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The studies connected with nuclear power plants are performed in 
cooperation and coordination with the Ministry of Energy and Infra
structure which has ministerial responsibility in this field. 
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FOREWORD 

This annual report of the Israel Atomic Energy Commission summarizes 

the research carried out during the past year at both its nuclear research 

centers, Nuclear Research Center Negev and Soreq Nuclear Research Centre. 

The brief summaries describe the results obtained in the various domains 

of basic and applied research. The 1981 scientific "harvest" should be 

viewed in the context of an ongoing effort over the years by our scien

tists and engineers to acquire basic scientific knowledge and to develop 

their skills and engineering expertise. As in previous years, mutually, 

beneficial cooperation with other scientific institutions and universities, 

both here and abroad, was achieved within the framework of research, 

scientific exchanges, consultations and training. 

Advances have been made in the fields of mathematics, theoretical 

physics, chemistry, radio-biology, solid-state physics, lasers, plasma 

physics, nuclear medicine and radio-pharmacy, nuclear safety, reactor 

engineering and instrumentation. In addition, studies on the licensing 

of future nuclear power plants, including site selection and evaluation, 

are being carried out. 

As a result of these activities, there have been numerous techno

logical innovations that have benefited local industry. Ties and exchanges 

between scientists and engineers assure the vitality, originality and 

creativeness of both. Success in applied research requires supportive 

fundamental research and therefore the policy of the IAEC is to support 

basic research. 

The following are examples of research that has led to industrial 

applications; 

- Processes developed by the radiation department, e.g. sterilization of 

medical products by gamma radiation, are being exploited by Sor-Van Ltd., 

a company owned jointly by Soreq and private industry. 

- Radio-pharmaceuticals and labeled compounds produced in our research 

centers are currently supplied to the nuclear medicine departments in 

all local hospitals and research institutions. The excellent quality 

of the manufactured products is the result of close collaboration 

between the hospitals and our research laboratories. 



- Recently, agreements have been reached to develop specialized lasers 

for surgery and for industry. 

- A real time neutron dosimeter with a wide energy range and a survey 

meter for high neutron dose rates have been developed. Both are being 

commercialized. 

- The solid-state physics department is producing crystals for a variety 

of industrial applications, particularly electro-optics and lasers. 

- The process development group has found new ways of extracting uranium 

from low-grade ores, such as the phosphate rock of the Negev. Other 

departments are developing processes related to material recycling and 

energy saving. 

- Various services, e.g., non-destructive testing, neutron activation 

analysis, radioactive tracer studies, etc., are offered on a regular 

basis to local industries. 

- The IAEC encourages the establishment of high-technology industrial 

concerns in the vicinity of its research centers. It is believed that 

the interaction between the research centers and the industries will be 

mutually beneficial, and to this end, the setting up of suitable indus

trial parks is now in progress. 

We have reached the point where the results of our work at the 

research centers are becoming integrated into the world of industry, and 

will yield benefits to the economy as a whole. 

Tel Aviv Uzi Elam 
July 1982 Director General, 

IAEC. 
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ON REALIZATIONS OF INFINITE DIMENSIONAL LIE-ADMISSIBLE ALGEBRAS. PART 1 1 ^ 

Y. Ilamed 

Let s ' ( ;a) = s ' (xn,... ,x ... ;an,... ,a ) , i=l,2 and m=0,l,2,... 
x m+x J. in 

be def ined by s X , m ( ;a) = E (sgoOSc . a . x 0 a 0 . . . x a x , _ _ , , 
aeS _N ° ol 1 o2 2 am m a(m+l) 

where S _ denotes the set of permutations of l,...,m+l, sgcr means the 

sign of a, x,,x2,... are noncommuting variables and a..,a_, ... are 

noncommuting coefficients. 

Let s ' ( ;a) o s ' ( ;b) , i=l,2, denote the composition laws o 

defined by 

i.m, N i i,n, . .. s ( ;a) o s ( ;b) = 

ZTESm+n+l(S8T) S ' ^ (XTl""'XT(n+l);b)'XT(n+2)'---'XT(m+n+l)
;a) 

where S' denotes the subset of the set of permutations of 

1,2,... ,mfn+l defined by rl < x2 < ... < x(n+l) and 

x(n+2) < x(n+3) < ... < x(nri-n+l). 

1 2 
Let V and V denote the vector spaces over the integers spanned, 

a a 

respectively, by s ' ( ;a) and s ' ( ;a), m=0,l,2,... . 

1 2 
In this work we showed that V and V with the composition laws 

1 2 a a 

o and o, respectively, are nonassociative algebras that are realiza

tions of infinite-dimensional graded Lie-admissible algebras of the 

right Vinberg type. The corresponding Lie algebras are a generaliza

tion of the "-dimensional Jacobson-Witt Lie algebras. 

REFERENCES: 

1. Ilamed, Y., Hadronic J. _5> 494 (1982) 
2. Ilamed, Y., Hadronic J. _3> 32? (1979) 

ON EXTENSIONS OF THE HEISENBERG EQUATIONS*1* 

Y. named 

The possible extensions of the Heisenberg equations that correspond 

to a natural extension of the commutator were studied. We call an 

extension natural if it is simple and preserves a maximal number of the 



following properties of the commutator: a) alternating in its argu

ments, b) orthogonal (with respect to the trace bilinear form) to 

its arguments, c) trace zero, and d) invariant (associative) property 

of the trace bilinear form. 

The main idea is to use polynomials in noncommuting variables 

that have noncommuting coefficients inserted between the variables. 

For example, the polynomial axbyc — aybxc is alternating in the 

variables x,y and has the noncommuting coefficients a,b,c inserted 

between, the variables. 

REFERENCE: 

1. Ilamed, Y., Hadronic J., in press. 

QUANTUM MECHANICAL STATE-TO-STATE DIFFERENTIAL CROSS SECTIONS FOR THE 

REACTION F + H9 -»• H + HF
(1^ 

J . Jell inek , M. Bae^ and D. 0. Kouri 

In this work we report on the first nonperturbative quantum 

mechanical calculation for state resolved angular differential cross 

sections for a chemical rearrangement for which experimental results 

(2) 
are available. Sparks et al. measured the state-to-state differ

ential cross sections at two different energies E = 2.0, 3.17 kcal/ 

mole. They found that at the lower energy all three angular distribu

tions (corresponding to v. = 1,2,3) are backwards peaked (9 = ir) . At 

the higher energy, however, only vf « 1,3 were still backwards 

peaking, but vf = 2 became sidewards peaked (at Q =120 ). The 

corresponding angular distributions as obtained in the present treat

ment are shown in Fig. 1. The fit between the theoretical results 

and the qualitative experimental findings is seen to be very good. 

No exact quantitative (experimental) results are available. 

* 
Weizmann Institute of Science, Rehovot 

University of Houston, Houston, TX, USA 
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REFERENCES: . 

1. Jellinek, J., Baer, M. and Kouri, D. J., Phys. Rev. Lett. 47, 1588 
(1981) 

2. Sparks, R. K., Hayden, C. C , Shobatake, K., Neumark, D. M. and 
Lee, Y. T., in Horizons of Quantum Chemistry, edited by K. Fulhui 
and B. Pullman, Reidel, Dordrecht, 1980, pp. 91-105. 
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TRAJECTORY STUDIES WITHIN THE FRAMEWORK OF THE INFINITE ORDER SUDDEN 

APPROXIMATION^ 

J. Jellinek and M. Baer 

A detailed classical study was made of the F + H_ reaction within 

the framework of the infinite order sudden approximation (IOSA). The 

main object of this research was to study the sensitivity of the final 

state-to-state opacity functions and cross sections and total opacities 

and cross sections with respect to a parameter B which determines the 

way the reagent channel is transformed to the product channel. Assign

ing a fixed value to B, one obtains a one-to-one relation between Y> 

and A , the two IOSA fixed angles for the angles A and v. The func

tion that connects the three variables is: 

M 2 2 2 ' *5 2 2 2 -
F(Yi>Y-.»B) = COSY, (B - cos 3sin Y,) + BCOSY (1 - B cos 3sin Y )'Z + 

A A A A V V 
2 2 

cosS(sinY, - B sin Y^) = 0 

Here 3 is a mass dependent variable. 

The branching ratios and total cross sections for three different 

B values for E^ ^ = 0.5 eV are shown in Table 1. 
tot 

Table 1 

Branching ratios and total cross sections for three 
different B values (results for E,. =0.5 eV) 

tot 

Branching 
ratios 

Cross section 

(A2) 

Vf 

0 

1 

2 

3 

Total 

B=1.0 

-

0.18 

1.00 

1.24 

2.27 

B=1.A 

-

0.22 

1.00 

0.49 

2.28 

B=1.8 

-

.22 

1.00 

.72 

2.31 

REFERENCE: 

1. Jellinek, J. and Baer, M., J. Chem. Phys., in press. 
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A NEW METHOD FOR CALCULATING TRANSITION PROBABILITIES FOR REACTIVE COLLISIONS 

Y. Shima and M. Baer 

Using the Lippman-Schwinger equations we calculated the transition 

probabilities for the collisional deactivation of vibrationally excited 

diatomics, such as FH with atoms like H 

H + FH -> HF + H 

The system is assumed to be collinear. Its coordinates are r , R . 
a a where r is the reduced vibrational coordinate of the FH molecule before 

a 
the collision (a channel) and R is the reduced distance between the 

a 
projectile H and the center of mass of FH (before the collision). The 
system can also be described by r 

B' RB 
where r is the vibrational 

P 
coordinate of HF (after the collision) and R„ is the reduced distance 

P 

between H and the center of mass of HF (3 channel). 

The inelastic and reactive transition probabilities are obtained 

from the S matrix which has elements S a 
n,n 

3P 
n,n 

given by 

n,n ^ a. X (R ) * (R )dR 
n a n a a 

S *v 
n,n 

o W WdRB 

TII (R ) , lb (R„) are regular solutions to the decoupled Schrb'dinger 
n a n s 
equation in the appropriate R coordinate 

2 2 

Zxa. „_z o n n n 

where V(R) = V(r ,R) is the potential energy of the three-atom 
o 

system at some fixed r , and e are the vibrational eigenvalues 

corresponding to 

[-£•$ + *' •V]*n
t r ) ' En»n(r> 

where R is some fixed point. E is the total energy of the system. 
° a B 

The functions x (R )> X (RR) satisfy the Lippman-Schwinger integral 

equations 
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X
a (R ) = fdr A r )V <j.a ( r ) ^ a (R ) + fdr <J.a(r )V I<J>B(rJ fdR'GB(RQ |R')X

B(Ro n a J c rn a a n a r n a J aTn a a L m 3 1 3 m 3 ' 3 m 3 ' o o * m * 

xf(R 0 ) = fdrQ<j>3(rD)V <fra ( r )*° (R ) + [d r_* B ( r a )V a Ua(r ) fdR'Ga(R |R' x a ( R ' *n 3 J 3 n 3 a n a r n a J 3 n 3 3 u m a J a m a 1 a Am a ' o o ' m • ' 

which were solved numerically. 

V is the perturbation potential given by 

V = V (r ,R ) = V(r,R) - V(r ,R) - V(r,R ) 
a a a a o o 

with a similar exprejsion for V_. 
P 

G(R/R*) is the Green's function 

C ̂ m(R)^m(R') R < R' 
Gm(R|R') = -if \ 
m * I * (R'H (R) R' < R v m m 

and -if (R) is the irregular solution of the Schrodinger equation, 
m 

THE ADIABATIC-DIABATIC APPROACH TO VIBRATIONAL INELASTIC SCATTERING. 

INTRODUCTION OF THE DISTORTED WAVE BORN APPROXIMATION^1* 

M. Baer 

In this work the distorted wave Born approximation is considered 

within the diabatic representation following the adiabatic-diabatic 

transformation. The Schrodinger equation in the adiabatic representa-
(2) 

t i o n takes the form: 

it[JL 
2» U R 2 

+ 2 T ( 1 ) ^ + T ( 2 ) ) ( ( 0 - E ) ] X = O (1) 

where to is a diagonal matrix 

u = e (R)S (2) 
nm n v nm v ' 

(e (R) are the eigenvalues along R); T is an antisymmetric matrix 

x(1) = < <f> | ̂ > (3) 
nm Yn' dR 
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(2) 
x is a matrix with the elements: 

n
 dR

2 m 

and u and E are the mass and the energy of the system. It was shown 

that starting from that representation the corresponding Born term is 

2B12y f 
S 1 2 = — | — ^(RXcdg - ai1)Ycos2Yr,2(R)dR (5) 

•n -* 

0 

where £., i=l,2, are the unperturbed ordinary (diabatic) functions, 

and y is defined as: 
CO 

T = | x 1 2 d R (6) 

R 

and B 1 2 as B 1 2 = 2 / / ^ ^ . 

REFERENCES: 

1. Baer, M., Chem. Phys. Lett. 81, 565 (1981). 
2. Baer, M., Drolshagen, G. and Toennies, J. P., J. Chem. Phys. 73, 

1690 (1980) 

SEMIEMPIRICAL POTENTIAL ENERGY SURFACES FOR THE LINEAR HXY(X,Y=F,C1,Br,I) 

SYSTEMS^) 

I. Last 

The modified diatomics-in-molecules method including a three-
(2) 

center term (DIM-3C) was applied to calculate the linear potential 

energy surfaces of 14 H+XY and X+HY reactions where X and Y are halogen 

atoms. The potential barriers of several of the HXY systems are only 

known with very low accuracy or the data are contradictory. 

All calculations were performed using a common set of adjustable 

parameters. Three of the adjustable parameters were obtained by 

fitting the potential barrier heights of the HFF, HC1C1, and FHF 

systems. The same adjustable parameter for the HX bond used for the 
(3) XH» systems was also used here. The potential barrier heights 

obtained in this calculation do not differ from the reliable experi

mental values by more than 1 kcal/mole. For the reactions F+HC1-»HF+C1 
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and Cl+HBr-»-HC14Br no potential barriers or wells were found. The saddle 

points of the reactions H+XY were found to lie far in the reactant 

valley. 

REFERENCES: 

1. Last, I., Chem. Phys., in press. 
2. Last, I. and Baer, M., J. Chem. Phys. 15_, 288 (1981) 
3. Baer, M. and Last, I., in Potential Energy Surfaces and Dynamics 

Calculations, edited by D. G. Truhlar, Plenum, New York, 1981, 
p. 519. 

COOPERATIVE JAHN-TELLER ORDERING IN ANION-SHARING STRUCTURES^1^ 

R. Engl man 

In crystals such as perovskites, anions are shared by adjacent 

cations. A theory of cooperative Jahn-Teller distortions in cubic 

perovskites containing cations with two-fold electronic degeneracy 

(NaCuF_, KCrF,, KCuF , etc.), based on the resolution of the crystal 

structure into nearly-independent strings and the employment of a 

microscopic, harmonic lattice model and of a difference-operator 

formalism was developed. The observation of distorted structures 

consisting of a high proportion of antiferrodistortive strings supports 

the theory. 

REFERENCE: 

1. Englman, R., Solid State Commun. 40, 619 (1981) 

RELAXATION DYNAMICS OF EXCITED IMPURITIES IN SOLIDS ^ 

R. Englman 

Classical trajectories of atomic displacements in a crystal 

that contains an excited impurity were calculated. The decay of the 

localized excitation emerges from the study. The dephasing and 

anharmonic parts of the rate of escape of excitation from the impurity 

center were obtained and shapes of phonon-pulses emanating from the 

center were determined. Hot luminescence band-shapes were derived 

in terms of the classical trajectory. Several types of impurity-

lattice interaction were used in the computations, but the stochas-

ticity of the relaxation dynamics was not investigated. 

REFERENCE: 

1. Englman, R., Chem. Phys. _58, 227 (1981) 
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SPECTROSCOPIC OBSERVATION OF RELAXATION TRAJECTORIES^1^ 

R. Englman, Y. Gur, D. Mugnai and A. Ranfagni 

The emission spectrum (hot luminescence) of an excited, solid 

state impurity system which relaxes after tunneling from a metastable 

equilibrium position was considered. General formulae show how the 

spectra vary with the tunneling and decay characteristics. A broad 

distribution of tunneling times results in a symmetrically shaped 

emission which broadens as the decay rate decreases. 

REFERENCE: 

1. Englman, R., Gur, Y., Mugnai, D. and Ranfagni, A., Chem. Phys. 
Lett. 80, 316 (1981) 

TRANSMISSION COEFFICIENT FOR A SEMI-CLASSICAL WAVE-PACKET^ 

R. Englman, D. Mugnai and A. Ranfagni 

The semi-classical WKB wave-packet formalism is a useful tool 

for the treatment of non-radiative processes in multidimensional con

figuration spaces. It has now been improved by the evaluation of a 

normalization constant, which is needed to give absolute transition 

rates. Under suitable conditions the present method reduces to the 

transmission coefficient method, however, in general, it is more 

accurate. 

REFERENCE: 

1. Englman, R., Mugnai, D. and Ranfagni, A., Phys. Lett. A85, 87 
(1981) 

LUMINESCENCE LINESHAPE OF A RELAXING SYSTEM^1^ 

A. Ranfagni , D. Mugnai and R. Englman 

The motion of a relaxing system can be revealed by its emission 

lineshape. We have performed a semi-classical calculation that shows 

that the emission spectrum of an excited solid state impurity in a 

crystal, which relaxes towards its equilibrium position, exhibits a 

series of peaks. These peaks correspond to the classical turning 

Istituto di Ricerca sulle Gride Elettromagnetiche del C.N.R.,Firenze, 
Italy 
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points. Correspondence with quantum-mechanically calculated line-

shapes, involving Franck-Condon factors, was established. Detection 

limits of the predicted lineshape were considered. 

REFERENCE: 

1. Ranfagni, A., Mugnai, D. and Englman, R., Phys. Lett. A86, 194 
(1981) 

PHONON PULSES FROM A RELAXING SYSTEM^1* 

R. Engl man 

After absorption by a defect in a solid, the system is usually 

left in a vibrationally excited state. The ensuing vibrational 

relaxation is accompanied by the spread of phonon pulses into the 

solid. By describing the localized vibration as a dispersive phonon 

wave-packet we obtained a consistent, simultaneous formulation of the 

vibrational relaxation and of the spread of the excitation pulse. We 

computed the pulse shape up to about 100 lattice spacings into the 

lattice. The pulse shape retains its sharpness in a Debye-type 

solid, but becomes attenuated if there is dispersion in the phonon 

frequency spectrum. The angular variation of the pulse peak position 

reflects the spectral anisotropy. 

REFERENCE: 

1. Englman, R., J. Phys. (Paris), Colloq. C-6,Suppl. _42, 241 (1981) 

DYNAMICS IN A DISPLACIVE PHASE TRANSITION^1* 

R. Englman 

The configuration of a cooperative system is described by a 

limited number of anharmonic soft modes that have several positions 

of stability and are in interaction with other (hard) harmonic modes. 

Using this description, we calculated first passage times between two 

points of stability separated by a barrier as a function of tempera

ture for a monatomic, Debye-type lattice having dynamical properties 

and mean mass equal to those of MgO. To test the effect of quantum-

mechanical tunneling, calculations were also made for a proton lattice 

having the bonding properties of MgO. Down to 1.2K the effect of 
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tunneling on the transition rate is less than 25%, yet it remains 

distinguishable up to 20K. 

REFERENCE: 

1. Englman, R., J. Phys. (Paris), Colloq. C-6,Suppl. ̂ 2_, 755 (1981) 

A NEW METHOD FOR EQUATION OF STATE CALCULATIONS: LINEAR COMBINATIONS OF 

BASIS POTENTIALS 

Y. Rosenfeld 

A new method for calculating the equation of state for classical 

systems was developed, which is very fast, employs the same algorithm 

for all solid and fluid densities and temperatures, and is of accuracy 

comparable with that of the computer simulations. The method consists 

of fitting the pair potential by a linear combination of potentials 

belonging to a basis set (for which the inverse power potentials are a 

good choice) and of employing a property of additivity of equations of 

state when these are considered in terms of the density and excess 

entropy as the independent variables. The new method accomodates the 

static lattice sum, or any physical quantity that is expected to be 

additive in pair potential contributions, as naturally as the pair 

potential itself, and should be very useful in the study of equations 

of state for real materials. There are indications of the validity 

of the new method in two dimensions as well. 

RADIATIVE HEAT TRANSFER IN THE PRESENCE OF OBSCURATIONS^ 

L. Finkelstein and Y. Weissman 

Numerical simulation of radiative heat transfer problems in 

general axisymmetric geometry in the presence of an active gas was 

considered. Such simulation requires subdivision of the radiating 

surfaces into discrete elements, which are in the present case radia

ting rings. While the effect of a participating medium is easily 

taken into account by integration along the lines of vision between 

the surface elements, the calculation of the different obscurations 

poses the main difficulty. We have written a closed expression which 

formulates the problem exactly, and then developed a systematic and 

compact computational approach to the obscuration problem in complex 

configurations. The present procedure is particularly suited to 
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computer calculations associated with engineering applications in the 

aircraft and furnace industries. 

REFERENCE: 

1. Finkelstein, L. and Weissman, Y., AIM J. 19_, 1244 (1981) and 
IA-1365, 1981. 

SEMICLASSICAL APPROXIMATION IN THE COHERENT STATES REPRESENTATION^ 

Y. Weissman 

In this study we derived a semiclassical theory for the compu

tation of matrix elements of the type |u|v> when either both |u> and 

|v> are coherent states (in different representations) or one of 

them is a coherent state and the other is an eigenstate of a hermi-

tian operator. Our results can be considered as an extension of the 
(2) 

semiclassical theory of Miller, who treated only those matrix 

elements in which both |u> and |v> are eigenstates of hermitian 
(3) operators. Such an extension has also been presented by Heller 

We were able to simplify some of Heller's results considerably by 

exploiting the canonical properties of the classical coherent 

variables. This enabled us to relate the elements <u|v> to certain 

generalized, complex generator functions in a manner that is very 

similar to the relations that appear in the original Miller theory. 

Using the new formalism, we were able to derive an excellent 

approximation to the eigenstates of the harmonic oscillator which 

is valid even for the ground state. Furthermore, we have demonstra

ted that it is possible to describe semiclassically dynamical pro

cesses that are classically forbidden by real time trajectories in 

a certain generalized phase space. 

REFERENCES: 

1. Weissman, Y., J. Chem. Phys., in press. 
2. Miller, W. H., in Advances in Chemical Physics, edited by 

I. Prigogine and S. A. Rice, vol. 25, Wiley, NY, 1974. 
3. Heller, E. J., J. Chem. Phys. 66, 5777 (1977) 
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MANIFESTATIONS OF CLASSICAL STOCHASTICITY IN QUANTUM MECHANICAL BOUND 

SYSTEMS 
* 

Y. Weissman and J. Jortner 

In recent years, remarkable progress has been made in the 

understanding of the classical stochasticity phenomenon (CSL) . 
(2-5) 

We have conducted a comprehensive study of two systems that 

exhibit the CSP, namely the Henon-Heiles and the Barbanis^ J 

system, in order to elucidate the possible quantum manifestations of 

the CSP. Since the semiclassical approximation cannot be applied to 
(8) 

classical systems that exhibit the CSP , our study was mainly numer
ical, and based on a direct diagonalization of the Hamiltonians in a 

truncated basis set of 760 basis functions. In the time independent 
(4) 

domain we have studied the energy spectrum and the eigenfunctions , 

and in the time dependent domain we have concentrated on the dynamics 

of gaussian wavepackets (coherent states). To make the quantum-

classical analogy as close as possible, we have introduced a quantum 

mechanical phase-space, based on the coherent states representation. 

Three main conclusions emerge from our study: 

1) There is no manifestation of the CSP in the energy spectrum. The 

energy levels can be computed accurately by a conventional perturbative 

approach, regardless of the dynamical properties of the corresponding 

classical system. 

2) The CSP is manifested in the topological structure of the quantum 

phase-space densities that are associated with the eigenfunctions. 

3) The CSP gives rise to rapidly dephasing wavepackets. In spite of 

the similarity between the quantum and the classical regular phase-

space domains, the classical stochastic transition is completely 

smoothed out in quantum mechanics. 

REFERENCES: 

1. Chirikov, B. V., Phys. Rep. 52,, 265 (1979) 
2. Weissman, Y. and Jortner, J., Chem. Phys. Lett. J8_, 224 (1981) 
3. Weissman, Y. and Jortner, J., Phys. Lett. A83, 55 (1981) 
4. Weissman, Y. and Jortner, J., J. Chem. Phys., in press. 
5. Weissman, Y. and Jortner, J., J. Chem. Phys., in press. 
6. Henon, M. and Heiles, C , Astron. J. 6»9_, 73 (1964) 
7. Barbanis, B., Astron. J. 2i» 415 (1966) 
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STARK EFFECT FOR A CONFINED HYDROGEN A T O M ^ 
•k 

M. Friedman, A. Rabinovitch and R. Thieberger 

The Stark broadening for a confined atom was considered as an 

approximation for a pressurized system. The procedure consists of 

using the numerical solution of the two-dimensional Schrbdinger 
(2) 

equation with a finite element package . 

The results obtained were compared with the infinite box 

results obtained with the assumption of linear field dependence. It 

seems that the method described here, which does not assume a linear 

response, but rather calculates the shifts as functions of the field 

strength, has some merits for the treatment of the Stark broadening 

of pressurized systems. 
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14, 4737 (1981) 

2. Friedman, M., Rabinovitch, A. and Thieberger, R., J. Comput. 
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THE HYDROGEN ATOM CONFINED WITHIN THE a-QUARTZ LATTICE 

S. Goshen, M. Friedman and R. Thieberger 

In studies of irradiated a-quartz, atomic hydrogen has been 

reported trapped in given sites at liquid nitrogen temperatures . 

The approach us^d in calculating the experimental effect was to 
(2) (3) 

confine the atom in a spherical box or paraboloidal box . By 
(4) adopting a finite element package , we consider any two-dimensional 

box for numerically evaluating the two-dimensional Schrodinger 

equation. Thus the isotropic and anisotropic components of the 

hyperfine splitting can be determined. Appropriate models of a 

confined hydrogen atom within the a-quartz lattice are now being 

considered. 
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REFLECTIVE SURFACE ANALYSIS USING MOIRE DEFLECTOMETRY 

0. Kafri and A. Livnat 

A method for mapping reflective surfaces based on moire 

deflectometry was developed. The mapping of a liquid surface with 

an accuracy of 0.3 ym was demonstrated. The method is simple, and 

the sensitivity is similar to that of interferometry. 

•REFERENCE: 

1. Kafri, 0. and Livnat, A., Appl. Opt. ̂ 0, 3098 (1981) 

PERCOLATION OF FLUID THROUGH A CRACK NETWORK IN ROCKS1" 

R. Englman, Y. Gur and Z. Jaeger 

A network of cracks pervading a rock was modeled by a random 

distribution of two-dimensional, intersecting, complex, narrow cracks. 

The percolation properties of the resulting network were studi \s a 

function of the crack area-density and size of the medium. Gas . .ow 

commences at a finite value of the crack density which in Arkansas 

Novaculite rocks amounts, according to our model, to 670 cracks per 
2 

cm . The mean probability of finding at least one crack intersecting 

another is 0.57 at the threshold density. Above the threshold density 

the rock gas flow permeability increases superlinearly with crack 

density due to the enhancement of short percolative paths. 

This research was supported by a grant from the Directorate of 
Geoscience Research, Ministry of Energy and Infrastructure, Jerusalem 
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ON SOLUTIONS OF THE INHOMOGENEOUS NEUTRON TRANSPORT EQUATION IN THE CASE 

OF ONE SPEED AND PLANE SYMMETRY^ 

M. Lemanska and Y. Ilamed 

The equation 

Lcj>(x,u) = 0, (1) 

where 

1 
L<Kx,u) = (y8 + D<j)(x,u) - (c/2) | ((.(x.p̂ dy1 

X 
-1 

is the steady state homogeneous neutron transport equation in the 
(2) case of one speed and plane symmetry 

If v lies on the real line between -1 and 1 and if v is a 
(2) ° 

solution of the dispersion equation 

X(v) = 1 - (cv/2)ln(v+l)(v-l)"1, A(v ) = 0 (2) 
o 

(2) 
then the solution of Eq. (1) is 

<|>v(x,u) = [(cv/WCv-y)"
1 + A(v)S(v-y)]exp(-x/v) (3) 

and 

<fc (x,u) = (c\> /2) (v-u)~ exp(-x/v ) (4) 

vo o o 

where 6 is the Dirac distribution and P is the Cauchy principal 

value. 

This work is a preparation for the study of the solutions of 

|^ iKx.u.t) + LiJ>(x,u,t) = 0 (5) 

of the form 

iKx.p.t) = z£=(J *k(x,u)t
n"k/(n-k)' (6) 

(3) We have shown , that (x, , t) is a solution of Eq. (5) if 

and only if 

I4» (x,u) = 0 and L^,(x,u) = i|/,_..(x,u), k=l,...,n (7) 
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Taking into consideration the above problem and the solutions (3) 

and (4) of Eq. (1), we have found solutions of the following equation 

L<Kx,p) - S(x,u) (8) 

for the following external sources: 

(a) S^x.u) = (cv/2)(v-y)~n+1exp(-x/v), for |v| > 1, 

(b) S2(x,u) = (cv/2)Pf(v-u)~
n+1exp(-x/v), for |v| < 1 and 

(c) S3(x,u) = 6(v-y)exp(-x/v), 

where the Pf is the Hadamard finite part. 
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ON THE EXPONENTIALLY TIME-DECAYING SOLUTIONS OF THE MONOENERGETIC SPACE-

TIME DEPENDENT TRANSPORT EQUATION FOR PLANE SYMMETRY^1* 

M. Lemanska and Y. Ilamed 

Let us seek the solution of the transport equation 

I^Kx.u.t) +. LiKx.p.t) = 0, (1) 

where 

= vh + 1~2 J du> (2) 

- 1 

having the form 

n , 
iKx.n.t) = e~C I k (x,y)tn"k/(n-k): (3) 

k=0 K 

(2) 
It was proved that the functions ty. are solutions of the 

equations: 

L>o = 0 (4a) 
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L \ = ~ \ - l f ° r k = 1 » 2 ' " - n ^h^ 

where the operator 
1 

iL. SL [ 
3x ~ 2 J 

L = y t r ~ T J dy (5) 
- 1 

(2) 
differs from the operator L, defined by Eq. (2). Previously we 

considered only the polynomial solutions of Eq. (4a). Here we 

apply the Case method to this equation and the existence of the 

solution of Eq. (3) will be proved by the construction of the 
"~x/v 

functions ij>, . Inserting the ansatz, ip = e <f>(p)» and the 
k 1 • ° 

normalization condition <f>(u)dy = 1 into Eq. (4a) yields 

-1 

- ̂  *(y) = f (6) 

*(v) = - f ^ P v ^ + 6(y) (7) 

and 

*0(x,p) = e~
x / v [- f- Pv i + S(p)] (8) 

where Pv denotes the Cauchy principal value. 

In order to find the functions i|), , the following problems 

should be solved: 

(i) U> = e~x/vPf \ for n=l,2,3 
y 

/..v =~r -x/vr(n-l)/ x for n=l,2,3... 
(xi) Li|> = e . iS (u) 

where Pf denotes the Hadamard finite part. 

Problem (i) 

The solution is: 

Mx.y) « e~x/v[APf - ^ - + BPv ̂ ] 

2 
cv 

where A= -v,B- - for n odd; A= -v, B=0 for n even. 
n 
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Problem (ii) 

This problem was solved with the help of the formula 

ud(n)(y) - - n S ^ C y ) 

The solution is: 

?, . v -x/v.(n), N iHx.y) = — e $ (y) 

For example, we have calculated 

2 2 3 
. -x/vr cv „.. 1 c v _- 1 .,, n 

*i = e [_ ~T pf T " T~ pf v "v5 (y)] 

y 

*2 = e"
x/v[- ̂  Pf ̂  - ̂  Pf \ - ̂  P f \ + r 6" ( y ) ] 

y y 
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INTERMEDIATE RESONANCE PARAMETERS DERIVED FROM EXACT RESONANCE INTEGRALS^1* 

A. Schneider, Y. Kami and M. Segev 

Intermediate resonance (IR) theory is aimed at a simple cal

culation of absorption rates in reactor lattices. Both the conceptual 

and practical aspects of the theory are still somewhat unsettled. 

Conceptually, the IR flux approximation does not exhibit the accumulative 

attenuation pf the true flux; practically the determination of IR 

parameters is not a clearly defined undertaking. We suggest a viewpoint 

on IR theory which is conceptually correct and practically clear. 

The IR parameters are usually determined by a variational approach 

so that the resonance integral is accurate to second order for a flux 

known to first order. Alternatively, an iterative procedure is used, 

determining the IR parameters so that the first and second flux 

approximations are equal. 
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The present approach is characterized by the following features: 

a) the IR flux expression is explicitly considered an approximation 

of the local, unattenuated factor in the true flux; b) the IR para

meters are determined so that both the absorption probability and 

the effective group cross section over a resonance are conserved; 

c) the conservation of these two quantities is carried out by 

directly matching their IR values with exact (numerical) values. The 
238 

method was demonstrated by calculating IR parameters for U with 

both hydrogen and oxygen moderators and different background cross 

sections. 

REFERENCE: 
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AVERAGE PARAMETERS FROM SETS OF RESONANCE PARAMETERS 

Y. Gur 

An inter-laboratory comparison of methods used to determine 

average level spacings from individual resonance parameters was 

recently sponsored by NEANDC. Sets of "pseudo-experimental" 

resonance parameters were provided for analysis . For each 

resonance the following parameters were given: E, the resonance 

energy; r the total width; 2gT , twice the product of neutron 

width and g-factor. The main value to be determined was D(£=0). 

The strength functions and the radiative width were also determined. 

We contributed several evaluations, in which the evolution of 

the evaluation of statistical parameters from ladders of resonances 

was demonstrated. These evaluations were mainly based on the Gyulassy-
(2) (3) 

Perkins paper , recommended by ENDF/B 

In our computer code, capture width T is obtained assuming 

"undetermined" J, i.e., J = I and g = 0.5 so that 2gT is about T 

and 

' < r > = < i\ - (28r ) > 
Y t n 

D(£=0) is evaluated assuming that resonances with V less than a 
0 n 

(T , min) given as input were "lost", and all resonances with 
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rw * (I* ,min) 
were observed. The fraction of observed resonances was 

tx n 
estimated assuming 

.P<r)-«p(-^)(^>* 

We found the computed D(£=0) is rather sensitive to (T , min), and 

careful judgement is needed when choosing this value. At the Saclay 

meeting (1981) on this subject, it was agreed that the choice of 

(T , min) should be investigated further. 

REFERENCES: 
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SENSITIVITY OF COMPUTED INTEGRAL PARAMETERS OF SOME LATTICES TO THE 

NEUTRON WIDTH OF THE LOWEST U-238 RESONANCE^ 

Y. Gur and S. Yiftah 

Sensitivities of integral parameters to resonance parameters are 
(2) 

not given in sensitivity files such as SENPRO and, to the best of 

our knowledge, there is not even a FORMAT in which this data might be 

given. This data might be important in assessing the accuracy re

quirements of resonance data and in making decisions about investing 

resources in improving the accuracy of resonance parameters. 

In this work we computed the sensitivity of integral para

meters of several nuclear lattices to the neutron width of the lowest 

U-238 resonance. The codes NANICK and NASIF were used to prepare 

ENDF/B-IV based resonance integrals in the WIMS multigroup structure. 

These were computed for the entire set of fissile and fertile isotopes, 

and inserted in a WIMS binary library tape which we call DAFNAO. In 

another run, the U-238 resonance integrals were recomputed by NANICK and 

NASIF, but with the neutron width of the lowest (6.67 eV) resonance 

increased by 10%. These integrals replaced the former U-238 data in 

a binary library which we called DAFNAG. 

The chosen lattices were computed twice with WIMS: once using 

DAFNAO and once using DAFNAG. Results were studied for the sensitivity 

of the integral system to the lowest U-238 resonance neutron width. 
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Six systems, representing LWR , HWR , uranium fueled fast 
(4) (4) 

systems and plutonium fueled fast systems were computed. Three 

integral parameters are considered: 

k. f, as a measure of the system lifetime. (No burnup calculations 

were done in this work). 

6k _/ C, in percent, i.e. 100(kqnf.o - k „ o)/600 as a measure of the 

Doppler effect 

238U , /(235U •, + 239Pu , ), which is the initial conversion ratio 
abs abs abs 

(ICR) for zero buckling. 

The impact of the neutron width of the lowest U-238"resonance 

upon parameters computed here is rather low. As expected, it is 

higher for moderated systems and negligible for fast systems. A 

similar computation of the impact of the mean-level spacing in the 

unresolved range upon integral parameters is almost completed, and 

preliminary results show that it is much higher than that of the 

neutron width considered here. 

It is clear that the assessment of accuracy requirements can be 

made only if a complete sensitivity file of much broader range of 

integral parameters, nuclear systems, and nuclear data is at hand. 
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PRELIMINARY COMPARISON BETWEEN ENDF/B-V EVALUATION AND PETTEN MEASUREMENTS 

OF THE CAPTURE CROSS SECTIONS OF Tc-99 and Rh-103 

Y. Gur and S. Yiftah 

In this preliminary work we calculated group constants for Tc-99 

and Rh-103, from ENDF/B-V, and compared them with measurements made at 
(1-3) Petten . This com] 

given in both sources. 

(1-3) Petten . This comparison will be extended to include more isotopes 

(4) The Petten data is presented in the ABN group structure 

Adjusted and unadjusted cross sections are given. Their method of 

adjusting the cross sections is described elsewhere 
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Two weighting fluxes are used: the STEK flux (where the 

experiments have been made) and the SNR flux (used for the KFKINR 

set of group constants). 

The ENDF/B-V data given here were derived from the ENDF/B-V data 

library, made, available to us by IAEA-NDS. Computation of infinitely 

diluted multigroup capture cross sections, in the ABN group structure, 

was done with our code NANICK . The weighting fluxes used by Petten 

were also used for the ENDF/B-V computations -

There are rather large discrepancies between the ENDF/B-V and 

the Petten values. Somewhat lower differences, but still significant, 

exist between adjusted and unadjusted Petten values. The weighting 

flux sometimes has a large influence on the group cross section (e.g., 

Tc-99, group 21, the cross section is almost doubled. We noted that 

the Petten and ENDF/V values are in agreement in this particular group) 

REFERENCES: 

1. Dekker, J. W. M., ECN-14, vol. I, 1977. 
2. Dekker, J..W. M., ECN-30, vol. II, 1977. 
3. Dekker, J. W. M., ECN-54, vol. III. 1979. 
4. Abagyan, L. P., et al. Group Constants for Nuclear Reactor 

Calculations, Consultants Bureau, New York, 1964. 
5. Dragt, J. B., et al., Nucl. Sci. Eng. 62^ 117 (1977) 
6. Kiefhaber, E., KFK-1572, 1972. 
7. Gur, Y., TNSD-R/419, Appendix 5, 1971. 

COMPARISON CALCULATIONS WITH VARIOUS VERSIONS OF THE LEOPARD CODE*1^ 

Y. Bartal and S. Yiftah 

(3) 

(2) 
The LEOPARD code is one of the most popular cell codes 

utilized for cell burnup calculations. Our version, the SNRC-LEOPARD 
(4) has evolved from the PSU-LEOPARD . Both versions are based on the 

ENDF/B-III nuclear data library. The modifications introduced into our 

version are as follows: a truncation of unnecessary calculations in 

the thermal spectrum range, a correction in the clad disadvantage 

factor, some corrections published by the European computer code 

library ' and the removal of some input data inconsistencies. 

In order to confirm the reliability of our version, several com

parison calculations were made. The results were also compared with 

those of EPRI-LEOPARD using both ENDF/B-III and ENDF/B-IV libraries*7). 
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The systems computed include five critical experiments of cold clean 

uniform lattices, and one hot lattice of a typical PWR. Double pre

cision calculations were made too, in order to check for the sufficiency 

of the single precision seven digit representation on an IBM computer. 

Typical results are shown in Table 1 for a 0.80" pitch lactice 

with 8% PuO„ and the rest 2% enriched U0_. The differences between 

the various versions for all six systems are up to 1.5% in K^ and up 

to 0.5% in K ._. The relative accuracy of double precision compared 
err 

with single precision is up to 0.5% in both K^ and K f:f. However 

other quantities, such as the resonance group fission cross section, 

may differ by up to 0.7% between the double and single precision 

calculations. 

Table 1 

Comparison of typical cell parameters of various LEOPARD 
versions 

Parameter 

T 

L2 

nfx 
p 

nf2 

P28 

S25 

K 
OO 

K ee eff 

0.80" U02 (enriched to 2wt%) - Pu02 (8%) 

EPRI-LE0PARD 

ENDF/B-III 

36.28 

1.56 

0.7058 

0.6683 

1.6841 

3.542 

0.2505 ' 

1.3596 

1.0223 

ENDF/B-IV 

36.76 

1.48 

0.7222 

0.6655 

1.6764 

3.568 

0.2515 

1.3572 

1.0179 

PSU-LEOPARD 

38.37 

1.54 

0.7253 

0.6592 

1.7101 

3.532 

0.2219 

1.3745 

1.0196 

SNRC-LE0PARD 

38.37 

1.55 

0.7253 

0.6592 

1.7094 

3.530 

0.2218 

1.3740 

1.0192 

K - 4G 1.3740 1.3735 
oo 

K £J:-4G 1.0194 1.0190 
eff 
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These relative accuracies should be compared with the relative 

accuracies of different codes obtained elsewhere which have shown 

discrepancies of up to 0.9% in K _ between LEOPARD and LASER, both 

using ENDF/B-IV based libraries. Thus different versions of the 

same code as well as different codes of similar potential capability 

are not expected to give better agreement than 0.5% in K f values. 
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ASSEMBLY HOMOGENIZATION IN TDB 

Y. Bartal and S. Yiftah 

(1) 

(2) (3) 

The SNRC-PFMPV ' includes a modified version of the LEOPARDK } 

cell code, and a diffusion burnup code-TDB. The two codes are linked 

via special format cross sections, in a form of burnup and soluble 

boron dependent polynomials. Each material in the core is represented 

by its set of polynomial coefficients termed an ADD (assembly data 

description). The usual procedure of preparing the appropriate ADD 

for a specific type of assembly has been based up to now on an infinite 

array representation. In this array all cells are identical and one 

must manipulate the real assembly and transfer it into the required 

representation. Besides the inherent approximation in this procedure, 

one also looses information on the assembly fine structure flux and 

power distributions. 

In order to reduce the inaccuracies involved and to supply detailed 

assembly information as well, a new option has been developed for the 

diffusion burnup code TDB. With this option, the TDB will be able to 

produce homogenized two-group cross section sets in the same ADD format 
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as those produced by LEOPARD. With this new option the calculational 

procedure will be modified as follows. Each type of cell in the assembly 

will be calculated by LEOPARD, or any other cell code producing the 

appropriate ADD. The whole assembly will be calculated by TDB r^ing 

these ADD's, thereby producing an assembly ADD representing the assembly 

as a whole. This refined calculation will also supply the detailed 

flux and power distributions within the assembly. The relative accuracies 

of the old scheme and the new scheme in assembly power fractions and 

multiplication factors will be evaluated. 

1. Bartal, Y. and Yiftah, S., in Trans. Nucl. Soc. Israel, vol. 9, 
1982, p. 2.3. 

2. Bartal, Y., The Soreq Nuclear Research Centre Pressurized Water 
Reactor Fuel Management Package (SNRC-PEMP) User's Guide, in 
press. 

3. Barry, R. F., WCAP-3269-26, 1963-

VALIDATION OF THE THREE-DIMENSIONAL CODE TRITON BY COMPARISON WITH 

EXPERIMENTAL RESULTS 

N. Caspo and S. Yiftah 

In order to validate the 3-D code TRITON , a calculation of 
(2) 

the IRR-I reactor core was made and the results were compared with 
(3) 

experimental results available at Soreq . 

The codes LASER(4), LEOPARD(5) and WIMS(6) were used for pre

paring the macroscopic cross sections. The experimental results of 

a simple configuration (a core like the IRR-1 core, but without 

control rods) were used for validation of the calculated cross sec

tions. The control rods were simulated by the method of logarithmic 

derivatives making use of the one-dimensional transport code SNG 

The results are given in Table 2. 

The comparison between the calculated results of TRITON and the 

experimental results for the IRR-1 core shows reasonable agreement 

between the integral power values of the standard fuel assemblies 

(4% - 7%) and disagreement between the integral power values of the 

partial fuel assemblies which include control rods (10% - 27%). 

