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S  L  i i  H  L  1

00. ABSTRACT

1 . A co n tin u a tio n  o f  tlie  d ieta iled  analyaio  o f /S  and 
s o f t  and hard' T" a c tiv it^ r  a s so c ia ted  ■vTith a l l  f is s io n  product 
elem ents in  a  n i t r a t e  bombardment i s  p resen ted . The
’’coo ling” tim e luis been extended to  170 days. The d a ta  fo r  
th e  in d iv id u a l elem ents a re  p resen ted  in  ta b le s  as  counts/min 
and in  f ig u re s  a s  percentage o f  t o t a ^ , s o f t  and hard Y" 
ra d ia t io n s .

2 . C a lcu la tio n s  and graphs liavc beeii made on th e  h ea t 
generated  by th e  lo n g e r-liv e d  f is s io n  products. The method of 
a n a ly s is  i s  p resen ted ,

5 . Tuo net? shoirb-lived Eh f is s io n  product a c t i v i t i e s
have been found. They a re  probably tlae daughters o f th e  two
long l iv e d  Ru a c t i v i t i e s  (30d, 200d). R e-evaluation  o f d a ta  .
on 43 lead s  to  th e  conclusion th a t  th e  lo n g est l iv e d  43 a c t iv i ty
In  m easia^ble y ie ld s  i s  th e  6 , l h  (form erly 6 , 6h )-  Hew p a rc n t-
daughtef r e la t io n s h ip s  in  th e  r a re - e a r th  a c t i v i t i e s  a re  given.

• •

4 .  T h e o r e t i c a l  ab so rp tio n  cui-ves have been made using  tlie 
Fermi d is t r ib u t io n  fu n c tio n  and l in e a r  absorp tion  curves fo r  
sm all energy in te rv a ls .  A Featluer a n a ly s is  o f  th e  absorp'ia-on 
curve lead s  to  th e  th e o re t ic a l  maximum energy.

Dr, A. Turlcevich jo in ed  th e  S ection  th i s  month a s  le a d e r  o f 
tlae grovp concerned w itli tlo o o re tico l problems- IJessrs.
D, Sclxovcr and B, Schloss loave a l te re d  Dr. 13. E l l i o t t ’ s groi^) 
on e le c tro n ic  development and designs Ur. L. T/insberg, Dr.
7T. Rubinson’ s group on sep a ra tio n  problems; U essrs, J .  D- 
Itoight and E. S teinbe3?g, Dr. H. Sugarman’ s group on p la n t 
p rob lansj and Ur. B. Abraham, Dr. Turkevich’ s group on th e o re t i ­
c a l  problem s.
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Q« Ger^eral A c t iv i t ie s  o f tiae S ection

A r e p o r t  on d eco n tam aatio n  problemsj Tdtb sp e c ia l 
referew oe to  Ti m ateriq^  bos been iDrepared bgr Coxyell and issued  
under -the fo llo y in g  heading:

CC~B76 A Consideraition o f Decontaminatioa Requirements

Messrs* Gest and Abral'iam have extended considerably  (over 
secticai 8 o f  ©i~SS8) our knoT/ledge o f  th e  coprecip ita tic fti o f Ba 
Lai’s  fi*om 1055 n i t r a t e  so lh tio n s  being tised to  ev a lu a te  th e  g en era l 
p r in c ip le s  o f  co sep ara tio n , and e ffo irts  XTill be made to  study o th er 
systems o f  i n t ^ e s t  vd,th th e  same view in  mind*

Hot ra d io a c tiv e  n i t r a t e  (^-8  b03f H) has been fu rn ished  
to  JDr* B a lih is  f o r  study biy th e  phosph&t© method* I h is  secrtion i s  
planning to  malte d e ta i le d  f i s s io n  product analyses o f th e  p r e c ip i ta te s  
f o r  s tu d ie s  o f sp ee if 'ie  decontam ination o f •pariou.s f is s io n  elem oats.

In  co lla b o ra tio n  w ith  Dr« J a ffe y  o f S ection  C-I and 
w ith  th e  a s s is ta n c e  from L rs , f e l l e r ,  Ferm i, and R lgner, p lans have 
l)em  l a id  f o r  th e  impx^oVement o f  49 y ie ld  a t  th e  St«Louis cy clo tro n .
On A p ril' Ifi and 17 Prs* J a f fe y , Brown^ Sohman (S ection  C-I) and 
Oo3?y«ll., E l l i o t t ,  Turhevioh end t lr .  Eageltem eir (S ection  O -III) went 
to  S t .L ouis fca? ©gctensiVQ mcaaitoring s tu d ie s  o f th e  curr® :.t 500 lb  
n i t r a t e  mass end o f  p ro je c te d  a l te r a t io n s  involv iog  metal and n i t r a t e  
o r  o x id e . Due to  cy c lo tro n  breaJsdown th e  p r o je c t ^  a lte s 'a tio n s  w il l  
have to  be te s te d  fo r  eaptU2»e and f is s io i^  a t  a  l a t e r  d a te .  F iss io n  
was measured by th e  r a d io a c t iv i ty  accum ulating in  cello i'hane by r e c o i l  
from 1 cm2 g f  m etali 30m af-ber a  4m i r r a d ia t io n  a t  a c t iv i ty  o f
th e  O lder o f  5,000-18,000 c/m was obtained) 16h latOT an a c t iv i ty  o f 
about 800 o/m was ob tained  from a  s tro n g e r  sample. Capture
v/ae measured by cpun-ting th e  s o d im  m etal a c e ta te  j ^ c i p i t a t e  obtained 
feom a  s o lu t ia a  o f th e  same m etal f o i l .

