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ABSTRAOT

The operation and caÌibraÈion of a scintillation
counter is described; and the theory and method of
activation analysis is discussedn

The analysis for the A1 conbent of a series

of chemically analysed Ígneous rocks and bauxites is
found to be w:ithin

(a) for ígneous rocks L5 + O.g% A|2O3

The analysis for the Na content of a series

of chemically analysed rocks ls found to be within
2 : 0. 3/o Na'rO.

The equiprnent is easily converted into an

alpha counter by changing the scintillator. It is
shown that the alpha activity of less than 1 gram of

zircons can be detected.
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ïnduced radioactivity analysÍ-s has been gaining

favor because of its ease and rapidity¡ â.nd also because

the corurting equipment is more commonly available" If a

monoenergenic source were availabie, even more r¡crk would

be donen Recently severa] authors (Meinke (I95j) and

Muehlahuse and Thomas (1950) ) have applied the method, in
eombination ruit,h chemical separati-on, to trace elements,

hr-ith encouraging results.

The object of this research prograrn has been to
find a fast, dry, method for Si, A1 and Na in rocks, that
cotrld speed research o¡i fundamenüal geological problêrtrso
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in 1953-51+. H. cohen started the experiments on Na. H. Kowalik

improved the amangement of the apparatus.,
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PART I

OPEBATION OF A SCINTILIATION gOUNTER

APPARATUS

The scintillatj.on counter may be conveniently

divÍded into its component parts¡ eâch one performing

its operation and passÍng the results on to the nerçbi-

l" Voltage regulator

2,' Power supply

3r, Scintillator (or phosphor)

4o' Photo¡rultiplier tube

5. tathode foll-ower

6.' Amplifier

7.' Discriminator

8'' Counter

9. 0scilloscope

The apparatus is shor¡¡n in fig. 1 and fig. 
'2.

The equipment operates as follows; a pa.rticle or
quantum r4rith sufficient energy impinging on the scintilLator
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Fig. 1. ScintíllaËj.on counter

A, Amplifier
B. Discriminator

C" Counter

D. Power regulator

En Power supply

F. 0scilloscope
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Fig. 2n Castle and detection unit

A" Photonultiplier tube

Bn Base eontaining the

cathode follower
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ofproduces a fl-ash of light; the magnitude of this flash light
is proportional to the energy of the incident radiation, and

this relationship is carried through i.nto the discriminatoro

The flash of light is directed into the photomultiplier tube,

where it is changed into an electronic pulse. The cathode

follower records this pulse and sends it into the amplifier,
which amplifies it and sends it to the discriminator. The

discrininator hr"ill accept only those pulses w:ithin a desired

range of amplitude. The gates are variable so that any range

may be selected. The accepted pulses trigger the circuit that
sends a pulse into the counter, r,vÈrich registers as one count.

these steps w:iIl be followed in more detai.l,

1. Voltage regulator. A Sorenson Model 2000 S.A.C.

voltage regulator takes bhe 110 v. A.C. r 60 cycle, from the

v{t411 pfug and feeds 115 v. A.C. into the power supply. This

valuable piece of equipment provi.des a suppÌy of current r^rith

less than L/o voJtage varÍ.ation.

2. Power supply. A I¿mbda ModeL 2S power regulator

takes the output of the pohier supply and provides regulated

voltages in D.C. for the circuits, and A,C. for the heater

filanents in some tubes.'

3. Scintillator. Radiation produces flashes of
or scintillations, in certain subsüances. For gamma rays,

NaI(T1) is comrnonly used; but for alpha particles, ZnS(Ag)

best. The NaI(Tl) crystal used was 2t t in diameter by 2t t

light,

is
thick,
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Harshaw mounted, The NaI(T1) crystals are coated with a

refl-ecting MgO layer, and mounted in an aluminum case. Bramadat

(1951+) describes the physical processes. The energy of the

flash produced is proportÍonal to the energy of the incident

Fâfr However, if Ëhe type of scintillator is changed, the

calibrati.on of the instrumenþ will be changed. The larger
the crystal, the more rays lrrill be eounted, because of increased

volume receiving radiation.

h. Photornultiplier tube. The face of the scintillator
Ís placed against the face of the photomultiplier tube with a
light Èransmitting silicone fluid contact. This contact is
taped light-tight" the MgO coated. sides of the scintillator
are reflecting¡ so â scintillation must pass into the photo-

multiplier tube. The scintillation produces the photoelectric

effect on the cathode, yielding electrons which are focused

onto a series of dynodes that multiply the number of electrons,

so that an enlarged pulse emerges from the tube. This tube

takes about 1000 v as there is about 100 v in each dynode stepo

the tube w'ill operate between about 800 and 1J00 v. An i.ncrease

in voltage raises the anplitude of a pulse, but does not

increase the counting rate¡'

5" Cathode follower. This tube picks up the pulses

from the photomultiplier tube and sends them to the amplifier.
It operates on voltage from the power regulator"
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6. Amplifier. the pulses are amplified linearly up

to a maximum outpuü of about 80 voltso

7" DÍscrirninatoro This instrurnent enables the operator
to count only those pulses of desired ampritude. The rnain

adjustment is the I tbias voltaget r ¡ also called the t ftrigger
levelr t and. referred to as a bias set. 0n1y puJ-ses wlth height
greater than the setting of this I rtrigger levelt t r,\ri1l pass

and be counted. see fig. j. The calibratÍon of the dis-
crimi.nator is the determination of the relationship between

the numbers on the dial of the bias setting and the corresponding
pulse height. Al] pulses higher than the setting of the trigger
leveL are counted when the discriminator works as an integral
discriminator,

switching the toggle switch on the discrininator
panel changes the integral discriminator i.nto a differential
discriminator, by adding one more discriminatory operation.
This is an upper limit to the trigger reveL. pulse heights
greater than this upper limit do not count. The distance r or
energy range, between this upper limit and the lower limit o

which is the trigger level of integral discriminator, is cal-led.

the gate width. As shol,¡n in fig. t+, the only pulses counted.

are those having a pulse height that falÌs within the gate.
Because this gate analyses the energy of the pulse, it may be

called an analyser as wel-l as a differential discrÍminatorn

The w:idth of the gate is variable. Turning the gate

dial raises or lowers the upper limit in respect of the bias
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voltage or lower limit,

those pulses which are within the acceptable energy

range of the discriminator trigger the output circuit, and

come out as pulses of equal heightn 0n the oscilJ.oscope, this
is the largest, strongest pulsei also there wÍII be some low

energy noj.se, and stray low energy cancelled pulses if the

differentiaL discrininator is in use. An ímportant point to
remember is that the output pulse energy may be slightly different
between integral and dlfferential discriminators. This may

affect the counting rate in the counter, which has a
I fsensiüivity sett t adjustable to the input pulse amplitude.

