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The studies connected with nuclear power plants are performed in 
cooperation and coordinat ion with the Minis try of Energy and 
Infrastructure which has ministerial responsibility in this f ie ld . 



FOREWORD 

Another year has gone by and the Israel Atomic Energy Commission 
(IAEC) i s presenting yet another Annual Report of i t s Research 
Laboratories. 

The 1987 report ref lects a continuation of trends and patterns 
es tabl ished in previous years . I t does not reveal novel 
revolutionary developments and does not open new horizons and 
v i s t a s . Rather, the report represents what we believe is a sound 
and mature program str iving to achieve a proper balance between 
innovative basic research and economically viable p rac t i ca l 
applications. 

Some highlights are l isted below: 

In the field of nuclear power, the shift of focus away from 
conventional light water reactors toward novel reactor concepts that 
was indicated in last year's report is now clearly evident. The six 
en t r i e s devoted to an analysis of the economics, safety and 
vulnerabil i ty of HTGR's, represent the beginning of a coordinated 
effort to examine the applicability of this type of power reactor to 
local conditions. Theoretical work on more advanced concepts of 
hybrid and fusion reactors i s also a part of our research program. 

In plasma physics, the highly innovative applied topic of 
electrothermal propulsion was added to the more familiar research on 
laser induced plasmas and use of cool, low density plasmas to 
produce coatings and other thin layers of refractory materials. 

A comprehensive radiological safety standard issued by the IAEC 
for internal use, was later adopted by the Ministry of Health as a 
national radiological standard. Monitoring of the aftermath of the 
Chernobyl accident was continued. As expected, fallout levels 
related to the accident were greatly diminished in comparison with 
those observed during most of 1986. In contrast, some imported food 



products contaminated above the current permissible limits were 
still detected by the imported food monitoring program. 

Results from the airborne radiometric survey carried out in 
collaboration with the Geological Survey of Israel and some of the 
techniques developed for this purpose are shown here for the first 
time. Of particular interest are the anomalies found in the Gevanim 
Valley in the Machtesh Ramon area and their interpretation. 

Noteworthy achievements in radiopharmaceutics include the 
development of a new, improved Mo/ To generator and succesful 
clinical tests of the innovative generator of ultrashort-lived 
191m I r < 

The food irradiation program haa reached the stage of true 
commercial implementation: over 50 tons of spices and condiments 
were treated for the food industry in 1987. 

Finally, last but not least, in the field of non-nuclear 
applications, important achievements were attained in the 
development of surgical holmium solid state lasers and their 
application to gastroenterology, cardiac and vascular surgery, 
urology, neurosurgery and other disciplines. 

Most of these studies, as well as others not mentioned here but 
included in the report are being continued this year and I am 
certain that further achievements will be presented in the 1988 
Annual Report. 

Dr. S.Y. Ettinger 
Director General 

IAEC 

Tel Aviv 
August 1988 





The Thomas-Fermi and Related Models [1] 
S. Eliezer 

The Thomas-Fermi statistical model and its generalization for 
atomic electrons are described. Important applications in deter
mining the contribution from electrons to the equation of state 
of matter at high pressures are summarized. Thomas-Fermi theory 
is of considerable interest in inertial-confinement fusion and 
astrophysics. Of the various models that describe the electronic 
thermodynamic functions in highly compressed matter, the Thomas-
Fermi model is among those most often used in hydrodynamic codes 
(e.g., astrophysics, simulation of inertial-confinement fusion, 
etc.). The advantages of the Thomas-Fermi model over other mod
els are its simplicity, clarity, and validity over a wide range 
of densities and temperatures. 

Reference 
[1] S. Eliezer, in: Strongly Coupled Plasma Physics, ed. F. j. 

Rogers ar.d H. E. Dewitt (New York: Plenum, 1987), p. 253. 

