
... 

• .. 

\I 

.,-

~ 

..c: ....... ', . 

B-46 
! ' , 

DO NOT REMOVE THIS PAGE REPOhT NO.,;11 fU!/ ,1-~ 
This documerit{:ontains:.- .4-5? .. __ 
Paees of Text and . Q Pages 
of Figures.·' , /J 
This is copy. s2-of '1' ,series_'_/;;)_" 

ISSUED TO: 4£. {7?..g~ 

3 4456 0018867 8 \ . . 
1. I r 'information affecting the National ~efense of the 

Om.ted dtates, with the. meaning of the Espi{)Bage Act, USC 50; 31 and 32. 
Transmission or E£~lation ot'its contents in al}L..manrier. to an unau~horized 

2. 

3. 

4. 

5. 

6. 

7. 

.e.erscm is prohib'~tEi? .by law. . . ' 
Before this document .can be read ,by a person other than'the one to 'whom it is 

, assigned, his name must be on the Library list of 'those authoi-ized to read 
material OB this subj ect, or permission must be obtained from the Assistant, 
Director or the. Director oLthe_..Ir::Lft:l:t!m::>.t3_C\y;,-D","'",-""-'bn,,~:.j,_~--"-·L.-pugh an app-
ropriate Section Chief or ~ CES ORGANIZATION ',that the 
person needs' to read the d~ INFORMATION RESOUR '. 
This is, a classified documd TECHNICAL LIBRARY ~ed area'. . . 

SECRET material must rl Report Collection ked 'filing 
case with tumbler loc~ Building 9711-1, Y-12 I· 
?ONFIDENTIAL mater,lal \ LOAN COpy ONLY ~ling cab:... ' 
lnet. . , ! . . 

A ~~CRET or CONFIDENTIAL -do; Do NOT transfer this document to any other nse duplicated 
wi thout permission of the 01\ person. If you want others to see it, attach, their Ion. the' contents 

at the document and the Library , of a secret reDort must be.~ names, r urn ed' \hUmbered pages 
, . r will arrange the loan as request . . 

having the designation SEem; I same way as a 
O ---; UCN- 1624 13 6-851 • secret report. ther notesL_. __ ~ __ ,_, ____ -,.-__ ·~-~~-m"'_~-;"'i"""',"-de dope l.n a 

form meaningless to anyone bl1t the y;riter and lat.er destroyed. 
The persc.n or office to whom a SECRET or CONFIDENTIAL docl1mcnt is issued/is 
?ccountable for the doc1lment. at all tif!l..§.2.~ Permission for tran,smission to 
another office other than that of the assignee must be ,obtained through the 
Information Office and recordejd ~,r~i;'} • ' , 
As. soon a~ the do~Umt~~t~~~l~g;,-::,:f" ,i'oed it i~. to be returned to t~e. I~forll1-
atlon Offlce \~E:~t\t~~~1t·~~ •. WCJlt, 11 be rCJ.lev:ed of the responslbl.hty 
for its safe 
The form 'below this report and !U!',st be. signed by 
each person who reads it • 

. Route, to, Read by Date. Route to. Read by. Dt:lte . haute to. h.ead by Dat.e 
• ' I IE 

.., 

t----+---'! Clauification changed to: @~@l&~~iWQ;@ 

By Autl~JtNiBf:r.p",-- ·-cf T\! "_'c TI [J-II I ~ 
.u) .. &AA ..... g A.-I'lVJl.O.lviL1i 

y ~12 Teehnica} Libf'i.:ry 
By: ;;;UMl1llllllL ;a,1tI;!!:m.ojtlJl~ 3rdt:u.1UIIJl 

X.906 ~i~iFi~ i'll 'j[ .. ~ 

Date: .2 -IS -5-' , 
":i"W 

t' . . ,~.",'.~!k,' ~._~<d .... ·a'l/. 

.0: 

". 
' __ ~I"/ 

to" 

" 

" 

\. 

~~ 



\ . 

t 

.., ., 

; .. 

·t 

, . 

... ; 

,.., 

/' 

MonP=46 

Contx'aet No" W-35-058,j eng.> 7(1 

~ ~ • $ $ • • ~ $ ~ • • 

pm's I CUI VISl O!,! 

o ~ • • $ 0 ~ 0 • ~ Q 0 

. .!.!!rORT FOR MONTH ENDING DECEM.BE~ 31,1L 19.!i2. . 
- ... ......... ..... ~_:t::I 

L<> W ~ No'rdhe1m 

Serles B Reoleved: 3/25/46 
Se~le8 B Issued: 3/25/46 

\ OAK RlOGE NA 

\ 11~~~I~mll 
I \ _! 445_6 

.~-'l~ ~~~.~~-

~ ",. ~ 

\\~\{\\\\\\ \ It . 
0018867 8 

i 



-., 

t 

• J 

-J 

v 

, 
-2~ 

For th~ new unit the heterogeneous- type has been adopted as 

prefer'able at this time due to its much greater simplicity compare,d 

to the hO!'l1ogeneous unit" Approximately the sa::ne performance in flux 

and isotope production can be achieved with only slightly greater 

losseso A descriptlonof the physical characteristics and constants 

will be issued in the near future" 

Details on the critical experiments have been '."jorked out in 

conjunc tion wi th the tech.nicel division.. They will be modifie d also 

into an heterogeneous arrangement which is ]'!lore easily ;:lanageable 

and will permit to obtain all portinent data .. 