ltiBdoco^jiiiionfaiiif*+n^^^Sition aflfpctinK the natioBaj 
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1» EleiaeKtary Brealtdovm o f F issicm  A c tiv ity  i a  

th e  P i l e  Opea?atioa up t 9 3,70 Days

There i s  p resen ted  below th e  co n tiau a tio n  o f  the  study o f 
th e  d is t r ib u t io n  of>S a n d T * a c t iv i t ie s  found in  th e  100,000>-;ah St.Loxiis 
tiranyl n i t r a t e  bocihardmeit Tshich ended October 25, 1942 (c a lle d  S -3 ) .
E a r l ie r  d a ta  have been re p o rte d  in  S ection  1  o f  CC-542 E and Section  2 
o f  CO-399 D, and th e  r e s u l t s  were summarized fo r  th e  perio d  from 10 to  
110 days coo ling  in  Section  1 o f  CC-465 Data have now bem  obtained 
up to  170 days o f  coo ling . In  some cases l a t e r  d a ta  have caused s l ig h t  
re v is io n s  in  th e  shapes o f th e  b e s t curves th r o y ^  e ^ e r im e n ta l  points} 
tlae b e s t  d a ta  a re  now p re sen te d . These changes do n o t a f f e c t  any p re v i-  
otisly  re p o rte d  valtxee p r io r  to  90 days o f  cooling  except in  th e  ease o f 
th e  hard  ’V"from I ,  In  t h i s  in s tan c e  th e  hard ^ a c t i v i t y  a t  70d shoiOd 
be 27.3 c/m p e r  gram S-3 in s te a d  o f  24.7 o /a /g  as  p rev iously  rep o rted .
In  T ig . S o f  CC-465 B th e  1  curve should pass through th e  p o in t 1 ,4  a t  
70d in s te a d  o f 1 ,3  a s  shown.

A tten tio n  i s  aga in  c a lle d  to  th e  c o rre c tio n s  th a t  should be 
mad© in  th e  La d a ta  rep o rted  in  CC-466 B. The La l in e  o f  Table I ,  page 
B-^ i s  in c o r re c t  a t  70, 90, and UOd* IHje c o rre c t values a re  th e  fo llo w - 
in g t

70d 90d n O d
14,3  4 .9  1 ,7

In  F ig , 1 th e  c o r re c t  La curve sliould be d isp laced  by a co n stan t amount 
from th e  Ba curve^ corresponding to  th e  experim ental r a t io  o f 1 ,25  La 
counts p er Ba count a t  11 mg o f  ab so rb er, Kie heodiiig in  parentlieses 
f o r  Table I I  in  CC-465 B should read  "(counts/mlrvam n i t r a t e  through 1 ,9  
gu/cn^ p ĵ absorber}" In stead  o f  "(counts/m in/gm  Ja itro te  through 1 ,9  g c /ca  
Pb A1 ab so rb er)"  a ^  a lso  tlie  corresponding heading fo r  Table H I  shotOd 
xread "(counts/n ln /gm  n i t r a t e  through 10 .7  gn/oa^ Fb absorber)".-

The v a lu es  here  repor-bed fo r  ih e  Zr and Qb a c t i v i t i e s  a re  
based upon a  60d l i a l f - l i f e  f o r  Zr and a  S5d h a l f - l i f e  f o r  Cb* The Sr 
acM v ily  in c lu d es  th a t  o f  tlie  60b Y®® i a  equ ilib rium  vdth th e  long liv e d  
^ 9 0  re p o rte d  in  CC-529, S ection  5 a  i ,

a ,  D i s t r i ^ t i o n  o f " E f f e o t iv e " ^  A c tiv ity .-^ Bffective"_><g a c t iv i ty  i s  
f in e d  a s  th e  observed coun-E o? th e  v a rio u s  a c tiv e  elem ents determ ined w ith 
a  t o t a l  abso rp tio n  ( a i r  gap, cellophane covering, mica window, and s e l f  
ab so rp tio n ) amounting to  11 mg/cm*, which corresponds to  tlae minimum vMch 
i s  p ra c t ic a b le .  Table I  p re se n ts  tlao observed values a t  20 day in te rv a ls  
from 90 to  170d. A ll v a lu es a re  rep o rted  as  counts per minute p e r gram o f  
S-3

The activ ii^? viiieh 'was repox'-bod in  GC-4S3 B a s  i’r-<^IId i s  now 
c a l le d  F r tH a re  e a r th s ,  s ince  tlae only  activojty. y .^ch  has defin irh3ly,,bsen. . ».- 
id e n t i f ie d  in  -chis f r a c t io n  i s  a  13d Ii*. deiei*«> t -  ‘ . .t-Mi.'-■ *

^  mm ^  mm Bipiou.«e I'*""-'"''*"
g  |*  H  r  T  ■   “
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I t  i s  noted th a t  th e  p ercen t a c t iv i iy  accounted fo r  in  
Table I  i s  lev; a t  150d and 170d. Due to  an o v e rs ic h t, values o f p ercen t 
accoim ted fo r  vzere n o t given in  Table I  o f CC-465B (i^age B-5) fo r  
eai’l i e r  periods o f t i n e .  The d a ta  f o r  th e  t in e  non s tu d ied  a re :

