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Compton Backscattered Photons in Precision Proportional Counter Spectrometry* 
R. W.  FINK^ AND B. L. ROBIN SO^ 

Unwwsity of Arkonsas, Poy&ille, Arkanras 
(Received May 7, 1956) 

The importance of Compton backscattering in gas proportional spectrometry in the energy range 10 to 
100 kw is pointed out. If the backscattered photons are unresolved from the main peak, a large error may be 
introduced under certain conditions in absolute and relative intensity measurements based on theoretical 
quantum e5ciency (geometryxabsorption) ; if the backscattered peak is resolved, failure to recognize its 
origin may result in the "discovery" of a new gamma ray. The effect is especially pronounced when a 
collimator is used to establish geometry; for example, the intensity of backscattered photons can amount to 
as much as half the intensity of the main peak at 46.5 kev with a +-in. diameter collimator. 

A LTHOUGH backscattering and wall effects in 
proportional counters have been carefully con- 

sidered in the spectrometry of beta particles,' similar 
effects in the spectrometry of photons seem to have been 
neglected except for guarding against excitation of 
characteristic fluorescence x-rays from the walls. 

Backscattered Compton photons from outside and 
inside (far wall) of proportional counters can amount 
to as much as half of the intensity of the peak due to 
the direct beam at  46.5 kev with a $-in. d i m  collimator. 
If the peak due to Compton scattered photons is 

;d solved, failure to recognize its origin may result in the 
"discovery" of a new gamma ray. (The 41-kev "gamma 
ray" once attributed to RaD is most likely due to this 
phenomenon?) Even if the backscattered photons are 
unresolved, they contribute to the total intensity of 
the peak and may give rise to considerable error in 
absolute and relative intensity determinations based 
on theoretical quantum e5ciency (geometryxabsorp 
tion). As shown in Fig. 1 (for CsM1 decay), the effect is 
especially pronounced when a collimator is used to 
establish geometry, and increases as the diameter of the 
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FIG. 1. Effect of increasing collimation on K x-ray peak in Csm decay. Geometry is shown in Fig. 2(d). The intensity 
of the Compton backscattered photons increases relative to the main peak as the collimation becomes narrower. The 
intensity of the backscattered peak is of the order of 12% of the main peak for the +in. diam collimator. Thus, when 
a collimator is used to establish geometry, an appreciable error is introduced when the theoretical detection efficiency 
is taken as the product of solid angleXgas absorption. 

' Supported in part by the National Science Foundation and the U. S. Atomic Energy Commission. 
t Department of Chemistry. 
f Prgent address: Department of Physics, Western Reserve Universit , Cleveland 6, Ohio. 

See S. C. Curran, in K. Siegbahn, Beta- and Garma-ray S*ectrosco) 6nterscience Publishers, Inc., New York, 1955). Chap. VI, 
p. 173ff. 
'Fink, Warren, Edwards, and Damon, Php. Rev. (tozbe published). 
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Gamma Rays in the Decay of Barium-131" 
WILLIAM C. BEGGS,~ BEROL L. ROBINSON, AND RICHARD W. FINK 

Uniwersity 01 Arkansas, Fayeltsuille, Arkatwas 
(Received August 22, 1955) 

Gamma rays accompanying electron capture of 12-day Ba131 have been studied with a single-channel 
scintillation spectrometer. Relative intensities have been determined for the 122 kev (198), 214 kev (148), 
372 kev (LOO), 496 kev plus satellite (360), and 620 kev (33) gamma-rays. Three new gamma-rays have been 
found a t  823Zk20 kev (2.0), 917Zk15 kev (7.2), and 1032Zk15 kev (11.0), and their assignment to Balal has 
been established by chemical purification and half-life. Crystal summing studies confirm that the 620-kev 
transition is the crossover of the 122-kev and 496-kev transitions, and no significant crystal summing is 
found for the three new gamma rays. A peak corresponding to 83 kev was observed, which appears to be due 
to two or more unresolved gamma rays, but no gamma ray could be found a t  100 kev. The decay of BaU1 was 
followed for 9 half-lives using an end-window beta proportional counter, and the half-life was found to be 
11.52Zk0.08 days. The ratio of the pile neutron cross section for the activation of Ba'" to that of long-lived 
Balm has been found to be u(Ba13/u(Bals) = 1.2Zk0.3. 

INTRODUCTION 

T HE complex gamma-ray spectrum associated with 
the electron capture of 12-day BalB1 has been 

studied by a number of investigators.'-" Table I 
summarizes the results of previous investigations and 
present findings. The gamma rays at 122, 214,244,372, 
496, and 620 kev are well established. 

Weak high-energy radiations were found in a rough 
scintillation spectrometer survey of a radiobarium 
source, which came to hand in connection with other 
studies. I t  seemed of interest to study these hard 
gamma rays, whose assignment had been in question. 
Because of its inherent stability, our automatic record- 
ing scintillation spectrometer is well suited to the study 
of low-intensity radiation. 

