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The thesis is concerned with two separate problems, but
each problem involves the application of the same tochnique
of micro-gas analysis, and the extractien, purification and
measursnent of micro-quantiﬁies of heiiﬁm and neon is common

%0 both problems.

 Earlier work in the field of helium and neon annlysis
ig briefly reviewed, and a full description of the modern helium

apﬁaratus is given in the last chapter,

The first problem involved the chemical analysis of upper
atmosphere alr somples from heights ranging betwesn 50 lms.
and 9% kms. obtained in the U.S«A. by means of V-2 and Aerobee
rocketss These samples were analysed for their heolium, neon,
argon, nitrogen and oxygen contents. It has long beon thought
that, 1f a completely still region of the atmosphere oxists,
some diffusive separation of the lighter from the heavier gases
ought to take places In the present work, it was found that,
in all the samples from above about 60 kms, height, a definite
enrichment in heliuvm and neon had taken place, while a defiecit in
argon vas observed. In the case of the highest sample, the
_incpeage in the proportion of heliuwm was nearly 3007 eomparcd
with the provortion a% ground level, the increase in the proport-
ion of neon was 407, and the decrease in the proportion of argon
was 18%. At first sight, 1%t seemed as if diffusive separation
might have been proved, but a full consideration of all the

avallahble data does not confirm this view. The diameter of the



intake tube of each bottlc was made large (3cms) compared with
the mean free path of Yhe gas molecules at the relevant heights,
in order %o avoid mass digscrimination and effusive sonaretion.
However, it appears that a mathomatiesl treatment bascd on an
effusive separation process having taken place in the neck of the
bottle gives a much better f£it to the observed results than a
treatment based on a diffusive separatﬁon process. The fact
that the bottles did not even f£ill with air to the embient
pressure of the outside atmosphere during the 9 second samplihg
interval, let alone ‘the much higher ram pressure, thus indicating
that air must still have been flowing into the bottles at the
time of sealing the intake tube, was the salient »oint in
indiecating that an ¢ffusive separation might be taking ploce,
‘since the expected f£illing time should be about one-tenth of a
secondy - It is possible that some gerodynamic "eholting"-of the
intake tube 2t the supersonic speeds concerned has talen placc,
The conclusion must be dravn that there is no evidence to indicate
any onset of a diffusive separation of the gases in the earth's
atmbsphere up ¢o the highest point reached (9% lms) in these

experiments.

The second problem was the invesﬁlgation of the SHe ond4He
content of iron meteoriﬁes, in order to determine vhethor cosmie
radiation on meteorites in outer space produces any appreciable
part of their helium content by disruption of the iron nuclei,
Also, an'investigaﬁion of several iron méteorites of varying
sizes was undertaken in order %o look fbr any variation in the

helium content at different depths in the’ same meteorite, since



it is ¢o be expected thet the rate of helium production by cosmic
radigtion should decroase with inereasing depth, the% is, with .

increasing "ebsorber thickness'.

'Thé'3He/%He.ra€ias, énd ﬁhe total heiium content of fourteen
difféfenﬁ ﬁeﬁeorites vas deﬁgrmined. ihe "Depth Effect" was
'ciééﬁly'éémbhstrafeé w;ﬁh‘the large meteorife "Carﬁo". )\
ﬁétbémgtical ﬁreatment of the tbgpreticaily eXpec%ed helivm
produéticn by cosmig‘radiation¢at varying depths in different
sﬁzés of iron spheres has been‘fitted to the results obtained,
anﬂ_foun& to belin good agreement, Althéoreticél treatment has
@;so been fitted to the measured variation in the 3neMe ratio
with increasing depth in "Carbo’s  The final conclusion vhich |
can ﬁé dravn is that the ﬁajof part of the helium in meteorites
is broduced by cosmie radiation, and, in conjunction with
determinations of the uraniwm and thorium contents of the
meteorites carried out in these laboratories, probeble ages ha&e
been calculéted by thev“Helium Method®", It scems that the
makimum'age of meteorites is very'much lowver than the proeviously
accepted maxlmm age of 7000 million years, and, in fact, less
than the present value for the age of the earth and of the

universe,
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CHAPTER 1.

W-'Mmo.

| The basiv operation involved in the problems investigated
during vork for this thesis is the extraction, purification,
andfmeasurement of extremely small quantities of helium, usually
of the order of 10-7 ccs. to 10-6 ccs, 'In one »roblem, small

I L]
gquantities of neon and argon were also measured,.

‘ The first investigation was concerned with the heliwm
confent of metéorites, firstly, in conjunction with uranium and
thorium measurements, to determine the ages, or to check previow
values and, secondly, %o clarify the po§ition vith regerd ¢o the

possible production of heliwm in meteorités by cosnic rays.

| Two methods of investigation were tried, The first was to
find out if any 3He was contained in meteoric helium semples,
- since it was expected that 3He as well as uHe would be among.the
proﬁuets from iron nmuclei disrupted by cosmic radiation. The
second was to look for any decrease in helium content with
1ncrea$ing depth below the surfoce of meteorite samples, since it
was expected that the cosmic ray flux would decrease with

increasing absorber thickness.

The second problenm was the analysis of stratosphere air
samples obtained in the U.S.A. by means of V2 and Aerobee rockets
at altitudes up to 100 ¥ms. In this case, the percentapges of
helium, neon, argon, nitrogen and oxygen were determined, in

order to investigate the pogsibility of gravitetional separation

o UnY
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of these gases in the earth's atmosphere,

. The earlier work in these two fields is briefly reviewed.

Sectlon 2 - Historical Backeround.

- In 1928, Paneth and his collaborators had constructed
apparaﬁus whichy by spectroscopic means, was capable of detecting
quaﬁtities of heliun and neon down to 10~10ccs (1), Briefly,
all the gases present in air except helium, neon, and hydrogen,
weré'adsorbed on charcoal cooled in liquid air, The hydrogen
wasjthen removed from the helium=neon mixture by burning it to
water in a palladiuvm furnace in the presence of excess oxygen,
the remaining oxygen adsorbed on charcoal cooled in liquid air
and the helium-neon mixture compressed in a McLeod gauge
capillary tube, which served to measure the absolute amount of
the gasess The proportions of helium and neon in the mixture
wefe ﬁhen determined by comparing the relative strength of the
chéracteristic spectral lines, using the McLeod capillary as a

spectroscope tube,

For determinations of meteoric helium the chief addition
waé that the larger quantities of hydrogen generated by acid
diésolution'of iron meteorites was mainly removed by heated
caicium netal, the small proportion remaining then being treated
infa palladium furnace, The accuracy of the method was such

that about 10‘7 ccse 0f helium could be measured wvith an error

of ¥ 50%., The method had several disadvantages, probably the
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greatest being that the walls of the capillary tube and the
mercury itself would soon become dirty due to the electrical
discharge used to produce the spéctral liness Also, under the
influence of a discharge, considerable quantities of hydrogen are
driven out of glass under vacuum, and there is the danger of a
large proportion of the helium and neon being "mopped up'" due to
thefdischarge driving them into the glass walls,

/

- In 1930, a hot wire manometer (Pirani gauge) was first used
to measure the helium and neon mixture instead of the McLeod
gauge. The quantities of helium and neon mixture vhich vere

8

measured varied from I x 10™° ces. with an error of 5055 to

1 x 10™% cecse with an error of 1% (2)3)s

Betwreen 1939 and 1942, with about the same accuracy, more
analyses were done on iron meteorites, and also the figures for
the uranium and thorium contents of the meteorite samples werec
obtaineds From these, by the "Helium Age Method", vhich is more
fully explained later (Page 86), it was concludéd that the age of
the meteorite samples investigated fell between seven thousand

million years and one hundred thousand years (4),

| A Fractionation column for the separation of helium and neon
was first constructed about 1939, and the amount of these gases
then measured on a pirani gauge. With a much improved apparatus
(5). Gluckauf investigated the composition of ground level air by ‘
\

means of samples obtained from many parts of the world, and

found that the proportions of helium and nzon were geophysical
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constantss, From alr samples taken by means of sounding balloons
it seemed that a slight increase in helium content from heights
between 20 and 30 kms. had been found, but in viev of more recent
re9qlts, this effect may probably be ascribed to heliuvm being
relgéséd from the glass walls of the sample vesselss By this
timé, the accuracy had also much improved, so that samples of
1078 ccs. of heliun and neon could be measured with an error of
lesg than 1%, Usually, about 20 ces. N.T.P. of an air sample

weré availabie for analysise

. In 1949, vhen tvo samples of stratosphere air from heights
of 50 and 62 kmse were analysed on the same apparatus as that
mentioned above, no difference in helium, neon or argon

percentages compared to those at ground level were found (6)7)

Wilson also investigated the helium contents of several
meteorites with the same apparatus in an endecavour to find if any
variation in helium content existed with increase in depth from

the surface of the meteorite., . Ho found no evidence of this

effect (8).

For the sake of compactness in presentation, and ease of
reading, a very brief deseription of the apparatus is given here,
acbompanied by a "block schematic! diagram, and a complete accoun

of the design and operation of the apparatus is given in the last

chapters,
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ﬁFor meteorite work, the first section of the apparatus
‘consists of a diséolving vessely in which up to 10 grms. of an
iron meteorite can be dissolved in potassium cUpri-éhloride
.solution, vhich has previously been freed from dissolved
atmospheric gases, in order to release the helium from the iron.
In s%ratospherié air investigations, this vessel is replaced by
'a.pibette which will deliver accurately measured portions of the

givén air sample,

. The pure oxygen carrier gas'is stored in a'reserVOir; and is
used to flush the extremely small quantities of helium %o be
measured from the dissolving vessel or air pipette, vhichever 1is

beihg used, into the circulating‘system.

The eirculating system consists of a gas circulating pump,
3 palladium furnace, a water vapour trap, and a charcoal U-tube
into which the oxygen can be adsorbed to facilitate the transier

of pases from the dissolving vessel past a non-return valve.

The pélladium furnace removes any hydrogen vhich may be
present (in excess of oxygen) from the dissolution of the
metéorite, or from the air sample, and the water vapour present
ié‘trapped in the water trap. The remaining gases are then
toplered into the fractlonating column, which is designed %o
saparate micro-quantities of helium and neon by a gas

chromatographic method us¢ing hard nut charcoal cooled in lidquid

nitrogen.
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The fractionating column consists of 15 such charcoal tubes,
each containing about 0.8 grms. of charcoal, connected, in series
by tgpler pumpss  The operation of the column has been made
automatic. The oxygen carrier gas, along witﬁ any nitrogen or
argon fhat may bé praesent in the case of stratospheric air
sampﬂes,;is retained in the first charcoal tubes As the helium
gnd'heon ére theﬁ taplered through the‘successive charcoal tubes,
: thegtwo gases are separatedy and the helium fraction; containing
qnlﬁ about one half of one percent of neon; emerges from the end
of ﬁhe column firsts The neon fraction can be obtained in a

similar state of purity by further toplerings

~ The next section comprises the measuring arrangement. Tﬁo
pirani gauges,lone the measuring instrument and the other,
exactly similar, but remeining under vacuum the vhole time to act
as a ccmpensatory‘arm, form two arms of a Wheatstone nets The
gauges are deeply immersed in liquid nitrogen for increased
sensitivity and stabilitys The other tvo arms are formed by
resistances, one fixed, the other variable to allou of adjustment
When the helium or neon is odmitted to the measuring gauge, the
deflection of thé galvonometer light spot on the scale gives a
measure of the amount of gas present. Immediately after the
'unﬁnown amount of helium or neon has besen pumped ont of the gauge
an accurately knovn amount of helium or neon, according to
which’is being measured, is put into the gauge from a carefully
calibrated pipetting system, and, from the observed galvonome ter-

spot deflection, the unknown amount of helium is measured

absolutely.
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For the argon measurements, the amount of an air seample is
first measured in the air pipette. Then the oxygen, together
with any traces of hydrogen, is removed by a heated copper spiral
in the air pipette, and the remeining gas amount, containing
nitrogen, argon, helium, neony krypton and xenony, is re-mcasured
to determine the decrease due to oxygen losss These gases are
then transferred into a barium furnace, vhere the nitrogen is
removed as bariuvm nitride by hesting barium metal in the furnace
to aboub BOOOC. leaving the argon unaffected. The argon is
then transferred to the Meleod gauge section by adsorption on
charcoal cooled in liquid nitrogen, end the remaining helivm and
neon pumped off wnile the argon is reteinec on the charcozl,
The amount of krypton and xenon present is so smell as %o be
unmeasurable on this arrangement. The ergon is then released;

and neasured in the McLeod gauge.

While the accuracy of the results guoted in Chapters IX
and IIT of this thesis is about the same as that given by
Cluckauf for similar work (5), it should be pointed out that very
much smaller amounts of air samples have been handled. Uherecas
Gluckauf had amounts of air of the order of 10 to 20 ces, N.T.P.
available; helium and neon determinations have been carricd out
on' air samples as small as 6 x 10~3 ccs W.T.P. in the present

work, with 1ittle sacrifice in aceuracy.
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107 ces. of helium or neon can be measured to an accuracy

of better than 1%+ 10"8 cess can be measured to an accuracy'of

1l or 2%',

The volume of the fractionation column was made Smailer, and
the number of units increased from twelve to fifteen in order to

imprb?e 1ts efficiency in separating helium and neons

The pipetting system vhich delivers accurately measured
amounts of helium and neon to enable the piranl gauge to be
calibrated during each experiment wvas entirely re~designed, the
range of volumes vhich it would deliver was increased, and its

aceuracy much improved,

JThe fractionating column was made automatic in order to
save the time previously devoted to manual openmation, and allowed
other work to be carried on in the interval. Distinct
improvement was achieved in the dissolution of meteorite samples,
in that quantitative dissolution was achieved, and that, vhereas,
with the potassium cupri-chloride reagent, 36 hours were taken
for dissolving 20 gramme samples of iron meteorites (9),in the
present work the same weight of meteorite could be dissolved in
5 ¢to 10 minutes. The pirani gauge was a2lso modified so that
the'filament which had previously been fixed was nov demountable

for repair, removing the necessity of making an entirely nevw

gauge .
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{i13) Cpnveniance.
Finelly, the apparatus was built so that all the separate
sections were brought together in one unit, in order %o

facilitate ease and accuracy of handling,

+zdobmd



Inve?tigations into the chemical composition of the Earth's
atmosphqre began nearly two centuries ago, and the neames of mony
great cﬁemists, Schegle, Priestly, Lavoisier, Cavendish, Cay- -
Lussac,fﬁo mention only a few of the earliest ones, have been
‘linked with this work, S$ince the beginning of this centhry,
it has ﬁeen realised that we have to digtinguish at least two

differaent raegions of the atuosphere, and probably more.

Thé composition of the lower region, the troposphere, in
vhich éll‘meteOrOlOgical ehanges take place, is well established
and uniform vith the exception of water vapour, The only
changeé are .minor and local, such as withdrawal of oxygen by
plants; animals and industrial activitices, emission of carbon-

dioxide by plants, and other gases by faétcries.

Hovever, the main fact of tropospheric chemistry is the
unifornity of composition of dry air all over the earth's

surface (5), and the constituents are given in Table 1,
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IABLE 1l

Gase &in air by vol. i4) Hol.tt (0=10)
Witrogens 78409 0:,967, 28,016,
Argonq' 0693 1.375 399#“@
Carbon=

dioxide 0103 1.5290 h%cold
Teon - 1.82x10" 0.695 20,183,
Heliuns 5‘2hx&o- 0,138 4,003,
Krypton. 1x10-* 2,868 83.7
Hydrogens 5x10~2 0,0695¢ 24,016,
Xehons _ 8x10-0 4,52 131.3
Ozone I 1x10~6 1,625 18,000
|Radon 11 6x10-18

1 Variable ___ increasing with height,
‘11 Variable __ decreasing with height.

fWhen it was first observed that, above about 11 km.height,
(injour latitudes) the temperature remains steady at about
219%K(~549C) with increasing height, it was supposed that no larg
; Scéie mixing could occur in such a region without temperature
| gradient, and the sppposedly celm layer was called the
* stratosphere, Ue now know.thaﬁ this steady temperature only
extends up to about 25 Lm., and from that height onwards, the
' temperature rises again to about 280°K at 50 km., falls to a
minimum of about 190° K at 80 km. and finally rises steadily

to more than 1000°K (18).

We also know that there is still large scale turbulence well
above 11 ¥m, height sufficient to ensure thorough mixing of the

atmospheric gases, as previous analyses of air samples up to



- 11 =

about 60 kms. height shov that there is no gfavitationalv

separation of the heavier guses from the lighter ones (78,

JIf it is importance in meny fields of physics and
meteorology to know the composition of the atmosphere to as great

bhights as possible.

‘ For e#ampie, the explan&tibn of the temperature changes
ouﬁlineﬁ ébbvé, presents o very difficult problem for the
me%eoralogis€~éhﬁfﬁheoretical physicists -4 knawiedge of the
chémieél,comﬁosition at the various heights is nécessary, since
the effect of Sélér radiation depends on the nature of the goges

presents

?he height of maximum density of the ozone layer at 20 to
25 ¥mss with its probabie production by photo—dacomposition of
oxygen“moleéules; thé predominance of atomie oxygen over
mgiecular 6Xyge§ at heights of about 100 km, to 120 lm$ the
presence of atomic sodium andhitrogen and the existence of some
cxideé of nitrogen at higher levels have béén shovn by spectro=-.
scopie methods, or the 1light emitted by the aurcra and the night

skye. (11)s DBut for an accurate defqrmination of most constituents

chemiecal analysis 1s very nscessary.,

; In this-connection, it may be remarked that vhile a
prepénderanee of lighter gases may be expected at great altitudes
evidénce of spectroscopic data of the Aurora shows no trace of
either helium or hydrogen, but mainly oxygen and nitrogen in

atomic or molecular forms. 4 publication by Herman, however (12),
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suggests that a nunber of bands in the night sky may equally
well bée attributed to a superimposition of helium on a nitrogen

.spectrim as to a metastable nitrogen spectrum,

'It is not knowm whether heliur or hydrogen are expected to
emit light under ¢onditions of auroral excitation. Further,
since the thermal diffusion of helium atoms in the upper
stmosphere at temperatures of 1000°K will be very large, there
will be a continual escape of helium from the top of the
atmcsy@ere into outer space. 'Indeed, a simple calculation shovs
that o?er 98% of the helium emitted by rocks at the surface of th
earth éuring gdblogical time, has been lost from the atmosphere,
This effect might seem %o oppose any tendency for a helium

enrichment to osccur in the upper atwosphere,

Miris and Epstein have calculated the rate of separation of
various constituents at verious heights, assuming the air to be
thoroughly mized and then left undisturbed for a certain time.
Equiiiérium will be attained more rapidly ét greater heights wher:

pressure is lowers, Table 2 suwmarises their results (13).

