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FOREWORD 

This r epo r t is the f i r s t of a s e r i e s of Quar te r ly Repor ts from the 

Phys ics Division of the Argonne National Labora to ry which a r e to be different 

in content and style f rom the Quar te r ly Reports previous ly i s sued . It is in­

tended that the r e p o r t s of this new s e r i e s will s u m m a r i z e all the work of the 

Phys ics Division every q u a r t e r . Every p r o g r a m will be r epor t ed on regu la r ly 

until the work is ended with appearance of a paper in one of the j o u r n a l s , or 

by i s suance of a specia l ANL r e p o r t , or by being discontinued. These qua r t e r ly 

r e p o r t s a r e not intended to consti tute publication in any p rope r s ense of the 

word; they will contain much that is p r e l imina ry and tentat ive and will omit 

much detai l that would be n e c e s s a r y for a definitive r e po r t or journal a r t i c l e . 

Thei r pr inc ipa l purpose is to provide information to in te res ted co -worke r s in 

the Division and e l sewhere as to what is being done and to s t imula te useful 

d i scuss ion . 

Since some of the work of the Division is c lass i f ied , the qua r t e r ly 

r e p o r t will appear in two p a r t s , one unclassif ied and one classif ied. The 

c lass i f ied p a r t that supplements this r epor t is ANL-5032, 

A sys t em of number ing and indexing has been adopted that will make 

it poss ible to add new p r o g r a m s as new work is s ta r ted and s t i l l have them 

appear in proximity to r e l a t ed topics . The final digit of the index number is 

the s e r i a l number of the r epo r t on the given p r o g r a m , and is therefore 1 for 

a l l p a r t s of this r epo r t . F u r t h e r r e p o r t s on these same p r o g r a m s will have 
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the final digit 2 in the next quarterly report , and so on, whereas new pro­

grams reported on will begin with 1 when they first appear. The numbers 

for all program reports in the classified part will be preceded by the letter C. 
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I. EXPERIMENTAL NUCLEAR PHYSICS 

1-1 The Argonne Fas t Neutron Velocity Selector (5261-01 and 5211-01) 

L. M. Bol l inger , R. R. P a l m e r , G. E. Thomas 
Reported by L . M. Bollinger 

A descr ip t ion of the bas ic operat ion of the Argonne fast Neutron 

velocity se lec tor and i ts use for neut ron t r a n s m i s s i o n m e a s u r e m e n t s has been 

given by W. Selove. During the per iod since this r e po r t was wr i t t en , the 

or ig ina l equipment has been a lmos t ent i re ly rep laced . A new ro tor which 

focuses its s ix neutron beams along i ts axis is being used. A new 100-channel 

t ime analyzer of grea t re l iabi l i ty has operated successful ly for over a y e a r . 

The stabi l i ty of the t ime analyzer has made it poss ible to opera te the velocity 

se lec to r on a 24 -hour -a -day b a s i s , with the ro tor and detection sy s t em being 

continuously moni tored as a pro tec t ion agains t mechanica l fa i lure or the 

accumulat ion of false data. The p re sen t emphas is in the developmental p r o ­

g r a m of the velocity se lec tor is on improvements in the neutron detect ion 

s y s t e m in genera l and on the application of the methyl bora te-conta in ing liquid 

scint i l la t ion neut ron detector in pa r t i cu l a r . 

In s t r iv ing for g rea t e r reso lu t ion for t r a n s m i s s i o n m e a s u r e m e n t s , 

t h r e e pe rmanen t detector s tat ions have been es tab l i shed , giving flight paths 

of 10, 20, and 40 m e t e r s . The 10-meter s tat ion contains the or iginal detection 

equipment. This equipment has been mounted on a rol l ing table to allow it 

to be easi ly removed from the neut ron beam when a longer flight path is 

r equ i r ed . 

W. Selove, Rev. Sci. Ins t r . 23 , 350 (1952). 



The 20-meter station has been used periodically throughout the 

past year , using the equipment from the lO-meter location. A new set of 

amplifiers and a new neutron shield has now been installed at 20 me te r s , so 

that measurements may be made with a 20-meter flight path without disturbing 

the 10-meter equipment unduly. However, because of difficulty in procuring 

counters, the same set of BF3 counters must be used for both the 10 and 20-

meter stations. The 20-meter equipment is also mounted on a rolling table. 

The 20-meter flight path, as compared with the 10-meter distance, 

has the advantage of improved resolution. It has the disadvantages, however, 

of reduced counting rates and of a second order effect. The second order 

effect consists of an ambiguity as to whether a neutron that is detected is a 

fast neutron or a slow neutron from the preceding cycle, A careful deter­

mination of the magnitude of the second order contribution has been made; 

it was found to be a monotonically decreasing function that falls from a value 

of about 10 percent of the first order at zero time of flight to zero at a time 

of 65 percent of the time between slit openings. The data a r e , therefore, 

easily corrected for the second order if there is no structure in the neutron 

cross section witliin the energy range that is included in the second order, 

A highly efficient m.ethyl borate-containing liquid scintillation 

neutron detector system has been installed at a distance of 40 meters from 

the chopper. A helium pipe which has a high transmission for neutrons 

connects this 40-ineter station with the vacuum, pipe that ends at the lO-naeter 

position. Removable sections of pipe carry the beam through the 10 and 
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20-meter stations. 

A typical example of the high resolution transmission data that have 

been obtained with a 40-meter flight path is given in Figure 1. The figure 

shows the uncorrected numLbers of counts per channel as a function of time 

of flight for 16 hours of running time with 0. 98 gm/cm^ of manganese in the 

beam. The backgrotmd level is shown as a dashed line, and the open beam 

counting ra tes a re indicated by the monotonically decreasing solid line. 

The most important result that is demonstrated by the figure is 

the fact that the liquid -scintillation neutron counter has become a useful tool 

for transmission measurements with the chopper. Only its high efficiency 

makes a 40-meter flight path feasible. Of equal importance for use with the 

Argonne chopper is its slow variation of efficiency with energy. For a con­

stant efficiency and a 1/E pile spectrum, the neutron counting rate per unit 

time of flight ^'varies as l/^*. Thus, even without the influence jof the chopper 

cut-off function, the higher order counting rates are small relative to the 

first order for the early part of a chopper cycle; the cutoff- function reduces 

the higher orders to an almost negligible level. 

The major drawback of the liquid neutron counter for U3e with 

the Argonne chopper is its high background counting rate, A discussion of 

the sources of this was given in ANL-4982. Because of the high background 

and the 1 / ^ counting rate distribution, there is effectively a lower neutron 

energy limit beyond which the liquid counter is not useful. This limit is 

about 200 ev. for a chopper rotor speed of 15,000 rpm. The upper energy 
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l imi t to the s y s t e m is de te rmined by the energy at which the l/-y r i s e in count­

ing r a t e becomies so rapid a s to introduce se r ious d is tor t ions in the m e a s u r e ­

men t s . This l imit is in the neighborhood of 15 kev for a ro to r speed of 15,000 

rpm.. 

It is bel ieved that the background r a t e of the liquid coxmter is roughly 

propor t iona l to i ts volume. It i s , t h e r e f o r e , impor tant to have the counter 

as thin as poss ib le without sacr i f ic ing too much efficiency. A Monte Car lo 

calculat ion of the slowing down and capture of neutrons in the counting medium 

is being under taken to provide information concerning the opt imum counter 

th ickness as a function of energy. It is hoped that a thinner liquid counter 

than is now used will extend the energy range over which such a counter is 

useful. 

Fu r the r improvements in the re la t ive background r a t e s a r e ex­

pected to r e su l t f rom the development of m o r e efficient counters along the 

following l ines : 

a. Use of enr iched methyl bo ra t e . 

b . Construct ion of sys t ems of g r ea t e r surface a r e a , thus 
reducing edge l o s s e s . 

c. Use of s c a t t e r e r s to ref lect neutrons that would o therwise 
be los t . 
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2-1 Liquid Scintillation Neutron Detector {5261-01 and 5211-01) 

L. M. Bollinger and G. Thomas 

The efficient detection of neutrons by liquid scintillators contain­

ing alkyl borates has been reported in the quarterly report for March, April , 

and May, 1952 (ANL-4963) and also in an article by Muehlhause and Thomas 

in the January, 1953^ issue of Nucleonics. 

We are developing a liquid scintillation neutron detector for use 

with the Argonne fast chopper. Progress has been reported in the quarterly 

report for June - November, 1952 {ANL-4982). 

Construction and Properties - Reported by G. Thomas 

Table I is a summary of the various coincidence counters used 

to date and their properties > The improved performance of the latest counter 

is mainly attributable to two features, the use of 2, 5-diphenyloxazole and the 

use of a quartz cell. Pyrex cells are unsatisfactory. Also, a powdered MgO-

zapon mixture painted on the quartz has been found to make an excellent reflect­

ing surface. 

A beam of neutrons 1/4" wide was passed through various segments 

of the 4" long cell containing the liquid scintillator. The counting efficiency 

with the beam at either end of the cell was 96% of that in the center. This 

indicates that it would be feasible to construct a larger cell to correspond to 

an effective diameter of the neutron beam from the chopper at 40 meters of 

6". 
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Phenylcyclohexane has been tested for light transmission with the 

following results for a layer 1 cm thick: 
% 

Wave Length - Angstroms Transmission 

2800 0 
2900 60, 5 
3000 81,3 
3100 90 .0 
3200 93.7 
3300 95.. 7 

>3400 ->97. 0 

Enriched boron prepared by R. Barnes of the Chemistry Division 

has been tested with Co gamma-rays and found to give pulses 20% higher than 

those given with the normal boron now being used. This may be attributed in 

part to the purity of the enriched material . 

The quantity of the 2, 5-diphenyloxazole used in the scintillation 

liquid has been optimized and found to be 4 gms/1 solution. 

During the next quarter a new mechanical design will be put into 

use , a cell with enriched boron will be used, and the detector will be put to 

use with the chopper. 

Test Procedures - Reported by L. M. Bollinger 

Counter No. 6 is being throughly tested. A complete differential 

pulse-height distribution of the pulses caused by thermal neutrons has been 

obtained for this counter. The pulse distribution r ises rapidly from a rate 

of zero at zero pulse height, passes through a maximum, and has a long tail 

toward greater ptilse heights. 
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The pr imary drawback of the liquid counter as compared with 

a gas BF3 counter is its Mgh sensitivity to y radiation. It i s , therefore, 

essential that it count neutrons with as high an efficiency as possible. Tests 

with five different coincidence counters have shown that a serious loss of 

efficiency may be caused by the failure of the neutron to produce a light pulse 

that is large e n o u ^ for at least one electron to be released at each photo-

cathode. An approximate estimate of the average number of electrons released 

by a scintillation at each photo-surface can be made as follows. 

K Rjg and R2g are the single counting rates of the two photo-

mult ipl iers , respectively, and R̂ , is the coincidence ra te , R2s-Rc gî ®® t̂ ® 

rate at which photo multiplier No. 1 m.isses scintillations counted by photo-

multiplier No. 24R2S ~ •^c^'''^2s ®̂ thus the probability that such a count will 

be missed. If we assume that the numbo's of electrons produced at one photo-

surface for each scintillation are distributed according to the Poisson dis t r i ­

bution, that a count will be made for one or more photoelectrons produced, 

and that missed counts correspond to zero electrons produced, it follows that 

<^2s "" ^c^/R2s = - "^ 

in which n is the average numbers of electrons per scintillation produced 

at the photo-surface of photomultiplier No. 1. For the best scintillation 

counter produced, No. 6, n, and S^ are found to be 1. 8 and 2. 8, respectively. 

The smallness of these numibers emphasizes the importance of having a good 

optical system. 



TABLE I 

Suminary of Properties of Coincidence Counters Tested 

(All Are Coincidence Counters with Two 5819 RCA Photomultiplier Tubes Facing Each-Other) 

Cotmter No. 

1 

2 : 

3 

4 

5 

6 

Coaetruction 1 

Quartz cell - 2" diameter, 2" 
long; aluminum foil reflector. j 

Aluminum-cell - 4" diameter, 
2" Oiick; quartz windows for ; 
|boto-tubes; polished aluminum . 

reflector. 

Quarts cell - 2" diameter, 4" 
long; painted MgO reEector. 

Pyres cell - 2" diameter, 4" 
long; powdered MgO reflector; 
expansion bulb on top of cell. 

Pyrex cell . 2" diameter, 4" 
long; painted MgO reflector; 
expansion bulb on top of cell. 

Quartz cell - 2" diameter, 4" 
long; painted MgO reflector; 
expansion bulb on top of cell. 

Scintillator 

4 gms/1 terphenyl 
8 mgs/1 diphenylhexatriene 
in equal volumes of phenyl­
cyclohexane and methyl borate 

Same as Counter No.- 1 

Same as Counter No. 1 

Same as Counter No. 1 

4 gms/ l 2,5-diphenyloxazole 
16 mgs/ l diphenylhexatriene 
in equal volumes of phenyl­
cyclohexane and methyl borate 

Same as Counter No. 5 

Ratio of Coincidence 
Rate to Av. Single 
Counting Rate 

Not Measured 

0 .3 

0 .7 

0.55 

0.7 

0.90 

Average No. of 
Electrons Produced 
at a Photo-Surface 
Per Scintillation | 

Not Measured 

0 . 3 

1.2 

0 . 8 

1.2 

2 . 3 



An upper limit for the efficiency of the whole device in counting 

scintillations is given by the ratio of the coincidence rate to the rate for all 

separate scintillations counted. This latter rate is R|g -f R^^ - R^ since 

Rls + R2s involves counting the coincidences-in-twice. One has^ thus, 

€ < R ^ / / R 1 S + R 2 S " R ^ o r 6 < l / [ ( R i s + R2s)/Rc " J 

The inequality ar i ses from the uncertainty as to the small number of scin­

tillations producing no count at all in either photomultiplier. From a proba­

bility argument we can conclude that 

6>R/iR^^R^^^{RjR^)^ 

where R̂g is the mean single counting rate . The inequality ar ises here 

because a scintillation counted in photomultiplier No. 1 is somewhat less 

likely to produce a count in photomultiplier No. 2 than is a random scin­

tillation. (Scintillations produced close to No. 1 are more likely to be 

counted in No. 1 than a random one produced anywhere in the tube and cor res ­

pondingly less likely to be counted in No. 2.) Using the data for counter No. 6 

in these inequalities, we can estimate that its efficiency is close to 81%. 

The Argonne fast chopper is being used t© measure the over-all 

efficiency of the liquid counters as a function of neutron energy. Preliminary 

results have been obtained for counter No. 6. The thermal efficiency, obtained 

by comparing its counting rate with that of a BF3 counter of a known efficiency^ 

is found to be 75 ± 20%. The relative efficiency over the energy range 1 to 

1000 ev varied as E-O- 12 when the counter was uniformly irradiated with 

neutrons. The measurements for linking the relative efficiencies for the 

epi-cadmium region to the thermal efficiency are not yet completed. 
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In the near future the efficiency of counter No. 6 will be measured 

over the energy range from 0. 01 to 10,000 ev. These efficiencies will then 

be compared with those of a counter of similar construction filled with en­

riched methyl borate. 



Transm-ission Measurem.ents wirh the Fast Neutron Velocity Selector 
(5261-01 and 5211-01} 

L, M. Bollinger and R. R, Palmer 
Reported by R. R. Palm.er 

Ca.dinium 

Sample iised: Cadmium metalj, 1 inch thick; 19. 9 gm/sq cm. 

Resonances observed: 

840 ev* 
400 ev 
234 ev* 
163 ev* 
122 ev* 
88.2 ev** 
66.6 ev 
27. 2 ev-'"'-
18. 0 ev No other resonances observed down to 1. 0 ev. 

* Resonances obtained using a 20-meter flight path with its con­
sequent gain in resolution, approximately 0. 3 microseconds per 
meter (full width at half maximum) compared with 0. 55 micro­
seconds per meter at 10 meters . 

**Tii.e 88. 2 and 27. 2 ev transmission dips are fairly deep and a re 
the only ones for which we are able to make isotopic assignm.ent. 

Runs With Partially Separated Isotopes fcadmium oxide) 

Isotope 
108 
110 

111 

112 
113 
114 
116 

Sample 
1. 14 

.72 

.85 

.69 

. 8 5 

. 71 
1.30 

! weight 
gm/sq cm 

Resonance Assignment 
none 
probably the 88-ev r e ­
sonance 
quite definitely the 27-ev 
resonance*** 
none 
none 
none 
none 

*** ^oT ^ ^°^ *̂ -̂  27-ev resonance is about 40 barn - fev)* .̂ 
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Gadolinium. 

Samples used: A. 1/4-inch metal b a r s , 5. 00 gm/sq cm 
B. Metal chips, 0.81 gm/sq cm 

Resonances observed Resolution 

Approx. 0. 55 microsecond/meter 740 
355 
109 
81 
49 
33.2 
29.8 
22.2 
20.6 
16.6 
14.4 
11.6 
7.74 
6.26 
2.85 
2.58 
1.93 

ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 
ev 

5 ^ * * * » ! « 

* ffiS^^ 

* s i c 

** 

** 

* 

* ? § ! ^^fi^ 

* * S ^ * 

** 

M 

II 

rs 

!! 
I I 

I I 

0.38 
It 

II 

II 

0.55 
If 

11 

I I 

n 

II 

(no other resonances observed down to 0. 2 ev) 

* Quite deep transmission dips. 

**Fairly deep transmission dips. 

***Each of these two pairs of adjacent resonances illustrates 
the value of increased resolution gained by using a 20-meter 
instead of a 10-meter flight path. At 10 meters each pair 
appears as a single transmission dip. 

Mangi anese 

Samiple used: Metal powder, 0. 98 gm/sq cm 

Resolution: 0. 13 microseconds per meter (40-meter flight path). 

