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THE TOTAL NOTRON CROSS-SECTION FOR POLYCRYSTALLINE IRON 

L.A. Vinhas, S.B.Herdade, C.Rodriguez and L. Amarai. 

Instituto de Energia Atômlca, S.Paulo 

The total neutron cross section for polycrystalline Iron has been 

meas-ired for neutrons with wavelength in the range of 0,750 A - 5,444 A 

using the curved slit slow neutron chopper and time of flight spectrometer 

installed in one of the bean holes of the IEAR-1 svinming pool reactor of 

the Instituto de Energia Atomlca (Report IEA 136). 

The measurements were made with a sample of polycryatalline iron, 

reduced by hydrogen (The Carlo Erba Co. Milan, Italy); the average grain 

size of the sample was of 1 micron and the number of nuclei per cubic 

centimeter was determined by measuring the sample weight and its volume. 

The results are presented in Table I with the statistical errors of 

the measurement. 



TOTAL NEUTRON CROSS SECTION OF Fe 
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INFLUENCE AND ELIMINATION OF THE EFFECT OF CONTAMINATION DUE TO SECOND 

ORDER REFLECTION NEUTRONS IN TRANSMISSION MEASUREMENT WITH THE CRYSTAL 

SPECTROMETER 

R. Sta8iulevicius and R. Folfaro 

Institute de Energla Atomica, Sao Paolo, Brasil 

In order to Increase the interval of energy in V ch the IEA crystal 

spectroaeter operates, some methods vere developped for eliminating neutrons 

from second order reflections, that influence the Measurement of a total 

cross section, o_. To estimate these influences, measurements of o_ of gold, 

in the region of energy 0.01 to 1 eV, were made with mor.ochromator crystals 

of Al and Ge, and a comparison was made between the obtained experimental 

points and the theoretical curve of o_ for Au. Both crystals were utilized 

in the planes (111), Al (111) giving the strongest intensity. However, for 

Ge (111) the second order reflections are theoretically forbidden, giving 

thus an advantage over Al (111) for measurements at lower energies, where 

this contamination effect is mostly felt. Tht lower limit of energy is 

0,04 eV for Al (111) and 0.025 eV when Ge (111) is used; for energies below 

this value (0.025 eV), the effect of contamination of higher orders than the 

second are present. In the region of higher energies, close to 1 eV, measu

rements of o- were made only with Al (111), and it was verified that there 

is not much influence of higher order contaminations for cross sections 

varying as 1/v, as it is the case for gold. Nevertheless* the measurement 

of a resonance in that region is particularly «ëssicire te neutres* du* to 

second order reflection*; these effects were estimated in the measurement of 

che resonance of Iridium at E • 0.654 eV, and a Tellurium filter was used in 

order to eliminate them. 



SLOW-NEUTRON SCATTERING AND ROTATIONAL FREEDOM OF METHYL GROUPS IN SEVERAL 

ORGANIC COMPOUNDS 

S.B. Herdade 

Institute de Energla Atôaica, Sao Paulo, Brasll 

APPENDIX 

SLOW-NEUTRON SCATTERING AND ROTATIONAL FREEDOM OF THE CB_ GROUP IN 

ACETONITRILE 

The barrier for internal rotation of the CH. group in acetonitr i le 

i s expected to be zero. Nevertheless, proton magnetic resonance measure

ments (16) resulted in a barrier of 2,6 Kcal/mol for CH.CF in the so. id 

state at low temperatures. This barrier has been attibuted to intermolecu 

lar forces within the crystal . 

The neutron scattering cross-section o /H va A , for acetoni tr i le , 
s n 

is presented in Figure 4, as measured in the liquid state at room temperatu. UA***-

re. The slope 12.6 t 0.3 barns/A-H corresponds to a free rotation of the 

CH_ group, probably indicating that the influence of interaolecular forces 

is negligible for this compound in the liquid state. 

Aa all substances in this paper can be considered as non-associated 

liquids, this last comment nay be also extended to them. 