TABLE 2.
idme for 50% Seeropation.
w He, A C0a
200 | 2 mine 12 min, 8 min.
180 26 nin, 2.3 hrs, 1.6 hrs,
169 4.8 hrs. 25 hrs, 17 hrs,
140 \ 2.8 days. 14,8 days. 10.4% days.
120 3% days, 180 days. 130 dayse.
100 1.2 yrs, 6. yrs, 5 yTS,
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These [igures would indicate that, unless there is a very long
lasting stillness of the upper atmosphere in regions beléw 150 km
we shdﬁld have to obtein air scwnles from ét least this height to
observe any gravitational separation of gases, Thus, the
invesﬁigation of gravitational separation of the gases in the
upper’atmoSphere, as. well as the study of the phofchemical
proce%ses, the mechanisim of the temperature changes, the
prodqétion of aurors by solar particles, and many other problems
show that a determinction of the chemical compositicn of the

uppe# atmospherse is a basie necessity for their understanding.

‘Previous chemical analyses have been done on air samples,
obtained by sounding balloons, from helghts between 9 to 30kms. af
cloge intervals, and by rocket Tlights ffcm heights of 50 and
62kmse, which showved that no gravitational separation of gases
occurred up to this last height (5)7),  The present work is
chiefly concerned with ssmples obtained above 60kms, height with
a féw samples from. lower heights to chaeck the previous results,
Allgﬁhese samples were obtained by rocket flights, since rockets
af@brd the only wvay of collecting samnles above about 30kms,

height,

- (a)_Collect s (Undertaken in Wew Pexico,U.S Ae,
by the University of Mich*gan.)

i The steel bottles, capacity 8% litres, one of which is shown
in Fige 2 , were initially pumped for four or five days and
heated to 340CF to de-gas them. They were mounted in the war
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head of a ¥2 or Aercbee rockeﬁfwith the wide copper tube pointing
intojthe airflow and, 5 secon%L before sampling, the nose cone of
the Qacket vas blown clezr of the body by 4 small explosive charegs
leaving the copper tube pointing direectly into the airflow and
ahead offthe body of the rocket, The aizisamples vere taken
towards the end of the upward flight, and' after the rocket motors
had éut outs The sampling device opened‘the tdbe by means of
an e#plosiva charge, vhich forced up a pivoted bar welded to the
top of the tube, thus tearing the end of theltube completely off.
The closing mechanism consisted of a hammer and anvily, with the
hammer pyrotechnically driven against the anvil with the tube;
betweeny and since the tube had'been previously annealed to'make
it soft, this deviece produced good seals in a large proportion‘
of samples, However, in spite of the cold welding technique,
ilarge and varylns percentazes of oxygen were fourd to have been
remoyed from the sanples and the reason may be that the copper wvas
S0 u@ll eleaned and de-gassed initiallﬁ, that the ¥airly large
coppér surface presented to the air sample vas sufficient to take
out the oxygen ip the colds or alterna%ively, the sir friction
during flight wormed the copper enougﬁt to take out the oxygen

ghortly after the sampls was sealed ins

_ After the samples had been collected, the bottles were
retﬁrned 0 earth by paracahute, and the sealed copper tube was
covered over with Glyptal wax immediately on recovery Ifrom the

desért»
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I order to make sure that the air in the bottle did not
cone ﬁrom a quantity of ground-level air carried up inside the
_envel#pe of the rocket, and released into the bottles during
sampl%ng, a container of radio-active carbon-dioxide was
:ﬁbuntéd in the compartment just behind the bottle assembly.

The cérbon~dioxide was released 5 seconds before sampling
eommeéced, so that, if gas were carried up and released into the
bottt%, radio-active contamination would be observed, perhaps
alloy?ng a correction for ground level alr contamination to be
made, or at worsh indicating the sample to be untrustworthy.

R
{b) Analvsis of Samples.

The samples were then flown to,this country, and analysed

|
in Du&ham bv the following method,

y Tﬁe narrov copper tube A, Fig. 2, was soft soldered on %o
another short piece of copper tube B, which had been reamed out
at tde other end to give a conicel shape,.ﬁith a complimentary
shapéd nat C already in place over the copper twbe., A thin
rubber gasket D was fitted over the end of the socket E, and the
nut gerewed tightly into place, At 'first, it was found that
gaskets qould easily be made fﬁgm sheat rubbér vhiech would hold
é hiéh vacuum indefinitely, but later so much trouble was
experienced with rubber gaskets degassing for several weeks
unde% vacuun, and neoprene and plastic gaskets leaking, that
the bdttle opener had to be entirely redesigned to obviate this
need for a gasket. ‘hen the vhole of the bulb and side tubing
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had béen rigorously evacuated, the taps Ty and T3 (Fig. 3),
were shut, and the discharge colour vith a Tesla coil just belovw
tap Ty was noted. The lérge wheel was then roiated, aompress=
ing the bellows C by neans of an aavaneing serev, and,the end of
the s arpened stcel rod A being attached to the end of the
bellows, this advanced and pierced the copper diaphragm, releasin
the %ir sanple up‘to tap T3¢ Tan T; was incorzorated to guard
against those bottles whieh had ground-level pressure inside
them In normal eases, the discharge colour was agein taken to
make sure the dlaphra.n had been pisrced, end then, vith liquid
nitrpgen round the U tube to remove any carbon dicxide and water
vapobr pregent, the sample was tdplered into the storage space E

betwsen the mercury valve of the tépler puup, and the tap Tys

~steat Aot

| Vhen the mercury 'v}asmm;; vaised so that the tip of the
meniscus just touched the tip of %he pointer sealed inside the
bulb E, the gas was then compressed into a volume which had been
acc£raﬁely calibrated, and thence, reading the pressure diffcrenc
fro# the mercury levels in the bulb E, and the side arm F, the
absglute volume of oir was easily determined, Sinze the toluma
of tbe large steel bo%tles was 842 lltres, the lnitial pressure
inithese bottles could then be determined, forming a useful check

onfthe pressure measurenents taken by other instruments in the
{

'roékets;
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Before the release of the sitratosphere air from the shcel
i

|
bottle, a tube containing aba?t 1 cc,ll,TePs of carhon dioxide

acéurately measured wvas a%tacﬁed at the ground joint G, and the
air in the dead space V'vumpct'away, After ths 2ir had been
_toplered into the storage Space B, the mercwry was kept well ahove
the cut-off of the topler pam#s and,the U tvwhe B being kept cooled
in I“Quid nitrogen, the earbop dioxide from the attoched tube was
cgnQGnsed into 1% by opening %ap 2 and Tge The dewar on B was
theA removed, and the carbon dioxide and any 22dic-gcetive carbon
dioﬁide from the sample condensed back into the attached tube by
'60bling i% in 1liquid nitrogen. After 20 mimutes, the taps T2
and T, were closed, the devar removed, and the tude containing
the ‘carbon dioxide detached, to be investigated for cl% activity,.
in a gas f11lel Geiger counter, Results of this radio=active

carbon-dioxide monitoring are quoted later,

; The air pipette and combustion chamber K, Fig,3, is used in
e3s gntially'ﬁhe same way as a Mcleod gauge, the whole being
immersed in a thermostat bath at a temperature of 19020,10 ¢,

It is necessary to knovw securately the ﬁdlume of the buldb K; with
the tip of the mercury meniscus just up to the etch mark j

in the narrow tube below fhe bulb, and the tap T5 closed, The
KOH pellet in the side arm L and the copper spiral N we;e_already
in Eosition. At first it was attempted to calibrate this by

means of a gas expamsion méthody but it was found that so many
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erroré were introduced by this method, due to such effects as
chaﬁge in apparent pressures with change in room temperature,
mercury meniscus height; changes due to slightly dirty mercury,
and so on that, after more than a month's work, the volume could
not;be determined with a mean probable error of less than

P 042%.

f Later, it was decided that the accuracy was still not good
enoﬁgh, so the combustion chamber was cut off, the KOH pellet
~was removed, and the chamber ﬁeight*calibrated vith distilled
watér3 the copper spiral being in place, and allovance was made
for the bolume of the KOH pellef by weighing it immediately
before insertion into the side arm, This gave a very consistent

figure for the volume of the chamber at last,

The operation of the air pipette was as follows, First,
after ensuring that the mercury of the Tgpler pump was raised
abéve the cut-off, the non-return #alve of the Tdpler pump was
Iraised by means of the solenoid, releasing the vhole of the air
sample into the large Topler bulb, enabling much finer control
of the armount of air allowed into the air pipette to be achieved,
Thg tap T3 was then opencd, and the héight of the mercury in the
large Tgpler bulb adjusted to give the required pressure on
thé manometer I, The mercury in the air pipette was then raiseé
to}the eteh mérk, and the pressure difference bhetween the
mercury in the two limbs was read. From this, the absolute

amount of air taken couwld be calculated, generally bdween 0.1
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and 0.05 cess KmToPg The mercury was then lowered belowv the
second bulb, so.asvto lover the gas pressure as much as possible,
and the copper spiral heateds  The best temperature for the
cdpper spiral is said to ‘e 160°C, (14\The spiral was first heated
for 10 mihutes,:then the current switched off and the chamber
allowed to cool to bath temperature béfore the mefcury_was raised
tg the étqh mark and the pressure difference re-reads This
procesg of re%heating the copper spiral was then repgated for 5
minutes.at a time, until no further decrease in volume took place
when the wholé of the oxygen had been removed and the oxygen
percentage could 5e obtainéd@ After about 3 air sampleé had
been-treated iﬁ'this way, the copper spiral had to be reduced
again by heating in an atmOSphere of hydrogen, introduced from

the regervoir showmn,

Any small traces of hydrogen initially present in the air
sample would be burned to water at fhe conner spiral and removed
by the KOH pellet, but since hydrogen . = is normally only
present in air to the extent of 2x10°"% (15) its removel vould
noﬁ affect the sccuracy of the oxygen measurement a2t this stages
Oniy in one of the earlier expeiments on rocket samples was any
difficulty wiﬁh hydrogen experlencedy and in this case some
ﬁydrogen emerged from the column along with the neon fraction
ané invalidated the neon measuremente The presence ogﬁéry much
'Iaégef amounts of hydrogen than ususl in this sample was cohfirme¢
byimass spectrometric measurements (ié)y and'one possible source

of its origin may have been in the exhaust gases from the rockot s
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since this particular sample was taken at a lov altitude,

prdbably vhen the rocket motor was still running.

- The gases remaining in the combustion chamber, namely

nitrogen, argon, helium, neon, krypton and xenon y Were nov
rei#ased into the éonhecﬁing tube to the circulating system by
Opeﬂing the tap T5 at the back of the combustion chember, and,
with the mercury in the front and back of the fractionating
colgmn raised, the charcoals cooled in liquid nitrogen, tap J
(Fié. 30 ), closed and tap R (Fig.. 29), opened, about 99,57

of the‘gases'could be trapsferréd to the first charcoal tube by
8 strokes of the Topler pump . The tap  in the connecting tube
wa31then closed and about 5 mms, pressure of puro oxygen frmm
the reservoir let into the combustion chamber via the wercury
bubbler J, Fig., 3, to act as a carrier gas. The tap was then
opebéd,‘and the oxygen plus traces of the air sample transferred
to ﬁhe first charcoal tube by six more tgpler strokes, This
fluéhing process was repeated 5 times as this was found hy
experiment to give 1007 transfer of the sample gases into the

' first charcoal tube.

The column vas then set for 15 operations, and, at the end
of these, the mercury in the large compression bulb was raised

and the tap the measuring Piranl gauge opened,

Since no helkum from the sample should come through the
column until operation 16 (the extra operation due to the presence

of the mercury ¥entil at the end of the column), this measurement
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shoyed, 1if there was no deflection of the gavfo spot, .that there
was no air left in the column originally after evacuation, or if
a déflection was obtained, that the sﬁCCeeding helium and neon
' measurements would be unreliable due to contamination by air
| 'remaining in the column. In practice, no deflection was ever

observed from operations 1 to 15,

g The column uas then set to perform operations 16 to 36
inclusive, vhen a quantity of gas egquivalent to 100{) of the
helium, but being composed of 99:3% helim plus 0.7 neon, was
obtained in the compression bulb, The mercury in the bulb vas
then raised, when more than 99% of it was compressed into the
meaéuring Pirani spaces The apparently inevitable zero creep
of #he Pirani'gauge galvonometer set-up was obviated hy taking
rea&ings of the position of the galvo spot on the scale every
minﬁte until a steady drift was observed, opening the tap allowing
the:helium into the measuriné piréni exactly on the ninute,
mea$uring the spot position until the drift wvas steady agein,
then opening the tap to vacuum on the minute end measuring the
spot position untilthe drift was steady again. 1In this way, botl
theizero ereap‘and.the slov approach to equilibrium of the gauges

on admitting and removing gas (ébout 3 minutes) could be allowed

for;.
{

| Immediately after this measurement was done, an accurately
|
measured amount of helium was admitted to the Pirani gauge, via
the same compression bulb and with the same dead space, This

was done at least twice to give calibration readings to determine
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the sensitivity of the Pirani gauge at that particulor time.
The column was then reset to another 25 operations, with
theldemar'flasks lovered or removed proggessively as explained ir
Cha@ter k, to facilitateAthe speedy ¢ollection of the neon, and
the?whole measurement and pirani calibration for neon sensitivity
was! repeated as for the heliums Thls concurrent calibration of
thefpiranis obviated any uncertainty due to day to day flucte
uation in the'Pirani éensitivities, vhich could be caused by

small changes in the various components of the measuring system.

iDuring a series of measurements on a particular air sawple,
each stratosphere sample experiment was done alternately with a
grognd level air experiment, commencing with a ground level air
QXp%riment so that, in effect, a control of the experimental

eonﬁitions and efficiency of the apparatus vas kept the whole

'bime *
{

iFor the argon determination, it has been convenient up to

now?to introduce a fresh sample of stratosphere air into the air
pip%tte rather than to determine heliuy neon and argon on onhe -
andithe same aliquot portion of airs In the event of éﬁalysing
sambles of stratosphere air from very high altitudes, over 100k,
the' smallness of the absolute amouats of air collected even in
the large bottle (c.a.35 litres), would probably only be of the
ordér of 10.’3 ec N.T.P+ so that later, tho apparatus may have
to Be modified to measure the hellum, neon, and argon from one

and the same sample.
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In the present work, another portion of air was introduced
into the air pipette, reduced as before with the % volume
decreaée measured, the back tap Tsl(Fig. 3), and the ventil V,
Figs 4) aee opened, and the nitrogen and argon in the sample
 adsorbed quantitatively on the smell amount of charcoal (0.lgram)
in tube B, A iarge proportion of the helium and neon would be

r o ,
left qehind in the side tubing, but it was desired to remove it

in any case.

After cooling the charcoal in 1liquid nitrogen for about one
hour, thus ensuring quantitative transfer of the nitrogen and
argod,'the ventil V, was closed and the liquid nitrogen removed
from [the charcoal, which was allowed to warm up to room
température. When the gases were cbmpletely de-sorbed, (10 to
20 mins, room temperature), the barium metal in the bottom of the
stesl furnace A wos heated to 850° C, for 20 minutes, removing the
nitqogen as barium nitride, leaving the argon unaffected, It
wasffound that none of the argon was removed by capture in the
thiA film of barium metal which deposited on the wall of the
furnace, as might'have‘been expected, The argon was then
conéensed on charcoai in tube B, after opening ventil Vp, the
cha&coal remaining cooled in liquid nitrogen for one hour.

Thq tap T and ventil V3 to vacuum were then opened, for about
oné minute, which was sufficient to remove the remaining traces
of; helium and neon, The tep and ventil were then closed again,
thé ligquid nitrogen remoged, and the charcoal allowed to come to
room temperature again and stand until the gases were completely

de-sorbed. The argon volume (usually about 10~3 ccs.) was thep
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read on ﬁhe ¥eLeod gauge C, the dead _space in the side tubing
having been.previously eallbrated by an argon exPansion me thod

from the MeLeod bulb.'"

It was usual to do two, at least, and preferably three,
eiperimgnﬁs.fofAﬁhe determination of helium and neon, two or
three determinations ofthe argon’ content, unless the initial
‘amount’of air sample was so smell as to preclude this, Any of
tﬁe alr éample vhich was left in the storage*épace after all the
6étermihations had been completed was then introduced into the
previously evacusted sample bulb H (Fig.3), by reising the
.mercury in the side arm of the air pipeﬁte, openi@g Taps and
h’ and raising the mercury in the Toplér pump up %o tap Ti, to
cut down the dead space as much as possibles The senple bulb
was then sealed off at the consﬁrictien, and returned to the US4,
for ether invesﬁigations, notably the ﬁlu /N15 1sotop1c rabio
determiﬂation by'McQueen (17) | '

!
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During the eourse of thege GXperiments, each sct of
stratOSphere air determinations were “monlm@fed" by doing &
determinaﬁiom on laboratory ground level air immediately before
and'aftegbards, in order to check the aceurate working of the

appara%né, A vésume of these ground level resulis is given belov.

| A B L. E_ 3.

. He e
Kpepeme dn grovnd aizd, (RaDeme in grovnd odrde
54253 18411,
: 56&% 1851
| e 18,1
o 5,214 18539
.1 5,290 : . 18,42
 5.306% 18.28
5&27!{' . 18,10
5411 : 18.51
C 5415% A . 182k
| 5 290 18.28
. 18.13
" 59218 1890
| 5.283 16,2
; 50290 18028
| 539 . 18,01
l 5.22 %2‘53
Mean 5;285 % 0,010 Mean 18,23% 0,020,

It.can be sean that these figures compare very well vith
| Gluckauf's figures (9, (He 5,239% 0,00k, Fe 13,21 ¥ 0,0%),
althoégh the present deterninations wero done on 10 %o 100 times

less air than Gluckauf used,



b@bﬁf 1 Heigﬁt (:jjﬁééib‘fe gfoﬁnd’level aive | 0 &
sample | | . (lm) |Gas in P , _ : 2

' B | Bottle €) |
e (ooal TP Ho | As
25D [90.4=53:3 8.6 | 0,981 | 1,003 | 0,398 - 5.7
19D | 74583 2,0k 1,013 | 144508 2,009 [0
. b
B-13 | 55:56-58.18/ 6,78 0,998 | 1,005 | 1,000  [O,L6
B-15 |56,26-60.35  5.15 1.035 | 1,008 | 0,99 | 0.2
CelleB |57,0-6k,3 0,398 1133 | 1.0%0 | 0,962 35.3
Ce5  ||6%43~71,0 0.20% 1.570 | 1.232 | 0.90 0.
B-8 | 6740+69.6 0.218 2,019 | 1,177 | 0,886 6.8
B9 |6946=718 | s 2173 241 | 1,20 | 0,85 0.7
C-1 8% 44<89,0 0,015 2:9%3 | 1,395 | 0.82 0
C-3 | 8940-93.2 0.,0032 - - 0.82 0.
— | I —

r

@ unreliable because of contamination by HE in originel ganpla,

confirmed by mass spectrometry (16),

C) corpacted for loss of oxygen.
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In addition, four control bottles, as far as possible the

same as_tﬁase-used for stratosphere sampling, were filled with

small amounts of ground level air in Michigan, U.S:A. and

aﬂ&lysed in Durh ....... .

