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1.

In nature, all the members of the three radioactive series,

starting with 2 3 8U, 2 3 5U and 2 3 2Th respectively, will general-

ly be in secular equilibrium. If some process happens which

separates parent form daughter or in which parent or daughter

is brought into a certain material, the radioactive restora-

tion to predictable conditions can in general be used to date

the process. This paper will describe an apparatus used for

dating work by the U/Th method.

1. Principle of U/Th dating

238,
Naturally occurring uranium contains 99.3% *"* U, which is the

parent in the uranium-radium scries. Fig. 1 shows the members

of this series, together with their decays, ct-particle energies
and half-lives. At the beginning are two uranium isotopes,

234

234

238U
234 234

and U, with very long half-lives. Between them come Th
and
230

Pa, both with very short half-lives. The next isotope,

Th, has a half-life of 75,200 years (1). Since uranium and

thorium have different chemical properties, certain geological

events may be supposed to separate the elements, giving a possi-

bility of dating these events by radioactive growth to secular

equilibrium» Barnes, Lang and Potratz (2) in 1953 examined

materials from holes drilled through limestone on the Eniwetok

atoll in the Pacific. They found that the content of uranium

was constant, while the thorium content increased with depth,

approaching the amount required for secular equilibrium with

uranium. An investigation of the uranium and thorium contents

of ocean water by Sackett, Potratz and Goldberg (3) in 1958

showed that deep-sea water contains less than 1% of the amount

of thorium, which corresponds to secular equilibrium with the

uranium content, which was found to be about 3 ppm. This was

later explained by the fact that the residence time for uranium

in water is about 1000 times longer than that of thorium (4).

This means that the thorium brought down to the seas from the

continents rapidly precipitates on the sea bed near the coast,

while the uranium remains for a long period in the water. Since

both uranium and thorium have about the same atomic radius as

the calcium atoms (5), shell-growing organisms and corals living

in the deep oceans were supposed to take up uranium but prac-

tically no thorium in the crystals. A series of investigations

(4,5,6) showed that this was true, and so the U/Th method, with
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238 230measurement of the activity of U and Th, assuming that
the material from the growth had acted as a closed system,
was developed.

2. Choice of measuring method and detector type

The U/Th method requires in principle a knowledge of the
238value of the content of U when the uranium was incorporated

230and a measurement of the content of Th now. Since the method
238can be used for ages up to about 300,000 years, the U content

is practically unchanging and so one measurement of both iso-
topes is enough.

In the first efforts to use the U/Th method, two separate mea-
238 230surements of the amounts off U and Th were made. For the

238

U determination the fluorimetric method (7) was used. This
method is based on the fact that a mixture of uranium anrl a
phosphor emits light of a certain wave-length, when exposed to
ultraviolet light. The intensity of the emitted light is pro-
portional to the amount of uranium. Since even very small amounts
of impurities can quench the fluorescence of the uranium, a
thorough chemical treatment of the sample is needed. To measure

230the Th content, the sample was dissolved in an acid and the226Rn content wqs measured. Since Ra is in secular equilibrium
230with its parent Th in about 10,000 years antf the half-life

222 222
of Rn is 3.8 days, a measurement of the activity off Rn

230gives the amount of Th.

Another method consists of chemical treatment of the sample to
separate the uranium and the thorium from each other and mea-
surement of the activity with a solid-state detector (8,9). The
yield must then be determined by using spikes, for instance,
2 3 2O and 2 2 7Th.

Both the above-mentioned methods involve absolute determination
238 230of the amounts of U and *JWTh in two different measurements

and the use of chemical treatments, in which there is a risk
of different behaviour because of different chemical charac-
teristics* To avoid these difficulties, a method was designed
in which a simultaneous measurement of the two activities of inte-
rest could be made without any chemical pretreatment. This re-
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quired a spectrometer» in which the two different alpha
energies, 4.2-MeV *JOU alphas and 4.8-MeV " u T h alphas, could
be detected at the samo time. The need for a measurement of
the alpha energy and no previous chemical pretreatment of the
sample made it necessary to make a layer not thicker than
about a tenth of a micron, in order to keep the self-absorp-
tion within acceptable limits. Since no enrichment could be
made and the activity from the samples to be dated is rela-
tively low (of the order of 1 ppm of uranium, which means

about 1 pCi), a large layer of sample was needed, of the order
2

of 1 m . Therefore it was decided to use a pulse ionization
chamber of cylindrical type, a construction which had been
used earlier to trace alpha-omitting Isotopes in biological
tissues (10).