The "Onsager Molecule" Approach to Liquid Structure: Derivation 
of the Universal Bridge Functions1 [1] 

Y. Rosenfeld 

The direct (̂ (r)-»S(k)) and inverse (S(k)->$(r)) problems for 
liquid-pair structure can be solved by a hypernetted-chain (HNC) 
integral equation, provided that the bridge functions B(r) are 
known. The asymptotic high-density properties of the HNC equa
tion are mapped on the Onsager lower bound to the potential 
energy, which features pseudo "atoms" and molecules" as mathe-

Aasaarch supfK -tad in part by tha Fund for Basic Raaaarch adminiatarad by tha laraal Acadaay 
of Scianca and hiManitiaa 
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matical constructs. Using these, and the assumption that B(r) is 
non-singular, the first direct calculation of the bridge func
tions for a highly correlated fluid is presented, and their uni
versal characteristics derived. 

Reference 
[1] Y. Rosenfeld, Phys. Rev. A 37:3403 (1988). 

Scaled-Field-Particle Theory of the Structure and Thermodynamics 
of Isotropic Hard Particle Fluids' [1] 

Y. Rosenfeld 

The pair structure and thermodynamics of isotropic fluids 
composed of hard particles of different shapes and concentra
tions are considered by a new approach. The scaled-particle 
interpolation concept of Reiss et al. ip realized diagrammati-
cally; the full expansion of the direct correlation functions is 
approximated by appropriately renormalized low-order graphs on 
which the field particle size ("black circle") is scaled. The 
lowest-order scaled-field-particle approximation, involving only 
pair-excluded volumes as variables and pair-overlap volumes as 
functions, is shown to provide the exact solution of the Percus-
Yevick integral equation for the general hard-sphere mixture in 
D-dimensions. A geometric relation obeyed by pair-excluded vol
umes is demonstrated, showing that the scaled-field-particle 
theory is equivalent to the scaled-particle expansion of the 
chemical potential in terms of the fundamental measures of the 
hard particles. This is in contrast to the conventional scaled-
particle Taylor-series expansion in powers of the linear scale 
of the solute particle. The first-order scaled-field-particle 

Raaaarch supported in part by th* Fund for Basic Raaaarch adteiniatarad by tha laraal Acadaay 
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approximation and the "fundamental measure" scaled-particle 
theory coincide when the fluid mixture contains only convex 
particles. For a D-dimensional (D=odd) hard-sphere fluid mixture 
they provide the complete solution of the Percus-Yevick integral 
equation for the structure directly from the equation of state. 
This makes it possible to derive two simple geometric 
approximations Tor the direct-correlation functions and equation 
of state of the general isotropic hard-particle fluid, which are 
conformal to those for the hard-sphere fluid mixture. 

Reference 
[1] Y. Rosenfeld, J. Chem. Phys. (1988, in press). 

Distribution Function of Two Cavities and Percus-Yevick Direct 
Correlation Functions for a Hard Sphere Fluid in D-Dimensions: 

Overlap-Volume-Function Representation [1] 

Y. Roseufeld 

A one-parameter ("smeared diameter") overlap-volume-function 
representation of the distribution function of two cavities and 
of the Percus-Yevick direct correlation functions for a hard-
sphere fluid in D-dimensions is analyzed and found to be very 
effective. 

Reference 
[1] Y. Rosenfeld, J. Chem. Phys. 87:4865 (1987). 

Research supported in part by the Fund for Basic Research adninistsrsd by th« Israel Acadesy 
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Interionic Correlations in Plasmas: 
Thomas-Fermi Hypernetted-Chain Density-Functional Theory* 

D. Ofer,* E. Nardi," and Y. Rosenfeld 

A simplified version of the density-functional theory of 
Dharma-Wardana and Perrot, in which the Kohn-Sham-SchrOdinger 
equation for the electrons is replaced by the Thomas-Fermi (TF) 
statistical approximation, while interionic correlations are 
still treated classically, using the Hypernetted-Chain (RiTC) 
approximation, is introduced. The non-linear TF and HNC equa
tions are coupled by a relation defining the effective ion-ion 
interaction potential. The resulting TF-HNC theory smoothly 
interpolates between the Debye-Htlckel and confined-atom TF theo
ries. It is easily solved in the strong coupling regime; for 
weak and intermediate couplings it agrees well with solutions 
for both ion distributions and effective potentials provided by 
the more elaborate density-functional theories. He found that 
th/3 computer code solving our model does not converge in certain 
areas of p -T space, but at present we can only speculate as to 
the significance, if any, of this fact. 