8. Counter. The counter i-s a glow transfer counter,

Atomic Instrument Con ¡ Model L62. It records the counts on

glow tubes. The set-up is like a house meter. The important

adjustment is the I rsensitivity sett t, a small screw at the

right backn This is, in effect, another integral discriminator.
This setting is very sensitive, a quarter turn w:ill change it
from zero through the maximum countÍng rate. If it is set too

low, the low energy noise will count. ft should be set about

1 v below the main pulse voltage, so that drift will not affect
the counting rate. To test this setting find the maximum

counting rate, then using differentÍa1 discriminator, close

the gate. The counting rate should decrease untÍI, when the

ga'be is at zeîor the counting rate approaches z,ero. Make slight
adjustments to the sensitivity set until this takes place.
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9, Oscilloscopêe This is an auxiliary piece of
equipment that has two uses, namely rtpulse analysisrt and

I ttrouble shootingr t"

Pulse analysis. The pulse is put on the screen of
the oscilloscope by adjusting the various knobso. The beginner

vril-I require a demonstration of these adjustments. The height

of the pulse w1Il be proportional to the energy or voltage,

and the length of the pulse is proportional to its time of
duration. The energy of a pulse may be for¡nd in two wâJrso A

pulse of knornnr energy may be run into the oscÍlloscope ¡ either
at the same time or separately, and the height,s compared; or

the pulse may be calíbrated into voltage by changing the

appropriate .knob from t tsignalt t to t tcalibrate voltager f .

First mark the pulse height direetly on the screen with ink.
Then change to t tcalÍbrate voltâg€t I r and adjust iü until there

is a vertical tine the same height as the purse mark. Then the

dial gives the voltage of the pulse,

To find the energy of the gamma rays, plug bhe

osciÌloscope into the amplifier output¡ and compare the pulse

height to one of known energy; êrgo Cs urlth a strong line at
the top of its spectrum with an energy of 0.662 Mev. To find
the voltage of the output pulse of the discriminator¡ plug bhe

oscill-oscope into the discriminator output; and calibrate as

to voltage.

Trouble shootingn To find a breakdor,üt, the oscilloscope
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r,lilI show the output of each .rrnit, and thereby locate the

trouble.

STANDARD PROCEDURE l/lTTH APPARATUS

1. Plugging in. The walL plug should be left in,
and all the units turned off individually. Turn them on in
order. First switch on the sorenson voltage regulator. the

needle uiill show about half voltage until it warms up. fn a

minute the needle wÍlI jump to 115r the output voltagef then

the povüer suppry may be turned on. Give it a couple of minutes,

or until all the tubes have a steady glow. Now switch on the

discriminator. It may take an hour or more until it is stead.y

beeause all electronic equipment drifts during vìrarm-up. Do

not turn them all on at once, because it is harmfur to switch
cold equipnrent onto maximum ]oad. Turn off in reverse ordern,

2" Cooling. The transformers and tubes give off
considerable heat r of which an excess may harm the tubes or
impair their operation. The units are spread out so that air
can circulaüe among them. If too much heat eollects, a fan
j.s required. trtihen the equipment is noü to be used for several

days, turn it offn

3. High voltage to photomultiplier tube. ThÍs is
supplied by 3 or 4 dry batteries. Very little current is drawr¡n

If light is allowed to enter the photomultiplier tube ¡it¡en the

high voltage is on, it w:ill be ruined. The contact with the

scintilLator is usually well taped, and should be light tight;
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however, as a precaution, turn off the high voltage before

opening the can whi.ch houses the photomultiplier and scintillatorn

CALTBRATION

1. Check Itsensitivity settt on the counter" This

is a very sensitive adjustment, wlrich may drÍft off its setting;
but it can be checked in a few minutes and. this should be d.one

every day. P1ace a source¡ êog" the Cs Lj|, over the

scintillator. Turn on the differential discriminator, and

adjust the bias until a fast counti.ng rate is found. Adjust

the sensitivity set until the maxi¡num counting rate ís obtained,

Now close the gate. The counting rate lril-I decrease. l4itren

the gate is at zevo, the counti.ng rate should be zero¡ or very

slow; adjust the sensitivÍty set until it is. Now open the

gate, the counting rate should increase again. The following
explains what happens. Besides the main pulse coming out of
the discriminator, there are some Low energy noise pulses too,
which are tube noise and cancelLed pulses. The f tsensitivity

settt acts as another integral diserimÍnator, and its job is
to discriminate out these low energy noises. ff it is set

too low, it will allow these noises to count; then the gate

will not zero. If it is set too high¡ there w:iIl be no

counting. The setüing is very üouchy, a fraction of a turn
sets it off or ono See Fig. 5.

2" Calibration of discriminator. This is the most

important adjustment of the instnr.nent, relating the setting
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of the bias to the energy of the incident radiation. Pl-ace

the Cs source over the scintillator. Gs has only one gamma

râJI, at an energy of Oo 662 Mev. and at this energy level we

w:ill find a distinct photoelectric peak. First the location

of the peak nay be found roughly by using the integral
dlscriminator. Find at low bias setting a fasÈ counting rate.

Now increase the bias. The counting rate w:tll decrease slowi-y

until the peak is passed, suddenly it will decrease noticeably¡

and fall off to a very slow rate, The fall off is the high

side of the peak. Change to differential discrirninator, and

close the gate to its narrowest practÍ.cal width; that will be

one-half or 1 volt, increasing with increased amplificatlono'

Now take readings at regular bias setËings across the peak.

For the Cs source a J0 sec. count is satisfactory" Take a

piece of squared graph paper, mark the bias settings as abcissae

and the counting rate as ordinate. The resulting graph should

show a sharp peak, as in Fig. 6. the position of this peak

on the bias corresponds to an energy of 0.662 Mev. in this
figure it is at 1.0, the next step is to ]ocate the peaks

of other sources, which may be obtained from the Physics

Department. The Zn 65 has a small peak at 1,10 Mev. Co 60

has two peaks at the end of its spectrum, at 1"17 and I.33 Merr,

as shown Ín Fig. 6n Now the calibration Line may be d.rawn.

PIot the energies of the peaks against the bias settings. The

line should be nearly straight. This calibration can be applied

to both inteþral and differential discriminatorsn However, it
is changed by alteration of the high voltage on the photo-
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multiplier or change of annplification or change of phosphor,

3" Cal-ibration of Gate, The gate is easily
cal-ibrated w"ith a pulse generator. A pulse is moved across

the gate w-idth; vr¡Lren the upper limit is reached the counting

stops, and the pulse is left sitüing just above the gate. Then

the bias is turned up so that the gate T/'r'idth moves across Ëhe

pulse. The change in the bias setting is the gate hridth. If
desired, the gate width can be rel-ated to pulse energy through

the bias cal-ibrationn

b,' Linearity of Amplifier. the amplifier should

be close to linearu Locate the peak of Cs at each amplifier
settingr plot the bias setting against amplifier setting. Note

that the gate width musb be doubled vl1th each increase in
amplifieation.

