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. 1, ,ITeutron TPaslsmission. . .  and S . . . . . . . . . . . .  ... . .  . .< - - -  .. ". 
catter5.n~ ., . -  . Cross .Sections (G., ,T  ,-: Hibdon] 

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

... - Using - .  the annular scattering .. counter - .  with various . . scattering detectors, - 
\ - 

transmission curves of a number of elements were measuredo,. .Table I lists 
b - ,, ... 

r new data, Cross sections are given i n  barns a t  the energies indicated, - 

. - The 'number i n  pareithesis indicates the of the ... transxnission 
. . .  . . 

curve exhibiting the asymptotic cross section. B la1 value of this 

percentage indicates considerable overlappi& of resonance regions of the 

absorber and detector,. When no such number i s  given the transmission 
J 
curvo is a s t r d g h t  l ine  on a semi-log plot (c,f, pe r ions  quarterly 

reports), I n  certain cases the thermal and epi-cadmium cross sections were 

also measured. The first of these is obtained by comparison with V~ 

(' Gs = rmc & 5.00 b) which has no crystal interference effects, and 

the second i s  obtained, a s  previously outlined9 by comparison with 

C ( ~ e P ~ S ~  2 4,60)~.. The measurements on. hydrogen were obtained with 

Lucite (L) and Polystyrene ('P) , These have yet t o  be corrected fo r  ljossible 

impurities, C-H-O r a t i o  and potential scattering of the detector, 3h w h a t  

follows, certain detai ls  of Table H w i l l  be amplified and discussed, 

4,. Cobalt shows remarkable resonance averlapping kdth vanadium, '7% . . . . 

flo ,,Th i s  i s  almost as much as vanadium shows by self-indication: 

( a 82$),- One can only conclude that  Co and V each have resonances within 

about 100 ev, Furthermore since Na, V, Mn and Co show large mutual over- 

lapping, all these resonances must be close t o  3000 eve" This is i n  

disagreement with the data of Columbia's neutron velocity selector which - 
locates the second 40 resonance(s1 a t  7800 ev, ,From past experience we - 

q .  

would expect this second Co resonance t o  involve scattering primarily, 
- 

However, the following riment was and indicates that  the 

main process . a t  the 2700 ev Go resonance i s  absordtion, The epi-cadmium 



TABLE I 

3800 ev 
(cr53) 

4.47 

2700 ev 
( ~ 5 ~ )  

4.09(22) 

2-54(91) 

7.35(86) 

6.03(85) 

14.8 (73) 

8.45(68) 

10.4 (67) 

3000 ev 
(~a~3) 

5.02 

7.00 

4.55(46) 

6.77(77) 

6.23(89) 

14.8 (67) 

8.31(69) 

10.7 (68) 

120 ev 
(~059) 

4-93 

6.30 - 

13.1 (71) 

$267 

8.52(65) 

4.08 

6.23 

13 03 

~lement 

lH 

22 Ti 

26 Fe 

27'0 

32Ge 

33As 

4oZr 

4743 

72Hf 
/ I  

74W 

7gAU 

80% 

2400 ev 

(235 j~ 

4.01 

5-83(87) 

14.4 (71) 

0t h ~  

8.34 

5.72 

7.56 

26-56 

I , 

10.0 ev 
~epi-cd 1 (~ml52) 

13 83 

19.06 

20 .O~(L) 
20.49(~) 

10.29 

5 -13 

17.0 (83) 

13.93 



scattering cross section of Go was easmed-'with and without a thick t 
f i l t e r  i n  the neutron beam. Veryjkittle drop in CePLwd resulted when 

i: 
V f i l t e r ing  was employed: 1 

h' 

2'700; ' , . - - .  .. . 

T h i s  i s  very smdll compared with the h t e g r a l  values of Na,. V, and I% 
. . .  . -  . .  . - . .  . . 

a t  th i s  same energy, yet the Co 2700 ev resonance i s  able t o  remove 

prac t icd ly  a%l of the rather broad V resonance scattering w i t h  a So f i l t e ~  
L .. 

of xeyonable thickness, For canparison: 
., \ .  

Z a  (NC~I = $1 b Z s ( * ) . . t  2700 1% b E 3  (Erg] ; g3 b 
3 0 0 ~  . ?'; .23m ,A : .::; 

.. -. . . 

Additional m k  w53.l be carried out on %he ;em nance absorption of Co t o  
. . - .  - -. - 

t e s t  - - thSs dew, It i s  of in teres t  t o  note, however, that  the t h e d  
u - / L .. 

absorption cross section of Co is too large to..be,x&operly accounted f o r  

by the a20 ev resonance alone, 

3.n addition t o  the above considerations, it i s  interesting t o  

calculate the s ca t t e rbg  cross section of Co at 10,O ev and 19,5 ev f2am 

the data in Table 1,: To do this it is p e d s s i b l e  t o  assume a l/v dependence 

of capture: 

z 63 ( @ d o  ev) t I0,29 .& 

Thus, the scattering cross section appears t o  be r is ing in the low-energy 

region, This i s  difffcul.t , to understand without postulating a third 

resonance level  below binding, It i s  hpor t&t  t o  remeasure the thermal 

scattering moss sectioq, 

Bo Gold -%here has been some question i n  the past about the thermal 



scat ter ing cross section of gold. The d i f f i cu l ty  i s  one of c rys t a l  e f fec ts ,  

* The value given i n  %ble I is micertain fo r  t h i s  reason. However, two 

- pieces ,of outside enidence support our measurement: (1)  the  data of 

T'itman and Sheara ( ~ o l ~ i a  neutron veloci ty  selector)  would indicate an 

.I - inc'oherent cross section of only 0.3 b, (2)  the work of Shull (oak ~ i d g e )  

givea the coherent sca t te r ing  cross section, a value of 7.5 b. !Therefore, 

C. The cross sections f o r  thermal absorption and sca t te r ing  of m&rcury 

199 axe governed by a resonance a t  -2.0 ev i n  Hg . Inspect ion of Table I 

w i l l  reveal t ha t  even b @i;& < 6 th. Ringo and Robillard (cf. page 14 

of t h i s  rep or^) report  bddh = 21.5 3 2 b , Using only thermal values ( i.e., 

the above and et.& 9 370 b )  it is  possible t o  calculate resonance 

parameters fo r  the -2.0 ev level.  To do t h i s  one proceeds on  the assumption 
- 

t h a t  the r a d i i  a re  spin independent and ident ical  f o r  a l l  t he  mercury 

isotopes, One then obtains two parameter se t s  corresponding t o  J = 0  or 
. . 

199. 
J ,r. 1 (1,; 4 fo r  I&' . ) . .These q e  given i n  Table 11. ..The best value .of 

4'h' B~ appears t o  be f o r  the case Jz 1, since a t  19.5 ev the measured ' 

cross aection is 13.3 b. If one asdumes t h i s  l a t t e r  value t o  be 4 7 Y ~ ~  and 

calculates rcoh one obtains a different  s e t  of resonance parametera. 

These are g i ~ e n  Frr Table 111. Again $=. la is  preferred, but J = Q cannot be 

ruled out with absolute certainty.  

An interest ing coqe'quence i n  the choice of J fo r  nuclei p i t h  i n i t i a l  

spin has t o  do with the resul t ing capture -ray spectrum. The compound 

nucleus i n  t h i s  case is 8 ~ 2 0 0 ,  an even-even nucleus with ground s t a t e  

angular momentum equal t o  zero. Therefore, a -ray t r ans i t ion  of energy 

equal t o  binding i n  $0° is forbidden f o r  J = 0 and allowed f o r  J = 1, 

Furthermore, the  first t r ans i t ion  i n  the cascade i s  usually of su f f i c i en t  

energy tha t  no other -ray w i l l  be l i k e l y  t o  be confuaed with the t o t a l  



I 
Table 9a: 



... transtion. . . r*. Hamermesh reports np; structure i n  the high . . . . .  energy end of 

9 the capture p-ray spectmm of G? + n, This would indicate 3 = O fo r  

- the ~ & ~ t u r &  state, i.e,? the - 2.0 level, whereas the present tmrk favors 

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

The ele ctron spectrograph described i n  the previous quarterly report 

has yielded well-resolved conversion l ines from capture g-rays of Gd and - - L 

.Sm, Results are given in Table ITe 

- .  . - 
.' Table IPj 

- - 
Element E* . R L -  M - 4 -  - ; 3 

_j_ . . . . . . .  (Isot- 
Er : 
I 

. . . . . .  . . . . . .  . . . .  
30,l 80,5 ,81;0 

3 e. Resonance Region T i m e o E . ~ & ~ 8 &  _ . _ _  Measurements . _  . . . . .  (So: Po: HMS) 
- .- 

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

Additional runs of a preliminmy nature have been made on certain 

materials of in teres t  Since a new higher speed rotor i s  soon t o  be pU% 

in to  operation (allowing 2/Ys channels instead of 3 p) an intensive 

e f fa r t  t o  locate resonances i n  the neighborhood of 3000 eo more accurately 

is  being withheld for  that  l a t e r  t b e ,  Table V lists certain resul ts  
c. 

obtained th i s  quarter, 



Resonance Energy 
ev 

- .  .. 

a= of 2 runs 

I ,  weak e e s o l v e d "  
b75 6 2 5  o f  305‘ resonances at higher 

33 ' . energie:s: 
. . 

13 ev res ,  of 
columbia not observed, 
I!BF be due t o  Pt;, 

only r e sa  observed 
below 2?5 ev 

FPom the  veloci ty  selector  da ta  t o  date no d is t inc t ion  i n  energy 

- between the  resonances i n  Na, V, and Co near 3000 ev can be made, The 

amount of overlapping of Mn with these materials, however, places the 

second Ph resonance a t  a lower energy than t h a t  of the Na - V - Co group. 

Rhenium has two isotopes (185, 187). The above runs were l imited t o  

25 ev. Apparently the  10.8 ev l eve l  belongs t o  ~e~~ and the  18.0, 7.1, 

and 5.7 ev leve ls  belong t o  Itelg5, 

Earl ier  work on arsenic by Harris, Hibdon, Muehlhause and Thomas 

indicated a f a i r l y  low energy resonance having about 70% scattering. T h i s  

would not be unreasonable f o r  the  43 ev level,  

4 Pi le  Oscillator Circui t  ((3, 0, fiehlhause) 
. . . . ,  ' . . . . . . . . . . . , . . . . . ,  

Since the  change in GP-3 has been effected the p i l e  osc i l la tor  has 

beoome a auporior cross aection measuring imss.trmen+ (cof ,  qmterly 

report  f o r  ~ c t o b e r ~ ~ o v e m b e r ,  1950) It lms, theref ore, decided t o  



improve the  detection circui t .  To date the ef fec t  of a sample is measured 
. - .  . . .  . . .. 