Continued thought has been given to the construction of the 

pilito and to possible power p11e86 In the latter field, a simple 

pressure type, with cooline; water at 500-pound pressure, producinG 

saturated a.team of fOU1"-po~d pressure in a boiler type heat ex­

changer will give an'efficiency of order of 23 pe~cent and see~s 

thus to be quite p~omisingo 

From the o theY' work of the division the satisfactory operation 

of the double crystal spectrometer ,and the observation of the 

local response in the neighborhood of _ an oscillator may be no ted 

especially" 

The de ta iled repor ts of the various sec ti.ons 1'0110\,;" 
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Physies Section I 

A~>':l1o Snell n Section Chief 

Total technical personnel (including supervtslon)'H e 11 (this period) 

Problem Percentage of Section 
As,si gmnent Manpower 
Nuinber SUbJ.eet Status Report ~.~ext P_~:.. ___ IS 

PXI-7 
14 " 

o Production Active 30 30 
px6=4 Neutron Temperature in Pile 'Active 10 10 
Px:g~l G~Ray:Spectra Inactive 0 0 
PX8"" 2 Photoneutron Sources Active 20 20 
pX10=4 Be10 Inactive 0 0 
pXl~6 

I 

Fast Neutron Yields Inactive 0 0 
PXllbl Crt t1eal1 ty of Vessels Active 30 10 
163=X39P Service Flux Measurements Active 5 10 
pX8=4 Mean Gamma Ene~gy per :Beta Inactive 0 10 
PX5=15 Controls Active _2 10 
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. 14 . 
PX1=1 = C Production - (Norri8 D Meiners) 
--.~ . ...-~-.~-,..~. ~:.... 

We have to retract last monthfis statement on the gamma 

rays of carbon 14~ because careful measurements with thin sources 

have led to the conclusion that the observed effects can be accounted 

for on the basis. of bremsstrahltmg<. The ratio of the counting rates 

obtained when the betas are stopped in lead and in aluminum was plotted . . 

as a function of source thicknesso The curve should be flat if gammas 

are 1nvolved~ but actually it decreased with decreasing sample thick= 

ness toward a value not far from the ratio of the atomic numbers plus 

a contri.bution from lnnere bremsstrahlen o Furthermore 0 the' o"IJerall 

yield of the x=rays is not far from what would be expected on the basis 

of bremsstrahlen if reasonable counting efficiencies are assumedu 

Finally" a direet comparison of the counting rates of betas and x=rays 

. - "2 32 was made with a known pure beta emitter (~)o The P emits betas of 

hl~her energy~ and it gave about twice as many x-ray counts per beta 

as did the C
14 

u 

Trouble with the circulating pump in the factory has re= 

stricted our production. during the past montho We have a.bout 34 mc 

on hand. 

14 
An estimate has been made of the C production which 

could be expected if the outlying regions of the Clinton pile yere 

load.ed with canned ni trogenous material. If 100 channels in Zone 9 

of the pile were loaded for a length of 15 feet near the middle of 

the pl1e o about 1 curie could be made P3r yearo If calcium nitrate 

'~:) 
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were used n about e ton would be involved~ The liquid factory in 

the middle .of the pile could be dispensed with" because the new 

14 . 
loading would yield 1()"'15 times as much C 0 Th! s production .. 

