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1.2 Echo Lake Project

(E. P. Hincks)

- 3 -

SE~ION I

PR-p-,O

Preliminary results from the 1956 Echo Lake runs are

summarized in the following tables. They have been derived

from selected proton events of greatest reliability, i.e. those

events that satisfy the most rigorous criteria of consistency of

information from the proton telescope. By making suoh a

selection, errors due to contamination of the proton beam have

been made as small as the present experimental arrangement

allows. This was done, of course, at the expense of statistioal

aocuraoy, and so the number of proton energy groups has been

reduoed to three by oombining data. The oentral energies 01'

these groups and their approximate spreads are:

,00 Mev (250 - 350)

450 Mev (350 - 550)

750 Mev (650 - 850)

The neutron yields are oorreoted tor oirouit dead-time losses,

tor chanoe events, tor baokground as determined by runs with

no target, and tor neutron deteotion ettioienoy. The etfioienoy

oalibration is based on the emission rate 01' spontaneous tission

neutrons from natural uranium (57.1 neutrons g-l hr-l ) and the

provisional assumption that the evaporation neutrons trom the

proton interaotions have the same average energy as do the

spontaneous fission neutrons.
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In Table 1.2.1 are given values of M, the neutron

yield (neutrons per proton per g cm-2 ) for various targets and

for the three proton energies. The statistical errors only are

shown.

Table 1.2.2 gives values of V, the mean mUltiplicity

(neutrons per interaction) calculated from the values of

Table 1.2.1 and the inelastic cross section. Values of a inel

for Sn and Pb were taken from the compilation by Chen, Leavitt

and Shapiro (Phys. Rev. 99, 857 (1955», and those for the other

elements were deduced by extrapolation.

Table 1.2.1

Values of M

Target Proton Energy - Mev

Element Thickness 300 450 750g cm-2

Sn 37.3 0.021tO.003 0.0241:0.004 0.0331:0.004

w 32.6 0.0201:0.003 0.040±0.006 0.0511:0.006

Pb 21 0.030±0.003 0.038:!:0.00S 0.042±0.00S
42 0.027±0.003 0.040±0.003 0.OS2±0.004

u 21 0.046:!:0.00S 0.OSS±0.005 0.OS4±0.00S
42 0.046±0.004 0.072±0.00S 0.087:t0.00S
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Table 1.2.2

Values of ij

PR-P-30

Target Proton Energy - Mev

Element Thickness 300 450 750g cm-2

Sn 37.3 4.5±0.5 4.8:!:0.7 6.6:!:0.8

w 32.6 4.6:!:0.7 9.0-:1.4 11.0;:1.2

Pb 21 6.9:!:0.7 8S:!:l. 0 9.2:!:1.0
42 6. 7±0. 7 9.6±0!8 12.0:!:0.8

U 21 11.2±1.1 13. O:!:l. 3 12.3:!:1.2

42 11.6±0.9 17. 8:!:1. 2 20.7:!:1.3

It will be noted that the values (of either M or V)
increase both with mass of the target and with proton energy.

(The W values, and the U values at 750 Mev appear somewhat

erratic.) They are also in fairly good agreement with the

theoretical predictions by Jackson based on the Monte Carlo

calculations by McManus, Sharp, and Gellman. Some evidence

for mUltiplication by secondary processes in the target is

apparent in a comparison of the data for 21 g cm-2 and 42 g cm-2

Pb and U targets.

Effort is now being directed towards a study of the

possible systematic errors in these results. The purity of

the selected proton data is being investigated further; this

will be aided by the sea level runs now being carried out,

which should give information about #-meson contamination. An
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attempt will be made to determine any possible energy dependence

effect that might require a correction to the neutron efficiency

calibration, and the contribution to the neutron yields due to

secondary interactions will be studied more fUlly.

1.3 Ionization Chamber for Measurement of Reactor Gamma-Ray Fluxes

(C. H. Millar)

A CO2-filled graphite ionization chamber for

measuring high intensity gamma-ray fluxes in the presence of

pile neutrons was tested in a J-rod hole of the NRX reactor.

Results were in excellent agreement with radio-chemical

measurements. This is being reported in detail by P.J. Dyne in

the current Chemistry Progress Report.

SECTION II

1.4 Neutron Decay

(J. M. Robson)

The second series of runs in the experiment on the

angular correlation has been completed. This series was

taken with proton electron angles in the restricted range of

approximately 1650 to 1800 and gave an electron neutrino

angular correlation coefficient a = +0.06 ± .16 (statistical

error only), which agrees well with the result (+.09 ± .11) of

the first series of runs taken with proton electron angles in

the restricted range of approximately 1500 to 1700 • An
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investigation has been made into possible systematic sources of

error in this experiment, and the present best value for the

electron neutrino angular correlation coefficient is a = +.08 ~ .12,

where the error includes statistical and all known systematic

errors.

A third series of runs is in progress using the same

geometry as for the second series but a different method of

recording the data.

1.5 Intermediate Energy Neutron Capture Cross Sections

(A. G. W. Cameron)

After some improvements were made in the irradiating

and counting procedures, further trial irradiations of the

monitor and detector samples have shown satisfactory reproduci

bility in the activity ratios. Currently a series of

irradiations is being made with scattering materials in place

of the absorbing filters. It is found that both the monitor

and detector samples are affected by the scattering. Although

this effect will probably be negligible in the actual experiment

where absorbers will be used rather than scatterers, the current

series of irradiations will be continued until the scattering

effects are properly understood and can be evaluated for the

absorption filters which will be used.

1.6 Nuclear Reactions in Stars and Nucleogenesis

(A. G. W. Cameron)

New light has been thrown on this problem by the
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suggestion that the spontaneous fission of Cf254 is responsible

for the exponential tails of the light curves of Type I super

novas. which have a half life of 55 days (G.R. Burbidge.

F. Hoyle. E.M. Burbidge. R.F. Christy. and W.A. Fowler. to be

published). According to this suggestion. a supernova

explosion is assumed to involve a collapse of the stellar core.

an implosion of the outer stellar layers. and a thermonuclear

explosion in these layers after the release of gravitational

potential energy has heated them to several hundred millions

of degrees. If the abundance of hydrogen in these layers is

comparable to the abundance of the products of advanced

thermonuclear reactions. then a series of nuclei such as N13.

17 21 25F , Na , Al , •••• 0 •• is formed. The hydrogen would be

exhausted early in the course of the explosion. and the higher

members of the above series of nuclides could then undergo beta

decays with half lives of a few seconds. Further reactions

with helium would provide high fluXes of neutrons and lead to

heavy element formation with mean times between neutron

captures in a typical heavy nucleus of the order of a second.

If the abundance of hydrogen is considerably greater

than that of other nuclides. then it is unlikely to be

exhausted during the course of the supernova explosion. and

neutron production will be negligible. This is the suggested

mechanism of Type II supernovas which 40 not have light curves

with exponential tails.

The discussion of heavy element formation given in

previous progress reports can now be reinterpreted and extended
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as follows: An analysis of the cosmic abundances of the

heavy nuclides (A >70) shows that three mechanisms are necessary

(and probably sufficient) to produce the observed abundances:

(1) Neutron capture on a slow time scale. When helium

thermonuclear reactions commence in a hydrogen-exhausted

stellar core, explosive instability forces an expansion of the

core, probably accompanied by mixing between the core and the

envelope. Further helium reactions, such as C13(a,n)016, then

produce neutrons. These are initially captured predominantly

by the iron abundance peak, and eventually large abundances of

certain heavy nuclides are produced. The mean time between

neutron captures in a typical heavy nucleus is of the order of

10 to 100 years. The observed cosmic abundances correspond to

the production and capture by heavy nuclides of about 18 neutrons

per silicon atom initially present in the core.

(2) Neutron capture on a fast time scale. This would

take place in the very high neutron fluxes produced in super

nova explosions of Type I. The nuclides on the capture chain

are very neutron rich, with beta decay half lives and mean

times between neutron captures in a given nucleus both of the

order of a second. This mechanism contributes broad cosmic

abundance peaks centred at mass numbers 80, 130, and 195,

corresponding to closed shells of 50, 82, and 126 neutrons for

the products on the capture path. Trans-bismuth elements are

also formed in this way.

(3) Photonuclear reactions on the products of the slow

neutron capture time scale. If in supernova explosions of
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Type II the temperature is raised to~2 x 109 oK for a few

seconds, then some photoneutron and a lesser number of photo

proton reactions will occur on the nuclides previously produced

in the exploding layer by neutron capture on the slow time

scale. This produces nuclides on the neutron-deficient side of

the nuclear mass valley but leaves the general abundance trend

unchanged from that produced by the neutron capture on the slow

time scale.

A programme has been started to evaluate thermonuclear

reaction rates at the very high temperatures involved in thermo

nuclear explosions. Results have been obtained for mass number

12 to 15.
A programme is also in progress to follow the details

of the neutron capture on the fast time scale and the photo

nuclear reactions. As a part of the calculation of the

necessary cross sections, about 4000 nuclear masses have been

calculated from the empirical formula of Levi (UCRL 4588 and

private communication), (work performed by J. Riddell). These

masses, together with the neutron, proton, and alpha-particle

binding energies and the beta-decay Q values which have also

been obtained, will be published in a report.
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1.7 Disintegration of Tb160

(M. A. Clark)

- 11 -

SECTION III

PR-P-30

A study of the disintegration of Tb160 (73 days) has

begun. The decay leads to fairly high spin states near 1 Mev

excitation in Dy160, and a large number of gamma rays have been

reported in the literature. The ny160 nucleus is of interest

particularly due to its large distortion and the possible

occurrence of rotational band structure. One such band is

already indicated, based on the ground state.

The ~-spectrum of Tb160 is being examined in a lens

type beta spectrometer of resolution 2%. The source has been

sublimed in vacuum onto an aluminum foil 150 ~g/cm2 in thickness,

so that the conversion lines are qUite fre~ of a low energy tail

due to back-scattering.