I
from ordinary air, while two show marked deviations.

Bottle

B»17-P| vas filled by breaking a glass vial containing a small
|

amount of ground level air inside a vacuum chamberatiached to the

|

sampling tube, and sealing the copver sampling tube a feu

seconds later by the usual method, -@s-us o slmulete stratosphere

T R NS 1
ottla Amt. gas 1n' Ratio to ordinary 0,5 ; Bottle | Bottld
0.4 | bottle ! laboratory air. T ?ressure regsure

1 (eceM, T, P.)@uww_nmr.~_ : | mHg)as I%mmﬁn Jof

B ; Co N . | moasvred |air nvt

/ | 1 o  in in af
e - , W (P | [P ~Durhan,. L Hiehiran
: S : j
Bal = 0 o L 1,00 Q0 foo | 0,0
AP | QL 0,99 1,001 1,000 ; 0,018 0,085
Bel8-P | 9.13%‘ _ﬁjo 997 1.093“..9399_g;;i_0 0165 0,0165
B—zoa-P ! 0,120 10259 1, 032 10,940 ’ 0,0150 -i‘o.ozoz
U SN SO *_,_}h“‘.‘_, . - ..._,"..‘_!..
B-21-P .130 ;1.359 1. 083 0,94 0 | 0.0162 |0.017%
f .
It}can ba seen that two of these bottles show no difference
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collecting conditions as elosely as possible. This sample showed
no sepjrationa The other three bottles were filled by breaking
off a sesled glass viel inside the steel bottles after the bottle
had been evacuated and sezled, The first of tﬁese shows no
separﬁkion, but the other two do, It may be pointed out that
B~20~ﬂ and B-21§P were filled on the same day, some weeks later
than l~17~P end B-18-P, and were both made by sealing off a long
narroy capillary tube open to the air, which was ettached to a
small| bulb, by use of an alchohol flame, It is Felt that this
technllique is not entirely satisfactory, as thermel diffusion
effects may occur. I% is also notewnrthy that vhereas the
bottlé pressures measured in Durham compare very closely with
those obtained in Michigan from the amount of air put in for
B-17-P and B-18-P, that the corresponding pressures for B-20)P

and B=21<P do not.

"It seems unlikely that adsorption of Witrogen and Argon on
theisteel‘walls of the bottles B«20~P and B-2l~Pcould account
for;the observed separation (18),

|

| However, more experiments are to be done shortly in an

efifrt to clear up the anomolous results from these bottles.




Bottle Mo. | Salalle | betivity found Jn botile
tﬁlﬁTMQ ggmgg:gg , Cb ity .

c=5 / f 160, 1 pert in 4x10 6

c~-1 f ; 800, 1 part in 106_

=3 | 10, -

e-11-B | 360, 1 part in 2710°

2| | -

From Table 6, it is gpparent that the radic-active carbon
dioxi$e released in the rocket sampling compartment a few seconds
beforé each batch of three sample bottles was opened, was’
iadequgtely swept away, This would indicate that no contaminatior

of tje samples by air carried up with the rocket occurred.

‘When the data for samples Be6, B~8, and B9 were first

obtained, it seemed for a short time that the figures were at
last!a clear demonstration of the long sought for effect of
graditational separation of the atmospheric gases, which has been
pregumed to tale place at some height ever since Dalton's Lav of
Par%ial Pressures was enumerated (19), Further consideration,
how;ver, of these and later results, showed that for severai
rea%ons, gravitational separation did not seem 1likcly to be the

eau@e of the observed enrichment of He and Be, and the deficit of
Argfam
!

Perhaps the most obvious reason for doubting the onset of

gravitational separation at the heights invastigated is that
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almost ﬁge vhole height ronge over vhich these semples were taken
is one cé f2lling temperature with inerensing height. According
to the léﬁest available data (10),'%he temperature deereased o
a éimimu# of about 205%K at 80 km, It is o be oxpected thatb
this wili give rise Yo atmospheric inséabiliﬁy and turbulences
This doub%~is particularly obvious if the tondeney tovords
instabi;éﬁy is taken in cbnjunction'with the results of.Eps%eié (13)
who caldulates that the relaxation times for-He and Argon o
thesevhéighﬁs is of the order of one and gix yéarS‘respec%ivoly.
Further4 if the "best £it" lines are calculated from the
relatio?ship $0 bo expecled on the basis of gravitational

saparation namelyie
|

"’é?

I

AL

where . (

%

8trato

He e

N

@

' f _(IWK )nermaln
it ean/be scon frou Fig. 5 Ghat the lincs obtalnmed using o

N

tempegétura of 220°K (the messurcd temporature im %his region)
(10) a%e nov¢here near the experimental pointss In order o £it
the observod He separation, a temperature of about 425°K would
be aec%saary vith even higher temperatures for Ho and 4
respc@tiv@ly. |

'Aﬂo%hor very imnortant discrepancy in the observed raesults
is uhat tho amount of air collected in the bottlesis i all
cases,not s much as would be theorestically prodicted from the

Rayleigh pltot tube fornula. In nost cases only 1/10%h or less
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of the;expected amount was colleeted,

-

Egéglg ) mgaﬁagagha fegn rom. Ambient press. B%ﬁ;nxggs. Bottle
v %Ei§§§:g 2. | aiclosing) presgur
’ . ReTime 0. Jﬁm.ﬁ By

j Eca 2 '
Be13 ’ | 1.5# 57 , 321 1%30 628
Balb | 1.38 .2578 i82 1 %77
C~11-B | 3430 1}.50 105 1522 37.1
Beb | 1477 4,0k 72 327 38.5
Ced | 3420 13,67 3,2 919 18,9
B~8 1:73 1436 209 1 2042
B“g ’ . 10‘4'9 ) 3‘ 7 . 36 121 2106
Cdl i 2569 s : : 242 21, 1.
C-3 | ‘2.36 7467 1¢2 92 0.3

;All pressures in microns Hg.

’Table 7 gives & comparison of the ram pressure operafing at
the .1ouing ‘height af each sample with the measured bottle
pressure, Now, since the pumping speed of a tube of 3 cms,
diaﬁgter and about 23 emss length, such as that used in the
colyection of the samples, is of the order of 10 litres per
secqnd, and the capacity of the bottles is 8.2 litres, this
result is somewhat surprising and leads to the conclusion that
the;bottles have not filled to equilibrium as expected, but that
.air!must still have been flowing in when the sample tnbes were
clo;ed, Moreover, an effective sampling orifice of only about
l/ﬁﬁth of the actual orifice would be nesded to explain the |
ob%erved bottle ?ressurGSg and since the mean free path of an
"a£r~molecule"iat 64 kns. height seems to be about 0.9 mms,
conditions would then be suitable for the onset of effusive

separation,
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N It is then frgitfﬁl ﬁo'capsidér vhat results are %o be
éxpeaéed if effusive separation has tolren place in the sampling
. tubegf: In thig case, the degree of separation acﬁiovod would be
‘expecﬁed tq vary in a manaér rélaﬁed toAthe square roots of the

;mass ratios of the two gases involved, Thus :

“Z'ié ‘# (1lex) 4 x.(l *
. o , CO\M,
: 2
. where X may be regarded as tha fraction of the total amount of
helium uhich has entered the bottle by molecrlar flov, and
(Lex) the fraction entering by viscous flow. X will vary from
0 a%lhigh pressures vhere the flow is entirely viscous to 1 at
very lov prossures uhere all the gas will entor under molecular
flow concitions.
An approkimate troatment may then be attempted by applying
Knudsen s semi-empirical formula for the quantity (q) of gas

flowing along a tube under all conditions from viscous flou to

molecular flove ' . e & Pm
. . ' *‘ bi
q %"(‘Pl =P | L 4% Pm 41 2 ~<3)
| 128m 1 Yo, 1+ 142% J d. ‘

_ uha#e Py -PQ) is the pressure difference be“wocn the cods of the
tube , - , '
! ~ m is tho viscosity of the gas,
vhere d and 1 arc the diameter and length of the
“tube respectivelys,
P is the mean pressure (dynes/cn®)
e is the‘dehsiﬁy of the gas at a preossure of
15dyne/bm29 and the proveiling temperature, and

*
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f v is a faetor related to the diame%er and length pf
%he tube which mabes allovunce for tond effocts" of ti

'Ttmm.A

' 'in'Table 8 bel@w, C_ is ﬁhe tern 3 0 % Pm
. 1 13wl
from Poiseuilles' formuua for viscnus flov ¢
al= (py =Py T at Pm
; 128wi -
02 w the ‘t’:erm__l_ from Rnu&sen s fomula q = (Py=P2) . 1
‘ t:j“' ; w/i?

for &olgcular flov, and 03 is the combined term in the square
brackeﬁs of (1) above,

-‘{ ] 2 A B L .E 8.

?m(#msgﬁg) - €, (vises) €, (molec) cy (combinod)
io 6,3x 10 | 1,20 x 10* 6o34 x 10°
1 6,3 % 10° | 1,21 x 10% 6,471 x 107

1(3'.*@ 643 x 101§' 1.21 x 10% 7.7% x 10%

10| 6,3 x 10° 1,21 2 104 | 2,0k = IO:___

1073 6,3 x 102 ] L2l x 10% 1.47 x 10

1OT’+ ' 693 X J.O 1,21 % 104 1.4 x 1014‘

, _ _ d .
There 1s agreement betueen C and C. down to 10 728 ¢l

3
pressure, that is, the flou must be entiroly viscous cnd there

will be no separaoion of gases, '~ Thore is agrcement bBAtween
! _ .

i | ond € -3
103 mms+Hg pressure the flov must be all molecular apnd complete

a'tube 6f the

ﬁms¢ﬁg pregsure and below, so that, below

effusive separation of gages will take place with
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dimenei’lms ‘concerned, Between 10"1 mmg.He pressure and 10"3
mas«Hg | ressure the flsw will be. seml-moleculer, and partial

effusive separation will toke placey

m'w,‘ f£rom Fig, 6:'wicre measured botéle PECSSUPes QFC
'plo%e@ éﬂainét height', i'i: appeafs that samples below 55601z,
heightJ sheuld _shov no saparation, semples abovae 80-85 ims.height
Should/ show ccmplete separation, and samples between these two
limi%J should show par*‘cial separation, The posiuion and slope
of the. theoreticallline for the region of partial separation can
'be gixed by the follmﬁng treatmem‘:, Taking a stmlified form

| of thla Knudsen fomula, that is, igmring Kundu and Yarburg's
corre[wion for sl:i.p. which 1is small unﬁer all conditions,

/(PJ_ ~P2) (2P, +1)

(lax) + R (x) ::(R-l)x-o»]_,

i
whgrqﬁ::id; © and X R -
R Y

n 2

o O e

dh o

- X o)
‘@Tp ( ) - 18 2 pexinwm when Py - L../-

'Lha.i? is, vhen Pm .7 dynfas/cm oF J1¢3 microras“ﬁg
From Fig, 69 vhen Pm = 313 microns, h = 67 kus, ond



Meo @ (lpx) = = (R= ! dlpPm = 0,061 at 67 lm.
° dh - {1a ;2 * dh -

height for He,

Similarly, the theoretieal 1lines for Veon and Argon moy be
obtained, as in Fig. 7,

It can now be seen that the sgreement between the
theoretically cxpecied separation and measured secparatien . is
goods

It nust be stregssed thet this comparison is only the best
approxinetion, for 1t trcats the mixture of gases ag though the
behaviour of one were independent of the presence of the others,
There is, for example, insufficicnt information on the collision
croéé—secﬁien pf one gas in the presence of exeess of enother
gas, There 1s some evidencs (20)(21) to supgest that the
feorners®™ of the thoeoretilcal curves of Fig.? are sharper than
those given by the Knudsen formule, and for this reason, these
portions of the eurve have only been filled in with dotted
lines, |

Conclusiop.

" For the Four highest samples,.iﬁ éan be seen that the
separation is slightly greater than that i@eally predicted,
which may represent the onset of a genuine gravitational
separation, or it may simply reflect %the greatly increased
difficuvlties of working with so little gas (3 x 10 ecs WaTePs).
alr in the highcst case, whieh conbains only 1.5 % 1078
heliwm),

ces, of
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Howevor, from the above consideraﬁiens, one‘is led to
préfe? 2 mechanism for scparation depenéing upoh the square root
of the massses rather thon upon exponential <T'£ngh) .

S | RT
Consequently, it scems 1ikely that tho observed separations
can befter be cecounted for by an aerodynamic phenomenon
in the serpling tube ‘iself, perhaps some “ehoking® of the
mouth of the inbe due to supersonic shock-wave effects rather
than by gravitational sepnaration in the atmosphere, so éhat
up to,the maximum heights reached in this investigation there
is no strong evidence to suggest an oanset of gravitationmal

separation of the lighter goses from the heavier,

- 1% 418 proposed %o carry out a rocket Tlight during vhich
alr samples will be collected at ¢the peak altitude of the
rocket, cbout 80 kms. height, whiiaﬁ'the sampling tubes ere
travelling a% subesonic speeds, and with different dismeters
of sempling Gube for each sample bottles This exporiment
mey well clear wp those wcertaintics outlined above, bubt it
is not expectod, et the time of writing, that it will be
possible for the rocket £1light to be carried out for seversl

mnonths.
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CHAPTER 111,

13um Conten

It is pgenerally believed today, from such evidence as can
be collected, that meteorites have their origin in the solar
systen and are not of cosmic origin, as was formerly postulated
Such evidence « though it is far from conclusive ~ ipcludes %he
fact that meteorites seem to have c¢lliptical orbits,suggesting
an origin in the solar system, and not hyperboliec orbits,which
would show an origin in outer spaceg also, the preponderance of
afternoon falls over morning falls indicate that meteorites
move in the same direction round the Sun as the Earth for, if
they originated in ocuter space and approached in random
directions, the half of the Earth wvhich is leading the sweep
through space = that is the half on vhich the time ig between
12 midnight and 12 noon - would be sxpected to "collect" most
meteoritesy Further, Professor C.C.Wylie showed that the
Pultusk meteorites, as well as several other "fireballs" moved
in ellipﬁical orbits, resembling those in the small asteroids
in their eccentricities, inclinations to the ecliptic, periods
of revolution and mean distances from the Sun, which would seen
to comnect them with the theory wvhich attributes the origin of
the asteroids to the disrupting force of Jupiter on a primeval
planet. (62)

CGeological and chemical studles also show that the _
composition of meteorites and thae abundance and distribution of

the trace elements amongst the main eonstituents 1s what might
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be expected If we assume that the original scource was the
same as that of the Earth, with only some difference in the
highly volatile elements and compounds, e.g. hydrogen, inert
gases, methane, ammonia and water, which might have escaped
during the evolution (63), (64), (66), No differecnce in

isotoplic composition of the various elements has been found. (65)

Sinee these meteorites then seem to originate in the solar
system, and are at present the only extra-terrestrial material
available for examination, an investigation of the age of this
material‘should help towards obtaining more informstion aebout
the age of the solar system itself, and possibly the mode of
formation of meteoric bodles, by helping towards differentiation
between the several theories. It should be noted that "Age" in
this connection 1s taken as the time since the bodylunder
consideration last solidified.

(b) Age Determination on Meteorites.

Iron Meteorites are very good objects for age determinations
by the Helium method, since they retain helium so well that all‘
the helium produced within thsm will) be quantitatively retained
providing they are not appreciably heated at scme stage in ﬁheir
nistory (22). Experiment has shown (see page 115) that even on
heating at 1000°¢ in vacuc for 3 hours, only about 5% of the
helium content of an iron meteorite is released and, since it
appears that the heating effect of the rapid flight fhrough the
atmosphere only penetrates to & depth of about 1 m~ frcm the
surface of recovered pileces, to judge from the Widmannst8tten
figures, the bulk of the meteorite remaining will not be affected

However, whether or not a meteorite has been re-
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heated at any time since its original solidification, either as

part of @ large parent body, or by close approaches te the Sun,

eannot vet be stated.

The pioneer work of YMeteorlc Age Dejerminations hes been
exteonsively eonducted by Paneth and his collaborators since
1928, (239(%)(24). The assumption mede was that all the helium
was of radioégenie origing and that if the heliwm, uranium,
and thoriﬁm contents of meteorite samples could be determined,
the age of the sample could be obtained, knowing the decay

constants of the membhers of the vranivm and thorium series.

Up to 1942, a large mumber of meteorites had been analysed
for their Heliwm, Uranium and Thoriuvm contents, and a few of the

results are given in Table 9 below (),
T 4 B L E_O,

0" [

|-
Heljium P Age in

&ame. i agi gi § !

i {10~° g/g. 10* gfe = 10~%ce/g. |miliions of

; ‘ | | years.

Cane Yark(Sa,vif) Oa‘7 ta-.() - < 0 0002 % < 0,11

Ca%e York 5 : : } A
Ahﬁighit@) ; 0.7 ’4*.0 : < O 001 E < e 55

Bethany(éoamus) 1 b0 0.15 | 60,

P-—« -~ - = R l - - e B - O S - e e —

San Mar%in i 0.6 : 8 1.6 i 500,

e R B Y S ——

Bethany (Amalia) 1.0 b | 3.0 | 1100,

@E&E&é“-' 1 0 8A'“"MM~~Mmmnmdi.m*m28wnwdﬁ_ 6160,

o . - ede SV U R
Mount Ayliff. 0. 2 i %0 2600,

From these results, it seemed that the meximum age of
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neteorites must be aboul 7 % 207 years. Further, meteorites

with varying ages from this maximem value rigbt'down %o only a
hondred thousand years old were represented, This seemed to |
indicate that the age of the solar system could not be less than
?Ooelmiliian yoafSQ' r8ince thé age of the Earth is pov geolog~
jeally established as about 3500 nillien yoars, 1f e accepi this
as representative of the age of the solar systém, we must turn to
some hypothesis to. account for the “excess heliuﬁ“ in meteorites
wnich would load %o ‘high age valuss. '

The study. of cosmi@ ray fster® productioa has shown %hat
cosmic rays by their impact on matter produce helimme¢ Thig led ¢
a hypothesis put forvard by Ce.h.Bauver (25)(26)5 H.E.Huntley (27)
and others, %o account for the high age valuss by cosmic ray
heliwm,., From a study of the Tigures obtained by plotéing heliwm
contents against log mass in kilograms, Baucr arrived at the .
conelusion that 1t was possible for the total heliuwm content of
any'mé%eari%a, ug %o the ones containing the largest amount of
helium (48 x lOﬁaccs/grm) to be aecounted for by cosmic ray prode
uction well within the time assighe& as the age of the Barth.

1% seemed best to lnvestigate the possibility of helium

production by cosmie rays in meteorites by two methods .s

'(i) A determination of the amount of SHe present in mebesrie
heliwm, since cosmic rays would ba . axpected to produce this
‘iSQtope as well'asrkﬁe.