The comparison between the calculated and the experimental (critical) 

value of K ct. shows reasonable agreement (1, 
err 
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Table 2 

Comparison of measured and calculated power fractions for the IRR-I 
reactor core configuration 

2.37 2 .5 

- 5 . 2 F 

3 .38 3 .3 

2.42 F 

4 .11 4 .4 

-6 .59 F 

4.16 4 . 1 

1.46 F 

3.35 3.6 

-6 .94 F 

2.77 2 .9 

- 4 . 4 8 F 

4 .12 4 .2 

- 1 . 9 F 

4.85 5.0 

- 3 . 0 F 

3 .51 3.0 

17.0 C 

4 .08 4 .2 

- 2 . 8 5 F 

3.86 3.7 

-6 .48 C 

5.65 5.7 

-0 .87 F 

3.22 2.9 

11.03 C 

5.65 6.0 

- 5 . 8 4 F 

3.96 3.4 

16.47 C 

4 .91 5.3 

- 7 . 3 5 F 

2 .63 2.6 

1.15 F 

3.94 4.2 

- 6 . 1 9 F 

3 .33 3.7 

- 1 0 . 0 C 

5.18 5.4 

- 4 . 0 7 F 

3.32 2.6 

27.69 C 

2.23 2 . 1 

6.19 F 

3.17 3.2 

-0 .94 F 

4.027 4 . 1 

-1 .78 F 

4.23 4 .2 

0 .71 F 

3.74 3.7 

1.08 F 

key: 

1 2 

3 4 

1. Calculated power distirbution (% of total power) 
2. Experimental results 
3. Deviation (%) 
4. F - fuel, C - control rod 
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OPTIMAL APPLICATION OF THE RECURSIVE MONTE-CARLO METHOD IN MULTIGROUP 

PROBLEMS^^ 

M. Goldstein 

The recursive Monte-Carlo (RMC) method, developed for estimating 

importance function distributions can, in principle, provide the adjoint 

distribution to any degree of accuracy. An important question associated 

with the practical application of the RMC method is how to determine, 

a priori, the optimal source batch size for the RMC calculation in 

multigroup problems. The investigation is carried out by numerical 

experimentation applied to a realistic deep penetration multigroup 

problem. 

It was concluded that the optimal batch size for the RMC cal

culation in the multigroup problem considered can be detected by solving 

a geometrically similar monoenergetic problem. Following this approach, 

the computation time needed to find the optimal batch size for the 

irultigroup problem can be dramatically reduced. 
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THE VULNERABILITY OF ENGINEERED SAFETY AUXILIARY POWER (ESAP) TO AN 

EXTERNAL E V E N T ^ 

Y. Hertz and D. IIberg 

A study was made of the impact of an external event on the 

reliability and integrity of the safety related electrical sys

tems of several typical designs of European and U.S. nuclear power 

plants. This study is a follow up of a previous investigation 
(2) 

of the auxiliary feedwater system . The effects that redundancy 

and separation of the safety related electrical systems may have 

on the reliability of the electrical supply to the engineered safety 

systems of the plant were evaluated. It was shown that it is 

possible to increase the survivability of a plant by redundancy 

and separation of systems, such that redundant systems would not 

be affected by a single bomb. 

We define a "single bomb criterion" to mean a plant design 

which can withstand the explosion of a single bomb. The size of 
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the bombs selected would determine the requirements for the separ

ation between the redundant systems. For an understanding of the 

significance of such a design criterion we chose to consider the 

following three types of "acts of war" out of a spectrum of pos

sibilities. These scenarios are: 

a) a hostile attack by a missile or bomb in which the plant is 

hit whether on purpose or by mistake. 

b) a planned attack by a small force trying to penetrate through 

the security measures intended to prevent such an attack. 

c) a mass attack planned to destroy the plant. 

The results of this study show that by designing the plant 

for a "single bomb criterion" the possibility of failure of the ESAP 

becomes sufficiently small so that it can provide reasonable 

protection for scenario (a). A "single bomb criterion" design can 

provide a high probability of successful plant shutdown and cool-

down in scenario (b). It is apparent that numerous hits are required 

to cause system failure in a plant so designed. This low probability 

of inflicting a meltdown accident would deter a "reasonable" attacker 

from attack which is unlikely to cause a significant radiation 

release. For a mass attack, scenario (c), a "single bomb criterion" 

would apparently be insufficient to withstand the attack. Additional 

measures are required for this scenario, mainly an extensive emergency 

plan for reducing core meltdown consequences. 

REFERENCES: 

1. Hertz, Y. and Ilberg, D., in Proceedings of the Meeting on Pro
babilistic Risk Assessment, Port Chester, N.Y., 20-24 Sept. 1981, 
in press 

2. Aruety, S., Ilberg, D., and Hertz, Y., in Proceedings of the 
ANS/ENS, Topical Meeting on Thermal Reactor Safety, Knoxville, 
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PRELIMINARY INVESTIGATION ON THE CORE MELT-DOWN PROBABILITY DUE TO AN 

EXTERNAL EVENT 

A. Knoll 

Analysis of an external event at a nuclear power plant includes 

the identification and quantitative evaluation of the safety and 
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reliability problems caused by the external event (earthquake, tornado, 

missile, sabotage, etc.). The main goal of the present study was to 

analyse the consequences of a hypothetical external missile attack on a 

nuclear power plant, especially a severe accident which includes core 

meltdown. 

The logic model of fault tree analysis was used to evaluate the 

occurrence probability of the following top event: "core meltdown due 

to a missile attack on the nuclear power station", A first order 

approximation of the methodology Tas applied to the 4 loops of the 

Zion pressurized water reactor. In order to reduce and simplify the 

real system, the following first order assumptions were made : 

1. The target of the missiles is the reactor containment. 

2. A single missile may penetrate the containment walls. 

3. The missile has an accuracy defined by a circular error probability 

CEP = 2m, and a destruction range varying between 2 and 6 m 

(depending on the components). 

4. The core meltdown is caused primarily by failure of the reactor 

coolant system and the associated emergency core cooling system 

if the missile penetrates and explodes and/or by simultaneous 

random failures. 

5. The reactor containment is divided into e.g. 14 compartments. Each 

compartment has its own probability of being damaged by the 
(2) 

missile 

Based on these assumptions, the top event (core meltdown) occurrence 

probability was calculated. The reliability importance ranking of the 
(3) basic events was obtained by using the code RELIMPO . The most 

important basic event was identified for this case as the pressure 

vessel failure due to the missile explosion. 

REFERENCES: 
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- 36 -

INVESTIGATION OF PASSIVE IODINE REMOVAL MECHANISMS IN A CONDENSING 

ENVIRONMENT IN A REACTOR CONTAINMENT AFTER LOCA 
* * 

Y. Ben-Haim , E. Elias and A. Keter (Kenigsberg) 

In the analysis of certain external events it is appropriate 

to consider the possibility that active engineered safety features 

will fail to operate. Consequently, escape of radioactivity from 

the containment building can be mitigated only by natural mechanisms, 

such as absorption in condensate films on the containment walls and 

in condensing droplets in the volume of the containment building. 

In the present work, a series of experiments was performed 

to investigate the nature of iodine removal, mainly in order to 

determine the dependence of iodine removal rate on steam conden

sation rate. In contradiction to previous work, it was found that 

the iodine removal rate is invariant to condensation rate. A con

firmation of this behavior was obtained by running some additional 

experiments: steam-free tests (keeping only the walls wet) and 

delayed tests (wetting the walls after a significant period of time). 

The results are explained by abandoning the assumption that 

the flowing steam carries the iodine along with it. Diffusion, 

rather than convection, is the mechanism by which bulk iodine is 

transported to the condensation surface. This result is not sur

prising if one considers that the molecular weight of water (18) 

that is only 7.1% of that of elemental iodine (253.8). This implies 

inefficient momentum transfer by collision from the light steam 

molecules to the heavy iodine molecules. 

The main conclusion is that the iodine removal rate can be 

estimated without knowing the condensation rate exactly (as long 

as the walls are wetted). The removal rate is represented by the 

first-order kinetic coefficient that was found to be about 

0.2 m/min. This can be interpreted as a half-life removal period 

in the range of 5-25 min for reactor containment buildings. 

Technion, Israel Institute of Technology, Haifa 
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REMAND AND SLAMRR - COMPUTER CODES FOR ASSESSING THE RADIOLOGICAL RISK 

TO THE POPULATION DUE TO ACCIDENTS AND NORMAL OPERATION OF NUCLEAR 

POWER PLANTS 

E. Stern, M. Stark and J. Kaufmann 

REMAND - This code was developed in order to assess the risk to 

the public caused by potential accidents in a nuclear power plant located 

at a certain site. The "site" is characterized by its specific mete

orological conditions and the population distribution around it. The 

code, based on a comprehensive consequence model, calculates the 

consequences of any type of accident by both a deterministic and 

a probabilistic method. The results include (for each type of 

accident):-

(a) Rem and Man x Rem doses to several critical organs as well as 

to the whole body (through the main paths of exposure, namely 

cloud exposure, inhalation and ground exposure) 

(b) numbers of expected early and late fatalities 

The model considers 54 isotopes released to the environment in fractions 

determined by the type of the accident . The Gaussian-type dispersion 

model takes into consideration the specific meteorological conditions of 

the site and other parameters, such as plume rise, dry deposition, wet 

deposition, inversion, radioactive decay, changes in the meteorological 

conditions during dispersion, etc. The number of early fatalities is 

calculated mainly as a result of the doses given to the bone marrow , 
(2) 

whereas the number of late fatalities is calculated using ICRP-26 

critical organ weighting method. All the calculations consider the 

specific population distribution up to 150 km from the site. 

SLAMRR - This code was developed in order to assess the risk to 

the public caused by routine ("normal") operation of a nuclear power 

plant at a certain site. The code was developed using methods re-
(3) 

commended by the U.S. Nuclear Regulatory Commission . It calculates 

the average annual doses to the whole body and to the skin received at 

any distance from the plant, as well as the integral doses (that is, 

Man x Rem) received up to 150 km from the site. The annual quantities 
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of isotopes released to the environment (mainly noble gases) can be 

inferred from the experience gained in the last years in operating 

plants throughout the world. The results show that the risk to the 

public due to normal operation is negligible compared to other risks 

to which the public is exposed and also to other exposures to radiation, 

such as background radiation, etc. 

REFERENCES: 
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A GUIDE FOR USING PROGRAM FPS-81 

A. Shapira 

The computer program FPS-81 (fault plane solution) was deve

loped for estimating the strike, dip and slip direction of a source 

element on the fault plane. The computations involved are based on 

the following basic assumptions: 

a) a point source, imbedded in a homogeneous bulk of elastic mater

ial. 

b) a known hypocenter location. 

c) all measured signals are composed of the same frequency. 

d) the take-off angles and the incident angles of the measured waves 

are either known from given tables (for teleseismic distances) 

or may be calculated by assuming a known crustal structure of a 

multi-layered medium with P-wave velocities constant within each 

layer in all directions (for epicentral distances A < 10 ). 

Computations may be performed by using measurements of the polarity 

or both the polarity and amplitude of the initial P-wave. When using 

data of teleseismic distances, only the polarity of the first P-wave 

motion is used in the calculation. The program was tested, by using 

synthetic examples, on the CDC computer of Tel Aviv University. 

REFERENCE: 
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SAFETY AND RELIABILITY REQUIREMENT FOR AN ULTIMATE HEAT SINK SYSTEM^'' 
E. Zell, D. Ilberg, Y. Hertz and A. Weissman 

The purpose of this study is mainly to prepare safety criteria 

and requirements for ultimate heat sink systems (UHS) for nuclear 

power plants in Israel. The first phase of this work was a review 

of the published international requirements and criteria with a view 

to the special needs of UHS in Israel. These needs are mainly: 

a. inland sites (require local sources of cooling water). 

b. low vulnerability to act of war. 

The work included a review of the U.S. and IAEA criteria and 

requirements, and a study of several UHS of American and German 

design having different methods of UHS. In each of the UHS studied 

we examined the implementation of the safety requirements. 

The second phase of the work, now under way,is the reliability 

and vulnerability evaluations of the different UHS designs considered. 

REFERENCE: 

1. Zell, E., Ilberg, D., Hertz, Y. and Weissman, A., LDI-81-37, 1981, 
internal report in Hebrew. 

SAFETY ASPECTS IN THE DESIGN OF A SUBSYSTEM OF A RESEARCH REACTOR^1* 

W. S. Dukhan+ 

The steps in the design, construction and operation of a special 

subsystem for research reactors were considered. The purpose of this 

subsystem is to make it possible to carry out nuclear fuel irradiation 

experiments under conditions similar to those prevailing in reactor 

cores. The safety criteria and the results of engineering and safety 

tests were given. The risk that the system will undergo an accident 

was analyzed and the effect of such an accident on safety and operation 

was evaluated. It was inferred that the risk of fuel burn out is very 

small. Since it is possible in case of fuel element failure to isolate 

the system from the other reactor system, the contamination would be 

contained in a small volume. Contaminated heavy water may be purified 

M.Sc. thesis, Ben- Gurion University of the Negev, Beer-Sheva, 1980 
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by the exiting reactor purification system. Responses of the system 

were theoretically calculated and examined. For example, the tempera

ture rise of the cooling water was evaluated while changing the mode 

of cooling from the normal to the emergency mode. 

REFERENCE: 

1. Dukhan, W. S., NRCN-498, 1981, in Hebrew. 

FIRE BARRIERS IN NUCLEAR POWER PLANTS1" 
* 

A. Weissman, A. Dayan and D. Ilberg 

The purpose of this study was mainly to propose a reliable i 

method, based on conservative assumptions, of defining the severity 

of fires and their effects on the integrity of walls and structures 

in a nuclear power plant. We chose one particular area (viz, cable 

spreading rooms next to the control room) which is particularly 

susceptible and important to the safe operation of the nuclear power 

plant. 

A calculational model was developed for determining the fire 

resistance of the structural materials. Results of using the cal

culational model allow the designer to estimate potential fire 

severity and to compare the relative effectiveness of fire protection 

methods which are available. 

REFERENCE: 
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Based on a study performed by A. Weissman for the M.Sc. degree, 
Tel Aviv University, Ramat-Aviv 
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EQUATION OF STATE FOR MULTICOMPONENT CLASSICAL PLASMAS 

Y. Rosenfeld 

An equation of state for D-dimensional v-component plasmas that 

interpolates very effectively between the Debye-Huckle and ion-sphere 

limits was derived. Extensive analysis for three-dimensional (D=3) 

two-component (v=2) plasmas was made. General expressions for the 

screening factors H..(0) in terms of the equation of state and exact 

bounds for the correlation energy, that improve upon previous bounds, 

were derived. 

MEAN SPHERICAL MODEL FOR THE D-DIMENSIONAL v-COMPONENT CLASSICAL PLASMA^ 

Y. Rosenfeld 

The relation between the structure and the thermodynamics of 

strongly coupled D-dimensional v-component classical plasmas (with D-

dimensional Coulomb potential) was considered, and an exact solution 

of the mean spherical model (MSM) with continuous pair functions was 

given. The function describing the interaction energy between two 

uniformly charged D-dimensional spheres at distance r plays a key role 

for strongly coupled plasmas, similar to that of the Debye-Huckle 

screened Coulomb potential for weak coupling, and provides the ana

lytic form for the MSM direct correlation functions. Exact lower 

bounds for the one-component plasmas, that are very effective for 

arbitrary coupling, were derived. 

REFERENCE: 

1. Rosenfeld, Y., Phys. Rev. A2_5, 1206 (1982) 

EXTREMUM CONDITION FOR THE MEAN-SPHERICAL MODEL 

Y. Rosenfeld 

It was shown that within the mean-spherical model, the condi

tion of continuity of the pair functions is equivalent to a condition 

of extremum for a free energy functional. The equivalence between the 

condition of extremum for the energy and the condition of continuity 

for the pair functions plays a key role in finding a formal exact 

solution of the mean spherical model for D-dlmensional v-component 
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classical plasmas, and is an important feature of the mean spherical 

model for soft potentials in general. 

REFERENCE: 

1. Rosenfeld, Y. and Achcroft, N.W., Phys. Rev. A20, 2162 (1979) 

LASER-DRIVEN SHOCK WAVE STUDIES. PART I. PROPAGATION IN ALUMINUM AND 

POLYETHYLENE SLABS 

S. Eliezer, L. Gitter, A.D. Krumbein and D. Salzmann 

The propagation properties of laser-driven shock waves in pure 

polyethylene and aluminum slab targets were studied for a set of laser 

intensities and pulse widths. The laser-plasma simulations were 

carried out by means of a 1-D Lagrangian hydrodynamic code. It was 

shown that the various parts of a laser-driven compression wave undergo 

different thermodynamic trajectories: the shock front portion is closer 

to the Hugoniot curve, whereas the rear part is closer to an adiabat. 

It was found that the shock front is accelerated into the cold material 

until t - 0.8T (T is the laser pulse width) and only later is a constant 

velocity propagation attained. Scaling laws were obtained for the 

pressure and temperature of the compression wave, which are in good 

agreement with those published in other works. 

LASER-DRIVEN SHOCK WAVE STUDIES. PART II. PROPAGATION IN LAYERED TARGETS 

D. Salzmann, S. Eliezer and A.D. Krumbein 

Calculations of pressure, compression and shock wave motion were 

carried out for laser-driven slab targets composed of CH„ on aluminum 

and aluminum on CH in the intensity range of 10 to 10 * W/cm using 

a one-dimensional hydrodynamics code. High compressions were found 

to occur at the interface of CH- on Al targets due to impedance mismatch, 

but were not found when the layers were reversed. The persistence 

time of the high pressure on the interface in the CH„ on Al case is 

long enough relative to the characteristic times of the plasma to 

have an appreciable influence on the shock wave propagation into the 

aluminum layer. It was also found that the pressure and compression 

on the interface can be optimized by adjusting the CH„ layer thickness. 
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NON-LTE POPULATION PROBABILITIES OF THE EXCITED IONIC LEVELS IN A 

STEADY STATE PLASMA^ 

D. Salzmann 

A complete-steady-state (CSS) model for the charge state dis

tribution and the ionic levels population probabilities of ions in 

hot, non-LTE plasmas was developed. The following properties of 

this model were described: (•£) it was shown that CSS covers LTE 

and corona equilibrium (CE) in the high and low electron density 

regimes, respectively, (•£•£) an explicit expression was found for 

the low electron density asymptotic behavior of the population 

probabilities, (£•£•£) it was shown that at intermediate density 

regions the CSS model predicts results similar to that of the 

quasi-steady-state model, (iv) new validity limits were derived 

for LTE and CE, (u) the population distribution of the excited 

levels was revised, (ui) an analytical expression was found for 

the high electron density asymptotic behavior of the population 

distribution, (vii.) the influence of the radiation reabsorption 

in a spherically symmetric CSS plasma was discussed and, (uiii) the 

effect of the inaccuracies in the rate-coefficients on the results 

of CSS calculations was evaluated. 

REFERENCE: 
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THE DETECTION OF PARAMETRIC INSTABILITY THROUGH 2w EMISSION FROM HIGH 

INTENSITY LASER-PLASMA INTERACTION 

S. Eliezer, S. Jackel, B. Arad, Y. Gazit, H.M. Loebenstein and A. Zigier 

Results obtained from experiments performed indicate that para

metric instabilities exist in the high intensity regime of laser-

plasma interaction. The measurements were made using 1.06 um pulses of 

3 nsec duration with irradiances in the domain 10 - 10 W/cm . 

Principle diagnostics consisted of 2a> spectroscopy, 2u calorimetry and 
15 2 

fast ion measurements. At a threshold of approximately 2x10 W/cm 

all of the diagnostics show characteristic behavior of an instability. 

The 2to spectra contained an additional re-shifted component which is 



- 46 -

found to vary with (Z/A) z as predicted for a parametric instability 

involving ion acoustic waves. As expected from an instability, the 

2o) intensity increased rapidly above the threshold. Moreover, charge 

collector measurements show an extra fast ion component (that appears 

at the same threshold as the red-shifted 2ta light) and its magnitude 

shows a fast increase with laser irradiance. This "hardening" of the 

fast ion spectra indicates that the observed process is an absorptive 

instability. We can explain the data by including the effect of 

ponderomotive forces on the waves that couple parametrically. 

INTERACTION OF UNRESOLVED TRANSITION ARRAYS IN SOFT X-RAY SPECTRA FROM 

LASER PRODUCED SPECTRA OF HIGHLY IONIZED HEAVY ATOMS^ 
* * 

A. Zigler, Y. Gazit, S. Jackel, N. Spector, M. Klapisch , P. Mandelbaum , 

J. Bauche and C. Bauche-Arnoult 

When heavy elements are highly ionized in hot plasmas their 

ground configuration often involves an open 3d shell. This gives 
(2) 

rise to unresolved transition arrays or "bands' . We obtained 

such spectra for fifth row atoms (e.g. Ag) in laser produced plasma. 

Usual methods of line identification are useless in this case. We 

used a new statistical description of unresolved arrays, based on 

evaluation of the variance of the square of the Hamiltonian, to compute 

the mean wavelengths and spectral width of these arrays. This permits 

identification of ionization stages. The agreement between theory 

and experiment makes possible an evaluation of the effective Z of 

the plasma without complex atomic computation. 
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IDENTIFICATION OF 3d-4p TRANSITIONS IN Co-LIKE W XLVIII AND Tm XLIII 

AND IN Cu-LIKE W XLVI AND Tm XLI FROM LASER-PRODUCED PLASMAS^ 
~k *k "k "k 

M. Klapisch , P. Mandel baiim , A. Barshalom , J.L. Schwob , A. Zigler 

and S. Jackel 

We observed and identified 3d-4p transitions in Co-like 

(3d9-3d84p) and Cu-like (3d104s-3d94s4p, 3d104p-3d94p2, 
in Q in Q 

3d 4d-3d 4p4d, 3d 4f-3d 4p4f) X-ray spectra of W XLVIII, 

W XLV (̂ 6-7.5%) and Tm XLIII, Tm XLI (8-9A). The spectra were 

obtained by irradiating planar targets with high intensity laser 

light. Identification was based on isoelectronic sequence analysis 

and on comparison with ab initio relativistic calculations. The 

importance of configuration interactions in Cu-like spectra was 

pointed out. Agreement between computations and measurements was 

very good. 

.REFERENCE: 

1. Klapisch, M., Mandelbaum, P., Barshalom, A., Schwob, J.L., 
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TEMPORAL PULSE-SHAPING FOR LASER-FUSION EXPERIMENTS USING A CAVITY-

DUMPED Q-SWITCHED OSCILLATOR^ 

S. Jackel, R. Laluz, Y. Paiss, H. Szichman, B. Arad, S. Eliezer, 

Y. Gazit, H.M. Loebenstein and A. Zigler 

For the purpose of generating temporally shaped laser pulses 

in the nanosecond regime, a cavity-dumped Q-switched oscillator was 

constructed. It has proven to be versatile, efficient, reliable, and 

stable. Its performance was demonstrated through the generation of 

flat-topped step pulses with rise-times of 0.2 ns and controllable 

duration of between 1 to 4 ns, and through the generation of double-

step (Nuckolls- type) pulses. Peak powers of 0.3 MW in TEMOO, 1 mrad 

divergence pulses were routinely obtained. With one additional 

* 
Hebrew University, Jerusalem 
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isolation stage "slaved" to the cavity-dumped Pockels cell, a prepulse 

energy contrast of 7x10 was achieved. Output energy stability was +7%. 

REFERENCE: 

1. Jackel, S., Laluz, R., Paiss, Y., Szichman, H., Arad, B., 
Eliezer, S., Gazit, Y., Loebenstein, H.M. and Zigler, A., 
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MULTI-STEP LASER PULSE GENERATION USING PASSIVE ELECTRICAL NETWORKS IN 

THE DRIVER OF A CAVITY-DUMPED Q-SWITCHED OSCILLATOR^1) 

S. Jackel, R. Laluz, B. Arad, S. Eliezer, Y. Gazit, Y. Paiss, H. Szichman 

and A. Zigler 

Multi-step laser pulses were generated by adding passive electrical 

networks comprised of impedence mismatched junctions, delay lines, and 

by-pass cables to the Pockels cell driver in the Soreq cavity-dumped 

Q-switched oscillator. These pulses are of a type particularly useful 

in laser-fusion and plasma physics research. Laser light step ratios 
-3 

of between 1 and 10 in steps with durations of between 0.5 and 4 ns 

were systematically produced. Equations based on the theory of impedence 

mismatched junctions were derived to accurately predict the observed 

voltage waveforms. Inclusion of the Pockels cell response yielded 

accurate quantitative prediction of the observed laser pulse. 

REFERENCE: 
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DECOMPOSITION OF SiClA TO Si BY MICROWAVE INDUCED PLASMA 

R. Manory , A. Grill , U. Carmi and R. Avni 

Deposition of Si from a gaseous mixture of SiCl. + Ar 4- H„ by RF 
(1) plasma has been previously reported . In the present work these gases 

3 

were introduced in a microwave (2.45x10 Hz) plasma and the reactions 

taking place in the plasma were investigated using a quadrupole mass 

spectrometer connected on-line with a data-processing computer. The 

composition of the gas stream was analyzed during plasma activation 

and compared with the gas composition without plasma. 

Ben Gurion University of the Negev, Beer-Sheva 
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The mass spectral analysis was performed with regard to the micro

wave cavity position along the gas stream vs. the sampling nozzle, i.e. 

the sampling upstream, downstream or at the cavity location. The results 

were correlated with external parameters, such as gas pressure, net 

microwave power, flow rate and concentrations of SiCl, and H in the 

argon plasma. The study of the reactions occurring in the plasma, de

composition, polymerization and reduction to Si, is important for the 

understanding of the deposition process. 

REFERENCE: 
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CORRELATION OF PLASMA-SURFACE REGION WITH COMPOSITION OF DEPOSITED PYROCARBON 

A. Inspektor, Y. Khait and R. Avni 

Formation of pyrolytic carbon coatings in an inductive RF plasma 
(1-3) has been successfully explained by interaction between a high 

energy electron beam (HEEB) released from the solid substrate surface 

and plasma constituents in the plasma-surface region. In this work, 

the influence of processes in this region upon composition and anisotropy 

of the pyrolytic carbon coatings were treated as follows. 

The plasma-wall coupling takes.into account the following phenomena: 

a) sputtering and electron emission occurring on the surface under the 

influence of bombardment by accelerated positive ions from the plasma 

bulk. 

b) processes in the plasma activation zone formed around the solid 

substrate. Processes in this area are affected by the electrons 

emitted from the surface and accelerated towards the plasma by the 

electric field in the sheath. The HEEB thus formed is characterized 

by electron energy higher than that of the electrons in the plasma 

bulk. 

* 
Ben Gurion University of the Negev, Beer-Sheva 
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The product formed in the plasma bulk region is a soft, low density 

deposit with a high hydrogen content, whereas the product in the 

plasma-surface region is characterized by a higher density and hard

ness and by a low hydrogen content. The pyrolytic carbon coating 

deposited on the substrate is a composite of the two. 
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SURFACE INTERACTIONS IN A COLD PLASMA ATMOSPHERE^1* 
+ 

A. Inspektor 

The formation of a pyrocoating on commercial grade graphite in a 

cold plasma atmosphere of argon and propylene mixtures was investigated. 

The experiments were performed in an evacuated glass tube at low 

pressure (<10 torr) with a flowing gaseous mixture of argon and propylene. 

(In some of the experiments argon and methane were used-) Excitation and 

ionization of the gases were achieved by electromagnetic radiation of 

radiofrequency 0.5x10 Hz, and in some experiments by microwave 

frequency irradiation (2.45x10 Hz) through an external antenna that 

was located around the middle of the tube. 

The research was performed in four complementary directions, 

(a) Characterization of the plasma. The effects of various experi

mental parameters on the composition of the plasma, i.e. the density 

of the positive ions and the temperature of the electrons, was investi

gated. The following parameters were investigated: the concentration 

of the hydrocarbon in the feed mixture, the total gas pressure in the 

tube, the induced power, the location of the sampling position in 

relation to the location of the antenna and the direction of the gas 

flow. 

Ph.D. thesis, Technion, Israel Institute of Technology, Haifa 



- 51 -

(b) Measurements of the deposition rate as a function of the concentra

tion of the propylene in the feed mixture and of the total gas pressure 

in the tube. 

(c) Characterization of the coating, which included structure and 

morphology analysis, and measurements of microporosity, composition, 

optical anisotropy and density. 

(d) Development of a theoretical model of the deposition process which 

is based on the plasma-surface interactions, and relates the character

istics of the plasma to those of the deposited coating. The values for 

the composition of the coating and its rate of deposition calculated 

using the model agree well with those that were measured experimentally. 

REFERENCE: 

1. Inspektor, A., NRCN-506, 1981, in Hebrew. 

PLASMA DIAGNOSTICS BY MOIRE DEFLECTOMETRY 

E. Margalith and 0. Kafri 

An optical technique for quantitative diagnostics of plasma was 

developed. Plasma density gradients can be measured directly from 

a distorted moire pattern produced by a collimated light beam passing 

through the plasma and two gratings behind it. 

The resolution and sensitivity of the system can be varied 

independently, regardless of the plasma size, by choosing the 

pitch of the gratings and the spacing between them. This allows 

measurements in plasmas having strong density gradients (outside 

the range of meaningful interferometry) by choosing an insensitive 

system, and on the other hand the system can compete with inter

ferometry in weak plasmas, with high density gradients. Measurements 

in plasmas with gradients on the order of L - — > 2x10 cm 

are possible using red light (L is the plasma length along the 

light beam). 

The advantage of this technique lies in its simplicity and 

its main drawback is the limit imposed by light diffraction from the 

gratings. 
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SEMICLASSICAL EQUATIONS FOR A TWO-MIRROR PULSED LASER IN THE SINGLE MODE 

CASE 

M. Baer and I. Last 

The semiclassical first-order equations which govern the lasing 

in a three-level two-mirror laser were obtained by Lamb . In his 

theory Lamb neglected the radiation output from a cavity, taking into 

account only the inner losses. This assumption becomes far from 

reality if the reflectivities of the mirrors are essentially smaller 

than 1 so that the flow of photons is not the same in both directions 

of light propagation. 

In the present investigation it is suggested that the reflectiv

ities are arbitrary. In this case it is more convenient to describe 

the field and polarization in running wave terms applying the semi-
(2) 

classical theory of amplifiers . Since in a laser there are two 

directions of light propagation, the number of first order space-time 
(3-5) 

equations is greater than in an amplifier . In lasers the popula
tion difference can become a space oscillating function, which was not 

(3-5) taken into account in the previous papers . Now we introduce these 

oscillations in the population difference using the expression 

N = N + Ucos2(kz - <j>) + Vsin2(kz - <J>) (1) 

where N , U, and V are functions slowly varying in space and time and 

k = V/c is the wave number. The oscillating terms in Eq. (1) lead to 

higher harmonics, but one can neglect them by making suitable approxima

tions. As a result the closed set of first order space-time equations 

was obtained with two additional equations for the functions U and V. 

In the unsteady state the shift of phase diminishes the oscillations 

in Eq. (1) which substantiates the applicability of the equations 

obtained in Refs. 2-4 for a pulsed laser. 

The molecule motion has to be introduced in our case for each 

running wave separately which leads to an infinite set of coupled 

equations. This set of equations can be integrated numerically for 

discrete velocities only. 

The numerical analysis shows that the time equations obtained 

by neglecting the motion of molecules and the space oscillations of 
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the population difference give proper results if the peak pulse 
19 -2 

pumping rate is not stronger than 2x10 sec and the phase memory 

decay constant is not smaller than 10 sec 

REFERENCES: 
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2. Tesevgi, A. and Lamb Jr. ,W. E., Phys. Rev. A185, 519 (1968) 
3. Last, I. and Baer, M., Appl. Phys. Lett. 38, 838 (1981) 
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TIME DEPENDENT LASER EQUATIONS FOR A FINITE PHASE MEMORY DECAY CONSTANT^ 

I. Last, Y. Reuven and M. Baer 

(2) 

In a previous investigation a new set of space-averaged time-

dependent equations was obtained which describes the evolution in time 

of an unsteady state laser. The present investigation considers the 

correlation and normalized functions which appear in the time equations. 

All of these functions can be expressed analytically for two situations: 

(a) in the vicinity of the_threshold and (b) after quasi-steady-state 

conditions are reached. In both situations the correlation and nor

malized functions are equal to or close to 1, except for one normalized 

function which increases linearly with time in the vicinity of the 

threshold. We assume that for the whole lasing period all correlation 

and normalized functions are monotonic with correct behavior in the 

two limited cases. The numerical calculations support such interpola

tion . 

The space-averaged time equations are: 

|| = -YF + ~ YH + Ylg - \ (1 - e_Yt/b)Ql 

|| = 2YH + 2YFg" 

i& = G - 2F at 

where I is the photon density, Q is the output, g is the population 
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difference, G is the pumping rate, and y is the phase memory decay 

constant. The solutions of these equations are in good agreement with 

those of the initial space-time equations, at least for y > 10 sec 

REFERENCES: 

1. Last, I., Reuven, Y. and Baer, M., Opt. Commun. .39., 83 (1981) 
2. Last, I. and Baer, M., Appl. Phys. Lett. J8_, 838 (1981) 

SATURATION EFFECTS IN A THREE-LEVEL LASER SYSTEM WITH CONSTANT LOSS 

Y. Reuven and M. Baer 

(1) 

In this work a quasi-steady state analysis of a pulsed three-

level laser system (homogeneously broadened) was extended to account 

for uniform losses along the cavity. The study deals with two newly 
(2 3) 

introduced functions q(t) and q(t) defined as: ' 

q(t) - 5 (1) 

q(t) = ̂  (2) 

Here g(z,t) and (|>(z,t) are the population difference and the photon 

density, respectively. Q is the output energy, L is the cavity 

length and 

3 = y InGl^) (3) 

where R and R̂  are the two mirror reflectivities. For any function 

X(z),the bar stands for: 

L 

X = i J X(z,t)dz (A) 

0 

The functions q(t) and q(t) are usually assumed to be 1. Exceptions 

to this assumption are, in fact, the subject of our studies in this 

field^ ' . In particular, it was established that for a lossy 

medium, q is in many physical cases significantly different from 1. 

First we established a relation between q and q 

q = q + (q - 1) -f- (5) 
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(g is the loss coefficient) and then determined the limits for q: 

(XB)" 1 <q < (Xg)"1 (6) 

where 

XL = 

Cl + V/*o" 

A = 

^ - v A>( i - v/** 
(7) 

( R o + V ( 1 - R oV + 4W 
2<Ao~+ A?2<1- / W 2 
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COMPUTER CODE FOR THE CALCULATION OF THE PERFORMANCE OF A PULSED CHEMICAL 

LASERW 
* 

K. Waichman, A< Ben-Shaul , Z. Rosenwaks, D. Chuchem and Y. Achiam 

A model for the calculation of the performance of a pulsed HF 

chemical laser was developed. It solves rate equations for the densities 

of gases, level populations and temperature, and calculates the lasing 

energy. The assumptions are: a gain equal loss condition, a Boltzmann 

distribution of the rotational level populations at the translational 

temperature and a Fabry-Perot type cavity. 

Fabry-Perot type. 

REFERENCE: 

1. Waichman, K., Ben-Shaul, A., Rosenwaks, Z., Chuchem, D. and 
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KINETICS OF EXCITED LEVELS IN COPPER VAPOR LASER*1) 

I. Smilanski+ 

In this work a full and representative description of the 

excited copper level kinetics in a copper-vapor laser is presented 

* 
Hebrew University, Jerusalem 

f Ph.D. thesis, Hebrew University, Jerusalem, 1980 
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for the first time. The research was carried out in three stages. 

The first stage was the development of a representative and reliable 

measurement cell. A laser tube constructed of refractory materials 

and an excitation circuit which provides short pulses at a high 

repetition rate to heat the tube and excite the copper atoms were 

developed. This stage was also dedicated to characterizing the 

laser and studying its scaling laws. In the second stage a rapid 

measurement system which avoids the problem of spectral line shape 

was developed. The system is based on the 'hook' method, which 

utilizes the anomalous dispersion in the vicinity of an atomic line. 

The light source, a wide band nitrogen-laser-pumped dye laser, 

ensures a short sampling time, and the recording system, with a 

television camera face as the recording medium, allows precise data 

reduction. In the third stage the excited copper level kinetics 

in a copper vapor laser were measured. The principal conclusions, 

that only a small part of the energy in the discharge is utilized 

to populate the upper laser levels and that the lower laser level 

population is very large at the end of the excitation pulse and 

cannot be attributed to relaxation of the upper levels, necessitate 

a new kinetic description of the copper-vapor laser. The laser 

is not self-terminating; it is activated and terminated by the 

electrical discharge. 

REFERENCE: 
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LASER BEAM POWER FADE INDUCED BY SYSTEM AND ATMOSPHERIC EFFECTS.^1'2) 

U. Halavee, M. Tamir and E. Azoulay 

A simple model for the propagation of laser beams in a 

turbulent atmosphere was developed. Closed analytical expressions, 

suitable for system research and real-time analysis of field experi

ments, were obtained for the probability of the intercepted power to 

exceed a certain threshold level. A hierarchy of approximations 

was described and the validity range of each was discussed. 

REFERENCES: 
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ON THE ANALYSIS AND EXTRAPOLATION OF ATMOSPHERIC IR TRANSMISSION EXPERIMENTS 

M. Tamir 

Procedures were evaluated for the extrapolation and analysis 

of broadband IR atmospheric experiments. An error analysis of the 

different techniques was performed. Simple expressions for IR 

atmospheric propagation, convenient for system analysis and real

time evaluation of experiments, were developed. 

NEW ABSORPTION SPECTRUM OF ALUMINUM (All) IN THE V U V ^ 

N. Spector, A. Cantu and G. P. Tozzi 

The absorption spectrum of neutral aluminum excited by flash 

pyrolysis was observed on a 3-m grazing incidence spectrograph. Some 

thirty odd lines were measured between 150 A - 160 A. Theoretical 

interpretation of these lines was based on calculating the 30 possible 
6 2 

transitions between the upper configuration 2p 3s 3p4s and the ground 
5 2 configuration 2p 3s 3p of All. Relative intensities were calculated 

by recoupling the physical eigenvectors and those of 2p 4s(T>)3p 

regarding 3p as a spectator electron. Good agreement was obtained 

between the theoretical and observed spectrum; in particular the 

strongest lines at 155.45 A and 157.27 A were accounted for. 

REFERENCE: 

1. Spector, N., in European Conference on Atomic Physics, April 6-10, 
1981, Heidelberg, Book of Abstracts, vol. 5A, part 1, p. 100. 

MEASUREMENT OF TEMPERATURE DISTRIBUTION IN FLAMES BY MOIRE DEFLECTOMETRY 

E. Keren, E. Bar-Ziv, I. Glatt and 0. Kafri 

(1) 

The spatial distribution of temperature in a premixed hydrogen-

oxygen flame was obtained by moire deflectometry. The technique is 

based on measuring the deflection of rays from a collimated light 

beam, caused by changes in the index of refraction, n, across the flame. 

The distortion of the beam is observed with a set of two Ronchi rulings. 

The resulting moire pattern is modified according to the ray deflection. 

A deflectogram of the premixed hydrogen-oxygen flame studied is given in 

Fig. 1. 

Arcetri, Firenze, Italy 
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Fig. 1 

Deflectogram of a hydrogen-oxygen premixed flame 

For a flame with cylindrical symmetry the radial distribution 

of the refractive index can be evaluated by an Abel transformation. 

The temperature was calculated for a known gas composition, assuming 

ideal gas behavior, from the equation: 

m 
P I k.N. 

'=1 X a 

m 
(n-l)R £ N. 

i=l 1 

where P is the pressure, R is the gas constant, N. is molar concentra

tion of the ith component and k. = (n.-l)/N.. The radial temperature 
1 1 x 

distribution at the height above the burner marked by the horizontal 

line in Fig. 1 is shown in Fig. 2. 

The advantages of moire deflectometry for temperature mapping 

in flames are the simplicity of measurement and interpretation, and 

the capability of simultaneous monitoring of the entire flame volume. 
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Fig. 2 

Radial profile of temperature at the height marked by the horizontal 
line in Fig. 1. The circle denotes the temperature measured with a 
thermocouple. The shaded area is the estimated error in calculation. 
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LIFETIME MECHANISMS, TUNNELING CURRENTS AND LASING THRESHOLD OF PbSnTe 

DIODE LASERS 
* 

M. Oron, A. Zussman, A. Katzir 

A new calculation of threshold current density J of PbSnTe 

diode lasers was performed taking into account both the radiative and 

the Auger recombination minority carrier lifetimes. The contribution 

of tunneling current to J from measurements of current vs. voltage 

characteristics was also included. The results of the calculations 

are shown in Fig. 1. The solid line in the figure represents the con

tribution of the intrinsic recombination mechanisms (Auger + radiative) 

to J , and the broken line represents the same calculation corrected 

for tunneling. 

IO< " i — i — i — i — r 

_L 
D 20 30 40 

T(°K) 

J_ 
60 80 100 

Fig. 1 

Temperature dependence of the threshold current density of four 
^0.87^nn 13 T e diode lasers. ( ) calculated J^h due to radiative 
and Auger'recombination mechanisms (̂ th a J A + ^R^» ^ ^ same cal
culations corrected for tunneling (^tu ~ J A "** JR + J tun) • ^ e two 

broken lines represent different diodes. 

Tel Aviv University, Ramat-Aviv 
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The results of the calculations were compared with new experi

mental results obtained in Pb_, D,Snn .. _Te carrier confined homo-
r-t\ 0.0/ U.-LJ 

structure lasers . These lasers behave with respect to optical 

and carrier confinement as DH lasers. However, due to their crystallo-

graphic matching they have much lower tunneling and consequently much 

lower threshold current densities compared to DH lasers. The lower 

tunneling makes the comparison between theory and experiment more 

significant over a broad temperature range. Very good agreement 

was found between the calculated and the experimental J , over the 

temperature range 10-100K as seen in Fig. 1. 
REFERENCE: 

1. Tomasetta, D. L. R. and Fonstad, C. G., IEEE. J. Quant. Electron. 
QE-11, 385 (1975) 

RECOMBINATION MECHANISMS AND LASING THRESHOLD IN PbSnTe DIODE LASERS 
* 

M. Oron, A. Zussman, D. Eger and A. Katzir 

(1) 

The recombination lifetime and threshold current density J• . 

of PbSnTe lasers were calculated. The contribution of tunneling 

current to lasing threshold at low temperatures was derived from 

I-V characteristics. When tunneling current was taken into account 

good agreement was obtained between the calculated and experimental 

results of J . of homostructure Pbrt 0-,S- ,„Te lasers measured in the tn O.o7 0.13 

temperature range 10-90K. High differential quantum efficiency was 

observed in these lasers. 

REFERENCE: 

1. Oron, M., Zussman, A. Eger, D. and Katzir, A., Thin Solid Films, 
in press. 

DIELECTRIC CONSTANT AND OPTICAL CONFINEMENT IN HOMOSTRUCTURE PbSnTe DIODE 

LASERS 

M. Oron, A. Zussman and A. Katzir 

The refractive index of PbSnTe was calculated as a function 

of carrier concentration, wavelength and temperature. The derived 

Tel Aviv University, Ramat-Aviv 
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values were used in the determination of the electric field distribu

tion and the optical confinement in homostructure Pb_. 01-Sn Te 
U.OJ U.IJ 

lasers. It was shown that large refractive index steps and efficient 

optical confinement can be achieved in homostructure lasers having 

an appropriate carrier concentration profile. 

INFLUENCE OF IMPURITY DOPING ON THE ELECTRICAL PROPERTIES OF LPE GROWN 

Pb l xSn xTe AND PbTe1 Sey
 (1) 

Z. Feit, A. Zemel, D. Eger and Y. Sternberg 

Doped Pb.. Sn Te (0^x^0.25) and PbTe., Se (0*y£0.09) were 
1-x x 1-y y 

grown by liquid-phase epitaxy (LPE) using metal-rich solutions containing 

In, Cd, Tl or As. In and Cd are n-type dopants; Tl and As are p-type 

dopants. The doping, characteristics and electrical properties of the 

epilayers were studied by Hall and resistivity measurements made 

directly on the grown layers. The dependence of carrier concentration 

and mobility on impurity doping and sample temperature (between 90 and 

4.2K) were determined for various alloy compositions and LPE growth 

temperatures. At high impurity doping the carrier concentration 

saturates to a constant value independent of doping and LPE growth 

temperature. The saturation values n decrease substantially with 

increasing x for the n-type Pb.. Sn Te and increase with an increase 
X^X X 

in x for the p-type Pb, Sn Te. In the case of In-doped Pbn Sn Te n J 1-x x 1-x x s 

was found to increase with a decrease in sample temperature. This 

effect was not observed for the other impurities investigated. The 

doping characteristics of the PbTe. Se epilayers were found to be 

practically independent of the Se content. The results were con

sidered in view of the existing theoretical models for impurity 

levels in lead-salts. 