Cooling: lOd 30d 50d 70d 90d llO d 130d 150d 170d

<n
Accotmted 92.6 96.3 96.0 95.7 96.9 97.7 96.7 94.9 92.3

fo r

I t  i s  n o t knonn a t  p re sen t T^icther -Uie f a l l in g  o f f  i s  due
to  experiraental e rro i’ in  tlie  Ion counting r a te s  rem aining, o r to  f a i lu r e
to  recognize th e  presence o f c e r ta in  long liv ed  elem ents. Since v;e do
n o t Iiave enough o f tlie  S-3 n i t r a t e  to  mount nev; samples o f th e  lev/ a c t i ­
v i t i e s ,  we s h a l l  liave to  use tlie a c t iv i ty  o f tlie i r r a d ia t io n  ended 
January 25 (S-8 ) fo r  check and ex tension  v;ork befo re  we can e lim inate  
fu r th e r  d isc re p a n c ie s , Tlie p ercen t o f e f f e c t i v e a c t i v i t y  a sso c ia ted  
w ith each prominent elem ent i s  g iven a s  a  function  o f cooling time from 
9O-170d in  F ig . 1 . A fte r lOOd Ce becomes the  most prom inent .̂<3 e m itte r . 
The Gs i s  slow ly gain ing  in  prominence, due to  i t s  very long h a l f - l i f e  
(36y). T h e ^  em ission from 90d Te^^” i s  o b v io u s^  very  s o f t ,  s in ce  th e  
Te aeoay i s  la rg e ly  re g u la ted  by th e  52d T e ^ ^  decay. The Ba-La 
p a ir  f a l l s  to  very low values a f te i’ 120d,

Tlie p re se n ta tio n  o f  th e  d a ta  fo r  " e f fe c t iv e ”, ^  and 
counting r a te s  has proved o f con sid e rab le  value in  ra p id  lab o ra to ry  
s tu d ie s  and c o n tro ls  in  tlie v;ork o f t h i s  and o ther s e c tio n s , and ought t o 
be o f  fu r t l ie r  value in  decontam ination s tu d ie s . I t  has been poin ted  ou t \1
in  CG-576 th a t  th e  d a ta  fo r  h a r d ^  e m itte rs  can be m u ltip lied  by 0 .5  to  \
g ive th e  c u r ie s  o f th e  element in  V/ m a te ria l con tain ing  250gm of 49 |
(2,500 KV/ m a te ria l from lOOd o p era tio n , l e t  us say 1 to n ) .  C orrection  \
fa c to rs  f o r  sp e c if ic  elem ents em ittin g  s o f t  .3  or < '  r a d ia tio n  — i
(Zr o r Cb) a re  a lso  given in  CC-576,



-  5 -

b« ^E ffec tiv e  S o f t j f  ” D is tr ib u tio n .— T̂no " e ffe c tiv e  s o f t  ^  " counting 
r a t e  i s  repciiied  a s  th e  counts per minute p er gram o f S~5 observed vdth 
l ,9 g  o f  Pb absorber d i r e c t ly  on top  o f th e  sajr5)lo . Table I I  p re sen ts  
tlie  observed va lues a t  20 day in te rv a ls  from 90 to  170 days and F ig . 2
shcr’jc  th e  pei’Cen„ o f tlie  observed to ’t a l  count vjliich i s  due to  jL a ’

Ca "E ffe c tiv e  Hard D is tr ib u tio n . — T̂ho " e ffe c tiv e  hard ^  " counting 
r a t e  i s  rep o rted  a s  th e  counts p er minute p er gram o f  S-S observed u i th  
1 0 .7g o f  Pb absorber d ii*ectly  on top  o f th e  sample. The co n trib u tio n  due 
to  Brem sstrahlung has n o t been d e f in i te ly  d e tem in ed . Table I I I  p re sen ts  
th e  observed v a lu es a t  20 day in te rv a ls  from 90 to  170 days and F ig . 3 
shoY/s tlie  /S o f "iiie obsei-ved t o t a l  count vihieh i s  due to  each a c t iv i ty .

Tlie f a l l  in  percentage a c t iv i ty  accounted for’ i s  greater* 
in  e f fe c t iv e  s o f t  and hard  V a c t i v i t i e s  a f t e r  lOOd than i n ^  a c t iv i ty .
I t  i s  ex^ierim entally much more d i f f i c u l t  to  g e t good samples, and 
e sp e c ia l e f f o r t  w i l l  be made to  cover t h i s  in  tlie new work on S-0 
n i t r a t e .

Ce becomes the" th i r d  most prominent s o f t  and hard 
e m itte r  a f t e r  80d (F ig s . 2 and 3) due to  tlie h i ^  B renssti’ahlung y ie ld  
in  th e  Pb geometry used. Ru i s  undoubtedly th ird  in  "d< in  o rd inary  
circum stances. The Te ~y'decay i s  s e t  la rg e ly  by th e  “n^em ittin g  90d 

The r a d ia tio n  from Gs becomes about as  im portant as  t l ia t  o f 
Te a t  170d.