EXPERIMENTAL 

Forty-four grams of reagent grade barium nitrate 
were irradiated in the Oak Ridge reactor for 28 days. 
The irradiated sample was dissolved in water and the 
cesium daughter of Ba131 was separated by a chemical 
procedure involving the addition of sodium and cesium 
carriers and the precipitation of barium chloride with a 

concentrated (5: 1) hydrochloric acid diethyl ether 
mixture. The precipitate was evaporated almost to 
dryness three times to expel N O 3  and C14 as CMOz. 
La+++ and Fe+++ carriers were added to an aqueous 
solution of the barium chloride, and ferric hydroxide 
and lanthanum hydroxide were precipitated with excess 
ammonium hydroxide. The scavenging was repeated 
three times. Barium was precipitated in final form as 
barium chromate in acetate-buffered acetic acid by the 
addition of potassium chromate. The barium chromate 
was filtered, washed, dried, and mounted. 

Isomeric states of Ba133 (39 hr) and Ba136 (29 hr) were 
allowed to decay before proceeding with the scintillation 
spectrometry. Pulse-height spectra from chemically 
purified and unpurified sources were identical. 

An automatic-recording single-channel scintillation 
spectrometer was used for all experiments reported here. 
The detector consisted of a cylinder of NaI(T1) 1: in. 
diameterxl in. high mounted on a DuMont 6292 
photomultiplier tube, with a mixture of MgO and 
Mg(C104)2 for diffuse reflector. I t  was encased in a 
tight-fitting thin brass can and sealed with Scotch 
electrical tape. The detector was operated in a graded 
shield. 

*Supported in part by the U. S. Atomic Energy Commission. RESULTS 
Abstracted from a thesis submitted by William C. Beggs in 
partial fulfillment of the requirements for the degree of Master of ~ ~ ~ ~ ~ - ~ ~ ~ g ~ ~  with source distances of 
Science. 7.6 cm and 1.8 cm are shown in Fig. 1. Peaks corres- 

t Present address: Department of Physics, University of ponding to gamma rays of 122, 214, 372, 496, and 620 Kentucky, Lexington, Kentucky. 
IS. Katcoff, Phys. Rev. 72, 1160 (1947). kev are clearly resolved. The 244-kev gamma ray is not 
2 Yu, Gideon, and Kurbatov, Phys. Rev. 71,382 (1947). clearly seen, but its presence can be inferred from the 
"ale,Zimmerman, andKurbatov, Phys. Rev. 78, b40 skewness of the 214-kev peak. No peaks are seen at  196 (1950) and Zimmerman, Dale, Thomas and Kurbatov, Phys. 

Rev. 8b, 908 (1950). or 585 kev. A peak appears at approximately 83 kev, 
4 E. Kondaiah, Arkiv Fysik 2, 295 (1950). but none was fund at  100 kev. Under closer examina- 
a Dale, Richert, Redfield, and Kurbatov, Phys. Rev. 80, 763 

(1950). tion, the 83-kev peak appears considerably broader 
a R. Canada and A. C. G. Mitchell, Phys. Rev. 83, 76 (1951). than the 87-kev line of Cd109: this peak is probably due ' W. H. Cuffey, Pbys. Rev. 82,461 (1951). 

Elliott, Cheng, Haskins, and Kurbatov, Phys. Rev. 88, 263 Or gamma rays' The 496-kev 
(1952). peak was consistently broader than the full energy 

Cork, LeBlanc, Nester, and Brice, Phys. Rev. 91, 76 (1953). peak in the pulse-height spectrum of the Be7 gamma 
'O W. and M. Goodrich, P h ~ s .  Rev. 91, 497 (1953), and ray (478 kev), indicating the existence of an unresolved Nuclear Science Abstracts 7, No. 24B, 46 (1953). 
l1 Lu, Kelly, and Wiedenbeck, Phys. Rev. 97, W9 (1955). satellite. 
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L/K-Capture Ratios, Mean L-Fluorescence Yields, 
and Transition Energies in Orbital 

Electron-Capture * 
BEROL L. ROBIN SON^ AND RICHARD W. FINK$ 
Universily of Arkansas, Fayetleville, Arkunsas 

INTRODUCTION prompt cascade of x-rays and Auger electrons, which 

DVANCES in the technique of proportional and follows each K-capture event, is integrated by the de- A scintillation spectrometry have extended our tector to give a single "K-line" in the pulse-height 

knowledge of orbital electron-capture. In a study of spectrum. An "L-line" arises from L-captures and from 

comparative half-lives (ft values), Major and Bieden- K-ca~tures which are the 

harnl have summarized the data existing up to the irom the sensitive volume. The correction for K x-ray 

middle of 1954. escape may be made small by suitable choice of detector 

The theoretical work of &,farshak2 and R~~~ and material and size, and it can be calculated quite accu- 