.?. ' in terms of a resistance, ~ 1 ,  which osc i l la tes  i n  and out  of a bridge 
.. . . . .  . . . . 

- c i rcu i t  ( i n  phase with an absarber or  180' out of phase w i t h  a neutron 
- - 

2- 

source). This i s  i l lu s t r a t ed  i n  Fig. 1 

I' 2 
Adjustment of R1 f o r  null yields A i / i  which i s  p.oportional t o  m 

absorption of the  sample, However, the  above amounts t o  an attempt t o  

balance the  p i l e  wave form with a square wave: 

-7 

This r e su l t s  i n  the leaving over of a second harmonic which causes the  

galvanometer spot t o  osc i l la te  about nu l l  with twice the  frequency of tlie 

! -, 
ample ., 

An obvious extension of the above i s  t o  add stiU another resistance, 
.-. . .I - % which will osc i l l a t e  in and out of the bridge c i r c u i t  90' out of phase .- 

, . 
with Rle This makes it possible t o  achieve a s tep  function match t o  the 



p i l e  wave form: 

The ra t io ,  %/R1 . .  should . .  be N S/T:~ where i s  the  effect ive r i s e  time 

of the  p i l e  wave .and T i s  the half cycle time- of the os.cillation, Inhen RI 
.. . -. - .  

and % are  both adjusted the fourth harmonic should be evident, and the 

null  galvanometer spot  should have h s s  of an amplitude about zero, The 

basic diagram of the net1 c i r cu i t  i s  i l lu s t r a t ed  i n  Fig, 2b 



11, Coherent . Neutron - Scattering - - by Mercury (G, Re Ringo - - and T. R, ~ o b i l l a r d )  
. . . .  . . . . . . .  

- .  . . .  . . . .  The coherent neutron scat ter ing cross section of m e r c q  has never been 

measured previously-because i t s  very high absorption cross section makes 

measurements -. by the usual c rys ta l  diffract ion . - techniques yery d i f f i c u l t  . AS 

a by-product . . of work o n t h e  coherent amplitude of hydrogen .... using l iquid  

hydrocarbon mirrors, the coherent amplitude of mrcury  was  measured using 

the  same apparatus, It was measured by finding the c r i t i c a l  wavelength fo r  

re f lec t ion  of a beah of thermal neutrons incident on a surface of l iquid 

mercury a t  a given angle? .This was found a t  two angles by use of the BriU 
\ I 

a& Liichtenberger time-of-flight velocity selector  and a t  a th i rd  la rger  

angle by comparison of in t ens i t i e s  w i t h  the first two angles, lmowbg the  

spectrum of the neutron source. The source rras the  thermal column of CP-~{ 
i - -  

The c r i t i c a l  wavelength and the  angle determine the index af refraction, and 

t h i s  determines the coher&nt scat ter ing amplitude 2 The resu l t s  a re  

summaxized i n  the table. 

Angle in  Enu tes  Wavelength i n  Angstroms Coherent &oss Section 
i n  Barns 

therrnal average 21 ,59 

The variat ion with wavelength i s  not thought' t o  be significa;lt in vriew 

of the uncertainties (which come largely from the  r e l a t ive ly  poor s t a t i s t i c s ) ,  

4s; can be inferred from the  large coherent cross section, mercury makes a 

very good mirror f o r  neutrons, It has a surface tha t  i s  eas i ly  prepared and 

i s  s table  f o r  at l e a s t  several days with o d y  ordinary care, 



111. Incoherent Scatterini:- of Slop, Neut--ms from Spin Dependeat Interactions 
~ u r g y )  - - . . 

Spin dependence of the interact ion between a neutron and an atomic 
- 

nucleus introduces an incoherence i n  the scat ter ing .with a cross section 

proportional t o  the absolute square of the difference of the scat ter ing 

amplitudes, a+ and a,,-coyresponding t o  the two s t a t e s  of t o t a l  angular -. 

momentum I a -$ and I - $, where I i s  ,the nuclear .spin, A par t  of tnis . 
- .  . , 

..I . 

heaherent : : scat ter ing involves spin f l i p  of the netrtron and nucleus, a d  

where the incident neutron beam i s  polarixed, the  spin f l i p  changes the  
. . 

polarization. Qll other forms of incoherent nuclear scat ter ing and the 

coherent scat ter ing do not change the polarization of the neutrons, Thus a 

comparison of the polarization of a scattered beam with t h a t  of the incident 

beam prov5des a means of measuring the incoherent scat ter ing cross section 

due t o  spin dependence of the interaction, 

This cross section, together with the coherent or f r e e  atom scat ter ing 

cross section, determines a s e t  of poss ibk  values f o r  the two amplitudes 

a+ and a-. The same informatii.on i s  obtenable  from the values of the coherent 

and free atom cross sections together, but where the spin dependence i s  small, 

i t s  calculation from these two numbers i.8 subject t o  large errors  since a 

small difference i s  involved, ! 

The method considered involves scat ter ing a polarized! beam of slow neutrons 

by a sample of a substance t o  be studied and counting those which pass 

through an analyzing block of strongly magnetized cold rol led s t ee l ,  A measure 

of the polarization of the scattered beam i s  obtained from the change i n  

transmission of the.analyzer when the scattered beam i s  depolarized by a 

th in  sheet of unmagnetized s tee l .  The polarization of neutrons scattered 

incoherently due t o  spfn dependence of the interact ion is  -1/3 of the i n i t i a l  

polarization, PC, trhile i n  the r e s t  of the scat ter ing the  i n i t i a l  polarization 



i s  unchanged, If Vs,is the t o t a l  scat ter ing cross section f o r  the  so l id  

angle of observation and rf the  incoherent sca t te r ing  cross section from 

the  spin dependence, the polarization Ps observed i s  given by 

Uf 
- - Ps E (( - PO-I /~  9 PO = ( 1  - 4 - o 

r s  

A neasurement of the polarization of the incident beam is  made i n  the same 

way as f o r  the scattered beam, and from the two the r a t i o  q/kS i s  

obtained, The value of i s  obtained from the observed counting r a t e s  of 

the d i r ec t  and scattered beams, the so l id  angle of observation and the  

t o t a l  cross section, 

A t  present, some preliminary observations m e  being made t o  check the  
. . 

f e a s i b i l i t y  of such measurements and serve a s  a basis for design of - - 

equipment, Pi magnetized cobalt mirror was t r i e d  as the  polarizer Ln one . . 

.setup, but the in t ens i ty  of scattered neutrons obtained was too low, I n  

another setupo the polarization of the  incident beam bras achieved by 

transmission through strongly magnetized cold ro l led  s tee l ,  and a counting 

r a t e  of about 5000 counts per minute of scat tered neutrons above background 

was obtained,, With paraffin as  the scat ter ing substance, a change i n  

polarization i n  scat ter ing which agrees with t h a t  expected from the values of 

the coherent and f r e e  atom cross sections has been obsemed i n  h first rough 

measurement ,. 



From lmt asurements w e  using the enriched isotopes . . . . .  of pf, obtained . - . . . .  _ . . _ . .  .. - .... . -  - .  ... . . 
I 

from the Oak Ridge National Laboratory,. def in i te  isotopic  . . . .  assignments of 
. . . .  -. 

each of the four a c t i y i t i e s  were made and accurate energy values f o r  the  . . . . .  . , .  

gammaammarap determined; the  r e s u l t s  a r e  summarized i n  the  table:  

Act ivi ty  Process: 
... 

Isomeric 

. - 

Is omerie 

Gamma-ray Energies i n  Kev 

6U0- 3US. 3.36, 133' 

U ,  330:s 2111, 93 2, 5668 

Z-J 

3@! 228' -,..-m;2 
9 9 .: - -- 

( ~ h e  l i n e  previously 
reported in -4552 at 
53,O'was~f'Ound t o  be 

. . 
a t t r ibutable  t o  A*er 
electrons due t o - t h e  high 
in t ens i ty  of K X-rays 
resu l t ing  from K electron 
cap;ture * 1 

180 It should be noted tha t  the presence of an isomeric s t a t e  in: 72Hf 
is  a violat ion of ll&ttauchcs rule1' which s t a t e s  t h a t  isomeric s t a t e s  

a re  not generally f o w d  i n  nuclei of both even atomic number and even 

mass number,, 



. . . . . .  . . . . . _ . . . _ .  . . . . .  
- . .v.. Internal  Conversion . .  Spectra of Radioisotopes . . .  (We C. ~ u t l e d g e )  

. . . . .  . - L . , ,. 8 . -. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  > . . .  , . . , , . .  

. A study of the in terna l  - .  conversion electron spectra of - . several -. radio- 

isotopes was conducted i n  a mgnet ic  spectrograph, Ebriched - - isotopes of 

selenium and samarium were used, An especially purified sample of 

thorium oxide was obtained from the  Chemistry a Division, The re su l t s  

given below represent only what has been completed so far, 

Rpkio- 4%-sociated 
fsotopes a W e  

Mode. 'of 
Decay 

Isoineric 
Transition 

Isomeric 
Transition 

Ele5tron 
Energy 

I n t e r  E n e r a  
p r e t a t i m -  Sim 

( ~ e v ]  . , 
\ ,. 

:H' 

2 Auger 
. K 

=I 
LIII 
M 
m 
: 2 

N 

G* 
Energy 

( ~ e v )  

d 5 5  23 m p 56 ,05 K 1040'7 
96 J5 10407/ 

1 0 4 ~ 4  2 104.8 ' l04.,7 

Isomeric 197.2 K , 2 4 4 2  
Transition! 236& =I 244.2 a - 4 2  

~h~~~ 23 m: p None, except those i n  the eleetzon 
spectrum of .  pa233. 

a 3  -4 66% 9 hi K-capture 75.3 K 122 .O 
Eu contaml- UC-2 =2*0 
nant i n  UeQ 1 2 Z O  
samarium 120,1! 31' 121.8 
isotopes 121.4 M l21,8 l2P.91 

I 
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VI. Low Voltage Accelerator Activities (L. 8. GOO-)' 
. . . . _ _ .. ..L I . . i. - . . .- . .  . . . . - 

' t- . .. r e  The following t o t a l  cross  sections have been measured fo r  D-T (I4 M B ~ T )  

, . - neutrons 
. ,.? - 

The detection and monitoring were done with an-cene crystal  scin- 
r. 