rate> .ma,y be llegl1gi bl~ compared to what can be expected from 

Hanfordn.bui it would have an advantage in flexibility -= that iSg 

different techniques could be experiment~d with~ 

~~~~~eutron ~J!l_1:.atur~_~~ts - (Branch) 

Measurements of the neutron temperature in the Clinton 

o 0 
pile yield a value of 729 ~ 25 A~ which corresponds to an energy 

of Oa063 ! 00002 ev for the neutrons with the most probable veloeity 

of 3456 ~ 84 m/Bec~ The range in probable erross given are computed 

from the scatter in the data; no estimate has been made of the error! 

inherent 1n the method and apparatu8Q These latter errors will be es-

t1mated from neutron temperature measurements that are to be undertaken 

in a thermal column» using the same and Improled absorbers snd detec= 

tors", 

. The temperature of a neutron flux n if a Maxwellian velocity 

distribution is aSBumed~ 1s computed from the ratio A/AOt where A is 

the saturatedactivlty induced bl the neutrons in a thin ltv detector 

shielded by a ltv absorber of known thickness and cross-section and Ao 

1s the activity induced by an unshielded flake o by the relation 

. at,;) 

AI Ao ~ 4/fit S ",2. _:0:
2 
E2( K ';-/vx )dx. (1) 

o 
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where v is the most probable veloc! t;Yl) K b is a constant determined 

by the thickness and croes~section of the absorber and is measured In-

dependent1;y in a monochromatic neutron beam and E2 is a tab~lated E 

function;, 

For the thin 1/v'detectors required by this procedure v MD. 

flakes~ 1 em x 1 em x 0¢1 cmwere used. In order to· eliminate the 

activity induced by the Mn resonance neutrons o actlvations were made 

wi th and without Cd with detectors sb1eldeC!. and unshielded wi th the 

Ilv absorbero Pyrex plates ground to 0005011 thickness 0 (The me'thod 

of Cd differences in effect eliminates not only the resonance neutrons 

but also all the neutrons in the spectrum above the Cd II out-off" r. 

This introduces no difficulty in interpreting the results because 

practically all the energies of the thermal neutrons that make up the 

Maxwellian distribution lie below the cut-offe) 
, 

Prior to the absorption measurements in the pile~ the 
) 

total croBs-seetion constant for the Pyrex~ IS. was measured in a 

collimated monoenergetic neutron beam obta,lIied with Mro Borst v s 

spectrometer to have the value 

KS :: 1060 !. 20 .., 
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At least 6 determinations of each type of activity listed below 

were made o yielding the following results. normalized to Atot = lOOO~ 

~~!~~!~=l S~~~~~ ~ __ ~=Shle1.~ing ~~~_qbser~..!.ue __ 

Total Atot none 1000 

Resonance I Ari 00019" Cd 6909 ~:, L2 

Resonance I A~1f 0~63g" Cd 62. 7 ~~ 0~3 

Total ~ Pyrex' 503 !. 2 

Resonance I (Arb' ):8 Pyrex .(p 0<.019" Cd I . 62~ 71 ~ 0 0 5 

'The thermal activity in the detector is determined by 

subtracting the resonance acti vi ty from the total ~~cti vi ty Q Since the 

Cd absorbs a fraction of the resonance neutrons as well as all the 

thermals~ the resonance activity was measured as a function of Cd 

thickness so the activity could be extrapolated back to zero thick= 

ness of Cd" This extrapolation was made according to the following 

relation which takes into account the oblique incidence of the ran~ 

~omly directed neutrons; 

(Ar)x :;: ArE2(lJx) (t~) 

where (J'" is the macroscopic cross-section of Cd for Mn=resonanee 

neutrons and . x is the Cd thickneSSn Actually a'"' was not known rl but 
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cut~and-try methods gave a curve that :fi tted--- the two obsarvel 

points (x :: 0",019" ::: 0.,048 cru~ x ::'1: 0.038" = 00096 eml~ for wq.ieh 

0- x was, 000370", The re8ul UiLg total microscopic cross=s~ctiqJt:f'f 

Cd for Mn-resonance neutrons is 

0- = 16Q4 barns~ 

Extrapolation by Equation (2) gives 

Ar ::; 81 ;t 3" 

The activity in the detector shielded with Pyrex plates 

and 0,,019/1 CU Is corrected for the absorption of Mn-reeonance neutrons 
I 

in the Cd as follows~ 

(Ar):a :: Ar/Aru {ArdB:: (L16 ~ 0~03) ¢ (6207 !. 0.,5) :: 73 or,. 2·, 

tetting A and Ao be the thermal actlvft1es in the detector shielded 

and unshielded with boron v respectively~ 

A = ~ - (Ar):a :: 430 ~ 3 

Ao = ~ot~Ar = 919 ~ 3~ 

from which the transmisSion ratio ieg 

A/A
O 

:: 0~468 ~ 0~o04~ 
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From a numerical integration of Equation (1). the most 

probable velocity eorresponding to a transmission of 00468 ~ 00004 

18 

v ::I 3456 :!: 84 meters/seen 

I 0 ~ 0 from which 1s computed' the neutron temperature of 729 ~,25 A. 

PXS-2 .. Pbotoneutro!l Source! = (Barker o Sternberg)· 

Using sodium 24 gamma rays" six. cornplete'runs have been 

made 1n deuterium and in beryllium spheres in. the paraffin pi,leo 

Neutron integration measurements by the parabolic-foil method" to-

gether with beta-ray measurements on the etrengths of the sourees u 

have yielded the following values for the photoneutron eross-sections. 
24 

assuming one high energy gamma per beta in Be. ~ 

Be; ( / -28 2 
5~9 ~ Oal) x 10 em 

Dg (12 Q 8 003) x lO-28om2 . 0 

The probable errors indicated show the spread 1n the values obta~ned 

with the six runs? 

The effective gamma ray bas an energy of 2Q76 mev. 

Work is continuing on the gallium 72 gamma r~ of 2n25 mevo 
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, 

pX14=1,- Cr1. tical1 ty of Vessels - (Hoyt~ Shrader" Sneil. Abelson. 
~~~- - :Baker 'I Barker 9 Kupt'erberg n Newsoll) 