Some of the conversion lines observed, their

preliminary relative intensities, and their assignments as to

gamma energy, are listed in Table 1.7.1.
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Ey (kev)

87

197

299

- 12 -

Table 1. 7.1

Lines

K
L

(M+N)

K
L

(M+N)

K
(L+M)

Relative
Intensity

62
100

32

2.5
1.0
0.03

0.55
0.10

PR-P-30

1.8 Decay of Nd147 and Level Scheme of Pm147

(G. T. Ewan and M. A. Clark with J. W. Knowles, General Physics

Branch)

Work has continued on the investigation of the decay

of Nd147 reported previously (PR-P-29~1.11).

The unconverted gamma-ray spectrum has been examined

in detail using a curved crystal gamma-ray spectrometer

(PR-P-30~3.7.1) and a carefully calibrated 4" x 4" NaI crystal.

The results of these measurements and those on the internal

conversion electrons are summarized in Table 1.8.1.

•
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Table 1.8.1

y
Y-Ray

~ It. I y ITOT aK Multi-
Kev polarit

90.7 48.0 6.4 28.8 84.8 1.67 + 0.12 Ml-
120.0 0.40 b.08(b) 0.6 1.1 0.66 ;: 0.14 Ml + E2

159 0.08(b) 0.015 ( 0.2 0.1

232 (0.04 <0.45

277.2 0.09 2.0 2.1 0.045 + 0.015 E2-
321.5 0.12 3.3 3.4 0.036 + 0.01 E2

412 0.035 1.8 7.9 0.02 + 0.01 Ml + E2

441 0.04 2.0 2.0 0.02 + 0.01 Ml + E2

532 0.17 0.03 13.0 13.2 0.013 "!: 0.0025 Ml + E2

600 0.4 0.4

690 0.8 0.8

(a) all intensities are per 100 disintegrations
(b) alternative assignments for the same conversion line

Gamma-gamma coincidence spectra have been studied

using two 2R
X 2R NaI crystals and the 80-channel pulse height

analyser. The gamma ray of 90.7 kev is in coincidence with the

gamma rays of 277 kev, 321 kev, 441 kev and 600 kev. The 321

kev gamma ray is in coincidence with the gamma rays of 90.7 kev,

120 kev, and 277 kev. No gamma-gamma coincidences were obseved

with the 532 kev gamma ray within the accuracy of the

experiment.

Further analysis of the direct beta spectrum and

coincidence beta spectra reported previously (PR-P-29:1.11)
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shows that beta spectra of end points 818 t 7 kev, 368 + 10 kev,

and 214 t 15 kev feed levels at 90.7 kev, 532 kev, and 690 kev

respectively.

The angular correlations between the 90.7 kev gamma ray

and the 321 kev and 441 kev gamma rays have been studied.

Preliminary analysis of the experimental results has not yet

enabled definite spin assignments to be made to the levels in

Pm147.

1.9 Iron Free nJ2 Beta-Hay Spectrometer

(H. L. Graham and G. T. Ewan)

•

The manufacturing specifications for the coils (cf.

PR-P-29:1.10) have been considered by nine Canadian, six U.S.

and one U.K. firm. Of these, two Canadian firms are willing to •

undertake detailed design and construction of the coils. Because

of the fine tolerances required to achieve optimum performance,

neither of these companies has been able to estimate accurately

the cost of manufacture. It is hoped that a design study can

be carried out by one firm in order to establish a definite

price.

Some additional design work has been carried out on

the vacuum chamber, pumping system, and other features of this

instrument. Provision for photographic recording as well as

scintillation counter detection is planned.
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SECTION IV

PR-P-30

1.10 Radioisotopes Standardization

(P. J. Campion and W. F. Merritt)

(a) 4n B-Y coincidence unit

An improved design of this apparatus, including the

electronic detection system, has been made, and construction of

some of the units has commenced.

(b) Storage vault for radioactive samples

A vault has been designed and constructed for the

storage of sources used in standardization. The vault provides

a minimum shielding equivalent to four inches of lead in all

directions, and a further internal locker provides an extra two

inches of lead shielding for the relatively strong gamma-ray

sources required for the T.P.A. ionization chambers. The design

incorporates a "disposable" liner of stainless steel.

(c) Thickness measurement of thin films

The thickness gauge (PR-P-28:1.17) has been further

calibrated to measure the thickness of gold coatings vacuum

distilled onto VYNS films.

(d) Half-life measurements

The half lives of the following nuclides have been

measured by absolute counting techniques. The results are

preliminary, and the period over which observations have been



UNCLASSIFIED - 16 - PR-P-30

made is indicated in brackets. Na22 , 2.58 ± .03 years (2 years);

Rul06 , 1.02 ± .004 years (5 years); Cs134, 2.19 ± .02 years

(5 years); cel 44, 285 ± 2 days (4 years); Pm147, 2.64 ~ .02

(4 years); T1204, 3.56 : .05 (4 years).

(e) Miscellaneous

Samples of the following isotopes have been

standardized:

c s134 Development Chemistry Branch

Cel44 Development Chemistry Branch

Au198 N.B.S. intercomparison

A determination of the tritium content in a sample of

heavy water was made for the Development Chemistry Branch.

1.11 Neutron Capture Y-Ray Spectra

(P. J. Campion with G. A. Bartholomew, General Physics Branch)

The cross section for the radiative capture of thermal

neutrons in Li6 has been measured by an intensity comparison of

radiations from a lithium-nickel mixture. A preliminary value

of 23 ± 8 millibarns has been found.

The capture radiation spectrum of natural gallium has

been measured and a first inspection shows no unusual features.

The most energetic gamma ray observed has an energy of 7.73 ± .02

Mev.
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Section at Radiation Laboratory, McGill University

(R. E. Bell)

1.12 Positronium Studies

The work described in the previous report

(PR-P-Z9:l.l4.3) is being continued, and several more para

magnetic transition-group ions have been observed to be ortho

para positronium converters. The list now includes Cr+++, Mn++,

Fe+++, Co++, Ni++, and Cu++, all dissolved in water as chlorides.

In addition it has been shown that MnS04 is less effective as

a converter than MnC12 (per dissolved molecule), in rough

agreement with the known lower ionization of sulfates compared

with chlorides. This is consistent with the expected result that

it is the ions and not the total molecules that do the converting.

This assumption will be tested in more detail later.

Special attention is being paid to the limiting

lifetime as the concentration of the converter is increased;

the results at present seem to show a value less than 5 x 10-10

seconds by about 20%, but this value is still regarded as

tentative.
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1.1) Reports, Publications, and Lectures

The following publication has appeared:

"The Resolver, a Circuit for Reducing the Counting

Losses of a Scaler" by R. E. Bell. Can. J. Phys. 1!h, 563 (1956).

"
The following papers were presented at the Washington

Meeting of the American Physical Society, April 26-28, 1956:

"Thermonuclear Reactions in a Helium Gas" by A. G. W.

Cameron.

"Measurement of (p,xn) Cross Sections in Lead and

Bismuth" by R. E. Bell and H. M. Skarsgard.

The following paper was presented at the Symposium on

the Physics of Fission, Chalk River, May 14-18, 1956:

"Thresholds and Barriers" by A. G. W. Cameron.

The following papers were presented at the meeting of

the Royal Society of Canada, Montreal, June 11-1), 1956:

"A Time-to-Amplitude Converter for Very Fast

Coincidence Studies" by R. E. Green and R. E. Bell.

"Measurements of the Velocity Dependence of Cerenkov

Radiation Intensity" by E. P. Hincks and C. H. Millar.

"The Angular Correlation in the Beta Decay of the

Neutron" by J. M. Robson.

"Ortho-Para Positronium Conversion in Aqueous

Solutions" by R. E. Bell and R. E. Green.
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•

The following invited paper was presented at the

meeting of the Canadian Association of Physicists, Montreal,

June 14-16, 1956:

"Some Experimental Results Obtained at Chalk River

Using Identified Cosmic Ray Particles" by E. P. Hincks.

The following contributed papers were presented at

the meeting of the Canadian Association of Physicists, Montreal,

June 14-16, 1956:

"The Disintegration Scheme of Nd147" by G. T. Ewan,

M. A. Clark, and J. W. Knowles.

"The Response of a Liquid Scintillation Counter to

High Energy p.-Mesons" by C. H. Millar, E. P. Hincks, and G. C.

Hanna •

tiThe Yield of Neutrons from High Energy (250-900 Mev)

Proton Interactions with Heavy Nuclei" by E. P. Hincks,

M. Bercovitch, B. Carmichael, G. C. Hanna, C. H. Millar, and

J. F. Steljes.

The folloWing paper was presented at the Gordon Research

Conference on Nuclear Chemistry, Meriden, N. B., June 25-29, 1956:

"Nuclear Reactions in Stars and Nucleogenesis" by

A. G. W. Cameron.



UNCLASSIFIED - 20 -

NUCLEAR PHYSICS II

by

H.E. Gove

CONTENTS

PR-P-29

2. 1
2. 2
2. 3
2. 4
2. 5

2. 6

2. 87
2.
2. 9
2.10
2.11
2.12
2.13

Staff
NRX Production of Plutonium and its Higher Isotopes
Neutron Source Measurements
Further Experiments on the Mg24(p,Y)A125 Reaction
Low Ener~y Levels of A127 from the Reaction
AIC.71P'P y)A127
Mg26 p,yy)A127 Reaction at a Bombarding Energy of
0.98 Mev
Interfering States in c14 (p,n)N14
Analysis of Triple Angular Correlations
Data Reduction and Processing
Gas Scintillation Counters
Neutron Time-of-Flight Equipment
Elastic Scattering of 14 Mev Neutrons
Reports, Publications, and Lectures

•



UNCLASSIFIED

2.1 Staff

Section I

G.C. Hanna
J.S. Fraser
J.C.D. Milton
J.M. Legare (1)

Section II

H.E. Gove
E. Almqvist
D.A. Bromley
A.E. Litherland
D.J. Huntley (1)
J.D. King (1)
G.I. MacGregor (1)

Technical Staff

- 21 -

Section III

A.J. Ferguson

Section IV

R.L. Clarke
W.G. Cross (2)

PR-P-3°

•

W•J. Bangs (3)
G. Boire (3)
J.A. Bollier (3)
M. Chomniak (4)
M. Desrochers (3)
W.R. Dishington (5)
C.W. Farrow (6)
C.E.L. Gingell (7)

Secretarial Staff

Miss S.M. Sayers (3)

C. Johnson (3)
J.P.D. O'Dacre
R.H. Price (8)
A.R. Rutledge (Miss)
O.W. Schwer
K.I. Stuart
W.J. Woytowich

(1)
(2)

(3)
(4
(5
(6
(7
(8

Summer student in Nuclear Physics II.
On part time loan from Health Physics Branch, Biology
Division. •
Shared with Nuclear Physics I.
Transferred from General Physics Branch, May 1, 1956.
Resigned April 4, 1956.
Resigned April 16, 1956.
Transferred from General Physics Branch, April 4, 1956.
Joined the staff of Nuclear Physics II, May 22, 1956.



