
•"••tJ'U'liiJB'tp"*' 

mtHtmtmm 

A J C D - i S o ? 

Chemistry 
Transuranic Elements 

I 
METALLURGICAL LABORATORY 

i CtliSSlFlGMlO^ CMIGELLE|/ THE UNIVERSITY OF CHICAGO ^ ^ 
• -..,__ +v,£> Atomic Energy ^^ ^ ^ /'^y 

i^ ^^^T^C 

For the Atomic Energy 

Declassification Officer A 48-CHANNEL PULSE HEIGHT ANALYZER 

FOR ALPHA ENERGY MEASUREMENTS 
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A 48-CEiANNBL PULSE HEiaHT ANALYZER FOR ALPHA ENERGY MEASUREMENTS 

A. Ghiorso, A.H. Jaffey, H.P. Robinson and B. Weissbourd 

1. Introduction 

In the program of investigation of nev/ artificial heavy 

nuclides* carried on at this laboratory, it was found almost 

essential to be able to Identify and trace specific alpha-

emitters in the presence of other alpha-emitters. Because 

many of the nuclides at the upper end of the periodic table 

are alpha-emitters, the bombardment of a particular starting 

material (generally an alpha-emitter) with neutrons, deuterons 

or helium ions usually resulted in the formation of new 

nuclides which were also alpha-emitters. The products formed 

vtfere often present in very lovtr concentrations (with alpha 

activities much lower than that of the starting material), 

and the chemical properties of the element to be separated 

were often poorly understood. In either case, a good ana

lytical tool was necessary to make possible the tracing of a 

particular nuclide through a long series of chemical separa

tions. In addition there were a number of cases where the nu

clides formed si-iere not chemically separable, being isotoplc 

(e.g., a mixture of Pu236^ Pu238 and Pu239), so that chemical 

Identification was impossible. The instrument described here 

was developed for use in such tracing, and has also proved 

*Nucllde. "A species of atom characterized by the constitution 
of its nucleus, in particular by the numbers of protons and 
neutrons in its nucleus."(1) 
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useful in following the chemical separation and purification 

of the natural alpha-emitters. It has also been used for the 

determination of the alpha energies of many of the new Isotopes. 

Although the accuracy of the present instrument is less than 

1 that of other Instruments, the fact that it could be used at 

509S geometry often made energy measurements feasible where 

little activity could be used. 

The alpha-particle energy of an alpha-emitting nuclide 

is almost specific to that nuclide. In fact, if it were poss

ible to make convenient alpha-energy measurements with very 

high resolution and accuracy, it would probably be possible to 

make unambiguous determinations of the identity and quantity 

of any known alpha-emitter present in sufficient concentration. 

There are some cases, however, where two (or more) nuclides 

emit alphas of nearly equal energies*, and the limited resolv

ing power and accuracy of the instruments available makes iden-

.V tiflcation very difficult, if not impossible. This ambiguity 

can often be removed by other methods, such as chemical separa

tion or the use of a mass spectrograph, or in some cases, by 

fission measurements, either spontaneous or neutron-induced. 

* Examples of such pairs are U232 and Po^lO, u234 and Np237, 
and Pu238 and Am24l. (See Table IV) 



2» Methods of Alpha Energy Measurement 

In using the measurement of alpha-energy as an analytical 

tool for chemical experiments, a prime consideration Is sim

plicity in the sample preparation, in the operation of the in

strument and in the interpretation of the results. This factor 

made the use of the magnetic alpha-energy analyzer* undesirable, 

because of the necessity of using carefully prepared line sources, 

because of the bulky and elaborate equipment required, and be

cause of the low geometry involved ( <10~3). Good geometry, 

preferably 50%, was highly desirable because of the low total 

amounts of alpha activity available in some measurements, or 

because of low specific activities in the sample. It was also 

desirable that the resolving power and accuracy of energy 

measurement be as good as was consistent with the requirements 

of relative simplicity and high geometry. 

The measurement of ranges was tried, using uniform foil 

(mica) absorbers v/ith surface densities from 1 to 8 mg/cm^, at 

50^ geometry (parallel plate ionization chamber)»̂ "̂ ^ The 

method is described elsewhere.^^' Although the mica absorber 

method has high geometry, it has relatively poor resolving 

power and it was decided to use other methods instead. Other 

methods of range measurement were considered undesirable, 

since the best high geometry method (3) has poor resolution, 

while the methods having good resolution have quite low geom

etry.^^»^»5) 

* Such as those used by Rosenblum, Rutherford, Brlggs, Chang 
and others. See Ref, 2 for references. 
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It was decided that the best results could be gotten from the 

measurement of the total ionization due to an alpha particle 

in a suitable ionization chamber. This method has at least 

one advantage in that the ionization collected is very close

ly proportional to the alpha particle energy, at least* with

in the energy region covered by the natural alpha-emitters 

(4 to 10 Mev.), 

The method Involves: (1) an ionization chamber in which 

the alpha particle expends all of its energy and In which the 

charge is rapidly collected, generating across the chamber 

capacity a voltage pulse (of the order of a millivolt), whose 

magnitude is at least approximately proportional to the parti

cle energy, (2) a linear pulse amplifier which amplifies this 

pulse up to a voltage suitable for detection, and (3) a de

vice, electronic or otheriÂ ise, for determining the relative 

number of pulses of various sizes. Plotting relative number 

versus pulse size essentially gives a plot of relative number 

versus alpha energy (assuming a correct calibration of the 

pulse height-energy relationship). 

This method has been extensively used, (D-28) for raeasur-r 

ing the energies of alphas, protons and fission fragments. 

* There Is fairly good evidence that this holds even below 
4 Mev,f^) 



3 • Total Ionization MethodTTui^ .A'*P§ĝ .JJ!̂ Qgg3'!.._Mgg.glJ:gggĝ Ĵ  

3.1, Chambers.— Two types of chambers have been in gen

eral use. Air has been used as a chamber gas, usually with 

parallel plate electrodes, or free electron gases* (such as 

H2, N2, rare gases) have been used either with parallel elec

trodes or with electrodes with cylindrical symmetry (thin rod 

as collectrode). More recently, chambers with grids have been 

used, with free electron gases. 

The optimum amplifier design for a particular type of 

chamber involves a reconciliation between the requirements: 

(1) preservation of pulse height and (2) ability to use high 

counting rates. If, as is often the case, the charge collec

tion time varies from one alpha-particle to another because of 

the angular distribution of the alpha-particle paths, the pulse 

size may also vary if the amplifier is incorrectly designed. 

3.2. Amplifiers.— In all practical circuits, the charge 

collected in the ion chamber is passed on to the sensitive 

element of the detector, usually the grid of the first ampli

fier tube. The capacity of the chamber and tube and the grid 

input resistance form a parallel RC system which determines 

the shape of the pulse passing into the amplifier. The elec

tric charge collected in the chamber charges up the capacity 

relatively rapidly, and then discharges slowly through the re

sistance. The characteristic pulse shape (voltage vs time) 

passing out of most pulse ion chambers consists, therefore, of 

*Sec, 4.2 
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a rapidly rising part followed by a slow exponential decay, with 

the pulse height (for sufficiently large input resistance) pro

portional, to the charge collected. One method of preserving the 

relative pulse sizes due to various alpha-particles independent

ly of collection time, is to carefully reproduce the original 

pulse shapes in the recording apparatus. In the first use of 

this method, very sensitive electrometers^^'5»5^' with very 

high input resistance were utilized. For this purpose, how

ever, such electrometers have been largely displaced by D.C, 

amplifiers using electrometer tubes,(°>7>8,12,13,15) Recent

ly, there has been developed(3-'-' a highly sensitive dynamic 

condenser electrometer*, with great stability which has made 

it a useful substitute for electrometer tube circuits, and it 

has been utilized for alpha energy measurements by Jesse,(32) 

Because of the very slow decay caused by the large input 

RC value (>1 sec) of such electrometer circuits, the useful 

counting rates must be low ( <l/sec). If the counting rate is 

too high, excessive superposition of pulses results. 

For energy measurements, the relation of the frequency re

sponse to the collection time is subject to more stringent re

quirements than is the case v/here only counting of particles is 

to be done. It can be shown(33) that for circuits whose fre

quency response is determined only by R-C elements, the pulse 

* A very high resistance vibrating condenser changes a small 
D.C. voltage signal to an A.C. voltage, which is amplified 
through a tuned, high-gain, feed-back-stabilized A.C. ampli
fier, and recorded on a pen writing recorder, such as the 
Brown recorder. 



height is essentially preserved if the decay time is at least 

100 times the collection time. Because of its very long input 

time constant, the electrometer circuit (either D.C. or vibrat

ing condenser) may be used with chambers having relatively long 

( >1 millisecond) collection times. It may thus be used with 

air-filled chambers (where charge mobility is relatively low) 

with electric fields no larger than are necessary to prevent 

recombination of positive and negative ions (i.e., the satura

tion field). Of course, free-electron gases may also be used, 

since faster collection times do not affect the preservation 

of pulse heights. 

To use higher counting rates than are possible with elec

trometer circuits, it is necessary to reduce the decay time by 

raising the low frequency cut-off of the amplifier. To pre

serve the relative pulse heights, the collection times must 

then be decreased, which can be achieved by higher electric 

fields in air-filled chambers or by the use of free electron 

gases. Corresponding to the Increase in the low-frequency cut

off, the high frequency cut-off is also Increased, in order to 

preserve the rise-time of the pulse. 

A number of applications of the total ionization method 

have used amplifiers in the audio-frequency range with cham

bers containing either air or free-electron gases, although 

with air the electric fields must be high (to decrease 

collection time) and the low frequency cut-off must be moder

ately low. In general, chamber fillings of free electron gases 



are the most useful, even with slow amplifiers, since the field 

strengths required, either for saturation or for short collec

tion times, are considerably smaller than for air. 

Besides allowing higher counting rates, the faster decay 

time allows greater tolerance for the presence of betas and 

gammas. With an electrometer circuit, the superposition of the 

small pulses caused by betas xoay seriously interfere by in

creasing the "background noise", and therefore the "line-

width" of the pulse distribution. With faster-decaying pulses, 

the superposition is less likely, so that a given amount of 

beta-activity affects the noise-level much less. 

In recent years, full advantage has been taken of the 

fast collection possible in free electron gases by using ampli

fiers with quite high frequency response (approximately one 

megacycle bandwidth) and correspondingly higher low frequency 

cut-off. These systems can use much higher counting rates and 

can tolerate much greater backgrounds of betas and gammas. 

3,3. Pulse height record.lng and Measurement.— In the de

tection process the pulses are sorted on the basis of magni

tude and recorded in some suitable fashion. The most widely 

used methods have Involved one of two procedures: (1) record

ing (on film or paper) a pulse voltage-vs.-time trace whose 

vertical displacement is proportional to the pulse height, 

and subsequently measuring the trace size (the pulse height 

sorting is usually done manually) or (2) sorting the pulse 

sizes electronically and recording them with registers, with 

or without scalers. 



Trace recording has generally been carried out by photo

graphing the movement of a fast string galvanometer, the 

mirror of a loop oscillograph or the trace of a cathode-ray 

oscillograph, with photographic film running past the instru

ment. This method has been extensively used in the Austrian, 

German and Swiss laboratories, while the electronic method 

has been more widely used in England, Canada and the U.S.A. 

Recently, Jesse'^^^ has used the Brown strip recorder as a 

precise recording device working out of the "vibrating-reed" 

or dynamic condenser electrometer. In most cases, the trace 

sizes are measured with a rule and then sorted into groups 

according to size. In a recent publication from Switzerland, 

("̂A) 

-̂'**•' an ingenious photographic recording method has been 

described where a fixed photographic plate is used throughout 

an experiment and the number of pulses of a given size measured 

by determining plate blackening as a function of height on the 

plate. 

For electronic detection, sensitive "relay" circuits have 

been used, such that a pulse exceeding a critical voltage by a 

small amount (<0.1 volt)causes the recording of that pulse, 

whereas one smaller than the critical voltage is not recorded. 

Among the most commonly used of such relay circuits are thyra-

trons and vacuum tube trigger pairs. Variation of the D.C. 

bias on the detector grid serves to vary the cut-off point, and 

since D.C. voltages are easily measured, the cut-off point can 

be precisely determined and reproduced. 



With a single variable bias detector of this type, an 

"Integral" curve may be measured, i.e., the number of pulses 

above a certain voltage may be measured as a function of that 

voltage. Thus for alphas of a single energy in a total ion

ization chamber, varying the bias voltage would give a number 

versus voltage curve with a flat plateau which dropped off 

suddenly at the pulse height corresponding to the alpha energy. 

The derivative of this integral curve is the pulse-height dis

tribution curve. In determining the differential curve, the 

number of counts at one point is subtracted from the number at 

the neighboring point. Since each point is independently 

measured, the statistical fluctuations of both points enter in

to the error in the difference. This statistical fluctuation 

may be greatly reduced by using two detector circuits whose 

grid biases are 1 ept a fixed voltage apart. ̂ H) The difference 

between the counts recorded through the two detectors deter

mines directly the number of pulses at the given pulse height 

and the counting error in the r'.ifference is due solely to the 

statistical fluctuation of the difference*. The pulse distri

bution (or differential curve) may be determined directly by 

sweeping the biases of the two detectors over the desired range. 

*E,G,, In an Integral curve taken by a single biased detector, 
the number of counts at one voltage might be 1089+33 (sta
tistical fluctuation error), while the number of counts at the 
next voltage step might be 900"4-30. The number of pulses with
in this voltage interval would lihen be 189-^45. If two biased 
detectors had been used the number of counts on one might be 
1100, with 904 on the other. The number of pulses in this volt
age interval would be 196^-14, or 1/3 the statistical error. 



