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(i) 

A Nal scintillation spectrometer is employed for the 

measurement of gamma-ray energies, and thereby the identification 

of short-lived isomeric transitions in gold, mercury and thallium. 

Gamma rays arising from the positron decay of Co56 have 

energies 0.85, 1.26, 1.82, 2.12, 2.65 and 3.27 i',Jev with relative 

intensities 1, O.5S, 0.22, 0.06, 0.12 and 0.08 respectively. A 

tentative level scheme is proposed. 

ft' • ••• Tl 197 ( ~ ) . nn IsomerIC transItIon ln 0.04 ± 0.01 sec. , IS 

assigned on basis of thresholds for protons on (~ and Tl. T~e 

single -gamma at 304 .t 6 kev is measured using a modified IIofstadter 

technique. The total-conversion coefficient of 2.7 and lifetime-

energy relation point to ~~ multipole radiation. 

Au191-193 (2.0 ± 0.3 sec.; no gammas observed) is observed 

by the same procedure. 

Hg
l94 

(0.40 ± O. C6 sec.; gammas at 134 ± 4 and 48 ± 4 

kev) is assigned from similar thresholds on Au and Hg targets. The 

lifetime-energy relation labels the higher energy gamma as M3 or E3. 
201m 202m 

The gamma rays from Pb and Pb have been redetcrmined 

as 0.62 ± 0.02 and 0.83 ± 0.02 ~~v respectively. 
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INfRODUCT ION 

The work described in this thesis is concerned with the 

measurement of garnrna-ray ehergies with a NaI scintillation spectrometer 

and thereby, the identification of new isomers produced in gold, mercury 

and thallium by proton bombardrnent in the McGill cyclotron. 

Soon after Breckon and ~mrtin(l) had set up their equipment 

for the study of short-lived radioactivities, survey experiments indicated 

unknown activities in several elements under proton bombardrnent. When 

gold or platinum was irradiated at increasing energies, the period, which 

at low energies was of the order of 7 seconds, seemed to become shorter. 

However, the results of this preliminary experiment were considered incon-

clusive due to trouble with the equipment used. These elements were not 

investigated further until the present time. 

In his investigation of isomeric transitions in thallium and 

lead, Hopkins(2) observed sorne evidence of a new short activity when 

mercury l'las bombarded. 

In the shell model of the nucleus, the region round gold, 

mercury and thallium may be expected to contain many isomeric states 

since there are energy states of relatively high angular momentum. The 

decay from such excited states is delayed by the large spin change that 

is necessary in order to bring the nucleus to a lower energy level. If 

the lifetime is sufficiently long to be measured, such states are called 

isomeric states. Many isomers are already known in this region. The 

above facts and ideas led the author to investigate further the evidence 

of short-lived isomeric states in gold, mercury and thallium. 

In the investigation of the short-lived activities, use was 

made of the rapid-target-extractor described by Breckon and Martin. 
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The measu~ement of the gamma-~ay half-life was obtained by the counting-

rate-mete~ method described by the same autho~s. For the energy deter-

minations two methods a~e available: (a) the pulse-height distribution 

may be studied by means of a single-channel analyzer; and (b) the pulses 

from the amplifie~ may be displayed on the oscilloscope and the pulse 

height spectrum measured directly !rom photographs. Method (b) has been 

modified to give higher accuracy and greate~ ease of analysis than the 

original Hofstadter (3) method. 

In order to make an unambiguous assignment of the multipole 

order of the ~adiation detected, the total-conversion coefficient of 

the short-lived gamma ray from Tl197 was measured. This was accomplished 

by a method in which the conversion coefficient was measured by comparison 

with that of Cs 137• ln this way several facto~s which by themselves would 

be difficult to measu~e, may be neglected without causing ve~y large erro~s. 

ln the tests of the linea~ity of pulse against energy of the 

y-ray in the spectrometer, sources of Cs 137, The" and Po-Be were used. 

However, it was felt desirable to have a single source which wouldcom-

bine the advantages of several calibration points, a high energy gamma ray, 

and easy availability. For these reasons, it was decided (as an alternative) 

to calibrate the spectrometer with the gamma~ray spectrum of Fe56 which 

arises from the positron decay of C056• The energies of the rays observed 

are 0.85, 1.26, 1.82, 2.12, 2.65 and 3.27 ~œv. Relative intensities have 

been obse~ved, and a tentative level-scheme p~oposed. 

When Hg was bombarded in the cyclotron at fairly low energies 

and Tl at high ene~gies, a new short-lived gamma activity was produced. 

This activity has been assigned from threshold measurements to an isomeric 

state in Tl
197

• The half-life is measured as 0.54 ± 0.01 seconds and its 

energy is 384 ± 6 kev. Lifetime-energy relations label the transition 
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as M3 or E3. However, measurements of the total-conversion coefficient 

indicate that the transition is either ~~ or id4. Thus, an ~~ assign-

ment would be consistent with the two results. 

Bombardment of gold at energies greater than 25 Mev produced 

another new gamma emitting isotope. From threshold measurements on gold 

and mercury this has been assigned to Hg194• The half-life is 0.40 ± 

0.06 seconds and the energy is 134 ± 4 kev. In this case another gamma 

ray of 48 ± 4 kev appears to be associated with the higher energy tran-

sition. Lifetime-energy relations label the 134 kev gamma as either E3 

or M3. No measurement of the internaI-conversion coefficient was possible 

in this case. 

When platinum was bombarded at low energies, another activity 

with a half-life of about 2 seconds l'las produced. This activity was also 

produced from a gold target irradiated at 80 Mev. However, no assignment 

has been possible and no gamma ray associated with this period has yet 

been observed. It is only possible to say that it probably arises from 

an isotope of gold of mass less than 193. 

In the course of the investigation, the energies of the isomeric 

transitions in Pb201 and Pb
202 

have been redetermined. 
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DESCiU(YfION OF THE APPARATUS 

A block diagram of the. essential features of the equipment 

is given in Figure 1. Not shown are a second counting head, amplifier, 

scale-of-6, and scaler which permit counting at two different bias 

levels, or with the beta and gamma counters simultaneously. 

In the studies on short-lived activities, the rapid-target-

extractor was used. This unit, designed and constructed by Ors. S.W. 

Breckon and W.M. MartinO), moves the target from the bombardment position 

in the cyclotron tank to a position in front of the counters in about 

one-fifth second. The construction and operation of this unit has been 

treated in detail by these authors. 

The radiation detectors consist of a NaI (TIl) gamma-ray 

counter, and a stilbene-crystal beta counter. The NaI crystal, a 

cylinder 1 inch diameter and 1 inch long, is mounted in an aluminum cup 

and surrounded with dried mineraI oil. The aluminum cup is fitted with 

an O-ring to make an oil-tight seal against the face of the photomultiplier 

tube. The stilbene crystal is in the sh~pe of a truncated cone 1-1/2 

inches long and with the small end (1/2" diameter) facing the target. 

Each crystal is mounted on the end of an RCA 5819 photomultiplier tube in 

which the light pulse produced in the crystal by the capture of a gamma 

ray or a beta parti cie is converted into an electrical pulse. A pre-

amplifier, mounted directly behind the photomultiplier tube, consists of 

a pulse inverter followed by a cathode follower matched to the long cable 

leading up to the tunnel where the main amplifier is located. The main 

amplifier is an Atomic Instruments Corp., model 204C, which is a com

mercial model of Jordan and Bell's Al linear amplifier(4). 