Bulk-like mobilities, practically independent of doping, were 

recorded up to medium impurity doping concentration. The mobility 

of the PbTe. Se epilayers was found to be lower than that of the 
1-y y; * 

Pb. Sn Te epilayers. At high impurity doping the mobility decreases 
X"~X, X 
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with increasing doping concentration. This decrease is attributed to 

the scattering of charged carriers by ionized as well as neutral impurity 

scattering centers which become significant at high doping concentra

tion. 

REFERENCE: 
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MEASUREMENT OF CARRIER LIFETIMES IN RAW HgCdTe CRYSTALS^ 

A. Glaser+ 

A method was developed for the determination of both electrical 

and photoelectric properties of the same Hg_ Cd Te samples for x ̂  0.2. 
X—X X 

A system was designed and constructed for the measurement of charge 

carrier lifetimes from 20 ns to 20 ms in the temperature range 80+300K. 

The system includes a pulsed 0.9 urn wavelength GaAs light source. To 

find the mobility and concentration of the charge carriers, the Hall 

effect was determined via the Van der Pauw method. Electrical and 

photoelectric properties of raw material wafers could thus be estab

lished. The system was used to measure charge carrier lifetimes in 
Hg.. Cd Te, Ge and InSb. The theoretical values of the expected life-

J.~X x 
time for each Hg Cd Te sample were calculated on the basis of the 

_L~X X 

charge carrier concentration. The experimental results were compared 

with the theoretical values and the discrepancies considered. 
REFERENCE: 
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LOW TEMPERATURE INVESTIGATION OF THE EFFECTS OF.A NEAR-SURFACE LAYER ON 

EPR LINESHAPES^ 

A. Raizman, J. T. Suss, D. N. Seidman , D. Shaltiel and V. Zevin 

Electron paramagnetic resonance (EPR) studies of foils of 

dilute Au:Er alloys at helium temperatures showed that annealing 

at 400 C produces significant changes in the EPR lineshape. It 

t 
M.Sc. thesis, Ben Gurion University of the Negev, Beer-Sheva, 1980 
* 
^Cornell University, Ithaca, NY, USA 
Hebrew University, Jerusalem 
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was found that these changes are due to the existence of a near-
(2) 

surface layer which has properties different from those of the bulk 

A theory developed for the EPR lineshape permitted the interpretation 

of the experimental results in terms of a combined resonance from the 

near-surface layer and from the bulk. This theory also provided an 

interpretation of unusual EPR lineshapes sometimes observed in our 

experiments. 
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ELECTRON PARAMAGNETIC RESONANCE OF Cu2+ ION PAIRS IN CaOrCu^1^ 

A. Raizman, J. Barak, R. Englman and J. T. Suss 

The theoretical and experimental treatment of electron para

magnetic resonance spectra of copper pairs observed in CaO:Cu was 

completed. The spectra are typical of S = 1 in a tetragonal 

symmetry with the pair axes parallel to the [100], [010], or [001] 

directions. The g-factor is isotropic, while the hyperfine para

meters are highly anisotropic. This behavior is explained by 

assigning the spectra to linear Cu -0 -Cu bands, where the 

two Cu ions of each pair are coupled through the bridging 

oxygen ion by an antiferrodistortive-ferromagnetic interaction. 
2 2 The ground state of the pair is composed of a 0 state (3z - r ) 

2+ 2 2 

of one Cu ion and an E state (x - y ) of the other. The para

meters of copper-ion pairs in CaO are: 
Hyperfine constants: 

-4 -1 -4 -1 

0 state: Ay = (72+2)xl0 cm , Aj_ . = (0+2)xlO cm 

E state: An . = (- 144+2)xl0~4 cm"1, Aj_. = (- 41+2)xl0~4 cm-1 

g - factor: g = 2.21+0.005 

Exchange constant: J = - 2.0 cm 
-4 -1 

Zero -field splitting: D = (- 703+5)xlO cm 
Contact term parameters: K = 0.09 

K = 0.61 
E 

REFERENCE: 
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STRUCTURE TYPES IN ABCU COMPOUNDS^1 * 

A. Horowitz, M. Amit, J. Makovsky, L. Ben-Dor and Z. H. Kalman 

The various ABCl- (A =alkali metal, NH,, Tl; B = divalent metal) 

compounds crystallize in a different manner than their parallel 

fluoride compounds. Most of the ABC1_ compounds crystallize in 

perovskite (P) or hexagonal-pseudoperovskite (HP) structures, where 

the A and B cations are dodecahedrally and octahedrally coordinated, 
(2) 

respectively . The obvious preference of the chlorides for HP 
rather than P structures has been explained via the greater size and 

(3) 
polarizability of the chloride ions . The existence of the non-

perovskite KCdCl- (K) structures (and their absence in ABF_ fluorides) 

has drawn less attention. The K compounds were referred to as 

a— 

.(5) 

(4) exceptions and it was suggested that their existence was some

how connected to the incorporation of water in the crystal lattice 

The relation between the K structure and the polarizability of the B 

cations was also pointed out ' 

We have recently investigated some ABC1_ compounds with the K 
(1 7) structure ' and found no correlation between this structure and the 

existence of water in the crystal lattice . Two compounds, KMnCl„ 

and TlMnCl,, were found to be dimorphic and to crystallize in both the 

K and P structures at room temperature. It was, however, proved that 

the K phase of KMnCl, and TlMnCl- is the more stable phase . 

An analysis of the r /r ratio of the different ions involved in 

the ABC1„ compounds revealed that the geometry does not favor the close-

packed AC1„ layers required for P structures, since all A cations 

(r £r £r ) prefer a coordination of eight chlorine atoms. It then 
IN 3. A . VsS 

follows that the existence of chloride P compounds can only be explained 
in terms of the high electrostatic energy gained by the BClr octahedra 

o 
and the assumption that the ACl-_ dodecahedra are the unstable units 

(1 3) in the structure ' . Geometrical considerations and experimental 

evidence reveal that when the A cations are too small for the 

dodecahedral coordination, cooperative buckling of the octahedra or 

small anion movements lead to distorted P structures . Our study 

Hebrew University, Jerusalem 
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of the ABCl- compounds revealed that the K structure occurs with the 

smaller A cations, where the necessary distortions from the ideal 

cubic P structure are very high and lead to a very asymmetrical 

coordination around the A cations (Fig. 2a). In the alternative K 

structure, the coordination of the A cations is smaller and also more 

regular in that the shorter and longer A-Cl bonds are more symmetrically 

distributed around the A cations (Fig. 2b). The higher symmetry around 

a b 

Fig. 2 

The coordination around potassium in a) the orthorhombic perovskite 
KMnCl3 and b) the KCdCl3-type KMnCl3. An (010) projection. The 
numbers indicate distances (in S) and heights of atoms (in frac

tions of the b parameter) along the b direction 

the A cations leads to a less symmetrical coordination of the B cations 

(relative to their site in the P structure) and this explains the 

relationship between the K structure and the polarizability of the B 

cations . It also became obvious that a polarizable anion is 

required for the K structure in ABX„ (X =F, CI, Br, I) compounds. This 

explains the absence of ABF compounds with the K structure even with 
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the smaller Na cations which prefer a coordination of eight fluorine 

atoms, and leads to the prediction that the K structure would be more 

common with the bromides and iodides. This prediction is supported by 

recently accumulated data. 
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NEUTRON DIFFRACTION STUDY OF THE CRYSTALLOGRAPHIC AND MAGNETIC STRUCTURES 

OF KFeBr3 

E. Gurewitz and H. Shaked 

A neutron diffraction study of a powder sample of KFeBr. was 

carried out at various temperatures. This compound was found to be 

isostructural with KFeCl,. It belongs to the D„. -Pnma orthorhombic 

space-group with four molecules per unit cell. This compound is 

paramagnetic at room temperature and undergoes a transition to a 

magnetically ordered state at T *\i 9.5K. The magnetic structure as 

determined from diffraction patterns at 4.2K consists of antiferro-

magnetically coupled ferromagnetic chains. The antiferromagnetic 

axis is along the chain axis, parallel to b, and the magnetic moment 
2+ — 

per Fe ion is (3.7+0.2)u„. The temperature dependence of the 

magnetic reflections shows some residual coherent reflections above 

T . This was interpreted in terms of strong intrachain one-dimensional 

correlations. 
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NEUTRON DIFFRACTION STUDY OF C e ^ ^\ 

H. Pinto, M. H. Mintz, M. Melamud and H. Shaked* 

A powder sample of Ce 0. was investigated by neutron diffraction 

and magnetic susceptibility measurements. The position parameters were 

determined and found to be similar to those of the isostructural La?0~. 

The effective magnetic moment was found to be 2.17 y /molec. No evidence 
B 

was found for the existence of a magnetic or structural phase transition 

in connection with a specific heat anomaly previously found at 8.5K. 
REFERENCE: 

1. Pinto, H., Mintz, M. H., Melamud, M. and Shaked, H., Phys. Lett. 
A8£, 81 (1982) 

MAGNETIC STRUCTURES OF TbCo2Ge2 AND.HoCo2Ge2 - A NEUTRON DIFFRACTION STUDY^ 

H. Pinto, M. Melamiid and H. Shaked 

The compounds TbCo_Ge„ and HoCo„Ge? were studied by neutron 

diffraction of powder samples. The diffraction patterns of these 

compounds at 300K agree with the reported crystallographic structures 

(space group 14/mmm). The diffraction patterns at 4.2K reveal the 

existence of all h +'k + £, = odd reflections, except the {00£} re

flections. These results are consistent with an antiferromagnetic 

ordering of the lanthanide sublattice with k = (0,0,—). The 

magnetic moments are 8.84 u_ and 8.12 y for terbium and holmium, 
B B 

respectively. The possibility of antiferromagnetic ordering of the 

cobalt sublattice was also investigated. The Co magnetic moments are 

not larger than 0.12 u_ and 1.7 u_ in TbCo0Ge0 and HoCo Ge0, respec-
B B £. 2. 2. £• 

tively. The magnetic transition temperatures are 31+1K and 8.5+0.5K, 

respectively. 
REFERENCE: 
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SPIN REORIENTATION IN P^2^
Col-xFex^l7 

M. Melamud, K. Hathaway and E. Call en 

The R?(Co Fe ) - 7 pseudobinary compounds, where R = rare earth 

element, have been under development as permanent magnet materials 
(1 2) 

because of their favorable parameters ' Their crystal structure 

is uniaxial, either rhombohedral or hexagonal, and they are ferro-

or ferrimagnets with high Curie temperatures. Since the direction 

of magnetization is of special interest for permanent magnet applica-
(3) 

tions, effort has been directed toward determination and calculation 

of the easy axis of magnetization for different compositions and 

temperatures. Results show that the easy direction of magnetization 

is either along the unique axis or in the basal plane, for different 

rare earth ions, different values of x or at different temperatures. 

A T vs x phase diagram of magnetization orientation for R„(Co, Fe )17» 

based on a phenomenological approach and extrapolation from known 

experimental results, has been proposed. To check this proposal we 

undertook to plot the phase diagram from Pr„(Co Fe ) . 7 . The spin 

reorientation temperatures, T , were measured for a few values of 

x (x = 0.2, 0.23, 0.7, 0.77) using magnetostriction, susceptibility 

and neutron diffraction methods. Results are shown for x = 0.23 in 

Fig. 3-

The neutron diffraction measurements of peak intensity vs. 

temperature for the (006) and (220) reflections show a spin re

orientation at T of <\>220K and 255K for x = 0.23 and 0.2, respec-

sr 

tively. The temperature range of the transition is about 40K around 

T . The susceptibility measured on a low field AC susceptometer 

shows a peak at the temperature corresponding to that at which the 

neutron peak intensity starts to change. The ratio of the magneto

striction coefficients Xj_ and X|| , measured for the same compounds, 

shows a change in the same temperature range as the neutron diffrac

tion results. No transition was detected for x = 0.77 by the three 

methods. 

Naval Surface Weapons Center, White Oak, Silver Spring, MD , USA 
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Fig . 3 

The spin reorientation as measured in P ^ C C O Q JJ^^Q 23^17 by three 
methods: magnetostriction, susceptibility and neutron diffraction. 
The moments are along the c direction below 180K, and perpendicular 

to it above 240K. 

It is planned to cover the range of x from Pr„Co 7 (x = 0) to 

Pr„Fe_7 (x = 1) to permit checking the predictions of the phase 

dxagram 
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ELASTIC MODULI OF AMORPHOUS RARE-EARTH ALLOYS^ 

J. R. Cull en , M. Melamud and K. Hathaway 

Crystalline electric field (CEF) effects have been observed 

using ultrasonic techniques in a variety of magnetic and paramagnetic 

solids. Dramatic changes in the velocity of sound have been reported 
(2) 

in rare-earth compounds which undergo structural transitions and 

in magnetically ordered rare earth compounds with large magneto-
(3) strictions . In both cases results are interpretable as arising 

from the large magnetoelastic coupling, i.e, coupling of the strain 

field of the sound wave with the 4f electron charge distribution. 

Large magnetoelastic effects are not confined to crystalline materials. 

We have shown that the velocity of sound in bulk amorphous rare earth 
(4) 

iron alloys is very sensitive to the application of a magnetic field 

In this work we have concentrated on one feature of those measurements, 

namely the minimum which occurs in the sound velocity as a function 

of magnetic field. The physical importance of this minimum is its 

relation to the CEF at the rare earth sites. The temperature depend

ence of this minimum in the light of the random anisotropy model 

originally introduced to describe the magnetic properties of these 

alloys was considered. By extending the random anisotropy model 

to include magnetoelastic coupling, we could account for much of the 

magnetic field dependence of the sound velocity. In particular, the 

model predicts that the minimum occurs at twice the local anisotropy 

energy divided by the value of the local moment. If this description 

is correct, we then have a measure of the local anisotropy energy 

for these alloys. It further follows that we have the possibility of 

determining the temperature dependence of this important physical 

quantity by observing the field variation of the sound velocity over 

a range of temperatures. 
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A NEUTRON DIFFRACTION STUDY OF THE MAGNETIC STRUCTURES IN 

RD„ (R = Tb, Dy, Ho and Er) 

H. Shaked and D. G. Westlake , J. Faber Jr. and M. H. Mueller 

The magnetic structures in cubic RD„ (R = Tb, Dy, Ho and Er) 

were studied by neutron diffraction. The dideuterides of Tb, Dy 

and Ho have modulated magnetic structures with a period of 4a //IT A 

along [113]. This modulation is commensurate with the crystal lattice 

and leads to a nonpermitive cubic magnetic lattice with a translation 

of 4a A. The ionic magnetic moments are of a single magnitude, 

independent of position. The magnetic structure of ErD_ contains a 

commensurate component which belongs to a cubic magnetic lattice, with 

lattice parameter 4a and an additional incommensurate component. An 

intermediate magnetic structure of the type found in ErD„ appears in 

the Tb, Dy and Ho compounds above T , but disappears below T » giving 

way to the apparently more stable commensurate structure mentioned 

above. 

NEUTRON SCATTERING STUDY OF SPIN WAVES IN THE ANTIFERROMAGNET RbMnClQ 

H.A. Alperin and M. Melamud 

RbMnCl„ is a transparent antiferromagnet (T =94K) with 6 formula 

units per unit cell. The magnetic structure consists of ferro

magnetic planes stacked in the sequence A(+), B (-), B.(+), A(-), 

B (+), B„(-) along the c-axis, with spin direction perpendicular 
2+ 

to the c-axis. There are two kinds of sites for the Mn ions; 

the A-sites (containing "lone spins") and the B-sites (containing 

much closer spin pairs). The principal magnetic exchange inter

actions can therefore be labeled J.„ and J,,̂ . 

* 
Argonne National Laboratory, Argonne, IL, USA 
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This study of the spin wave spectrum of RbMnCl- was undertaken 

with the objective of determining whether the magnetic interactions 

are the conventional Heisenberg type, where J.^, and J__ are of the 
AJJ OB /.% 

same order of magnitude, or whether the strong coupling model with 

JT,t,»J.T1 applies. A large cylindrical single crystal (i*2.5 cm in 
Bo AD 

volume) was used to collect data at liquid helium temperature on a 

triple axis spectrometer. Measurements were performed with the 

scattering vector along three principal directions: [001], [110] and 

[100]. Two distinct optic branches observed in the [001] direction 

immediately ruled out the strong coupling model. A fit to the data 

was then performed using the Heisenberg model with excellent results. 

We found J-D/J.., = 1.65 (+0.1) completely independent of the spin 
Bli A D — 

values S. and S_. This result clearly shows that the dominant 
A B 

interactions are of the Heisenberg superexchange type acting through 
the intervening CI ions. With S. = 2.4 and S„ = 2.5, J_c =0.73 meV 

A B BB 

and J = 0.44 meV, results which are consistent with the exchange 

in other manganese halides. 
REFERENCE: 
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MAGNETIC STRUCTURES OF DyCo2Si2 AND DyCu2Si2. A NEUTRON DIFFRACTION STUDY 

H. Pinto, M. Melamud, J. Gal and H. Snaked 

The compounds DyCo„Si and DyCu Si belong to the family 

AB„X_ (A *=lanthanide, actinide, B = transition metal, X = Si, Ge). 

The crystallographic structure belongs to the space group 14/mmm 

with A,B and X at 2a, 4d and 4e positions, respectively. The lattice 

parameters are a = b = 3.885A, c = 9.748A and a = b = 3.964A, c = 9.982A 

for DyCo_Si and DyCu„Si„, respectively. The room temperature neutron 

(X^2.4A) diffraction patterns of the two compounds agreed with the 
(1 2) 

reported * crystallographic structure. 

The diffraction pattern of DyCo„Si at 4.2K revealed the existence 

of reflections with h + k + £ = odd which are crystallographically 

forbidden. Among these reflections the 00 & are missing. As previously 
(3) reported this corresponds to a type I antiferromagnetic structure on 

the dysprosium sublattice. The magnetic moment lies along the c axis 

and is equal to 9.5+0.5 u_. 
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The diffraction pattern of DyCu_Si at 4.2K revealed the existence 

of superlattice lines that can be indexed with h and £ equal to half 

integers only. Hence the chemical cell is doubled in the a and c 

directions. The magnetic structure can be described as ferromagnetic 

(101) planes of dysprosium coupled antiferromagnetically. The magnetic 

moment lies along the b axis and is ^qual to 8.3+0.4 u . 
— B 

The transition temperatures, T , deduced from the intensity vs 

temperature measurements of the reflections {010} and {1/2 0 1/2} 

for DyCo Si and DyCu0Si , respectively, are 21+2K and 11+1K. This is 
' (4) in agreement with the reported temperatures. 

The AB„X_ family is characterized by ordering of the A sublattice. 

The possibility of the additional order on the B sublattice has not been 

determined. 
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X-RAY PH0T0ELECTR0N SPECTROSCOPY (XPS) STUDIES OF OXYGEN-STABILIZED 

Ti2M0x(M = Fe, Co, Ni; 0 < x < 0.5) COMPOUNDS 

M. Polak, M. Hefetz*, M. H. Mintz and M. P. Dariel 

The mechanism of hydrogenation in various oxygen-stabilized 

hydrogen absorbing compounds is a subject of current interest. In 

particular, efforts have been made to clarify the details of the 

hydrogenation process in TiFe and related compounds. Recent results 

suggest that the presence of oxygen in the surface layer affects the 

hydrogenation cycle. Oxygen also acts as a stabilizer of Ti-Ni-type 

compounds in a series of Ti-M systems with M = Mn, Fe, Co and Ni. 

Previous studies have shown that during hydrogenation, the oxygen-

stabilized compounds behave in a significantly different manner than 

the oxygen-free ones . 

The objective of the present work was to characterize the chemical 

state of the constituent elements in Ti„M0 (M = Fe, Co, Ni; 0 < x < 0.5) 

Ben Gurion University of the Negev, Beer-Sheva 
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compounds by means of X-ray photoelectron spectroscopy (XPS) in order 

to gain insight into the nature of the interactions between these 

compounds and hydrogen. These interactions are of importance with 

regard to the activation processes necessary to initiate a hydrogenation 

reaction and the thermodynamic characteristics of the resulting hydrides. 

Binary TiFe, TiCo, TiNi and oxygen-stabilized Ti FeO , TiCoO and 
£• X X 

Ti„NiO compounds were prepared and characterized as described pre-
x(l 2) 

viously ' . The binary compounds were studied for reference purposes. 

The results allowed us to distinguish between three types of surface 
2— 

oxygen atoms (two chemisorbed species and 0 in TiO_) and a bulk 

oxygen, typical of Ti2FeO _ at a binding energy of 531.5 eV (Fig. 4). 

535 533 531 529 

Binding energy (eV) 

527 

Fig. 4 

X-ray photoelectron spectra of oxygen in Ti,Fe„0 at dif
ferent depths 
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This last value is shifted by about 2 eV relative to the binding energy 

reported for molecular oxygen physisorbed on metallic Fe. With respect 

to the metallic constituents, the XPS line of Ti is shifted significantly 

relative to the line of the pure metal, while the Fe line is unchanged. 

A similar behavior was observed for the cobalt and nickel compounds 

(Table 1). No such shifts were observed for the binary compounds. Thus, 

it was concluded that in the oxygen-stabilized compounds there is a 

preferential interaction between the oxygen and the titanium atoms. 

On the basis of the observed line shifts, we estimate that a charge 

transfer of about one electron from titanium to oxygen takes place. 

Using similar spectral features, further studies at elevated tempera

tures are underway in order to evaluate the possible role of lattice-

oxygen in the surface layers on the hydrogenation reaction. 

Table 1 

XPS chemical shifts of the metallic constituents 
in the three oxygen stabilized compounds relative 
to the binding energies of the corresponding pure 

elements 

Compound 

Ti4Fe20 

Ti4Co20 

Ti4Ni20 

Ti 

+ 0.6 

+ 0.5 

+ 0.9 

M(eV) 

+ 0.05 

- 0.05 

+ 0.3 
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THE ROTATION-LIBRATION TRANSITION IN MOLECULAR 0RTH0-D2 UNDER PRESSURE 

I. Aviram, S. Goshen and R. Thieberger 

Recent improvements in high pressure measuring techniques have 

renewed interest in calculating the rotation-libration transition under 
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pressure. Recent studies of the pressure induced rotation-libration 
(1 2) transition in solid H_ were performed ' . An experimental result by 

(3) Silvera and Wijngaarden induced us to calculate the above mentioned 

transition in molecular ortho-D_. The calculation was performed by a 

Monte Carlo procedure to obtain the density at the transition point. 
(4) The equation of state given by Silvera and Goldman was then used to 

obtain the pressure. The result is 270+5 kbar, in very good agreement 

with the value 278 kbar obtained by Silvera and Wijngaarden. 
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SEARCH FOR A MAGNETIC TETRACRITICAL POINT IN Fe„As ^ 

L. M. Corliss , J. M. Hastings , W. Kunnmann , R. J. Begum , M. F. Collins , 

E. Gurewitz and D. Mukamel 

This work was motivated by the prediction that certain xy-like 

antiferromagnets should exhibit a tetracritical point at T = T and 

H = 0, when H is applied along a symmetry axis. In particular, this 

behavior would be expected in certain tetragonal crystals having 

spins parallel to the basal plane when H is applied in a suitable 

direction in that plane. 

A search for a magnetic tetracritical point in the field-

temperature phase diagram of Fe.As was made. Spin orientation changes 

with field were observed, in agreement with theoretical expectations, 

but tetracritical behavior was not found. A model based on random 

strains was proposed to explain the failure to observe the anticipated 

critical behavior. 
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MOSSBAUER EFFECT STUDIES OF Fe,TiCL, AN ANISOTROPIC UNIAXIAL SPIN GLASS 
C O ^ 

E. Gurewitz, U. Atzmony and G. Gorodetzky 

Mb'ssbauer effect studies were carried out on two samples of 

mosaics of oriented single crystal platelets of Fe„TiO . The 

experiments were done at various temperatures between 15K and 300K. 

The crystallographic c axes of the crystals were aligned parallel 

and perpendicular to the y radiation in the two samples, respectively. 
3+ The low temperature spectra indicated that the spins of the Fe ions 

were parallel to the crystallographic c axis. The hyperfine fields 

at the various temperatures exhibit broad distributions. Hyperfine 

splittings were observed at temperatures higher than the "transition 

temperature" detected by susceptibility measurements. Neutron dif

fraction studies revealed magnetic correlations even at higher tempera

tures. The temperature dependence of the most probable hyperfine 

magnetic field shows the same "transition temperature" as the cusp 

in the susceptibility measurements. These features were interpreted 

in terms of relaxation phenomena. 
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FIRST-ORDER MAGNETIC PHASE TRANSITION IN THE TETRAGONAL K?NpO» ^ 

F. Nectoux , J. Jove , A. Cousson , M. Pages and J. Gal 

Mossbauer effect and susceptibility studies of the tetragonal 

K_NpO, compound were performed. K„NpO, ordered magnetically at 

19.5(5)K by a first-order phase transition. The ordered moment 

that was derived from H __ is I\J 0.6yB. From the isomer shift of 

the Mbssbauer spectra (-57(l)mm/s rel. NpAl„) it was concluded that 

the ground state of the Np ion in the specified compound was a 
2 
Fc/2 Kramer's doublet. 
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5f-DEL0CALIZATION IN NEPTUNIUM LAVES PHASES UNDER PRESSURE^ 

J. Moser , W. Potzel , B. D. Dunlap , G. M. Kalvius , J. Gal, 
* ** *** **** 

G. Wortmann , D. J. Lam , J. C. Spirlet and I. Nowik 

The influence of pressure on electronic and magnetic properties 

of the cubic Laves phases NpOs„ and NpAl„ was studied by Mossbauer 

spectroscopy. A strong decrease in the isomer shift, the hyperfine 

field and the magnetic ordering temperature was observed. This 

behavior points towards increasing 5f-electron derealization due 

to the larger 5f-orbital overlap with smaller interatomic distance. 

Additional information was obtained from the line shape of the 

Mossbauer spectra, which indicates the presence of relaxation 

phenomena. Our data were interpreted in terms of a dynamical model, 
9 

which predicts pressure dependent fluctuations ('vJ.O Hz) between 

a highly localized (magnetic) and an itinerant (nonmagnetic) electron 

state. 
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HIGH PRESSURE MOSSBAUER STUDIES OF MAGNETIC Np INTERMETALLICS^1^ 
"k Tfe St St StSt 

J. Moser J. Gal, W. Potzel , G. Wortmann , G. M. Kalvius , B. D. Dunlap 
** *** 

D. J. Lam and J. C. Spirlet 

A high pressure (50 kbar) Mossbauer spectrometer for the 60 keV 
237 

resonance in Np for temperatures between 1.4 and 100K was used to 

study the magnetic properties of some neptunium : intermetallics under 

pressure. For the cubic Laves phase compounds NpOs_ and NpAl„, a 

drastic decrease of the ordering temperature, the hyperfine field, 

and the isomer shift under increasing pressure was observed. This 

shows that their magnetic properties are primarily determined by the 

Np-Np separation which controls the width and hybridization of the 

* 
^Technische Univ. ,Miinchen, Garching, West Germany 

AAAArgonne National Laboratory, Argonne, IL, USA 
**ftalnstitute for Transuranium Elements, Karlsruhe, West Germany 

Hebrew University, Jerusalem 



- 85 -

5f band. In contrast, an increase in ordering temperature coupled 

with a decrease in isomer shift with pressure was found in tetragonal 

NpCo_Si2, while the hyperfine field remains constant. This suggests 

that its magnetic properties must arise from different sources. 

REFERENCE: 
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MAGNETIC BEHAVIOR OF THE NEPTUNIUM INTERMETALLIC COMPOUND NpCo2Si2 UNDER 

HIGH PRESSURE. A MOSSBAUER STUDY^ 

W. Potzel , J. Moser , G. M. Kalvius , C. H. de Novion , J. C. Spirlet 

and J. Gal 

237 
High-pressure Mb'ssbauer studies of Np in the tetragonal 

compound NpCo„Si_ were performed. The pressure dependence of the 

hyperfine field (B f f ), the isomer shift (S), and the N£el tem

perature (T ) were measured for pressures up to 35 kbar, at tempera

tures from 1.4 to 77K. While B __ remains constant, both S and T„ 
eff N 

change markedly. The constancy of B ff fits well into the picture 

of localized 5f moments. The variation of T„ was treated within the 

rigid-spin model of Ruderman. Kittel, and Arrott. The prediction 

of a linear relation between T,2 and S is consistent with the 
N 

reported results. 
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THE EFFECT OF RANDOMLY DISTRIBUTED SURFACE BUMPS ON LOCAL FIELD 

ENHANCEMENTS IN SURFACE ENHANCED RAMAN SPECTROSCOPY^* 

U. Laor and G. C. Schatz 

A model was suggested for determining the enhancement in local 

electromagnetic fields which occurs close to rough metal surfaces 

Technische Univ., Miinchen, Garching, West Germany 
Commissariat a l'Energie Atomique/SES/, Centre d'Etudes Nucleaires, 

A;fcAFontenay-Aux Roses, France 
Institute for Transuranium Elements, Karlsruhe, West Germany 
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through surf ace plasmon excitation. The model considers a random 

distribution of metal hemispheroids on a perfectly conducting flat 

plane. The electrodynamics of this system was described using the 

long wavelength approximation and with only the dipole coupling 

between different hemispheroids included. The square of the local 

field is averaged over all locations on the surface to provide an 

estimate of the enhancement in Raman intensity pertinent to surface 

enhanced Raman spectroscopy (SERS). 

Application was made to rough Ag, Cu, Au, Hg and Pt surfaces, 

simulating the roughness produced by electrochemical anodization. 

For Ag, the roughness induced SERS enhancement was found to be 
2 

about 10 , with a weak dependence on wavelength down to 350 nm where 

a sharp drop was observed. The variation of this result on the 

parameters which characterize the hemispheroid distributions was 

studied, including the variation with the distribution of hemi

spheroid heights and widths, the number and arrangement of hemi

spheroids on the surface, hemispheroid dielectric constant, and 

hemispheroid coverage. Most of these parameters do not change the 

overall enhancement factors significantly, although the wavelength 

dependence of the enhancement does change significantly with hemi

spheroid coverage. The polarization of the local electric fields 

close to the surface was studied, and found to be primarily perpendic

ular to the local surface for globally perpendicular applied fields. 

The SERS enhancement on Cu was found to be comparable to that on 

Ag for X > 600 nm, with a drop in intensity by a factor of 5 at 600 nm. 

Au is similar to Cu except that the drop occurs at 500 nm. Hg is 

similar to Ag in both the magnitude and frequency dependence of the 

enhancement, while Pt is uniformly smaller throughout the visible. 
3 

All of these enhancements are ̂  10 smaller than is seen experimentally 

using SERS, although the observed change in SERS intensity due to 

anodization does closely match the predictions of our model. We 
2 3 

concluded that surface roughness probably contributes 10 to 10 to 

the overall enhancement with a frequency dependence which is close 

to that seen experimentally. This conclusion indicates that some 
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other enhancement mechanism must be responsible for the remaining factor 
3 6 

of 10 needed to explain the observed overall enhancement of 10 . 

REFERENCE: 

1. Laor, U. and Schatz, G. C , J. Chem. Phys., in press. 

THE ROLE OF SURFACE ROUGHNESS IN SURFACE ENHANCED RAMAN SPECTROSCOPY (SERS): 

THE IMPORTANCE OF MULTIPLE PLASMON RESONANCES^^ 

U. Laor and G. C. Schatz 

The interaction of light with clusters and random distributions 

of metal hemispheroids on a perfect conducting flat surface was studied. 

Significant SERS enhancements were found to arise from multiple plasmon 

contributions to the surface electromagnetic fields. 

REFERENCE: 

1. Laor, U. and Schatz, G. C., Chem. Phys. Lett. £12̂  566 (1981) 

ELECTRICAL PROPERTIES OF Cd DOPED LPE GROWN PbTe AND PbQ 80SnQ 2QTe 

LAYERS 

Y. Sternberg and N. Yell in 

The electrical properties of LPE grown Cd doped PbTe and 

PbO 80Sn0 20Te e P i l a v e r s o n P b
n 80

Sn0 20Te s u b s t r a t e s were determined. 

The dependence of the electron concentration on the dopant concentra

tion in the growth solution was studied. The electron concentrations 

reach saturation values with increasing amount of dopant, the satura

tion values being identical to those found for Cd diffused PbTe and 

PbQ gQSn0 2QTe single crystals. 
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PREPARATION AND CHARACTERIZATION OF THERMOELECTRIC MATERIALS^1* 

A. Sher, D. Ilzycer and M. Shiloh 

Commercial grade p and n type thermoelectric materials 

Bi„Te„-Sb_Te_ solid solutions, with Sbl„ as n type dopant and Te as 

p-type dopant were prepared by the Bridgman technique. A novel 

design of the Bridgman ampoule was devised. A plate-like grooved 

tip, instead of the conventional conical tip, enhanced the growth of 

perfectly aligned parallel lamella. The temperature dependence of the 

Seebeck coefficient, electrical conductivity, thermal conductivity and 

Hall effect were measured between 10K and 300K. 

The temperature dependence of a and a agrees with a phenon 

scattering mechanism between 300K and 150K. Below 150K the contribu

tion of ionized-impurity scattering becomes important. The temperature 

dependence of the Hall constant, especially of the two-phase p-type 

material, reflects the contribution of different scattering mechanisms. 

A significant decrease of the Hall constant below 150K implies the 

presence of sub-bands of light and heavy holes, the former being at a 

lower energy. X-ray diffraction showed the perfect alignment of the 

ingots, with (0001) planes parallel to the growth direction. 

A six-couple, single-stage cooler was constructed. Temperature 

dependence of all the separate thermoelectric parameters of the device 

were measured to give effective values that include average contact 

resistance, thermal resistance of the ceramic substrates and average 

values for the n and p type elements. The performance of the cooler 

was compared with computer simulated performance based on the 

effective values of a, a and k. 

REFERENCES: 

1. Sher, A., Ilzycer, D. and Shiloh, M., in Proceedings of the 4th 
International Conference on Thermoelectric Energy Conversion 
10-12 March 1982, University of Texas, Arlington, TX, in press. 

BRIDGMAN GROWTH OF Rb2MnCl4 VIA ACCELERATED ROTATION^ 

A. Horowitz, D. Gazit, J. Makovsky and L. Ben-Dor 

Single crystals of the incongruent melting compound Rb-MnC^ 

were grown from non-stoichiometric melts by the Bridgman method^2'. 

* 
Hebrew University, Jerusalem 
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eS*: 

Chemical and X-ray analysis revealed that when the lowering rates were 

higher than 0.25 mm/h, the crystals were contaminated with RbCl due to 

constitutional supercooling (esc) effects. This experimental maximum 

lowering rate is in good agreement with the maximal growth rate value 
(3) 

calculated from the equation describing the conditions for esc 

Experiments in which the accel

erated crucible rotation technique 

(ACRT) was employed were carried out, 

each with several different lowering 

rates. Pure, clear and intact Rb~MnCl, 

single crystals, with the calculated 

expected yield, were grown with lower

ing rates of 1 mm/h when the angular 

velocity (ft ) was periodically (cycle 

period of 2.25 min) and gradually 

(-400rpm<J2 *400rpm) changed during 

crystal growth (Fig. 1). Because of 

the interference of the ACRT with the 

nucleation stage, it was found neces

sary to constrict the lower end of 

the ampoule. With a lowering rate of 

2 mm/h esc occurred, and with a cycle 

period of 1.5 min the crystals exhib

ited thin thread-like microstructures 

at their radial center. Experiments 

with much shorter cycle periods 

(4 sec) and a nongradual change of the 

angular velocity resulted in too 

vigorous flows which caused the 

cracking of the crystals even at low 

lowering rates. 

A semiquantitative analysis of 

the kinetics of fluid flow and material 

transport under conditions of ACRT was 

published by Schulz-DuBois and equations 

were theoretically developed to describe 

*K, 

Fig. 1 

Rb2MnCl4 single crystal grown by 
the ACRT at 1 mm/h lowering rate, 
t = 2.25 min; -400rpm?n sAOOrpm 
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(4) the flows occurring during ACRT . Due to lack of knowledge of 

the kinematic viscosity and the diffusion coefficient, it was not 

possible to examine the validity of these equations. These experi

ments proved,however, that the ACRT permits the growth of Rb~MnCl, 

crystals at rates higher, by at least a factor of four, than the 

maximal growth rates previously attainable. 

REFERENCES: 

1. Horowitz, A., Gazit, D., Makovsky, J. and Ben-Dor, L., J. Crystal 
Growth, in press. 

2. Makovsky, J., Zodkevitz, A. and Kalman, Z. H., J. Crystal Growth 
11., 99 (1971) 

3. Tiller, W. A., Jackson, K. A., Rutter, J. W. and Chalmers, B., 
Acta Met. !L, 428 (1953) 

4. Schulz-DuBois, E. 0., J. Crystal Growth 12, 81 (1972) 

SYNTHESIS AND CRYSTAL GROWTH OF CHALCOGENIDE SPINELS 

G. Gafni, L. Ben-Dor and H. Shaham 

Compounds of the formula AB„X, are being investigated where A 

is a cation of the IIA or IIB group, B is a rare earth cation and X is 

5. Se or Te. The preparation of the ternary compounds was carried • 

out by two methods: (a) direct synthesis from the elements in AI9 flux, 
(1) a method previously used in the preparation of lead tin telluride , 

and (b) synthesis of the binary compounds AX and B_X_ in the first 

step and preparation of AB2X, by heating the appropriate amounts of 

binary compounds at 1000 C (2). Both methods were successfully used 

for the preparation of MnHo_S,, CdEr-S, and CdTm„S, as shown by X-ray 

diffraction patterns. When Zn was used as the A cation, the compound 

obtained was probably ZnEr,S? (cubic, a = 13 A). The preparation and 

structure of this compound is still under study. 

From the prepared powders, crystals were grown by vapor trans

port using AC1„ as transport agent. The crystals obtained were 

identified by X-ray diffraction as identical to the charge (congruent 

transport) and Laue photographs showed the crystal are of good quality. 

* 
Hebrew University, Jerusalem 
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In the case of CdEr_S,, crystals were 3x4 mm in size. Magnetic and 

Raman measurements of the compounds are in progress. 

REFERENCES: 

1. Gafni, G., IA-1339, 1978, in Hebrew. 
2. Ben-Dor, L. and Shilo, I., J. Solid State Chem. _35_, 278 (1980) 

VERTICAL UNSEEDED VAPOR GROWTH OF LARGE CdTe CRYSTALS 

N. Yell in, D. Eger and A. Shachna 

Large, faceted, single crystals of CdTe were grown by the verti

cal, unseeded vapor growth technique. The temperature difference 

between evaporation and growth interfaces was about 5 C. The growth 

rate was found to be strongly dependent on the excess Te present in 

the growth charge. A maximum growth rate of about 1.5 g/day was 

achieved with about 0.01% mol excess Te. 

X-ray analysis and metallography of the crystals and mechano-

chemical polished slices revealed high quality monocrystallinity. 
9 The crystals showed high resistivity (10 fi cm) and were checked for 

nuclear radiation detection properties. 

VERTICAL UNSEEDED VAPOR GROWTH OF Ag DOPED PbTe CRYSTALS 

N. Yellin 

Large, faceted, single crystals of Ag doped PbTe crystals were 

grown by the vertical unseeded vapor growth technique. Of the 

0.5 mol% Ag added originally to the PbTe charge, only about half 

entered the crystal. The dopant was macroscopically homogeneously 

distributed in the crystal as determined by atomic absorption analysis. 

Ag_Te inclusions were observed microscopically to be scattered in the 
2 2 

crystal, with a concentration of 3.2x10 /cm . The electrical proper
ties of the crystals were characterized. 

VERTICAL UNSEEDED VAPOR GROWTH OF In AND Cd DOPED PbTe and PbSnTe CRYSTALS 

N. Yellin 

Large, faceted, single crystals of In and Cd doped Pb. Sn Te 

(0^x^0.20) crystals were grown by the vertical unseeded vapor growth 

technique. X-ray analysis and metallography of the crystals and 
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mechano-chemical polished wafers revealed high quality monocrystal-

linity. The dopant was distributed homogeneously in the crystals. 

No effect of the dopant was observed on crystalline properties such 

as etching rate, dislocation density, etc. Electrical measurements 

showed the electron concentration and mobility to be strongly 

dependent on the dopant type, concentration and tin mole fraction. 

IMPROVED MORPHOLOGY OF PbTe EPILAYERS GROWN BY LPE FROM SUPERCOOLED 

GROWTH SOLUTIONS 
* 

Y. Sternberg, N. Yell in and L. Ben-Dor 

Elimination of solvent inclusions and reduction of dislocation 

density in PbTe epilayers was achieved by LPE growth from supercooled 

solutions, rather than by equilibrium-cooled growth. Under super

cooling growth conditions, the material deposition rate at growth 

initiation is higher, resulting in an increase in nucleation density 

as well as enhanced lateral growth of the initially formed nuclei. 

The fast lateral growth at the early stage of the epitaxial growth 

forms larger initial grains, which cover substrate areas where nuclea

tion centers were not necessarily available. The larger initial grains 

coalesce to form a smooth epitaxy in less than 60 sec from growth 

initiation. Under these conditions, the minimum nucleation density 
5 2 

needed for achieving a smooth epilayer was found to be ̂  1.7x10 /cm . 

As the epitaxial growth continues, the supercooling conditions dis

appear and further growth proceeds under equilibrium cooling conditions, 

LPE GROWTH OF Cd DOPED PbSnTe 

Y. Sternberg, N. Yell in and L. Ben-Dor 

Cd doped PbTe and Pb 8nSnQ 2QTe epilayers were grown on 

Pb QrtSn_ __Te substrates by the LPE technique. The Cd volatility, 
O.oU U.ZU 

diffusivity and solubility in the solution and crystals were studied. 

Reliable and reproducible doping results can be obtained in the Cd 

doped PbSnTe system, in spite of the high volatility and diffusivity 

of Cd. The expected p-n junction needed for electrooptical applica

tions was achieved. 

Hebrew University, Jerusalem 
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CADMIUM TELLURIDE FOR SOLAR CELLS 

Z. Goffer 

Cadmium telluride - indium tin oxide (ITO) photovoltaic cells 

are promising for use in optical concentrator systems. We are growing 

CdTe crystals and preparing heterojunction solar cells using CdTe as 

a photovoltaic active substrate and ITO as a surface layer. 

Over 25 ingots of CdTe were prepared. Crystals of consistent 

and reproducible properties were grown by the gradient freeze technique. 

Most of the crystals are of the p-type. A reliable method of prepara

tion of ITO layers by hydropyrolysis of the chlorides of indium and 

tin was developed. Uniform n-type layers of required thickness 

(3O00-700O&) were prepared. 

ANOMALOUS ELASTICITY AND ANELASTICITY OF GdCu AT LOW TEMPERATURES^ 
* 

Y. Gefen and M. Rosen 

The temperature dependence of the single crystal and poly-

crystalline elastic constants of GdCu were determined between the 

ambient and 77K , the interval in which the structural instability 

occurs. From the shear constants, C' and C,,, the magnitude of the 

elastic anisotropy was calculated, and found to be close to unity 

over the whole temperature range. This is in contrast to the expected 

behavior of the elastic anisotropy in the vicinity of martensitic 

transformations, where the anisotropy attains appreciable values. 

The large changes in the shear elastic constants, relative to the 

compressional constants, suggests that the structural instability 

in GdCu is induced by a mechanism of isotropic shear. The peak in 

the ultrasonic attenuation is symmetric, typical of a relaxational 

process. The behavior of the elastic properties and ultrasonic 

attenuation in the temperature interval of the structural instability 

of GdCu was considered. 

REFERENCE: 

1. Gefen, Y. and Rosen, M., J. Phys. Chem. Solids. 42_, 857 (1981) 

John Hopkins University, Baltimore, MD,USA 
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SURFACE SPECTROSCOPY STUDIES OF THE OXIDATION BEHAVIOR OF URANIUM^ 

J. Bloch, U. Atzmony, M. P. Dariel, M. H. Mintz and N. Shamir 

Auger electron spectroscopy (AES) and Y-ray photoelectron 

spectroscopy (XPS) techniques were used to study the oxidation 

behavior of clean uranium surfaces, in various atmospheres (UHV, 

H„, 0„ and CCL) at very low pressures and room temperature. Both 

for 0„ and C0„, a precursor chemisorbed oxygen species was identi

fied at the very initial stage of the oxidation reaction. This 

chemisorbed oxygen transforms to the oxide form at a rate which 

depends on the pressure of the oxidizing atmosphere. Residual 

gaseous carbon compounds, which are present even under UHV 

conditions, result in the simultaneous formation of surface carbide 

which accompanies tlie initial stage of oxidation. This carbide, 

however, decomposes later as oxidation proceeds. Adventitious hydro

carbon adsorption occurs on the formed oxide layer. 