Buildup of X-Ray Laser Gain by Fluctuations in Relativistic 
Channeled-Beam Systems [1] 

M. Strauss 

A quantum theory for the buildup of stimulated X-ray rela
tion from spontaneous emission in relativistic channeled-beam 
systems is presented. Explicit expressions for the startup oper-

Raaaareh supported in part by tha Fund tor lisle Xaaaarch adnlniatarad by tha laraal Acadaaiy 
of Sciancaa and Nuaanltlaa • 
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ator for amplification are obtained from a first-principle 
Hamiltonian, including channel fluctuations (phonons or plas-
mons). An analytic solution for the evolution of the radiation 
intensity is derived and threshold conditions are obtained. The 
evolution toward stimulated emission shows a slow buildup, fol
lowed by a rapid transition. The time scales of these two stages 
are analyzed. 

Reference 
[1] M. Strauss, Phys. Rev. A (1988, in press). 

Electron Collision Excitations in Complex Spectra of Ionized 
Heavy Atoms 

A. Bar-Shalom, M. Klapisch, and J. Oreg 

A theory for calculating the multi-transition spectrum of 
electron-ion collisional excitations in the distorted wave 
approximation (BWA) is presented. It is shown that the collision 
strength, including exchange, can be factored into two compo
nents: (i) a radial component, involving one-electron wave-
functions only, and the summation over partial waves of the con
tinuum electron; (ii) an angular component, involving the 
coupling between bound electrons in the target states only, spe
cific to each transition. Factored representations of the colli
sion strengths are derived for various coupling schemes. The 
radial component is shown to be a smooth function of transition 
energies over a very wide range, allowing easy interpolation. 
These two results make it possible to obtain a complete colli-
sional-excitation array with a drastic reduction in the number 
of time-consuming radial calculations required, as compared to 

HabrMi Univvraity of JvrusalMi 
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standard methods, permitting the solution of problems heretofore 
considered impractical. To illustrate this, the whole array of 
excitation-rate coefficients for Ni-like Gd XXXVII, including 
the lowest 107 levels (5,671 transitions), was calculated in the 
DWA and used in a steidy-state collisional-radiative model. The 
resulting population inversions are presented versus plasma 
density. 

Generalization of the Self-Similar Solutions to the Hydrodynamic 
Equations of the Adiabatic Flow of an Ideal Gas 

E. Waxman 

Self-similar solutions of the hydrodynamic equations of a 
one-dimensional ideal gas, considered to be an ideal fluid, are 
discussed, and a new family of self-similar solutions intro
duced. The nature of self-similar solutions is explained, along 
with a survey of what has been done in the field. The self-simi
lar solutions are generalized and two main families of solutions 
found — the well-known Guderley solutions and a second, new fam
ily. The Kidder solutions to homogeneous compression are shown 
to be a particular case of this new family. Other examples are 
presented as well. The completeness of this representation is 
demonstrated, and examples regarding the propagation of strong 
shock waves with homogeneous flow behind the shock front are given. 

A Honte-Carlo Simulation of Electron-Swarm Parameters in 
He-CO Mixtures 

Y. Kaufman 

A computer simulation technique for studying electron-swarm 
parameters in gases is presented. The method permits calculation 
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of the electron energy-distribution function (EDF) as well as 
various average electronic properties in electrical discharges. 
The simulation is applied to He-Co mixtures; the results are in 
fair agreement with experimental values and with other computa
tional works. A strong directional anisotropy in the EDF was 
observed at high relative concentrations of CO, especially at 
electron energies for which the inelastic collision cross-sec
tion is relatively large and at high values of the reduced elec
tric field (E/N). The calculations include the influence of 
elastic, inelastic, superelastic vibrational collisions (SVC), 
and superelastic electronic collisions (SEC). SEC was found to 
create different plateaus in the EDF, affecting only the tail of 
the EDF. The role of SEC becomes more important as E/N is low
ered, with the effect more pronounced in the absence of SVC. 

