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00. ABSTRACT

1. A continuation of tlie dietailed analyaio of/S and
soft and hard' T" activit"r associated mvIith all fission product
elements in a nitrate bombardment is presented. The
”’cooling” time luis been extended to 170 days. The data for
the individual elements are presented in tables as counts/min
and in figures as percentage of tota”, soft and hard Y"
radiations.

2. Calculations and graphs liavc beeii made on the heat
generated by the longer-lived fission products. The method of
analysis is presented,

5. Tuo net? shoirb-lived Eh fission product activities
have been found. They are probably tlae daughters of the two
long lived Ru activities (30d, 200d). Re-evaluation of data
on 43 leads to the conclusion that the longest lived 43 activity
In measia“ble yields is the 6,lh (formerly 6,6h)- Hew parcnt-
daughtef relationships in the rare-earth activities are given.

4. Theoretical absorption cui-ves have been made using tlie
Fermi distribution function and linear absorption curves for
small energy intervals. A Featluer analysis of the absorp'ia-on
curve leads to the theoretical maximum energy.

Dr, A. Turlcevich joined the Section this month as leader of
tlae grovp concerned witli tloooreticol problems- IJessrs.
D, Sclxovcer and B, Schloss loave altered Dr. 13. E lliott’s groi®)
on electronic development and designs Ur. L. T/insberg, Dr.
7. Rubinson’s group on separation problems; Uessrs, J. D-
Itoight and E. Steinbe3g, Dr. H. Sugarman’s group on plant
problansj and Ur. B. Abraham, Dr. Turkevich’s group on theoreti-
cal problems.

This docnmftnt oontains affecMn

fe
(:;B;nse A mttSbn
or iti «ey

an [loi.i 'U is ftrohiiii!*”.! b'



Q« Ger”eral Activities of tiae Section

A report on decontamaation problemsj Tdtb special
referewoe to T materig” bos been iDrepared bgr Coxyell and issued
under -the folloying heading:

CC-B76 A4 Consideraition of Decontaminatioa Requirements

Messrs* Gest and Abral'iam have extended considerably (over
secticai 8 of ©i~SS8) our knoT/ledge of the coprecipitaticfti of Ba
Lais fi*om 1055 nitrate solhtions being tised to evaluate the general
principles of coseparation, and effoirts XTill be made to study other
systems of int*est vd,th the same view in mind*

Hot radioactive nitrate (-8 b03f H) has been furnished
to JDr* Balihis for study biy the phosph&t© method* This secrtion is
planning to malte detailed fission product analyses of the precipitates
for studies of speeif'ie decontamination of epariou.s fission elemoats.

In collaboration with Dr« Jaffey of Section C-I and

with the assistance from Lrs, feller, Fermi, and Rlgner, plans have
l)em laid for the impx“oVement of 49 yield at the St«Louis cyclotron.
On April' Ifi and 17 Prs* Jaffey, Brown® Sohman (Section C-I) and
Oo3?y«ll., Elliott, Turhevioh end tlr. Eageltemeir (Section O-III) went
to St.Louis fca? ©gctensiVQ mcaaitoring studies of the curr®:t 500 1b
nitrate mass end of projected alterations involviog metal and nitrate
or oxide. Due to cyclotron breaJsdown the project” altes'ations will
have to be tested for eaptU2x and fissioi™ at a later date. Fission
was measured by the radioactivity accumulating in celloi'hane by recoil

from 1 cm2 gf metali 30m af-ber a 4m irradiation at activity of
the Older of 5,000-18,000 ¢/m was obtained) 16h 1atOT an activity of
about 800 o/m was obtained from a stronger sample. Capture

v/ae measured by cpun-ting the sodim metal acetate j"cipitate obtained
feom a solutiaa of the same metal foil.
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I» EleiaeKtary Brealtdovm of Fissicm Activity ia

the Pile Opea?atioa up t9 3,70 Days

There is presented below the contiauation of the study of
the distribution of>S andT *activities found in the 100,000>-;ah St.Loxiis
tiranyl nitrate bocihardmeit Tshich ended October 25, 1942 (called S-3).
Earlier data have been reported in Section 1 of CC-542 E and Section 2
of CO-399 D, and the results were summarized for the period from 10 to
110 days cooling in Section 1 of CC-465 Data have now bem obtained
up to 170 days of cooling. In some cases later data have caused slight
revisions in the shapes of the best curves throy” e”erimental points}
tlac best data are now presented. These changes do not affect any previ-
otisly reported valtxee prior to 90 days of cooling except in the ease of
the hard 'V"from I, In this instance the hard “activity at 70d shoiOd
be 27.3 c¢/m per gram S-3 instead of 24.7 o/a/g as previously reported.
In Tig. S of CC-465 B the / curve should pass through the point 1,4 at
70d instead of 1,3 as shown.