REFERENCE: 

1. Bloch, J., Atzmony, U., Dariel. M. P., Mintz, M. H. and Shamir, N., 
J. Nucl. Mater., in press. 

THE ROLE OF INDIUM IN THE CATALYSIS OF THE MAGNESIUM-HYDROGEN REACTION. 

AN ELECTRON SPECTROSCOPY SURFACE STUDY 

M. H. Mintz, J. Bloch, N. Shamir and U. Atzmony 

The surface properties of a magnesium alloy containing 5 At % 

indium were studied by means of Auger electron spectroscopy (AES) and 

X-ray photoelectron spectroscopy (XPS). It was found that while the 

magnesium is oxidized rapidly at the surface, the indium remains in 

the metallic unoxidized form. The catalytic effect of the alloyed 

indium on the magnesium hydrogen reaction reported in the literature 

may be accounted for by the existence of such surface indium metallic 

clusters which may provide catalytically active sites for the dis

sociative chemisorption of H„ molecules, as well as efficient 

transportation paths of hydrogen to the magnesium subsurface. 
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HYDROGENATION OF ALLOYS AND INTERMETALLIC COMPOUNDS OF MAGNESIUM 

Z. Gavra+ 

(1) 

A kinetic and thermodynamic study of the hydrogenation of alloys 

and intermetallic compounds of magnesium was made. It was established 

that the addition of elements of the IIIA group (Al, Ga, In) to 

magnesium catalyses its hydrogenation. This is explained by the 

mechanism of diffusion of magnesium cation vacancies. The hydride 

Mg NiH, was characterized by thermal analysis, X-ray diffraction and 

NMR measurements. The possibility of forming pseudo-binary compounds 

of Mg„Ni by the substitution of nickel or magnesium was examined. The 

hydrogenation of the intermetallic compounds of the Mg-Al system was 

investigated. It was found that the addition of indium and nickel 

affected the hydrogenation kinetics. 

REFERENCE: 

1. Gavra, Z., NRCN-502, 1981, in Hebrew. 

INTERDIFFUSION STUDIES OF LIQUID GALLIUM WITH RARE-EARTH METALS 

D. Dayan, U. Atzmony and M. P. Dariel 

Rare-earth gallium binary systems were studied using a diffusion 

couple technique. Rare-earth metals were immersed in liquid gallium 

and annealed at several temperatures. The reaction layers were 

identified using metallographic and electron microprobe analysis. 

In the light rare-earth gallium systems the E phase extends 

over a range of compositions according to the formula R Ga.,. . The 

range of this compound phase decreases with increasing atomic 

number, Pig. 2. For the rare earth metals La to Gd, only this phase 

and the noncongruently melting RGafi phase were observed in the 

diffusion layers formed at the interface with liquid gallium. For 

heavier rare-earth metals (Tb, Dy), the e phase exists only at the 

stoichiometric composition. In systems based on these rare-earth 

metals with gallium, the dominant phase is the RGa, compound. The 

results of the present study support the model put forward by Zevin 

and Pelleg regarding the non-stoichiometry of the e phase. 

Ph.D. thesis, Ben Gurion. University of the Negev, Beer-Sheva, 1981 
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FORMATION OF RGa6 (R=RARE EARTH METAL) COMPOUNDS IN THE RARE EARTH GALLIUM 

SYSTEMSt1J 
* 

J. Pell eg , G. Kinmel and D. Dayan 

A number of new RGafi compounds were detected in the rare earth 

gallium systems. They all have a tetragonal symmetry of the PuGa, 

type. The lattice parameters of these compounds decrease with increasing 

atomic number of the rare earth metal. DTA experiments indicated that 

the RGa, compounds form peritectically and the temperature of the 

peritectic reaction decreases in the same order as the decrease of the 

lattice parameters. The thermal instability of these compounds as 

Ben- Gurion University of the Negev, Beer-Sheva 
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expressed by the decrease in peritectic temperature was discussed; 

The failure of other investigators to detect these intermetallic 

compounds was considered. 

REFERENCE: 

1. Pe l l eg , J . , Kimmel, G. and Dayan, D., J . Less-Common Metals 81, 
33 (1981) 

THE CRYSTALLIZATION OF AMORPHOUS Dy-Cu THIN FILMS^1} 

* * 
L. Shikhmanter , M. Talianker and M. P. Dariel 

The crystallization of amorphous Dy-Cu thin films (1400 X. thick) 

was investigated by transmission electron microscopy and electron 

diffraction. Amorphous thin films of composition Cu-63 /o Dy were 

prepared by vapor deposition at 10 torr of arc-melted homogeneous 

alloys. The thin films were transferred to a JE0L-200B electron 

microscope. Morphological and structural changes were monitored in 

situ as a function of temperature. 

Contrary to the previously investigated rare-earth transition 

metal amorphous films, crystallization in Dy-Cu films is characterized 

by its sharp onset at 150 C. Transmission electron micrographs 

permitted following the nucleation and subsequent growth of the equi

librium CsCl-type DyCu crystals within the amorphous phase. Isothermal 

transformation curves for the amorphous-to-crystalline structural 

transformation were determined within the 150-162 C temperature interval. 

The temperature dependence of the nucleation rate agrees with simple 

models. Its kinetics can be described with fair accuracy by means of 

the Johnson-Mehl-Avrami equation 5 = 1 - exp(-kt) . The value of the 

characteristic exponent n, 3.2 in this case, corresponds to a two-

dimensional, interface controlled growth and a constant nucleation rate. 

No temperature dependence of n could be determined. The results also 

permitted determination of a value of 0.18 eV/atom for the free energy 

of critical nucleus formation and 1 eV/atom for the free energy associ

ated with atomic migration. 

The crystalline Dy-Cu phase appeared in the form of circular 

plates embedded in the amorphous matrix. These plates exhibit charac-

Ben Gurion University of the Negev, Beer-Sheva 
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teristic cross-shaped bend contours both in bright and dark field 

images. 

REFERENCE: 

1. Shikhmanter, L., Talianker, M. and Dariel, M. 0., Thin Solid Films, 
in press. 

ACOUSTIC PROPERTIES OF TUNGSTEN-TIN COMPOSITES11^ 

S. Rokhlin*, S. Golan* and Y. Gefen 

The acoustic properties of W-Sn powder-based composites were 

investigated. These materials have high values of acoustic impedance 

and can be used as backing for ultrasonic transducers. The impedance 

was measured as a function of W content in samples which were com

pacted at three isostatic pressures. At 10 kbar the values increased 
6 —2 —1 

moderately with W content up to 40x10 kg m s . A t lower pressure 

the impedance decreased after a peak. With higher compacting pressures, 

the peak moved to higher W contents and the values of the acoustic 

impedance were higher. The materials are simple to fabricate and 

their properties are satisfactorily reproducible. 

REFERENCE: 

1. Rokhlin, S., Golan, S. and Gefen, Y., J. Acoust. Soc. Amer. 69, 
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ACOUSTIC EMISSION GENERATED DURING A SINGLE-INTERFACE MOVEMENT IN THE 

MARTENSITIC TRANSFORMATION OF Au-47.5% Cd ALLOY*1* 

0. Baram , Y. Gefen and M. Rosen 

The experimental results of the present investigation show that 

in several instances no acoustic emission was generated during the 

cooling transformation from the parent phase to the martensitic phase. 

Emission was recorded only in the case when the single-interface 

encountered structural obstacles and had to acquire additional chemical 

energy in order to surmount the activation barrier for further propa

gation. During this process, local strain energy is accumulated, 

temporarily stored, and finally released when the interface is able 

.Ben-Gurion University of the Negev, Beer-Sheva 
John Hopkins University, Baltimore, MD, USA 
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to propagate. Acoustic signals are emitted during this release of 

locally stored energy. In polycrystalline or multiple-interface 

specimens, acoustic emission activity is observed during both the 
(2 3) 

forward and reverse martensitic transformations in Au-Cd alloys .• 

It has been suggested that the acoustic emission generated during 

the forward transformation, on cooling, is mainly due to the 

frictional energy dissipated during the movement of the parent 

martensite interfaces. The major contribution to the generation of 

acoustic emission during the reverse transformation, upon heating,is 

due to the release of the stored energy accumulated in the bulk during 

the shape change that is an inherent feature for the formation of the 
(3) 

metastable martensitic phase . Thus, acoustic emission generated 

during the transformation on heating is due to two sources, i.e. the 

release of the stored elastic energy accumulated in the metastable 

martensite, and the acoustic emission generated by the moving inter

faces . 
REFERENCES: 

1. Baram, J., Gefen, Y. and Rosen, M., Scr. Met. 15_, 835 (1981) 
2. Baram, J., Gefen, Y. and Rosen, M., Scr. Met. 15, 105 (1981) 
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CHEMO-ABRASIVE POLISHING OF MERCURY CADMIUM TELLURlDE (MCT) SINGLE 

CRYSTAL WAFERS 

M. Goldstein, A. Horowitz and J. Makovsky 

Mercury cadmium telluride (Hg Cd Te) is a soft semiconductor 

material prone to surface damage, unless exceptional care is exercized 

during handling. The precision polishing of the wafer is a critical 

processing step. In this work a new chemo-abrasive method which 

generates flat and damage-free surfaces on single crystal MCT wafers 

was developed. 

The wafers, discs of about 10 mm in diameter and 200-750 urn thick, 

are polished by this method at room temperature on a soft polishing 

cloth. The slurry used consists of 0.05 um Al-0_ particles suspended 

in 2% Br„CH.COOH solution. An all plastic polishing system is used in 

order to avoid possible corrosion effects in parts of the polishing 

apparatus. 
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Under proper system control conditions the resulting surface is 

flat and damage free ((Fig. 3). Optical, electro-optical and electro

magnetic measurements showed no evidence of damage. 

Fig. 3 

SEM micrograph showing the typical appearance 
of a chemo-abrasive polished surface, 16,O00X. 

(The white dot is a reference spot) 

PRECIPITATION PROCESSES IN URANIUM-ALUMINUM-IRON ALL0Y(1^ 

Z. Elgat+ 

The precipitation process occurring in dilute (<0.2%) U(Al,Fe) 

alloys was studied using transmission electron microscopy and diffrac

tion techniques. An alloy of 800 w/ppm aluminum, 300 w/ppm iron, and 

700 w/ppm carbon was cast. Disc-shaped thin samples were solution-

treated in the g-phase at 740 C and quenched in liquid nitrogen or 

water. Aging treatments were carried out for various temperatures and 

durations within the a-phase. The samples were further thinned by 

electropolishing and ion milling and examined with the JEOL 200 electron 

microscope at 200 kV accelerating voltage. 

M.Sc. thesis, Ben- Gurion University of the Negev, Beer-Sheva, 1981 
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The presence of coherent and incoherent precipitates was observed 

in samples immediately after quenching and after the various aging 

stages. The precipitates were identified by electron diffraction as 

cubic UA12» hexagonal U(FeAl)£, or tetragonal U,Fe, embedded within 

the a-U matrix. In several instances the precipitate-matrix orienta

tion relationships were determined. The presence of some of the observed 

precipitates is not in accordance with the equilibrium ternary U-Fe-Al 

phase diagram. Their appearance was considered in terms of surface, 

energy contribution effects to the phase diagram. 

REFERENCE: 
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INTERSTITIAL SITE OCCUPATION IN ZrNiH 

D. G. Westlake , H. Shaked, P. R. Mason , B. R. McCart*, M. H. Mueller*, 

T. Matsumoto and M. Amono 

In situ X-ray diffraction measurements during step-wise 

hydrogenation of the intermetallic compound ZrNi confirmed the 

existence of a stable compound ZrNiH. Neutron diffraction measurements 

on ZrNiD allowed a determination of the site occupied by D. This site 

is tetrahedrally coordinated by four Zr atoms as predicted earlier from 

a model based solely on geometric considerations. Occupation of this 

site causes the lattice to distort from an orthorhombic to a triclinic 

structure. The trihydride is formed when two completely different 

types of sites are filled, to the exclusion of the sites occupied 

originally causing reversion of the lattice to an orthorhombic 

structure. Other confirmed predictions of the geometric model were 

considered. 

HYDROGEN OCCUPANCY IN ZrNi 

E. Gurewitz 

Hydrogen sorption by different compounds has been extensively 

studied in recent years. Hydrogen in the host compound was investiga

ted by two approaches: the thermodynamic macroscopic approach and 

^Argonne National Laboratory, Argonne, IL, USA 
National Research Institute for Metals, Tokyo, Japan 
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(2) (3) 
the geometric microscopic one . A geometrical restriction was 
placed on the hydrogen occupancy. 

In the present work ZrNi was studied, a compound in which the 

thermodynamic considerations meet the geometrical restrictions. An 

analytical study of the structure of the intermetallic orthorhombic 

AB compounds isostructural with CrB was made. The centers and radii 

of the tetrahedral A,« A_B and A„B_ holes were calculated. 

Application of thermodynamic considerations to ZrNi showed that 

the Zr, tetrahedral holes are the most favorable hosts for the hydrogen. 

The second best hosts are the Zr„Ni holes. On the other hand, applica

tion of the geometrical restrictions to these sites reveals that while 

occupation of the Zr, tetrahedral sites does not violate the geometrical 

restriction, it forbids the occupation of the Zr_Ni and Zr„Ni9 tetra- ' 
(4) hedral sites. Recently the ZrNiH phase.was found in which the 

hydrogen occupies the Zr, tetrahedral sites. A previous study of 

ZrNiH„ shows a different arrangement of the hydrogen. This arrange

ment does not violate the geometrical restriction and means a re

arrangement of the hydrogen in the compound. 
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A PROBABILISTIC KINETIC MODEL FOR HYDROGEN-METAL REACTIONS CONTROLLED BY 

A PHASE TRANSFORMATION STEP 

M. H. Mintz and J. Bloch 

A probabilistic kinetic model for gas-solid (particularly hydrogen-

metal) reactions controlled by a phase transformation step was suggested. 

The transformation is assumed to occur in small aggregates of atoms 
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(structural transformation units) with a transition probability which 

depends on the occupation of the structural unit by the gas (e.g. 

hydrogen) atoms. The weighed contributions of all possible occupancies 

were considered. The model yields the pressure-temperature dependence 

of »:he product-reactant (hydrogen-metal) interface growth rate. The 

general properties of the derived growth rate functions and the evalua

tion of the various parameters which appear in these functions were 

also considered. 

TYPES OF HYDRIDE PHASE DEVELOPMENT IN BULK URANIUM AND HOLMIUM^1 ̂  

J. Bloch and M. H. Mintz 

The characteristics of hydride phase development in bulk uranium 

and holmium were studied utilizing metallographic examination of partially 

hydrided samples. It was found that the precipitation of the hydride 

phase during the reaction with gaseous hydrogen occurs, in the case of 

uranium, only at the hydride-metal interface, while for holmium bulk 

precipitation (of the dihydride) also contributes significantly. The 

holmium-hydrogen reaction starts with a dissolution stage which proceeds 

until bulk saturation is reached. Then, intergranular hydride precipita

tion takes place throughout the bulk with some preference for surface 

precipitation. The difference in the development of the hydride phase 

between uranium and holmium was attributed to strain effects associated 

with the volume expansion which accompanies the hydride formation. 

Cooling of a hydrogen saturated solid solution of holmium results in 

the precipitation of an intragranular lamellar form of the hydride. 

REFERENCE: 
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THE INITIAL STAGES OF THE U-H REACTION: A KINETIC STUDY WITH A HOT-STAGE 

MICROSCOPE 

J. Bloch, F. Simca, M. Kroup, A. Stern, D. Shmariahu and M. H. Mintz 

The initial stages of the uranium-hydrogen reaction were 

investigated utilizing a hot-stage microscope. Cylindrical uranium 

samples were electrolytically coated with a thin film of copper. The 
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protective film was mechanically removed from one base of the cylinder, 

which was then polished to 1 urn. The samples were placed on a special 

sample holder inside the hot-stage chamber with the polished surface 

oriented towards the microscope lens so that the reaction with hydrogen 

was restricted to the surface being examined with no undesired attack 

on the rest of the sample. The reaction chamber was evacuated to about 

10 torr, then heated to the desired temperature (in the range 

25-400 C) and high purity hydrogen at a pressure of about 900 torr was 

admitted. The changes which occurred on the exposed uranium surface 

were followed with a TV camera and recorded on a video-tape. 

It was found that the type of hydride nucleation and growth on 

the uranium surface depends on the temperature of the sample. For the 

lower temperature range (25 to about 120 C) a rapid nucleation process 

followed by a long incubation period was detected. During the incuba

tion period the hydride nuclei formed did not grow (or grew very 

slowly). At the end of that stage, a detectable reaction initiated 

with the formed nuclei growing inside the sample more rapidly than 

over the sample surface (i.e. a pitting type progression). 

For the high temperature range (above about 190 C) no incubation 

period was observed and the growth process started immediately with the 

introduction of hydrogen. Hydride nuclei spread over the surface very 

rapidly, leading to rapid coalescence of the growing hydride nuclei and 

the formation of a continuous hydride surface layer. As the reaction 

proceeded, the hydride layer started to crack and flake off. 

The temperature variation of the surface hydride growth rate is 

similar to that observed in a recent kinetic study of the bulk uranium-

hydrogen reaction . 
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FLOW AND STRAIN-HARDENING OF AUSTENITIC STAINLESS STEELS AFTER THERMAL 

PRECHARGING WITH HYDROGEN GAS AT MODERATE PRESSURE 

Y. Rosenthal, M. Mark-Markowitch, A. Magen, A. Stern and D. Eliezer 

A research program is being conducted to evaluate the possible 

Ben Gurion University of the Negev, Beer-Sheva 
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degradation of mechanical properties of several austenitic stainless 

steels (ASS) upon exposure to hydrogen gas at various temperatures and 

moderate pressure . Results concerning the effects of precharging 

with H» gas at room temperature and 600 C on the flow properties and 
(2) 

fracture of 316L ASS (round bar specimens) were recently published 

In this work the effects of thermal precharging with H„ gas on 

the subsequent flow and fracture behavior of two ASS, metastable 304L, 

and stable 316L, were studied. This time, however, thin-sheet (0.2 mm) 

specimens were used in order to check the assumption that the size/ 

geometry factor involved may possibly enhance the sensitivity of ASS 

to hydrogen. 

Tensile specimens of 304L and 316L ASS were precharged for 170 h 

in H2 gas at 600 C and a pressure of 0.5 MPa. The effects of thermal 

hydrogen precharging were evaluated by accurate low strain-rate tensile 

testing in air at ambient temperature, an analysis of the staged 

logarithmic flow curves plotted according to Hollomon's power function, 

SEM fractography, and a comparison with previous results obtained with 
(2) bar specimens of 316L . Sensitization effects (carbide precipitation) 

were revealed by thin-foil TEM. 

The results can be summarized as follows: 

1) Contrary to the results obtained previously with bar specimens, 

thermal precharging with H„ gas markedly decreased the uniform elonga

tion of the thin-sheet materials: by about 37% for the 304L and about 

31% for the 316L steel. This result points to a marked geometry effect. 

2) As in the bar specimens, the UTS of both thin-sheet materials was 

not affected by hydrogen precharging. 

3) The stress level along the yielding range decreased by about 

2.5-3% for the 304L (softening effect) and increased by about 1-1.3% 

for the 316L (hardening effect). 

4) The level of flow stress increased for both thin-sheet steels, by 

about 4-7% for the 304L and about 6-10% for the 316L (hardening effect). 

5) Thermal H_ precharging delayed the onset of the second and third 

stages of the Hollomon flow curve for both materials, i.e. the hydrogen 

in solution somehow interfered with the operation of the normal deforma

tion mechanisms. 



- 109 -

6) SEM fractography revealed for both thin-sheet materials marked 

embrittlement features in the mode of fracture. 

The larger changes in over-all mechanical behavior exhibited by 

the thin sheet specimens (compared with bar specimens) can be analyzed 

in terms of a geometry effect, probably comprising a size factor and 

a strain-mode factor. 
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THE EFFECTS OF HIGH TEMPERATURE AGING IN HYDROGEN GAS ON PLASTIC FLOW AND 

FRACTURE OF Ti-MODIFIED 316 AUSTENITIC STAINLESS STEEL 

M. Mark-Markowitch, P. Cohen, A. Magen, Y. Rosenthal, A. Stern and 
* 

D. Eliezer 

The expected hydrogen production rate in the material of the first 

structural wall of TOKAMAK-type fusion reactors amounts to hundreds of 
_2 

appm/year at a neutron load of the order of 1 MWm . Such hydrogen 

contents are likely to induce significant changes in the mechanical 

properties of the Ti-modified austenitic stainless steels (ASS) envis

aged as materials for the first structural wall. Very little, however, 

is known about specific hydrogen effects on the mechanical behavior of 

these ASS, when aged thermally or by irradiation. 

Thin-sheet tensile specimens of a commercial grade Ti-M 316 ASS, 

vacuum annealed at 1050 C and electropolished, were thermally aged in 

H„ gas (Q.5 MPa) at 780 C for periods of up to 170 h. Some specimens 

were given a room temperature prestrain of e - = 0.2 prior to thermal 

aging. A hydrogen content of 70 - 80 appm was found by hot extraction 

analysis, which indicates that little supersaturation was retained at 

ambient temperature. Each series of Hp-charged specimens was duplicated 

by a control series, thermally aged in an Ar atmosphere. Tensile test

ing of all specimens was conducted in air, at ambient temperature, at a 
-4-1 

strain-rate of (1 - 1.2)10 s . 

Ben Gurion University of the Negev, Beer-Sheva 
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1) Overall hydrogen effect. For all tested conditions, H_ charging 

caused a noticeable drop in flow stress. For the annealed conditions, 

the flow stress drop was associated with a marked increase in both the 

uniform and total elongation: hydrogen softening and ductilizing effect. 

2) Effect of aging time. For the annealed conditions, the hydrogen-

softening effect at small and moderate strains markedly increased as 

aging time was shortened, e.g., from 170 to 96 h, while the hydrogen-

ductilizing effect decreased. 

3) Effect of cold work. The hydrogen-softening effect in prestrained 

material decreased in comparison to that in the annealed conditions, 

while the hydrogen-ductilizing effect was fully suppressed and replaced 

by embrittlement. 

4) Fractography by scanning electron microscopy generally corroborated 

the results of mechanical testing, showing specific hydrogen effects on 

fracture morphology. 

To the best of our knowledge, a "hydrogen-softening and ductilizing" 

effect has not yet been reported for ASS. Hydrogen softening is known 

to occur in bcc iron as a purity-dependent phenomenon (see, e.g., Ref. 1), 

though the relevant mechanisms are rather obscure. With respect to fee 

structures, hydrogen softening and ductilizing)were reported as separate 

s(2 

(4) 

(2 3) 
phenomena in Pd and Pd-alloys ' . Very recently, hydrogen softening 
was shown to occur in nickel 

Further experimental work, particularly mlcrostructural studies, 

will be required for the understanding of the surprising hydrogen 

softening and ductilizing effect in 316 Ti-M ASS. 
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HYDROGEN EMBRITTLEMENT OF AUSTENITIC STAINLESS STEEL WELDS 

F. Simca, A. Stern and D. Eliezer 

Preliminary results on the effects of cathodic precharging and 

high pressure hydrogen precharging, respectively, on the micro-

structure and surface cracking of austenitic stainless steel (ASS) 

welds have been reported previously . We now report additional 

results, dealing with the effects of cathodic precharging on the 

tensile properties of 3041, and 316L ASS welded specimens. 

Tensile specimens were machined from 0.2 mm thick TIG welded 

sheets of the two above mentioned ASS. The welds were located at the 

center of the specimens. Cathodic precharging was conducted for 48 h 

in IN HoS0. containing 0.25 mg/£ NaAs0o under a current density of 

100 mA/cm^. Tensile testing was conducted at a cross head velocity / 

of 1 mm/min (low strain-rate) up to fracture. The ultimate tensile 

stress (UTS) and uniform elongation (e ) obtained for the various 

conditions tested are summarized in Table 1. 

Table 1 

The effect of hydrogen precharging on the tensile 
parameters of 304L and 316L ASS 

As received 

304L 
316L 

TIG Weld 

304L 
316L 

TIG Weld 
cathodically 
precharged 

304L 
316L 

UTS (kg/mm2) 

67.27 + 1.00 
64.13 + 0.60 

64.55 +0.66 
60.02 + 0.95 

47.15 + 2.79 
53.15 + 1.52 

eu (%) 

72.24 + 6.20 
52.24 + 7.19 

42.99 + 3.00 
28.43 + 2.43 

13.00 + 3.35 
14.61 + 1.61 

Ben Gurion University of the Negev, Beer-Sheva 
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The data in Table 1 emphasize the marked effect of severe cathodic 

precharging on the tensile properties of ASS TIG welds: the UTS is 

reduced by 27% for 304L and 11.5% for 316L; uniform elongation is 

reduced by 69.8% for 304L and 48.6% for 316L. On the other hand, 

welding does not affect the well known superiority of the 316L over 

the 304L in hydrogen environments. Work is continuing on characterizing 

the fracture mode and morphology of the fractured welds. 
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DEVELOPMENT OF ULTRASONIC NONDESTRUCTIVE TESTING OF SPOT WELDS 
* 

F. Bendec, M. Peretz and S. I. Rokhlin 

In this work an ultrasonic NDT technique was developed for spot 

welds joining two sheets. Ultrasonic methods are generally preferable 

to other NDT methods due to the following advantages: higher sensiti r. y, 

possibility of estimating the size of welds, adaptability to automation 

and computerization, lack of health hazards and moderate cost. 

The technique developed for the inspection of spot welds makes 

use of Lamb waves and is based on the known relationship between the 

transmission coefficients of ultrasonic wave energy and the diameter 

of the spot weld (Fig. 4). In other words, as the spot weld diameter 

(cross section area) increases, more energy will pass from the trans

mitter probe to the receiver probe. Our problem was to choose an 

adequate mode and frequency of the Lamb waves so as to obtain a 

continuous dependence of the transmission coefficient on weld diameter 

and avoid resonance interferences. 

3 
We obtained a linear relationship between the parameter (d/h) 

(d = weld diameter, h = sheet thickness) and the transmission coeffi

cient of ultrasonic wave energy over the range d/h = 0.8*2, a range 

which practically covers the conditions encountered in conventional 
3 

welding technology. Figure 5 shows the parameter (d/h) as a function 

of the amplitude ratio. This relationship is highly sensitive to 

diameter changes. Additional information with respect to the diameter 

Ben Gurion University of the Negev, Beer-Sheva 
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of the spot weld caa be obtained by measuring the ultrasonic field 

intensity around the spot weld and plotting the former in polar 

coordinates. 

The technique is also sensitive to defects such as cracks, etc. 

Spot-welding 
zone 

Receiver probe 

JEB. 

Transmitter 
probe 

JTPL 

Fig. 4 

Schematic description of the test method setup 

Fig. 5 

Relationship between the parameter (d/h)' 
and the amplitude ratio 

DEVELOPMENT OF SPECIAL DEVICES FOR C0 2 LASER WELDING AND INVESTIGATION 

OF THE WELDING PARAMETERS 

V. Ram (Maarek), M. Nairn, M. Galili, S. Eden, G. Kohn and A. Stern 

In recent years, the laser has become an industrial tool for 

materials processing. The high poxrer of the laser beam, with its 
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high energy density when focused (up to 10 watts/inch ), permits 

rapid heating,melting and even vaporizing of most materials. In 

laser welding the metal melts at an average speed of 3 m/min. At 

this rate the surrounding material does not heat up, and therefore 

both the heat affected zone (HAZ) and the thermal deformation are 

reduced to a minimum. The reduction of the HAZ enhances the mechan

ical properties of the welded material. 

The present research was carried out in two areas: 

a) Design and development of special devices for laser welding (LW) 

In LW the beam has to be focused very precisely with respect 

to the material surface. A special device was developed which permits 

controlling this parameter within +0.01 mm with various lenses 

(2.5" * 5" focal length). This device also includes a component, 

through which there is laminar flow of the shielding gas. Moreover, 

in order to weld metals which are very sensitive to atmospheric gases, 

like refractory metals, a special chamber was designed and built for 

automatic laser welding of thin wall tubes in a controlled inert at

mosphere. 

b) Welding of 304L stainless steel plates of 1-3 mm thickness 

The effect of various parameters, i.e. the focus to material 

surface distance, welding velocity and beam power upon the depth of 

penetration, microstructure and mechanical properties of the welds 

were investigated. A GTE Sylvania model-971 C0„ laser at the Technion 

was used. 

CHARACTERIZATION OF PYROLYTIC GRAPHITE COATINGS FORMED ON COMMERCIAL 

GRAPHITE IN PLASMA^1) 

A. Raveh+ 

The morphology and properties of pyrolytic carbon (PyC) coatings 

formed in a "cold plasma" from a gaseous mixture of argon and propylene 

were characterized. The deposit was formed on a grounded commercial 

grade graphite (ATJ) substrate kept at 350+50 C in an inductive rf 

reactor. The crystalline structure of the coatings was identified by 

M.Sc. thesis, Ben Gurion University of the Negev, Beer-Sheva, 1981 
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X-ray diffraction as hexagonal graphite of type 4H (a = 2.456 A, 

c - 6.696 X). The morphology, structure and degree of homogeneity 

of the coatings were examined by both optical light microscopy 

(magnification <1000X) and scanning electron microscopy. 

It was found that the homogeneity of the coatings depends on the 

pressure in the reactor, the more homogeneous ones formed at relatively 

low pressures of 1*6 torr. Metallographic sections of the coatings 

showed a singularly nucleated columnar structure and a top view of the 

surface showed a morphology which resembles a cluster of hills ("grains") 

The grains form in two steps: (a) nucleation on the surface of the 

substrate accompanied by growth of primary grains, (b) agglomeration 

of the primary grains into larger grains. Various properties of the 

coatings were found to be correlated to the size of the grains. It 

was found that the grain size and the rate of formation of the coatings 

were directly proportional to the thickness, density, hardness, micro-

hardness and resistance under destructive conditions. If the grain 

size, the duration of the coating process, the pressure in the reactor, 

the weight of the samples before and after the coatings, and the weight 

of the material deposited in the tube are known, significant quantita

tive and qualitative conclusions can be drawn concerning the various 

properties of the coatings. 
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LIQUID PHASE SINTERING OF AN IRON-COPPER POWDER MIXTURE 
* 

A. Stern, F. Simca, D. Shmariahu and L. Levin 

The sintering of a Fe-5%Cu powder alloy was investigated in 
(2) 

situ by means of hot stage microscopy . A green compact was prepared 
->> 

by isostatic cold pressing in a neoprene die under a pressure of 
10 kbar. Sintering was conducted inside the Vacotherm hot stage of a 

MEF-2 Reichert microscope, at 1100 C. Samples were sintered for 

different times i.e. 0,3,30,120,360,720, and 1440 min. 

Technion, Israel Institute of Technology, Haifa 
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V3M 

65 pm 
i 1 

Fig. 6 

The liquefaction of the Cu component at 1083°C 
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The Cu component of the mixture became liquid at 1083 C, which 

permitted following the development of the alloy microstructure as a 

function of sintering time. Figure 6 shows the development of the Cu 

liquid phase. In order to "freeze-in" the high temperature micro-

structure, the samples were helium-quenched to room temperature. 

The following tests were carried out: distribution of Cu in the 

alloy matrix by EDAX and micro-probe analysis, density by an immersion 

method and optical microscopy. These tests fully corroborated the 

high temperature, observation of a time-dependent transition from the 

solid-liquid, two-phase microstructure to a homogeneous single-solid 

phase. 
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NON-DOPPLER VELOCIMETRY WITH TRANSMISSION GRATINGS 

I. Glatt and E. Bar-Ziv 

A simple technique for measurement of velocities of submilli-

meter particles in fluid'was developed and used. The technique is 

based on laser light scattering by the particles. A Ronchi ruling, 

i.e., an optical grid of alternating opaque and. transparent lines, 

is placed between the laser source and the probe zone, and the laser 

beam is thus spatially modulated. The signals of the light scattered 

by the particles are, therefore, modulated in time, at a frequency 

linearly proportional to their velocity. 

The light scattered at right angles to the incident laser is 

detected by a photomultiplier, and the amplified electronic signal 

is processed by an FFT spectrum analyzer. Figure 7 shows a typical 

oscilloscope trace of a scattering signal (a) and the frequency-

domain presentation of the signal, obtained by FFT (b). 

The velocity of alumina particles in cold gas flow and in 

hydrogen flames was studied as a function of their size, the gas 

flow rates and the distances from the nozzle. Figure 8 shows 

typical axial profiles of the velocity for 3 size fractions of 
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alumina. The decrease in the initial velocity with the increase of 

the particle size, caused by the Stokes drag, may be noticed. 

Fig. 7 

Typical oscilloscope trace of light scattered by a particle 
(200 us/div). 
Typical frequency spectrum of alumina particles (10 kHz/div) 

Fig. 8 

Mean velocity of alumina particles vs. vertical distance from 
the nozzle (carrier gas average velocity = 12 m/s) for various 
particle sizes a) 45-75 urn, b) 75-90 urn, c) above 90 urn 
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THE CORROSION EFFECT OF SOLUTIONS OF LASING DYES ON METALS 

E. Rabinovitz, B. Hermann, R. Levin and I. Rosenthal 

The corrosion resistance of stainless steels, copper, brass and 

aluminum was tested in alcoholic solutions of Rhodamine B and 6G. The 

effect on the metal specimens and on the solutions was recorded. The 

results indicate complete resistance of stainless steels, relative 

resistance of copper and brass and susceptibility of aluminum. Pure 

methanol was found aggressive towards aluminum, but the addition of 

a small amount of water inhibited the corrosion. It seems that 

Rhodamine B is more aggressive than 6G. 

THE RELATIVE AFFINITY OF MOLTEN OXIDE MIXTURES FOR TRACE MOLYBDENUM AND 

APOI 
(1) 

CESIUM VAPOR SPECIES AT 1300°C, AS A FUNCTION OF THE FREE OXYGEN ION 

ACTIVITY 

B. Cannon 

Molten oxide droplets containing various proportions of Na„0, 

CaO, Fe20„, A1„0_ and SiO„ were exposed to vaporized Mo-99 and 

Cs-127 tracers at 1300 C in air, in a sealed chamber. The oxide 

mixtures had a composition similar to some metallurgical slags in the 
(2-4) 

iron and steel industry . The relative uptake values of the 

tracers in the molten oxides, when extrapolated to short heating times, 

yielded an approximate relationship (Mo) - l/(Cs) . The logarithms 

of these uptakes were found to be approximately proportional to the 

average cationic field-strengths in the melts ' . The Mo tracer, 

in the form of MoO, vapor, behaved like a Louis acid and combined with 
2- 2-

the Louis base 0 to form a covalent bond within MoO. . It acts as 
2- 4 • a network-forming oxide and the higher the 0 activity in the melt, 

the higher is the uptake. The Cs-tracer on the other hand is a 
2-

Louis base which supplies 0 ions to the polymerized silica network. 

It acts as a network-modifier and the higher the content of the double 

bonded silica 0 , the greater is its uptake. The uptake behavior of 

both tracers can be correlated to the free oxygen ion activity in the 

melts. This is especially evident with Mo-99, which has a relative 
2-

uptake that is semi-quantitatively related to the 0 activities in 

Agricultural Research Organization, Volcani Institute, Beit Dagan 
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the CaO-FeO-SiO_ system^ . 
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CURIUM-248 NEUTRON DATA EVALUATION1" 

M. Caner and S. Yiftah 

248 
The evaluation of neutron nuclear data for Cm was performed. 

248 
Cm is produced by Pu irradiation in high-flux reactors. Its 

252 
importance lies in it being part of the Cf production chain. The 

evaluation was made f rom 10 eV to 15x10 eV for the following cross 

sections: total, elastic, radiative capture, fission, total inelastic, 

partial inelastic, (n,2n), (n,3n) and differential elastic. The number 

of neutrons per neutron-induced fission and the average elastic 

scattering cosine in the lab system were also evaluated. 

The experimental data were supplemented by theoretical calcula

tions using the spherical optical model, the Hauser-Freshbach-Moldauer 

statistical theory and the (n,xn) formalism of Segev. 

The recommended data were compared with those of ENDF/B-V 

(MAT=8648). 

EXPERIMENTS WITH MONOENERGETIC HIGH ENERGY GAMMA RAYS 

R. Moreh 

New studies using photon beams with energies below 12 MeV were 

carried out. The experiments involved three main topics: (a) elastic 

and nuclear Raman scattering of photons, (b) use of the (y»n) reaction 

for studying 21-E2 and El-Ml interference effects in A ^ 208 nuclei, 

(some spectroscopic studies using the (y»n) reaction were also made)»and 

(c) study of the spatial orientation of molecular groups using nuclear 

resonance photon scattering. 

STUDY OF MOLECULAR ORIENTATION USING NUCLEAR TECHNIQUES 

R. Moreh and 0. Shahal 

A new technique utilizing nuclear resonance scattering of photons 

in the 7 MeV region was used to study the orientation of molecular 

groups and the directional binding properties of certain atoms in 

molecules. The photon source for such measurements is obtained from 

neutron-capture y-rays. In one example, the molecular orientation 

This research was partly supported by the International Atomic Energy 
Agency (research contract 2060/R3/RB) 
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of the NO, planes of HNO, intercalated between graphite planes 

(forming C._HNO„) was measured. It was found to be 9 = 82°+8° which 

means that the NO, planes are almost perpendicular to the graphite 
15 planes. As another example, the angle of orientation of the N~ 

molecular axis with respect to an adsorbing graphite plane was 

measured and found to be tilted at an angle 9 <v> 20 , at T = 78°K. 
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EVIDENCE FOR INELASTIC RAMAN SCATTERING OF 8.9-11.4 MeV PHOTONS FROM Au-197 

T. Bar-Noy, Z. Berant and R. Moreh 

Angular distribution and differential photon scattering cross 
197 sections from Au were measured at energies between 8.9 and 11.4 MeV. 

Some inelastic peaks, unexpected in such a relatively rigid spherical 

nucleus were considered in terms of their relation to nuclear Raman 

scattering. Evidence for interference between Delbruck and nuclear 

resonance scattering was explained by two approaches. In the first, 
197 the Au nucleus was viewed as a statically deformed nucleus with 

inelastic Raman transitions feeding the low-lying excited states. In 

the second, the dynamic collective model of Danos and Greinev was 

employed. At present, the accuracy of the measurements does not permit 

one to decide which of the two models is preferable. 

STUDY OF THE 49Ti ENERGY LEVELS USING THE (Y,Y') AND THE (Y,n) REACTIONS^ 

Z. Berant, Y. Birenbaum, R. Moreh and 0. Shahal 

49 An unbound level in Ti at 8884 keV was photoexcited using a 

Y beam obtained from the Cr(n,Y) reaction. The Y-decay and n-decay 

properties of this level were studied using angular distributions and 

polarization measurements. Thus spin and parity assignments of some 
49 levels in Ti were made. The neutron width and thfc total ra* r-v.:-.ve 

widths of the 8884 keV level were determined to be; rn = 0.25+0.05 eV, 

r = 2.55+0.80 eV. 
Y _ 

REFERENCE: 

1. Berant, Z., Birenbaum, Y., Moreh, R. and Shahal, 0., Nuci. Phys. 
A368, 201 (1981) 
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STUDY OF E1-E2 INTERFERENCE IN THE (Y,n) REACTION ON
 209Bi 

Y. Birenbaum, Z. Berant, S. Kahane, R. Moreh and A. Wolf 

209 Angular distributions of photoneutrons from the Bi(y,n) 
208 

reaction leading to the ground and first-excited states in Bi 

were measured using neutron-capture y lines in the 8.5-11.4 MeV 

range. The asymmetry around 90 is much less pronounced when compared 
708 

with the case of the " Pb(y,n) reaction and was explained in terms of 
209 208 

the higher level density in the case of Bi as compared with Pb. 

The results were compared with theoretical distributions obtained using 

the direct-semi-direct model in which interference between El giant 

resonance and isoscalar giant E2 resonance was taken into account. 

RESONANCE IN 207,208Pb EXCITED BY NEUTRON CAPTURE GAMMA-RAYS 

Y. Birenbaum, Z. Berant, A. Wolf and R. Moreh 

y-lines from neutron capture were used for photoexciting neutron 
207 208 

emitting levels at 7163 keV in U/Pb and 7632 keV in Pb. The 
angular distribution of the corresponding n-groups of energies 

E = 422 keV and E = 262 keV were measured and found to correspond to 
n n v 

% = 2 and I = 0, respectively. This measurement permitted the 

determination of the spins and the parities of the resonance levels: 

^(7163 keV) = | in 207Pb and J(7632 keV) = 1~ in 208Pb. These levels 
(1 2") 207 208 

could be identified with known levels ' in Pb and Pb. 
REFERENCES: 

1. Baglan, R. J. et al., Phys. Rev. C3, 672 (1971) 
2. Horen, D. et al., Phys. Rev. C18, 722 (1978) 

ENHANCED PRIMARY DIPOLE TRANSITIONS IN THE 89Y(n,y) REACTION^ 

S. Raman , 0. Shahal, A. Z. Hussein , G. G. Slaughter and J. A. Harvey 

89 
Neutron capture y rays from a Y target were studied for several 

resonances below 6 keV neutron energy employing a Ge(Li) detector and 

time-of-flight techniques. The primary Ml and El transitions leading 
90 to low-lying states in Y showed some enhancements. The 3.38 keV 

resonance (suggested previously as s wave on the basis of the smallness 

Oak Ridge National Laboratory, Oak Ridge, TN 
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of the total radiation width) was definitely shown to be a p-wave 

resonance through neutron transmission measurements. 

REFERENCE: 

1. Raman, S., Shahal, 0., Hussein, A. Z., Slaughter, G. G. and 
Harvey, J. A., Phys. Rev. C23, 1979 (1981) 

TEST OF AXEL-BRINK PREDICTIONS BY A DISCRETE APPROACH TO RESONANCE-

AVERAGED (n,y) SPECTROSCOPY^ 

S. Raman , 0. Shahal and G. G. Slaughter 

The limitations imposed by Porter-Thomas fluctuations in the 

study of primary Y_rays following neutron capture were partly over

come by obtaining individual y-ray spectra from 48 resonances in the 
173 

Yb(n,y) reaction and summing them after appropriate normalizations. 

The resulting average radiation widths (and hence the y_ray strength 

function) were in good agreement with the Axel-Brink predictions 

based on a giant dipole resonance model. 
REFERENCE: 

1. Raman, S., Shahal, 0. and Slaughter, G. G., Phys. Rev. C23, 
2794 (1981) 

DELAYED NEUTRON EMISSION PROBABILITIES AND HALF-LIVES OF Rb, Sr, Y, In, 

Cs, Ba AND La PRECURSORS WITH A = 93-98, A = 127-131 AND A = 142-148^ 

G. Engler and E. Ne'eman 

Delayed neutron emission probabilities (P ) for isotopes of Rb, 
(2 3) n 

Sr, Cs, Ba and La were previously reported ' . These studies were 

extended to isotopes of In and information on Y isotopes was obtained 

by reevaluating previous data and, when necessary, repeating measure

ments . 

The results provide strong evidence that in regions where delayed 

neutron emission is energetically unexpected from predictions by mass 

formulas, i.e. when (Q„-B )<0, (Q„ is the total $-decay energy of the 
P n p 

precursor, B is the neutron binding energy of the emitter), appreciable 

P values may be found as is demonstrated in Table 1. 

Oak Ridge National Laboratory, Oak Ridge, TN 
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Table 1 

P values from this work and neutron energy "windows", Q 
calculated from various mass formulas 

Pre
cursor 

97Sr 

98Sr 
97Y 

98Y 

1 4 7Ba 
148B Ba 
147T La 

Pn(%) 

Present 
work 

0.27+0.09 

0.36+0.11 

0.06+0.02 

3.44+0.95 

5.21+0.52 

23.9 +2.1 

0.50+0.17 

Q - B (MeV)a> 

p n 

Myers 

-1.12 

-0.48 

-1.08 

-0.68 

-0.35 

0.89 

0.01 

Groote 
Hilf 

Takahashi 

-0.79 

-0.02 

-0.79 

-0.22 

-0.24 

0.24 

-0.25 

Seeger 
Howard 

-0.37 

0.43 

0.23 

0.78 

-0.47 

0.03 

-0.47 

Liran 
Zeldes 

0.51 

1.12 

0.24 

1.06 

0.25 

0.64 

1.00 

Janecke 
Garvey 
Kelson 

0.41 

1.11 

0.24 

1.27 

-0.85 

-0.60 

0.17 

Comay 
Kelson 

0.59 

1.23 

0.32 

1.42 

-0.92 

-0.40 

0.83 

Janecke 
Eynon 

0.73 

1.06 

0.70 

1.38 

-1.20 

-0.83 

-0.09 

a) Calculated from mass-excess predictions of Ref. 4 

REFERENCES: 

1. Engler, G. and Ne'eman, E., Nucl. Phys. A367, 29 (1981) 
2. Engler, G., Ne'eman, E., Shalev, S. and Shmid, M., in IA-1338, 

1977, p. 100. 
3. Engler, G., Ne'eman, E., Shalev, S., Shmid, M. and Amiel, S., in 

IA-1348, 1978, p. 131. 
4. At. Data Nucl. Data Tables 17, Nos. 5, 6 (1967) 

A CALCULATION FOR OPTIMAL POSITIONING OF COUNTER ARRAYS IN DELAYED NEUTRON 

EMISSION PROBABILITY STUDIES^ 

G. Engler, M. Lemanska, Y. Gur and E. Ne'eman 

Most of the experiments in delayed neutron emission probability 

(P ) measurements with on-line isotope separators utilize arrays of 

BF_ or He neutron counters in cylindrically symmetric arrangements. 