Table I  D is tr ib u tio n  o f  E ffe c tiv e  Beta A c tiv ity  Among the
F iss io n  Elements

(10~^ X counts/min/grom n i t r a t e  tiirough 11 mg/cm^ t o t a l  absorp tion)

D a y s  a f t e r  c o n e l u s i o n o f  b o m b a r d

• 90d ISOd 150d 170d

Element
Sr 79 59.5 44.5 34 25,3

Y 69 53 42 34 27.6
Zr 34.5 27.3 23.0 17.1 13.6
Cb - 9 .1 8 .0 7 .0 6 .1 5,2
Ru 1 0 .1 8 .1 6 .7 5.7 5.0
Te 2,56 1.56 1.09 .78 .57
Cs 1 .7 1 .7 1 .7 1.7 1 .7
Ba 3,68 1.24 ,42 ,15 .05
La < 4 .9 1 .68 .57 .21 .07
Ce 74.5 65 55 50.5 47

P r -h 4 .3 1 .64 .73 .41 .29
Rare e a r th s -

T o ta ls (^ ) 299 232 189 159 137

Accounted fo r :
96.955 97.7^ 96.7^ 94,9^ 92.5^

(a) The OX co n tr ib u tio n  has been su b trac ted  from th e  measurements on th e  
n i t r a t e .  I t  c o n tr ib u te s  th e  co n stan t value o f 18,000 c/m idiich i s  a  
b e t t e r  e s tim ate  than th e  17,000 c/m rep o rted  in  CC-465 B.



1‘ab le  I I  D istjcibution  o f E ffective; Soft. Gajjraia A c tiv ity  Among tlie
F iss io n  ELenents

(co m ts/m in /g rn n  n i t r a t e  throngh 1 .9  g/cm^ Pb absorbea?)

D a y s  a f t  e r  c o n  c 1 u  s t  o n q f  J i > a  j3 ,.mee, t

90d 13.0d ISCd IgQtg. l.70<5
Element

Sr 210 140 94.5 63.5 42 .5  .
Y 87 68 55,5 44 36.4

Zr 980 780 625 495 395
Cb 1570 1180 1010 845 710
Eu 307 219 162 121 92.5
Te 28.5 25.4 19 .4 16.2 13.5

I .7 — — —
Cs 16.4 16 .4 16 .4 16-4 16,4
Ba 20-4 7 .2 2 .6 -91 *34
La 184 66 23,5 8 .2  . 5 .2
Ce 315 297 284 274 267

T o ta ls (^^3690 2980 2450 2110 1840
Accoxaite d  fo r :

95*65$ Sl.1% 95.5?J 89.2?; 86.7&
(a) The expsr3.nehtally  obnerrcd bacl^iroiincl o f CO c/m p er gram o f  mbomborded. 

n i t r a t e  has been sn b trac to d  from the  t o t a l .  •

Table I I I  D is tr ib u tio n  o f E ffe c tiv e  Hard Gamma A c tiv ity  Among th e
F iss io n  Elements

(counts/m in/gram  n i t r a t e  through 10.7 g/cm^ Pb absorber)

D a y s  a f t e r  c o n c l u s i o n o f  b o m b a r d m e n t

90d liO d ISOd ISOd 170d

mlement 
Sr 120
Y 

Zr 
Cb 
Eu 
Te 
Cs 

La -vBa 
Ce

19.8
595
510
75
10

5
91

139

85.5
15.5 

509 
450

54
8 .4
5

31,7
152

61
12.5  

244 
578

59.5 
7 .3  
5

11.2
129

43.6
10.4

192
512

50-2
6 .5
5
5.9

128

31.2 
9 .0

151
252

24.2 
5 .5  
5
1 .3

126

T o ta ls
1450

Accounted fo r :  
94.0JS

U 60

94.2^

960

92.4^

815

89,7^

710

82.3^

(a) Tlie experim entally  observed bacl-^ound o f 20 c/m per gram o f unboiribardod 
n i t r a t e  has been su b trac ted  from th e  t o t a l .
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2* Heat G aicgation o f In d lv id u a i A  and lT A c tiv itie s  (L. Udjasberg and 
TSii, Rubinscai)« ^

Calcxilations have been made o f th e  h e a t generation  o f the  
d i f f e r e n t  individxjalyS* and a c t i v i t i e s  o f e i ^ t  o f th e  most i c ^ r t o n t  
f is s io n  products a s  a  fu n c tio n  o f bombardment tim e and tim e o f cooling , 
and th e  r e s u l t s  grajihed a s  u a tto  vs  dayis. As a  b a s is  f o r  c a lc u la tio n  
convenient f o r  tran sfo rm atio n  to  any o th e r co n d itio n s, tre have chosen a  ~ 
p i l e  o f 1000 KT/ power, o r  5 x  1 0 ^  As bombardment tim e, we tuivc ,
taken T i  5 , 10, 15, 20, SO, 40, 50?®§0, 80, 100, 120, 130, 200, dayso 
The coo ling  time i s  taken  long o n o u ^  fo r  th e  a c t iv i ty  to  f a l l  to  one viatt.

