
REPORT ON THE ATMOSPHERIC ELECTRICITY OBSER- 
VATIONS MADE ON THE MAGNETIC SURVEY 

YACHT "GALILEE," •9o7-o8. 

BY P. H. DIKe, O:BS•RVE!L 

In addition to the magnetic work on board the "Galilee," an 
attempt was made during her final cruise (Sitka, Honolulu, Mar- 
shall Islands, Christchurch, Callao, and San Francisco), r9o7-o$, 
to secure some observations at sea of the electrical condition of the 

aunosphere. These were intended to include potential gradient, 
conductivity, and the radioactive deposit on a charged wire. 

The first, the determination of the potential gradient, after care- 
ful consideration of the conditions on board a sailing vessel, seemed 
quite impracticable, and no serious attempt was made to secure 
observations. The rolling of the ship, the flapping of the sails, 
and the varying positions of the yards and boom under various 
sailing conditions, all contributed to make the problem of reducing 
observations of potential gradient to a uniform basis too compli- 
cated to be undertaken. On board a steamer the conditions would 

be less variable and it miõht be possible to reduce readings to 
values for undisturbed sea by means of simultaneous observations 
in port with the vessel at anchor and the second collector and 
electroscope mounted on a raft at some distance from the vessel. 

It was possible only once to secure potential observations at 
sea, viz., on the 7th of December, •9o7, during a period of absolute 
calm, when even the long swell had almost died out, in latitude 
22 ø 40• south and longitude •7 oø 36' east. A small skiff was put 
overboard, and the writer, assisted by Mr. D.C. Sowers, Magnetic 
Observer on the "Galilee," rowed out about •oo yards' from 
the ship. The Elster and Geitel flame collector was set up on its 
ebonite rod, at a height above sea level estimated at 2 meters. 
Large, and extremely variable, potentials were obtained, varying 
rapidly from zero to potentials beyond the capacity of the electro- 
scope. The mean value would be not far from 9o volts per meter. 
The conditions on this day were so abnormal that not much value 
can be assigned to the observations, though they encourage the 
assumption that the potential gradient over the sea is not so very 
different from that over the land. 

Owing to breakage in the box of dry piles in transportation and 
the consequent failure of the means of maintaining a high potentiaI 
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on the charged wire, the radioactivity work was not satisfactory, 
as it was not found possible to reach a potential much above •,ooo 
volts, even with the box of dry piles opened to the hot sun. How- 
ever, several exposures of a copper wire about •o meters long 
were made during the first half of the voyage. In the neighbor- 
hood of land, as off the coast of Alaska and in Cook Strait, New 
Zealand, December 2•, •9o 7, the observations showed conclusively 
the presence of radioactive emanation in the air, even with the 
low potential available for charging the wire. In Cook Strait a 
value for A (the "aktivierungszahl" of Elster and Geitel) of 4o was 
found, the deposit decaying to half value in about 4o minute.a. 
But in the open sea no increase in the rate of discharge of tlxe 
electroscope used for testing the exposed wire could be ctetected. 
With a better charging device it miõht be possible to obtrdn some 
result, but it would probably be only a very small fraction of tlxat 
on or near land. 

Rain water, caught as it fell and immediately evaporated to 
dryness, showed no sign of radioactivity. The electroscope read- 
ings were always difficult, and not of sufficient accuracy to detect 
extremely small effects. The electroscope was always placed so 
as to allow the leaves to swing in a plane parallel to the len•h 
of the ship, so as to eliminate the effect of rolling as far as possible, 
but the leaves were never quiet and their mean position had to be 
estimated. 

The only really satisfactory instrument for regular use on board 
ship was the Gerdien apparatus for determining the specific con- 
ductivity of the air. An Ebert ioncounter was also included in 
the outfit, but its leakage was too great and the time necessary for 
a single determination too long, so no results were obtained with it. 

The Gerdien conductivity apparatus was the same as t•sed by 
Mr..T.E. Burbank in his work in Labrador during the eclipse of 
•9o5 .* A uniform current of air is drawn by means of a fan 
through a cylindrical condenser, the inner cylinder of which is 
connected with the leaves of an aluminmn leaf electroscope. The 
outer cylinder is •6 cm. in diameter and 35 cm. long, while the 
inner cylinder is •-4 cm. in diameter and 24 cm. long. The capacity 
is Jr2. 9 electrostatic units. The inner cylinder being charged to a 
known potential, read on the electroscope, air is drawn through 
for a measured interval of time, usually five minutes. The ions 