Attention is again called to the corrections that should be
madO in the La data reported in CC-466 B. The La line of Table I, page
B-* is incorrect at 70, 90, and UOd* IHje correct values are the follow-
ingt

70d 90d nOd
14,3 4.9 1,7

In Fig, 1 the correct La curve sliould be displaced by a constant amount
from the Ba curve® corresponding to the experimental ratio of 1,25 La
counts per Ba count at 11 mg of absorber, Kie heodiiig in parentlieses
for Table Il in CC-465 B should read "(counts/mlrvam nitrate through 1,9
gu/cn” p? absorber}" Instead of "(counts/min/gm Jaitrote through 1,9 gc/ca
Pb Al absorber)" a” also tlie corresponding heading for Table HI1 shotOd
xread "(counts/nln/gm nitrate through 10.7 gn/oa”™ Fb absorber)".-

The values here repor-bed for ihe Zr and Qb activities are
based upon a 60d lialf-life for Zr and a S5d half-life for Cb* The Sr

acMvily includes that of tlie 60b Y&® ia equilibrium vdth the long lived
90 reported in CC-529, Section 5 a i,

a, Distri“tion of "Effeotive"” Activity.-"Bffective" ><g activity is
fined as the observed coun-E 0? the various active elements determined with
a total absorption (air gap, cellophane covering, mica window, and self
absorption) amounting to 11 mg/cm*, which corresponds to tlae minimum vMch
is practicable. Table I presents tlao observed values at 20 day intervals
from 90 to 170d. Al values are reported as counts per minute per gram of
S-3

The activii®? viiieh 'was repox'-bod in GC-4S3 B as ir-<"lld is now
called FrtHare earths, since tlae only activojty. y.“ch has definirh3y,,bsen. . ».-
identified in -chis fraction is a 13d Ii*. der*e> t - ¢ tMi-mE
N mm AN nmm Bipiou.<<e l'*""_""'*"
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[t is noted that the percent activiiy accounted for in
Table I is lev; at 150d and 170d. Due to an oversicht, values of percent
accoimted for vzere not given in Table I of CC-465B (i“age B-5) for

eailier periods of tine. Thedata for the tine non studiedare:
Cooling: 10d 30d 50d 70d  90d 110d 130d 150d 170d
%
Accotmted 92.6 96.3 96.0 95.7 96.9 97.7 96.7 949 923
for

It is not knonn at present T icther -Uie falling off is due
to experiraental erroi’ in tlie Ion counting rates remaining, or to failure
to recognize the presence of certain long lived elements. Since vie do
not liave enough of tlie S-3 nitrate to mount nevisamples of the lev/ acti-
vities, we shall liave to use tlie activity of tlie irradiation ended
January 25 (S-8) for check and extension v;ork before we can eliminate
further discrepancies, Tlie percent of effectiveactivity associated
with each prominent element is given as a function of cooling time from
90-170d in Fig. 1. After 100d Ce becomes the most prominent’<3 emitter.
The Gs is slowly gaining in prominence, due to its very long half-life
(36y). The” emission from 90d Te™” is obvious” very soft, since the
Te acoay is largely regulated by the 52d Te”" decay. The Ba-La
pair falls to very low values aftei’ 120d,

Tlie presentation of the data for "effective”,” and
counting rates has proved of considerable value in rapid laboratory
studies and controls in tlie v;ork of this and other sections, and ought to
be of furtlier value in decontamination studies. It has been pointed out \1
in CG-576 that the data for hard” emitters can be multiplied by 0.5 to \
give the curies of the element in V material containing 250gm of 49 |
(2,500 KV material from 100d operation, let us say 1 ton). Correction |
factors for specific elements emitting soft.3 or <' radiation —i
(Zr or Cb) are also given in CC-576,
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b« ~Effective Softjf ” Distribution.—”Tno "effective soft ~ " counting
rate is repciiied as the counts per minute per gram of S~5 observed vdth
1,9g of Pb absorber directly on top of the sajrS)lo. Table II presents

tlie observed values at 20 day intervals from 90 to 170 days and Fig. 2
sherjc the pei’Cen,, of tlie observed total count vjliich is due to JLa ~

CA "Effective Hard Distribution.—"Tho "effective hard ~ " counting
rate is reported as the counts per minute per gram of S-S observed uith
10.7g of Pb absorber dii*ectly on top of the sample. The contribution due
to Bremsstrahlung has not been definitely detemined. Table III presents
the observed values at 20 day intervals from 90 to 170 days and Fig. 3
shoY/s tlie /S of "iiie obsei-ved total count vihieh is due to each activity.