The equipnent used for the half-life measurements is that 

described by 13reckon and f,iartin. The output of the amplifier goes 

through a fast scale-of-B to a counting-rate meter, the output of which 

is applied to the plates of a Dumont 241 oscilloscope. The sweep voltage 

for the oscilloscope is provided by a time-base generator designed and 

built by ~~. R.H. Mills. This provides a time-base variable from severai 

milliseconds to about 30 seconds in length. 

The pulse shaper and brighteiler, the bias-attenuator-limiter 

(pulse clipper) circuit, the Los Alamos 1000 amplifier and the single-

channel analyser (differential discriminator) are used in the measurement 

of the energy of the gamma rays. 

The pulse shaper and brightener circuits are from a design due 

(5) (6). (2) 
to \lJatkins • Boley and Zaffarano and HopkIns have used this 

, circuit in a running-film method for energy determinations. In the 

present experiment the pulse shaper was used to give a clearer picture of 

the pulse height distribution than if the amplifier output had been dis-

played directly. The essential part of the pulse shaper is a condenser 

which is charged up through a diode from a cathode follower to the peak 

value of the pulse. The same pulse, delayed by 2 microseconds, and ampli-

fied, dis charges the condenser. The result is a fIat topped pulse, 2 

microseconds in duration, whose amplitude is very nearly equal to that 

of the input pulse. This circuit is linear over a range of pulse heights 

from about 2 to 105 V output. 

The brightener provides a sharp pulse about 1 microsecond in 

duration, either positive or negative, delayed by 1/2 microsecond, which 

may be applied to the brilliance control of the cathode ray tube to 
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brighten the top of the squared pulse for running film analysis. 

It has not been used in this experiment and will not be referred 

to again. 

The bias-attenuator-limiter circuit (pulse clipper> was 

des igned and buil t by Dr. W. M. Martin. It has these three functions: 

(i) to subtract an accurately known voltage from the pulse distribution 

so as ta display the rest on an expanded scale; (ii) ta give an 

accurate attenuation ratio of l, 2, 4, or BJ and (iii) to limit the 

pulse amplitude to a value greater than that required for full scale 

deflection on the scope, but not large enough to overload the following 

amplifier. 

The LA 1000 amplifier, a circuit borrowed from Elmore and 
(7) 

Sands ,supplies a push-pull output to drive directly the plates of 

the Tektronix model 513D oscilloscope. This amplifier is linear for 

output pulses of 0 to over 150 volts amplitude and has a gain of 

approximately B. 

The single-channel analyser, or differential discriminator, 

is of fairly standard design, with the exception of the "window 

1
(8) 

amplifier" which i5 from a design due to Francis et a • The input 

circuit consists of a biased amplifier, the bias of which is obtained 

from an accurately calibrated voltage divider. The resistances in 

this divider have been adjusted to 0.05% accuracy. The setting of the 

bias determines the channel position of the analyser. The pulse-

height spectrum above this bias level is amplified and limited so that 

a ten volt interval is expanded to about a hundred volts. Two dis-

criminators, one a Schmidt type trigger circuit, the other a uni-

vibrator, are set on this amplified section of the distribution with 

bias values such that the Schmidt trigger circuit will be tri~gered by 
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a lower amplitude pulse than the univibrator. The output of these 

two discriminators are then combined in an anti-coincidence circuit 

in such a way that an output is obtained only if the Schmidt circuit 

alone is fired. The ab ove '~indowamplifier" makes the channel width 

much less dependent on the stability of the setting of the discriminators, 

than if they had been set only a volt or less apart on the unamplified 

pulse-height distribution. The effective channel width used in this 

experiment was approximately 0.7 volt. 

The remaining parts of the apparatus, such as the high-voltage 

supplies, other power supplies, scalers and oscilloscopes are standard 

units and need no explanation. 
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EXPERIMENTAL METHOD 

The target to be bombarded was mounted in the target holder 

of the target-extractor-unit, and moved ahead into the bombarding 

position by means of the probe controls. It was then irradiated 

for periods of from 0.1 sec. to several seconds depending on the 

activity to be examined, at the end of which time the target was 

automatically brought back to the counting position. As soon as the 

target reached this position, the counting circuits were automatically 

closed, the sweep on the Dumont oscilloscope started, and the pulse

height distribution applied to the Tektronix oscilloscope. Photo

graphs could then be taken of either the decay or the pulse-height 

dis tribution. 

Measurement of Half-life 

The output of the counting-rate meter was displayed on the 

Dumont 241 oscilloscope, for which an external time-base unit supplied 

a time base of up to 30 sec. in length. Time-marker pulses were applied 

ta the brilliance control at the rates of 2, 20, or 200 per second, 

and the brilliance turned down 50 that only bright spots were seen in 

the photograph. A base line was put in before the target was bombarded. 

The photographs obtained in this way were enlarged to a standard size 

and the distance of the spots measured from the base line. The counting 

rate was then determined from a calibration of deflection versus 

counting rate obtained previously. At the same time as the photograph 

was taken, several Integral counts above a set bias level were obtained, 

the first count timed ta obtain aIl of the activity examined, and one 

or more counts at later times to supply a background subtraction, B. 
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Corrections were also applied for the counting loss due to the finite 

resolving time of the apparatus. If the observed counting rate is N , 
o 

then the true rate is given by the expression: 

= 

The resolving time, T, of this apparatus is 2.3 ~sec. The final result, 

Nt = N + TN - B, was plotted on semilogarithmic paper and the half-life o 0 

averaged over 3 or 4 half-lives. 

Measurements of Energy 

With the apparatus described, two methods were employed for 

the measurement of gamma-ray energies: 

(i) A single-channel analyser was available with which the pulse-

height spectrum from the NaI scintillation spectrometer was examined. 

This spectrum was then compared witll a calibration curve drawn up from 

several known gamma-ray sources. The studies on C056 were carried out 

with this instrument using sources of Cs l37, ThC" , and Po-Be as cali-

bration points. In most cases the calibration of the instrument was 

56 carried out both before and after the examination of the Co spectrum, 

so that any drifts in the instrument could be eliminated. Changes in 

amplifier gain were particularly noticeable within the first few hours 

after the apparatus was turned on, so that no measuremen~were made 

during this time. 

(ii) The pulses from the high level output of the main amplifier 

were squared in the pulse shaper, amplified, and applied to the Y-plates 

of the Tektronix oscilloscope. The sweep time was adjusted so that the 

fIat top of the pulses covered nearly the whole face of the cathode ray tube. 

This display of the pulse-height spectrum was photographed for a length 

of time required to give thirty to fort y thousand pulses on one picture, 
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starting the exposure at the instant the target arrived in the counting 

position. Sometimes, when the activity was weak, several exposures 

on one frame were required to build up the necessary density on the 

film. In such cases the target would be moved ahead, irradiated, and 

brought back into the counting position without moving the film in the 

camera. 