Jackson3 has been extended by ~~~k and Rose' in the rately from x-ray absorption data and K-fluorescence 

light of present knowledge of beta-decay theory of for- SinceLx-raYsand L-Auger electronsare totally 

bidden transitions, with particular reference to capture absorbed, no correction need be made for L-fluorescence 

of L-shell electrons. yield. 
the interpretation of radiative electron-capture Scintillation crystals have been grown" containing 

(inner bremsstrahlung) spectra, the capture of $-elec- radioactive I'25 and Cdlo9. In this type of experiment 

trons appears to be s ign i f i~an t .~~~  the amount of L-capture is obtained from the difference 

This review comprises a summary and analysis of the between the number of x-rays and the total number 

existing data on electron-capturing nuclides (up to of gamma-ray transitions on the assumption that one 

May, 1955) whose decay schemes are relatively simple gamma ray each decay. 

and well established. In particular, the primary concern (B) External Source Spectrometry 
is with the ratio of L-capture to K-capture both as a 
test of the theory of ~ ~ ~ ~ h ~ k  and of ~~~k and R~~~ The radioactive substance is placed outside of the 

as an application of the theory to the determination sensitive volume, and corrections must be applied for 

of transition energies in electron-capture and of L- source self-absorption and self-scattering, for differen- 

fluorescence yields. tial air and window absorption, and for K and L fluores- 
cence yields. One must also consider that a K-shell 

EXPERIMENTAL TECHNIQUES hole may be filled by an L-electron either by radiative 

Essentially three techniques have been applied to the tKWlsition (Ka= K - L ~ ~ ,  L111) or Auger transition 

determination of x-ray intensity and capture ratios. (K- LL, K- LX). The number of L-shell vacancies 

These are described below. produced in this manner, n = ~ ,  ranges from 1.36 at Z= 29 
to 0.75 at  Z=90, as will be discussed below. 

(A) Internal Source Spectrometry In case electron capture is followed by gamma emis- 
sion, the conversion of the gamma rays must be taken 

The radioactive material is contained within the sen- into account. 
sitive volume of the detector. Gas proportional counters M~~~ electron-capturing nuclides of the heaviest 
have been used for the study of A37,7 Kr7g,8 and Ge71 ' elements have been investigated?2J3 ~h~ intensities of 
(in the form of germane, GeH4). In this method the the L x-rays have been measured carefully by use of 

* Supported in part by thc U. S. Atomic Energy Commission. proportional counters and a bent-crystal x-ray spec- 
t Department of Physics. trometer.12 However, most of these nuclides have low- $ Department of Chemistry. 
J. K. Major and L. C. Biedenham, Revs. Modern Phys. 26, energy gamma transitions which are highly converted 

321 (1954). in the L-shell so that the interpretation of x-ray inten- 
R. E. Marshak, Phys. Rev. 61,431 (1942). 
M. E, Rose and ,. L. Jackson, Phys. Rev. 76, 1540 (1949). sities in terms of electron-capture ratios is tenuous. No 

'H. Brysk and M. E. Rose, Oak Ridge National Laboratory attempt has been made to correlate these data with 
Report, ORNL-1830 (January 13, 19551, and errata (unpub- theory in this paper. 
lished). 

R. J. Glauber and P. C. Martin, Phys. Rev. 95, 572 (1954). lo Broyles, Thomas, and Haynes, Phys. Rev. 89, 715 (1953). ' R. W. Fink and B. L. Kobinson, Phys. Rev. 98, 1293 1955). l1 E. der Mateosian, Phys. Rev. 92, 938 (1953). 
Pontecorvo, Kirkwood. and Hanna, Phys Rev. 74,982 694?). ' R. W Hoff, Univedt of California Radiation Labontory 
P. Radvanyi, Compt. rend. 235, 428 (1952); M. Langevin Report, UCRL-2325 (1953f( unpublished thesis). 

and P. Radvanyi, Compt. rend. 238, 77 (1954). la H. Jaffe, University of California Radiation Laboratory Re- 
@ M. Langevin, Cornpt. rend. 239, 1625 (1954). port, UCRL-2537 (1954) (unpublished thesis). 
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K and L X-Ray Intensities in Cesium-131 Decay* 
RICHARD W. FINK? AND BEBOL L. ROBINSON$ 

Uniuersiiy of Arkansas, Fayetteuille, Arkonsas 
(Received January 3, 1955; revised manuscript received March 3, 1955) 

A measurement of the relative intensities of the K and L x-rays following electron-capture in Cs"' is 
reported. The result may be expressed [LI/K+LII,III/K+~]GL=O.~O~~ 0.008, where Li/I< is the ratio 
of LC-shell capture to K-shell capture, n is the probability of an Lionization following a K-vacancy, and 
GL is the mean L-fluorescence yield of xenon. Upon combining this with recent theoretical results on electron- 
capture, the mean value of the L-fluorescence yield of xenon is found to be 0.10ai0.01. This value is sug- 
gested as a normalization point for the relative photographic values of Gr. in the region Z=54. 