See the repor t . The Fast Neutron Velocity Selector, for a curve 
of neutron count as a function of time of flight. (See preceding 
section of this report .) 
Significant features from point of view of neutron transm.ission: 



a) New re sonance (Brookhaven) at 1, 08 kev confirmed. 

h) Our energy a s s ignment s for r e sonances a r e in te rmed ia te 
between the Brookhaven and Argonne acce l e r a to r va lues : 

Argonne 
Chopper 

1,09 ± .05 kev 
2 .40 ± . 15 
7 .8 ± 1 . 0 

Brookhaven 
Chopper 

^ 0. 95 kev 
1.8 
7. 1 

Argonne 
Acce le ra to r 

2. 8 kev 
8 .2 

Mercu ry 

Samples Used 

Liquid m e r c u r y 
Isotope 204 (Hg2S) 
Isotope 202 
Isotope 198 

Weight, 

22. 5 g m / s q c m 
L 3 8 
1.48 
1.40 

Resonances Obse rved 

See table below 
None due to 204 
None at al l 
At 23 and 311 ev 

Resolution: 0. 3 mic roseconds pe r in.eter. 

Isotopic Assignment : Resonances in Liquid m e r c u r y : 
1230 ev 
437 ev 
311 ev * 

204 
175 

127 
91 
71 
42, 
33. 

23, 

ev 
ev * 

ev 
ev 
ev 
,8 ev 
, 3 ev 

, 1 ev 

•A-

* 

198; poss ib ly another isotope 
as well 

Most probably 201; poss ibly 
199 or 200 

Most probably 201; poss ibly 
199 or 200 
198 

* Deep t r a n s m i s s i o n dips at these ene rg ies . 

Runs to be made : 

200 sample 

201 and 199, if s amp le s can be obtained. 
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Zinc 

Sample: ^fetal discs ^ 14. 7 gm/sq cm. 

Resolution: 0. 14 microsecond per mieter. 

Resonances • Comro.ents. 

17,000 ev Must be extensive system of 
resonances in this vicinity to 
show up so l a rge 

4,400 New resonance 
2,800 

510 
227 

Prospective Work and Work in Progress 

Soroie data have been obtained on gallium. Cross sections will 

be calculated for it as well as for the elements reported upon above. 
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4-1 Resonances in Separa ted Mo Isotopes (5211-01) 

S. P . H a r r i s 

Six s epa ra t ed Mo isotopes in a l l have been run to date in the 

neut ron velocity se lec tor (chopper) to a t tempt to a s s ign the Mo resonances 

(see AECU-2040). The r e s u l t s for Mo92^ Mo^^, Mo^^, Mo^^^ and Mo^^ 

w e r e r epo r t ed in ANL-4982. 

Recently a Mo^Q^03 sam.ple was rece ived f rom Oak Ridge^ and 

a t ransmiiss ion curve cover ing the reg ion f rom about 15 ev to a few thousand 

ev has been run . This curve shows no resonances except for a sl ight effect 

a t 44 ev caused by the resonance in the Mo95 iro.purity. 

Mo94 has not been avai lable in sufficient quantity so far , About 

900 mg of Mo94o2 would be r equ i r ed to make a good run. A s u m m a r y of 

the isotopic assignmients of Mo resonances made so far is given below. No 

r e sonances have been ass igned to Mo°^ (closed she l l of neu t rons ) , Mo^Oj, 

and MolOO. 

Resonance Energy (ev) Isotope 

44 Mo95 

70 Mo97 

130 Mo96 

A calculat ion of CQ P ^ for the 44-ev Mo95 resonance using the 

th ick sample form.ula of Havens and Ra inwate r l gave ^Q P^ ~ 1100 b- (ev)^ . 

^ W. W. Havens^ J r . and L. J. Ra inwate r , Fhys . Rev. 83^ 1123 (1951). 
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11-1 Installation of the Van de Graaff Generator (5211-01 and 5261-02) 

Those who have spent some or all of their time on this work 
since October, 1951 are : M. T, Burgy, R, J. Gulp, R. C. 
DaMeen, R. E„ Holland, E. F . Hupke, T. H. Kirby, A. 
Langsdorf, R, E. Malm, F. P. Mooring, R. G. Nobles, 
J. C. Wallace, and R. R, Weeks. 
Reported by A. Langsdorf on the basis of notes supplied by 
T. H. Kirby. 

The new installation is different from the one at Palos Park in 

almost every respect except the basic design of the machine's tank and frame 

and the scheme of control. A complete new report should be prepared des­

cribing all phases of the mechanical and electrical installation to supercede 

the original report written by RoUand Perry (which was never published). 

Since the machine is not yet in operation, changes may be made in the near 

future, and it is not yet time to write the complete report. A brief statement 

concerning major items of the machine is appended: 

Vacuum System 

There a re now a large Dry Ice trap and shut-off valves between 

the oil vapor diffusion pump and the accelerating tube. The vacuum attained 

is about 1 X 10*° mm with liquid nitrogen on a side tube as well as Dry Ice 

in the main trap. This is to be compared with the old value of 3 x 10*° mm. 

Low volatility oils formerly accumulated on the liquid nitrogen t rap. Now 

only highly volatile material accumulates on this t rap , as judged by the speed 

with which it pumps out when this trap warms up„ (The old installation had a 

liquid nitrogen trap on a s ide-arm, bat no Dry Ice trap in the main pumping 

line.) 
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Cooling Water 

Because of the shortage of water, it is recirculated in a cooling 

tower. Although the water is cleaner than the water was at Palos Park, there 

is still trouble from slimy sludge clogging l ines, and simple filters in the 

supply become clogged too rapidly. Self-cleaning filters may have to be 

installed. Except for this difficulty, the system seems to be adequate. 

Pressure Gas Handling System. 

A piping and valving system is installed similar to the one at 

Palos Park , but better built. The only screwed joints remaining in the 

piping are those at valves and a few other unitsi the remainder are welded 

Joints, and unions are flanged. The pipe fitters were completely unsuccessful 

in m.aMng screwed joints non-leaky, so the goal of a tight system was not 

achieved even though most screwed joints were elim.inated. Where necessary 

screwed joints have been soldered, so the system is adequately serviceable 

although leaky in several places. The piping system is completed and in use. 

External Electrical hastrumentation and Wiring 

The control table and relay rack installations and terminal- to-

terminal cableway wiring are essentially finished, and most important parts 

a re in working order. Much work must still be done to compile complete 

wiring data in suitaUe permanently recorded form. 

Beam System 

One beam, line system is set up consisting partly of old coro.ponents 
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f rom Palos P a r k , with some new or modified components . More new pa r t s 

a r e being built and can be added when they a r e needed. Enough pa r t s a r e 

ins ta l led now to p e r m i t some exper imenta l work as soon as the machine can 

be used . The mos t impor tan t single new component is a 9 0 - d e g r e e , 40- inch 

radius e lec t ros ta t i c analyzer for high p rec i s ion control of the machine . It 

has r ema ined in half-f inished condition for the whole r e - in s t a l l a t i on per iod . 

It is expected it can be finished and put into opera t ion next s u m m e r . 

In ter ior P a r t s of Machine 

A new acce le ra t ing tube made by High Voltage Engineer ing Company 

is now instal led. Only one tube is ins ta l led instead of two as at Palos P a r k , 

because differential pumping has been elimiinated. 

Differential pumping has been el iminated by convert ing to an 

R - F ion source s y s t e m (instal led by F . P . Mooring) , which is now undergoing 

tes t ing . This ion source uses much l e s s gas than the old one , which was a 

Zinn-type a r c sou rce . 

In the place where the old differential pumping tube was loca ted , 

t he re is now an optical sy s t em for viewing m e t e r s that a r e in the high voltage 

e lec t rode . This sy s t em is so designed that it is poss ib le (by a pe r i scope 

sys tem) to r ead these m e t e r s at the control t ab le . The p e r i s c o p e , designed 

by the Remote Control Division, is a lmos t finished, 

A beam of ions at low energy has been brought out of the machine 

and focused. No fur ther data of i n t e r e s t is available as yet concerning p e r ­

formance . 



12-1 R. F . Ion Source for the Argonne Van de Graaff Generator (5211-01 
and 5261-02) 

F . P. Mooring 

hi the past a Zinn-type ion source has been used in the Argonne 

Van de Graaff generator. This source, which operates at a relatively high 

gas p re s su re , requires the use of differential pumping. Hence, in addition 

to the conventional accelerator tube, a pump-out tube of identical construction 

was used. Sparking and electron, loading in the pump-out tube limited the 

maximum voltage at which the Argonne machine could successfully be operated, 

approximately 3. 5 Mev. Two effects a re thought to have caused the voltage 

instability of the pump-out tube. In time the tube became coated with a thin 

film of pump oil , which is apparently a copious source of secondary electrons. 

Unlike the accelerator tube through which the ion beam passed, the pum.p-out 

tube did not have a chance to "clean up" due to continuous ion bombardment. 

The dirty interior coupled with the relatively poor vacuum conditions under 

operating conditions probably caused its poor voltage behavior at elevated 

voltages. 

The differential pumping tee in the high voltage shell forced the 

installation of the ion source at a considerable distance from the miouth of 

the accelerator tube. Thus the positive ions passed through a long field-

free region between the ion source focussing assembly and the entrance to 

the accelerator tube. This long field-free path necessitated the use of ex­

cessive focus voltages. 
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For these and other r ea sons it was decided to use a different type 

of ion source at the new s i t e . After the development by Moak et al! of a p a r t i ­

cu lar ly s imple R. F . ion source capable of del ivering l a rge ion b e a m s , it 

was decided to use such a source with the Argonne Van de Graaff genera to r . 

The source which has been ins ta l led is ident ical with the one desc r ibed by 

Moak-^ except for a few miinor a l te ra t ions as follows: 

The probe canal has been reduced in d iamete r f rom 0. 060 inches 

to 0. 040 inches . In the Argonne s o u r c e , the magnet ic field is produced by 

a pe rmanen t magnet r a t h e r than an e lec t romagnet . 

The ion focussing a s sembly at p r e sen t ins ta l led is s imi l a r to the 

one previously used in conjunction with the Zlnn sou rce . However , it has 

been so designed that the focussing geomet ry can be changed to be m o r e 

nea r ly like that used by Moak, ^ A th i rd geom.etry, a hybr id between the 

f i r s t two, can a lso be used if one so d e s i r e s . 

A hydrogen ion b e a m of the o r d e r of 20 m i c r o a m p e r e s has been 

obtained with the new sou rce . As yet no information concerning the ra t io 

of the m a s s one ion yield to the m a s s two and m a s s t h r ee yields has been 

obtained. It is hoped that the total ion c u r r e n t can be improved somewhat 

over i ts p resen t value. Exper iments with this in m,ind a r e cu r ren t ly in 

p r o g r e s s , 

C. D. Moak, H. R e e s e , J r . , and W, M. Good, Nucleonics , Vol. 9^ 
No. 3 , 18-23 , (Sept. 1951). 



32 

13-1 A High Vacuum Plug Valve (5211-01 and 5261-02) 

J. A, Stark* and A, Langsdorf 
Reported by A. Langsdorf 

A high vacuum plug valve using "O" rings that is simple to make 

has been developed. A description of the valve and the procedures for making 

it has been submitted for publication in the Review of Scientific Instruments. 

* Now at Berry Bearing Company, Chicago, Elinois. 
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20-1 Energy States of Light Nuclei from Charged Particle Reactions (5211-01) 

D. R. Inglis and R. Malm 
Reported by R. Malm, 

A high resolution magnetic spectrometer has been constructed for 

use in conjunction with the Van de Graaff Generator in the study of the excited 

states of light nuclei by means of charged particle reactions. This spectro­

meter is capable of focusing, in two dimensions, protons of 12 Mev energy 

emitted in a solid angle of approximately 0. 1%. It is so mounted that any 

angle of observation between 0 and 135 degrees with respect to the direction 

of the bombarding particles can readily be obtained. 

The present status of the spectrometer and associated apparatus 

is as follows: 

1. Spectrometer 

Magnet, cooling system, and vacuum system have been 
tested and found to be satisfactory. The gas regulating system 
for the proportional counters has been installed but has not 
been tested. Assembly of the vacuum system awaits the avail­
ability of a beam from the Van de Graaff Generator, 

2. Power and Control Systems 

The Lincoln Welding Generator, which is used to feed the 
magnet, has been installed and tested. The installation of 
the power distribution leads has been completed. Further 
work is required on the magnetic field control and stabilizing 
circuits. 

3. Proportional Counter Detection System 

Five proportional counters a re provided for detecting the 
particles traversing the spectrometer. The circuitry required 
for these counters is com.plete except for four preamplifiers. 



It is expected that the unfinished work listed above will be com­

pleted during the next quarter. In addition^plans are being made to initiate 

an experimental program in the event that a beam from the Van. de Graaff 

Generator becomes available. One of the first experiments to be carr ied out 

wiE be a further investigation of the first excited state in Li^ by means of the 

Be^ (p, "Y) Li6 reaction. Preliminary results on the experiment were obtained 

sometime ago and reported in the quarterly report for June, July, and August 

of 1951 (ANL-4680). Reference was made to these results by Ajzenberg and 

Lauritsen in their review article on the energy levels in light nuclei which 

appeared in the Reviews of Modern Physics 24, 347, (1952). 
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30-1 Scintil lation Coincidence Spec t rometer (5211-01) 

S. B. Burson and W, C, Jordan 
Reported by S. B. Burson 

To facil i tate the ass ignment of the radia t ions f rom radioact ive 

isotopes into c o r r e c t and consis tent decay s c h e m e s , an ins t rument for d e ­

te rmin ing coincidences between g a m m a - r a y s and between gamma- and be t a -

r a y s , has been const ructed. This i n s t rumen t , cons t ruc ted by the E lec t ron ics 

Division of ANL in accordance with our speci f ica t ions , is now in u s e . We 

a r e great ly indebted to Mr, Thomas B r i l l , Di rec tor of the Elec t ron ics Divi­

s ion , and to J ames McMahon for the i r cooperat ion in. designing and cons t ruc t ­

ing this machine . 

The ins t rument cons is t s of a two-channel coincidence c i r cu i t , the 

two inputs of which a r e fed by scint i l la t ion type detect ing p robes . Type 5819 

photomult ip l iers a r e used in conjunction with ei ther Nal (Tl) or an thracene 

c r y s t a l s , depending upon whether g a m m a - r a y s or b e t a - r a y s a r e to be detected. 

The anthracene c r y s t a l is provided with a 0. 0004-inch Al window. The photo-

m u l t i p l i e r - c r y s t a l a s semb l i e s were p r e p a r e d by R. Swank and J. Moenich of 

the Argonne Ins t ruments Division. 

One input , after being fed through its l inear ampl i f i e r , p a s s e s 

through a s ingle-channel differential pulse-height ana lyser before enter ing 

the coincidence c i rcu i t . The other a r m of the s y s t e m pas se s through a t en-

channel differential pulse-he ight ana lyzer before enter ing the coincidence 

c i rcu i t . 
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The ten-channel analyzer is provided with a window amplifier to 

facilitate inspection of different regions of the spectrum. 

With the coincidence circuit off, the ten-channel analyzer can be 

used to investigate the "normal spectrum" of gamma-rays. The single channel 

may then be set to accept any particular region^and an analysis of the coin­

cidence gamma-rays obtained with the ten-channel analyser. 

To date, conclusive results have been obtained regarding the decay 

schemes for L^pi'^ p 64^^"^^^' ^"•^ 64^^ "^^^ details of these measure-

m.ents are reported by W. C Jordan in sections 32-1 and 33-1 of this report . 
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31-1 The 1.42-Min Isomeric State in 77lrl92 (52II-OI) 

S. B. Burson, B. Hamermesh, W. C. Jordan, V. Huinm.el 
Reported by S. B, Burson 

The 1. 42-minute isomeric state in Y^Ir^'^ jg characterized by 

two radiations, a gamma-ray of 57. 0 kev and another uncharged radiation 

of approximately 26 kev. Early experiments by other investigators indi­

cated the possibility that the lower energy radiation was comprised of a 

continuum of quanta, associated with a two-quantum transition process . The 

purpose of this investigation is to ascertain the nature of this radiation and 

to fit it into a consistent energy level scheme for this activity. 

To facilitate normalization of measurements being made with the 

scintillation spectrometer , new matched sources have been prepared by 

moulding the Ir powder into 1/2-inch Imtite discs which will be activated in 

the "rabbit". A new holder has also been made for holding the sources in 

the sam.e position. By thus standardizing the sources and holding the activa­

tion time constant, it is hoped that comparative absorption measurements 

can be m.ade without having to rely entirely upon the magnitude of the lower 

57. 0-kev peak as a means of normalizing the data taken on the lower energy 

radiation. It is hoped that under these conditions the critical absorption 

measurements will be more readily interpreted. 
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32-1 Decay Schemes of ^^Dy^^^"^ f 1. 2 min) and ^^Bj^^^ (2. 3 hr) (5211-01) 

S. B. Burson, J. M. Cork (University of Michigan), 
W. C, Jordan 
Reported by W. G. Jordan 

Previous work by others has shown that neutron capture in Dyl64 

produces metastable Dy^^^ ( i , 25 min), which decays via a 109-kev E3 t ran­

sition to the ground state. This in turn beta decays with a 2. 3-hr half-life 

to various states of the Ho 165 nucleus. Three beta transitions have been 

resolved and found to have energies of 0. 42, 0. 88, and 1. 25 Mev. Gamma-

rays of 0. 091, 0. 275, §. 36, 0. 76, and f^l. 0 Mev have been detected. P ro ­

posed decay schemes have either reqmred an undetected beta transition or 

have made use of energy sums which are known from preliKiinary results of 

the present investigation to be inconsistent. 

The 1. 25-min metastable state has been studied with the 180® 

conversion electron spectrographs. A transition energy of 108. 0 ± 0. 2 kev 

is found. The observed internal conversion electrons are listed in the follow­

ing table. 

1 Electron 
Energy (kev) 

54.2 
99.4 

100.3 
106.3 

1 107.8 

Relative 
Intensity 

3 
10 
10 
5 
1.5 

Proposed 
Interpretation 

K(Dy) 
L2 
L3 
M 
N 

Transition 1 
Energy 
(kev) 

108,0 + 0.2 

The K/L ratio is rw 0. 15 in good agreement with empirical relations of K/L 

versus Z^ for an E3 transition. 
E 
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The gamma radia t ions of the 2. 3-hr activity have been studied with 

the 180" convers ion e lec t ron spec t rographs and with a scint i l la t ion coincidence 

s p e c t r o m e t e r . 