The photograph was analysed by making an enlargement of the 

negative and measuring the distance from the base line to the centre of 

each gamma-ray line. The energies were then obtained from a calibration 

curve which had been drawn from similar photographs of the pulse-height 

spectrum of Cs 137, ThC" , or other convenient source. This method is 

superior to the original Hofstadter method since the fIat topped pulses 

make it possible to determine the centre of a peak and to measure the 

distance to the base line more easily and with greater accuracy. 

Another advantage of thismethod is that the printing time can be adjusted 

for differing densities in the negative 50 that gamma rays differing 

greatly in intensities can be obtained from the same photographe Figure 

2 illustrates the accuracy of calibration that can be attained by this 

method. 

In or der to correlate the observed lifetime with the observed 

gamma-ray spectrum, several 1 or 2 second exposures were made in a 

sequence, advancing the film rapidly without closing the shutter. In 

this way the gamma-ray could be observed to decay in intensity. 

Measurement of the InternaI Conversion Coefficient 

In the process of decaying from an excited state, a nucleus 

may lose energy by direct emission of a gamma ray, or, if the lifetime 

of the state is sufficiently long, there i5 a finite probability of the 

orbital electrons coming close enough to the nucleus to pick up energy 
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directly. In this case the entire energy of the transition is 

transferred to an orbital electron which is then ejected with the 

energy of the gamma ray less the binding energy of the electron. 

The total internaI-conversion coefficient is defined as the ratio 

of the number of conversion electrons to the number of gamma rays 

emitted, i.e. 

= • ••••••••••••• (1) 

where Ne is the number of conversion electrons emitted per unit time 

and Ny is the number of gamma rays emitted per unit time. However, 

accurate theoretical values are available only for the K-conversion 

coefficient which is the ratio of the number of K electrons emitted to 

the number of gammas emitted • . ln the method to be described here the 

total-conversion coefficient was measured and to compare with the 

theory, uK was obtained by making use of empirical relations giving 

the ratio of K to L conversion electrons. The conversion in the ivl, 

N and higher shells has been neglected. 

UK = NK 

~ 

= Ut 

= Ne NK 
N Ne y 

NK 
NK + NL + •••• 

1 + Nr:/N 
K 

• •••••••••••••• (2) 

However, the observed numbers of conversion electrons and 

gamma rays, Ne
l 

and ~l, do not give a true picture of the numbers 

actually emitted. These observed numbers must be corrected for (a) 

the different solid angles of the two counters, (b) the different 
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efficiencies for capture of betas and gammas by the two crystals, (c) 

geometrical efficiencies such as edge effects of the crystals, 

(d) absorbing materials in front of the crystals, and self absorption 

of the source, (e) back scattering from the source holder in the case 

of the electrons, (f) scattering of y·s into the crystals from surroun

ding materials, and (g) incorrect counting of the Bis or y's because of 

a continuous distribution on which the gamma-ray peak, or conversion-

electron peak, ~ superimposed. The following equation summarizes the 

preceding statements. 

= N 1 Wy .~ ~ li...!..2 ••• (3) Ut e • • • ·f -. 
W e €e f b N 

Y Y Y 

where Cd Y and W e are the solid angles subtended by the crystals of the 

y and ~ counters respectively, E, and E are geometrical efficiency y e 

factors, fe and fy are correction factors arising from over-counting of 

pulses in the peak due to a continuous distribution of pulses such as 

would arise from Compton scattering of gamma rays, or from decay beta 

particles. a, s, and b, are factors which correct for the absorption 

of gammas by intervening material, the scattering of gammas into the 

gamma counter, and back scattering effects of the source backing material. 

JFy is the efficiency of the NaI crystal for the production of photo

electrons by gammas. The efficiency of the ~ counter is considered to 

be lOOro. 

The solid angles for the two crystals can be measured fairly 

easily, as can the efficiency of the crystals for the capture of their 

respective rays. The back-scattering corrections can be estimated and 

the absorption of the gammas by intervening material can be obtained, 

but the values of the other factors are rather more difficult to 

ascertain. The number of gammas counted by the ~ counter can be deter-
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mined by the use of absorbers to remove the conversion electrons, but 

if the interference is from other betas, then these also will be 

absorbed and errors will be introduced. 

In viewd these facts, it was thought advisable to measure 

the conversion coefficient by comparison with a source whose conversion 

coefficient is known. This source should have a gamma ray of similar 

energy and one which will give a clear conversion-electron spectrum 

with little or no interference from decay betas or Compton electrons. 

For these reasons and because of its availability, Cs 137 

was chosen. Although its energy is higher than was desired, it was thought 

that the unknown correction factors would not vary greatly in this range 

of energies. Cs 137 has a single gamma ray associated with the decay of 

a single ~ particle and fairly good separation of the conversion electrons 

from the beta distribution is possible, since the conversion-electron 

energy is 625 kev and the beta end point is 520 kev. Another beta of 

1.18 Mev is present in amounts less than 5~6 of the total, and so should 

not cause an appreciable error. The total-conversion coefficient of 

Cs 137 has 2(9) been measured as 0.1 • 

It is evident that the formula for the total-conversion 

coefficient can be put into the following form: 

A B C D E F G H 

If the sources are in identical positions, then term B will be 

equal to unity. Terms C, E, F, and G can also be neglected because the 

conditions of the two sources have been made as nearly identical as 

(4) 
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possible. Not much can be said about term D which contains corrections 

to be applied because of poor resolution or because of background 

betas or gammas, and so neglect of this term probably contributes 

the maj or part of the error experienced. However, the following 

approximate expression should give the conversion coefficient to 

wi thin 30;~ providing a[' is known accurately. 

rJ. (., )'f. a t N __ .:.. e 
a Cs -:" N 1-

t Y 

•••••• (5) 

The following method was used to measure the number of pulses 

in the photoelectron peak and the number of electrons in the conversion-

electron peak of the beta counter. 

First, by means of artificial pulses, the oscilloscope 

deflection was measured, and plotted agéinst the pulse ~eight at the 

output of the amplifiers as indicated by the discriminators. Such a 

curve was obtained for both amplifiers and for aIl settings of the 

attenuator on the pulse-clipper unit. The beta and gamma counters 

were mounted in the counter holder of the target-extraction unit (T.E.U.) 

on opposite sides of the source position. The source was mounted in 

the jaws of the target holder of the T.E.v. and its position adjusted 

so that when the compressed air was applied, the source was in line 

with the counters. The Cs l37 source was first placed between the 

counters and the pulse-height distribution was observed on the Tektronix 

oscilloscope for both counters. From the curves of scope deflection 

versus discriminator setting, the position of the valley between the 

photo-electron peak and the Compton distribution of the gamma counter, 

and the valley below the electron peak from t~e beta counter was 
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determined in terms of discriminator setting. The discriminators 

were then set at these values and the counting circuits put into 

operation. Counts were obtained simultaneously from the two counters 

for a period long enough to give several thousand pulses. 

The thin target of HgO was then mounted in the target 

holder in as nearly the same position as possible as the Cs source. 

This was bombarded in the cyclotron for about 1 second at the end of 

which time it was brought back into the counting position by applying 

compressed air to the pneumatic cylinder of the probe. Preliminary 

bombardments were made to determine the position of the peaks and the 

valley below the peaks. The discriminators were set on these valleys 

as before and then several irradiations were performed in order to 

increase the count. 

