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THE PENETRATING RADIATION IN THE
ATMOSPHERE AT HOBART.

By A. L. McAuLay aNp Miss N, L. HurcHISON.
{(With 6 Text Figures.}
(Read 1st December, 1924.)

GENERAL.

If a gas be enclosed in a thick-walled vessel and pro-
tected from all external disurbances a few of its atoms are
still found to be ionised during every second. It can be
shown that this residual ionisation cannot be due to the
heat energy of the gas itself (1), the atoms must therefore
be broken up by a radiation coming from without. This
external radiation must. arise in the walls of the vessel
itself, or penetrate them. If the former is the case we may
say with fair certainty that it is due to radic-active matier
ijn_the walls, and if the latter it inust be a radiation of
extremely great penetrating power, as shielding the vessel
with several feet of water has little effect on the ionisation.
The residual ionisation is mow known to be due to both
these causes, and they may be distinguished from one
another experimentally. The origin of at any rate a part
of the radiation is still in doubt, and measurements made
at different parts of the earth’s surface may be expected
to provide- evidence indicating what factors are concerned.

Recenty experiments by :various workers have given
curiously contradictory indications as to the nature of the
penetrating radiation, leaving the matter in a condition most
stimulating for further research.

Millikan (2) and others (3, 4, 5} have shown that the
radiation increases in intensity with the height above sea
level at which the measurement is made, and, further, that
it varies with meteorological conditions (6). This would
seem to show decisively that it is an external radiation, and
that it probably arises in the upper atmosphere.
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But at a depth of six metres under water it shaw,
little or no trace of absorption (7). Also Downey (8) ang
Fruth (9) have shown that in a sphere of radius 12 incheg
at a pressure of approximately 47 atmospheres the fonisatioy
no longer increases with pressure, ‘but remains constant,
These facts suggest that there is no penetrating radia
tion coming from without, but that everything is due to the
walls of the vessel containing the gas. Experiments such
as those of Millikan necessitate some other explanatiog,
however. The most hopeful appears to be that an extremely
penetrating external radiation of the v type ejects high-
speed electrons from the walls of the vessel, which in turn
produce the observed ionisation.

If this explanation is the correct one we are brought
to the interesting conclusion that the penetrating radiation
is very different from any other v radiation of which we
know: In the first place the great range of the ejected elec-
trons shows that its frequency must be greater than at any
Tate most of the v Tays from radium B and C. This

suggestlon is borne out by ‘its great penetrating power,,

Secondly, if it were of ordinary v ray type a rough cal-
culation ‘shows that at 47 atmospheres as many high-speed
dlectrons should be ejected from the gas as from the walls
of the vessel, and consequently the ionisation should stiil
increase with pressure. Perhaps it is best to attempt to
explain Downey’s and Fruth’s results by supposing a change
in the molecular constitution of gases at this pressure.
Certain of Fruth’s results appear to lend colour teo this
view.

Recent' experiments show clearly that the intensity of
the penetrating radiation vaties with time. There is cer-
tainly a daily variation and probably a seasonal variation as
well (10). The maximum intensity of the penetrating
radiation does not occur at different places at the same loeal
time.

In view of the fact that there are indications that
the atmospheric potentlal gradlent exhibits a diurnal varia-
t10n whose maximum occurs at different places at the same
Greenwich time and not at the same loeal time, considerable
interest attaches to the problem of determining the time at
which the maximum intensity of the penetrating radiation
oecurs at different places on the earth’s surface.
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OBJECTS OF RESEARCH AND GENERAL
EXPERIMENTAL METHOD.,

The present paper describes the results of a set of
measurements made to determine the intensity of the pene-
jrating radiation in Hobart, and to investigate its diurnal
yariation.

The investigation was commenced under the direction
of one of us by Mr. R. W. Crabtree earlier in this year,
put before the construction of the apparatus was completa
he left to take up the position of Demonstrator in Natural
philosophy in the University of Melbourne.

It is hoped later to investigate the variation eof the
intensity of the radiation with altitude, and to make further
experiments on its variation with time.

The method used is similar to one employed by Dr. K.
M. Downey (10), but our apparatus is less refined. The
ignisation is produced in a cast-iron sphere, A., fig. 1, 20
ems. in internal diameter, with walls 13 cms. thick. An
electrode consisting of a small sphere, C., of 3.5 cms, dia-
meter, soldered to the end of a stout wire, is held inside the
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sphere by a sulphur plug B. This serves to (.:oll.ect the
jons produced within A. by the penetrating radiation ang
other causes. The rate of production of ions so collected ig
measured by the motion of the needle of a Compton quagq.
rant electrometer D.

The effect of the penetrating radiation itself is esti.
mated by observing the change in the speed with whicy
the electrometer charges “when gas at different pressures
is econtained in A.