The observed convers ion e lec t rons a r e l i s ted in the following tab le . 

E l ec t ron 
Energy (kev) 

38,8 
85 ,0 
92. 2 
93 .9 

223. 8 
270.0 

305.9 
351.6 

578 
'W623 

Proposed 
In te rpre ta t ion 

K (Ho) 
L i 
M j 

N 

K 
L j 

K 

^1 

K 
L i 

Trans i t ion 
Energy (kev) 

94 .4 + 0.2 

279.4 + 0.8 

361,2 + 1 . 0 

634 ± 3 

Studies with the scint i l lat ion s p e c t r o m e t e r have shown the definite p r e s e n c e 

of other g a m m a - r a y s of 710 ± 20 and 1020 ± 30 kev and poss ible p r e sence of 

additional ones of AIISO and /v550 kev. The r e su l t s of coincidence studies 

indicate the 279-kev t r ans i t i on is coincident with the 710-kev, while the 361 -

kev is coincident with the 634-kev. The 94-kev g a m m a - r a y is coincident with 

a beta t rans i t ion of /v l . 3 Mev. Coincidences between the 94-kev and other 

gamma radia t ion have not been detected. 

Fu r the r coincidence s tudies will be made and the r e s u l t s com,-

piled for publicat ion in the Phys ica l Review. 



33-1 Decay Schemes of (^^Gd'-^^ (18 h r | and 44Gd^°^ (3. 7 min) (5211-01) 

S. B. Burson , J. M. Cork (Universi ty of Michigan), 
W. C. Jordan 
Reported by W, C, Jordan 

Amomg the act iv i t ies produced by neut ron capture in gadolinium a r e 

an 18-hr and a 3. 7-min act ivi ty which have been ass igned to m a s s numbers 

159 and 161, respec t ive ly . Both of these undergo beta decay to t e rb ium. The 

3. 7-min activi ty is the pa ren t of a second beta decay to dyspros ium. Abso rp ­

t ion m e a s u r e m e n t s have indicated that a beta t r ans i t ion energy of A/ 0. 9 Mev 

and e lec t romagnet ic rad ia t ion of MO. 055 and ^ 0 . 35 Mev a r e a s soc ia ted with 

the 18-hr act ivi ty. A beta t r ans i t ion of Afl.5 Mev, gamma rad ia t ion of 0. 37 

Mev,and in te rna l convers ion e lec t rons of 4^0. 066 Mev have been r epo r t ed to 

be assoc ia ted -with the 3. 7-min activity. 

In the p r e sen t invest igat ion the radia t ions of tiaese ac t iv i t ies a r e 

studied with 180® e lec t ron convers ion spec t rographs and with a scint i l la t ion 

coincidence s p e c t r o m e t e r . 

Resul ts for Gd^^^ ( ig hr) 

Internal convers ion e lec t rons which may be identified with the 

18-hr act ivi ty a r e l i s ted in the following table . 

E l ec t ron Energy 
1 (kev) 

48 .8 
50 .0 

55 .5 
56 .9 

312 
1 #v353 

Proposed 
Mterp rota t ion 

L j 
L3 

Ml 
Nl 
K 
L 

Trans i t ion 
Energy (kev) | 

57 ,5 + 0.2 

364 + 2 
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Using the binding energies of terbium, these electrons are interpreted as 

corresponding to transitions of 57. 5 ± 0. 2 and 364 ± 2 kev. 

Pulse-height distributions obtained with the scintillation spectro-

m.eter exhibit several peaks. Those which decay with the 18-hr half-life may 

be identified with the 364-kev and x-ray transitions (/V45 kev). The contri­

bution of the unconverted portion of the 57. 5-kev transition is not resolved 

and is apparently small compared to the x-ray intensity. Other peaks co r r e s ­

ponding to transitions of 120, 860, and 970 kev are present. However, these 

decay with a half-life of /vlO hr and are assumed to be due to contamination 

of 9. 3-hr Eu^^^. (K, L , and M conversion lines of the 122-kev transition 

following K capture in Eul52 are observed. Also, the x-ray peak of the 

pulse-height distribution shows evidence of this activity,) The 860 and 970-

kev transitions have not, to our knowledge, been previously reported. 

Coincidence experiments failed to reveal any x-ray-gamma or 

gamma-gamma coincidences involving the 364-kev transition. X-ray - x-ray 

coincidence experiments are complicated by the presence of the K capture 

activities of Gd^^^ and the 9. 3-hr Eul52 contaminant. 

Beta coincidences are observed with both the x-ray and the 3. 64-

kev transition. The former are alternated by aluminum absorbers with a 

half-value thickness of 43 mg/cm2 while the latter have a half-value thickness 

of 29 mg/cm2. These correspond to beta energies of ift̂ l. 1 and rVO. 9 Mev. 

Results for Qdl^l (3^ 7 min) 

Measurements of the half-life of Gd^^l result in an average value of 



3. 74 ± 0, 10 min . Aluminum absorpt ion measurem.ents of the beta radia t ion 

indicate a maximum beta energy of /M 1. 6 Mev. Convers ion e lec t rons a s sdc ia t ed 

with th is activi ty a r e l i s ted in the following table . 

E l ec t ron 
1 Energy (kev) 

A^55 
264,0 

^^310 
1 350 

Proposed 
In terpre ta t ion 

K1 
K 2 

K 3 + L 2 

L 3 

Trans i t ion 
Energy (kev) 

rt/107 1 
316.0 1 

355 + 5 1 
With the exception of the 264-kev l ine these a r e v e r y weak l ines even on 

s p e c t r o g r a m s subjected to m o r e than 100 i t e ra ted exposures . 

The pulse-he ight d is t r ibut ion obtained with the scint i l la t ion s p e c t r o ­

m e t e r has peaks corresponding to energ ies of A/45, 100, 164, and 360 kev. 

The "360" kev is b road and d i s to r t ed , suggest ing it is composed of two un­

re so lved peaks of/t/320 and 360 kev. The convers ion e l ec t ron data definitely 

es tab l i shed the p r e s e n c e of a 316-kev t r ans i t ion and a l so indicate the e x i s ­

tence of a 355~kev t rans i t ion . Coincidence studies confirm, the p r e s e n c e of 

both of these t r ans i t ions . The two peaks a r e well r e so lved in coincidence 

pu lse -he igh t d i s t r ibu t ions . The 316-kev t r ans i t i on is found to be coincident 

with the 107-kev, while the 355-kev is coincident with the x - r a y . 

In the ensuing q u a r t e r , the 3„ 7-min activi ty will be fur ther studied 

by means of the coincidence s p e c t r o m e t e r . In p a r t i c u l a r , b e t a - g a m m a coin­

cidence work will be done. The r e su l t s will then be compiled for publication 

a s an a r t i c l e in the Phys ica l Reviem?. 
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34-1 Decay Schemes of ^^Rh^Q^"^ (4. 3 min) and ^gRh^O^ (44 aec) (5211-01) 

S. B. Burson, J. M. Cork, (University of Michigan), 
W. C. Jordan 
Reported by W. C. Jordan 

A study of the decay of neutron-activated rhodium has been r e ­

ported in Section K of the Physics Division's Quarterly Report for June 

through November, 1952 (ANL-4982). The results of this study have now 

been submitted for publication in the Physical Review. A summary of this 

work is given below. 

The radiations of neutron-activated rhodium are studied with a 180° 

constant field conversion electron spectrometer and a gamma-ray scintillation 

spectrometer. Internal conversion electrons are observed to be associated with 

4. 3-m.inute activity. These are interpreted as arising from two isomeric 

transitions of 51. 1 ± 0. 2 and 77, 2 ± 0. 2 kev in rhodium. By coincidence 

studies, these two transitions are shown to be in cascade. The character 

of the radiations, as determined from K/L ratios and lifetime considerations, 

appear to be Ml and E3 , respectively. Additional gamma-rays of energy 

550 ±10 kev and ^ 1 . 2 Mev (weak) are observed with the scintillation spectro­

meter. The 550-kev transition is associated with both the 44-sec and 4. 3-min 

periods and is assum.ed to follow the beta decay and hence be in Pd•"•""*. 
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35-1 Decay Schem.es of Long-Lived R a r e - E a r t h Isotopes(5211-01) 

E. L, Church 

There exis t a number of long-l ived (T, ij^ it m o s . ) isotopes in the 

r a r e - e a r t h reg ion , the decay s c h e m e s of which have not yet been adequately 

invest igated. This lack is due in p a r t to thei r low act ivat ion by d i r ec t 

neut ron cap ture . The p r e s e n t s tudies a r e made feasible through the use of 

f i ss ion products (A = 151, 154, 155) and sources p r e p a r e d by l o n g - t e r m 

neut ron bombardment (152, 153, 155). 

Pre l im, inary r e s u l t s of the examinat ion of the low-lying levels of 

these isotopes a r e included in the table below: 

P a r e n t Daughter Life t ime (kev) 

Sm 62 

63Eu 

151 

Gd 64 

^3Eu 

63 Eu 

152 

153 

154 

155 

63 Eu 151 

62 Sm 152 

63 Eu 

64 Gd 

64 Gd 

153 

154 

155 

73 yr 

13 yr 

236 d 

16 yr 

1.7 yr 

6. 8 + 0 . 5* 
21.4 + 0 .4* 

121. 6 + 0. 5 

69.4 ± 0 . 4 
97.3 ± 0 . 4 

103. 1 ± 0. 4 

122.8 ± 0. 5 

59 .8 ± 0 . 4 
86 .3 ± 0 . 4 

105. 1 ± 0. 4 

* Measured by m.eans of a propor t ional counter . 

With the exception of A = 151, the energy values quoted above have 

been de termined by means of a pe rmanen t magnet 180" focusing p - r a y spec t ro­

graph. Cursory examinat ion by m.eans of a scint i l la t ion detector has revea led 

http://Schem.es


45 

t r a c e s of Eu contamination in a l l the samples studied. 

The 21 . 4-kev t rans i t ion assoc ia ted with Sm-'^^ is below the t h r e s ­

hold for convers ion in the K shel l . The 6. 8-kev rad ia t ion , m e a s u r e d by Be 

absorp t ion , is undoubtedly the x - rad ia t ion a r i s ing f rom convers ion in the L 

shel l . 

The n/122-kev radia t ions following the decay of Eu^^^ a.nd Eu^54 

a r e probably the e lec t r ic quadrupole ground s ta te t rans i t ions in their even-

even daughters . These muLtipolarity ass ignments and the s t ruc tu re of the 

L convers ion groups a r e borne out by K / L m e a s u r e m e n t s . The ass ignment 

of the 122. 8-kev t rans i t ion to Eu''^^^ is in di sagreement with the ea r l i e r 

work of Kel ler and Cork (Phys . Rev. 84, 1079 (1951)) and in ag reemen t with 

that of Katz and Lee (Phys . Rev. 85 , 1038 (1952)). 

No pos i t rons have been detected in the long-l ived K cap tu r e r 

Gd^-'-'. Of the t h r e e y t rans i t ions obse rved , only one (103 kev) has been p r e ­

viously detected in this activity. 

The 132-kev t r ans i t ion previous ly assoc ia ted with the decay 

of Eu l55 ^y Rutledge et a l . ( P h y s . Rev. 86, 775 (1952)), is mis s ing in the 

f iss ion product . The convers ion l ines observed by these authors have been 

shown to be due to a mi s in t e rp re t a t i on of the l ines assoc ia ted with a t r a c e 

of Eu*^^ (2 wks) in an incompletely aged sou rce . 
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36-1 The Decay Schemes of Mass 48 Nuclei (5211-01) 

H. Casson, L. Goodman, V. Krohn 
Reported by H. Casson 

It has recently been shown* in the case of the decay of Sc**" that 

whereas only two gamma-rays are observed in a scintillation spectronneter, 

suggesting the simple cascade emission of two gammas, there is a possibility 

that the cascade consists of three gammas, with two of them having almost the 

same energy. 

The purpose of the present work is to investigate this and other 

similar cases by means of triple coincidence methods, and insofar as possi­

ble , to determine the multipolarity of the emitted radiations by looking for 

angular correlations among them. 

During the past quarter , a relatively slow triple coincidence 

set-up (resolving time of the order of several microseconds) was assembled 

and put into operation. It consists of three sodium iodide scintillation detec­

tors followed by three single-channel pulse-height analyzers whose outputs 

were fed into the coincidence circuit. By means of a switch, one of the 

channels could be disconnected and the set-up used to measure two-fold 

coincidences. With each of the gamma-ray sources used, pulse-height dis­

tributions for each detector were obtained, and before the triple coincidence 

work was begun, the discriminators were biased to register only pulses greater 

B. Hamermesh, V. Hummel, L. Goodman, and D. Engelkemeir, Phys, 
Rev. 87, 528 (1952). 
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than one-half of the highest gamma pulses involved. In this way, the effect 

of Compton sca t te r ing frorn one c rys ta l to ano ther , producing spur ious coin­

c idences , could be el iminated. For checking p u r p o s e s , Cs-*-^' and Co"^ were 

used as one -gamma and two-gamma s o u r c e s , respec t ive ly , Sc^° was obtained 

by bombardment of t i tanium meta l with 20-Mev neutrons f rom the cyclotron. 

Tr ip le coincidences were obtained in this case in far g rea te r numbers than the 

accidental r a t e observed and calculated for Co°" . The r e su l t s confirm the 

conclusion of H a m e r m e s h , et al», with r e g a r d to the decay involving t h r e e -

gamma cascade , A further invest igat ion showed that two of them had the 

energy 0. 99 Mev and the th i rd was of energy 1. 32 Mev. 

An invest igat ion of the decay of Sc46 indicated that only two gammas 

were involved. 

A chromium-plated copper s t r i p has been bombarded with high 

energy deuterons in the cyclot ron and will shor t ly be chemical ly sepa ra t ed 

to yield the radioact ive V^S. The decay of V^^, producing information about 

energy levels in Ti^S (the same element to which Sc^^ decays) , will be s imi l a r ly 

invest igated. 

An angular co r r e l a t i on study of the St decay is contemplated 

after completion of the V^^ m e a s u r e m e n t s . This will r equ i r e fas te r coin­

cidence c i rcui t s to get sufficient counting r a t e s with s t ronger sources with­

out being t roubled with acc identa l s . The const ruct ion of such a fas te r coin­

cidence se t -up is being planned. 
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50-1 In terna l Convers ion of Capture Gamma-Rays Associa ted with Gd {5211»01) ' „ 

C. T, Hibdon 

Four additional in te rna l convers ion e lec t ron l ines a s soc ia ted with 

capture g a m m a - r a y s f rom Gd have been identified by use of the in te rna l con­

v e r s i o n b e t a - r a y spec t rograph . Seven l ines have been r epo r t ed previous ly . ^ 

The identification of the four new l ines was m.ade poss ib le by the use of be t te r 

s amples and longer exposure t i m e s , which in some cases amounted to t h r ee 

weeks . 

The r e s u l t s obtained to date a r e s u m m a r i z e d in the following table . 

The new l ines a r e indicated by an a s t e r i s k . The 148, 8-kev e lec t rons do not 

appear to be produced by any of the other previous ly known g a m m a - r a y s . They 

a r e p re sumab ly to be a t t r ibuted to K-convers ion of another g a m m a - r a y which 

wi l l , acccord ing ly , have an energy of 199. 1 kev, 

A .further study of Gd will be c a r r i e d out when the separated. 

i so topes become avaEable , 

1 Hy^ 
575 
667 
927 ' 
932 
969 
992 
1030 
1298 
1392 
1522 
1546 

TABLE II 
Line E n e r g i e s , Work Func t ions , and Gamma-Rav Energ ies 1 

Bp K _ L n 
28 .3 
37.8 
70.7 
71 .3 
76.8 
80 .3 
8 6 . 0 * 

131.2 
148.8* 
173 .8* 

1 179.0* 

_ _ _ _ _ _ ^ 

50 .3 

50 ,3 
50 .3 

7.9 

7.9 

^I I I M Ev (kev) 1 

7 .3 

7 .3 

1,9 

1.9 

L ^ ° ^ 

78.6 
88. 1 
78 .6 
78 .6 
78.7 
88,2 
87 .9 

181.5 
199.1 
1 8 1 . 1 

, 180. 9 

1 C. T. Hibdon and C, O. Muehlhause Phys . Rev. 88 , 9 4 3 , (1952), 
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51-1 Characteristics of a Scintillation Counter Spectrometer (5Z61-02) 

B. Hamermesh and V. Httmmel 
Reported by B. Hamermesh 

The work on capture y-raj^ spectra using a 3/8" x 1-1/Z" right 

cylinder of Nal showed that only the most prominent lines of such spectra 

could be detected. The counting rate r ises very rapidly with decreasing 

energy because of the Compton electrons formed in the crystal by the higher 

energy ^-rays . The lower energy lines are located on top of this background 

of pulses. 

In order to reduce this effect^ a 3-1/Z" x 3-1/2" right cylinder of 

Nal has been obtained. It was hoped that any degraded photons formed as a 

result of a Compton process would be absorbed by photoelectric effect and a 

full height pulse would result. The crystal was packaged by R. Swank and 

J. Moenich of our Instrtiment Research Division and has been used with a 5819 

phot ©multiplier, A lucite light pipe is needed in order to conduct the scin­

tillations from the 3-1/2" face of the crystal to the 1-1/2" face of the photo­

tube. 

The resolution has been measured as 18% for the 662-kev line 

from Cs-^-' , It has been found that the Compton process followed by absorption 

of the degraded photon is greatly enhanced so that in the case of C s " ' there is 

no Compton distribution of pulses present. For a Na^^ source, the Compton 

1 
B. Hamermesh and V. Hummel|Phys. Rev. 88, 916 fl952). 



distribution due to the 1. 38-Mev line is very weak compared to the photo­

electric peak. The distribution of pulses caused by the 2. 76-Mev line shows 

hardly any pulses caused by pair production with both annihilation quanta 

escaping, whereas the peak caused by capture of one of these quanta is intense. 