Several runs were also made with an absorber over the beta 

counter to eliminate aIl electrons from this counter. AlI counts 

obtained in this manner were therefore due to gamma rays producing 

Compton recoil electrons in the stilbene crystal. The results were 

normalized with the gamma counter and these were then subtracted from 

the counts obtained without the absorber. The y-ray background in the 

~ counter was obtained for the Cs source also. The total-conversion 

ff ' . -rt coe ICIent Œt was calculated using formula (5). 

From the value of the total internaI-conversion coefficient 

measured in this way, the K-conversion coefficient was calculated from 

the empirical values of the K to L ratios su~narized in the article 

b G Idh b d ~ f . dl' .. (l0) y 0 a er an ~unyar or magnetic an e ectric tranSItIons 

The value of Œ was then compared with the theoretical values given 
K 

in the tables and graphs of Ros~ et aL(ll) to determine the multipole 

order of the radiation. 
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EXPERHtEl\']'AL RESULTS 

Calibration 

It has been shown(3) that the light output of a NaI crystal 

is proportional to the energy of the gamma ray absorbed by that 

crystal. It is therefore essential that aIl electronic units necessary 

for the measurement of the ganuna-ray energy be linear with respect to 

pulse height, sa t:1at the output is also proportional to the gamma-ray 

energy. Otherwise, calibration of the instrument becomes difficult, and 

the results uncertain. AlI units used in the scintillation spectrometer 

described here were checked for linearity of operation separately, and 

as an entire unit. In the measurements on the indiyidual units, arti-

ficial pulses were fed into the units, and the input and output pulses 

measured by means of the calibration control on the Tektronix 513D 

oscilloscope. In this way ail units were found to be linear within the 

limi ts of the measurement, except that the pulse shaper was non-line'ar 

for small pulse sizes of 0 - 2 volts amplitude. The only limitation this 

entails is that the pulse output from the Al ampltfier must always be 

kept weIl aboye this level. 

More significant perhaps is the overall linearity of the equip

ment. This was tested by obtaining a pulse-height spectrum for sources 

of Cs 137, Co60, and ThC", with the channel analyser, and plotting the 

energy against the pulse height at the peak. Figure 3 shows the pulse

height spectrum of each of the aboye calibration sources, and on the 

same figure is plotted the calihration curve of energy versus pulse 

height. The figure illustrates clearly the linearity of the scintillation 

spectrometer and the pulse-height analyser. 

The linearity of the system using the modified Uofstadter 

tec:lnique of photographing the pulse-height spectrum is illustrated in 
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Figure 2. It can be seen that the accuracy in locating the centre 

of the peaks is good. 

Resolution of the Gounter 

The resolution of the spectrometer is defined as the full 

width of the peak at half maximum divided by the pulse height at the 

peak. This varies roughly inversely as the square root of the energy 

of the gamma raye To see how the resolution of the counter used in 

this experiment varied with energy, the background was drawn in as 

nearly as possible and subtracted from the peak. In this way the 

resolution was measured for gamma-ray energies from 78 kev ta 3.4 Mev. 

The resolution was about 36% at 78 kev decreasing to 6% at 3.4 Mev with 

a value of llJ~ at 0.661 Mev. Figure 4 indicates how closely the 
-1/2 

resolution follows the E relation. The resolution of the stilbene 

beta counter was 15% when it was first put into operation but this 

deteriorated with time. 

Energy of the Po-Be Gamma Ray 

In the literature are reports of several determinations of 

the energy of the gamma ray from the Po-Be source(12,13). Because of 

the discrepancies in these values, it seemed desirable ta check this 

before using it as a calibration point. Thiswas accomplished by using 

the lower energy well-known ganuna rays of Cs l37 and ThCl! and then 

extrapolating the calibration curve to higher energies. In this way 

the energy of the pair peak was found to be 3.41 ± 0.02 Mev which gives 

a y-ray energy of 4.43 ± 0.02 Mev. It is interesting that Thomas and 

Lauri tsen (4) have recently reported the value 4.432 ± 0.010 Mev agreeing 

very elosely with the value obtained here. 
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A strip of spectrographical1y pure iron was irradiated in 

the cyclotron for about 7 hours with 15 Mev protons. The only inter

fering activities that would be produced are 270 day C057 and 72 day 

C058• These wou1d be produced by reactions on Fe57 and Fe58 which are 

present in on1y sma11 abundance, so very little activity would be 

expected from them. The source was allowed to decay for several weeks 
55 

prior to the measurements to allow for the disappearance of 18 hour Co 

and other short-lived activities. No chemical separation was performed. 

A plot of the pulse-height spectrum of C056 is given in Figure 

5 along with the calibration points mentioned previously. The calibration 

56 curves were obtained both before and after the spectrum of Co was taken 

and no drift in the apparatus was noted. The average values obtained for 

the energies of C056 gamma rays are listed in Table l, together with the 

1 db Ell · and Deutsch (5). Al· hl· va ues measure y lott so glven are t e re atlve 

intensities. 

TABLE 1 

Relative Energies (Mev) 
Designation Intensity Experimental Elliott and 

Yl 1 0.85 + 0.02 0.845 

Y2 0.55 1.26 ± 0.02 1.26 

Y3 0.22 1.82 ± 0.04 1.74 

Y4 0.06 2.12 ± 0.04 2.01 

Y5 
0.12 2.65 ± 0.04 2.55 

Y6 
0.08 3.27 ± 0.02 3.25 

--
In order to provide sorne further information which might aid in 

the construction of a decay scheme, it seemed desirab1e to measure the 

Deutsch 



-19-

. relative intensities of the gammas. This has been accomplished by 

subtracting the background radiation from the photoelectron peaks, 

measuring the area of the peaks with a planimeter, and correcting 

these areas for the efficiency of the Nal crystal for photoelectron 

production at the various energies. The efficiency of the crystal 

was caiculated as follows. 

equation: 

where ~ = 

The total absorption coefficient, ~, is defined by the 

= •••••••••••••••• (6) 

cr + ~ + K and 1 is the intensity incident on the crystal. 
o 

cr is the cross section for Compton scattering, ~ is the cross section 

for photoelectron production, and K is the cross section for pair 

production. If ~ i5 measured in cm
2
/atom, th en x is in atoms/cm2• 

Since these three processes are completely independent, they may be 

calculated separately from one another. Therefore for the photoelectron 

process, l = 
10 

-'tX 
e • 

NaI is 85% by weight iodine and 15% by weight sodium, and 

since the absorption coefficient varies as z5, the sodium plays only 

a very small part in the process and thus can be neglected in the 

calculations. 
2 

Number of atoms of iodine per cm = x = e t N ••••• (7) 
A 

where p (density) = 3.67 gms/cm. 

t (thickness) = 2.54 cm. 