In order to explain the observed anomalies in inner bremsstrahlung spectra of electron-capture on the 
basis of p-electron capture, one must conclude that LII-capture is considerably more radiative than LI- 
capture, and, furthermore, that the probability of radiative capture increases more strongly with Z for 
LII-capture than for LI-capture. 

Traces of 6.2-day CslaZ and 13.6-day Cs"B were found in the first cesium fraction from pile-irradiated 
barium nitrate, presumably induced by (n,p) reactions. 

INTRODUCTION scavenged extensively with barium chloride precipi- 

M ARSHAK,' Rose and Jackson: and Brysk and 
Rosea have computed theoretical values of the 

LI/K-capture ratio as a function of atomic number and 
disintegration energy. From the curves of Brysk and 
Rose, the value of this ratio is computed to be 0.14 
for CS'~'. 

Saraf4 has found an anomaly in the shape of the 
inner bremsstrahlung spectrum of Cslal (which we have 
confirmed independentlyS) ; similar anomalies have been 
reportedb8 in other electron capturers. Glauber and 
Martin9 have suggested that the observed shape can 
be explained by taking into account the capture of 
electrons of nonzero angular momentum. This indicates 
that capture of LII and L I I ~  electrons might make a 
significant contribution to the inner bremsstrahlung. 

The electron-capture of CslJ1 is an allowed transition 
since logfl= 5.3 and the shell model predicts a dalz+dalz 
(AI=  1, no) transition.' In  an attempt to investigate 
the relative contribution of p-electron capture, it 
seemed of interest to measure the ratio of the intensities 
of K and L x-rays following electron capture in CslJl. 

EXPERIMENTAL METHOD 

A source was prepared by chemical separation of 
cesium from 44 grams of barium nitrate irradiated for 
28 days in the Oak Ridge reactor. After precipitation 
of BaC12.H20 from evaporation with (5: 1) HC1-diethyl 
ether mixture, the supernatant cesium fraction was 

* Supported in part by the U. S. Atomic Energy Commission. 
t Department of Chemistry. 
f Department of Physics. 
1 R. E. Marshak, Phys. Rev. 61, 431 (1942). 

M. E. Rose and J. L. Jackson, Phys. Rev. 76, 1540 (1949). 
'H .  Brysk and M. E. Rose, Oak Ridge National Laboratory 

Report ORNL-1830, January 13, 1955 (unpublished). 
B. Saraf, Phys. Rev. 94,642 (1954). 

OB. L. Robinson and R. W. Fink, Annual Progress Report, 
University of Arkansas, March 15, 1954 (unpublished). 

0 B. Saraf, Phys. Rev. 95, 97 (1954). 
7 L. Madansky and F. Rasetti, Phys. Rev. 94,407 (1954). 
'T. Lindqvist and C. S. Wu, Phys. Rev. 98, 231(A) (1955). 

R. J. Glauber and P. C. Martin, Phys. Rev. 95,572 (1954). 

. . 

tationsy followed b; lanthanum hydroxide, ferric 
hydroxide, and silver chloride scavengings. Separation 
from other alkali metals was accomplished by precipi- 
tation as the silicotungstate. Scintillation spectrometer 
studies of the final cesium fraction detected no trace of 
the intense gamma rays of Balsl, indicating a decon- 
tamination factor from barium of better than lo8. 
Traces of 6.2-day CslJ2 and 13.6-day CslJ6 were identified 
by scintillation spectrometry; these isotopes presum- 
ably are formed by (n,p) reactions in barium. Saraf4 
also observed Csla2 produced in this way. The traces 
of these isotopes have negligible effect on measurements 
reported here. 

The L and K x-ray intensities were measured using 
an x-ray proportional counter filled with 2.1 atmos 
argon--0.2 atmos methane mixture. The counter was 
constructed of brass with an aluminum liner to eliminate 
fluorescent radiation from the brass. The side window 
was a 164 mg/cm2 disk of Brush beryllium. The x-ray 
path length in the counter was about 10 cm. A po- 
tential of 3850 volts was applied to the O.OO4inch 
diameter stainless steel wire, and the amplified output 
was fed through a single-channel pulse analyzer into a 
recording ratemeter or scaler. A- typical spectrum is 
shown in Fig. 1. The obsenred ratio of x-ray intensities, 
(N JNK), was obtained by graphical integration using 
a planimeter. This ratio is 0.3343~ 0.01, representing an 
average of many determinations. The same value was 
also determined bv the method of intearal-bias count- - 
ing, giving an independent check on the result. 
intensity ratio may be expressed by Eq. (1) 

where K is the probability that a disintegration 

293 
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342 Lcttcrs to Ilic editors 

nitriltc according to tlic procedure or  WERNEI, .~~)  Calcd: CI 13-95, N 13.78. Found: C1 13'77, 
N 14.08. WC li:~vc also mndc the P- and y -picoline nnillogues. 