•.•-• See Jour. Ter. Mag., v. XII, No. 3, Sept. x9o7, pp. 97-xo4, for description of 
instrument. 
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of opposite sign to the charge on the cylinder •vill be attracted 
to it from the air passing by and a certain portion of the charge 
will thus be dissipated. Only those ions will reach the inner cylinder 
which have a sufficient velocity to carry them across the inter- 
vening space before they are carried by. Hence the number o'f 
ions reaching the inner cylinder is practically independent of the 
velocity of the air current so long as it is sufficient to prevent 
saturation currents from being established, and it is only necessary 
to avoid falling below a certain minimum velocity. I<nowing the 
capacity and dimensions of the instrument and the time during 
which the air current has been passing, the specific conductivity 
of the air can be computed from the potential of the i•ner cylinder 
at the beginning and the end of the exposure. 

The instrument was at first mo.unted on a ship gimba! stand, 
which was placed on top of the forecastle, under the observing 
bridge for magnetic observations, and for one-half of the voyage 
the observations were made at that place. The location was, how- 
ever, not satisfactory on account of the neighborhood of the galley 
smokestack, smoke from which often reached the instrument during- 
calms or while sailing by the xvind. Accordingly, on the cruise 
between New Zealand and Peru (on February 3, t9o8) the g'imbal 
stand was moved to the main deck, just forward of the main hatch 
and still under the bridge. Here there was no further tro•ble 
from smoke. There was never any spray on board during observa- 
tions, as in weather rot•gh eno•gh for spray it was impossible to 
read the electroscope. q_'he only use of tl•e girohal stand was to 
make it possible to balance the instrument durin.• rea(li•g's so as 
tc get equal divergence with both leaves. During' readings, the 
instrument was turned so that tl•e leaves sxvung in a plane parallel 
to the lcng'th of the ship, while durin.• the exposure it was turned 
so that the cylinder faced into the wind. The crank was rotated 
uniformly at a rate of al)out go turns per minute. 

The electroscope was roughly calibrated at Sitka, Alaska, 
August, •9o7, using dry cells and a battery of 2oo cells of zinc- 
copper elen•ents in a weak soluti(m of mag'nesium sulphate. The 
method was very inaccurate and not much wei?¾ht is o-iven to the , • 

calibration. A second calil•ration was made in tl•e Physical Lal•ora- 
tory of Canterbury Colleg'e. C1]ristcl•urch, N. Z. (January 7, too.q), 
with the permission and kind assistance of Dr. C. Colerid.e.'e Farr, 
to wl•nm I take this oppc•rtunitv of extending my tlmn!<s. This 
calil•ration, l>.x' potentiometer method, was very •ood, and agrees 
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closely with a final calibration at the United States Bureau of Stand- 
ards upon the return of the instrument to Washington (July xo, 
•9o8). The same pair of leaz,es was used throu•'ho7tt the voyage. 
In the computation of the results the Sitka calibration is used from 
Sitka to Honolulu (August xoth to August 28th), the Christchurch 
calibrat[on from Honolulu to New Zealand (September 23d to 
December 24th ), and the Bureau of Standards calibration for the 
remainder of the voyage (January x6th to May 7th). 2'he observa- 
tions made between Sitka and Honolulu have not been included in 

the means, being considered as practice observations. 
The results are shown in the accompanying table, where only 

the mean values for each day's observations are given. The columns 
X.•.xo4 and ,X,•.xo4 are computed from the observed fall in potential 

of the electroscope system by means of the formulae Xt--- A"log 
and X,• --- Z(' log Y'• where •,.-7• is an instrumental constant, depend- 
ing on the capacity and dimensions of the instrument and the time 
of exposure, F',• is the initial negative charge on the system and 
V",• is the charge remaining after exposure. For the instrument 
used, with a time of exposure of 5 minutes, Z4": x.6 x •o-4. X• is 
the specific conductivity of the air for positive electricity and 
X,• that for negative. 

,X.• q-X,•--X, the total specific conductivity of the air. 'I'he 

ratio '• of the specfiic conductivities, is also given for the mean ,•, 
conductivity for each day. 

The temperature is that inside a thermometer shelter attached 
to the outside of the cabin. The barometer reading is that of an 
aneroid whose correction was known. 'I'he values of relative 

humidity are very rough, as there was no adeq•ate means at hah{1 
for measuring it. The wet bulb thermometer was hung inside the 
thermometer shelter and no artificial ventilation applied. 'I'he values 
given are interpolated from the readings by the meteorological ob- 
server at 8:oo .•. •x•.. x2:oo noon, and 4:o0 P..xr. The direction 
and force of the wind and the state of the weather are indicated in 

the next two columns. Under "Weather," b signifies clear, bc, 
partly cloudy, and c, cloudy. 

