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4.. ::' 1. Resonance .- -. and Thermal .-L - - -  - Neutron - ..- . Scattering . .. (C. _,_ T o  _ _  Ebdon) 6. _ . $ _  0, . . &emause)  . A 

.. . . . 
A,., The annular scattering counter was used t o  measure various thermal 

, ., 

i 
: 
i -  and epi-thermal - - &oss sections -. in a manner described i n  previaus . - -  

i - A modi f ica t ion  of the method was employed t o  determine the t h e d  
! * - . . 

scat ter ing cross section of $35,, T h i s  method consisted i n  making the  - - L .  .- 
J usual measurements, but both with and without a cadm5um tube inside and 

running the flill length of the annular counter, Such a tube removes all 

thermal scattered neutrons, but it a lso  per twbs  the sens i t iv i ty  of the 

counter t o  epi-thermal neutrons, A study was made of the reduction i n  the  

sens i t iv i ty  t o  epi-thermal neutrons ranging i n  energy fran 005 ev ( ~ d  cutoff 1 
. . . - . . . - 

I 

t o  2 &o (R~-Q&B~).  A' reduction factor  (0,4246) that was constant t o  less:  . 
- . .. . than 1% was found, 

. . .-. .;.-... . 
- I  . . The above property of the scat ter ing counter can be understood by 

* ..*.. . . . . 
assuming . . t ha t  neutrons (1) a re  only counted a f t e r  thermalization, c2) &e 

/' 

thermalized a f t e r  ref lect ion from the paraff in moderator suz~opznding the BF3 
. .. . 

counting vol~une . Let x . r(Ej be the  ref lec t ion  coeff icient  from the paraffin? - 
. . 

a t  energy g, -g be the ref lec t ion  coeff icient  of the& neutrons9 g be .the- 



value is  in f a i r  agreement with the one observed, The ' effect  of f i ss ion 
. . . .  . . -. - - -  - -  . -. u - - .  

neutrons may be inferred by saibtracting l/O'&& times the count- pate 

w i t h  a cadmlam tube from tbe count.ing r a t e  d t h o u t  the cadnitan %ubs, 

However, since the f ission counting ra te  i s  rfln order of magnitude larger 

than the counting r a t e  due t o  thermal scattering, the pesdt ing cross 

section (cthS:(25) = 9.71 b) i s  good only t o  ,-u 20%. The above value is 

corrected for  f o i l  thickness ( N 6%) a .'. 
Do Data on scattering and transmiss.ion taken by ordinary methods are 

given 5x1 Table I, Cross sections are given i n  barns, The boron .transmSssion 

of hafnium s'cattered. resonance neutrons presented i n  the l a s t  quaf°%erfy 

report was re-analysed and a 7,5 eo level  assigned t o  flg9 and a 6,5 ev 

level  assigned t o  dma T h i s  assignment will be checked i n  the c a  

quarter ~ 5 t h  the resonarice region time-of-flight spectrameter, FOP 

additional bformati on on haibium, see sections 3 and 5, 

Table I 

Element compound oq 
E k m e n t  Used 

&a* 
I' 

u 13 08 19 071 
523 

C', Thermal Scatter* by He, (s, Po H ~ x T L ~ )  Ol@j 
; 9----- -7 

A hydrogen impurity i n  the helium pre ious ly  mekured was suspected, 

S$ectroscopically pure He was obtained f o r  remeasurement of the t h e d  

s c a t t e r b g  cross seotion, T h i s  tirne a value of 0078 f 0,08 b was obtained 

in better  agreement with the one obtained b$ tran,&ssion a t  Wbconsin, - _ -  ---, ". . . " . C .  . - . -- -7 - -  . .. I ' . - ( ,f:.,' 0.y 
% j e .  , . . 

1 
I I ' t '  ;J,.. . i ,:>'. 

.+L* .) : ! 
n '$ . + .  . . . . . . . . . . . . . . . . . . .  i. r;. , , . I, b., i (,? . . . . . . . . . . . . . . .  4 v .'. ,.:..a . . . . . . . . . . . . . . . . .  .'*. . .  . . . . . . . . . . .  , C *  : I  ,:' !{i . . . . . . . . . . . .  : I . . , ,  . . . . . . . . . . . .  ,,,.,,,,.,. ::,.%,::i9 $, \ , , . i : , n ' ~ : , ! , :  

. .- .- . .  - - -  - 



Furthermore, it agrees with a value .to be expected from the scattering cross 

sections of the alpha part icle nuclei, However, the above va& may be 

lowered s t i l l  f b t h e r  af ter  analysis of the spectroscopic helium for  hydrogen. 

Do Absorption Resonance i n  ~ 2 3 8  a t  7 Ev0 

'It appears desirable t o  derive approximate resonance parameters for the 

7 ev s ta te  in $38 inasmuch as this  material i s  important t o  the AeEoCo and 

also is  very unusual i n  that it has the lowest cadmium r a t i o  known along 

with a very small t h e d  absorption cross section, 

where za = a 0  b resonance abs, integral, 

Q"tha = 266 b ' thermal abs, cross section 

Eo = 7.0 ev resonance energy 

P= tot& width (natural) 

These widths m a y  be campared with the doppler width, A 2 -- 
in.; a la' A =  * { l o g 2  i- L = 0045 ev a t  d 300' K 

PII 
%he effect  on the thermal scattering cross section of the 7' ev level  i s  

t o  lower it by 10%. The phase would be normal. Also : 

ts'= sa =. 31 b resonance scattering integral 
Fsr 

This l a t t e r  value i s  a$prox3mtely that  given by Table I : 323 
T - 



2, TTelocft~ S~ectrameter (a,. Me Bolliiger., S.. Pb Harr5.s): - . , 
... - a -  . - . . . . . . .  . ; . . . . , . . . . _ . . . . .  . - . . . .  . .- .... . . - .. , 

- . .  
. . . . . . . . . . . . . . . . . . .  

The 'ourst time at  15:8000 rpm was rede te rwed  by detection of 8-rays 
. ..<< . 

' t  

w i t h  a sc int i l la t ion counter. , This yielded a value of 15 Fs,  which i s  

somewhat larger than that  previously used. It has the effebt of incrqasing 

the inferred energy position of a resonance, For example :: As, 44 ev-347 e'v; 

Co, 3,6 kev e) 6J kev, 

$35 was measured with the chopper w i t h  almost exactly the same 

resolution as that  employed by ~olumbia, Sample thicknesses: m e ' e i t h a r  

%35 deni? or 4.70 g m d d .  The burst width was 2 9 p s  between 1& and 5.0: 

ev and 1 5 p s  between 4a0, and 2000 eve Fable Ill- lfsts the transmission. d ips  

found by Argonne and Columbf a, 

Table II 

Doubtful,. .Perhaps 28 

Also seen as we19 at  
hg-0 



3, Pile '&--- - orbtion Cross' ~ e c t ~ o n s ,  (Be P, Harris, C, Ob &ehJ,.halye, 
H, P, . , Schroeder, - . G, . E. .Thanas) . . . .  ... . . . . . .  - . . .  . . 

A 4.5O phase balancing res is tor  placed in the detector c i rcui t  (cf 
. . . . . .  . . .  . - 

previous quarterly) had a marked effect  i n  reducing the amplitude of the 

second harmonic (reduced b;g a factor of 31, However, it i s  important 

t o  determine i t s  s t a t i s t i c a l  weight relat ive t o  the zero-phase resistor ,  

This can be readily accomplished, thereby making t h e  se t t ings  of a giyen 
. . 

sample more sensitive, 

One preliminary run was made on a ~~0 mixture gielding a 

capture cross 'section fo r  hydrogen (uncorrected for excess scattering 

of hydrogen over deuterium) of 0,325 b, R, Ring08 s value for  the 

capture cross section of boron (755 b) was used for  comparisom~ A 

scattering corsrectiond2J$ upward should be applied, I n  the com5n.g 

q-ter, this will be determined with greater accuracy and a c a r e m  

determination of Ca(~)' will be made, 

Thick samples of enriched Hf177 and s7% were compared w i t h  no& 
. . . . 

ILP. 6(177)  5 300 & 50 bo Q(378) z 9 O  f 20 b Since the samples 

t u c k  it i s  not clear whethe~ another isotope exists  ha* a large cross 
. . .  

section ( L e e  > 50 b). The above values are in good agreement wiW 

those obtened i n  a different r m y  (cf seco 51, 

Depleted (30 p p  25) U308 was measured in a quartz tube having an 

inside diameter of N 8  mm, A pi le  cross section of 3,25 b was obtained, 

Ho~rever, since 7?38 has the lowest cadmium ra t i o  known a sizable resonance 

correctiom (-2%) had t o  be made. T h i s  wasdone i n  the rabbit flux, and 
A .  

the valw there converted t o  the thimble. f lux via  the values for t h a  

gold, The calculation is *even below: 

Cd R ($28 raibb8t) . = 7&3 same thickness codde 
. . $23 COB 

Cd R tau rabbit):. = 4,93 , thin 



Cd R [AU thimble)' = 5,83 . t h i m  
-. - -. -. , . 

The 30 ppn of reduces the value by m o m  b; therefore: 

The above value assumes Qcth (bopon) = 740 b and agrees wefl with the 
. - ... 

l a t e s t  value fo r  28 given by EI, Pomerauce a t  Edge, - 

4, Internal Conversion of Capture P-~lavs 
. - (c, T, Hibdon, C, 0, Muehlhause] 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Rough values for  the K/L r a t i o  for and Gdodd were obtained on a I 

film densitometer, It is  hoped that  the foPlowing d u e s  can be wrong by 

no more than a factor of 2, but more k&eful ~mrk is  planned t o  insure this.. 

h uncertainty of y 3 0  i s  needed t o  distinguish between MI. and E2 

transitions, The K@ ra t ios  obtained were -4, thus indicating E2 

transitions fo r  both 2f'-rays in a single even-even isotope, SSnce these 

p-rays are presumed t o  be just above pound, the probable level  scheme is 

I2 

. . . . . .  
even Z, -. even N 



5, &l.tiplicity - -- c;f . Capture . sRam 
u - - - -  (c, 0, - h h l h a u s e )  - -  - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A' study of the'  multiplicity and capture crbss.  sections of 

- .  . - .  . . 

d7' and normal H f  was made with a pair of sc int i l la t ion counters i n  - .  

coincidence, - A careful backgrtmndanalysis PJas made as outlined i n  
\ .  . - -  . .  

older quarterlie s and Ph$s, Rev. 277 (1950)~ Table 111 lists the 

r e s d t s  obtained* 

Table 'I11 

The above figures on hafofmwould indicate the elristence of another 

important absorbing isotope (cog, 1791, since not all of the absorption i n  

normal hafnium f s accounted for, If Hffm is  associated wfth the 1,01 and 

6.5 ev resonance, and d78 is asq'ociated with the 7 3  ev resonance, the 

resonance a t  2,3 ev i s  s t f U .  unassigned, 

6, Neutron S 'e int i l la t im W 
. . 

stals, (B,. S~ranlr, Go Eo- ~homas) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Additional Tlact ivated JXI crystals have been grown w i t h  an 

improvement i n  pulse height of -2,5 (cf previous quarterly), It appears 

very easy t o  grow large crystals of this mte r i a l ,  One or more crystals 

t o t d i n g  P.P 15 Zbs would make a marked improvement i n  resonance neutron 

detection, The growth of such crystals seems feasible, Sn activated LXI 

has also been grown. It has comparable characteristics, However, the 

fluorscent radiation from T 1  is mor? suitable (uov0 - blue) for 5819 photo- 
I 

multiplier tubes than i s  the radiation from Sn (green), 
-- 7 - 

l ~ ~ 2 3  CZQ ....................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 



. . . .  - 110 .. Groq 82 - -  - Reports . ,.. by A, Langsdorf 

1, IQeutron Tran&ssion Cross Sectiofis i n  the KiSovolt Region (C. T, 
. Hibdon, A. :Langsdo%f, . J . . R .  .Wallace, R ,  E. .Holland) . . . . . . .  