T ~ C S C  tlirec compounds were round by titration to release ionic chloridc in a first-orclcr Il"occss 
and witli identical 1x1~s  at PH 1-2 iund 9.18 (bol.atc bulTer). For comparison, /r.ofr.~-tliclllorc)l)is- 
ethylcnctliaminc coba!i(llL) chloride forms ionic chloride 1400 ii111cs faster at pII 9.1 8 tll:ln at 1,l.I 1-2. 
Sir1iil:~r Iilrgc ratios llnve beer1 Found for othcr complexes containing replilccablc procons.'"' 

Tlre lirsl-order rale constilnts found nbovc werc 

/c(min-I), 25°C. 
pH 1-2 pI-I 9.18 

[ C O ~ Y , ~ ~ L , ] - ~ -  4.9 x 10-4 5.0 x to-" 
[C~(~-pi~):).~Cl,]+ I5 x lo-' 13 x 
[C~(y-j)ic),Cl,]~~ 9.1 x 10-4 9.1 x 10-.lln' 

In '  pH 8 - 5  bcc:luse of dccolnposition at 9.18. 

I-Iigher pll 's could not be studiod becal~se of the complete decooiposition of the ~0mplcx  ions. 
7krrt.r-dichlorobis (di.pyridyl) cobalt(ll1) chloride was prepared by thc nietliot! of  JhKil:l, ; I I ~ ~ I  

V;ln DIJK. '~]  Tliis c ~ ~ i i ~ o u r i d  aqunted instnntaneously, tls docs the cis isome~., and was not suic;thlc 
for kinetic slutlies. I t  was converled into the dinitro/Jis (dipyridyl) cobalt([II) chloritlc by ~l'cilling 
witli LWO ccl~~ivi~lcnts of sodium rlilritc in hot wilter. On cooling, a yellow salt se],ari~tcd WIlicI) Nils 
rccrystallizc.ctl from absolute nlcohol t ~ n d  dried nt 115" for twonty-two hours, Atrol. Calctl.: CI 69? .  
Found: 6.77, as ionic chloride. 

Thc first tiilro group in this coiiiplex was "cry labile, cooling off in acid and in nlkalinc sollltion in 
n fcw minlllcs. The acid solution was not collvenient for kinetic study because of thc f~lriher 1caclicll1s 
of nitrous acid. 7'he rAte of reaction in the presence of hydroxide ion was s t~~dicd  cont l~~ct i lnc l r i~ l ly  
tit 25°C. In four runs witli complex ion and hydroxide ion equiniolar betwecrl 1 :-: lo-"' M :ultl 
1 X lo-.' M, Ll~e nitrite ion wns releascd in afirst-orrlel-process witli identical rnleconsliinls or 9.1 ; 

10-a milt-l. I-lc~lco hydroxide ion had no e h c t  on the ritte. 
The Lhrce pyritline c ~ n i p l e x c s ~ ~ l  were nlso found to show a liorlnnl culinncenlent o r  r:lles of 

chloride ion rclcose in the presenceof Hg++. The second-order rateconstant for tlic Letlxkis (pyl'iiiinc) 
co~ilplex wi~s I 1 M-I niin-I a t  n concentration of 0.001 M in complex ion and mcrcuric 11ilrnLc. 

These results are believed to providc strong evidence that the nornii~l nieclianis~u for Ll~c rnpitl 
basic Iiyclrolysis of cobnlt(Il1) cornplcxes il~volves prior fornintion of tlic conjugate b:~sc ol' Lhc 
co~nplcx ion. 

R. G. P~hltsoN 
C11ort;str.y Dq~trltrrmrt, R. E. M I : ~ , K I I ~  
North~~,cstcr.rr Utriocrsify, F. B ~ s o ~ o  
Eutrrrstorr, Illir~ois 

la] A. W~:I~NEI! and R. Pae~slnh,  Bcr. 39, 1538(1906). 
'"I R. G. P r aa so~ ,  I<. E. MBLKEII, and F. Baso~o, unpublished rcsults. 

F. M. Jhwan ;und J. A. VAN DIIK, Z. nrrorg. ollgenr. Cl~errc. 227,3 I7 (1936). 
'O' Conipilre ~ I \ O N ! ~ T A D  and TE~~aIL, J. PlljJ.9. Cherir. 28, 571) (1924). 

,--- 
Value 

(sands) 
..----- 

The Half-life of Emanation-220" 

C u a n r ~ r ~ y  the acccptcd value for the half-life of tlioron (Ernee"), 54.5 seconds, wns choscn~l' by 
ihc Inlcrnetionc~l Radium Standards Commission in 1930, bnsed on measurements of PM~KINS'S' ;III([ 

SC~IMID."' 
P1.cvious measureniellts hnvc been made, using a leaf electroscope method involving ilie ilisortioll 

* Supporlcd in part by the U.S. Atomic Energy Commission. 
I" M. CURIE, A. DEL~IEILN~, A. S4 EVE, I+. GEIOER, 0. HAHN, S. C. LIND, St. MEYER, E. R u T ~ ~ E R F ~ ) ~ ~ ) ,  

and E. Scrrwaru~an, Reo. Mad P l y  ., 3,427 (1931). 
P. I3. PERKINS, Pliil. Mng. (G), 27, 720 (1 914). 