N (Avogadro's no.) = 6.023 x 10
23 

A (mass number) = 150 
. 22 

Therefore for the 1 inch crystal, x = 3.75 x 10 atoms/cm2• 

~ was obtained from the graphs of Davisson and Evans(16) in 

which values of ~ are plotted against Z for various values of 
z5n 
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2 Table 2 the steps in the calculation of n. (n = me /llV). summarizes 

the effieieney of the Na! crystal for photoelectron production. The 

efficiency equals 10 - l 1 -
-'OC 

= e • 
10 

TABLE 2 

Area of 
Energy peak n = 0.51 1: 't e-1:X Effieieney 

E Z5n 

0.85 428 0.68 0.53 x 10-32 1.51 x 10-24 0.9450 0.055 

1.26 105 0.42 0.38 x 10-32 0.66 x 10-24 0.9754 0.0246 

1.82 22.8 0.28 0.31 x 10-32 0.36 x 10-24 0.9865 0.0135 

2.12 4.6 0.24 0.28 x 10-32 0.28 x 10-24 0.9894 0.0106 

2.65 7.5 0.19 0.27 x 10-32 0.22 x 10-24 0.9918 0.0082 

3.27 3.6 0.16 -32 0.25 x 10 
-24 

0.16 x 10 0.9939 0.0061 

l'Jhen the areas of the peaks in the Co 56 speetrum are eorrected 

for the effieiency of the crystal as calculated above, the relative intensities 

of the transitionsbeeome : 

Isomerie transition in Thallium 

A mercury target bombarded in the cyclotron at 33 Mev indicated 

the presence of a new activity of about 1/2 sec. half-life and 384 kev 

energy. This same activity was produced when thallium was bombarded at 

80 Ulev. Targets of platinum and gold were also bombarded at low and high 

energies but this particular activity was not produced from them. These 

results indicatc that an isotope of thallium is probably the source of 

this activity. 
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The mercury targets used in the half-life and energy determinations 

consisted of a cylinder about 1 - 2 mm. in diameter and 1.5 cm. long, nlade 

from cobalt foil 0.0014" thick. This \'Jas fiUed with "spec-pure" mercury 

and the ends pinched shut. The Hg target used to observe the conversion-

e1ectron spectrum was made by dusting r~o on the end of a strip of Co foi1 

on which a thin coating of zapon lacquer had been brushed. Care l'las taken 

to prevent any of the HgO from remaining on the reverse side of the Co 

holder. The thallium target was a small rivet of Tl that had been hammered 

into a hole in the end of a Co strip 1/4 inch wide and 1 inch long. A 

similar piece of cobalt was welded at right angles to the first strip to 

prevent scattered protons from striking the aluminum target holder. 

The mean value of the half-life from 10 runs listed in Table 3 

is 0.54 ± 0.01 seconds, the uncertainty being the standard deviation of the 

ten runs from the mean. 

TABLE 3 

Bombarding Bombardment Initial Background half-
energy time Counting rate counts/ life 

Eun no. (Mev) (sec.) counts/sec sec. sec. 

Hg - 2 - 19 33.5 0.1 23,000 1080 0.528 

~Ig - 2 - 20 33.5 0.1 27,000 1180 0.543 

;1g - 2 - 21 33.5 0.1 29,000 1230 0.532 

Hg-4-2 27.5 0.1 17,000 850 0.544 

Hg - 4 - 3 27.5 0.1 14,000 910 0.547 

Hg - 4 - 5 27.5 0.2 29,000 1200 0.544 

ilg-4-6 27.5 0.2 21,000 1260 0.524 

Hg - 4 - 7 27.5 0.2 31,000 1360 0.547 

Hg - 4 - 8 27.5 0.2 26,000 1430 0.548 

Hg - 4 - 10 27.5 0.2 28,000 1760 0.546 
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A photograph of the oscilloscope display of the counting-

rate meter output with time markers is shown in Plate 1. Figure 6 

is a plot of the activîty induced in run Hg - 4 - 6 on semilogarithmic 

paper with the time markers as abscissae. 

A plot showing the relative yields of activity at varying 

bombardment energies is given in Figure 7. The points in this curve 

were obtained by averaging over three runs the total activity induced 

in the target for the entire decay periode Long period background was 

subtracted. This curve indicates that the threshold for production of 

this activity from a mercury target is about 13-1/2 Mev. The bombarding 

energies were obtained from the laboratory chart showing the proton beam 

energy versus target radius. Tne cobalt foil surrounding the target 

subtracts about 1 Mev from the proton beam at this energy so that the 

threshold when corrected for this beeomes about 12-1/2 Mev. 

Figure 8 is a semilogarithmic plot against time of the acti-

vit y produeed from the bombardment of thallium at 80 Mev. When the long 

period background is subtraeted, there remain two aetivities, one of 5.6 

sec., and the other of 0.52 sec. hali-life. The 5.6 sec. period is 

identified as the Isomerie transition in Pb202 investigated by Hopkins 

in this laboratory(2), while the 0.52 sec. period i5 the same as that 

produced in the mercury target. 

The thallium target was also subjected to bombardments at 

increasing energies to determine the threshold for production of this 

activity. The measurements here are complicated by severai factors, 

(a) the bombardment of thallium produces Pb204m which decays with a 

gamma of very nearly the same energy as the activity under investigation, 

and (b) the 5.6 sec. activity oÎ Pb202 makes it very difficult to subtract 
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the proper background to give the total count due to the 0.5 sec. 

activity. An attempt was made to obtain the threshold by setting 

the channel analyser on the gamma-ray peak and use the output of this 

to operate the counting-rate meter. This proved unsuccessful because 

of the Pb
204m 

activity building up rapidly and masking the shorter 

lived radiation. The method that was fina11y used was to draw a 

crude decay curve at each energy and then subtract long-lived back-

ground and a 5.6 sec. background. The remaining count was assumed to 

be due to the short-lived activity. In this way the yield curve of 

Figure 9 was obtained. This curve has been corrected for the variation 

in proton beam current with radius. The threshold determination was 

stopped at 57 Mev because at energies lower than this tbe 5.6 sec. 

activity became so intense as to mask completely the short activity. 

The shape of the yield curve appears to be due to the occurrence of 

the two stable isotopes of thallium, T1203 and T1
205

• If the lower 

part of the curve is projected to the axis, a threshold of 45 to 50 

Mev results. The upper part of the curve indicates a threshold of 55 

to 60 Mev. 

Table 4 lists the results of measurements of the gamma-ray 

energy from six photographs chosen at random. The mean energy obtained 

from 14 such photos is 384 t 6 kev. The uncertainty is the standard 

deviation of the mean calculated from the uncertainty of measurement 

of the individual values. Calibration points were obtained from the 

137 X-ray lines appearing in the same photographs and from a Cs photo 

taken separately. 
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TABLE 4 

Hofstadter photo y-ray 
-..!!!!!!!Q~ Taf.,get Bombarding energ~ Energ~ 

95 Hg - 4 27-1/2 Mev 376 ± 15 

97 Hg - 4 27-1/2 [,lev 381 ± 15 

108 Hg - 4 27-1/2 Mev 374 + 25 

242 Tl - 5 , 80 f,1ev 388 ± 20 

239 Tl - 5 80 Mev 3G8 ± 25 

333 Hg - 4 30 Mev 3G7 + 25 

No annihilation radiation was observed. Plate II illustrates the 

decay of the 384 kev line in a series of photos taken in succession. 

The peak that appears at about 220 kev is the Compton peak of the 384 

kev ganuna ray. 

iileasurement of the Conversion Coefficient 

The thin I-IgO source (iIg - 6) was irradiated for ,1 second, 

then brought baCk by the rapid-target-extractor to the counting position 

between the y and ~ counters so that counts from both were obtained 

simultaneously and for the same length of time. The bias on the 

discriminators of the two amplifiers was set so that only those pulses 

in the photo peak of the y counter and the conversion-electron peak in 

the ~ counter would be counted. In the results given the total counts 

are the sum of three separate runs, each counted for about 2 seconds. 