. . . . . . . . . . . . . . . . .  - .  .. - 

Neutron transmission cross sections have been measured ~ d t h  about 2 

kev resolution i n  the energy range from 2 kev t o  25 kev, and t o  higher 

energies i n  some cases. The neutrons,: produced by the . L C ( P , ~ ) B ~  7 
. -. 

react ion with a van de Graaf generator, were detected by a highly 

e f f i c i en t  ( 4 15%) bank of boron t r i f  luoride f i l l e d  proportional counters; 

placed t o  detect  neutrons emitted a t  an angle of 120' from the proton 

beam direction, Measurements a t  the lower energies were made possible by 

a collimator and shield around the counters, which reduced background, 

and by the high efficiency obtained by many counters embedded i n  an array 
. . 

i n  a paraffin moderator, Resonances were observed i n  Na, T i ,  V, Mn, Fe, 
- .  

co ,, ,-''hd N i  , 
- ...... . .  

Introduction 
..... 

Hitherto, a gap has existed i n  the data  on neutron cross sections 

between the lowest energies t h a t  could be sa t i s f ac to r i ly  measured with 

the  e l ec t ros t a t i c  generator (about 15  kev) and the highest energies for  

which veloci ty  spectrometers have adequate rksolution ' (about 3 kev) . 
Several groups'4 have been developing methods of increasing the upper 

energy lMt of time of f l i g h t  spectrometers and undoubtedly i n  the near 

fu ture  improved resolution w i l l  be obtained* 

The lower energy l i m i t  t o  the e l ec t ros t a t i c  generator technique as  

developed by Barschall e t  a15 has been determined by the rapid fa l l  in  

neutron f ie ld of very low energy neutrons and the la rge  background counting 

1, Wclear .Sci, .Absto .& .636 .August .l5, . 1 5  . . (Refers t o  .CUD-65, .See, .l; . 
BR-1578) 

2. W. ~ e l o v e ,  Phys . Rev, z, 187 (1949). 
3 , Ebdon, ~ e h l l l a u s e ,  Selove and Woolf, Phys, Rev. '17, 730 (1950). 
4 ,  A. Wo Merrison and E o  R e  Wiblin, Nature 167, 34.6 n951) ,  
5. Basschall, Bockelman and Seagondollar, Phys, Rev, 2, 659 (194S), 



7' r a t e  (for  the ~ i ~ ( ~ , n ) ~ e  reaction; no other reaction has been used so - 

successfully, a s  &t, f o r  this l o i ~  energy neutron work) . I n  t h i s  work t o  be 

reported, a new detection sch@ne has been employed i n  which a massive shield 

reduces the background counting r a t e  and the large group of boron ' t r i f luor ide  

proportional counters embedded i n  paraff in increases the counting efficiency 

t o  overcame the decline i n  yield of low energy neutrons, TXs ecl~6pnen-L 

6 has been b r i e f ly  described and w i l l  be more f'ully described i n  a l a t e r  

publication elsewhere. Figure 3 shows the essence of the  device, 

Procedure 
. . .  

The collimator and shield, Figure 1, tms s e t  up with i t s  ax5s a t  

1 2 9 . 6 O  t o  the proton beam direction, as determined by t r iangulat ion with a 

t rans i t .  Transmission samples were placed immediately i n  f ront  of the  
. . . .  

collimator hole entrance, No corrections for scattering-in by the scat ter ing 
- 

sample are  necessary i n  t h i s  arkang&ento Neutron f lux  monitoring was 

achieved by a standard boron-trifluoride ltlong counterfr7 placed i n  the  neutron 
,* - - 

flux along a l i n e  extended from the  proton beam direction, Presence or 

absence of a transmission sample does not appreciably dietvrb this monitor. 

since scat ter ing by the  face of the  shield i s  already complete and the sample 

sc,arcely perturbs the scat ter ing equilibrium, Measurements Irere made with - 
and without the transmission samples and with and without a paraff in plug 

- 
2" i n  diameter by 5-$1 long placed a t  the  scattering sample position inside 

the counter assembly i n  the collimated bean, Measurements without the 

paraffin plug are the hackground ne asurements, This technique of background 

- - measurement d i f f e r s  *om the prior  method involving use of a paraff in cone 5 9 8  

-- -- - 
. . . . . . . . .  be ..A. langsdorf, Jr , Phys. Rev, 80, i32 (1950).* 

70  8. 0, &son9 J, .Lo McIiibben, Phys, Rev. 72; 673 (194.7). 
80 J. & B l a i r  and J. Re Wallace, Phys. Rev. 2, 28 (1950)~  

?.. 



/ TYPICAL HOLES FOR 
TYPICAL 

SCATTERER 
BF3 COUNTERS 

'3 - Fig. 1 
w 
(i, Collimator and Shield w i t h  Neutron Counter Assembly Inside the Shield. In this work the collimator was 

plaeed at 119.60 to the proton beam direction instead of at O0 as 'shown. The paraffin plug 2" dia. x 5p 
Q long was located similarly to the "typical scatterern in the cut. The solid angle subtended by the colli- 

: l o +  mator at the neutron source is .001 steradian. I 

; C1 



and i s  probably more r e l i ab le  and l e s s  l ike ly  t o  be disturbed by systematic 
. - . - 

errors ,  The paraffin plug when i n  position was located at a point at  which 

the counting r a t e  bras a naximm (except i n  some of the  ea r l i e r  exploratory 

data,) 

The lithium targe ts  were evaporated onto the tantalum end cap of the 

ro ta t ing  target  and the thickness was controlled by observing the neutron 

yield during evaporation and then measured by the r i s e  curve, as described 
. . 

by ~ a s c h e k , ~  A typical  r i s e  curve i s  shown a t  the left side of Fig. 2. 
. - 

The r i s e  curve was usually rerun before armd a f t e r  each dayos ~ ~ ~ o r k  and a 

new targe t  prepared i f  the  old one was  found t o  be too thick, Proton 

energies were measured re la t ive  t o  the ~ i ( ~ , n )  threshold a t  1,882 Mev and - .  

neutron energies calculated as  described by Hanson e t  a lelo Neutron 
- .  . . 

counting, r a t e s  near the 120° threshold are shown a t  the r lgh t  side of Fig, 

2, I n  the accompanying table, a typica l  measurement and calculation i s  

shown, 

Eherm Re solution 
. . . . . . . . . .  

The best  measure of the overall  energy resolution i s  attained by 

observation of the measured widths of the sharpest observed resonances, 

which are about 1,5 t o  2 kev f'ull width a t  half-maximum, P w t  of the energy 

spread i s  due t o  the f i n i t e  angular spread of neutrons accepted b y  the detector, 

namely, 2 1' from the mean angle of ~19 .6~ .  This introducee a spread oPo 

about 2 500 ev which i s  smalf compared t o  the overall  resolution observed, 

The spread i n  energy due t o  ta rge t  thickness measure.d a s  described above, 

proton bemi energy spread, and beam energy fluctuations. together are  about 

double the observed neutron energy resolution, hence, must be about 3 to 4 

kev. The exact re la t ion  depends upon energy?' Since ta rge ts  about 2 kev 

thick were used, the proton beam energy spread plrib. f luctuations is  not over 

about 2,5 t o  3-5 kev, 
. . . . . . . . . . . . . .  . 9; .Re .F,.Taschek.and A,.Hermnendingex, .Phys,.R&v. .L .373 . (194 .8 )c .  

10, A. 0. Hanson, Re F. Taschek, J, H. W i l l i a m s ,  Rev, Mod. Phys. 21. 635 (1949). 
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POTENTIOMETER SETTINGS 

Fig. 2 

At left: typical target thickness and threshold determination data. At right.: neutron counting rate at 
1203 to proton beam using collimator-detector, in the region from just below to just above the threshold for 

'2 appearance of neutrons at this angle. The point marked threshold at 120° is calculated from the threshold 
&?j point determined by the graph at the left. The tail of the counting rate curve below threshold. at 1200 was 

higher here than it should have been became a small air blower accidentally was in the flux of neutrons at 
60' to the proton beam and in the line of sight of the collimator so neutrons were back-scattered into the 

c2 detector. 
1 4  
rn 



. . .  Typical . . Data 

Neutron threshold observed a t  potent imeter  se t t ing  0,40420 volt. 

Potentiometer se t t ing  f o r  t h i s  data 0,42547 vol t ,  Lithium target  thickness 

by r i s e  curve, 1,4 kev, . Peak neutron energy a t  ~ 9 ~ 6 ~  calculated 2 kev; 

mean energy 1.7 kev, Time for  each 40,000 monitor counts about 320 
. . .  

seconds. Beam current approximately 10 microamperes, 

- 

* Corrected t o  40,000 monitor countse 
Background assumed same as  measured for  Ha, error  i n  t h i s  assumption is - 

- - negligible, 



.- 
4& 

Results - .- . . . . . . .  .- - .  ..  - - . -. . 
. . 

Iron. The i ron sample used was llPuronlt brand of specially pure i ron mde - . . . . . . .  - . - .  . . - 

by Westinghouse Elec t r ic  Coo Spectrographic analysis showed no impurity 
- - . . 

suff icient  t o  in ter fere  i n  these measurements, Figure 3 presents the resul t s ,  

The resonance observed a t  8.5 kev bras expected t o  be present, a s  pr ior  

- unpublished resonance overlap data  obtained by the annular chamber technique 
- - - 

using a p i l e  beam and a vanadium detector had shown overlapping resonances, 
- 

The resonance overlap method has begn described by Hibdon and Muehlhause, 
ll 

- . 
:.' 