' J I  R. SCHMIU, Mitt. Rnd Irrsr., 103, Wien. Btr.  IIa, 126, 1065 (1917). 

3 argon ' 
8 eliniin" 

prolon! 
' adequ:' 

a,uencl 
. thori" 
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S E S S I O N  H 23 1 

(r axis) in the paramagnetic salt used to cool the nuclei. 
Separate observations were made on the angular distributions 
of the 530-kev and 92-kev gamma radiations. For the 530-kev 
gamma ray, an anisotropy e=-0.29 was observed a t  the 
lowcst temperature reached ("0.003'K). Assuming spin 9/2- 
for Ndl" we conclude that the gamma transition is E2, and 
that the spins involved in the decay chain are 9/2-+9/2++ 
5/2+. No significant anisotropy was observed for the 92-kev 
gamma ray and it is concluded that this transition is a mixture 
of MI and EZ radiation. The spins involved in the decay 
chain a n  9/2--+7/2++5/2+. From the temperature depend- 
ence of the anisotropy we deduce a value 0.22f 0.05 nm for 
the magnetic rnonlent of Nd'". This rather small value 
(together with our value of 0.16f 0.06 nm for Cel'l) may not 
be meaninglul because of possible internal magnetic field 
effects, This, however, doer not affect our other conclusions. 

A~iated by lhc Office of Naval R e a r c h .  
'Ambler. Hudwn. and Temmer. Phy8. Rev. 95. 625 (19541: dw Phya. 

Rev. (10 be published). 

tion. The half-life was 6.2f 0.2 days by gamma counting. 
Scintillation spectrometer studies showed gamma rays a t  
669 f  3 kev, 1100f 40 kev, and 1265f 20 kev, the ratio of the 
intensities being 1000: (7 f 2 )  : (8*2), respectively. By means 
of an x-ray-gamma coincidence experiment, the branching 
ratio to the 669-kev state was found t o  be 0.9f 0.2. Major 
sources of error in this measurement arise from uncertainties 
in the absolute calibration of a Cs"' standard, and in the 
decay constants of Cs'" and Cs"' which were present as a 
contaminant. From the branching ratio we deduce that elec- 
tron capture to the ground state of XelJ1 is forbidden and that 
CsLa has 1 2 2 ,  in agreement with shell model predictions. 
Gamma-gamma coincidences were observed, but the 1265-kev 
gamma ray is not coincident with the 669-kev transition. We 
observed a gamma ray a t  3 6 5 f  6 kev, which decayed with a 
half-life of about 30 hours, and which is attributed to Csl". 

t Suuported in part by the U. S. Atomic Energy Commission. 
The bombardment ww performed through the courtesy of Profe~uor 

E. 0. Wlig and the Rocheater cyclotron crew. 

H5. Inner Bremsstrahlung from A".t TORSTEN LINDQVIST 
AND C. S. WU. Colttmbia UuLcrsity.-Recent investigations',' 
011 the distribution of intter bremsstrahlung from electron 
capture processes of Feu and Cslal have shown that the 
theoretical predictions',' which take account only of the 
K-electron capture are not adequate in interpreting the low- 
energy region of the distribution. We have recently rein- 
vcstigated the inner bremsstrahlung from A" with particular 
emphasis on the low-energy region. The Nal crystal used in 
the xintillation spectrometer is permanently canned in a 
container with a window of thin Al foil (1 mil). The observed 
spcctruln is corrected for the Nal crystal detection eficiency, 
geometrical factor, photopeak to Compton-electron ratio, and 
resolution of the system. It is concluded that the intensity 
of the low-energy photons is much more than that which 
can be accour~ted for by Morrison and SchiK's treatment. A 
better agmnlent can be obtained if one considers the p-elec- 
tron capture and takes the Coulomb effect into the treatment 
as is shown by Glauber and Martin.' 

t Thia work war auv r td  by the U. S. Atomic Energy Commiaaion. 
1 L. Madansky and Z ~ a l s t t l ,  Phys. Rev. 94. 407 (1954). 
1 B. Sud. Phyr. Rev. 94. 642 (1950. 
a P, Morrimn and L. I. Schifl. Phya. Rev. 58. 24 (1940). 
* J .  M. Jauch. Oak Ridge National Laboratory. ORNL-1102. 1951 

(unpublished). 
R. J .  Glauber and P. C. Martin. Phyr  Rev. 95. 572 (1954). 

