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PLAUSON'S PROPOSED BALLOON PLANT FOR COLLBCTING AND UTILIZING ATMOSPHFERIC ELECTRICITY
The electricity is periodically discbarged, producing a high frequency current which flows from the collecting station I through the

transformer X to the

transmisgion line,

Capturing Electricity from the Air
Recent Studies Regarding Atmospheric Electricity and Its Possible Utilization
By T. A. Marchmay

LD KING COAL has served mankind well but at the
O present hour his services are coming uncommonly high.

Small wonder then that our inventors and men of
science are becoming Increasingly keen in their endeavors to
find some source of energy which may replace, at some future
day, If not in the {mmedlate present, those stores of fossil
sunlight, which within but little more than a century have
revolutionized human actlvities and made modern actualities
of Arabian Nights dreams.

One of the newest propositions of this sort, which is at-
tracting widespread interest on the continent of Europe, where
the pinch of fuel shortage is even more keenly felt than in
our own richer country, {s the suggestion to make use of what
is belleved to be the inexhaustible storehouse of static elec-
tricity contained in the upper reaches of our atmosphere. In
normal _weather the terrestrial atmosphere constitutes a prac-
tically uniform electric field in which the surfaces of equal
potential are parallel to the earth and the lines of force are
vertical. The degree of the potential increases with compara-
tive regularitv—except during periods of violent atmospheric
disturbance—in proportion to the distance above the level of
the ground. This difference of potential varies also according
to the season of the year, being estimated at 100 volts per
meter during the summer, on an average, and 300 volts during
the winter. A Hamburg scientist named Plauson, who has
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been studying this subject for a number of years, has pro-
posed an ingenious scheme by means of which this energy
of the upper air may be captured and set to work. He has
already demonstrated, in fact, that at altitudes exceeding 300
meters it is possible to capture an average of 200 horse-power
per square meter; his latest experiments, indeed, have yielded
as much as 400 to 500 horse-power.

He.proposes to make use of a system of huge balloons having
a metallic surface and connected with each other by an aerial
network of conducting wires. These balloons act as collecting
antennae and, that they may the hetter fulfil this function, they
bristle with a series of points as shown in the accompany-
ing illustration, so that they somewhat comlcally resemble
those queer puffer fish which can inflate themselves like rub-
ber balloons, and which likewise bristle with sharp points.
Further to Increase their power of capturing energy he pro-
poses to impart conducting power to the air by lonization, and
he proposes to secure this by means of radio-active salts
such as radium, polonium, etc., placed at the extremities of
the antennae. Each system of halloons is connected with the
earth by means of non-conductors, and the vast supplies of
energy thus collected in the upper stratu of the air are dis-
charged at brief intervals so as to produce a high frequency
current.

This current can be utllized immediately in the preparation
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of nitric acid and ozone from the air; hence if it proves prac-
tical mankind’s other fear of exhausted fertility of the soll will
be set at rest. By making use of suitable transformers the
aforesaid current can also be employed in electro-chemistry
and electro-metallurgy. A well-known French writer, M.
Matignon, writing upon this subjlect in Chimie Indusirie
(Paris) for April, 1820, states that it is possible to produce
5 tons of carbide {n 24 hours by means of the power thus
captured upon a surface of 6 sq. km. Other Interesting figures
given by M. Matignon are found in his estimate that assuming
an attainable power of 100 hp. per kilometer, the total surface
of France would yileld 100 milllon horse-power. A German
writer, Fredrich Otto, writing in Ueber Land und Meer (Ber-
1in) for October 81, 1920, estimates similarly that an area
equal to the surface of Germany would yleld 720 million
hp. per day.

It would obviously be impossible, however, to devote the
entire area of the country to the anchoring of flocks of huge
balloons. Herr Plauson proposes to employ as locations for
coliecting stutions such barren localities as seas and lakes,
heaths, moors, deserts, steppes, mountainous areas, etc. He
estimates that about one-third of the surface of Germany could
thus be employed for the collecting of atmospheric electricity
without Interfering in the slightest degree with agricultural
interests.