, z -  t i l l a t i o n  counters. 

The cross sections have been corrected fo r  roam scattering (3%) and 



'MI, TTan de ~raaf'.Generator (A, S. Lwsdorf  , ~r.1 
, - -  -. - .  . . . .. . 

. . . . . . . . 

, A  number of changes and improvements have been made in the accelerating 
. . . .- . . .. 

tube and bel t  charging system of the Van de Graaf generator. - .  . - 

'The pressure sensitive leaks which caused serious trouble l a s t  f a l l  

have been eliminated by the replacement of several punctured porcelain 

tube sections. Following upon this work, much effor t  was expended i n  

properly aligning the accelerating tube and ion source so that  the beam 

would be more nearly on the axis of the tube. After success i n  this 
- -. - -. . 

undertaking, l.4 diaphragms were inserted a t  about equal interval$ in to  the 

electrodes of the accelerating ,tube, The two diaphragms nearest the i,on. 

source have a 2" aperture and the remaining 12 have a 3" aperture, A 
-. -. 

well focused beam can no11 be obtained through the system, These diaphragms 

have improved the behavior of the accelerating tube, apparently by 

decreasing current loading i n  it, %he best evidence fo r  this improvement 

i s  that  the meters which read current returning down the needle gaps of 
- - 

the column all read about W e ,  whereas formerly they read very different 

amounts of return current, It i s  logical t o  infer  that  the current which 

disappeared had gone in to  ion currents inside the accelerating tube. Direct 
. 

proof of such phenomena, however, is very d i f f i cu l t  t o  obtain, 

FoUowing upon th is  w o r k ,  improvement of the bel t  charging system &as: 

undertaken, During the past two years, the machine had been operated with 

one needle bar a t  the ground end spraying charge on and one needle bar 

a t  the high voltage end taldng charge off, Attempts t o  use self-induction 

a t  the high voltage end in order t o  send negative charge down the return 

run of the belt  had not been successful i n  the past. The reasons for this 

fa i lure  were extensively studied and steps taken t o  rec t i fy  the diff iculty,  

The major reason for  the diff iculty tms located, It is that  there i s  not 

sufficient space between the bel t  and metal structures i n  and near the 



.. - . 
. &L 

high voltage end of the machine t o  build up adequate potent ial  - between 

the - .. be l t  , .. and the  viper needle bar. - It was possible t o  obtain adequate . .. 

wiping of positive charge - .  i n  open air and i n  pressures up t o  about 50 

pomls, Ho\.jever, at higher pressures it .cm,s not possible t o  remove 
. - 

suff icient  positive charge fron the be l t  t o  maintain the pulley a t  a 

suff icient  positive voltage t o  induce negative spraying onto the b e l t  fo r  

the return m, This d i f f icu l ty  has now been h d e d  1~3th fair success 

by a scheme of charging the pulley with a voltage obtaiiled from the beam 

focusing voltage system. Recently, we have been able t o  obtain adequate 
. . 

negative return current on the  b e l t  at 100 pounds pressure with a l l  

indications the t  it w i l l  work a t  even higher pressures. 
. . 

b o t h e r  necessary adaptation has been accomplished t o  obtain 

suff icient  focusing potent ial  i n  the  high voltage s h e l l  t o  focus the beam 

with the machine above 3 million volts,  There was need f o r  more i n i t i a l  

acceleration of the  ions from the arc  than could conveniently be 

obtained from a r e c t i f i e r  po~,~er  supply, The basic reason fo r  t h i s  

d i f f i cu l ty  i s  the great distance between the ion source a3ld the beginning 

of the accelerating column i n  our generator as  compared t o  other 

e lec t ros ta t ic  generators. It appears now tha t  a simple i n i t i a l  acceleration 

of ions ~ ~ o u l d  need from 80 t o  2.00 -b, but it is not convenient t o  make a 

r e c t i f i e r  supply f o r  more than about 59 kv and our present supply i s  limited 

t o  40 kv, About a year ago an extra accelerating gap(and lens) was 

ins ta l led  between the end of the  accelerating tube and the i n i t i a l  

accelerating electrode beyond the .  probe. This gap improves operation by 

decreasing the required focus voltage from the r e c t i f i e r  power supply. 

However, the voltage for  this additional acceleration was obtained from the 

potentiel  on the pulley and the a b i l i t y  of t h i s  past of the e l ec t ros ta t i c  

system t o  handle the  necessary c m e n t  has turned out t o  be inadequate, 



A way. out of t h i s  diff icul ty bras found by Mr.  Holland: There i s  now an additional 
- . .. .... . . . . .. . . . 

adjustable corona needle gap between the needle bar which sprays negative 

charge on t o  the be l t  and high voltage she=, -. The needle hair i t s e l f  i s  

connected t o  the accelerating electrode system .. -. and supplies the desired 

additional accelerating voltage, - .  This . system is  capable of providing a l l  

the needed current as  t ~ e U  as k n t a i n i n g  the desired voltage, 
-- . . . 

schematic diagram of the present system of needle bars and adjustable 

gaps i s  given in Figure 3, .. 
One additional and f a i r l y  successful feature of the be l t  charging - 

system i s  shown on t h i s  diagram, This i s  the needle bar and adjustable 

gap denoted as  the  degeneration system, This needle bar faces the b e l t  

a f t e r  it has l e f t  the pulley on the return m carrying negative charge. 

It can be so s e t  tha t  when an adequate negative charge i s  r e t u n i n g  down 

the ptilley army excess negative charge above tha t  desired flotrs f romthe  
. - 

b e l t  t o  the needle bar and back tlmough the adjustable gap t o  the  pulley 
\ 

in such a manner as t o  decrease the positive potent ial  on the pulley and 

thereby t o  decrease the  amount of negative charge sprayed onto the be l t ,  

This system i s  inherently degenerative i n  i t s  action and permits one t o  

s e t  the negative return current t o  a desired value without the adjustment 

being exbremely mitical as it \.muld othervise be, 

I n  the past  few weeks, the machine has been operated up t o  3,,2 

million vol t s  a t  '75 pounds pressure and more recently t o  3,5 million vol t s  

. a t  LOO pounds pressure. During same of these t e s t s  there was a limitation. 

on voltage as  a r e s u l t  of some loose hoops on the  center section of the  

machine. The defective assembly of hoops:. has been corrected. The '  

The charging system and column of the  machine should certainly be able 

t o  permit operation up t o  or above k. million vo l t sp  

The proton beam is exceedingly s table  and the  machine more easy t o  



hold i n  control than a t - any  .. time i n  the  past, a t  l e a s t  up t o  364 million 

volts,  . The - former f lu t t e r ing  of the  voltage, even under control, has 

been eliminated almost en t i re ly  and the voltage of the machine does not 

~mnder &om i t s  se t t ing  -. as  it formerly did, - .  even when i% is  . . not being 

controlled, A beam current of 10 microamperes of protons was eas i ly  

obtained and there i s  a large reserve of a b i l i t y  of the  ion sowce t o  supply 

more,- The present l i m i t  . - of the machine near 3.5 million vol ts  seems t o  be 

se t  by some form of breakdam, most probably i n  the d i f f e ren t i a l  punping 

tube, An attempt t o  irnprove this tube w i l l  be made by increasing the 

number of diaphragms i n  t h i s  tube t o  fourteen from the present number (sb:) , 





Figure 3 

The needle bars which spray charge onto the b e l t  a re  indicated by Roman 

numerals I through 8, The first ope, I, i s  intended t o  remove positive 

charge from the belt;  It i s  e lec t r i ca l ly  connected t o  the pulley, The 

intention i s  tha t  t h i s  charging current w i l l  make the pulley positive 

enough t o  induce negative spray onto the  be l t  by needle bar 11, The 

f a i lu re  of this self-induction t o  operate properly i s  overcame by -the use 

of HI7 #2 supply and adjustable needle gap llA1l', 
. - 

Needle bar IJ3i.s called the  degeneration bar because it l imi t s  the 

amount of negative charge returning dotm the be l t ,  It does this by 

p ickhg  up negative charge and returning it t o  the pulley via adjustable 

needle gap llBfr, thus l imiting how positive the pulley canb ecome and 

l imit ing negative spray t o  the be l t  by needle bar 11, 

Needle bar TV removes most of the negative return current from tbe 

b e l t  a t  the ground end of the machine. Needle bar V sprays positive 

charge onto the b e l t  for the up-run t o  the high voltage end, The 100 

megohm res i s to r  i n  the l i n e  t o  needle bar.V helps materially t o  hold the  

positive spray a t  a constant value, 

There are  three adjustable corona needle gaps i n  the high voltage 

s h e l l  of the  machine, labelled "A;", "Bn', and "CN, Gap "Af1 controls the 
- A . - - .  

induction potent ial  of the pulley by r e g d a t i n g  the charging current t o  the  

pulley from the positive potent ial  supplied by the  two high voltage supplies 

(HV #1 and HV #2) i n  ser ies ,  The 200 megohm res i s to r  i n  the l i n e  from 

gap "An t o  HV #2 helps. smooth the non l ineq i ty  of voltage versus current 

across gap and i s  intended t o  help s t ab i l i ze  the induced negative 

spray from needle bar 11. Gap IIBN', a s  already mentioned, regulates the 

degeneration and linits the negative re turn  current on the belt. Gap "CI1 

. - 
i s  adjusted t o  focus the beam, It supplies the potent ial  called "focus #211 



voltage ~Jhich appears a t  the gap between electrodes malred no, 4 and no. 
. . 

.. . 5 i n  the accelerating tube, 

lfCrr and the "focus #2" voltage i t  supplies reduces materially the Gap . . 