There is very little contribution to the pmlse distribution caused by Compton 

effect of the 2. 76-.Mev line, but the full energy absorption peak is intense. 

One may summarize by saying that all double processes are greatly enhanced 

by use of the large crystal . 

M order to use the crystal at C P - 3 ' , the shielding had to be in­

creased, since the sensitive volume of the large crystal is over 50 times 

greater than the volume of the small crystal . By adding 8-10" of lead on 

all sides and 6" on top to the original shielding used (See Fig. l.loc. c i t . ) , 

the background was reduced to a count comparable to that present in the 

work done with the small crystal . 

It is planned to try to improve the resolution of the crystal by 

elimirjafing the light pipes. This is to be done by making a com.pact bundle 

of three 5819 tubes which will be mounted in a single holder next to the 

crystal . The three tubes will cover nearly 75% of the 3-1/2" diam,eter face 

of the crystal . 
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52»1 Neutron Capture Gamma-Ray Studies with the Scintillation (5261-02) 
Spectrometer 

B. Hamermesh and V. Hummel 
Reported by B. Hamermesh 

Chlorine 

The large crystal has been used to restudy the spectruin of chlorine. 

The suppression of the Compton effect made it possible to search the energy 

region between 2 and 4 Mev, where Kinsey's^ data indicated that some lines 

would be found. A line at 2. 90 Mev was found, and another very weak line 

at 2. 4 Mev seemed to be present. 

It is planned to use the large Nal crystal to restudy the elem,ents 

covered with the small crystal spectrometer. 

^ Kinsey, Bartholomew, and Walker, Phys. Rev. 85, 1012 (1952). 



60-1 8-Meter Bent Crystal Spectrometer (5261-02) 

B. Hamermesh and D. Rose 
Reported by B. Hamermesh 

Design of an 8-meter (focal circle diam.eter) bent crystal spectro-

m.eter of the DuMond type has begun. The instrument is to be used primarily 

for the study of capture gamma-rays. In addition, gamma-rays following P 

decay or from isomeric transitions can also be studied. The source of ga.-m.tna.-

rays is to be placed in the center of hole H5 in the CP-5 reactor. The high 

flux in CP-5 should make it possible to study capture gamma-rays from 

elem.ents with cross sections as low as 0. 1 barns. 

An optical flat of monocrystalline quartz 6 mm in thickness and 

between 9" x 9" and 12" x 12" in area is to be prepared. The large faces 

are to be perpendicular to the 310 planes. 

The design of the shielding for the Nal (Tl) crystals which will be 

used to detect the diffracted gamma-rays has been completed. The shielding 

will weigh nearly 10 tons. 

It is planned to complete the mechanical design and begin construct­

ion during the next quarter. 

http://ga.-m.tna
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70-1 Measurements of Nuclear Moments by Angular Correlation (5211-01) 

S. Raboy 

A magnetic field applied perpendicular to the plane of emission of 

two ^-rays emitted in cascade will decrease the angular correlation between 

them if the intermediate state has a sufficiently long half-life. This change 

in the angular distribution is a function of the magnetic moment of the inter­

mediate excited state , the life time of this s ta te , and, of course, the field 

itself. Qualitatively one can imagine the spin of the intermediate state to be 

precessing about the field while the state is decaying exponentially at the 

same time. The net effect is to shift the angxilar distribution and also to 

attenuate the coincidence ra te . By measuring this shift, one can obtain the 

mom.ent of the excited state. This m,ethod was used by Aeppli, Albens-

Schonberg, Frauenfelder, and P. Scherrer to determine the magnetic moiment 

of the intermediate state of Cd^^l (Helv. Physica Acta 25, 339 (1952)). The 

theory is given by Alder, (Helv. Physica Acta 25, 235 (1952)),. 

This m^ethod is limited to nuclei with half-lives of the intermediatfe 

state of order 10**̂  to 10"° seconds. Hg^^*^ was selected as a first possi­

bility. An isomeric state of Hg*^' is formied by neutron capture in Hg^°°. 

This isomeric state decays with a 2 3-hour half-life to the ground state by 

em.ission of two gammas (133 and 165 kev). The intermediate state has a 

half-life of 7 x 10*"' sees . The ground state subsequently decays with a 

66-hour half-life by K capture to an excited state of Au^^"^ which emits a 

77-kev "Y-ray to get to the stable ground state„ Hg^^*^ has the further ad­

vantage that the gammas of interest originate from, an isomeric state and 
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a r e not the r e su l t of a p t rans i t ion . T h u s , one avoids difficulties which may 

be caused by fields of excited a toms . 

P r e l i m i n a r y t r i a l s have been made on i r r ad i a t ed HgO (enriched 

to 1. 9% in Hgl96|^ The 77-kev level in Au^^"^ and the 80-.kev Au x - r a y s have 

caused some difficulty. Apparently the ground s ta te of Hg ° is a lso formed 

in neutron capture to a much g rea te r intensi ty than the i s o m e r i c s t a t e , and at 

th is t ime i t i s not too c lea r that the in te r fe rences of the 77-kev can be ove r ­

come . There is some hope for t h i s , however , s ince the pulse-height ana lyzers 

a r e opera ted with windows f rom 110 kev to 190 kev. It is thought that t he re 

will be few coincidences from, the 77-kev and x - r a y s in this r ange . 

It is planned to continue this work next q u a r t e r . The HgO sources 

will be i r r ad i a t ed for much longer t i m e s , and one hopes to get be t t e r counting 

r a t e s so a s to make the exper iment feas ib le . In addit ion, other methods of 

m e a s u r e m e n t will be inves t iga ted , as will other nuclei . For example , for 

nuclei with in te rmedia te s ta te half-life of the o rde r of 10"^ to 10" ' s econds , 

an R. F . s cheme has been planned. A steady magnet ic field applied pa ra l l e l 

to one of the g a m m a - r a y s and an R. F . field applied perpendicular to the 

two Y*s will combine to wash out the angle co r re l a t ion at the resonant R. F . 

frequency. This r e sonance frequency will give the magnet ic moment d i rect ly . 

For nuclei with in te rmedia te half-life of 10*9 to 10" sec another 

s cheme is p roposed , and this scheme is s t i l l ve ry tentat ive. One can m e a s u r e 

delayed co inc idences , i . e. , delayed by 3 or 4 ha l f - l i ve s , with a fast coinci ­

dence c i rcu i t . Then one can study the effect of a magnet ic field on these 

delayed coincidences in a manner s imi l a r to the scheme desc r ibed in the f i r s t 

pa r ag raph . 
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71-1 Angular Cor re la t ion of P-Rays and Delayed Neutrons f rom Kr^^ (52n„01 ) 

L. Goodman 

The exact decay scheme of K r ° ' is som.ewhat in doubt. It is not 

known for su re jus t what max imum energy p - r a y p recedes the delayed neutron. 

The f i r s t s tep of the exper iment will be to s e a r c h for coincidences between 

the delayed neutron and the p - r a y using a methyl bora te counter for the neutrons 

and a thin organic c rys t a l for the p - r ay . A pulse-height d is t r ibut ion f rom 

photons in the organic c rys t a l in coincidence with the pulses from the neutrons 

should provide the p s p e c t r u m and end point of the p - r a y which p recedes the 

delayed neutron. 

If this Coincidence technique proves feas ib le , angular co r re l a t ion 

of the P - ray and the delayed neutron will be studied. 

No work has been done in the pas t q u a r t e r . 

If the methyl bo ra t e counter development p roceeds to the point where 

it is no longer an exper imenta l i n s t rumen t , and i t s e lec t ronic c i r cu i t ry is 

s t andard ized , some p r e l i m i n a r y work may be done in the ensuing quar ter^ 
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7Z-1 The Angular Distr ibution of Photoneutrons F r o m Be Produced 
by 2. 185-Mev Gamma-Rays (5211-01) 

B. Hamerro.esh and C. Kimball 
Repor ted by B . H a m e r m e s h 

The angular d is t r ibut ion of the photoneutrons f rom Be has been 

m e a s u r e d at var ious ene rg i e s . Near th reshold the dis t r ibut ion is spher ica l ly 

s y m m e t r i c . At higher energies the dis t r ibut ion is of the form a + b sin*^ 9 

where the value of a /b d e c r e a s e s with energy. Guth and Mullin have ca lcu­

lated values of a / b as a function of energy using the valence neutron model . 

The model cons is t s of a Be° co re plus a single valence neutron. The Be° 

is unstable against decay into two alpha pa r t i c l e s by about 120 kev , but i t s 

l ifet ime is very long compared with the t ime requ i red for the enaission of 

a neutron from Be" . 

Using a sample of Ce^'*^ whose daughter product P r^^^ emits a 

2. 185-Mev gamtma-ray following p e m i s s i o n , we have begun a study of the 

angular d is t r ibut ion of the photoneutrons f rom bery l l ium. Since good geometry 

is r equ i r ed in o rde r to l imi t the poss ib le angles between the g a m m a - r a y 

d i rec t ion and the di rect ion of motion of the neu t ron , the counting r a t e s a r e 

very low compared with those available in a c r o s s sect ion m e a s u r e m e n t . 

Measurements a r e being made in the 0° and 90° d i rec t ions . 

A very s table counter has been se t upland p r e l i m i n a r y counting 

has begun. It is planned to obtain sufficient s t a t i s t i c s so that a value of a /b 

accu ra t e to about 20% is obtained. This will r e q u i r e s eve ra l weeks of counting. 

E . Guth and C, J . Mull in ,Phys. Rev. 76, 234 (1949). 
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80-1 Molecular Beam Studies (5211-01) 

J, Dalman, L. Goodman, S. Wexler 
Reported by L, Goodman 

A molecular beam, apparatus to measure nuclear spin, magnetic 

dipole, and electric quadrupole moments of radioactive isotopes is under con­

struction. 

Neutral atoms diffuse from, a furnace and pass through two t rans ­

verse inhomogeneous magnetic fields and thereby are deflected so as to miss 

the detector. Between these inhomogeneous fields lies a uniform transverse 

field, which induces a Liarmor precession without causing deflection. A 

radiofrequency magnetic field ©f this Larmor precession frequency is applied 

in the region of the uniform field but t ransverse to i t | this causes a change of 

magnetic substate, so that the deflection in the second inhomogeneous field 

is reversed and the particle strikes the detector. 

All mechanical parts have recently been constructed and are imder-

going assembly and test. Much of the electrical equipment is at hand; only the 

secondary frequency standard remains to be designed. 
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90-1 Cross Sections for 14-Mev Neutrons (5211-01) 

H. Casson and L. Goodman 
Reported by H. Casson 

The aim of the present program is to study the neutrons elastically 

scattered from various materials to determine both their angular distribution 

and the total cross section for the process. 

The 14-Mev neutrons are to be produced by the reaction T(d,n)He4 

using a low-voltage (0 to 300 kev) Cockcroft-Walton type positive ion acceler­

a tor , whose construction has been basically completed but is still in need of 

som.e miodification and development work before it can be considered a stable 

working tool. 

Very little work has been reported in the li terature regarding 

the angular distribution of scattered fast neutrons, in view of the difficulties 

of obtaining adequate coUimations so that only the desired neutrons scattered 

from the target are detected. 

Because of the large Q of the T(d,n)He^ reaction, the neutrons are 

emitted in the laboratory fram.e of references at approximately 180" with r e s ­

pect to the alpha part icles. By counting neutrons in coincidence with alpha 

particles in a narrow beam, we can measure scattering of only those neutrons 

that were originally in a corresponding narrow beam, opposite to the beam, of 

alpha particles. 

During the present quarter , the following progress has been made 

on thi^ project: 



1. A magnet has been designed to bend the deuteron beam 

through 90® into the horizontal plane s© that the target , 

alpha detector, etc. , may be more suitably located. 

2. A fast coincidence circuit has been ordered. 

3. A plastic scintillator for detection of the scattered neutrons 

is being prepared at our request by W. Buck. 

4. The accessory electronic equipment has been decided upon. 

During ensuing quar ter , it is hoped to get the neutron source into 

satisfactory operation, set up and check the various pieces of equipment as 

they are completed, and to begin doing the experiment. 
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91-1 Neutron Transpor t Cross Sections (4110-22) 

A. Langsdorf 

The de termina t ion of the angular d is t r ibut ion of s ca t t e r ed mono-

energe t ic neutrons and t r a n s p o r t c r o s s sect ions is of i n t e r e s t f rom var ious 

points of view. The p r e sen t lack of ag reemen t between theory and exper i inent , 

in d iscuss ions of the average behavior of total neutron c r o s s sect ions of the 

e lements as a function of neutron energy , may well be improved by the d e t e r ­

minat ion of angular momenta at var ious ene rg i e s . 

Ea r ly exper imenta l work on this p r o b l e m , using the Van de Graaff 

genera tor as a s o u r c e , was r epor t ed in ea r ly 1952 in ANL-4798, pages 5 to 

18, and in ea r l i e r r e p o r t s . This work showed the feasibil i ty of the method 

but indicated that cons iderable ref inement in technique would be r equ i r ed for 

extensive or accu ra t e work in this field. 

This ea r ly equipment employed a bank of 63 boron t r i f luor ide p r o ­

por t ional neutron counters embedded in a "spool" of paraffin which itself 

was in a l a r g e shieldi the counting efficiency for neutrons r e l e a s e d in the 

cen t ra l hole ©f the spool was about 15%. F o r angular sca t te r ing work , the 

whole device could be ro ta ted about the sca t te r ing sample placed nea r the 

mouth of the hole; the source of p r i m a r y monoenerget ic neutrons (the Li 

t a rge t of the Van de Graaff genera tor ) was a few inches from the s c a t t e r e r A. 

The newly planned equipment will afford bet ter definition of the 

sca t te r ing angle , while maintaining the same geomet r ica l efficiency; will 
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greatly reduce background counts; will obtain data over a wider spread in 

scattering angle, both forward and backward, and with greater accuracy as 

to relative absolute yields. 

This will be accomplished by abandoning the rotating detector 

and replacing it with five fixed detectors, three accepting neutrons scattered 

in the forward quadrant and two in the backward quadrant; thus, data on all 

five angles will be obtained simultaneously, without the introduction of cali­

bration e r ro r s necessary with the older in-sequence method. Each detector 

will consist in a trapezoidal water tank containing a bank of proportional 

neutron counters surrounding the base of an air-filled collimating tube in 

the water. The primary source of neutrons will be a lithium target mounted 

in a collimating tube inside a similar water tank. Monitoring of the prim.ary 

neutrons (unsatisfactory in the older apparatus) will be accomplished by 

locating counters close to the wall of this collimator. The scattering samiple 

will be mounted at the center of the circle about which the six water tanks 

will be grouped. Thus, the scattering target will be illuminated by a collimated 

beam of neutrons from the primary source, and each detector will be exposed 

only to neutrons coming from the scat terer . 

Present work is still limited to early design conceptions; in the 

ensuing quarter , drawings on all the shielding and collimating system will 

be completed and construction started and electronic equipment and accessories 

will be planned in detail and placed on order. 
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92-1 Neutron Scattering Cross Sections of the Titanium Isotopes (5211-01) 

C. T. Hibdon 

The sub-cadmium and epi-cadmium scattering cross sections of 

the various titanium isotopes have been measured with the annular scattering 

chamber. Scattering foils ©f Ti02 were used for the various separated isotopes 

and a metal foil for unenriched titanium. The scattering cross sections in 

barns are summarized in the following table. 

Isotope 

Ti46 

Ti47 

T i48 

Ti49 

TiSO 

T i 4 .2 8 .1 

Percen tage 
Enr ichment 

82. 7 

63. 1 

99 .2 

77.6 

84 .6 

Sub-Cd 

2. 1 

4. 1 

3 . 9 

0 . 7 

2 . 8 

Epi-Cd 

3 . 2 

5 . 0 

8. 7 

2 . 7 

3 . 2 
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93-1 Be (-Yyn) Cross Section at 2. 185 Mev (5211-01) 

B. Hamermesh and C. Kimball 
Reported by B. Hamermesh 

The cross section for the photodisintegration of Be9 at 2. 185 Mev 

has been measured using -y-rays which follow the p-decay of Px''-*^. A value 

of 3. 9 X 10"^° cm^ was found in reasonably good agreement with the valence 

neutron model. This value is lower than the values at 1.81 Mev and 2. 50 

Mev, in agreement with the theoretical predictions that a minimum value of 

the cross section should be found near 2. 2 Mev. 

An article describing the experiment has been sent to the Physical 

Review, 
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94-1 The Cross Section for the Capture of Thermal Neutrons by Hydrogen 

(5261-01) 
B. Hamermesh, G. R. Ringo, S. Wexler 
Reported by B. Hamerm.esh 

The analysis of the results of the experiment to determine a-^ (H) 

has been completed (ANLi-4982). The cross section at 2200 mete r s / sec was 

found to be 0. 329 ± 0. 004 barns. 

An article describing the experiment has been sent to the Physical 

Review. 
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95-1 Activation Cross Sections Measured with Ant imony-Beryl l ium 
Photoneutrons - II (5211-01) 

C. Kimball and B . Hannermiesh 
Reported by B . H a m e r m e s h 

Additional m e a s u r e m e n t s of act ivat ion c r o s s sect ions using Sb-Be 

photoneutrons have been made using the technique desc r ibed by Hummel and 

H a m e r m e s h . 1 

The table contains a l i s t of these c r o s s sect ions re la t ive to Seren ' s 

t h e r m a l c r o s s sect ion for the given e lement . 

TABLE III 

Activation Cross Sections Obtained with Sb-Be Neutrons 
• - I 

Is otope 
(A+1) 

Co60 

Cu64 

Ge75 

Ba l39 

Wl87 

Half-life 

10. 7 min 

12.8 h r s 

82 min 

85 min 

24. 1 h r s 

Natura l Atom 
Cros s Section 
(m.illibarns) 

* 7. 7 

P e r c e n t j 
E r r o r | 

30 
1 

85 I 25 
1 

14 1 10 

53 

119 

1 
10 

! 
15 

* This value is an upper l imi t . The very sm.all number of counts above 
background made it difficult to obtain good half-life va lues . Assigning 
to the 10. 7-minute activity a l l counts above background corresponding to 
a half-l ife of l e s s than th i r ty minutes yields the value in the table . 