The resu l t s  on V presented i n  Fig,;@ confirm the overlap of resonances a t  
/ ' 

about 8 kev, There may be a weak resonance i n  Fe at  16 kev b u t t h e  data  a re  

f n s u f f h i e n t  t o  establ ish it, The '8,5 kev resonance i s  certainly i n  one 

of the i ron isotopes of minor abundance, 

Nickel The nickel sample contained somewhat under one percent cobalt -P . . . . 
. . 

hpur f ty ,  and l e s s  of other known impurities, Resonance peaks are  evident 

i n  the  data  ( ~ g u r e  4) a t  4 3  and 17 kev and possibly a weaker resonance a t  

30 'keo, The 17 kev resonance is  undoubtedly the  one reported by B a r s c h d  

e t  a t  1 5  keo, The lower resonance may be the one observed in the 4 
. . 

lcev region by the  Columbia University group.32 A t  t h i s  laboratory, strong 

resonance overlapping has been observed between nickel and sodium and also 

nickel and vanadium (not published), One may conclude tha t  the nickel 4,5 

kev resonance, shows some overlapping with the  2,8 kev resonance i n  Na and 

the 7 kev resonance i n  TT, 

Titanium, Figure ' 3 presents the r e s u l t s  f o r  several separate runs.  on this 

element, hesonances axe indicated a t  19 and 23 kev r d t h  a narrow m i x h u m  

near 22 keo which was best  resolved with a t h i n  sample. The Largest known impurity 

i n  the titanium i s  0,1 percent of manganese, The f a l l  i n  cross section *om 
,\ 

2 t o  6 kev mggcot3 t h e r e  may be a 1*esoilalce below 2 kev, Results from 

annular chamber measurements using a vanadium detector 
no Co T o  Hibdon and C, 0, Muehlhause. Phvs, Rev, 76. * " -  - -- 

Phys, Rev, B, 747 (19501, 
Wo W e  Havens1 Jr. and Lo J, Rai.nw?te~~ .Php.: Bav? ... . . . . . . . . . . . . . .  . . . . . . . . . . . . .  

indicated resonan 
,100. (1949); .eo .T, 

. . -  - -  f.. .., - - - .. .................. 



. . .  Fig. 3 

Ti.~uieiuiseion C ~ O B B  Section o f  ~ron. 'Thi?kness' 0.1613 x 1024 atoms/cm2. 
. . ._ 

Li target thickness. 2.9 kev. 
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En IN Kev 

Fig. 4 t 

Transmission Cross Section of Nickel. Thickness 0.0698 x 1024 atoms/cm2. Li t a rge t  thickness: 3.0 kev 
t o  6 kev neutron energy; 3.5 kev, 7 t o  24 kev neutron energy; 2.4 kev, 26 t o  41,kev neutron energy. Probable 
e r rors  of a l l  points s i m i l a r  t o  those of nearby points f o r  which it i s  shown. 



En IN Kev 

Fig. 5 

Transmission Cross Section of Titanium. Open circles : titanium thickness 0.1037 atoms/cm2, lithium 
target 3.7 kev. Solid circles:, titanium thickness 0.011 x 1024 atoms/cm2, lithium target thickness 3.7 
kev. Crosses: titanium sample .0343 x 1024 atoms/cm2, lithium target thickness 3.1 kev. Squares: titanih 
sanple 0.011 x 1024 atoms/cm2, lithium thickness .3.1 kev. Probable errors of all points about the same as ., 
for those indicated. 



En . IN Kev 

Transmission Cross Sert.4on of Vanadium. Thickness .0228 x 1024 atom/cm2, 
lithium target  thickness 1.6. kev t o  11 kev neutron energy, 2.6 kev above. 



overlapping w i t h  titanium, which, comparing Fig. ' 5 and 6, may be, due t o  
- -  - 

overlap of the 17 kev resonance i n  V ~ J i t L t h e  19 kev resonance in T i ,  

Cobalt, I n  Fig, 7 r e su l t s  of three runs on cobalt are  presented, Resonances 
. . . . . .  

are indicated a t  5,5 and 2925 kev and a poorly resolved resonance at 8 kev . 

i s  probably present, Insufficient data tms  obtained t o  determine higher 

energy resonances which may l i e  i n  the v ic in i ty  of 53, 78, and 88 kev, . - 

The cobalt samples contained major impurities of C r  0 ~ 5 5 ,  Fe 176, N i  0,5%. 
... . .  - . . 

Prior unpublished resonance overlap observations with N a  and V detectars 
... - 

arc explained by the overlap of the 5,5 kev Co resonance with the 2,8 kev 
. .  - .  - - - 

IVa .resonznce ( ~ i g ,  8) and the 7 kev V resonance (Fig. 6). Time of f l i g h t  
.- 

spectrometer data from Columbia ~ n i v e r s i t 9  and Argome National Laboratory 
. . . . .  

(unpublished): had indicated a resonance i n  the 3 t o  10 kev region which i s  

undoubtedly the doublet observed here a t  5.5 and 8 lrev, 

Vanadium The resonance overlapping of vanadium and cobalt t~hich  had been .. 

- obserked previously led  us t o  measure V and Co both by this net1 technique, 
. 

The resu l t s  for V are  shown i n  Fig, 6. Strong resonances are  apparent at  

7 kev and 13 kev, and a p r t i a l l y  resolved resonance a t  17 kev, There 5 . 9  

probably a smaller resonance near 23 kev, The major impurity i n  the vanadium 

sample i s  0,5% carbon, Time of f l i g h t  spectromter data  had indicated a 

resonance a t  3300 e* which has been recalculated t o  l i e  a t  about 6 kev, 

- This i s  undoubtedly the  resonance observed here at 7 kev, 

- 3 Sodium The existence of a resonance i n  sodium was first discovered by the 

unexpected resonance overlap ef fec t  found %nth a manganese detector using the  

- - 
annular scat ter ing chamber, The fac t  that t h i s  overlap was re la ted  t o  

?. 

resonances near 3 kev was determined by neutron time of f l i g h t  spectromter  

.I 
measurements. The present work confirms .this ea r l i e r  work, and has be t te r  

resolution, especially on the high energy s ide of the  resonances, The sodium - 
13 ,. .So Po Harris, Phys, Rev, a, ,235 . (1951), ., . . . . . . . . . . . . . .  



Fig.. 7 En IN Kev 

Transmission Cross Section of Cobalt. Large graph, open circles: Cobalt thickness 0.0822 x 
atsms/cm2, lithium thickness 4.4 kev; Crosses : Cobalt thickness 0 .oh19 x 1024 atoms/cm2; lith.'um thickness 
1.4 to 17.5 aad 4.6 above kev. Inset graph at upper right: Cobalt thiclmess N .02097 x lo2$ atoms/cm2; 
lithi* thickness 1.6 kev to 11 kev neutron energy, 2.6 kev above. Probable error of all points about the 
same as -for nearby points for which it is shown. 



En IN Kev 

Fig. 8 

Transmission Cross Section of Sodium. Circles: sodium thickness .0165 x 1024 atoms/cm2, lithium 
target thickness 1.4 kev to 17.5 kev neutron energy, 4.6 kev above. Crosses: sodium thickness .0666 x 1024 
stoms/cm2, lithium thickness 7.1 kev. Probable error of all circled points similar to those for which in- 
dicated, for crosses about the size of the cross. 



data  i s  shown in Fig, 8, The first sodium sample used t o  obtain clearer  
I + 

,; 

r e su l t s  near 2,8 kev i ~ a s  too th in  a t  higher energies. Better data above 
. . 

25 kev was l a t e r  obtained using a thicker sample, Another resonance occurs 
-. 

a t  55 kev which i s  undoubtedly the same one observed by Adair e t  alu at 

60 kev, 

The sodium used wa6 ard!kary commercial metal sealed i n  a cylinder with 
... _/.' 

., .. 
'' . 

one mil thick s t e e l  diaphragm covers on the  ends. It was not analysed 

chemically, 

Manganese, The r e s u l t s  f o r  manganese are  shorm i n  Fig, ' 9 ,  In  addition t o  

the resonance mentioned above, a t  2.8 kev, others a re  c lear ly  shown a t  8, 23, 

and 38 kev, Less pronounced ones probably occur i n  the v ic in i ty  of 60, 67, 

, and 78 kev, 
,/ 

The manganese contained about 1% i ron,  all other impurities less than 

,09% by spectrographic analysis 

The most i m p o r t a t  feature of the work reported i s  the presentation of a 

method f o r  extending the e l ec t ros t a t i c  generator techniques do~~mw~md i n  neutron 

. . energy range t o  2 kev or even lower, The nerr method of detecting neutrons v r i t h  

a highly effl'cient shielded detector i s  responsible f o r  t h i s  extension i n  1 range. It i s  q for tunate  feature of the technique of measurement at 
i 

flback-anglesu (e.g., a t  120' t o  the proton beam direct ion as  here employed) 

t h a t  the neutron energy resolution is about twice the resolution i n  energy 

of the proton beam and l i t h i u m  t a rge t  thhkness ,  This circumstance leads us  

t o  believe that with the  use of a new 40" radius e lec t ros t a t i c  analyser now 

under construction similar t o  the one at' the University of wisconsidJ suf f ic ien t  

resolution w i l l  be at ta ined t o  permit measurements with about 1 kev 

resolution down t o  as low as 1 kev neutron energy before Y.unning i n t o  

insuperable d i f f i cu l t i e s ,  

U, h a i r ,  . B a r s  chal l ,  . Bockelman, . and Sala, . Phys , .Rev, & .. 1121, . (1949) . : . . . . . . . .  
15. Re E. JJarren, J. L. Powel19;*P;-G;.brbeP . . . . . . . . .  Rea:*Sg,;J+ye JS, 559 (1947)~ . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ....................... 
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Fig. 9 

Transmission Cross Section of Manganese. Manganese thickness 0.051 x 1024 atoms/cm2. Open circles: 
lithium target thickness 1.4 'kev; solid circles: lithium thickness 4.6 kev; crosses: lithium thickness 
7.1 kev. Probable errors of all points about the same as for those indicated. 



