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he bime wiienr the experimernts to te deszeribed

were planned, & decided lack of sgreement appeared t

(o}

xisgt hetween the results of verious cobservers. All
were agreed thet the ionizstion in closed vesselé
increased with altitude but there was a cousideratle

variation in the rates of increase announced. Further-
more, screening experiments by Xolhorster in Switzerland
led him to sugport more strongly than ever an extremely
penetrating radiaticn of extra-terrestrial origin,
while the results obtained by Willikan and Otis were
interpreted vy them as indicating that all or by far
the greater part of the effect was due to radiation of
no extraordinary penetration.

The course to be pursued was not hard to see, IT
doubt were to be cast upon the experiments of Kolhlrster
it would be on two principal counts in &ll probasbliity.
First, the screening experiments in water were made in
shallow pleces at low altitudes where the whole effect
ig smell in comparison with that due to other causes
of ionization. Seccond, in the experiments in the glacier
one could net be entirely sure that specicus resulis
were not obtained es a result of rocks and waste matter

conteined iu the ice. Hence we planned to go to the high-
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est altitudes aveilable where deep, sunow-Ted lakes
could be found and to use the lake water as screening
matsrial.

APPARATUS
In the work to be described three electroscopes

of a modified Wulf type were used. Details of the const-
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ructicn are given in the following fteltle.

TToel To. 2 Toed
Height 22.5 em. 35,0 29.6
Tiamster 11.4 20.0 15.0
Thickness of walls - 1.8 mm. 2 mim. B .
Volume effTective for
ionization 1899 cc, 11326 cc., 211 cc.
Capacity of fibres 1l.41 esu. 1.41 1.10 esu.
Reduction constant 1.45 +BED
Sensitivity (approx)
volts per scale div. L.g2 2. 1.8

The ilonizeation chember is o¢f trass in all casges
except that the top of Te. 1 is cast zinec.

To determine the capuciti z2s of the fibre systems
the following procedure wes adopted. An apperetus was
constructed (see fig.) which consisted of a small
plane condensger with the upper plate moveble. The lower
plate Tastened directly to ths charging rod of the
instrument by a ball joint. The upper plate wes mounted
in a rigidly-held, tight-fitting tearing so that it could
be raised or lowered ab will. 4 micrometer screw znabled
the distance between the plates to be altered by any given
amount. The plates were adjusted accurately parallel
to one another by lowering the upper one and pressing
them together. The ball jaint on the lower then permitted

»

it to rotate until they were completely in contact,

o

The capeclity of this condenser is given by the
following formula, where t 1s the thickness of the
plates, r the radius of the plates, and & the distence

apart . » < s S B E ] ’ L R A e i : N
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The procedure invoelved finding first the capacity
of the fivres plus the charging rod plus the condenser

i the extended position. Cell all this C,. C, was



iz

&
charged to a potential V, , read on a voltmeter. Then
while €, was isolsted from the source of potential

the upper plate wes lowered to within & distance d

of the lower, Then the fibres came together somewhat

and indicated a potential V, . Illence if G, is the capacity
of the small condenser when the plates are a distence

d apert, we have (@54f3;'¥J 'fjﬁﬁ .

ané hencs 0.

&

could be determined. In the second part of
the problem itwo distincet methods were used, In the first
the fibres alone were chargec to a high potential,
about 300 volts, by conneceting them to the battery
through the charging ro@ and then earthing the rod.
This potential was read from the voltmeter. Then the
rod was swung back into contaet with the fibres and
the final potentiel determined from the position of the
fibres. In the other method the fibres and rod were in-
itially uncharged, the»rod being Jjust beyond the charging
position. Then the rod alone was charged to & given
potential read on the'voltmeter.\Then this charge was
spre&d over the fibres and rod, the final voltage being
rcad from the position of the fibres. Since the combined
capacity had been determined in the first part of the
determination, the capacity of the fibres alone was
readily calculated.

The method of measurement was precisely that
used by Otis EXCEERT THAT IIUCH LONGER PERIODS OF
OESERVATION WERE GENERALLY USED. At various times

the insulation of the fibres was tested by the guerd
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‘ring method deseribed by Otis and no leak could ever
bte detected so that ir most cases this preceution was
abundoned, AS IIN OTIS' WORK, A CALIBRATICN CURVE

WiS DRAWN FOR BACH READING 70 AVOID ERRORS DUE TO
CHANGING J”ARFC”“él“”T S OF THX INSTRUMZENT. That
seturation wes obtained was best indicated by the fact
that for long observations where the potential fell
to as low as 50 volts, the ionization was not apprec-
iably less than for an observation under the same
circumstances lasting only one-fifth of the time,

COTTOITO0D LAKES TRIP.
In the summer of 1924, the author with the help

of Ir. C.H.Prescott Jr., and Ir., Alvin Viney,
organized and conducted an expedition to the Cottonwood
lakes in the Sierra Nevada mountains,., The lake chosen
for the work was at an elevaticn of 11200 fset.