5. Resolution power of photomultiplier tube. The

efficiency of the phoüomultiplier tube in producing a pulse

exactly proportionaL to the energy of the scintillation is
called the resolution. Take the Cs peak and measure the width

half way up. Divide this w:idth by the bias voltage at Èhe

centre of the peak. This ratio is the resol-ution. lfith it
record the high voltage on the photomultiplier.
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PART TT

METHOD

OUTTTNE OF METHOD

L. Preparation of sample"

(a) Crush to Ll t, inch size,
(U) lrieigh 3O0 g. sample into conüainer.

2¿ lrradiate v\rith sLow neutrons.

(a) For 41, I rninutes.

(b) For Na, 1ó hours.

3. Measure resultant gamma activÍty, using

scintillation countero

b" Graphically anaJyse the radioactive decay, and.

compare the initial activity of the A1 component

i^¡'ith that of a standard.

DETAIT,ED PROCEDURE

1. Choose as a standard a chemlcally analysed rock

of the sane type as the sample. Run Ít alongside of the unknor,vn ,

or 2 or I times during the day.

2. Sample preparationo Crush to approximately 1/[
inch size. Fragments must be less than 318 rt largest diameter

to fit the thin part of the containerso Grinding 1s undesirable,

because polurCers do not give as good results as crushed samples.

300 g. samples were weighed on a table balancen

3r' Neutron irradiation. Po-Be sources were used,
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They were kept in the plastic well in the tank of oil and water,

as shown in Fig" 7 t and covered w'ith a block of paraffin.
Neutrons of all energies up to 11 Mev. are emitted" Most of

these are thermalized (slowed to energies of the thermal range,

less than 1 ev. ) by the surrounding oil and water, and the layer

of paraffin. the sample 1s l-owered on top of this. For an

Ll curÍe source, 9"3 crr. of paraffin was used, giving a slow

neutron fh¡x on the sample of about 5 x 10& nl sl "*.2, 
(measured,

by W.E. Turchinetz), For a J curle source, 6.0 cm. of paraffin

v4¡as used., giving a flux about 4 x tO& nl sl "*,2.

For

For

Â1

Na

analysis, irradiation time was I minutes.

analysis, irradiation time was 16 hoursn

4' Counting gamma activity. The sample is lifted
out of the tank at the end of the Írradiation period; this Ís
also time zero on the decay graph and the point of initial
activity. Stop-watch control is requiredn As quickly as

possible, the sample is placed over the scintillator crystal,
the casüle lid is elosed, and the high voltage to the photo-

multiplier is switched on" These operations can be performed

in 12 secondso The operator then moves to the counter switch,

to start the counting at t = 15 s¡ o The detection unit, shown

in Fig. 2, is kept in a lead castle to reduce the background.

The cumulative count was read without stopping the

count at 30 so r 1.0 m., and every 30 s. for Ëhe first 5 m. t

then every I rn. for the next 10 m" , then every 2 m. up to 35m.
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;s.trt¡'1::

ì:ii:::-.t:
:ì:;i:l{:r:¡i::l

i{ii'e,i

Fig. 7, Tank for hoLding neutron source

Itlell one foot deep.

Trolley for movi.ng source

out of the tank for fast
neutron bombardment.

A"

B.
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for the A1 analysis" the counting for Na is described in
Part ïV"

5n For ,41, the activity in counts per 30 seconds

is plotted on semi-Iog paper, and the baekground and other

interfeming induced activities are subtracted as in Fig. 13,

This leaves the straight line component (a) of the m28 isotope

having a half life of 2.3 minutes. From its initial activity
the correction for Si is made, and the remaining activity is
proportional to the content of 41. the Si correction is the

product of the Si content and the Si actívation factor. This

constant is found by running a standard of Si sand, as shown

in Flg. 22"

THEORETTTAL CONSTDERAÎIONS OF METHOD

1. Comparison of Ínitial activities. This method

is not independent,' It is made quantitative by comparing the

induced activity of a knoun isotope in the sampÌe with the

same induced activity of an analysed standard. As shown in
Fig. L3t the cleca.y graph can be confidently erctrapolated to
zero, and for 41, the initial activities are compared.

Comparison is by far a better method than an attempt

to evaluate the relationshÍp:
-o.7T -o.7t

A=vrAv.f o¡$l,e ? ) e z--rE---

A = Activity
w = weÍ.ght of element
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Avo

f

o

d

M

T

f
z

Avogadrots no.

neutron fluc
reaction cross section

isotope abundance

atomic weight

Time of irradiatÍon
time of decay

half-lÍfe of induced activity

2. the sanples must have the same geometric shapen.

This is necessary because in order to fulfill the conditions

of comparison the same shape must be offered to the neutron

irradiation and the gâÍffia-detecting scintÍllator crystaln,

The cylindrical sample containers i,rrere rnade of clear plastic,
with a central cavity to enabl-e it to fit around the erystal
for most efficient counting (see Fig. 8). The outside diamet,er

is 3 UZt| t and 4 Ll2t t high. the central cavity is Z Lf}tt
in diameter and 2 318t¡ high. These containers, as in Fig. I,
hold lO0 grans of a crushed igneous rock.

3. Sample size. To fit into the container, fragments

of Lf 4t t size are satisfactory. Fine crushing is not necessary;

in fact r poor results ürere obtained from the powdered bauxite

samples'

l+" Sample weight. The larger the better, because

the amount of induced activity is proportional to the amount

of the elernent present, and increasing the counting rate
decregses the statistical error¡ The amount of sample used is
limited by:



ãr

Fig. 8n Sample containers

Central cavityA.
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(a) the size of container that will fit in the

neutron tank and over the crystal in the counting positiont

¡rith easy handling e ând

(U) the self absorption of ga¡nma rays. As the sample

gets thicker, absorption increases exponentíally'

5¿ Time of irradiation. The formula for induced

activity is given on page 19. The factor for rqdioactive
-o.77build-up is (1-e -f). lhÍs factor is graphed in fig. 9¡

against T, the tine of lrradiation in nurnber of half-lives.
It is seen that it ís the mirror image of radioactj.ve decayn

After 3 oî l+ half-lives the curve Ís beginning to flatten outt

and maximum induced acti.vityr of, saturation, Ís being approached.

6. Mebhod of Irradiation. The use of Po-Be sources

involves the problem of trying to thermalize efficiently the

polyenergetÍc neutrons. ltihen the paraffin is thick enough to

thermalize the fastest neutrons, the slower ones are absorbedt

leaving only a weak flux. ft is difficult to avoid the fast

neutron reactions taking place to some e>rtent. They are not

critical to A1 analysis except for the Sir which must be

corrected for. The fast neutron effect w1th Alr giving 9.5

&in. Mg, as shown in table 1r was not evident in the decay

curves of 4120r, igneous rocks or bauxites (see figs. 10-21

and 2641'). These samples lrere iruadiated through 9.3 cm of

paraffin for the 10.95 curie source, and 6.0 cm paraffin for
the 5 curie soltrcec ldhen the source was about Ll g curie,
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il" o

(l)
I

o

Time in half-lives
Flg,9 Radioactlve build-up
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and

cm

no

2ho

of paraffin was used; howeverr the curves !Íere poor

conclusions could be drawn on the effect of fast neutrons.