(11) A -determinotion of any varlation in the helium econtent of
the meteorites with increesing depth from thé surface sinece the

He'producﬁiom by cosmic rays would deerease with increasing depth.
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The second of these two methods was invéstigated by Dr,
EsJ+Wilson in the Durhem laboratory, notably with the meteorite
"Sacramento Mountains". (8). Sampies from places up to 60 cms .
apart were used, and he econcluded thet no significant differences
in helium content were founds. . However, dus to the fact that
this meteorite is roughly cylindrical in shape, of length 60 cnms,
and‘maiimum diaﬁeter about 16 cms., it is extremely difficult to
orientate it with regard to its probable position in the
pre-atmospheric massy and hence to form an estimate of what

variation in helium content would be significant.

owever, the present work was intended to investigate further

the above two methods of approach.:

t was decided to extract and purify samples of meteoric
helium of the order of 10‘“ ccse. NoT.Ps from as many meteorites
as possible, and to investigate their e content by tvo methods -
(a) By mass spectrometric measurements,

(b) By irradiating the helium samples with neutrons in the Harwvell
pilel, so that any SHelium present would be converted to tritium
by the reaction. |

3He +n > 3 + P,
S 2 1

The tritium was then to be counted, and having an accurate
knowledge of the volume of helium put into the sample tube, the
proportion of 3Heliwm to l*'tieli‘um could be calculated,

dovestigation Ho.2.

f
i :
| It was also decided to obtain samples from different sized
f
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meteorites, taken at intervals along a radius of the present

masses, in order to leok for any decrease in helium content with
increéasing depth, Meteorites as nearly spherical as possible
were - chosen, OF at least massive rather then flat slabs, or ones
with i1ll-defined shapes, in order to obfain samples as many

céntigetreé as possible from the nearest surface,

/A dissolving vessel vas made as shown in Fig.8,

:The meteorite shavings were weighed by dlfference into the
glass bucket B, vhich vas kept in the neck A until the initial

d688851ng was complete, About 30 milligrams of meteorite were

It was found by experiment that stou of strength oN

2 8°

uickest and most effective for dissolving iron meteorites,

I\)

t
generally used, The re-agent was 2N H soh, saturated with
e

and was added to prevent the iron from becoming 'passive',

50
228
By using this re-agent with a warm bath at about 40°C round the
dissolving vessel, the vhole of the meteorite sample could be

broyght into solution in sbout one hour,

The dissolving vessel was evacuated via tap E until the
re-agent was effervescing freely, when tap ijas closed and a
small electrolysing current applied across the tvo platinum wires
vhich dipped into the reagent., The hydrogen and oxygen

profuced served to flush out the dissolved air from the reagent,

and

|
|
i

when about 5 mms presure of gas, measured on the manometer C
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een produced, the electrolysis was stopped, and the tap E
cuum opened again for about one minutes The tep B wvas
closed againg and the vhole flushing process repeated six
«  This flushing in batches was found to be much more

stive than continuous pumping and electrolysing, since with
atter the partial pressure of helivm is only reduced very
sloﬁ y owing to its speed of back diffusion, After the whole of
the dissolved air was flushed avay, the Tap E was closed, and the
meteorite sample lowered into the reagent, Any shavings of iron
wvhich were not lifted out of the bucket by evolved hydrogen could

be withdrawn under ths solution by mezns of a magnet,

When the meteorite sample was completely.dissolved,'abouf

2 emsy presure of pure oxygen was let into the-dissolving vesgel
via [the mercury bubbler D, and the platinum spiral carried on the
second and the third platinum wires was heated to bright red heat,
the (whole of the vessel being copled in water, Uhen no further

decrease in pressure on the manometer could be detected, a further

small amount of oxygen was let into the vessel, and the spiral

again heateds If no pressure decrease took place the bulk of

the| hydrogen had been removed.

(b)Bemoval of Water Vapour and Remainder of Hydrogen.
The charcoal U tube G (Fig, 30) and the water trap M were
then cooled in liquid nitrogen, the ﬁercury in the ventil F
lo ered‘unfil it wvas Just above the bend to act as a non-return
vajve, and the tap B opened. The majority of the helium and
'Qx%gen in the dissolving vessel then bubbled past the mercury

1nﬁo the eirculating system. When bubbling ceased, tap E was

!



& 43 w
shut, the electrolysis repeated, about one cm., pressure of pure

oxygen let into the dissolving vessel and tap E opened again,

This flushing was repeated six times, which vas found by cxperi-
ment |tc be sufficient to carry the whole of the helium into the

circulating systems The ventil F vas then closed, the liquid
nitrogen removed from the charcoal U-tube, and the circulating
pump [H set in operation, after having 1lifted the t8pler valve.
The pslladium furnace L was then heated for 20 minutes to remove

the remainder of the hydrogen, and the water vapour vas trapped

out in the liquid nitrogen traps  The circulating pump was then
stopped, the tap J closed, the tap R opened, and, with the mercury
in the column raised, and the column charcoals cooled in liquid
nitrpgen, the oxygen carrier plus helium toplered into the first

chareoal tubes

(c) Estimation of Heliwums

The column was then set to do 15 operations. MNext, the
mercury in the large compression bulb was raised, and the tap to
the measuring pirani openeds Any deflection observed indicated
imc#mplete preliminary evacuation of the column while baking the
charcoals, and invalidated the experiment. In practice however,
only once did this happen. The column was then set to do
operations 16 - 36 and the amount of helimm collected in this
interval was measured on'the piréni gauge, This represented
99.3% of the total heliums. At least two calibration readings
wvere then taken with pure helium as indicated in Chapter k,

o

Seciibn I;

The column was then set for operations 37 - 42, vhen the
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revipining 0.7 of ehe heliuvm should come through. The deflectit
for opereitions 37-L2 vere measwred, and the column set for
operations 43-48, If any defleetion vere okserved, it vould
be |due ©to neon, and vould indlcate either a legk in the
digsolving vaessel or circulating systen or else incomulete
preliminary flushing of the dissolving vessel and reapent. This
criterion vas alvays applied in earlier worl", and in the prescnt

vork until the presence of 3He vas definitely confirmed, Uhen

With the older method, when the pirani sensitivities trore
mach lower, the sensitivity range used for the helium measure-
nent was already the best possible, and an amount of neon 100
yimes smaller than the helium would pass undetected. Only then,
in the cases vhere the amount of neon was of about the same

#rder of magnitude as the heliuwm, wvas the above-nentioned

éorrection for atmosnheric heliwm contomination applied,
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iIn’this casey it would be nec@séary to bring the rest of the
through the column by completing the operations wp to 61,
re. 1t, and then abfain a correction figure by calculating
the amount of neon present the amount of atmospheric helium

nt in the métsoric helium samples Again,in practice, this

never necessary as no comparable amount of neon was found to

through the column during an 6rdinary mateorite emwperiment

ned solely to measure the helium content, vhere only 10“6ccs.

By courtesy of the authorities of the Mineralogical

Institute of the University of Marburg, a series of special

drillings vere obtained from the Treysa metéorite:; vhich is

roughly spherical and of radius 12 cms, The samples were taken

at one cm. intervals from one to seven cmss in depth.

26,07 Spoilt by air| 26, 03 26,05
leake
2 Spoilt by 26,43 26,27 264,35
. ailr leak,
3 26,91. 26,47 | 26469
b 25,13 26,32 | 25473
’ 5 25455 2k, 77 26,18 25450,
‘! 26,42 26,b2 26,42
; 26,86 26,86 26,86
- |
|
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At the time of carrying out the above determimations, it was

not known at what depth the decrease in helium content would be
detectabley and sinece the results were so close %ogether, Cole
the helium content at 2ems. is almost exactly the same as at 6ems
they|werc taken to indicate that no depth effect was to be found
and thgtltherefore no appreclable cospic ray influence was

apparents As will be shown later, this was erroneous. -

Samples of the meteorite "Tolues" were available for

inveptigation, A flat slab of Toluca, the property of Professor
FsAvPanethy is kept at Durham, and another flat slab of Toluca
in the British Musewm. I% seemed likely, from the orientation
of the Widmannstatten figures with respect to the remains of the
outepr qpst, that these two slabs had been fairly close together

~in the orlginal mass before cutting,

It therefore appeared worth while to investigate samrles
from these, although the data on the positions of the drillings

takﬂn, rith résPect to the’original mass, was somewhat uncertain,

Regyltgt Ealuna_ﬁgnxnaml_§lina __éh__LiE__;Ll

Oskm‘ "!l‘l
Centre (C) 19.82,
Average: 19.72.
Top [Edge (B) - 19,67

Averaget 19a50.




e

e distance between B and C is 15 cms.

asition, Helivm Conte 0=0 _cesVorm.)

Ed§e (Outer Slice) 19,1k

(4 .
Average:

Edge |(Inner 20,07

51ice) (b). 20. 52

* Average. 0
: i .

Centre (Inner ' 19.23

Slicg) (C), 19,1k
Averages 12,18,

The distance between A znd C is 18 cwms.

The distance between B and C is 1k cms.

The distence between A and B is 1k cms.

Since the position of the above samples, within the origirel
mass, vere so ill-defined, it is impossible to say vhether or not
the small differences in helium content represent any significont
"depth effect',

In addition, a further sample of Toluca was investipgated.

TARLE 13
1. 0.17
2e (4]
0,16

Averege:

Again, olthough 1t is Ghonght that the Hawburg (Suvess) snecimon

- .. U
cone from the some £01) es the Durhow and Dritish Yusqm
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specimens (28), the evidenee that they were part of the same
original mass is so scanty that the large difference in helium

eontents cannot be taken as evidence of a depth effeet.,

speci n for an 1nve°tigation of the depth effect, since it vas

e meteorite "Carbo" seemed a particularly promising
e lar e though rather irregular mass of about 450 kg. I¢s shape
was not spherical, but rathey conical, as shovn in Fig,10, but
at least it offered the possibility of obtainiﬂg samples at ruch
greater depths from the nearest surface than had hitherto been

_avai able,

, At first, samples of a few milligrams vere dissolved for
inve‘tigation by the method given in Section 2 of this chenter,
but ater it was found possible te measure both the absolute

content and the 3He andhﬂe ratio on one and the same

sample, so that samples-of § - 10 grms, were then used as

described in Section b,

Samples from two bore-holes, at right angles to each other,

wer avaiiabie, the - inner ends of the boreo holes being only a

few cms. apart.
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Longiﬁ%dinal'ﬁoieg

Transverse Hole,

Depth (cme)

17.13

He coggen% He con ent
(z 10 eea/grm) (x 10-Se¢cs/grn)
23,03 0.5 19,45
22430 3 20,25
21470 5.5 19,2k
21,06 é 19,01
- 20,81 12 18.6%
19.50 18,5 17,50
18.53
17,60
17.2%
17,04
16,83
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y of the figures quoted in the above toble are the mean

of at|least two determinatians;'and't&e error is thought to be

~ |[From Table 1%, and Fig,11, it cen be seen that at last o
vary clesr demonstration of the "depth effect! in o meteorite is
obtained, The curve for the longitudinal hole is extremely
-smooth, decreasing continuously towards the centre. It appeafé'
that| this bore-hole goes past the "pre-atmospheriec centre® of

the
observed between 28:5 and 36 ems, depth, so that the "true"
centre appears to be .at about 28,5 cms. along the longitudinal
bore hole, The irregularity in the helium figures for the

eteorite, sinee a definite inecrsase in heliuvm content is

transverse hole seem .to be accounted for by the fact that there
is @ hollow in the surface of the meteorite at a point above the
3
meﬁeorite had never beer moved from its stand in the Harverd

s« depth position of the transverse bore-hole, In fact, the

Museum, the drillings being obtained in situ. ' The helium
contents of the samples were then measured, and the irregularity
noted in the transverse hole. ‘Vhen the figures were gsent to the

Mugseum authorities, Dr. Clifford Frondel had the meteorite turned
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Meteorite-dissolving vessel.
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over, and the above-mentioned hollow was then found.,

A discussion of the implications of the curve ohtained for

the longitudinal nole is given later in this chapter,

as pdspible for mass spectrometric measurements, and in fact
usually 10“4 ccse was obtained with 10-7 ces. in one experiment,
and 107" ces. in another; these last two being specimens with low
heliuwm contents, it was necessary to dissoive about 10 grms. of |
meteorite for each determination. This necessitated o much
larger dissolving vessel than previously used, end to ohvicte

the production of large quantities of hydrogen by acid disscl:iion
cupric-potassivm cHoride solution was used (29), which gove no

hydrogen evolution.

The dissolving section wes designed ss in Fig. 12. The bulh
was about 600 ccs. volume. The meteorite shavings were Fent in
the plass bucket B in the side arm A until the reascnt had heen
freed from dissolved alr by bubbling throuzh with pure oxysen
about twelve times. The bucket was then lowered meznetileslly
intg the reagent, the shavings extracted, and tho buclet end
attachments 1ifted clear of the reagent, into thc side arna C, %o
allov the reasent to be magnetically stirved., DLy this means, the
neteorite shavings could be dissolved within 5 te 10 minutes.

If fthis stirring is not corried out, the meteorite shevings
teph %o become coverad with a layer of disnlaced ecomnmer, uhich

sths further reaction.

|
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(%) Hopauromont of Heldium Gontont,

e tréﬂgfeé of the heliwm contont te the eirculating syston
vas the some as doseribed in Sectlon 2 (b), exzcept thet 0n was
bubbled through the solution to renpve dissolved holium, insteod
of eléatrélytie‘fluShing. ﬁboﬁt 2 or 3 ceo, éﬁ vater vero
removed in the cold tropy ond as a preceution the gases were
cireulated through the pelladium furnode for 20 minutes to ensure
thet if ony hydrogen hod boen generated it would he reroved,

The fractionation of the holiwm was then corricd out os before,

end the helium amount measurcd@ on the pireni pauge.

fo) Tronafor to Szmnie Tube, Addition of Coppdor COog nd

The proportion of 3Hel&um to Qﬁelium vas to be ncosured by
two indopondont methods. |
(1) By meons of & nnas spectroneter speeinlly budlt to vork in
this| moss renge by Mr.I.Yeyne, in the Clarendon loborotory,
Oxford. |
(11)| By noutron irrediction in the Hervell pile and noasurciont

of

ne redio-activity of the tritium produced from the talium,

For method (1) 4%t ves necessary to dilutc the metecorite
helium with suffictiont pgas of o differont mass to focllitate the
gas| hardling operations in the spectrometer, Argon wms chosen
pat suitoble for this purpose,; ond the arrangerent of the
ler punp 8 was as shown in Fig,29 « Tup sorwle tubes ot o
@ were sealed onto tho leads from the %o vy tope,  The
coric helium sample was introduced into the noaguring Pironi,
aftcr mopsurcment of the cpmount wes toplered into o sample
tuFe.lﬁoacgs. arpon wos then toplered from the pipetting syster



! produeed in the tube after irradiation vould be partly
taken up by chemi-sorption on the glass walls of the tube, and
hydrogen would tend to prevent this, Since the temperature of
the tubes probably rises during irradiation to about 100° C,,

it was necessary to fill the tubes only to about one-third of an
atmopphere pressurds Special sample tubes hod to be made, of
thin=walled soda.glass (about dmm. thickness) with the sample
tube, break off septa, and sufficient tube left above the senta
to seal on to the counting apparatus only about 9 cms long

altogether, Also, 1t was necessary to know accurately the

amount of helium which was actually sealed off in the tube, in
order to be eble to calculate the 3He/*HE ratio from the tritium
activity. Thus, cylinder hydrogen was streamed into a
reservoir through a large charcoal U-tube cooled in liguid
nitrogen to trap out any traces of more adsorbable gases. A
glass bulb was then made with two taps attached in series, and
the space between them was calibrated by filling with mercury
weighings The bulb and taps were then attached to the
hydrogen reservoir, and the bulb filled to a pressure of 6,25
cﬁs.whiCh ensured that 1071 ces, of hydrogen were delivered by
tue pipette giving one-third atmosphere presswre in the sample

tubes, The hydrogen was found to be free from helium by

|
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'putting a sample through the column in the normal ways The

bulb gnd taps were sealed into place on the tube leading from

the fractionating column %o the large compression bulbe. The

meteonic helium sample was then obtained in the usual way,

measured on the pirani gauge, toplered into the sammle tube,

and one p{bette-fulllof hydrogen also toplered into the sample

tube.

The mercury was then raised right up into the

constriction and the sawple tube sealed off very carefully with

a speclally made small gas jet, The position of the mercury

inside| the constriction was fixed by a scratch mark on the glass,

the end of the tube broken off, and the dead space volume

measured by f£illing with mercury to the scratch mark and

-3

weighing. This volume was in eaéh case only about 1 x 10 “cecs,

The volume of the sample tube was obtained by measuring carefully

with calipers, and the dead space volume left behind was alvays

~z 0,9% of the sample tube volume,

In |each of the above two methﬁds, sample tubes containing

only argon or hydrogen respeetively were also made up to serve

as "bljnks“g and sample tubes vere made up containing accurately

magsur

ed amounts of a 3He/hHe mixture obtained from Harwell of

known 3Le ratio, to serve as calibration standards, with the

appropriate filler gas added,
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(1) Clarendon Leboratory Spectrometer.

(a) |Calibration Samples.
TABLE _15.

largon Filler. | dHe/MHe | e
No. Arg9%1Filleg. _gg&hﬁe | Bﬂgfuﬁe
x 10 lces. mixture. | atio. Remarks.
) : CCBU NoT.Pi -
1 140 0 - Blank samgple
for argon
_ purity test.
2 0496 1,04x107% | 3,7140.02% -
3 | 0498 1,05%10™ | 3,700, 03% -
0.73 1.27x10°%  |3.7320,05% -

(Harwell spectrometer gave 3.01%. 3He:/L‘He ratio.)

(v) sHe(hHe ratios in "Carbo" meteorite.
TABLE 16,

| Léngigudinal Hole. Iransverse Hole.
Depth (ems)- Jhe, uHe. Depth (cms) 3He/hﬁg.
T ratio (%). ratfo (%).
0.5 . 28.h 0.5 . 28‘3
245=3 28.8 3 28.9
¢ 28,8 Co12. | 28.7
9:5 28.5 195 28.1
17 | 27.8 -
2845 277




TABLE 17

(c) 1HeAyHe ratio in 14 meteorite samples.

s | et g | Reghe
Mount| Ayliff, 36,8 3145
Tamarugal., : 23.59 3049
Carbd. . o 22,0 28,6
Toluda (Durham) 18,9 29,7
Sacramento ﬁﬁs. ‘ 11.24 30,75
Arispe. 5432 2742
Bethany (Amalia). 3els 27.8
San Martin. 1.76 1648
Henbury. | 0.88 25.4
Negrillos. : . O l46 19.0
Bethany (Harvard). 0436 17.8
.Coahuilde 0420 '23.3
Uwet), ' 0e17 11,0
Toljca (Hamburg) O.1§ 19.6

TABLE _18.
(d) |Neon Measurements. ;
Tame— T e ontent Ne. Gontent | He/Ne ratio.
T (X 10-Bece/arm). | (x 10-Ycc/arn.)