1 . ._ . .. 

voltage required from the high voltage supply, W a, i n  order t o  
* 

. - 

, - focus the beam properly a t  the target ,  Without flfocus #2It voltage, more 
. . 

than the 40,000 vol ts  actually available from i # l  would be needed t o  
. . . .  . 

focus the beam a t  3,5 Mev machine output voltage, The BV #l p o t e n t i d  is 

called "focus #lW voltage and i s  a lso  externally adjustable, This 

voltage appears i n  the accelerating tube,between the.electrodc mmked 

no, 4 and the arc  source, no, 3,  ( ~ c t u a l l ~  the probe e l e c t ~ o d e  l i e s  

between the arc  body and the electrode no, 4, The probe is usually about 

1500 vol ts  negative with respect t o  the arc,): 
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VIII. Group kc2 - S, wexler 
- - - 

1. &action of Positive Charped 18 min ~ $ 0  Atoms fram Isomeric Transition 
(S. Wefier) 

Two r-rays a re  emitted when 4.5 hr ~r~~~ decays t o  i t s  18 min 

daughter. The 49 kev gamma is comp16tely converted while the 37 ,. kev .. ray - - 

i s  about half  Since the internal  conversion process ejects 

an extra nuclear electron, the product atom should acquire a positive 

charge. Subsequent Auger processes should increase the magnitude of the 

80m charge. Thus, in the case a t  hand, the isomeric transition of B r  , 
every 18 min kraiine should be positively charged. But only 50-70 per cent 

of the transitions were' observed to yield Br+ when C2H5 a t  a few 

microns pressure was allowed t o  decay between charged copperamalgam elec- 

trodes.3 Neither a five-fold increase in ethyl bromide pressure nor a 

seven-fold decrease of mercury pressure al tered the resul ts  appreciably, 

Change t o  phenyl bromide a s  the Bra bearing compound had no effect  on 

the fract ion of positive bromines. However, the yield of Br)  doubled on 

increasing the collecting voltage from 90 t o  1000 voltse4 Therefore, 

in te res t  i n  the effect  of a much higher e lect r ic  f ie ld  arose. 

Three experiments were pe r fmed  in which the positive decay a t m s  

were collected on a 1.6 rnm diameter rod by a potential of 20 kv, The 

rod was surrounded by a coaxial cylinder 20 mm i n  diameter, lkperimerrtal 

procedures and techniques have been described? but two significant changes 

were made. The e lect r ica l  leads to the rod and wall respectively were 

brought i n  t h r o b  -opposite ends of the decay chamber. In addition, W o g e n -  

reduced copper rather than Cu-amalgam electrode surfaces were employed. The 

procedures for $ reduction is described i n  ea r l i e r  work, 5 

1, A. P. Grinberg and T. I. Roussinow, Phys. Rev. 58, 181 (1940). 
2, P. Rothwell esnd D. West, Proc, Phys, Soc. a, 539 (19501, 
3. S. Wexler a d  T. H. Davies, J. Chem, Phys. u, 376 (1950). 
4. S. Wexler a d  T. H. Davies, ANL-4397. 
5, S. Wefier and T. He Davies, ANI-4515. 



. . The results  a re  collected together i n  Table l5. , . Columns _ _ _  . . 2 and 3 . .. glce . 

the 18 min I3r8O ac t iv i t i es  found on the rod. and wall respectively, . corrected - 
' 

-. . f o r  chemical yield and a small 4.5 hr act iv i ty ,  while c o l d  4 gives -be 
* \  . .- . . -  

. - -  ' > 
.. . r a t i o  of w a l l  t o  rod counting rates. Conversion of the experimental w i l l  

t o  rod ra t ios  t o  fract ion of positive bromines is made through the 

following equations : ! 

where Ro i s  the w a l l  t o  rod act iv i ty  r a t i o  i n  the absence of an electr ic  
. . , , ... . . . .. . . f i e l d  

R- the ra t io  when the rod is  20 kv negative w i t h  respect t o  the wall . 

n+ the fraction of Br+ 

and nr + n: the fractions of neutral bromines on the rod and w a l l  respec- 
.: .a 
,..t:. . - 
t ively  , 

Ro i s  taken from the average of neutral ra t ios  previously found for  the 

geometry of the electrodes and i t s  value is  21..~*4 Earlier experiments 

have demonstrated the absence of negative B r  a s  a product of the isomeric 

t ransi t ion process. The n+ values calculated from the equations are  found 

i n  column 5. The 61, 76 and 60 per.cent of positive atoms observed are 

f a r  below the expected 100 per cent, but a r e  within the experimental vwi- 

-.. 
a t ion  of the data obtained using lower voltages. The agreement of the 

r e su l t s  gives further support t o  the r p l i t y  of the neutral brmine a b s  
,- - - 

found i n  t h i s  experiment, However, despite extensive study of the 

. -- . .. . conditions of th is  experiment, some unknown factor nay be responsible for 

t he i r  presence, for no reasonable explanation fo r  the finding of uncharged 

product atoms i n  the internal  comrs ion  process is  apparent, 

4% 2-7' 



Ekp. C & B r  ~ c t i v i t ~  (cts/min) Ratio 
. ~ s s u r e  Rod Wall ( ~ a l m o d )  

"8 
(microns) 

2. Exchange Studies on Ethyl Acetate - Heaw Water Systems (So Wexler) 

Be Hamermesh and Go R, Ringo have recent ly proposed a method fce~ 

detemfnat ion o f t h e  capture cross section of hydrogen t o  an accuracy of 

be t t e r  than one per 'cent, The desired accuracy may be a t ta ined  with the 

method of the  exponential p i le ,  A hydrogen contain- compound dissolved 

i n  heavy water is the  diffusing medium f o r  neutrons, 

About 200 l i t e r s - o f  very pure D20 a r e  used i n  this experiment. 

Because of its high cost, the water must be recovered without l o s s  of 

isotopic purity,  Obviously, the  hydrogen compound must not exchange w i t h  

D20 and must also be readi ly  separated from the lattep. Ethyl ace ta te  

appeared t o  satisf'y these res t r ic t ions ,  However, the fo l lowhg  experhenPIs 

were carr ied out t o  t e s t  the exchange of these constituents under conditions 

roughly simulating those t o  be employed i n  the proposed experiment, W e e  

solut ions of ethyl ace ta te  i n  D20, two per cent ethyl ace ta te  volume, 

were prepared and allowed t o  stand from four  t o  seven days, Two of the. 

solut ions were in contact with #347 s t a in les s  s t e e l  f i l i n g s  f o r  the  standing 

period and then 'dis t5l led frum a portion of the same f i l b g s , .  The f i l fnga 

were added i n  order t o  expose.the solution t o  a much la rger  surface area 

than that of the still  i n  which the 200 l i t e r s  of s d u t i o n  a r e  t o  be 

purified, DistUlat ion was throu* a f i v e  inch Vigreux column. After the 

organic compound boiled over, several f rac t ions  of the heavy water d i s t i l -  

l a t e  were taken and analyzed f o r  isotopfc purity. The D20 content of 



each cut  i s  given in the accompanying table. 

Isotopic Puri ty of DistiPPed D20 Fractions 

.. . 
Per cent D20 

b e t i o n  Expo 1 ~ x p .  2" me 3* 
..... - . . 

~ r i  g f a ~  99.z 99,75. 9 9 3  

3 99060 99 e 64 99667 

*%'he e thyl  acetate - heavy water solutions f n  these runs were i n  contact 
with s t a in les s  s t e e l  f i l i n g s  f o r  seven days and then d i s t i l l e d  from tr 
portion of the same f i l ings ,  

The heavy water content of the f rac t ions  i n  Experiments 1 and 3 . 

appear t o  be within experfmental variation ident ica l  with the original  

D2O. The s l igh t  exchange indicated i n  the second run i s  thought t o  be 

due t o  incomplete drying of the s t ee l  f f l ings  a f t e r  cleaning, Apparenuy, 

hydrogen i n  ethyl ace ta te  does not exchange with heavy water under the 

conditions of the proposed e x p e r b n t ,  

3, P r e ~ a r a t i o n  of Metalif c na24 frm Ba. (n, a) Activation (So Wexfer) 

In  t h i s  section is described a procedure f o r  preparation of IUa24 as 

the  metal a f t e r  pXLe i r radia t ion  of alumhum ni t ra te ,  This method - .  was 

origin+lly investigated i n  the attempt t o  obtain a high e m f  chment of 

sodium a c t i v i t y  necessary f o r  use as a source f o r  a molecular beam, 
P - *- - .  Although the required speci f ic  ac t iv i ty  was not achieved, it i s  f e l t  that 

. _- . there  might be in teres t  i n  t h i s  re la t ive ly  sl'mple method f o r  making metallic 

~ a 2 4 ~  - 



70 p s  of Al ( ~ 0 ~ ) ~  9 H20 were bombarded f o r  24 hours i n  the . - heavy 

water p i l e  and then dissolved i n  93 xt& of conc. HN03, the solut ion being 

warmed t o  e f fec t  clearing. 185 mgs of NaN03 was then added as carrier. 

The,,solution was cooled slowly by standing f o r  one hour and .. - then cooled . . 

t o  -3' C. i n  a dry i c e  bath. Crystallized A l ( ~ 0 3 ) ~  was centrifuged . .. off ~.. . 

and washed with 50 m l  of conc. HNq previously cooled t o  0' C. The ccm- 

bfned supernatant and washings'were evaporated t o  dryness, the very smll 

residue taken up in  10 m l  of hot wtter and the  remaining aluminum precip- 

i t a t e d  a s  the hydroxide. To separate the sodium completely from the 

A 1   OH)^, two reprecipitations were necessary. The supernatants from the 

three hydroxide precipi tat ions were combined and evaporated t o  drgness 

with a few drops of conc. FINO3. 