Some information on

Source LO.95 curie on January

A1pha activity of Po LO,95

Nêutron emi.ssion

Be activation efficiency
Calculated flux at 9,3 cm

Thermal neutron flux measured

Au (ïI. Turchinetz ) 9.'3

flux density is available.

13, 1956

x 3,7 x 1010 = [0n5 x 1010 a/s

2"63 x Lo7 nl s

6.trg x lo-5 n/a

2,4 x 1O4 nl sl cnz

with

crn¡ paraffin 5 x LO4 nl sl cnz

The thermal neutron flux is higher at about l0 cm

from the source because of the effect of rnaximum reflection
and gaseous behaviour at this distance.

The 10.95 curie source was too strong to use the

related $i analysis with a 300 g sample, because the induced

activity approached the maximum load of the counter.

The Po-Be type of neutron source has the following

advantages over a reactor type (e.g. N.R.X. Chalk River, flux
greater than 1011 nlsl"*21

(a) Low temperature. (it is 15Oo j.n N.R.X. )

(b) A large sample can be used,. (trre maxi.mum size

that can be placed in N.R.X. is I 3l t+,t '¿ 31 4tt)

7. Neutron capture reactions producing gamma activity.
Table 1 shows the reactions thab may be expected ruhen
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an i.gneous rock is bombarded by neutrors¡ ft is divided into

two sections to disüinguish the results of fast and slow neutrons.

This data was obtained from Nucl-ear Data, Circular of the NoBnS. ¡

and Nuclear Scienee Abstracts.

To a small extent, the fast neutron reactions vrrill

take place during slow neutron irradiation, because of the

imperfection of the thermalization"

8. Sources of error. Most of these are too smal1

to be calculated, most of them are compensating, and most of
them are reduced in the use of a comparison method.

(a) Packing the sample in the container. Samples

should be identi.cal j.n volirne and shape. Igneous rocks, when

crushed in the same wåyr approach this condition for 300 S

samplesi however, there !{as small variations in fineness of
crushing and density. The powrlered bauxites had large differences

in densíty, and the weight of the samples varied from 200 to

280 g. Numbers 4 and 5 were particularly fluffy, and gave lower

results" The experiments on bauxites indicate that an increase

of sample size of 20 g. causesan error of È{o,

(b) trleighing errors¡ The table balance is accurate

to within 0.1 g. 0n a 300 g, sarnple, this is 0.O3fo.

(c) Time of neut,ron irrad.iation. The I m. exposure

for Al approaches saturation; the activity build-up curve has

flattened off (fig. 9). Thereforeo eruors of a few seconds

are negligible. fn the case of Na2&, with a half-life of 15

hours, the iruadiation time ï¡as 16 hours. The build-up curve
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NEUTRON CAPTURE REACTTONS PRODUCTNG

26"

GAIVIViA ACTTVITT

Cross secto Gamma
in barns decay

Isotope and
abundance

si28 gz%

si29 5/,

oL6 gg.7%

At27 roú/,

LL27 Loor,

AL27 Loofo

pe56 gz%

ms26 tt%

Na23 Loo4,

Na23 roo/"

Na23 Loo%

rct+L rco%

ri48 Th.%

ríb6 8r,

Reaction

Fast neutrons

(-lMev. n rp )

(-IMev. n¡p )

(-llvlev. n, p )

(-lMev. nfl)
(-lMev.n rp )

(-lMev. n ra )

( fast nrp)

(-lMev. ntT)

(- lMev. n ra )

(-lMev. n¡Tl

( fast n,p)

(-IMev. n¡T)

( fast nrp)

( fast,nr2t)

Product

2" 3m AI

6.7n Al

7.3s N

2.3m AI

9. 5rn lvlg

15 hNa

2,6h Mn

9.5m Mg

12 sF
L5 hNa

41 sNe

12.l+h K

1.8d Sc

3.1h ri

O.003

o.oo27

0.014

0.0001+

0.003

0" 000ó

0.09

0.000ó

0.01

0.0003

0.0011

0.003

o.o23

o.053

o.2L

0.05

o.6

1.0

o.14

1.8 Mev.

L.2r2" 3

6"2

1.8

0. 8l+ rln 01

1.38 ,2"76

0.811"8r2.1

0. 84 ,1.01

2.2

1.38 ¡2,76

2.8

L.5

0.98 tL,33

0.48 ¡0o.8

1.8

0" 8l+,l. or

1" 38 ,2.76

I.l+6

O,32

At27 LOor,

Ms?6 n%

Nâ23 LOO|/,

K&I z%

Ti5o j.bl6

Therrnal neutrons

( ttr ntTI Z.3m AI

( trr nrr) 9,5m I{g

f trr nrr) L5 h Na

( ttr n ¡T'l L?. bh K

( tfr ntT) 6 m Ti



27"'

is steep at this time ¡ but an error of l+ seconds lsould be only

o"5%"

(d) There may be a sllght error, less than 1 secondt

in timing the removal of the sample from irradiationn this is
time zero on the decay graph. Consideration of fig. 12 indicates

that a timing error of I second would shift the curve laterally
a distance less than the width of a pencil líne. This is much

less than the error in draw'ing the line, and because the timing

control is better than + Ll 2 s. r this error is insignificant
and was not included by Knutson in his summation of error.

(e) Counting errors.

(e) 1. The statistical counting error of t,he

photonultiplier tube is + the square root of the

number of counbso

(e) 2. There is some error in reading the

moving dial which is estimated at about A.I/o

However, both these errors are directly
compensated by drawing the besü line between points"

Knutson evaluated these errors at 1 z,L/o. They are

the major factors in the error of the method.

(e) 3. Electronic eomponents, especially in
the discri.minator and the counter ¡ mâf drift and

vary the discrininator levelso This caused quite

a bit of trouble during bhe year, and is the cause

of some anomalous resul-ts. It can be the cause of

sysbematie errors during the day.
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(f) The other elements present may interfere by

their induced activityr or by absorption of gamma rays, and

¡nay cause systematic errors. The resul-ts of these experiments

(tab1e 3) showed that such systematic errors did oecur, because

the activation constants for the basic rocks are higher than

those of the acid rocks. This effect ma.f be due to the

inËerference of the basic elements, especially Fe and Mg.

The suceess of this method must depend on ühe comparison of
the sanple with a si.milar rock type"
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PART TTT

AÏ.UTTTNUM ANATYSTS

A1 ANAT,YSIS ÏN IGNEOUS ROCKS

1" The standard samples used i4rere a suite of acid
to basic igneous rocks, chemically analysed, by the Minnesota

Rock Analysis r,aboratory. These are shown in tabr-e z.