V. Hummel and B. H a m e r m e s h , Phys . Rev. 82 , 67 (1951). 

Se r en , F r i e d l a n d e r , and T u r k e l , Phys . Rev. 72 , 888 (1947). 
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These results are given in a Letter to the Editor appearing in the 

Phys. Rev. 89, 1306 (1953). 

This work will be discontinued for the immediate future. It will 

be continued later if circumstances allow. 
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96-1 Pile Absorption Cross Section of Na^-^ (5261-01) 

S. P. Har r i s , D. Rose, H. P. Schroeder 
Reported by D. Rose 

The pile absorption cross section of Na^^ was measured in CP-3 ' 

by the technique of the pile oscillator method using the 2200 m/sec capture 

cross section of boron (755 barns) as the standard. For a description of the 

pile oscillator technique see ANL-4746, p. 17. Two samples of Na2C03 

weighing 40.43 and 84. 86 gm, respectively, were used. The smaller sanaple 

was contained in a quartz bottle identical to those used for the standard boron 

solution, the other in a Dowm.etal sample can. 

Three sets of runs were made with each of the two samples and with 

empty sample containers as blanks. The weighted mean of the average value 

obtained for each sample after subtraction of the carbon and oxygen contri­

bution to the cross section gives 

o-pij_g (Na) = 0. 503 ± 0, 005 barns. 
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110-1 Crys ta l Spec t rometer Fo r 0, 1-to 100-ev Neutrons (5211-01) 

S. Raboy and G. R. Ringo 
Reported by S. Raboy 

The neut ron c r y s t a l s p e c t r o m e t e r is a useful i n s t rumen t for in­

vest igat ing sca t t e r ing resonances and act ivat ion c r o s s sec t ions . The re a r e 

in addition many other p rob lems for which the spec t rome te r lends itself m o r e 

readi ly than the chopper. Sailor (Phys. Rev. 87 , 1612 (1952)) has used a Be 

neutron c ry s t a l spec t rome te r to provide beams up to about 50 vol t s . 

In o rde r to get the higher energy n e u t r o n s , one mus t use c ry s t a l 

planes of s m a l l la t t ice spacing. The (311) plane in copper (1 . 09 A ) and the 

(120) plane in be ry l l ium (0. 7 A ) a r e planes sui table for such pu rposes . N a r r o w 

coUimation is a lso n e c e s s a r y , and the coUimation used at C P - 3 ' is such that 

the p r e s e n t detector swings through an angle of half of a degree when in the 

main beam. This allows a Bragg deflection of about a half d e g r e e , which 

de te rmines the upper l imit of the energy of the neutron beam. 

The c ry s t a l itself should not contribute m o r e than 30 minutes to 

the width of the beam. 

Two Cu c rys ta l s grown and or iented at ANL were t r i ed . Both of 

these c ry s t a l s had na tu ra l widths g rea t e r than one degree . The peaks at 

about 1 A were examined for different p a r t s of each c r y s t a l , and s t ruc tu re 

of these peaks was observed. The net effect when the ent i re c ry s t a l was 

studied was a fat peak , too fat for the purposes s ta ted above. 

The conclusion was that the ANL-grown c r y s t a l had m o r e l ineage 

than was des i red . Negotiations were s t a r t ed with the Virginia Insti tute for 



Scientific Research which ctalminated in the loan of two unoriented crystals 

of copper. These turned out to have natural widths within the requirements , 

one having a natural width of about 15 minutes and the other about 30 m.inutes. 

On the basis of the above results an oriented copper crystal was 

purchased from the Virginia Institute for Scientific Research. This crystal 

will be studied during the next quarter. A crystal holder is now being con­

structed in the shop, as is also a fission chamber for monitoring purposes. 

Some Be crystals have been obtained from M. I. T. , meanwhile, 

and so it is planned to examiine these for lineage also. 

Up to now only superficial attempts have been made to get close 

to the main beam. The background from the main beam must be reduced con­

siderably if Bragg reflection at 30 m.inutes is to be achieved. It is quite 

possible that the present detector will be modified to some extent for this 

reason. 
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111-1 Neutron Spectroscopy in the 0. 01-to 10-Mev Region (4110-22) 

V. E. Krohn and G. R. Ringo 
Reported by V. E. Krohn 

A survey has been m.ade of methods which might be suitable for 

measurements of the energies of neutrons in the range from 0. 01 to 10 Mev, 

with special emphasis on the 50-to 500-kev region. The methods considered 

can be classified as follows: 

A, Methods for use with neutron beam extracted from, the reactor 

1. Proton recoils in a cloud chamber. 

2. Proton recoils in a nuclear emulsion. 

3. Proton recoils from a thin radiator detected by thin 
scintillating crystals . 

4. He^-filled counter. 

5. Nuclear emulsions "speck"-loaded with Li". 

6. Threshold detectors. 

B. Methods for use within the reactor 

1, Nuclear emulsions "speck"-loaded with Li". 

2. Proton recoils in nuclear emiulsions. 

3. Threshold detectors. 

4, Proton recoils from a radiator in the reac tor , the 
recoils extracted for energy analysis. 

Emphasis in the near future will be on the cloud chamber, lithium-

loaded emulsions, and possibly the radiator with thin scintillating crystals. 

Each of these techniques is applicable in all or part of the 50-to 500-kev region. 
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112-1 The Neutron Spectrum of a Staadard Ra-Be Photo Source (5261-01) 

C. Eggler 

A photoneutron source has been prepared by the National Bureau 

of Standards as a possible pr imary and permanent standard for the measure­

ment of neutron fluxes. A Ra-Be photo source as described by Wattenberg-'-

has tentatively been adopted as this pr imary standard. It is proposed here 

to measure the neutron spectrum of this source in a more precise manner 

than previously used by the wri ter . ^ It is proposed to substitute for proton 

recoils the use of the He (n,p) H reaction. He-' has been ordered from Oak 

Ridge. To assist in m.easuring the reaction energy an anti-counter is being 

incorporated in the chamber. It is hoped that this will be a self-triggering 

device for horizontal tracks that will eliminate the necessity of s tereore-

projection. The counter has been installed in cloud chamber and found to 

give counts. So far, however, the signals obtained with condensible vapor 

in the chamber are so small as to be lost in the noise of the pre-aroiplifier. 

An amplifier with better S/N ratio is being sought. 

A. Wattenberg, NRC Report No. 6 of Nuclear Science Series. 

C. Eggler, ANL-4476, pp. 42-49, 1950. 
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120-1 Cal ibrat ion of a Ra-Be Neutron Source (5261-01) 

S. P . H a r r i s 

It is proposed to m e a s u r e the number of neutrons emit ted per 

second by a source by a method differing somewhat f rom those previously 

used. The neutrons will be absorbed in a solution of sodium a c e t a t e , 

NaC2H302, in which the source will be placed. After the Na is act ivated to 

sa tura t ion and the solution is thoroughly mixed , a sma l l sample (about 2. 5 gm) 

of NaC2H302 is ex t rac ted by evaporat ion of a por t ion of the solution to d r y ­

n e s s . This sample is p r e s s e d into a thin c i r cu la r pel let . This pel le t will 

be counted in a P-y coincidence a r r angemen t desc r ibed below to find the 

absolute decay r a t e . NaC2H302 is chosen as the m a t e r i a l to be act ivated for 

s ix r e a s o n s : (1) it is a 1/v abso rbe r ; (2) it has high solubili ty; (3) Na has a 

convenient half-life (14.9 hr) j (4) the c ro s s sect ion is well de termined; (5) 

the decay scheme is s imple ; and (6) the compound is s t ab l e , p u r e , and ava i l ­

able . The decay scheme cons is t s of a 1. 39-Mev P- ray followed in success ion 

by 1. 38-and 2. 76-Mev y - r a y s (in Mg24). 

The P-y coincidence technique to b« used is s imi l a r to that d e s ­

cr ibed by Pu tman , * except that a Nal scint i l la t ion counter is used as the 

y - r a y counter because of i ts h igher efficiency. An end window counter i s 

used for the P - r a y s . These two counters a r e on opposite s ides of the act ive 

J. L . P u t m a n , Br i t , J. Radiol. XXIII, 46 (1950). 



peEet in an Al-lined lead shield. The distance from the p counter to the y 

coTOiter is about L 7". The pellet 13 placed as close as possible to the p 

counter so that the efficiency of the y counter will be as constant as possible 

with distance over the thickness of the pellet. This is required because a 

2. 5-gm pellet (thickness about 2 mm) is almost equal in thickness to the range 

for 1. 39-Mev p - r ays , so that the P-ray efficiency is far from constant over the 

pellet thickness. In order for the coincidence method to be valid for finding 

the absolute decay rate of the pellet, one or the other counter must have con­

stant efficiency over the whole pellet. 

The y sensitivity of the p counter is corrected for by taking counts 

with about 1/8" Al between the pellet and the p counter to remove all P-rays. 

For a pellet such as described above, the residual count is about 8%. This 

is attributed almost wholly to y-ra.ja. 

Approximate efficiencies have been found by counting coincidences 

visually on an oscilloscope for a pellet of the above size activated in the pile. 

They are about 4% for the p counter and about 1% for the y coimter for the 

above-described set-up. The efficiency of the p counter is 

E j = C 
Y 

where C is the coincidence r a t e , and -y is the yco^nting ra te . The efficiency 

of the y counter is 

^2= £ 
P 

where p is the §-counting ra te . 

Coincidence circuits are under construction. 
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121-1 Calibration of Neutron Sources f526l-01| 

C. Eggler 

A 100-mg Ra-Be neutron source is to be calibrated for John S. 

LaugMin of Memorial Center, New York, by comparing it with ANL. source 

No. 312 by the sub-crit ical pile technique. 

This method has not been published in full. A paper submitted 

to Review of Scientific Instruments for publication has been returned for minor 

additions and revisions and is now in the hands of A. Wattenberg, one of the 

authors. 
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130-1 Absolute Measureiments of the Energies of Alpha Particles (5211-01) 

R. L. Platzman (Consultant frora Purdue University) 

An e r ro r has been found ( and acknowledged by the author) in the 

authoritative paper ^ on the absolute determination of alpha-particle energies. 

The er ror is very small but is believed woith reporting here because of the 

possible future importance of the precise energies. For the standard, which 

is the main group of RaC«, Briggs' values^ for the energy and velocity should 

be changed from E = 7, 6802 ± 0. 0005 Mev to E = 7. 6797 + 0. 0005 Mev, and 

from V = 1. 92148 ± 0. 00009 x 10^ cm/sec to V = 1. 92141 ± 0. 00009 x 10^ 

cm/sec . All other measurements using magnetic deflection have been made 

relative to RaC% so that the values in the standard compilations, such as 

that of HoUoway and Livingston, ^ should be changed accordingly. The results 

a re not given here because the time is apt for all energies to be recalculated 

using contemporary values of the fundamental constants. This is being 

done by Briggs, and it is expected that he will publish a new compilation some 

tinie next year. 

G. H. Briggs, Proc. Roy. Soc. (London) A 157, 183 (1936). 

^ M. G. Holloway and M. S. Livingston, Phys. Rev. 54, 18 (1938). 
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131-1 The Average Charge of Daughter Atoms After Nuclear Trans i t ions 
(5211-03) 

S. Wexler 

The p r o g r a m of measu r ing the average charge of daughter a toms 

after nuclear t rans i t ions was continued with the study of the pos i t ron decay 

of 10-min N*3_ ^ detai led account of the technique has been desc r ibed in 

the quar t e r ly r e p o r t s f rom March through November , 1952 (ANL-4963 and 

ANL-4982). A prelimiinary su inmary of the r e su l t s of beta decay and i s o m e r i c 

t r ans i t i on s tudies was published in Phys ica l Review 8 8 , 1203 (1952). 

The p rocedure for p r epa r ing N^-^ (as N2 and NO) in the ve ry high 

specific activity n e c e s s a r y was worked out after many t e s t s . The N^^ was 

formed by deuteron bombardment of anhydrous Na2G03 in the Argonne cyclo­

t ron and sepa ra t ed f rom the sal t by vacuum fusion. The data obtained thus 

far indicate quite definitely that g rea t e r than 90 pe rcen t of the daughter a toms 

fromi P"̂  emiss ion of N^^ c a r r y a negative cha rge . This r e s u l t is to be ex­

pected f rom the d e c r e a s e in nuclear charge in pos i t ron decay , and suggests 

that orb i ta l e l ec t ron ionization does not accompany the p+ p r o c e s s to a signifi­

cant extent. Exper iments a r e being pe r fo rmed to gain a quantitative m e a s u r e 

of the average negative cha rge per d is integrat ion. By suitable var ia t ion of 

the exper imenta l condi t ions, it is hoped to separa te the negative ion cu r r en t 

formed by the p+ emiss ions f rom the secondary e lec t rons produced by the 

pos i t rons a t the walls of the ion collection chamber . 

In addit ion, m e a s u r e m e n t of the ave rage charge af ter K-cap tu re 

of A 3 7 is planned. A p rocedure for making A 3 7 in ve ry high specific activi ty 



by vacuum fusion of neutron-irradiated calciuin metal has been worked out. 

Also, considerable testing of scalers and proportional counters was done to 

obtain a combination suitable for internal gas counting of the argon activity. 



132-1 Chemical Service Work (4110-22 and 5261-01) 

S. Wexler 

A sample of Lif SO^ was converted to Li^N03 in better than 95% 

yield. This lithium nitrate is to be incorporated into a glass to be used by V. 

Krohn in his study of neutron spectroscopy in the 0. 01-to 10-Mev region. 

The separation of Y^S from deuteron-bombarded chromium is in 

progress . This activity is to be used by H. Casson and V. Krohn in a study 

of a decay scheme. 

Several solutions of boron and uranium were prepared for pile 

oscillator measurements performed by D. Rose. 



J0_ 

133-1 Design Study of Multibillion^Tolt Proton Synchrotron (5211-14) 

J. J. Livingood and M. Hamermesh 
Reported by J. J. Livingood 

In anticipation that Argonne National Laboratory may join forces 

with universities located in the Midwest in a cooperative effort to buEd a 

mttltibiEion-volt proton synchrotron, general studies of the strong-focusing 

principle are under way. (See Comrant, Livingston, and Snyder, Phys. Rev. 

88, 1190 (1952).) 



81 

jL__MASS SPECTROSCOPY 

1-1 Mass Spectrometric Teclmiques (5211-08 and 52bl-01) 

W, Chupka {Consultant from Harvard Uiiiversity), R, J. Hayden, 
D. C, Hess, M. G. Inghram, H. Stanton, C. Stevens 
Rep3rted by M. G. Ingbram 

0.ae of the most importaot jobs confronting the mass spectroscipist 

working on atomic energy is that of increasing the sensitivity and accuracy of 

the spectrometric equipment wMch serves as the basis of Ms work and which 

limits the number of problems which can be solved. Of the three major conn-

ponents of the machine, source, analyzer, and detector, the major limitation 

on sensitivity is the efficiency of the source; the major limitations on the 

accuracy are stability of the source and the accuracy of the detector. No 

major improvements are necessary in the resolving power of the analyzer 

or the sensitivity of the detector, the latter being able to detect single ions. 

The most recent report on improvement of the source is given as a note on 

"Surface Ionization Source Using Multiple Filameat", which has been sub­

mitted for publication in. The Review of Scientific Instrumeits. 

During the last quarter^ the propeities of the multiple filameat 

source were studied^ and it was applied to the analysis of milligram samples. 

The major difficulty encountered is surface ionizatiort of free radical hydro­

carbons^ which are not completely accommodated at t t e hot surface. 

PrelimiBary studies have been made of ion bombardment sources . 

It has been found that the efficiency of the lead ionization is better when a 



surface containing lead is bombarded with Na+ ions tkam when lead is evaporated 

in. the surface ionization source. The difficulty with this method of "solid" 

analysis is that the ion beam produced has a spread in. energy such that "good" 

resolution is not possible with a direction^ocusing machine. 

During the next quar ter , we hope to study the effects of gases on 

surface ionization efficiencies. Results to date have been "er ra t ic" . In addi­

tion, we hope to test a multiple filament source designed to get rid of the free 

radical hydrocarbons, which limit the sensitivity of the present assemblies, 

A paper on "The Multiple Filament Surface Ionization Source" was 

submitted to the Review of Scientific Instrum.eiits and accepted for publication. 



83 

2-1 Construction of Ma-17 (5Z11-08) 

H. E. Stanton 

hi order to study the masses of nuclei with improved precision, 

the construction of a double-focusing mass spectrometer was undertaken. 

The versatility of such a machine can be improved by the insertion of an 

auxiliary accelerating slit system between the electrostatic and magnetic 

deflection systems. This modification would permit the study of numerous 

physical chemical problems, especially those involving carbon. 

As the construction is still proceeding,, no results of scientific 

interest have as yet been obtained. The electrostatic system has been virtually 

completed, and adjustment is being undertaken. Singly charged ions have 

been generated, deflected^ and detected, with 4000 V acceleration, and the 

system performs roughly as expected. Serious electrical breakdown diffi­

culties have appeared at higher accelerating voltages. 

During the next quar ter , it is hoped that the magnetic deflecting 

and detecting systems can be installed. This would permit final adjustment 

of the machine, at which time some studies of interest may be undertaken^ 



10-1 A Search for Rare Naturally Occurring Tsotopes |52ll-08} 

D. C. Hess 

At present atoms of most m.ass numbers which might be e»..|jec|ed 

to be found for a given elem.ent have been identified either as Of*clining in 

nature or as having been produced artififtally, Tt'ere a r e , hmwever. a «>!» 

nuclides not yet discovered that in the light of beta •systema+ics rnig!il he ex­

pected to be stable; for example, Gd^^^ and Sm'^^^. Fur!fermore^ the prrvved 

existence of an active artificially produced nuclide oi a given mass number 

does not preclude the possibility that the observed activitv is that of an 

isom.er of a stable nucleus. 