But what would be the expense if this grandiose enter-
prise were to be carrled out upon the scale which its in-
ventor enthusiastically hopes for. Herr Plauson admits that
the initial cost would undoubtedly be very great, and yet he
does not hesitate to assert that this aerial electrical current
would be in. the long run, and all things considered, consid-
erably cheaper than that obtalned from coal. He expresses
the hope that the enterprise may be taken up by the govern-
ment, the first steps, of course, to consist in the erection and
establishing of suitable experiment stations. Such a statlon is
shown in the picture which accompanies the text, and which
was drawn by W. Jacobs.

It must be admitted that there are certain hard-headed
men of affairs who fall to share the inventor’s enthusiasm
concerning this novel idea, but as Herr Otto justly points
out incredulity has been the common fate which has attended
novel ideas throughout the course of human history, Even in
the early part of the present century many wiseacres con-
sidered Count Zeppelin’s plans for huge dirigibles merely a
colossal joke, Galvanl, whose name is enshrined among the
potent terms of electricity, wrote sadly in 1792, “I am at-
tacked by two sets of men—by the wise men and by the
fools.” Philippe Lebon, who discovered the process of illumi-
natlon by gas, was considered a perfect fool for belleving that
any light could burn without a wick. The Royal Medical Col-
lege of Bavaria solemnly declared that steam englnes and
rallroads constituted a crime agalnst the public health. But
it i{s needless to cite further examples of the obstinate con-
servatism of the human mind with regard to new ideas.
Let us turn rather, for further light upon the potentlalities of
this vast project, to a conslderation of the recent researches
by other investigators in the fascinating fleld of the nature
and origin of atmospheric electricity.

NATURE AND ORIGIN OF ATMOSPHERIC ELECTRICITY

Many men in many lands have followed the clue given by
Franklin in 1752, with regard to the character of the myste-
rious and terrifying phenomenon of lightning, whose power
to impress the imagination of man is borne witness to, allke
in the folk lore of the savage and the loftlest literature of
civillzed races. Among these we may mention among the
moderns Becquerel, Lord Kelvin, Peltler, Pellat, Saussure, and
more recently, since the theorles of lonization and of radlo-
activity have given a aew slant to the subject, Eve, Simpson,
Wilsop, Birkeland, Ide, and Swann. The last named authority

-has been studying this subject for more than flfteen years,
with all the advantage of the most admirable equipment, He
has conducted his studies, both by land and by sea, in the latter
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case upon the boats Galileo and Carnegie, belonging to the
Carnegie Institution. :

In giving an account of Mr. Swann’s remarkuble observa-
tions in this domalin, for information concerning which we
are indebted to an article recently published by the Journal
of the Franklin Institute, it is advisable, perhaps, though at
the risk of some repetition, to give a brief résumé of the
knowledge possessed on the subject.

The ground is not an electrically neutral body. Its sur-
face may be considered to be covered with a layer of negative
electricity’ and this gives birth in the atmosphere to an
electrical fleld of considerable importance. As we have sald
in the earller part of thig article the difference of potentlal
increases with the altitude; this increase i{s at the rate of
about 150 volts per meter. This is known as the gradient of
the potential, and is the subject of regular measurements in
all observatories,

Variations of potential in the atmosphere.—Save In ex-
ceptional cases the gradient of the potentlal always takes
the directlon which results from the existence of a negative
charge upon the ground. But this is not an invariable quan-
tity; it undergoes both daily and annual variations, and is
always higher in winter than in summer. As stated above the
gradient decreases in proportion to the altitude. Observa-
tions have been made by means of sounding balloons up to
a height of 9 km. at which level the gradient is only 2 volts
per meter Instead of 150, as upon the ground.