Two reports are in the final stages of preparation" 

.1 
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Physics Section II 

A. 1\4,. ':ieinbere, Section Chief 

Total technical perso:~nel (including supervision). o. no 08 (this period) 

Power Extraction fx:om Therrr!b.l Piles (:Murray and '\';einberg) 

Perhaps the simplest power producing pile is one which uses 

'Water under pressure as a coolanto 'fhis hot water can be used to produce 

steam either by heat transfer to an eVaporator or b;r direct flashingo 

Some ,efficiency calculations have been mar:e for systems in vlhich no 

superheat is used" As an exarn:ple, a pile run at 500 lb pressure can be 

used t9 produce saturated steam at 400 lbs. If this stearn is run through 

a turbine whose condenser pressure is 1" Hg, the· Rankin cycle efficiency 

of the system is 35%. AssuminB an engine ef.ficiency of 65% (this 'probably 

would require some reheating) an overall theoretical efficiency of about 

2.3% is obt.ai~ble<) From such a calculation it is evident that power from 

a thermal,breeder is a reasonable proposition, even if superheat and ex-

ceedingly hieh pressures are discarded, 

The advantage of running the pile at only 500 lb is that the -

pile tank could be relatively thin--sothin that all the cont.rol elenients , 
, 

could probably be placed outside the pressure tank. The advantage of not 

using the ,pile' water C:l.S the working fluid is that. by so doing the turbine 

is kept free of radioactivity. Thie of course must be balanced against 

the slight efficiency loss introduced in the irreversible coolant to 

working fiuid heat transfer. 
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Capacitl of the X-Pl1e for Isotope Production (Scalettar and,Sooqak) 

Aside from ~ossible increase in operating power the limitation' 

on isotope production in the X-pile is the available excess reactivity, 

. Jk over that necessary for keeping the pile criticaL At an avera:se 

position in the pile production in one day at 1000 kw for an absorber 

taking up 1% in excess. reactivity is 

5.48 x 1019 atoms/mgwt day/%d"k ~ 9.10 x 105 moles/mgwt day/%~ k 

For tritium (H~ molecule at standard conditions): LO cm3/mgwt day/% 6k 

~or 014 (as,sUlIled half life 25,,000 years): 103 millicuries/mgwt day/%/;k" 

At the present time approximately 300 i.ho are taken up by absorbers and 

50 i¢h~ by control rods so that about 0~88% in excess reactivity is 

available; a 'substantial fraction of this is already taken up in isotope 

production and the rest by essential experiments so that additional re-, 

activity can only be obtained by increaSing the pile size" 

If we fill out the pile radially for the next layer of stringers 

we pick up a reactivity of 6k .: 0,,2% 

and the added weight of metal is &w ;:: 605 tons 

We cannot go much further in this direction because we are already decreasing 

the reflector size" 

By removing the bowing in the .t-lil-e and .making its length uni­

form we can pick up an additional reactivity of ,6k= 003.5%0 If in 

addition we increase ~he length of the pile we can pick up reactivity by 

arr~unts given in the following table; the zero of reactivity tn this table 
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is chosen to be the present pile if it. ,,;ere unbowed (52 tons, 8)0 at,ringers, 

4. 7 sl,:ga ).\ The react,ivity vlith respect t.o this zero and the change 
. str:wger 

in pile metal is given as a function of number ~f slugs per strineer~ 

slugs/stringer 

40 
45 

(present pile unbowed47 
50 
55 
60 

present pile bowed 

&k 

= O~65% 
0 0 15% 
o 

+ 00 23% 
.go. 0,.53% 
.go. 0,,76% 

.35% 

". -.~ 

w( tons) 

= 708 
- 202 

o 
"/<, 3,,3 
-I!' 809 . 
4/·1404 . 

o 

One cannot increase the length to much more than 60 slugs per stringer 

because the reflector thickness then begins to decrease, 

is 

Thus the total reactivity that one can. pick u? by all methods 

( dk)tot :;:: 0.2% .{Io 

(radially) 
0.,35% 

(bowing) 
+ 0" 76% . :;: 103% 

(longi tudinaUy ) . 

a.t a cost of 

(6 W)tot = 6,,5 tons "'" 1404 = 20.9 tons of metal 

Thus fie can get an additional 520 Lh,. which would increase the production 

capacity of the pile to 870 ioho or a factor of 2050 Ko account is taken' 

here of vlhether it would be possible to operate at the present power with 

the increased pile size.' 