An absorber l'las' then placed in front of the beta counter to 

absorb aIl electrons so that only electrons from Compton scattering 

inside the stilbene crystal would be counted. The above runs were 

repeated until the y counter recorded about the same numbers of pulses 

as before. The number of pulses from the ~ counter was normalized with 

kev 

kev 

kev 

kev 

kev 

kev 
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the gamma count and subtracted from the counts taken without the 

absorber to give the true number of electrons. Plate III is a 

photograph of the pulse-height spectrum from the beta counter. 

W· t. C 137 . 1 f h Il 0 h 1ta a s source ln pace 0 t eg target, t . e same 

procedure was followed. Table 5 summarizes the results of these runs. 

TABLE 5 

Number of Counts in the peak 
beta counter 

Source gamma counter no absorber with absorber corrected 

Cs 137 15,500 13,800 600 13,200 

Tl 197 1,110 7,640 1,370 6,270 

The efficiency of the gamma counter at the energies of 661 kev 

and 384 kev was calculated by the method described previously with the 

results 
c J; = 8.6% at 661 kev and fyiJ -- 28% at 384 kev. There-

~I • fore, using equation (5) in which a t lS 0.12, 

Tl 
a t = 2.61. 

Two other determinations were made at different times with 

different photomultiplier tubes, with different resolution and gain, 

with the results 2.37 and 3.11 respectively. The mean value of the 

three measurements is 2.70. 

The KIL ratios were obtained for the various possible multi-

pole assignments from the empirical relations given by Goldhaber and 

Sunyar OO) and from these the K-conversion coefficients were calculated 

with equation (2). Table 6 lists these results and gives also in 

column 4 the values of aK from the graphs of Rose et al. for the same 

count 
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TABLE 6 

Transition KIL ŒK (experimenta1) ŒK (theoretica1) 

E3 
E4 
fIl3 
M4 

1.6 
0.6 
4.1 
1.8 

1.61 
1.01 
2.22 
1.74 

0.09 
0.24 
1.35 
3.20 

type transitions. From these values the transition wou1d appear to be 

ei ther l'rl3 or l\l4. 

Short~ctivities Produced from Gold 

The gold target used in the measurement of half-life and 

threshold consisted of a 2 mil thick piece of gold foil doubled over 

to give sorne rigidity and welded to a heavier cross piece about 1 inch 

long by 1/2 inch wide. This cross piece was to prevent scattered 

protons from hitting the aluminum target holder. The other target, 

Au - 3, was made by evaporating several layers of gold onto the end of 

a cobalt foil 0.0014" thick. This thin target \'Jas necessary to keep 

down the activity produced so as not to mask the gamma-ray peak. It 

was not until this target was used that the gamma ray causing the short 

period was discovered. 

On bombardment at 9-1/4 Mev, no acti vit y was produced. At 
197m 

13 Mev and 17.2 Mev the activity was 1.4 sec. Au • Figure 10 shows 

the decay of the activity produced in Au - 2 at a bombarding energy of 

11.2 Mev. In the same figure is seen the change in activity when the 

bombarding energy was raised to 50 à~v. A new short activity is now 

seen at the beginning of the decay. When the energy was raised still 

further, another activity became evident. This is seen in Au - 2 - 55, 

Figure Il, where the 1.4 sec. background from Au191m appears to become 

shorter. In Au - 2 - 26, Figure 11, ' this new period can just be 



-27-

197m 
resolved from the 7.4 sec. radiation of Au and appears to have 

a half-life of about 1.8 sec. Table 7 summarizes the results of 

the measurements on the short hali-life produced from gold. 

TABLE 7 
Bombarding - Bombardment Initial 

Run no. energy time counting rate hali-life 
(Mev) (sec.) (counts/sec. ) (sec.) 

Au - 2 - 65 50 0.1 570 0.425 

Au - 2 - 66 50 0.1 1100 0.332 

Au - 2 - 64 50 0.1 2000 0.446 

Au - 2 - 62 50 0.1 3500 0.446 

Au - 2 - 63 50 0.1 3500 0.306 

Au - 2 - 26 80 0.1 10000 0.396 

Au - 2 - 29 80 0.1 20000 0.457 

The mean value of seven determinations is 0.40 ± 0.06 sec. 

where the uncertainty is the standard deviation of the individual 

measurements from the mean. The last two runs taken at 80 Mev also 

show a longer period of 1.81 and 1.89 sec. hali-life. These periods 

were subtracted to obtain the shorter lifetime. 

Plate IV shows a photograph of the pulse-height spectrum of 

the short-lived radiation obtained from gold. Four gamma-ray lines 

with energies 273, 134, 77, and 48 kev are clearly visible. The 273 

and 77 kev lines are the y rays from the decay of the isomeric level 
197 

in Au and have been used as calibration points in every photographe 

The fast disappearance of the other two lines connect them with the 

0.40 sec. activity observed with the counting-rate meter. The mean 

value of the energy of the two y-ray lines from 15 photos are 134 ± 4 

kev and 48 + 4 kev where the uncertainty is the standard deviation 
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determined from the uncertainty in the calibration curve. Table 8 

summarizes the results of energy measurements from 10 photographs. 

TABLE 8 

Bombarding energy Gamma ray energy 
Photo number Mev. YI Y2 

511 80 50 ± 10 133 ± 10 
512 80 51 ± 10 136 ± 10 
497 70 44 ± 10 133 ± 10 
498 70 46 ± 10 139 ± 10 
505 70 46 + 10 129 ± 10 
508 80 49 ± 10 135 ± 10 
510 80 52 ± 10 139 ± 10 
493 70 49 ± 10 134 ± 10 
494 70 51 ± 10 137 ± 10 
501 70 48 ± 10 134 ± 10 

Bombardments were carried out on platinum targets to see 

if this 0.40 sec. activity cou1d be produced. No radiation with this 

half-life was obtainab1e with the counting-rate meter and ana1ysis 

of Hofstadter photos showed no 134 kev and 48 kev lines of short life. 

Sorne 130 kev y-ray activity was observed but this was 10ng-1ived and 

seemed unrelated to t11at which is produced in the gold target. The 

mercury photographs were also searched for this activity and sorne 

evidence was found. Other mercury photos were taken at higher energy 

than had heretofore been used with the Hg target. These runs showed 

definite evidence of a short-lived line ap~earing at about 140 kev 

and in two photos also at 48 kev. 

These resu1ts indicate strongly that an isotope of mercury 

is responsible for the two gamma rays observed. No annihilation 

radiation was observed other than what is normally present as a back-

ground radiation. 

An attempt was made to obtain the threshold for production 
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of this activity. Again the complex spectrum and decays that appear 

when gold or mercury is bombarded prevented an accurate measurement 

of the threshold energy. No determination at a11 was possible from 

the mercury target because of the presence of the 0.54 sec. Tl isomer, 

except that the Une appeared in photographs at 40 Mev and perhaps 

very weakly at 33 Mev. Figure 12 shows the results of bombardments 

on the Au target at various proton energies. A threshold of 25 ± 5 

Mev is indicated. 

