ELECTRONIC THEORY. By E. E. Fournier
*Albe. 5s. nett,

Franklin—ELECTRIC WAVES. By W. 5. Franklin. 13s. nett.
Franklin and Esty—DYNAMOS AND MOTORS. By W. S.

Franklin and Wm. Esty. 17s. 6d. nett.

Franklin and Esty—THE ELEMENTS OF ELECTRICAL
ENGINEERING. By Wm. S, Franklin and Wm. Esty. 18s. 6d. nett.

Gant—THE ELEMENTS OF ELECTRIC TRACTION. By

L. W. Gant. 3s, nett.

Gay and Yeaman—CENTRAL STATION ELECTRICITY
SUPPLY. By Albert Gay and C, H. Yeaman. Second Edition, 10s, nett,

Gerhardi—ELECTRICITY METERS: Their Construction and

Manpagement, By C.H.W. Gerhardi. os. nett, See also p. 6.

Glazebrook—ELECTRICITY AND MAGNETISM. By R. T.
Glazebrook, M. A, F.R,S,  7s. 64,

Gore—~THE ART OF ELECTRO-METALLURGY. By Dr. G.

Gore. 6s.
“«THE ELECTRICIAN” PRINTING & PUBLISHING CO., LTD,,
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) 2 U




( 18 )

Gray—THEORY AND PRACTICE OF ABSOLUTE MEASURE-

MENTS IN ELECTRICITY AND MAGNETISM. By Prof. Andrew Gray, M.A,,
F.R.S.E. In two Vols,, crown 8vo. Vol. ., 125.6d. Vol. Il,, in two paris, 253,

Groth-—WELDING AND CUTTING METALS BY AID OF
GASES OR ELECTRICITY. By Dr. L. A. Groth. 10s. 6d. nett.

Guldner—DESIGN AND CONSTRUCTION OF INTERNAL

COMBUSTION ENGINES. By Hugo Guldaer,. Translated vy H, Deiderichs. 42s. nett.

Hadley—MAGNETISM AND ELECTRICITY FOR STUDENTS.
By H. E. Hadley. 6s. nett.

Haslam—ELECTRICITY IN FACTORIES AND WORKSHOPS.
By A. P. Haslam. 7s. 6d. nett,

Hawkins and Wallis—DYNAMO, THE : Its Theery, Design and

Manutacture, By C. C. Hawkins and F. Wallis. Fifth Edition. Two Vols., 21s. nett.

Hay—ELECTRICAL DISTRIBUTING NETWORKS AND
TRANSMISSION LINES. By A. Hay, D.Sc. 10s. 6d. nett.

Hay—ALTERNATING CURRENTS: Their Theory, Generation,
and Transformation, By A, Hay, D.Sc. 6s. nett.

Hay—CONTINUOUS CURRENT ENGINEERING. By A. Hay,
D.Sc. 5s. nett.

Henderson—PRACTICAL ELECTRICITY AND MAGNETISM.
By Dr, John Henderson. 7s, 6d.

f3s. 64
Henderson—ELECTROTECHNICS. By Dr. John Henderson.
Hill -ELECTRIC CRANE CONSTRUCTION. By C. W. Hill.

255, nett.

Hiscox—MODERN STEAM ENGINEERING By Gardner D,

Hiscox. Including an Electrical Section. By N. Harrison. 12s. 6d. nett:

Hobart—ELECTRIC MOTORS. ByH.M.Hobart. 2nd Ed. 18s.nett.
Hobart—ELECTRICITY. By H. M. Hobart. 6s. nett.
Hobart~HEAVY ELECTRICAL ENGINEERING, By H. M.

Hobart. 16s. nett.
Hobart—A DICTIONARY OF ELECTRICAL ENGINEERING.

By H. M. Hobart. Two Vols,, 3ss. nett
Hobart—ELECTRIC TRAINS. By H. M. Hobart. 6s. nett.
Hobart—STATIC-TRANSFORMERS. By H. M. Hobart. 6s. nett,
Hobart—BARE ALUMINIUM CABLES. By H. M. Hobart. 2s. 6d.
Hobart and Ellis —HIGH SPEED DYNAMO ELECTRIC
MACHINERY. By H. M. Hobart and A, G. Ellis. 25s. 6d. nett.
Hobart and Ellis—ARMATURE CONSTRUCTION. By H. M.
Hobart and A. G. Ellis. 15s. nett.
Hooper and Wells—ELECTRICAL PROBLEMS FOR ENGI-
NEERING STUDENTS. By W.L.Hooper and Roy T. Wells. 6s.
Hopkins—TELEPHONE LINES AND THEIR PROPERTIES
By Prot. W. J. Hopkins. 6s.
Horner—TOOLS FOR ENGINEERS AND WOOD WORKERS.

By J. Horner. 95,

Hutchinson—LONG DISTANCE ELECTRIC POWER TRANS-

MISSIUN. By R. W. Hutchinson, Junr. 12s. 6d. nett.
Jackson—ELECTRO-MAGNETISM AND THE CONSTRUC-
- TION OF DYNAMOS, TEXT BOOK ON. By Prof, D. C. Jackson. Vol. I.,

Electro-Magnetism and the Construction of Continuous-Current Dynamos, 9s. nett.;
Vol. I1.. Alternating Currents and Alternating- Current Machinery, 1as. nett,
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