(16) Stejkal, E.O, Voessner, D.E., Farrar, T.C. and Gutowaky, H.S., 

J. Cham. Ptprs. 31, 55 (1959) 
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INELASTIC SCATTERING OF NEUTRONS 

1) SLOW NEUTRON SCATTERING AND ROTATIONAL FREEDOM OF METHYL 

GROUPS IN SEVERAL ORGANIC COMPOUNDS 

S.B. Herdade 

ïnstituto de Energia Atômica , Sao Paulo , Brasil 

Total cross-sections of CH.NO , (CH3).C02, (CHO-SO, (CH-COKO, 

(CB,)_SiCl., and dimethyl polysiloxane (silicone oil), have been measured 

for neutrons with wavelength In the range 5-10 A. The Scattering cross-

sections per H atom, o /H, may be approximated by stright lines o /H • 

s s 
• a + b A , for X > 5 X. An empirical correlation is observed to 

s s n n r 

exist between the slopes b and the barriar heights for internal rotation 

of CH, groups in the molecules, and a calibration curve is plotted using 

some of the experimentally determined slopes and the published values of 

the barrier heights determined by other physical methods. 

From the slopes (12.3 t 0.5) barns/X-H for (CH.KSiCl, and 

(12,3 t 0.3) barns/X-H for dimethyl polyplloxane, it is concluded that 

the internal rotation of CH. groups in these compounds is practically 

free. An average barrier height of about 1 Kcal/mole is estimated for 

( CH^CO).0, from the experimentally determined slope (10.8 t 0.3) barns / 

X-H. 

(Paper published in the Proceedings of the Copenhagen Symposium on Neutron 

Inelastic Scattering - Copenhagen, May 20-25, 1968 - pag. 197 ). 



TOTAL NEUTRON CROSS SECTION OF 00, 

C, Rodriguez, L.A. Vlnhas, S.B. Berdade and L. Q. Aoaral 

. Reference: IEA - 152 - page 91 

The total neutron cross section of UO. has been measured with a 

slow neutron chopper and time-of-flight spectrometer (see IEA-136), In 

the neutron wavelength region of 1.0 A to 8.0 A . A He detector with 

a pressure of 2 atmosphères has been used. 

The UO- sample was cylindrical, with a 3.2 cm diameter and 1.0 

cm thick; the density was of 10.45 g/cm . This sample has been sintered 

&t 14009C by the Division of Metallurgy of the IEA. Its procedence is 

shown in the graph below. 

Brazilian 
Monazite 
Sands 

-> NH40207 
Radiochemistry 

Division of IEA 

purified 
NH4U20? 

— > 

Metallurgy 
Division of IEA 

The experimental results are in the separate table. The quoteJ 

errors are statistical only. The data for A < 3.6 A* represent an 

average over three channel numbers, and for A > 5.2 A they are an 

average over results obtained by three independent measurements. 

The number of atoms /burn of the sample has been determined from 

mass and surface measurements. The mass was measured many times, during 



total neutron cross section of uù. .2. 

the experiments, to ensure that there «as no water absorption by the sample. 

ihe coherent elastic scattering has been calculated theoretically 

from the assumption of a crystalline structure of the CaF. type, with a » 

• 5.47 A. The scattering amplitudes and the Debye temperatures of U and 

0 were t&ken from the literature. 

From the region X > 6.3 A, arA supposing a 1/v absorption, the 

extrapolated value for the thermal absorption cross section 

ofch(U02) - 8,2 + 0.6 b 

is obtained. 



TOTAL HEPTROM CROSS SECTION OF PO-

Claudio Rodriguez, Laércio A. Vlnhas, 

Silvio B. Herdade and Lia Q. Aurai . 

reference: IEA-152 - page 91 
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THE EFFICIENCY OF A NEOTROR "LONG COUNTER" CALCULATED BY T3E 

HONTE CARLO METHOD 

O.T. Mafra and W. Sader 

Institute de Energia Atomica, Sao Psulo 

A computer program in Fortr.a II language, was développée in 

order to calculate, by a Monte Carlo process, the efficieirfy of a system 

of BF. neutron counters imbedded in a moderating medium. Six of such 

counters are imbedded in a paraffin cylinder on «nose axis a monoenerge-

tic neutron source was placed. 