Tlie fall in percentage activity accounted for’ is greater*
in effective soft and hard V activities after 100d than in ~ activity.
It is ex”ierimentally much more difficult to get good samples, and
especial effort will be made to cover this in tlie new work on S-0
nitrate.

Ce becomes the" third most prominent soft and hard
emitter after 80d (Figs. 2 and 3) due to tlie hi® Brensstiahlung yield
in the Pb geometry used. Ru is undoubtedly third in "d< in ordinary
circumstances. The Te ~y'decay is set largely by the ‘n“emitting 90d
The radiation from Gs becomes about as important as tliat of

Te at 170d.

Table I Distribution of Effective Beta Activity Among the
Fission Elements

(10~" X counts/min/grom nitrate tiirough 11 mg/cm” total absorption)

Days aft er con elusion of bom bard
) 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
b - 9.1 8.0 7.0 6.1 5,2
Ru 10.1 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
Pr -h 4.3 1.64 73 41 .29

Rare earths

Totals(™) 299 232 189 159 137

Accounted for:
96.955 97.7" 96.7" 94 9/ 92.5n

(a) The OX contribution has been subtracted from the measurements on the
nitrate. It contributes the constant value of 18,000 ¢/m idiich is a
better estimate than the 17,000 c¢/m reported in CC-465 B.



lable II Distjcibution of Effective; Soft. Gajraia A ctivity Among tlie
Fission ELenents

(comts/min/grnn nitrate throngh 1.9 g/cm” Pb absorbea?)

Days after concluston oQf Ji>a j3,mee, t
90d 13.0d I1SCd Qe L70<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
| 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
Totals (*3690 2980 2450 2110 1840
Accoxaited for:
95*65% S1.1% 95.57] 89.27; 86.7&

(a) The expsr3.nehtally obnerrcd bacl*iroiincl of (O ¢/m per gram of mbomborded.
nitrate has been snbtractod from the total. °

Table III Distribution of Effective Hard Gamma A ctivity Among the
Fission Elements

(counts/min/gram nitrate through 10.7 g/cm” Pb absorber)

Days after conclusion of bombardment
90d 110d ISOd ISOd 170d
mlement
Sr 120 85.5 61 43.6 31.2
Y 19.8 15.5 12.5 10.4 9.0
Zr 595 509 244 192 151
b 510 450 578 512 252
Eu 75 54 59.5 50-2 24.2
Te 10 8.4 7.3 6.5 5.5
Cs 5 5 5 5 5
La-vBa 91 31,7 11.2 5.9 1.3
Ce 139 152 129 128 126
Totals
1450 Uu60 960 815 710

Accounted for:
94.0JS 94 27 92 .41 89,7" 82.3~

(a) Tlie experimentally observed bacl-“ound of 20 c¢/m per gram of unboiribardod
nitrate has been subtracted from the total.
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2* Heat Gaicgation of Indlviduai 4 and ITActivities (L. Udjasberg and
TSii, Rubinscai)« A

Calcxilations have been made of the heat generation of the
different individxjalyS* and activities of ei”t of the most ic*rtont
fission products as a function of bombardment time and time of cooling,
and the results grajihed as uatto vs dayis. As a basis for calculation
convenient for transformation to any other conditions, tre have chosen a ~
pile of 1000 KI/ power, or 5 x 10" As bombardment time, we tuive ,
taken Ti 5, 10, 15, 20, SO, 40, 50?®§0, 80, 100, 120, 130, 200, dayso
The cooling time is taken long onou” for the activity to fall to one viatt.