Arrangement Channel Approach for Reactive Systems: 
A New Coupling Scheme [1] 

M. Baer and Y. Shima 

A new scheme for coupling the different arrangement channels 
in a three-dimensional n-channel reactive system (n>2) is dis
cussed. Whereas the old scheme yielded a non-unitary S matrix 
when applied to a three-channel system, the new scheme yields a 
unitary S matrix and relevant results for a test case. 

Reference 
[1] M. Baer and Y. Shima, Phys. Rev. A 35:5252 (1987). 
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Arrangement Channel Approach to Exchange Processes: Quasi-
Symmetric and Symmetric Representations [1] 

D. Neuhauser and M. Baer 

Two new sets of integral equations for studying three-body 
exchange processes are presented. The two are obtained from the 
Baer-Kouri-Levin-Tobocman (BKLT) approach, by assuming that the 
W matrix, via which the coupling is done, depends on the inter
nal coordinates of the system. In contrast to the channel-
permuting array structux-e of the original version of the BKLT 
equations, one set of equations is almost symmetric with respect 
to the different channels; the other is fully symmetric, ensur
ing a unitary S matrix. The first set of equations has already 
been solved for a 3-channel, 3-dimensional system, H+H (j-0), 
and has been found to yield the correct results. Compactness and 
connectivity, as related to these equations, are discussed. 

Reference 
[1] D. Neuhauser and M. Baer, J. Chem. Phys. (1988, in press). 

Arrangement Channel Approach to Reactive Systems: Accurate 
Three-Diaensional Probabilities for the H + H System [1] 

M. Baer 

The first accurate three-dimensional, three-channel reactive 
probabilities obtained from the arrangemert channel approach of 
Baer, Kouri, Levin, and Tobocman are reported. The calculations 
were carried out for H + H (j«0). The results compare reasonably 
well with those provided by other approaches. 

Reference 
[1] M. Baer, J. Phys. Chem. 91:5846 (1987). 
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A Comparison Between Theoretical and Experimental State-to-State 
Charge-Transfer Cross-Sections for H* and H at 20 eV: 

Evidence for Quantum Effects [1] 

M. Baer, G. Niedner, and J. P. Toennies 

The quantum-mechanical infinite-order sudden approximation 
was applied to the study of charge transfer in the process: 

r H* + H (v ) 
H* + H (v <0) -* { 

2 1 H + H; (vf) 

The calculations were carried out for the energy E„, = 20 eV. 
CM 

Vibrational state-to-state differential and integral cross-
sections were calculated and compared with experimental and 
trajectory surface hopping (TSH) results. The computed values 
showed good agreement with the experimental results. On the 
other hand, agreement with the TSH results was poor, indicating 
the existence of strong quantum effects for this system. 
Reference 
[1] M. Baer, G. Niedner, and J. P. Toennies, J. Chem. Phys. 

88:1461 (1988). 

Theoretical Study of the Reaction H + D - t H D + D: 
Possible Tunneling Process for High Energies (E > 2 eV) [1] 

M. Baer 

A quantum mechanical study of the H + D reactive system in 
the energy range 0.84<E <2.70 eV was conducted, employing the 
1-in infinite-order sudden approximation. In contrast to a pre
vious treatment [2], this study used the correct matching param
eter. Integral and differential cross-sections and opacity func-

H.P.Z. tar Stra«ungafforachung. Gottingan. Garaany 
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tlons were calculated and compared with quasi-classical trajec
tory and experimental results. Good agreement was obtained in 
most cases. Discrepancies for the integral cross-sections in the 
high-energy region (>2 eV) are attributed to quantum effects. 
The results are analyzed according to an angle-oriented tran
sition-state theory. 