The noon position of the ship is given as the geographical loca- 
tion of the observations, as they were usually made •vithin two 
or three hours of noon, and the rate of progress of the ship on 
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days when the sea was not too rough for observing was not great 
enough to make the position in error by more than •5 or 20 miles. 

Leakage tests with both ends of the outer cylinder closed to 
exclude air currents were made frequently and showed values for 
the leakage of about the same order as the probable error of a 
reading of the electroscope. Consequently no correction for leakage 
lms been applied and the values of X• and X; are probably too 
large by about o. rox ro-4. 

The •eas•tremcnls of the specific co•ductivity give as a mea• for: 
X)---(z.6o3) (zo-g) electrostatic u•zits (.•'om 25 8 observations) and 
x. = .... 260 
The mcan ratio, 
The barometric pressure apparently affects the conductivity, as 

the mean values for X• and •,, for 34 days with the pressure below 
762.00 min. are (•.6•) (•o-4) and (•.46) (•o-4) respectively, while 
•4 days with tlxe pressure 762.oo min. or above, the mean values 
for X• and X,, are (•.52) (xo-4) and (•.3 x) (•o-4) respectively. High 
barometer apparently causes a decrease of conductivity. This may, 
however, be due to the fact that the low barometric readings were 
nearly all within the tropics while the high readings were in higher 
and lower latitudes, so that the effect may be regional rather than 
directly due to the pressure. 

No effect due to the relative hun•idity of the air is discernible. 
The mean values of the conductivities with the relative humidity 
below 8o are almost identical with those with the humidity above 
80. But as noted above the values of humidity are not reliable. 

It is of interest to note that the ratio Xt is considerably above 
unity and that it is pretty consistently so, though there are several 
individual values of tl•e ratio below unity. This was especially so 
in the portion of the voyage froln the equator southward along 
the •7otl• meridian east, to N'ew Zealand (X•ovember x9th to Decem- 
her 24th), where over a third of the values are below unity and the 
mean value is only x.o4. Throughout this region calms and light 
ba•ing winds were encomxtered, with some squalls--the usual 
"doldrum" weatl•er. ]n regions of stead>' winds and settled weatl•er 
conditions the ratio was almost invariably above unity. Most of 
the abnormally high' values of the ratio occurred during cloudy 
weather, or under m•us,ml atmospheric conditions. 

In view of the fact that no measurable amount of radioactive 
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deposit could be collected on a negatively charged wire while out 
in the open sea, it seems impossible to explain the value of the 
ratio, as has been attempted, by ascribing the greater rate of dis- 
persion of a negative charge to the ionizing effect of the deposit 
collected on the negatively charged inner cylinder5 

It seems doubtful that the radioactive emanations can have any 
important influence on the ionization o17 the air thousands of miles 
from any land, and they certainly can not be the main cause of 
the ionization, which is as intense as on shore. We must look 

elsexvhere for the ionizing agent, and the observations give little 
information as to its nature. It has been suggested that the air 
may contain charged particles from the friction of the wind on 
the sea, but there is no evidence that the ionization is greater during 
v. wind than in a calm. The action of sunlight on the xvater might 
cause an ionization of the air, but the conductivity seems as great 
in cloudy as in fair weather. 

If the conductivity were greater in regions of high pressure, 
that is, of descending air currents, it would seem possible that the 
ionization came from the upper regions of the atmosphere, ionized 
perhaps by cathode rays from the sun, but the observations show 
the reverse to be true. 

If a penetrating radiation reached the lower layers of the atmos- 
phere from some source external to the earth it might cause the 
•bserved ionization, as xvell as account for some of the phenomena 
of ionization in closed vessels, such as the diurnal variation of the 
rate of leak in a closed vessel screened on all sides except the 
top, which shows a pronounced midday maxin•um. ø 

No attempt was made to secure information as to the ci:,urnaI 
variation of the conductivity of the air at sea, a subject which 
should be investigated. 

5Vl•ile the work done has served mainly to point out the diffi- 
culties to be encountered in using' the present types of instruments 
at sea, still some information l:as been accum•dated which may be 

of value in coniunction with future work undertaken in similar 
fields. Also, the probability that the earth-air current is of the 
same order of magnitude over tl•e sea as over the land has been 
.qtreng'thened. 

Dcpartvtcut Terrestrial ,'!œag•cti.;n•, .4•t.•'•tst 5. •9o8. 

Ku•z, Dissertation zur F, rlangung der Doktorwiirde, Giessen, x9o7. 

STRONG, .Physical IlGz,&'ze,, vol. XXVII, No. •, July, •9oS. 