It \J i l l  . also  . be possible t o  apply resonance . . self-detection . .  - and resonance 

overlap techniques i n  neutron cross section measurements v i th  thris equipent ,  

If the scattering sample position inside the  paraff in and c o d e r  assembly 

is  occupied by same ?lement under investigation iqstead of the paraff in 

plug used i n  the measurements reported here, additional data  can be obtained 

by trans6xlssion measurements concerning resonance widths and peak cross 

. seotions, This technique 1.611 permit determination of resonance properties 

with resolution be t te r  than t h a t  afforded by the actual  neutron beam energy 

spread, 

It may a l so  be pointed out tha t  t h i s  equipment permits t r a smiss ion  

cross section measqements '~d;th re la t ive ly  small  samples of. r a re  elements 

or separated isotopes, Since the neutron source spot can be held t o  a 

region about lJl.6'1 diameter and the angular spread of the detector i s  only 
.. 

, 
2 degrees, many materials mi&t be measured ~ J i t h  fafr accuracy i n  the 

region of a resonance ~ ~ d t h  a sample (about 5fi6"i diameter) weighing about - 
. - 

one gram, 

The closing of the  gap 5 . ~  bowledge of neutron cross sections between 

2 and 1 5  kev 1.6I.l now permit more accurate ca9culations of interest ing 

thermal  neutron properties . . of.many elements, including such p r o p e ~ t i e s  as 

the phase of scat ter ing and the coherent and incoherent scat ter ing amplitudes. 



Nost measurements of cross sections for absoqtion of t h e d  neutrons 

me  made by compar8son w i t h  a standard such as boron or gold, Since these 
.. - 

cross sections are of obeous te&nolog5ca% hportanee and the absorption. 

- cross - - section of hydrogen is  of in teres t  in mclem theory, it was deeided 

- - t o  make a carefld measurement of the absorption moss section of a reference 
- 

stamlard, T h i s  reference cross section must be measured absoPufieIy, which 

means by transmissfon (correcting fo r  scat terbg]  since the alternative 

schemes bring i n  a l l  t h e  diff icul t ies  of absolute neutron and absolute alpha 

or beta coum.fiing, The reference standard should h a ~ e  a large r a t i o  of 

absorptfon t o  scattering moss section, be a l/v absorber t o  quite high 

energ5es and be mono-isotopic (so that  it dl1 be the same fram sample t o  

sample)'. Unfortunately, no naturally occurnag mte r f  al meets these 

requ.ements anrd one of t he?  had t o  be abandoned, It bras fe1t.tha-b the - 

l a s t  requirement was of the l eas t  f'undamental. importance and could be 

par t ia l ly  e5rcmented by mixing a large batch and using only material from 

t h i s  one batch as  a standa~d, perhaps l a t e r  measuring a.secondary standard 

whfch was mono-isotopic, Aecordhgly, boron was pfeked for  -&he standard 
- 

as  it me'e$s the first two requirements very w e l l o  

- Boric acid was ignited t o  B&~J and dissolved in heavy water. The 

solution eont&nhg 30020 nag of B O e r  gm of solution was placed i n  a c e l l  2 g P  
w2th glass w5ndows which was kept a t  about .@? C. %Q avofd any danger of the 

B203 pe~cipi ta t ing,  An identical c e l l  was f i l l ed  with pure D20 and also 

kept a t  42' G o  The 'trarmsm3.ssions of these two cel ls  were measured'< in two 

veloc.5. t y  ranges, one near f 000 Qsec,  the other near 2000 d s e e  using the 

the-of-fligh=t veloe5ty selector im t h e d  neup;kom, The c ~ o s s  section f o r  



boron at 2200 m/sec was cdlc@ated from the difference i n  the transmissions 

of the two c e l l s  and the nominal velocity cal ibrat ion.of  the velocity 

selector.  .. This &. cross section, column 4 of.Table IV, was then corrected f o r  

the f ollobsfig factors,  

1, True velocity, This was determined by location of the sharp r i s e  .. 

i n  the  Be cross section as  the neutron wavelength becomes short enough 

t o  d i f f r ac t  from the longest spacing i n  the  Be mysta l ,  This occurs at  
-. 

0 
4,95 A and r e s u l t s  i n  a change of 2@ f n  Be moss section per percent change 

i n  velocity i n  the t rans i t ion  region. This served t o  cal ibrate  the 1000 

d s e c  group direct ly,  The 2000 d s e c  group was obtained by simply doubling 

the distance from chopper t o  counter which should k v e  l e f t  the optfcal- 

mechanical and e l ec t r i ca l  delays unchanged, hence, have given twice the  

velocfty i n  any given channel, 

2, Counter dead time, This was determined by measuring the r a t i o  

of counts i n  the qrst  and last channels of the veloqity seledmr when it 

was s e t  on a cer ta in  region of the t h e d  spectrum and the t o t a l  fntensfty 

ehanged'by narrowing a s l f t  of constant hefght, 

3. Scatsteringo The scat ter ing cross sectionlr2 of BOl (8.8 barns) 

was subtracted and the  scattering cross section? of the 4 0  displaced 

by the borbfc oxide was added, 

4 Concentration, T h i s  was checked by chemical d y s e s  by Re W, 

Banegs g o u p  of the Chemistry DiTpisioaz, I n  general, the aqalyses agreed 

with the calculated concentration from the weights of materials added t o  

the mbtnre,  These e s n c e n ~ a t i o n s  had t o  be corrected fo r  the densi t ies  at 

1, C, To Hibdon, BNLo.552, p, 6 ( ~ e c b  8, 1950), 
2, Ro K, IldaSr, Rev, Mod, Phys, 3, 249 (19581, 



- .. 42O C .  These densities were not available when the first cross sections 

were.calculated, hence, this factor appears as a correction. 
- _. 

The following corrections were considered and found negligible. 

5. Empty cell transmission. These were found to be identical for 

the two cells both before filling and after emptying. 

- 6. Scattering in. Only about 1 neutron in 10,000 would have been 
. . 

scattered in, in the worst geometry unless there were a small angle 
- 

scattering which has never been seen in liquids, In any event, the cross 

sections do not seem to vary with geometry. 

7 .  Finite width of velocity selector channels. 

The corrections and the corrected values of the cross section are shown 

in Table I. The average value with a somewhat subjective weighting of the 

values is 755 2 1.5 barns at 2200 m/sec. The probable error comes Prom the 

fluctuations among the groups, The cross section is somewhat higher than 

4 the previously reported values, 700,3 707, 732,5 743, but this is not 

necessarily an argument against it as a large share of this difference could 

be accounted for by variations in isotopic abundance and this value is 

intended to apply only to the particular sample tested. It is intended, 

however, to get at least a rough check~by comparison of this boron with 

gold by the danger coefficient method in CP-2. A secondary standard such 

as iron will also be measured. 

3. Fermi, Marshall and Marshall, Phys. Rev. - 72, 193 (1947). 
4. Bacher et al, Phys. Rev. @, 443 (1946). 
5. Sutton et al, ~hys. Rev, 71, 272 (1947). 
6. Rainwater et al, Phy~.  ex z, 136 (1946) . 



Table 1 

Boron Cross Section Measurements 

('1 All measurements were made with a rotor speed of 60 rps. 

Group 

1 

2 

3 

4 

(2) The errors given are based on fluctuations among the runs in each group and, 
in the final average, among the groups. 

Velocity 
selector( l) 

Angle 
Setting 

104.50 

104. So 

64.5O 

64. So 

Counter 
Distance 

150 cm 

150 

244 

488 

Preliminary 
,( 2) 

735.4 f 1.9 barns 

739.2 f 2.5 

740.0 f 3.0 

741.1 k 2.0 

Velocity 
Correction 

1.0045 

.9993 

1.0070 

1.0048 

Dead Time 
Correction 

1.0143 

1.0 143 

1.0056 

1.0135 

Scattering 
Correction 

1.0022 

1.0022 

1.0022 

1.0005 

- 

Concentration 
Correction 

1.0042 

1.0042 

1.0042 

1.0042 

Final 
,( 2) 

754.1 * 1.9 
754.1 * 2.5 
754.2 * 3.0 
758.4 * 2.0 

Weighted average 755 f 1.5 
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IV. Crossover Transition in  em (Bernard Hamemesh and VFrginia ~ ~ m m e ~ )  ~ 

. - -. . -. - 1 -  ,- ' - - . . - -  . 
. . ,  . . . . . .  . . . . .  

The disintegration s c h d  of ~ p . 3  (100 days] con&sts of an 88.5 kev ', 
..... -- , 4 . 

gamma ray followed by a 359 kev l i n e ,  The shel l  model predicts an s+ ground 
. - 

s ta te  d.th d3/2 W ~ u / z ,  as the, f i r?% excited ... states,  If the mder of . - 

levels 5s sr, dflg h then the 88,s kev l ine  i s  due t o  bans i t i on  
: 2 

and the 2.59 kev l ine  i s  due t o  a %EL t rmsftfon,  The crossover, i,e, 

A a @@ kev) 8s an E5 transition, The vdfdft$,3 of this level  hu/2 - .  - 2  . . . .  

assignment has been demonstrated previously . ~ e i s s k o ~ , + p ~  ibemy predicts- 
. . . . . .  

A$ that  the crossover ra t iop  %beo i s  equal t o  7 q 2oaO The present .. 
- -  . . .  . .  - w ' 

experiment 'was performed to  &e& this value, ... 

A sample of highly emiched ~e~~ was irradiated i n  the hgonne heavy 

water-moderated reaetor, The gamma says emitted were then examined with 
. . . 

a KfaI crystal and p h o t ~ t i p % % a r 0  The pulqes were d y z e d  ~ 5 t h  a 20-channel 
. . 

pulse height dfscrMnatsr ,  The s m c e  was f i r s t  placed so that  the 

c m t i n g  ra te  a t  159 kea could be determined accurately, The source was 

then moved as  d o s e  t~ t h e  crystal as possfble so that tlae discriminator 

s t 5 l l  gave rel iable results  a m l  t,bbe a~~.zv.t%ng ?ate a*. the erossmey 

energy was as u g h  as possfblcib ' The r e s g t s  were  then xaorma3fzedo 

The pase heeght ~ s ~ i ~ t i s n s  corrected far background are shotm i n  

jj'-Jme 1 C  i -ve->, 
a-..d.-,~4j The n o ~ x a t i o l z  factor i s  Yo%, It may be seen that  

there i s  no eridence of a.pe& a t  2&$ kev, The counting ra tes  a t  51, 53 

arad 55 volts are nearly the same, The difference i n  r a t s  between 53 and 51. 

or 55 volts i s  Q: * 3 scales of ten, However, it i s  possfble t o  s e t  a very 

conservative upper lMt on the value of the mossover r a t i o  ftrw %he 

2 , Mo Goldhaber and A, kJO S-, Phys , Rev, Aug , f ssue (99511 , 
3. S o  Mos&wsU, PhJPs, Rev, 3, Aug, issue (195&$,, 
4, V, F, Weisskopf and J o  Blatt, privately ePc&ed chapter from forth- 

co&g book on 18Nuabm The~xJreI, 
50 lRo Do Ells Bflo Rev, &lo 470.(1952.], 



I PULSE HEIGHT DISTRIBUTION FROM ~ e ' ' ~  I 
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PULSE'  HE1GH.T (VOLTS 1 FIG. 10 



observed data, . . . . .  - .. - - ........... L . . . . . . . . . .  -35- .- . . . . - .  . 