H6. Dirintegration of Niobium-91 and -92. R. W. HAY- 
WARD, D. D. ~ ~ O O P E S ,  AND H. ERNST, National Burmu of 
S&ndards.-The radiations from the 60-day Nb'' and the 
10-day Nbn isotopes have been investigated using magnetic 
l e ~ ~ s ,  scintillation-pulse height, and coincidence counting tech- 
niques. Isotopic identification has been made from threshold 
energies of the following reactions: Mo(d,a)Nb, Nb(-r,xn)Nb, 
Zr(d,xn)Nb, and Y(a,m)Nb. I n  Nb" two gamma rays were 
observed, a 1.21-Mev gamma ray 6.1 times the intensity of 
the unconverted portion of a strongly converted 0.104Mev 
isomeric transition of M4 multipolarity. The 1.21-Mev gamma 
ray is in coincidence with Zr x-rays, indicating appreciable 
K capture. This gamma n y  is the same as that occurring 
in the disintegration of Y". In Nb" three pamma rays were 
observed with the following energies and relative intensities 
per dirintegration: 0.930 Mev (0.98), 0.9W Mev (0.01). and 
1.83 Mev (0.02). The first two gamma rays are in coincidence 
with each other and all are in coincidence with Zr x-rays. 
Decay schemes based on the experimental results will be 
proposed. 

H7. Electromagnetic Radiations of Cs1S.t BEROL L. 
ROBINSON AND RICHARD W. FINK, University of Arkansas.- 
A sample of Csl* was prepared by bombarding "Specpure" 
CsCl with 80-Mev protons in the University of Rochester 
130-inch cyclotron' and by subsequent radiochemical purifica- 

H8. Radioactive Tim' and Bim7. L. S. CHENG, VIRGINIA C. 
RIDOLFO, M. L. POOL, AND D. N. KUNDU, Ohio Stak Uni- 
versity.-An activity from a deuteron bombardment of thal- 
lium has been recorded for ten years with an ionization cham- 
ber. The half-life is 2.5+0.03 years. The activity is chemically 
thallium, and the beta spectrum was shown, by absdrption 
measurements made with a Geiger counter and nucleometer, 
to be identical with that of the 4.0-year Tim'. An activity of 
four years could not be found. From a lead bombardnient an 
a,ctivity was found which showed a half-life of 8.0f 0.6 years 
based upon observations for eleven years. Chemically the 
activity is bismuth and the electromagnetic spectrum in a 
scintillation spectrometer is identical with that of the 50-year 
Bib". The five neighboring activities in TI, Pb, and Bi were 
identified, however, essentially as recorded in the literature, 
by chemical separations, characteristic radiations, and 
half-lives. 

H9. Extranuclear Effects on the Directional Correlation of 
the Tal" G m a  Rays.. H. PAUL AND R. M. STEPPEN, 
Purduc University.-The directional correlations of the Tala' 
gamma rays have been measured before by McGowan,' who 
found the anisotropies to be strongly influenced by the source 
composition. To investigate the role of the time-dependent 
quadrupole interaction in the 480-kev excited state of Ta'"', 
the correlation of the 132-kev-480-kev cascade displayed by 
solutions of Hflal of different viscosities was measured using 
a coincidence scintillation spectrometer. The viscosity was 
changed by adding different amounts of glycerine to the 
solutions and by varying the temperature. In contradistinc- 
tion to similar experimentsa with In1'', Hf18' in different sol- 
vents with equal viscosities shows strongly different directional 
correlations. This might be traced to the formation of complex 
Hf ions in some of the cases. A spin assignment different from 
McGowan's is suggested which agrees fairly well with the 
angular correlation results,' but is consistent also with ex- 
pected gamma lifetimes and recent Coulomb-excitation data. 

S~ported by the U. S. Atomlc Energy CommleJlon. 
I F McGowan Phya. Rev. 95 471 (1954) 
9 P: B.' Heminin d d  R. M. steffen, Phys. RC;. 92, 823 (1954). 

H10. Gamma-Gamma Correlation of P b P .  SOL RABOY 
AND VICTOR E. KROHN, Algmns National &bordory.-The 
angular correlations of the 913-374-kev and 913-898-kev 
gamma-ray pairs of Pb"" have been measured in liquid media 
(deuteron-irradiated thallium foils dissolved in HNO, and 
HSO,). The anisotropy ([W(180°)/ W(90°)]-1) of the de- 
layed coincidences is 0.34f 0.02 for the 913-374-kev cascade 
and 0.44f 0.02 for the 913-898-kev cascade. The anisotropy 
as a function of the delay between the gamma rays waa in- 
vestigated and no attenuation was observed as the delay was 
increased from 0.185 to 0.550 microsecond. A ten percent 
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colleges in different sections of the country are experi- 
menting with similar graduate programs in the physical 
sciences, and I should like to suggest that  the officers or 
some committee of the American Association of Physics 
Teachers might investigate further what is being done in 
the way of graduate programs designed especially for high 
school physics teachers and also what is being done in the 
way of recruiting students to become physics teachers. 