The existence of the gradient and its gradual diminution up
to a height of 10 km.,, may be explalned by assuming that
this atmospheric stratum, 10 km, in thickness, contalns a
positive charge, which is exactly equal to the negative charge
spread over the surface of the earth. Experiment has shown
the existence of .this positive charge, in fact.

"If the atmosphere formed a perfect insulator the system
constituted by a negative electric charge upon the surface of
the ground and a positive charge in the surroanding atmos-
phere, might continue indefinitely. But this Is not the case.
While it is true that the electrical conductivity of the air is
extremely feeble, it would, nevertheless, be sufficlent to
occasion in less than 10 minutes a discharge of 80 per cent of
the electric charge of the ground, were it not reconstituted in
some manner. It is the method by which this charge I8 con-
stantly reconstituted, which has long proved a puzzle to
students ‘of electric phenomena,

The conductivity of the atmosphere.—This conductlvity,
compared to that of a metallic substance, like copper for ex-
ample, I8 extraordinarily weak. Mr. Swann calculates that
a column of air 1 centimeter in length offers to the passage
of the current the same resistance as a copper cable of the
same section, and of a length of 15 billions of millions of
kilometers, that is to say, 8 times as long as the distance
from the earth to Arcturus and back.

But no matter how feeble it may be the conductivity of the
alr is by no means nil, and modern theories of electricity are
quite capable of explaining the mechanism thereof. Accord-
ing to these theories matter is composed mainly, if not
exclusively, of positive and negative electrical particles, the
latter, the electrons, carry the same charge and are the same
as to dimensions and as to mass. Certain agents are capable
of separating an electron from the molecule, which thereupon
appears to be charged with positive electricity and consti-
tutes the positive ion. The electron is capable of traveling a
certain distance In freedom, but sooner or later attaclres itself
to a neutral molecule or group of molecules to form a negative
fon,

It is these fons which render the air a conductor. Under
the Influence of an electrical fleid, the positive and negative
fons move in opposite directions, some toward the negatively
charged body and the others toward the positively charged
body and become discharged. But let us suppose that some
permanent source of lons exists In the atmosphere. The
number of lons contained per cubic meter of air would con-



JANUARY, 1021

stantly increase, unless the negative and positive corpuscles
tended to recombine because of their mutual attraction; the
more numerous they are the more rapid this combination.
We must assume, therefore, that an equilibrium is established
between the number of ions produced and the number which
are recombined: thus, it is supposed that slx pairs of loms
are produced in the atmosphere per second per cubic meter.
When the number of palrs of lons per cubic meter reaches
2,400 it is found that six pairs of lons recombine in one
second ; at this moment equilibrium is attained and the num-
ber of ions can no longer increase,

The origin of atmospherio fons. Swann attributes the con-
tinuous production of lons in the atmosphere to two causes:

1. Radio-active emanations in the air;

2. The so-called “Ponetrating radistion.”

All of these radiations possess the power of lonizing either
directly or Indirectly any gas through which they may pass;
the alpha particles being especially efficient so that they ex-
pend all their available energy In the process and come to
rest after passing through only a few centimeters of air.
beta particles are much less efficlent and may travel several
meters before coming to rest. The gamma rays are still more
penetrating and less efficlent as ionizers, so that after pass-
ing through 100 meters of air they still retain 36 per cent
of their Initial value. Mr. Swann thus elaborates these
ideas In an article presented by him originally at a joint
meeting of the electrical section and the Philadelphia section
of the American Institute of Electrical Engineers, held
November 1, 1917. At the time this lecture was given Mr,
Swann, who Is now professor of physics at the University of
Minnesota, was chief of the Physical Division in the Depart-
ment of Terrestrial Magnetism in the Carnegie Institution at
Washington. The following excerpts are taken from the paper
as published in the Journal of the Franklin Institute, for
November, 1919,