T/e now have a v a ila b le  graphs fo r  th e  follow ing elements and
l a t e s t  d a ta ;

Lement H a lf - l i f e F iss io n  y ie ld E r ^ (m a x )

Sr 55d .075 1.7
Y 57d ,074 1 .4

Zr 60d .04 0 .8 ( .42 (95^)
a  (5^)

Cb 35d ,04 .75 .15 (e '1
Mo 67h .08 .8 1 .3
6a 12 . 5d .084 - 1 .0

lia 40h ,084 2 vl 1.84

Ce 28d .07 0 .2
340d .10 0 .2

For an elem ent formed d i r e c t ly  in  f is s io n  o r d r iv i n g  from 
a  sho irt-liv ed  p a ren t;

V/atts r4 .1 8  ( lE tt= s§ c )x  2S.054f-S^l: )  x f  y  x 1  (e .v .)  d) (.% T,t)^ co l ^ Vmoleftv/ ^  sec /  5 / , v > » /

6 ,02  X lO^S

c  1 ,60 X 103 y  E 4»(>, T, t ) ,  vdiere 'j> i s  a  tim e dependent 
fu n c tio n , f  i s  th e  nunbOT o f f i s s io n s /s e c ,  y  i s  th e  f is s io n  y ie ld  and 
E i s  tlie  raaxiiinam energy o f t h e ^  p a r t ic le .  l /S  E i s  assimied to  be tlie  
average -en erg y . For i r r a d ia t io n s  tlic  f a c to r  l / S  i s  om itted.

For an elem ent th e  l i f e  o f  vdiose p aren t most be talcen in to  
account th e  constauit f a c to r  i s  d i f f e r e n t ;

U a tts  s: 4,18 X 23.054 x f  x y  x -§
    a . ,  /rp j- \

G.02 X ( -̂j> 'M )  i   ̂ r* ■-)

= 1.60 X 10^ y  E sJ (T, t ,  X p , X i  )
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s .  Hew H a s io n  Proditct A c t iv i t ie s  and R e-evaluation o f Old Data

a -  D iscovery o f 55 min and 50 sec Rh ac tlv itle e -^ D a u g h te rs  o f 50d and
good Ru A c t iv i t je s  (L. E» Ca.endenin. aad E. P . S teinberg ') În v i ^

o f  th e  extrem ely h a r d ^  ra d ia t io n  (4 Uev) asso c ia ted  w ith  th e  gOOd Ru 
a c t iv i ty  a  search  was made fo r  an a n tic ip a te d  sh o rt- liv e d  Rh daughter 
to  account f o r  t h i s  p e n e tra tin g  r a d ia t io n . A very a c tiv e  sample o f Ru 
separa ted  £rom S~8 m a te r ia l (S t.L otiis  bombardment ending J a n , g3, 1945) 
and con ta in ing  — 10® c/m ( a t  50^ geometry) o f 50d Ru a c t iv i ty  was d i s t i l l e d  
from . HCIO4 - 10 mg o f Cd c a r r i e r  was added to  th e  re s id u e  and Cd(0H)g 
p re c ip i ta te d  w ith  6H HaOII. This p r e c ip i ta te  viiich c a r r ie s  Rh was mounted 
and th e  decay follov^ed on an Eck-Krebs c o m to r. A 55 minute period  was 
observed fo r  sev e ra l hours vM ch f in a l ly  ta i l e d - o f f  to  a  lo n g -liv ed  back- 
giround. This background a c t iv i ty  was f i r s t  assumed to  be incom pletely 
d i s t i l l e d  Ru, b u t an A1 ab so rp tio n  ciorve sho\7ed th a t  t h i s  was n o t th e  
case . Two r a d ia t io n s  w ith  h a lf - th ic k n e s se s  o f -'^lO mg/cm^ and -^7 0  mg/cm^ 
were p re se n t In  th e  lo n g -liv ed  a c t iv i ty .  I .e ith e r  o f th ese  corresponds to  
any known Ru a c t iv i ty  so th e  background a c t iv i ty  remains xm iden tified . An 
AJ ab so rp tio n  curve o f th e  55 min Eh in d ic a ted  a  ra d ia tio n  of 
T-̂  —'8 0  mg/cm^ as  w ell a s  Y  r a d ia t io n .  The a c t iv i ty  o f  th e  55 min
Eh ex trap o la ted  to  tim e o f  sep a ra tio n  was 50,000 c/m which rep resen ted  

—' 5% o f  th e  30d Ru a c t iv i ty  o r  *^15^ o f th e  gOOd Ru,

Die experim ent was rep ea ted  on a  Eu sample from S-g m a te ria l 
(S t .Louis bombardment ending J u ly  gg, 194g). The a c t iv i ty  o f t h i s  sample 
was — 10,000 c/m ( a t  30^ geometry) and con sis ted  « i t i r e ly  o f the  gOOd 
iso to p e . Ho decay in  a c t iv i ty  was observed in  th e  Cd(OH)g p re c ip ita te d  
from th e  d i s t i l l a t i o n  re s id u e . The 55 min Eh i s  ev id en tly  no t th e  daughter 
o f  good Ru. The p a r m t  i s  very  probably th e  30d Ru, The decay cia’ve o f 
th e  55 min Eh i s  given in  T ig, 4 ,