T/e now have available graphs for the following elements and
latest data;

Lement Half-life Fission yield Er AM(max)
Sr 55d .075 1.7

Y 57d ,074 1.4

Zr 60d .04 0.8 ( .42 (95M)

a ESA)

Cb 35d ,04 75 A5 (e'l
Mo 67h .08 .8 1.3

6a 12.5d .084 - 1.0

lia 40h ,084 2vl 1.84

28d .07 0.2
Ce 340d 10 0.2

For an element formed directly in fission or driving from
a shoirt-lived parent;

= _QA]- [
V/atts 14.18 QEttCOsl§c)x 25.054 Isn(}left\)/ X £ y X]S (e.V.)/d,)g./gT»,t)/

sec /
6,02 X 10"S

c 1,60 X103y E4»(>, T, t), vdiere '™ is a time dependent
function, f is the nunbOT of fissions/sec, y is the fission yield and
E is tlie raaxiiinam energy of the” particle. 1/S E 1is assimied to be tlie
average -energy. For irradiations tlic factor //S is omitted.

For an element the life of vdiose parent most be talcen into
account the constauit factor is different;

Uatts s: 4,18 X 23.054 xfx y x-§ )
a . s /rp _]' \
G.02 X "> 'M) in r* m-)

=160 X100y E sJ (T, t, Xp, Xi)
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s. Hew Hasion Proditct A ctivities and Re-evaluation of Old Data

a- Discovery of 55 min and 50 sec Rh actlvitlee-"Daughters of 50d and
good Ru A ctivitjes (L. E» Ca.endenin. aad E. P. Steinberg') “Mnvi”
of the extremely hard” radiation (4 Uev) associated with the gOOd Ru
activity a search was made for an anticipated short-lived Rh daughter
to account for this penetrating radiation. A very active sample of Ru
separated from S~8 material (St.Lotiis bombardment ending Jan, g3, 1945)
and containing — 10® c¢/m (at 50" geometry) of 50d Ru activity was distilled
from . HCI4- 10 mg of Cd carrier was added to the residue and Cd(OH)g
precipitated with 6H HaOIl. This precipitate viiich carries Rh was mounted
and the decay follov*ed on an Eck-Krebs comtor. A 55 minute period was
observed for several hours vMch finally tailed-off to a long-lived back-
giround. This background activity was first assumed to be incompletely
distilled Ru, but an Al absorption ciorve sho\7ed that this was not the
case. Two radiations with half-thicknesses of -""lO0 mg/cm” and -*70 mg/cm”"
were present In the long-lived activity. Il.either of these corresponds to
any known Ru activity so the background activity remains xmidentified. An
Al absorption curve of the 55 min Eh indicated a radiation of
™= —'80 mg/cm” as well as Y radiation. The activity of the 55 min
Eh extrapolated to time of separation was 50,000 c/m which represented
— 5% of the 30d Ru activity or **15” of the gOOd Ru,

Die experiment was repeated on a Eu sample from S-g material
(St.Louis bombardment ending July gg, 194g). The activity of this sample
was — 10,000 ¢/m (at 30" geometry) and consisted «itirely of the gOOd
isotope. Ho decay in activity was observed in the Cd(OH)g precipitated
from the distillation residue. The 55 min Eh is evidently not the daughter
of good Ru. The parmt is very probably the 30d Ru, The decay cia’ve of
the 55 min Eh is given in Tig, 4,

Followijtig the discovery of tlie 55 min Rh a method was devised
for fiiiding a very short-lived Ela dau”-“er of the gOOd Ru activity. The
S-8 Ru sariple mentioned above was distilled from HCIO4, and the residue
in the distillation flask placed inmiediately near a Geiger counter. Two
minutes elapsed from tiie beginning of distillation to the beginning of the
decay curve. m Consequently about one minute of decay time was lost.

A 30 second decay period was observed over several half lives. The acti-
vity then tailed-off to a constant value due to a small amount of incom-
pletely distilled Ru, It is nov; evident that the 4 tlev ~ radiation is
ascribable to the SO sec Rh and that the radiation of the gO0Od Ru
parent is so weali that it is not observed. However, tiiere is some evi-
dence from absorption data on the gOOd Ru taken in a low absorption
coxmting device (with 0.3 mg/cm” of self-absorption) for the existence
of a 1’adiation of < 10 mg/cm” range, Fuilher v;ork will be carried out
ou older material in which the only Eu activity is the gOOd activity
to definitely prove tlie parent-daughter relationships, Decay and growth

curves of the SO sec Eh are given in Fig, 5 and
b. 4j. /‘tlAtles in T"sslpn (L E, Glendenin)—In jorevious work it was
inaijj ' i/ 1 ™M) w '~r-riulaoic.-

tailed-off to longer-lived activities of-«'4d and -~bOd ]Deriods, Later
work (cf CC-5g9) showed that the 60d activity was not due to element 43
but probably due to Eu contamination- It is now evident that the ~'4d
activity is also due to contamiiiation chiefly by 67h Mo which follows
element 43 in small quantities in the distillation method of 43 separation.
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A Rug S3 precipitation tod made fipom 25gm of S-11 material