Instead of subtracting the total counts passing through one de

tector from the total of the other, the differences may be de

termined directly through the use of a cancellation circuit which 

allows the recording of only those pulses which exceed one bias 

but not the other.(35,36) 

The photographic method has the serious disadvantage of re

quiring the tedious measurement of the pulse traces on the 

film. In the form in which it was often used (with a mechanical 

oscillograph) it had the further limitation of requiring low 

counting rates. This limitation is not inherent in the method, 

since a cathode ray oscillograph may be used. It is relatively 

easy to collect a moderately large number of pulses in a 

reasonable time, since pulses of all sizes are recorded as they 

come through. Nevertheless, the tedium of measurement makes 

the collection of a large number of pulses Impractical. With 

only a small number of measured traces, the statistical fluc

tuations make accurate measurements rather difficult. In 

addition, the problems involved in making accurate measure

ments of the film traces also makes good accuracy difficult 

to attain. The precision of Jesse's method, using the vibra

ting reed and the Brown recorder, is better than has been 

achieved thus far by any photographic method. 

The electronic method makes it possible to avoid making 

visual measurements of a trace by referring measurements to a 

precisely determined D.C, voltage (pulse height selector bias). 

It has the disadvantage that only one pulse height is measured 



at a time. With the differential pulse selector, for example, 

the pulses measured at any time lie within the narrow band de

termined by the difference between the two pulse selectors. 

Thus, in order that each point be measured with adequate sta

tistical accuracy, it is necessary to spend considerable time 

in the complete sweeping of the energy region to be measured. 

At any one time, a large fraction of the pulses formed in the 

ion chamber are not recorded*, resulting in a corresponding 

increase in the counting time. This carries with it the added 

disadvantage of possible difficulties if the chamber or ampli

fier characteristics drift with time. 

3,4 Multichannel Systems.— It would obviously be desir

able to combine the advantages of both methods—recording all 

the alpha pulses formed in the ionization chamber, while using 

the precision and measuring ease of the pulse height selector 

method. To achieve this combination a multi-channel system was 

constructed, using a series of pulse-height selectors with 

biases differing by fixed voltage Increments. In this instru

ment, all the pulses from the ion chamber are recorded, each 

pulse being applied to every channel, but recording only in 

the channel whose bias corresponds to its pulse-height. Of 

course, because of the finite widths of the channels, it is not 

* This comment applies also to the case where all pulses above 
a certain size are recorded, since only those pulses Just 
getting through the pulse height selector are significant in 
the numerical differentiation process carried out later to 
get a number versus pulse height curve. 
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possible to attain a continuous'a'ers'ê Îil.on of the pulse dis

tribution. This, however, is rarely a limitation, since if the 

channel width is somewhat smaller than the natural width of 

the pulse distribution curve, no significant loss in resolution 

or accuracy occurs. (Sec. 9.10, Fig, 23). 

After this instrument was built, it came to our attention 

that a number of such multichannel Instruments had been built 

elsewhere, with quite different designs, although there was an 

overall similarity. Due to the compartmentallzatlon of the 

various projects during the war-time, it was only after our 

analyzer had been in operation for a while that we found that 

the British had constructed'-'-°»37) several such instruments, 

as had the Canadians.'38) still another one had been built at 

Los Alamos.(39) ^ description of one of the Canadian ana

lyzers has been recently published,(^0) and in it, there is 

also a discussion of some of the problems involved in de

signing and using a multichannel selector. 

While the instrument described here is far from having 

optimum characteristics, it has been used for analyzing 

thousands of samples, and it was felt, therefore, that a 

description of its construction and operation was worthv/hile. 

Work is now going on to improve its stability and resolution. 

4. Apparatus 

4.1. General.— In Fig. 1 is a block diagram. The pulse 

from the chamber is amplified in the preamplifier and then the 

first amplifier. It is then passed through a pre-discrimina

tor stage, which subtracts the same voltage from each pulse. 
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The remaining portion of each pulse is amplified in the sec

ond amplifier, the output of which is a cathode follower. 

(Fig.4). The output stage then feeds into the 48 channels 

through a subsidiary set of cathode followers. By varying 

the bias in the pre-discriminator and by varying the gain of 

each amplifier separately, the region of interest can be 

spread over all the 48 channels. The ability to concentrate 

all the detectors on a small energy region (thus accentuating 

energy differences)- is important, since most of the alpha-

emitters of interest have energies between 4 and 6 Mev, Every 

detector whose bias is less than the pulse size is fired by a 

pulse, but by means of the cancellation circuit described be

low the resulting signal is not transmitted to the recorder 

unless the pulse has not tripped the detector with next higher 

bias. The counts in each channel are registered by fast 

mechanical recorders. A photograph of the entire unit is shown 

in Fig. 2. 

4.2, Chamber. The design of the chamber is greatly 

simplified by the use of "free electron" gaseŝ -̂'-»̂ »̂̂ 3) ̂  

instead of air, because of the low electric fields necessary 

in such gases.* Low fields suffice, because (1) the great 

mobility of electrons in free electron gases enables rapid 

collection of charge even in small electric fields and (2) 

*Such gases as nitrogen, hydrogen or the noble gases, in 
which the capture of electrons to form negative ions has 
very low probability, and hence electrons carry the neg
ative current in an electric field. Oxygen, on the other 
hand, is highly electronegative, having a high probabil
ity of capturing electrons. 



the field necessary to prevent recombination of positive and 

negative charges (i.e., the saturation field) is much smaller 

than in air. 

With comparable electric fields, the electron velocities 

are of the order of a thousand times larger than those of the 

positive ions, so that during the time in which the electrons 

are collected, the positive ions hardly move at all. Due to 

the electrostatic induction effect, the charges affect the 

collectrode* before they actually strike itJ^UyUS,U7AB) 

At the instant of charge creation by the alpha-par tide, 

the net induction effect is zero, since both charges of 

each ion pair are essentially at the same point. As the 

field moves the charges apart and the electrons approach 

the collectrode, the induction effect due to the electrons 

Increases. The Induction effect of the positive ions on the 

collectrode is opposite in sign to that of the electrons, 

and hence tends to partially cancel the electronic effect. 

Since the positive ions remain practically stationary during 

the period of electron collection, their cancellation effect 

remains essentially constant. Thus, if only the electronic 

part of the pulse is used, the total charge collected in the 

ordinary ionization chamber is smaller than would be the case 

if both positive and negative charges were completely collected, 

*Collectlng electrode. 



The magnitude of such cancellation can be easily calcu

lated if the electrodes have suitable symmetry,'^'^' such as 

infinite plane electrodes, infinite coaxial cylinders or con

centric spheres. Each charge is considered separately, by 

treating it as though it were uniformly smeared out on a sur

face lying symmetrically between the two electrodes with the 

position of the actual charge determining the position of 

the surface. For example, a charge Q lying between two con

centric sphere electrodes at a distance R from the center 

would be considered spread uniformly over a concentric sphere 

of radius R. The magnitude of the total charge induced on 

both electrodes by the charge Q. is equal to Q, The parti

tion of the total induction between the two electrodes is de

termined by the ratio of the electrostatic capacities of the 

artificial surface to each of the electrodes. The closer 

the charge Q, is to one electrode, the larger the capacity of 

the artificial surface to this electrode and hence the larger 

the Induced charge.* For plane parallel electrodes, the 

effect is linear since the capacity varies directly as the 

distance between the plates. For the spherical and cylindri

cal case, the linear relation does not hold. 

* In the case of two concentric sphere electrodes, where the 
inner one is the collectrode, the magnitude of the charge 
Induced on the collectrode is Q S jĴ -ZSl. where a »radius of 

r (b-aT 
collectrode, bnradius of outer electrode and r is the dis
tance of Q. from the center. Note that the charge is Q when 
r«a, and is zero when r»b. For the case where b>>a, the 
induced charge is Q S (l-~), i.e., it drops off hyper-

r , r b 
bolicly with r (for b » r). 
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If the ion chamber is being used lUr energy determinations, 

the "positive ion effect" is annoying, since the magnitude of 

the cancellation depends upon the geometrical position of the 

positive ion in the chamber. For alphas emitted in various di

rections, the variation in the cancellation effect can cause 

quite serious differences in pulse heights.^^5' This difficul

ty may be minimized by several methods. First, the collectrode 

may be placed at some distance from the ionization path, which 

decreases the induction effect. Second, advantage^^'•^'^'^^ may 

be taken of the fact that the capacity between concentric 

spherical and cylindrical surfaces does not vary linearly with 

distance from the central surface. The collectrode may be 

made with so small a radius of curvature that its capacity to 

any surface even a little distance away is small, and hence 

practically no Induction can take place unless the charges are 

very close to it. This method has an added advantage in that 

the small size of the collectrode serves to decrease its 

capacity to the high voltage electrode and to the rest of the 

chamber, thus tending to Increase the pulse height. It has 

the disadvantage that the electric field drops off with dis

tance from the collectrode even more rapidly than does the 

capacity of the artificial surface. Thus, the field is quite 

non-uniform and relatively weak at the high voltage electrode, 

on which the sample is often placed. Fortunately, electron 

mobilities in free electron gases are so high that even in 

weak fields, the velocities are high and saturation easy to 

attain. 
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A third method of reducing the positive Ion effect in

volves the use of a grid(IS,19,21,23,50,51,52) i^ front of the 

collectrode in a parallel plate ion chamber. The grid serves 

to shield the collectrode from induction effects due to charges 

between grid and high voltage electrode. It has no shielding 

effect, however, on induction from charges which have passed 

through the grid into the region between grid and collectrode. 

Since the positive ions never enter this region, the positive 

ion effect is removed. Collection of electrons on the grid 

is prevented by the use of a high negative potential, but one 

not as high as that on the high voltage electrode. From ex

periments in this and other laboratories, it seems that the 

grid-type chamber is the best kind to use if great uniformity 

of pulse size is desired under a variety of conditions. The 

present analyzer, however, has been built about a chamber de

signed to reduce the positive ion effect by the first two 

methods. 

The ionization chamber (Fig. 3) is mounted in a large 

steel vacuum-tight enclosure. The high voltage electrode 

consists of a covered bucket supported on Insulators large 

enough to allow the use of up to 5000 volts (negative). 

Into the bottom of this electrode the sample support is 

fitted by means of a breech thread, a projecting pin being 

used to simplify the alignment of the thread as the support 

is pushed upward. The sample support may be removed through 

the bottom door which plvets on a single loose hinge and is 
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clamped against the rubber gasket by three thumb-screws. To 

facilitate rapid clamping these screws are hinged and slide 

into slots in the door. The bottoms of the sample support and 

high voltage electrode are insulated to protect the instrument 

operator. 

The collectrode consists of a half-inch brass sphere at 

the end of a narrow rod. To reduce the capacity to ground, 

the rod is supported by a long insulator, and a fine wire 

lea(31aif̂  froii the rod through the Insulator in the top of the 

can is used to carry the î'̂ nal. The wire and the polystyrene 

insulator through which it passes are vacuuir. sealed //ith 

Apiezon W wax, and the insulator is also mechanically supported 

by screw threads. The high voltage lead comes through a sim

ilar insulator, .vlth a one mfd, (5OOO v, oil) condenser 

connected outside the vacuum chamber. The condenser is in a 

shielding brass box, through the wall of which passes a 

grounding key for discharging: the condenser. The preampli

fier is mounted on top of the vacuum can cJirectly above the 

lea a frop" the collectrode. 

After a rcaple has been introduced, the chamber is evac

uated v.ith a high-capacity mechanical pump to a pressure of 

about .07 rara, and then filled with argon. Repetition of this 

process has been tried, but seems not to have made any 

difference in the results so that one pumping is generally 

considered sufficient. Since the time required for sample 

changing is short, only a small amount of air is introduced 



during this operation and as a result the partial pressure of 

O2 after one pumping is tolerably low. Oxygen Interferes by 

combining with the free electrons, forming slow-moving negative 

ions. 

The argon used is purchased in large tanks and is said by 

the manufacturer to be 99.8% pure. It is not prohibitively ex

pensive, being commercially manufactured for use in welding. 

For a while, the argon was purified by passage passed over hot 

copper, but it was found that no difference could be noticed 

when this step was omitted provided the gas was led directly 

from the tank via copper tubing. 

Since no difference has been found in operation character

istics as a result either of purification procedures (for oxygen 

removal) or of flushing the chamber once with argon, it seems 

likely that the oxygen content in the chamber is so small as to 

have little effect. According to the results of Clark, 

Spencer-Palmer, and Woodward,^ ' this means that the oxygen 

content is probably less than 100 parts per million (or< .07 mm 

at one atmosphere). Purified nitrogen has been used, but is 

less satisfactory than argon in a number of respects, among 

them being the higher voltage required for saturation. 

After the chamber has been evacuated, it is filled to a 

pressure of 1 to 2 atmospheres, and is then used either sta

tically or with gas flowing through at the rate of a few-

tenths ml. per second. It has been found that the character

istics of the pulses change more rapidly when the gas is 



merely allowed to stand in the chamber rather than being 

allowed to flow through. Presumably this phenomenon is due 

to vapors arising from the organic matter in the chamber 

(insulators and rubber gaskets) or to air entering through very 

small leaks. The drift with static gas expresses Itself as a 

decrease in pulse size for alphas of a given energy as well as 

in a decrease of resolution, i.e., increased spread of pulse 

heights corresponding to a given energy. When the chamber is 

adequately vacuum-tight, the drifts occurring with flowing 

gas are smaller than with static gas and even these steady 

down to quite small effects after an initial flowing period. 

The importance of such drifts as do occur is minimized by the 

use of alpha-emitting standards as described below. The po

tential on the high voltage is -I50OV to -25OOV for 1 atmos

phere and -30OOV to -4OOOV for two atmospheres. 

(18) 

Clark, Spencer-Palmer and Woodward^ ' have found, by 

using a system with practically no rubber and with wax 

joints, by pumping down to a high vacuum and by very elabor

ately purifying the argon with hot copper and drying agents, 

that no drifts due to gas deterioration would occur over 

some days when the static method was used. At Los Alamos 

and elsewhere(-̂ '̂ >̂ -'-»23,42,53) it has been found that contin

uous circulation of the argon over hot calcium achieved the 

same purpose after a preparation period taking several hours. 