Now the soill contains radium and other substances of this
nature, and these give rise to active gaseous emanations which
diftuse out into the atmosphere. Durlng the disintegration of
these emanations In the atmosphere, o, 8 and y rays are
emitted with the result that the alr becomes lonized and is
rendered conducting. The amount of radium emantion In
the atmosphere varies very much from time to time. It is,
however, always extremely small. In a shell of the atmos-
phere extending over the whole of the earth’s surface and
comprised between that surface and an altitude of one kilo-
meter, we shall find only about 250 grammes of radium
emanation. Or, expressing this magnitude in another form, we
may say that each cublc centimeter of the atmosphere con-
tains on the average only between one and two molecules of
radium emanation, as compared with the thirty million mil-
Hon million molecules of air which it holds. Nevertheless, by
adding up the ionization produced by the a, 8§ and ¥ rays
from the emanation and its products we are able to account
for the production of 1.7 lons per second in each cubic centl-
oeter of the atmosphere. In addition to radium emanation,
another radio-active gas, thorilum emanation, s also found in
the atmosphere and contributes to the fonization. Agaln, a cer-
taln amount of atmospheric lonization is attributable to the
radlo-active materials in the soll. Here we are only con-

cerned with the 4 ray lonization, since « and 8 rays are so

readily absorbed that they never succeed In getting out of the
soll. The s0il contains, on an average, about 4 x 10-® gramme
of radium per cc., and, by calculating the amount of v radi-
ation which can be accounted for, after allowing for the
absorption of the rays coming from different depths In the
soll, we find enough to provide for the production of 0.80
fons per cc. per second. In a similar way, the thorium in
the soil is found to be capable of accounting for a rate of
production of 0.80 fon per cc. per second.

These results on the amount of lonization which the radio-
active material is capable of accounting for are summarized in
a table prepared by A. S. Eve; and it appears that, alto-
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gether, a rate of production of 4.85 lons per cc. per second
can be accounted for in this way. From a knowledge of the
rate at which lons recombine we can calculate the number to
which they would build up in the atmosphere on account of
a rate of production of 4.35 ions per cc. per second, and the
result comes out to 1,320 ions of each sign per cc.

Measurements of the numbers of ions per cc. in the atmos-
phere are attended with considerable difficulty, for all sorts
of different types are present., In particular, there is a class
of ion which is very sluggish in its motion, and which is prob-
ably nothing more than an ordinary lon which has attached
itself to a dust particle. On account of thelr sluggishness,
these lons contribute very little to the conductivity, but they
nevertheless influence the requirements in the matter of the
rate of production of fons; for they contribute to the rate at
which the ions recombine. It has been customary to measure
the numbers of lons per cc. by a method which takes account
of the most mobile lons only, and it appears that about 800
pairs of these exist per cc. Thus, quite apart from the direct
evidence of the existence of the sluggish ions, we may con-
clude that lons of this type must be present, since the radio-
active material in the air and soil is alone capable of account-
fng for 1,820 ions per cec.

The uncertainty of our knowledge of the true average values
for the total numbers of ions of all kinds, and of the appro-
priate rates of recombination, prevents us from doing more
than to say that, as far as measurements on land are con-
cerned, the radlo-active material in the air and earth is suf-
ficleat to account for the whole of the lonlzation produced. A
dificulty presents itself, however, when we consider the re-
sults of observations made over the sea. Those who have made
observations over the ocean have found very little radio-
active material. Some of the most recent observations have
been made on the yacht Carnegie, owned by the Carnegie Insti-
tution of Washington; and, as a result of observations extend-
Ing over about 80,000 miles {n the Pacific and Sub-Antarctic
Oceans, an average radio-active content was found, for the
atmosphere, amounting to only 2.8 per cent of that found on
land, and the radio-active content of the sea water collected
in reglons remote from land was immeasurably small. Never-
theless, the number of the more mobile ions founsl per ce. over
the ocean Is as great or greater than that found over land, as
shown in a table which represents a comparison of the results
of the Carncgie’'s fourth crulse with those ohtained by other
observers at sea, and with land values. The number of lons is
much larger than can be accounted for by the small quantity of
radio-active material in the ocean alr,