It is to be presumed that all as yet undiscovered stable isol«?pes 

have low abundances, else they would have beer, discovered already. Fur^het, 

such isotopes often differ in mass number Ircra relalivelv abmidaH* ones b? only 

one unit. In general, the beam in a m.ass spectromeS.er for a given ma?-> nnin-

hex is found to have weak but measurable wings that spread throiigl« the lo^'al W3ris 

of the beams of adjacent mass numbers^ presumahly bf scattering m '''ht^- analy­

zer . Thus, the detection and measurement cf a ra re iso'ope is l»am.perrT| h\ 

the presence of these backgrounds from nearby ones e>£ mii«.h greater abimdaitce. 

Our successive single-focussing mass spectrr.meter^, MA-16, ihal 

should make it possible to detect a beam havin.g aa intensity on,l| 10* ' tinit P 

that of an adjacent beam, has been built. After one magneHe defleclio'-t, ihv 

ions of the mass ntim.ber of interest pass through a slitj, are given iurfbier 
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acceleration, and a re again magnetically deflected. The second deflection 

thus analyzes the greatly "enriched" beam that emerges from the exit slit 

after the first deflection. The detector is a multi-stage electron multiplier. 

With the auxiliary equipment it gives a 10^^ range of beam strength that can 

be measured. 

The adjustment and testing of the machine and associated equip­

ment has been comipleted, and it is ready for use. 
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11-1 Technetium in Nature (5211>08| 

J. M. Miller, (Brookhaven National Laboratory), M. G. Inghram, 
R. J. Hayden 
Reported by R, J. Hayden 

Old ores containing a relatively high percentage of rhenium have 

been found. Had technetium, existed in nature at the time of their formation, 

it would probably have been relatively prevalent in these ores . The small 

molybdenum content of these ores has been extracted and will be analyzed 

isotopically. Excess Mo97 or Mo^® would indicate that technetium of co r re s ­

ponding mass existed in the ore at the time of its formation. Subsequent deter­

mination of the half-life would enable the tim.e from the creation of the elem.ent 

until the formation of the ore to be estinaated. 

One of the three sam.ples has been analyzed roughly. Deviations 

from normal, if any, were less than 3%. To set lower limits on this and 

on the other samples, im.proved methods of m.olybdenuroL analysis must be 

devisedj but this result is good enough to be discouraging. 
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12-1 The Double Beta Disintegration of Te^^Q (5211-08) 

R. J. Hayden and M. G. Inghram 
Reported by R. J. Hayden 

A m.easurement of the double beta half-life of Te^^^ may help to 

decide between the Majorana and Dirac neutrino theories. To measure the 

half-life, xenon is extracted from old tellurium oreSo The excess Xe-*-^" 

extracted, as measured by a mass spectrometer, allows the double beta half-

life of Te^^" to be calculated. Previous work by members of this group in­

dicates the half-life to be of the order of 10^1 yea r s , but in each of the experi­

ments performed to date questioimble points exist. It is hoped that a definitive 

experiment can be made using MA-18, the newly constructed gas analysis 

mass spectrometer„ 

Work on this problem is still in the stage of tuning up the recently 

completed mass spectrometer. When completed, the resolution of the machine 

fm.ass 1801 can be com.pletely resolved from 1800) was adequate to resolve 

most mass 130 hydrocarbons from Xe^^ = However, the sensitivity of the 

naachine was low, and enormous background peaks appeared at every mass 

number. The sensitivity was improved by enlarging the size of the gas leak 

and by placing "pusher" plates to push the ions formed out of the ionization 

region and into the acceleratiii.g region^ It is now such that lO"-'--̂  cc of gas 

at atmospheric pressure can be observed. To eliminate the background peaks, 

the instrument was baked out at 400° C. During this baking two flaws in the 

vacuum, system, appeared. These are now being repaired, George Wetherill, 

student at the University of Chicago, is helping with the instrument tuning. 
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It i3 hoped that> in the coming quar ter , the instrument can be made 

vacuum-tight and that the high background peaks can be reduced. After this , 

xenon will be extracted from telluriuni o r e s , and the Xe^^^ will be measured. 
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30-1 The Heat of Vaporizat ion of Carbon (5211-08| 

W, A. Chupka and M. G. Inghram 
Reported by M. G. Inghram. 

The p rob lem is to study the fundamental t h e r m o c h e m i s t r y of 

graphi te by m a s s s p e c t r o m e t r i c techniques . The p rob lem was outlined^ 

and the s ta te of the p rob lem up to November , 1952, was given in ANL-

4982. 

Accent this qua r t e r has been on extension of the work r epo r t ed 

in ANL.-4982, The r a t io of CIC^ from, a hot graphi te surface was r e i n v e s t i ­

gated using a new type source where the secondary effects w e r e quite different. 

The ra t io was unchanged. The r a t io was studied while C2H^, ^Z^ ^ 2 ^ 6 ^®^® 

introduced into the machine to see if the f ree rad ica l s formed by the hot s u r ­

face would affect the ra t io ; i. c , if pa r t of the C2 m.ight be coming from f rag-

mientization of C2H. No change in ra t io was observed . It is s t i l l felt that the 

r e s u l t s r epor t ed for this ra t io in ANL-4982 a r e c o r r e c t . 

The m e a s u r e m e n t s were extended to look at the C / C , , C/C^ r a t i o s . 

No evidence could be found for C^. The re is tentat ive evidence that C , comes 

off hot graphite in amounts comparab le to C. This mus t be checked again while 

varying per t inent p a r a m e t e r s . 

During the next qua r t e r we expect to extend the work on C.,; to 

r e d e t e r m i n e the act ivat ion energy of C; and de te rmine that for C^ and C_. 

In addit ion, work will be s t a r t ed on a study of the r a t io s f rom an a lmos t 

c losed furnace in o r d e r to get data on accommodat ion coeff icients , e t c . 

A le t te r summar i z ing our r e su l t s to date has been published in 

Journa l of Chemical Phys ics 2 1 , 371 (1953), 
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31-1 Studies of Electron Impact (5211-08) 

W, Chupka and R. J. Hayden 
Reported by R. J. Hayden 

By measuring differences in appearance potentials, ionization 

potentials and electron affinities for atoms or for diatomic molecules and 

radicals may be measured. This problemi is best attacked by using a mass 

spectrometer with a variable energy electron bombardment source and with 

a very sensitive ion detector. MA-18 is ideally suited to this work. 

Due to the present vacuum difficulties with MA-18, no work has 

been done recently on problems of this kind. The first problem to be tackled 

is that of the electron affinity of carbon. This may lead indirectly to inform.a-

tion as to the heat of sublimation of graphite. 
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32-1 Complex Ion Studies (5211-08) 

W. A. Chupka and M. G. Inghram 
Reported by M. G. Inghram 

The exis tence of ions of the form NaKCl"^, NaCl2".? e tc . , in a 

m a s s spec t rome te r equipped with a surface ionization sou rce indicates that 

the t h e r m a l chemis t ry of such ion dipoles can be studied quanti tat ively. Such 

ions as NaH20 a r e of i n t e r e s t in wet chemis t ry . The p r e s e n t s ta te of this 

subject was s u m m a r i z e d by W. A. Chupka in ANL-4680. 

No p r o g r e s s was made in the l a s t q u a r t e r , due to i n t e r e s t in 

the hea t of vapor izat ion of carbon. 

We hope to study the equi l ibr ium of alkali ions in var ious g a s e s , 

H2O, Xe , e tc . , a t near r o o m t e m p e r a t u r e s . A new source has been com­

pleted which will enable the use of high gas p r e s s u r e s so that l a rge ion c l u s t e r s 

should be readi ly produced in t h e r m a l equi l ibr ium. The older work on alkal i 

halide equi l ibr ium has been wr i t ten but has not yet been accepted for publication. 
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33-1 Molecular States in Rare Gases (5211-08) 

D. C. Hess and M. G. Inghram 
Reported by D. C. Hess 

The noble gases form, ionic naolecules of the form A2+ or KrNe+ 

when subjected to electron bombardment. The appearance potential and the 

variation in number with pressure for such ions indicate that they are formed 

by collision of an excited atom with a neutral atom. Since this is a second-

order p rocess , relatively high pressures are required in the source to pro­

duce a measurable number of the m,olecular ions. This high pressure causes 

considerable scattering of atomic ions in the analyzer, which in turn tends to 

mask the presence of the molecular ions. For this reason, we are not yet 

certain of the existence of some combinations of He, Ne, A, Kr, and Xe such 

as XeHe+. 

Since the production of these molecules depends on transition from 

excitation of the atom.s to vibration of the molecule, the transition probability 

should be influenced by the mass of the nucleus. This effect may be detectable 

in the case of He^ and He^, 

Future studies in this experiment will use either MA-18, a single 

deflection 12-inch radius 60° magnetic analyzer which has much better isola­

tion between the source, where the high pressure is required, and the analyzer 

tube, where undesirable scattering occurs , or MA-16, which uses double 

magnetic deflection and extra acceleration to overcome the effects of gas 

scattering. 



93 

34-1 Argon Age Determinat ions (5211-08) 

G. J. W a s s e r b u r g , (Universi ty of Chicago), and R. J. Hayden 
Reported by G. J. Wasse rburg 

Since the d i scovery of a long-l ived act ivi ty in K^*^, t he re has been 

cons iderable i n t e r e s t on the p a r t of geologists and phys ic is t s in the possibi l i ty 

of es tabl ishing a dating scheme based on A^*^/K *̂  r a t i o s . Because of the 

ubiquitous na ture of p o t a s s i u m , it would be poss ible to date a cons iderable 

number of "old" geological events using sma l l samples of p r i m a r y rock- fo rming 

m i n e r a l s . F u r t h e r m o r e , stony me teo r i t e s can be dated , which was h i ther to 

not poss ib le . These l a t t e r dates a r e of considerable cosmological s ignif icance, 

pa r t i cu la r ly s ince the d iscovery of He contamination in i ron me teo r i t e s has 

invalidated al l of the e a r l i e r age de terminat ions of in te rp lane ta ry m a t e r i a l s . 

Careful age de terminat ions of me t eo r i t e s would be of cons iderable aid in under ­

standing the genesis of the so la r sys t em. 

For this purpose a high vacuum line has been built for the ex t rac t ion 

and purif icat ion of the r a r e gases contained in rocks and m e t e o r i t e s . Because of 

the mic ro -quan t i t i e s of a rgon produced in stony me teo r i t e s ( ^ 1 0 - 5 cc (STP) 

pe r gm) , i t i s n e c e s s a r y to use an isotopic dilution technique. The purif ied 

gases a r e run on MA-18, a m a s s s p e c t r o m e t e r of high resolu t ion and sens i t iv i ty , 

and the A^O content de te rmined . Since the A^ content of the a tomsphere is 

approximate ly 1%, the contamination p rob lem is c r i t i ca l . 

The po tass ium analyses will a lso be done using an isotopic dilution 

technique. The K content of chondri t ic me teo r i t e s i s ^ 0, 1% to 0. 01%; it i s 
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therefore preferable to use this mass spectrometric method over standard wet 

chemical procedures. This will also be an independent check on the optical 

spectrographic determinations of K in meteorites done by other workers. 
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III. CRYSTALLOGRAPHY 

1-1 Crystal Structures of Technetium. Comipounds (5211-11) 

H. A, Plettinger and W. H. Zachariasen 
Reported by W. H, Zachariasen 

A study of the crystal chemistry of technetium carr ied out in col­

laboration with Dr. Sherman Fried, who did all the chemical work, was com­

pleted a considerable time ago. The work led to the determination of the 

chemical identity and the crystal structures of a number of compounds of 

technetium. Most of these individual resiilts were included in earl ier progress 

reports . 

A paper for journal publication giving an account of the individual 

crystal structure determinations and a discussion of the crystal chemical 

properties of technetium is being prepared. 
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2-1 Structural Studies of Boric Acids (5211-11) 

H. A. Plettinger and W. H. Zachariasen 
Reported by W. H, Zachariasen 

There is nothing new to report on the structural studies of HBO2 

and of H3BO3, as the Fourier synthesis calculations on the Pennsylvania 

State College XRAC computing machine have not as yet been completed. 
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V. THEORETICAL PHYSICS, GENERAL 

1-1 The In terpre ta t ion of the Energy States of Light Nuclei (5211-07) 

D. R. Inglis 

As a pa r t of the genera l p rob lem of t ry ing to unders tand the s t r u c t u r e 

of nuclei and the forces between nuc leons , an a t tempt is being made to answer 

the quest ion, "Why does the (jj)-coupling shel l model not apply to the light nuc le i , 

and what is the na ture of the deviations f rom i t ? " In view of the fact that the 

mechanics of the light nuclei should be s imp le r than heavy nuclei because of 

the i r fewer p a r t i c l e s , although empi r ica l ly it appears to be m o r e compl ica ted , 

pe rhaps par t ly because of a lack of s ta t i s t i ca l ave rag ing , this p r o m i s e s to be 

a fruitful region for obtaining a further unders tanding of the fundamental laws 

of nuclear s t r u c t u r e . An indicat ion of the genera l approach to the p rob lem is 

given in a r ecen t publ icat ion, " In te rmedia te Coupling as Encountered in Some 

of the p - she l l Nucle i" , Phys . Rev. 87 , 915 (1952). 

Among the heavy nuclei of the p - s h e l l , f rom B to O, the genera l 

d is t r ibut ion of excited s ta tes m.ay be accounted for fa i r ly successful ly by i n t e r ­

pre t ing the s ta tes having the sam.e par i ty as the ground s ta te as a r i s ing f rom 

in te rmed ia te coupling of the ground configurat ion, in te rmedia te between the 

(jj) and (LS) e x t r e m e s , and noting that the s ta tes of the opposite pa r i ty a r i s e 

f rom excitat ion of one of the p-nucleons to the sd - she l l . Fo r example , of the 

f i r s t t h ree excited s ta tes in C^^^ t^g f-^Q with even pa r i ty cons is t p r i m a r i l y of 

a c losed P 3 / 2 shel l plus an s or d nucleon, and a r e essent ia l ly single pa r t i c l e 
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states. The state with odd parity is similar to a P3/2 'b"-* extended into inter­

mediate coupling in such a way that many p-nucleons are involved. The dis­

tinction between these single-nucleon and many-nucleon states is apparent in 

the very disparate intensities of the scattering resonances involving them. 

The application of nuclear models to light nuclei is on firmer ground 

as a result of the recent clearing up of the sign of the quadrupole moment of 

Li , which is now known to be negative, as it should be according to the models. 

One of several indications of this fact has involved a rough qualitative iinder-

standing of the molecular quadrupole coupling constant in alkali halide mole­

cules. Reason can be seen for believing that the dominant contribution at the 

nucleus of one ion comes from the simple coulomb potential of the charge of 

the other ion. 

An article reporting progress to date and giving a good deal of 

the background for understanding the nature of the problems involved is 

scheduled to appear in the Reviews of Modern Physics for April , 1953. 

During the following quarter , it is expected to polish up the final 

details of the publication in the Reviews of Modern Physics and to look into 

some of the unexplained "queer" facts, such as the frequent equality of first 

excitation energies of neighboring pairs of even-even nuclei. 
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2-1 Excited States of Light Nuclei f52H-07) 

D. Kurath 

The order of energy levels for 1 p-shell nuclei (He5 through 0"^°) 

as given by the jj-coupling model has been reported^ for configurations where 

the individual nucleons are all in the lowest possible shells. Some of the low 

excited states should ar ise from configurations wherein a nucleon is excited 

from the 1 p 3/2~shell to the 1 p 1 /2-shell. It is proposed to investigate the 

level order of states arising from such configurations and to attempt correlation 

of results with recent experimental data. 

Results have been cbtained for some of the simple configurations 

with static^ central-force interactions of the Majorana and Bartlett types. 

Many of the results have been used by D. R. Inglis in his studies of energy 

states of light nuclei. 

Very little work has been done on this project in the past quarter _j 

but resumption of calculations is anticipated in the next quarter. 

D. Kurath, Phys. Rev. 88, 804 (1952). 
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48 3-1 Angular Correlation in the 3-Gamma Cascade in Ti**** (5211-07) 

M. Brachman and E, J. Hellund 
Reported by E. J. Hellund 

There are reasonable grounds for the belief that the decay of Sc^° 

by beta emission leads to an excited state of Ti^° with a spin of 6. This state 

decays via three successive y emissions into the ground state with spin 0. 

According to D. Kurath, Phys. Rev.87, 528 (1952), the two intermediate 

states have spin, 2 and 4 , respectively. Experiments now underway seek to 

correlate these conclusions by a check on the angular correlation of the three 

Y quanta. 

Since there is no likely possibility of a parity change, one should 

expect to find that the angular distributions observed experimientally agree 

with those calculated theoretically for electric quadrupole radiation. Using 

Wigner's notation, one finds for the correlation function W(9| , 02^ Pz^' 

WC01, 0 2 , / ) = n f s 6 , 2 \2 
mi, m3,^o,^p^^/f2 V 4, mj - / '6^/-oJ 

m 2 - m i / < i y, m2, m3-m2 ^ ^ . ^ ^ ^ ^ z 

j | J 2 
where the S. are the Clebsch-Gondon coefficients and the D^ f # , 0, 0) 

•'' " ""^ ri'A 
represent ttie elements of the rotation matrix. 0 | and 0^ are the polar angles 

of Yi and ^2 ^i^'b. Y defining the polar axis. _/"̂  is the azim.uthal angles of 

^2, with respect to the plane formed by the directions of emission ©f the first 

two quanta. 
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A very minor complication is injected by the experimental inability 

to discriro.iiiate on the basis of energy between all three quanta. Mathemati­

cally, this is expressed by averaging formula (1| over a suitable permutation 

of the angle variables. 

The rather lengthy computations are not yet completed. 

Investigation of advantages of the triple correlation over double 

correlation will be undertaken. 
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4-1 Investigation of Nuclear Shell Structure (5211-07) 

M, G. Mayer 

The shell model of the nucleus has been able to explain a number 

of experimental facts. However, there are a number of experimental data for 

which the explanation is still outstanding. For instance, one is as yet unable 

to predict spins of odd-odd nuclei; the very large quadrupole moments certainly 

must influence the shell s tructure. 