UNCLASSIFIED - 22 -

SECTION I

PR-P-3C

2.2 NRX Production of Plutonium and its Higher Isotopes

(G.C. Hanna)

A complete account of the analysis of the data

from Rod 683 has now been written: it is intended to issue

this as a revised version of CRR-622.

2.3 Neutron Source Measurements

(G.C. Hanna)

In PR-P-29:2.3 it was stated that the manganese

bath comparison of the Chalk River and N.B.S. II standards

gave a value for the strength of the Chalk River standard

source equal to its A.N.L. calibration value. A letter

from N.B.S. has been received which corrects (downwards)

the earlier value for the strength of N.B.S. II. Revising,

the (N.B.S. scale) strength of the Chalk River standard is

now 6±3 percent lower than its stated value, which is just

about what is expected on the basis of other comparisons

of the AoNoLo and NoB.So scales.

Dr. J.H. Sanders at A.E.R.E. is now measuring

absolutely the strengths of (i) the Chalk River standard,

(ii) a plutonium-beryllium alloy source which has already

•

been compared with (i), and (iii)

source - a 23 gm plutonium sphere

a new spontaneous fission

2~
(~30 percent Pu giving
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•

~7000 neutrons/sec) which has been made from A.E.C.L. plutonium

at Los Alamos.

SECTION II

2.4 Further Experiments on the Mg 24 (p,y)A125 Reaction

(E. Almqvist, D.A. Bromley, A.J. Ferguson, H.E. Gove, and

A.E. Litherland)

In view of the marked successes of the collective

model in interpreting the features of the lower energy

levels in Al 25 , it was of considerable interest to extend

the measurements on this reaction in an attempt to test some

of the predictions which this theory would make regarding

the level structure. Detailed measurements have been made

near the

isotopic

sharp 1.66 Mev resonance. Five microgram per sq em
~Mg targets were used; these were considerably

thinner than those previously employed and were necessary

because of the presence of a broad resonance underlying that

under study at 1.66 Mev. The gamma-ray cascade from this

resonance is unusually complex, and, in an attempt to

disentangle the various gamma radiations involved, the

spectra were measured in coincidence with a voltage gate

which was moved stepwise down the spectrum of the direct

radiation. Runs of several hours duration were necessary

to obtain adequate statistics for each setting of the gate.

For such measurements the projected two-dimensional kicksorter
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would be particularly valuable and would result in a considerable

saving of machine operating time.

The capturing state in A125 corresponding to the

1.66 Mev resonance is at an excitation of 3.88 Mev, and three

new primary transitions to lower states in the A125 nucleus

have been discovered. The first of these leads to the

previously studied state at 1.81 Mev and was observed to be

in coincidence with the known cascade gamma rays from this

state. Gamma rays of approximately 1.61 and 2.27 Mev were

also observed to be in coincidence with one another; this

eVidence, together with the observation of coincident gamma

rays of energy of 1.61 and 1.83 Mev at a lower resonance,

suggests that the previous assignment of the 1.61 Mev gamma

ray to the de-excitation of a state of that energy in A1 25

is correct (Litherlill~d et al., Phys. Rev. 102, 208 (1956)).

The spectrum in coincidence with a narrow energy

gate set to include the 1.16 Mev gamma ray in the direct

spectrum showed a prominent gamma ray of about 1.8 Mev

together with weaker 1.36 and 2.72 Mev radiations. No

previously known cascade or combination of cascades in A1 25

would produce such a gamma-ray spectrum. The 1.8 Mev

gamma ray can only in part be attributed to the known 1.81

Mev state because the gamma rays from this level are known

to have a much stronger 1.36 Mev component than is observed.

Since the 1.16 Mev gamma ray resonates together with the

other gamma rays at the 1.66 Mev resonance, it is implied

•
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that a hitherto unobserved state of A1 25 was being fed by

the 1.16 Mev primary. The excitation energy of such a state

would be approximately 2.72 Mev. One concludes from the

measured coincidence spectra that this state decays strongly

by a 1.8 Mev stop-over transition to the second excited state

at 0.95 Mev and exhibits weak transitions to the 1.81 Mev

state and to the ground states. Further experiments to

determine the energy of this new state in A125 more exactly

are in progress, together with measurements to establish

the branching ratios and energies of the cascading gamma rays.

This new state in A1 25 is of particular interest

since its energy and gamma-ray decay correspond to that

which would be expected for the fourth member of the rotational

series based on the first excited state. The spin and

parity expected for this state are then 7/2+. The assignment

is consistent with the data available to date, and a triple

correlation measurement has been started to obtain more

information on this spin and parity assignment.

2.5 Low Energy Levels of A1 27 from the Reaction A1 27 (p,p'y)A127

(D.A. Bromley, A.J. Ferguson, H.E. Gove, A.E. Litherland,

and E. Almqvist)

The yield curves for the 0.84 and 1.01 Mev gamma

radiations corresponding to the excitation of the first two

levels of A1 27 populated in the A127(p,pt~)A127 reactions

have been determined for proton energies in the range 1.40
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to 2.77 Mev. In this region 23 resonances have been observed.

A number of these resonances feed only one or other of these

levels to any appreciable extent; where the yield of 1.01 Mev

radiation is energetically possible it is much stronger than

that of the 0.84 Mev.

Previously reported measurements (PR-P-27) on the

Mg26(p,~)A127 reactions have shown that the 0.84 Mev state

has spin 1/2, whereas the ground state is known to have spin

5/2. The beta decay of Mg27 (1/2+) is allowed to both the

0.84 and the 1.01 Mev levels in A1 27 , indicating that the

1.01 Mev level has spin either 3/2 or 1/2. The angular distri-

bution of the 1.01 Mev radiation has been determined here

relative to the direction of the incident proton beam and

shows appreciable anisotropy, thus fixing the spin of the

1.01 Mev level at 3/2.

A search for the stop-over transitions of 175 kev

from the 1.01 Mev state to that at 0.84 Mev was carried out.

In order to avoid the very strong 136 kev Coulomb excitation

line from tantalum, which was normally used as the target

backing, aluminum targets were evaporated on polished graphite

blanks. The spectra in this energy region in coincidence

with the 0.84 Mev gamma ray were studied at two resonances

at proton energies of 1.92 and 1.70 Mev. At the first of

these resonances the inelastic cross section to the 0.84

Mev level is much smaller than that to the 1.01 Mev level.

Also the (p,a) cross section which leads to a 1.37 Mev gamma

•
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ray from the first excited state of Mg24 and which contri

butes a tail under theQ84 and 1.01 Mev structure is much

reduced. At the second resonance, the 0.84 Mev level formation

cross section is much larger than that for the 1.01 Mev level,

as is also the (p,a) cross section. A weak gamma ray of

about 175 kev was observed in the direct spectrum at the 1.92

Mev resonance and none in this region at the 1.70 Mev resonance.

The spectrum observed in coincidence with the 0.84

Mev radiation clearly showed a 175 kev radiation at the 1.92

Mev resonance and only a very slight yield at the 1.70 Mev

resonance, consistent with the small inelastic cross section

to the 1.01 Mev state at that resonance. To check that this

175 kev radiation was actually the 1.01 ~ 0.84 Mev stop-over,

the spectra in this energy region in coincidence with the

175 kev radiation were measured and showed predominantly

the 0.84 Mev radiation as expected.

The energy of the line was determined by comparison

with the 134 kev line from pr144 . A further check on this

energy was obtained by setting up two of the five-inch diameter

by four-inch NaI crystals facing one another with a Cs 137

source mounted between them on their common axis. By examining

the spectra in one crystal in coincidence with the Compton

edge of the 661 kev line in the other, the back scattered

gamma radiation of 184 kev gave a sharp calibration peak.

The efficiency of the spectrometer for the 175 kev

radiation was determined by stUdying the radiation associated
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- 19with the ~ decay of 0 . This 019 was produced by 14 Mev

neutron bombardment of teflon [(CF2)n)' The gamma cascade

in F19 following this decay has 1.366 and 0.197 Mev gammas in

coincidence, and a measurement of the spectrum in the region

of 197 kev in coincidence with the 1.366 Mev line gave an

efficiency of 1.34±.1 percent.

Using this value, we obtained a ratio of the 175

kev to the 1.01 Mev direct transitions, with both detectors

at 900 to the incident proton beam, of about two percent.

In order to determine the branching ratio of the 1.01 Mev

state, the angular correlation of the 175 kev radiation is

required. A lucite window was used in the 900 measurement

reported here; a lucite target chamber will be required for

the measurement of the correlation to avoid strong absorption

of the low energy radiation in the target chamber walls.