The predicted resolution for the detector type chosen here is
about 150 keV, which means that the three alpha energies in
the sample, deriving from 234U, 230Th, and 226Ra, will not be
separated. Pig. 2 shows the alpha-particle energies of the
U-Ra chain. When the apparatus was constructed, it was thought
that 2 3 4U should be in secular equilibrium with 238U, that is,
f should be equal to 1 in the following relation between the
activities:

A 2 3 4U - £ • A 2 3 8U.

Several reports (9,11) have since given higher values. Broecker
and Thurber (12), for instance, have given the mean value of
f=1.15f based on 17 measurements. This made it necessary to
carry out a correction measurement on the uranium isotopes.
This measurement is made in the spectrometer, shielded to a
small volume.

The assumption that the material to be dated has acted like a
closed system since the uranium was incorporated is very im-
portant. A means of checking this is offered by the Ra
content, which should be in secular equilibrium with the Th
if there has been no secondary uptake or loss. In order to
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check this, another ionizatien chamber was constructed (13),
:he <
222,

222 226
in which the activity from Rn, the daughter of Ra, is.
measured. * Rn has an alpha decay with an energy of 5.5 MeV
and a half-life of 3.8 days.

3. Description of the apparatus

The alpha spectrometer is of the cylindrical, gridless type,
with the electrode system enclosed in .a steel tank. Fig. 3
shows an over-all view of the apparatus. The counting gas is
a mixture of argon and nitrogen at atmospheric pressure, con-
tinuously purified in a glass system.

3.1 COUNTER TANK

The counter tank is cylindrical, with removable ends. The
diameter is 80 cm, the length is 105 cm and the volume is
about 600 litres. It is made of ordinary steel and no effort
has been made to choose especially pure material. The reason
is that even for fine-quality stainless steel or copper the
alpha content seems to vary a great deal (14), indicating that
measurement of the material used would be necessary to find
pure material. Since no apparatus for testing different mate-
rials for alpha content was available and since reports of
pure coating materials, such as copper and silver paint, have
been given (14,15), ordinary steel was used. No significant
contribution to the background from the counter material was
seen, and thus no coating was found necessary.

The mantle and the gables are furnished with flanges. In the
flanges of the gables, 10-mm rubber O-rings are milled and the
opposite flanges are surfaced to tighten when the end walls
are screwed on with 12 screw-bolts. The tank is evacuated with
a rotary pump, which is connected directly to the tank bottom
through a slide valve (A in Fig. 5 ) , 100 mm in diameter, to
get as good pumping speed as possible. All other connections,
for high voltage, pulse output, gas and control shaft for the
standard source, are made through the back end, in order to
leave the front door intact for opening when the sample is
changed.
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3.2.ELECTRODE SYSTEM

Fig. 4 is a simplified drawing of the electrode system. The
outer electrode consists of a sheet of cellulose acetate
attached to a rack made of Perspex. The inner surface of the
acetate sheet is coated with a silver paint, available from
the Electrochemical Department of E.I. du Pont de Nemours
and Co., in order to get an electrically conducting layer,
on which the sample is placed. This silver paint has been
found to be very pure for alpha-counting purposes (15). The
Perspex rack is movable on two steel bars in the bottom of
the tank and can be taken cut when the sample is changed.
The diameter of the sheet is 62 cm and the sensitive length

of the collector is 60 cm, allowing a sample surface of about
2

1.2 m . The silver coating is connected to the negative high
voltage through a spring contact, which is closed when the
front doer closes.

The collector consists of a glass tube with an outer diameter
of 5 mm. It is coated with silver paint in five sections, iso-
lated from each other, since about 1 mm of the tube is left clean,
The two end sections are connected to ground and the two adja-
cent sections are inter-connected. The connections are made with
thin copper wires inside the glass tube. By a small switch near
the end of the collector, either the middle section, which is
15 cm long, or the three inner sections can be connected to the
output. When the middle section is connected, the surrounding
sections are connected to ground. The collector is placed in
Perspex holders at the ends and adjusted concentrically with the
outer electrode. The distance between the collector and the pre-
amplifier is about 15 cm. The calculated capacity of the counter
is 15 pF and the connection between the counter and the pre-
amplifier has about the same value. At the bottom of the effec-
tive volume the standard source is placed. It is situated in the
middle of the tank and is placed on one side of a Perspex rack
with a "triangular" transverse cross-section, having the same
length as the sample rack. The sides of the "triangle" are 10 cm
and constitute part of a cylinder mantle. The distance to the
sample sheet is only 1 to 2 mm, to reduce the distortion of the
field. The two blank sides are used for background and uranium-
-correction measurements.
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The standard source rack can be turned round from the outside
when the tank is closed, allowing measurement of the standard
source and sample or two uranium-correction samples, together
with the standard, without opening the counter. The standard
source and the uranium samples are placed at the same distance
from the collector as the source electrode and they are con-
nected to the same high-voltage source.