Marshall Cdlcgc 
Hunlinglon. West Virginia 

1 C .  A. Mills. Science 116. 601 (1952). 
.a  Allen V .  Astin. Sci. Teacher XIX, 257 (1952). 

Observations on the Smoke Trail of a 
Sky-Writer 

w HILE driving on the highway recently my attention 
was drawn to a sky-writer whose trail fell between 

me and the sun and less, perhaps, than 30 degrees above 
the horizon. On first observation I had the feeling that the 
sunlight reaching me through the smoke trail was reddish- 
orange in color, and a moment's study confirmed the 
notion that  the smoke possessed a predominantly reddish 
grey hue. Within the next several seconds my own course 
changed my line of sight so that I was now seeing the 
smoke side on, that  is, not along the direction of the sun- 
light but nearly normal t o  it. At this moment the smoke 
looked its natural bluish-grey. This observation struck me 
as an  excellent illustration of scattering, and it might well 
be called to the attention of students. I t  is obvious that the 
observer need not change his position; all one needs is that  
the sky-writer should pass between him and the sun. 

I am led t o  suggest also that some interesting observa- 
tions on wind direction and velocity may be made on such 
smoke trails. 

JULllJs SUMNER M ~ L L E R  
Ford Foundalion F t l h  
10303 Mississippi Avenue 
Wcsl Los Angclcs 25. Coliforniu 

A Problem in Electrostatics 

M ANY college textbooks which cover the fundamentals 
of electrostatics contain a discussion of the following 

experiment. A large hollow conducting sphere with a small 
opening in its side has a charge p. A small conducting sphere 
with a charge p' is brought from infinity and inserted 
through the opening into the larger sphere. The two 
spheres a re  then brought in electrical contact. A discussion 
of the potential and  charge-distribution changes which 
result seems to prove very enlightening to students and 
paves the way for a discussion of the principle of the Van 
de Graaff generator. 

A few years ago a student asked a question which seemed 
to involve a paradox, and which caused so much class 
discussion and aroused so much interest, that the author 
has used it in all subsequent classes on the subject. 

Suppose the now uncharged small sphere is removed 
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from the larger sphere and carried to infinity. The  total 
energy of the system is the same a s  when the uncharged 
body was inside the larger sphere. Yet, because of the 
charge induced on the small sphere when it is outside of, 
but near to, the larger sphere, energy is required to with- 
draw it from this position t o  infinity. How can this be 
reconciled with the law of conservation of energy? 

Georgia Instilule of Technology 
Allanla. Georgia 

Concerning the Frequencies Resulting from 
Distortion 

T H I S  note concerl~s 'the question raised recently by 
Maxwell1 concerning the physical origin of the har- 

monic frequencies which appear in the analysis of a rectifier 
circuit. 

Van Name has suggestedt that  these frequencies are 
not physically present a t  all. If this were the case, 
it would not be possible to operate an harmonic 
analyzer, which is essentially a tuneable highly selective 
amplifier and voltmeter. As a matter of fact, electronics- 
laboratory courses frequently include an  experiment in 
which the amplitudes of the harmonics of a nonsinusoidal 
wave are measured and compared with those values cal- 
culated by a Fourier ana1ysis.a 

Thus experiment shows that  these frequencies are physi- 
cally real and present in the system. They have been gener- 
ated by the nonlinear response characteristic of the rectifier 
itself. In general, if one is given the input wave form and 
the characteristic of a nonlinear device, one may calculate 
the amplitudes and phases of the harmonics which will be 
generated. The simplest case is probably that of the ampli- 
fier with a quadratic plate-current characteristic and a 
sinusoidal input signal: that  is, ;,(en) =Gle,+G2et, and 
e ,=E sinot in the usual notation. T h e  analysis of the 
rectifier is not quite so simple bu t  it can in principle be 
carried out. 

There are other instances of frequency generation by 
nonlinear devices. I t  is perhaps not generally appreciated 
that  the phenomenon of combination tones (due to the 
superposition of frequencies whose sum or difference is an  
audible tone) is due to the nonlinear response of the ear as  
a detector. If the experiment is carried out with tuning 
forks of frequencies f, and fo, one finds that a fork of 
frequency (fl-f,) is not sympathetically excited although 
one may hear the combination tone. There is no energy 
present in the combination frequency as long a s  the oscil- 
lations occur only in linear media. I t  is only in the ear, a 
nonlinear device, that  the combination frequency occurs.' 

Unisnsily of Arkansas. 
Fnytlkvillc. Arkansas 

' Howard N .  Maxwell. Am. J .  Phys. 20. 310 (1952). 
2 F. W Van Name Jr .  Am. J .  Phys. 20 520 (1952). 
*For &other e&rirnknt see E.  H .  ~ i h u l z  and L. T .  Anderson, 

Ex rrimcnts in Electronics and Communicalion Enginrering (Harper 
a n l  Brothers. New York.  1943). p. 101. 

F. W .  Sears. Princiglcs of Physics (Addison-Wesley Press. Cam- 
bridge 1947) Vol. I, p. 502. R .  R. Ramsey Am. 1. Phye. 8 237 (1940) 
~ u x d a k n t a l ;  of Acowlics. Kinsler and  key (John wi l e ;  and sons: 
Inc.. New York.  1950). p. 383. 