Short-lived Activity from Platinum 

Targets of platinum were bombarded in the cyclotron with 

proton energies from 13 to 33.5 Mev. At 13 l.lev, the decay appeared to 

197m be entirely due to the 7.4 sec. Au , but as the energy was increased 

this period appeared to shorten. This indicates the presence of another 

period shorter than 7 sec. but not short enough to be resolved from it 

on a short time base. When the length of the time base was increased 

to 20 sec. or longer, the decay lengthened out in the lower part into 

a 7 sec. slope. A subtraction was then possible in severai photo-

graphs to obtain an activity with a half-life of 2.0 ± 0.3 sec. 

Because of the poor statistics in the lower part of the decay curve, 

the accuracy of the half-life determination is correspondingly poor. 

Figure 13 shows the decay of Pt - 3 - 33 which was one of the best 

decay curves showing clearly both the 7 sec. and the 2 sec. activities. 

The mean value of 6 determinations of the half-life, 4 from 

photographs in which a 7 second subtraction was possible and 2 from 

photographs of gold irradiated at high energy, is 2.0 ± 0.3 seconds. 

As yet no gamma-ray !ines have been observed in the photo-

graphs of the puise-height spectrum which can definitely be identified 
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with this 2 sec. activity. AlI peaks that have been observed seem 

to be long-period activities. 1t is possible t!lat sorne of these 

long-period gannnas that show up coincide wi th the energy of the 2 

sec. period, but this has not becn verified. Not much can be said 

also about the source of this activity, since threshold determinations 

are very difficult. This activity \Vas present at 19.5 Mev but not 

at 13 Mev. Alsot when gold was bombarded at energies greater than 

50 a~v, there \Vere indications of its presence. 1t thcrefore seems 

probable that the activity arises in an isotope of gold with a mass 

number between 191 and 193. 

Gannna Ra~s of Pb201 and Pb202 

One otlier result of interest has been noted. Whenevcr 

thallium was bombarded, the isomeric states in Pb201 and Pb
202 

were 

excited. The energies of the y-rays from these isomeric states have 

been remeasured with the following results. The 5.6 second isomeric 
202 

level in Pb decays with a gamma ray of 0.83 ± 0.02 Mev energy as 

compared with the val ue O. 89 ~Iev as meas ured by Hopki ns. The energy 

of the 50 second transition in Pb201 was found to be 0.62 ± 0.02 Mev. 

Hopkins found gamma rays of this period with energies of 0.67, 0.42 

and 0.25 l\lev. No sign of the 0.42 or 0.25 Mev y-rays were found in 

the pulse-height spectrum obtained here. 
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DISCUSSION OF T:lli UESULTS 

The energies of the gamma rays resulting from the decay 

of Co 56 have been studied, and their relative intensities determined. 

Cheng et al. (17) have determined the energy of positrons from Co 56 

as 1.53 and 0.995 Mev with relative intensities of 8:3. Elliott 

and Deutsch (5) report gamma-ray energies from the ~--decay of 1\1056 

as 0.85, 1.01, and 2.13 Mev. Beta-gamma coincidence experiments 

showed the 0.85 r.lev ganmla to be in coincidence wi th the highest energy 

beta particle, and th us to be the transition from the lowest excited 

state in Fe56 to the ground state. These authors also place the 1.81 

Mev gamma rayas a trans i tion from a 2.65 i\lev exci ted state to the 

0.85 Mev level, and the 2.13 filev transition from a 2.98 Mev level to 

the 0.85 Mev level. In their work on C056, they have also shown the 

1.26 Mev gamma to be in coincidence with the 0.85 Mev gamma raye 

Us ing the above facts as a guide and tile energies measured 

here, an attempt has been made to . construct a decay scheme. The 

following diagram seems to fit the above facts most closely. 

4.12 

2.65 
2.12 

0.05 

o 

: 2.00 
1 

1.261.8 

0.05 

2.65 

2.12 

There is sorne uncertainty in the placing of the 2.12 Mev 

gamma. It is possible that the 2.98 Mev leveI is not produced in 

the decay of C056, and that it is just coincidence that this level 

shouId give a gamma of the same energy as in the decay of Co56. 
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The posi tion of the 3.27 Mev gamma is only tentative, but the slight 

indication of a 2.00 iIIIev gamma in the pulse-height spectrum leads 

to the assignment given here. Although the measured energies fit 

into this decay scheme within the accuracy of measurement, further 

work, especially beta-gamma and gamma-gamma coincidence studies on 

56 Co are necessary to verify tbis tentative scheme. 

Targets of mercury and thallium have been bombarded with 

protons in the cyclotron producing a new activity with a half-life of 

0.54 ± 0.01 sec. and a gamma ray of 384 ± 6 kev. This activity l'las not 

produced from gold or platinum, so that the most probable assignment 

would be to an isotope of thallium. Not excluded, however, would be 

isotopes of Hg of mass greater than 198. This would require a (p,xna) 

reaction on Tl and although such a reaction is not impossible, it seems 

unlikely to compete with (p,xn) and (p,pxn) reactions. The high thres-

hold for production of the activity from thallium also makes such an 

assignment unlikely. Since the threshold on 3g is greater than necessary 

for a (p,n) reaction, it is probable that the Hg isotope of lowest mass 

is responsible for the thres!1old determinations. Thiswould be Hgl96 

except for the fact that the abundance of this isotope is only 0.15~ 

and would therefore hardly enter into the reaction in sufficient amounts. 

-i 193. h h·· . , b d f 10°1 d· l 9 IS t e next . eavler Isotope, Wl til an a un ance 0 /0, an IS 

therefore considered as the target nucleus in the threshold measurements. 

In Table 9, the experimentally observed thresholds are com-

pared ~ith thresholds for several possible reactions, calculated from 

the table of atomic masses of Metropolis and Reitwiesner Cl8}. 
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TABLE 9 

Target nucleus 
Experimental 
threshold (Mev) Reactions and calculated thresholds (Mev) 

193 
Hg 12.5 

p,n 

3.7 

p,2n p,3n 

10 18 

p,p6n p,p7n p,p8n 

T1
203 

205 
Tl 

.. 45 

.. 35 

42 51 

It thus appears that the most pro~ab1e reactions are 

dgI93(p,2n)TI197, Tl203(p,p6n)TlI97 and 11205(p,p8n)T!197. Gamma 

emission fol1owing positron decay or K-capture is ru1ed out by the 

57 

55 

absence of annihilation radiation, and the fact that observed lifetimes 

for eleetron capture in this region are of the order of many minutes or 

hours. Therefore, the most probable assignment of the 0.54 see. acti-

. Id b" .., Tl197 VIt Y wou appear to e an IsomerIe transItIon ln • 

In order to determine the mu1tipole order of this transition, 

the experimental1y determined 1ifetimes may be compared with the 
. (9) 

theoretical value obtained from the relations of B1att and Welsskopf 

for the lifetime of a gamma transition of 384 kev. Table 10 lists the 

theoretica1 1ifetimes and compares them with the experimenta,l values for 

various mu1tipo1e orders. The experimental values have been corrected 

for internaI conversion by the formula 't: = y where a t 

lIas been obtained from the graphs of Rose et al. and the KIL ratios 

given by Go1dhaber and Sunyar. 
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TAilLE 10 ----
Transition Theoretical 

E3 1.4 x 10-4 

1::4 56 

0.025 

(;14 9900 

'ty (sec.) 