(St.LoTiic or.dii"*£ Lloi*.15,1945). dissolved ill aqiia i'egia
and «tVom HnT.OQr. Tlio diDtdITate TOD boiled Tdtb Gthanol Ti?icii
precipitatoB i'be as on o:J.de, 11% xxom this cnd-de tod mode

BU in IIgS04, 5 mg of Re carrier tos added, eaid ReoSy precipitated
iTith HgS. The RepSy tos dissolved in a little aqua regia, and a nitron
perrhenate precipitation made. Tlois precipitate Tos dissolved in hot
513 HgSO”, and RegSy reprecipitated uith IlgS. The sample tros mounted
and its decay followed closely* The 6.6h 45 tailed-off to a "™-'5d
activity and finally to a much longer-lived badiground. The— 3d acti-
vity represented — 0.5" of the total 43 activity at time of separa-
tion, and the long-lived background was  0,02.% of tlie initial 43 acti-
vity. Vihen this background Tos extrapolated and subtracted from -toe decay
curve, the 3d activity was found to be 66h viiich suggested that it Tos
67h Uo. An Al absorption curve of tlie 66h componaat shov/ed tliat it Ttos
indeed the 67h Lto. Evidently, small quantities of Mo either distil
with Ru and 43 or are carried over in spiray and coprecipitate with the
43. The lovf intensity long-lived activity is probably a slight contamina-
tion by Ru. It is seen from this work that there is no activity present
other than the 6.6h ascribable to element 43. Our best value for the half-
life of 43 based on several decay curves of 43 from fission material is
6,1 1 0,2h (Hg. 5a).

c. Ce in Fission Chains (cont.) (IJ. E, Ballou)—Studies to determine
the parentage of the Ce activities are being continued.

A sample of the nitrate was irradiated with slow neutrons for
"50 ah on March 31, 1943 and the La fraction rtos rapidly isolated
(according to procedure of report CC-S58). Successive Ce extractions
were made from tliis La fraction at intervals of some hours, and the
decay euives followed. These curves are quite conoplex. but they Indicate
that both the 1,8h Ce (which has a 4.5h Pr daughter) and the 28d Ce
(which forms a stable Pr) have La parents of 1 hour or longer. It will
A necessary to follow the cxtrves longer before definite assignments of
joarentage of the 1,8h Ce and the 28d Ce can be made.

Attention should be called to the report by U. L. Pool and
J. D, Kurbatov, appearing in the Bulletin of the Aiaerican Physical Society,
18. 9 (1943), on the various Ce activities from cyclotron bombardment.
They obtained a 30d Ce”" \hich goes to stable PiP-'*, and a 36h
Cel43 v/hich decays to 13,5d Pr*"°. Theso lialf-lives and isotopic
assignments agree with previotis \lork done by iis and report® ~ CC-529,

CC-465, and CC-389. Th” also obtained a 140d * N vhich
decays byisom”™”c transition Td.th the emission of a 0.21 Mgy to

tlie stable Ce””. It Tos fO¥®”" in tlie two reactions, Ba ( , n)
G and La (d, n) Ce , The 140d Ce does not appear to be *,,

formed to any appreciable extent in fission as the daughter of 40h La
Glendenin has followed a gamma decay curve of 12,5d Ba (which is the
iXUent of 40h La) through 1.9 gm of Pb for about 3 months. It wreis calcula-
ted that about 60% of the total*”obsorved activity at tho end of this 3
rnontli period would be due to CeM*” if it were formed in this chain.

In the calculations tho effect of 1,9 gu of Pb on the counting efficiency
of the 0.2 Mev was taken into considCTation, Since the decay curve

did not flatten out, 140d m is not formed in appreciable
extent as the daughter of 40h La



16 -

A of &: ond CATTCIpt'ion irlth Feotbpi*

r 5*clioci. cj*r'-'jijD .S AiC'i 1Qfcfecgi”i.Ba.'cxcu. Ilovsy” E. livojuiutsx't"j j--. mm“ i ,1]

G. Campbell, and L. V/Insberg)—Theoretical curves for tIx§/5 energy dis-
tributiouR for various maxinum” energy were obtained from the Fermi theory
ofy<ii-disintegration. These curves have been used to estiunate the average
A energy corresponding to a given maxiiauEi® energy. Tyler (Phys.Rev.56,
125, 19S9) has shov/n the validity of tiie Fermi distribution curve for the
A radiation from thin samples.