Production of 2.3 in the Thoriwn Blanket (G" p" l\ordheim and H 0 Soo&1<) 

The calculations of the utilization of leakage neutrons which 

come out of 'a reactor and pass through a reflector and are finally absorbed 

in a .thorium blanket have been continued~ Up to now only the utilization 

of the thermal neutrons for various thoriunL arrays has been considered; 
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however, a ~ertain fraction of ~he neutrons leakIng froJ: the reactor 

are fa.st and the total number of neutrons abZ'~>rbed in the thorium is 

calculated by summing up the weighted contributions of both the thermal 

,and fast groups~ 

The calculation of the fast utilization has now been carried 

out. Since it would be quite complicated to nake an accurate calculation 

of this quantity and since the l~kage neutrons are predominantly thermal 

rather than fast, several simplifying assUIllptions haVe-been made. It was 

assumed, as in the calculations for the thermal utilization, that the 

geometry of the system is planar rather than cyclindricalo It was also 

asswned that the thorium is distributed in a slab rather than in an 

array of rods and, furthermore, that the fast neutron group is homoge-

neous in energy and that the slowing dO\'1l1 in the reflector can be 

represented by a Gaussian distribution having a single neutron age o 

This age is chosen to be the averd.ge age of the fast r,eut.rons leaking 
( 

from the reactor. 

For the evaluation of this average age, a separate calculation 

is necessary and has been carried out. This corr~cted age is 70~3 am2 in 

D20 (as compared to 115 cm2 for fission neutrons)o The energy corresponding 

to this age is, according to a graph given by Ferad. (see CP-5'30), about 

10,000 volts~ a value which probably represents a lower limit. ' 

In the following table the utilizations of thern.al and fast 
~ 

neutrons Uth and Uf and the total utilization U (sum of the weighted 

contributions). are given for D20 for various slab thicknesses of thoriuui 
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Vlhieh again (see previous monthly reports) correspond to a certain 
" 

radius a and' rod separation L,.' The distance of the sla.b from the 

pile was taken ·to be 25 cmo 

L~ '10 em 20 em 
" ,~,_"",,~u 

a Uth Uf U Uth Uf fir--.l-
1 em 8303 8307 8303 7302 73.6 
2 em 9:L2 9307 93 .. 3 8907 " 90.,1 \. 8909' 

,_I, I! I _ 

Similar calculations have also been carried out for a graphite reflectorQ 

They will be presented in a final report vlmch is now in preparation" 

Enriched H20-U Lattices (Cashwell) 

In the last month':'y report (.MonP-33), a general method was 

outlined for computing critical sizes of enriched U-H20 lattices 

surrounded by, a finite lattice of ordinary U-H20 lattice, the whole 

being encased in an infinite graphite reflector" 

'Calculations for such eompositepiles of spherical geometry 

are now c.ompleteo In these calculations, the total mass of metal-enriched 

and ordinary- in the pile is J. 6 metric tons. The' mass of the core is 

expressed as a function of the core enrichment in the following table: 

Critical Amounts of Enriched Uetal 

.Mass of metal in core 
(in metric tons) 

Enri.chnJent of core 

OQ5 1 0 0 1.5 2.0 3Q6 

Ih54% 1.14% 1004% 00 98% Oo9a~ 

As the enrichrr.ent goes up, the necessary amount of enriched 

metal falls quite rapidly" For the lowest enri chi'ilent listecL·~bove (090%), 
-,! .'~ 

only 3Q 6 .tons o.etnetal is critical", 

.j. 
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PhyslesSectlon III 
J 

Eo O~ Wollen» Section Chief 

Total technical personnel (lncluding.superviBion)~~ •• ooo 10 (this period) 

Problem Percenta~ of Section 
Assignment Manpower 
Dumber Subjec! Status !!;e.ort Per. Next _~~ 
~~ 

PX6-l Pile Oscillator Active 25 25 
PXl()".S Crystal Spectrometer Active 20 20 
PXIO-16 Characteristics, of Fission " 

Products and Neutron Induced 
Activities Active 10 10 

PXlO-18 Short Half-Life Gamme 
Energies Active 15 

PXlD-19 Capture Gamma Energies Active 20 25 
PXlo.;,3 Cloud Chamber Studies Active 10 20 

Total"ooooo 100 100 
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PX10-8 - Cq!!:al Spec:trometeif - (Savy-erl) Peterson~ Wollen) 