The two percent ratio found here at 900 is consistent

with the recently published determination of this branching

ratio by Lyon and Lazar (Phys. Rev. 101, 1524 (1956)). This

measurement consisted of a stUdy of the beta decay of Mg27 ;

and, from a~ analysis of the direct gamma-ray spectrum, these

a.uthors find a gamma ray of .175±.01S Mev, and they quote a

branching ratio of 2.2 percent. From the beta-decay evidence

mentioned earlier, Lyon and Lazar assumed an assignment of

dS/ 2 ' 8 1/ 2, and d3/ 2 for the first three states of A1 27 and

note that the Weisskopf formula predicts that the Ml branching

of the d3/ 2 state to the sl/2 and the dS/ 2 should be about
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one percent. It should be noted, however, that in the pure

shell model picture the orbital angular momentum selection

rule completely forbids an Ml transition between a d
3

/ 2
and sl/2 state. If one instead assumes that a collective

model interpretation is applicable, as seems reasonable from

recent successes in neighbouring nuclei, then the two percent

branching ratio is consistent with a large positive distortion

(~ ~ 0.3), which is also indicated by the measured qUadrupole

moment of A127 . On this picture the cross-over transition

is a pure E2 radiation and the stop-over is essentially pure

MI. The results of the Mg26(p,~)A127 measurement on the

low levels of A1 27 will provide additional eVidence to test

the validity of thi~ interpretation.

2.6 Mg26 Cp,yy)A127 Reaction at a Bombarding Energy of 0.986 Mev

(E. Almqvist, D.A. Bromley, A.J. Ferguson, H.E. Gove, and

A.E. Litherland)

A careful triple angular correlation experiment in

the Mg26(p,~~)A127 reaction has been carried out at the

resonance at a bombarding energy of 0.986 Mev. The correlation

of the 6.4 Mev and 1.73 Mev gamma rays and the incident proton

was studied in an arrangement in which the counter for the

6.4 Mev gamma ray was fixed at 900 to the beam and the counter

for the 1.73 Mev gamma ray was moved in the plane containing

the 6.4 Mev gamma ray and the proton beam. The results can

be expressed in terms of Legendre polynomials with coefficients
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ao' a2 , and a4 for the orders 0, 2, and 4 respectively. The

values obtained for this correlation are:

a 2-- = 0.159±.061,aO

Another correlation, performed less accurately,

in which the counter for the 6.4 Mev gamma ray was moved

and the counter for the 1.73 Mev gamma ray was fixed at 900

in the same plane, indicated approximate isotropy. The

analysis of these data is not complete, but it has been

extablished that they are consistent with a cascade 7/2+ -+

5/2+ ~ 3/2+ in A1 27 . The assignment of 7/2+ for the resonance

is based upon the correlation of the ground state gamma ray

which shows a P2 coefficient in the Legendre polynomial

expansion of -0.236. This is consistent only with 7/2+ or

3/2+ for the resonance, assuming in the first case an Ml:E2

mixture of .12 or -11 and in the second case of .054. The

assignment 7/2+ is favoured because of the absence of any

transition to the excited states at 0.84 Mev and 1.01 Mev,

which have spins 1/2+ and 3/2+ respectively. These transitions

are less than three percent of the ground state transition.

•
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14 14Interfering States in C (p,n)N

(A.J. Ferguson, H.E. Gove, A.E. Litherland, and E.B. Paul)

It has been found that some approximations made

in fitting the two interfering 1/2+ states in the C14 (p,n)N14

and C14(p,~)N15 reactions have significantly affected the

results. The worst of these approximations was that the

total width of the narrow resonance is independent of the

energy. The problem will be re-coded using the exact Wigner

two-level formula. Some preliminary work has suggested that

a better fit may result.

2.8 Analysis of Triple Angular Correlations

(A.J. Ferguson, A.E. Litherland, and G.I. MacGregor)

Theoretical results for (p,~~) triple angular

correlations have been calculated for channel spin 1/2 and

for two arrangements of the counters Which are at present

experimentally available. These apply to bombardment of

zero spin nuclei. The arrangements are those in which the

counter for either the first or second gamma ray is fixed

at 900 to the proton beam and the other is moved in the

plane defined by this gamma ray and the proton beam. The

results can be expressed as a sum of Legendre polynomials of

orders 0, 2, and 4. For any choice of spin states, the
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coefficients of these polynomials are functions of two con

tinuous variables, the multipole mixtures of the two gamma

rays. Fifteen values for each of the mixtures have been

used ranging from -10 to +10.

The results are now available in tabular form,

but it is evident that graphical form will be required for

practical use. Some progress has been made in plotting these

by hand, but it is clear that mechanical plotting will be

reqUired. For plotting and interpolation purposes it has

been found that the inverse tangent of the multipole mixtures

is a more useful parameter than the mixture, and a special

co-ordinate paper embodying this transformation has been

ordered.

2.9 Data Reduction and Processing

(A.J. Ferguson and J.W. Greenwood)

The Data Processing Committee has sent a form

letter to a large number of companies manufacturing equipment

for data reduction purposes. A substantial amount of infor

mation relating to printers, punches, transducers, computers,

and computer parts, plotters, etc. has been received. An

index and summary of this will be prepared and distributed.
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2.10 Gas Scintillation Counters

(R.L. Clarke)

A gas scintillation counter using a filling of A

plus 10 percent N2 as recommended by Eggler and HUddleston

(Nucleonics 14, 34 (1956)) was built for the observation of

fission produced by 14 Mev neutrons. It was hoped that,

using this principle, a fission counter having a rise time of

a few millimicroseconds containing something of the order

of 1/10 gram of fissile material could be made. Fission

pUlses were observed at a pressure of 30 Ib/sq in. absolute.

These pulses appeared to be about 20 times the pulse height

of plutonium alpha pulses. However, while the counter was

being bombarded with 14 Mev neutrons, a very large background

was observed coming from either the gas cell window or the

photomultiplier itself or both. In checking this point,

lucite was found to be much worse than pyrex. Because the

pulse height is inversely proportional to pressure (op. cit.),

it was found that, at the pressure required for the fission

counter, the true pulses would be lost in the background.

It is hoped that by using a xenon filling with a quaterphenyl

wave length shifter, as recommended by Northrop and Nobles

(Nucleonics 14, 36 (1956)), a large enough fission pUlse can

be achieved.
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2.11 Neutron Time-of-Flight Equipment

(R.L. Clarke)

Construction and testing of the electronic equipment

is proceeding. Final versions of all the components are

nearly completed and ready for testing.

Some improvements have been made on the 100 kev

set, principally a beam analysis system which, it is hoped,

will improve target life.

2.12 Elastic Scattering of 14 Mev Neutrons

(W.G. Cross, Health Physics Branch)

It has been necessary to discontinue this work

temporarily.

2.13 Reports, Publications, and Lectures

The following report has appeared:

PD-261 "Elastic Scattering of Protons by Nitrogen," by

A.J. Ferguson, R.L. Clarke, H.E. Gove, and J.T. Sample.

The following publication has appeared:

"Gamma Rays from the Proton Bombardment of Mg24,"

by A.E. Litherland, E.B. Paul, G.A. Bartholomew, and H.E. Gove,

Phys. Rev. 102, 208 (1956).

The following papers were presented at the Washington

Meeting of the American Physical Society, April 26-28, 1956:



UNCLASSIFIED - 35 - PR-P-3°

"Proton Yields and Angular Distributions from the

Be9 (He3 ,p)Bll Reaction," by E. Almqvist, D.A. Bromley, H.E. Gove,

A.E. Litherland, and E.B. Paul.

"Proton Yields and Angular Distributions from the

c12(He3,p)N14 Reaction," by D.A. Bromley, H.E. Gave,

A.E. Litherland, E.B. Paul, and E. Almqvist.

"Two-Level Fit to Two Interfering 1/2+ States in

N15," by A.J. Ferguson and H.E. Gove.

"Gamma Rays from the c12(He3,p'Y)N14 Reaction," by

H.E. Gove, A.E. Litherland, E. Almqvist, and D.A. Bromley.

The following papers were presented at the Symposium

on the Physics of Fission, Chalk River, May 14-18, 1956:

AI. "Low Energy Fission - Outline of Experimental Data,"

by G.C. Hanna.

A4. "High Energy Fission II," by D.A. Bromley.

B3. "Angular Distribution of Fission Fragments," by

E. Almqvist.

Cl. "The Kinetic Energies of Fission Fragments," by

J. C.D. Mil ton.

C2. "Prompt Gamma Rays and Neutrons Emitted by Fission,"

by J.S. Fraser.

C5. "Delayed Neutrons from Fission," by R.L. Clarke.

Dl. "Experimental Evidence on the Distortion of Heavy

Nuclei," by H.E. Gave.

The following paper was presented at the Meeting

of the Royal Society of Canada, Montreal, June 11-13, 1956:
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"The Reactions Induced by He3 Bombardment of Be9

and C12," by D.A. Bromley, E. Almqvist, A.J. Ferguson,

H.E. Gove, A.E. Litherland, and E.B. Paul.

The following paper was presented at the Gordon

Research Conference on Nuclear Chemistry, Meriden, N.H.,

June 25-29, 1956:

"Rotational Levels in the Region A = 25," by

A.E. Litherland.

•
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3.11 Instrumentation for Services and Civil Defence

(See Appendix A)
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3.2.1 Trailer (H. Carmichael, M. Bercovitch, and J.F. Steljes,
with E.P. Hincks, G.C. Hanna, and C.H. Millar of the
Nuclear Physics Branches)

The Trailer left Echo Lake (by railway freight car be

cause of half loading restrictions on the highway) on March 16,

and arrived at Chalk River on April 9. After some three weeks

at the Plant for refurbishing the apparatus, it was moved to

Deep River for control observations at low altitude. A succes

sion of electronic and mechanical faults has resulted in con-

siderable delay, but technically perfect data are now being

obtained. A filter and a very large capacity fan are being

installed for use during the hot weather. At present the tem

perature in the Trailer even with the doors open rises well

above lOOoF during the day. The new system should hold the

mean inside temperature within looF of the outside temperature

and greatly reduce local hot spots.