For each neutron of a pre-determined energy, its trajectory and 

energy losses are simulated until the neutron reaches the detector and 

is either absorbed by the detector, or by the paraffin or escapes from 

the moderator. 

In the last two cases a new history is started and the neutron 

is considered as lost. In the case that the neutron reaches the detector, 

its intrinsic efficiency, which depends on the neutron energy, Is calcu

lated. 

The efficiency of the whole system is also calculated, under the 

hypothesis that the six detectors are connected in parallel. 



HiARGED PARTICLES OPTICS STUDY BY MONTE CARLO METHOD 

A.Suarez, F.A.B. Coutlnho and E. Mazzili 

Instituto de Energia Atomica , Sao Paulo 

It is well known that there exists no analytical expression for 

calculating the resolution of a magnetic spectrometer when the second or 

higher orders of approximation are taken into account. In order to over

come this difficulty, 8 computer program was développée in order to 

calculate the resolution and the line shape of the beta-ray spectrometer 

installed at the IEA reactor for capture gamma-ray studies. 

The calculation is made by using the Monte Carlo method for the 

simulation of random orbits originated in a particles source, whose 

dimensions and location in the spectrometer are previously specified. 

The resolution function is obtained by registering the number of 

particles, of a given momentum interval , which are incident on a detec

tor of pre-determlr'Sd dimensions and location. At the same time, the 

particles distribution both in the radial and axial directions are 

registered for particles of the same momentum. 

The program can also be used for determining the spectrometer 

resolution when a system of multiple sources is used , increasing the 

luminosity of the apparatus several times when compared with that from 

a single source. 



SPEED CONTROL OF A SLOW NEUTRON CHOPPER 

V.A.W. Schrader, A. Ferreira and M.A.Lyra 

Instituto de Energla Atômica, S.Paulo 

The system used for controlling the speed of the IEA slow neutron 

chopper «as designed to keep Its speed constant within IX in the speed 

range between 2.000 and 15.000 r.p.m. 

The electric motor -sed is of the universal series type and its 

speed is controlled by a system which uses an electric signal from a 

magnetic pick up which gives a pulse per revolution. The signal from the 

magnetic pick up is fed to a pulse forming circuit, whose pulses are 

integrated by a diode pump circuit providing a D.C. voltage which is 

proportional to the rotor speed. The error signal, obtained from a 

comparison between ".his voltage and a voltage reference source in a 

voltage comparison circuit, determines the firing phase of silicon 

controlled rectifier" used to control the motor speed. 

Experimental measurements of the system parameters allowed the 

determination of the transfer function of the system and the correct 

evaluation of the Integrator time constant. The comparison between the 

th*nr«Mçfli -«d esperiscstal response of the syscem is presented for a 

step input, for a step load, for a step change in the line voltage and 

temperature. 



A MEASUREMENT OF THE SLOW NEUTRON SCATTERING CKÛSS-SfcCxIÛH IN HâïnAKOL; 

AND THE KRIEGER-NELKIN MODEL 

Claudio Rodriguez and Maria Jose Bechara 

Instituto de Energia Atômica, Sao Paulo 

The slow neutron scattering cross-section per hydrogen atom in 

methanol was Measured with the IEA time of flight spectrometer. The 

scattering cross-section was obtained from the total cross-section of the 

molecule and by subtracting the contributions due to the other non 

hydrogenous atoms. 

The experimental results were compared with the scattering cross-

-section per hydrogen atom in methanol, calculated by the Krieger-Nelkin 

theory. 

The Krieger-Nelkin method uses, essentially, an approximation of 

the Zemach-Clauber formalism in which the effects due to the rotations 

and vibrations of the molecule are separated. 

The Krieger-Nelkin method can be applied to molecules In which 

the translatlonal and rotational movements are considered free and for 

which the applicability of the approximation of the mass tensor is 

possible. 

In the case of the methanol, the agreement with the experimental 

results is reasonable due to the almost free rotation of the methyl 

radical and the low value of the rotational constant of the methanol 

molecule, B • 0,1 meV. 