What, then, is the agency responsible for the ionization over
the ocean? It appears to be the so-called “penetrating radi-
ation.” If a hermetically sealed vessel i8 freed from radio-
actlve alr, we nevertheless find that jons are produced In it
at a fairly constant rate of about 10 lons per cc. per second
over the land. An appreciable proportion of this jonization is
due to the e« ray radiation which comes from the soll and
passes through the walls of the vessel. That the whole of it
is not due to this cause Is, howsver, borne out by several
circumstances. In the first place, ionization In closed vessels
1s found to take place over the ocean, where there is practically
no radio-active material, and it there amounts to about 4 ifons
per cc. per second In a copper or a zinc vessel. Scondly, if,
in experiments on land, the apparatus is surrounded by a wall
of water of sufficlent thickness to shield off practically com-
pletely the a ray radiation from the earth, there still remains
a rate of productlon of about 4 jons per cc, per second. But
strongest evidence of the reality of the penetrating radi-
ation 18 to be found In the results obtained in balloon ascents
by W. Kolhdrster. It appears that, with increase of the
altitude, the ionization within a closed vessel at first dimin-
ishes up to an altitude of 700 meters. This we should ex-
pect as a result of the absorption of the earth’s v ray radi-
atlon by the atmosphere. Above this altitude an astonishing
thing happens, however. The lonization commences to In-
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crease, and goes on increasing with greater and greater
rapidity until, at an altitude of 9,000 meters, the intensity of
ionization is in excess of that at the earth’s surface by about
80 ions per cc. per second. An increase of 20 fons per cc.
per second takes place in the last kilometer, and the rapldity
of the increase at these higher altltudes is such as to suggest
that very large values of the ionization would be obtained at
altitudes not very much greater.

It thus appears that there is some source of ionization other
than the radlio-active materials in the soil and lower atmos-
phere; and this agency, whatever its origin, appears to be
the sole source of fonization over the ocean. The rate of
production of jons must certainly be greater over the land
than over the ocean by the amount attributable to the radio-
active materials on land. It is probable, however, that over
the lund, where dust nuclei are more plentiful than over the
ocean, a much larger proportion of the lons produced join
the slowly moving class than in the case with the ions pro-
duced over the ocean; and it is to this cause that we must
attribute the fact that the lonic density for the more mobile
ions is mo greater over the land than over the sea.

To return to the remarkable increase with altitude shown by
the ionlzation within closed vessels. Such a variation at once
suggests a radiation coming from some source external to
our globe, or from some active agency in the upper regions of
the atmosphere, the decrease In intensity emcountered as we
dcscend into the atmosphere being accounted for by absorp-
tion. The rapidity of the absorption can be calcuiated from
the observations on the variation of intensity with altitude;
and it appears that the observations require us teo assume for
the radiation a penetrating power ten times that of the most
penetrating 4 rays known in radio-active substances. We
imust not be too skeptical as to the possibility of the existence
of so penetrating a radiatlon, for light itself is extremely
penetrating as regards air, since we can see the stars through
the whole thickness of our atmosphere. The “penetrating radi-
ation” is not light, however, for it can pass through the walls
of a metal vessel. Its true origin remains one of the most
interesting speculations of atmospheric electricity. Linke has
suggested a layer of strongly radio-active cosmical dust in
the atmosphere at an altitude of 20 kilometers. For my own
part, it seems niore natural to seek an explanation from an-
other standpoint.

