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stJMMJI..RY. OF TEE F.ESEARCH PROGRESS MEETmG 

ot August 18~ 1949 

Ho Po Kramer 

1 Energy- Spe~trwn. C>f Syn©hrotron X= rays: o W o Powello 

wten the 335 Mev electrons accelerated in the synchrotron strike a platinum 

targetD 'bre>m.sa",trahl'l.Ulg. X=:t'ays a:re producedo These :x:=rays possess a continuous 

energy spe:Q;;;t:F.um whose range extends from 0 to about 327 Mev o The cloud chamber 

gr<;)up b.a..s u.nderlaken the task of determining the distribution of :x:=ray quanta 

in the bE'!am among e:o.e:r.g:y :i.nteru-als within the available rangeo The measurement 

of the emergy of x=ray quanta. is based on the analysis by means of clou.d chamber 

tracks of the el.e©tron pairs which are fo:rmed as photons pass in the vicinity 

of le,a.d nu.clei ~:wntained in Ill.. oOOl ino foil that is placed across the cloud 

chauibe<'~C o 

903 posi.·~ron=ele~tron pairs ema.nat;i.ng from the lead have now been counted. 

The ene1rgy of e>ach particle can be calculated on the basis of the known mass 

of the ele'\Jtron and the radill.S of <.mxvature of the traeko The energy of the 

photon that d:il.~integrates into the two particles is then de·termined by adding 

the energies of the me.lllbers of the pairo The graph of Figo 1 indicates the man

ner in which the energy is distributed between the two partieleso The curve 

iB of ~m1.rse symmetric;al and exhibits the fa©t that it is possible that one parti

ea.l may a.©quire practically all of the available energy with the result that the 

other parti,~le that is produced may not have sufficient energy to escape from 

the lead foilo Hcwever0 the number of single positive tracks that have been 

obse:r.fted has beF.in negligibly small a.TJ.d the slightly larger number of single 

negative tra©ks is att;ributable to ancrt;her ~auseo 
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. · · The c(~mpton phot©~=alectr:i.c: effect also may detract from the accuracy 

of the results of the measurements by contributing single negative electron 

trackso However, the frequency of photoelectrons among all eleCJtron tracks is 

so small that no great error is :tncurred by count:i.ng single negative electron 

tra.r:Jk6 as degenerate pairso 

\Vhen the point of departure of two tracks is not very clearly identifiable 

one may ©omm.H; the error of' ascribing tracks produced by a single negative and 

a single positive ele~tron to one pair when actually each eleetron may represent 

a degenerate pair" An example of two trac;ks wh:l.ch may confuse the count is 

sket~hed in Figo 2o 

Another situation which causes d:i,fficulty is that typified by the diagram 

of Figo 3o In a ease of this sort one can not be sure which negative tracks is· 

a.ssoc1ated with a 1J:ertain positi.ve1 track and therefore there is some uncertainty 

in as.signing the photon energ.f o However~ only f'ive cases in which the photograph 

gave ambiguous i.nformation have been observed and therefore the error occasioned 

by these un.certaint ies i.e. not very serious o 

s·teinbe:rger and Christian of t;he Theoretical Group have calculated the 

spectrrun of the X=rs.:ys from the synchrotron" The;r assumed that electrons are 

accelerated to 335 Mev in the synchrotron and that therefore the bremsstrahlung 

speetrJJll extended from 0 to 335 Mevo However 9 the :fastest photons that were 

observed in the cloud chamber possessed energies not in excess of 327 Mevo More

over·, if the Galculations are ma1e on the assumption that the synchrotron produces 

32? Mev el~ctrons and that the maximum photon energy is therefore also 327 Mev~ 

the ©a..i.,~ulated cu:rve coincides with not;abla precision with the experimental data. 

It is therefore thought quite possible that in~orrect data were used in the calcul 

tiqJn parf~icula.r·ly in view of the fa~t that there is an uncertainty of ± 2o5 percent 
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in th" mse.sure.rn.ent of the .magnet i~ field of the synchrotron a 

_Sin©e the ©loud ©hamber magnet has not been calibrated tor some time 

one C!ught tc ascr:i.bl'll an un©ertainty of ± 1 pere:ent to the accepted valueo The 

traek m.easurements w:i th a mi~roscope entailed a.n. error of' less than 2o 5 percent. 

There:f'ore 9 t;hs results that axe presented. involve an. uncertainty of' about 3o5 

Fig~. o 4 and 5 e.re some in·terest ing photographs of cloud chamber tracks. 