The &:paratus used was electroscope Mo, 2. This
instrument consisted of the frame and fibres of No,
1 ehclosed ina large brass ionization chamber (volume
about 11 litres.)! The increased ionization due to the
much lerger volume was expected to increase the accur-
acy of the readings especially over short time intervals.
In practise, however, the instrument proved undesirable
for the following reescns:
1. Temperature changes caused convection currents
inside the electroscope which gregtly disturbed the
measurements. 8. It wag difficult to obtain saturation.
3. The electroscope wes heavy and bulky. 4. Due to the

large ratio of volume to area of walls and other causes
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the ionization produced with this instrument per cec.
per second wes much smaller than with the others used
and hence the relative error was large.

On account of these difficulties combined with in-
clement weather, wholly satisfactory results were not
obtained and the experience in organization for high &l-
titude work gained through this trip was, no doubt,
the most veluable result of the expedition. Never-
theless the observations showed quite clearly —

l. A decided increase in ionization with altitude.
2. No variation with time of day. 3. A considerabls
decrease in ionization when the electroscope was read
over the water. 4. AN APPRECIASLE DECREASE IN IONIZATIONW
~T DEPTHS BELQVW CNE METRE OF VWATER INDICATI f THE
PRESENCE OF A RADIATICN I0RT FENETRATING THAN CORDIN/RY
GAIITA RAYS.

A series of 12 one-hour counsecutive readings
taken with the same instrument on Mt. Wilson{altitude
1760 m,) in the latter part of August 1924, salso
checked points Wos. 1 and 2 above,

LAKES MNUIR AND ARROVHEAD.
In the winter of 1924-25 a new electroscope,

o. &, was constructed, tested and calibrsted and in
fugust 1925 a second expedition organized consisting
of Dr. Millikan, Dr. Oldenberg, ¥r. Prescott, Ir.
Glenn ¥illikan and the author. The work this time

was cerried on at Iuir Lake on Lone Fine Creek near
the base of ¥Mt. Thitney at an elevation of 11783 feet.

4 folding canvas pontcon furnished by the Military
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Department of the Institute was used for transportation
on the water. For the underwater readings the electro;
scopes weresuspended from & small raft anchofea'in
about 40 metres of watex. Granite cliffs varying in
height from five hundred to twe thousand feet at a
distances up to three-fourths of a mile surrounded
the lake on three sides. The lake itself was about
one-fourth of a mile in diasmeter and roughly circular
in ghape.

On the return from Muir Lake, readings.were also
teken for a day on a large flat rock in the deseft
near Lone Pine at an altitude of about H500 feet.

Finally the lnir ILake observations were repeated
&t Lake Arrowhead in the San.Baefnarﬁino mountains
at an altitude of 5125 feet. The depth of the lake
at the point of observation was about 50 metres.

RESULTS.
The results of the underweter readlngs are collected

in Table 1.,

For our Purposes it is convenient to regard the atmos-
phere as the equivelent of 10.32 metres of water and
to consider a given locality, such as Muir Lake, in terms
- of the water equivelent of the air above this point,
The pressure due to a layer of air of thickness
dE is dp <~pdAN  where ¢ is the density. But

fzk.pf;fT . Then ap o oatd

A T
T is a funetion of H but to avoid complication we will
assume 1t to be a constant and substitute a suitable

mean value over the region H concerned when we eval-



Muair Lake

surface .45m
13.3 9.7
13.2
means 13.25 9.7
Arrowhesad
gsurface .7m
7.0 5.8
7.2 ’
745 /
6.9 ;’j/
7.8 4
means 7.0 5.8
Nuair Laks
surface .45m
16.5 13.5
15.8
15.9
means 16.l 1%5.5
Arrowhead
surface .6m
10,5 9.3
ll'o O

means 10,75 9.35

Table No., 1

Flectroscope No. 3

1m{ l.1m 3m Bm
5.0 5H.15 4,85 4.4

/ 4.9
Sy

£

/r'f
y
5.5 5.15 4.9 4.4

Electroscope No, 1

1m 2.8m
11.0 9.0

11.0 9.0

O WO W+

D O
AN

15m
S.6

3.0
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uate the integral. Then eqg £ = M
£ /i
or p=Ae T . Tow when  pa 74 % /36 ona T 73

f%’ O0C ¢ 2 FE
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Therefore s Aa """ T if H is measured in km.
But when H-=0 | £. s 0.33 »
e ) - B2 1T 7"‘ .
Hence A= /¢33 and . /0.3 £

where T is the mean temperature over the height H,.