It is generally supposed that the Aurora is due to light
generated by the impact, with our atmosphere, of negative
electrons shot from the sun. The stream of electrons is not
conflned to the sunlit side of the earth, since the paths of the
electrous are bent in passing through the earth's magnetic
field, and some enter our atmosphere on the side remote from
the sun. Now it is a well-established fact that when electrons
strike molecules of matter X rays are produced. The greater
the velocity of the electrons, the higher the penetrating power
of the X rays produced. v rays themselves are nothing mure
than a particularly penetrating type of X rays. Modern de-
velopments in our knowledge of X rays and v rays have taught
us how to calculate the veloclty which an electron must
have in order to produce 4 roys of any given degree of pene-
tration. Now, from considerations of the theory of the Aurora,
into which time wlll not permit me to enter, Birkeland has
shown that it 1s necessary to assume that the electrons which
are responsible for this phenomenon have an energy enor-
mously greater than that of even the swiftest 8 rays with
which we are familiar in the laboratory; and, if we lnvoke
the assistance of these hlgh-speed electrons necessitated by
the theory of the Aurora, we find that their speed is suff-
clently great to account for the production of a v ray
radiation of a degree of penetration fully as great as that of
the “penetrating radiation.” The electrons themselves are not
the “penetrating radiation” for, in spite of their great energy,
they could not travel right through our atmosphere. By con-
version of their energy Into the vy rays, however, a radiation
of much greater penetrating power is created.
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The cause of thunderstorms.~—ln any discussion of atmos-
pherical electricity, naturally, the orlgin of thunderstorms must
take an important place. The most successful theory to afford
a full explanation of these phenomena, is that suggested by
G. C. Simpson, which has been further developed on the-
meteorological side by W. J. Humphreys.

The theory is founded on the experlmental fact that if
water {8 broken into drops by allowing it to fall upon a rising
column of air, the drops are found to be positively charged
while the air receives a negative charge. Now experiment
has shown that 1t is Impossible for drops of water to fall
through air which Is rising with a velocity greater than 8
meters per second. If the drops are very small they will be
biown up by a rising column of air, and it is in general neces-
sary for a drop to have a certaln minimum mass before it can
fall through a column of air rising with specified veloclty. If
the velocity is as high as 8 meters per second, however, the
size which the drop would have to attain in order to fall
through the column would be so great that the drop would be
broken up by the air stream, even if it succeeded in attaining
the necessary size temporarily, The smaller drops formed as
a result of the disintegration would, of course, be carrled
upward by the alr stream,

Now it is a matter of common experience that thunder-
storms are always preceded by high winds, and a close exam-
ination of the phenomena shows that, in the storms which give
rise to electrical discharges, columns of air are to be found
rising with very considerable velocity., We may liken one of
these columns of air to an hour-glass, or dice box. At the
bottom the column is wide. At the narrowest part of the
column the air attains its maximum veloclty, while at the top
it fans out and the velocity again becomes small. Now in
the period prior to a thunderstorm, the air is very humid.
As this air rises and becomes cooled in the process, it eventu-
ally reaches a temperature at which drops of water begin to
condense out. At first, these drops are carried uwpward with
the stream; but, as they grow, they eventually reach a size
at which they start to fall. Suppose that when this occurs, the
drops are some distance above the narrowest part of the air
column. Then, as they fall and continue to grow in size they
eventually reach a place where the velocity is sufficlently
great to break them up. The smaller drops become positively
charged in the process and the air recelves a negative charge.
The small drops now start their ascent again, although, of
course, with velocity less than that of the air. As they
rise they grow, and eventually the whole process is repeated
ngain, The cycle mav be gone through several times, the
drops becoming charged more and more each time. The free
negative ions which ascend with the rising air eventually
conlesce with the finer water drops to be found at the top of
the cloud, so that we eventually attain a state of affairs in
which the water at the top of the cloud is highly charged
negatively, while that in the middle of the cloud is highly
charged positively. When the accumulations of charges are
sufficlent to result in a fleld which will break down the insula-
tion of the air at some point a lightning flash follows. It
thus appears that the high winds which are associated with
the thunderstorm are in no sense a result of the electrical
manifestations; the electrical phenuvmena are themselves sec-

ondary features resulting from the air motion.