3. 2.2 Results

A preliminary summary of the results of the last series

of Echo Lake runs using only the highest quality selected pro

ton events is given by E.P. Hincks elsewhere in this report

(1.2). Several papers on this work were presented at the Mont

real Meeting of the Canadian Association of Physicists.

f
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3. 3 TQU Ion-Chambers (J.F. Steljes)

Including the 26 mentioned in the last report (PR-P-29:

3.3), 43 TQU ion-chambers have been completed and our operations

are now discontinued. Eight of these ion-chambers are now op

erating in NRX, some at 10 ~a and some at 50 ~, and their

stability is being checked from time to time. NRX also hold

six spares. Arrangements have been made to have all the rest

of the 43 ion-chambers intercompared in ZEEP or NRX at three

month intervals starting immediately.

A purchase order for 39 TQU ion-chambers has been issued

to Canadian General Electric, and their personnel spent some

days at Chalk River taking part in the construction of ion

chambers. Several complete sets of machined parts also are

being supplied to C.G.E., and they have a second purchase order

for the assembly and filling of ion-chambers from those parts.

This work will start as soon as a supply of quartz for insul

ators is received (expected in August).

3. 4 Bursts (H. Carmichael and J.F. Steljes)

Analysis of the data on cosmic ray bursts collected

over many years at Deep River and during a short visit to Echo

Lake has been completed, and the work is being prepared for

publication.

The transition curves for bursts of different given

4- ,,~'la'.-, ..",,~cf;:'\1' •
, ,tiff',· "
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sizes in lead have been treated by subtraction of the bursts

arising from ~-mesons, etc., so as to isolate for each of the

sizes the bursts originating from the single cosmic ray elec

trons and photons which are incident on the shield. The range

of size extends from bursts corresponding to a single electron

crossing the ion-chamber to bursts equivalent to 500 simultan

eous electrons. The transition curves expected for bursts

arising from single incident electrons have been computed from

cascade theory taking into account the spherical geometry of

the ion-chamber and of the shielding, and assuming a power law

energy spectrum for the incident particles. Comparison with

the measured curves shows that a differential spectrum

dN re E-J dE appears to hold over the range E = 109 ev to

J x 1010 ev. Below 109 evthe exponent appears to be smaller.

The agreement between the theoretical and the experi

mental curves is remarkably good, particularly in the shift

of the maximum of the transition curve to greater thicknesses

of lead as the energy of the incident electrons increased.

The experimental curves are however in general considerably

broader than the theoretical. This difference can be ascribed,

in part at least, to the neglect of the well-known fluctuations

of the cascade process, which are at present an unsolved the

oretical problem. Attempts to estimate the effect of fluct

uations, made in collaboration with T.D. Newton, were not suc

cessful. Until fluctuations have been properly allowed for,
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it will not be possible to detect other possible deviations

between experiment and theory, due, for example, to neglect

of the trident process in the present theory, or to the error

in the Schiff bremsstrahlung spectrum, measured recently by

Goodjohn and Sargent and calculated by Conkie and Skinner, as

reported at the Montreal Meeting nf the Royal Society of Canada.

SECTION II

3. 5 Slow Neutron Spectrometry

Neutron Scatterin b Phonons in an Aluminum Single
Crystal B.N. Brockhouse and .T:-5tewartJ

During this and previous quarters (PR-P-27: 2.6, PR-P

29: 3.6.2) energy distributions of neutrons scattered by a

single crystal of aluminum in 54 orientations have been obtained

with the slow neutron chopper and in 45 different orientations

with the crystal spectrometers. The largest part of the scat

tering is "single~phonon" scattering in which neutron groups

are observed which satisfy conservation of energy and momentum

between the neutron and one phonon (quantum of energy of a

normal mode of the crystal). From the observations the fre

quency (energy) and wave number (momentum) of the normal modes

can be directly obtained. Between two and three hundred normal

modes have been identified in this way.

The results have been compared with frequency - wave
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number dispersion relations deduced by Walker from X-ray scat-

tering intensity measurements, and with dispersion relations

calculated from the elastic constants on the assumption that

only nearest neighbours in the lattice interact. The general

agreement is good. Further refinement of the data is being

carried out and it is then hoped to obtain fairly accurate

values of the force constants between aluminum atoms in the

crystal.

3. 5.2 Neutron Scattering by Water (B.N. Brockhouse)

The energy distributions (PR-P-28: 2.6.1) previously

obtained have been semi-quantitatively analyzed using the space

time Fourier inversion method of Van Hove (Phys. Rev. 22, 249

(1954» to obtain a self-correlation function for the protons

in water. The self-correlation function may be defined classic

ally as "the probability that, given an atom at position r.' at

time t', the same atom is at position (r. + r.') at time (t + t')".

The data are satisfied by a Gaussian self-correlation function

with an R.M.S. radius of 6 (u2 + Yt) where u = 0.38 x 10.8 cm

and y ~ 1.5 x 10- 5 cm2/sec at, room temperature. The data and
o

analysis apply only to small jumps by protons (~ 1 A). Since

Y is smaller than the value of the diffusion coefficient for

water molecules at room temperature (D = 2.8 x 10-5 cm2/sec)

and a fortiori less than the diffusion coefficient for protons

when possible motions of rotary type without mass transport are

included, it appears that large motions with jump distances
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r-J 2 ~ or more must also take place.

3. 5.3 Slow Neutron Chopper (A.T. Stewart and B.N. Brockhouse)

The instrument was removed from the north thermal column

in order to make the thermal column available for start-up ex

periments after the April shut-down. The thermal column was not

made available again until nearly the end of May. The instru

ment has been re-assemb1ed in a position further out from the

reactor face in order to make room for the Y-ray experiment of

C.H. Westcott and W.H. Walker of the Reactor Physics Branch at

Hole 13. This has resulted in some loss of intensity. Advant-

age was taken of the break in operations to replace the motor,

so that the instrument now runs in synchronism.

3. 6 Neutron Diffraction

3. 6.1 Studies of Antiferromagnetism and Phase Change~

Solids - Cerium (D.G. Henshaw)

It has been suggested from susceptibility measurements

(J.M. Lock, Communication de 1a Conference de Physique des

Basses Temperatures 153 (1955» that cerium may undergo an

antiferromagnet ic transit ion in t he liquid hydrogen temperature

region. In addition magnetic hysteresis effects are observed

to occur in the temperature region 1000 K to 1800 K. The neutron

diffraction pattern for a powdered sample of pure cerium (this

sample was kindly supplied by Drs. D.H. Parkinson and J.M. Lock

of the Physics Department R.R.E., Great Ma1vernon, who suggested
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this investigation) has heen examined at room temperature,

liquid nitrogen, and liquid helium temperatures. Little, if

any, difference exists hetween the diffraction patterns at

liquid nitrogen and liquid helium temperature, which suggests

that the anti ferromagnetic ordering of the magnetic moments,

if it exists, is small.

Several patterns have heen observed at liquid nitrogen

temperatures for several different arbitrary rates of quenching

of the sample from room temperature. It is known that cerium

at room temperature has a f.c.c. structure with a = 5.140 ~.

On cooling cerium to liquid N2 temperature, new lines appear

which may be indexed on a f.c.c. structure having a = 4.82 ~.

This corresponds to a 17% change in volume and agrees with

earlier X-ray measurements (A.F. Shuck and J.H. Sturdivant, J.

Chern. Phys. 18, 145 (1950)). In addition there is a change in

the small angle scattering between the room temperature and

liquid nitrogen pat~erns. The change in t~e small angle scat

tering depends upon the rate of quenching. Measurements have

shown that, within our experimental accuracy, there is a linear

relationship between the small angle scattering and the inte

grated intensity of the 111 peak corresponding to the room tem

perature phase. Taking the small angle scattering to be magnetic

in origin, it follows that the magnetic scattering is associated

with the room temperature phase and that the magnetic moment of

the low temperature phase is almost certainly small.
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Since the magnetic moments are associated with the

high temperature phase, the anti ferromagnetic transition in

the region of l20K is probably associated with this phase. At

tempts will be made to quench the cerium sample rapidly in

order to obtain a larger percentage of the high temperature

phase at low temperatures and to then examine the scattering

pattern at liquid nitrogen and helium temperatures for anti

ferromagnet ic ordering.

3. 7 Gamma-Ray Crystal Spectrometry (J.W. Knowles)

The Gamma-Ral Spectrum Following the Decay of
11.15 Day NdI '7 (with M.A. Clark and G.T. Ewan
of Nuclear Physics I)

The Y-ray measurements reported previously (PR-P-29),

have been repeated with more precision and are listed below,

together with further measurements. The energies are measured

relative to the Pm147 Ka11 X-ray. This reference energy is

obtained by interpolation from the measured Nd and Sm X-rays

(Cork, Stephenson, Phys. Rev. 27, 103 (1926). The intensity

measurements are taken relative to the 90.71 kev Y-ray.
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E(kev) Intensity

(1) 90.71 !. 0.01 28.8
(2 ) 120.0 !. 0.2 0.63 !. 0.06
(3) (159)" '- 0.2
( l, ) (232)" < 0.45
( 5) 277.2 !. 0.6 2.00 !. 0.4
(6 ) 321.5 !. 0.6 3.3 !. 0.6
(7 ) (412). 1.8 !. 0.4
(8) (441)" 2.0 !. 0.4
(9) 532 • !. 0.6 13.0 !. 2.5

(10) (690) 0.40
(11) 31:;' 740 9.6 !. 0.5

.. Measured with NaI detector and single channel pulse height
analyzer. NaI calibrated with Y-rays which have been sel
ected with the curved crystal spectrometer.

.... y-rays of these energies were reported by Rutledge, Cork
and Burson (Phys. Rev. 86, 775 (1952», but were unobserved
within the intensity limits indicated.

Using a curved crystal spectrometer, two Y-ray inten

sities can be compared with a precision of better than!. 5%,

given adequate counting statistics. This is confirmed by the

measurement of the conversion coefficient of the 90.71 kev y

ray of Pm147 • The measured value is 1.67 !. 0.12. The theor-

etical conversion coefficient for this Y-ray, assuming it to

be an Ml transition, is 1.69. For further details concerning

the decay of Nd147 , refer to the report of Nuclear Physics I

(G.T. Ewan, M.A. Clark, and J.W. Knowles).