The NaN03 residue was taken up i n  a few drops of d i l u t e  HW03, 

t ransferred t o  the s i l v e r  covered electrode ( ~ i g u r e  4 )  and evaporated 

t o  dryness. The electrode was placed so near the soft  g lass  evacuated 

bulb i n  Figure 4 that the sodium ni t ra te ,  when held molten with a micro- 
(- 

burner, wetted the glass. The bulb contained a tungsten wire cathode 

which ua hiltad bp 10.5 vo l t s  A~c.' When the D.C. voltage was 225 vo l t s  

and the NaN03 molten, the current across the  glass  rose t o  10-12 mill*- 

peres. After several minutes a fllm of metal l ic  sodium formed near the 

top of the  bulb. About 75 per cent of the ~ a ~ 4  ac t iv i ty  could be separated 

from the  aluminum by the  chemical -separation, while a large f rac t ion  of 

the  sodium was electrolyzed through the s o f t . g l a s s  t a r r i e r ,  

4 .  Hot Atom Reactions i n  the Pile:  Organic Retentions of 12-Benzene and 
C6H5 I-Benzene Solutions (fiances Mohr and S. ~ q i l e r )  

When an iodine nucleus undergoes radia t ive  capture, it may suffer a 

r e c o i l  of up t o  500 eve The energy avai lable  is far i n  excess of bond 

6; The  electrolysis apparatus is a modification of the one by Re C, Burt, 
J. Opt. Sot, Qm. 2, 88 (1925). 
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energies, An organically bonded i d b e  atom would be fPeed as a ~esu3.t 
. . .. . . 

of the one o r  m m  7-rays emitted i n  the process, Becording t o  recent 

ideas, the  energetic atom i n  a liqu5d,solution would escape from the 

l iqu id  cage in which it was formed, be slowed down by e l a s t i c  c o l l f s f m ~  

wfth atoms of the solvent, and eventually remain unbound or  r eac t  wfth a 

fragment of a solvent molecule prcduced by a c o l l i s i ~ n . ~ ~ ~ ~ ~  Since the 

unattached i o d h  @an be removed *om a neutron bradZated orgaxie Iiqujid 

by extract ion with su i tab le  aqueous soPutions, the  fme t ion  of fodine 

becoming organically united can be determined by comparison of the  1Is 

act fv5t fes  i n  the organic and aqueous phases, This f rac t ion  is  deffned 

as the organic retention, We have attempted . to use the experhen ta l ly  

determined organic re-tentions t o  study one fea ture  of the theories  of 

r e c o i l  reactions, namely, the escape of the r a d h t f n g  1u8 atom *om i ts 

bonding partner on neutron absorption, For, if the iodfne concentration 

is  sufficien.filylow and the  recoffatom escapes from i ts  l iqu id  cage, 

the  i n i t i a l  chedcal  s t a t e  of the  ta rge t  iodine should not influence the 
- 

ways i n  which the combines after being slowed down t o  bonding. energies. 

On the  other h a d ,  i f  the r e c o i l  icdine recombines wfth i t s  or ig ina l ly  ' 

Pinked radfcal,  the organic retentfon w i l l  be greater 5f  the i o d k e  f a  

inf  t3ally unfted in an  organ5 c m o l e d e  than ff 5% is i n  molecular l2 

form, Specifically, we have compared the  organic retentions of Srradbted 

P2-benzene and phenyl iodfde-benzene solutions of very low concentrations, 

The procedure involved bombarding 15  m l  of the solution i n  a andl 

boron-free a l l  glass tube and ground glass  cover f o r  f i v e  minutes 5n the 

"Goat Holeff of the heavy water reactor, The solutfon was transferred to  

a separatory funnel, 5 m l  of c a r r i m  12 i n  benzene solution added, and the 

I2 extracted fnto 1 5  m l  of 0,08 M Rh2S2O5, Previously, the h r a d i a t i o n  
- ... - 

7, J, Me Mfller, J, W, Gryder and R, W, Dodson, J, Chem, Phys, a, 579 (3.950)~ 
8,  W, F, Ubby, J, Am, Chem, Soc, &, 2523 (1947)~ 
9, J, M, Miller and Re hl, Dodson, J, Chem, Phys. l8, 865 (1950). 



vessel  was r insed  out with the same bisu l f i te  solution. The 112' ac t iv i ty  
. . . . . . . .. . . . -  . 

of each of the two phases was measured i n  a high pressure .ionfzation chamber , . .. ., 

equipped with a vjibratfng reed .- - amplifier, The bombardments were monitored 

ti i th a standard NH4I solution, - .  . . . . - . 

The data rPom a l l  runs a r e  collected i n  Table VIIL Since the counting . -. 

chamber was not calibrated i n  t e r n  of ac tua l  disintegratf on r a t e s  6rhie.h 

i s  unnecessary in t h i  s experiment), the a c t i v i t i e s  are frm scale  readings, 

The retent ions of the i n i t i a l l y  organic bound iodine m w e s  a r e  much 

higher than those of the I2 i n  benzene solutions, M e s s  there is some - 

uYllmo~sn o'uerridhg reaction, it i s  possible t h a t  the explanation l i e s  in 

recombination of the recoi l ing  iodine atom with its original  bonding . 

partner a f t e r  the neutron activation. The r e s u l t s  d i f f e r  from those of 

Mllfar and Dodsbn, who found the organic retent ion of d f lu te  benzene 

solutions of chlorine t o  be independent of whether the chlorine existed 

i n i t i a l l y  as C 1 2  or as ~ ~ 1 4 . ~ ~  Hcnuever, it should b pointed out t h a t  

the  fodine solutions studfed here are about 1/l00 as d i l u t e  as the chlorine 

employed by them. 



Organic Retentions of Neutron IfrtidTated +Benzene 
and C6H5 I-Benzene Solutions .... 

... ... . . . . . . - 
- - - 112$ Activity (mXLli~olts:)(~) 

Solution Concenti-ation Organic Aqueous Retention 

- - -  ole &action I) 

11 11 5 00 13,4 27,2 

(a) Activi t ies l i s ted  fo r  the l e s s  concentrated solutions a re  fo r  a time 
25 minutes af ter  irradiation, 75 minutes elapsed between the end of 
bombardment and the counting the i n  the 4,O x 10"k mole fract ion 
C6F5 I solution, - 

(b) This solution was irradiated for one hour and then allowed t o  decay 
75 minutes before the activitymeasurement, - 

l~bndensation of ~ a ~ 4  Molecular Beams on Various Metals (J. Dalman 
and S:, Wexler) . 

_Y__C- 
__C_ 

In ~ a t t e n ~ g ' s  design of a molecular beam appratus  fo r  the deter- 

mination of nuclear spins, the intensity of the beam is monitored by s 

metallic tape crosswise to  the collecting wire.'' The minute beam of 

radioactive nuclei is condensed' on the ire and tape a f t e r  leaving the ""\ 
magnetic f ie ld ,  the two collectors moved under Sndiridml end window 

counters, and the act iv i ty 'on each measured, The counting r a t e  of the 
-- 

10, J, Dalman and A, Idattenberg, -4397, . . 



--3& 
. - -  

collecting vi re  determines the intensity of the molecular beam at  the 

orfginal position of the wbe, whae the ac t iv i ty  on the tape measures 

the intensi ty o f t h e  enelre beam, Obviously, a l l  or a constant and high 

fract ion of the radioactive nucleimust cond'ense on the wire and tape for 

t h i s  method t o  be useful, In t h i s  report we describe experfments made t o  

determine the efficiency of several metal tapes fo r  condensation of - 

molecular beams of Na24, 

50 t o  100 mga of metallic sodfun was i r r adb ted  t o  approximately 

half-saturation in the central thimble of the heavy water pile,  the metal 

was transfemed to a s m a l l  oven a d ,  on heating the oven, the molecular 

beam was located with a surface ionization detector, The beam was then 

allowed t o  f a l l  on one of several metallic tapes fo r  periods of thSPty 

minutes t o  one hour, The amounts of N a  condensed was measured through the 

ac t i v i t y  of the tape a f t e r  moving it t o  a posftion below an end window 

counter. 

Tapes of nickel, brass and copper surfaces shuwed no ac t iv i ty  above 

background when used a s  collectors fo r  d 4  beams. However, a copper- 

amalgam tape yielded the aot iv l t ies  l i s t ed .  i n  Tablq . * . .  This chemicaUy 

actfve surface was by hrms ing  f ive  mil Cu tape i n  a d m t e  
- .  

n i t r i c  acid solubion of mercury, rinsing i n  water and outgassing under 

vacuum. 

TABLE 1-X 

ra24 Activity on Cu-$malgam Tape 

Time of Exposure t o  Beam c ts/Mb Above Background 
(a> 



Apparently, sodium . . . . . .  atoms ten3 t o  re-evaporate *om the  metal l ic  - . . . .  . .  - .  

.surfaces tested, tfith the exception of Cu-amalgam, .The amalgas! seems t o  t . . . .  -. - . . . . . . . . . .  . . 

be ef fec t ive  i n  condensing Na on first col l i s ion  with the surface, - 



i, 
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M. Radioactive Indium Recoil Atoms (S, J, Posh )  

More experiments were run t o  determine whether recoil  atoms emitted 

from indium surfaces were i n  the f m . o f  neutral atoms or ions, Data a f  

- - r  

the f a l l  quarter indicated the possibility that the recoils were positively 

- - charged, since a collector which was positive with respect t o  the fndim 

source contained fewer recoi ls  than a f i e l d  free collector. 

During t h i s  quarter, f ive  experlments:with charged electrodes we= 

run, the indium surface not being q o s e d  t o  the atmosphere u n t i l  a f t e r  
* 

the irradiation, In two of these a positive 1500 volts was applfed and to 

the other t h e e  a negative 1500 valts. The following are  the data : 

Chamber g, 500 volts  . - -1,500 volts Field m e  
. . .. -- 

The above data together? with the earl ier  data indicate the probability 

tha t  the recoi l  atoms fYom an indium surface a r e  + ions. A similap experi- 

ment w i l l  be run with gold f o i l  a s  a source of recoilatoms, 
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X, Group #3 - M o  G. Inghram 

1, ~ b t o n  Content of the Atmosphere - (R, J. Hayden, M. G o  ~nghram) 

The determination of the krypton content of t h e  air by the  mass 

sp~ctrometr ic  isotopic d i lu t ion  method has given some pr&&W"y resul ts .  
. . .  . 

There are, however, several experiments which '&st be completed t o  t e s t  

fo r  systematic errors  before t h e  r e s u l t s  can be considered a s  f ina l ;  The 
. .* .. 

r e su l t s  t o  date indicate  a value of 1.06 1 .04 ppm by pressure fo r  diy 
, , . . .. .- . . . . 

surface a i r  i n  Chicago, 
, . .. , ,  . .  

The major d i f f i cu l ty  i n  t h i s  type o f  analysis i s  handling Small 

amounts of gas i n  a r e l i ab le  and  reproducible manner; The &bunts of 

K r  used a re  of the  order of 8 x 10-~ cc a t  SoToP. There a re  several 

preoautions which have been found necessary t o  give reproducible r e s u l t s  

with these small quanti t ies  of gas. ~ h e s e  precautions can bekt be 
. , . . . - . . .. . .  .- ..,;., ' .  .,. . - . . .  % . . 

out by giving a br ie f  out l ine of the experimental procedure. The 

technique outlined can be used with appropriate modifications t o  analyze 

any gas for  trace iapur i t ies ;  

11 Make krypton t raeers  by neutron i r rad ia t ion  of outgassed N & r  

i n  an ' eoacuated quartz capsule. 
" .  

. .. .. . 

2.. ~ e c o v e r  tracer-llaBr by vaporization of NaBr i n  a greaseless, 

charcoal fYee system, and p u r i f y  gas with a calcium fu&nace; 
.;.;. i,. 