2, ExperimentaL data. The decay curves of the

induced activity of the igneous rocks are shov¡r in figures
Lo - 20" the curve for an 41. casting and AJ.'zo3 povurier used

by Bramaflat Ís shown in fig. zL. The initial activity of the
2.3 m 4128 component is taken from the graph. However, this
activity is due to more than one nuclear reactionr âs

considdred on page 26"

The contribution of Si was determined experiruentally
by running a 300 g sampre of Black rsrand, silica sand., 99.33/o

SiO;. The decay curve is shown in fig. 22. The initial activity
ïras 2.8 count,s/¡os/s sio;.,

The contri.buüion of silica to the 
'2"3 

m component

is found by multiplying this acËívation constant by the silica
content. After subËracting the sÍlica correction, the initial
activity remaining is due to the Al eontent, and is proportional
to the amount. The activation constant, in counts/ gosl g Al-'zo1',

should be the same for all sanplesr ârd. these are compared,

in table 3.



30"

TABLE 2

UNIVERSITT OF MTNNESOTA

BOTK A}ilALYSIS FOR TNDUCED RADTATION RESEARTH

si02

AL}O 
3

Fe203

Fe0

Mso

Ca0

Naro

Keo

tIZO*

Hzo"

coz

Tio2

P zo5

Mn0

Sr0

Ba0

c¡J

R - r88¡

77.75

l-2.71

o.39

o.l+7

o.3h

0.68

6.2b

O" LO

0.38

0.13

0.1+O

o.2L

0.01

0. 01

R - I79I

67"30

L5,.bb

L.77

1.83

L.52

l+.L9

3.10

3.68

O.35

o.07

o. 32

0.15

0.10

Granodiorlte

R, - L737

65.lrg

L4,.49

2.11

2.90

2.1+5

1+" 29

2.80

3.66

o.56

0.05

0.05

o.65

0.21

0.10

0.0l}

0.05

0" 01

Grandiorite

R - t738

6l+.L3

t6.77

L,96

L.69

L.29

2.72

3.92

5.77

0.39

o.19

0.02

o'52

o.23

o.05

0.02

0.10

0.01

Monzonite
Sodaclase
Microgranite
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si02

AJ-2O 3

Fe203

Fe0

ittg0

Ca0

2 (continued)

n - r75L

58.1+5

75.7r

1.61

6"76

L, 3b

l+.97

4.08

3.98

0.31

0.08

0.23

L.46

0.61

0.14

Ç-

0.14

o.o7

Syenite
Gneiss

R - 1730

56.L3

t7"39

l+" 32

2.1+h,

4.02

7.69

2.63

O.6t+

2.55

L.64

0.01

O. tr7

0.06

'::'

Dacite

R - 180t

5l+.75

12" 20

6,48
g.7g

2.97

l+.08

4.18

l.l7
1.61

0.15

L'52

1.50

o.L5

0.1ó

a";,
O"34

Granophyric
Diabase

R - l-98?

b9.65

L3.22

1.58

LL.76

5.l+b

8'98

2"7r

o.97

o.59

0.18

0"0l}

3,93

0.53

0.21

,.r*

Basalt
Dike

3L.

R - 1989

l+9.2L

Ll+.21+

2.36

l.o" 59

5,73

9.L4

2.72

o.97

l_.00

0.19

o. 02

2.83

o.50

o.19

0.07

Coarse
Diabase

Na20

Kzo

Hzo*

Heo-

Çoz

Tio2

Pzo 
5

ltfinO

Sr0

Ba0

S



TABLE 2 ( continued )

si02

arzo 
3

Fe20 
3

Fe0

Mgo

Ca0

Na2O

Keo

Hzo*

Heo-

coz

Tio2

R - 1988

¿Þ9.18

L3"t2

2.1+6

LO.9g

5,44

9.16

2.72

0.98

1. O¿¡.

0" 20

0. 04

2.gg

o.56

o.20

0. og

Ðiabase
Dvke(chili Zonel

R - 1987

4L.31

L2.12

3.52

Ll+.57

6" 5È

11.07

2.06

0.16

0.4-L

0.06

0.05

7,ol+

o.63

o.2L

32.

R - 1767

38.91

6" 98

l+.93

29.o7

3.85

6" 55

1.00

o. 42

O.3l+

o.o7

4.70

1.6L

o.52

FeS2- 0.98

Garnetiferous
Ultramafic

Gabbro

Pza5

IVIn0

Sr0

Ba0

s 0.10

Basalt
Hornf el-s
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. 3; Errorn The sources of error were díscussed.

on page 25, and in this section the amount of emor found

in the analysis of chemically analysed standards r^rilL be

reported.

PrecisÍonn The error in Ëhe repetition of a standard

in percent is showin in the second. part of table 3, This data

is plotted as a histogram in fig. 23, The shape of the

histogram indÍcates that the error is distributed according

to the Gaussian curve, that is, normal- statistical distribution
from zero. This is the distribution of compensating and.

statistical errors. the standard deviation is

rFu -{ ñ L - (deviation)'

= l+.3/"

This means that the probability is 68.3% that the error of
any repetition r^rill be less than b.3%.

Accuracy. If any of the standard. samples was

considered. as an unknown, then the Alao3 content would. be

found by dividing the corrected initial activity by the

activation constant of another stand.ard sample. The error,
in relative percent, between the given and experimenüally

¡

determined 41203 content will be, however, the sane as that
found by comparÍng the activation constants d.irectly. Therefore,
in tabLe 3 ¡ the relative emor between activation constants

ïIas calculated for every combination of deterninations. These
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errors are shoï¡rx in the. second part of table 3 ¡ and are pJ-otted

as a histogram in fig. 2l+. The shape of the histogram indj-cates

a Gaussian distrÍbution, but it is a broader curve than fig. 23

for the precisi.on. The standard deviation i-s 6.95/0.

The error would be considerably reduced if comparison

was made only between simil-ar rock types. Tab1e 3 shows that
the activation constant Íncreases in the basic rocks, and, this
produces systematic error. In table 3t the rocks are listed
in order of increasing activation content, and. this ís also

the order syenite-granite-diorj.te-basic rock. R-L738 is the

only anomaly.

Th: errors in the analysÍs of the acid rocks, R-LZ5L,

I73O, L79lr ârd. 1881, consid,ered separately, have a stand.ard

deviation of 6"2tt%. For the basic rocks 1988, 1803, lZ6Zt

1989, and L982, which make up.most of the experÍrnental data¡

the standard deviation is 5,h7fo. The error frequency histogram

is shown in fig. 25.

It is reasonable to assume bhat most of the larger
errors trrer.e caused by fluctuations in the equlpment. It is
knou¡n that the counter sensitivity is vari.able. These

conditions can be improved. Therefore, the lowest standard,

deviation found can be confidantly used.

ff the Si analysis had been done by this method. (I{nutson

L95l"I , and was therefore subject to I z.5fo error, the increased

error of the A1 analysis from the Si correction v¡ould be: o.5z%.
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This increases the error in the A1 analysis to + 5.gb/o.