The optimal positioning of the counters and the materials in 

which they are mounted are chosen such that high detection 

efficiency is achieved and the flux at the detection position 

is reasonably independent of the delayed neutron energy spectra. 

In the present work neutron flux was calculated taking into 
(2). 

account relevant materials (i.e. of the SOLIS neutron counting system ) 
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4 6 8 10 12 
Distonce from center of source (cm) 

14 

Fig. 1 

The calculated thermal neutron flux for delayed neutron spectra 
with different average energies (Eav) for materials used in the 

SOLIS neutron counting system. 
-2 -1 -1 

4> - neutron flux (n cm sec ) per unit source ( I n sec ) 

I - integrated neutron flux (n cm sec" ) along the counter, 

per unit source (1 n sec ) 

a) (j> for E = 550 keV 
av 

b) (f> for E = 90 keV 
av 

c) I for E 
av 

550 keV 

d) I for E = 90 keV 
av 
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and energy spectra for delayed neutron measurements (i.e. spectra 

spanning the energy range 0-1.5 MeV with average energies of 90 keV 

and 550 keV). The computation was performed in two steps. First, 

(3) 

LASL cross sections were used as input in a one-dimensional dis

crete ordinates transport code with anisotropic scattering, ANISN, 

in a spherical symmetry mode. This was done with 16 energy groups 

for each spectrum. Then5 the resulting flux from ANISN was integrated 

along the BF_ counter tubes (31 cm long) for different distances from ' 

the center. In this way, fluxes corresponding to the actual cylindri

cal symmetry of the counting system were obtained. 

Figure 1 shows the calculated thermal energy neutron flux as a 

function of distance from the center of the neutron counting system 

for different delayed neutron spectra. As may be noted from Fig. 1 

the optimal positioning of the counters for maximum efficiency should 

be as close to the center of the counter system as possible. However, 

in order to obtain the flux so that it is reasonably independent of 

the delayed neutron energy spectra, the distance of the counters 

should be between about 5 to 6 cm from the center of the system. 

These results are generally applicable since most of the neutron . 

counting systems for P measurements at on-line isotope separators 

have cylindrically symmetric counter arrays and use similar materials 

to those used in the SOLIS neutron counting system. 

REFERENCES: 

1. Englers G., Lemanska, M., Gur, Y. and Ne'eman, E., Trans. Nucl. 
Soc. Israel % 3.15 (1982) 

2. Engler, G. and Ne'eman, E., Nucl. Phys. A367, 29 (1981) 
3. Reactor Physics Constants, 2nd ed., ANL-5800, 1963. 

EXPERIMENTAL STUDY OF 145Cs DECAY^ 

M. S. Rapaport, G. Engler, A. Gayer and I. Yoresh 

In the A - 150 region, extensive systematic studies of long 

chains of isotones and isotopes have revealed the evolution of nuclear 

level structure from spherical to deformed nuclei. For the Ba 

(Z = 56) isotopes, the onset of nuclear deformation is between N = 86 

and N = 88. In the present investigation we report on an experimental 
145 

study of the Ba ( N = 89) nucleus situated on the edge of the 

deformed region. 
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145 Very little experimental data on the decay of Cs exist at 

present. Three y-rays were assigned to the radioactive decay of 

Cs . A more complete list of y-ray energies and relative in

tensities is given in Ref. (3). Measurements were performed at the 

Soreq-on-line isotope separator (SOLIS) which operates at the IRR-1 

facility. A very efficient and selective integrated target-to-ion-
235 

source system with a U target enriched to 93% and exposed to a 
8 —2 —1 

thermal neutron flux of 5x10 n cm .c was used to obtain the 

A = 145 mass chain starting with the "Cs and Ba isotopes. The 

measurements consisted of simultaneous detection of gamma rays and 
3 

conversion electrons. Gamma spectra were measured with a 71 cm true 

coaxial Ge(Li) detector that was placed directly opposite the ion-

beam collection spot. Conversion electron spectra were taken with 
2 

a windowless Si(Li) detector. The Si(Li) diode, 180 mm in area 

and 3 mm in depletion depth, was placed facing the ion beam collection 

spot at a 45 angle and a distance of 1 cm. 

145 
From the 31 y-rays assigned to the decay of Cs, 21 transi

tions, which represent 88% of the total y-ray intensity, were arranged 
in a scheme of 11 excited levels shown in Fig. 2. The construction of 
the level scheme is based on energy sum relations. The ground state 

145 
3 branch in the decay of Cs was determined to be (3.2+2.0)%. 

This value is based on the relative intensities of the 435.7 keV 
145 

y-ray following the decay of Cs and the 96.9 keV y-ray following 
145 145 145 

the decay of Ba, the integrated activity ratio of Cs to Ba, 
145 

and the value of the ground state 3 branch in the decay of Ba. 
145 The values of the Cs ground state 8 delayed neutron branch, the 

Q„ value of 7960+80 keV, and the y-ray and internal conversion 
p — 

electron intensity balances resulting from the proposed decay scheme 

were used to calculate logft values for the 8 transitions shown in 

Fig. 2. Using the value of I = 3/2 for the ground state and the 
77 

deduced multipolarities, we obtained a possible range of I values 

of (1/2, 3/2, 5/2~) for the 112, 175 and 199 keV levels. The deduced 

log/t values for these levels are consistent with first forbidden 

non-unique transitions. The spin value of the 416 keV level is thus 

restricted to (1/2-4/2-). Similarly, l" = (l/2-5/2+) was obtained 

for the 435 keV level. 
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CHEMICAL STORAGE OF LIGHT ENERGY BY CATALYTIC SPLITTING OF WATER 

G. Baruch, Y. Haruvy, L. A. Rajbenbach and R. Rafaeloff 

Research is in progress on hydrogen and oxygen generation from 

water irradiated by visible light. The process requires the presence 

of two redox catalysts: Pt as a mediator for hydrogen production, and 

RuO_ as a mediator for oxygen production. The performance of the 

novel catalytic systems developed in our laboratory for the production 

of hydrogen and/or oxygen from visible light irradiated water was 

tested. The hydrogen formation rates and yields are strongly 

influenced by the platinum concentration and reached a maximum value 

at 10 -10 M Pt at pH 5 or in an unbuffered water solution. Favor

able hydrogen production is also obtained by raising the reaction 

temperature and increasing the photosensitizer concentration. The 

effectiveness of our catalytic system was shown by obtaining the 

same production rates and yields by using solutions made with triple 

distilled water, deionized water or tap water. 

Preliminary results indicate that a system containing the 

coupled redox catalyst Pt-RuO- is active in cyclic splitting of water 

and simultaneous production of hydrogen and oxygen. 

HETEROGENIZATION OF THE WATER SOLUBLE NOBLE METAL POLYMER CATALYST SYSTEM 

G. Baruch, Y. Haruvy, L. A. Rajbenbach and R. Rafaeloff 

The recently developed method for the preparation of a colloidal, 

water soluble, noble metal polymer catalyst was used for the prepara

tion of insoluble, noble metal, catalyst systems. A water solution of 

a monomer bearing coordinating groups and noble metal ions was agitated 

with an insoluble carrier, as a polymer, a semiconductor powder or an 

inorganic compound for a few hours and then irradiated with ionizing 

radiation. The product of this treatment is an insoluble catalyst 

system containing finely dispersed noble metal which is not leached out 

during catalytic reaction. The catalyst system is easily separated from 

the reaction media. The catalytic potential of this system was tested 

in photocatalytic splitting of water in hydrogen and oxygen and in room 

temperature hydrogenation reactions of organic compounds. 

REFERENCE: 
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NEW CATALYTIC TRANSFORMATIONS OF CARBINOLS CATALYZED BY TRANSITION METAL 

COMPLEXES^^ 

I. Pri-bar+ 

Several platinoid metal catalysts have been shown to promote 

reductive coupling, dehydration, disproportionation, and dehydrogenation 

of diarylcarbinols. Mechanistic studies were performed at 180-210 C 

with benzhydrol as substrate and RuCl-(PPh-) as catalyst. Ruthenium 

alkoxides are implied as common reaction intermediates in all four 

catalyses. Ruthenium hydrides appear to take part in the reductive 

coupling, disproportionation, and dehydrogenation processes. Some 

aliphatic and primary aromatic alcohols that do not react by themselves 

in the presence of RuCl_(PPh )_ can both serve as active hydrogen 

donors and form crossover products in the presence of secondary and 

tertiary aromatic carbinols. 

REFERENCE: 

1. Pri-bar, I., NRCN-477, 1981, in Hebrew 

CATALYSIS OF OXYGEN CATHODIC REDUCTION BY ADSORBED IR0N(111)-TETRA ' 

(N,N,N-TRIMETYLANILINIUM) PORPHYRIN ON GLASSY CARBON ELECTRODES 

A. Bettelheim, R. Parash and D. Ozer 

The adsorption of iron(III)-tetra(N,N,N-trimethylanilinium) 

porphyrin on glassy carbon was studied in aqueous solutions using 

cyclic voltanmetry, differential pulse voltammetry, chronoamperometry 

and the RRDE technique. The porphyrin was found to catalyze oxygen 

electroreduction; the overpotential is reduced by about 400 mV and 

the hydrogen peroxide yield is -5% compared with =25% in the 

absence of the catalyst. 

Ph.D. thesis, Hebrew University, Jerusalem, 1979 
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APPLICATION OF THE TWO SITE LANGMUIR ISOTHERM TO MICROPOROUS ADSORBENTS 

J. Koresh and A. Soffer 

Adsorption on activated charcoal and zeolites can be accurately-

represented by two site Langmuir isotherms. The Henry's law constants 

of the two sites are quite distinct. The ratio of contributions of 

adsorption at the second site to that at the first site increases upon 

increasing pore opening and may serve as a qualitative measure of the 

ratio of pore volume-to-surface area of the fine pore adsorbent. 

STEREOSELECTIVITY IN ION ELECTROADSORPTION AND DOUBLE LAYER CHARGING OF 

MOLECULAR SIEVE CARBON ELECTRODES 

J. Koresh and A. Soffer 

Electroadsorption stereoselectivity of ions in the ultramicropores 

of molecular sieve carbon electrodes was found to take place in three 

modes. 

a) accommodation of cations in preference to anions in pores which 

comprise C = 0 dipoles, with the negative end facing the pore. 

b) accommodation of anions in preference to cations in pores with C-H 

dipoles. 

c) adsorption stereoselectivity in favor of smaller ions. 

All three effects are removed upon extensive activation of the carbon 

which widens the pore system. In this last case the affinity of the 

electrical double layer is equal for both cations and anions, ir

respective of their dimensions, corresponding to nonspecific adsorption 

of point charges. 

HYDROGEN ISOTOPE EXCHANGE IN Mg2Ni DEUTERIDE
+ 

I. Schwarts and M. H. Mintz 

The heterogeneous isotope exchange process between hydrogen gas 

and Mg„NiD, contains the following four steps: 

a. adsorption of the hydrogen molecule at the solid-gas interface 

This work is part of a Ph.D. thesis to be submitted by I. Schwarts to 
Ben Gurion University of the Negev, Beer-Sheva 
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b. isotope exchange at the interface 

c. diffusion of the hydrogen atoms into the solid and the deuterium 

atoms to the surface 

d. Desorption of the surface exchange products 

When the rate of exchange reaction is controlled by the diffusion 

step the solution of the unsteady-state diffusion equation in spherical 

geometry can describe the isotope exchange kinetics. The solution is 

given by: 
oo r 2 2 ^ 

a = *;A ^ exp — 2 — (1) 

N=l N *> r J 

where D is the diffusion coefficient, a is the reaction fraction, 

r is the radius of the sphere and t is the time. 

The kinetics of the exchange reaction were followed by the 

thermogravimetric method. In this method the deuteride is equilibrated 

in a furnace with a flowing stream of hydrogen. The weight change of 

the deuteride due to the isotope exchange process is monitored as a 

function of time. From Eq. (1) the diffusion coefficient and its 

temperature dependence can be obtained. The analysis of the experi

mental data was performed by a least squaresfit method and the para-
2 

meter D/r was calculated. The results for two temperatures are 

summarized in Table 1. In order to obtain the exact value of the 

diffusion coefficient the average size of the powder particles should 

be known. 

Table 1 

Diffusion coefficient as a function of temperature 

T(°C) 

250 

350 

D/r2 

3.5xl0-7 

1.34xl0~5 

Error 

0.74% 

2.3% 
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GROWTH OF ZINC DENDRITES IN ACIDIC ZINC CHLORIDE SOLUTIONS 
* 

Y. Oren and U. Landau 

The heights and widths of zinc dendrites were measured in pure 

zinc chloride solutions in the concentration and pH range prevailing 

in zinc-halogen load leveling batteries. At constant overpotential 

the height increases linearly with time, indicating a constant growth 

rate. The higher the concentration and the overpotential, the faster 

is the growth. The critical overpotential for initiation of dendrite 

growth is 14 mV independent of the concentration. The growth rate 

increases with decreasing pH. The influence of hydrogen gas evolved 

at low pH on the growth rate was studied. Propagation rate was con

sidered in terms of an extended Barton and Bockris model. When the 

heights of the dendrites are smaller than the diffusion layer thickness, 

mass transport to the tip is linear and the dendrites propagate in an 

exponential manner. When the height is larger than the diffusion layer, 

mass transport to the tip is spherical and the propagation is linear 

with time. At constant overpotential the width is a linear function 

of the square root of the height, indicating that the dendrite has a 

definite shape which is preserved during the growth and the tip radius 

is maintained constant as predicted by the theory. 

DIMER-MONOMER EQUILIBRIA IN RHODAMINE B 

M. Faraggi and I. Rosenthal 

The absorption and fluorescence spectra of the laser-active dye 

Rhodamine B in methanolic solutions containing different additives were 

studied as a function of concentration. The observed absorbance of 

the methanolic solutions was analyzed in terms of a monomer-dimer 

equilibrium. 

MEASUREMENTS OF TEMPERATURE DISTRIBUTIONS IN METHANE-AIR FLAME BY MOIRE 

DEFLECTOMETRY 

E. Bar-Ziv, S. Sgulim, 0. Kafri and E. Keren 

The temperature mapping of an axially symmetric premixed methane-

air flame was determined by moire deflectometry. From the analysis of 

Case Western Reserve University, Cleveland, OH 
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the moire data detailed information on the temperature distribution 

was obtained. The radial profile of the temperature shows a minimum 

at the center of the flame which gradually disappears when proceeding 

downstream, as expected. The main advantage of moire deflectometry 

over other techniques is that the temperature distribution of the entire 

flame is obtained with no need for a three dimensional scanning. It 

was shown that the technique provides valuable and detailed information 

which could lead to a better understanding of combustion mechanisms. 

The limitations of the method were also considered. 

CHEMICAL PROPERTIES OF WATER SOLUBLE PORPHYRINS. PART 1. EQUILIBRIA 

BETWEEN SOME LIGANDS AND Fe(III)TMPyP^ 

D. Weinraub, P. Peretz and M. Faraggi 

The equilibrium constants between the ligands imidazole, histidine 

and cyanide and the monomer Fe(III)TMPyP and the dimeric 0-(Fe(III)TMPyP)2 

were measured by the spectrophotometric method. 

K3 
Fe(III)TMPyP + 2L c

 J > Fe(III)TMPyP(L)2 

K5 0-(Fe(III)TMPyP)2 + 4L c
 D > 2Fe(III)TMPyP(L)2 + 20H 

At 25°C the values for K are 3xl05M~2 and 2.5xl04M"2 for imidazole 
—8 —1 

and histidine, respectively. The values for K_ are 1.4x10 M , 
-9 - 1 5 - 1 

1.5x10 M and 4.6x10 M for imidazole, histidine and cyanide. The 

pH dependence of the measurements suggests that the structure of the 

dimeric form is 0-(Fe(III)TMPyP(H20))„. Spectral properties of the 

reduced Fe(III)TMPyP and some of its complexes were also studied. 

REFERENCE: 
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CHEMICAL PROPERTIES OF WATER SOLUBLE PORPHYRINS. PART 2. THE REACTION OF 

IRON(III) TETRAMETHYL PYRIDYL PORPHYRIN WITH THE SUPEROXIDE RADICAL DIOXYGEN 

COUPLE^^ 

D. Solomon, P. Peretz and M. Faraggi 

The reactions of aquo, dicyano, dihistidyl and bis(imidazole) 

complexes of Fe(III)TMPyP with the superoxide radical, as well as other 
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reducing radicals, were studied using the pulse radiolysis technique. 

The second order reaction rate constant of 0_ with the iron(III) aquo 
9 - 1 - 1 complex was found to be 2.0x10 M s , three orders of magnitude faster 

than the reaction of each of the other complexes. The reaction rate con

stants of the other radicals with all the iron(III) complexes were 

found to be of the order of 10 to 10 M s . The reduction product of 

the Fe(III)TMPyP aquo complex is rapidly oxidized by the superoxide 
9-1-1 -

radical, k = 2.3x10 M s . The reoxidation by 0„ of the other reduced 
6—1 —1 

iron porphyrin complexes were of the order of 10 M s , again much 
smaller rate constants than that of the aquo complex. 

The difference in the 0„ reactivity towards the iron(III) porphyrin 

dicyano, dihistidyl and bis(imidazole) complexes was explained by an 

outer-sphere electron transfer mechanism as compared to a mechanism which 

assumes an incorporation of 0_ in the coordination sphere which governs 

the reaction of the aquo complex. The difference in reactivity of 0„ in 

the oxidation reactions seems to be the result of the difference between 

the species to be oxidized, Fe(II)TMPyP(L)2 and Fe(III)TMPyP(0~). The 

reactions of the Fe(II)TMPyP complexes with dioxygen were also studied. 

The reaction of the aquo complex was found to be first order in 0_ and 

second order in Fe(II)TMPyP, suggesting the formation of a peroxo 

Fe(III) porphyrin as an intermediate. The reactions of the other com

plexes are very slow processes which may reflect the inability of the 

reduced iron(II) porphyrin complexes to incorporate the dioxygen in 

their coordination sphere. 

REFERENCE: 

1. Solomon, D., Peretz, P. and Faraggi, M., J. Phys. Chem., in press. 

CHEMICAL PROPERTIES OF WATER SOLUBLE PORPHYRINS. PART 3. THE REACTION 

OF SUPEROXIDE RADICALS WITH SOME METALLOPORPHYRINS^1* 

P. Peretz, D. Solomon, D. Weinraub and M. Faraggi 

The catalytic efficiency of some water soluble metalloporphyrins 

on the disproportionation of the superoxide radicals was determined by 

observing the rate of decay of the radical at 254 nm. The Fe(III), 

Mn(III), Co(III), Ni(II), Cu(II) and Zn(II) derivatives of TMPyP, TAP 

and TPPS, were studied. The order of catalytic efficiency found was 

Fe(III)TMPyP » Mn(III)TMPyP > Co(III)TMPyP <\» Mn(TAP) > Fe(III)TPPS. 
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Other metalloporphyrins did not show catalytic activity. Reduction poten

tials of the above metalloporphyrins determined from cyclic voltanmograms 

indicate the importance of having a second energetically accessible 

oxidation state available to the metal ion for catalysis. The catalytic 

action of the above metalloporphyrins was considered in terms of inner 

and outer-sphere mechanisms. It was suggested that with the exception 

of Fe(III)TMPyP, which reacts via an inner-sphere mechanism, the others 

are governed by an outer-sphere mechanism. 

REFERENCE: 

1. Peretz, P., Solomon, D., Weinraub, D. and Faraggi, M., Int. J. Radiat. 
Biol., in press. 

OXIDATION STATES OF URANIUM IN PHOSPHATE 0RES+ 

H. Feldstein, R. Bircz and Y. Shi lorn" 

The evaluation of the possibilities for selective extraction of 

uranium from phosphate ores requires information concerning its 

oxidation states, i.e. whether it forms soluble uranyl complexes or 
+4 

sparingly soluble U compounds. Samples of phosphate ores from 

several fields, both exploited and recently discovered, were analyzed, 

and almost equal concentrations of uranium in the +4 and +6 oxidation 

states were found. Nevertheless there is some correlation between 
+4 

the concentrations of U and organic matter, and the depth of the 

phosphate layer from which the sample was taken. 

In ores containing 5-10% organic matter about 2/3 of the 

uranium was found in the +4 oxidation state, irrespective of the 

depth of the layer (depths between 1-100 cm were checked). In 
+4 

ores which contain M).5% organic material, the concentration of 13 

is highest in the upper layer and drops significantly (by a factor 

*>2) in deeper layers. This phenomenon cannot be attributed to 
+6 

selective leaching of U from the upper layer, because the U/P„0_ 

ratio is highest in the upper layer. The above findings suggest 

that uranium was absorbed by the phosphates after the ore was 

already formed, probably from solutions which came in contact with 

t This work was supported by the Ministry of Energy and Infrastructure 

Geological Survey, Jerusalem 
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the upper layer, and then gradually dispersed in the lower layers 

by elution absorption processes. Correlation of these findings with 

known geological data may lead to a better understanding of the 

relation between uranium and phosphate ores. 

OXIDATION STATES OF URANIUM IN PHOSPHATES AFTER THERMAL TREATMENT"1" 

H. Feldstein and R. Bircz 

Uranium in raw phosphate rock occurs in two oxidation states, 

+4 and +6. The oxidation process which starts at temperatures above 

500 C is completed at about 600 C. The oxidation of uranium starts 

after most of the organic material in the ore has been decomposed, 

but still before the recrystallization of the apatite. At tempera

tures above 800 C, uranium concentrates in compounds which are in

soluble in cold phosphoric acid, probably calcium uranate. The 

results are summarized in Table 2. 

Table 2 

Oxidation states of U in Oron phosphate at various temperatures 
(total U concentration: 100 - 120 ppm) 

Temperature 

(°c) 

500 
500 + 02 

600 
700 
800 
900 
900 
1000 
Raw material 

Heating time 
(h) 

6 
6 
11 
11 
4 
4 
11 
11 
— 

u ^ 
(ppm) 

38.3 
26.2±2.8 
7 
8 
5.1 
7.8 
6.0 
5.8 
42.7+4.9 

U insoluble 
(ppm) 

1.85+0.35 
3.75±1.4 
1.4 
3.0 
9.1+2.5 
36 
48 
83.3 

This work was supported by the Ministry of Energy and Infrastructure 
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THE INFLUENCE OF CaF9 ON THE SOLUBILITY OF URANIUM
1" 

H. Feldstein, R. Bircz, R. Fischer and M. Bear 

In ores enriched in apatite, obtained by selective leaching of 

the carbonates by dilute HCl, which contained free CaF2, uranium was re

duced during calcination instead of being oxidized (Table 3). It was found 

that CaF„ is a good binder for U, and after heating at ro300°C forms 

compounds with U that are insoluble in cold HJ?0, . In order to 

define the nature of these compounds a mixture of CaF„ with UO„(NO_)» 

was prepared with an atomic ratio U/F = 1/8. 

The mixture was heated gradually up to 850 C and from the TGA 

curve we learned that the final product is formed at about 300 C. 

XRD analysis of the mixture heated to 200 C indicated the presence 
+4 of CaUF, (U !!) and UC- F„, but the sample was poorly crystallized. 

After calcination at 850 C the major component was CaUO,. Analysis 

for F proved that HF was evaporated. 

Table 3 

Oxidation states of U in apatite containing free CaF2, 
as a function of temperature (heating time = 4h) 

Temperature 

(°C) 

<\>30 
400 
800 
900 

+4 

(ppm) 

63.8 
15.2 
59.1 
78.4 

insoluble 
(ppm) 

8 
14.8 
48.1 
59.1 

Utotal 
(ppm) 

161.4 
159.5 
170.9 
180.0 

This work was supported by the Ministry of Energy and Infrastructure 

Israel Ceramic and Silicate Institute, Haifa 
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RADIOASSAY OF LOW 90Sr ACTIVITIES BY EARLY COUNTING OF THE CERENKOV 

RADIATION INDUCED BY THE INGROWING DAUGHTER NUCLIDE 90Y ^ 

B. Camion and U. German 

90 The precision of a previously reported procedure for Sr 
(2) 

assay was considerably improved by use of a mathematical expression 

which takes into account the increase in the counting rate of the 
90 

ingrowing daughter Y. This is especially useful when low activities, 
-4 

of 10 uCi or less, must be quickly assayed, as in cases of internal 

contamination. The measuring conditions on a liquid scintillation 

counter can be arranged in such a way that only the 2.27 MeV 3-particles 
90 90 

from Y are detected, while the weaker radiation from Sr is not. The 
90 

increase in the counting rate of freshly purified aqueous Sr samples 

is quite significant during counting periods of over 200 min. Even at 

longer counting times fairly accurate results are obtained already 

three days after the initial Sr/Y separation. The sensitivity limit 
—6 

of the method is around 2x10 uCi per sample, which is about 2-3 net 

cpm when measured with a 50% counting efficiency. 

REFERENCES: 

1. Carmon, B. and German, U., Health Phys., (1982) in press. 
2. Carmon, B. and Eliah, Y., in Radiation Protection, A Systematic 

Approach to Safety, Proceedings of the 5th International Congress 
IRPA, Jerusalem, March 1980, Pergamon Press, Oxford, 1980, vol. 2, 
p. 889. 

A QUICK, NONDESTRUCTIVE ESTIMATION OF POTASSIUM CHLORIDE BY THE CERENKOV 

COUNTING OF K-40, DURING INDUSTRIAL PROCESSING FROM THE DEAD SEA BRINE^ 

B. Carmon and S. Levinson 

The Cerenkov radiation induced by the naturally occurring long-
Q 

lived B-emitting radionuclide K-40 (T^ = 1.27x10 years, E = 1.31 MeV, 
^ 

abundance: 0.0118%) has been the subject of several investigations in 
(2-4) 

recent years . The technique is not sensitive enough as an 

analytical method for low potassium concentrations; it can nevertheless 

be useful for detecting small variations in the KCl content in concen

trated salt solutions and crystallized products. The method reported 

here is especially applicable in the intermediate stages of the indus

trial production of KCl, which is obtained from the Dead Sea brine 

through a process of fractional crystallization by use of solar energy 

and countercurrent treatment in saturated salt, solutions. 
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Individual samples, of 20 ml each, were prepared in standard 

polyethylene counting vials using suitable aliquots from nearly 

saturated solutions of KCl and NaCl, with some additions of MgCl2-

The total salt contents varied from 0.14 to 5.85 grams per vial 

(7 to 292 mg/ml), with KCl between 5 and 100%. The measurements 

were carried out on a Packard Tricarb model 3385 liquid scintilla

tion spectrometer with an optimum gain setting and window opening. 

Prom each sample 20000 counts were collected, giving count rates 

between 50 and 2230 cpm with a background rate of 10+2 cpm (3cr). 

The counting efficiency e varied between 36 and 42% and is obviously 

a function of the refractive index nD of the sample (Fig. 1). 

A 2a (95% CL) error of < +4% was achieved in most of the measurements, 

however, samples with relatively high or low nD values exhibited 

errors up to +11%. This is probably due to the dependence of e on 
(2) 

the density of the solution being measured . 

0.42 

1.37 1.39 
Refractive index, n 

Fig. 1 

The Cerenkov counting of brines containing potassium 
chloride; counting efficiency vs the refractive index 

at 23°C. 

The detection limit for KCl with this technique is 0.28 mg/ml, 

which is equivalent to 0.15 mg of potassium. Its main advantages are 

the simplicity of sample preparation and considerable time saving, as 

compared to existing procedures. Differences of 1% in the KCl content 
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in solutions can be detected if the concentrations are greater than 

300 g/Jl. Additional work is required to make this technique suitable 

for routine use in the field and in the factory during the process. 

To enhance the precision it will be necessary to investigate the 

correlation between e and a parameter which should include riD as well 

as the density. The sensitivity might also be improved by use of a 

stable wavelength shifter . A relatively light, easily movable 

detection unit will be needed for the outdoor measurements. 

REFERENCES: 
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23-28 August 1981, Book of Abstracts, p. 231. 

2. Haberer, K., Atomwirtschaft JLO, 36 (1965) 
3. Mertl, F., Jad. Energ. 19, 43 (1973) 
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CHLORINE DETERMINATION IN EHC HYDRAULIC FLUID BY ACTIVATION ANALYSIS 

WITH THERMAL NEUTRONS 

Y. Nir-El and N. Lavi 

A procedure was developed for the determination of chlorine 

in EHC hydraulic fluid by the method of activation analysis with 

thermal neutrons. The procedure is simple, sensitive and precise. 
38 

Characteristic gamma radiation emitted by the CI nuclide produced 

through the irradiation is monitored by a Ge(Li) detector. The 

absolute calibration curve of the system was established by the 

standard additions method. The calibration curve proves the 

obvious linear behavior of the system. Chlorine concentration in 

the hydraulic fluid sample forwarded by the Hadera power station 

was determined according to the newly developed procedure and 

found to be (18.1+0.4) ppm. 

DETERMINATION OF NOBLE METALS IN POLYMER SUPPORTED CATALYSTS 

I. Schoenfeld 

A rapid and simple analytical method was developed for the 

determination of noble metals in polymer supported catalysts. Two 
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different techniques were used depending on the type of sample and 

concentration. The first is a trace analysis of solutions containing 

only minute amounts of noble metals from either the homogeneous noble 

metal-polymer system, or from rinsing insoluble heterogeneous catalysts 

with water for investigation of the leaching-out problem. The second 

technique is a microanalysis of the solid insoluble heterogeneous 

catalysts having a noble metal concentration of a few percent. 

The two techniques differ with regard to preparation of samples 

and standards. The liquid samples are deposited directly on the flat 

end of graphite electrodes and excited after drying under conditions 

given in Tables 1 and 2. The insoluble supple catalysts are made 

friable by treating with liquid air and then prepared for excitation 

as common powders. 

Table 1 

Operating conditions 

Spectrograph 

Illumination mode 

Source 

Analytical gap 

Slit width 

Electrodes 

Electrode charge 

Exposure time 

Emulsion 

Photographic 
conditions 

Jarrell-Ash grating spectrograph, 
grating 15000 grooves per inch 

3.4 m focal distance 

The image of the source on the collimator mirror 

Jarrell-Ash Standard Varisource, 

3 mm 

10 y 

Graphite, technical grade purity 

a) solution technique b) 
lower and upper: 6 mm diam, 
flat end 

0.05 ml of the analyzed 
solution on each of the 
two electrodes 

3 min 

Eastman SA-I for the shorter » 
wavelengths 

Developer D-19, 3 min, Kodac Acid 
Jarrell-Ash. Photoprocessor 

DC-arc, 10 A 

powder technique 
lower: 6 mm diam, 
3 mm deep hole, 
0.7 mm thick wall; 
upper: 3 mm diam, 
pointed 

5 mg sample + 10 mg 
graphite 

3 min 

SA-III for the longer 

Fixer, 5 min, 
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Table 2 

Analytical lines used 

Element 

PtI 

RuII 

Osl 

Pdl 

Wavelength in nm 

Solution technique 

306.471 

267.876 

305.866 

324.270 

Powder technique 

299.797 

271.241 

305.866 

324.270 

The concentrations of Pt,Ru, Os and Pd are read from 

analytical curves obtained on the basis of synthetic standards: 

a) liquid covering the range from 1 to 100 ppm, b) solid with 

concentration of 0.2 to 2.0%. 

The main advantage of the method in both variations is its 

simplicity and the usefulness for analyzing various types of 

samples in the wide concentration range. The method was extended 

to the determination of some transition metals in liquid and solid 

samples. It was also applied for testing the purity and homogeneity 

of the catalysts produced. 

DETERMINATION OF PLATINUM IN VERY SMALL LIQUID SAMPLES BY RADIOISOTOPE 

EXCITED X-RAY FLUORESCENCE 

C. Shenberg and T. Sagi 

A radioisotope excited X-ray fluorescence (XRF) method, based 
241 

on the use of five 45 mCi Am point sources arranged in a newly 

designed configuration , was applied to the Pt determination in 

very small samples of a polymer catalyst system. This system is 

used for hydrogen production from water via conversion of solar 

energy into chemical energy. The efficiency of such a system is 

strongly dependent on the Pt concentration. Since the polymer-

platinum redox catalyst system is being studied in our laboratory, 

there are many very small samples for determination of Pt content. 

Therefore a much needed accurate, fast and nondestructive method 

for Pt analysis was developed. 
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A study was carried out to establish the optimal conditions for 

analyzing Pt in the range of 5-100 vg in 50 \il samples. The samples 

were compared with standards containing Pt in the range under study 

prepared from Pt solutions in triple-distilled water. Fifty y£ of 
(2) each sample were transferred to sample cells and the *> 5 mm diam 

drops obtained were dried in air. The Pt determination was based on 

measurements of the excited PtL fluorescent energy (9.4 keV). In 

order to minimize the background in the region of interest, several 

collimators were tried in the experimental set-up. 

A Ag collimator, 10 mm high, 10 mm diam. with a 1 mm wall thickness, 

was found to be most suitable. More than 250 samples were analyzed 
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Fig. 2. 

Typical spectrum of 50 u£ polymer sample, containing 20 pg Pt; 
Ag collimator, 1 min counting time. 
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and in a 1 min counting time; the average deviation of the calculated 

results was +10%. A typical spectrum obtained from a 50 u£ liquid 

polymer sample containing 20+JL.8 ug Pt is shown in Fig. 2. As can be 

seen, the Pt L peak is clearly identified in a 1 min counting time. 

REFERENCE: 

1. Shenberg, C , Rapaport, M. S. and Boazi, M. in SAC 80, 
5th International Conference on Analytical Chemistry, Lancaster 
University, 20-26 July 1980, p. 77. 

2. Rapaport, M. S., Mantel, M. and Shenberg, C.,Med. Phys.(1982) 
in press. 

DETERMINATION OF BROMINE IN BLOOD SERUM BY 1 2 5I EXCITED X-RAY 

FLUORESCENCE^ 

M. S. Rapaport, M. Mantel and C. Shenberg 

The rapid and accurate determination of bromine in blood serum 

is of importance in medicine in the diagnosis and follow-up of bromine 

poisoning and in the diagnosis of certain diseases. Bromine poisoning 

may be a result of overdoses of bromine-bearing drugs or of over-
(2) 

exposure to bromine compounds . In diagnostic testing, bromine 

compounds are administered orally and the distribution of the stable 

bromine tracer in the different body fluids is measured. 

In the present work we developed a nondestructive X-ray fluores

cence method for the quantitative determination of bromine in blood 
125 serum based on the excitation of Br X-rays with five 10 mCi I point 

sources. The sources are incorporated in a ceramic bead, sealed in a 

welded stainless steel capsule and placed in a heavymet sleeve. The 

heavymet sleeve is set in an aluminum housing which also supports the 
2 

sample to be assayed. The detector is a Si(Li) diode, 300 mm in area 

and 4 mm depletion depth, with a resolution (FWHM) of 250 eV for the 

6.4 keV Fe K X-rays. A Ag collimator is placed between the sample and 

the detector. 

Blood serum was separated by centrifugation and 50 uL were trans

ferred to the sample with a micropipet. The drop, 3-4 mm in diameter, 

was then dried in air. 

As an application of the method, the influence of high bromine 

levels in air on the bromine concentration in the blood of persons 
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living in the area was checked. Blood samples were taken from 20 

persons (group A, 10 males and 10 females) working in our laboratories, 

and from 34 persons (group B) employed at Dead Sea Periclase Ltd., a 

plant that utilizes concentrated brines from the Dead Sea to produce 

magnesium oxide and is situated in the vicinity of the Dead Sea 

Bromine Company. The serum Br content determined for each individual 

is shown graphically in Fig. 3. For every group the line represents 

the average values obtained: 6.38+0.25 mg Br/51 for group A females, 

7.78+0.29 mg Br/S. for group A males and 9.14+0.12 mg Br/2 for group B 

(all males). A higher average value is seen for group B than for group A 

These results corroborate our expectations since the influence of the 

environment may produce large variations in trace element concentrations 

in biological samples in general, and in blood serum in particular. 

Person No. 
10 15 20 25 30 35 
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10 15 
Person No. 

20 

Fig. 3 

Blood serum bromine content of individuals. Group A-persons from 
Soreq Nuclear Research Centre, Group B-persons from Dead Sea Peri

clase Ltd. (f-females, m-males). 
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RADIOISOTOPE EXCITED XRF ANALYSIS OF IODINE TRACER IN VERY SMALL MOUSE 

ORGAN SAMPLES 

C. Shenberg and J. Wenninger 

The introduction of computed tomography (CT) provides a new non

invasive technique for the assessment of patients with various diseases 

(e.g. cerebral tumors, lymphomas, etc.). The results obtained by con

ventional X-ray, contrast X-ray and CT are disappointing, mainly because 

of poor ability to detect specific lesions. Contrast enhanced transmis

sion CT could provide much greater temporal/density resolution by use of 

suitable contrast agents. The development of specific agents is now 

required for the success of this method. The kinetics of various contrast 

agents is the subject of many studies under investigation . Such 

investigation involves hundreds of samples per experiment and therefore 

a simple, fast and accurate analytical method is required for elemental 

determination. The aim of this study was to develop a nondestructive 

analytical procedure for fast and accurate determination of iodine in 

mice organs. 

A 0.05 ml solution, containing 5 mg KI, was injected into mice 

of ̂  15 g body weight. The mice were sacrificed 5 min after iv and 

13 different organs of the body were checked for iodine content. 
^o\ 9/1 

A newly designed XRF set-up consisting of five 45 mCi Am 

point sources was adjusted for determination of iodine in mice organs 

based on excitation of the characteristic I K X-rays ( I K - 28.46 keV) . 

In order to overcome the matrix effect, a mouse, without KI injection, 

was sacrificed to serve as a blank. A comparison of corresponding 

organs of mice with and without KI injection shows that the intensity 

in the region of I K energy peak (27-30 keV) of the blanks was very 

close to that of the background from the injected samples (Table 3). 

The weight of the samples ranged from a few mg, to a few hundred mg 

per mouse organ. Already in 1 min counting time, an I K peak was 

clearly identified in a 11 mg sample, as can be seen in Fig. 4. The 

study is continuing. 
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Table 3 

I K intensity obtained from different mice organs, 
a with and without KI injection 

Organ 

Whole blood 
Thyroid 
Gall bladder 
Spleen 
Stomach 
Intestine 
Liver 
Kidney 
Heart 
Lungs 
Bladder 
Muscle 
Bone 

Weight 
(mg) 

91.7 
4.8 
3.5 
11.0 
102.5 
1173.1 
266.2 
60.7 
23.4 
32.5 
4.4 
37.7 
12.1 

a) 
I K peak intensity (cpm) 
(energy region 27—30 keV) 

KI injected sample 

Net counts 

3313 
121 
-
412 
3052 
2621 
3193 
2322 
925 
2052 
115 
591 
131 

Background 

892 
598 
558 
696 
1191 
2051 
1513 
933 
781 
692 
593 
963 
699 

c) 
Blank ' 

780 
502 
637 
612 
948 
1721 
1799 
1229 
796 
637 
549 
970 
683 

a) 
b) 
results normalized to the same weight 
obtained by subtraction of net counts from total 
without KI injection 
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Fig. 4 

Typical spectrum of a spleen sample (11 mg weight, 1 min counting time) 
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EVALUATION OF ERRORS IN THE DETERMINATION OF MAGNESIUM IN BLOOD SERUM 

BY ATOMIC ABSORPTION SPECTROSCOPY 

M. Mantel, C. Shenberg, A. Strul, B. Rachnriel, V. Taragano and M. Kitjis 

A relationship between the variations in the concentration of 

magnesium in blood serum and disease has recently been established . 

The most suitable analytical method for the determination of magnesium 
(2) 

in blood serum is atomic absorption spectroscopy . A study of the 

errors associated with this method was carried out, in order to deter

mine with certainty the overall error of the method, so as to permit 

distinguishing between variations due to abnormalities and those due 

to analytical errors. 

The measurements were carried out with a Perkin Elmer 460 atomic 

absorption spectrophotometer. A Mg hollow cathode lamp was used as a 

light source, the slit setting was 0.2 nm and the wavelength 285.0 nm. 

Strontium chloride was added to suppress the interference of other 

cations present in the serum and Tltrisol (Merck) solution was used as 

a blank. 

The errors in each of the different steps of the method were 

measured, i.e. preparation of samples (pipettes, dilution), equipment 

(reproducibility, on the same day and after a period of time), standards 

(preparation, addition of Titrisol solution), blanks (with and without 

Titrisol solution). 

Table 4 

Errors in the various stages in the determination of magnesium in 
blood serum by atomic absorption spectrophotometry 

Steps of the method 

Sample preparation 
micropipettes (10, 50, 100 and 200 uL) 

Measurements 
repeated readings: same day 

different days over a 
6 month period 

Standards 
dilution and repeated readings 

Total error calculated from two 
different samplings of the same serum 

Error 

+ 0.65 % 

+ 1.1 % 

+ 4.0 % 

+ 1.6 % 

+ 3.0 % 
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The results obtained are shown in Table 4. It was found that the 

addition of the Titrisol solution to the standards did not have any 

influence on the results. However, it was necessary to add Titrisol 

to the blanks in order to obtain accurate results. 
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SPECTROCHEMICAL ANALYSIS OF IMPURITIES IN NICKEL AND NICKEL OXIDE 

Z. Goldbart, A. Lorber and A. Harel 

Various spectrochemical methods were used for the quantitative 

determination of 23 impurities in metallic nickel and nickel oxide. 

The average limit of detection is 1 * 5 ppm and the dynamic range 

lies over 2.5 orders of magnitude. The following elements were determined: 

Al,B,Ba,Bi,Ca,Cd,Co,Cr,Cu,Fe,Ga,Ge,In,Mg,Mn,Mo,Nb,Si,Sn,Sr,Ti,V. 
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DEVELOPMENT OF A ROUTINE NONDESTRUCTIVE METHOD FOR TRACE ANALYSIS OF 

THORIUM IN ISRAELI GEOLOGICAL SAMPLES^ 

N. Lavi, G. Lipshitz and E. Ne'eman 

The need for analysis of very large numbers of U/Th ore samples 

(2 3) 

is continuously increasing ' . Therefore, accurate but time con

suming and cumbersome chemical or radiochemical methods are being 

replaced by nondestructive methods. In this work, two nondestructive 

methods for accurately determining trace amounts of thorium in 

geological matrices were compared: neutron activation analysis (NAA) 

of Th followed by gamma ray spectrometry and direct measurements of 
208 

the thorium daughter nuclide Tl. 

(4) By the first method , the determination of thorium is made 
233 

using gamma-rays following the decay of Pa produced by the nu
clear reaction: 

232Th(n,y) 233Th 2 2 J m i n>
 233Pa (27.4 days) 
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The geological samples, together with thorium standards, were irra

diated for 2 h in the IRR-1 reactor at a thermal neutron flux of 
13 2 233 

1.2x10 n/cm sec. The 3.11.9 keV gamma ray peak of Pa obtained 
3 

was measured with a 100 cm Ge(Li) detector for 900 sec after a 

cooling time of 10 days. The results, presented in Table 5, show 

that by applying NAA, a concentration of thorium in rock samples 

as low as 0.63+0.036 ppm can be measured. The sensitivity limit of 
-9 this method was found to be 3x10 g+50% at the 95% confidence level. 

The measuring time using this method is one tenth that required with 

the direct method. 

By the second method, also used in our laboratory, the thor-
208 

ium daughter nuclide ( Tl, 2.615 MeV) is measured with a Nal(Tl) 

5"x5" well-type detector. The sensitivity limit in this case, us

ing a counting period of 4000 sec and samples of 20 g, is mainly 

determined by the background count rate and was found to be 12.7 ppm 

which is equivalent to 127 yg Th. 