More than 10-20ths of the radiation due to radio-active
matter in the walls of the sphere is completely absorbed by
the gas in the sphere at atmospheric pressure, and con-
sequently the ionisation due to it does not change sensibly
with increasing pressure. On the other hand, the effect
of the penetrating radiation for the relatively low pressures
we have used is proporticnal to the pressure. The tweo
effects can therefore be distinguished by such experiments,

EXPERIMENTAL PROCEDURE.

The earlier experiments made had for their object the
determination of the average intensity of the penetrating
radiation in Hobart. They will not be discussed, as the
later work on the diurnal variation has superseded them.
The earlier experiments were consistent with the later
ones, but were not made under the same standard con-
ditions.

Under the rather bad experimental conditions In which
this work has been carried out it has not been found pos-
sible to maintain the pressure constant in the sphere (A,
fig. 1.) in which the ionisation is measured. The Sphe.re
is filled with oxygen to a pressure of 50 to 60 1b. per s-q. in.
above atmospheric, and observations are made while it de-
creases owing to leakage. In these circumstances the accurate
determination of the effect of the soft radiation from Y;he
wallg of the sphere is of the first importance in makl.ng
a determination of the variation of the penetrating radiatior
with time, as well as in its absolute measurement,

There is no effect due to emanation, as the gas used
is oxygen from a cylinder in which it has stood for moré
than a month.
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Jonisation due to Soft Radietion.—To determine the
;onisation due to the soft radiation it is necessary to measure
the total ionisation when the pressure in the sphere is as
high as possible, and when it is atmospheric, while the pene-
trating radiation must remain sensibly constant during an
experiment.

The ionisations are plotted as ordinates against the
pressures as abseiss®. The slope of the straight line joining
the points then gives the ionisation due to the penetrating
radiation per unit increase in pressure, while the ordinate
at zero pressure gives the effect due to the soft radiation.
The assumption is here made that the curve connecting
jonisation and pressure is a straight line for the low
pressures we have used. This has been fourd by Downey
and others, and has been roughly verified by our earlier
experiments.

Fig. 2 shows two curves gbtained as indicated on two
different days. Ionisation is given in volts fall per second
of the electrode system, and the pressure iz given in atmo-
spheres with zero at vacuo. The figures above the points
give the minutes occupied by the observations. The soft
radiation as deduced from the two curves ia the same
within the limits of experimental error. Curve B has
twice the weight of A, and the resulting value of the
ionisation due to the soft radiation is .87 x 10-¢ in the
arbitrary units used. Less direct methods show that this
is certainly not far from the truth,

Ezxpertment on MHurnal Veriction.—The following ex-
periment is made to determine the diurnal variation of the
penctrating radiation. Oxygen is admitted to the sphere
and left for an hour. The electrode system is charged,
the voltage sensitivity of the electrometer measured, the
electrode is isolated, and an observation made of the time
taken for the system to charge 2, 3, or 4 fiftieths of a
volt, according to circumstances, The electrode system is
then recharged, and the observation repeated until the
pressure falls to about 20 Ib. per sq. in. above atmospherie,
when oxygen is again admitted. From the detesrmination
of the ionisation so made the constant ionisation due to the
soft radiation is subtracted and the result divided by the
pressure in atmospheres measured from vacuo. This is
the ionisation due to the penetrating radiation per atmo-
sphere. The curves of ‘Fig. 3 show this quantity plotted
against time on various days.



~b
=l
1x10

2x10

ﬂqure T

331‘6”

aﬁﬂospheres

o

-4
[xio"

Ixi0

ra

2;!{5“

BY A. L. MeAULAY AND MISS X. UUTCHISON, 129

Saturation and Insulation Leakage.—It was found that
120 volts between the sphere and the electrode gave a field
amply strong enough to saturate the pgas at the pressures
used, and 160 volts were used in the experiments. The
clectrode system was insulated by sulphur and quartz, and
everywhere surrounded by earthed conductors and guard-
rings. When measuring the current the precaution was
always taken of allowing the electrode to charge to as high
a potential on one side of earth as it fell from on the other
gide of earth, and in this way any leakage across the
insulation was eliminated. As a matter of fact, such leak-
age was found to be absolutely negligible,

RESULTS.

Fig. 3 shows typical curves obtained, as explained in
the last section, in which the ionisation produced by the
penetrating radiation alone per atmosphere of pressure is
plotted against time. A and B run consecutively, and re-
present an experiment lasting twenty-eight hours. The
blanks mark the times at which oxygen was re-admitted to
the sphere, and the subsequent hour intervals that were
found to be needed before conditions had once more become
steady. C. fig. 3 is another similar curve, comprising ten
hours’ observations, and showing a different type of
variation.

Absolute Value of the Ionisation Produced by the Pene-
trating RadiationIt will be seen from the curves that the
effect is subject to large fluctuations. The lowest value
we observed for any length of time was about 11 ions
per c.c. per second averaged over two hours. The highest
value observed was about 33%-ions per c.c. per second averaged
over five hours.