Followijtig th e  d iscovery  o f tlie 55 min Rh a  method was devised 
fo r  fiiid ing  a  very s h o r t- liv e d  Ela dau^-^er o f th e  gOOd Ru a c t iv i ty .  The 
S-8  Ru sariple mentioned above was d i s t i l l e d  from HCIO4 ,  and th e  re s id u e  
in  th e  d i s t i l l a t i o n  f la s k  p laced  inm iediately near a  Geiger coun ter. Two 
m inutes elapsed from tiie  beginning o f  d i s t i l l a t i o n  to  the beginning o f  the  
decay curve. ■ Consequently about one minute o f decay tim e was l o s t .
A 30 second decay period  was observed over sev e ra l h a l f  l iv e s .  The a c t i ­
v i ty  then  t a i l e d - o f f  to  a  co n s tan t va lue  due to  a  sm all amount o f  incom­
p le te ly  d i s t i l l e d  Ru, I t  i s  nov; ev iden t th a t  th e  4 tlev ^  ra d ia tio n  i s  
a s c rib a b le  to  th e  SO sec Rh and th a t  th e  ra d ia tio n  o f th e  gOOd Ru 
p a re n t i s  so weali th a t  i t  i s  n o t  observed. However, tiie re  i s  some ev i­
dence from ab so rp tio n  d a ta  on th e  gOOd Ru taken in  a low absorp tion  
coxmting device (w ith  0 .3  mg/cm^ o f  se lf-ab so rp tio n )  fo r  th e  ex is ten ce  
o f  a  i’a d ia tio n  o f  <  10 mg/cm^ ran g e , F u ilh e r v;ork w il l  be c a rr ie d  ou t 
ou o ld e r m a te r ia l in  which th e  only  Eu a c t iv i ty  i s  th e  gOOd a c t iv i ty  
to  d e f in i te ly  prove tlie  p aren t-d au g h ter r e la tio n s h ip s , Decay and growth 
curves o f th e  SO sec Eh a re  g iven in  F ig , 5 and
b . 4 j  . . ^ t i ^ t i e s  in  T^sslpn  (L, E, Glendenin)—In  jorevious work i t  was 

i.naij ' i./ •' 1 ±̂0 . ■ *- ' ^r-riulaoic.-
t a i l e d - o f f  to  lo n g e r- liv e d  a c t i v i t i e s  o f -« '4d  and -^bOd ]Deriods, L a te r 
work ( c f  CC-5g9) showed th a t  th e  60d a c t iv i ty  was n o t due to  element 43 
b u t probably due to  Eu contam ination- I t  i s  now ev iden t th a t  th e  ~ '4d  
a c t iv i ty  i s  a lso  due to  contam iiiation c h ie f ly  by 67h Mo which fo llow s 
elem ent 43 in  sm all q u a n ti t ie s  in  th e  d i s t i l l a t i o n  method o f  43 se p a ra tio n .
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A Rug S3 p r e c ip i ta t io n  tod  made fipom 25gm o f S-11 m ate ria l 
(St.LoTiic or.dii"*£ Lloi*.15,1945). d isso lv ed  ill aqiia i'eg ia
and •fVom HnT.Oj,r. TIio d iD tdlTate tod b o iled  Tdtb Gthanol Ti?icii
p rec ip ita to B  î be as on o:J.de, 1.1*0 xx̂ om th i s  cnd-de tod  mode

EU in  IIgS04 ,  5 mg o f Re c a r r i e r  t o s  added, eaid ReoSy p re c ip ita te d  
iTith HgS. The RepSy t o s  d isso lv ed  in  a  l i t t l e  aqua r e g ia ,  and a  n itro n  
perrhenate  p r e c ip i ta t io n  made. Tlois p r e c ip i ta te  t o s  d isso lv ed  in  h o t 
513 HgSO^, and RegSy re p re c ip i ta te d  u i th  IlgS. The sample t o s  mounted 
and i t s  decay follow ed close ly*  The 6 . 6h  45 ta i le d - o f f  to  a  '>-'5d 
a c t iv i ty  and f in a l ly  to  a  much lo n g e r-liv e d  badiground. The — 3d a c t i ­
v i ty  rep resen ted  — 0 .5^ o f  th e  t o t a l  43 a c t iv i ty  a t  tim e o f separa­
t io n ,  and th e  lo n g -liv ed  background was 0,0?.% o f tlie i n i t i a l  43 a c t i ­
v i ty .  Vihen t h i s  background t o s  ex trap o la ted  and su b trac ted  from -toe decay 
curve, th e  3d a c t iv i ty  was found to  be 66h viiich suggested th a t  i t  t o s  
67h Uo. An A1 abso rp tio n  curve o f  tlie 66h componaat shov/ed t l ia t  i t  t o s  
indeed th e  67h Lto. E v id en tly , sm all q u a n t i t ie s  o f Mo e i th e r  d i s t i l  
w ith  Ru and 43 o r  a re  c a r r ie d  over in  spiray and c o p re c ip ita te  w ith th e  
43. The lovf in te n s i ty  lo n g -liv e d  a c t iv i ty  i s  probably a  s l ig h t  contamina­
tio n  by Ru. I t  i s  seen from t h i s  work th a t  th e re  i s  no a c t iv i ty  p resen t 
o th e r than  th e  6 . 6h a sc rib a b le  to  element 43. Our b e s t value fo r  th e  h a l f -  
l i f e  o f  43 based on s e v e ra l decay curves o f  43 from f is s io n  m ate ria l i s  
6 ,1  1  0 ,2h  (H g . 5 a ) .

c . Ce in  F is s io n  Chains (co n t.)  (IJ. E, B allou)—S tudies to  determ ine 
th e  paren tage o f th e  Ce a c t i v i t i e s  a re  being continued.