The standard source was placed at the bottom of the spectro-
meter, partly for convenience and partly to prevent contamina-
tion of the counter and sample by the decay products from the
standard source.

At the ends of the sensitive volume, which is about 300 litres,
a set of five concentric guard rings are placed. They are con-
nected through a series of resistors, selected for low noise,
from the negative high voltage to earth furnishing each of
them with the proper potential to reduce the end effects, which
otherwise would cause the electrical field to be inhomogeneous
throughout the whole counter volume, because of the dimensions
chosen (16).

3.3. GAS-PURIFICATION SYSTEM

The ionization chamber is equipped with a gas-purification
system for continuous operation. The reason is that it is
difficult to clean the tank thoroughly enough before admitting
the counting gas, which is a mixture of argon and nitrogen at
atmospheric pressure. The rotary pump used can reduce the pres-
sure to about 0.01 mm Hg. Since the counting time is long,
usually 25 to 50 hours, continuous purification can improve the
resolution and reduce the drift, which is due to variations in
the impurities in the counting gas. Fig. 5 is a sketch of the
filling and purification system. The direction of the gas flow
is marked by arrows.

The gas is circulated over a wire netting of metallic copper
at a temperature of 500°C (17) and activated charcoal in a glass
trap, held in a mixture of solid C02 and alcohol at -78°C. In
the copper furnace, electronegative gases, such as oxygen,and
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water vapour are removed, and on the charcoal radon and orga-
nic gases are adsorbed. After the copper furnace and the char-
coal trap the gas passes through a glass tube filled with
cotton to remove dust particles from the gas. The gas is cir-
culated by using a pump of piston type with a double valve
system and a range of flow rates of 1 to 8 1/min. The circula-
tion pump is described elsewhere (18).

The impurities trapped on the copper and charcoal are removed
after about five measurements. The technique is that CuO is
reduced with hydrogen at a temperature of About 600°C. The
copper trap is evacuated and then filled with hydrogen. The
reduction is allowed to continue for some 10 minutes, and
then the hydrogen and water vapour are pumped away with the
rotary pump. The process is repeated until the copper oxide is
reduced to metallic copper. The charcoal trap is pumped for
several hours and heated with hot water.

Several methods have been reported for purifying inert gases
(17,19). The choice of method must be a compromise between
demand and convenience. In the first measurements, metallic
calcium at about +350°C was used instead of copper. When the
calcium was oxidized, it was replaced. It was shown, however,
that the calcium was very dusty, so that even the cotton trap
was not enough to stop it from entering the spectrometer. More
serious was its ability of trapping nitrogen at the tempera-
ture at which the oxygen capture is most effective (about 300-
-400°C). This caused a change of the gas mixture during the
long measurements, giving rise to a change in the pnlse, and
thus the resolution was impaired. With copper these difficul-
ties were avoided.

3.4. ELECTRONIC EQUIPMENT

The pulse formed in the spectrometer as a result of an alpha
decay is about 0.1 mV for the actual energies, 4-5 MeV, and
it is proportional to the energy. The pulses are sorted by
energy in a 256-channel pulse-heigh analyser, series 1100,
manufactured by Nuclear Data, Palatine, Illinois, USA. The
analyser is equipped with a Teletype 32 KSR automatic type-
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writer. The pulses are amplified up to 10 times in a charge-

-sensitive pre-amplifier. Nuclear Data ND-533, and an ampli-

fier, Nuclear Data ND-532 ABC. The high voltage, which is

held at 3 to 4 kV, is taken from a Fluke Model 408 A supply.