4.' Conclusi-ons

The induced activity analysis of Al in an igneous

rock, when compared to a standard of a similar type, and

allowì-ng ! 2.5% error in the siLica analysi.s, will have a
probable error within 6o/o, and, may therefore be reported as

15 +, O.9% AI2O3.

sËarting hrith crushed samples, p determinations can

be made in an I hour day, of which 3 wouLd be stand.ards,

6 unknornrns. Tf the d.ecay curves were record.ed automatically,
leaving the operator free for øreighing and carcur-ating,

12 deËerminations could be made. Therefore, the method. Ís
fast and suitable for rouùine work.

The decay curve of the A1 casting does not have the
same shape as the other samples, therefore its constant cannot

be expected to be lhu same. rt d.ecays i^rith a harf life of
2,J m, insËead of 2.J m,, because of the impurities cu, Itx,
Ga, Zn, Co, and Sc in cast 41. Cu may be an 8/, alLoy; it
has a half life of &. ?,t+ m. i it is ühe probable cause of the
longer half life,,

The increase of the activation constant in the basic
rocks may have two contributing causes. Firstry, the basic
rocks are denser than the acid rocks, and because in most

cases an equal weight sample, 300 g, was used^, there was a

slight difference in sanple shape. The erçtra volume of the
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lighter acid rocks fills the upper central part of the

contaíner, the part farthest from the neutron source and the

surrounding oil bath that thermal-izes the neutrons. ft will
be experiment'ally proven in the follouring section t rAl

Analysis In Bauxitest I that the decrease in the actj-vation

constant by increasing the sample size is considerableo

Secondly, the basic rocks have more activity caused by Fe and

Mgr which may not' be. completely corrected for in the resolution
of the 2. J minute 4128 component"

ALUMINTT1VI ANATTSTS TN BAUXTTES

1. A set of I analysed samples of bauxlte !ìras

kindly supplied by the Aluminum LaboratorÍes Limited, Arvi-d.a,

Quebec. The other bâuxite was one used. by Bramadat, and.

analysed by the Mines Branch, WÍnnipeg., (see table l9). 0n

the 14th of April, L956, Bauxites Ro¡ 2 and no. ! were

dehydrated over a meeker burnern There was some dust loss

due to boiling of the powder. Some absorption of moisture

from the aÍr was noticed. The weight loss is therefore not

accurately knoi'm r though complete dehydration was approached.

The given anaryses did not incl-ud.e llro ana this was assumed.

to be the unaccounted for part or roo/o. 0n this basis the

analyses were recalculated Eo IOO'/. and are included in tabte tt

as 2D and /rD (dehydrated)n Except for Bramad.atrs bauxite,
these samples are powder fine, and when loaded into the

container they tend ùo fluff up, especially no. rs { and 5n,

The eruor caused by trying to reproduce the packing is
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considered ín section 3¡ below

2o Experimental data. The decay curves

activated bauxites are shou¡n in figures 27 to 32.

constants, ín cf SOsl g /.J.'ZOg, obËained from these

given in table 6.

for the

The activati.on

curves, are

3n Error. The experimentally determined error is
shown in the second parü of table 6, calcr.¡-lated from the

comparison of the separate determinations. Sources of error
are the same as in igneous rocks and are given theoretical
consideratÍon on page 25,

It was experimentally difficult to fill the containers

to the same level every time, because of the fluffy nature of
the bauxite powders, and this is believed to be the major

source of experirnental êrf,or. The seriousness of changes in
sample shape and sÍze u¡as tested by runni-ng different weights

of a sample. The data of these experiments is shovna in table 5n'

Fig. 26 presents the resul-ts graphically, and shows the

pronounced decrease in the induced activity as the containers

are filled vrith larger amounts of the sample. 
. 
An esti¡nated.

weight vari.ation in the actual experiments is 20 g; this would

cause an error of about Ùfo, and. accounts for the poor results
of bauxite determinationsn

Precision" The precision in repetition is shourn in
table 6, and is plotted as a histogram in fig. 33. The standard.

deviation is smaller than that of the igneous rocks although
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TABTE 5

EFFECT OF CHANGE OF SAMPLE STZE ON BAU]TITE DETEzuITNATIONS

sample
sarnple I^¡eight

100g

130

t70

zto

190

L20

160
zLO

sample
shape

fi.g.26
A

firg,26
B

fj,g,26
A

fíg.26
Bi

wei.ght
/-¡.zo g

70

91

119

l.l+7

t+6.rh

55. +

73.9

97.O

initial
activity

3200

3780

b300

t+550

'2600

2960

3t+5O

386o

cl gosl s ALzo 
3

l+5,-6

l+I.5

36.L

30.1

56.3

53.4.

46.6

39.t

4D

/+D

bD

4D

5

5

5

5
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they should theoretically be the same. The díscrepancy is
probably due to the smalL number of repeat experiments done

on the bauxites, and to the fact that many of these hrere

repeated without changing the sample, thereby eliminating

weighing and packÍng €Prorso

Accuracy. The error between each combj.nation of
determinations is shown in table ó. Fig. 3h is a histogram

of the error frequency" The histograms illustrate the

discrepancy between the precÍsion and accuracy of Al analysis

in bauxites, and show large experimental errors. In general,

the fluffy bar¿rcites no.rs b and 5 gave lower activatÍon
constants than the others. Although fig. 3l¡ does not suggest

a Gaussian curve, the standard deviation is J.l-"flo for comparison

with the other standard deviations.

l+. ConclusiorlS.

fnduced activity analysis in bar¡cites was not
performed satisfactorily. Although theoretically feasi-bIe,

the experimenÈaL determinations gave high errors. The probable

source of these large errors is in packing. Better results
would be obtained by using a voLumeüric container and a

coarser sample r sâ¡r plus þ0 mesh.

In Èhe containers used, the induced activity is not

evenry distributed. The part in bhe bottom¡ between the two

cylinder roal-l-s (see fig. 8), is cLoser to the neutron source

and the surrounding oil babh that thermalizes the neutrons,
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and this part of the sample contributes the main part of

the induced activity. AIso, the increased gamma absorption

in the top part of the sample as it gets thicker would add to

this effect, Little is gained if the sample size is increased

by piling up on top.

The bauxite samples contained less than 5% sj.l.J.ca¡

and the correcti.on was negligible "'
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PART ÏV

SODIII{ ANALYSIS n'l IGNEOUS ROCKS

l. Introd.uctÍon. fnduced. radioactivity is a Labor

saving method for the .quantitiative analysis of Na in igneous

rocks. After crushingrthe operation proceeds w1th only

periodical attention from the operatorr actually taking less

than one-ha1f hour.

?. Method. J00 gm. samples of crushed igneous rock

urere used, the sane as for Al analysis. The background and

natural radioactivity uras measured for each instrument setting.

They r¡{ere irrad.iated with slow neutrons overnight (16 hours)

and then left for f hours. In this time, most of the activity
d.ue to- the SÍ, 41, Fe , and lvig conüent disappeared ( see Table 1

¡

Page 26). The longer lived unstable i.sotopes of Na and K are

now the main sources of induced activity. Howeverr the effect

of Na will be dominantr by about 17 times that of Kr because:

(a) Na23 has J:QO(" abundance while K&I has Wo.