Last month we reported the first aueeessful attempt to obtain 

Bragg reflection of neutrons from two crystalB¢ Since then we have ~ade 

several modifications in the eet-up end we have found Burprlsingly largl;!) 
/ - , 

intensities in the twica ~efleeted beamo Som~ of the increased counting 

rate can be attributed to the fact that we have now .received an onriched 

BF, counterD~ Xn addition to t~ls~ it was found that the peak intensity 

in the rocking curwl!l of the 88cond crystal i. 8 much greater when the two 

crystals are in the parallel position than wh~n in the antiparallel pOBl-
I 

tion" In the notation of Compton and Allison these pOSitions are referred 

to as (nA.=~) and (nA.nB)~ respeetlvelyo where nA and ~ are the orde:~8 

of reflection from the first and second crystalec These positions are aleo 

referred to as Type 2 and T,ype 10 The parallel position corresponds to 

Type 2 reflections when the orders for 'the first and second crystals are 

equal 0 The increased peak intensity in this position arises from the 

fact that the dispersion 1s zero for this case o 

Wi th our beam restr1 chd only at the pile face by 9. 1/2" D hole in 

a one foot thick W shield block (this giving an angular divergence in the 

beam on the first crystal af about one degree) the peak: intend ties obtein-

ed for Type 2 reflections from the second crystal in the flrstf) second end 

third o.rdeJ:'s were 47,,500030500 and 9g0 counts per minute" respectivel;y~ 

--~~~ .... "'~;...;.=. __________ , ___ ~. __ =:::::I.-~_..c' .. '"'~_."..~ 

$ W~ appree1ate the efforto of Nr" Wakefield of the Chicago Ins'trumen~ 
Section who supplied us with this oountewv 

o 
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The first order \fas counted through a Pyrex plate and corrected back 

to lloplate" 50 s1gnlficanc\I Clan be attached to the g>elative intend t10s 

because with an angular divergenee of one degr~e in the main beam the 

spread of the aecond diffracted beam in the higher orders was so great 

that the counter" which 18 '2- in diameter!) :was not large enough to receive 

all the diffracted radiatlon~ 

In order to improve the geometr.y a Soller slit (angul~r divergence 

15 min 0:£ arc) was placed in ,the lll8.1n beam? Wi tb tb,ie awrangement the 

peak intenli Uta; were 18501) 1540 and 455 ~oi.mts per min ,in the first 

throe ordersD respectivelyc The rocking curves in the first order had a 

full width ethel! maximum of about 6~5 min of arc for both the large 

and small angular divergence i~ the main beamo For the first order it 

was then felt that the radiation would be practically allreeelved by 

the chambe~ and a prel1minar,y measurement of the integrated reflectionD 

" 4 
E OJ 'fJ was made" Jt. value of ~ ';;i 5 x ~o- was Qbte1 n~d, for our rock: 

p P 

8alt cryatal.;. This 1s about the same as obtai ned fow x-ray reflection 

from imperfect roek ealt er,ystal8~ 

Before accurate measurements of the integrated refleetlonfrom 

cryatals can be made we will reqUire a counter of la~ger'diem8ter so that 

the wholediffraoted beam will paas the full 10Jlgth of the countelt'n 
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PXld-l6 - Characteristics of fission Products 
.. and Neutron Induced Activities - (Levy) 

Conversion Electron and Beta ~Eectrum of 27 Da~ Pa233 

. The 1800 counter specLromete.c has been used for this investi­

gationof 27 day Pa233~ The source was prepared by sputtering thorium 

on a thin aluminum foil wh".ch \~aS then irradiated in the pile o A 

large number of weak conversion lines were observed in addition to 

many strong lineso The strong lines, as indicated in the accompanying 

taJle, are easily interpreted as the K, L and ~ conversion lines of 

four garwna rayso The weak lines cannot be grouped into K, Land M 

conversions 0 They could be spurious, they could represent Land M 

conversions of gamma rays whose K lines are too low in energy to be 

observed in the spectrometer, or they could arise from activities 

built up during the long irradiation of the source a This same source 

will be run again next month to determine if any of the lines observed 

decay with half lives different from 27 dayso The end point of the 

beta spectrum is completely obscured by the strong line 'at Hr g: 1615 

and consequently the ma7JJnum energy of the betas is approxim4tely 

02 mev., 
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876 
910 

1000 
1063 
1100 
1150 
1300 
1340 
1385 
1560 
1615 
1750 
1915 
1984 
2005 
20,0 
2125 
2175 
2550 
2425 
2490 
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Conversion Electrons from 27 Day Pa2.J3 