-- I f  the experimental counting ra te  a t  53 volts was 3 standard deviations 
.* . 

above i t s  observed value, @en one would say that  the mossover had been 
. . .  

obse~ved, If ope uses tbfs  value f o ~  -the counting r a t e  a t  the crossover . . . - .. 

energy, then a very high upper l i m i t  i s  fouqd for the crossover; The. 
. .  - 

experimental intensity patio has t o  be corrected fo r  absorption i n  the NaI, 
-. -.  - .  - .  . . 

i n  the so-wee and i n  the aluminwn cap which m o w d s  the cqs%al ,  I n  

addition, the intensfties must be corrected for  internal  con-version, The 
- .  . . ... - .  

tables6 of Rose, e t  al were used t o  find and the theoretical $/I. ratios;! 
- . -  

were used t o  find €%Lo The t o t a l  *was assumed t o  be dRle  a & ~  
The result  of tFhe above analysis i s  that the crossover~'ratio has a . 

very conservative upper lbit of Oo$%, 

8ae possible reasop fo r  a value that is w e l l  below the "7 predhted 

by Weisskopf 5s that  the theory i s  based on a single proton model, .In 
. . 

the case of ~ e ~ 3 ~  ap odd El nucleus, the theory may not be very good 

because of t?le lack of e lect r ic  charge, Other examples?' of this disagreement 

f o r  odd IV nuclei are found i n  the lifetimes of .the E3 transitions, In 

addi.tfon, there may be effects due t o  csaneeUatfon of wave functions in. 

'the matrix element wh5ch could also gZve a smaller ratfo, 



PI,E-minute.aetiv-ity produced by geutron bombardment of nee- . . . . . . . . . . . . . .  .. - -  . 

dgmium has p e ~ o u s l y  been associated with d 5 ' e '  It has also been 
. . .  - 

assumed that  ths parent ipdlfi had a half-life too short t o  measure, as 
. . . . . . .  - - - .  . =  - . . 

none was observed, The present irtvestigation enables one t o  assign the -. - .  . .  

and a newly discovered 270.5-hour daughter t o  P2-minute act iv i ty  t a ' ~ a a  

d 5 X 0  ... 
. - .... . . --. *... 

Ekciched liTil35', obtained from the Oak Ridge R a t i o 4  Laboratmy, was 
' - - .  

activated - - in th6 BFgome reactoro'  he internal  conversion electrons and 

photo&?lectr-~ns &om a lead radiator &re investigated in a permanent magnet- 

type-beta-spctrograph. Twa gammaarays of 85,4 and IP"B3- kev, deeqdng .. 

&th a halP-life of 12 IttInutes, are characterized by conversion l ines  
- 

~ 5 t h  wmk hmctfon differences of prometheum, In addition, K-X-rays of 

- >  
~rponaetheum are observed by absorption 3.n a l r t m h a ,  Apparently these gamma- 

, - 
rays follow &ssion of the a 2 4 u t e  1,,93 Hev beta-rayo A summary of 

the gmm=rays $8 g5ven i n  the.table.be310w; no pho%o-elec%ron Pines were 

observed ~5th th%s act5vityo A lead absoation m e  of the beta-gamma . . 

eoineidenees reso3-~es b % o  t w o  ca84ponenta - one gamma-ray o f =  kevB the'  - 
other of about 150 kev, The Miter is undoubtedly an mesolved mixfme 

of the sof t  gamma-rays discussed above, 

A 27?05-h~  beta-ray, whose energy is  measured by alum3.n- 

- - absorptiub as 1.1 Mea, is  emitted Pan d5', About 15 gama-rags (tabulated 
- .  

below) aTe associated ~ 5 t h  this aa~v-5tyo The conve~sion B e s  f im these 
- 

$am rays show work fnnct5on dl f fe~enees  of s ~ f u m o  It is thus, .- 

emc9.ud~d that  the 3 L m i n u t ~ ' a e t f ~ t y  io the pare& sf the 299/65-how 



daughter ~.. - .  in - .  wm, .. - . . .  
T h i s  i s  the  u s d  case where the half-lives of members 
. . . . . . . . . . .  

of a @hen with odd mass numbers fnempease suceessimly down the &aim,, 
-.  - - -  

UWrmm absorption c u m ~  of beta-electron coincidences show the beta- 

ray . - t o  be in co5nddence wfth oonveraim electron groups of 150 and 330 

Bev, whi& may be reasonably associated ~ 5 t h  g-rays of about 165 and 
- - 

34.0 kev measured i n  the speetsograpkbo Ba.&m absorption curves of 
-. .- 

gamm-electron coinc3.dences show gamma-rays t o  be 5n eobcidence ~5th 
. . 

conoersfon electron groups of 40, 3.47, and 330 kev, which again m4y be 

associated ~ 5 t h  g ~ w ~ a y s  of about 65, 165, and 340 kevo Lead absorp%ion 

curves of beta-gammq coincidences show the beta-ray t o  be in coincidence 

with the 340 kev gamma-ray, %ther experiments are being conducted on 
* 

Ws aet ioi ty  so as t o  make i.t psss5ble t o  propose a decay scheme, 

3, 15-mnute LZdQa and i&M.nute fl'QxO 
. - 

The gamma.-rays a ~ ~ o c i a t e d  d t h  1 5 a u ~ e . h ~ ~ ~  and l&mhute Te 10Z9 

and p~eviously ~epor ted  '5n the quarterly report .by 5nternaS conve~qion 

studies as f91,2 an2 306,9 kev respectively, are conf5~med by using lead 

and u r d m  as secondary radiators. This r u b s  but ths possibility of 

the 150 and 260 3reo g m - r a y s ,  repapted 5n scint i l la t ion spectranaeten. 

studies-? as being unconverted and not observable by the present internal 

conversion te@hnSqaes 

The gamma-ray sf 95,9 ke-u associated in a previous quarterly report 

td th  a l6&te W - l . W e  has been found t o  have a 3,5 h u t e  h a - l i f e ,  



Isotope 
f3al.f M Q ~ &  .of' Eh@bo= ,  - Proposed- EheFgy Galftki-Ray 
Life Decay .. Enkrgy Interpretation Sum Energ;g 

(xed  - . .  . . . . .  - -.. - . ( ~ e d  
- 

. By lead absorpt5on $@Q 
. . . . . . .  

3704 A u g e r  
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WoL HBlf Mode o,f Eleetrom. Wiposed -- EneFgy Gamma- 

. - Isotope Life Decay . Ehiirgy ~nterpretation Sum.. Ray- Energy 
(Kev] ' ('~ev] (Kev)' 

136d (weak) 

Bg kead absorption. 615 
K(U) ~91.0 Conversion 

e ctrons: 
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Radio- HaP Mode of Electron Proposed. E n e r a  
Isotope Life Decay L te rp re ta t ion  Sum Ray Ehergy 

(Key1 ( ~ e v l  

I n  the study of the 27.5 hour d511 a very weak gamms,ray of rl21.8 

kev ~ 5 t h  work f'unctjop cjifferences of samarium was at t r ibuted t o  9-hour 

europium decays by K-capture, There is  a poss ib i l i ty  that it i s  

assoc5-ated Kith @, but this could not be def in i te ly  established, 



- 
VII .-&asurement, of .$he Iscmerik. S ta te  of *%s& (20 ~econds)  

. . . . . . . . . . . . . . . . . . .  (So Bo Burson ~ d ' ~ ~ ~ , ' F & l t l e d & )  - . -. ., . - .  . . . - .  . . . . . .  . .  - i r  .- 

The energy of a gamma-ray whicb f s  associated with the 20-second 
. . . . .  . -  . . . - - .- 

isomeric s t a t e  of 21~c46 (reported by M, Goldhaber and C. 0. Mueblhause, 
. . .. -- . - .- . - - - . - - .  . - -  . . 

Phys. Rev* ar 1877 (1948)) has beeri measure$ by spectrographic means. 
. . . . .  - - . . ... . 

. - A semipermanent magnet type inter"na1 conversion el.ectron - .. spectrograph was 

- used with the f i e l d  s e t  a t  457 gauss, The vacuum lo* of the  camera 

chamber allowed the source t o  be inserted in to  position between 12  and  15 
I 

seconds a f t e r  actfvatfon En the  reactor,  East- p la tes  with a 25 micron 
. - 

m',T,B, emulsion were used, 85 successfve activations and exposures 

produced two msasur ablc l ines  tabulated below: . - - 2 - .  

Electron' Ehergy Boposed' Energy Swn G e - R a y  
In terpre ta t ion  ( ~ e v )  Energy 

9 .  

0 ,$836. Ii 0 0%8a 
. - .  

E, der Mateosf an and M, Gofdhaber (Phys, Rev, 8 2 9  XI5 (1959) ) 9 om. 
. . 

the basis  of measurements mads with a sc in t i l l a t ion  spectrometer9 have 

assigned energy of 0,135 Mev t o  what i s  presumably t M s  same gamma ray, 

Om higher value of' 0,184 Mev brings the point fo r  t h f s  isomer on a lifetime- 

energy p lo t  i n t o  even be t te r  agreement ~ 5 t h  the 3. gg. 3 group than i s  

indicated by M, Gofdhaber and A, Sunyar in. a report t o  be published lattr~, 



- A Introduction 

Almost from the discovery of neutron acti%ration, i n t e re s t  has been 

ghown in the reactions undergone by the energetic recoi l s  resul t ing from 

- the emission of gma-rayso'92 More recently, ident i f ica t ion  of %he products 
d- 

. . .  . . .  
. . 

formed by halogen reco i l s  i n  organfe solvents has been used t o  t e s t  the 
- 

. . . l iqu ld  . cage theory of ac t iv i ty  retention,3g4 I n  t h i s  .theory, the reactions 

' . i n  the l iquid phase produced by atoms formed in- the $ process ape described 

i n  terms of slowSng down by e l a s t i c  collisions,  dissociation of solvent 

m o l e d e s ,  and eventual reaction o f . t h e  msPeeular fragments and the free atoms 

i n  q l iqufd cage. 596 I n  t h i s  report  we present the f i r s t  r e su l t s  o f  our 

study of products formed by recoi l s  i n  benzene solution. The high 

. . neutron f lux  available from CP-3v has made possible investigations using 

, very d i lu te  solutions of iodine and ethyl  fodide, To the i r radiated solutions 
- . - 

appropriate organic fodide.,earriers were added and the mixtures were frat- 
I .  1 

t iona l ly  d is t i l led .  CH)*~* c ~ H ~ I ~ ~ ~  and Cdi5112$ were found i n  the collected ' 

fractions,  

B. Mat-erf af s and Procedure 

Reagent made benzene was stored over ssUm f o r  about two weeks and 

then d i s t i l l e d  from the sodim..  !4he earrfers  methyl iodide, e thyl  iodide 

and phenyl iodide were each d i s t i l l e d  through a packed glass  column, Middle 

fract ions were taken. !The reagent grade iodine was used d t h o u t  further 
& 