TIME OF FLIGHT SPECTROMETER: THE COLD NEUTRON BERYLLIUM FILTER FACILITY 

L.A.Vinhas, L.Q. Aoaral, M.J. Bechara, C. Rodriguez and S.B. Herdade 

Institute de Energia Atômica, Sao Paulo 

An arrangement for the study of cold neutron scattering In solids 

and liquids was built at the Institute Je Energia Atomica: it is constltut 

ed by a noncrystalline béryllium fllf.er and a slow chopper tine of flight 

spectrometer. 

The beryllium filter is refrigerated at the liquid nitrogen 

temperature: only neutrons of an energy smaller than 5 meV are transmitted. 

This neutron beam is scattered by the sample and the scattered neutron 

intensity at pre-determlned angles are energetically analyzed by the time 

of flight spectrometer. 

Details of the experimental arrangement and the preliminary results 

of the characteristics of the cold neutron spectrum, the calibration and 

the resolution of the spectrometer are presented. 
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SLCH-NEQTROK SCATTERING IH WATER. POLYETHYLEBB, AMD METHYL COMPOUNDS 

S.B. Herdade 

Institute de Energia Atômlca 

Sao Paulo, Brasil 

(Submitted In partial fulfillment of the requlreaents for the Degree of 

Doctor of Science - University of Campinas, Sao Paulo, Brasil - 1969) 

ABSTRnJT 

The total neutron cross-sections of l i ght water, polyethylene, 

nitromethane, acetone, methyl acetate, dimethyl sulphoxide, acet ic anhy -

dride, acetoni tr i le , dimethyl-dichloro-silane, and dimethyl polyslloxane 

C s i l icone o i l ) , have been measured as a function of neutron wavelength X 

in the range 0.8 to 10.0 X (1.34 x 10~ to 8.21 x 10 eV) using a curv

ed s l i t slow-neutron chopper and time-of-flight spectroueter (1)(2) in 

operation at the IEA-R1 research reactor. 

Measurements have been carried out at room temperature (295 K -

297°K) with chopper speeds from 4000 to 8000 RPM, f l ight paths from 1.48 m 

to 3.00 m, and 32 ysec channel length. The wavelength resolution varied 

from 0.08 X at X - 1 X to 0.30 % at X - 10 X . 

Déminerai i*»d vster has bztc ut i l ized as R-C Sôûplê». The poiyetny. 

lene sample was a 0.241 cm thick plate with a density of (0.92 t 0.01)g/cnr 

and ~ 50X crys ta l l ln l ty . Methyl compounds samples were commercially 

available reagent grade chemicals, a l l liquid at room temperature. Liquid 

samples were contained in aluminum ce l l s such as to present a thickness of 

0.25 cm. 



.2. 

The number of molecules per square centimeter, n, has been determin

ed froa the measured Internal dimensions of the cells and the density of the 

liquid at room temperature. Uncertainties In the n value amount to about 

3Z for the liquid samples, and 0.6Z for the solid polyethylene sample. 

Only statistical errors are indicated in tables and curves. 

The water total cross-section results are in good agreement with 

previous measurements both in the thermal and subthermal regions. They also 

agree with calculated values based on the models proposed by Koppel-Toung 

and McMurry-Russell, in the thermal region. The polyethylene results are 

compared with the Goldman-Federighl and KAppel-Young calculated curves. 

Good agreement is observed in the thermal region but, for E < 0.003 eV, 

the experimental results are found to be lower than the calculated ones. 

Scattering cross-sections per H atom, o /H, were determined by 

subtracting the absorption cross-section from the total cross-section per 

molecule and dividing the result by the number of H atoms in the molecule. 

For water and polyethylene, the scattering cross-sections of oxigen and 

carbon, respectively, have been also subtracted to obtain o /H. The scattejr 

ing cross-sections per H atom may be approximated by straight lines a /H -
9 

• a + b X , for X > 5 X. Slopes b were determined by a weighted least-
8 8 8 

-squares fit to the data. For water and polyethylene, the values 6.8 t 0.1 

b/X-H , and 5.1 t 0.1 b/X-H were obtained, respectively. 