Now we czssume the fellowing temperature distribution.

H (km) t {Q) T (abs)
0 22 295
1 18 291
3 14 287
3 10 283
4 6 279
5 2 275

This distribution, corrected for the average ground
temperatﬁre, corresponds closely to that observed
experimentally in balloons near Paris, accordiung to
the Smithsonian tables.

The curve connecting altitule with depth of
water, shows Mulr Lake at & depth of 6.75 metres
of Wéter below the surface ¢f the air, Lone Pine
8.5 m., Arrowhesad €.,6 m.,, and Pasadena 9.98 m.

Tow Muir Leke and Arrowhead differ on this scale
by almost exactly 2 metees. Hence whenever we have a
reading in Muir Lake two metres below one at Arrowhead
we should expect them to agree. Consequently it is
very reassuring to find in the Tour possible instances
where this point could be tested, pointed out by arrows

in Table 1, the beautiful confirmation shown there.
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The resulits of the water work are also displayed
in the tweo curves. It will be noticed that at both Muir
Lake and Arrowheead, readings taken at the surface
come above the curves and this is to be expected
because the readings at the surface must be partly due
to local rediation of ordinary peuneiration. Below
one metre, however, we should have only the ionization
contributed by the instrument itself and the penetrating
rafiation. This is because the radiation which has
the penetration of gamma rays 1s so reduced as to be
practically negligible by one metre of water., The
extraordinarily good agreement of the results testifies
to the correctness of these views as well as to the
validity of the readings themselves.

COMPUTATION OF ABRSCRPTION COEFFICIENT. |
In conmputating the absorption coefficient from

the above data, two alternatives present themselves,
In the first place, we may assume that the radiation
comes into our atimosphere as a bean of parallel rays
or on the other hand, we may assume that the rays are
incident to the surfece of the atmecsphere egually in
all directions, In the first case we would use the
| | - ~ fis &
well known law of absorption L= i, €
Tf the radiation did come into our atmosphere as a
parallel»beam of rays, however, we should expect
well-marked variatvions with the time of day. For,
on aeeount'of the earth's rotation on its axis,
when the rays are coming in at an angle of & degrees
say, with the vertical, they would have to go through

a layer d/cosé , where 4 is the verticel height
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of the atmosphere at the point in question. Even if
the source of the radiation is not a small region of
the heavens but & bend such as the Milky VWay, we should
expect easily observable variations in the intensity
measured at Muir Lske or It. Whitney. Now this point
has been repsatedly tested not only in the present
experiments but also by Otis on it. Whitney and by
Otis and Millikean on Pike's Peak, and we have never been
able to find any indication of a regular veriation.
Consequently we appear to be Justified in using the
second alternative given above.

Consider the radiation coming from above only,
and let its intensity at the surface be I, . Then the
parf of I, due to the radiation ineluded in & cone-
shaped shell whose angle with the vertical is # and

of anglular thickness d¢ 1is,
o H iiqt Tam
Az .f*’?’f;/j(};g,ﬁ%@
The intensity at the depth E in The absorbing medium

due to this part of the radiation is

e o g A SeE
Alw 25T, s0m 8 ab £~ ¢
A o pa M Sos B

i - 7 Fid 2 Y P -
u[ Ly fe S = & & 4 &
/( il o’l &
Now put gee =X
Then Soc @ o & HF = A X
o #i hzw—g* e R, A = i L’i:#
T = prninabRIRRL S
KF xe., f AL

F YT
L/T  w oz ) LEEL
—e o, S
= A7/ L £
e.-'f £ s
A
< » Z cca :fﬂ’%:} - LS ‘-%:’? 8 4
Values of the integral i ggf AT 8 L

are given by Gold - Proc. Roy. Soc. A - 82 62 1909
and these were used in this computation.
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The method of determi.iing the abscrption coeff-
icient was to select the most reliable observation

near the itop of each curve and to see what value of

bt

M best represented the other reudings when compared
with it. 4 1ittle calculation shows that the radiastion
becomes more penetrating with depth. In other words,

s not homogeneous but consists of a

FJ.

the radiation
spectrum of wave lengths. For both instrumenisthe

upper portion of the curves gave = 0,30 per metre

of water and the lower ends gave = 0,18, Electroscope

+
8]

L Omewha

(D

oy

0o

{

Noe. & was mores sensitive howéver, and gave
reliable resulis throughoutv as a superficial examination
of the data shows., These cocefficients, of course,
characterize the radiation only throughout the
region studied. Ve might expect still softer compon-
ents t at nigher altitudes.

RESULTS CF LEAD SCREENING
In addition to the under water observations,

the same lead screer vsed by Otis, enabled us to obitain
£dditional information. The lead was used with
Electroscopa No.l only anéd was the equivalent of

55 em., of water. The results of these experiments

are collected in the following tadle,
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Table

ot

Cosmic Rays inside 4.8 ecm.