4. Source preparation

4.1. STANDARD SOURCE

The first standard source used consisted of two isotcpes of
210 208

polonium, Po and Po, with alpha energies of 5.30 and
2105.11 MeV respectively. There were also some traces of Bi

and 209Po, due to the fact that 209Bi was irradiated with
208high-energy protons to produce Po. Since the energies

measured in this spectrometer lie between 4 and 5 MeV and the

risk cf contamination by a uranium standard seemed small,

especially sinco the purification of the counting gas from Rn

had been effective, the first Po standard was replaced by a

uranium standard. It was made from naturally occurring uranium,

which was evaporated onto a thin aluminium disc, which was

attached in the middle of one of the three sides of the standard

rack with silver paint.

4.2 TOTAL SAMPLE

The apparatus has until now been used only for molluscan shells.

The amount needed for the measurement of the total activity is

about 5 g. The shells are cleaned mechanically, first with a

metal needle, then with distilled water in an ultrasonic equip-

ment, usually for 10 to 15 minutes. Then the sample is wet-ground

in a ball mill, model Grindomat S, manufactured by Retsch, Haan,

West Germany. The same good result can be obtained by hand with

a pestle and mortar, but since the grinding result mainly depends

on the grinding time, which for the particle size needed (less

than 1 urn), is some hours, the automatic mill is more convenient.

The grinding result is checked in a microscope before the sample

is taken to the cellulose-acetate sheet.

Two different procedures have been used to place the ground

sample on the silver surface. One utilizes the spray technique

with a clean gas, the other consists of painting with a
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thoroughly cleaned brush. In both cases the sample is mixed
in about 25 ml of distilled water, to which is added 2 tc 3
ml "Teepol" as wetting agent. In both cases, the result is
checked throughout the procedure by sampling on some small
object glasses put on the sheet and then examined in a micro-
scope. In both cases, part of the sample is lost, probably
more with the spray method, but since the ratio between the
isotopes is desired, this is not very important. An estimate
of the uranium content should be made, however, to evaluate
the possibility of using the U/Th method for a certain sample.

A third method of applying the sample to the sheet has also
been tried. The sample was dissolved in hydrochloric acid.
The solution was neutralized with ammonia to pH»7 and then
mounted on the sheet by spraying or painting with a brush.

Our experience so far is that the spray technique is better
than painting with a brush, for both ground and dissolved
samples. The reason is probably that the silver layer is affec-
ted by the brush, so that a layer consisting of silver mixed
with the sample is created, which increases the self-absorption.

4.3. URANIUM-CORRECTION SAMPLE
234

In order to measure the ratio between the activities of U
238

and . U, a chemical separation of uranium and a complete puri-
fication are carried out. The procedure is described in detail
elsewhere (1). For this measurement, about 10 g of the sample
is used. The shells are cleaned, as described above, and dis-
solved in concentrated nitric acid. Ferric chloride is added
and iron hydroxide is precipitated by the addition of ammonia.
Uranium and thorium are adsorbed on the iron hydroxide. Radium

226

remains in the solution, which is taken for the Ra measure-
ment (13) .The separation of uranium and thorium is carried out in a strong*
ly basic, anion-exchange column at various concentrations of
hydrochloric acid (20).
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The purification of uranium is carried out in three steps;
extraction with isopropyl ether (21), saturated A1(NO3)3

solution in nitric acid (7), and thenoyltrifluoroacetone,
TTA, in benzene. The TTA-benzene solution is transferred to
an aluminium disc, which is heated to remove the organic
residue.

5. Performance

5.1. RESOLUTION

The decay of an alpha particle in the sensitive part of the
spectrometer gives rise to a voltage change on the collector
(a pulse), which is fed via the amplifiers to the pulse-height
analyser. Since the desired information includes the energy
of the particle, the height of the pulse is very important.
The following factors contribute to a broadening of the peaks
in the energy spectrum: 1) orientation of the particle track,
,2) self-absorption in the source, (3) inhomogeneities in tha
electrical field, 4) impurities and other admixtures in the
counter gas, .5) temperature variations of the counter gas, and

6) noise and drift in the electronic system. Below follows a
discussion of these factors.

;i) Orientation of the particle track. The orientation of
particle tracks from parallel to the collector, which produces
the highest pulse, to radial, which produces the lowest, will
give rise to a broadening, due to the fact that all the elect-
rons will not move the same distance in the electrical fielc!.
This broadening has been calculated for cylindrical and spheri-
cal counter geometry and for different dimensions by Hill (10).
The dimensions used in this spectrometer cause a broadening
of about 75 keV for 4.8-MeV particles.