In connection with Mr. Morris Scharff, methods were set up to 

deal with nuclei of even A in which neutrons and protons are not in the same 

shell. The influence of various types of forces on the coupling between neutrons 

and protons is investigated. 

Calculation of spins of odd-odd nuclei will be continued. The 

influence of the quadrupole moments on various nuclear phenomena will be 

studied in greater detail than previously (ANli-4963, Sec. X). 

Most results will probably be incorporated in the book on Nuclear 

Shell Structure to be published by John Wiley and Sons. 
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5.1 Book on Nuclear Shell Structure f5211-07) 

M. G. Mayer 

The book '^Nuclear Shell Structure" by J. H. D. Jensen and M. G. 

Mayer attempts to summarize all esqserimental data which bear upon the p ro ­

posed nuclear model. It will be written for exj^erimentalists rather than theore­

t icians, and be no more that 150 pages long. 

Since the sheE model was first proposed, many more experiments 

have been performed which are significant. In view of th is , the empirical 

evidence had to be reviewed carefully. Tables were prepared of spins, nsag-

netic moments, and quadrupole moments of aE nuclei of odd A. The occu-

patioii numbers of the shells were assigned according to tMs evidence. 

p decay systematics , which were discussed by Mayer, Moszkowski, 

and Nordheim (Rev. Mod„ Phys. 23, 315 (1951))^were again reviewed^ New 

tables were prepared, which contain many more , and more accurate , data 

than those available at the earl ier t ime. 

The significance of the deuteron stripping experiments with respect 

to nmclear model was investigated. 

The book may be finished within the next quarter . The chapters 

still to be written a re those on quadrmpole moments, light nuclei, and odd-

odd nuclei. The book will be published by John Wiley and Sons. 
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6-1 Inner Bremsstrahlnng and the Magnetic Moment of the Nentrino (5211-07) 

E. J, Hellund 

A particle emitted from a nucleus decay will radiate, provided it 

has a net electric charge or magnetic moment. The amount of radiation is 

dependent on the velocity wifli which the particle is ejected and on the specific 

electromagnetic properties of the particle. A significant feature of this radi­

ation is the following. K the energy of the emitted beta particle be regarded 

as fixed and the mass of the particle be regarded as variable, then on letting 

the res t mass approach ze ro , the probability of radiation approaches infinity. 

The im.portance of this observation lies in the fact that experimental measure-

m.ents on the H-* spectrum demand that the neutrino mass be less than 100 ev. 

However, the neutrino energy can be in many cases well over 1 Mev. This 

suggests that inner bremsstrahlung observation may be a good means of e s ­

tablishing an upper limit on the magnetic moment of the neutrino. 

Since, in the beta e»iission, the brem,sstrahlung is quite insensitive 

to the details of the beta emission, the ro.ethod employing the singular solutions 

of the Dirac equation was used in the calculations (J. K. Knipp and G. E. 

Uhlenbeck, Physica, £ , 425 (1936). The resul t , using the Born approximation^ 

yielded for the total cross section for photon emission. 

X ^ i _ "^0 g2 k' a ( P l ) W Wh 
X ^ "^IT p«e T MO 

where J^Q = res t mass of neutrino 
mg • res t mass of electrons 

g = ratio of neutrino magnetic moment to 1 Bohr magneton 
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k' = momentum of photon in units of m^c 
p'e = momentum of ejected neutrino in units of m^c 

p ' = monnentum of neutrino after photon bremsung 
W»e= energy of emergent neutrino in units of mgc^ 
W = energy of neutrino after photon bremsung 

Publication is intended after a thorough check for possible e r ro r s 

has been completed. 
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7-1 Collective Description of Nucleon Interactions (5211-07) 

M. Ferentz and D. Pines (University of Elinois) 
Reported by M, Ferentz 

The success of the Collective Description in dealing with electron-

electron in teract ions ,^ '^ conductivity of meta ls ,^ and the stopping power of 

metals for charged par t ic les ,^ led to the investigation of the application of the 

Collective Description to nucleon-nucleon interactions. ^ 

Work in the last quarter has consisted principally of numerical 

calculations on the IBM equipment of the dispersion relations for collective 

oscillations with various choices of nuclear param.eters and interaction pot­

entials. To date, calculations have only been done for self-mirrored nuclei, 

and in the next quarter it is hoped that the calculations for the more interesting 

case of unequal numbers of neutrons and protons will be done. 

A paper is being prepared on this subject for submission to the 

Physical Review. 

1 D. BoknandD. Pines , Phys. Eev. 82, 625 (1951). 
2 D, Fines and D. Bohn, Phys. Rev. 85, 338 (1952). 
^ T. Staver, Ph. D. Thesis , Princeton University (1952). 
4 D. Pines , Phys. Rev. 85, 931 (1952), 
5 M. FerentZjPh. D. Thesis , University of Pennsylvania (1953). 
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8-1 Monoenergetic Neutrons from Charged Particle Reactions (5211-07) 

A. Langsdorf and J. Monahan 
Reported by J, Monahan 

Hanson and Taschek (A. O. Hanson and R. F . Taschek, National 

Research Council Nuclear Science Ser ies , Preliminary Report No. 4) give the 

formula for the energy, E-j, of a neutron emitted in a (p,n) reaction in terms 

of the energy of the incident proton and the masses involved. The purpose of 

this investigation is to obtain the following: (a) the corresponding expression 

for the relativistic kinetic energy, T3, of the emitted neutron? (b) the magni­

tude of the spread and shift in E„ due to the Doppler effect! and (c) the change 

in E3 due to the ionization of the residual atom. These results are to be used 

in a detailed numerical analysis of the Li ' (p ,n) reaction. 

Preliminary calculations indicate that { T3 - E3I ^ 0, 001 for 

back angle scattering from Li at proton energies less than 5 Mev. This is 

the same order of magnitude as the experim.ental uncertainty in T3 expected 

by the Argonne electrostatic generator group. For angles less than 90®, the 

relativistic correction is somewhat greater. 

If the recoil velocity of the Be nucleus is greater than the velocity 

of its orbital electrons, the Lii(p,n) reaction must be treated as 

H 1 + Li^™^ (Be7) * ^ + l + n + U p + Q , 

where i/+ 1 is the degree of ionization of the residual atom. Because the 

definition of Q as the difference in res t energies enters more naturally, the 

relativistic treatment of this reaction is simpler than the corresponding 
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classical calculation. In general, however, this correction seems to be an 

order of magnitude less than the initial relativistic correction. 

The motion of the target nucleus causes a spread, or uncertainty, 

in the energy E j . For a Li target at room temperature, a spread in E3 of 

120 ev is obtained for E j = 2 Mev at a scattering angle of 135®. There is also 

a total shift in the neutron energy due to the Doppler effect} however, this is 

only 2 or 3 ev. 

Plans have been made to obtain the proton energies corresponding 

to about 700 values of T , in the range 100 kev to 6 Mev for scattering angles 

0% 2° , 3 0 ' , and 32^ and to approximately 125 values of T^ in the range 0 to 

200 kev for scattering angles 119® and 120®. A more detailed program depends 

on the results of these calculations. The computer group has scheduled these 

ffjr sometime within the next three months. 
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30-1 Consultation on Miscellaneous Theoretical Problems (5211-07 and 5211-14) 

M. Hamermesh 

Be (Y,n) Cross Section at 2. 185 Mev 

In calculating the cross section for photodisintegration of Be by the 

2. 185-Mev gamma from. Ce, one must correct for the disintegrations which 

a re produced by the bremsstrahlung which is produced by the 3-Mev beta 

spectrum of Ce. A general procedure, which had been developed earl ier for 

such problems, was applied to this specific case. The results are included 

in a paper by B. Hamermesh and C. Kimbal l^hys . Rev. 89, 1306(1953). 

Direction of Polarization of Neutrons Passing Through Iron 

S, Bernstein, et aX, at Oak Ridge are doing experiments on neutron 

capture by aligned nuclei. For the interpretation of these experiments it is 

necessary to know the direction of polarization of the incident neutron beam. 

The general theory was checked^and the final result (in agreem.ent with indepen­

dent work of Jauch) is that the spin of the polarized neutrons emerging from an 

iron block is opposite to the direction of the applied magnetic field. 
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31-1 The Configuration Interaction in Iron Group Elements (5211-14) 

N. Rosenzweig 

The energy terms assigned to the different configurations of an 

iron group element overlap considerably in many cases . Therefore, it is 

expected that an adequate theoretical elucidation of many iron group spectra 

will require the inclusion of the matrix components of the configuration inter­

action (CI), The matrix components of the GI have been expressed in terms 

of Slater integrals (N. Rosenzweig, Phys. Rev. 88_, 580 (1952)). 

We shall t ry to assess the importance of the CI by attempting to 

fit tlie experimental terms to the theoretical eigenvalues as given both with 

and without CI. The Slater integrals a re treated as adjustable pa ramete r s , 

and the best values are deterreiined by a least squares calculation. 

Least squares calculations appropriate for investigating CI in the 

even configurations of Fel l have been programmed for the A¥IDAC, 

A variety of calculations planned for the AVIDAC will be carried 

out when certain temporary technical limitations connected with the opera­

tion of the ATIDAC are overcome. 
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32-1 Plural Scattering of Electrons at Oblique Incidence (5211-14) 

M. Hamermesh and J. Monahan 
Reported by J. Monahan 

Goertzel and Cox (G, Goertzel and R. Cox, Phys. Rev. 63, 37 (1943)) 

have obtained expressions giving the minimum contribution of plural scattering 

to the number of electrons deflected from a thin foil through an angle of 45". 

They find this effect to be about ten times greater for reflected than for t r ans ­

mitted electrons, a ratio which is much larger than recent essperiments seem 

to indicate. The purpose of the present calculation is to obtain more exact 

expressions for this effect and to extend the results to scattering angles other 

than 45". 

Fairly precise expressions for the magnitude of the plural scat ter­

ing in terms of double integrals have been obtained. However, the complexity 

of the integrand in these equations seems to rule out any possible method of 

solution other than a numerical integration. 

Yet to be examined is the advisability of using a Gaussian distr i ­

bution for the electron cross section at small scattering angles. The a l ter ­

native is to neglect this region of the foil which gives r ise to multiple scat ter­

ing. 
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33-1 Geometry for Maximum Scattering and Minimum Dispersion(5211-14) 

A, Langsdorf and J. Monahan 
Reported by J. Monahan 

Consider a line drawn from a point source to the center of a target 

and a second line drawn from the center of the target to the center of a detector. 

Let the angle between these lines be 0^. Due to the finite size of the target 

and detector, particles will be counted which are scattered through angles in 

the range 0^ -£ < ^ ^ ^o "^^ * This angular dispersion decreases as the 

sizes of the target and detector a re decreased. However, the counting rate 

is also directly proportional to the product of the effective areas of target and 

detector. It is desired to obtain the shapes of target and detector which give 

a minimum dispersion consistent with m,aximuin scattering. 

Equations for £" as a function of the areas involved can be obtained 

rather simply. However, in the formulations already investigated the result­

ant optim-um conditions involve the simultaneous solution ol rather compli­

cated algebraic equations. 

Plans for any future investigation of this problem are rather in­

definite, depending upon the time available for it. Since essentially the same 

information which would result from the solution of this problem can be ob­

tained experimentally, the problem is somewhat academic. 
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34»1 Quantized Space-Time (5211-14) 

E. J. Hellund and K. Tanaka 
Reported by E. J. Hellund 

The proposal that space-time coordinates contain a minimum length 

has been frequently advanced as a means of removing the divergence troubles of 

quantum field theory. That a minimum length could be introduced without giving 

up space-time continua was demonstrated by H. S. Snyder. His proposal in­

volved changing over from a c-space to a q-space in such a way that the opera­

tors representing configuration space possessed discrete eigenvalues. Snyder's 

mathematical formulation was awkward in that no simple correspondence could 

be established between the two spaces. 

We have eliminated this defect by showing that a transformation 

could be written for free par t ic les , as follows, 

(1) 

where prim,es denote q space always. With the above formulation one could 

take the momentum and energy to remain invariant under such a transformation, 

P' = P (2) 
A A 

and 

The principal difficulty encountered in these proposals is the obvious 

one that initial conditions (at a definite time) can no longer be introduced in the 

usual manner. 

The program at present is concerned with just the question of time 

localizability. 
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35-1 Scattering of Photons by Atoms (5211-14) 

E, J. Hellund 

The decay of resonance radiation by spontaneous em,ission has been 

shown not to yield the radioactive decay law, (Phys. Rev. 88, 919 (1953)). The 

proof of this theorem rested on the assumption that the systeim could be r ep re ­

sented as in an excited state at some definite time^ say t=0^. The result has 

been criticised on just this ground,, the contention being advanced that the 

scheme of excitation of the resonance level should appear explid,tlyia the cal­

culation. To meet this cr i t ic ism, the state at t=0 was changed to be described 

as follows: atoni unexcited; radiation field of photons with isotropic distribution 

as to direction of propagation and polarization present. Calculation of the 

excitation and decay of the resonance level again revealed that the radioactive 

decay law did not hold. Inclusion of additional a toms, excited or unexcited, did 

not al ter the conclusion. 

Publication, has been delayed to permit prior appearance in the 

Physical Review of the calculations based on the boron decay conditions employed 

by E. Wigner and V. Weisskopf. 



115 

VII. ELECTRONIC DIGITAL COMPUTERS 

1-1 Report on the Design of the ANL Computer (4520-02) 

R. F . Kramer 

A report on the design of the AVIDAC (Argonne*s Version of the 

Institute's Digital Automatic Computer) is being prepared. The report will 

cover both the logical design and the engineering design. Many people^ both 

inside and without the Laboratory^ have contributed to the design of the AVIDAC , 

•with each section being treated as an individual problenn. This report will 

attempt to assemble the ideas and designs used in the AVIDAC into a descrip­

tion of the machine and its operation. 

To date^ some of the drawings have been checked and brought up 

to date. Also, a tentative outline of the report has been prepared. The out­

line is shown below: 

A. Introduction. 

This introduction will give a general description and history 

of the machine. The principle units will be described. 

Arithmetic unit 
Control unit 
Mem.ory unit 
Input and output units 

B. A list and description of the arithmetic and control orders . 

C. The logical design, 

A description of the logical design of the various units 

used in the arithmetic section^ memory sectionjand 

control section. 
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D. Engineering design. 

A description of the engineering design of the units described 

in C. 

E. Power supply and protection system. 

F . Maintenance procedures and routines. 

This is tentative and will probably be revised and expanded. 

During the ensuing quarter^ a rough draft of at least a few of the 

sections indicated in the outline will be made. 
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2-1 The Electrostatic Memory System of the AVIDAC (4520-02) 

J. C. Chu, D. H. Jacobsohn, R. F . Kramer 
Reported by D. H. Jacobsohn 

The present problems of the electrostatic mem.ory system are two­

fold: F i r s t , obtaining the best possible results from the mem.ory system that 

is at present part of the AVIDAC; and secondly^ the development of a better 

system as a possible replacement should the present system prove to be in­

adequate. 

The present major cause of e r ro r s in the use of the AVIDAC is 

the electrostatic memory. This system is now operating with a 256-word^ 16 

X 16 diamond-shaped ras te r . 

The general types of difficulties that have occurred with the system 

are as follows: 

A. Common e r ro r s - the same type of e r ror occurring in two or 

m.ore tubes simultaneously at the same location. 

B. Im.purity e r ro r s - the inability to write a " 1 " in some specific 

location of a particular tube. 

C. Read-around e r ro r s - the changing of a zero to a " 1 " due to 

electron refilling caused by repeated consultation of adjacent 

spots. 

D. Random - occasional e r ro r s having no apparent cause or 

regularity. 

During the past quarter considerable progress has been made in 

reducing the er ror rate of the memory. 



A. Common e r ro r s have been virtually eliro.inated by: 1) improved 

filtering and isolation of the various voltage lines going into the 

memory; 2) the removal of dust from the deflection bus (this 

must be done regularly); 3) the grounding of the cans of the by­

pass capacitors of the CR tubes that had been previously allowed 

to float, 

B-C, Impurity and read-around e r ro r s are being reduced by tube 

selection. 

Do Random e r r o r s appear to go down in frequency as the other 

causes of e r ro r s are reduced. This could be due to the need 

of less marginal adjustment. 

Fifty Sylvania CR tubes were tested with a 1024 ras ter during the 

past period with the following results: 

18 tubes were acceptable with a read-around of 64 or better. 

12 of these 18 read around 96 or better. 

3 of these 12 had very bad impurities. 

32 tubes were of no value. 

Some of the 18 acceptable CR tubes undoubtedly have undetected impurities. 

Attem.pts at sparking new tubes to eliminate impurities have been started. At 

present there has been no success. ^ 

During the next quarter at least one hundred new CR tubes should 

be obtained and tested in order to replace all remaining questionable tubes 

National Bureau of Standards Report 5711- p. 3. 
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that are in the memory and to stock some good spare tubes. At such time as 

the memory has operated adequately for several weeks on a 256-word r a s t e r , 

investigation should be made into the use of a 512-raster . In line with this in­

vestigation^ certain things should be kept in mind: 

A. The possibility of increasing both the gain and high-frequency 

cut-off of the video amplifier. 

B. The use of a back-to-back twitch. 

C. The relative virtues of a 16 x 32 ras ter vs. a 32 x 16 ras te r . 

Possible investigations of other electrostatic storage systems for 

replacement purposes will be considered. 
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3-1 The Operation and Maintenance of the AVIDAC (5420-02) 

J. C, Chu^ D. H. Jacobsohn, R. F . Kramer 
Reported by D, H. Jacobsohn 

TMs report pertains to the transition of the AVIDAC from a machine 

in construction to a machine in operation. Many different problems are en­

countered at this stage that will not ar ise later . These problems include the 

completion of the control to bring the complete order l i s t , the debugging of 

both the Arithmetic Unit and the Memory, and the establishment of operating 

and maintenance procedures. 