Durlng the turbulence associated with the storm, some of the
large drops of positively charged rain which have gone through
the cycle of breaking and reformation several times get carried
to places where the velocity of the upward current is not suf-
ficlent to break them up, and they fall to earth. In thig way
we find the explanation of the experimental fact that the heavy
rain of the thunderstorm is found to be positlvely charged. On
the other hand, the raln which accumulates at the top of the
cloud, and which is negatively charged is of the finer type,
and may be expected to fall to earth only in the lulls between
the periods of most violent activity, or at places somewhat
remote from the storm center. Here, again. experiment sup-
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ports the conclusions in showing that the flner rain which
talls during the qulet periods of the storm is negatively
charged.

HOW THE EARTH'S (HARGE 18 MAINTAINED

Since the earth is constantly losing negative electricity be-
cause of the actlon of the potential-gradient operating in the
conducting atmosphere, it is of importance to inquire how Its
charge is malintained. The current from a square centimeter
of the earth’s surface is ‘only about 2 x 10-** amperes. The
current from the whole earth is only about 1,000 amperes, or
about as much as Is taken by 3,000 incandescent lamps. It
is nevertheless sufficlent to insure that 90 per cent of the
earth's charge would disappear in ten minutes if there were no
means of replenishing the loss, How then is the loss re-
plenished ?

One of the earliest suggestions was made by G. C. Simpson,
who supposed tentutively, that the sun emitted positive and
negative corpuscles of a very high penetrating power. He
further supposed that the penetrating power of the negative
corpuscles was greater than that of the positive corpuscles,
and sufficient to enable them to reach the earth's surface,
while the positive corpuscles were caught by the atmosphere.
In this way the attempt was made to account for the negative
charge of the earth and the positive charge of the atmosphere.

As a matter of fact, it {s unnecessary to go to any special
pains to account for the maintenance of the negative charge
on the surface of the earth. For It is an experimental fact
that the atmospheric conductivity increases with altitude until
its value at an altitude of nine kilometers is about thirty times
the value of the earth's surface. It follows from this that if
the potential-gradient were the same at an altitude of nine
kilometers as it is at the earth’s surface, more negative elec-
tricity would be driven outward through a sphere at the alti-
tude of nine kilometers and concentric with the earth than
would be driven out of the earth's surface into the atmosphere.
The shell of alr below the altitude In question would conse-
quently acquire a positive charge, so that the potential-gradient
at the altitude of nine Kkilometers would become less than
that at the earth’s surtace. The process would continue until
the diminution of potential-gradient with altitude was Just
sufficient to compensate for the increase of conductivity with
altitude so as to leave the conduction current-density inde-
pendent of altitude.

The chief objectlon to Simpson’s tentative theory, however,
is one which he himself supports in a recent publication
(Some Problems of Atmospheric Elevtricity.. Monthly Weather
Review, vol. xliv. pp. 115-122, 1916), viz., that it postulates a
degree of penetratlon for the corpuscles so enorinously great
compared with any corpuscular penetration we have become
acquainted with in the laboratory since the suggestion was
put forward, that one hesitates to make this hypothesis without
further evidence.

Other hypotheses have been formulated by varfous scientists,
particularly the German, Elster and Geitel, and the English
physicist C. I'. R. Wilson. To go into these various theories
would take us too far afield but that of Wilson is worth
mention, because it is éonnected with his hinportant discovery
in regard to the purt played by ions in the condensation of
water vapor. His hypothesis is that the lons act as nuclei
which promote the condensation of water vapor, and he ob-
served that the vapor is condensed tnore readily upon the
negative than on the positive fons. He, tberefore, argued that
raln should be on the average negatively charged. Swann,
however, points out that unfortunately 75 per cent of the
charge brought down by rain is of the positive sign; he,
also, ralses several other objections to this theory which he
considers fatal.