A 15 m3. a9Pquot of the d i lu t e  so9zrtions of C$15% or  I2 fn C@g was 

- \ i r rad ia ted  n e a  the re f lec tor  of the BSgsa% holen fo r  t h i r t y  minutes i n  a - 
1, E, Gluekauf and F, Wo Fayg J o  Chem. Soc, 
2. W, F. Libby, So h e r ,  Chem, Soc, 62, 1930 (19401, 
3, L, Friedman and W, F, Libby, J. Chem, Phys, B, 647 (l949)e 
4 .  Je Mo Miller and R, W. Dodsen, J, &emo Phys, B88 865 (1950) 
5. W. F. Libby, J, h e r .  Chem. Soc. &, 2523 (1945. 
6 .  J. M. MlPer, J, W, Gryder and R, W, Dodson, J, Chem, Phys, g, 57'9 (1950)~  ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  5 2 3  0 4 1  ....................... 
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f lux  o f  1 0 ~ h / s e c / a n ~ .  The i r rad ia ted  solution was transferred t o  a separa- - - 
- - .  

. t o ry  funnel, -. . - . 5 mP of benzene containing molecular I 2  and 20-30 m l  of each 

organic iodide were . added . as c e r ~ i e r a  and the solution was then extracted 

with 0.06 M NaHS03 solutfon. The i r rad ia t ing  tube made of boron-free glass- 

and the standard taper stopper were also rinsed with the b i s u l f i h  solution. - .. . . 

The organic phase w a s  then f rac t ional ly  d i s t i l l e d  through a three foot  packed 

gIdss colwnn, I n  the f i r s t  group of experiments a middle ff~actjlon of approx- 
- .  

imately 15 mP of each c a r r i e ~ ~  was collected. Later, 3 m31 f rac t ians  were 

taken contSnusus3.y. The gamma a c t i v i t i e s  i n  the d i s t i l l a t e s  and Sn the 

aqueous phase were measured i n  a high pressure fonieation chamber, The half-  

l i f e  of each sample was followed t o  assess radioehemjicd purity,  The 

a c t i v i t y  was corrected f o r  decqy and f o r  the volume d i s t i l l e d ,  From the 

t o t a l  25 min 112' ac t iv i ty  measured i n  each experiment the percentage of 

a c t i v i t y  in each collected portion was c a l d a t e d .  

C. Results and Discussisn 

The data from the I1m5ddle fractionst experiments  able V) demonstrates 

the formation of ~ ~ 8 ~ 1 1 2 ~  and C@15~12' following radiat ive capture of neutrons 

by I*? present e f ther  as moZeeul8p iodSne o r  as e thyl  iodide i n  the benzene 

solutions. Although the percent sf radio-phenyP iodide formed seems not 

t o  depend on the t a rge t  iodine molecule, the fraetfon of the ac t iv i ty  appear- 

ing as  c & ~ I ~ ~ ~  is  considerably higher when inactive e thyl  iodide is  i r rad i -  

ated. This remafns t rue  when molecular f o d h e  i n  a concentration low 

re l a t ive  t o  t h a t  of e thyl  iodide is  added t o  reac t  with any impurities present 

i n  the reagents (E-. 6 and 7, Table V ) . !Thus, it appears t h a t  reaction of 

the r eco i l s  with impurities i s  not a l i k e l y  cause of the presence of radio- 

e thyl  iodide among the products. - 

However, the finding of a c t i v i t y  i n  the benzene f rac t ion  suggested 

the presence of products other than e thyl  and pheqyl iodide so a more thorough 

investigation of the dis t rfbut ion of ac t iv i ty  in the d i s t i l l a t e  was  perfomed. 
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TABLE V 

Percent of Activfty i n  Dis t i l led  - Fractions . - .  

Mole Fraction Percent of T o t d  in Vapi~us fractions 
Irradiated I Compound 

Normal Boiling Points of Added Carriers 

Carrier B O P o  (OC.,) 

Methyl Iodide 4z05 

Ethyl Iod5de: 

Benzene 

Iodobenzene 

- 

.The d is t iLla te  was collected i n  a continuous se r i e s  of 3 mP fractions,  .A 

- . .  preliminary experiment i n  which a solution of 92 i n  benzene was i r radiated 

- - and no organic iodide c m ~ i e r s  were added showed the presence of two active 

iodine fractions,  one &still*g with the f i r s t  several 3 m l  benzene 

d i s t i l l a t e s  and the greater pa r t  remaining i n  the pot a f t e r  collection of 
, . - 

. . : sev@nteen 3 m l  benzene portions, This was followed by runs i n  which organic 

iodide car r ie rs  were present during d i s t i l l a t ion ,  The boiling points of 

the car r ie r  compounds of in t e res t  are  given Ln Table VI, The percent of 
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- - IU8 i n  each fractipn, corrected to  exactly 3 ml of volume, is  arranged 

i n  Table V I I  adjacent t o  the temperature a t  the head of the c o l m  

- 
during the period of collection. I n  Expo P molecular I2 was the target;  

C2H5X and C6H51 were the added carriers.  The constancy of the percentage 

figures ( i o e ,  the specif ic  ac t iv l ty  of xXg) i n  the temperature region 

- of 68-72O C p  and at  182' C, again demonstrates the formation of radio- 
. - 

ethyl  and radio-phenyl iodides, The higher percent of ac t iv l ty  in the 
- 

first  collected portion suggests the presence of C H ~ I ~ ~  among the 

products, and h Exp, 2 methyl Iodide was included among the carriers. 

. The re la t ive ly  constant specif ic  ac t fvf t ies  of the fract ions boiling 

a t  42" C, makes the presence of active methyl iodide E5ke3yo Ethyl 

. . .  i o a d e  was the principal i o d h e  target  i n  Exp. 3, In the d i s t f l l a t e  
. , 

one finds c ~ H ~ ~ ~ ~ ~  and c ~ H ~ I ~ ~ ~ .  Comparing the specif ic  act i -  
- 

v j t i e s  of the corresponding fract ions for  the three experiments, one 

- sees tha t  the percent of radfs-iodine in each of the lowsr boiling 

portions i s  higher i p . t h e  i r ~ a d i a t e d  C2H51-benzene solution than i n  the 

12-benzene soht ions .  This is  partIezzPar2.y true of theethyl iodide 

fractions boiling i n  the range 66-72O Co Tne presence of x X g  ac t iv i ty  

in d5s t i l l a t e s  b o i l h g  a t  temperatures between those of pure e thyl  iodide 

and benzene Is disturbing, but may be due t o  inab i l i ty  of the d i s t i l l i n g  

cglumn t o  resolve the two completePy, This f s  indicated by the slow r i s e  

of boiling temperature between 70" and 80°, accompanied by a decrease in 

speciffo ac t iv i ty  of the collected fractions,  Nevertheless, t h i s  region 

Is being investigated more tharoughly, 

Finding of active methyl, e thyl  and phenyP iodides as  products in 

the reactions of r eco i l  IUg atoms throws some l i g h t  on the mechanism 

of the reactions, Pn the l iquid cage model an energetic iodine atom, 

h i t i a l l y  with energy of a few hundred electron vol ts ,  f s  slowed down 



Variation of 112$ in  Collected Fractions as Function of 
Distf  l l a t i  on Temperatqe 

. . . . .  - .... 

-Ewe 1 . 
MoFe fractfon of 
12 = 3 . 4 ~ 1 0 ~ 3  

Temp 0 % 1128 
Range h 3 m l  
(OCO Distf U a t e  

65-72 004 
72 0,2 
72 0.1 

68-72 0. P 
68 0.1 
68 0, 1 

68-69 001 
69-70 0.2 
75-78 005 
78 003 
78 0 

179 nor, 
182 1.5 
182 B05 
182 1.5 
182 no& 

Exp. 2 
Mole fract ion of 
I2 = 3 . ~ 0 - 3  

Temp. % .Iz8 
Range b 3 m l  
( "c0 )  Ristf  Plate 

-Expo 3' 
Mole fract ion of 
I = 1,8x10-4 

c2S51 = 6.5~10-3 
Temp. % I~~ 

, 
by collisions with benzene molecules. Eventually, the r e c o i l  is s k d  

. - 
down guff+ciently so tha t  $t lacks the energy necessary t o  escape from 

- 
the part icular  l.iquf$ cage of benzene molequles i n  which it happens to be 

present. The then combines with fragments of benzene molecules resul- - 

t fng  from previous col l is ions which are i n  the samg cage. Accordhg t o  t h i s  

picture,  the presence of CH31128 and c $ ~ I ' ~ ~  among the products suggests 



t h a t  a benzene molequle may be l q g e l y  shattered i n  a col l is ion with an 
. - - -  . . . - -- 

pnergetic iodine atom. Further, since the ac t iv i ty  of the c $ I ~ I ~ ~  i s  

greater when ethyr iodgde'is the ta rge t  .than f o r  I2 ei ther  some pa r t  of 
.- . 

the energetiq recoi l s  ~ecombine with the ethyl  radicals  from the initial 

rupture of the bond fqllouing radgative capture, or  energetic I * ~  atoms 

may exchange with an inactive ethyl  iodide molecule during the slowing 

down perlod, 
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VJII. Yield and F'raition of Positive Gold Recoil Atoms (s, YOSQ) 
. . .  . . . .  .. - .  

-. . . . .  
Work has beeq contfiued on the yield of radioactive gold recol l  atoms 

... . , - . - .  - 

apd the fraction of them that  is positively charged, The effect  on th i s  . . . . .  

fraction of varying the applfed positive voltage is shown in the followbg 

table, 

chamber 2 x y Wiwz ,% Positive Recoils Voltage 
. . 