‘T61¢ca' : | B
(Dur[@m) - 18.6 11l 16l
(8?§ g%s) 22,36 13,2 169.
(ga_é“i: ) | 20.94 12,3 171.
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It must be stressed that these neon measurementé'were
carriied out incidental to experiments vhich vere really designed
to obtain heliwm for He/MHe ratio determinations, and that

‘therefore  the highest degree of accuracy was not attempted in

the measurement of the neons However, it scems certain that
meteorites do contain some neon; probably of cosmi¢ ray
produced origin, and that the neon content is about 170 times

smalller than the heli.m contents

" |The counting of the tritium in the sample tube after
irradiation in the pile vas undertakem by Dr.K.F, Chacketd,
and Dri L.Barrett at the University of Birmingham.

- |Four calibration samples, containing 1 x 1073 ces. of 3%
380 Mo mixture, one tube with 1 x 10°1 ces, of atmospherie
heliup,two tubes with 1 x 10°* cess of meteoric heliwm, were
used, all these being filled in addition with 1 x 10~ ces. of
pur¢ hydrogen, and one éube containing 1 x 10*lees, of pure

hydrogen alone t6 act as a '"blank" wvas used,

It was shown that the gaseous activity was due to tritium
by an investigation of the shape of the B spectrum by means of

a proportiondd Gounter.

1 It soon became obvious that several difficulties had arisen,

(1) The difficulty of releasing the tritium quantitatively
frob the irradiated ampoule.

It was observed that, after the ampoule had been broken, ar/
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the gas inside taken 1nto the counting apparatus, more tritivm
was released from the walls of the ampoule.
(2) Adsorption effects on the walls of the geiger tube,
probably due to the discharge itself, driving ions contcining
tritium into the walls, and making decontemination betueen runs

almost impossible,

(3) The 3He content of the samples, and hence the counting
rate, (vas too highs (Up to 100,000 c.p.n. were recorded from o

sample vhich had contained % x 1072 ces. of 3e),

ecanse of these difficulties, and since the quentity of
3He in meteorites was found to be quite larpge enough %o handle
accurataly by rass spectrometric means, it was decided o

discontinue the tritium method.

owvever, it should be pointed out that if it is neccssary
later to investigate the 3He/hHe ratios of meteorites with
very [low helium contents, this method ~ due to its high
sensitivity - may well offer an advantage over the mass

spectrometric method,

6 - Discussion of Resnitg for "Decth Bffeet" im Corka,
I~ Calculation of Cogsmie Rav Production of Telizm,

Boper's Picture ¢ An isotropic flux of cosmic rov nariticles

2 b =
in free snpce of 1.5 ports/cm /sec --- exponcnticl sbsorution
8§ o . .
with absor-tion m/f/p of 150Fen” in iron and producing on

averasze of oné lie mucleus per disruption.
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This »nicture was totally cltered by the discovery (20) of

pl mesonss  Pi mesons, procuced in svbshantial nunbors hy
primaries, themselves strongly interact with nuclecons, orng
consequently a "transition effect" in the number of interactionrs
with increasing depth is to be expected, |

; irgs High energy primeries éisappearing as 2 result
of coliisgions will give rise to low erergy evaporation neréicles
(some [of them Re nueclei) but alsp to »pi nmesons and secondary
protons and neutrons sufficlently enerpgetic to initiste further
star production = so celled shower particles « and o prowortion
of these secondary porticles will be sufficieatly energetic to

dinitiate furthar "showers",

In the calculations undertaken to determine the denth
depenfence of helium production in meteorites by cosmic reys (31)
it hsls been essumed thet the direction of motion of the nprimary
paerticles is preserved by particles of subseduent generations, and
from |considerations of conscrvation of momentira, this will be
sufficiently near the truth for ﬁhe high energy particles and only

in these wouwld any veriation be important.

The calculations are confined to iron meteorites, and s’nce
the only impurity present in thege to any significant anouvnt is
nickpl (up to 15% in some) the treatment is arplied to en infinite

slabl of iron.

Since the energies of the star producing perticles are well
above the Coulomd barrier, and it seems that in this case the

interaction eross section is almost independent of the nature and



ané epergy of the incident particle, the numbef\of prinarles will
be atlenuated exponentially so that, ot any depuh Xy tho residual

intensity of primaries will be given by $=-

whérg | a—‘j ;ﬁ&g (absorptionApoeffieient)
here I is thewﬁvggadro Humber
a is effective cross section of the iron nuclous.
e is thé densi%y of iron.
A is atomie weigh%, :
Jo is the intensity of flux im frec space
The aﬁe of interaction per unit volume of iron will be

= MmJd; = Jome

iations at this depth will be
1.Y =Y..3J AR
Ly =Y . JoMme
s B T

vhere Yi is the mean yield of evaporation particles per

intcoraction,
Thes

rate given by ¢

- interactions will also produce secondary particles at a
-

Sl' JQ/A e

Where Sl is the mean shower particle yield fron the inter-

action of a primary particle’ with an iron nuelcus.,

The flux of the "first generation" secondary particles at
any|given depth can be obtained by solving the differential
equftion representing the difference between the rote of format-
i

niof secondary particles, and the rate of their disappearance



"."/4329
0 a%x = 0,

- M
rate of Ig equal tQ= /p«J 2 =_Sl Jq/A X e /“
and vill pfeduee evapcration particles at a rate

I ¥
2 © T272
.2 " ME

Y2 S1 JO/M X a

Yé.is the mean yield of evaporation particles por intere
n of a secondary with an iron mucleus (the energy spectrum

that appropriate to the secondary particles),

Similerly, the flux of the third gencration of high epcrgy
cles with a mean shower parficle vield 82 can be obtained

he energy spectrum of the seéondary particles 1s known.

In general, the flux of th#nth generation of cnerpgetic
cles ist

' N=l -
Tp — Jo M x 8y By am=8p g (n>14 ),
he corresponding nu%ber of evaporation particles will be :
ﬁ'%m-’ JO/4 /4 Yn Sl 32 - Sn-lo

Thus, fhe total rate of helium production at depth x will

part s
-ME
o

and

be given by the sum of all such‘%ermsg maltiplied by x 4 the
fraction of the evaporation particles which yleld helium, i.c.

those particles initially 5B , He, or 'Me,

The helivm yleld per gram of iron at depih x, ist=
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H(X) o ZNQ

ax [ J T THE [ +MT . S Y /*2 X 2 S. .8..%Y
”-*i; °”sty"1f‘ 12*(;)2; - 9y P73
% . o | measew i

T B ]

| The energy spectrum of the.secondary particles is more or
less ‘independent of the energy of thq incident rédiation'(BQD.
Thus he mean yleld of evaporatian particleé aﬂdAtho mean shover
yield |will be fhe samg for succeééive genarations after the first

and hence we can put: ,?é = Yé = Y& - Yn
and 5. =8 SI . 8

Hence| equation (1) can be rowritten ¢
- M 0 .
Hx) %Jo/«a M [‘Il + 51 ¥, ;(e M8n x 1)] atousHe/gFa/sec/

v Sterad w e om (2).
The effect of the heavier cosmic ray mesons has been

negl
give

cted in this derivation, since their yéeld is so smell ag to
no appreciable effect, The production of neutral pi-ncsons
_ Y

has 2180 boen neglected, since their lifetime { ~ 10 sec) is so

shor ﬁhat they will almost all decay before in%eraeting, and the
resu ting particles, m mesons, electrons, high energy photons,etc.
do np%t give strong lnteractions with nucleons,

| The charged pi-mesons, on the other hanﬁ? whieh normally
decay in the atmosphere beforéninteraction, vith a 1lifetime of

24
10
iron apd have hence been included in the above treatment.

x 10~8 see(33) corresponding to & mean decay length of

¢éms will almost certainly undergo a nuclear interaction in
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valuafidon of parageters in expression ( )s

~ Ihe primary cosmic radiation appears to be composed of
positively charged nuclei of very high énePgY- It geems that
aboﬁ' 85% of the primaries are protons, and almost all the rest
l”Zie quclel, with heavier nuclel only contributing aboub 2 to 1%
(3%-)135).,,8111%a at the very high.energies concerned, the nuclear
interactions of the primeries are more or loss independent of
their “bhemical" nature, they have all been troated as protons,
| yhicn-assumption should.noﬁ give risec to any sipgnificant errors,

In deducing an empirical expression for the energy or

~mqmegtum spectrum of the priméry radiation, three encrgy regions
have to be considered: |

{1) [The very high energy region where geomagnetic effects are of
litgle valua.in analysing the spectrpm. | A consideration of the
size distribution of extended air showers (36), and absorption of
radiation underground (37) has led to generel agreement on a
power law spectrum of the formt¢ F(E) dEx(E

E2.67

Thig method has only been applied between the energy limits 50
BegfVs to 5 x 103 Bic.ve leaving a large gap betuveen 50 B.esv,
and the moximum 15 Beeiv. of the spectrum dedueed from geo-
magnetic effects. The consequent uncertainty will not be very
important, since the mumber of particles with energies in this
region is comparatively smeall,
(ii) The spectrum of the lower energy end has been invegtigated
by measuring the energy flux or mumber flux of the primary radie-

tipn as a function of geomagnetic latitude. Thus Van 4llen and
/Singer
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{38) ¢btein: '

>

(E) Elgl.

g is| magnetic rigidity. (nn) of particle in 10 voltss
20

'I‘he fhria F(E)dE g_._g},’ﬁgg'

It | (140, 09E§)

| (B 1s particle Energy in Beoyvs)
is due to Neher (39) and the form
LI E) = 0,30

E0990 + 0.05

is dye to Winkler et al (40) (where the primerics are assumed

to be all protoﬂs),

(141) There appears to be no particle of energies less than zbout
1 B.osvs At latitude ébpve about 56°N; where the permitied

access of particles of energies less than this value would be
expepted, no such inerease in flux is found, Janossy (k1) has
suggested that the cut off is due %o the magnetic field of the
but von Klﬁber (2) found no eviddnce for such a nognetic
@, The suggestion has also been made thot particles of
gies of less %than 'l Bea.vs may be stopped by interstellsr
0T | | " o o

For the regton 1 to 15 BeeuV. 2 form of the spectrum

lar %o Van Allen and Singer's and also Winkler et ol has been
ted, but vith Jo (the absolute flux) helf vay betueen the

e O.1kk parts/éec/cm27sterad obtained bv Nehers ionisation
ent measurements and the value 0,29 parts/scc/émz/ﬁterad ob-
ed by Winkler and Van Allen and Singer by counter telescope
met*xods9 namelys Jo = 0,22'parts/see/bmz/sterads
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This givest J ( > B) = &2&
| E0.95

or '
F(E)AE = 0,21 4E,
1,95

Thus the différehﬁial-energy.spgctrum for the wvhole range will
be given bys B N
| F(B)4B ='¢.(E < 1.0 Big,vi):

= 0,2168 (1,0<E <15.% B.c,v.)
. 1.95 ' '

B o
- m_ggg (E515,0 Bae,va)
o EE, 7 A

Interaction cross sochlon of iron for protons snd ni nesons.
For migh éﬂergy}paﬁtieles, %he-héavier elements shov a cross
section vhieh is more or less independent of the energy ond natur
~ of the particle, and is only a little smaller that the "geomet
rical" cross sectibn of the nucleus, Taking the valuve of » =
1.5 p 10713 4% cmy for the muclear radiug due %o Betho, and
allowing a 208 "transparency" consistent with recent doterninat-
iong for the heavier elements (¥3)(¥k), a value for the nuclear
crods section of iron of ¢ 0.86 x 10°2¥ en? 4s obtained.
Thig éarresponds to an interaction mean free poth of 108g/bm2 of
13.5 cms, of iron, and gives a value of 0,07% for M
Mean ¥ield of Shower Particles per Interachion. '

Camerini et al (45) gives a roprosentation of the relation=-
ship betﬁean incident particle energy and "shouer pariicle®
multiplicity of the form $ o

5 =047 (B -0+5),

Ey the incident particle energy in B.e.v.
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ned froff. photographic plate experiments, and waich will

ore probahly meke no allowénce for neutron production.
basis of the usual assumption of the charge indenendence
lear 1orces$ & nmﬁron conponons abouﬁ as large as Yhe prote

ent is allowed for, awsuming 2055 of ‘the shover particles %o

be proﬁons-(Be) ‘the estimated-mul%iplicity must thon be ipereased

by 1:20 %o allew for the nautruns‘

The mean yield of sheuer particlev per in serecting primory

particle is then given bys

3 =
1

1420 x 0,47 J7 o
é!-

QJS)Auiihlé
- [Cree

ands\using the assumed energy speétrum, the wvalue s

(Sl =

Camey

gener

ary pg

2,89 is ob%tained

éimilarly, using the form of energy specirum suvggesied Dy
Ini et al (33), and assuming that this is valid for oll
ations of secondaries, the shower multlplicity of the second

articles, Sn is obtained, giving ¢ Sn = 0,252 (a>1)

zfgan o AT Y
. B LARERY .

ation o
enery
I(E)

Cameriﬂi? Lock and Perkins (hé) @ive a graphical renresent-
f the yield of evaporamion parﬁleles as a funcvion of the
v of tbe incident particles, uhich follous a lav of the form
=%QE' (B in Bae.vs)




Integrating the product of ¥(B), and the assumed prinmary encrgy
spectrum function gives the mean yield of ovaporation particles

per ipteraction for the primary rediotion, or

H N
1 00 ‘
A ,J:F(E)de)
. B
which| gives Yl = 10473,

But,?his Y% ﬁakes no ellovwance fo? the presence of poutrons and
sincg (47) the grey particles (protons) make up about 25 of the
total heavy tracks, an eddition of 257 will have Yo be made %o
allaﬁ forgneutrons'not included in the above treatment, glving

- Dgial )
-5 = 13,41 ovaporation particles/star

0f these (48), 244 will beBH, 3He, or &He (i.eex = 0,2%) giving
G| =322 o

But, |in additipn, there will be a further helium preduction
assoglated with this "first star® due to the nueclear interaction
'of the 5grey"-protoﬁs and meutrons amongst the evaporation
particles at a distance frém ﬁhe,pafent star of the ordor of onse
interaction 1éngﬁh awey. About one sixth of the érotoms(k9)'
inﬁeract, vhile pregumab1y<&11‘the neutrons do, sc that we have
Sevenrtwelftﬁs of 5436 evaporation particles/parent star(protons
plus|neutrons in Yf) vaich will give rise to further stars,24] of
vhosg evaporation particles should also be 3HQ3HG or hﬂe, so that
ah a%diti@nal Yg of 7/12 £ 5,36 x 0.2% vwill be associated with
the parent star, This gives a total Yicx of. 396.

Similerly, assuming the constant energy'spectrum of the
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laries as before (32), the yield function of Camerini ot al
¢ applied for particle energies greater than 1.% B.e.v.sine
wweraction above thls value may be regarded as essentially
tic, but for perticle energies lower than l.b B.c.v. which
conisidered as giving rise io elastic interactions, the
fuhé%ion of Le Coutour (50) is use&, Further, on similar

erations to{those in the proccding paragraphs of the

éﬂéihiohél:star production by the protons and neutrons smong the

ey@paraﬁion ﬁtracks" of %he_"parénﬁ star" it noy be deduced that
Yﬁ x o= 2089 l B | . .
| o . . L. 3 '
that ig, the ybeld of particles in the form He, He or 3 Dor
secondary induced ster will be 2,89, ALl of thesc particles il

b}

of course, after the lapse of sufficlent timo to allow the N %o

decay

() SHe be included in the btotal helium,

..The pumérical valucs for the various parameters can noy be

inseripd into the equation (2) and givas

| -3  =B.07x 0.0186x
H(w) =203 10 “ e €3.96 + 33.1k(e - =1)) atous of
heiium/grmFe/seq/sﬁerad at Aepth X = = = = (1)

This v
the he

slotlonship is shown grephically in Pigure 1%y Sopether witl

<
+

Livm eontribution from the primaries and sccondaries

respoctively, Further, the rate of helium production at the

cantre

of a sphericel mess of iren, vadlus r, isctropieclly

irradiated by cosmic rays, will shov the same depenience on the .

radius

H(r) =

of the mess, and hence the central helivn yield will be @
147 = 1074 ces/He/gFe/year/t v s01id angles
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To tran

0’ . 4V ee/yr/ Tsolid

ec/sterad = 3,19 x 10° X,
5402 3 1023 angle

107

fer the treatment from a plane slab of ircn %o a sphere,

consider Fig. 15, A point inside the sphere and not at the centr

will be

. varying

sub jected %o different intensitios of radlation, and also

preportions of primary and secondary radiation according

to the warying thickness of iron traversed by porticles in anproa

ching the point from different diéec”cion&

total intensity of radiation reaching the point P (and

The
there;jre the rate of He production at P) in the solid angle

betwear p and @+ dyp will be given by ¢

2
a1t

= 2?fsincp d ¢ H

= awd
Apnd the.

sinp dp o (g)
P -

(=)
(cos p ) Heyy

to%bal féte of production of heliwa at point P by radiatio

from &/ solid angle will be ¢ |
-2 | ft:oo H(x) & (cos v ) e (1)

Also £

& = I
r P

m Fize.19s 2 272 + yz - 2 Xycos

y ., 2
cos ¥ + /I -__gz sin ¢ womes (141)
r -

From (iii) (i4) ond (1) the vélue of the integral a%t (ii)

can be obtained éraphically for various values of y,
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In|this vay, a completc table can be dravn wp foy‘gﬂ(x) d
(ecos . ) for various rediil of iron spheres.

T A B L E 39,

gy @ (s G 48
. o - . s f Naini
% b 0,2 0.4 ? 0.6 048 { 049 1,0
Radiug
(egmﬂ)_ )
0 [16.29 | 5
5 40,31

15 71 119,69 [19,6 19,30 ! 18.%52 17,18
20 1Y S [17:70 118418 | 18:15 | 19,52 | 16,17
ag 12,72 52 13958 1@;7 15;82 ; 13990 1%¢h2

8,60 | 8,94 | 9,79 {1l.hkk [ 13,59 | 1h.b7 | 13,1
50 5492 S‘gl €,90 8.86 | 11.79 13.32 12,318
60 4,82 6.79 | 10, gg 12,06 213 452
80  [/1.206) 1,58 2,32 | k.03 7Bk | 10,57 | 30,
1[00 1046 | 0.61% 1.080 ) 2.%2 5,97 9.2 10,15

10 %0.% 20,87 |20, 7% 20,3 | 19,85 | 19.17 | 17.0L

)

nese valucs for the heliwm eontont of irradisiod irvon

snheres ore relative wolucs only sineo po figure has been insertel

for thp time of irradistion. To trapsfer thom %o absolule
values; & l'novn absolubte helium conten$ iz inscriod into the

scale [in Che follouing way. An inspection of Tobhle 19 shows that

1tes with vadii of only a fevw cms. will be %he ones with

meten
highedt cosmic Pay preduced heliun content. Further, plotting

the vglues Srom the first column of Table 19 as in Fig, 16, shous
that
posgible central value for the cosnic ray heliwa contente.

mateorite of about 10 ems, digmeter 17ill hove the highest

10 neteorite "Norden® has the highost known heliva conbent
of 38,1 x 10°% ces/orm out of 70 @ifferent metcorites whlch have

been Anvestigated (51). PFurbher, 1ts post-atmospheric diameter of
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8 cmse |fits wellg from the asﬁ?cdballisti@ coasiderations of
Martin (52)g with a pre~aém08pheric dizmeter of about 10 cms.