However, for large numbers of runs, such elaborate prepara

tions are prohibitively time-consuming, so that the drifts 

which may be ascribable to insufficient gas purity have been 



accepted and their effects minimized, insofar as possible, by 

the use of standards. 

Although the use of a small collectrode located at some 

distance (12 cm) from the sample tends to minimize the positive 

ion effect, it does not eliminate it entirely. The effect may 

be calculated using some simplifying assumptions and the math

ematical device referred to aboveo^^^) jf -bhe electrodes are 

approximated by two concentric spheres of radii \/K inch and 

K 3 A inch and the alpha-particle specific ionization taken 

as a constant, then the maximum positive ion effect (verti

cally-emitted alpha) at one-atmosphere pressure results in a 

reduction of pulse height of lo6^ for an alpha of 5-0 cmo 

range, 1,2^ for 4.0 cm range and 0.8^ for 3.0 cm. An alpha 

emitted at small angles to the sample plate undergoes prac

tically no positive ion effect at all, so that these percent

ages represent the maximum pulse height deviation due to the 

positive ion effect alone. If the pulse height distribution 

without positive ion effect can be represented by a Gaussian 

curve, then the reduction in the average pulse height is less 

than the maximum deviation, being 0,1$ for the 5.0 «m alpha. 

The effect on the resolution is much less, a straggling para

meter* of 1.0^ increasing only to 1.2^. 

*If the distribution curve is approximately representable by 
a Gaussian error curve, the straggling parameter (©<) is one-
half of the width at 1 the height. (See Sec. 6.) 
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The positive ion effect is evidently non-linear, being 

larger for more energetic alphas. This factor does not intro

duce any added complications because the slight non-linearity 

of the amplifier necessitates the use of alpha standards in 

any case. 

The mild reduction of resolution by the positive ion 

effect is of importance only when samples are counted at 50% 

geometry. When, by the use of collimators, only vertically 

emitted alphas are counted, all alphas of a given energy are 

affected approximately alike. However, the non-linearity with 

energy still remains. The collimation technique is described 

below. 

Besides the positive ion effect, the angular distribution 

of the alpha particles gives rise to another source of diffi

culty. The pulse shape and "rise time" from a vertically 

emitted alpha is not the same as that of a horizontally emitted 

alpha, because of the different induction effects from the 

various alpha tracks. This effect need cause no great difficul

ty if the amplifier is adequately designed. 

4«3. Amplifier.— The circuits are shown in Fig. 4. The 

entire amplifier has a moderately low frequency response 

(Fig. 5)» This frequency characteristic was determined em

pirically to give the best resolution with the chamber of 

Fig. 3. 
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The preamplifier is mounted directly on the chamber. The 

filanent of the 38 tube is operated in series v;ith the filaments 

of the first three amplifier tubes from a 2^ volt D.C. supply* 

piped into the counting rooms; one side of the 38 filament is 

grounded. The use of a regulated D.C. filament supply pre

vents hUii-pickup through the filament and prevents gain vari

ations due to filament voltage changes. 

The first amplifier consists of four stages follo>A?ed by 

the pre-discriminator. The second amplifier consists of tv/o 

stages, the last one being a cathode follower. Some of the 

problems in designing the amplifiers and prediscriminator were: 

(1) to achieve a large signal, as close to Jinear as practica

ble, (2) to design an output circuit with an output impedance 

sufficiently lovv so that the signal would not be attenuated 

when all the selector units were conducting, (3) to obtain a 

constant gain and discrimination level, and (U) to use a fre

quency response that would allow pulses of various rise times 

to core throû li 'Jith the naae output hein;hts. 

It ic desirable to have a large signal for the pre-<iis-

crimin&tor input and for the input to the 48 selector units, 

to loinlmize the effect of drifts in the discriminator sensi

tivities. A linear signal is desirable so that the pulse 

heights may be linearly related to the alpha energies. How

ever, snail departures from linearity can be easily allowed 

for by calibration. There was no difficulty in obtaining 

* Regulated batteryless supply (Nobatron: Sorenson and Co.) 
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linear amplification from the first three stages of the ampli

fier since the outputs of these tubes are at a low signal 

level. The .fourth stage, however, and the amplifying stage 

following the pre-discriminator, are both identical, giving 

a 160-170 volt pulse output. Each has a 250 ohm unbypassed 

cathode resistor to help increase linearity, and a variable 

screen resistor to adjust for linearity. This adjustment is 

discussed later in the section on tuning the analyzer. 

When the 48 thyratrons in the analyzer strike simultan

eously, the grid to ground impedance is lowered sufficiently 

to decrease the signal voltage, unless the impedances of the 

thyratron grid circuits are isolated from the plate circuit 

of the last amplifying stage. Due to the finite rise-time of 

the pulse, thyratrons with a larger bias strike later than do 

those with smallest bias,(^^) so that it is important to 

avoid changing the pulse height by loading the output. To re

duce the output impedance, the output amplifier is coupled 

to a cathode follower on the amplifier chassis which is in 

turn connected to each of eight cathode followers on each of 

the eight selector chassis. The low output impedance of the 

cathode follower also reduces capacitative losses in the 

cable. Each of the cathode followers uses a 6AG7 tube, 

chosen for its high trans-conductance, and each of the cathode 

followers on the selector chassis has a 10,000 ohm stopping 

resistor in series with the grid, in order to prevent oscilla

tions. There is no measurable attenuation of the signal when 

all the thyratrons are conducting. 



The pre-discriminator is a 6SJ7 operated as a phase in

verter. Its cathode is connected through a 0.1 Meg resistor 

to a 105 volt source stabilized by a VR-IO5 tube. The grid 

bias is also derived from the stabilized I05 volt source, 

and may be varied with the potentiometer R-38 (Bias Control). 

The adjustment of this control in conjunction with the ad

justment of the first amplifier gain control (R-I5) shifts 

the position of a particular alpha peak among the channels. 

R-39 is a tapped resistor, which is adjusted so that the 

zero position of the Bias Control corresponds to the cutoff 

voltage of the tube. 

Since the pulses entering the prediscriminator are of 

the order of 100 volts in height, a change of 0.1 volt in 

the cutoff voltage of the 6SJ"7 introduces an error of only 

0.195. The variation in the tube cutoff is ordinarily no 

greater than 0.1 volt, although fluctuations in the "VE tube 

may result in tripping height variation of as much as 0.3 volt. 

The pre-discriminator has a gain of one since its unby

passed cathode resistor is equal to the plate load resistor. 

The current feedback resulting from the unbypassed cathode 

resistor serves to give a linear response for large pulses. 

The output of the prediscriminator is amplified in a stage 

identical with the one preceding the 6SJ7 and fed through the 

cathode follower output to the 48 channels as described 

above. 
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The frequency response shown in Fig. 5 was determined em

pirically to give the best resolution with the chamber and gas 

used. The high frequency response is determined by R-26 and 

C-26, while the low frequency response is fixed by R-7 and C-5, 

Other combinations vî ould undoubtedly work as well; these v/ere 

left as they were when it was found that they gave good results. 

The necessity for adjusting the frequency response in this 

manner occurred primarily when 50% geometry was used. In this 

case, as discussed above, the pulse rise-time depends upon the 

angle of emission of the alpha-particle. When the alphas are 

collimated, the effect of the frequency response upon pulses 

of various rise-times is relatively unimportant, since colli

mated alphas give pulses of about the same rise-time. 

An analysis of the circuit provides an explanation for 

the existence of an optimum frequency response band for the 

chamber and gas used and also for the fact that the pulse 

height and resolution decreases when a certain optimum high 

voltage value is exceeded. The analysis^5^' of a circuit 

whose upper frequency cut-off is determined by one RC con

stant and whose low frequency cutoff is determined by another 

RC constant, shows that a plot of pulse height versus pulse 

rise-time goes through a maximum. The breadth of this maxi

mum is determined by the breadth of the frequency response 

curve. The moderately narrow band of the present amplifier 

is adjusted for the rise-times occurring with the chamber and 

gas used. Increase of high voltage beyond a certain point 



Increases the electron velocity, decreasing the rise-time of 

some pulses beyond the maximum. These pulses are diminished 

in size thus worsening the resolution by broadening the pulse 

distribution curve. 

At times, v/hen slight leaks or other sources of gas im

purities developed, the resolution at 50% geometry has been 

seriously impaired, presumably because the rise-times changed 

sufficiently to move away from the maximum in the pulse 

height vs. rise-time curve. In these cases operation vdth 

collimated sources was feasible. When the leaks became more 

serious, even collimated sources showed poor resolution, pre

sumably because of negative oxygen ion formation. 

The straggling contributed by the amplifier noise and 

other variations in the electronic circuits was tested by 

the use of artificial pulses. The output of a pulse genera

tor, suitably attenuated, was delivered to the collecting elec

trode by capacitative coupling through the high voltage elec

trode. Since the driving frequency was derived from the 60 

cycle supply, the output pulses were synchronized with 60 

cycles, thus minimizing the variations due to the slight hum 

in the pulse generator output. The pulse input was adjusted 

so that the output corresponded to that due to a 5 Mev alpha 

particle. By roughly approximating the pulse distribution 

with a Gaussian curve, the straggling parameter was found to 

be about 12 Kev (.24%). This value gives an upper limit to 

the straggling due to such electronic factors as amplifier noise. 
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Since, as will be discussed later, this value is less than that 

found for alpha-particles, the resolution of the present instru

ment has not been limited by amplifier noise. The relatively 

low noise level is at least partially due to the moderately 

narrow frequency response band of the amplifier. 

4.4. Multichannel Selector_Units.— The multichannel 

analyzers mentioned above as well as the one described here 

have in common the fact that each channel contains three essen

tial components: (1) a discriminator whose tripping action is 

set by an externally supplied bias and whose output pulse is 

independent of the tripping pulse, (2) a cancellation circuit, 

which cancels the output pulse in all those channels tripped 

by a pulse except in the channel with highest bias and (3) 

a recording circuit. The discriminator outputs should all be 

the same, in order to provide trouble-free cancellation 

action. The discriminators used have been either thyratrons 

or trigger-pairs, either of which give constant-output pulses. 

Trigger-pair circuits can be made somewhat more stable in 

tripping level than thyratrons and can be used at higher count

ing rates, but require more circuit components. In order to 

simplify the circuit construction, thyratrons (Type 2050) are 

used as the discriminators in the analyzer described here. 

Other factors keep the useful counting rates low enough so 

that the thratron is no limitation. The drift of the thra-

trons, however, is important and will be discussed below. 
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The cancellation circuits must allow only the channel whose 

bias voltage corresponds to the peak voltage of the pulse to 

record that pulse. For example, if a pulse trips the discrimi

nators of channels 1-5, the output pulse from the channel 2 

discriminator cancels the output pulse from the channel 1 dis

criminator, channel 3 cancels channel 2, etc. Only channel 5 

remains uncancelled and thus is the only one to record. 

Several types of cancellation have been used. In one 

general type, the pulses from the discriminators are used 

to cancel each other. In one such scheme,^^'^' pulses 

from adjoining channels are fed into a multigrid mixer tube 

in opposite phase; a signal emerges into the recorder only 

if but one pulse enters the mixer. In another method of this 

type, the pulses from adjacent channels are fed into the 

opposite ends of an Impedance, the total output being the 

algebraic sum of the two. Cancellation occurs unless only 

one pulse enters this impedance. One of the British an-

alyzers(-'-8) used a resistive cancellation circuit of this 

type, while the analyzer described here uses an interstage 

transformer. Because of the finite rise-time of the pulse 

emerging from the amplifier, direct cancellation of the dis

criminator output pulses can be used only with relatively 

slow pulses^ , 

For cancellation at high counting rates with circuits 

utilizing fast pulses, gating circuits have been used. (5'7»39) 

A pulse from the discriminator activates a gating tube, which 

may also be deactivated by a pulse from the neighboring channel. 



A timing circuit, activated by the pulse output of the ampli

fier, sets off the gating circuits of all the channels at the 

same time. Only that gating circuit which has been activated 

bj'" its own channel and has not been de-activated by its neigh

boring channel allows the count to go through. Since the ac

tivating and de-activating pulses can be made to span the rise 

time, even very fast circuits can be made to cancel correctly 

Nith pulses of finite rise-time. This type of cancellation 

circuit is quite complicated, involving many circuit compo

nents so that it .vould be of little advantage with the present 

analyzer, where the amplifier frequency response and the re

corders limit the pulse speed, and hence the counting rate. 

In the present analyzer, the thyratron pulse height se

lectors (Fig. 6) consists of eight identical banks. Each bank 

contains a 6AG7 cathode follower, six selector thyratrons, six 

cancellation circuits and six recorder thyratrons. The latter 

are connected by cable to the recorders which are mounted in 

an adjacent relay rack. The eight pulse selector banks to-

getner nitn the amplifier occupy the other relay rack. Each 

of the eight banks is connected to the preceding one through 

a shielded cable to provide cancellation between the first 

tube of one bank and the last tube of the preceding bank. The 

last selector on the last bank counts all pulses whose voltages 

are greater than its bias setting, whereas each of the other 

selectors counts only those pulses whose voltages are //ithin its 

three volt band. 
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v\V The cathode follower in each chassis feeds the pulses to 

six units. Each unit contains a thyratron pulse height selec

tor, a transformer cancellation circuit connected to the pre

ceding and succeeding units, and a thyratron recording circuit. 

The bias for each of the 48 selectors comes fron an external 

bias suprly. The channel width is variable, but if, as is 

usual, it la set at 3 volts, then the external bias supplied 

to each thratron is 3 volts more negative than that on the 

previous tube. Variations in the cut-off characteristic of 

each thyratron may be corrected for by means of a potentio

meter in the thyratron cathode circuit, which can be adjusted 

from the front panel. A small {^2 1/2 volts) positive vol

tage is applied to the potentiometer and the cathode tapped off 

of it. The methods of adjusting the ^8 potentiometers will be 

discussed in section 4,7. 