2) Self-absorption in the source. Measurements of the range
of alpha particles in different materials have been reported
by Garin and Paraggi (22) and by Gobeli (23). They reported
4,8 and 5.2 mg/cm2 for aluminium and silicon respectively.
No measurements have been reported of the range in CaCO-, but
it is assumed to be of the same order as for the materials
mentioned above. This means that the broadening due to self-
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-absorption in the source can be kept within about 100 keV,
if the thickness is kept within a few tenths of a micron.

.3) Inhomogeneities in the electrical field. Great efforts
have been made to reduce the inhomogeneities in the electri-
cal field throughout the entire sensitive volume. The effi-

210ciency of the two sets of guard rings was tested.with a Po
standard source movable from outside without opening the
spectrometer. The source was placed on one of the empty sides
of the standard-source rack. In this experiment the collector
was a copper bar with the same diameter as the ordinary col-
lector. For different potentials, the pulse height was mea-
sured for various positions of the standard source. The dis-
tance was measured from the end planes (E in Fig. 4). Fig. 6
shows the results for 2500 and 3200 V.

As a consequence of this experiment, the ordinary collector
was constructed with 20 cm of each end shielded, leaving only
60 cm of the sensitive length, where the electrical field is
homogeneous. Later the field was checked at 24 cm from the end
plane, E, with a standard source mounted on the sample rack
and the resolution was compared with the ordinary standard in
the middle. No broadening was observed.

.4) Impurities and other admixtures in the counter gas. There
are mainly two kinds of impurities that affect the peak-broa-
dening. Electronegative gases, such as oxygen, form negative
ions by capturing electrons and thus reduce the number of
electrons contributing to the height of the pulse. This effect
can be reduced to a large extent by adding a small percentage of
nitrogen to the argon gas (2*) . It has been found suitable to
use 3%. Varying gas admixtures affecting the electron velocity
cause a change in the shape of the pulse, which results in a
peak-broadening. The admixtures may have many different origins
and may vary during a measurement, for instance, due to the
gas purification. For both the kinds of impurities mentioned,
the effect of peak-broadening can be reduced to a large extent
by maintaining steady conditions throughout the counting period
with the continuously operated gas-purification system. With
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the system in good condition, the drift can be held within
50 KeV during a 25-hour counting period. For samples with
sufficient activity, the resulting drift can be reduced
further by dividing the counting period into suitable sub-
periods, using the automatic read-out of the pulse-height
analyser and normalizing the spectra, using one of the peaks.

5) Temperature variations of the counter gas. The ionization
chamber, the pre-amplifier, and the purification system, except
the Cu furnace and the circulation pump, are kept in a polythene
tent, in which the temperature can be thermostatically controlled
by a heater winding and a fan operated by a mercury-contact
thermometer. The temperature variation of the air inside the
tent is normally less than - 0.25°C.

On one occasion the temperature outside the counter was in-
creased from 23.0 to 24.5°C within a period of 12 hours, which
caused a decrease in pulse height by 225 keV. A sudden change
in the temperature caused a peak shift in the counter after
2 hours. From this, it can be seen that a short-time variation
of -0.25°C, due to the onset and switching off of the heater
winding, is not of significant importance. If, however, there
is a long-time variation, the resulting peak shift leading to
a peak-broadening can be kept within 75 keV, which can be further
reduced by dividing the total counting period.

6) Noise and drift in the electronic system. The whole elect-
ronic system has very good noise and drift characteristics. For
the whole system, with the stated figures from the manufacturers,
the peak-broadening is calculated to be less than 20 keV for
4.8 MeV alphas. The fact that the pre-amplifier is kept inside
the thermostatically controlled space is one reason why this
figure is low. The high-voltage supply is probably responsible
for only 1 keV of the above-mentioned figure. Fig. 7 shows the
pulse height as a function of the voltage for the two standards,
4.2 MeV from 2 3 8U and 4.8 MeV from 2 3 4U. The slope is 0.9% for
a voltage change of 100 V over a range of 2400 V.



13.

The discussion above gives an estimated peak-broadening of
75 + 100 + 10 + 15 + 20 * 220 keV for 4,8 MeV when a carbo-
nate sample is measured. In calculating this figure, it is
assumed that a counting period of 25 hours can be divided
into five read-outs. Fig. 8 shows a total spectrum from a
shell sample U-3010, measured for 25 hours. The peak width
is 270 keV for the 4.8-MeV peak, which means a resolution of
6%. Fig. 9 shows a uranium-correction measurement from the
sample. Here the width of 170 keV gives a resolution of 1%.
The 100-keV difference between these two measurements demon-
strates very well the broadening due to self-absorption in
the sample, which is much higher for the total sample. The
best resolution is obtained with the uranium standard. It

consists of three energies, 4.19,4.56, and 4.77 MeV respective-
235ly. The 4.56-MeV energy comes from the alpha decay of U,

the activity of which is abect 3% of that from the whole standard
source, a value too small to allow the peak to be resolved. The
4.2 and 4.8 MeV peaks have a width of 130 keV, which means a
resolution of 3%.