Ve havG also been interested in correlations betv/een range and
energy. The absorption curve for monoenergetic electrons is nearly linear
uitli absorber thickness} using tlie theoretical.” distribution curves calculated,
a sjhithetic absorption curve can be roade for a ~ emitter, We have done tliis
below, using the Sargent range-energy relation (Coryell, Seaborg Lecture
llotes CL 440), This curve is closely similar to the esperimental RaE curve
obtained in oui* apimatus (CC-529, section 3 a i) which wo use in the Featiier
Eletliod for analynii®*g”” absorption curves (CC-529, section S b).

The probabiliv, W, for the omission of electrons ofenergy
in therange E to EidE is given by the Fentd. theory as:

U AE2 (l4€E) (ifE)a (Em-E)* dE

wiiere A is aconstant for a given activity, E is the” -energy, and Em
is the raaxinium ”~ -energy, both expressed in tlev. This equation is an
approximate one, good to - 2% (Pollard & Davidson, Applied Euclear
Physics, App.4). A loss exact, but simpler, equation, good to within
15% for values of E less than 2 Mev is:

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

where B is a constant for any one activity. The constants A and B
ore chosen to normalize the distribution function, i.e..

i
J v

The ~ distributions for E max "0.5, 1, 2, 3 Mev were
calculated from the second formula and arc given in Fig. 6. The most
probable energy is found, to be proportional to the maximum energy,
being at .4 of the range. The average energy was also calculated and
was found to be 9.42 of the maximum energy from Em'r«?5 Mev to
Ems 3 Mev.
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In calculating the absorption curves from the distribution
cturves, it T/as assumed tliat for small energy intervals the abcoi-ption
in Al T/ould be linear. That this is almost true for monoenergetic
electrons in Al except near tlae range is shoun in some v/ork done by
V.. Uilsonas given by Rutherford, Cliadvri.ck, and E 1lis, p.414 (1950).
Tlie fact tliat the tail of the curve falls off the linear curve is of
no great concern since tlio center of the absorption curve is the most
important pairt for -energy determinations.

Linear absorption curves were drawn for small energy inter-
vals taldLng tlie value of U as the activity at no absorber and tlie
Sargent value of the range for tlie particular energy interval under
consideration. Tlie total absorption curve v/as tlien obtained by adding
these individual curves for the small energy intervals and is given in
Fig, 7 A.

One calculation of an absorption curve using the more
exact Fermi equation vsas made for Em =1 Llov, This is ettie lower cuive
in Fig. 7 A from viiich it is seen tliat no great error is introduced by
using the less exact equation.

The absorption curve was tl;en subjected to a Featiier
analysis (Fig, 7 B), i.e., compared idth tlie RaE absorption curve by
the method outlined in CC-529, section 5b and in p.54 of CL-440.

Tlie data give a surprisingly good brealaioTOi1 by this method, particu3.arly
since it has been shown that tlie shape of an Al absorption curve of a

emitter is a function of the counting geometry (Fig,5-5 of report
CC-529). (It must be recalled tiaat we have based our synethetic absorp-
tion curve approximately on the geometry used ty Varder with absorbers
placed in the electron path in the magnetic spectrograith giving mono-
energetic beams.)

The average range shovn in Fig, 7 Cis 450 mg/cm” (broken
horizontal line) wiiich corresponds to a naxiuMn,,.” energy of 1.09 Ilev
(Featiier range-energy curve Fig. A of C-200 or CL-440). Tliis Feather
energy is liigher than any Sargent energy assumed. Tlie maximum range
by the Sargent curve is however 450 mg/cm* for 1,0 Uev, The extrapo3.a-
ted range (continuous curve of the figure) leads to the range 580 mg/our,
corresponding to a maximum energy of 0,99 Llev.

In CC-529 (section 5b) we adopted for the present the con-
vention of averaging the Featiier range over the fractions of range
observed. The empirical nature of the syntlietic curve of Fig, 7 C
prevaits its use as an argument against this convention. Further work
is in progress in the field of analysis ofcurves.



4.0

3.8

34

3.0

Z.3

X

S 2.0

La

X

1.0

0.4

ox

Pagc - 16

6 /Mer/77 c/jsfr/buhorf curves for
var/ous /#ues of £ /ngjc.

10

2-S

3fi



A

>

-1

0D