In the Plate circuit of each 2050 discriminator tube, 

there is a neon light, mounted on the front panel, vhich 

flashes .-hen the tube conducts. This enables visual observa

tion of each pulse height as .veil as aiding in the tuning 

process. The thyratron ..uenchlng is due to the drop of plate 

voltage resulting from the discharge of the .05 nfd. plate to 

cathode condenser. Plate voltage is restored by charging thru 

the 50,000 ohn plate load resistor. In each thyratroD grid 

circuit is a 10,000 ohm resistor, which serves to keep the 

grid impedaace durin.: discnarge relatively high, so that the 

Ilscharge of the first thyratron does not short the cathode 

follower. -—-——«--—--—««. 



The cancellation circuit is a modification of one described 

by Roberts,'35) and involves the use of a push-pull transformer 

for mixing the cancelling pulses. The pulse output of the 

6AG7 cathode follower is positive, and if it exceeds the bias 

on the first selector, the tube trips, giving a negative pulse 

of about 100 V, which passes through one side of the trans

former. If the cathode follower pulse is too small to trip the 

second selector, there is no cancelling voltage, and the nega

tive pulse to the input of the transformer appears as a posi

tive pulse of about 100 volts on the secondary output. Since 

the recording thyratron is biased to only -17 volts, it is 

tripped by the output pulse, thus activating the register and 

recording the count. If the cathode follower pulse is large 

enough to trip the second discriminator, its negative output 

pulse is applied to the opposite end of the transformer pri

mary in the first channel, and no pulse emerges from the trans

former secondary. Since the recording thyratron bias is -17 

volts, considerable inequality in the discriminator outputs and 

the primary windings can be tolerated, because incomplete can

cellation does not result in recording unless the difference 

exceeds 17 volts. In practice, no difficulty has been encount

ered even with aging tubes. According to Fig. 6, the first 

thyratron selector in each chassis does not have the same 

plate load as the other thyratrons, except by connection to 

the previous chassis. To make the plate load for the first 

thyratron in the first chassis the same as that of the other 



selectors, a dummy transformer is used. To allow all the chasses 

to remain interchangeable, this transformer is mounted on a 

plug which fits into the female normally used to connect to the 

previous selector bank. 

The recorders are of the Cyclotron Specialties type, which 

can be made to run at a rate of 60/sec on uniform pulses. To 

conserve space and for ease of mounting, these were removed 

from their cases and mounted on panels. It was found that when 

the recorders virere used in the plate circuit of the recording 

thyratrons, grounding of the recorder shell with the coils at 

high potential resulted in occasional shorting of the relay 

coils. Since the D.C. voltage on the cathode is zero when 

the tube is non-conducting, the recorders were placed in the 

cathode circuits, thus removing the shorting danger. 

In each of the cancellation circuits is a switch, which 

is normally closed to allow cancellation. When these switches 

are open, an integral rather than a differential distribution 

is measured, since each register then records all of the 

pulses that trip its discriminator. Such Integral curves are 

sometimes used to measure the total counts in a certain num

ber of channels (corresponding perhaps to a particular nu

clide) without the bother of adding up the counts in each 

channel. Usually differential curves are preferred, since 

they not only give the energy distribution directly, but also 

allov/ higher counting rates. When an integral curve is taken, 

the first few channels must record all of the nulses. 



Since the recorders limit the useful counting rate per channel, 

the total counting rate must then be fairly low. When the 

counts are spread by the differential methcd over many channels, 

the counting rates can be considerably higher. 

The last register records all of the pulses larger than 

the bias on the last channel. 

4.5. Bias Supply.— The bias supply (Fig. 7) consists of 

a voltage divider supplying 48 leads which go to the 48 thyra

tron pulse height selectors. The first lead can be supplied 

with any voltage from 0 to 159 volts, and the others with vol

tages increasing by constant steps (called the channel width), 

usually 3 volts, but which may be 2, 1, I/4, l/lO or zero 

volts. The channel-width is determined by switch S3. The 

various resistor values were accurately adjusted to give the 

proper voltages. The parallel and series resistances at the 

various settings of S3 determine the total voltage across the 

48 precision bias resistors, and thus the voltage across each 

one. They also maintain the total resistance in the voltage 

dividing network constant, so that changes in the channel-

width do not affect the range control. 

The voltage on the first thyratron (range) is deter

mined by switches S4 and 35. Since 34 is also arranged so 

that changes in its setting do not affect the total resis

tance in the voltage dividing network, changes in the range 

control do not affect the band width. 34 provides voltages 

in 20 volt steps from 0 to I40 volts, and 35 provides 



This resistor is adjusted so that the parallel combination 
has a value of exactly 10,800 ohms. 

All resistors are wire wound precision resistors, IRC 
type WM-4, except for the voltage control to the 6SJ"7, 
which is a General Radio, type 314, potentiometer. 

The channel widths (voltages obtained across each 250 
ohm resistor) are 0, 0.1, 0,25, 1, 2, and 3 7. for 
positions 1, 2, 3» U, 5, 6 respectively on switch S3, 
This is a two pole, six position switch. 

The galvanometer is mounted on the chassis behind the 
panel. The needle is viewed thru a 1** hole in the panel, 
and is illuminated with a 6,3 V. pilot lamp placed to 
one side of the scale. 

These resistors are adjusted so that the total resistance 
is 1425 ohms. 

These connectors are octal sockets mounted on the back 
of the chassis. 

NOTES (FIGURE 7) 
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voltages in one volt steps from 0 to 19 volts. A change in the 

range control, by changing the bias of the first thyratron se

lector, changes the bias of each of the selectors by the same 

amount, since the bias difference between successive thyratron 

selectors is constant. 

The original purpose of incorporating variable range and 

channel-width controls was to allow the pulse distribution 

from a mixture of alpha emitters to be examined in greater 

or less detail, as desired. Increasing the range control 

setting brings the higher energy alpha particles into the re

cording region of the instrument. Decreasing the channel-

width increases the sensitivity and detail with which a par

ticular alpha energy region is examined. In actual practice 

neither control is varied, except during the tuning process. 

The range control is generally set at ten volts, and the 

channel-width at three volts. The maximum channel width is 

used, since using smaller channel widths accentuates the 

effect of small drifts in the thyratron cut-off characteris

tics. In practice, changes in the region or detail of exam

ination are made by varying the gain controls in the ampli

fier and the bias setting of the pre-discriminator. 

The voltage divider is supplied with 303 volts from a 

regulated power supply whose reference voltages are taken 

from dry batteries. The current through the divider is 

standardized against a standard cell by bucking the cell 

against the voltage generated across a 76.42 ohm resister. Di

vider current changes may be corrected by adjusting the 

• ^ ^ • « ^ ^ - ^ 



grid bias of the 6SJ7 regulating tube until the galvanometer is 

balanced at zero. The 48 bias voltages are carried through 

eight octal cables to each of the eight selector chasses, 

^*^' Power Supplies.—The low voltage power supply (Fig. 8) 

furnishes the following voltagess regulated 35O V for the 

6AG7 cathode followers on the pulse height selector chasses, 

regulated 300 volts for the amplifier B"̂  supply, unregulated 

300 V for the register-driving thyratrons, regulated 120 V 

for the selector thyratrons and unregulated-lTV for the bias 

on the register thyratrons. The power supplies are regulated 

by circuits similar to those used in the bias supply. 

The high voltage supply'55) supplies up to -5OOO V and 

is regulated by the use of an A.C. saturated transformer. 

The voltage is adjusted by means of a variable autotrans-

former in the primary. 

The entire 110 V A.C, supply is regulated by means of a 

Sola transformer. 

^*'^' Tuning the Analyzer;—The high level stages in the 

amplifier are adjusted for approximate linearity by varying 

the screen resistors. This adjustment is only approximate, 

but serves to avoid gross non-linearity. After the first , 

lining-up, the drift of the circuits is seldom large enough 

to be detectable by the test used. A signal from a stabil

ized pulse generator is introduced into the grid of the 

fourth amplifying stage (6AG7). The output of this stage is 

connected to the horizontal amplifier of an oscilloscope 
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while the pulse generator is connected to the vertical ampli

fier. The screen resistor is varied until the scope pattern 

is a straight line. A similar adjustment is made on the other 

high level amplifying stage. Using the pulse generator, the 

output cathode follower is checked by observing the pulse out

put with all the thyratrons firing (range control at zero) and 

with none firing (range control set high). There should be 

no observable change in the oscilloscope,. 

Because the analyzer is in constant operation, the com

ponents age and drift sufficiently in about a month to re

quire tuning of the selector circuits, although precise work 

may require more frequent tuning. At times the analyzer has 

been in ;<!>peTAtioii."£oT: two to .tliree'irMMlitlis wlthadt rdtoningo 

The major portion of the drift is probably due to changes in 

the triggering points of the thyratrons and in the transcon

ductances of the cathode followers. The process of tuning 

involves adjusting the potentiometers in the cathode follower 

screen circuits and in the thyratron selector cathode cir

cuits until the selectors trip on pulses of the correct vol

tage. 

The method for lining up the selector units involves the 

use of a pulse generator and the range and bias controls. 

The pulse generator is connected at some convenient point in 

the amplifier (generally the second gain control), the 

channel width is set at zero and the coarse range control set 

at about 130 V, The pulse generator is then set so the 
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11 
selectors are just firing. The triggering of a channel can be 

easily observed by the flashing of its neon light on the front 

panel. With slow variation of either the pulse generator or 

range control the thyratrons which trip at voltages either 

above or below the norm are located. If they are not too far 

off, the tripping points may be adjusted with the cathode po

tentiometers; otherwise the tubes are replaced. For fine con

trol, the pulse is fed in before the prediscriminator and its 

bias voltage varied. 

If an entire bank of six selectors is off (either low or 

high), all (or most) of the channels in that bank will trip 

before or after the others. The banks may be adjusted rela

tive to each other by adjusting the resistors in the cathode 

follower screen circuits, while slightly varying the output 

of the signal generator (or prediscriminator bias) so that 

the selectors are alternately tripped and not conducting. 

Variation between banks can be minimized by using matched 

6AG7 cathode follower tubes. By selecting tubes, transcon-

ductances can be matched to about 5̂ » 

The entire operation is repeated at several settings of 

the range control and pulse generator, adjusting thyratron 

and 6AG7 circuits. A method suggested by Kohman^^o) f^-p 

systematically repeating this operation enables the adjust

ment to be made fairly rapidly. Using zero channel-width 

and a large pulse (and correspondingly high voltage on the 

range control), the cathode follower screen resistors are 
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adjusted until all or almost all of the"" channels fire simultan

eously. With a small pulse (and low range voltage), the thy

ratron potentiometers are adjusted until all fire simultaneous

ly. However, the adjustment of the thyratrons at small pulse 

levels disturbs the alignment at high pulse height, so that 

the entire alignment procedure is repeated, until no discrep

ancies occur at both pulse heights. Only a few repetitions 

are necessary, since the discrepancies disappear rapidly. 

The particular sequence used results from the fact that 

variations in the cathode follower gains are of little im

portance for small pulses but of considerable importance for 

large pulses. Thus, if e^^tt pulse voltage from pulse genera

tor, Q^a gain (< 1) of one cathode follower, and ê .̂  range 

control voltage, then, with zero channel width, the voltage 

put on the thyratron grids of one selector bank is ê gĵ  - e-p. 

Suppose ê as 150 V, and BJ. is selected so that the net output 

voltage is zero for one selector bank. If the gain g ĵ. of 

another cathode follower differs by 5^ from gĵ , then the out

put voltage will differ from zero by 7 volts. If eiss 5 V, 

then the output voltages differ only by 1/4 V. Thus the 

cathode followers are adjusted with large pulses where diff

erences in their outputs are larger than differences due to 

misalignment of the thyratron selectors. Correspondingly, 

the selectors are adjusted with small pulses, where differ

ences between the thyratron selectors are greater than 

differences due to cathode follower variation. 
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The registers used have a number of adjustments which can 

slip or wear over a period of time. Part of the tuning process, 

therefore, Involves checking and adjusting the registers. The 

method of adjusting Cyclotron Specialties registers is de-
(57) scribed elsewhere. Several methods can be used to check 

them. One is to determine the counting rate of a pulse gen

erator whose repetition frequency has been calibrated. The 

range control is used to bring in one register at a time, 

and its ability to follow the pulse generator Is determined. 

Another xaethod, although much noisier, is faster. The switches 

in the primary circuits of the cancellation transformers are 

opened, A pulse large enough to trip the last channel is used. 

All the registers fire away simultaneously as pulses come 

through, and it can soon be seen If any are counting ahead 

or behind the others. 

After tuning, the instrument is usually recalibrated 

with a standard containing an artificial mixture of several 

alpha-emitters of known energy. This is a final check on the 

tuning process, since the counts should fall on smooth dis

tribution curves. 

5. Sample Preparation and Effect of Self-Absorption 

To get good results in an alpha energy analysis, self-

absorption in the sample must be quite small. For vertically-

emitted alphas, the effect of sample thickness is not very 

serious, within limits, since a vertical alpha from a sample 

of surface density 40 fig/om^ loses an average of about ,01 Mev, 
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However, the alphas emitted at an angle to the perpendicular 

lose considerably more energy, the amount lost increasing with 

angle. Self-absorption not only reduces the apparent energy, 

but also decreases the resolution by spreading the peak, A 

"thick" sample measured at 50̂ 5 geometry has a very marked low 

energy tail extending down tovmrd zero energy; the greater 

the thickness, the larger the fraction of alpha-particles 

appearing in this tail» 

The best kind of sample for use in the analyzer consists 

of a thin, uniform film spread on a smooth surface. A simple 

m-.thod for maicing samples of this type involves electroplat

ing on polished metal surfaces, (The details of technique in 

this and other methods have been discussed elsewhere.)^ '̂  '̂ '̂  

Another method which gives very good samples involves the 

evaporation of the active material onto a cooled plate in 

hip-h vacuum, .'/hile the samples prepared in this fashion are 

more uniform than those made by any other technique, the 

labor and apparatus involved make the method impractical for 

most samples. The electroplating method, where applicable, 

has proven to be the best method. For the best samples, 

polished stainless steel or stellite have been used, although 

discs punched from bright surfaced platinum sheet have given fair

ly good results. In any of the methods of preparation, the 

sample plate is heated to a high temperature after prelim

inary drying, in order to remove acids, volatile salts and 

traces of moisture. If the platinum sheet is thin ( <,005") 



and is strained, it may warp on heating, and an alpha collid

ing with the warped part of the plate gives rise to short pulses. 