(b) lüa is usually tis'Íce as abundant as K in igneous

rocksr,

(c) K has a cross-secüion for the therrnal neutrons

of 1, Na 0.6.

The decay curves of some igneous rocks¡ showing Na24 activity
are shovslr in Fig. 35. For¡r gamma counting methods were trÍed.

(a) Integral eounting of all energies above 662 Kev

(b) fntegral counting of alL energíes above 1./+ Mev
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(c) Differential count of the 1.38 photopeak,

gate t. 3,2 - t, SZ Mevo

(d) Differential count of the 
'276 

phofopeak¡

gate 2.63 - 2.81 Mev.

Methods (a), (b) and (c) have, in that order, the

fastest counting ratesr âîd take Less than L5 minuües to

count. Their dieadvantages âf,ê¡ firstly, a high background

countr âfrd secondly, the inclusion of other induced activities
wtrich are not corrected for.' Potassiumr ând probably Fe,

interfere. The fast neutron reaction probably takes place,

and gives high results for the high-iron rock R4767,' Method

(c) includes the cowrt of the L.b6 Mev photopeak of K.

Methods (c) and. (¿) have the weakness of the low efficíency
of the photoelectric effect for high energy galnmas. The

counting rate is 1ow, and (¿) hlill requi.re a half hour count.

The advantage of (¿) is that there. is, no interferêÐc€¡ The

background is low¡ and. only the Na2& 2.76 IVIev photopeak is
covered. A further advantage in this method is that the

7 hour delay period to eliminate interferring activities can

be dispensed wlth, and in eonsequence a higher counting rate

will be available. than that reported in table 10.

3., Experimental data is given in tables 7 - 10,

as follows:

TableT-method(a)
Tab1e I -method. (U)

labLe 9 -method. (c)

Tab1e 10 - method (d)





75.'

n-L767 gives excessively high results for methods (a), (b)

Sttd 
(c). This rock is exceptionally niSl in Fe, containing

Z9/o FeO and, 5/o FdrOU, as shown by table 2n

4, Errorn The sources of error are the same as

for the A1 method in igneous rocksr except for the absence

of the errors of graphing and calculabi.on, and the additional
errors of interference. The interference of K is small, and

did not give noticeable €rropr The effect of Fe v¡as only

noticed in the case of R-L767; however, that it exisüs is
clearly shown, in fig. 35. B-I80¡ and R-1751 have similar
amounts of Na20, (b.IÙ/, and, b.Oi%'t ¡ and, their decay curves

coincid.e after 4 fl2 houns. Up untíl that time the curve

of R-1803 (8.8r/" FeO and 6.5f" FJ2Or) had greater activity Èhan

that of R-1751 (6.8F" FeO and I.6% rerOr), because of the

2.6 hour l¡la induced. from Te56.

Method (a) gave results accurate w-ithÍn LL%, wiÈh

one large exception, R4767.

Method (b) gave results accurate within l4{", rvith

one large exception, n-I767.

Method (c) gsve

one exception, R.4767.

Method (d) gave

for R-1883, which was L5%

results accurate within 20%, with

results accurate within LO/r, except

too low.



Na analysis

gamna activity

TABTE 7

Ín igneous rocks

above 0"662 Mev,

76.,

by integral count

method (a)

of

induced

Sample

R-1883

R-I883

H-L79L

R.-L737

R+75L

n-L75L

R-r730

R-I803

R-1982

R-lggg

R-L767

n-t767

Activity
counts/m

zozo

3t33

t73L

1681

2355

20t7

y95
2L?5

t52L

1¿',80

10:1

Lt22

Background

zbt

rlr
?52
277

?27
211

+35

256

180

L66

L6b

L55

Correcüed
cln

2772

2881

tb79

1494
2028

t876

L230

l869

t34L

tlrh.
887

967

Itreight
Na0

2

L8'".72

L8"72

9.30

9. f0
t?" 

?t,

L2.21+

7-89
L2,5b

s,13

8.1_6

3"L6

3.16

clnl e NarO

1&8

L5t+

160

]67

t65

t53

L56

l't+9

L65

161
281

306



77,,

TABTE 8

Na analysis in igneous rocks by integral count of
induced gamma activity above 1.l¡ Mev, method. (U)

Actívity Corrected Weieht ,

Sample counts/m Background ein NarO clnlg Na20

R-r88¡ t35o

R-L88t t273

e-t79J. Z??

R-L737 722

R-t75L 1038

R-1751 g11

R-1730 5gg

R-180¡ %?

R-1803 8?2

R-L982 6e6

H,4767 373

R-t767 363

90

75

67

91

L87

66

l+5

84

6?

52

l+L

53

t260

1198

66r

6zt

85r

8ur

55t+

8t+6

8¡o

57h

332

3ro

18.72

l8.72

9.30

9. !0
t?. 

?,n

12.21+

7,89
].2.5b

12,5t+

8.13

3.L6

3.L6

67.3

6lr.l

7r.5

75.r

69.'6

69 "l
70.3

67.!

66"2

70"7

105

98.1



TABTE g

Na analysis in
of induced gamma activity

78.

by differential count

Mev, method (c)

igneous rocks

L.32 þo L.52

Samp1e

R-188¡

R 47gL

R-L7 37

R,-T75L

R-T75L

R4730

a-1982

R-L767

n-1767

Activity
counts/ m

!7'2

?68
291

328

?7r

?2h
2?6

L27

118

Background
Correct,ed

clm

l+b2

r*
?5r
298

3bl*

?ot
207

99

90

iüeight
Naro

l8.'72

9.30

9. to
L?. 

?t*

].Zs'21+

7.89

8'13

3.16

3"16

cl nl e Nar0

23r'6
'?4.6

?8,'7
21+.3

38-1

?5.5
25.b

?L.l
28,5

30

39

30

30

30

23

29

28

28



Na analysis in
of induced gamma activity

TABTE 10

igneous rocks

2"63 to 2"81

79"

by ilifferentlal count

Mev, method (d)

Actívity
Sample counts/m Background

Comected !'u-eightcln Nalo clnl e

t8,72

9.30

9" !0
I?" 

?4

L2.24

7,89
I?.5t*
j.2.51þ

9.13

3.16

3"16

Na20

R-l88¡

R-t7gr

n4737

n-r75t
E -.r7 5L

R-t730

R-1803

R-1803

R-1982

n4767

n-L767

L7b

96

95

rg7

u6
86

1l+1

L3ù,

9L

b3

l+2

].63

87

86

L?6

r2l+

76

1?8

L26

79

3o

32

8.69

9.'?5

10.2

10,3

10.1

9.9'r

LO.2

10.1

9"7L

9"49

10.3

1t

10

9

11

T2

l_0

13

?

L2

t3

10
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5. Conclusionso

RapÍd analysis of Na in igneous rocks is feasible
by measuring the induced gamma activity. counting the 2.76 Mev

photopeak excludes the interference of other elementso The

probable error will be w:ithin l5/o,

R4767 , a roek exceptionally high in Fe, gave high
resul-ts in the other methods tried.