Reference 

[1] M. Baer, Chem. Phys. (1988, in press). 
[2] Y. C. Zhang, Z. H. Zhang, D. J. Kouri, and M. Baer, Chem. 

Phys. 114:267 (1987). 

A Three-Dimensional, Quantum-Mechanical Study of Exchange and 
Charge-Transfer Processes in the (Rr+H )* System [1] 

M. Baer and K. Nakamura 

A three-dimensional quantum-mechanical study of the (Ar+H )* 
system was carried out within the reactive infinite-order sudden 
approximation. All three arrangement channels for exchange and 
charge transfer were treated simultaneously. Steric factors, 
opacity functions, angular distributions, and integral cross-
sections were calculated. Whenever possible, these were compared 
with both experimental and trajectory surface hopping (TSH) 
results. Whereas the fit with the TSH results was reasonable, 
the fit obtained with the experiment was less satisfactory. This 
can be attributed at least partially to the semi-empirical DIM 
potential employed in the calculation. 

Reference 
[1] M. Baer and H. Nakamura, J. Chem. Phys. 87:4651 (1987). 

Division of Theoretical Studies. Inst, for Molecular Science. Myodaiji. Okazaki, Japan 

12 



A Chemical-Reaction Theoretical Approach to 
Muon Transfer Processes 

A. Ohsaki, H. Nakamura, and M. Baer 

Since the mass of a muon is only one-ninth that of a proton, the 
use of a chemical-reaction theoretical approach to investigate 
muon (/*") transfer between two nucleons, such as d (deuteron), t 
(triton), or p (proton), is proposed. The recently proposed new 
implementation of the adiabatic approximation (with respect to 
hindered rotation) is applied to the process, d/j + t -* d + t/i. 
Cross-sections are calculated at collision energies E °< 5~100 eV, 
and are found to be in good agreement with the recent accurate 
quantum-mechanical calculations at E <10 eV, indicating the use
fulness of the present approximation. 

A Quasiclassical Trajectory Study of the Heavy-Light-Heavy C1HC1 
and IHI Reactions: Do Three-Dimensional Partial Cross Sections 

Oscillate as a Function of Energy? [1] 
I. Last and M. Baer 

The possibility that characteristic heavy-light-heavy 
collinear oscillatory behavior of the reactive probability func
tions will also be apparent in three-dimensional partial cross 
sections is examined. The study was carried out using the quasi-
classical trajectory method for C1HC1 and IH1. The DIM-3C poten
tial energy surfaces were employed. It was found that whereas in 
general the collinear features were reproduced in three dimen
sions, only some of them can be detected experimentally. 

Reference 
[1] I. Last and M. Baer, J. Chem. Phys. 46:5534 (1987). 
• 
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A Quasi-Classical Trajectory Study of Molecular Desorption: 
CI + H Surface -» HC1 + Surface [1] 

S. Ron and M. Baer 

A quasi-classical trajectory study of a molecular desorption 
process between a gaseous chlorine atom and an adsorbed hydrogen 
atom on a corrugated surface is presented. Opacity functions, 
vibrational- and rotational-energy distributions, and integral 
cross-sections were calculated for the energy range 
0.2<E<1.9 eV. The results were significantly different from 
those obtained in gas-phase atom-molecule interactions but simi
lar to those obtained for gas-phase ion-molecule interactions. 

Reference 
[1] S. Ron and M. B& ', Chem. Phys. Lett. 146:265 (1988). 

Dynamics of Gaseous I On An Iron Surface: A Study of Adsorption 
And Exchange Processes at Room Temperature [1] 

S. Ron, Z. B. Alfassi, and M. Baer 

The quasi-classical trajectory method was applied to investi
gating the interaction of I molecules with an Fe(100) surface. 
Rate constants in the temperature range 273 K<T<373 K were calcu
lated under different conditions. The emphasis was on a sensi
tivity study with respect to the parameters of the potential 
governing the interactions process and the characteristics of 
the solid surface encountered by the I molecule. The unknown 
potential parameters were chosen so that for a rigid homogeneous 
surface the calculated rate constant for iodine adsorption at 
T-298 K matches the experimental value k « 2.0X103 cm/sec. When 
a corrugated or dynamic surface was assumed, this value 
• 

Mn-Gurion University off th* Mfln. •••r-Sh«va 

14 



decreased by 20%. Making the surface dynamic and dissipative 
caused the calculated rate constant to be almost identical to 
that for a rigid homogeneous surface. 