53. 72,6 
52* 70,8 59:6 1500 
54 3402 4808 1500 
5 5 64.60 
58 45 02 61.8 1500 
59 ns02(?1 
60 4404 50.0 & 
6I* 7102 63.02 92 

C d  

*Film prepared and irradiated without exposure to the atmosphereo 

*T. =,number of recoils collected divided by the number of recoils  
created fi an.fdea1 top Payer of soureg, 

The values of chambers 60 and. 61 are only approximate, as the decay 

curves must still  be fof3lowed, However, it is fnteresting t o  note that  the 

effect  of a retarding f i e ld  is marked even for  only 22,5 mPts  applied, This 

does not necessarily i m p l y  that  the energy of the reeoiP atom is less  than 

22,5 volts, One must remember that  because of the Auger effect,  the charge 

on the recoi l  atom is l ikely to  be greater than one electronic charge, 

Further, these experhents in which the applied voltage i s  varied indicate 

the Ve of the free recoi l  ion in space but says nothing of the bitid Ve 

immediately fol lodng the emission of the capture X-rays, We shal l  continue 

the work by applying s t i l l  lower potentials to  see, i f  possible, where the 

voltage effect  ends. 
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IX, Cbnversion ~ l e c t r o d s  from Capture 'd-~avs i n  Gold (s. ~ o s l m )  
.- .- . - .  - . .  . . .  . - . .  

J The existence of s o f t  ,internal conversion electrons associated w i t h  

- C 

neutron capture -6-rays has been shown f o r  a variety of nuclei by various 

methods , 1-3 

I n  order t o  t e s t  the hypothesf s t h a t  the positive charges found on 

approxhate3.y 60% of recoi l ing gold and indim atoms are formed as  a r e s u l t  

of such i n t e m a l  eonversion of capture -rays, it w a s  desirable to demon- 

s t r a t e  the presence of the conversion elec6rons with gold, 

A method previously appEed by Muehlhause was used, This involved 

covering with an X-ray film a th in  gold f o i l  (10 mg/m22) mounted on luc i te ,  

placing t h i s  i n  a hollow bismuth box and exposing the ent i re  system to the 

thermal beam of CP-3OO In order t o  d i f ferent ia te  between the i n t e d  eon- 

version ef fec t  and secondary effects such as' the photoelectrf c and Compton 
. - 

.I effec ts ,  lead absorbers were placed between the gold f o i l  and the film, If 

. , 
1 

. .. - , the darkening were due t o  internal  &onversion orily, the lead would be a very 

effect ive absorber since i t s  neutron capture cross section fs Pow. However, 

i f  the darkening of the film were due solely to the secondary effects ,  the 

lead would ac t  as a source and would be indistinguishable from the gold 

sipce the atomic numbers are approxbately the same, - 

I n  one experfmentP, half of the 1ucit.e was  covered with gold, On each 

- half, lead and aPumhwn f o i l s  of vmdous thicknesses were placed, Examin- 

at ion of the f i lm showed tha t  some blackening was produced by the lead which 
. 

was d i rec t ly  on the luci te .  flowever, the blackening due t o  the gold was more 

-. intense, This indicates tha t  while the secondary e f fec t  is present, the dom- 

inat ing one is tha t  of in terna l  con~rersTon, A film which was exposed to the 

radioactive gold f o r  an equ2Gdent time was blank, Tais eliminates the 

poss ib i l i ty  of the beta par t ic les  from &I9* causing the bladkenhg. AlWm 

absorbers indicate t h a t  the radiations are quite sof t ,  We expect t o  measure 

3 Muehlhause and Hibdon, Abs*gtqt, .~~hin,&en,-Mqe$&qg?a*b., Phys. S O C ~  9 

Aprfl 1951, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... .. . ... .. .. .. ... . ... . . .. .. . . . ... .. 1.'; 2 ;;t 
& 0 4 8  



Mass .Spectroscopy 

X, Reports by Ikrk G o  , Inghram 

.I., Fission Yields ( E l l i s  Steinberg, L, E, Glendenin, Do C6 Hess, 
Mark Go Inghram) 

I n  the previous quarterly report (ANL-4659) the f i s s i o n  yields of the - 

zirconium isotopes i n  a 5,3 year old zirconium satnple were given, We have 

now measured the molybdenum isotopes from the same sample, The r e su l t s  
-. 

are given i n  Table V I I I .  

  able V I I I  

Yields of Zirconium and Molybdenum Isotopes from U 235 Fission 

L 

+? Normalized t o  $he smooth radiochemical f i s s i o n  yield curve a t  
these points, 

Element Mass - Fission 
Number Yield 

r 

A plo t  of these yields shows a peak of 25 per cent a t  mass 100 which does 

Element Mass Fission 
Number Yield 

not appear on the radiochemical curve, This peak corresponds t o  the peak 

observed i n  xenon a t  mass 134 by Thode , It is tempting t o  explain these 
Q 

- - f ine  s t racture peaks as due t o  closed she l l s  i n  the primary f i s s ion  nucleus, 

i. e ,, a t  ~ e l 3 4 .  To check this hypothesis further, we have extracted a i r -  
82 

conium and wolybdenum from the f i s s ion  of U 233 only preliminary calculations 
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have been made; the necessary corrections for  multiplier discriminations, 

e-tc ., have not yet been made, There is, therefore, no point i n  quoting 

values normallzed t o  the  radiochemically determined f i s s i o n  yield curve . 
Table I1 gives the rough preliminary data. 

Table 11.- .... 

Plots of these data show an excess i n  the 98 and 100 posit ion over t h a t  

Yields of Zirconium and I\!olybdenum Isotopes from ~~~3 Fission 

expected. The yield a t  mass 96 is  a case of d i rec t  y ie ld  of Nb96 fission. 

. - - -  --  - 
Relative 

Element Mass Fission 
Number Yields 

-. ... 
From the prac t ica l  stgndpoint it is apparent tha t  t h e  use of ~c~~ as 

Element Uas s Fission 
Number Yield 

a measure of the  amount of f i s s i o n  can lead t o  ambiguous resul ts .  This 