Energy of gamma ~ 
Relative Energy of. Shell ga..ri1.m ray . ray' giving 

Intensity a-'· is converted in rise to conversion 

6 ~O6) * 
.3 0068 

10 0031 
.3 ,,0<)1 
2 0097 
1 ,,105 
1 0131 
105 ,0138 
105 <.147 

.283 (QJbBCll~~ad) 80 0169 K3~ 
240 ,,192 I K1 ,,)06 

22 0221 K2 ,,335 
1 ,,'257 L3 0277 
1 ~273 14:3 ,:;:77, 
6 ,,277 K4 0391 

65 . 0288' L1 ,,308 
18, 0305 . M1 .,309 
6 " 0317 L2 0337 
.3 .. 335 142 . ",339 
105 0377 L4 0397 
1 ~393 M4 ,,397 

~ The subscript is merely a number to identify the conversions of 
each gamma ray~ , 

'* Lines between Hf 876, and Hf= 1385 did not give rise to any' 
conclusive analysis" 

I 

" 
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from Short-Idved 
ROBe n Burgyv W111ardo Bloes) 

FUrther analye1e of the data from iron absorption meaBurementz 

haV8 been carried out and show that in the first 20 seconds after 

fiS810~ the gamma rayo from the 0235 fission products that are above 

the r.:. n thro~hold of deuterium are of 9utfic1-8l1lt intensi t7 to yield 

",034 pel" cent delayed neutrons from heavy water!) 1.,1300 en amount @queJ. 

to 4 per cent of the total delayed nGU~ronB from U235 fission p~o~ctso 

The complete report on th1& work is in preparation~ 

fX10::l, ""Cloud OhambelL~ud1e.8 ... (Rose D Bloss) 

The large cloud chamber has been completely rewired and is being 

assembled lnpreparatlon for a return to Bome unfinished work on long 

range alpha particle. from Pu239
0 

~10-19.'- Ca~ture ~amma Ener6!~! - (Koch~Wl11ard9 Burgy), 

The work on this problem is progressing with tests of the magnetiC 

field coils and cloud chamber equipmento 

PX6-1 - Pile Oscillator - (Moek g Stronge Kochn Wollan) ~ 
~-==-. - *-- --

Recent experiments with the Clinton pile oscillator indicate what is 

known as a proximity effect" Whelm small absorbers are moved to end fro 

along theslopln~ part of th~ pile flux distribution curve 0 two different 
--, , 

effects may be observedo The first effect is the overall effect on the 



" 

I 
,4 
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pile since the absorber is exposed to a greater flux in the "IN" poBi-

tion than tn the "OUT" position" The overall pile power fluctuate,s in 

synchronism with the motion of the absorber¢ An ionization ehamp~'1 plae-

ad anywhere in the pile will then have en alter;n,ating current ~~9H@-nt 

which ean be measured by means of a sensi ti va 80 Co ampl1fie;:"¢ The· 

signal will be proportional to steady-state pile-power and to absorber 

she (10 e. I macroscopic cross-section)" The second effect is a local 

one brought about by the edstence of a n'eutron sink or region of de-

presBedflux l~ the vicinity of the absorber~ If a detecting chamber 

is placed very, near- the allsorber sO that this sink; may be swept acrose 
./ 

.r 

the chambero/the current will vary due to the local effect as ",~1l as 
c r'i' \ 

due to the ov~ralt pile effecto A small -chamber was burted in the pile 
1." \ 

so that sampl~sc<~~Uld be moved beside 1 t in a channel 1/411 a",ay¢ The 

zero poel t10n of the stroke vas variable' ~nd could be made to falLvery 

near the chamber. or, even beyond it into the pile., Comparison of the 

two effects was made in the follOwing mannerg The absorber is kept the 

same and the distance between the inward end of the stroke and the center 

of the chamber is variedo The stroke length 1s kept constant" The sig-

r 

nal s'treng~h is plotted against distan~e~ After the distance; exceeds 

for~y inch~e, the CU1!,Ve levels out indicating that most of the s1~al 
• J '",\ : .. ': 

is ~he~ due to overall pl'~~ effect r 
"? ~r' . 

The plot 1s shown 1.n Fig" 1,; 

, . }". 

_a.~ ~ 

',: 
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Figo 2 shows the effect of carrying the stroke to the inward side 

of the detecting chamber so that the proximity effect is reversed a.nd 

in opposition to the pile effect' sign.al.:, Fig" 2' is a. rough continuation 

of, Fig" '1" 