Reference 
[1] S. Ron, Z. B. Alfassi, and M. Baer, Chem. Phys. 117:39 

(1987). 

Laser-Induced Thermal Desorption: A Theoretical Study 
Y. Zeiri 

The simulation of desorption caused by rapid surface heating, 
due to irradiation by a laser or electron beam pulse, is 
described. A stochastic trajectory technique is used to calcu
late the translational-energy, angular, and residence-time dis
tributions of Xe atoms desorbing from a W(100) surface. The 
relationship between these distribution functions and different 
parameters used for the heating pulse and the nature of the sim
ulated system are discussed. The dependence on heating rate, 
maximum surface temperature, and the temporal shape of the 
pulse, together with the effect of adsorbate—surface-potential 
corrugation and initial surface coverage, were studied. In gen
eral, the mean desorbate translational energy was much lower 
than the surface temperature at the instant of desorption, and 
the angular distribution was highly peaked towards the surface 
normal. High adsorbate—surface-potential corrugation and attrac
tive adsorbate-adsorbate interaction tended to broaden the 
desorbate angular distribution. 

15 



Biological Populations Obeying a Stochastically Perturbed 
Logistic Difference Equation [1] 
A. Rabinovitch and R. Thieberger 

One of the simplest models for population dynamics, appropri
ate for some single populations having discrete non-overlapping 
generations, is the logistic equation: 

X = bX (1-X ) 
n+l n n 

where X is a rescaled population density, b-1 is the intrinsic 
n 

per capita growth rate of the population, and the right-hand 
side is taken to be zero if X >1 (extinct population). A detailed 

n 
description of the properties of the equation is given by May 
[2]. Here we examine the case where b has a stochastic compo
nent. The form of b or rather b used is b - b + b r , where r is 

n n D R n n 
a random number evenly distributed in the range —l<r <+l, b is a 
parameter indicating the stochastic contribution, and b is the 
average b value. For b - 0 we chose the "cycle of four region"; 
as b increases we obtain a transition to a "cycle of two region" 
and then to the "chaotic region." 
References 
[1] A. Rabinovitch and R. Thieberger, J. Theor. Biol. (1988, in 

press). 
[2] R. M. May, Nature 261:459 (1976). 

Time Series Analysis of Chaotic Signals [1] 
A. Rabinovitch and R. Thieberger 

A method for characterizing the number of chaotic and non-
chaotic sectors in a region of intermittency is described. The 

Ban-Gurion Univaralty of tha Hagav. Baar-Shava 
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problem is approached by the use of the Box-Jenkins method [2] 
of time-series analysis. A measure of lack of structure is 
defined and compared to the Lyapunov exponent. Spectral densi
ties for specific cases are evaluated. 

References 
[1] A. Rabinovitch and R. Thieberger, Pnysica D 28:409 (1987). 
[2] G. E. P. Box and 6. M. Jenkins, Time Series Analysis (San 

Francisco: Holden Day, 1976). 

Thermodynamics of Systems with Closed Miscibility Gaps: 
Binary and Ternary Systems 
J. Raz and J. Wisniak* 

The phenomenon of Closed Miscibility Gaps in Liquid-Liquid 
Equilibrium (LLE) was investigated from a thermodynamic point of 
view. The Regular Solution Model was used for this investigation: 
gE » A(T)x x . The conditions that must be fulfilled by the Regular 
coefficient for segregation in binary systems were analyzed, 
particularly for the formation of closed miscibility gaps [1]. A 
quadratic function expressing the dependence of A on temperature 
was found to be superior to the logarithmic function 
A(T) • a + jST+fT InT, which is generally used by other 
investigators £2]. In the quadratic function, the derived excess 
heat capacity c E is linearly dependent on the temperature. In p 
the logarithmic function the derived c E is a constant, in spite 
of the fact that theoretically it must be temperature-dependent. 
The excess enthalpy h E is quadratically dependent on temperature, 
which adds to the reliability of the quadratic function. Experi
mental data showed a good fit with the quadratic function. 