The scintilLation counÈer must be checked every

day to make sure that the counting rate is constant.
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PART V

Af,PHA COUNTTNG

PRETTMTNARY EXPER]IVIENTS

1. fntroduction. Alpha counting is a direct, fast,
method for the quantitative analysis of U and Th¡ and is
sensitive in trace amounts. Hurley and Faj.rbairn (L953) 

.,

Larsen et al (1952') , and Kulp, Holland , and Volchok (L952')

have used it in geological investigations.

The U eontent is necessary for the age determination

of granitie rocks by the zircon method. ft is anticipated
that dating parÈs of granitic rocks w"iIl help solve some of
the structural and genetic problems of geology, and the zircon
method has appealing advantages.

Larsen, Keevil and. Harrison (]jg5lt used an age formula

vshich requi.red a trace lead determination and an alpha count..

The constant in this formula incrudes the Pb/u/age constant,

the apparatus consËant (atpna/u), and to a satisfacÈory extent,
a correction for ùhe Th content.

The zircon method of Holl-and and Goürfreid (Lg{jjl,
requires an alpha count (or U determination) and a measurement

of the structural deformation by [-ray crystallography. His

charts convert this data into the solution of the equation
f ttime x activity equal-s deformgtiont t. rn the structure of
zircon, ind.epend.ant SiOi.-& ,ut""hed.ra are linked by Zr*b in+
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8 fold co-ordination. However, the rad.ius-ratio of Zr+l+

to O-2 is theoretically 0,66, wtrich is in the ó-fold
coordination ratio range (0.1+1 - o"73); therefore the arrangement

is not stabl-e and is deformed by radioactivity. Although the

atomic radii of U+4 (1.05) an¿ Th*4 (l.lO) are larger than

b*4 (0.87) there is some substitutíon wtrich makes zircons

radi.oactive.

2. Theoretical considerations.
(a) ft is assumed that the u series is in equilibrium.
(b) Th ïr:ill interfere vj:lth these method.s. However¡

Larsen claims that the Th content is smalJ. and fairly constant

and is satisfactorily corrected for in hÍs equation constant.

There are I alpha emisSions in the Uæ8 series, ranging in
energy from l+.18 to 7"68 Mev. There are 6 alpha emissions

ip the Th series, rangi.ng in energy frgm. 3".98 to 8.82 Mev.

u;238 disintegrates 3 tiraes as fast as Th232. Therefore ¡ the
U equivalent of Th is

(c) Alpha particles are heavy and. easy to stop, they
have an atornic weight of /+ ¡ and a charge of plus z.' They will
not even penetrate a layer of paper and this is the diffieurty
in counting them. The sample must be as close as possibre

Èo a bare phosphor,

(a)foroactivity 9*I=L83h
(b) for Pb content I

3

(¿) The thin layer of phosphor powd,er urill stop the
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alphas" Most of the betas and garnmas wil-L penetrate the

phosphoi, and the scintiLlations that are produeed can be

dÍscrirninated out becau.se they have l-ess energy than the

alphas.

3n Apparatus. The same scintillation counter

set-üp is used., the only change necessary is the phosphor;

see fig. 35. For alpha countÍ.ngr ZnS(Ag) gave the best results.
A plastic sheet bype was tried, with no success. The idea

behind the plastÍc sheet was that the beta and gamma rays worrld

pass right through and only the alphas would countn Also ¡

the sheet v¡as very convenient for sample applicationo The

powdered sample was simply spread directly on the plastfc
sheet, and after countÍ-ng, could be brushed cleann On the

other hand, in the use of ZnS(Ae), thls povud.er must be

sprinkled on into silicone oil r and the photomultiplier inverted.

over the sample so that the phosphor will not be conta¡ninated.

l+r' Pro cedure n

(a) The detector unit was checked to make sure that
it was light üight. The house was made up of a detachable

cylinder, fitted on the aluminum base.

(b) The end of the photomultiplÍer tube was Lightly
smeared wlth silicone oil-. The powdered phosphor, ZnS(lS),

!üas sprinkled lightly into this oilo
(e) The alpha emitting sarnple, ground to a poïder,

is placed in the sample hol-der" this is a plate of lucite
with a circular depression 1 Ír.m" in depth. The diameter of
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this depression vnas one quarter inch less than that of the

photomultiplier tuber so that the sample does not touch the

phosphor on the end of the photomultiplÍer. this arrangemenü

is shorr¡n in fi.g. 36"

(d) Turn the amplÍfier up as hÍgh as it will go"

Although the alphas may have high energies, the scintillation
in this phosphor is long and not too intense. Also r âs there

is no reflectlng system around the phosphor, as there is in
a NaI crystal, only a 2rr portion of the scintillatÍons reach

the photomultiplier bube.

(e) Energy calibration of the system. A strong alpha

emítter, Th in form of th(NOr)4, was placed in the sarnple

container. The differential discriminator was used with a
fairly w:ide gate opening. The differentialr or energy¡ spectrum

uas taken for trn¡o runs. In run (a) , a slip of paper was placed.

between the sample and the phosphor. Thís acted as an alpha

filter, so that the phosphor received only betas, ganunasr ârrd

cosmj.c rays. In run (U), the paper was removed and the alpha

spectrum obtained. See fig. 37. This graph shows alpha radiation
is being detected. The rate of about 400 cfm or 2¿F0OO c/h on

the differential discriminator would be increased by an integral
count, if total alpha count was desj-red. A significant feature

of the graph is the trough at about 0.d on the bias. This is
the upper energy of the ganunas and the lower limit of the alphas"

(f ) A sample of ground. zi.rcon frorn the mineralogy
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museum was placed ín the container and covered w:ith an alpha

fil-ter. The Íntegral discriminator was set at OnB on the dial,
so that all counts of energy above this leve1 v¡rculd be counted"

Th" first run w'ith the alpha filber gave the background at

20 cflrr, Then the alpha filter was removed, and the alphas

counted for one-half hour at the same settíngs. The rate i^ras

ãh,O cfh.

5.' Resultsn Crushed zircons r w'ith an assttmed

U content of about l+0 p.p.Inry gave an alpha count of 2lþO cl\.
The background, caused by noise and hÍgh. energy cosmic rayst

was 20 clh. , leaving a net activity of 22O clh.

a Ërace amount

raf e"'

Concl-usiorrs.

(a) Sheet plastic phosphor does not work.'

(b) Using a ZnS(Á,s) phosphor, the alphas from

of U or Th can be counted at a sati-sfactory

(c) The rate could be increased by

(1) scanning a larger sample area with the

, photomultiplier tube, and

(Zl grinding the zircons to a finer powder,

below 100 mesh,

7" Future problems. The constant relating alpha

count to U or Th-U contenü must be evaluated" The easiest i..ray

would be to write to Dr. P.¡4. Hurley at M,I.T. and ask for
some of his neasured zircon samplesn'

6.'
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