The Gamma-Ra* Spectrum of Gd156 Following the
Decay of Eu! 6

While studying the Y-ray spectra of the 47 hour Eu153 ,

two low energy Y-rays were observed with a half-life of 14.4

days (PR-P-29). The source was left to decay for a month to
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reduce the 47 hour activity of the Sm153 • Pulse height analysis,

using a NaI crystal detector, indicated radiative transitions

associated with the 14.4 day decay having approximate energies

of 40, g7, 105, 315, 560, 625, 760, 1050, and 1350 kev.

A precise energy meaSllrement by the curved crystal

spectrometer identified most of the 40 kev radiation with the

Kal , 43.073 kev, and Ka2 , 42.36~ kev, X-rays of Gd. It is

assumed that the source of the above Y-rays is Gd156•

Gd156 can be produced by neutron capture from Sm154 as

follows:

Sm154 + n-o>Sm155 @,>Eu155+n--;;.Eu156
21 min

A knowledge of the activation cross section for the production

of Sm153 from Sm152 , the isotopic abundance of Sm 152 and Sm154 ,

together with the measured ratio of the total y-ray intensities

from the Eu156 and Eu153 sources, plus a rough knowledge of

their decay schemes, is sufficient to estimate a lower limit

of 10,000 barns for the cross section for the production of

Eu156 from Eu155 • This value is in reasonable agreement with

the reported value of 14,000 barns determined by mass spectro

scopy (Phys. Rev. 71, 643 (1947).

Work is continuing on the investigation of this decay

scheme.
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3. 7.3 High Resolution Flat Crystal Spectrometer

Completion of the spectrometer has been delayed because

of competing demands on eXisting plant facilities. However, it

is expected that preliminary Y-ray measurements will be made

with the machine within the next month.

SECTION III

3. 8 Pair Spectrometer (G.A. Bartholomew with P.J. Campion)

An estimate of the cross section for this reaction has

been obtained by comparing the intensities of the capture Y-rays

with that of the 9.0 Mev Y-ray from nickel emitted from a sample

containing a known mixture of Li2C03 and Ni203' The measurements

give a capture cross section of 23 ~ 8 mb in Li6 • It should

be pointed out that it has not been possible so far to make

an estimate of the amount by which the capturing state in Li7

decays by a stop-over transition through the second excited

state at 4.61 Mev. The above cross section and its error do

not take account of a possible contribution from this transition.

3. 8.2 Ga(nY)

This spectrum has been studied from 3 to 9 Mev with a

line width of 100 kev. An extremely weak Y-ray at 7.733 ~ .020

Mev marks the upper limit of the radiation detected. This
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energy is close to that expected for the ground state trans

ition in Ga70 and may therefore correspond to the neutron binding

energy in that nucleus. Other Y-rays with the following energies

are resolved above a continuous background.

6.971 + .017
6.657 ~ .012
6.516 .008
6.359 + .009
6.108 + .010
5.9R5 + .016
5.36 + .03
5.23 + .03
4.86 + .02

SECTION IV

3. 9 Standard Type Count~ (I.L. Fowler)

A total of 218 counters were supplied as follows:

74 Type BM end window beta counters, 11 Type CFIS-2 internal

sample proportional counters, 19 boron trifluoride proportional

counters, and 114 halogen counters (106 Type DH-l and 8 Type

HBM) •

3. 9.1 End Window Beta Counters - TY~ill1

Nearly all the counters supplied were made by Electronic

Associates Limited. During the period there was some deterior

ation in quality and insta.bility of starting voltage. This

trouble has now cleared up, and the window thickness measure

ment is satisfactory.
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3. 9.2 Boron Trifluoride Counters

Of the 19 counters supplied, 14 went to Dr. Rose of

NRC, Ottawa, for use in equipments for collecting data during

the I.G.Y.

3. 9.3 Halogen Counters

The DH-l counters supplied were all made by Electronic

Associates Limited, and will be fitted into NRU monitors. See

section 3.12.2 NRU Instrumentation.

The HBM counters were also supplied for tests on NRU

monitors. Intermittent life tests have now been conducted on

five HBM counters for from one to two years with hours of oper

ation at 45 pA current ranging from 5000 to 9000. The character

istics have remained very constant except for a slow drop in

starting voltage. This drop has been about 30 volts. There

have been no failures and the life tests are continuing. The

30 counters made for NRU monitors have shown excellent stability

on tests.

3.10 Counters General - Experimental and Development

A new gas flow proportional beta counter (Type FB-2)

has been designed and six models have been put into use. The

interior is roughly spherical and the window of O.~ mgm/cm2

aluminized mylar is 1-1/1611 diameter. The anode is a thin wire

loop supported on a teflon insulator. Methane and propane both

give excellent counting characteristics.
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Six other counters in the miscellaneous and special

classes were supplied in this period. The most used antico

incidence annular counter has now been re-designed and made

into a standard counter (Type ACA-l).

3.11 Instrumentation for Services and Civil Defence

See Appendix B.

3.12 Instrumentation for N[[

3.12.1 Delayed Neutron Monitors - BF3 Co~er Type BPll~

All counters required for the installation plus spares

are complete and tested.

3.12.2 Health Monitors - Halogen Counter Type DH

Acceptance tests on the 50 counters supplied on the

Electronic Associates development contract were completed with

satisfactory results. A report has been written on these tests

and a Test Specification issued. Type approval has been given

to the manufacturer and a further 150 counters received on an

order. No further work is contemplated on this counter except

for routine testing of samples. Life tests now in progress

will be continued.

3.12.3 Slow Neutron Health Monitor BF3 Counter Type BP18

The six counters required have been made.
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All NRU monitor counters are now standard types and

will be reported on as such in future progress reports.

3.13 Fission Count~

Preliminary studies have been made prior to the de

velopment of various forms of fission counter for reactor

instruments. Construction of preliminary types will follow

when assembly and filling facilities have been completed.

3.14 Publications. Reports. Lectures. and Papers

The following reports have been issued:

GPI-34 "Halogen Counter Type DH - Test Report on Development
Tubes from Electronic Associates Limited" by I.L.
Fowler.

GPI-35 "Test Specification for Geiger Muller Tube Type DH-l"
by LL. Fowler.

GPI-36 "Halogen Counter Type DH-l - Operational Data" by
I.L. Fowler.

The following lecture was delivered at the annual

meeting of the American Crystallographic Association, June 11

15, 1956, by B.N. Brockhouse: "Studies of Lattice Waves and

Spin Waves by Neutron Spectrometry".

The following invited papers were presented:

At the Washington Meeting of the American Physical Society,

April 26-28, 1956: "Dynamics of Water by Neutron Spectrometry"
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At the Montreal Meeting of the Canadian Association of Physicists,

June 14-16, 1956: "Cosmic Rays as a Source of Identified High

Energy Particles for Certain Nuclear Physics Experiments", by

H. Carmichael.

The following contributed papers were presented:

At the Montreal Meeting of the Royal Society of Canada, June 11

13, 1956:

"Ionization Bursts at 10,700 Feet Altitude" - by H. Carmichael.

"Normal Modes of Aluminum by Neutron Spectro~etry" - by B.N.

Brockhouse and A.T. Stewart.

"Method of Measuring Energy Changes in the Scattering of Slow

Neutrons and Some Results" - by A.T. Stewart and B.N. Brockhouse.

At the Montreal Meeting of the Canadian Association of Physicists,

June 14-16, 1956:

"Momentum Distributions of Photons from Positron Annihilation

in Metals" - by A.T. Stewart.

"Selection of Cosmic Ray Protons and Their Energy Measurement

Using Cerenkov Detectors" - by M. Bercovitch, H. Carmichael,

G.C. Hanna, E.P. Hincks, C.H. Millar and J.F. Ste1jes.

"Cosmic Ray Ionization Bursts Under Lead at Sea Level" - by

J.F. Steljes and H. Carmichael.

"An Experimental Investigation of the Electromagnetic Cascade

in the 40 Bev Range" - by H. Carmichael.
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Mr. J. B. Wau~h joined the staff of the Electronics Branch
on May 31, 1956.

Mr. H. J. Blanchard joined the staff of the Electronics
Branch on June 15, 1956.

Mr. W. O. Hedemark transferred from Reactor Physics to
Electronics Branch, June 11, 1956.

Mr. J. C. Hitchcock transferred from General Physics to
Electronics Branch, June 26, 1956.

Mr. G. D. Johnston transferred from Electronics Branch to
General Physics, June 26, 1956.

Mr. W. F. Mills transferred from Nuclear Physics to
Electronics Branch, June 16, 1956.

Messrs. D. G. Burke, G. R. Cass, F. F. Van Humbeck,
D. A. G. Kelly, and W. D. Wasson are working in the Electronics
Branch for the summer.

Miss J. A. Hunter joined the staff of the Electronics Branch
on May 22, 1956.

4.2 SCINTILLATION TECHNIQUES

h. 2.1. Neutrino Effects on Disintegration Rates Near Reactor
(with C. H. Westcott and W. H. Walker, Reactor

Physics Branch)

Photographic accumulation of data in the neutrino

experiment using La138 continues. With the present experi-

mental arrangement there is no significant increase in the

background under the La peak when the reactor power goes

from 0 to 40Mw. The pile of shielding around the crystal

counter is now sealed ltr ith b11ilding ))aper and a positive

pressure inside the enclosure is maintained with process air.

The improvement in background stability suggests that the

previous fluctuations were due to airborne activities.

•
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Preparations are being made to transfer the photo

graphic record to I.B.M. cards to process the information.

Dr. L. Pease is assisting in setting up the computor pro-

gramme.
G.C.

4.2.2.

(a)

Scintillation Spectrometers

Crvstal Mounting

A five inch right cylinder of sodium iodide-thallium

has been repacked using the thin foil techni'lue (PH.-P-29, i,.2.2).