3; Put t r a c e r  i n  a grsisd~ss, chirc6'al' f r ee  siiteme containing a 
. , . . . . . & . . .,... . 

number of sample tubes (break-off type) whose voluma r a t i o  is 
. . 

known &d which can be i so la ted  from one another simultaneously 

4; hffier cdmplete mixing and equilibrium has been established, 
, . 

i s o l a t e '  the individual tubes' w i th  .the 'cutoff and s e a l  off the 
. . 
tubes with a torch. 



5 ,  Prepare standard ~ e c t r o  scopically pure (Linde) krypton sample 
. . . . .  

of known volume 'and pressure b y  use of a modified ~ = ~ e o d  r 
. . . . .  , .  . . . . . .  . . 

. '6.  Mix one of t h e t r a c e =  . . tubes with the  standaid krypton and meantre 

the mixture on the  mass spectrometer t o  get  the  r a t i o  of the 

amount of t r ace r  kkyptdn-to Linde krypton; Thus knowing the - .- 

amount of t racer  i n  one sample and knowing the r a t i o  of i t s  volume 
r 

t o  t h e  other t r ace r  samples one knows the  amount of K r  t r ace r  i n  

each t racer  sample tube, 
. . .  . . . .  . ,  . .  

7. ~ e p & t  s tep . . 6 '&bh several other hamples t o  cheek fo r  s t a t i s . t i ea l  

errors  . . . 
. . . . . . . . .  - .  . . .  

8. Take & outdoor . . :  air. sample . . .  of rr 80 ' cc  by breaking off  an evacuated 

vessel, Reisolate with a mercury cutoff and sea l  off  with a toreh. 

9. Mix t h i s  known volume of sir with one of the  now known krypton 
. . . . .  

t racers  s t i l l  i n  a g r g a a e s i  charcoal fYie s y s t ~ .  After mixing 

i s  completed, removelthe &oss gas O2 and N2 by t rea t ing  with Ca. 

Measure the r e d i t i n g  krypton i n  the .ass spectrometer t o  get  the  

r a t i o  of the amount of t racer  t o  the  mount of a i r  krypton and 

-- hence ths krypton content of the atmosphere; 

10. Repeat step 9 with other samples t o  check for  s t a t i s t i e s .  
. . .  . . . . . . . . .  . . .  

The major source of systematic e r ror  i s  gas abs&ption even i n  theso 
~ .. 

~ c l e a f f  systems*. IVe a re  a t  present t rying to evaluate these e r rors  by 

using t r ace r  samples having qui te  d i f fe rent  surface t o  volume ra t ios .  

2; k21r0 ~ k l f - ~ l f e  - (Do -c. Hess, M. Go Inghram) 
. . a ., 

I n  moperation with the Chemistry Division, t he  sampies o f  

and yranium milkeh plutonium samples ('see LIb&69,p'*7)' have been rerun 



on the  new high resolution 12w single  focussing mass spectrometero 

The results '  were i n  essent ia l  agreement with the r e su l t s  of the  older 
. - 

machines (using 24,410 years f o r  the  239 half- l i fe) ,  The f i n a l  value 
- 

. - for  t h e  ha l f - l i fe  of pu240 i s  6600 plus o r  minus about 1 percent; 

3: .ku hd lysea  - (Do C. Hess, M. G o  -1nghran) 

A sample of Chalk River Pu was analyzed i n  order t o  compare the  
" " '  " . . :  . . .  

orbs$ section of i d  a slug with t h a t  observid by bombarding 
... ". . . . , . . . , , 

'bepar&e&-&239 i n  sl&$ flux.. The c ~ . ~ u t e d  r a t i o  of the  239 .. . ' to . .  240 . 

cross sections a re  somewhat higher than those observed f o r  slow fluxes, 

\ The isotopic coppositibn of t h e  Chalk River material is  

I ..V . . ' 

~ ~ 2 4 2  = oi.020 L , o o ~  
- .  - . .. . - .  

.. ,.,'. . . . . .. 

4. l e a d  ~ranikm AniL9s~s - (C; Pattersqn, G; ~ i l t o & . - ~ ;  Bra*, D. C. ~ e s ;  

-. 
& Me .G. Inghrm) 

. -  - 

: A new method of lead isotopic  ana\ysis has been developed which re- 
. . . .  . 

qui'ted only 4 d~rogrmrme bf  lead ' for ar( an&is as  bonrpkred t o  previous 

1000 microgram minim?, The method has been used f o r  uranium lead age 
" - -  

determination i n  rocks containing down to  l ppm of uranftuo, Perhape the 

most interest ing9 ?dint i ihich has been ycovered i n  t h i s  wbkk is  t h a t  

igneous rock &i&6 mntains  4 ppm of uqanim h'%s h6oht'half of t ha t  uranium 
. _  

i n  the mineral ztreon which f s present t o  only 001$o  hi si suggests t h a t  
... - .  

i n  low grade orepj rathey than extracti,pg ur&fm as s&ha a much simpler 
I r 

procedure would be to f i r s t  extract  ziqpon b y  f lotat ion.  ' This would 

improve the o r e ' ~ G '  faetor  of about a 'thousaxid, gna 'considerably siuipliw 



the l a t e r  purification, Two samples of lead extracted from pet r i f ied  
b * 1 

bones i n  the Colorado carnqt i te  region were .also analyzed by t h i s  
. :  . . . . . . .  . . . . . . . . . .  

methodat the  requeit  o f  the' AEC, i n , a n  '&t'empt t o  some clue ti 
) ;  . 

, . . ?. . . . . . . . . .  
the &&anism of 'the. ~o l6 rhdo  uranium deposits. 

. . " i  * 

5 Double ~ i r e c f i ~ A  ~ o w s s i h ~  Mass ~ ~ e o t r o m e t e r  - (Do C. Hess, M: Go lngh=hran) 
8 .  . . :is,. ..., . . . .  . . . . . .  . . . . . _  . . . . . . . . . . . . .  

The adjustment: of 'the;;dkii ddobbl focussing mass spee t ro ie t i r  

i s  continuing. I n  the  process, f ive  new isdtopic: limits were obtained - 
. ., . 

'&ls7 ;oooi& %I42 4 ,ooolg; *143& ;(joo1,%; ~ 1 4 5  ;Oool%i &46 
.. ...&.... . . . . .  

~ h e s k  are  10, 10, 20, '20 and10 times respectively &re sensit ive than any 
. . . . . . . . . .  . . . . . . . . . . . .  . % .  . . , .. . .  . 

&&&-ent Th= limits-recorbed 'here were l imited by ion intensity,  

not r e s d u t i c k  as i s  the  usual ease, Thus addition of an eleetron multi- 

p l i e r  of whish we have ~ d d s  'operating with gains of lo5 should give us 

- the sensitivi.t= of the  brher of which i s  the design figure: 

I 



- I ~f 
.-I . /-1. Crystal Chemistry of Protactinium - , . , . . . . -  . - 

? ,. _ . - -- -* . _ -- . --. -.. - -  - . *  - - -  -+" . L. .. . . -  L 
A. Protactinium ~ e t h  - (We ~ ~ ~ a c h a r i a s e n ,  Ho  A. ~ l a t t i n ~ e r )  

. <  
-. - The crys ta l  s t ructure of protactinium metal has been . .. determined. The 

. tetragonal'body-centered uni t  c e l l  containing two atoms . . ,  has dimensions 

. . 
The calculated density i s  f = 15;37 * 0 ~ 0 8 .  

The coordination number is  ten. The r e su l t s  show tha t  there are  no 

Sf electrons i n  protactinium metal 
8 

Details are  given i n  a special  report. 

A phase isostructural  with UH3 was found i n  a sample of protactinium 
4 . .  

-t -. - metal t reated with hydrogen. This phase must accb'rdingly be PaH The r- 

3" 
0 1. e.;. 4' ,uni t  c e l l  constant is  a = 6.648 4 O.r110 A. I t, . . ' ,) -. ., , . 9 .  , , :I . - . i . . . . 

. . . .. - -. ***:: 1 .  . . _ - .. 
d. ,---- - -. C - 

2. Study of Zlrconim Fluorides - (We He  Za~har iasen .  H. A. Plettinger) 1 
0 By treat ing.  zirconium hydroxide with HF I have prepared t h r e e  dif- I 

ferent  hydrates of zirconium fluoride. These are ZrF4.4~20, Zf14.3H20 and I 
2rFL.H20. Samples of these phases have been submitted fo r  chemical 

analysis, but no r e su l t s  have as  yet  been received. .The given formulas 

are  based upon the determination of the zirconium percentage which I have I 
carried out ~ s e l f a  



Preliminary r e su l t s  of x-ray studies of these compounds ares, 

h. ZrF4.3H20 
. .  . . !  

Ortharhombie ba$e-center ed un i t  c e l l  wi%h 
0 .  . ' 0  0 

a, = 6.64 11, a2 = 9.88 P;, a3 = 8.08 '1 

and four molecules per uni t  ce l l ,  , 

B o  ZrF H 0 - ,, 
Tetragonal bod$-eentered with n 

and eight inolecuPes per uni t  cePP, 
I' . . 