5.2. BACKGROUND

A background spectrum is obtained with the silvered cellulose-
-acetate sheet blank. Fig. 10 shows the background of the sheet
on which the total sample U-3010 was mounted. The integral back-
ground between 4 and 5 IloV for this sheet is 46 - 2 cph, which
is a typical value. Eleven sheets have been measured and the
corresponding values vary between 2 7 - 1 and 5 6 - 3 cph. This
variation is probably mainly due to the different thicknesses
of the silver layers, and since it is very difficult to control
this, each sheet is measured before the sample is mounted.

In one experiment, a silvered acetate sheet was coated with
another layer of silver paint after the background had been
measured, and then taken to the counter for yet another measure-
ment. The background counting rate decreased to about two-thirds
of the original value. Even lower background values could pro-
bably be obtained with thicker layers of silver paint, but,
since the paint is rather expensive, the above-mentioned limit
of the background, 25-50 cph between 4 and 5 MeV, was found to
be a suitable compromise.
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For one of the sheets, the background was measured for sen-
sitive len$hs of the counter of both 60 and 15 cm. The total
integral background value between 4 and 5 MeV was 5 6 - 3 and
1 2 - 1 cph respectively. Since these two measurements were
made with two different gas fillings, it seems safe to use
one-quarter of the background value for a counter length of
60 cm as the background value for the counter length of 15 cm,
thus saving one background measurement for the uranium-correc-
tion samples.

The background counting rate is seen to be very low. One of
the sheets was measured for 100 hours, the measuring time being
divided into 2 • 10 -second periods, and the drift in the
energy scale was checked by uranium-standard measurements be-
tween the counting periods. This particular background mea-
surement yielded about 100 counts per channel for the whole
counting time, which means a statistical error of 10 counts
per channel, This shows that it is not possible to distinguish
any peaks in the background spectrum. Nevertheless, the main
contribution to the background is thought to originate from
the surface of the acetate sheet. The steel tank is effective-
ly shielded from producing direct radiation into the sensitive
volume.

The radon contribution to the background seems to be very small.
There are three naturally occuring o-emitting isotopes of radon,
219Rn (6.8 MeV), 220Rn (6.3 MeV) and 2 2 2Rn (5.5 MeV), the last
one being a member of the uranium-radium series. Since radon is
a gas, which mixes with the counter gas, the alpha decays from
radon are recorded in 4IT geometry, while the decays from the
samples and the standard source have 2ir geometry. This fact
favours the resolution of a radon peak. However, none of the
background spectra measured so far shows any semblance of a
radon peak.
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238Fig. 1. A simplified decoy scheme for the U series. For each isotope
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decay. A few isotopes have branched decay, but since the other
decay occurs so very seldom and is of no importance for the
discussion of the U/Th method, this branch has been deleted for
these isotopes.
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Fig. 2. Alpha-particle energies of the uranium-radium decay series.



Fig. 3. An over-all view of the apparatus with the steel tank

open, showing the electrode system and the guard-rings.
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Fig. 4, Side view of the electrode system. E indicates

the end planes.
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in Fig. 2.
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Fig. 7. Pulse height as a function of voltage, obtained

with the uranium standard. The slope is 0.9% for

a voltage change of 100 V over a range of 2400 V,
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Fig. 8. Total spectrum of U-3010. The sample consists of shells

of Saxicava arctica. The sample is dissolved in hydro-

chloric acid and sprayed onto the sheet. The background,

which is shown in Fig. 6, is not subtracted. The high

voltage is 3700 V and the counting period is 25 hours.
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Fig. 9. Uranium-correction measurement of U-3010. The high

voltage is 3000 V and the counting period is 25 hours

The background, which is not subtracted, is about

0.25 cph per channel between 4 and 5 MeV.
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Fig. 10. Typical background spectrum (from the sheet on which

the total sample U-3010 was mounted). The high voltage

is 3000 V and the counting period is 25 hours. The

integral background between 4 and 5 MeV is 46- 2 cph.
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