A single assembly has been made including the crystal with a

photomultiplier chosen from a group of 12 to show the least

change of sensitivity with counting rate. The variation in

height of the signal produced from the pulsed light source

was observed when a large counting rate was introduced in the

photomultiplier at a lower pulse height from a small crystal

and a strong gamma source. The least sensitive multiplier

was assembled with the crystal and was found to still show

some drift and this has now been cleared up by operation of

the tube at lower gain with an increased gain in the following

amplifier.

(b) Large Crystal Handling Eouipment

A dry box is being manufactured. This has a turntable

base inside so that the crystal may be moved around during

polishing. A first attempt at canning the dummy crystal has

been made and certain revisions in procedure are to be applied

to a second run.
G.C.
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4.3 TRANSIS TORS

4.3.1. General

The Northern Electric Co. has accepted an order for

400 transistors to meet the specification outlined in the last

progress report. They have completed paper desi~n, and pro

duction of satisfactory units is expected to start in August.

These will be tested and used in kicksorters where their

performance and reliability can be compared with the General

Electric 2N167, a switchin~ transistor which we now use for

this application. Recent tests on a batch of 2N94's have been

disappointing. Since the manufacturer's specification is not

rigid enough to eliminate poor batches we have stopped using

this type.
F.S.G.

4.3.2. Transistor Linear Amplifier

An amplifying circuit using Surface Barrier Tran

sistors has been tested. It provided a current gain of

10 with a bandwidth of 10 Mc/s. This circuit is being studied

further and improved.

Noise measurements were continued on the Surface

Barrier Transistor. It is found that the chief sonrce of

noise at freouencies of interest is shot noise. Contrary to

expectation the input noise current is about the same in the

grounded emitter and grounded base connections. With tran

sistors working at the lowest currents now possible the r.m.s.

noise will be at least the equivalent of 1000 ion pairs.

A. a. J •

•
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4.4 COUNTING SYSTEgS

4.4.1. Kicksorter with MaRnetic Storage & Transistors

The construction of the prototype instrument has

been completed. In general, operation has been satisfactory,

but work is continuing to eliminate minor problems which

have shown up during test. Also design of a power unit for

the prototype instrument is continuing; until now the instru

ment has operated from batteries.

Difficulties experienced during the past three months

and which have now been overcome include the following:-

(a) Because of unsatisfactory operation of the memory

unit due to difficulties involved in obtaining clean wave

forms from the inhibit drivers, a new system of inhibiting was

designed, constructed and put into operation.

(b) Input sensitivity of the temporary storage units

was inadeollate - again causing incorrect operation of the

store. The lack of sensitivity was fully appreciated during

design and, indeed, had been thought desirable to eliminate

the possibili. ty of operation on spurious core pulses. Examina

tion of the sp'Jrious pulses showed, ho"rever, that they were

almost negligible under our drive conditions. The input sen

sitivity has been improved by small circuit changes and the

store now operates reliably.

(c) It had been noted that the address register occasionally

stepped over some positions. This led to a re-examination of



UNCLASSIFIED - 62 - PR-P-30

the design limits of the magnetron beam switching tube circuits

and caused some circuit changes. However it was found in the

end that one of the s"ritching tubes involved '-ras faulty. .'

Problems remaining for solution are as follows:-

(a) Drift in the present encoder unit is excessive.

We believe this will not require appreciable redesign.

(b) To ease problems of printout we have decided to take

the "9's" complement of each number in the Temporary Store

before complementing serially into a decimal scaler for print

out. The change of system required to perform this operation

is simple and involves little additional equipment but a small

change in the circuit of the temporary sto~age units is neces

sary and I1Te have yet to test the new circuit.

Meanwhile a contract has been given to Computing

Devices of Canada to develop a production prototype kicksorter.

Discussions have been held with the firm and most of the cir

cuit diagrams have been handed over. The mechanical form of

the instrument has been defined in the light of our own exper

ience. The instrument will be housed in a rack 42" x 12" x 19"

and will weigh approximately 50 lb. It may be used on a trolley,

on the bench, or, tipped on its side, on a shelf.

F.S.G., G.J.

4.4.2. Dekatron Numerator AEP 2005B

As part of the programme for assessing the re

liahility of these units, 18 units from the Van de Graaff
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kicksorter were tested. With the exception of two units, one

with a faulty reset mechanism, and the other a resistance out

side tolerance, the units were working correctly and had been

in service for six months.

The dekatron tubes (total 72) were studied for base

glow, electrode wear and changes in transfer and maintaining

voltage characteristics. Compared with the measurements made

when the units were first put into service, the greatest change

occurred in the dekatrons occupying the thousands position

(1. e. the fourth and last decade) in the numerator. This is

to be expected where dekatron tubes are operated with the glow

persisting for considerable periods of time in one position.

The tubes, however, still operate satisfactorily within the

voltage limits laid down in the test specification.

With one exception the gas trigger tubes showed

little change from the initial installation measurements,

what little change there was, such as trigger sensitivity

being most pronounced in the early trigger stages of the

numerator due to the greater fre~uency of triggering. The one

faulty trigger tube had developed an abnormally hi~h trigger

sensitivity and manifested itself by an inability to reset.

It ",as also observed that due to aging of the gas

tubes the maximum counting rate had been slightly reduced

but at present this is not significant.

The units have been returned to the Van de Graaff

kicksorter and will be removed at a later date for further

tests.
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The redesigned power supply for the kicksorter

numerator, using more reliable rectifiers, has shown no signi

ficant voltage changes in three months of use. A pro~ramme

is in hand for gradually replacing the old units and in the

future it is hoped that no further trouble will be eXDerienced

from this source.
W.D.H.

4.4.3. Automatic Sample-Ahsorber Changer

Design changes to this unit recommended by the

Engineering Desie;n Branch have been carried ont,. 'fhe unit is

now undergoing final tests before use by the Biology Branch.

'd.D.H.

Didtal Printers

The experimental eight digit printer has been adapted

for, use with the automatic sample-absorber changer (see 4.5.4.)

and its associated dekatron scaler. The printer, which re

places the multi pen recorder formerly used, prOVides both a

time and count record for each sample measurement.

Tests carried out on the 20 digit printer (PR-P-29)

have proved it to be satisfactory. To date approximately 40,000

printing operations have been done. Preliminary design work

is being undertaken to adapt this unit for simultaneous read

out of an 18 channel kicksorter. Read-out time should be about

15 sec.
'vI .D.H.
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4.4.5. Hutchinson & Scarrott Type Kicksorters

The Harwell model has continued to operate satis

factorily during the period. The semi-automatic binary-to

decimal converter has been completed and put into operation.

Some work has been rione towards the b,Jilding of an automatic

read-out system.

A model made by Sunvic ~elonging to Nuclear Physics II

was received for setting up and adjustment. This instrument is

less satisfactory in operation than the Harwell model and re

quires much more effort to set up since many of the preset

controls are very critical in adjustment as well as being in

teracting. After setting up this instrument it works in a

satisfactory manner but experience to date leads to the ex

pectation of frequent maintenance operations.
G.C.

4.5 MISCEL~ANEOUS

4.5.1. Portable ey Cqptamination Meter

The Ferranti Electric Co. Ltd. has been awarded the

contract to produce fifty of these instruments in time for

NRU start-up. The manufacturer has simplified the mechanical

design of the instrument and is now making a production pro

totype for our evaluation.
F.S.G.

4.5.2. Portable Alpha Contamination Monitor

The project at present uses a scintillation alpha

monitor for area surveying which was developed some eight years

ago and which has several limitations set by the available devices
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and technioues of that time. An experimental model of a new

desirn is now being produced. The main chan~es are that a

photomultiplier with a photocathode of lar~er area (RCA 6372)

is being used and the subsequent circnits use transistors.

A voltage dOllbling oscillator type power supply provicles high

voltage and the photomultiplier pulses operate a trigger cir

cuit to provide pulses for the headphones. Provision is made

also for the use of a compact small area probe for use in con

fined locations. The various elements have been operated in a

rough assembly and the first self-contained unit is now being

prepared.
G.C.

4.5.3. Hand & Foot Monitor

The mechanical drawings and construction details of

a portable ~y foot monitor are now complete. A production pro

totype has been built and tested. Test specifications have been

drawn up and a simulator built to facilitate testing by outside

manufacturers.

Wort is about to commence on a second console for

the ~y monitoring of both hands and feet. The unit incorporates

the basic electronic components of the foot monitor. This

unit will serve as a preproduction model for future plant re

quirements.
W.D.H.

Gamma Monitor AEP 211~

This programme is now completed.

W.D.H.
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A dekatron timer has been constructed and teste~ for

use with electroscopes. For timing; purposes a choice exists

between 60 or 120 cis internally generated or an external fre

0uency source up to a maximum of 2,000 cis. Manual or automatic

timing control is rrovirled.
\v.D.H.

4.5.6. Borehole Activities

A logarithmic geiger counter instrument has been

built for this application. T"JO prohes are provided which

cover the range from 0.1 mr/hr up to 10 r/hr. Field tests

have been made and the instrument is now in use hy the Health

Physics Branch.
G.C.

4.5.7. Locating Jig for Prod12-ction of Fuel Elements

An instrument has been bl1ilt vlhich will be used to

indicate the Dosition of the end of the uranium in a sheathed

fuel element. A small sodium iodide-thallium crvstal can see

a finely collimated source of 10\\1 energy gamma radiation and

there is a space between detector and source to draw through

the rod. The end of tee uranium is indicated by an abrupt

change in cOl1nting; rate in the detector. It is possible to

define this point to within less than 1/16".

G.C.

4.5.1'\. Tritium Monitoring (with S. D. Simpson, Health Physics
Branch)

The new differential ionization chamber has been
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tested usin~ active air samples and the theoretical efficiency

has been obtained. Measurements have also been made on the

effect of humid air on the operation of the apparatus. It

has been found that the performance is little affected by hifh

relative humidities and a relative humidity of 65'1& has a barely

noticeable effect.

A production design is in preparation. It differs

from the experimental model in that the major dimensions have

been scaled UP to give dovble the present chamber volume. It

is exoected to obtain a positive indication of 0.2 of a maxi-

mum permissible concentration of tritium.