As shown p the signal due to the local or proximity effect is roughly 

ten times greater t~n the Signal due to the overall pile effect for a 

given absorber. Then if one could measure croBs-sections using the prox= 

Imity effect rather than the total pile effect the sensItivity of the 
1 , 

instrument would pres_biy be ten times grea.terQ Now it is ~tnown that, 

plle~neutron cross~sections of elements depend upon the temperature of 

the pile used so that corrections must be made between measurements at 

different piles.' 
" . '. •. ; r 

It should be of interest to observe whether the neutron . . /' ';i / ' 
spectrum in a sink region may be distorted so that values of cross-sections 

obtained in this waY"~1thD sayo a boron-coated chamber detectoTp may be 

affecte,d by the cross-section spectrum of the element measured. This 

possibility is being investigated" It is planned to compa,re two elements 

of widely different known cross-section spectrums (Io eo Au and Cd) under 

the proximity eonditionsand unoer overall effect condltionso If the two 

comparisons give the same', ratios o no appreciable error should be expected 

due to making use of the proximity effect. ConSiderable improvement in, 
,;,~';:J . 

the opera.tion of the oscillator has been effected by the special electronic 
{, 

\ ' ~. 

eqUipment developed by Pvt o Jon Strong. Most. important is the photoelnct;J:'ie 

'I 

~.!, "':'" 
)~. 

:7' 

; 
, , 
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~ 

synchronizer which automatically regulates the speed of. the reeiproct\':,Ol" 

motor so that the motion of the absorber is kept in synchronism with the 

sweep of the resonance galvanometer within .! 3° of Ill. cycle," S3:~bh:to.nh-

lng was pweviou0ly d.on~ bY' visual mef;,hodQi and hand :r:t.t~1e.t1on.p oftsn: 

·0' 
wi ~h el"l"orlll as gr~at aa !. 30. Automatic synchronizing removed a great 

many of the puctuattons in the amplitude of the galvanometer swing; 

sinee the response of the galvanometer being used falls to half value 

when the ~1gnal is Oo5~ off resonaneefrequeneY4 The development of a 

regulated-thyratron rectifier supply for the motor armature has replaced 

the M-G set whieh drifted in voltage • 

It , 
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Ph¥81C$ Bection IV 

L~ B. Borst p Section Chief 
S., Bernate1np Assod.ate Section Chief 

Total technical personnel (including supervision).o.olO (th1~ period) 

Problem 
.Assignment 
~Number --
PXIQ-7 
PXl0-8 
PXIO=lO 

PXlO-l4 
PXIO=15 
PXlQ-17 

S.ubj~et 

Fissionability of 40-10' 
Neutron Dlffraetion 
Deu~erium Gamma Ray 

Spectrometer 
POisoning Ooefficients 
Photoneutrons from Fission 
FissionabIlity Studies 
Beat Evolution from Bombarded 

Thorium 

Status -
I 

Inactive 
Active 

Inactive 
Inactive 
Active 
Active 

Active 

Total •• o<n 

Percentage of. Sectlon 
. Manpower 

R!e,ort Fer~!~x~..:.fer~ 

0 0 
25 20 

0 10 
0 0 

30 40 
35 20 "',. 
10 10 

-.~ ~ ...... 

100 100 
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PX~O:,12 - ~h~t~1!!.utr:o~s' fro~~lon.. - (Wolfs D Steinbergo' :Bernstein) 

During the'past '~6uth the difficulties with the operation 

of the new pneumatic tube have been overcomeo 
I:lon 

:By means of the new tube 

a sample can now be sent from on8 end~o~ the p~le to the other in a~out 

0.,4 seco The fission chambers'and accompanYtItg circuifs have been put 

Into final shape. The apparatus should,deliver some data during the 

next period" 

PXIO-S ~,Beutron Diffraction- (Osborne o Hasbrouck) 
-==-~~~,....--:-~-

Christmas furlf?ugha have interfered with thiS <work. The 

fission spectrum of 25 has been extended to somewhat higher: en.ergies 

Difficulties with the fission chamber have prevented rapid progress • 

A single ~~gne$~um metal cr,ystal o It." % 12"~ has been, 

suceelsfullygrowno The small grat1ng space availabl~ should permit 

high resolutio~ at high energies. 

~XIO-IO - Deute!:,i.!!l!! G~ RayL~.R.ectromt!.te2: 

mo work has been done this period~ 
." j 

PXIO-J7.::. F1ssi~!.~!!~!!t~_'!, - (Ji'loydll Dial" Schofield) 
, 239 

Measurements have been made upon Np ~ The results of 
f/" 

these measurements are not yet available~ 

• 
,~! ... It '. 

~ 
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A 2 me sample of highly purified polonium was tested for 
./ 

fisslonability~ The thermal fission cross sectioDo if different from 

zero,,, is less than 1 barn" lmprqved technique will probably permi t 

a value of ~Ol barn to,be observed n 

The Wier mass speetrom'eter to be used for producing de-

post ts of heavy isotopes will soon be completely insta.lled" Initial 

14 
tests on C and U will probably be made during the coming monthd 

, Heat ~olution from Bombarded Thorium - (Ulrich) 
-..~~~\""""-::...... .~_.~ =...W.,_ 

The differential calorimeter required for this problem is . 
nearing completion in the shopo 
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