I have studied the . hydrolysis . of ZrF4.H20. .Two oxyyflorides exis t ,  

namely ZP20Fg and ZFOF20 The chemical . . formula of the former i s  . . deduced ,. 

from chemical a.naIysis of zirconium and fluorfne carr ied out by the 

analyt ical  'section o f  the Chemistry Division. The formula ZrOF2 i s  based 

upon a zirconium determination of my own, 

P~el iminary  drys t 'dlograp@ic r e su l t s  ares 

C.0 .ZP20F6 ' 
. . 0 

Orthorhombic face-centered with q = 9.64 9, 9 = 6.63 g, a3 = 7.944 

.-and four molecules per uni t  ce&Po 

D o  -2rOF2 

The s tructure of 2rOF2 i s  related t o  t h a t  of hexagonal U O ~ .  However, 

W F 2  is orthorhombic. A pseudo-cell containing two molecules has these 

dimensf'ons o 



3 .  Thor iun  Fluorides .- ..-- - (IT; A. &chariaseni H..:A. piett,in&;) 

P I repdrted i n  a n b ' e d i e r  r epo r t  t h a t  ThFb.-H20 was prepared. 
? i 

Further s tudy showed t h a t  the phase i n  question i s  the  anhydrouste t ra-  - .  . 

f luoride;  :It does not seem t o  have 'been known t h a t  ThF4 'can be prepared 

i n  anhydrous form i n  the  wet way. The conditions under which anhydrous 

ThFb were obtained a r e  b r i e f l y  a s  follows: 

4 ho t  concentrated solution of thorium . n i t r a t e  was precipi ' tated with 

68% hot  HF-solution. To obtain t h e  anhydrous form the  temperature of 

the  so lu t ions  should be about 90°c0 The p rec ip i t a t e  was washed and dr ied 

a t  9 9 c e  

It should be remarked t h a t  UF4 cannot be obtained i n  anhydrous form 

according to t h i s  method,, *Experiments with bo i l ing  solut ions  have in- 

var iab ly  given VFL.H~O. 
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XII. Df smepa~cSes In Nuclear Shel l  Theory (H, H a  ~ ~ % m m e ~ )  

Two discrepancies in the s h e l l  theory of l i g h t  nuclei are  being ex- 

amined in collaboration with D. R. Ingl is ,  I n  F ' ~  an s~ leve l  occurs 
2 

as  the ground s ta te ,  instead of d 512 as  expected, and in N* the first 

excited s t a t e  i s  believed to  have even par i ty  instead of odd as  expected, 

I n  order t o  check t h i s  l a t t e r  point, data on the scat ter ing of protons 

Prom cU, obtained a% Wisconsin by Go Goldhaber and R. Williamson, t o  be 

published In the Physical Review, were examined, The shape of the reson- 

ance correspondbg to the f i r s t  excited s t a t e  of ~ l 3  appears to requkre 

an s proton kciden%, Bn violation of what would be expected from the 

theory, This merely e o n f h s  what is generally believed, 

Some attempts have been made without success t o  a l t e r  in the required 

way the order of the levels  of a single par t ic le  in a cent ra l  f i e l d  by 

varying the r.ad5aP dependence of the potential ,  Apparently what is re- 

qulred is  a function r i s b g  steeply a t  the origin,  The question of whether 

the desfred re su l t  can be achieved In a physfcdly reasonable way has not 

y e t  been answered, 

I n e l a s t i  c Sc&terTne: fiom Li7  

The fa i lu re  of the second excited s t a t e  of to  show up in the f?- 

e l a s t i  c s c a t t e r h g  of Li  bombarded by deuterons and Gk -particles ( Gove 

and Harvey, %o be published in Physical ~ e v i e w )  is being studied in wl- 

laboration d t h  Do Re Pnglis, If one calculates t ransf t ion probabil i t ies  

based on only an efeetrostatic-interactfon between the bombarding pa r t i c l e  

and the last proton i n  ~ f ' ,  it is found tha t  the second excited s t a t e  is 
- 

only one-sixth .as PXkely t o  appear as  the f i r s t ,  However, the probabili ty 

, - - - t ha t  the f i r s t  s t a t e  w K L  be excited i s  one hundred times too smallo 
4 



The.,hgonne accelerator has a tube of 65 successive electmsta%ic lenses - -. 

preceded by a focussing section which starts the ions toward the target .. with 
. 

a k b e t i e  energy of about 55 to  85 kev, The focussing section Is just a 

cylinder 10 inches long with a diameter of  1 3/4 inches. .This cy-linder actu- 

a l l y  consists of two separate fnsulatid cylinders o f  3 inches and 7 inches:. 

The short section and ~ o m e c ~ r s  ftmxiosh a so-called "field fPeem; region to 
- 

the first of the series of eleetroatat5c lenses, .The f"oUow5ng diagram i s  

Foeussbg tube 
(-20-50 kev-4 

I 
I 
I t 3 5  kev? - I 

I 

\ 
+ - - -. - - - - - - I - t -  ----- - --Ion Source 

The entire length of the flrst fens plus eomeebrs plus the short 

section of the focussing tube i s  afl a t  the same po%enti&, 

.The f f r a t  lens action is that  taking place a t  the junction of the two 

sections of the fomssing tube, fiom the point of view of a boundary value 

-. problem, it furnishes the start ing slope and radia l  displacement for  motion 

. - down the tube, 

Basiedly  the e n t b e  lens  system i s  composed of elements of the same . 
- 

type. That is9 we need inwsfigate only the design consisting of coaxial 
- - 

, cylinders of equaP ' . dhneter ,  . 



&ctually the lenses which make up the main accelerating tube are trun- 

cated cones, but the generators are prac t ica l ly  pa ra l l e l  to the =is of the 

tube 'and are, furthermore, quite d is tant  from the axis,  One m a y  expect, 

therefore, tha t  f o r  the par t ic les  whose t ra jec tor ies  run close t o  the axis. 

the focussing pradictions based on the use of the lens of Figure 6 will be 

qui te  accurate, On the other hand, fo r  those par t ic les  tha t  move far out - 
from the axis, increasing errors  w i l l  M i l t r a t e  the calculations It ' i s  

- jus t  the Pat ter  pa r t i c l e s  t h a t  contribute to spherical aberratton, .For 

these, the equations of motion are non-linear and hence the roots ( ~ o i n t s :  

of intersect ion with the axis)  are functions of the in i t i a l  slope as  well  

as  the i n i t i a l  point of edss ion .  

R e t d g  now t o  Figure 6 we evaluate the potent ia l  dis tr ibut ion f o r  

a drop of l v o l t  from one lens to the next, 

.... 

. - 
where R is  the radius of the cylinders, and Jo designates the Bessel 

function of order zero, 
- 

In  the event tha t  the cylinders are separated by a distance of "2a?, 
- - 

. .. - " the solution i s  



The unfortunate circumstance in regard to the above two f o d a e  is 

tha t  the expressions require numerical integration. It is, therefore, of 

practical  Interest t o  devise a simpler approxibate procedure which wil l  

yield reasonably accurate solutions in a form fac i l i t a t ing  rapid computa- 

tion. Some numerical work is avdlable  on the evaluation of (1) and (2) 

which may be used as a check on our approximate procedure, 

Mathematical Analysis 

The Laplacfan fo6 axially symmetric f ie lds  i s  

where r and Z have the usual meanings and represents the poten- 

t ia l .  

Solving (3) for  the r a a a l  f i e ld  strength % in terms of the Z 

component of the field, EZ, we obtain 

One may infer  directly from (4) under the assumption of smaU 'Irm 
- - 

and slow variation of 

24% I +- - 
as 

or, in terms of f 



,Adopting a new variable, 
.-b 

:: 2 t Zf $ 

, . 
7 - we obtafi  finally,. 

. -$- 

Hence, in solving problems of axfal symmetry, we may use the theory of 

conformal representation provided the results  are used sub.iect to  the 

. restrfct ions used in deriving &),. 
W e  shal l  now return to  the lens of Figure 6, solving (8) by means of 

./ 

the Schwara-Christoffel theorem and comparing the results  with available 

numerical work on ( 1). 

For convenience we shal l  raise the potential by 1/2 vol t  so that  the 

diagram in the 3 plane, (z 5 r + i r), appears, 

J = - r  
,' v= 0 ti- ---  +--- ----- 

. . Figure 7,. 

and map t h i s  semi-infinite rectangle on the r e a l  axis of the intermediate 

y plane by means of the following transformation;, 

Integrating, , - 



d514, 

Evaluation a t  Y =  ' defines . 8, . - 

where R, as  before, denotes the radfus of the cylinder. 

Now the f plane is  t o  be mapped on the A plane so tha t  the seg- 

ment of the r e a l  axis  of the 1 plane from -r t o  + a/ s h a l l  correspond 

t o  the l l n e  U+ i (*I in the W plane. 
'. -. . 

The proper maqpfng function is 

Further, select ing Z, so t h a t  the l e f t  boundary of the sem5-infinite 

rectangle corresponds t o  s SO, and lowering the whole potent ia l  by vo l t  

t o  correspond t o  FSgure 69 one arr ives at, 

&Long the axis9- ( r  = 0) o. 

Formulae (flc) and (15) are now compared with ac tua l  mxmerical evaluation 

of (l)%.,. The re su l t s  appear i n  .Figure ..8, 

.The agreement Is seen to  be qui te  satisfactoryo, Formulae (u) and (f 1 

gfe ld  accurate p lo t s  of the refract ive index along the axis, and (33) may 

be expected correspondingly t o  y ie ld  aecep table r e su i t s  f o r  small values. 
- - 

Now t o  obtaf i  the transformation f o r  a- se r i e s  of lenses, (ignoring end 
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effects) ,  one may simply add the W given by (ll) for  each lens gap 

where j takes on positive and negative integer values, and udu is the 
- - 

length of each lens. 

Vo is now the voltage drop from lens to lens, 

I n  actual practice, the series (16) converges so rapidly, that  only 

two lenses on each side of the one considered need be retained to compute 

the radia l  f i e ld  responsible for  focussing. 

Concluding th i s  discussion, one may s ta te  the final problem, which 

is, to compute the trajectory i n  the focussing tube and acceleration tube, 

subject t o  the f ie lds  given by (3.3) and (16). The calculation is to be 

made on the basis of a linearized equation of motion since only very narrow 

pencils of rays w i l l  permit the definition of an image free of aperture de- 

f ec t  , (spherical aberratf on), - 



.XlVi. Md Asymmetry in the ~ & e a r  Accelerator- (E. ~ e l l u n d )  
P 

. .  - 

, .. . . Introduction 

. - A s  is wellknown, production of refract ive heterogeneity is  a con- 
t . -,. 

sequence of the penetration of ay s t ray  f i e l d  in to  the lens system of a 
- - 

- .  l i nea r  accelerator. Qny such e f fec t  could lead to troublesome perturbs- 

t ions Ln focussing properties of the tube, 

In  the case of the e l ec t ros ta t i c  generator, an elementary calculation 

shows tha t  the be l t  charge i s  at t h e s  so large as t o  make possible a de- 

f lect ion in the proton beam of the order of two meters fo r  an unshielded 

path. M 

It is, of course, t rue tha t  the accelerated pa r t i c l e s  are p a r t i a l l y  

shielded by the successive e l ec t ros ta t i c  cylindrical lenses, but the in- 

t e m a l  spacing is so large tha t  one d g h t  suspect the shielding t o  be in- 

adequate t o  prevent deflections of the order of a centimetero To produce 

such a displacement would require penetration of only 1/2000 of the f i e l d  

due t o  the b e l t  &argg0 

The gap between successive lenses i s  about 2* inches, beginning a t  

a dfstance of 5 inches from the axis. kctually, the 'beam i s  nshadedW 

from any f i e l d  comfng d i r e c t b  through t h i s  channel. by the cylindrical 

bands forming the r e a l  lenses, S t i l l ,  the mean men channel width through 

the space between lenses is  about P* inches Bn an overa l l  length of about 

4* inches, 

..- .In the follunchg, the problem of penet~at fon  5.n such channels has 

, - been treated fo r  the two dhensional  field., Change from three to two 

- dimensions considerably simplifies the analysis although a t  the expense - - 
of depriving one of a simple correspondence between the transmissions in 

- 
t h e  two caseso 

4 



One considers the array in the Z-plane, 4 

Figure 9. 