G.C.

4.6 PRODUCT ENGINEE:tING

4.6.1. Specifications

The following specifications have been issued in

provisional form:-

(a) General Specification for Electronic Eauipment
ELTC-1-56.

(b) Preparation of Manufactvring Drawings for
Electronic Equipment, mm-1-56.

(c) Preparation of Operation Maintenance Manuals for
Electronic Equipment, MAN-I-56.

These will be reviewed during August and then

issued in final form.

4.6.2. Materials Revie~

A number of new materials have been introduced into

Stores Stock. The principle of ordering materials to a
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common commercial specification has been accepted and is being

carried out on new orders.

4.6.3. Finishes

It has been agreed that items reouiring snecified

finishes will be sub-contracted to industry for application of

the finish.
W.G.A.

4.7 RADIAC INSTRUMEN~_~I9N ~OR MILITARY AND CIVIL DEFENCE

See Appendix A

4.8 REACTOR INSTRUMENTATION

See Appendix B

4.9 PAPERS

"Isotopes of Einsteinium & Fermium produced by the
Neutron Irradiation of Plutonium"

by

J.P. Butler, G. Cowper, T.A. Eastwood, H.G. Jackson,
M. Jones and H.P. Schuman.

Phys. Rev. 102, 203 (1956).



UNCLASSIFIED - 70 -

THEORETICAL PHYSICS BRANCH

BY

H.H. Clayton

PR-P-30

•

5.1 staf'f'

5.2 Theory of Binary Fission

5.3 Analysis of' Neutron Scattering Data

5.4 Magnetic Focussing Devices

5.5 The Interpretation of' the Neutron Dif'f'raction Patterns

of' Liquids

5.6 Computation

5.7 Publications, Visits, etc.



UNCLASSIFIED

5.1 STAFF

- 71 - PR-P-30

•
Professional:

Computing Assistants:

Secretarial:

H.H. Clayton
T.D. Newton
S.A. Kushneriuk
H. McManus
W.T. Sharp
J.M. Kennedy
G.E. Lee-Whi ting
F.G. Hess
N.K. Pope
Miss J.D. Tucker (at Toronto)
N.R.F. Steenberg
K. Gottfried

Mrs. B.J. Jones
Miss P.M. Dyson (at Toronto)
Miss I.W. Hay
Miss A. Taylor
Miss N.A.O. Stewart
S.E. Sigurdson
K.M. Armstrong

Miss M.J. Cliff
Miss M.J. Whitton

•

Staff Changes:

Miss M.J. Cliff resigned on May 15, 1956. Miss I.W. Hay
resigned on May 31, 1956. Miss M.J. Whitton joined the branch
as ~ecretary on May 22.

Dr. N.R.F. Steenberg joined the branch for the summer on May 28
1956 and Dr. K. Gottfried on June 4, 1956.

<.

Mr. S.E. Sigurdson and Mr. K.M. Armstrong joined as Computing
Assistants for the summer on May 7, 1956•
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5.2 Theory of Binary Fission

Fission fragment masses have been recomputed by the

methods previously described (PR-P-25: 4.7). Using the B-decay

Q values of King (Revs. Mod. Phys. 26, 327, (1954)) to establish

initial values and slopes, the Q values are extrapolated into

the region of fission masses in two ways: at constant Z and at

constant N. Then, working from measured masses (Wapstra, Physica

XXI, 367 and 385 (1955)), one can easily com[u teO two estimates

of the fission fragment masses. These two estimates are in

satisfactory agreement in me region of interest. A report

now in preparation will give details of the calculations and

tables of fission rragment masses and of energy release in

fission.

5.3 Analysis of Neutron Scattering Data

The scatteY>ing data at 14 Mev for the lighter elements

can be £"i tted by increasing Wo or by concentrating the absorption

at the surface.

The minimum in the total cross section of bismuth at

10 Mev, which has been demonstrated by Bonner and Slattery

(BUll. Am. Phys. Soc. 1, 4, 1956, Paper F7) to be a scattering

minimum (oc = 2.02 barns for Pb, 2.23 for Bi) recuires the values

R = 7.7, Vo = 45. This radius does not fit the scattering at

14 Mev. The bulk cross section can be fitted by decreasi~g Vo'

but then no agreement is obtained with the angular distribution.

The best compromise value, R = 8.1, gives a minimum not so pro

nounced as the experiment&l. The values R = 8.1 and t = 2.1

•

•
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were used when Vo

14, 10, 7 and 4.1

and W were varied to give the best fit. at
o

Mev. No appreciable improvement results

•

•

from concentrating the absorption at the surface.

5.4 Magnetic Focussing Devices

The final orbit calculations for the motion of

electrons in the field of the designed coils of the proposed

J2 ~ ~-spectrometer have been completed. The discrepancy be

tween analytical and numerical calculations can be explained

satisfactorily by the presence of higher order terms omitted

in the analytical treatment.

In order to facilitate the de-gaussing of the spectro-

meter room, methods have been found to generalize the idea of

the Helmholtz coils to rectangular coils.

The profile of the iron pale-pieces which will pro-

duce the inhomogeneous magnetic field reauired for the new type

of Compton electron spectrometer mentioned in PR-P-29 has been

computed.

5.5 The Interpretation of the Neutron Diffraction Patterns of Liquids

The radial distribution function of liquid helium has

been measured by Henshaw for a range of temperatures and densities.

These distribution functions, in conjunction with various types

of two-body potentials, have been used to calculate the mean

potential energy of the liauid. By using the virial theorem,

the mean kinetic energy has also been calculated and, by addition,

the internal energy of the liquid. It was hoped to compare the
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calculated values of the internal energy with the values ob-

tained from thermodynamic aata. Unfortunately the calculated

values of the kinetic energy are very sensitive to the form

of the two-body potential function and the distribution

function for those atomic separations where the potential

function first becomes repulsive. If the radial distribution

function were known accurately, one would have a good criterion

for comparing different potentials. However, it is just this

region where the radial distribution function itself is most

inaccurate. Instead of decre~sing rapidly to zero it generally

oscillates about 7ero.

The radial distribution function is calculated

essentially by taking the transform of the intensity of dif

fracted neutrons considered as a functi:m of S = 41T sin e,IA.

The intensity is measured only for a range of S from 0 to 6A- l •

The osc~llations in the radial distribution function probably

arise from neglecting values of the intensity for S > 6A- l •

In a first attempt to get over this difficulty, a table of odd

order harmonic oscillator functions (up to order 19) was con-

structed, and the intensity was expanded in terms of these.

The radial distribution function was then obtained hV changing

the sign of the coefficients of functions of order 3,7,11,15,

and 19. The transform thus obtained agreed with that calculated

in FERUT, having the same spu~ious oscillations for small

separations. This could have been anticipated, for the first

•

•
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,

•

nineteen harmonic oscillator ~unctions are e~~ectively zero

~or arguments greater than six.

It was then noticed that i~ the deviation o~ the

radial distribution ~unction ~rom its limiting value ~or large

separations was plotted, the first ten zeros were equally

spaced ~rom the origin. It has thus been possible to propose

an approximate analytical form for the distribution function.

By taking the trans~orm one obtains an approximate analytical

expression, with three arbitrary constants, for the intensity

o~ scattered neutrons, l~ the intensity is ~itted by adapting

the constants, the resulting radial distribution ~1inction will

have the correct form for small separations. Preliminary
\

fitting on a desk calculator showed that the expression for

the intensity will have to be generalized, The fitting

procedure is now being carried out on l.B.M. machines.

5.6 Computation

Work on the preparation o~ basic routines ~or the

Datatron computer has continued. A card input routine has been

written for reading programs into the machine, locating them

on various parts o~ the memory drum, modi~ying addresses when

required, and checking the accuracy of the reading, A tracing

routine for ~acilitating the debugging of programs has also

been wri Hen •. This will print or punch the contents of the

registers after each machine instruction, or a fter each in-

struction of certain selected types, so that the operator may
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locate errors in his program by studying the written record.

The levels at wh'ch tracing can be invoked include:

All instructions,

All instructions except those in subroutines,

All change of control instructions,

All change of control instructions that include

transfer of a new block of instructions to the fast memory,

and various combinations of these possibilities.

Some library subroutines have been written and

Checked on the demonstration machine at ElectroData Corporation

in Pasadena.

Work has begun on an automatic coding system that

will enable the programmer to write instructions in a simplified

pseudo-code. The machine i ts"lf will then translate these into

its own code and compile them into a reasonably efficient

program.

5.7 Publications, Visits, etc.

The following papers were given by members of the

Branch at the Symp,)sium on the Physics of Fission, 14-18 May:

"The Liouid Drop Model and Fission" by F.G. Hess,

"The Collective Model and Fission" by H. McManus,

"Statistical Weights and Coulomb Factors for Fission

Modes" by T.D. Newton,

and a Summary of the Symposium by W.T. Sharp.

•

•
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The following papers have been given at meetings by

members of the Branch.

"The 3n-j Symbol: a General Approach to the Recoupling

of Angular Momenta" by W.T. Sharp, American Physical Society,

Washington April 1956.

"A Generalization of the Racah Coefficient" by VI.T. Sharp,

Royal Society of Canada, Montreal, June 1956.

"Shell Effects on Nuclear Level Spacings" by T. D. Newton,

Canadian Association of Physicists, Montreal, June 1356.

"Analysis of Neutron Scattering Data" by H. McManus,

Canadian Association of Physicists, Montreal, June 1956.

G.E. Lee-Whiting attended the Electron Physics

Conference at the University of Maryland and the Washington

meeting of the American Physical Society.

J.M. Kennedy attended Prograwning Seminars for the

Datatron Computer in Toronto on 9 to 13 April and in Pasadena,

California, 23 May to 2 June. He also visited the Purdue

University Computation Centre on 4 June.

The following reports have been issued: TPI-85,

"Shell Effects on the Spacing of Nuclear Levels" by T.D. Ne'

TPI~86 "The Residual Effect of Positive and Negative Loads

NRX" by H.H. Clayton.