Table 5 

Thorium in rock samples determined by two methods: NAA followed by 
gamma ray spectrometry of the 311.9 keV peak of 233pa an(j direct 

measurements of the daughter nu elide 208T1(2.615 MeV). 

Rock 
Sample 

R-3462 

R-3228 

Sample weight 
(g) 

0.071810 
0.028940 

0.032270 

0.024530 

NAA 

Counts 

9981+330b 

4115+215 

1323+83° 

917+90 

Th(yg) 

0.960 
0.396 

0.021 

0.015 

Th(ppm) 

13.37+0.44 
13.69+0.71 

ave: 13.53+0.42 

0.66+0.04 

0.60+0.06 
ave: 0.63+0.04 

Direct 
Measurements 

12+4 

Not detectable 

b,c 

The samples were irradiated for 2h and measured for 900 sec after a 
cooling time of 10 days. 

The measurements were made at 0.5 and 5 cm from the surface of the 
detector, respectively. Under the same geometrical conditions, 1 yg 
of thorium standard gives 61415+1204 and 10483+491 counts, respectively. 
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The method of NAA described above offers some advantages over 

the direct measurements technique. The method is nondestructive, 

selective and highly sensitive and may be routinely applied on a 

laboratory scale. 

REFERENCES: 
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GEOCHEMISTRY OF POLYMETALLIC MINERALIZATIONS IN TIMNA VALLEY+ 

U. Vulkan, A. Ayalon and A. Stroll 

Rock samples which represent polymetallic mineralization were 

collected in Timna Valley during explorations carried out in the area. 

The samples (575 in number) represent mineralization in the geological 

section, and were divided according to the following geological 

formations: Precambrium, Amud-Shlomo, Timna, Shehoreth and Lower 

Creticeons (Amir and Evrona). 

The concentrations of 21 elements were determined by atomic 

absorption spectroscopy, emission spectrography and radiometric 

methods. Statistical data processing is being performed, including 

determination of mean values and standard deviations, correlation 

analysis, maps of distribution of each element, etc. For example, 

Table 6 gives the mean values and standard deviation and Table 7 

the correlation coefficients 

From this work a better understanding will be obtained of the 

genetic relationships of the huge number of mineralization phenomena 

in Timna Valley, and the parameters which characterize the geochemical 

and mineralogical associations. 

This work was performed by the Uranium Exploration Project, a joint 
collaboration between Soreq Nuclear Research Centre and the Geological 
Survey of Israel 

Geological Survey, of Israel, Jerusalem 



Table 6 

Mean and standard deviations for polymetallic mineralizations, Timna Valley samples 

Element 
(ppm) 

Mg 

Ti 

U 

Th 

Mn 

Mo 

P 

Pb 

V 

Zn 

Timna 
(337 

X 

3200 

1100 

J30 

7 

23100 

5 

33500 

1310 

80 

210 

samples) 

SD 

2600 

770 

80 

6 

24500 

3 

38000 

1800 

75 

200 

Precambrium 
(39 samples) 

X 

3200 

1350 

6 

14 

630 

5 

170 

60 

22 

20 

SD 

1900 

870 

5 

8 

1900 

2 

360 

200 

18 

15 

Amud-Shlomo 
(53 samples) 

X 

990 

1100 

42 

45 

5600 

8 

22000 

65 

95 

40 

SD 

50 

670 

40 

150 

24500 

6 

23000 

130 

90 

80 

Shehoreth 
(48 samples) 

X 

1500 

35600 

42 

540 

400 

4 

380 

290 

95 

12 

SD 

890 

33600 

50 

880 

780 

3 

980 

300 

90 

8 

Amir 
(30 

X 

9800 

12950 

20 

20 

230 

40 

180 

3500 

160 

700 

samples) 

SD 

22000 

25000 

30 

60 

380 

80 

320 

6300 

130 

1300 

Evrona 
(45 samples) 

X 

990 

4900 

25 

15 

22 

100 

40 

5200 

80 

1300 

SD 

40 

8800 

30 

30 

30 

200 

160 

7500 

90 

2300 

X = average value, SD = standard deviation 
Notably high values are underlined. 
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Table 7 

Correlation coefficients, r, for various elements in Timna formation 
samples (337) 

blank space = 0.0<r£0.3, A = 0.3<r£0.5, B = 0.5<r'£0.7, 

C = 0.7<r£0.8, D = 0.8<r£l.O 

REGIONAL BASE-METAL GEOCHEMICAL EXPLORATION IN EASTERN S I N A I ^ 

U. Vulkan and A. Zilberfarb 

A geochemical exploration program for base metals using wadi 

sediments was carried out by a joint collaboration between Soreq 
2 

and the Geological Survey of Israel. The area studied (v5000 km ) 

is bounded by Elat to the north, Sharm-e-Sheikh to the south, the 

* 
Geological Survey of Israel, Jerusalem 
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N-S water divide of Santa Catherina to the west, and the coastal plain 

to the east. It consists mainly of Precambrian rocks, with lesser 

overlying and graben-filled Paleozoic and Mesozoic sediments. Sampling 

was mainly confined to the Precambrian and to the Precambrian-

sedimentary contact zones. 

A total of 2,300 samples have been taken to date, from depths 

of 10-20 cm. Preliminary sieving in the field yielded on the average 

500g of -1.5 mm material. On field data cards, for each sample site, 

the following information was recorded: location, wadi morphology, type 

and composition of sample, local geology, and, if present, local 

mineralization phenomena, all on the basis of mnemonic codes. The 

samples were split to 10-20 g which were crushed to 200 mesh 

(0.074 mm). Systematic analyses for Cu, Mo, Pb, Zn, Ni, Co, Mn, 

Cr, Ag were made by atomic absorption. Factor and correlation analy

ses were used to determine genetic relationships between geochemical 
(2) 

data, local and regional geology, and observed mineralization 

Discriminant analyses will be used to compare metal dispersion 

in different geochemical provinces. 

The statistical data yielded hitherto unknown metal-metal 

correlations such as Co-Pb-Zn and Co-Cu-Mn-Ni. Data processing 

showed that the dispersion of anomalies is clearly related to the 

rock types of the sampled areas and to the size of the wadis 

(Table 8). Most of the anomalous samples are located in areas of 

magnetic complexes, and concentrate in narrow, short wadis. Where 

present in large wadis, they are close to outlets (up to a few 

hundred meters) of the smaller wadis. This point is important in 

planning wadi sediment sampling, and reduces the sample requirements 

for regional reconnaissance surveys. 

The interpretation of the available data to date yields the 

following preliminary conclusions. The concentration of anomalies 

in small wadis is the result of the relatively lesser levels of 

erosion of the typical hydrothermal and/or metasomatic mineral 

occurrences (topographically high in the areas in which they occur). 

This refers only to anomalies derived from mineralization, and not 



Table 8 

Distribution of anomalies according to rock type and nature of wadis 

Population 

Mainly magmatic 
rocks 

Mainly metamorphic 
rocks 

Magmatic and 
metamorphic rocks 

Sedimentary, magmatic 
metamorphic rocks 

Wadi length 
0-4 km 

Wadi length 
4-6 km 

Wadi length 
6-10 km 

Wadi length 
above 10 km 

Wadi width 
0-20 m 

Wadi width 
20-50 m 

Wadi width 
50-100 m 

Wadi width 
above 100 m 

No. of 
samples 

1013 

156 

339 

223 

1106 

397 

140 

91 

884 

438 

331 

98 

Zn 
% No. 

1.8 

2.6 

1.8 

1.4 

1.9 

2.5 

2.2 

2.8 

1.1 

1.0 

18 

4 

6 

3 

21 

10 

0 

2 

25 

5 

3 

0 

Pb 
% No. 

3.9 

3.2 

4.1 

1.8 

4.2 

3.8 

1.1 

4.8 

3.7 

1.0 

1.0 

39 

5 

14 

4 

46 

15 

0 

1 

42 

16 

3 

1 

Ni 
% No. 

2.3 

1.3 

2.1 

1.8 

3.0 

0.5 

0.7 

3.4 

0.9 

0.3 

1.0 

23 

2 

7 

4 

33 

2 

1 

0 

30 

4 

1 

1 

Mo 
% No. 

2.4 

3.9 

3.2 

2.7 

3.3 

2.5 

1.1 

4.2 

0.9 

1.3 

2.0 

24 

6 

11 

6 

36 

10 

0 

1 

37 

4 

4 

2 

Mn 
% No. 

2.2 

2.6 

3.2 

2.7 

3.9 

0.5 

0.7 

1.1 

3.1 

3.7 

1.3 

22 

4 

11 

6 

43 

2 

1 

1 

27 

16 

4 

0 

Cu 

5.4 

7.1 

5.0 

2.7 

5.9 

5.5 

0.7 

1.1 

5.8 

4.8 

4. .8 

1.0 

No. 

55 

11 

17 

6 

65 

22 

1 

1 

51 

21 

15 

1 

Cr 
% No. 

2.6 

1.3 

1.5 

0.5 

2.3 

2.0 

0.7 

2.2 

2.7 

2.3 

0.6 

26 

2 

5 

1 

25 

8 

1 

2 

24 

10 

2 

0 

Co 
% N o -

2.5 

1.5 

0.9 

2.4 

0.5 

2.1 

1.8 

2.1 

2.3 

25 

0 

5 

2 

27 

2 

3 

0 

16 

9 

7 

0 

H 
ON 
4>-
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from chance enrichments due to heavy mineral concentrations. It is 

thus also clear that anomalous samples in large wadis are weaker 

than those in the smaller wadis from which the material emanated. 
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PULSE RADIOLYSIS STUDIES OF AZA ANALOGUES OF NUCLEIC ACID COMPONENTS 

M. Faraggi and I. Rosenthal 

The reaction of hydrated electron and OH radical with the 

anticancer drug o-azacytidine and other aza-nucleic acid analogues 

was measured. It was found that the reaction of both radicals is 

fast, approaching the diffusion controlled process. The transient 

spectra of the radicals resulting from the reactions of OH radicals 

and e were determined. Normally these spectra exhibited maxima at 

X *\J 285 nm and a shoulder at ̂  350 nm. 

PROPERTIES OF CUPRIC-HYDRIDE FORMED IN THE REACTION OF AQUA CUPROUS IONS 

WITH HYDROGEN ATOMS. A PULSE-RADIOLYTIC S T U D Y ^ 

W. A. Mulac and D. Meyerstein 

+ + + 
The spectrum of Cu-H formed via Cu + H -*• Cu-H in aqueous 

aq aq 
solutions was determined. In neutral solutions it decomposes via 
Cu H + + H-0 -*- Cu + H„ + 0H~ with a rate of 4x10 s . The prop-

aq 2 aq 2 aq 
erties of Cu-H were considered and compared with those of similar 
II aq 

Cu - R compounds. 

REFERENCE: 

1. Mulac, W. A. and Meyerstein, D., Inorg. Chem., in press. 

REACTIONS OF B 1 2 WITH ALIPHATIC FREE RADICALS. A PULSE RADIOLYSIS STUDY^1* 

W. A. Mulac and D. Meyerstein 

The spectra of the intermediates formed in the reactions of B.„ 

with the free radicals, Br2', C02*, 'O^CCCH^OH, 'CCCH^OH, -CH^HO 

and CH(OH)CH„OH were determined. The results indicate that Br " 

oxidizes B-„ to B1n via an inner sphere mechanism, and C0o * reduces 12r 12a ' 2 
Bno to B.„ . All the aliphatic free radicals studied, «R, react with 
i/r 12s TTT 

B-_ yielding as the first product a pseudo coenzyme denoted Co -R. 

CoIIi:-CH2C(CH3)20H is stable for over a second in the pH range 3-10 as is 

CoII'I"-CH CHO. The latter compound hydrolyzes in acid solutions to 
2 TTT TTT 

yield B 1 2 and CH CHO. Co -C(CH3)20H and Co -CH(0H)CH20H decompose 

Argonne National Laboratory, Argonne, IL. 
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heterolytically to yield mainly B.. _ . A side reaction which probably 
III 

yields Co -H via a 3 hydride shift was also observed. The kinetics 

of the decomposition of Co -CH(0H)CH„0H in neutral solutions was 

studied. No water elimination from the latter intermediate occurs. 

The reasons for the latter observation were considered. 

REFERENCE: 

1. Mulac, W. A. and Meyerstein, D., J. Amer. Chem. Soc, in press. 

LIGAND-METAL INTERRELATIONSHIPS. PART I. THE TERVALENT NICKEL COMPLEX OF 

11,13-DIMETHYL-1,4,7,10-TETRAAZACYCLOTRIDECA-10,13-DIENE. A PULSE 

RADIOLYTIC S T U D Y ^ 
* 

A. Ulman , H. Cohen and D. Meyerstein 

The ligand-metal interrelationships are doubtlessly profound 

phenomena in the chemistry of transition metal complexes. Parameters, 

such as the core size, its charge and degree of unsaturation of the 

ligand, strongly affect the redox properties of the central metal. 

The oxidation of the complex 

by Br? was investigated in the pH range 0-11. Formation of an inter

mediate which was identified as a tervalent nickel complex, was 

observed by following the UV-visible absorption spectrum. The axial 

water ligand was found to have a pK = 8.8+0.2. The spectra of the 

two forms are different. The hydroxo intermediate is in equilibrium 

with a divalent nickel coordinated to a radical centered ligand. To 

form the dimer, it undergoes a rapid dimerization reaction resembling 

the same type of reaction reported by Endicott for the Co macro-

cyclic complex. 

REFERENCE: 
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ON THE NATURE AND MECHANISM OF DECOMPOSITION OF MONOVALENT COPPER 

COMPLEXES WITH TETRAAZA MACROCYCLIC LIGANDS IN AQUEOUS SOLUTIONS. A 

PULSE RADIOLYTIC STUDY^ 

M. Freiberg, Y. Yamamoto and D. Meyerstein 

The properties of four monovalent copper complexes with tetraaza 

macrocyclic ligands were determined. For all four complexes the same 

sequence of rearrangement and ligand loss are observed. The rates of 

rearrangement, and ligand loss, increase with increase of the macro-

cycle and by using cyclam, L„, instead of hexamethyl cyclam, L„. The 

introduction of two non-conjugated double bonds has little effect on 

the rates of reaction but considerably affects the spectra of the 

CuL complexes. 

REFERENCE: 
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FLAME RETARDANCY OF POLYESTER BY RADIOLYTICALLY GRAFTED POLYSTYRENE 

A. Mey-Marom, D. Behar, L. A. Rajbenbach and M. Levy 

Flame retardancy of polyester fabric grafted with bromostyrene 

was evaluated by measuring the limiting oxygen index (LOI) and heat 

of combustion in a dynamic oxygen environment. The flame retardancy 

determined using LOI was relatively low when compared with the 

efficiency of aliphatic brominated compounds . On the other hand 

the efficiency of depressing the heat released during combustion in 

a dynamic oxygen environment was high and comparable to that of other 
(2) bromo aromatic compounds . This apparent controversy can be 

explained in relation to the amount of HBr released during combustion 

in the two different methods. 

We found that the amount of HBr released during the combustion 

of bromostyrene grafted polyester increases with increasing oxygen 

concentration in the combustion atmosphere. Since in the heat combus

tion measurements an oxygen atmosphere is used, a greater amount of 

HBr is expected to be released than in the LOI measurements. HBr is 

Shimane University, Nishikatsuch, Matsue, Japan 

Weizmann Institute of Science, Rehovot 
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known to be an effective flame ratardant intermediate, therefore a 

greater flame retardant effect is expected in the dynamic combustion 

measurements under a pure oxygen atmosphere. 

REFERENCES: 
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NYLON-6 WATER-PERMEABLE MEMBRANES PREPARED BY ELECTRON BEAM RADIATION 

INDUCED GRAFT-COPOLYMERIZATION. PART III. NYLON CRYSTALLINITY CONSERVA

TION IN HIGHLY GRAFTED NYLON MEMBRANES 
* 

Y. Haruvy, L. A. Rajbenbach and J. Jagur-Grodzinsky 

(1 2) 

The nylon crystallinity of NYgAM membranes ' containing up 

to 93% polyacrylamide was investigated by DSC and X-ray diffractometry 

measurements. The enthalpy of fusion of the nylon crystalline regions 

was calculated from DSC endotherms and was found to be almost the same 

before and after grafting. Crystallinity measurements by diffractometry 

showed similar results, indicating that the crystalline regions do not 

participate in the grafting reactions. Recrystallization may either 

release endured stresses and rearrange crystal deformation or crystal

lize buried ungrafted amorphous regions. 
REFERENCES: 

1. Haruvy, Y. and Rajbenbach, L. A., J. Appl. Polym. Sci. 26, 3065 
(1981) 

2. Haruvy, Y., Rajbenbach, L. A. and Jagur-Grodzinski, J., J. Appl. 
Polym. Sci., in press. 

GRAFTING OF ACRYLAMIDE TO NYLON-6 BY.ELECTRON BEAM PREIRRADIATION. 

PART II. KINETIC ASPECTS AND FILM PERMEABILITY^1) 

Y. Haruvy, J. Jagur-Grodzinski and L. A. Rajbenbach 

Single and multilayered laminated nylon-6 films were grafted 
(2) 

with acrylamide (AM) using an electron beam preirradiation technique . 

Very high grafting yields were obtained within short time periods. 

Weizmann Institute of Science, Rehovot 
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Grafting onto single films was shown to proceed via "diffusion free" 

pseudo zero-order kinetics. Grafting onto multilayered films was 

diffusion controlled. SEM and EDAX measurements indicate uniform 
t 

grafting of single-film membranes and asymmetric grafting of membranes 

prepared by grafting onto multilayered films. The permeability of 

grafted membranes to a number of permeants was found to increase with 

extent of grafting. The specific permeability to both water and 

solutes exceeded that of the dialysis grade cellophane at 500% graft. 

The selectivity of grafted films towards various solutes has also 

been found to be higher than that of cellophane. 

REFERENCES: 
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. 2. Haruvy, Y. and Rajbenbach, L. A., J. Appl. Polym. Sci. 26^ 3065 
(1980) j 

RADIATION-INDUCED GRAFTING OF SULFONATES ON POLYETHYLENE^ 

S. Shkolnik and D. Behar 

Indirect methods for introducing sulfonate groups into poly

ethylene were studied using the preirradiation technique. One of the 

methods involved graft polymerization of 2,3-epoxypropyl acrylate onto 

polyethylene followed by sulfonation of the epoxy ring with bisulfite. 

The hydroxy sulfonate thus obtained was unstable in both acid and base 

environments and hydrolyzed at the esteric bond. A second method 

involved hydrophylization of the polyethylene by forming a pre-graft 

of polyacrylic acid or polyvinyl alcohol, followed by preirradiation 

grafting with sodium styrene sulfonate or, less successfully, with 

sodium vinyl sulfonate. The sulfonates thus obtained were resistant 

to acids and bases. The acid capacity, water absorption and water 

permeability of the grafted films were determined. 

REFERENCE: 

1. Shkolnik, S. and Behar, D., J. Appl. Polym. Sci., in press. 

URETHANE-BASED STABILIZERS FOR IRRADIATION CROSSLINKED POLYETHYLENE^ 

S. Shkolnik and L. A. Rajbenbach 

Unsaturated urethane-based stabilizers for polyethylene were 

synthesized. Aromatic amine moieties were attached to allyl and 
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acrylic monomers by means of aromatic or aliphatic diisocyanates. 

The synthesized stabilizers were incorporated in high density poly

ethylene films which were subjected to electron beam irradiation. 

The oxidative stability of non-extracted films and those extracted with 

solvents was determined by DTA in the temperature range 185-210 C and 

compared with samples treated with commercial amine-bearing anti

oxidants. Tensile strength and gel content were also determined. 

Best results were obtained with a stabilizer prepared from equimolecu-

lar amounts of allyl alcohol, tolylene-2,4-diisocyanate and N-phenyl-1, 

4-phenylenediamine. Estimated lifetimes of stabilized irradiated poly

ethylene samples at 70 C were calculated. 

REFERENCE: 

1. Shkolnik, S. and Rajbenbach, L. A., J. Appl. Polym. Sci., in press. 

A NEW METHOD FOR MEASUREMENT OF PORE SIZE DISTRIBUTION IN MICROPOROUS 

FILTERS AND MEMBRANES^ 

M. G. Katz 

The pores present in microporous filters and membranes formed 

by the phase inversion method or other similar casting methods fall, 

from the point of view of the filtration process, into two categories: 

a) "Active" pores, i.e. pores located in the active, dense layer of 

the membrane and through which the filtrate flows. 

b) "Inactive" pores. This category includes all the rest of the pores 

present in the microporous membrane, i.e. all the pores in the porous 

support layer on which the active porous "skin" rests. It includes 

also "dead end" pores which may be present in the dense layer, and also 

very small "secondary" pores in the dense layer through which the flow 

is negligible. 

Most of the existing methods for evaluation of the pore size dis

tribution of microporous filters and membranes are adopted from the 

domain of characterization of microporous media. Such methods are 
(2) 

mercury porosimetry and the methods based on adsorption-desorption 
(3) 

isotherms of liquid nitrogen . These methods are limited from the 

point of view of characterizing filtration membranes because they do 

not discriminate between "active" and "inactive" pores as defined above. 
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The "bubble point" method and the combined "bubble point" and "gas 

flow" methods as described by Resting are notable exceptions. 

These methods are limited, however, to pores of relatively large 

dimensions because of the impractically high bubble point pressures 

necessary at pores of submicron sizes. Besides not being very 

accurate, at the high pressures necessary in the small pore size ranges, 

considerable deformation of the membrane may take place during the test, 

leading to results which may be seriously biased. 

In this work a new approach was taken to the evaluation of the 

pore size distribution in microporous membranes which may be considered 

as a variation of a "liquid gas desorption isotherm" method combined 

with the "gas flow" method. It is based on the measurement of a gas 

flow under constant pressure gradient.through a microporous filter 

soaked with a liquid of known vapor pressure. The gas flow is measured 

as a function of its vapor content. Using this method one can charac

terize the "active" pores and accurately determine their size distribu

tion in a relatively convenient fashion, irrespective of the size and 

distribution of the "inactive" pores. The new method was successfully 

used for determination of the pore size distribution of Millipore-VS 

filters of 250£ nominal pore size. 
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MECHANISM OF SELECTIVE TRANSPORT OF WATER AND SALT THROUGH MODIFIED 

MICROPOROUS REVERSE OSMOSIS MEMBRANES1" 
* 

M. G. Katz and T. Wydeven 

We are investigating the effect of modification of the membrane 

surfaces by grafting various functional groups to them on the selective 

material transport properties of the membranes. The study is focused 

This work is supported by a grant from the United States - Israel 
.Binational Science Foundation, Jerusalem 
NASA - Ames Research Center, Moffett Field, CA 
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on cellulose acetate (CA) reverse osmosis (RO) membranes and the 

grafting is performed by glow discharge. Grafting is either on the CA 

powder prior to the preparation of the casting solution or on the 

preformed RO membranes. 

A fluidized bed type reactor for the glow discharge treatment of 

CA powder was designed and constructed. CA samples were treated in 

C-F, and N„ plasmas under various conditions. The graft content was 

analyzed by ESCA and by combustion elemental analysis. The results 

indicated that the graft is confined to the surface area of the CA 

powder. 

Casting techniques for obtaining dry asymmetric CA membranes 

were studied and a series of membranes of known RO performance were 

prepared for grafting experiments which are presently under way. 
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EPITHERMAL NEUTRON SELF-SHIELDING IN THE REACTOR PRODUCTION OF Mo-99 

S. Abrashkin 

The Mo-99 utilized for production of our Tc-99m generators is 

obtained by expensive high-flux neutron irradiation of natural MoO . 

Therefore, the use of targets enriched in Mo-98 was examined. 

Resonant epithermal capture is responsible for most of the 
(12) 

activation . As a result, significantly high self-shielding 

effects can be expected from use of enriched Mo-98 targets. Straight-
(3) 

forward calculation of the self-shielding factors would require 
detailed knowledge of both o (E) and (J)(E) in the epithermal region, 

EL 

neither of which is available. Ad-hoc experimental determinations 

•would be extremely expensive. 

A short-cut for calculating neutron self-shielding effects in 
(2) 

the epithermal region was found. Use was made of the fact that 

two kinds of targets, of different densities and dimensions, are 

routinely irradiated for production purposes. After separating the 

thermal contributions (calculated, including self-shielding effects, 

on the basis of accurately known thermal flux and cross section), 

we obtained 

A, f-(£.) 
_JL = .A—i_ (1) 
A 2 f2(mCx) 

where A are specific activities, f are the self-shielding factors 
(3) 

and £ = noR are self-shielding parameters . Indices 1 and 2 
denote targets of the 1st and 2nd kind. The ratio m of £ and 2 
Sx is 

m = 
£i =

 P2R2 
h = piRi 

e and R being density and cylinder radius. The ratio A./A- is 

known from production. Since A./A„ is known, from expression (1) £.. 

can be determined graphically on a log-log plot, or numerically by 
(4) use of an approximation for f(£) . The effective cross section a 
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was then obtained from £.. (for our conditions a = 170 barn). In 

this way, the self-shielding effects affecting activation of 
98 
Mo-enriched targets could be calculated. 

REFERENCES: 
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1 9 9 mHg, A SHORT-LIVED ISOTOPE OF MERCURY FOR BIOLOGICAL AND MEDICAL STUDIES^* 
* 

B. Alfassi and N. Lavi 

The use of Tig is recommended for dynamic studies. This 

radionuclide was prepared by the (n,n') reaction of fast reactor-

spectrum neutrons. The specific activity of this nuclide and the 

contamination by other radioisotopes of mercury was measured. The 

use of a cadmium envelope considerably decreases contamination. In 

the reactor core the ratio Hg/ Hg is 0.43 without a cadmium 

envelope and increases to 1.10 with a cadmium envelope. 

REFERENCE: 

1. Alfassi, Z. B. and Lavi, N., Radiochem. Radioanal. Lett., in press. 

PREPARATION OF TRITIATED AZIDO DERIVATIVES 

0. Buchman, M. Shimoni, Y. Hagag, A. Cohen and J. Azran 

Suitable binding probes have been developed for the characteriza

tion of neurotransmitters by the specific binding site of the receptor. 

Several tritium-labeled probes have been successfully applied to the 

identification of the muscarinic receptor, particularly benzilate 

derivatives, like 3-QNB( . 

We attempted the tritiation of two of the azido benzilate 

derivatives, 4-azido-N-methyl piperidyl benzilate (4-azido-NMPB) and 

4-azido quinuclidyl benzilate (4-azido-QNB). In the case of the 

former, the tritiation was performed by hydrogen-tritium catalytic 

Ben Gurion University of the Negev, Beer Sheva 
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(2) 
exchange on the amino derivative, followed by transformation of 

the amino function into the azido group by reaction with sodium azide. 

The result of the synthesis was a compound with a specific activity 

of 9.2 Ci/mmol. To obtain the tritiated azido-QNB, we first iodinated 

the amino compound, then obtained the 3,5-ditritio related derivative 

by catalytic tritiodeiodination. The last step was the transformation 

t6 the azido compound, as was done for the azido-NMPB. The specific 

activity obtained was 21 Ci/mmol. 

REFERENCES: 

1. Flanagan, S. D. and Storni, A., Brain Res., 168, 261 (1979) 
2. Buchman, 0., Pri-Bar, I. and Shimoni, M., J. Label. Compounds 
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TRITIATION OF IPRINDOLE AT HIGH SPECIFIC ACTIVITY 

0. Buchman, M. Shimoni, A. Cohen, Y. Hagag and J. Azran 

Iprindole, or 5-{(3-dimethylamino)-propyl}-6,7,8,9,10,ll-

hexahydro-5H-cyclooct(b)indole, is a tricyclic antidepressant 

structurally formed by the linkage of cyclooctane to the double 

bond of the pyrrole ring from indole. Attempts to tritiate this 

compound by generally labeling did not succeed. The presence 

of the catalyst required for this isotopic exchange also saturates 

the double bond rapidly and completely with tritium. A simple 

alternative way to synthesize the brominated precursor, starting 

from iprindole, also failed. In indole-like structured mole

cules, the direct bromination is not easily performed and it 
(2) 

occurs preferentially in position 3 of the pyrrole ring . This 

position is, of course, not available in iprindole. 

We therefore synthesized 2-bromoiprindole. The first step 

was the condensation of 3-bromophenyl hydrazine with cyclooctanone, 
(3) using a procedure for synthesis of iprindole . The next two step 

proceeding with the linkage of the aliphatic moiety to the nitrogen 
(A) 

atom, were also adapted from the literature . The resulting 

bromoiprindole was labeled by catalytic tritiodebromination in 
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alkaline conditions. Tritiated iprindole was separated and puri

fied on precoated silica-gel plates. The specific activity obtained 

was 10.8 Ci/mmol. 
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TRITIATION OF TRIMEPRAZINE 

M. Shimoni, J. Azran, A. Cohen, Y. Hagag and 0. Buchman 

Trimeprazine is a phenothiazine derivative similar to those which 

were previously tritiated with success by catalytic tritiodebromina-

tion . The same tritiation procedure, when applied to trimeprazine, 

provided a mixture of decomposition products. This result was un

expected since, in the case of levomepromazine and ethymemazine, 

which are molecules with the same aliphatic moiety, the tritiations 

were successful and these purified products were obtained with specific 

activities of, respectively, 17.3 Ci/mmol and 11.5 Ci/mmol. Further 

attempts to obtain a labeled molecule were disappointing. The only 
(2) 

positive result was reached by nonspecific labeling with PdO which 

enabled us to obtain trimeprazine with a specific activity of 3.4 Ci/ 

mmol. By comparison, the same labeling procedure provided levomepro

mazine at 0.6 Ci/mmol and ethymemazine at 0.8 Ci/mmol. 

REFERENCES: 
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SELECTIVE LABELING OF CHLORPHENIRAMINE 

0. Buchman, M. Shimoni, J. Azran, A. Cohen and Y. Hagag 

Chlorpheniramine is used as an antihistamine drug. Preliminary 

attempts to label this compound by isotopic hydrogen-tritium exchange 
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failed because rapid dehalogenation occurred, even when very mild 

experimental conditions were applied. 

Starting from p-chloro acetophenone, the suitable precursor, 

3-dimethylamino-l-chlorophenyl-l-(2-pyridyl)-prop-l-ene, was synthe-
(2) 

sised . This latter compound was tritiated in the presence of a 

Raney Ni catalyst and the desired labeled derivative was reached and 

precipitated as maleate salt, with a specific activity of 14.6 Ci/ 
(3) mmol (lit.: 3 Ci/mmol ). By this method, the chlorine atom was not 

substituted by., tritium. 

CI ryy~ COCH3 + HN(CH3)2 

HCHO 

COCH2CH2N(CH3)2 + 

OH 
I 
C—CH2CH2N(CH3)2 

H2S04 

,C0CH2CH2N(CH3)2 

CH2CH2N(CH3). 

C =CHCH 2N(CH 3) 2 

N 

:o>-f=cw ^ s -
step 4 

C 1 -^K C . T - CHTCH9N(CH.) 3'2 
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LABELED SYNTHESIS OF 0,0-DIETHYL 0-p-NITR0PHENYLPH0SPHATE-(3-(5)-3H) 

M. Shimoni, J. Azran, A. Cohen, Y. Hagag and 0. Buchman 

Toxic organic phosphorus compounds act as powerful inhibitors of 

cholinesterase. This enzyme hydrolyses acetylcholine which is essential 

in the transmission of nerve pulses 

Paraoxon or diethyl p-nitrophenylphosphate, the oxygen analog of 

parathion, was labeled with tritium. The nitro function of the molecule 

is very sensitive to hydrogen (tritium) and undergoes rapid reduction to 

the amino derivative. Therefore, the synthesis must start with its first 

step already "hot". In order to synthesize sufficient product to perform 

further steps, the tritium was mixed with hydrogen. This limited the 

possibility of providing the desired compound at high specific activity. 

Starting from m-bromophenol, the steps were performed as follows: 

Dioxane, NEt., A"ZT\ NaNO* 
OH 

H2 + H 2 , ca t . 

3H 

-T—^ (OV°H —-*- ̂ nOV-oH 
+ 'H2,cat. \ / H2S 04 ) ' 

H 
) — \ (Et0)2P0Cl ) . 

o2 N_^M ,„_J_0 2 N ._<g>_0_ 
(3H) ' 

(3H) 

.OEt 

' ^ O E t 

(3H) 

The last step led to a very pure product, chemically and radiochemically, 

and no further purification was needed. The specific activity was 

1.3 Ci/mmol. 

REFERENCE: 
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STRUCTURALLY SENSITIVE ANTIDEPRESSANTS LABELED WITH TRITIUM 

0. Buchman, M. Shimoni, J. Azran, A. Cohen and Y. Hagag 

In the expansion of our program of tritium labeling of anti

depressant drugs having a tricyclic structure, we found that it was 
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(2) 
not possible to apply nonspecific labeling, catalyzed by PdON , to all 

of them. Molecules with one or two double bonds or an etheral linkage 

underwent saturation or decomposition before isotopic exchange occurred. 

Tritiation on these sensitive compounds by various labeling methods 

was attempted and the experimental results are summarized in Table 1. 

Table 1 

Comparison of results of different tritiation methods 

Compound 

Amitriptyline 
Nortriptyline 
Doxepin 
Opipramol 

Cyclobenzaprine 

Cyprohep tadine 

Hepzidine 

Tritiation method 

(3) debromination 
debromination 
deiodination 
deb romination 
Pt02 in situ(4) 
debromination 

Pd/C 

Pd/C + base 
debromination 
PdO in situ(2) 
PtC-2 in situ 
PtC-2 + base (in situ) 
PdO in situ 
debromination 
deiodination 

Results 

10,11-labeling 
10,11-labeling 
10-labeling 
10,11-saturation 
10,11-saturation 
10,11-labeling with 
formation of 
amitriptyline 
10,11-labeling with 
formation of 
amitriptyline 
no reaction 
10,11-saturation 
10,11-saturation 
nonspecific labeling 
nonspecific labeling 
nonspecific labeling 
decomposition 
decomposition 

Specific 
activity 
(Ci/mmol) 

14.3 
15.8 
19.6 
— 
— 

15.0 

19.5 
— 
— 
— 
2.0 
2.8 
3.4 
— 
—— 
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BIOSYNTHETIC PREPARATION OF HIGH SPECIFIC ACTIVITY 35S-LABELED METHIONINE 

A. Freud, N. Hirshfeld, Y. Heimer and Z. Teitelbaum 

35 
A biosynthetic preparation of S-methionine was previously 

reported . An improved procedure, aimed at obtaining specific activi

ties greater than 600 Ci/mmole was recently developed. All the chemi

cals composing the medium in which the micro-organism is grown were 

purified of traces of nonradioactive sulfate. The composition of the 

medium employed is such that the radioactive sulfate is the limiting 

growth factor. However, we found that cell growth ceases after a 

period of approximately 16 hours while the sulfate incorporation does 

not exceed 25%. This led us to attempt a procedure containing at least 

two consecutive growth cycles. We are currently examining the possi

bility that the premature cell-growth termination results from internal 
35 

radiation damage inflicted by the S-sulfate incorporation. 

A new chromatographic procedure was introduced, as the previously 

used ion exchange method lacked reproducibility. Moreover, the non

volatile eluting buffer employed was found to be toxic to some biological 

systems in which this preparation was used. The new procedure is an 

ascending paper chromatography on Whatman No. 1 paper using iso-butyl 

alcohol:methy1-ethyl-ketone:acetone:methanol:water: ammonia 

(40:20:20:1:14.6:4.4). In this system methionine is satisfactorily 

separated from leucine and iso-leucine, resulting in a preparation 

with a high specific activity. 
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SYNTHESES OF SELENIUM- AND TELLURIUM-BEARING HETERO-CYCLIC AMINO ACIDS 

T. Sadeh 

The following syntheses were devised and carried out during the 

past year. 

1) Benzo[b] selenophene-glycine: Benzofb] selenophene was condensed 
: /2) 

with a-hydroxy-N-carbobenzoxy glycine to give N-carbobenzoxy benzo[b] 

selenophene glycine (M.P. 136-8°C, yield = 60%). Removal of the N-pro-

tecting group by basic hydrolysis with barium hydroxide afforded the 
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above amino-acid as its monohydrate (M.P. 206 C) after careful 

neutralization with perchloric acid (yield = 40%). Elemental analysis 

of the above compounds agreed closely with the calculated values. 

Organ distribution studies are presently being carried out to 

determine the possible application of the labeled (Se-75) version of 

the compound for organ imaging purposes in nuclear medicine. These 

studies are being carried out by means of neutron activation analysis, 

utilizing the selenium content of the organs investigated. The selenium 

in them is almost entirely derived from the seleno-amino acid injected. 

2) Benzo[b] tellurophene-glycine. Condensation of benzo[b] telluro

phene with a-hydroxy-N-carbobenzoxy glycine gave N-carbobenzoxy 

benzo[b] tellurophene (M.P. 142 C, yield = 45%). Because of the greater 

sensitivity of the tellurophene moiety, side reactions during the con

densation are more prevalent, yields are lower, and isolation procedures 

more tedious than in (1) above. As in the case of benzoselenophene 

derivatives, the benzo[b]tellurophene glycine (M.P. 190-194 C) was 

obtained by barium hydroxide hydrolysis and subsequent careful neutrali

zation with perchloric acid. Elemental analyses were in excellent 

agreement with calculated values. The yield, = 20%, was low compared 

with that of the selenium analogue, owing to more extensive side re

actions. This compound, too, is to be investigated as a potential 

imaging agent in nuclear medicine in its labeled form containing a 

tellurium radioisotope. 

3) Tetramethyl ethylene diphosphine. This known compound is to be 

tested as a possible ligand for the radio-element technetium. Its 

advantage over other ligands is that it is also a powerful reducing 

agent able to reduce pertechnotate TcO, to cationic forms of techne-
+3 +2 

tium, such as Tc or even Tc . The compound was prepared according 
(3) to the method of Parshall beginning with phosphorus chlorosulfide 

(which also had to be synthesized since it is not commercially 

available) to obtain tetramethyl diphosphine disulfide (prepared by 

Grignard reaction), then reaction of this with ethylene with heating 

in an autoclave whereby tetramethyl ethylene diphosphine disulfide 

was formed. This compound is to be disulfurized by an active metal 
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to receive the required tetramethyl ethylene diphosphine, in dis

tinction from the method of Parshall, who employed tributyl phosphine 
(A) 

as the reductant 

4) S-seleno-5-deoxy glucose. Work is progressing on the synthesis 

of this compound (which has not yet been reported in the literature) 

which is to be employed as a potential imaging agent in nuclear 

medicine in its form containing radioactive selenium, Se-75, or the 

short-lived isotope Se-73. The compound is to be synthesi2ed starting 

from glucose. The synthesis requires several steps, involving selec

tively blocking and deblocking certain of the hydroxyl groups of the 

glucose moiety, converting, by a series of reactions, the pyranose 

ring of the glucose into a furanose ring, and this in order to expose 

the 5-hydroxy group for reaction and subsequent introduction of the 

selenium atom. In order to retain the correct configuration of the 

glucose carbon skeleton, carbon-5 has to undergo a double Walden 

inversion, and the glucofuranose ring opened up and closed upon the 

selenium atom so as to obtain the final required product, 5-seleno 

deoxy glucopyranose. The synthetic method is based in part on methods 
(4) developed by Whistler in his synthesis of 5-thio-5-deoxy glucose . 
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AN IMPROVED METHOD FOR PREPARATION OF RADIOIODINATED 2'-DE0XYURIDINE 

A. Freud, D. Solenchek, E. Ben-Hur and Z. Teitelbaum 

We have previously presented a preliminary report on the 
125 125 

preparation of I-5-iodo-2'-deoxyuridine ( IUdR). An improved 

method aimed at obtaining higher yields was developed. Kinetic 

studies indicate that the time of reaction should be prolonged 

from 30 to 45 min. Further prolongation to 60 min was found to be 

unnecessary. The concentration of UdR was reduced by 80% to 0.2 M 
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125 
thus permitting better separation of IUdR from excess unreacted UdR, 

without reducing the yield of the process. 

The biological activity of the product was examined by measuring 

its incorporation into DNA of human cells in vitro. Incorporation was 
125 

linearly dependent on IUdR concentration in the growth medium, with 

a slope of 45 . These experiments also suggest (though indirectly) that 

the preparation is free of UdR contamination, since the latter is known 

to be toxic to various biological systems, including the human cells 

employed here. 
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CATIONIC COMPLEXES OF 99m-Tc FOR MYOCARDIAL IMAGING 

E. Lavie and T. Sadeh 

Lipophilic organic analogs of K were prepared by directly 

reacting the ligand o-phenylene bis (dimethylarsine) with TcO,. 

The reducing power of the excess arsine ligand converted Tc(VII) 

to Tc(III) . The reaction mixture was loaded on an alumina 

column topped with sand. The desired complex was stripped from 

the column with 95% ethanol. The purity of the product was 

demonstrated by thin layer chromatography, and octanol/saline 

partition. The cationic character of the complex was proved by 

paper electrophoresis. The preparation of a phosphine compound 

bis (1,2 dimethylphosphino) ethane is in progress which will 

hopefully overcome the solubility problem that occurs when 

using the arsine . It was suggested that these complexes may 

function as K analogs and consequently accumulate in normal 

heart tissue, thus permitting visualization of an infarct in 

its early stages. 
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3IFUNCTI0NAL AGENT FOR PROTEIN MODIFICATION 

E. Lavie, S. Abrashkin, Y. Altman and M. Wilchek 

Polyaminocarboxylate chelating agents, such as ethylenediamine 

tetraacetic acid (EDTA), form stable complexes with the ions of many 

metals . Labeling proteins directly with an appropriate radio

nuclide is often a difficult task. We have synthetized a derivative of 

EDTA: l-(p-bezendiazonium) ethylenediaminetetracetic acid. The 

yield was 5-10%. This reagent was diazotized with bovine serum 

albumin at pH 8.5. The coupling was covalent via tyrosine and 

hystidine residues. The modified albumin was able to bind In-III, 

quantitatively, in glycine buffer, pH 3.5. Under the same con

ditions, the unmodified protein bound only 10% of the indium. 

Presently, we employ this approach to modify monoclonal anti-
(2) 

bodies , in the search for a technique for early diagnosis of 

tumor tissue. 

REFERENCES: 

1. Flaschra, A. and Amin, A. M., Z. Anal. Chem. 140, 6 (1953) 
2. Kohler, G. and Milstein, C , Nature 256, 495 (1975) 

PREPARATION AND LABELING OF PLATELETS WITH III In-OXINE 

E. Lavie 

A simple method for the preparation of platelet suspension 
i 

from whole blood was developed. The platelets and a fraction of 

the erythrocytes were processed simultaneously. The erythrocytes 

served as a supporting cushion in the centrifugation steps. Using 

this method, platelet yields of 90-100% could be achieved. In

vestigations of platelet aggregation and morphology indicate that 
g 

this method of separation is non-damaging. The cells (5x10 cells/ 

ml) were labeled with lipid-soluble compound III-In-8-hydro-

xyquinoline (oxine) . Labeling efficiency at room temperature 

Q. o was 80-95%. The labeling procedure did not affect the viability 

of the cells. A thrombous model was developed in rabbits. The 

labeled cells were injected and shown to accumulate in the 

Weizmann Institute of Science, Rehovot 
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thrombous 24 hours after injection. This technique will be employed 

in humans for visualization of deep vein thrombosis. 

REFERENCES: 

1. McAfee, J. G. and Thakur, M. L., J. Nucl. Med. 17, 480 (1976) 

LOCALIZATION OF ABSCESSES BY LABELED WHITE BLOOD CELLS 

E. Lavie 

White blood cells were prepared by modification of the Boyum 

method^. The yield was 80%. Two compounds were used to label the 

cells: III-In-oxine and 99m-Tc Sn-oxine- The Sn-oxine was synthetized 

by reaction between SnCl- and oxine at pH 5-5 followed by extraction with 

dichloromethane. By evaporation of the organic phase the Sn-oxine 

precipitated. Labeling efficiency was above 90% with III-In-oxine 

and 70% with Tc-oxine. The label was stable both under in vitro and 

in vivo conditions. Parameters which affect the labeling were in

cubation time, cell concentration and temperature. Abscess was 

induced in a rabbit leg by injection of turpentine emulsion. The 

abscess was visualized successfully with both In and Tc oxines, by 

a gamma-camera, 24 hours and 10 hours, respectively, post injection. 