Operation and maintenance can best be treated if divided in the 

following m,anner: 

A. Preventive maintenance. 

B. Operational checking. 

C. Operational problem solving. 

D. Corrective maintenance. 

During the past quar ter , no effort has gone into preventive main­

tenance, as all effort has been spent on operation and corrective maintenance. 

Operational checking has been fairly well established. The follow­

ing set of tests and procedures for testing the reliability of the m.achine has 

been devised: 

A. If the machine has not previously been used, a static memory 

check is made for 1/2 hour. 

B. A test tape is used to check the ability of the m.em,ory to write 

zeros and ones in all naemory positions. 
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C, A read-around test is run for 1/2 hour, checking all positions 

for a read-around of 80. 

D. A register test is run until completion. This test tests all opera­

tions of the machine repeatedly, checks the total contents of the 

memory, and then stops. 

All the above tests must be successful before the machine can be 

used. Any troubles located by these tests are to be analyzed and corrected. 

In the final operation of the AVIDAC, it is expected that relatively 

little time will be spent on corrective maintenance, even though the bulk of all 

time at present is so spent. At present the useful operational problem solving 

tinne is about 10%. Most of the e r ro r s that have occurred repeatedly have 

been with the electrostatic memory and the teletype input-output devices. 

Various aspects of the electrostatic memory system are treated m the separ­

ate current report on that subject. 

The diffictilties that occurred in the teletype input-output system 

were almost all due to attempting to use moderate speed miechanical devices 

at higher than normal speeds in conjunction with electronic circuitry. Most 

of these difficulties were overcome by redesigning some of the circuitry and 

by more critical adjustment of the m.echanical par ts . One difficulty that still 

exists is that our tape reader perforates the tape it r eads , preventing repeated 

use of tapes unless they are reproduced. With our present equipment it is 

necessary to use the AVIDAC to reproduce tapes. TMs is highly inefficient. 

The present input speed is 1 second per word, and the output speed is 2 seconds 



per word. 

During the next quarter it will be necessary to establish a p re ­

ventive maintenance program based on the analysis of data that have been accu­

mulated from corrective maintenance records . Other procedures should be 

established using marginal checking by the variation of voltage and timing 

parameters wherever possible. 

An effort will be made to complete the AVIDAC order list in this 

period. 
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4-1 Tes t Routines for the Argonne Computer (4520-02) 

J. Alexander , J. F . Ha l l , J. Sukup 
Repor ted by J. Alexander 

In o rde r to locate physical faults (burnt-out t u b e s , r e s i s t o r s , e t c . ) 

it is n e c e s s a r y to have a number of s i m p l e , d iagnos t ic , t e s t p r o b l e m s . The 

following rout ines have been developed to date : 

Teletype Reader Tes t 

Dete rmines that the teletype r eade r can r ead zeros and I ' s in a l l 

pos i t ions , and that m e m o r y can rece ive ze ros and I ' s in a l l pos i t ions . 

Memory Reading and Writing Tes t ( T a p e T - 1 . 3 ) 

De te rmines whether the m e m o r y can r ead and wr i t e ze ros and I ' s 

in a l l pos i t ions . 

Memory Consultat ion Tes t ( T a p e T - 1 1 . 5 ) 

Dete rmines whether the m e m o r y can wr i t e I ' s 160 t imes in rap id 

success ion at any locat ion without des t roying z e r o s at neighboring loca t ions . 

Regis te r Tes t (Tape T-13) 

De te rmines whether a l l (?) the gates in the a r i thme t i c unit opera te 

p rope r ly for Z^*^ to 2 t i m e s in succes s ion , and t e s t s that the adder can 

obtain the c o r r e c t r e su l t for each of the eight poss ib le input s ta tes for 2 

t imes each. 

"Random Number T e s t " (M. But ler of RE Division) (Tape T - 5 . 2B) 

Dete rmines whether the m.achine can compute 6 x 2 1 " products and 

3 X 2^" quotients without e r r o r . 
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Since astronomical times would be required to check all states 

of the computer J some selection was necessary in constructing these tests . 

Optimizing this selection will be a continuing project. 
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5-1 Sub-Routine L i b r a r y for the AVIDAC (4520-02) 

M. L. But ler (Reactor Engineer ing Divis ion) , J. F . Ha l l , 
J. L. Sukup 
Reported by J . F . Hall 

The bas ic bui l t - in o r d e r l is t of the AVIDAC includes those mos t 

frequently used operat ions which can be made automat ic without undue com­

pl icat ion of the control (addition^ subt rac t ion , mul t ip l ica t ion, d ivis ion, e tc . ) . 

The re a r e , however , many frequently used opera t ions not included in this 

bas ic l i s t , such as computation of square r o o t s , s i n e s , c o s i n e s , exponen­

t i a l s , e tc . F o r t h e s e , l i s t s of ins t ruc t ions for producing the de s i r ed functions 

by use of the bas ic o rder l i s t a r e p r epa red . Such l i s t s of ins t ruc t ions a r e 

known as sub - rou t ines . Having them available for use in connection with 

pa r t i cu la r calculat ions is near ly equivalent to adding the cor responding o r d e r 

to the o rde r l i s t . Another type of sub- rou t ine would be cal led an a r i t hme t i c ; 

e. g. , the a r i thmet i c of complex n u m b e r s . Still another i s a floating-point 

o r se l f - sca l ing a r i t h m e t i c , where nuinbers a r e r e p r e s e n t e d in what is s o m e ­

t imes cal led scientific notation. F o r arithmietics rf this s o r t , additional sub­

rout ines for the frequently r equ i r ed functions again a r e needed. 

In the in t e re s t of getting the sub- rou t ine l i b r a r y of the AVIDAC to 

the point where many s h o r t , s m a l l computations can be done with a min imum 

of specia l p r epa ra t i on , the ma in effort has been in obtaining sub- rou t ines for 

floating-point a r i t hme t i c . Routines of this so r t a r e now being t r i ed out on the 

machine . Revised , more final vers ions will be p r e p a r e d and r e p o r t e d on at 

a l a t e r date . 
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6-1 Coding Manual for the AVIDAC C4520-02| 

J. Alexander, D. A. Flanders , J. F. Hall 
Reported by D. A. Flanders 

It is desired to have a inanual that will contain all relevant infor-

m.ation concerning the mode of operation of the AVIDAC, the conventions and 

procedures used by the AVIDAC group in programming and coding problem.s, 

and a descriptive list of the standard sub-routines available for use. This 

manual should serve as a reference for persons expecting to code problems for 

the AVIDAC, rather than as a text book. 

Considerable material has been written up concerning the mode of 

operation of the ORACLE, and this needs only slight m.odification to be appli­

cable to the AVIDAC. This material also contains some description of the 

conventions and procedures adopted by the Argonne and Oak Ridge groups, 

but is incomplete. 

A course of lectures for prospective users of the AVIDAC is planned 

to begin about April 1. It is expected that at least a rough draft of the manual 

should be completed by the end of April for use in connection with this course. 
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7-1 The Auxiliary Memory for the ANL and ORNL Computers (4520-02) 

L. Merrill and R. F. Kramer 
Reported by L. Merril l 

A discussion of the magnetic tape auxiliary memory in general is 

to be found in ANL-4600, pp. 71-103. Current effort is being expended on 

equipment necessary to connect the two experimental tape units to the AVIDAC 

and ORACLE. 

During the last quar ter , the electronic design work on the equip­

ment was started and carried to the point where some construction work can 

begin. 

The 2-inch multiple-channel recording head was completed and 

tested. The performance is satisfactory except for some obvious construction 

faults which can be eliminated in future models. 

An experimental model of an electrostatically actuated tape clutch 

has been built. Unexpected difficulties have occurred in the various parts 

which make a feasibility test meaningless. 

During the forthcoming quarter , work on the equipment which will 

allow communication between the auxiliary memories and computers will be 

carr ied forward. Completion and installation of the equipment could be achieved 

by June 1, given sufficient manpower. 

Some experimental work aimed at cutting costs of production on 

recording heads will be done so that final drawings for production can be had 

by June 1. 



Also, it is hoped that a firm choice on the clutch type (magnetic or 

electrostatic) can be made by June 1. 

The test rig modifications currently being undertaken wiH be com.-

pleted as soon as possible (possibly by May 1) so that tapes can be analyzed for 

reliability, and initial program pulses recorded. 
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8-1 A P rob lem in Par t i t ions (5211-14) 

D, A. F l a n d e r s 

The problem., to be solved by the AVIDAC, is the following: 

Le t n be a posit ive in t ege r , and le t ( p j , . . . , p ) be a finite se t 

of dist inct o rde red p a i r s of posi t ive i n t e g e r s , say pj = (p ' j j p " i ) ^or 1 ^ 
r 

i £ r . We shal l say that ( p | , . . . , p^) is a par t i t ion of n if and only if X— 
i = l 

p ' . = n , and sha l l denote the par t i t ion by p fn). If p(n) = ( p j , . . . , p ) i s a 

par t i t ion of n , each pj will be cal led a p a r t of p(n), and p ' j and p " j will be 

Called the value and index, r e spec t ive ly , of the pa r t p j . If a lso q(n) = 

C^l^ • • • } 1 )f with qj = (q^., q " . ) , is a par t i t ion of n , p(n) will be sa id to be 

ident ical if and only if t he re i s a one- to-one cor respondence between the pa r t s 

of p(n) and those of qfn) such that corresponding p a r t s have the s a m e value. 

Let p(n) and q(n) be par t i t ions of n. A c lass (Qi j • - • > Qj.) of 

mutual ly exclusive subsets Qj of q(n) will be caEed a way of filling p(n) f rom 

q(n) if and only if Q. i s a par t i t ion of p ' | for l ^ i ^ r . If a l so ( Q * j , . . . ^ Q*j) 

is a way of filling p(n) f rom q(n), then the two ways will be cal led ident ical if 

and only if for each i the se t s Qj and Q*^ a r e ident ical . 

F o r any n , p(n) and q(n), the number of dis t inct ways of filling p(n) 

f rom q(n) is f ini te , and will be denoted by f £ p(n), q(n)7 • Fo r any n and p(n) 

the number of dist inct ways of filling p(ii) f rom a l l poss ib le par t i t ions q(n) i s 

finite and will be denoted by F / p ( n ) _ / . 

The p rob lem is to determ.ine F / p ( n ) ^ for every pa r t i t ion of n , where 

n a s s u m e s any posi t ive in tegra l value l e s s than som.e suitable upper l imi t N. 
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A systematic procedure for generating the partitions of an integer 

n has been found that is applicable to the AVIDAC in its present form. A syste­

matic procedure for com.puting f rp(n), q(n.)_| and F [pMj has been found that can 

be applied to the AVIDAC as soon as the machine has auxiliary magnetic tape 

memory. It has been determined that this procedure is practicable for n < 15 

and that it can be suitably modified for larger n, but that the rapid increase in 

labor with increasing n makes it unlikely that the computation can be carried 

out for n as large as 31, 

The problem of generating and listing the partitions of n for 1^ n 

^ 3 1 will programmed for the AVIDAC, and the actual listing carried out up 

to some point beyond n = 15. 



131 

20-1 Report on R e s e a r c h , Development,and Design of the ORNL Computer 
(4520-02) 

J. C. Chu and G. Evans II 
Reported by J. C. Chu 

The major const ruct ion work on the ORNL computer was completed 

in J anua ry , 1953. The r e s e a r c h , development,and construct ion of this conaputer 

r e p r e s e n t s the major por t ion of the t ime and effort spent by the computer engin­

eer ing group s ince ea r ly 1950 to date . However , because of the fact that an 

ea r ly opera t ion date of this computer is des i r ed by Oak Ridge National L a b o r a t o r y , 

the t ime schedule has been such that no comprehens ive r e p o r t with some con­

tinuity has ever been i ssued on this com.puter for the pas t two y e a r s . Inquir ies 

for such a r e p o r t have been rece ived f rom t ime to tia»e f rom ANL staff m e m b e r s 

and worke r s in this field outside the Labora to ry . 

Inasmuch as the ORNL computer will move to Oak Ridge in the near 

fu ture , it is des i rab le to p r e p a r e a comprehens ive r epo r t . The author began 

work on this r epo r t in J anua ry , 1953, and was l a te r joined by George Evans . 

The tentat ive table of contents of this r e po r t is as follows: 

Table of Contents 

I. Introduction 

1. 1 The a r i t hme t i c unit 

1, 2 The overflow detector and a.^, a^j., p ^ 

1. 3 The control 

1. 4 The m e m o r y 

1. 5 Paper tape input and output 

1. 6 Magnetic tape as auxi l iary m e m o r y 



•Description of the arithmetic and control orders and their 

sexadecimal codes. 

Logical representation. 

3. 1 Synopsis of the Boolean algebra and simple electronic 

circuits. 

Logical Design. 

4.1 The function decoding table 

4. 2 The shift register 

4. 3 The storage register 

4.4 The dynamic programmer and carry delay gate 

4. 5 The clear and transfer selector 

4. 6 Shift register and end connection control 

4. 7 The complement gate control 

4. 8 Transfer control 

4.9 Miscellaneous control gates 

4.10 The shift counter 

4.11 The memory 

4. 12 The memory order sequence control 

4.13 The dispatch counter 

4.14 Input and output control 

Engineering Design. 

5.1 The function decoding table 

5.2 The shift register 

5. 3 The storage register 



133 

5.4 The dynamic programmer and carry delay gate 

5. 5 The clear and transfer selector 

5. 6 Shift register and end connection control 

5. 7 The complement gate control 

5.8 Transfer control 

5.9 Miscellaneous control gates 

5. 10 The shift counter 

5.11 The memory 

5. 12 The mem.ory order sequence control 

5. 13 The dispatch counter 

5. 14 Input and output control 

VI. Power supply and protection system 

VII. Comiputer maintenance routine 

VIII. Appendix 

8. 1 Binary representation of real numbers. 

8. 2 Binary arithmetic used by the computer. 

To date, the first draft of Sections I, II, and III has been written. 

Work to be done during the ensuing quarter: It is expected that 

a first draft of the major portion of the report will be completed during the 

next quarter. 
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21-1 Operation of the ORNL Computer (4520-02) 

E. Burdette, J. C. Chu, W. Gerhard, R. J. Klein, J r . , J. Woody 
Reported by J. C. Chu 

The major work on the construction and installation of the ORACLE 

(Oak Ridge Automatic Computer, Logical Engine) was completed in January. 

To date, the memory control and the dispatch counter have been 

checked and operate satisfactorily. The teletype control was designed and 

is now in production. 

It is expected to have the ORACLE in operation during the ensuing 

quarter. 
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VIII. APPLIED MATHEMATICS AND COMPUTATION, GENERAL 

1-1 IBM Methods and Procedures (4520-02 and 5261-08) 

W. Feurzeig 

The tab plug-board for the fixed-point general purpose board has 

been wired. The board has been tested and minor e r ro r s corrected. Oper­

ating instructions and coding conventions have been written up for distribution 

to use r s . The computation of auto-correlation coefficients and other s ta t is­

tical results from series of data on human blood has been coded. Other pro­

blem.s are in process. The board is in constant use and has becom.e a per­

manent part of the IBM facilities. 
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2-1 Report on_Technical Details of the General Purpose IBM Boards 

N. r , Morehouse (4520-02 and 5261-08) 

A report on the technical details of flie IBM boards is currently 

being prepared. It is hoped that this report will enable the machine operators 

to take over all duties connected with the "trouble shooting" of the boards in 

the event of a machine failure. 
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3-1 Report on Coding for the General Purpose IBM Boards (4520-02 and 
5261-08) 

N. F. Morehouse 

A report on the operations which are possible with the three general 

purpose IBM boards is currently being written. This report includes an elem.en-

tary discussion of general purpose boards and the details of coding problems for 

the boards currently in use. The first draft has been written and corrected by 

D. A, Flanders. 
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4-1 Tabulation of Fermi-Dirac Distribution Functions (5211-14) 

E. L. Dershem. and N. F . Morehouse 
Reported by E. L. Dershem. 

The Fermi-Dirac distribution functions 

X 

o 

and 

f t l ^ 2 d t 
- / o ----——~-

et*"^ + 1 

I t l / 2 d t 

^X et-"H + 1 
have been computed for all x ^ O , over the parameter range -4 ^ * ^ ^ 1 0 . 

The final tables will be expressed in terms of the arguments x and x-1^ . F i r s t 

differences with respect to x - u are being computed. The tabulation will be 

completed during the next quarter. 
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5-1 IBM Floating Point Sub-Routines (452O-O2 and 5261-08) 

E. L. D e r s h e m 

A number of f loating-point sub- rou t ines have been coded and punched 

on IBM c a r d s . Decks a r e now available which will compute the following funct­

ions of r e a l a rgumen t s : 

Funct ion Range Limi ta t ion 

lOX jX| €L50 
eX |X; < l n 10 
XN jN logXl. ^ 5 0 | X > 0 
log X X > 0 
In X X > 0 
s in X, cos X |X| <200 "X 
Arc sin X 0 ^ X ^ 1 
sinh X, cosh X |x | < 50 In 10 
a r c sinh X -___ 
a r c cosh X X ^ 1 
a rc t anh X 

The following rout ines for computat ion with complex numbers a r e avai lable: 

Operat ion or Funct ion Coordinate System 

Add Rectangular 
Subtract " 
Multiply " 
Divide " 
Multiply Pola r 
Divide " 
Square Root " 
i t imes (a + ib) Rectangular 
Convers ion Rectangular to Po la r 
Convers ion Po l a r to Rectangular 
sinh (a + ib) , cosh (a + ib) Rectangular 

During the next q u a r t e r , we hope to extend the range for a r c s in 

X, develop rout ines for a r c m s Xand a r c t a n X, and incorpora te changes which 

will enable r e a l number rout ines to check the i r own range l imi ta t ions . 
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6-1 Computation of Neutron Chopper Results (5261-08J 

W, Feurzeig 

The calculation of energies, t ransmissions, and cross sections 

from data obtained with the neutron chopper has been programmed and coded 

for the IBM m.achines, using the fixed-point general purpose board, bastruc*. 

tions on operating procedures have been written, iip. A report on these 

Calculations is being written. It will illustrate the use of the general purpose 

board for the numerical analysis of experimental data. 

n 