Taseadsna TLone Tine Muir Lake
eltitude altitude

10,

3085 m.
Jons per cc. ver
see, unshielded 13.0
Shield=sd with

Extzrnal rafiiations
after screening Leb

Cosmic Rays after
screening
(theoretiecsal) 1.3

Cosmic Rays slfter

gsereening (obsy 1.32

2

1676 m.

16.7

10.1

e

lead.

altitude
3590 .

20,0

11.8

L4

4ol

4,08

Pike's Peak
altituds

£298 m,



11

The first and second lines contain the readings
without, and with the lead shield respectively. From
the latter values we subtract 7.4 I which we found
due to the walls of the electroscope alone, obtain-
ing the values given in the third line, These figures
consequently represent the whole effect inside the
shield of all externel radistions of any kind. Vow
all the experiments with the lead were made with a
view to having the surroundings as nearly the same as
possible. In every case the instrument was placed
either on granite rocks or on soil which was largely
decomposed granite, Consequently we should not expect
8 large veristion in the effect due to the surroundivgs
After consulting as many suthorities as possible we
took 3 I as a fair mean value and assumed that thés
amount might be attributed to local causes in &ll these
places. Wow the amount of this radiation which will
penetrate the shield is Jjust 0.9 I. lence we subtract
0.31 from the last figures given and obtain the
values given in the fourth line which we call the
"theoretical"™ values of the cosmlcal rays afler pene-
trating the lead.

However we have a possibilityof getting these
values in another, quite independent way, and these we
-call "observed! They are obvtained by teking the readings
on the curve at each location, subtracting 7.4 I
and calculating how muach of the resulting radiation

would penetrate the lead, using the coefficient
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.30 per metre of water and the formula [“..2;4‘.’1%'#4
since now the shape of the shield ap proximates to
a sphere and most of the radiation goes through
very nearly perpendicularly. This calculation gives
surprisingly good agreement with the preceding results
as the table shows. Cur one assumpition of & coustant
value for the lécal, softer radiation is not a serious
one, since i% could be altered considerably without

affecting the agreement very much.

SOFT RADIATIONS
Millikan and Otis, in commenting on the results

of their Pike's Peak work called attention to the large
part played by soft radiations in the total effecect ob-
served. The following teble, Wo. 3, is designed to
exhibit as strikingly as possible the properties of
these softer radiationa and to suggest how they may

be accounved for. Soﬁe of the Millikan-Otis results
are included in thé last column for completencss.

The first line gives the directly obssrved results
in each location. The second series of values is taken
from the curve and includes of course in addition to
the cosmic rays, the zero value of the electroscope.
The difference of the first two series then must give
the ionization due to the softer rays. It is difficuld
to escape the conclusion that we have here a stimulated
radiation of some sort. If we make the same assumption
which led to the very satisfactory counclusion in the
previous section, namely that 3 I are due to loecal

causes, we have a residus in every case which inereases

markedly with altitude. It is interesting to notice



Table No. 3

Soft Rediations
Zlectroscone Lo, 1

Tgasafena Lone Fine Tulr Lalke Tiket's Peak

Direct Observ-

ation 13.0 16.7 20.C 257
Cosmic Rays

(from curve) 8.95 10.0 12.2 10.3
Soft Rays 4,05 €o7 7.8 10.4

stimilated Soft Rays
(&Ssumed} 1.05 Z.’? ‘:,08 7.':;:

Stimulating Cosmic
Rays (observed) 1.55 2.6 4.8 5.9



by comparison with the last saries of values given, that
the increase is rough
of the cosmic rays. It would seem probable, therefore
in addition to the radiation with the penetration of
gomma rays which we attribute to the radioactivity of

the surroundings, THAYT THEERE IS A CONSIDERABLIE QUANTITY
OF RADIATION OF ABOUT THE JSAE PENETRATICH, STIMULATED

TW OO TTLY RV ONTT
P »..JO_L;;.;; aal oY Caid

TETETRAVING RADIATION.

QJ-L'” RY
1. The present work seems to us to furnish conclusi
ev1d°nce to show that a nenetratlnf radiation does
exist which
a. incregses in & perfectly definite way with altitude.

b. is much more penetralting than any known radiation.

L(:_
2. Although no very elaborate tests of this point

have been made, we have been able to detect no variation
of any kind.

3. In addition to the @uiﬁbf ting rediation assumed

to be of cosmical origin, theore is present in relatively
large amounts, sofiesr fualatﬁon with about the
pepetratlon of ordinary gamma rays. It ig suggested

that this is in part & secondary radiation stimulated

by the primary, and some evidence is presented which

seems to confirm this suggesvimn,
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