The plate may be taped to a thick aluminum disc to flatten it out. 

If the radioactivity to be investigated is in solution with 

a quantity of non-volatile salt, the activity must be chem

ically concentrated before it is practical to prepare samples. 

Such separation may be performed by solvent extraction, by 

resin columji adsorption, by electrolysis or by precipitation 

with specific carriers. The solutions resulting from solvent 

extraction or resin column absorption may be essentially free 

of non-volatile salts and so can be directly evaporated to 

give a thin film. 

It is often not feasible to use samples prepared with 

carriers at 50?̂  geometry because of the difficulty in making 

a solid spread uniformly. Even if the carrier is re-

dissolved and spread, it often tends to clump after evapor

ation of the solvent. The use of relatively non-volatile 

spreading agents (e.go, tetra-ethylene glycol, or TEG) serves 

to make the deposition more uniform by causing evaporation 

from a film rather than a droplet. 

In cases where it is necessary to avoid separation of 

different chemical elements (e.g., uranium and plutonium), 

chemical concentration from non-volatile salts may not be 

feasible and the original material must be spread. The thick

ness may then be so great that the energy straggling may be 

excessive, even with the use of TEG. In this case and in cases 
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of large amounts of carriers, samples cannot be used at 50% ge

ometry. The collimation methods used are described below, 

6. Resolution 

The ability to detect the presence of one peak when it 

lies very close to another is determined by the natural width 

of the peak. Under good conditions, the peak shape may be 

represented by a Gaussian curve of the form 

(E» energy corresponding to particular pulse height, P(E)dE = 

probability that a particular alpha gives rise to a pulse 

corresponding to energy between E and E-f- dE, EQ ss energy 

corresponding to maximum of peak,o<3: straggling parameters 

one-half the peak width at l/e the peak height.) When the 

Gaussian shape applies, the peak width may be described by 

the straggling parameter, although some authors have used 

the "half-width" (total peak width at one-half the peak height), 

For a Gaussian curve, the "half-width" is I067 times the strag

gling parameter. Even though the peak shape deviates somewhat 

from a Gaussian, it is still useful to use the straggling 

parameter measure of peak width. The use of the straggling 

parameter rather than the half-width as a measure of resolu

tion is arbitrary, since one can be calculated from the other 

if the pulse shapes are actually Gaussian, Because of 

asymmetric straggling, however, it is preferable to use a 

measure of peak width which is determined lower down on the 



peak. Such a practice gives greater weight to the low energy 

tail. Although the choice of l/e the peak height is certainly 

arbitrary, the authors believe it to be preferable to the use 

of the half-width. 

The width of the approximate Gaussian curve gives a 

measure of the ease or the possibility of distinguishing 

another peak close in energy. From the Gaussian measure, 

however, the ability to find a second peak should be a func

tion only of the straggling parameter and the energy differ

ence (i^E) of the two peaks, and should not depend upon 

whether the energy of the second peak is greater or less than 

that of the first. Actually, some of the straggling factors 

are asymmetric in their effect, resulting in greater strag

gling on the low energy side. They have the effect, not only 

of widening the peak, but also of shifting the peak towards 

lower energy, and in some casesj of creating a low energy tail 

which stretches towards zero energy. If the energy of the 

first peak is E, and that of the second peak is E - A E , it 

will than be harder to find the second peak than if its energy 

were E+ A E, In fact, if the second peak is lower in energy 

and is present in very low concentration, it may be impossible 

to locate it. Despite the fact that the straggling parameter 

is not an unambiguous measure of the resolution, it is very 

useful for those cases where the second peak is present in a 

concentration sufficient to keep it from being lost in the 

low energy tail. This is true only when most of the alphas 



(of the more energetic group) are in the main part of the peak. 

However, where the asymmetric effect is large (e.g., with thick 

samples), the straggling parameter has little significance, be

cause a large fraction of the alphas are then in the low energy 

tail. 

Since the natural spread (as emitted) of the alpha 

energies is much less than 1 ev, the observed straggling is 

an instrumental effect. From the emission of the alpha to 

the recording of the resulting pulse height, a number of steps 

are involved, each step independently introducing its own sta

tistical variations. The most important sources of straggling 

are; (1) source straggling, due largely to variations in self-

absorption (energy loss of alpha in solids on sample plate) 

and to alpha back-scattering; (2) ionization straggling, or 

variation in number of ion pairs formed by alphas of identi

cal energy; (3) chamber straggling, due to such things as the 

positive ion effect or grid capture of electrons; and (4) am

plifier noise. Because the straggling effects are indepen

dent of each other, the total straggling parameter is taken 

as the square root of the sum of the squares of the individ

ual parameters; 

wherec<k= total straggling parameter, and s = source, i = ioni

zation, c?: chamber, and n= amplifier noise. 



As mentioned above (Sec. 5), a thick sample results in $9 

energy degradation of many of the alphas, the energy losses be

ing greatest for alphas emitted at small angles to the sample 

plate. At 50^ geometry this results in a long low energy tail, 

but the tail may be decreased in magnitude by collimation 

(Sec, 7,4).o< g is of the order of magnitude of (1,5 to 2 times) 

the energy lost by an alpha emitted vertically through the en

tire sample thickness. Thus, for a heavy metal oxide (e.g., 

U30g) uniformJ-y spread on a smooth plate,«^g is very roughly 

15 Kev for a 20 /ig/cm̂  sample. 

Chamber straggling for the type of chamber used in the 

present instrument is of several types. If a small amount of 

oxygen is present, there is a statistical variation in the 

number of electrons captured. At 50^ geometry there is a 

variation in the positive ion effect. As mentioned above 

(Sec. 4.2), if the straggling of a 5«0 cm (6.3 Mev) alpha 

were 1,0^ (63 Kev), then the total straggling is increased by 

the positive ion effect to 1.2%. That isoipos, iona^^ Kev. 

If the rise times of the pulses corresponding to a particu

lar alpha peak are not all the same (e.g., at 50% geometry), 

the amplifier frequency response may be such as to cause 

slight variations in the amplification of the pulses. The last 

two effects are decreased by collimation, since they arise from 

differences between pulses from vertically and horizontally 

emitted alphaso 



It was pointed out (Sec. 4.3) that the amplifier noise was 

not a serious source of straggling, since pulse generator tests 

show*^ n to be about 12 Kev. 

Ionization straggling has not been investigated to any 

great extent. It is quite different from range straggling, 

which results from variations in the number of collisions per 

unit path length as well as in the energy lost by the alpha per 

collision. Ionization straggling arises from variations in 

the energy required to form an ion pair. Because a majority 

of the ion pairs are actually formed by (T-rays (fast second

ary electrons knocked out by the alpha-particle), there are 

more actual ionizing events than alpha collisions. The statis

tical variation in the number of ion pairs formed would then be 

expected to be smaller than the statistical variations in 

range straggling. In the simplest type of calculation, assum

ing a Gaussian distribution, the standard deviation ((nso</>/2) 

would be equal to the square root of the number of total 

events (1,6., number of ion pairs formed). For Po alphas 

(5o30 Mev), since 186,200 ion pairs are formed in argong'•'•5' 

the standard deviation is ,0023% or 12.3 Kev and°< j_ • 17o4 Kev. 

The problem has been theoretically analyzed by Fano'°^S who 

showed that the standard deviation was^FjQ, where J© ^^ ^^^ 

total number of ion pairs and F is a factor between 0 and 1^ 

but generally lying between 1/3 and 1/2, For F=l,/l?o ^^ 

the standard deviation for the Poisson distribution (which 

for large JQ is representabie by a Gaussian). Thus, according 
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TABLE I 

ALPHA PARTICLE STRAGGLING PARAIffiTERS* ACHIEVED IN A NUMBER 
OF TOTAL IONIZATION SYSTEMS 

Authors 

Bunemann, Cranshaw, 
and Harvey(51) 
S c h i n t l m e i s t e r , ( 1 2 , 
Vol,146)and S c h i n t l -
me i s t e r & Rona ' " ! ) 
Jentschke^l*^) 
S t e t t e r ( 1 5 ) 

Maeder(34) 
Brown & Cur t i s s^27) 

Mar t in Deutsch & 
M, Ramsey(21) 

0,R. F r i s c h U 9 ) 
Cla rk , Spencer - -
E*almer & Woodward^-^ 

Fowler & Rosen(23) 

Parsons(28) 

Ghiorso , J a f f e y , 
Robinson aiid^ 
lVeissbourd(t'2) 

Ja f fey & Connor('^^^ 

Average S t r a g g l i n g 
Parameters 

50^ geometry 

250 to 280 
Kev 

78 Kev 

75 Kev 

96 Kev 

50 t o 55 
Kev 

55 t o 70 
Kev 

45 '̂ o 65 
Kev 

c o l l i -
mated 

30 to 35 
Kev 

137 Kev 
27 Kev 
78 Kev 
86 Kev 

96 Kev 

100 Kev 
60 t o 
75 Kev 

45 to 70 
Kev 

45̂ * to 65 
Kev 

Gas 

argon 

i i r 

a i r 

H2 
a i r 
argon 
a i r 

»2 

COg in 
argon 

^2 

argon 

argon 

argon 

argon 

argon * 

Type of 
chambei 

g r i d 

Par
a l l e l 
p l a t e 

n 

tt 

tt 

fchm roi3 
c o l l e c t -
code 
g r id 

g r i d 

g r i d 

g r i d 

g r i d 

small 
3 a l l 
cc l l ec t -
rode 

g r i d 

, ... J 

Type of 
charge 
c o l l e c 
t i o n 

E lec t ron 

Ion 

Ion 
Ion 

Ion 

a i e c t r o n 
Elec t ron 

E lec t ron 

Elec t ron 

E lec t ron 

E lec t ron 

E lec t ron 

E lec t ron 

These have been measured from the published curves, and are only 
for sJpha particles. The values represent tne best results fiom 
each instraiiient J if iiore than one or two curves wore published. 
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to Fano, the ionization straggling for Po should be less than 

17.4 Kev; taking F«0.5,«i =12.3 Kev, 

Of all the published papers on total ionization measure

ments, Bunemann, Cranshaw and Harvey(̂ -'-' have achieved the low

est total straggling parameter (Table I), By the use of a 

pulse generator and by varying the chamber straggling through 

changing the grid structure and voltage, they were able to 

evaluate<=< n and"^©- They found (by difference) thatlfô i + •^s 

was about 20 Kev, Since their sources were made by simply 

evaporating Po solutions on backing plates, and since 50% ge

ometry measurements showed a considerable low energy tail, it 

is likely that their samples gave rise to a sizeable amount of 

source straggling. It is quite possible, then, that thinner 

samples might have given a closer check with Fano*s results. 

If the lowest values for the various individual strag

gling parameters are taken (o<j^al2 Kev, o< ̂^ -12 Kev, 

ofQ=i3ol Kev,(5l)o< g = 5 Kev), then the best straggling par

ameter that could be expected with this type of instrument is 

about 18 Kev, Although this is greater than that of the best 

(2) magnetic spectrographs,^ ' it is not much greater. In 

Chang's(^»°^^ instrument, for examplejC<= 5,4 Kev. Thus, if 

the total ionization method can be pushed to its limit, its 

resolution can be made comparable to that of the best mag

netic spectrographs. 
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The present pulse analyzer has a larger straggling para

meter than that found by Bunemann, Cranshaw and Harvey 

(See Table I). Sinceo^n was measured to be only 12 Kev, since 

the totalo<. has been found to be approximately independent of 

of sample, and since Fano's results Indicate that*^ j_ is quite 

small, it seems apparent that most of the straggling must be 

due tooC Q, It is probable that this is also true of many of 

the other systems listed in Table I, 

7. Techniques of Operation 

7o 1 Counting rates^ tolerable beta activity and gas_ 

pressure.— Because of the relatively low frequency response 

of the amplifier and the long time constants of the selector 

and recording circuits, it is not possible to use high count

ing rates. At 50% geometry, the counting rates are generally 

held to 500-1000 c/m if all the activity is concentrated in 

one peak. If the activity is spread over three or four peaks, 

the counting rate can be as high as 2500 c/m. Even for a 

single peak, the counting rate may be increased if the ampli

fier gain is high, so that the peak is spread over many 

channels. If, for some reason, the sample submitted exceeds 

these values, the effective counting rate is reduced by mask

ing or colllmatlngo The primary limitation on the counting 

rate is the slowness of the registers. Since the counts occur 

randomly, the maximum counting rate per register must be kept 

considerably below the permissible rate for uniformly spaced 

pulses. However, when the activities are spread over many 



channels, so that the counting rates per register are reason

ably low, the maximum counting rate is then limited by the am

plifier frequency response, which determines the pulse shape, 

and in particular, the pulse width. If a pulse enters the am

plifier before the decaying tail of the previous one has died 

away, the height of the new pulse is changed. If this kind 

of event occurs frequently enough, the pulse distribution is 

distorted, the peak widths increased and the resolution there

by decreased. This type of partial coincidence is minimized by 

lixaitations on the maximum counting rate. 

The resolution is also decreased due to peak widening when 

large numbers of betas are emitted from the sample. Due to the 

random fluctuation of beta-emission, the effect of the beta 

pulses is to greatly increase the apparent noise level. Gen

erally, more than a few hundred thousand c/m of betas cause 

difficulty. 

The chamber can be used at one atmosphere pressure, pro

vided the energy is not much greater than 5 Mev, For higher 

energies, greater pressures are often used, in order to cut 

down the range and thereby reduce the positive ion effect. 

The voltage is then correspondingly increased. 