A sample o f th e  n i t r a t e  was ir r a d ia te d  w ith  slow neutrons fo r  
' 50 ah  on March 31, 1943 and th e  La f ra c t io n  t o s  ra p id ly  is o la te d  

(according to  procedure o f r e p o r t  CC-S58). Successive Ce ex tra c tio n s  
were made from t l i i s  La f ra c t io n  a t  in te rv a ls  o f some h o urs, and th e  
decay eu ives follow ed. These curves a re  q u ite  conoplex. b u t they In d ic a te  
th a t  bo th  th e  l , 8h Ce (which has a  4 .5h  P r daughter) and th e  28d Ce 
(which forms a  s ta b le  Pr) have La p a ren ts  o f  1 hour o r lo n g er. I t  w ill  
^  n ecessary  to  fo llow  th e  cxtrves longer befo re  d e f in i te  assignm ents o f 
joarentage o f  th e  l , 8h Ce and th e  28d Ce can be made.

A tten tio n  should be c a lle d  to  th e  re p o rt by U. L. Pool and 
J .  D, K urbatov, appearing in  th e  B u lle tin  o f th e  Aiaerican P hysical S ocie ty , 
18. 9 (1943), on th e  v ario u s  Ce a c t i v i t i e s  from cyclo tron  bombardment.
They ob ta ined  a  30d C e^ ^  \7h ich  goes to  s ta b le  PiP-'^, and a 36h 
Cel43 v/hich decays to  13,5d P r^^°. Theso l ia l f - l iv e s  and iso to p ic  
assignm ents ag ree  w ith  previotis \7ork done by iis and r e p o r t ^  ^  CC-529, 
CC-465, and CC-389. T h ^  a lso  ob tained  a  140d '• Cê  vhich
decays byisom ^^c t r a n s i t io n  Td.th th e  em ission o f a  0 .21  Mgy to  
tlie  s ta b le  C e ^ ^ . I t  t o s  fO¥®^ in  tlie  two re a c tio n s , Ba ( , n)
Ce*̂  and La (d , n) Ce’ , The 140d Ce does n o t appear to  be  ̂ „  
formed to  any ap p rec iab le  e x ten t in  f i s s io n  as  th e  daughter o f 40h La . 
Glendenin has follow ed a  gamma decay curve o f 1 2 ,5d Ba (which i s  the 
iXU’e n t o f  40h La) through 1 .9  gm o f Pb fo r  about 3 months. I t  vreis c a lc u la ­
ted  th a t  about 60% o f  th e  total^^obsorved a c t iv i ty  a t  tho  end o f t h i s  3 
rnontli p e rio d  would be due to  Ce^'^^ i f  i t  were formed in  t h i s  chain .
In  th e  c a lc u la tio n s  tho  e f f e c t  o f  1 ,9  gu o f Pb on th e  counting e f f ic ie n c y  
o f th e  0 .2  Mev was taken  in to  considCTation, Since th e  decay curve 
d id  n o t f l a t t e n  o u t, 140d ■ i s  no t formed in  apprec iab le
ex te n t a s  th e  daughter o f  40h La .
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^  o f  <'5: ond CATTClpt'i on irlth  Feotbpi*
r.^5*clioci. c j^ '- ' j i jD .S A iC ' i  IJQ'fcfcg.i ^ i.B a.'cxcu . I l o v s y ^  E .  liv o ju iu ts x 't^ j  j--. .■ .■■ ^ i , i j  
G. Campbell, and L. V/lnsberg)—T h eo re tica l curves f o r  tlx§/5 energy d is -  

trib u tio u R  fo r  v arious m axinum ^ energy were obtained from th e  Fermi theory 
o fy < ii-d is in teg ra tio n . These curves have been used to  estiunate th e  average 
^  energy corresponding to  a  given maxiiauEi^ energy. T yler (Phys.Rev.56,
125, 19S9) has shov/n th e  v a l id i ty  o f tiie  Fermi d is tr ib u tio n  curve fo r  th e  
^  r a d ia t io n  from th in  sam ples.

V/e havG a lso  been in te re s te d  in  c o rre la tio n s  betv/een range and 
energy. The abso rp tion  curve f o r  monoenergetic e le c tro n s  i s  n ea rly  l in e a r  
u it l i  absorber th ickness} using  tlie th e o re t ic a l .^  d is t r ib u t io n  curves c a lc u la te d , 
a  s jh ith e tic  ab so rp tio n  curve can be roade fo r  a ^  e m itte r , We have done t l i is  
below, using  th e  Sargent range-energy r e la t io n  (C oryell, Seaborg Lecture 
llo tes CL 440), This curve i s  c lo se ly  s im ila r  to  the  esperim ental RaE curve 
obtained in  oui* a p im a tu s  (CC-529, se c tio n  3 a  i )  which wo use in  th e  Featiier 
Eletliod fo r  an a ly n ii^g ^^  ab so rp tio n  curves (CC-529, sec tio n  S b ) .