For methyl compounds, an empirical correlation is observed to 

exist between the slopes b and the barrier height* for internal rotation 

of CH, groupe in the molecules, and a "calibration curve" is plotted using 

some of the experimentally determined slopes and the published values of 

the barrier heights V0 determined by other methods (3). This curve can 

be represented by the empirical relation: 



.3. 

V - 11.05 - 1.23 b + 0.03 b2 , vhers V is expressed 
O 8 8 O r 

Real/sole and b in barns/X-H. 

An average barrier height of = 1 Kcal/nole is estimated for 

(CH CO) 0, from the experimentally determined slope 10.8 ± G.3 b/X-H . 

From the slopes 12.3 + 0.5 b/X-H for (CH3)2SiCl2 and 12.3 + 0.3 b/X-H 

for dimethyl polysiloxane, it is concluded that the rotations of CH. 

groups in these compounds are practically free. These results are very 

close to the calculated value 12 b/X-H corresponding to a CH, group 

freely rotating in one dimension around the C, symmetry axis. 

References 

1) S.B.Herdade, L.Q.do Amaral, C.Rodriguez, and L.A.Vinhas, 

"Er; irlmental Study of a Curved Slit Slow-Neutron Chopper and Time-of-

Flight Spectrometer" , IEA Report N9 136 (1967) (in English). 

2) L.Q.Amaral, L.A.Vinhas, C.Rodriguez and S.B.Herdade, 

"Certain Aspects of the Calibration and Resolution of Slow Neutron 

Spectrometers", Nucl. Instr. & Methods, 63. (1968) 13-22. 

3) S.B.Herdade, "Slow-Neutron Scattering and Rotational Freedom of 

Methyl Groups in Several Organic Compounds", Proc. Symp. on Neucon 

Inelastic Scattering , Copenhagen 20-25 May 1968, Vol II (1968) 

197-204. 



MEASUREMENT OF THE PflOTOFISSlON CROSS SECTION OF URANIUM AND THORIUM NEAR 

THE THRESHOLD 

O.T. Mafra and F.G. Blanchini 

Instituto de Energia Atômlca , Sao Paulo 

The photofl8slon cross-sections of uranium and thoritm «ere measured 

li> the energy Interval between 5 and 11 MeV, using monoenergetic gamma 

radiation from neutron capture in various elements placed near to the reac

tor core. 

The intensity of the strongest monoenergetic gamma ray from each 

element was measured with a Nal(Tl) 3" x 3" crystal and the intensities of 

the secondary lines were determined from the gamma-ray intensity ratios 

available in the literature. 

The collimated gamma radiation strikes upon a parallel plate 

ionization chamber whose plates are covered by photofissile (Th or natural 

U) material electrolytlcally deposited. The ion chamber is connected to 

the recording system through a linear amplifier and discriminator and Is 

so ajusted that only fission events are recorded. 

For a given photofissile target one can write a linear equation of 

the type 

CD «•!»!- "F' K 

where 



.2. 

cross-section at the i line energy 

gamma ray intensity of the i line normalized to the 

principal line intensity 

ganma ray flux of the principcl line 

a constant which takes into account the number of nuclei of 

the photofis6ile material and the fission chamber efficiency. 

By using the system (1) and making approximations in energy and 

by neglecting the effect of the secondary lines which do not coincide with 

the principal lines of other elements used as targets, one obtains a normal 

linear system of equations. Due to the approximations used and taking into 

account the errors in the gamma ray intensity measurement and the statisti

cal error, the error of the measurements is estimated to be smaller than 

13Z. 

The normalized obtained results were compared with those of Katz 

et al., which have used the Bremmsstrahlung radiation from a betatron, and 

with those of Manfredini et al. which have used monoenergetlc gamma rays 

from neutron capture radiation using an experimental arrangement similar 

to ours. Our measurements agree with those of Katz et al. within the 

experimental errors and show no agreement with those of Manfredini and 

co-workers. 
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