- Thus, the error involved in scoling wp the relative values
for Table 19 for o point b ems, distant from the centre of o
;sphere éf 5 ems. radius o correspond to the absoluie value of
38.1 %/10™ ces/gm, 1s probably not too serious, and involves
the imsertion of a scaling factor of 1,840 x 10“6 ces/ g,
FTém~t§¢ values in Table 19, the lines in.Fig; 17 can now bhe

cbnstrueﬁedg

AZLsep irf all the helzum ln Morden is taken to bo cosiic-ray
produced heliumg ﬁhe time necessary to produce this heliwm .
content on the p;esenp day flux,of cosmic‘raysg would be |

2+52 x 1@8 yearss As will ba‘éhéwn later, it scems that the
proportion of radio~genic helium in a neteorite so helimm-rich
a57Mordenvwill be extremely lov, and thus not likely'té alter
significantly the above estimated time for heliwm production,

caleulgted from the rete of production deduced earlicr,

;Ien the experimental results for Lreysa (contral heliwmm

content 26 x_lQ’é ees/grn), Thunda (8) (central helium content
30:3 x 10‘6 eccs/grm) and Carbo ﬁLongitudinal hole) we super=-
imposed, on the thecretical curves deduced by the cbove treatment
from the c¢entral heliua content of these meteorites, as in Fig,
18, 1t|can be seon immedistely why mo clear radicl variation in
the helimm content was observed with the first two meteorites,

when only 8 cne and 6 em. rodial distances regpeetively were

available, whereas with Carho, the varietion is quite cleor, and
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furthermore, the experlmental curve is as close to thot derived

oregoing thooretical treatment as could be exﬁected. In

holé)u

in Car

reaging depths from the nearest surface, until, the cffect
) "hollov®™ is passed, and the helium contont again

decregsed regulerly,



'figures for tho Ho/'He ratio at various depths in

e given in Table 20, and 'Fig.;llg

0,5
2&5“3

ge5 -
17

2845 .

'19.5

28,3
28,9

28,7

28,1

1§ was first suggested qualitatively by Dr. S.F.Singer; of
the University of Marylamd, that the rise in the £irst part of the

cuwrve in Fige 1% Page 67 9 for the total production of helium
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¢ rays nay be "fillad in" by prinary « particles stopping

irst fov ecenbimeters of iron,

He ratio curves

first 5 cms. depth might be due to the stopping of prime:

¢he meteorite, thus loverir

As the flux of ® particles

s with depth, 1t is to be empected that the “he/tie ratio
e to a meximum, and then, as the mean ¢xcitation onergy
ron nncleiﬁdeéreases with inceeasing depth, the 3He/kﬁe

11 decrease also, which would gzplain the shape of the

test this hypothasis, the attenuation of primery o
s in iron has been investigated quantitetively in the

g vaye

Range versus Enorpgy relation for o« particles in iron

educed from the information in "Experimental Hueleor

(53) a2nd@ is given by 3%

O,
or B = 0 32R 59

B in B@G.tVi)

gral Energy spectrum for « particles in cosmic reodietion’

W > E) = (%%%)1 2 Par*bs/masec/sterad-

H(>R) Ggaﬁg____g_w)

1 0.59) 1.2
(1m,oem )
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Jioy QR = 21,5 dR articles/hg/éec/b“erad,
(R) ™ [ -5 123(' - 0.5@) 22 T T

R , ,1 o+ 0008R

J(R) wilh_represen%_ﬁhe number of o« 's stopping at depth B due

to ionisption loss. Allowance is made for nuclear interactions
of a particles as a cause of attenuation by.multiplying the
vaiue~qf 3he Eufgfz.stopping at depth R by a factor

e 4

whére'
N
Q.u dens;?y-
A = At.ut,

o~ = agssumed interaction crosg-section

i

Avogadro number,

Tnis facttor resresents the proportion which have survived nucleor

interaction in this distance,

tous Jgye " (/‘A = ..V_V.&.":.)

should give a measure of the uHe production at varying depths
for a beam of cosmic rég<x paréicies,'norma;ly incident on a
plane slab of iron, assﬁming that once en interaction betueen
a primary'. « particle, and an iron_hucleus has occurred, all

trace of the incident particle is lost.
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Due to the apparent existence of'a sharp cut-0ff in the neighbours
hdbd of i"B.e.v, pey é. in the primary cosmle ray specirum, it is
to be expected that no « particles. will be-s%opped'i the first
6,7 ens. of iron by ionisation loss. Thus, a curve, gs in Fig,
19, is obtained for the mmber of particles stopping af various

depihs in a plane slab of irons

By integration of these wvalues over g spherical bpdy of
redius ¥0 cms, (the apparent pre-atmospheric radius of] Carbo (see
Flg, 18) ), for various points slong a radius, Table 22 and Fig.20

is obtailned,

Pertic e/grm/sec/& T solid %nglaxl@'é

-

Fepﬁh (cms) s

|

i
0 61,2
Iy ; 239,0
8 i 256,0
16 i 89.0
2’%" 1 9»!-1}.0
32 | 28,8
%0 ! 25,0

A e et o e i, ot

Wow; since 1t appears from the previous section %hat [about 8-10cms
depth hzs been removed from the orizinal meteorite,
good estimate of the time of irradiation of the meteorite is 252
X 108years(or half this time at twice the average intensity)(as
vill be indicated later,vhich would give the samne helium product-
ion)an estimate of the absolubte emount ofyﬁe due o primary o
/particles
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stopping at the present eurface can nmow be deduced,
At 8 cms. we have 256 partiéle/gm/sec/ YT x ;0”6

C -8
equivalent %o 7.5% x 10  ces/grm in 2.52 % 198 years,

which is

From Fig. 20, the absolute amount of He from o¢ ’s at various

depths can nov be obtained.

Ropth (cms).

Ced
2¢5=3
6
9o 5
17
28.5

If these amounts of l”ﬁe are now subtracted from the tof
L

of He at corresponding depths, im order to obtaln the

L“'He ratio produced directly by cosmic ray interactions

iron muclei, the follovwing values are obtained!

Wo

cal amounts
true JHe/
with the

Depth (eng) | ,\ ted 3H

o5 T 8.8
s X
9.5 ' 28.7
7 280
8,5 27.8
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and it can be seen from Figs 21 that the "dip® in the first part
~ of the curve is not much affected by this allowance fo jthe.

ionisation stbpping of primary oK par%icles; '

The calculation in the previeus sectlon was based on the
assumptlon that once an o particle interacts with an iron nuclew
all trace of the imcident particle is lost: If, however, ¢this 1
not true, and in fact, the excited nuecleus. f.ends to i’e-eﬁﬁt the |

O¢ particle among the component fragments, a different picture
omerges. ‘
'In this case, the helium production by primary o¢ particles

at any depth will now be given by:
Heyny = Jpy © b o W, e.'aR ax'ts/mglsee/starad-
() ~ @ 4 YRy p :

vhichymaking the appropriate correction gives the following values

apd Fig. 22,
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Again, by intogration over a sphere, values can be obtained for th
heliva produciion at points along the radius of a sphere/as before

Table 26 and Fige 23.

o
8 |
16 870 ,j
2k | 510 [ 3
32 | 36k ,} 1
50 306 o

wihich, again taking the tilme of irradiation as 2.52 x ,08 years,
and the present surface as about 8 cms. below the original one,

gives the followving valuess ‘
.’L_A_JB Is....&

’ o
[Q@mm). . He prédu%z%mary“ '4(ccs/grm N
0.5 ‘ | -0, 68 ' {
2¢5=3 ' 0,16 j
6 o 0,32 |
7.5 | 0422 |
7. | 0,1k |
2845 | 0410 | /
|
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For reasons given in the following sectlony it appears that

the contributicn of hﬁc from Uranivm and Thorium in the meteorite

will be of the order of 0,12 x 10
so that rov, subtracting the l"‘Hea produced by primary ¢

-6

8

ces/grm (Table 32y column 3),

and

‘ L
the radiogenic He from the total He observed, the following

treatment may be applied %o give the true 339 /kHe ratio produced

by cosmic radiation.

2.4 B L E_28. o
Ll, Z T3 T % 5T % 17200 O ) |
Dopth |Total Hé 3Haf* 14'He g l&/H oS t°Y-IeRa,l., Irve |
(cms) | Contgnt  He |(x10-6 (22070 (%10"0cc/B)gen. | WHe he/ln
(x10=ces/  leccs/grm)ee/g) (xlo-/;(eo mic| rati
£re i ratio: ce/g) gray comic
s l *pr » ray
H i : prodd)
;Oos ' 22960 : 28 )\" 170 5 0 iocég 9612 i160é0 2908
- ?w,a ““““ — - POy P VU SO - T
253 2,00 288 16,00 [ ko70 {06 | 0.12 f154az 29.7
6 |19.50 28,8 | 15,10 k.35 0,32 | 0,12 11476 |29.5
9.5 | 18.43 | 28.5 : 14,30 l’-c- .07 [0.22 ] 0.2 '13]96 |29,
17 | 17.30 1,2'7 8» 13.%‘ 3,75 To 0.1k | 0,12 /13619 |28
25,5 | 16.80 277 | 13415 3.63 0,.10 0,12 11{ 90 |28,2

From Fig.ek 1% can now be seen that Aie decrease in the 3/4 ratio

is removed; and, in faet, that the true 3/% ratio is gtill

increasing vith decreasing depth, as would normally be expected.

Purther, from the calculation of Le Couteur (50), it is clear
that the true He/ MHe ratio 1s dopendent to some extent on the mear

energy of excitation of the puclel involvedy; and this will depend

on the velative contributions of primary and secondé y partieles tc
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the totel helium production at the point in questions | To test
this, the relative pronortion of helium produéed by primaries to
total helium produced by primarieé and secendaries has bgem worked
out. This has been done by taking values along the apprépriate
;urvos in Fig.ilk, and integrating them over a ‘spherical bddy of 40

ense. radivs.

£ A B LE 29

The folloving values erc obtainedst. |
'Dépth (c=s). | | |
LY SO

245%3
6D 1840 }
e . o | 1o i
v ome
it 58.5 I Wwiatf L

exeitation cnergies9 there should be a direc% relatio ship between

%hé‘rati@ - Eﬁg_pigﬁmggi obtained.frnm the'meas ad values in

Tow, 17 the truc 3/# Ratios are dependen& on the mean
Totel Ho produced

Table 299 ond the ratio -- He produce imar]
Total He produced by primaries and

seeondaries

dedueed from cosmie ray theory, Table 29,

The appéopriaﬁe values from Teble 28 are givea in Table 30,
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Depth (ems) | 3 g —r | N ;'_]
— , N

L. 0.5 “ égfg = 23.0
2.5«3 j g%fgé = 22.8

A - e

B

A - R
(-
28,5 R o 22.#

- The values obtained ave plotted in Fig,25, ond it can be seen

thet the Pelationship is linear, as would be expected

Conclusion.
From this, it seams that the "f1llingein-of the First part of
the measured JMe/MHe ratio curve 1s due to the effeet of the
prinaxry o¢ par%icleslin cosmic radiation, but thaé, as vell as the
addition of l"’He‘fx‘-mr: O¢ particles stopped by ilonisation logs, the
above treatment'suggests that for each nuclea; inter ction, the

exelted iron nucleus will tend to re-emit one particle in excess

of those expectedy or namely, that the incident particle tends not

to lose its identity in the exeited nueleus.

It should be pointed out here thet the above trdatment must
neecessaerily be regarded as a "best approximation", view of the

inherent uncertalnties in data on the size and shape |of the
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meteorites.

base of the cone wpparently the nearest surviving port

original sﬁrface. | The'abpafent‘"céntre* of.the ?reé

nass (deduced from the lovest helium value) is obout 3

bolov the apex of the cone:. A consideration of Fig,

the above treatment is quite sensitive to the assumed

present surface below the oripinal surface, Thus, if

L ems. is taken, instead of the 8 cms, assumed, the ¥
from primary O 's will be doubled, and the 3He/4ie ct
On the other han

roised and snmoothed out even more,

depth were taken as 12 cms. the WHe contribution from

15 would be almost halved, and the "bump" in ti

curve would be much less affected, Also, the effect

in the original mass on the helium content and 3He/lH

given point cannot be estimateds However, it still

Cérbo is by far the best approximation to the ideagl s
neteorite vhich has yet been investigated, and the on
to exist vhich may perhaps throw further light on the
effect", namely *“Hoba wgst“, appears to present great

in respect of obtaining any samples.

Carbo is of a somewhat conical shape wit

h the present
ion to the
'tmospheric

L0 ems,

23 shows that
depth of the
a depth of

la eontributio
irve will be

1, if the
priméry

he 3He/hlHe

of cavities

2 ratio at any
remains that
pherical

1y one known
tdepth
difficultiss

The Uranivm cnd Thorimm values for this work hav

mined by Mr.J.C.Dalton, of these laboratories (55),
taken to do the He, U, and Th, determinations on the

a meteorite. The meteorites investigated were chos:

7

e been deter-
Care has bean
seme Sample of
n to give the

see vhether

wldest possible range of helium contents in order %o



= 82 -

any regularities eould be detected in-the varia%ion'éf'Bﬁe/%He

ratltos Uiﬁh absolute helzum csntentg and particularly

to

investiga%e as pany as possible of the meteorxtes with low helium

contents, since i% ig to be expected that thése sample g will give

the best ¢stimate of the true radiogenic hélium conter]

results for 1% metaofites‘afe-summa?iseé in Table 31s |

iz - The
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! 1 con:c_g ' ~3He§/LLHe LHe Content 3He con~ Branium Thorjum | Plam.(cms)} |Type of
"Name - {in 10 ccs/grm) Ratio ¢ | (in 10~ en (in Gentgn‘t Content | calculated | fall,
of Heteerite ces/grm. ) 10"‘ ces/ | {107Og/ (10 %/ from rec- single
A : £Yine ) . grm.) Y. overecd mass-| or
. : €8y assumedtuitiple
spherical |-
Mount Aylige - |  36.8 31.5 28.0 8.8 ol 2 146 Se
Tamarugal 2359 309 18.0 559 0.32 1465 L2 S
Carbo ~ 22.0 28+6 17.40 4. 90 0. 51 0.65 L8 8
Toluca {Durham) 1849 29.7 14460 Le30 0.58 © 0.60 51 i
Sacramento Hts. 1421 | 3075 8460 2065 - - 38 8
Arispe D32 27.2 4,18 Tetly 0.46 1147 35 M
San Martin ‘ 1 76 16.8 1450 0.253 0.75 10: L4 Not known |Not known
Henbury 0.88 25l 0.70 0.18 1407 2496 very largm M
Negrillos | ~ O.lib 19.0 0. 387 0.73 - - 150 M
Bethany (Harvard) 0.36 17+8 0. 306 0. 054 0.614 0.9 150 M
Coahuila . 0.20 2343 04163 0.038 0.40 0.69 132 M
Toluca {Hempurg) 0.16 1946 0.135 0.026 0. 20 2437 very laéég) M
Uwet ' 0.17 1140 T 04153 0.017 0.31 0.L46 23( %) s(2)
-

TABLE 3.
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1% con be secn from Column 3 of this table that the measured 3He/

YHe rotios cover a wide range of values from 31.5 0 11.l

Wou, 1% scems likely that thé large variation in the total
relivn contents of these meteorite samples can best bg qulained,
nov ég previously by asswming very different ages up fo méximum
:of 7000 million years9 but rather by suggesting that the najority
of meteorito samples with low helium content have come .f
vithin moteorites vith large pre-atmospheric mases, so that they
Bave been well shielded from the effect of cosmic radia?ion? while
the samnles with large helium contents are from meteorites with
bjected to

+ 17 makes

saall'pre-aﬁmospheric masses, so that they have been s
large cospic radiation effects. A comsideration of Fig

this clear.

diameters of the recovercd masses of the high-helium=content
neteorites are lov, while the diameters of the lov-helium-content
meteorites aro much higher, (The meteorite with the highest known
helium.cont@nt -~ "Morden', of helivm content 38.1 x 10‘6 ces/grm
has a post-atmospheric dismeter of onlﬁ 8 cmgs) Column 9 shows
that vith the high-helium- content meteorites, the type of fall is

- prepopderantly single so. that the ‘aveilsble semples would be from

ontent

fairly near the surfacc, whereas, wiéh %hegIOEQheliumn
that the

, xl

samples, the type of £all is predominantly multiple
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sarples could well be from the interior of a large mass

ich brok

up on, impact with the atmosphere or the ground,.or alternatively

from an aggplomeration of iron masses vhich separated on

pacte

Thuc, sineo the tetal helium content of a meteorite eannot then

be teken as o criterion of its oge value, it is of interest to

note the follouing considerations,

If the straight line obtained in Fig.25 is extrapolated back

- to the point where the helium contribution from the prim
rediation is zero (i.e. the point beyond which only sece
radiation is left to produce helium), a value for the 3
ratio of just over 27 $ is obtained. A consideration ¢
shous that a metcorite of diaméter approaching already f

given in Toble 31 would be needed to attenuate the heliy

ary cosmie
ndaiy
M/“Ha

f Figelld
:he largest

Lt

production due to primary cosmic radiation at its centrg,te'zerow

Further, since the energy spectrum of the secondary pal
anpoars to be more or 1ess£§§§ependent of the energy of
ent particle (32), it would appear that a further large
thickness would be needed before the mean energy of the

rhicles

the incide
absorber

secopdary

particles vould fall off sufficiently %o produce a suhs%antial

decrease in ﬁhe'3ﬁe/%ﬁe»ratio, due o secondaries, of .2
1% seems thot the minimm 3He/He rotic of %he cosmic r
helium in the meteorite samples investigated should be

- Further, 1f the extrapolation is carried to 1007 primar

7 %
By proﬁuqed
about 27%

y radiation,

Thus )

a mexinm 3B Mle retio of 367 1s obtainedgvbﬁ% this wn%ld only be

realiscd in an cxuirenely smallwnetepri%e9 vhich might q
succeed in traversing the atmosphere, or vhich might be

ever

too small

to be found i it did.
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The effeet of fitting different assumed ages to the group

of meteo;i tes can nov be tried, commencing Uith the age

for torden (2.5 x 108 years, if 11 its helium is taken

aorived
to be .

cosmic roy produced, during which time its heliwm production from

rodio~active sources would be quite nagligible by ecomparison)s

The amount of helivm from radio-active sources, using the

measured uraniuvm and thorium content, 1s ealculated, and

a8

correction applied to the amount of Heliuwm in the sampﬁﬂ, allowing

& corrocted JHe/ e ratie to be obtained.