7.2 Operating region.— Although the gain can be lowered 

enough so that the 48 channels cover the entire energy range 

of alpha-emitters, the resolution becomes poorer because the 

channel width is then about equal to the peak width. Usually, 

preliminary considerations and tests make it possible to elim

inate large portions of the energy range before a complete 



curve is taken, and the gain is set at the point necessary to 

apply the 48 channels to the region of interest. The bombard

ment and chemical histories of the samples very often serve to 

give a fairly good idea as to what nuclides may be present and 

in what relative concentration. For most samples, the 48 

channels are concentrated in the 4.6-6.0 Mev region. To in

sure that no activity is missed in the range 4,0 to 4,6 Mev, 

the pre-discriminator bias is lowered for a few minutes and 

the first few banks of registers checked. If no activity shows 

up, the bias is returned to its usual position and the pulse 

analysis made. The presence of alphas with energies greater 

than 6,0 Mev is easily detected, since these are registered by 

the 48th channel. If it is desired to see a particular energy 

range in greater detail, the energy increment per channel may 

be decreased by an increase in amplifier gain while the posi

tion is set by the pre-discriminator bias control, 

7.2 Abundance determination.--The relative abundance of 

alpha activity at the various peaks is determined simply by 

adding up the counts in the channels involved at each peak. 

The comparison made in this manner of the areas under each peak 

is more reliable than comparison of peak heights, because of 

the possible variation of straggling parameter from peak to 

peak. A larger straggling parameter drops the peak height 

even though the area remains the same. If two peaks overlap, 

the intermediate region must be appropriately divided by draw

ing the overlapping high and low energy tails to correspond to 
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the shapes of the non-overlapping high and low energy tails. 

Thus, for example, if the two overlapping peaks occur at 5,14 

and 5.30 Mev, the high energy side of the 5,14 Mev peak is 

drawn to be similar to the high energy side of the 5.30 Mev 

peak, since this side is unperturbed. In the same fashion, 

the low energy sides are made similar. This procedure in

volves the assumption that the effects of self-absorption, 

alpha back-scattering and positive ion effect are about the 

same for both peaks. The assumption is approximately true, 

since the energies of two overlapping peaks are fairly close. 

However, because of this approximation, the estimate of areas 

in closely overlapping peaks is difficult to do with good 

accuracy, especially where one nuclide is present in low con

centration. 

In general, the total counts found under the peaks is 

less than the counting rate determined in an alpha counter; 

for some samples it is as much as 10% lower. This phenom

enon is primarily due to sample self-absorption and alpha 

back-scattering,(^ both of which cause a reduction in the 

alpha energy. The effect occurs even in well-prepared thin 

samples, but is more severe in thicker samples. The energy 

distribution of the degraded alphas stretches from the 

original energy to zero in a continuous fashion, the actual 

variation depending upon the atomic weight of the backing 

material and upon the atomic weight and thickness of the 



sample material. (The back-scattering effect is greater on 

high atomic weight materials (e.g., Pt) than on light metals,) 

Thus, both the fraction of alphas which are degraded and their 

energy distribution are functions of the backing material and 

the sample thickness. Since these effects are approximately 

the same for various energies, the ratio of counts in the 

peaks gives a fairly close approximation to the relative con

centrations of the alpha-emitters. This may not be accurate 

if the energies are quite different, since the degrading effects 

do vary somewhat with energy. Another source of difficulty is 

that some of the degraded alphas from the high energy peak will 

appear under the low energy peak and raise its apparent concen

tration. This may be particularly serious if the low energy 

peak is present in low concentration. One way to evaluate this 

effect is to prepare a pure standard sample of the high energy 

nuclide, attempting to duplicate the method of sample prepar

ation, and to measure the number of alphas at the position of 

the low energy nuclide. 

Because of the energy degradation, ratios of activity can 

be more accurately deterrained at 50% geometry than can absolute 

activities. For this reason, it is best to evaluate the ab

solute activity of a particular peak hy first measuring the ac

tivity of that peak relative to that of an internal standard 

and then counting the standard in an alpha counter. 



Because of such problems as back-scattering, sample self-

absorption, overlapping of peaks and variation in peak shapes 

with energy, it has not proven possible to make relative activ

ity determinations with high precision. The major usefulness 

of the analyzer has been in the following types of measure

ments; (1) establishing the presence or absence of a particu

lar nuclide (already known), (2) establishing the existence 

of a new alpha-emitting nuclide, (3) determining the alpha 

energies of newly discovered nuclides and (4) making abundance 

measurements where highly precise quantitative values are not 

required, 

7o4. Collimation,— It is possible to decrease the rel

ative concentration of degraded alphas by collimating the 

particles emitted from the sample. The method is effective 

since most of the back-scattered alphas emerge at small angles 

to the sample plate,(^'°5^ while self-absorption is also impor

tant only for alphas emitted at small angles. To cut out 

these alpha-particles, the geometry of the collimator need not 

be very low, since the degrading effects are concentrated in 

the small angle region. As mentioned above, collimation also 

has the effect of decreasing the straggling of the pulse 

height distribution by minimizing variations in the positive 

ion effect and in the collection time of the electrons. Thus, 

even with well-prepared samples, the best resolution is not 

obtainable at 50% geometry, but requires some collimation. 



When the sample is rather thick, the low energy tail becomes ̂ 9 

so large as to make measurements very difficult. Although in 

this case the accuracy and resolution cannot be made as good 

as that of a thin sample, they are improved by collimation. 

As mentioned before, collimation is also used to cut the 

counting rate of the sample. Several different collimators 

are available to vary the fraction of alphas cut out. 

The collimators consist of brass discs having 1/16 inch 

holes, in close packed array, over the area of a circle 

about two Inches in diameter. The area occupied by holes is 

about 68% of the total area. The thicknesses of the discs 

used are 1/32, 1/16, 1/8, 3/l6, 1/4, 3/S, and 1/2 inches and 

the extent of collimation is described by the collimation 

ratio: hole depth to hole diameter. Thus, the 3/16 inch thick 

disc is called the 3 to 1 collimator. In drilling the colli

mators, use was made of a hardened-steel jig which had been 

carefully made with a milling machine. In making the thicker 

collimators, care had to be taken to keep the drill from wander

ing and making a non-vertical hole. The collimator discs ivere 

made with a supporting ring (1/16" thick) around the lower edge, 

which served to lift them above the samples. Table II shows 

the geometry per hole for the various collimators, as well as 

the overall geometry (which includes the transparency). The 

geometry is given relative to 50% geometry. It is evident from 

the table that even mild collimation causes a considerable de

crease in counting rate. The activiti-es required to give reason

able statistics and counting rates greater than background be

come correspondingly higher. 



If the concentration of one alpha-emitter is a very small 

fraction (^0.1%) of the total alpha-activity, it is quite 

difficult to detect and measure it. At 50% geometry, it is 

possible to detect such activity when it is higher in energy 

than the other alphas; if it is lower in energy, detection be

comes impossible because of the low energy tail of the high 

concentration peak. Even with collimation, detection of low 

energy alphas present in low concentration is difficult be

cause of the presence of a small but definite tail on the peak. 

TABLE II 

THE COLLIMATORS 

Collimator 

1/2 to 1 

1 to 1 

2 to 1 

3 to 1 

4 to 1 

6 to 1 

8 to 1 
« 

Geometry** 
per Hole 

16.6% 

9.35 
1 

2.87 

1.33 

.779 

.344 

.194 

Overall 
Geometry 

11.3% 

6.39 

1.96 

.909 

.532 

.235 

.133 

Energy Lost 
in Collimatoi 

Hole* 

.074 Mev 

.15 

.30 

.45 

.61 

.93 

1.27 

"Energy lost by vertically-emitted Po alpha, assuming 
no ions in hole are collected. For the thin colli
mators, alphas emitted at an angle lose more energy. 

**Relative to 50% (2 IT) geometry. 



This tail is possibly due to energy degradation resulting from 

scattering off the collimator. Improved results may be attained 

by determining the low energy background with a pure sample of 

the high energy peak. When the low concentration activity is 

of higher energy than the main peak, either the 50% geometry 

or collimation methods may be used. The sample must be counted 

for a long time in order to accumulate a statistically signif

icant number of counts. This is feasible only if the counter 

background is very low, at least as low as the activity to be 

measured. Long counting times may also give rise to errors if 

there is any tendency of the chamber and circuit character

istics to drift. 

7,5. Mica-low geometry method.—Because the total count

ing rate which may be used is limited, it is not feasible 

with either the 50% or ordinary collimation methods to in

crease the absolute counting rate of the low concentration 

activity by enlarging the total sample activity. However, if 

it were possible to prevent the large numbers of alphas from 

the low energy peak from entering the ion chamber, the sample 

size could be increased. This may be done by collimating the 

sample and using a mica absorber thick enough to absorb all 

or almost all of the lov/ energy alphas, but thin enough to 

allow the higher energy alphas to get through. The residual 

range may be quite small, however, in which case a high ampli

fier gain must be used. Because a major portion of the range 

is absorbed in the mica, care must be taken to avoid excessive 



angle straggling, i,e,, significant deviations in path length 

through the mica. For example, the ratio of maximum to min

imum path lengths in the mica is 1,41 for the 1 to 1 colli

mator, 1.12 for the 2 to 1, 1.05 for the 3 to 1, and 1,03 for 

the 4 to 1, The average deviation is, of course, smaller. 

Excessive angle straggling tends to spread the peaks, so that 

the small one may not be observable. 

If the high energy peak is quite close to the main peak, 

the highest resolution is necessary, requiring at least a 4 

to 1 or a 6 to 1 collimator. The actual resolution required 

depends upon the relative amounts of the main activity and 

the trace activity, as well as upon the energy separation. If 

the concentration of the high energy activity is very low, 

the high energy straggling of the main peak may tend to hide 

the small peak unless the resolution is very good. On the 

other hand, if the concentration of the high energy peak is 

not too low, the high energy straggling of the other peak is 

of less importance. The effect of the high energy straggling 

of the main peak is also decreased if the peaks are fairly well 

separated. This is illustrated in Fig. 9. 

If the resolving power is measured by the peak width, then 

the resolution of the mica-collimation method is generally 

somewhat poorer than that of the 50% geometry or ordinary 

collimation methods. This fact is due to the increased strag

gling arising from the variation in path length through the 

mica (angle straggling) and from the fact that straggling in 



range is greater than straggling in the ionization yield. On 

the other hand, the mica method increases the stability, since 

most of the alpha range is cut off, and variations in the cham

ber and circuits affect only the small residual ionization. 

The low counting rates resulting from the high degree of coll

imation can be partially compensated by long counting times 

and because of the increased stability involved in the mica 

method, instrumental drifts do not cause much difficulty even 

over quite long counting periods. 

However, to get significant results even with long count

ing times, a very low background is necessary. For the large 

chamber in Fig, 3, this is difficult to achieve under the 

best conditions, because of the large surface area. Because 

most of the range is lost in the mica, the resulting pulses 

are small, and these are about the same size as pulses due 

to natural alpha-emitters contained in the chamber walls, A 

smaller chamber, a modified form of an atmospheric parallel 

plate alpha counter,^^^ serves as a low background chamber. 

The bottom electrode is lowered to admit the collimator and 

mica absorber and to allow a few centimeters of argon be

tween the collectrode and mica absorber. The electrode areas 

are quite small, making a total background of less than 

0,5 c/m possible. Despite the large collectrode, the vari

ation in positive ion effect is not important, because the 

range of the alphas beyond the mica is usually rather small. 



^5 

The mica absorbers were made by splitting thick mica sheets 

down to approximately the correct thickness and measuring their 

thickness by vfeighing and area determination. By selection, it 

was possible to build up a series of absorbers ranging from 

about 1.6 to 8.0 mg/cm2 in steps of 0.1 to 0.05 mg/cm2. These 

were mounted on thin metal supporting rings about two inches in 

diameter. 

7.6. Energy Calibration of Analyzer.—Calibration of pulse 

height versus energy is carried out by the use of standard 

samples containing alpha-emitters of known energy. If the out

put pulse height versus energy relation could be assumed to 

be linear, and if the amplifier gain and cut-off bias were 

accurately known, only one alpha energy would be necessary to 

establish the relation. Actually, in the present instrument, 

the pulse-height versus energy relation has a small curva

ture, due to such things as the positive ion effect and the 

non-linearity of the high level stages in the amplifier. 

Hence, at least two alpha energies in the region of interest 

are necessary to fix the scale. Because the instrument drifts 

in calibration, it is checked with standards rather frequently. 

The standard samples are mounted on thick stellite discs, 

cut into quadrants of a circle and optically polished to a 

mirror finish. The activities are electroplated on these 

quadrants. By combining the quadrants, a number of combin

ations of alpha energies may be made. In Table III is a list 

of the more commonly used standards. Of course, for partic

ular experiments, special standards of pure nuclides are often 

prepared. 



The four peak sample is the most popular standard. It 

serves to provide a rapid energy-pulse height calibration in 

the region of greatest interest. It also provides a very 

rapid check on the instrument's resolution, because high reso

lution gives rise to very deep valleys which almost go down 

to zero, and these can be seen just by watching the registers. 

For higher energies, the RdTh or the Ra series are usually 

used. 

To make an accurate energy determination, it is necessary 

to use an internal standard (i,e,, a standard sample placed 

in the chamber with the unknown sample), to avoid the possibil

ity of drift. One method involves the use of one internal 

energy standard and the energy increment per channel previously 

evaluated with the four peak standard. In another method, a 

high-energy and a low-energy standard are used to bracket the un

known. The alpha energies of the new nuclides which have been 

determined with the pulse analyzer have been measured by these 

methods. With the present instrument, the accuracy has been 

generally found to be no better than .01-.02 Mev. 

A quick method of identifying an unknown peak which is 

suspected of being a v\?ell-known nuclide is to put in a stand

ard sample containing that nuclide. Perfect superposition 

serves as identification, provided the history of the sample 

eliminates the possibility of other nuclides with energies 

very close. 