isptope does not l i e  gn the  smooth f i s s ion  y ie ld  curve i n  e i the r  u~~~ or  

~~~3 f iss ion,  hence assuming the  smooth f i s s i o n  yield gives a measure of 

f i s s ion  which is  too high. 

2. Double Beta Radioactive Decax (R, J, Hayden, M, G. ~nghram) 

A search f o r  an example of double beta  radioactive decay has been made 

by extract ing the  daughter element from geologically old minerals and 

- 
looking fo r  an isotopic excess due t o  the decay process. Previous r e su l t s  



have indicated the poss ib i l i t y  of double beta decay i n  the  case of xenon 

- extracted from 1.5 ic lo9 years old Bt2Te3. The 'par t icu lar  process i n  

question i s  . . 

I 

Te130 -> xeUO + 28. 

The resu l t s ,  however, were ser iously complicated by the re la t ive ly  large 

amounts o f  xe129 and xe131 found i n  the samples investigated. I t  was 

postulated tha t  these excesses were due t o  neutron absorption i n  ~ e l 2 8  

and ~ e v o i ,  I n  order t o  t e s t  t h i s  hypothesis we have investigated the  

xenonfrom an andalusite-sericite rock containing BipTej.  T h i s  rock should - ...... . . .  . . .  . . 

have a much lower uranium content than s u t i l e  which was the rock used i n  

our e a r l i e r  investigation, The ~ s u l t s  indicate  t h a t  the excess .......... isotopes --.. ........ 

. . . . . . . . . . .  
I . . .  . .  

a t  ..... xelP9 . . and xe130 do not r e su l t  from a spontaneous process i n ' : t e 3 ~ w , . m  : , . ... :.-- 
. 

i : 
. . . . .  

are of secondary origin. The previous explanation of neutron absorption 
- - . -  

s t i l l  appears the most tenable. The excess peak a t  mass 130 i s  such as t o  

indicate a half- l i fe  f o r  double beta  decay somewhat longer than our pre- 

vious value of 1 ,S x years, This' increase brings the ha l f - l i fe  in to  

closer agreement with the half- l t fe  predicted from the  Dirac theory of 

the neutrino. - 

3. Dissociation Energies of Alkali Halide Molecule-Ions - (W, A ,  ~hupka) - 

Early studies of ion emission from hot s a l t s  have been concerned 

mostly with the ident i f ica t ion  of the  ions emitted, t he  determination of 

the re la t ive  amounts of both posit ive and negative ions and the var ia t ion  

of emission with time, temperature, and concentration of imiurities1t2. A 

few studies  of thermodynamic equi l ibr ia  among gaseous ions of s a l t s  have 

been reported, such as those of Helmoholtz and 1dIaye$ i n  t h e i r  experimental 

- - - &-- 

T - 
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measurements of l a t t i c e  energies of some a l k a l i  halides. More recently 

complex ions of the type N ~ K C ~ '  have been observed i n  the mass spectro- 

meter The purpose of the present experiment was t o  study the ion 

emission from a l k a l i  halides and t o  determine the binding energy of these 

complex ions by measuring the equilibrium constants fo r  t h e i r  dissociation 
. . . . . . . . . . .  

a t  a ser ies  of temperatures, 

Most of the present investigation was r e s t r i c t ed  t o  complex ions of 

the type M2X+ emitted from the pure a l k a l i  halide MR. The equilibrium 

constant f o r  the  following reaction was measured a t  a se r i e s  of temperatures. 

. . 

The slope of a p lo t  of in Keg the natural  logarithm of the equilibrium . . - . . .  - .. 
.. 

constant, versus 1/~, where T i s  the absolute temperature, gives the  change 

1 i n  heat content, 4 H, f o r  the react ion from the equation 
- . .  

The .A H f o r  the reaction i s  a l so  calculated by estimating t h e  change 
- 

i n  entropy, AS', f o r  the reaction and using the  equation 

where the superscripts indicate tha t  the substances a re  i n  t h e i r  standard 

s t a t e s  which w i l l  be chpsen as the  gases a t  one atmosphere of pressure, 

The change i n  heat content a t  absolute zero, H(o'K), i s  then obtained bp 

subtracting from AH(T'K) the difference of the quant i t ies  (H-H,) f o r  
- - - - - . . - 



products and reactants, where (&Ho) is  the  difference i n  heat content of 
i 

the substance a t  TO K and a t  0' K o  

The method of measuring the  eqfilibrium constant consisted of 

measuring the r a t i o  M+/M~x* f o r  ions emitted through a s l i t  i n  an oven 

containing the  a l k a l i  halide, This ratio,  together with the  vapor pressure 

of the alkali, halide which is assumed t o  be t ha t  of the  pure a l k a l i  halide 
- 

a t  the temperature of the oven, gives the equilibrium constant, 

Measurements have been made on four s a l t s ,  Typical ion r a t i o s  a re  

recorded i n  Table I X .  Since M*/M$+ i s  the equilibrium .constant f o r  the  

reaction 

M2 X+(g) -d m( crys ta l )  + M+ 6s) 
.. -. . 

the  data should obey the equation 

The Last term i n  t h i s  expression r e su l t s  from the  assumption tha t  

3 ( 6 )  C (products) - Cp(Reactants) = - R o  
P 2 

The constants A and C were evaluated from the temperature p lo ts ,  Values 

of A ~ ~ ( 8 0 0 ~  K) f o r  the  reaction givenby equation (4) were obtained from 

equation ( 5 )  by means of the  r e l a t ion  

the  AH f o r  the  reaction given i n  equation (1) was then obtained by adding 

the  AH of vaporization of M X 0  This value can be corrected t o  A H a t  0' C 

- by subtracting the difference of the  quantity ( H  - H ~ )  f o r  products and 



Table I X  

1000 
(OK) 

T 

reactants. This correction can be calculated by .standard methods , . . 

A second method of calculating the heats of reaction i s  a s  follows, 

The equilibrium constant a t  800' C i s  determined from equation ( 5 )  

(correcting by a f ac to r  t o  give the r a t i o  of the  t o t a l  concentrations 

of M* and M$+) together with the  vaGe of thq value of the vapor 

pressure of MX taken from the l i t e ra tu re ,  The value of A SO, the  change 

i n  entropy of the react ion f o r  the  substances i n  t h e i r  standard s t a t e s  

i s  calculated by standard'method~ and used i n  equation (3) t o  obtain 
ti, . 

Bh HO a t  800° wK, The variopi quant i t ies  calculated are  summarized i n  

Table X0 



Table X 

The agreement of the measured values, though they can be considered 

as only preliminary, with theore t ica l  values gives confidence i n  the  

appl icabi l i ty  of the method. 

1. 0 ,  W. 'Richardson; "The Emission of E lec t r i c i ty  from Hot Bodies", 
Longmans, Green and Co., London, ist ed. 1916, pp. 234-82. 

2. A,. Lo Reimann, "Thermionic Emissionl1, John Wiley and Sons, Inc ,, 
New York, 1934, pp, 273-8s0 

30 Hebholtz and J ,  3. Mayer, J. ChemsPhys., 3 245 (1934). 

4. R. J. Hayden, Phys? Rev. . . - 74, 651 (1948) . 

4, Argon Geological Age Method (Re J ,  Hayden, Id. G, ~nghram) 

The argon age of Essonville Granite has been determined as 0,6 x 10 9 

years. The geological age of t h i s  granite is  known from uranium-lead 

data quoted i n  the previous quarterly report  ( ANL-4659) t o  be of the 

9 order of 1. x 10 years. This low r e s u l t  points out tha t  argon ages even 

on such crystal ine rocks as  granites are  def in i te ly  i n  error;  the degree 

of e r ror  varying 1;lrith the degree of a l t e ra t ion  of the rock o r  mineral. 
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Thus argon ages can be taken zs only a lower l i m i t  of geological age and 

probable ages extrapolated from the apparent age w i l l  require a great 

deal of experimental calibration, 



Theoretical Physics . - . - 

XI. Threshold-values of In terna l  Conversion Coefficients f o r  the K-Shell 
TB. I. Sphrad  and L. B, Kelfer) 

Recent computations of the in terna l  conversion coefficients for  the 

K-shell have been reported f o r  various Z and .for k ('&-ray energy) .- g r e a t e r  - 

than 0.3-0,5 electron masseso' The extrapolation of these r e su l t s  to lower 

energies is  uncertain f&itwo reasons% f i r s t ,  the mathematical formulation 

of the problem is of such complexity t h a t  no s h p l e  extrapolation mile can 

be used; second, the numbers are computed f o r  mseseened wave functions. . . 

I n  an attempt t o  resolve the mathematical d i f f i ~ t i e s ,  computations ' 

have been made on the threshold values of the conversion coefficientso 

These computations were performed by takfng the P M t i n g  values of the 

f o d a e  of reference (1) as p, the electron momentum, approaches zero 

posPtive2y, Under these conditions, many siinpliff cations ar i se ,  and it is 

possible t o  compute the r e su l t s  on a desk machine, 

The re su l t s  a re  tabulated 5n the table  f~XIowhg,  The notation is  

' that of reference (11, Since screening has been ignored, the threshold 

energies f o r  which these r e su l t s  were .computed were those obtafied from 

2 f ro the r e l a t i v i s t i c  s ingle electron model, &&n QT k z 1 - (P - [d Z] 1 - 
Ffgures fi parentheses indicate the power of 10 by which the number must be 

multiplied, - 

- 

1. .Rose, Goertzef, Spinrad, H a r r ,  a d  Strongp Phys, Rev, 3, 79 (1951). 



Threshold Values of Internal Conversion Coefficients for the K-Shell 

(The number in parentheses is the power of 10 by which the corresponding'numbers are to be multiplied) 
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X I I .  Thermodynamic Functions on the Generalized Fermi-Thomas Theory 

(Malcolm K. Brachman) 

Recently, equations of ,state of the elements1 based on the  gener- 

alized Fermi-Thomas theory have been developed. It has been shown2 tha t  

exchange ef fec ts  may be neglected f o r  high temperatures, and they w i l l  

not be considered here. In the  paB.t, the  pressure has b,een obtained by 

calculating the  r a t e  of flow of momentum through the  surf ace of the atom, 

which i s  assumed t o  be a sphere of radiu's,a.  It i s  also possible t o  f ind 

the pressure from the f r e e  energy or the  logarithm of the  pa r t i t i on  function.3 

The purpose of t h i s  note is. t o  show t h a t  the pressure calculated from the  

f r ee  energy using the generalized Fermi-Thomas model for  a rb i t r a ry  tempera- 

tures  agrees with tha t  found by mechanical considerations bap'ed on the same 

model, and, i n  addition, one obtains expressions f o r  the entropy and the  

specif ic  heat.  

4 Our model leads t o  the kinet ic  energy density 

and the  electron number density 

- where ~ ( r )  i s  the t o t e l  potential ,  VN+.V , and @'.= ( k ~ ) - l .  Here VN is  
.e 

Ze the nuclear potent ial  - .. , and -Ve s a t i s f i e s  Poisson's ,equation with the  
I - 

charge density e p ( r )  = p . The boundary conditions are  the 'vani'shing of 
e 

the  t o t a l  potent ial  and the e l ec t r i c  f i e l d  a t  the! surface of the  atom. The 

volume in tegra l  of ( l a )  is  the  kinet ic  energy %in and tha t  of ( lb )  is  2, 
- * 

the nuclear charge. The potent ial  energy %ot is 

t 
1. R. P. Feynman, N. Metropolis, and E. Teller,  Phys. Rev. - 75, 1561 (1949). 
2. H. Jensen, Zeit s . f . Physik 111, 373 (1938) a 
3 .  R. E. b s h a k ,  P. M. Morse, and H. York, Ap. J. -' 111 214 (19501 
4. The notation is the same as tha t  of reference 1, except tha t  our 

p = -p of it. .. 
,a 



where- d 7 i s  4 7T r2dr. By mathematical manipulation, one find's the  v i r i a l  

theorem 

1 
2 %in = 3 P v -5 Epot * (3) 

The difference between o u r  calculation and previous ones i s  t h a t  the pressure 

is obtained by macroscopic ratkier than microscopic considerations. 

The pressure p and the entropy S are  found from the f r e e  energy 

F = Etot - TS, where T is the absolute temperature, by means of the  thermo- 

dynamic relat ions 

The basis  of our work is  the Gibbs-Hdm.holt,z equation i n  the  form 

[BF] , Etot = ag ' ( 5 )  

of which we obtain the  indefini te  integral .  This i.s done by integrating 

the  various terms of Etot by part's iind using the re la t ions  between the 

derivatives o f  EK(r  ) h d  pe obtaine h by d i f fe rent ia t ing  .(la,) with respect 

t o  a, g , and r, including the cross derivatives.  Employing Green's theorem, 

one f inds 

2 F '  - - E  
3 kin - + ZkTq 

From the re la t ions  (4a) *and ( 46) it follows tha t  

The f i r s t  of these i s  the, value obtained from mechanicdl corisiderations. 

The 'second i n  conjunction with the v i r i a l  theorem yields  Fermit's r e l a t ion  

i n  the  l i m i t  as 'IS tends t o  zero. 



The specific heat at constant volume, Cv, given by the relation 

may be expressed in the form 

This differs from that given in reference 1. 



XIII, Alphas and Gainmas from the Proton Bombardment of ~e~ (D, R o  Ingl i s  
and R, E. Mab) 

... . . . . . . .  

In  the proton bombardment of ~ e 9 ,  resonances have been o b s e m d l  i n  

the yield of alphas, gammas, deuterons, neutrons, and scattered proeOns, 

The only known resonance above about 1 Mev is a t  2,6 Mev and has been 

2 observed f o r  both gammas and neutrons, the Patter in the reaction yielding 

8 B~ plus protoqs, or  perhaps Be plus neutrons plus protons, The gammas 

/ 
have been attributed1 t o  the reaction ~ e 9 ( ~ , c (  ) ~ f ' * ( ~ ) l f ~ ,  and if t h i s  

/ 

were the case the same resonance would be obsefved i n  the low-energy 

alphas of t h i s  reaction. Prelimhazy observations have been made of these 

alphas and the gammas from a Be target  about 10-4 rn thick wfthout backing. 

The two groups of alphas, correspondfng t o  the ground s t a t e  and the 2,19 

Mev excited s tate3 of ~1~~ were observed h a 16 inch, two-dimensional 

focusshg magnetic spectrometer whieh has reeentPy been put i n  operatfon 

i n  connection ~ 5 t h  the Argonne s t a t i t ton ,  The varying y ie ld  of product 

par t ic les ,  observed i n  a proportional counter, as the magnetic f i e l d  was 

varfed, i s  shown fn  ~ i ~ , l l ( a ) ,  The peaks correspond to both groups of 

alphas and t o  prot'ons scattered e l a s t i c a n y  fram Be, C, and 0, The gammas 

were observed with a N a I  crystal ,  no attempt being made a t  energy diserfn- 

inatfon, The proton energy was varied through a small range near the expected 

resonance, and the resonance was observed f o r  the gammas as previously 

reportedp2 but not f o r  e i ther  group of alphas, as shown i n  Fig0l l(b) .  This 

means tha t  the resonant gammas are not assoelated with the 2,l9 Mev s t a t e  

of ~ i ~ ,  By. the rough absorption technique, the i r  energy has been estimated2 

ag ebout 3,O Mev if they are monochromatic, This d o a d  be a rough average 

energy i f  they are not monoclhromatic, It i s  suggested t h a t  the gammas are 
1 .  Hornyak, Lauritzen, Morrison, m d m )  

This contdns furthes references, 
2. W, J. Hushley, Phys, Rev, a, 34 (1945) 
3,-  .> .Browne, . . . . .  Williamson, Craig, and Don~hae, Phys Revo a 9  199 (1951) 0 
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