Tho amount of helium generated during a given time ié ob%ained

by the following considerations.

One gren of uranivm produces, pcr year, 1,202 X 10"7

helivn, one gram of thorium produccs, per year, 2.88 x 1

cess of
0“8 CCBy -

, g . . -8 .
of helimm. If we denmote by (U) and (Th) the: grams of +ranium and

thorium per gram of sample, by He the ccss of helium per gram of -

somple vaich have origimated from these two radio-glementsy, then

the age in years is given by the simple formulal
10
Age = — years.
12,02 (U) + 2,88(Th)

Table 32 con now be compilled,
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"It can be seen from Table 32 that an age of about 1 3 _ 10

years uould be the best £it, if a common age value ig- to e applied
at all, (bearing in mind the theory of a common catastrophic origir
for meteoritas), since an age of twice this value givas tpo many
“high 3He/“He ratios, and an age of half this value gives [too many
.low 3He/hHe ratios,

'The reason for the low 3He/%He measured ratio (i,e. below about
27%) of the moteorites in the lover pert of Table 31 can jeasily
be seen, With these meteorites,‘the coﬁtribuﬁion of He from
radio-active sources during 1 x 10 years, or even less, is a
sighificant proportion of the total l+He in the meteorites, and
consequently has a large effect on lowering the e Mo ratios.
With the meteorites at the top of the table, the radio-genie
hﬁe produced in sauch a time is insignificant compared with the

total hﬂg, and*congequently barely alters the 3H§/MH6 ratio,

Lastly, if the age of 1.3 b4 108 years seems tﬁ be applicable to
the najority of the samples, it is obvious that this value is nov
only one half of the apge derived for“ﬁordeﬁ'from cosnic (ray
considerations, and this would only need a value of the javerage
cosnie ray flux over the past 108 yéars of about twice s high as
the present day flux to bring the figures into direct agreement,
Several thLeorks suggesting this higher average"valﬁe have been

advanced (957(58(59),

Hot all meteorites can be collected into the above mepntioned
category, howaver. 0f the seventy different meteorites which

have been investigated, it appearé that five fall into séparate’
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The data on these five are set out in Table 33.

class,
TABLE 33,
Met.Age
Re(in 1076 | u(1n 1078 | m(in | (Galculated
Name ces/grm. ) | 2/g)e 10-4g/g). He content)
| (inl 10-®
ears).
Brenham Township 0.02 0.06 - < 0.7 Sg
Muonionalusta (II) 0,013 0.20 < 14 25
Bethany (Lion River) | 0002 0. 27 < 145 2,6
Cape York(Ahnighito) | < 0,001 0.56 0:77 < M1
Cape York (Savik) < 0,0002 0.20 < 0.23 < 10,67

The five meteorites in this table could not treated in a

similar manner to the meteorites in Tables 31 and 32, bec
absolute helium contents were so low that 1nsufficiént ma
‘available to produce large enough aemounts of helium to be

mass spectrometrically. For example, with Capé York (Sav

10,000 grms. would need to be dissolved.

However, it mig

use their
erial was
measured
k) about
t be

possible to apply the "tritium method" to these samples.

There is no doubt that, even if all the helium in th
samples is taken to come from radio-active sources alone,

is most probably a very gross exeggeration, the ages of t

se
which

ese five

are very much less than the ages of the majority. Here, pne is

forced to suggest some additional mechanism to account for the

very low helium content, and a probable one would appear

re-melting by passing elose to the sun.

bo be o
|
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In the present work, the praductioh ef'helium in meteoric
irons by cosmic radiation ha§ been clearly demonstrated, |

neasurenent of the 3He/hﬂe iatios of'fourﬁeen‘different il

sauples, and by the.measurement'of fhe’expeetéd 5depth ef
a large meteorite,.Carbo. The experimental values for
éffeet™ curve in Carbo, and also figures for the tuo othe
meteorites are fitted inté a theoretical estimation of th
heliwm production by cosmic rays in méteorites of differe
and good agreéﬁeht is obﬁéined.“ 4 cadlculation has been
explain the shape of the 36/ He ratie curves obtained fo
and again, satisfactory agreément seems to have been achi

Finally, an attempt has becen made to derive some informat

the probable age of the meteorite samples investigated, apd

certainly, the previously stated maximum value of 7 x 107
has been drastically reduced, It is of interest to note
until a few months ago, astronomical evidence seemed to s
value for the age of the universe of about 2 x 109 yearé,
the age of the earth seemed to be about 3.5 x 109 years,

previously mantioned work gave an age for the higher heli

motcorites of 7 x 107 years, Recontly, however, new reg

9-
indicate a doubling of the age of the universe to & x 10

and the present work lovers the age of meleorites to well
accepted age of the earth, so that the three previously 4

values ars nov brought into very satisfactory agreement.,

poth by
pteorite
feet! on
Ehe "éeptk
r
2 expectec
nt masses,
done "to

r Carbo,
aved,

ien about

years (k)
that,
uggest a
while
and
umnconfent
ults (60),
| years,
below the

isecordant
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ulating Svstem.
Emsarvoir.

The modern helium apparatus, as éescribed in this‘chfpter, is
the result of gradusl development and improy@m@nt over a period of
o Quarter of a centory, The preseni apparatus, vhich pas Euilt
for tho work describedy; is capable of handling and measurhng ampunt
of helium and neon of the order of 1 X 1078 ces B.T.Pe with an

=4 ccs

accuracy of about 15 to 2%, and amounts of Argon of abou#llo

vith an accuracy of 4.

(1) Pirapi Gouses.
Tho helium endheon vere measured in a Pirani gauge, &hé design

of uhich is indiceted in Fig,26, It 1s an improvement jon the

p?ev%ous Geslgn in so for as the centrepiece is demountable ¢o

cllow the £ilemen$ to be replaced vhen necessary.

For high sensitivity and stability, it is necessary to have th
ses space as swell as possible, and to maintaln éhe outer jacket at
é lov temperaturey this is achieveé by having the outer ﬁacket clos
fitting, vith the filamenﬁ in the small space at the botiom, coveret
to o depth of about 15 cms, iﬂ a liquid nitrogen bath, |The leads
to the Uheatstone net elrcult are carrled thwough the céntral tube,

vhich is p?evibusly evacucted and sealed off, fto prevént spurious

temmerature effects which would be given by conveetion and
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conduction if air vere presenvt.

The filament itself is very‘fine Wickel tape, vhich was found

to have the best femperature coefficient of resistance for the

PUrposc.

It is about 30 cms. long and is in the shape of a Wy being
held teught on a glass former by means of a tungsten spring. A
small smount of charcoal is piaced in the side arm %o protect the
gange from gasés released'during use by the glasé7walls nd the

pstopcock graasc.

In practice, two identical gauges aré used in the spwme lov
temperature both, one forming a gompensating arm in the bridge,
being kept permanently"evacuated, and the other being the working
gauge end the sccond arme The other two arms are provided by a
resigtenco box and a fixed resistance, and a sensitive moving coll

galvanomcter is mounted across the bridge.

A potentiel of exactly 1 volt is applied across th 3auges
vhen in use, and the sensitivity of the gauges to varying amounts &

heliwm and neon is adjusted by varying the galvénometer shunt, -

By meons of this arrangement, it is possible to mepsure amount
of helium and noon between about 1 x 10"9 ccs, Ny TePe upl to

1x 10"’“ ces, HeDePo

her gos enters the pauge the heoted filament loses energy
due to the impact of "cold" gas molecules upon its sur ace,

consonuently its resistonce falls, and the increase in [current
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The Pirani gauges we?e calibrated during each experinent

to opviate small fluctuations in sensitivity due, for exampie, 0
varying bath teﬁperatur@s, slight changes in voltage corplied (o
the Tilgments from dey to day, etes This was done by introdueing
into the geuges, .irmediately aftor the unknown smeunts of helim
and| neon had been measured, accurately meesured anounts of heliva

and neon respectively from the calibratiion apparatus.

First of all, an emount of spectrally pure helium or acon £rov
a yeservolr wos neasured in the'McLeodAgaugo,-Fig.E?, afver puaping
ou the side arm G through tap Fe Tap P wos then shut, the mcrevr
logvored Just to the mark at H, whilch alloved the pes to cxpend intc
a |knovn volune (8834875 éée)@ defined by the meveury moniscus,

tep Fy and the mercury in the left hand side of the pipetto Cpuhich
yas brow hi exactly to an etch merk, Since the volume of pine'ic
1 wﬁsAaccusately'knpwn (2.9%%7ces) iaising the éeicﬁry in vessel
llabove the fight hénd end of the pipette Cj,cuts off in G & knowm
proportion of the original gas volwme, ggggzﬁF ths. By lovering

RN

the mercury in the inverted U tube B, %o a mark at the top of the



vertical fube, this fraction of the oriéinal gas wos then expented
into a known volume (166,383 ces) comprised of the plpeties Gy,
an@ Co; and the expansion bulb E; with the mercury in the second

pipette o Just at an eteh mork on the left hend side,

The mercury. in.the vessel D, vas then ralsed gbove the eut of:

of the
mercury in the second U tube B2 lowered just to the top of its

verticql tube, so that %ﬁ% b %é%%c?g ths of the originel ges

volume was allowed to exppnd into the large compression bulb A,

right hend end of the pipette Cp (v0li3+283 ccs)y and the

The mercury in the compression bulb A was then raisced wp te o ball
valve/ al the top, so that'the gas vas compressed into the Pireni

gauge with very 1ittle deed space dﬁé to side tubing,

Hence, since the original ges volume in tho Velood 1limb ves

dofined by P X VU X ecs. HoToPs winers P is the
7 ?%6 22'723“"‘"*5'” c ’

Pirani gouvge was glven bys
P&V 8.0567 8 223 x 10 7 ces, WoPoTs
273 + T

Ey this means, cmounts of gas verylng from 3 x 10'8 ecs %o

1/ x 10""3 ces, could be introduced into the gougo.

Since the gelvonometer scale was straighty, 1t was found “L.ofy

or equel onguler defleetilons of the golvonometer (1.@. for el o

amounts of Bas introduced into the Piranl gouge) readings taeken nce
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the ends of the 50 cm, scale were eonsiﬂérably greater than those

taken nEar the centee, thus intrbducing an error inte the readings

correSponﬂing to tho position on' the scale over waich the deflecti

uas me:smred,

The eorrection calibration vas mede by 1ns%alling 5}
megb-w resistance across one of the Pinani'gaUges, with & nerecury-
switeh in circuit. By adjusting the gélvo shun %o the corroct
‘valué‘ throvihg the mereury switeh gave a defiection of the
required order analogous to admitting helium into the geuge.
ctions were taken over all rsnges of the scale, ond it wos

discpvered that with a deflection of about 6 ems. on o 50 e,

nge on the scale, a parabolic curve fitted, and a comprehensive

rrection tables caleulated which gave the correction to be applica

It was thus possible to redues any reading to vhet would heve

i read op a perfectly circular sealQ,

In practice, also, the actuval deflectlons given by the unknoun
nounts of h?iium and neon were as far as possible talrcn over the
‘~ame range as the deflections given by the known caiibraﬁion
amounis of heliun and neon, which could usually be ensured by &
rough calculation beforehand, so that any error due %o &his "aon=
linsarity" affeet of the scele was reduced to negligible

'proportions.
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) SBeparetion of Heldum and Ileon and Pupification fron other Ooge
The separation of helium and neon is~effected by neans of .2 '
fractionating column wvhich uwtilises the fact that these tvo geses
are a@sprhed (o a maorkedly different extent, under %he right

conditions; on activated charcoal cooled in liquid nitrogon.

Al full theoretical discussion of the fractionsl adsorption
and desorption as well as the praetical consideration of heliw: and
neon soparation hos been given by Gluckau? (5 ), Consequenily,
only gn outline of the theory, and an account of the oporation of

the modern fractionating column is called for here,

A gas vill distribute itself betwocn en adserbent and © Qas
spaedy the qQuantity of gas alisorbed " being deternined byl
1., The quantity of adsorbent,
2. The volue of the £08 Space.
3+ the tempersture of the adsorbent,
L, The adsorption coefiicient of the particuler (as.
Quantity S of charcoal.
Volume of Cas space ¥,
Holium -~ Cas A,
Heon - Gas B
The ratio of the éoncentrations Cs and Cv in the solid and

volume phases respectively is governed by an equation of the

Langmuir type:

G = k X ;--—P-u- (1)
8 1+laBg '

: N

RN



- 97 =

entration of the adsorbate encountered during micro-

analysis is so small that k,C_ is << 1
and may| be neglected in comparison with 1, so that (I) reduces
to Cg =&C, wherexis the adsorption coefficient for A.  The

betwee twd phases leaves in the volume phase the quantity
A = ch' | A = 1 A = alA
VC.V + SCS ‘ 1+(X-‘-;
and in the solid phase A1 = (1 - a) A .

The expression a = 1. is called the distribution factor
1 & '
+0cq

1
1+P%

since the distribution factor "a" may be regarded as the

of the adsorption unit for the gas A,

The gecond gas B has a distribution factor b =

Now,

fraction of Gas A in the volume phase, and "b" the fraction of the .
gas (B in the volume phase, the condition for the best separation

will be obtained when (a=b) is a maximum.

Thus (a=b) = 1 - 1
1+°C% 1+P‘§;
=] v - v
V +x8S V+,PS
_ Vs - &)

(V +xc8) (Vv +/Bs)
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[ Vs |
= (f-x) — ,
¢ |v¥ + « VS + B VS +aps’
: - .
U V2 + « VS + B VS +ap §°
1 v )
s - +X + B 4 xp &
(p-=) \s v
=)
d \a ~b ( 1 ) - 1 + «p
8\ 2
s -« (5)
a (v) F | \4
._ 1
when [(a=b) is a maximum, i.e. ( is a minimum,
a->o
1
5\ 2
(;) = QP
v ]
8 = QP
v v V2 + VBS + V2 4 a8V
Alsgy, a + b = . + , = _ P
S Y v+ s V2 4+ VBS + VS saps®
2v2 + VRS + Va5

i1

V2 + VRS + Vxsraps?

= 1

Now, experiment has shown that 2.5 grms. (S) of hard nut charcoal
at/ 1iguid nitrogen temperature, adsorbed 26.5 ccs. (x S) of helium
(measured at 20%), and 293 ces (P S) of neon,

is gives &« = 10,60

= 110.72
Since the volume (V) of the bulbs to be used are approximately

25 ccs. volume, this gives, from 5 = /QP
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L sipdlor $able enm be davelepod for pne Ne  Ehusy fep ony

oo

given nuber of froctisnatien wnits in the eolvmn, the ocounts of
gos wideh orc yenoved fren tho ond ef tho eemm ot any plven
operation numbor ecn bo obtalnedy cmd o dlstributlon ewvo of (oo

yicid egelnoct oporation number ean be @B.e%%ed,

For cnomple, vith o 3 wnibt colimn,y £rom the obovo toblc, the
froetions of gos 8 viich come thiroush of oporations 335950y sseee |
are a3 , 323 (1-a), 6&3(&&)2. 1083 (Tw2)3 weme roooeetively, omd
ginilarly vith pos U

- This enn be cxponded o imah@e o froctionnting colion of any
muber of wnlte, ond %hﬁ;s 1% 40 poosiblo 4o detorime the mrbor
of wnlts nocossary to ehtaln Cas A of the roguired deprco of

purdlys vAth eontenipotion by poo B redueed to 0 Dimtor, In

praetiec, tho res in tho sﬁamm@u&b ot tho emd of tho mov
froetionnting column oftor 30 oporations wves found o Bo 0%,
heliw plue 0,7 noshe Fpoure 28 shouo o Sypienl heolimm cnd neon
éﬂs@?i.%mm@n curvte obtuired on the froetienctinn enlun,

Mo oncrntien of tho froctionching eslunn 40 oo follousn,

el

(Soe Pige20)s Too sreury in the €romt and boel gcetisno of She
eolwp 49 polsed %o fust chbove the riag soals 4m tho Dudbs,  The
heliwm ond roon plug Sho eorpior fuo, pure enyoen ond conobimes
troeos of orcom ond nitfegon ore toplered gron the elrevloting
syoten in o Sho first ehavescl tube €y tﬁmé@ all tho goses ozecnt

the Ioldum ond noom ero ecomplefoly adoorboeds, Thon $he merenry
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Fractionating column and Pirani gauges.
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in the front of the column is lowered just into-the neek of the

bulbs, the tube doun the cenfre of the bulb is opened to the bulb

and the helium and nceon present equilibrate themsclves between

the gas phase and the solid phase =-= about 750 heliwm in tho

gas volume, about 257 on the charcoal, with ebout 257 neon in

the has space and about 757 on the chercoal. The mercury in the

front

of the calumn is then raised, compressing the helium and

neon *ntc the side tube, and the mereury in the back of the

column 1ouered, allowing the gas to expand into the first of the

rear buibs. The back mercury is then raised, compressing the
gas into the second side tube and hringing it into eontact with

the sgcond eharcoal tubo CQ.

This is one complete operation. Uhen the front mercury is

lowercd aﬁain, the gas in the second charcoal tube again

equilibretes itself with the gas volume so that 755 of the neon

is retained, while only 257 of the helium is held, and the cycle

is repeated,

However, on tho second lowering of the front mereury, the

heliuwg and neon whiéh vas 1left behind on the first charcoal will

again

distribute itself between the volume space and the chafcoal,

g0 that 757 of the remaining neon is retained and only 257 of the.

renaining helium. This gas is then transferred to the second

_charcoal and combined with the gas remeining there., Thus, as the

colunn is continuously operated in this fashion, the total efiect

is that the helium is progressively taken forward through the

column, while the neon is retainedhv ?@e £irst emount of holiwm

“B,

N /2: ch;:? }
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expands past éhe ventil into the large storage bulbA at the 16th
operationy gradually rises to a meximum amount at the 23rd
operatiion, and then tails off; as shown in Figure 28, so that
99:3% helium and 0.7% neon is collected up to operation 36: This
is stored in the large dbulb at the end of the fractioncting
column, of volume more than one litre, so that, vhen the mercury
- is raiPed to compress the gas into the pirani gauge, only about
4 of the ges is left in the dead space tubing.

To .save uﬁn@eesséry operations in fractionating the ncon,

the first Dewar flask on the column is lowered so that only the
first charcesl tube, which is lower %han the other three in the
group,’is‘iﬁmersed in thefliquid nitrogen after operation 25, the
last batch of heliuvm having passed the fourth charecoal tube by
this times After the 29th operation, the second Dewar flask is
removed altogether, the third after operation 33, and the last
after pperattion 36. This progressively relcases the neon fron
the charcoal, so that a further 25 operations suffice to bring the

neon through into the compression bulb.