The p r o b a b i l iv ,  W, fo r  th e  omission o f e le c tro n s  o f energy
in  the range E to  E i dE i s  given by th e  Fentd. th eo ry  a s :

U A E2 (14€E) (ifE )a  (Em-E)^ dE

wiiere A i s  a  co n s tan t fo r  a  g iven a c t iv i ty ,  E i s  t h e ^  -energy , and Em
i s  th e  raaxinium ^  -energy , bo th  expressed in  t,Iev. This equation  i s  an 
approximate one, good to  -  2% (P o lla rd  & Davidson, Applied Euclear 
P h y sics , A pp.4). A lo s s  e x a c t, b u t s im p ler, equation , good to  w ithin  
15% f o r  values o f  E le s s  than 2, Mev i s :

n  : B(E) (5+2E) (Em 'E )^  dE

where B i s  a  constan t f o r  any one a c t iv i ty .  The constan ts  A and B 
o re  chosen to  norm alize th e  d is t r ib u t io n  fu n c tio n , i . e . .

J ■Qiii
V/

The ^  d is t r ib u t io n s  fo r  E max " 0 . 5 ,  1 , 2, 3 Mev were 
c a lc u la te d  from th e  second form ula and a rc  given in  F ig . 6 . The most 
probable energy i s  found, to  be p ro p o rtio n a l to  th e  maximum energy, 
being a t  .4  o f  th e  range. The average energy was a lso  ca lc u la ted  and 
was found to  be 9 .42  o f  th e  maximum energy from Em'r «?.5 Mev to  
Em s 3 Mev.

Mil
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In  c a lc u la tin g  th e  abso rp tion  curves from th e  d is tr ib u t io n
cturves, i t  T/as assumed t l ia t  fo r  sm all energy in te rv a ls  th e  abcoi-ption
in  A1 T/ould be l in e a r .  That t h i s  i s  alm ost t ru e  fo r  monoenergetic 
e le c tro n s  in  A1 except n ear tlae range i s  shoun in  some v/ork done by
V;. U ilson as  given by R utherfo rd , Cliadvri.ck, and E l l i s ,  p .414 (1950).
Tlie f a c t  t l ia t  th e  t a i l  o f  th e  curve f a l l s  o f f  th e  l in e a r  curve i s  o f 
no g re a t  concern s in ce  tlio c e n te r  o f th e  abso rp tion  curve i s  th e  most 
im portant pairt f o r  -energy  d e term in a tio n s.

L inear abso rp tion  curves were drawn fo r  sm all energy in t e r ­
v a ls  taldLng tlie  va lue  o f U as  th e  a c t iv i ty  a t  no absorber and tlie 
Sargent value  o f  th e  range fo r  tlie  p a r t ic u la r  energy in te rv a l  under 
c o n s id e ra tio n . Tlie t o t a l  ab so rp tio n  curve v/as tlien obtained by adding 
th e se  in d iv id u a l curves fo r  th e  sm all energy in te rv a ls  and i s  given in  
F ig , 7 A.

One c a lc u la tio n  o f an absorp tion  curve using th e  more 
exact Fermi equation  vsas made fo r  Em = 1 LIov, This i s  •ttie lower cuive 
in  F ig . 7 A from viiich i t  i s  seen t l ia t  no g re a t e r ro r  i s  in troduced by 
using  th e  le s s  exact equation .

The abso rp tion  curve was tl;en sub jec ted  to  a  Featiier 
a n a ly s is  (F ig , 7 B ), i . e . ,  compared id th  tlie RaE absorp tion  curve by 
th e  method o u tlin e d  in  CC-529, s e c tio n  5b and in  p . 54 o f CL-440.
Tlie d a ta  g ive a  su rp r is in g ly  good brealaioTOi by th i s  method, particu3 .arly  
s in ce  i t  has been shown th a t  tlie shape of an A1 absorp tion  curve o f a  

em itte r  i s  a  fu n c tio n  o f  th e  counting geometry (F ig ,5-5 o f re p o r t  
CC-529). ( I t  must be re c a lle d  tiaat we have based our sy n e th e tic  absorp­
t io n  curve approxim ately on th e  geometry used ty  Varder w ith absorbers 
p laced  in  th e  e le c tro n  pa th  in  th e  magnetic spectrograiih g iv ing  mono- 
en e rg e tic  beams.)

The average range shovn in  F ig , 7 C i s  450 mg/cm^ (broken 
h o r iz o n ta l l in e )  wiiich corresponds to  a  naxiuMn,,.^ energy o f 1 .09 Ilev 
(Featiier range-energy curve F ig . A o f  C-200 o r CL-440). Tliis F eather 
energy i s  liigher than any Sargent energy assumed. Tlie maximum range 
by th e  Sargent curve i s  however 450 mg/cm* fo r  1 ,0  Uev, The extrapo3.a- 
ted  range (continuous curve o f th e  f ig u re )  lead s to  th e  range 580 mg/our, 
corresponding to  a  maximum energy o f  0,99 Llev.

In  CC-529 (sec tio n  5b) we adopted fo r  th e  p re sen t th e  con­
ven tion  o f averaging th e  Featiier range over th e  f ra c t io n s  o f  range 
observed. The em p irica l n a tu re  o f th e  sy n tlie tic  curve o f F ig , 7 C 
p re v a its  i t s  use a s  an argument a g a in s t t h i s  convention. F u rth e r work 
i s  in  p rogress in  th e  f i e ld  o f  a n a ly s is  o f c u r v e s .
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