TABLE I I I 

STANDARD ALPHA ENERGY SAMPLES 

4-peak stand
ard 

MsTh Stand
ard (and 
daughters) 

Radium Stand
ard 

Nuclides 

U233, pu239, Pu238, 
Pu236 

RdTh, ThS, Tn, 
ThA, ThC, ThC 

Io230 

U234 and u235 

Np237 

Pa231 

Pu239 

Po210 

U232 

Pu238 

Am24l and Cm242 

Ra226, Rn, RaA, 
RaC 

Energy 
(Mev) 

4.823, 5.14, 
5.50, 5.75 

5.42, 5.33, 
5.68, 6.28, 
6.77, 6.05, 
and 8,78 

4.66 

4.76 & 4.40 
Mev 

4.73 

5.01 (87%) 
4.74 (13%) 

5.14 

5.30 

5.31 

5.50 

5.46 & 6.10 

4.79, 5.49, 
6.00 & 7.68 

c/m 
(50% geometry) 

One with 500 c/m 
per peak; one 
with 6000 c/m per 
peak 

Total of 1600 
counts (equili
brium concentra
tions) 

One with 500 c/m, 
one with 7700 c/m 

1000 c/m 

5600 c/m 

i960 c/m and 
6500 c/m 

One each with 500 
c/m, 5000 c/m, 
50,000 c/m and 
300,000 c/m 

300 c/m, 5000 c/it 
7400 c/m 
1200 c/m and 2400 
c/m 

800 c/m and 6600 
c/m 

One each with 
total counts 
11,000 and 67O 

Total of 3800 
c/m (equilibrium 
concentrations) 



izissnsssa 
Calibrations made at 505̂  geometry do not apply when the 

collimators are used, because part of the range is absorbed 

in the collimator holes. The order of magnitude of this loss 

is shown in Table II. Each collimator requires its own cal

ibration, and great care must be taken to make the distances 

of the sample and standard from the collimator bottom identi

cal. 

7'7' Backgrounds.—Because of the large surface area of 

the chamber, the natural alpha background (due to the traces 

of uranium and thorium series normally found in metals) gives 

rise to a minimum of about 5 c/m. These counts are spread 

over a wide energy range, so that the number of counts per 

channel is considerably less than 1 c/m. The background 

counting rate per channel determines the detectability of 

low concentrations of activity. To keep the sample support 

from becoming contaminated, the sample plate is placed on 

an aluminum disc. These are thin punched discs which are 

discarded after each measurement. Even with these, after 

some- use with a number of samples, the chamber inevitably 

becomes contaminated. When the background becomes too high 

for use, the chamber is cleaned, first by washing with or

ganic solvents and then by polishing with #1 polishing paper. 

As a final cleanup, the chamber is mounted in a lathe and 

strips of polishing paper used in a manner designed to pre

vent recontamination of cleaned areas. Each strip is used briefly 

and then discarded. By this method, the background is 
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reduced although never as low as that of a new chamber. The 

background is generally less than 0,1 c/m per channel*, ex

cept in the region 5.1 to 5«5 Mev (many of the samples occur 

in this range) where the background may be 0.2-0.3 c/m. The 

operating background, after some use, may run as high as 0.5 

to 1.0 c/m per channel; above this level the chamber is 

cleaned. Contamination of the collimator occurs rather easily, 

because the bottom part of the collimator is brought quite close 

to the sample in order to minimize the gas absorption. The 

cleaning process is the same as that used on the chamber, ex

cept that greater care must be taken, to avoid transferring ac

tivity into the collimator holes. 

8o Useful tables 

As an aid in interpreting the pulse analyzer curves, 

especially in identifying unknown activities, it has proven 

useful to have several tables readily available. In Table IV 

is a list of many of the alpha-emitters in the heavy region, 

placed according to energy. This makes possible a ready de

termination of which nuclides have energies close to the ob

served one. Table V, which gives the members of each of the 

known disintegration chains, makes it easy to see which peaks 

are likely to occur together due to radioactive equilibrium. 

Table VI, which gives the alpha-emitting nuclides of each 

element, makes it easy to see which peaks will occur together 

throughout a series of chemical operations. Most of the en

ergies have been taken from Seaborg's table.^°°' 

* With the 48 channels spread over the region 4,6 to 6.0 Mev. 
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^O TABLE V. (A) . HEAVY EIEMEN3S ARRANGED BY RADIOACTIVE SERIES 

z 

94 

90 
88 

89 

90 

88 
86 
84 
82 
83 

84 
81 

82 

96 
94 
92 
90 

e 

4n Series 

Nuclide 

Pu240 

•jih232 

MsTh228 

M8 31i228 

Rd!Ih228 

M 2 2 4 

Tn220 
ThA216 
ThB212 
The 212 

^Q,212 
The " 2 0 8 
_ ?0R 
pt,<;ua 

Gm240 
Pu236 
y232 
RdTh228 

t c . as above 
1 

Tl/2 

-^6000 yr 

1.39x1010 yr 
6 .7 yr 

6.13 hr 

1.90 yr 

3 .64 d 
54.5 sec 

0.158 sec 
10.6 hr 
60.5 m 

2.6x10-^ sec 
3 . 1 m 

Stable 

29 d 
2 .7 yr 
70 yr 
1.90 yr 

(descendants o 

1 

E('<) and 
Branching Ratio 

5 .1 

3 .98 
P-
4,5 (^ 0.01^) 
c a . 100^ ^-
5.418 (83^) 
5,333 (17^) 
5.681 
6.282 
6.774 
0-
6.081 {%) 
6.042 (24?g) 
%' (66.3?S) 
8.776 (66,3?S) 
r (33.7?S) 

6,3 
5,75 
5 ,31 
5.418 (83JS) 
5.333 (175^) 

f Rdlh) 

1 

Z 

95 
93 
91 
92 

90 

88 
89 
87 

85 
83 

84 

81 
82 
83 

91 
89 

4n + 1 Series 

Nuclide 

Am24l 
Np237 
Pa233 
U233 

Th229 

Ra225 
Ac225 
pr221 

At217 
Bi215 

Po213 

j l209 
Pb209 
Bi209 

P I 2 2 9 ' " 
Ac225 

etc* as abc 

Tl/2 

498 yr 
2.20x100 yr 

27.4 d 
1.62x10^ yr 

7000 yr 

14.8 d 
10.0 d 

4 .8 m 

0.018 sec 
47 m 

3x10-^ 

1 hr 
3.32 hr 

Stable 

1.5 d 
10,0 d 

>ve (descendants 

£("=<) and 
Branching Ratio 

5,46 
4.73 
%' 
4.825 

4.85 {^10%) 
4.94 (^20?J) 
5,02 {^\6%) r 
5,80 
6.30 (75^ T) 
6.05 (?) (25^ ?) 
7.02 
6.0 (4^) , or 
5.86 {Z%) 
r ( 9 6 ^ ) 
8.336 (96J?) or 

(98?^) 
^ (4^) or (2f,) 

§-

5.66 
5.80 

, of Ac225) 



TABLE V . ( B ) . HEAVY ELEMENTS ARRANGED BY RADIOACTIVE SERIES 

z 

92 

90 

91 

91 
92 
90 
88 
86 
84 
82 
83 
84 
82 
83 
84 
82 

96 
94 
92 

96 

94 
92 

4n + 2 Ser ies 

Nuclide 

U238 

0434 

UZ234 
U 234 

Ra226 
Rn222 
RaA218 
RaB214 
Rac2l4 
RaC'214 
RaD210 
RaE^lO 
Po210 
Pb206 

' " ^ 2 4 2 " 

Pu238 
Uli234 

e t c . as al 

' ^ 2 3 4 * ' 

^^It 
Uii234 

e t c , as ab 

Tl/2 

4,498x10^ yr 

24.3 d 

1.14 m 

6 ,7 hr 
2,35xl05 yr 
8,0 X 104 yr 

1622 yr 
3.825 d 
3.05 m 

2 6 , 8 m 
19.7 m 
1,5x10-4 ggg 

22 yr 
5 .0 d 

140 d 
Stable 

150 d 
92 yr 

2.35xlo5 yr 

)ove (descendants 

8 ^ hf 

4.44 d 
2.35x10^ yr 

ove (descendants 

E(o<;) and 
Branching Ra-tio 

4.180 

^" 
99.85JS &-

0.15J5 l . T . r 
4.763 
4.66 
4.791 
3.488 
5.998 
^ -
» -
7.680 
?-

5.300 

6 ,1 
5,50 
4,763 

of U234) 

6 .2 {!%) 
99^ K 
K 
4.763 

of U234 ) 

z 

94 

92 
90 
91 

89 

87 
90 

88 

86 
84 
82 
83 

84 
81 
82 

92 
90 
88 
86 
84 

4n + 3 ! 

Nuclide 

Pu239 

Acu235 
Uy2Sl 
Pfc231 

Ac227 

OOtf 
ACK225 

RdAo227 

Acx223 

An219 
AcA2i5 
ACB211 

Acc2n 

AcC'2n 
AoC"207 
Pb207 

U230 
0,226 
Ra222 
Em2l8 
RaC'214 

e'tc. as above 

Series 

Tl /2 

2.44xl04 yr 

8.91xl08 yr 

24.3 hr 
3 .45xl04 hr 

13.5 hr 

21 m 
18.9 d 

11.2 d 

3.92 sec 
1.83x10-3 ggo 

36 ,1 m 
2.16 m 

5x10-3 sec 
4.76 m 

Stable 

20.8 d 
30.9 m 
38 sec 

0.019 sec 
1.5xl0"4 sec 

E ( < < ) and 
Brimching Ratio 

5.15 

4.396 
§-
5.012 (87^) 
4.736 (135$) 
4 .98 {1%), 
P- (99^) 
p- U%) 
6,049 (20??) 
5,988 (25^) 
5,764 {ZOf%) 
5.717 (10?S) 
5,717 (55?S) 
5.606 (36^) 
6.824 (82^) 
7.365 

6,619 (84^) 
6,273 (16^) 
0,32?S (5-
7.434 (0.32?S) 
§ -

5.85 
6 ,30 
6 ,51 
7,12 
7,680 

> (descendants of RaC) 



TABLE VI. ALPHA EMITTERS ARRANGED BY ELEMENT 

z 

83 

84 

85 

86 

87 

88 

Nuclide 

RaE^lO 

Acc211 

11x0212 

Bi213 
Rac214 

p°!^S 
Po207 
Po208 
Po210 
AcC'211 
IhC'212 
Po2l3 
RaC'214 
ACA215 
IhA2l6 
RaA218 

At?^^ 
At215 
At216 
At2l7 
At218 

Em218 

ni220 
Rn222 

Fr221 

O O O 
Ra222 
Acx223 

^ ^ 

Tl/2 

5,0 d 

2.16 m 

60.5 m 

47 m 
19.7 m 

9 d 
5 ,7 h r 
3 y r 

140 d 
5x10-5 sec 
2.6x10-6 see 
3x10-6 sec 
1,5x10-4 sec 
1.83x10-3 sec 

0.158 sec 
3.05 m 

7.5 h 
Short 

54 sec 
0.018 sec 

Seve ra l sec? 

0.019 sec 
3.92 sec 

54.5 sec 
3.825 d 

4 . 8 m 

38 sec 
11.2 d 

3,64 d 
1622 y r 

E ( O C ) and 
Branching Rat io 

4«8 , 
(10-4 _ 10-5 %) 
6,619 (845?) 
6,273 (16^) 
6.081 (9^) 
6.042 (24^) 
6.05 (4^) 
5.505 (0.018^) 
5.444 (0.0225?) 

5 .2 (105?) 
5 . 1 (0 .01^) 
5.14 
5.300 
7.434 
8.776 
8.336 
7.680 
7.365 
6.774 
5.998 

5.94 (405?) 
8.4 
7.64 
7.02 
6 .63 

7.12 
6.824 (82;?) 
6.282 
5.486 

6.30 (755? ?) 
6.05 (? ) (25^ ?) 

6 .51 
5 .717 (555?) 
5.606 (365?) 
5 .681 
4 .791 

z 
89 

90 

91 

92 

93 

94 

95 

96 

Nuclide 

Ac225 
Ac227 
Msm228 

1^226 
RdAc227 

RdTh228 

5h229 

Io230 
3h232 

pa229 
Pa231 

Xj230 
U232 
U2S3 
U234 

tff 
Np237 

Pu234 
Pu236 
Pu238 

P"f5^ Hi^ 
Pu24l 

Ain24l 

Cm240 
Cm242 

Tl/2 

10.0 d 
13.5 y r 
6.13 h r 

30 .9 m 
18.9 d 

1.90 y r 

7000 y r 

8,0xl04 y r 
1.39x1010 yr 

V 

1.5 d 
3.45xl05 yr 

20 .8 d 
70 Yr 

1.62x100 yr 
2.35x105 yr 

8.91xl08 y r 
4.498x109 y r 

2.20xl06 y r 

8.5 h r 
2 .7 yr 

92 yr 
2.44x104 yr 
^ 6 0 0 0 y r 

c a . 10 y r 

498 y r 

29 d 
150 d 

E ( O C ) and 
Branching Rat io 

5.80 
4.98 (15?) 
4.5 ( 0 . 0 1 ^ ?) 