They demonstrate some Of' the S!OU;I:71"61S of error :!11 the COunt o * 
It may ·be of interest that~ a meson track from photo~exc i tat ion has now 

been detec~rte<d. for the fi.rst time with the cloud chamber a The experi.nl3ntal arrange

ment whi©h .made this possible is: shown :in Figo 6. The cloud chamber is shielded 

on the beWll side 'by a block of leado Photons pass along one side of the chamber 

and striket a carborc, target within the .magnetic field. The meson track appeared 

i.n the positi'f>n indieated. i.n. Figo 6. With the same apparatus 9 two proton tracks 

'were obserwed~ Qne represented a 108 Mev proton and the other one a 68 Mev 

protono In the :future. the ©arbon target will be: replaced by beryllium9 which9 

because of t;he higher density should give a. larger nwnber of interesting events. 

* The spiral tra©k of· Fig" 5 is parti0ularly challenging because it presents 

the })(ISSibil:i ty of tr.'atCiiJ.g the ©om.plate life history of an electro.n. Every 

~hange of eur~ratur.e of the trac;k :is, indicative: of a loss in energy either through 

radiation or through ©ollisiono 
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A New Ndl39 Iso~opeo Betsy Joneso 

The disc:overy of the new isotope resulted from a study of the neutron 

deficient T.a.I'e earth elements. The only stable -praseodymium isotope 9 Pr141, 

was bo.mhard.ed with 40 a.nd 50 Mev protonso 

As a result of the bombardment with 40 Mev protons f'or per.iods varying 
. . 

tJ:oo.m o.ne t~' four hours 9 a~tivities with the following half=lives were observed: 

3o3 d:ays 9 5.5 hours, a.nd. 20 :!: 5 minuteso After 30 minute bombardments with 

00 Me·g" p:ll:'otonsD the 5o5 hour an .. i the 20 :!: 5 minutes activities were again seen 

a.l.thcrJ.gh the previously observed 3e3 clay half'=lif'e was not encounteredo 

Tt1e 5o5 hour a0tivity was examined in detail and was found to decay by 

the foll~ing modes~ 

Energy (Mev) R&lative Frequency 

K LOO 

i Ll 0.15 

The posi·tron was date~ted and analyzed by absorption and a magnetic oounter. 

The chemical identification of. the neodymium isotope was made by means 

of hydroxide fluoride cycles a.nd a separation of Nd and Pr was carried out with 

a 4 rnno sxchange .©olumno The activity of the neodymium fraction was followed 

and it was observed that the ratio of counting rates of the 3o3 day and the 5o5 

hour a©;tivities remained eonstanta Since the 3o3 day ac·tivity is known to be 

due to Ndl40 it was con©luded that the 5o5 hour activity must also be ascribed 

to Ndo Figo 7 indicates the degree of separation that was achieved with the 
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exchange column., 

The m.ass assignment of the 5.5 hour Nd activity was made on the basis 

of the 140 d K=capture ce139 isotope which was grown and separated from the 

Nd fraction. 

The possibility was considered that the 20 ! 5 minutes activity might 

be assigned to prl-39 9 the intermediate K-capture daughter of Ndl39. In order 

to test this hypothesis, Nd and Pr were partially separated and placed in a 

counter 6 mi.n. after the chemistry had been completed. The 20 ± 5 minutes 

aetivi.ty was not seen to grow artd for this reason it was concluded that it is 

not associated with the Pr daughter of Nd139• It was however established by 

chemistry that this ac:t;ivity is due to one of' the rare earths. 

For purpose. of orientation, the affe~ted portion of the table of 

isotopes is reproduced below~ 

138 

e.QNd 

Atomic Number Z 

139 

5o5 hr. 
j3+ p 7 
K 

short 
K 

140 d 
K 

140 

3.3 d 
K 

3& 5 m.in. 
or 1 min. 

j3+ 

14,1 142 Mass Number 
A 
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Distribution of Photon Energy Between 
the Members of Pairs. 

Percent of total 
energy obtained 
by a+ 

Fig. 1 

:0'/,¥/40.7#//#~$2 Lead plata 

j direction of incoming photon. 

Fig. 2 

Fig. 3 

Lead plate 
r direction of incoming photon 
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Circumference of magnetic field 

I 
Lead shield 

~carbon target 

Location of observed meson 
track 

Cloud chamber 

beam of photons (4 in. diameter) 

Apparatus With Which Photon Meson Was Observed 

Fig., 6 

10 15 20 25 30 Hours of colwnn 
run. 

Column Separation of Nd and Pr 