It was suggested that this technique was superior to the 67-Ga 
(2) 

method for discriminating between an abscess and tumor tissue. 
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RADI0I0DINATI0N OF TESTOSTERONE FOR RADIOIMMUNOASSAY 

A. Canfi and Z. Teitelbaum 

A radioiodinated testosterone derivative was prepared, 

together with a suitable method for determination of testosterone^ 

by radioimmunoassay (RIA). Similar to the approach taken for 

progesterone and estradiol , a small molecular bridge, carbo-
125 

xymethyloxime, was used to couple I-histamine to the steroid 

skeleton. The synthesis is carried out by the mixed anhydride 

method , followed by solvent extraction and TLC purification 

steps. The product obtained has a very high specific activity, 

1500 Ci/mmol. 
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The radioiodinated testosterone derivative was tested with rabbit-

anti-testosterone-3-o-carboxymethyloxime-BSA, yielding a sensitive assay 

with a lower limit of 50 pg/ml. The radioiodinated hormone is stable 

for at least 8 weeks, when stored in absolute ethano] at -20 C. 
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RADIOIMMUNOASSAY OF PROGESTERONE IN PLASMA WITHOUT EXTRACTION USING 

PROGESTERONE-125I 

A. Canfi, S. Shrem and Z. Teitelbaum 

Determination of steroids in plasma or serum by radioimmunoassay 

(RIA) usually involves a solvent extraction step. The human serum 

contains some factors which either crossreact with the steroid-

specific antibody, or otherwise disturb the reaction. The most 

powerful inhibitor of the progesterone-antiprogesterone reaction is 

corticosterone-binding-globuline (CBG), which is found in primate 

plasma but not in that of other animals 

The aim of the present work was to develop a reliable RIA system 
125 (2) 

using progesterone- I , avoiding the extraction step, thus greatly 

simplifying the procedure. Such a system was already developed for the 

determination of progesterone in plasma of rats. Parallel determination 

of the hormone by the direct assay and by the procedure involving 

extraction with diethylether, resulted in an excellent correlation 

(correlation factor of 1.08). The absolute accuracy of the determina

tion was examined by inclusion of a commercial precalibrated ref

erence plasma in each assay. The progesterone concentration determined 

for this reference, both directly and with extraction, agreed exactly 

with the value obtained by three independent laboratories. 

A similar system was developed now for human serum or plasma. 

The CBG inhibition of the progesterone-antibody reaction is eliminated 
(3) by sodium salicylate, which is known to destroy CBG activity . An 
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optimization of the RIA procedure is still necessary before the method 

can be used with human serum. 
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PREPARATION.OF PROGESTERONE-FREE HUMAN SERUM 

A. Canfi, S. Shrem, D. Solencheck and Z. Teitelbaum 

Hormone-free serum is essential for development of every radio

immunoassay (RIA) to be used for hormone determination directly in 

serum. The aim of this work was to obtain progesterone-free serum, to 

be used for progesterone determination in unextracted serum. Many 
(1 2) authors ' recommend the absorption of serum steroids on activated 

charcoal as the best method for the preparation of steroid-free serum. 

As activated charcoal forms colloids when suspended in serum, coated 

charcoal is recommended . The coating may be gelatin, agar dextran. 

Attempts to absorb steroids on the coated charcoal produced 

unsatisfactory results. An unextractable residue, amounting to 20% 

of the original progesterone content, was detected in the treated 

sera by RIA. Under these circumstances, a different approach, based 

on affinity-chromatography was employed. The endogenous progesterone 

was extracted from human serum by incubation with an immunosorbent 

carrying a specific antibody,covalently coupled to microcrystalline 

cellulose. This treatment removed 95% of the endogenous progesterone 

(determined by RIA), while leaving all other serum components 

essentially unaffected. 

(3) A similar method was reported for removing estradiol from 

serum. 
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PREPARATION OF A HIGHLY SPECIFIC ANTI-ESTRADIOL ANTISERUM FOR RADIO

IMMUNOASSAY 

A. Canfl, D. Solencheck, M. Zafran and Z. Teitelbaum 

A radioimmunoassay (R1A) system for estradiol (E„) determina-
(1) 

tion in biological fluids was developed in our laboratory . In 

order to increase the specificity and sensitivity of the assay, a 

highly specific antiserum was prepared. The antibody was raised in 

rabbits against E„-66-0-carboxymetheyloxime-BSA, according to a method 
(2) 

previously described . The concentration of antibodies was examined 

both with tritiated and radioiodinated estradiol. 

The final working dilution, attained after three months of 

immunization, was 1:6,000 and 1:50,000 for tritiated and radioiodinated 

E„, respectively. A RIA system using this antiserum and E9~6g-0-CM0-
125 histamine- I, has a sensitivity of 50 pg/ml. This high sensitivity 

can partly be attributed to the very high specific activity of the 

iodinated E_ (more than 1500 Ci/mmol), whereas tritiated E used for 

RIA has a specific activity not greater than 110 Ci/mmol. 

The cross reactivity of the antiserum with other steroids 

and the stability of the iodinated estradiol are now being determined. 
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A SOLID PHASE RIA FOR HCG. PART II 

Z. Teitelbaum, S. Shrem and M. Zafran 

Following the development of a basic RIA system for the determina

tion of HCG in human serum and in human plasma , this system was 

further optimized. We substituted the anti-HCG antiserum with an anti-

8-HCG antiserum, thus practically abolishing any cross-reactivity with 

FSH and LH (1 IU/ml of LH and 10 IU/ml of FSH when present concomitantly 
125 

failed to produce any inhibition of I-HCG binding to this antiserum). We 

found that shorter incubation periods.(90 min instead of 3 h) could be 

employed, provided the reaction volume was reduced to 0.2 ml. No loss of 
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sensitivity was detected under these conditions. The stability of 

the precalibrated HCG standards was improved by preparation in buffer 

instead of preparation in HCG-depleted serum. 

The performance of the system was extensively analyzed by 

examination of the following points: determination of inter and intra 

assay accuracy, linearity of the calibration curve obtained, residual 

variance of points around the calculated "best fit" curve and analysis 

of human serum samples compared with parallel analysis with commercially 

available kits. For all these criteria our system compares very 

favorably with the commercially available kits. 
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THE INTERACTION OF INSECT TOXIN WITH MEMBRANAL PREPARATIONS FROM INSECT CNS 

Z. Teitelbaum, E. Zlotkin and D. Bohar 

Insect toxin (IT) from the venom of the North African scorpion 

(1-3) 

Androctonus australis hector was previously described as a poly

peptide neurotoxin which is selectively lethal to insects. Moreover, 

at the neurophysiological level it was also found to be active only 

on preparations derived from insects, inducing a spontaneous, 

repetitive activity originating from interaction with presynaptic 

nerve terminals ' . Previous studies have also shown that IT 

binds specifically to crude homogenates of insect CNS, while no such 

binding was detected to non-innervated insect tissue or to homogenates 

of crayfish CNS(6). 

In the present study the binding of IT to membranal preparations 

from locust CNS was further characterized. The membranal preparations 

were obtained by two different techniques. One was a modification of 

the classical procedure used by Gray and Whittaker to prepare 

synaptosomes from mammalian brain. The other method was a modification 
(8) 

of the floatation technique used by Breer to prepare synaptosomes 

from locust brain. Two preparations were prepared by each of these 

procedures; a synaptosomal one and a preparation cf plasma membrane 

Hebrew University, Jerusalem 
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vesicles. All of these preparations specifically bind IT with the 

membrane vesicles prepared by the floatation technique exhibiting the 

highest specific activity. The binding of IT to this preparation 

is strongly affected by the concentration of K in the incubation 

medium. Maximal binding is obtained in the presence of 20 mM K . 
+2 

Addition of Ca to the incubation medium enhances binding but, 

unlike K , there is no optimal concentration to induce maximal binding. 

The kinetics of IT binding to these preparations was found to 

be complex. A biphasic kinetics of association was observed. Initially 

the amount of IT bound increases with time and reaches a maximum 

1.5 minutes after initiation of incubation. Then the amount of IT 

bound decreases rapidly reaching a minimum 2-3 min later. Finally a 

slow and monotoneous increase of the amount bound is observed and 

it reaches a plateau 15 min after the incubation is started. 

The mechanism responsible for this complex behavior and the 

influence of various ionophores on the binding of IT are now being 

investigated. 
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THE EFFECTS OF VERY LOW GAMMA RADIATION DOSES ON THE REPRODUCTIVE SYSTEM 

OF MALE RATS 

A. Canfi and E. Bedrak* 

Ionizing radiation is harmful to mammals, even in very small 

doses . In this work we irradiated male rats of several age groups, 

Ben Gurion University of the Negev, Beer-Sheva 



Table 2 

Analysis of the blood of y-irradiated male rats that received a single, total-body dose of 
between 0.1 and 10 roentgens. The numbers in brackets indicate the number of animals tested. 

rad 
dose 

0 

0.1 

* 
1 a 

* 
i y 

* 
5 i 

10 

leukocytes 

8800+2100 

(21) 

8900+3000 

(17) 

10000+3600 

(ID 

12000+8700 

(26) 

10200+5800 

(23) 

11950+4300 

(17) 

thrombocytes 

(282+88)xlO3 

(23) 

(284+98)xlO3 

(17) 

(346+180)xlO3 

(13) 

(369+163)xlO3 

(26) 

(287+105)xlO3 

(21) 

(462+164)xlO3 

(17) 

testosterone 
(ng/ml) 

5.9+2.7 

(15) 

3.7+1.2 

(6) 

6.0+2 

(7) 

-

-

6.0+1.7 

(8) 

FSH 
(ng/ml) 

990+135 

(28) 

752+315 

(12) 

913+420 

(15) 

902+454 

(12) 

-

645+214 

(12) 

LH 
(ng/ml) 

42.5+10 

(17) 

21.6±10 

(17) 

24.9+10 

(15) 

26.8+8 

(11) 

-

25.0+14 

(10) 

prolactin 
age<llm 
(ng/ml) 

49.2+12 

(13) 

71.2+26 

(10) 

69.5+29 

(7) 

128.6+19 

(8) 

-

150.6+47 

(3) 

prolactin 
age>llm 
(ng/ml) 

135.6+36 

(11) 

141.8+12 

(5) 

103.8+32 

(3) 

175.8+9 

(3) 

— 

54.5+15 

(2) 

a = adult, y = youth, i = infant 
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with a Y source ( Ir, 10 Ci). Each animal was given a single, total-

body dose of 0.1 to 10 rentgens. The animals were sacrificed 4 hours 

to 6 months after the irradiation and blood samples were checked to 

detect ill-effects due to radiation. Damages to the reproductive 

system were detected by determining the hypophysial and gonadal 

hormones in the blood plasma, and by histological changes in the testes. 

Some of the results are given in Tabl^. 2. Both leukocyte and 

thrombocyte number is higher in the irradiated animals, which indicates 

a damage to the hematopoietic system. The hormone analysis discloses 

that plasma concentration of 1'SH, LH and prolactin are affected by the 

radiation, whereas testosterone is not. This is in agreement with 
(2) findings in men who received abdominal therapeutic y radiation . 

Other parameters that might indicate radiation effects were also 

tested: weights of organs and glands of the animals, death within 

30 days and histological preparations. Analysis of these parameters 

showed that the most significant effects are found in animals receiving 

10 roentgens after sexual maturity and examined 20-30 days after 

irradiation. 

Experiments now being conducted are designed to give a better 

insight into.the mechanism through which the reproductive system is 

harmed by ionizing radiation. 
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GAMMA IRRADIATION INDUCED EFFECTS ON THE REPRODUCTIVE SYSTEM OF FEMALE RATS 

A. Freud and E. Bedrak 

It is now accepted that high doses of ionizing radiation cause 

damage to the reproductive system of female rats which is reflected 

in infertility. On the other hand very little is known about the 

effects of very low levels of Y-irradiation (single rads). 

Ben Gurion University of the Negev, Beer-Sheva 
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Mature, 3-4 month old cycling rats were exposed to 10 R of 
192 

Y-irradiation ( Ir). Although this resulted in irregular estrus 

cycles, reduction of organ and body weights, some histological 

changes in the ovary and changes in the blood picture, no conclusions 

could be drawn as to the extent of damage caused to these rats 

regarding infertility. 

As it is accepted that the young ovary is more sensitive to 

irradiation, neonate female rats were irradiated in the first week 

of life. Signs of some progesterone elevation in blood plasma were 

observed in these rats when they matured, in spite of the fact that 

no newly formed corpora lutea could be observed in histological 

preparations of these ovaries. Attempts are now being made to find 

out if irradiation in the first week of life abolishes the estrogen 

and FSH surges occurring in the second week, a phenomenon demonstrating 

a possible damage, as it would be the first event in the sequence of 

events leading to Y-induced reduced fertility. 

ULTRA-VIOLET RADIATION FOR THE INACTIVATION OF MICROORGANISMS IN 

HYDROPONICS^ 

G. Buyanovsky , J. Gale and N. Degani 

Circulating hydroponic systems have recently been reintroduced 

for greenhouse agriculture. Little is known of the microorganisms in 
(2) (3) 

such cultures . Rheinberg and Shaw reported that root systems 

had about the same microorganism count in hydroponics as in soil. An 

ever present threat in such systems is the very rapid dissemination 

of disease by the circulating fluid. Inactivation of the micro

organisms in the nutrient solution will not necessarily affect the 

sessile rhizosphere population but may prove a means for reducing 

the rate of spread, allowing time for more conventional treatment. 
Ultraviolet (UV) sterilization appeared attractive as a means 

for reducing the microorganism level as it can be applied at a point, 
(4) is an effective disrupter of major biological molecules and is 

much less expensive and safer than alternative X-or gamma ray radia

tion . The results show that the growth of microorganisms in the 

Ben Gurion University of the Negev, Beer-Sheva 
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nutrient solution of a circulating hydroponic system was suppressed 

by ultraviolet radiation. Applied for three hours daily (572 Jm h ) 

throughout experiments in which tomato and corn were grown, it was 

effective in reducing the population of microorganisms from between 

500-800x10 to 10-50xl03 cells per ml. 
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COMPARISON OF THE INFLUENCE OF TWO DIFFERENT SEPARATION TECHNIQUES ON THE 

HUMAN LYMPHOCYTE MORPHOLOGY AND SENSITIVITY TO GAMMA RADIATION 
•k ~k 

R. Ko1, E. Riklis, M. Friedlander and D. Raveh 

The lymphocytes in the peripheral blood are divided into two 

main subclasses, T cells and B cells, which differ in function and 

in sensitivity to gamma radiation. A study to determine which group 

is more radiosensitive resulted in contradictory results. We questioned 

whether the methods used to separate lymphocytes from the whole blood 

had an effect on the cells and might contribute to the contradictory 

results. Two separation techniques were examined: a) sedimentation 

of erythrocytes by gravitation and b) separation on Ficoll-Paque 

density gradient. 

The morphology and sensitivity to gamma radiation of the 

lymphocytes obtained by the two methods were studied. The ultra-

structure of the cells was examined by electron microscopy. It was 

found that cells separated on Ficoll-Paque showed a subpopulation 

with morphological changes similar to those occurring in lymphocytes 

undergoing stimulation. Cells separated on Ficoll-Paque and stimu

lated with Con A showed a higher sensitivity to gamma radiation; this 

could indicate a selective depletion of T lymphocytes which normally 

Ben Gurion University of the Negev, Beer-Sheva 
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react with Con A. This interpretation is supported by the data 

indicating that in the presence of human erythrocytes a small but 

significant loss of T cells occurs on Ficoll-Paque gradient, probably 

by formation of autologous H-rosettes which precipitate to the bottom 

of the tube. 

It was concluded that different separation techniques affect the 

cells differently and can contribute to the contradictory results 

obtained with regard to the sensitivity of human lymphocytes to radia

tion. 
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ENHANCED RADIATION-INDUCED KILLING OF CHINESE HAMSTER CELLS BY 

DIDEOXYTHYMIDINE^ 
E. Ben-Hur 

Incubation of cultured Chinese hamster cells in the presence of 

the DNA chain terminator 2', 3'-dideoxythymidine (ddThd) following 

y-irradiation enhances cell killing. Maximum enhancement is obtained 

with 10 ug/ml ddThd and incubation for 90 min. If the addition of 

ddThd is delayed for 1 h after irradiation, no enhancement is observed. 

Although the drug kills S-phase cells which are more radiation re

sistant, this is not the main reason for the observed enhancement of 

radiation response. The magnitude of the effect in cells synchronized 

at the G..-S interface is similar to that in asynchronous populations. 

When ddThd treatment is combined with other treatments that enhance 

radiation response, i.e. BUdR substitution and hyperthermia, the 

effects are less than additive. It is suggested that repair of radia

tion induced DNA damage is interfered with by ddThd either by in

corporation into gaps formed during excision of damage and/or by 

inhibition of DNA polymerase g which is involved in excision repair. 
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TEMPERATURE DEPENDENCE OF ULTRASOUND-INDUCED CELL KILLING: THE ROLE OF 

MEMBRANE FLUIDITY^ 

E. Ben-Hur and M. Green 

Chinese hamster cells were exposed in suspension to ultrasound 
2 

(US) at 20 kHz, at a power output of 54 W/cm , and temperatures from 

2U to 44 C. Cell survival (measured by colony forming ability) was 

exponential and the sensitivity (expressed by D ) was found to depend 

on the exposure temperature. An Arrhenius plot of 1/D as a function 

of the reciprocal of the temperature yielded two straight lines, with 

a breaking point at about 35 C. Activation energies calculated from 

such plots were 2.6 and 24 kcal/mole below and above 35 C, respectively. 

Procaine, a local anaesthetic drug known to increase membrane fluidity, 

enhanced cellular inactivation by US above 41 C, increasing the activa

tion energy to 62 kcal/mole. The inactivation of the bacterium 

Salmonella typhimurium by US was also dependent on the exposure tempera

ture, with an activation energy of 2.9 kcal/mole between 2 and 44 C. 

These data are most simply explained by the hypothesis that membranes 

are a major target for cellular inactivation by US and that the fluidity 

of the membranes is important in this respect. 
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DIFFERENTIAL PROTECTIVE EFFECTS OF ANTIOXIDANTS AGAINST CELL KILLING AND 

MUTAGENESIS OF SALMONELLA TYPHIMURIUM BY y-RADIATION^ 

E. Ben-Hur, M. Green, A. Prager, I. Rosenthal and E. Riklis 

A mixture G-50 of phenolic antioxidants containing butylated 

hydroxyanysole (BHA), butylated hydroxytoluene (BHT), and propyl 

gallate (PG), commonly used in the food industry, was found to protect 

Salmonella typhimurium against killing and induction of his mutations 

by Co gamma radiation. The protective effect was apparent only when 

irradiation was performed in the presence of oxygen and no protection 

could be detected in its absence. When each of the components of the 

antioxidant mixture was tested separately, only PG displayed a protec

tive effect, requiring, however, a higher concentration than in the 

mixture. The amount of protection provided by the mixture of anti

oxidants was close to the protection afforded by hypoxia and is 
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concentration dependent. In addition protection against cell killing 

was very similar in magnitude to protection against induction of 

mutations. The protective effect could be detected only when anti

oxidants were added to the cells before irradiation. No protection 

was afforded upon addition immediately after irradiation. 
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DNA REPAIR SYNTHESIS IN CARROT ROOT TISSUE IRRADIATED WITH ULTRAVIOLET 

LIGHT 

N. Degani 

Plant DNA damage by ultraviolet (UV) light can be repaired by 

the light dependent photoreactivation process and by dark excision 

repair, which is a multienzyme process. In the initial steps of 

the excision repair process, pyrimidine dimers, which are the UV 

light photoproducts, are excised from the damaged DNA. Pyrimidine 

dimers were found in hydrolizates of labeled damaged DNA from 

actively growing tissues and plants such as carrot protoplasts, 

grass pea seedlings, Wolfia microscopica and the alga chlamydomonas. 

The subsequent filling of the gap in the damaged site of the DNA is 

done by repair synthesis. It is difficult to demonstrate this step 

of the excision repair process in actively growing tissue, because 

the incorporation of labeled thymidine due to scheduled DNA synthesis 

superimposes that which is due to repair replication. So far, repair 

synthesis in plants has been detected in Petunia pollen. In the 

present work repair synthesis was demonstrated in UV light irradiated 
9 

(500-1000 erg/mm ) carrot root slices which incorporated 50 to 100% 

more labeled thymidine than the non-irradiated control during 22 h 

of postirradiation dark incubation. In higher UV light fluences 
2 

(1500-5000 erg/mm ), the results were inconsistent. 
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A RAPID METHOD FOR MEASURING INCORPORATION OF RADIOACTIVE PRECURSORS INTO 

MACROMOLECULES OF MONOLAYER CELLS CULTURED IN MICROTITER PLATES: APPLICA

TION TO DNA REPAIR SYNTHESIS 

H. Golan, R. Kol and E. Ben-Hur 

3 3 
A method for measuring incorporation of H-thymidine, H-uridine 

3 and H-leucine into DNA, RNA and protein, respectively, of Chinese 

hamster cells grown as a monolayer in microculture plates was developed. 

The method is based on cell suspension in situ by brief exposure to 

a trypsin solution, followed by the collection of samples on glass 

fiber filters using an automatic cell harvester. The macromolecules 

were, precipitated on the filters and the radioactivity incorporated 

was determined in a liquid scintillation spectrometer. The results 

were compared with those obtained by a standard method. Incorporation 
3 

increased linearly with the number of cells plated and H-thymidine 

concentration. The application of the microculture method, for meas

urement of methyl methasulfonate induced DNA repair synthesis was 

demonstrated. The method is very rapid and economical. Hundreds of 

samples can be handled routinely during a working day. 

RECOVERY FROM INHIBITION BY UV-IRRADIATION OF ORNITHINE DECARBOXYLASE 

INDUCTION IN HUMAN CELLS: IMPLICATION OF EXCISION REPAIR(1^ 
* 

E. Ben-Hur, A. Prager and F. Buonaguro 

Exposure of stationary-phase human breast carcinoma (T-47D) 

cells to far-UV light (254 nm) inhibited the appearance of induced 

ornithine decarboxylase (ODC) activity. The dose response curve had 
_2 

a shoulder (D = 2 Jm ) followed by an exponential decline 

(D =4.2 Jm~2). The cells recovered from this inhibition when the -o 

signal for induction of ODC was delayed for 20-24 h after irradiation. 

Hydroxyurea (HU), when present at 3 mM during the recovery period, 

completely eliminated the ability of the cells to recover. This 

effect of HU on ODC induction was partially reversed by 5x10 M 

of the four precursors of DNA synthesis. Neither HU nor the 

deoxyribonucleosides by themselves affected ODC induction of un

irradiated cells. Since HU inhibited the recovery from potentially 

lethal UV damage and is a known inhibitor of excision repair, we 

Argonne National Laboratory, Argonne, IL, USA 
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interpreted the above results to nean that recovery from UV-induced 

inhibition of ODC induction depends on excision-repair of DNA 

damage. This interpretation is strongly supported by the finding 

that specific photolysis of 5-bromodeoxyuridine, incorporated into 

DNA during the recovery period, inhibited recovery of ODC induction 

from inhibition by UV light. 
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STUDIES OF ATMOSPHERIC FLOW OVER COMPLEX TERRAIN 

E. Asculai, E. Doron and B. Terliuc 

As part of a comprehensive study of dispersion of pollutants in 

the atmosphere over complex terrain, a series of field experiments 

was carried out in the Lake Kinneret (Sea of Galilee) region. The 

purpose was to study the structure of the flow in this region and to 

compare it with the predictions of numerical models which were 

developed specifically for this region. 

The two week experiment took place in the summer of 1981. The 

measurements included synoptic data, upper-air winds measured by the 

pilot-balloon method and 3 dimensional trajectory observations by 

tracking no-lift balloons. The summer season was chosen to study the 

Mediterranean sea breeze regime at that time and its interaction with 

the iocal flow regime in the lake valley, which results from local 

thermal effects (lake - land, mountain slope - valley floor) and 

dynamic effects due to the complex terrain. 

The no-lift balloons were released from 2 points: the Yavniel, 

valley, to the west of the lake valley, and the western shore of the 

lake (in the Tiberias hot springs region). The synoptic and upper 

a^r observations were performed at 4 points along a straight line, 

on an east-west axis: 2 points on opposite shores and 2 on the 

plateaus above the lake. 

In a general and qualitative way the measurements confirm the 

major phenomena predicted by the models, including the existence of 

two distinct flow regimes, one before the penetration of the 

Mediterranean sea-breeze into the lake valley and the second one 

afterwards. Certain phenomena not predicted by the models were also 

observed, one of the most interesting of which is the very large 

vertical extension of the influence of topography on the air flow. 

In addition, significant day-to-day changes in synoptic wind direction 

were observed. 

The results of these experiments were used to evaluate the 

models and to improve them, both in the determination of the input 
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parameters and in the better understanding of the physical processes 

involved. 

REFERENCE: 
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A MODEL FOR THE CALCULATION OF DISPERSION, ADVECTION AND DEPOSITION OF 

POLLUTANTS IN THE ATMOSPHERE^ 

E. Doron 

A numerical model for the prediction of atmospheric pollutant 

concentrations as a function of time and location was developed. The 

model includes effects of dispersion, advection and deposition of the 

pollutant. Topographic influences are included through the introduction 

of a terrain following vertical coordinate. The wind field, needed 

for the calculation of the advection, was obtained from a time series 

of objective analyses of actual wind measurements. A unique feature 

of the model is the use of the logarithm of the concentration as the 

predicted variable. For a concentration distribution close to Gaussian 

the distribution of this variable is close to parabolic. Thus a 

polynomial of low order can be fitted to the distribution and then used 

for the calculation of derivatives of the advection and diffusion terms 

with great accuracy. The fitting method used was the cubic splines 

method. Initial experiments with the method included tests of the 

interpolation methods, which were found to be very accurate, and a 

few dispersion and advection experiments designed for an initial check 

of the influence of vertical wind shear, topography and changes of wind 

speed and direction with time. The results of these experiments show 

that the model has a marked advantage over the Gaussian model, but 

its use requires more advanced computing facilities. 

REFERENCE: 

1. Doron, E., NRCN-496, 1981, in Hebrew. 
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ANALYSIS OF A FINITE RELEASE OF A POLLUTANT FOLLOWED BY AN ABRUPT CHANGE IN 

WIND DIRECTION^1* 

D. Ski bin 
J 

The case of a finite continuous release of a pollutant, followed 

by a 90° change in wind direction, was analyzed as a model of an 

accident during the passage of a front. In the first stage, a "normal" 

cloud is formed. After the change in wind direction, the cloud is 

transported at a right angle to its axis. A simple model describes 

the resultant integrated concentration field of the pollutant. The 

isopleths of this field are parallel straight lines which are tilted 

at 45 to both wind directions, before and after the change. The 

decrease in the integrated concentration with the downwind distance 

is inversely proportional to the square of the wind speed. 

Analysis of the dynamic development of the event reveals that 

even fast airborne monitoring of the cloud should be made by flying 

parallel to the prevailing wind direction (and not at right angles, 

as in the case of a steady wind direction). 

Evaluation of the environmental results of the accident can 

hardly be achieved in this case without a near-source, permanent, 

continuously reporting monitoring station. 

REFERENCE: 

1. Skibin, D., in Proceedings of the 12th NATO/CCMS International 
Technical Meeting on Air Pollution Modelling and its Applica
tion, Palo Alto, CA, 25-28 August, 1981. 

WEAK WIND REGIME IN THE SOUTHERN COASTAL STRIP OF ISRAEL 

M. Stark 

The estimation of the radiological risk from nuclear reactor 

accidents is based, in many cases, on the straight line airflow 

model (SLAM). These estimations assume permanent meteorological 

conditions (stability and wind speed in a single direction), during 

the whole time of plume dispersion. 

The main goal of this study was to show the importance of the 

effect of the third dimension of meteorological probability, i.e. 

the time persistency of wind direction. The study focuses on wind 

speeds less than 3 m/sec (W-3) on the southern shore strip (Ashdod). 
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The fraction of those winds (W-3) is 35.7% of all winds measured in 

1966. The longest duration of W-3 was 47 hours (November), but of these 

only 17 hours were in one direction (SE). 

It is important to note that the duration of W-3 is classified 

into several groups: 46.7% of W-3 have a duration of less than 3 hours; 

25% have a duration of 6-7 hours; 18.5% last 9-12 hours and only 3.5% 

have a duration longer than 12 hours. Regression analysis for duration 

and probability of occurrence (frequency) was made for the annual weak 

wind (W-3) regime (as shown in Fig. 1) as well as for seasonal regimes. 

The regressions are of the power type F = f C with an annual correla

tion coefficient of - 0.977, where F is the frequency, L the duration, 

f the coefficient of frequency and C the regression coefficient. 

1000 

Fig. 1 

Correlation between frequen
cy of occurrence (F_) and 
the duration of weak winds 
blowing in one direction in 
hours (L(h)) as measured in 

Ashdod in 1966 
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The important deterministic conclusion from this study was that 

most of the weak winds are an integral part of the coastal annual land 

and sea breeze regime. This meso-scale regime causes differences of 

wind streams beyond the close vicinity of a particular coastal reactor 

site. 

THE USE OF GEODETIC INFORMATION IN INVESTIGATING SURFACE DISLOCATIONS 

H. L. Striem 

Repeated first order leveling traces were investigated , the 

first trace constituting the reference base. It was found that dif

ferences between leveling traces showed two kinds of changes: 

1. Local significant divergencies at one, or two adjacent, leveling 

points, relative to the reference trace. In analyzing these local 

divergencies in their geological context, it was noted in the great 

majority of such cases that either these downward displacements 

coincided with the crossing of a postulated fault line, or that 

there were geotectonic causes for the subsidence, such as extraction 

of substrate material, e.g. mineral mining or ground water depletion. 

The rate of downward displacement was found to be 0.2 - 0.4 mm/y. 

2. Extended and gradual rises, or declines, of major sections of 

the leveling trace, relative to the reference. The sectional rise 

and decline was hypothetically attributed to the behavior of the 

substrate faulted blocks. The consistency of findings from dif

ferent traces regarding given geologic blocks, e.g. the stability 

of the Koblenz-Lutzel block, enhances the credibility of the find

ing. 

The findings showed that where comparative leveling traces 

crossed neotectonically active lines, marked deviations had been 

measured. From these deviations and the time interval between the 

leveling traces the mean rate of vertical surface dislocation of 

faults could be quantitatively established, thus providing a very 

important fact for the safety analysis required for a nuclear site. 

(Means should be sought to investigate potential horizontal dis

placements, as well, as these two components have different bear

ings on the engineering planning.) 
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It was further found that the rise or tilt of longer sections 

of the comparative leveling traces might indicate the trend of the 

movements, the geologic blocks of the underlying strata, or the 

absence of change would point to the stability of the blocks. Both 

cases could be illustrated in this study. The evaluation of the 

movement of geologic blocks is also a significant contribution to 

the understanding of the regional geological behavior, and thus 

an important datum for site safety analysis. 

The analysis of geodetic data showed that this method could 

provide both qualitative insight and quantitative data on disloca

tion processes due to neotectonics. As very often neotectonic 

dislocations are hard to find, and even more difficult to quantify, 

the proposed analysis of geodetic data is considered an important 

and powerful tool in siting investigations. 

REFERENCE: 

1. Geodetic information was obtained by courtesy of the Landesver-
messungsamt Rheinland-Pfalz. 

EVALUATION OF MACROSEISMIC INFORMATION IN NUCLEAR SITING INVESTIGATIONS 

H. L. Striem 

Detailed macroseismic observations of an earthquake in a neo-

tectonically active basin were collected and studied in relation to 

the geology. Beyond the intrinsic seismic interest of such a study 

for a nuclear oite, this study brought out maximal intensities, the 

extent of macroseismic effects, the shape of the isoseismic areas 

and their interrelation, and analyzed these in light of the geology 

of the basin. The prima facie evidence pointed to an amplification 

of macroseismic effects along the main neotectonically active zones 

or fault lines. This finding parallels the results of Sieberg and 

Lais monumental study (1925) of the major German earthquake 

(November 16, 1911), which laid the foundation for such geological 

and seismological evaluations of macroseismic observations, and which 

specifically pointed out the amplification of effects along fault 

lines. Furthermore, since the tuff and gravel cover over^the un

derlying bedrock is comparatively shallow, seismic resonance effects, 



- 215 -

leading to local site amplification, may be possible. Thus, a detailed 

study of the macroseismic observations in the region around a nuclear 

site should always be attempted, as potentially contributing to a more 

reliable understanding of the possible seismogeological hazards. 

REFERENCE: 

1. Sieberg, A. and Lais, R., Das mitteleuropaische Erdbeben vom 
16.11.1911, Bearbeitung der makroseismischen Beobachtungen; 
Reichsanstalt fur Erdebenforschung, , Fischer, Jena, 1925-

APPARENT ANNUAL PROBABILITY OF EXCEEDING PEAK GROUND ACCELERATION^ 

A. Shapira 

A direct method for estimating annual probabilities of exceed

ing peak ground accelerations induced by earthquakes was developed. 

The probabilistic approach is mainly based on seismographic data, 

and follows the assumption that the performed seismicity of a region 

during the last T years would not dramatically change in the future 

T years. The method was applied to the region of the Afro-Eurasian 

junction for estimating the apparent annual probabilities of exceed

ing peak ground accelerations in Jerusalem, Tel-Aviv and Haifa. The 

reliability of the suggested approach was examined by comparing the 

evaluated probabilities of exceedance for Jerusalem with the some

what known seismic history of the city in the last 1000 years. 

REFERENCE: 

1. Shapira, A., IA-LD-55, 1981. 

T PHASES FROM UNDERWATER EXPLOSIONS OFF THE COAST OF. ISRAEL^ 

A. Shapira 

T phases from underwater explosions off the coast of Israel 

were recorded at three temporarily installed seismograph stations. 

The T waves propagated as sound waves through the water with a 

velocity of about 1.53 km/sec, possibly in the so-called SOFAR 

channel. Three phases, constituting T, have been identified. 

These were traveling along the land path as P, S,and/or surface 

waves, with velocities of 2.5 km/sec and lower. Analysis of the 

maximum amplitudes and the durations of these phases indicate low 

Q values for the material along the land path of the T phases. 
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The quality factor, Q, of the sea water seems to be more than 10 times 

higher than that of the land. Relatively high scattering in the meas

ured travel times, amplitudes, and durations reflect the structural 

and geological complexity of the region. 

REFERENCE: 

1. Shapira, A., Bull Seismol. Soc. Amer. _7_I> 1049 (1981) 

POTENTIAL EARTHQUAKE RISKS IN ISRAEL^ 

A. Shapira 

Potential earthquake risk maps of Israel and adjacent areas 

and apparent annual probability estimates for exceeding peak ground 

accelerations at eight Israeli cities were prepared. These are 

based on the direct estimation method of the apparent annual pro-
(2) 

bability of exceedance, P(A), as described previously . The 

potential earthquake risk estimates, r(A), were defined here as 

r(A) = 6 + log1fJP(A). Both P(A) and r(A) are given as functions 

of the ground acceleration A on the free surface. No considera

tions were applied regarding parameters other than peak ground 

accelerations. 

REFERENCES: 

1. Shapira, A., SL/567/79-(7), 1981 and Israel J. Earth Sci., 
in press. 

2. Shapira, A., 1A--LD-55, 1981. 

A COMPARATIVE RISK ASSESSMENT OF VARIOUS TYPES OF POWER PLANTS IN 

ISRAEL 

E. Stern and J. Tadmor 

A comprehensive risk assessment of three types of power 

plants, i.e. nuclear, coal-fired and oil fired, in Israel is 

being performed. The overall risk to individuals and to the 

population at large that would be caused by each of the power 

plant types at a given site is under study. The risk is cal

culated both for early and late effects, using probabilistic 

methods and the weighted sum of risks caused by normal 

operation and accidental releases of pollutants. The accidents 

considered also include those due to war and sabotage. 
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The consequence models used in the risk assessments include: 

(a) the inventories of the pollutants which might be released in

to the environment, (b) meteorological and environmental parameters, 

(c) the mechanisms (e.g. inhalation) which influence the health 

effects, and (d) conversion methods which convert ambient air and 

ground concentrations of pollutants to health effects on man. 

(2) 
At the present stage, the REMAND and SLAMRR computer models, 

which include all the aforementioned parameters, were used for the 

risk analysis of normal operation and accidental releases from 

nuclear power reactors. Health effects were calculated for a PWR 

type nuclear reactor located at several sites in Israel. Sensiti

vity analyses of different parameters (e.g. plume rise) were also 

performed within the risk assessment study of nuclear power plants. 

A specific study of the influence of the SO, anion, resulting 
(3) from oxidation of SO , on the risks caused by fossil fuel power 

plants, is also presently being carried out. 

REFERENCES: 

1. WASH-1400 (NUREG-75/014) 1975 . 
2. Stern, E., Stark, M. and Kaufman, Y. , in this annual report, p. 37.. 
3. Morgan et al., BNL-23581, 1978. 

AERIAL RADIOMETRIC RECONNAISSANCE SURVEY OVER ISRAEL1" 

R. Aviv 

An airborne gamma-ray survey which covered about 2/3 of the 

state of Israel.was conducted during the period July 2- Sept, 5, 1981. 

The survey covered 770 flight lines, totaling 26,000 km- Data 

acquisition time (on flight lines) was 117.2 hours, providing over 

420,000 data points. The objective of the survey was to identify 

zones showing statistically anomalous values of a set of gamma-field 

parameters (related to ground concentrations of radioactive materials) 

Target areas for a subsequent uranium exploration follow-up survey 

would be selected from these anomalous zones. 

This work was performed by the Uranium Exploration Project, a joint 
collaboration between Soreq Nuclear Research Centre and the Geological 
Survey of Israel, Jerusalem 
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The data, collected every second during flights, consists of a 

full terrestial gamma-ray spectrum, a full atmospheric gamma-ray 

spectrum (each quantizing the 0-3 MeV into 256 channels), cosmicborne 

gamma-ray intensity (3-6 MeV), atmospheric pressure and temperature, 

height and dead time (about 1200 bytes/sec)- Positional information 

was provided by continuous video recording of the flight path. 

The radiometric airborne system design followed IAEA specifica

tions . The system consists of 40 liters of Nal crystals, stabilizing 

electronics, LSI-11 microcomputer data acquisition system, atmospheric 

sensors, recording and video recording facilities. The system was 

designed for a precision level of 25% for normal ground concentration 

levels, at the 95% confidence level. Flight line spacing was 1 km, 

and nominal flight altitude was 300 feet, resulting in 30% ground 

coverage. 

System calibration was performed following U.S. NURE specifica-
(2 3) 

tions * . Measurements were taken at high altitude above the sea, 

low altitudes above the sea and over a field test range with known 
2 

radioactivity sources. In addition, 3 large (8x8m ) radioactive 

concrete pads were constructed, following the Canadian and A ^rican 

ie s< 

.(6) 

(4 5) 
experience * . These served for the determination of system 

stripping coefficients 

Data reduction consisted of extracting primary terrestial 

radiation signals from interfering scattered radiation and other 

radiation "noise", which subsequently was normalized to ground con

centrations and ratios thereof. Signal-to-noise adequacy tests 

were performed at all stages. Final results, scheduled for summer 

1982, will provide gamma field parameter profile maps, geologically 

correlated anomaly maps and statistical data so that the "anomalous 

zones" will be defined. 

REFERENCES: 

1. IAEA, Technical Report Series No. 158, 1974. 
2. BFEC 1250-A, 1977. 
3. Aviv, R. and Vulkan, U., in this annual report, next abstract. 
4. Grasty, R. L. and Darnley, A. G., Geol. Surv. Can. Paper 71-17, 

1971. 
5. Ward, D. L., U.S. DOE, GJBX-37(78), 1978-
6. Grasty, R. L., Geol. Surv. Can. Paper 77-1C, 1977. 
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RADIOMETRIC AIRBORNE SYSTEM CALIBRATION1" 

R. Aviv and U. Vulkan 

An airborne radiometric survey over Israel was recently 

completed . The present work was carried out in order to calibrate 

the radiometric airborne system in preparation for data redwctiun. 

The radiation flux in any energy interval is the sum of five 

components : 

a) Aircraft + system "background" radiation. This is assumed to have 

a constant rate. 

b) Cosmic radiation. The rate in the given energy interval is 

approximately proportional to the rate in the 3-6 MeV interval. 

(The latter is measured during flight.) 

c) Primary terrestrial radiation, emanating from crustal radio-
,4(V 21A . 208mn. elements ( K, Bi, Tl). 

d) Scattered terrestrial radiation, emanating from crustal radio-

elements and subsequently scattered into the given energy 

interval (mainly Compton scattering). 
222 

e) Atmospheric-borne radiation (mainly due to Rn) 

This decomposition is written in vector-matrix notation 

N = [A]'X + B + R'cosm (1) 

where N is a vector whose components are the measured rates in the 

-»• c 

various energy intervals corrected for deadtime, X is the vector or 

the ground concentration of K, Bi, Tl and atmospheric Rn 

count rate, cosm is the measured cosmic rate in the 3-6 MeV interval, 

B is the background rate vector, and [A] (a matrix) and R are the 

various sensitivity coefficients. 

The following steps were taken in order to estimate the unknowns 

[A]fi,i
(3): 

1) High altitude flights (4000-14000 ft) above the sea (i, n a 
222 

terrestrial + Rn radiation-free zone). 

This work was performed by the Uranium Exploration Project, a joint 
collaboration between Soreq Nuclear Research Centre and the 
Geological Survey of Israel, Jerusalem. 
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2) Rate determinations over 4 calibration pads, with known con

centration especially constructed for the survey. 

3) Calibration flights over a field test range. These include 

flights along the coast at various altitudes above an area 

of predetermined ground concentrations of the radioelements, 

as well as above the sea. The latter flights provide data 

on system response to atmospheric 222,, Tin. 

4) All data from the above mentioned flights were fitted to Eq. (1) ™) 

and a corresponding error analysis was carried out 

The resulting calibration coefficients are currently being used in 

an on-going data reduction and interpretation project. 

REFERENCES: 

1. Aviv, R., in this annual report, previous abstract. 
2. Grasty, R. L., in Geophysics and Geochemistry in the Search 

for Metallic Ores, Report No. 31., Geological Survey of 
Canada, Ottawa, 1979, p. 147-161. 

3. BFEC 1250-A, 1977. 
4. Grasty, R. L., Geol. Surv. Can., Paper 76-96, 1976. 
5. Aviv, R. and Vulkan, U., The Methodology of the Calibration 

of the GAM-2001 Airborne Gamma Ray System, Internal Report, 
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DEVELOPMENT OF A COMBINED REAL-TIME NEUTRON DOSIMETER IN THE 1 eV TO 

14 MeV ENERGY REGION AND A SURVEY METER FOR HIGH NEUTRON DOSE R A T E S ^ 

Y. Eisen, G. Engler, E. Ovadia and Y. Shamai 

The real time dosimeter developed in this work is meant to have 

a flat energy response to +40% in the 1 eV to 14 MeV energy range and 

to record neutron dose equivalents greater than 5 mRem. This instrument 

is also meant to measure neutron dose rates greater than 300 mRem/h and 

to sound an alarm when the radiation exceeds this value. For lower 

dose rates, a rough indication of the dose rates, R, will be given, 

such as R<50 mRem/h or 50<R<100 mRem/h. It is important to note 

that the instrument will also be useful for a rough estimation of the 

neutron spectrum and will separate the total dose equivalent into 

three components: a) 1 eV - 30 keV, b) 30 keV - ̂ 1 MeV and 

c) M. M - ̂ 14 MeV. 

The approximate dimensions of the real-time dosimeter will be 
3 

12x8x6 cm . It will be worn on the body as a personnel dosimeter or 

will be attached to a phantom for use as an area dosimeter. 

The main principles of the real-time dosimeter are those of the 

(2) 

personnel neutron dosimeter recently described by us . Active dosi

metry is achieved by replacing the polycarbonate or the CR-39 track 

etch detectors by five silicon surface barrier detectors or by one 

position sensitive proportional gas detector and two Si detectors. 

In the active detector the enriched B pellets and polyethylene 
(CH„) radiators are mounted in front of the Si detectors. (One of 

z n 

the detectors will be used as background monitor.) In the proportional 

gas detector the boron pellets are mounted inside the gas detector. 

A feasibility study which simulated the real-time dosimeter was 

performed with silicon surface barrier detectors and with enriched 

boron pellets and polyethylene radiators. The conclusions of this 

study are as follows: 

a) The interaction of high energy neutrons with the Si material is 

significant up to an energy of 600 keV. The interaction is small 

for low energy neutrons. 

b) The interaction of gamma rays with the detector is less signi

ficant than the neutron interactions and appears mainly at energies 
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less than 300 keV. For a thin Si detector the interaction with gamma 

rays is significant only up to 100 keV. 