PENETRATING RADIATION

Swann himself finds the explanation of the electric charge
of the ground in penetrating radiation. 'The study of the ¥
rays has shown that the ionization occasioned by them consists
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of an emission of electrons projected in the direction of the
incidental v rays and which are themselves endowed with u
power of penetration, whose degree varles in proportion to the
penetrating power of the radiation to which they owe their
origin. Hence, electrons produced by the ionization of an
extremely penetrating radlation may travel a considerable
distance before coming to rest.

Thus the successive strata of the atmosphere are traversed
by electrons set free from the upper layers; these corpuscles
in their turn come in violent contact with molecules of matter,
thereby giving rise to a penetratlng radiation which occasions
the emission of new electrons directed toward the ground—
and thus we come nearer and nearer to the ground, which
finally receives the electrons sent forth in the layers of air in
its Immediate proxlmity. At every point of the atmosphere,
therefore, we must suppose that there is a current of electrons
passing from the top to the bottom and anfmated with great
velocity by the penetrating radiation; and, likewise, that there
is a conductfon current moving in the opposite direction carry-
ing the negative electricity of the ground to the atmosphere,
S0 as to establish a state of equilibrium.

Mr. Swann’s article also containg a section upon atmospheric-
electric measurements, including that of the penetrating radi-
ation, which is somewhat too technical to he included in this
hrief account of his valuable researches,

FLECTRICAL CONCENTRATOR IN SULPHURIC ACID
MANUFACTURE

AN electrical concentrator has been installed by the Chemical
Construction Company at Mount Holly, N. C., and has been
operated intermittently for several months with good results.
During 1918 a one-ton capacity unit was Installed at a chem-
ical plant at St. Albans, W. Va.

This concentrator is designed for small capacities where elec-
trical current is available and comparatively cheap. It con-
sists of a small bath space bullt of acid-proof masonry in
which ure placed two electrodes of acid-proof iron spaced
about 2 or 3 feet apart, the electrodes belng adjustable. The
bath of acid i8s also so arranged that the level may be lowered

-or ralsed. There is a dam of acid-proof masonry between the

electrodes. The weak acid i{s fed in at one end of the fur-
nace near the electrode and flows over the dam to an outlet
at the other end. The electric current between the electrodes
passes through the thin layer of acid flowing over the dam and
heats this thin layer to tbe point where the water is evap-
orated at a rapid rate—A. E. Wells and D. E. Fogg, Manu-
facture of Sulphuric Acid in the United States; 1920 Bureau of
Mines Bulletin, No. 184.

TRANSMISSION OF LLECTRICITY FROM NORWAY TO
DENMARK AND SWEDEN

THe possibility and practicability of harnessing the water-
falls In southern Norway and distributing 3-phase current of 50
periods at a pressure of 220 kilovolts to southern Sweden by
aerial lines and to Jutland through -a 45-mile long cable across
Kattegat from Gothenburg to the Skaw, is discussed by
LEivind Hanssen In Teknisk Ukeblad, June 11, 1920.

Sealand and Copenhagen could be supplied by extending the
overhead line south across the Sound by a cable three miles
long near Elsinore. The total length of the aerial line will
be not less than 500 miles. The author adniits that the highest
voltage at present in use Is 155 kv., but is of the opinion that
an Increase to 220 kv, would not cause insurmountable ditfi-
culties. Two American lines, which work at a pressure of
155 kv., have been found quite satlsfactory, and it has re-
cently been proposed to transmit 1.5 million kw. at a pressure
of 220 kv. in one of them. The Norwegian-Danish line would,
as a first installment, carry 155,000 kw., there being no diffi-
culty in selling tiiis output in Denmark.— -Abhstracted by the
Technical Reviei.