To convert the arbitrary ordinates of the curves of
Figs. 2 and 3 into pairs of ions per c.c. per second produced
by the penetrating radiation in oxygen at atmospheric
pressure they must be multiplied by 6.8 x 104, Thus the
average value for the twenty-four hours beginning at noon
on 13.11.24 was about 3 ions per e.c. per second.

It was found difficult to obtain consistent experimental
values for the capacity of the apparatus; however, the
mean of those obtained experimentally by the best methods
used was fairly close to that caleulated. It is perhaps pos-
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sible, though iniprobable, that the constant given above i;
20 per cent. in error. Tt was not possible to use the method
of observing the leak produced by a standard source of
gainma rays, a5 we had no radium or thorium at our dis’
'pos"aL

Soft Rodiation.—The points plotted on curves A and B
each represent a four or five minutes’ observation; those on
curve C one of six or seven minutes, They will vary about
the ntean on account of the probability variations in the
nuinber of alpha particles leaving the walls of the sphere
per second. The amount of the soft radiation shows that not
more than 12 alpha particles traverse the sphere in a minute
(assuming that each produces 1.2 x 105 ions in its course},
so that the probability variations wiil be large, especially
for low pressures. It is of interest to note that the effect
of the penetrating radiation at one atmosphere is less than
that of 6 alpha particles per minute traversing the whole
sphere. '

Diurnal. Variation—A general analysis of our results
seems to suggest a diurnal variation of regular type, on which
is superposed large and rapid fluctuations of a more irregular
nature. There appears also to be very considerable variation
of the effect over a longer period.

The most. extreme case of the irregular rapid variation
which we have observed is seen starting with great sudden-
ness at about 9 a.m. on 14.11.24, after & very steady 24
hours. For the week prior to 13.11.24 conditions had been
very steady, and the. rapid fluetuations of the 14th were
at first attributed to some experimental fault that had sud-
denly developed, but none that could explain the fluetuations
was found. During the week following the 14th the
variation of the penetrating radiation was similar to that
of the 14th, though not quite so erratic. On the whale, the
value was eonsiderably lower than for the preceding week,

_}n general we ﬁnd from our short term of experimenting
that‘ the effect tends to be low and variable on hot, cloudless
days, and higher and steady during colder southerly weather.
We also find that the effect is higher during the night
than™ during the day, the principal 1nmaximum oceurring
at 5 a.m, and the minimum at 5 p.m. These maxima and
minima are liable to be masked by what we are considering
as superimposed fluctuations, and on one day in particular we
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observed a local maximum of about 3.8 in the arbitrary units
used in the graphs at 4.830 p.m., while at 10 p.m. the effect
was as low as 2.0. Unfortunately that day’s observations
ended at that point,

The times at which our maxima appear do not eor-
respond with those given by other workers. The local time
of our principal maximum is nearly 12 hours different from
the local time of the maximum found at Manilla (11), while
as our longitude is only about 30 degrees different we dis-
agree in Greenwich as well as in local time. The time of
our maximum disagrees with that pgiven by Downey {(10),
both according to local time and to Greenwich time.

It is stated (11) that in Kohlberg the penetrating
Tadiation is greatest in the day and least at night. This is
the opposite of what we have found.

Before speculating as to the reasons for these differences
further experiments must be made to discover whether our
diurnal maximum always occurs at the same time.

Causes of the Effect.—The principal probable sources
of the penetrating radiation will now very briefly be con-
sidered from the point of view of our results,

(1) Gamma rays from the soil. The radiation due to
this cause would, of course, be constant. It might be ex-
pected to produce 4 or 5 ions per ec.c. per second if it were
not cut off. Our observations have been made over a con-
crete floor. Downey (10} found that the effect over concrete
was the same as that over water, which would. indicate
that the radiation from the soil was completely cut off.
In view of the low value we have found for the effect
and of the large fluctuations, there seems good reason to
believe the same is the case in our observations. The walls
of the laboratory are of brick.

(2} Radio-active deposit precipitated from the atmo-
sphere on the roof, This effect might be expected to be mark-
ed in our experiments. The roof of the laboratory is about
15 feet above the sphere, and is of galvanised iron, lined
only with thin pine boarding. Xing (13) estimates the
radiation due to this cause to produce 1 to 2 ions per
cc. per second. The effect would, of course, vary with
meteorological conditions. Such fluctuations as those shown
at the right of curve B cannot, however, be due to this
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eause. It is conceivable that there might be temporary
rapid depositions, giving rise to sudden increases in the
ionisation, but this ionisation must decrease at a slower rate,
as even if the supply of active deposit is not replenished
its hard gamma rays cannot fall to half value in less than
half an hour.

{(3) Other causes. The contribution of the gamma
yadiation from the emanation in the air is negligible. Fur-
ther experiment iz necessary before we are in a position to
speculate as to the nature of the remainder of the radiation.

Qur intention iz next to attempt to eliminate the effect
of the active deposit on the roof.

In conclusion, we wish to thank Dr. L. A. Bauer,
of the Carnegie Institute, who very kindly presented us
with literature on this subject.
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