Experimental 

0.93 

1.3 

2.1 

5.0 

Weisskopf states that these theoretical values may be too 

small by a factor of up to 1000. This would tend ta eliminate the 

E4 and iiI4 type transitions as possibilities, leaving either E3 or l.L) 

with a slightly better agreement with the m assignment. A comparison 

of the lifetime and energy with tbe empirical curves of Goldhaber and 

Sunyar also leads to an m or E3 assignment of the multipole order of 

the radiation. 
197 

The total internaI conversion coefficient of Tl has been 

measured giving a mean value of 2.7. Thisleads to an assignment of 

the radiation as either m or ~14. The uncertainty is due partly to 

the approximations made in the development of equation (5), and partly 

due to uncertainty in the value of a;' , the conversion coefficient of 

Cs 137• The value of a;' used was 0.12 which is the meanm the values 

(20) . 
given in the charts. J. S. Osoba gIves the value ŒK = 0.081 and 

~L = 5.0 which leads to a total conversion coefficient of 0.097, but 

he reports that this value is probably high. Using this value for 

at" gives the value of at as 1.8, which agrees more closely with the 

theoretical value of 1.35 for an m transition. In view of the above, 

" . b 1" d h 1 0 54 . . .". T1 197 . It lS e leve t at tIC. sec. IsomerIc transItlon ln IS 

magnetic 24_pole (m) radiation which entails a spin change of 3 units 
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and no change in parity. 

mul tipole order J\. = 41 + 1 for magnetic radiation 

and = 41 for electric radiation 

The spins of T1203 and Tl205 have been given by Mack(2U 

as 1/2. It is probable that Tl197 with Z = 81 and N = 114 would also 

have a ground state spin of 1/2 in agreement with the single-partiele 

(she11) model of the nucleus. Thus an ~~ tcansition would 1ead to a 

g7/2 assignment of the isomerie level. 

A gold target, bombarded with protons at energies above 30 

Mev, has been observed to deeay with a half-life of 0.40 .:t 0.06 see. 

and wi th the emission of t\\lO gamma rays of 134 ± 4 kev and 48 ± 4 kev 

respectively. This activity has been assigned to an isotope of mercury 

from bombardment of neighbouring elements. Bombardments at various 

energies indicate a threshold ftir the production of this activity from 

gold of about 25 i\Iev, but little can be said about the threshold from 

the Hg target other than that it seems to be less than 33 r.lev. Table 

Il lists several possible reactions with production thresholds calculated 

from ii-letropolis' table of atomic masses. 

Experimental 
Threshold 

... 25 [.lev 

(33 ;)lev 

TABLE 11 

Reaction 

Au 197 (p, 3n) I1g195 

A}97 (p,4n) Hg194 

A}97 (p,Sn) ng193 

(p,p3n) ag195 

(p,p4n) ag194 

Calculated 
Threshold 

15.5 Mev 

22 Mev 

30 Mev 

22 Mev 

29 I.lev 

37 lIIev 
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Comparison of the experimentally determined with the calculated 

thresholds suggests that the activity be assigned to Hg194• An 

assignment to Hg195 is not impossible although it seems unlikely 

that the threshold measurement is as much as 10 Mev in error. An 

assignment to Hgl93 is the least probable of the three as the 

thresholds are definitely less than the calculated value for such 

an assignment. That an isomeric transition is involved is concluded 

from the lack of annihilation radiation and the same argument as given 

before concerning long lifetimes of electron capture transitions in 

this region. 

To obtain the multipole order of the 134 kev gamma ray, 

comparison was made with the empirical curves of Goldhaber and Sunyar. 

It was necessary in this case to extrapolate the curves of Rose et al. 

to lower energy values to obtain the value of ŒK used in the calculation 

of 'r:y' the gamma-ray lifetime. \\fhen these values of 'Y' corrected for 

internaI conversion, are fitted to the graphs in the paper by Goldhaber 

and Sunyar, agreement is noted only if M3 or E3 corrections are applied. 

1t is not possible at present to decide in favour of one or the other 

of these possibilities. 

A new activity of 2.0 ± 0.3 sec. half-life has been observed 

from bombardments of platinum and gold. This has been assigned to an 

isotope of gold with mass number between 191 and 193. No gamma ray has 

been observed on the pulse-height spectrum photographs but the fact that 

the activity is present cannot be doubted as can be seen from the decay 

photographs. It is likely that the energy of the gamma ray if present 

is the same as that of sorne of the longer lived radiations present. 1t 

may perhaps be about 270 kev in which case the line in the pulse-height 
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spectrum would be .1ost due to the presence of the 273 kev radiation 

from Au 197m• :?urther investigation is required before any definite 

conclusion may be reached concerning this activity. 

The gamma rays from Pb201 and Pb202 have been remeasured. 

In the radiations from Pb20l , aopkins found gamma rays of 0.67, 0.42, 

and 0.25 lvlev. It is suggested that the 0.42 Mev peak in the pu1se-

height spectrum was actua11y the peak of the Compton distribution, 

and that the peak that was 1abeled as the Compton peak of the 0.67 lilev 

gamma was in reality the photo-peak of a gamma ray of about 0.36 ~lev. 

This could possibly be the gamma ray from Pb204m which has an energy 

of 0.374 liiev. T!le 0.25 iilev gamma ray has not been observed in any 

photograph taken here and is 1eft unexp1ained. Hopkins' gamma rays 

of 0.67 Mev and 0.89 Mev have been remeasured as 0.62 r.iev and 0.33 

Ivlev respectively. 
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CONCLUS IONS 

A NaI scintillation spectrometer has been used to measure 

gamma-ray energies, and thereDy to investigate new short-lived 

isomeric transitions in gold, mercury and thallium. 

The energy of the gamma ray from a Po-Be source has been 

redetermined as 4.43 ± 0.02 i't.ev. The gamma-ray spectrum of Fe56 

arising from the positron decay of C0
56 has been investigated. The 

gamma rays observed have energies 0.85, 1.26, 1.82, 2.12, 2.65 and 

3.27 I\lev with relative intensities l, 0.55, 0.22, 0.06, 0.12 and 0.08 

respectiveIy. 

An isomeric transition of 384 ± 6 kev with a half-life of 

O 54 + 0 01 0 0 d T 119 7 • _. sec. IS aSSIgne to • The total internaI conversion 

coefficient of 2.7 and lifetime-energy relations lead to an he assign-

ment of the multipole order of the radiation. 

An isomeric transition of 134 ± 4 kev and 0.40 ± 0.0.6 sec. 

has bcen assl°gned to {~g194. A t' f 4° + 4 k 0 01 no ,1er ganuna ray 0 u _ ev accompanles 

the highcr energy transition. Lifetime-energy relations label the 

134 kev gamma as either m or E3. 

An activity with a hali-life of 2.0 ± 0.3 sec. is produced 

by proton bombardment of platinum. This is assigned to an isotope of 

gold of mass 191 - 193. 
20lm 202m 

The gamma-ray energies of Pb and Pb have been 

redetermined as 0.62 ± 0.02 and 0.83 ± 0.02 r.Iev respectively. 
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