Fpr convenience, the fractionating column vas made to

operate automatiecally, so that 1t could be set to do any mmber of
operations up to 27, and then switch itself off, This wes
achievgd by having the air inlet and vacuum lead to the mercury
reservoirs controlled by fine jets, opened or shut off by a rubber
gasket| attached to the bottom of a steel slug, The slugs could
be 1lifted or lowered by means of solenoids, and the solenoids were

coupled in pairs so that vhen the vacuum'jet‘was open, the air jet




“w0psis Siasgognosss puv 2vusnf wnipojvg




wan ely
aolonnd

noter,

- 103 -
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punp H to remove the last traces of hydrogen.,

The ¢
encased
with th
made TO
are dra
vater v
closed

system

1 steadily past the two non-return ball vaﬁ?s K.

aéour is trapped out at the same time,

irculating pup is comprised of a small steel siug

in a glass jacket, vhieh fits imside the outer tubing
minimum of clearance, The stecl slug and jacket ave
rise and fall by means of the solenoid, go that the gases
The

The tap J is thon

and the tep R opened, and the gas from the eirculating

is tgplered into the first charcoal tube of the fraction-

ating system (Fig, 29).

Oxyge

earrien

n gas, free from helium and neon, is needed %o act as a

gas for the small awounts of heliwa and neon involved in

| me%eori%e analyses and stratospheric air investigation, and also

to burﬂ

metéori

Origid
peroxid
control
Vaculm g
peroxid
reduced

the gl

period

the last traces of hydrogen when acld dissolution of iron

tes is used,

nally, the gas wms prepaved by decomposing hydrogen
e by nmeans of plathum black, but the reaction ig not

labley since the peroxide decomposes spontancously under

and more lmportant, in the presence of the hydrogen

@ solution, the vapour pressure in the systen cannot be

belowv a few mmg, of mereury, so that the air adsorbed on

ss wall canndt be rigorously puaped away, evcn over a long

Instead, commercial eylinder oxygen was used and purified in

the system shovn (Fig.31).
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The vhole system is first rigorously evacuated, cnd the
charcopl ia the tube F baked for about ome hour at 200%C,  Tao
ox&geh eylinder is then connected to the T piece B by rubbor
fubingg a glass tube dipping into the flask @f mercury coprnccted
to the other limb and the oxygen turned on so that the T piece is
well flushed §ut and the oxygen bubbles cpntinuoﬁsly pase the
me?cury. After a fewv minutes the tap D is éautiously opened, SO
that otygen’passas slowly iﬁtq the reservoir systen, maintoining
the oxygen pressure in the rubber tubing to prevent air lealing in
When the system'conﬁains oxypen to atmospheric pressure; the tap
‘D 4s closed, the major part of the oxygen is liquified in the trap
Aby megns of liquid nitrogen, the tap B is.closed ond most of the
remainﬁer pf:the oxygen is adsorbed on the charccal, using liquid
nitrogen, until a pressure of only & fovw rms, mercury is left in
the systems The tap C to vacuum is then opened, and the residuval
ges, containing the major part of the helivm and neon is pwned
awny for about § minutes, The tap C is then closed, the liguid
nitrogen removed from the charcoal tube, and when this has tmrmed
gp“the tep B is opened and the 1iguid oxygen allowed to boil off,
The uhole process is repeated about six times, and the heliwm and
neon]ZEe thus fractionated away, leaving the reserveir full of
heliumhaﬁﬁ-neonnffee oxygen at a pressure of only two or three

centimeters below atmospherie pressure,

4 sample of the purified oxygen is then passed through the
fractipnating column, about ten times larger in guantity than

is actually used in an experiment, and if any trace of heliwm OF
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neon 1s found, the process is repeated again until the oxygen im

the regervolr is of satvigfactory quality.

It vas also found that encé the oyygen was freed from heliwm
and neon to this extent, 1% would remain pure for several months

at least, contrary o previous information (8).

Al typical experimental caleulation for a stratospherie cir

Aexperimen% is given bwlowv.

tee Pressure30.610cms.T‘191°C.

£
.

o
2i After 1lst heating of copper spiral. Pressuﬁe30.562cms,T.19.1QC.
(20.mins.)

3s %§t3§n2n§ heating of copper spiral. Pressures0,562cms.? 19.1%,
LD [INS,

Thereforesog ¢ 38 7470,

= L.g.@?. x 8,349 x 223
7 292.1

H ]

193 _From 6alidration ninetiinge Svwstene

MeLeod pressﬁre 2,566 cms. at volumeMk I (0.3677 ccs).
This means that 2,566 % 0,3677 % 8.6567 x 2&3 % 167 ces WeToPs
294.3

of heliwm will be delivered by the pipette,
| =1 2,55& s 19-7 Qgﬁ ﬂg?gEo
Galyanpmater Dellections. .

Reafling 1 Gﬁﬁl) 8.97 cms, g bverage + 19 . 9,00 cng.
R@aﬂing II(AC2) 8;85-cm99




o 307 =

(on sensitivity range 10

Therefore sensitivity of §auges to helium = 2&%5%53,1922 ces/ens

Galvanpmeter Defleetig
from Operations 16°36?216»36g - = 927 cns.
o Helium amount : ' = 9.27x8.389xlo'8ces.
B«8 Helium in % of Witrogen plus 4
Argon yolume . = 9,27:8,300x1C7"
' " ‘ I ' - 0.05772.
= 13,47 % 107
Ground| level Heliwm in ¥ of Witrogen A )
plus Argon volume = 5,636 210770
: ‘ (%g )
Therefpre, ratio (Na+d) Strats
‘ ’E§g~;; o = 20029a
i,#A) ground level - ==mes

1
: &A@a) 10.275 g

3

7

CCSe

2.586::5902::8.6567;%331:; 107

RE T o
oy W BN LS -

e

Average * 20 = 10,471 cus.

N N e S N N
*

(AGB)H 10,030 ems. '

*

§'¢ Sgnsitivity of Gange Yo Heon =xagg,g_1gzz eca/ensS.
(Bensitivity range 10) . 10,%71




-I108-.

Galvanometer Deflection for

erations 37-6I (A ) = I3.454 cms.
37-61
: -8
eon smount = I3.44 x II.7I x IO ces
= I57.5 x I0 cecs N.T.P,
. . -u
eon to Nitrogen plus = I57.5 x IO
rgon % (B-8) 5.772. =L
=27.29 x I0 %
Ground level Neon to Nitrogen =4
plus Argon ratio: = 22,94 x I0 &

=

eon ratio (Stratosphere)

Ground level =_1,186

Argon.

Pressure of original air
- sample in pipette.

o

0,695 ecms. T. I9.2°C.

0.695 x 8.349 x 273
-7 4292.2

71.36 mLitres. |
0.649 ems. T. I19.2°C.
66.62}4Litres.

Air vol,

Pressure after O, removal

Vol. after O, removal

i.6. 0, % is 6.7

Measuring lcLeod reading
of| Argon.

0.695 cms. P at 2I° C,

0.695 x 1,005 = 0.698

(The I.005 is the correction
applied for pressure in the
open 1inb of the Mcleod gauge
due to Argon left in the
dead space.)

Now, from the calibration curve

of| the MclLeod gauge closed limb, 0.698 cms. press., is
equivalent to

0.6 Litres volume.
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-.Argon % of Nitrogen plus

~Argon volume (B-8) ' = 2.2
62

Argon # of Nitrogen plus
Argom volume( Ground level) =

Argon ratio Stratosphere =
' Ground level

[

*

N.B. The I% addition for two readings, or the 2% addition

for three readings, i6 made to allow for the small decrease

in the amount of helium or neon delivered from the pipetting

system with each successive delivery. This correction has been

worked out from the known volumes of the pipette components.,

In addition, it will be noted that the above readings

for sample B-8 were worked out using the ratios of He, Ne, and

A regpectively to ( Ny + A). When 1t was observed with the first

two gamples, B-6 and B-8, that some depletion of Argon was

_ bccuring, the results were corrected to give He, Ne, and A

ratios to N2 only, and subsequent results were worked out on this

basig.
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APPENDIZX

Special Investigation of the Beddgelert Meteorite.

(a)_Introduction,

.The {Beddgelert meteorite was one of specisal interest,since

it was the most recently observed fall in this country. Details
of its fall are given in a published papsr (6I). Before entering
the Earth's magnetic field, a meteorite will be exposed to the
full [force of the cosmic radiation; it is to be assumed that

under its impact a certain number of atoms in the meteorite will
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be disgntegroted, with the production of some radio-active

nuelidess h A rough caleulation shous that any radio-activity
thus produced can only be feeble, but it did seem worth vhile
testing a meteorite shortly after its fall to find whether it
displjiedq measurable éctivity additionai'tp'that due to its

uranivm and thorium contents

‘_The first measwrenments were made witﬁ a P-ray Geiger-counter
eleﬁﬁ days after 1€s fall, with the following results:=
Backexound. 1§.2, 13.6 apym. ‘

Meteorita., 142, 13.6, 145 c.pem. |

| he following day-a pilece of magnetite of similér shape and

3

size was measured for activity and gave!

4.2, 145, 1442y 138 cpem

The next day we repeated the meteorite measurements wity
greater‘precisiohsw E

Background 12.3% 0.5 c.pems

Meteonite 13473 043 CoDole
13;7* 0.5 CeDalie

Backgmound 13,7 0.5 coDele
The figures show that 11 and 13vdays after its fall no detectable

B;activity vas presénta

e metoorite is classed as a black, crystalline chonddie,
the small iron inclusions forming 18% by weight-of the meteorite,
the rgst being stones It vas decided to do indepondent age
determinations on the two phases, and for this reason, the stone

and iron phases had to be separated,




First of all,'ﬁreliminary experiments were carried out %o
se¢ how much helium was released from the stone phhse by heating
alone in vacuo at ebout 400°C, From later resulés, it was found

that oply about 107 of the heliwm was released by this method.

The separation of the stone and iron phases was achieved by
taking about 2 grms. of Betﬁlegert end crushing it thoroughlyin
an agate mortar and pestles The powder and small iron nodules
were then sieved in a geological sieve, when 1t vas found that
Variouﬁ-sizes'bf iron nodules were separated out by the different
sieves; and a véry fine ‘powder, ‘with extremely small iron
fragments, was left, The iron nodules vere retained for

- measurements of the heliwm content of the iron phase, and the
powder was :subjected -to magnetic separation, vhich extracted a
small guantity of iron particles and left an entirely non-magnetic

stone phase for helium determinations.

{e) H

The methbd:of acid éiésélution of - the iron nodules was
exaetly the same as that -used before, Any small grains of
silicate phase vhich had been ground into the iron nodules d-ring
the powdering process were washed out of the flask after the
dissolution of the iron, and were weighed so as to allovw a

correction to be applied to the weight of iren initially taken

he method of releasing the heliumm first tried was to break

e

off a small piece of the moteorite, powder it in an agate mortar

and pestle, sieve out the iron pieces, and heat the powder alonc
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) .
to 800 C in a platimum furnace in vacuo.

The £irst two results obtained were ¢

heagted for one hour.

&ikﬂgkx;lg__ggszgzm beated for 3% hours,

Since these two figures were not in good agreement, it wes
thought that some helium miéht ba leaking aWay dvring the poudariu
process, so that next, helium determinations on small solid

pleces wers tried, without powdering.

Besullis.

a) 1‘253_3_1Q:§gg§[gxm - heated for 8 hours at 800°C,
b) same sample reheated for another four hours gave
0u68% x 1076 coa/erm,

(c) same sample heated for another 43 hours at 850°C gave

‘,'_“ . —

(d) saﬁe sémple reheated ét 850°¢ for 3 hours gave no more

helium,

This hrought the total of helium for this sample after 19} hours
heating tot 2,413 = 10’6ces/grm.

{a) 1.535 % 10“6 ccs/grm = 3 hours heating at 900°C

(b) 0,538 x 10 “6 ces/grm - 2 hours more at 900°C

(c) no more helium after 1 hour more at 900°C

Total:ghg73,x,19‘6_cca[gzm;




6r

n <+ ™M ~N

(,01 * w16/535) 2105 24

24 32

1)
Time (days)
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Since these four rosulis were progressively lower each time, 1%

seemqd that the meteorite might'be losing helivm foirly quiekly,

-as-ﬁhe~ab6vo-series of determinations vere donc within four vecks.

Mofecveyé-ﬁlﬁt%ing-the results, a graph 6f the form given in

Figune 32 was obtaineds

It was therefore decided to find out if the meteorite vas _

losing heliumy Tuo bulbs with a tap and ground glass come So

thet

ey coﬁl@ be fitﬁedistraighf.on to the apparatug,; wore oedc

as ngarly alike as possible, . A quantity of the meteorito

compgsed of several suall fragments and about four times es cueh

‘as normally usedy for a determination, was introduced inte one

bulby which was then vigorously evacusted for 3 hour, th Gop

clos¢d, and a quantity of mercury poured down imto the tube above

the fap to prevent the Gap leaking air across it. Tnc othor bulb

was left empty, evacuated and sealed in exactly tho seme menncr.

Both

amous

bilbs were left o stand for 1% days, On determiping tho

ts of helium in both, the results wveres-

(1) Bulb containing meteorite sample, 2.5 xfl.()"'8 ccs heliva,

(2) 
Thus

roon

mpty bulb | 3,8 x 100 ces helivz.
, 1% seoms Yhat the méteorite could not be leaking helium ab
temperature, and the larger figure for the blank bulb is

prob%bly due to the fact that it was a little lergoer then the

othe:

the |

with

> one with therefore a larger surface area,

1t wes now deddded to try the effect of using a flux to bring
stone phase into solution, A smell platinum thimble was mrde

a long platinum wire attached, so that the meteorito sample
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and |[f1lux could be put into the thimble and lowered into tho bottor

of the platinum furhace as shown in Fig.33.

" A.R. Potassium hydroxzide pellets wore used as flux,

and a preliminary‘expari@ent on the flux alone showed that 1%

contiained po heliums .About 0,05 grms, of povdered meteorite

vas used for each determination, with % pellets of KOH as flux,

and fwas heated for 3 hours at 850°C.

(1) 75,740

(2) 44837

(3)17.230

(%)16,010

(5)1k4210

(6)30,720 |

Avezaees 26,8 x 1070 cca/erm,

with

It vwas obvious that there was some inhomogeniety of sempling

the methed so far used, which was just %o use 2 smell chip

of the meteorite, taken at random from any part of the metcorite

=~ about 0,05 grms,, powder it, and use it for a determinotion,

It wps thus decided to take the residual powder from the method

used

to separate the iron and stone phases, and do a determination

on this.

About 1.5 grris. of powder, entirely non-magnetic, and

finely ground, wes lefl so a pcrtibn‘Of this was taken by the

“eoning and quartering" method, and gave the folloving helivm

contents 0,26 % 10 “6 ces He/grm,.
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The nextxﬁﬁperiment’undertaken was to investigate how the
release with rise in tempepature compared with that for a

stone| meteorite, and an iron meteorite. Accordingly a sample of

peiletsAwere introduced, and the wvhole heated for two hours et

- 8009¢ to. release the,lasﬁAtraces of helium

. ? ﬂ-aﬁ TQEE- gAZQEQJ %
Eoo o 24202 | 1%.890 - | 15,890,
100 g 1186 8,026 L 22,916
500 1 2,487 | 164830 | 39.746
600 | - %193 28,360 | 68.106
700 | 2,570 | 17.3%0 TR
800 1.0 7.713 53,209
Flux 800 | 1,000 s 6.766 100,
Totals | 14778 |

The results are plotted in Figure 3k,

lum. (3 hours heeting at each stage),

curye At Stone Metveorite - Puliusk,
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QB;2%*§ 8 Stone ﬁe%eorite - Beddgelert,

furye C ¢+ Iron Heteorite - Mount Ayliffs
It is obvious that the curves & and B are closely similar,
so that Beddgelert loses helium at about the same rate as Pultusl,
although the former is much harder than the latter, The higher

helivwm loss for Beddgelert at lov temperatures may be due %o the

differential expansion of the.iron and stone opening up micro-

The iron nodules were graded into five different sizes by the
five|different meshes in the geological sieve, and there scemed to
be spme difference in helium content betysen the various sizes of

noduless Thus, for example, the results obtained veres

1, Largest size nodules ' 1.90 '
24 L%rgest size nodules. ' 2,02
(3) Second size nodules ( 5430
(%) [Second size nodulss » 4,20
(5) |Third size nodules | 1.65

Lack of time prevented any further experiments being done on the
different sized nodples, and the helium figure was averaged out

over the whole weight of the separated iron phases, giving
‘ »

as the helium content of the irom phase.

It may be that the variation in the helium content of the differert
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gsized| iron nodules renraesonted a differgnt concentration of

Uranipm and Thorium in the various nodule sizes but more vork

would have to be done before the apparent variation could be

confirmed,

Expeninent 1 s

Stong Phose.

" 2s

w3
" h.s

" 5 14,210
"6 | 304720
" 7 3 : k0,260
n 8 . 14,778

Arcrazes W&W.

Table 35 gives the values of the helium, uranium and thorium

contents for both the phases, and the derived ages, assuring all

the helium to be radiogenic,
L A8 L E. 35,
I 6] ]
e in. 10 | T& i Ages
ccs/grm lin 10~8g/g, in 10=Vz/g | (calculated
l . from tgtal He)
| | ! ’* in 10 eors.,
| | : + +

etal Phase | 2.8 | 9.1=1  [B.5=k9 2
ilieate phase } 26.7 10.8-2 7 3948 10 i.

-

Lo p

grar]

thile the helium determinations woere donc on samples of 30 or
illiprems, and the uranivm and thoriuvm analyscs on 20 or 30

samples, the helium results arce averages of several
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determinations, and it is therefore felrly safe to use the figures

for age caleculations, Ideally, itrwould be bast to detormine

the heliwp, wrenium and thorium contents of one end the seme sampl

bub 4
disso
dissd
analy
also

to re

his presents difficult problems from the point of view of
1ving agents in the case of iron meteorites, since acid
lution of the large amounts of irons necessary for thorium
'ses would require a very large dissolving vessel and would
generate many litres of hydrogga which‘would be troublesome

moves and potassium-cupric chloride, which generates no

- hydrogen, is not satisfactory {rom the point of viev of radio-

chemical purity. However, from the above figures, it seems that

the ages of the two phases are widely different: the ape of the

silicate phase being about five times the age of the iron phase,

This

calculation neglects the cosmogenic Helium production found

latery, but this factor will merely alter the absolute age values,

vhile the large difference will still be present, since the

pgoduction of helium in stone and iron by cosmic rays is thought t

be very much the same,

Further, vork 1s at present under way on the pallasite

"Brepham Township", the age of the silicate phase is being

detepmined independently with the "Potassium~Argon" method by
Dre %.J,Thomson, of this laboratory, and the ages of the sllicate
and [iron phasses are being determined with the Helivm Method" by

the writer, Preliminary results seem to indicate that in this

meteorité, also, the stone phase 1s considerably older than the

iron

phase. .
’ St pmb ot
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