2 . 
c) The proton yield using 120 mg/cm (CH„) radiators is about 

2 z n 
2400 counts/100 mRem/cm . Figure 1 shows proton counts for various 

239 thicknesses of (CH„) radiators for a Pu-Be source and the back-
2. n 

ground due to interaction of neutrons and gamma rays with the Si 

surface of the detector. 
d) The alpha and Li yield for neutrons of energy lower than 700 keV 

increases with decreasing neutron energy. For the low energy spec-
252 

trum (E <700 keV) of Cf moderated by 10 cm H O it is about 

9000 counts/100 mRem/cm . This is also the case for neutron spectra, 

such as at pressurized water nuclear power reactors. 
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Net proton yield per 100 mRem for a Pu-Be source, as a function of 
energy for various (CH„)n thicknesses (in mg/cm^). The background is 
due to the interaction of neutrons and gamma rays with the Si surface 

of the detector 



- 225 -

e) The lowest measurable doses are about 3 mRem for low energy 

neutrons and about 5 mRem for high energy neutrons. 

f) The real-time dosimeter can be used as a neutron rate meter above 

300 mRem/h when the maximum integration periods are about 10 sec. 

REFERENCES: 

1. Eisen, Y., Engler, G., Ovadia, E. and Shamai, Y., in Trans. Nucl. 
Soc. Israel, vol. 9, 1982, p. 43. 

2. Eisen, Y., Shamai, Y., Ovadia, E., Faermann, S. and Schlesinger, T., 
Health Phys. 41, 349 (1981) 

PERFORMANCE OF THE WIDE ENERGY Rem RESPONSE PERSONNEL NEUTRON DOSIMETER^ 

Y. Eisen, Y. Shamai, S. Faermann, E. Ovadia and A. Tal 

(2) 
The personnel neutron dosimeter developed in our labora

tory for monitoring neutron dose equivalents in the energy range of 

1 eV to 14 MeV has been thoroughly tested in different irradiation 

facilities having neutrons of various spectra. The performance of 

the dosimeter was tested at the National Bureau of Standards in 

Washington D.C., using filtered mono-energetic beams of predominantly 
252 

2, 24 and 144 keV, as well as Cf neutrons moderated by a 30 cm 
(3) 

diameter sphere of D„0 . The dosimeter was also tested by Battelle 

Northwest Laboratories using mono-energetic neutrons in the energy 
3 3 

region of 100-500 keV produced by the H(p,n) He reaction, and at 

three nuclear power reactors. At these reactors almost the entire 

neutron dose equivalent stemmed from particles having energies below 

300 keV 
(4) 

The results are summarized in Tables 1-4. Good agreement 

Table 1 

Dosimeters irradiated with filtered monoenergetic 
neutrons at NBS. Values are averages of results 

from 2 dosimeters 

Energy 
(keV) 

2 
2 
24 
144 
144 

Dose delivered 
(mRem) 

6.9 
13.7 
49.7 
248 
496 

Dose extracted 
(mRem) 

8.9 + 2.2 
19+2.0 
49 + 17 
220 + 60 
271 + 90 
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Table 2 
252 

Dosimeters irradiated with Cf moderated by a 
30 cm diameter sphere of D2O-NBS. Values are 

averages of results from 5 dosimeters 

Dose delivered 
(mRem) 

20 
40 
60 
100 
1000 
3000 

Dose extracted 
(mRem) 

23 + 10 
23 + 12 
50 + 12 
102 + 38 
955 ± 240 
2760 +• 690 

Table 3 

Dosimeters irradiated at 3 nuclear power reactors. 
Values are averages of results from 3 dosimeters 

Power reactor 

1 

2 

3 

Dose delivered 
(mRem) 

100 
170 
1190 
310 

30 
12 

220 
260 
1720 
1990 

Dose extracted 
(mRem) 

101 + 20 
115 + 25 
700 + 175 
406 + 100 

12 + 4 
12 + 4 

153 + 40 
191 + 46 
1098 + .330 
3250 + 1000 

— 1 

Table 4 

Dosimeters irradiated with mono-energetic neutrons 
from 100 keV to 500 keV at Battelle. Values are 

averages of results from 3 dosimeters 

Energy 
(keV) 

110 
161 
264 
358 
448 

Dose delivered 
(mRem) 

61 
35 
55 
67 
104 

Dose extracted 
(mRem). 

120 + 35 
65 + 20 
45 + 15 
62 + 20 
63 + 20 
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between delivered and recorded doses was obtained. Uncertainties 

include systematic errors which are mainly due to the electrochemical 

etching procedure and to thickness variations of the polycarbonate 

foils. At low energies, such as 2 keV, doses of the order of 5 mRem 

can easily be detected with an uncertainty of 25%. In neutron fields 

typical of nuclear power reactors dose equivalents of the order of 

10 mRem are detected with an uncertainty of +40%. One can also see 

that the dosimeter can measure in a wide dose range even at low 

energies. This is a result of the combination of enriched B and 

diluted B radiators, the latter in the form of BN in the dosimeter. 

REFERENCES: 
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COMPARISON OF POLYCARBONATE AND CR-39 FOILS AS PASSIVE DETECTORS IN THE 

WIDE ENERGY RANGE PERSONNEL NEUTRON DOSIMETER^ 

Y. Eisen, S. Faermann, T. Schlesinger, E. Ovadia, R, Weingarten, 

Z. Karpinovitch and Y. Shamai 

The main shortcomings in the use of the polycarbonate (PC) 

foil as a passive detector in the wide energy range personnel neu-
(2) 

tron dosimeter is its relatively low efficiency for high energy 

neutrons above 1 MeV (6x10 pits/neutron) and for alpha particles 

above 1.7 MeV. 

In order to improve the efficiency of the dosimeter, the 

possibility of replacing the polycarbonate foils with recently devel-
(3) oped CR-39 material was studied. The dosimeter was irradiated 

252 

at the Soreq scatter-free neutron faility by Cf neutrons, non-

moderated and moderated by 10 cm D„0. Damage sites of alpha, Li, 

protons and heavy ions were revealed by a combination of chemical and 

electrochemical etching in a 5.5 N KOH solution mixed with ethyl 

alcohol in a 1.1 volume ratio. The temperature was kept at 18 C in 

order to reduce the background. Results are summarized in Table 5. 

It can be seen that the use of CR-39 increased the fast neutron detec

tion efficiency by a factor of about 6.5. When using a polyethylene 
2 

radiator of 120 mg/cm in front of the CR-39 foil the efficiency 



- 228 -

Table 5 

Comparison of PC and CR-39 as passive detector in the PND 
under neutron irradiation 

Source/Moderator 

252 D Cf 
252 
" Cf 
252Cf/10 cm D20 
252Cf/10 cm D„0 
239„ n Pu-Be 

Passive 
detector 

CR-39 

PC 

CR-39 

PC 

CR-39 

Alphas behind 
thin boron pellet 
(pits/cm2/100 mRem) 

70 + 12 

3 0 + 3 

435 + 30 

133 + 13 

Fast neutrons 
2 

(pits/cm /100 mRem) 

without 
radiator 

90 + 5 

14 + 2 

85 + 5 

14 + 2 

95 + 5 

with 
radiator 

124 + 6 

158 + 10 

159 + 6 

increased by a factor of almost 10 over that of a polycarbonate foil. 

It can also be seen that the revealing efficiencies for the alpha and 

Li particles emitted due to the B(n,<x) Li reaction were increased 

by a factor of about 2.5 by the use of CR-39. This increase is mainly 

due to the smaller critical, dip angle for CR-39 than for poly-
C4) 

carbonate 

When using CR-39 foil with a polyethylene radiator in front 
252 

of it, the minimum detectable fast neutron dose from Cf is as low 

as 5 mRem compared with about 30 mRem when using a polycarbonate foil. 
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THE DIRECTIONAL DEPENDENCE OF THE WIDE ENERGY RANGE Rem RESPONSE PERSONNEL 

NEUTRON DOSIMETER^1* 

S. Faermann, Y. Eisen, A. Tal, E. Ovadia and T. Schlesinger 

The directional dependence of the wide energy range Rem response 

personnel neutron dosimeter (PND) recently developed in our labora-
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(2 3) tory ' was studied in a mixed fast and slow neutron field. The 
252 

dosimeter mounted on a phantom was irradiated from far by a Cf 

source moderated by a 10 cm cylinder of either H„0 or D„0. The 

fraction of dose equivalent obtained from these irradiation configura

tions in the energy range of 1 eV to about 1 MeV is of the order of 

10%. 

Since the dosimeter is able to measure the dose equivalent from 

1 eV to about 1 MeV and from 1.2 MeV to 14 MeV independently, the 

variations of the response with angle were measured separately for 

these two energy ranges. While the fast neutron dose depends on 

the direct interaction of the neutrons with the polycarbonate foil, 

the dose below 1 MeV depends on a) the interaction of the incident 

neutrons with the B or BN layers, b) the interaction of albedo 

neutrons with these layers and c) the ratio between the two contribu

tions a) and b). 

The variation of the response of the fast neutron dose equivalent 

with the incident angle is shown in Fig. 2 and is compared to cos8. The 

directional dependence of the slow energy component is shown in Figs. 3 

and A for the energy regions of 1 to 30 keV to about 1 MeV, respectively. 

The behavior of both dose components is vastly different from that 

of the fast neutrons. Both components have maxima at angles greater than 
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Fig. 4 

Variation of the slow neutron dose 
equivalent in the energy region of 
30 keV to about 1 MeV with the angle 

of incidence 

0 and fall quite rapidly beyond these maxima. The slow dose, which 

is a sum of these two components, has a maximum at about 45 with a 

value greater by ^40% than that at 0 . 
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A PASSIVE SPECTROMETER FOR FAST NEUTRONS IN THE ENERGY RANGE 0.5-14 MeV(1^ 
* 

S. Faermann, Y. Eisen, T. Schlesinger and A. Kushilevski 

Relatively little work has been done on the possible use of 
(2 3) 

passive track detectors as spectrometers for fast neutrons ' . The 

inherent advantages of such a device could be applied in the growing 

field of high energy neutron radiotherapy. An accurate knowledge of 

the isodose distribution inside the patient, due to neutron fields, 

is essential in radiotherapy planning. These distributions are now 

found by elaborate Monte Carlo calculations, although at present there 

is little experimental verification for them. In this study we pro

pose a method for measuring the neutron energy spectrum, and conse

quently the dose, in various positions of a phantom, using a miniature 

passive spectrometer. 
(4) The spectrometer is composed of a CR-39 plastic detector and 

polyethylene radiators of different thicknesses in contact with it. A 
3 

schematic diagram of the 2.7x2.5x0.5 cm spectrometer is shown in 

Fig. 5. The spectrometer is divided into nine areas, eight of which 

are masked by polyethylene radiators of thicknesses ranging from 
2 2 

1 mg/cm to 180 mg/cm . The ninth area is not masked by polyethylene. 
The detector is embedded in a stainless steel box with wall thick-

2 
nesses of about 400 mg/cm . The stainless steel absorbs high energy 

recoil protons due to the elastic scattering of the fast neutrons with 

the phantom material. For each neutron energy there exists a thickness 

above which the number of protons emitted does not change. The area 

not masked by a polyethylene radiator is used for background subtrac

tion of recoil protons which are produced via the elastic scattering 

of the neutrons with the CR-39 material. 

The energy spectrum is found in eight energy intervals, AE., by 

solving a set of eight linear equations. Since the proton tracks are 

revealed either by chemical etching or by electrochemical etching , 

one should also include in the linear equations the experimental 

revealing efficiency, e(E), for protons generated by a neutron having 

an energy E. The linear equations therefore have the form: 

Ben Gurion University of the Negev, Beer-Sheva 
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Neutrons 

, r 1 i. 

Img /cm 2 / 2 m g / c m 2 / 5 m g / c m 2 

/lOmg/cm2 /20mg/cmy50mg/cm 2 

' l00rng/cm2/l80 mg/cm/'Direct 
Interaction 

Fig. 5 

Schematic representation of the spectrometer 

i=l 
aicij(E)ei(E)AEi = ^ - Ng; j=l-8 (1) 

where c..(E) are the calculated number of protons for an energy E 

which reach the plastic detector behind the polyethylene radiator j; 

a.AE. is the fraction of neutrons in the energy interval i and N. is 

the net number of protons revealed behind the radiator j . The energy 

spectrum, a., is found by solving the above linear equations. 
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SATURATION EFFECTS IN POLYCARBONATES IRRADIATED AT HIGH DOSES (1) 

S. Faermann, Y. Eisen, R. Weingarten, T. Schlesinger and A. Kushilevski 

One of the shortcomings of the wide energy range Rem equivalent 

(2 3} 

personnel neutron dosimeter (PND) developed by us ' is the limita

tion on the highest measurable dose, imposed by the maximum number of 

damage sites in the polycarbonate foils, 7,000 pits/cm , that could be 

revealed by the electrochemical etching (ECE) process. The decline in 

the ECE efficiency with increased dose can be explained by the fact 

that many tracks fail to undergo "treeing" and thus to develop etch 

spots, because they are close to other tracks where "treeing" has al

ready started. This failure is due to a reduction in the electric field. 

Pits /cm 2 (observed) 

Fig. 6 
2 2 

a particles/cm representing the expected number of pits/cm 
versus observed number of pits/cm2 for two magnifications: 

72X (broken line) and 400X (solid line) 

Ben-Gurion University of the Negev, Beer-Sheva 
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Two possible ways to overcome this problem are: 

a) Addition of diluted B in the form of BN into the dosimeter. This 
(4) 

development led to the extended version of the PND detector 

b) The use of densitometric methods for the determination of the optical 

density of the irradiated and electrochemically etched polycarbonate 

foils. 

Figure 6 presents the number of pits observed at two magnifica-
2 

tions, 72X and AOOX, versus the number of alpha particles/cm impinging 
2 

on the polycarbonate (true values). When the density of pits/cm is 

high there is a reduction in the average pit size. Small pits cannot 

be recognized at the low magnification. Figure 7 presents the number 
2 

of impinging alpha particles/cm versus the optical density. It is 
seen that in the optical density interval 0.33-0.60 the curve agrees 

•1C 
2 

4 1 89 
well with the equation: Y = 8.3*10 x where x is the optical density 

and Y is the true number of a./cm 

Fig. 7 
2 

True number of pits/cm versus 
the optical density measured 
at a wavelength of 500 nm. The 
broken line is a plot of the 
equation Y = 8.3 ' loSc 1 ' 89 

Optical density 
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EXPERIMENTAL EVALUATION OF PH0T0NEUTR0N DOSES FROM A 16 MeV X-RAY 

MEDICAL LINEAR ACCELERATOR, USING NUCLEAR TRACK ETCH DETECTORS 
* 

T.-Schlesinger, E. Ovadia, S. Faermann, Y. Eisen, A. Werner and 
* 

L. Zhigun 

Betatron and linear accelerators are at present widely used for 

the production of high-energy bremsstrahlung photons for cancer therapy. 

Whenever the photon energy exceeds the (Y,n) reaction threshold, neu

trons are produced in the target, collimator and beam flattening filter 

materials of the irradiating head. Such neutrons, having a fluence 

smaller than the photon fluence by a factor of 1000, can be detected 

by the use of conventional techniques, such as activation foil spectro

metry, tissue equivalent ionization chambers or silicon diodes. How

ever, because of the many shortcomings of these conventional 

techniques, we performed preliminary measurements of the neutron dose 

equivalent in the primary beam of a 16 MeV medical linear accelerator 

(Phillips, MEL) using a wide energy range personnel neutron dosimeter 
(2 3) 

(PND), (recently developed in our laboratory ' ) or a bare poly-
(4) carbonate dosimeter . The PND dosimeter measures dose equivalents 

in the neutron energy ranges 1 eV - 30 keV, 30 keV - 1 MeV and 

1.2 - 14.0 MeV. The bare polycarbonate dosimeter measures dose 

equivalents in the 1.2 - 14.0 MeV range. For simplicity we use the 

term slow neutron dose equivalents (SND) for dose equivalents origir 

nating from neutrons of energy up to about 1 MeV and fast neutron dose 

equivalents (FND) for neutrons of energies from 1.2 - 14.0 MeV. 

Sheba Medical Center, Tel-Hashomer, Ramat Gan 
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Measurements were carried out at a distance of 1 m from the 
2 

target, with a total dose of 217 Rad, with a field size of 30x30 cm 
3 

in free-air and on top of a 30x30x30 cm water phantom. In addition, 

the dose equivalent outside the primary beam (5 cm distance from the 

beam edges) was also evaluated. Table 6 presents the results of our 

measurements of the absorbed dose inside and outside the primary beam, 

in free-air. The doses in Rads were obtained by dividing the measured 

dose equivalents by a quality factor of 9.3 for fast neutrons (1.5 -

5 MeV) and of 2.0 for slow neutrons (energies below 30 keV). From 

Table 6 it can be concluded that: 

a) The fast neutron dose of the beam falls to about 30% of its value 

in the primary beam. 

b) The slow neutron dose is not significantly different inside and 

outside the primary beam, indicating that there is a strong contribu

tion from back-scattered neutrons. 
3 

Results with a 30x30x30 cm water phantom revealed that the fast 

neutron dose inside the primary beam on top of the phantom was 

3.1x10 Rad/Rad X-rays and the slow neutron dose was 1x10 Rad/Rad 

X-rays. 

TABLE 6 

Slow and fast neutron contamination in free-air on and off 
the primary beam (30x30 cm^ field size) 

Detector location 

Inside primary beam 

5 cm from beam edge 

Fast neutron dose 
(Rad/Rad X-rays) 

3.5xl0~4 

-4 
1x10 H 

Slow neutron dose 
(Rad/Rad X-rays) 

-4 
1x10 

1. 2xl0~'4 

A comparison between the slow neutron doses obtained with and 

without a phantom indicates that the major contribution to the slow 

dose equivalents lies in the interval 1 eV - 30 keV, and that the 

thermal neutrons arising, not only from the irradiating head materials 

but also from the walls of the installation, may contribute to a 

significant portion of the total slow neutron dose. 
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A HEAVY-DUTY RADIATION DETECTOR FOR USE IN A NUCLEAR LEVEL-GAUGE OPERATING 

IN THE MINING INDUSTRY UNDER SEVERE CONDITIONS 

M. Pasi, C. Assido, Y. Shemesh, H. Glizer, I. On and Y. Gabay 

Among the nuclear level-gauges we built for the phosphate plant 

in Nahal Zin, we had to implant 3 Geiger detectors under a big phos

phate rock crusher, for gauging the material level in the collecting 

room of the crusher. As the working conditions are very severe 

(impacts, vibrations), we had to build a special heavy-duty detector 

designed to withstand such conditions. 

First, instead of the usual beta-gamma Geiger-tube, we chose an 

industrial gamma-type tube, built as a windowless stainless steel tube. 

Geiger detector 

Aluminum 
framework 

Fig. 8 

Geiger detector hung by 8 steel springs 
on the aluminum framework 
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No beta rays reach the detector in any case, and the small gamma 

attenuation caused by the detector wall is easily compensated by 

increasing the source activity or detector time-constant. A LND 

Geiger-tube, type "industrial 725", was used. 

The Geiger-tube and electronic components, well attached to a 

PVC plate, were inserted in a rigid PVC tube; voids in the tube were 

filled with polyurethane foam. The detector was securely hung along 

the central axis of an aluminum framework by means of 8 steel springs 

(Fig. 8). The 2-meter long framework, intended for supporting 3 

detectors (at 3 different detection levels) was then inserted in a 

vertical steel pipe, which provides the ultimate protection against 

flying phosphate rock. 

A first prototype of this detector has been working for 6 months 

in the crusher of Nahal Zin, without any failures. 

FACILITY FOR CALIBRATION OF PROTECTION-LEVEL RADIATION INSTRUMENTS^ 

Y. Shamai, 0. Klopfer and P. Khastar 

The Soreq branch of the Israel Secondary Standard Dosimetry 

Laboratory (ISSDL) includes a scatter-free neutron irradiation 

facility, a secondary standard beta irradiator and the newly built 

gamma radiation calibration system about which we report here. 

The system produces a collimated gamma ray beam in the range of 

1 mR/h to 500 R/h necessary for the calibration of various dosi

meters and survey meters used in radiation protection. The above 

range is achieved by varying the distance from 0.5 to 4 m and/or using 
137 one of five different Cs sources of activities ranging between 

0.02 and 450 Ci. 

The irradiation instrument consists of a lead cylinder, which 

acts as a shield, containing a vertically rotating disk with eight 

fixed stations on which sources are mounted. A hole in the external 

shield is covered by a vertically moving, hydraulically operated 

shutter. One of the stations is always positioned behind the hole in 

the shield, and is uncovered by raising the shutter. 

The useful beam is highly collimated. The collimator is conical 

and made of seven 1 cm thick tungsten rings spaced 1 cm apart. This 
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collimator ensures that the effects of scattered radiation are 

small . A half-beam cone angle of about 5 was designed to produce 

a 20 cm diameter useful beam at 1 m, and since the center of the beam 

is one meter above the ground, the floor is not hit by the direct 

beam, again minimizing scattered radiation. 

A lightweight aluminum cart is used to move instruments to be 

irradiated to the desired distance in front of the irradiation unit. 

Distances can be changed remotely from about 0.5 m to 4 m. The posi

tion of the cart can be monitored from the console with an accuracy 

of about 1 mm. The instruments on the cart are monitored by a closed 

circuit TV system. 

Fields from about 1 mR/h up to about 150 R/h can be obtained by 

varying the distance (between 1-4 m) and/or the source strength. 

Higher fields of up to about 500 R/h can be obtained at closer dis

tances, but care must be taken since the beam diameter is smaller 

than 20 cm at distances of less than 1 m. 

A Co source serves as a check of energy dependence at high 

energies. However, elaborate energy dependence down to low energies 

has to be checked at the ISSDL at the Ministry of Health. 

The facility was built with the safety standards of a radio

graphy installation. 

Exact field strength and dimension measurements are made with 

secondary standard dosimeters traceable back to the NPL primary stan

dards, to bring this facility to a secondary standard level. 

This laboratory will permit calibration of dosimeters with 

high accuracy on a regular basis. The development of sophisticated 

radiation instruments presently taking place at Soreq could not have 

reached the same level of sophistication without the use of this fa

cility. 
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THROUGH-HOLE IONIZATION CHAMBER 

S. Abrashkin 

A free-air ionization chamber was designed and built for the new 

facility for the production of Tc-99m generators. The chamber has 

concentric cylindrical geometry, and allows the samples to be passed 

through it, thus providing in-process calibration. 

At low activities, corresponding to tens of uyA, saturation 

begins at 120 V, and the plateau extends to >400 V with zero slope. 

At high activities, causing ionization currents of several thousands 

of uyA, the plateau extends from 250 V to >400 V, the slope being 

0.01%/V. 

DIRECT-READING, REFERENCE-TIME ACTIVITY CALIBRATION SYSTEM 

S. Abrashkin 

The routine activity calibration of Tc-99m generators was 

carried out by means of a free-air ionization chamber and operational 

amplifier-type electrometer. A conversion factor was determined from 

the measurement of a Cs-137 performance standard, and a Mo-99 decay 

table. With this factor, the reading for each generator was calculated 

in activity units, precalibrated to a reference time. 

In order to save time and avoid errors, a direct-reading system 

was designed. The analog voltage output of the electrometer (output 

for recorder) was connected to a digital voltmeter through a voltage 

divider. The equivalent Mo-99 activity of the Cs-137 standard was 

determined, and decay tables based on this value were prepared. With 

the standard in the ion chamber, the voltage divider is adjusted so 

as to obtain the (digital) reading corresponding to the decay to 

reference time (read from table). Then every generator reading gives 

the reference-time activity directly. 

A TABLETOP BETA-RAY IRRADIATOR FOR THIN BIOLOGICAL SAMPLES 
•k "k 

S. D. Dahan, M. Pasi, Y. Kal i fa, A. Kushelevsky and I . Manori 

Irradiation of biological samples by ionizing radiation is 
fif) 

usually done with X-ray machines or in gamma-ray cells containing Co 

_ 
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or another gamma-ray emitter. These facilities are expensive, large 

and are not readily available in the average biological laboratory. 

Recently, an increasing number of cellar biological procedures 

involving the irradiation of thin layers of cells by ionizing radiation 

have been developed. This creates a need for irradiation devices which 

are not expensive and that can be contained in the average biological 

laboratory. Such devices are feasible for thin samples, about 2-3 mm 

thick, where the high penetration of gamma rays is not necessary. 
32 90 For these cases even beta rays from P and Sr are adequate to 

obtain a uniform exposure. This has been recognized in radiotherapy 
90 

where Sr sources have been used to treat superficial skin tumors 

very successfully 

If beta-ray sources are, indeed, used, the shielding required 

from the point of view of radiation protection is only a fraction of 

that required for gamma sources, making it possible to construct a 

small, relatively light, tabletop irradiator. A prototype beta 

irradiator was therefore designed and constructed along these lines. 

The beta irradiator was constructed of brass in three sections 

(Fig. 9). It consists of a base section which supports two upper 

Fig. 9 

General view of the irradiator. a) closed, b) open 
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sections, a movable drawer which holds the sample to be irradiated and 
90 

an upper section which contains 4 20 mCi Sr foils. The dimensions 

of the irradiator are 20x20x12 cm and it weighs about 40 kg. The 

drawer can accept a petri dish up to 12 cm in diameter. Materials and 

construction costs are estimated to be $2000 - $3000, including the 
90 
Sr foils purchased from Amersham. 

The dose rate at the outer surface of the irradiator is less 

than 4 mR/h, and about 1300 R/h inside at the sample position. 

In the prototype model the irradiation field varies depending on 

the position of the sample relative to the sources. A dosimetry map is 

required for exact dose determination. This was obtained using small 
90 

TLD chips. In future models the Sr sources will be distributed not 

as parallel strips with spacings between them, as for the prototype 

model, but in a way which will insure good field uniformity throughout. 

The device presents some interesting dosimetry problems in the 

case of thick samples. It is then necessary to separate between the 

beta ray and the bremsstrahlung components and to measure the depth 

dose distribution which depends on the thickness of the sample. 
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IMPROVEMENTS I N THE TELLURIUM ISOTOPE SEPARATION PROCEDURE1" 

G. D. Lempert, M. Menat, I. Chavet, M. Kanter, M. Melnik, I. Salzman, 

Y. Zaidey and Y. Goldstein 

Due to the importance of high purity tellurium isotopes for the 

production of the radiopharmaceutical 1-123, an operational procedure 

was developed for the separation of these isotopes with the required 

purity in a single run on the MEIRA electromagnetic separator. 

The first stage of the work, reported previously , was aimed 

essentially at improving the purity of the product. The results 

obtained were: isotopic purity of Te-124: 99.77%, yield after chemical 

purification: 1.3 mg/h, cathode life-time: 70-77 h, batch duration: 

77-115 h. 

This work was supported by the United States - Israel Binational 
Science Foundation, Jerusalem 
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Following development efforts aimed at improving the yield and 

general process efficiency the results obtained were: yield: 2.3 mg/h, 

cathode life-time: 135-170 h, batch duration: 175-270 h. This was at 

the expense of a small sacrifice in purity; the purity decreased to 

99.5%. These achievements were due to the improvement of many 

operational details, the most important of which are: 

a. Development of a multicollector system for simultaneously collecting 

all tellurium isotopes. 

b. Modification of the collector slit geometry to improve the beam 

transmission. 

c. Ion beam current stabilization by electronic feed—back. 

d. Stabilization of the lateral image position by a special feeler 

system. 

e. Adoption of a new procedure for maintaining the arc parameters 

constant, despite the unavoidable aging of the cathode. 

f. Improvement of the chemical refinement procedure, to be reported 

separately. 

Some of these steps are partially described in Ref. 2 and more fully 

discussed in Ref. 3. 
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RECOVERY AND PURIFICATION OF TELLURIUM ISOTOPES^1" 

6. D. Lempert, I. Chavet, M. Melnik and Y. Zaidey 

The material collected in the pockets of the MEIRA isotope 

separator consists essentially of tellurium and sputtered graphite 

more or less bound together with traces of heavy metals from the pocket 

construction materials. Chemical recovery is not used in order to 

avoid dissolution of tellurium deposited on the outside of the pockets. 

This work was supported by a grant from the United States - Israel 
Binational Science Foundation, Jerusalem 
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Instead, the material is scraped, finely ground and bidistilled in 

vacuum in a special apparatus (Fig. 10). The first distillation 

eliminates the graphite and the second one, all traces of heavy 

metals, usually to less than 10 ppm. 

Fig. 10 

Vacuum distillation apparatus 
1) outer quartz tube, 2) quartz boat with raw isotopic tellurium 
mixture, 3) inner short tube, 4) inner long.tube, 5) furnace, 
6) nickel tube for temperature uniformity, 7) chariot, 8) rails, 
9) motor, 10) counterweight, 11) security system, 12) electronic 
temperature controller, 13) diffusion pump, 14) primary pump, 
15) ion gauge, 16) needle valve, 17) air admission valve 

REFERENCE: 

1. Chavet, I., United States - Israel Binational Foundation, Jerusalem, 
Final report under contract no. 1756/78, 1981, p. 36. 

MASS ANALYSIS OF MILLIGRAM SAMPLES WITH THE HIGH CURRENT ISOTOPE SEPARATOR 

MEIRA^ 

G. D. Lempert and I. Chavet 

In order to assess the purity of its own products, appropriate 

accessories and a reliable procedure were developed for temporarily 

converting the MEIRA isotope separator into a sensitive mass spectro

meter. The analysis was carried out by oxidizing a tellurium sample 

and observing the TeO spectrum. Accurate observations of the Te 
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spectrum were hindered by the production of varying quantities of 

TeH ions generated in the ion source. It was found that it is possible 

to measure the isotopic distribution of a 3-5 mg tellurium sample to 

an accuracy of better than 0.1%. 

REFERENCE: 

1. Lempert, G. D. and Chavet, I., Nucl. Instrum. Methods 186, 1 (1981) 

REVISED THEORY OF PIERCE TYPE ELECTRON GUNS 

H. Z. Sar-El 

(1) 

In 1940, Pierce was the first to succeed in analytically solving 

the problem of the shape of the beam-forming electrodes for the planar 

diode electron gun. Attempts to apply the Pierce technique to other 

known, so called, Pierce electron guns were found physically un

acceptable. In this work a revised theory was developed, free of physical 

discrepancies, that gives the shape of the beam-forming electrodes 

for all known Pierce-type guns, i.e. solid and hollow cases of strip, 

pencil, wedge and conic beams, either convergent or divergent. The 

case of beam motion along circular paths is also included. An example 

of the solution for solid and hollow strip or pencil beams is illustrated 

in Fig. 11. 

Fig. 11 

The shape of beam-forming elec
trodes for solid and hollow 
strip or pencil beams 

REFERENCE: 

1. Sar-El, H. Z., Nucl. Instrum. Methods, in press. 
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PRODUCTION OF INDUSTRIAL AMERICIUM-241 ALPHA-SOURCES FOR USE IN RADIO

ACTIVE LIGHTNING CONDUCTORS 

S. D. Dahan and M. Pasi 

Production of Am-241 alpha-sources for use in lightning conduc

tors has begun on an industrial scale. The radionuclide in these 

sources, Am—241, generates, in the vicinity of the lightning rod, a 

positive ionized cloud, which behaves as an attraction point for the 

negative static electricity in the storm clouds. The conventional 

lightning conductor is built of a Franklin rod, generally completed 

by a Faraday cage, which permits safely covering larger surfaces of 

buildings. The sources are designed to be mounted, after the instal

lation of the lightning conductor, near the base of the Franklin-rod. 

The recommended working-life of these sources is 10 years, and they 

can easily be replaced. 

Each source has two parts, the radioactive material and the 

source holder. The radioactive material is a small disc, cut from an 

Am-241 industrial alpha-foil, having a silver support and covered with 

a thin gold layer (Fig. 12). The holder is a stainless steel screw, 

designed for easy mounting, which is machined to a special profile 

so that the radioactive disc is held safely and well. 

Protection wall • 

Safety folding. 
4 point symmetry 

Active disc (Am 241 ) 

Holder 

mi 1=*C 
*N?H" 1 D 

Detail A 

: P u.m 

Pd-Au alloy 
Active material 
(Am 241) 

• Au Interface 
Silver base 

Active disc (Am-241) 

Fig. 12 

Alpha-source inserted in holder 
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The activity and the surface of the sources are calculated in 

each case according to several parameters: the number of lightning 

conductors installed on a given surface, the dimension of the area 

which has to be safely covered, and the level of ionization homoge

neity needed around the Franklin rod. 

DYNAMIC SIMULATION AND PARAMETRIC SENSITIVITY STUDIES ON A FLAT-PLATE 

SOLAR COLLECTOR^ 

D. Wolf , A. I. Kudish and A. N. Sembira 

A dynamic simulation program for a flat-plate solar collector 

was developed and used for a parametric sensitivity study of the 

collector. A computer simulation language, CSMP was used for the 

simultaneous solution of the differential equations describing the 

system. The program was developed from basic principles and defined 

parameters, so that the effect of each element of the collector on its 

efficiency and outlet fluid temperature can be analyzed. The dynamic 

simulation program was validated by comparing calculated with actual 

test results on a commercial flat-plate solar collector; the agree

ment between the results was found to be very good. 

Sensitivity studies were carried out to determine the effect of 

the following parameters on the performance of a single-glazed solar 

collector: heat transfer coefficient between absorber plate and fluid 

transport tubes, fluid flow rate through the collector, plate absorpti

vity, plate emissivity and insulation thickness. Sensitivity studies 

were also performed on a double-glazed solar collector but for only 

the last three of the above listed parameters. 

The transient behavior of the solar collector, viz. the response 

of the outlet fluid temperature to a step change in insolation rate, 

was also studied. 

REFERENCE: 

1. Wolf, D., Kudish, A. I. and Sembira, A. N., Energy 6_, 333 (1981) 

Ben-Gurion University of the Negev, Beer-Sheva 
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A NEW PULSED NMR TRANSMITTER SYSTEM FOR HIGH POWER AND HIGH FREQUENCIES 

E. Adler, J. Barak and M. Mizrachi 

A transmitter was designed and built in order to supply RF 

pulses of high power (more than 3 kW), at high frequencies (5-90 MHz) 

with a high duty factor (to 5%) and small recovery times (less than 

2 usee). The transmitter is controlled by a "pulse logic", which also 

chops the CW signal (from the synthesizer) by means of a double 

balance mixer (DBM). The RF pulses from the DBM are amplified by a 

commercial broad band amplifier ENI-3100L (100 W, 125 kHz - 125 MHz) 

which drives the transmitter. A schematic diagram of the system is 

shown in Fig. 13. 
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Fig. 13 

Block diagram of the system which includes the transmitter 
and the drive and control units 

The transmitter was built with two push-pull stages, the first 

with two RCA-7649 tubes and the second with two RCA-7651 tubes. 

Special high power, broad-band transformers were developed in order to 

couple between the driver and the transmitter, between the two stages 

of the transmitter and between the transmitter and a 50J2 load (which 

in our case is the NMR sample coil). In order to cover the whole 

frequency range the transformers can easily be changed. This was 

achieved by mounting them on plug-in units. With no pulses the tubes 

are at deep cutoff. During the pulses special "pedestal circuits" 

bring the tubes to conduction. The tubes are well screened and air 

cooled. A control unit was built to control the power supplies and 

to protect the system from overload conditions. 
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FABRICATION OF STEPPED FOIL TARGETS 

I. Gilath and Y. Sapir 

Stepped foil targets for studying the effects of laser induced 

shocks in materials are being produced by chemical etching, electro

lysis and vapor deposition techniques. Well defined steps were 

produced by precision masking. Scanning electron microscopy, micro-

balance and Sloan Daktek stylus were used to characterize the targets. 

Typical aluminum targets were produced from 12, 18 and 24 y thick 

pure aluminum foils. Foils were mounted on flat supports, coated with 

photoresist and exposed after being attached to proper photolithographic 

masks. Good quality steps were obtained after etching. 

Nickel foils and steps were obtained by electrodeposition of 

bright nickel on an electropolished copper support. The copper support 

was selectively dissolved and the nickel target was recovered. The 

steps were formed by photolithography. 

HORCYL-1, A FORTRAN PROGRAM PROVIDING THE DESIGN DATA OF A NUCLEAR LEVEL-

GAUGE FOR A HORIZONTAL CYLINDRICAL STORAGE VESSEL 

M. Pasi and Y. Even-Zohar 

At present there are only two methods for level gauging in 

horizontal cylindrical industrial pressure vessels: using a loadcell 

or using a multi-detector nuclear level-gauge CD A multi-detector 

device which we developed is now working quite satisfactorily in a 
(2) 

liquid chlorine storage-plant, with an accuracy of +4-5% 

The vessel has a cylindrical part (radius r and length L) and 

2 dishes at the ends, shaped as spherical segments (radius R) (see 

Fig. 14). Computing the liquid volume as a function of liquid height h 

Fig. 14 

Horizontal cylindrical 
pressure vessel 
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poses a problem as the surface of the liquid is calculated as a 

function of r, L, R and h, but the function is complicated and cannot 

be integrated in the h-dimension (to obtain the volume) by any 

analytical method. We have therefore built a numerical integration, 

which is then worked out by the FTN program and displayed for each cm 

of liquid height. 

A new type of nuclear level-gauge, an "elevator type" (see 

Fig. 15), with accuracy = +0.5% is now being designed. In such a gauge, 

source and detector are placed on opposite sides of the vessel and are 

driven up and down according to the liquid level. Optimization of the 

gauge is based on knowledge, for each value of h, of 4 parameters: 

a) absorption of the walls and insulation, b) absorption of the liquid, 

c) the product of these 2 absorptions and, d) their ratio. The FTN-

program also provides these 4 values for each cm of liquid level. 

Motor 

Insulation 

Steel-wall 

y- source L. c - Detector 

Fig. 15 

Elevator-type nuclear level-gauge for horizontal cylindrical vessels 

Nine design parameters can be freely selected: cylinder radius r, 

cylinder length L, dish radius R, wall thickness, insulation thickness, 

absorption coefficient of the insulation, density of the insulation, 

absorption coefficient of the liquid, density of the liquid. For each 

parameter combination, a table showing 5 data values (the liquid volume 
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and the 4 parameters listed in the previous paragraph) is provided, 

for cm-steps of h; integration itself is made in mm steps. 

REFERENCES: 

1. Keren, M., Pasi, M., Caras, I., Assis, T. and Gabay, Y. in 
IA-1356 1980, p. 299. 

2. Kaufmann, Y., Paran, J., Soffi, H., Doron-Dahan, S., Gabay, Y. 
and Pasi, M., in IA-1364, 1981, p. 241. 

LINGAU-1, A FORTRAN PROGRAM FOR THE OPTIMIZATION OF A LINEAR NUCLEAR 

LEVEL-GAUGE 

M. Pasi 

The use of a vertical long linear Geiger-Muller tube for nuclear 

level gauging in industrial vessels is a known technique (Fig. 16), 

applied by several manufacturers of radiometric instruments. However, 

the optimization of the design parameters and the linearization of the 

response are complicated and unfeasible by conventional mathematics. 

We therefore developed a FTN-Program, LINGAU-1, based on numerical 

integrations, which provides the accurate response values of the 

detector as a function of the height of the liquid. 

W or WB 6() 

Fig. 16 

General view showing the design parameters 
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The designer can freely choose any value for each of the following 

12 design parameters: vessel diameter, measured diameter (a chord of 

the vessel section), vessel height-to-diameter ratio, wall thickness, 

insulation thickness, absorption coefficient of the liquid, density 

of the liquid, velocity of liquid motion, time constant of the 

detector, source activity, detector efficiency and Geiger tube diam

eter. These values are then entered on the corresponding 12 cards 

and the program is run. A response table is provided, giving the 

total counting rate for each centimeter of liquid height, as well as 

the following complementary information: resolving power, statistical 

error, hysteresis, dynamical error, total operative error, percent 

error (relative and total), radiation field in the detector area, lead 

shielding needed around the source. 

The program also answers the question as to what is the minimal 

liquid level measurable, with an error remaining within the limits 

requested by the plant operators. 

DIGITAL IMAGE PROCESSING SYSTEM 

A. Gayer 

A digital image processing system was implemented for an HP-1000 

computer. The system was specifically designed to enhance and restore 

radiographic images, due to the limitations and needs existing in this 

field. However, the system is not restricted to radiography, and it 

constitutes a basic image processing system for all kinds of images. 

The system hardware includes a TV camera and an A/D converter 

(Hamamatzo C-1000), which are interfaced to an HP-1000 mini-computer 

by an HP-IB general purpose interface. 

The software package which was developed contains control programs 

for the C-1000 system, display programs for a line printer or plotter 

and image processing programs. The image processing programs include 

various operators, such as contrast stretching, thresholding, edge 

enhancement, smoothing and grey level distribution. Fourier analysis 

programs which were developed for image restoration are based on fast 

Fourier transform (FFT) and application of various filters, such as 

low and high pass filters, narrow band filter and inverse and Wiener 
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filters. Two examples showing the results of contrast stretching and 

filtering are shown in Figs. 17 and 18, respectively. 

SfeilMW ,i<Vam\ 

Fig . 17 

The effect of applying the operator for contrast stretching on a low 
contrast radiograph of a watch 

Fig. 18 

The effect of applying an inverse filter on a blurred radiograph 
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DISPLAYING DATA IN REAL TIME ON TELEVISION BY USING A MICROCOMPUTER^1' 

H. M. Loebenstein, A. Eliahu, S. Raveh and A. Zentnor 

A picture displaying experimental alpha-numeric data was 

superposed in real time on a TV screen. The data obtained from 

several detectors is accumulated in a microcomputer. The micro

computer loads the data into a V-RAM (video random access memory) for 

display. The output of the VRAM, which is synchronized by the TV 

camera, is combined with the TV signal. 

REFERENCE: 

1. Loebenstein, H. M., Eliahu, A., Raveh, S. and Zentnor, A., 
IA-PL-1, 1981 (internal report in Hebrew) 

A COMPUTERIZED SPECTRUM MULTISCALE ANALYZER 

H. Szichman 

A spectrum multiscale analyzer was developed from an ULTIMA II-

NOVA 3 computerized multichannel analyzer. Large storing capacities 

varying from 24 to 77 k chan were achieved using MOS extended memory 

and floppy disks. Half-lives as low as 1 sec are measured with this 

system. 

MOIRE DEFLECTOMETRY IN WIND TUNNELS^ 

J. Strieker and 0. Kafri 

The use of a new method, moire deflectometry, for analysis of 

density gradients in wind tunnels was suggested. This method, which 

is simpler to apply than schlieren, is capable of providing fully 

quantitative analysis and mapping of the density gradients in wind 

tunnels. The application of the method was shown by a quantitative 

example and comparison with other widely used methods was made. 

REFERENCE: 

1. Strieker, J. and Kafri, 0., AIAA J., in press. 

Technion, Israel Institute of Technology, Haifa 
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ON THE MOIRE PATTERN OF A LINEAR GRID WITH A LENTICULAR GRATING^ 

A. Livnat and 0. Kafri 

It was shown that when a certain space exists between a linear 

rectangular grating and a lenticular grating the resulting moire 

pattern is a linear rectangular grid. The analysis of the phenomenon 

was made and some of its applications to moire analysis were 

demonstrated. 

REFERENCE: 

1. Livnat, A. and Kafri, 0., Opt. Lett., in press. 

MEASUREMENTS OF REFRACTIVE INDEX BY MOIRE DEFLECTOMETRY 

Z. Karny and 0. Kafri 

A novel method for measuring refractive index of gases and 

liquids was developed. The method is based on moire deflectometry. 

This technique was demonstrated by measuring the refraction index 

of diluted sucrose solutions and of air at atmospheric pressure. 

OPTICAL TESTING USING MOIRE DEFLECTOMETRY^1^ 

0. Kafri and A. Livnat 

We have recently suggested a method for measuring the deflection 
(2) 

of rays of collimated light beams . The method is based on a change 
in the moire pattern due to ray deflection. It is diffraction-limited 

(3) 
so that it obeys the uncertainty principle expressed by 

Ay A<j>>A/10 (1) 

where Ay is the spatial resolution in the y direction and A<|> is the 

minimum measurable deflection angle. Ray deflections can be obtained 

quantitatively and in a straight forward fashion from the distorted 

fringes of the moire pattern. For example, with A = 0.6 ym and a 

spatial resolution of 1 mm one can measure A<j> = 6x10 rad. 

It is readily shown that when a collimated light beam is reflected 

from a surface which has slope derivative, 6, the deflection angle is 

2g. Thus changes as small as 0.3 um/cm are detectable. 

REFERENCES: 

1. Kafri, 0. and Livnat, A., in Workshop on Optical Fabrication and 
Testing, Anaheim, CA, 9-11 December 1981, Technical Digest WEl-4,1981. 

2. Kafri, 0., Cpt. Lett. 5_, 555 (1980) 
3. Kafri, 0., Karny, Z. and Meyerstein, D., unpublished data. 
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