Where the correspondence with the i n  the ,W-plane i s  indicated 

as for  an fiffnfte series of wedge shape lenses of zero aperture, !The 

actual lenses are of the foUowing appearance: 

However, as wflP be shown i n  ca ld la t ions  on tRe geometry of Figure 9, 

the penetration i s  a function solely of the r a t i o  of length to width of the 

channel, and i s  independent of the orientation of the external field. We 

sha l l  therefore multiply the transmissions for  succeeding channels although 

th i s  i s  not rigorouslu accurate since the successive incident f ie lds  are 

perturbed, 



g6 + *56- - 

- - Returning to Figure 9 ,  it may be seen that  symmetry allows one to map 

just half of the plane, 

Employing the Schwarz-Christoffel theorem, with the Weierstrass factor 
. - .. 

- ,  

theorem, one may show without diff iculty that  the correct mapping function 
L - . 

fs ,  
.-aJn -1 -/7f 1] ( [ '" m;N? P(&- u,) dCy %(w-UJ - j l a  

where E is the strength of the e lect r ic  . f ieldg 

 or I 1 3- , ( v l +  w one obtains 9 

. - 0  which leads to the following res t r ic t ion on U1, U2, U3, 

- 
- .  

-. i X u, -U,+(l- 9) U' = 0 
71' 

- If one now adopts new variables, 

B = % ( w - u , )  

9 ;  +(v3-") 

with 
b~ 



. - 

d Z X  For simple d isc  shaped lenses, 2 we have 

k 
' The l a t t e r  statement merely confirms the physically o M o u s  conclu- 

s ion that ,  in such a case, as many f i e l d  lines terminate upon one s ide of 

the lens as upon the other. 

With the choice of variables of (4% one may eatlily recognize tha t  the 
, . 

percentage of the transmitted f i e l d  is,. 

trans., f i e l d  // 

e Where 3, and e2 are fixed by ( 6 )  and the geometry of the lens 

system (i.e., by the r a t i o  of b/a). 

Inser t ion of the lens specifications i s  f a c i l i t a t e d  by the f a c t  t h a t  

the transmitted f i e l d  i s  small, 

and , . 

one may show by elementary means that ,  ,- , 

Where the above r e l a t ion  i s  exact and does demand t h a t  6 be small. 

~ o w e m r ,  in the l i m i t  of C 0 



. . 
.: . . -  . ~.5;81.3',' . . ' .. 

A s  may be seen by conSulting (5). I ( E )  furnishes the scale of "bm. 
.. . . - .  - - 

Integrating (5) f'rom @ . 3  &I ?Ithen inser ts  the lens spacing. 

Finally, therefore9 

f rac t ion  
of transmitted 
f i e l d  

It may be noticed t h a t  (15) can be written i n  sfmpler fashion as  

where L b is the length of the channel and W i s  the width (perpendi- 

cular). Finally, the product of the transmissions of the two sections 

mak5ng up the ' e n t i  r e  channel, ( ~ i g u r e  u) , on inserting nmierical values, 

yield, - 

The transmitted f ie ld ,  therefore, can not be regarded as   physic^ 

significant,  



. . 

XV,. . ~ l e k t r o n  FbSkombination and the Mobiliiz of Helium Ions i n  kelium 
ZR, -E. . ~ e s e r o t t . )  

It has recently been p o h t e d  out by ~ a t e s l  tha t  We electron recombim- - -  - 

ti on coefff c i  en t  and 'the ambipolar diffusion coefficient reported by Biondi 

and Brown;! m e  apparently contradictory, The electron recombination coef- - -  

f i c i e n t  reported must be tha t  of He$ since it is about 101 times larger  than 

one' would expect f o r  He: while the ambipolar diffusion coefficient reported 

2 gives- a value of the .mobility of helLum ions in helium of 13.7 an /volt sec. 
- -  . 

2 i n  agreement with the M u e  U om /volt sec, reported by Tyndall md Powell3 
. . 

in 1930, It has been prevfously suggested'!+ tha t  t h i s  value f s p~obably the 
. .... - -  

t 
mobility of He in,Qeliumtwhile the value 21.4 un2/volt ~ e c ~ r e p o r t e d  by 

t 
Tyndall and poweu5 i n  1931 i s  the mobility of He2 in  h'alium. Biondi and 

I _ .  

-T 
&own2 have also suggested tha t  Weir  value r e fe r s  to the mobility of He 

.- 

in. helium, .Thus it would appear t h a t  the measurement. by Biondi and Brown 

+ of the electkon recombination coefficient was tha t  of He2,while at s l igh t ly  

lower pressures the measurements of the ambipolar diffusion coefff c ient  w a s  

+ t h a t  of He 

These r e su l t s  are not necessarily contradictory, f o r  the electron re- 

combhation coefficient was measured a t  gas pressures of 28,7 mm and 21.2 mm 

and i n i t i a l  electron concentration about 1dll/an3, while the ambfpglar dif-  

fusion coefficient was me,asured a t  pressures f ~ o m  2 mm to 12 mm and electron 

9 3 
, concentration of about 10 /an , .Mot much i s  known about how the helium 

molecular s t a t e s  are formed i n  ascharges  a t  high pressures, but it seems 

lFkely tha t  the metastable moleail6 He; i s  formed first and then l a t e r  

t ionized t o  form He,, The molecule formation involves a two o r  three-body 

1, Do- Re Bates, Phys, Rev, 97, 718 (1950) 

2, M. A, Biondi and S, C, Brown, Phys, Revo 3, 1700 (1949); Phys, Revo 
76, 302 (1949) 

3. M. mdall and C. F. Powell, Proc. Roy, . S o c ~  m99 162 (1930) 

4, Re Meyerott, Phys, Revo &, 242 (1944) 
5. Re-PIeyerott, Phys, Rev. z, 6'71 (1946) 



c.olEsion, . - -- so tha t  the probabili ty of formation. i s  proportional to the square 
.. . . . 

o r  cube of the pressure, If the molecule Ion formation is a two-stage process, 

the number of molecule ions w i l l  vary as  the square of the e l e e t ~ o n  concentra- 

t ion  used to excite the gas, There i s  some ' indication5. in discharge tubes 

somewhat larger than those used by Biondi and Brown tha t  the number of meta- 

s tab le  molecules a p p r o a a t e l y  equals the m b e r  of metastable atoms a t  pres- 
t s m e s  of about 3 mm, .Hence, we might expect t h a t  the number of He2 ions ex- 

ceeded the number of ~ e +  ions in the Biondi and Brown measurement of the 

electron recombination coefficient, while the reverse was t rue under the con- 

di t ions a t  which the ambipolar diffusion coefficient w a s  measured, 
- .  

I n  addition, these experbents  are highly selective,  Since the electron 

f t recombination coeff icient  of He2 i s  apparently -104 times tha t  of He 

even in E+ mb&ure of 50% ~ e +  and 50% ~ e $  essent ial ly  what i s  observed is that 

+ 1 of He2 o The ambipolar diffusion coefficient is measured by observing what 

amot&ts to the decreaw of the number of positive ions ~ 5 t h  time,.,. The ions 

with the highest'mobilfty disappear first, I f  one w a i t s  long enough a f t e r  

the discharge has been turned off to observe the ambipolar diffusion, most 

+ of the ions of high mobility,, He2, w i l l  have diffused t o  the w a l l s ,  and only 

those of low mobility, ~ e t  Will be l e f t .  



XVI, P o t e n t i d  Fields Around-Ions i n  High Temperature Gas Mktures 
(G. Keller* and Re E, ~ e y e r o t t )  
- . - - -  - -  - - 

t 

Preliminary t o  the caleuPations of the radiat ive opacity of gasmixtures 

of astrophysical in teres t ,  a study has been made of the potent ial  f i e lds  in 

the neighborhoods of gaseous ions, with part icular  emphasis on the ef fec ts  

due t o  adjacent ions, 

Methods used heretofore have assumed tha t  each ion i s  enclosed i n  a. 

spherical volume of radius a, ( ~ e f .  l ) ,  wherein no other ions are permitted. 

This is  of course, only a first approximation. Using a generalized Thomas- 

F e d  method it has been found that ,  f o r  pure i ron a t  11.6 million degrees. 

and w i t h  three bound electrons, the density of neighborhg ions a t  a. distance 

of 1/2az from any particuli ion is  st i l l  appreciable. For a. gas mixture 

of the proportions suggested by Harrison ~ o m 2  the densi t ies  of H, He, 0 

and Fe ions a t  1/28, are 76, 57, 13 and 0 percent of the respective average 

densities,  The accompanying depression of the ionization potent ials  is only 

60 percent of t h a t  computed by Morse's method. 

1, Pl~shak ,  Morse and Pork, Ap. J. 111, 2U., (1950) ' - 
' C  

2, H. Brown, Rev. of Mod, Phgs, z, 625, (1949)~Table 
I . '4 * Perkins Observatory 



Photon ~6sb-mt ion  Coefficients o f '  Light Elements and Mixtures 
(R,,E. Meyerott and S, .A, Moszkowski) 

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

Abstract - The problem considered was t o  f ind  a mixture of elements which 

a c t s  as  a f i l t e r  f o r  radiat ion by abso.rbint3 thermal radiat ion corresponding 

t o  a temperature of 1 to  2 kev, but transmits. radiat ion of higher frequency, 

For cases of high temperature and low density, the equations f o r  the 

various absorption and scat ter ing coefficients take a simple form. 'I'hese 

equations a re  discussed and it i s  estimated what mixtures have the desired 

property of being a f i l t e r ,  

The complete report  of t h i s  abstract  w i l l  be published as ANL-4594, 

,mII. Interim Promess Report on the ORNL Digi ta l  Cdmputer (J, C. ~ h u )  

The interim report  on the s t a tus  of the d i g i t a l  computer is t o  appear 

as  '~NEp.4600, The report  contains, a discussion of the logica l  design of 
. . 

the machine and of research. and development work t o  date, 