6.30 
6.049 (205?) 
5.988 (25^) 
5.764 (205?) 
5.717 (155?) 
5.418 (83^) 
5.333 (175?) 
4 .85 (^70%) 
4.94 (^205?) 
5.02 (^105?) 
4.66 
3 .98 

5.66 ( 
5.012 (87^) ^ 
4.736 (13^) 

5,85 
5.31 
4.825 
4.763 

4.396 
4.180 

4.73 

6.2 
5.75 
5.50 
5.14 
5 . 1 
( c a . 0.002^) 

5.46 

6.3 
6.10 
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9• Typical Experiments Performed with the Pulse Analyzer 

9.1 Detection^^^) of minute amounts__of Cm^^^ in the pres-

ence of large a^o^^^b^^of^Am^^l.—In this experiment, an attempt 

was made, first, to show that Cm^^S could be prepared by Am̂ -̂*-

(n,lf) Am242_i—^m242 ^ '» ^^^ second, to measure the cross-

section of the reaction. The method used was to bombard an 

americium sample in the pile and then to measure the growth of 

CJ^242 from the Am^^S beta-decayo Since the activity of the 

(3̂ 242 was far less than that of the Am^^l, this measurement 

was most conveniently made by cutting out the americium activ

ity by the use of mica. The problem was simplified by the 

fairly large energy separation (Cm̂ A-S _ 6,10 Mev and Am̂ A-l _ 

5.46 Mev). The 6 to 1 collimator was used (0»24^ of 50^ ge

ometry). With a mica absorber most of the Am^^l alphas were 

cut out, while the Cm^^S alphas came through (tested with a 

CnfiU2 standard). Since the Am^^l activity was 3o43 x 10° d/m, 

the Am activity passing through the collimater holes was 

4030 c/m. The total background at the Cm242 position was 

about 0.18 c/m, so that concentrations of Cm̂ "̂ ^ as low as 

25 parts in 10^ (by activity) could be barely detected., Fig

ure 9 shows the growth of the Cm242 activity following the 

neutron bombardment, 

9•2 Detection of small concentrations of Pu236 in the 

presence of Pu238.—This determination arose in a measurement 

of the half-life of Pu238 ̂ ŷ direct decay measurements,^ î 

The Pu^^ was formed in the bombardment of normal uranium by 

the reaction(70,71) ̂ 238 (d,2n) Wp238 /̂  ̂  Pu238, Samples 
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containing some solid carrier were counted in a parallel plate 

ionization chamber and were followed for almost three years. 

It wasn't until near the end of this time that it was found 

that the Pu23S sample probably contained Pu23o as well, '72) 

probably formed by the reaction u235 {d,n) Np236—£—>Pu236, 

The relatively short half-life (2.7 years ̂72)) of the alpha-

emitting Pu236 caused it to interfere seriously with the de

cay measurement, although it was present in low concentra

tion. The measurement was salvaged by determining the Pu 3" 

concentration with the pulse analyzer. Because of the large 

low energy tail due to sample thickness, this determination 

was made feasible only because the PU23D energy (5'75 Mev) 

was greater than that of Pu238 (5.50 Mev). Figure 10 shows 

a typical pulse analysis curve. The analysis had to be made 

at 50% geometry, because the total activity of the sample 

was only 750 c/m. Since it was not possible to eliminate the 

low energy tails by collimation, the relative concentrations 

were determined by adding up the counts in the six or seven 

channels in the neighborhood of each peak, on the assumption 

that the low energy tails of both peaks were similar in 

shape. The results of a number of runs gave a PU23D to Pu238 

activity ratio of 0.00^-5^.0007 (probable error), which re

sulted in a Pu238 half-life measurement of 89t 9 years (most 

of the error arising from the uncertainty in the Pu236 con

centration). This value agreed with the more accurate value 

92i 2 years determined by another method, ̂ '̂ 3) 
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9.3 Alpha energies in the 4n+ 1 Series. ̂ '^^'—These ener

gies are listed in Table V. They were measured by reference 

to alpha standards of known energy. In Fig, 11 is shown a 

typical pulse analysis in which the energy of the main peak 

of Th229 was measured by bracketting it with the standards: 

10 (Th230), Po210 and RdTh (Th228) Although this particular 

curve resulted in the value 4.86 Mev, the average of seven 

such curves was 4.85;*.01* Mev. ' " . The energies of the 

other Th229 peaks were determined (Fig. 12) using as stand

ards the 4.85 Mev, main peak- and the RdTh228 peaks. The 

average of twelve curves gave^°9) 4,94 :t .01*Mev, and 

5.02 i.Ol* Mev. The sample also showed a small peak at 

4.66 Mev. vvhlch was not evident In later samples and may 

have been due to some Io230 contamination. Since lo is 

isotopic with Th229 and RdTh, it would not have separated 

during the chemical purification. Fig. I3 shows some of the 
i 

other members of the series. The 6.O5 Mev. peak has been 

assigned to Fr221 on the basis of abundance considerations. 

The energies corresponding to the peaks in Fig. 13 were 

measured relative to a MsTh series standard containing 

RdTh and daughters. The energies in Table V have been taken 

from these values and those measured at the Canadian lab

oratories. ("75 ,76,77) 

9.4 Measurement of decay.(Pa229)— The pulse analyzer 

has proven to be quite useful in the determination of the 

half-life of a particular nuclide v/hen it is present with 

*Average deviation 



a number of other growing and decaying alpha activities. Where-

as, a gross decay curve would be almost worthless in such a case, 

the decay in the activity of a particular peak can be determined 

with reasonable accuracy. Such a determination was made''̂ °»'̂ '̂ 

of the half-life of Pa229, This nuclide was prepared by deu-

teron bombardment of an lo (Th230) sample which contained 

about five times as much Th232 as lo. The products of this 

bombardment included all the protactinium isotopes which 

could be formed from Th^32 and lo by (d, xn) reactions and 

^7 (d,p) reactions followed by beta-decay. With the 20 mev 

deuterons used, reactions up to (d,4ii) occurred. Thus Pa233, 

Pa232, Pa231, and Pa230 were formed^ ̂ '̂̂ """̂  as well as Pa229. 

Immediately after the separation of the protactinium frac

tion from the bombardment mixture, the only significant alpha 

activity in the fraction was due to Pa229, since Pa 33 and 

Pa232 are beta-emitters, and the Pa231 activity was too low 

for observation due to its long half-life. However, the beta-

active Pa isotopes, on decaying, gave rise to alpha-active de

scendants. The most serious difficulty was due to the forma

tion of u230j which immediately gave rise to the entire U^30 

series (̂ 1»̂ 2 )(riiâ lQ Y) ^ In addition, the decay of Pa229 re

sulted in the formation of a 10-day member of the (4n+l) 

series—Ac^^5 (See Table V), so that members of this series 

soon began to appear as well. Figs. 14a-d show the decay of 

the Pa229 peak. Due to the presence of overlapping peaks, 

the high energy side of the Pa^^^ peak had to be constructed. 

This procedure gave rise to an error which became more serious 
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as time passed and the interfering peaks grew relatively larger. 

The arrows indicate the channels whose counts were added to 

give the Pa229 activity. The half-life was determined to be 

1.50 days.(79) A number of energy measurements gave 5.66+ .02 

Mev.(79) 

9.5 Determination of abundances by means of an Internal 

standard. RdAc227.—In the actinium decay series, the half-

life of RdAc (Th227) is difficult to determine, because its 

descendant AcX (Ra223) has a comparable half-life (Table V). 

Previous half-life measurements had been made by evaluating 

the constants which would best fit the curves which repre

sented the gross growth and decay of the total alpha activity. 

The method by which the Pa229 decay was followed 

(Sec. 9.4)> hy measuring the decay of a single peak, could 

not be easily used here, because the daughter activity 

(AcZ) overlaps the RdAc in alpha energy. 

The method actually used(°3) involved the periodic radio

chemical isolation of RdAc from a solution containing a decay

ing sample, and the measurement of this RdAc{Th^^7) activity 

with the pulse analyzer. To make automatic corrections for 

chemical losses in separation and purification, an Internal 

standard (lo, or Th230) was added to the decaying sample. 

Thus, to get the RdAc decay curve, it was only necessary to 

measure the ratio of RdAc to lo activity in each isolated 

thorium sample. Fig. I5 shows one of the curves used in this 

determination. 

2BmS£ 
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Although Table IV lists four energies for RdAc (measured 

by the magnetic spectrograph) j, only two peaks are evident in 

Fig, 15. Assuming that the straggling of the RdAc peaks was 

the same as that of the lo peak, Fig, 16 was constructed. The 

energies and relative abundances measured with the magnetic 

spectrograph were used to construct four individual peaks with 

the same shape as that of the lo peak (Fig. 15), Adding up 

the points of the four peaks, it can be seen that two peaks 

result which match quite well with those in Fig. 15, The 

RdAc peaks in Fig, 15 are drawn on an enlarged scale to make 

the likeness more evident. The constructed RdAc peaks 

(Fig. 16) seem to have better resolution than the actual ones 

(Fig, 15), since the valley between the two peaks is deeper 

in Fig. 16, This discrepancy indicates that the straggling 

of the RdAc alphas is not the same as that of the lo alphas, 

as was assumed, but is actually larger, 

9.6 Energy of Ac227._- in an experiment in which the 

alpha-branching of Ac227 was determined/ ^' the Ac alpha 

energy was also measured by the use of the standards Po2-'-0 

and the daughter of the Ac227 beta-decay RdAc (Th227)„ 

Fig, 17 shows the results of the measurement. Extensive 

sample straggling is quite evident in this figure, and is 

due to the use of a carrier-containing sample at ^Ofo geometry. 
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9.7 Tracing chemical separations, Am24l and Pu239j Np237 

and Pu239,— jn working with the alpha-emitting heavy nuclides 

(e.g. Pu239)j the efficiency of particular chemical separation 

procedures is most conveniently tested by following the gross 

alpha-activity. Where two or more alpha-emitters are being 

separated, measurement of the gross alpha-activity cannot be 

used, and the pulse analyzer is used to follow the separation. 

Figs. 19a-d show the concentration(^7,88) ^f Np̂ '̂̂  from 

considerably larger amounts (by activity)of Pu239. Fig, 19a 

shows the peak separation when a sample of starting material 

is collimated, while Fig, 19b shows a sample of another batch 

of starting material measured at 50̂ ^ geometry. Measurement 

of the activity of the low concentration Np237 is evidently 

easier with a collimated sample than at 50% geometry. Low con

centrations of a higher energy constituent can be measured with 

or without collimation Fig. 19d). 
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9o^ Products of Alpha-bombardment of uranium isotopes.— 

The nuclides formed by high energy (̂ 4̂0 Mev) helium-ion bom

bardment of a mixture of u235 and u238 include("72) the alpha-

emitters Pu239^ Pu238 and Pu^36^ These are formed by (̂  j'xn) 

reactions on both u235 and u238 (X varies from 1 to 6), Since 

these nuclides are isotopic, identification and measurements 

of concentration could be carried out most conveniently by an 

instrument like the pulse analyzer. The results of bombard

ing a sample enriched in JJ^'^^$ "but containing a considerable 

amount of u238^ are shown in Fig. 20. 

9.9 The Protactinium series.(i-Pa^30 ^g formed in the 

deuteron bombardment of Th232 by the reaction(^-^^ Th232{ci^^n) ̂  

in the bombardment of lo {Th^30) t,y the reaction(78) Th230 

(d, 2n) J and in the bombardment of Pa231 by the reaction(^^^ 

Pa231 (djp2n)o u230 ig formed by the beta-decay of Pa230^ 

and in a series of alpha-decay steps jTh226, Ra222^ Em^l^ and 

RaC (Po214) are formed. Since all of the alpha-emitters 

but u230 are short-lived, a sample of U^^^ soon has all five 

of the alphas in equilibrium. The U^^^ sample (and daughters 

in equilibrium) shown in Fig, 21 were separated from Pa230 

formed in the deuteron bombardment of Pa231, The energy of 

u230 v\̂as measured relative to the energies of Pa^31 and u232 

(also formed in the Pa231 bombardment), and also by the use 

of a RdTh (and daughters) internal standard. It was found(^9) 

to be 5.85 +,01 Mev,* Since the alpha with highest energy is 

*Average deviation of nine determinations. 
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due to RaC, whose energy (7.68 Mev) has been accurately i 7 

measured with the magnetic spectrograph, it was used as an 

internal standard. The energies of Th^^^, Ra222 and Em̂ -̂ 8 

were determined using U^30 and RaC as standards; Ra222 

and Em'̂ 8̂ were also measured using RdTh (and daughters) 

as an internal standard. The energies determined(°9' were 

Th226^ 6.30:̂  .025 Mev*; Ra222 ̂  6.51 ±.03 Mev*; Em218^ 

7.12+.025 Mev*. The assignment of these peaks to the par

ticular nuclides was based upon the Geiger-Nuttall law. 

The relatively large average straggling parameter 

(85 Kev) is duo partly to the range straggling (and hence 

straggling in the residual ionization) introduced by the 

mica and partly to the relatively low collimation (3 to 1) 

which allows angle straggling (variation in mica absorption 

with angle of emission) to occur. 

9.10 Some Standard Samples.— An lo (Th230) and a Po210 

standard are shown in Fig. 22, While the straggling parameters 

for the two peaks are approximately the same, the low energy 

straggling for the Po sample is worse than that of the 10^30 

sample. This phenomenon may be due to the same sort of grad

ual deterioration which has been reported by many othei users of 

Po sources. 

Figs. 23a-c show the effect of varying the number of 

channels per peak on the resolution. The straggling parameter 

is the same for Figs. 23a and 23b but is increased in Fig. 23c, 

where the peaks are crov/ded together. The spread of the peaks 
y • ' — — — r — — — • • - '• '— 

Average deviation of 20 determinations 

'^' LiUT'LTU'iii MH!f".[V:ti"i' 
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over the channels was varied by shifting the positions of the 

gain controls (see Fig. 4). 

Figs. 24a-c show the effect of collimation. The straggling 

parameters are about the same for ^0% geometry and for 1 to 1 

and 2 to 1 collimation. However, the low energy tails in the 

50% geometry measurement decrease the resolution on the low 

energy side of each peak, as is evident from the fact that the 

valleys betvifeen the peaks are lower in Figs. 24b and 24c than 

in Fig. 24a. No significant difference seems evident between 

the results obtained with 1 to 1 or 2 to 1 collimation. This 

fact is also shown in Figs. 25a and 25b, 

The peaks from a RdTh (and daughters) standard are shown 

in Fi{;. 26. The non-linearity of the energy-pulse height re

lation becomes significant only for the highest energy peak 

(ThC). This non-linearity is probably due both to the posi

tive ion effect and to amplifier non-linearity at high signal 

levels. 
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