lan-Gurion Univaraity of tha Hagav, Baar-Shava 
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The addition of a third component to a binary segregated sys
tem was examined. The use of temperature-dependent Regular co
efficients made it possible to extend the analysis to binary 
systems with closed miscibility gaps. The interaction strength 
between the components was studied for four cases. A graphical 
method for examining these ternary systems, based on a 3-D 
representation of the Spinodal Surface, was developed. 

Mol« fraction) 

Fig. 1: Spinodal Surface of the system: 
A » -9489.8 + 55.8T -0.069 T z [cal/mole] 
A - A * 1000 [cal/mole] 

Figure 1 represents a qualitative miscibility gap where the 
interactions between the third component and the other two are 
very similar. In this case the miscibility gap shrinks as the 
third component is added, until it vanishes and the system 
becomes fully homogeneous. 

References 
[1] J. Wisniak, Chem. Eng. Sci. 38:969 (1983); 39:967 (1984). 
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£2] H. Kehiaian, Bull. Acad. Polon. sci. 10:569 (1962); 10:579 
(1962). 

Arbitrary-Grid Cell-Mixing Stochastic Simulation for 
Multi-Dimensional Diffusion: I. Theory 

Y. Kami and E. Bar-Ziv 

The development of a population-balance approach for simulat
ing diffusion processes, using Monte Carlo methods, is pre
sented. The concept can be referred to as cell-mixing stochastic 
simulation. In this model the system is divided into cells of 
arbitrary dimensions. Pairs of adjacent cells are chosen ran
domly, in accordance with a probability function, and their 
properties are exchanged. The simulation is controlled by three 
parameters: (1) the mixing frequency that determines the abso
lute time domain; (2) the grid mesh; (3) a partition parameter 
that defines the fraction of property transferred between the 
two cells during the mixing operation. In orcf̂ r to correlate the 
stochastic simulation with the diffusion process, the flux equa
tion as inferred from the concept is developed and compared to 
Pick's law of diffusion. Correlations between the diffusion 
coefficient and the model parameters for specified coordinate 
systems (Cartesian, cylindrical, and polar) are developed. The 
flux equation is developed in a general form, for an arbitrary 
body with an arbitrary grid mesh. Simulation examples that 
illustrate the usefulness of this concept are presented in a 
second paper. Several probability functions are defined and 
applied, and convergence criteria are developed. 

The major advantages of this approach are: (1) the simplicity 
of the numerical treatment; and (2) the insensitivity of the 
simulation to boundary conditions. The ability to solve multi-

19 



dimensional diffusion problems is another advantage promoting 
further development of the concept. 

Arbitrary-Grid Cell-Mixing Stochastic Simulation for 
Multi-Dimensional Diffusion: II. numerical Examples 

Y. Kami, M. Goldstein, and E. Bar-Ziv 

The theory of a cell-mixing stochastic model for diffusion 
has been summarized in the previous paper. In this model, pairs 
of adjacent cells are randomly sampled and their properties 
exchanged. Examples of simulstlons, convergence criteria, and 
error analysis are presented in the present paper. Simulations 
for arbitrary bodies in various coordinate systems and an arbi
trary grid mesh are presented. A sampling method based on the 
concentration gradient is developed. The statistical error is 
expressed as the standard deviation arising from many repeti
tions of the same process. The irror reached a steady value 
after a certain number of iterations. The standard deviation is 
found to be problem- and sampling-method dependent. 

Simple analysis of Mixed Convection with Uniform Heat Flux [1] 

I. Shai and Y. Barnea 

When a fluid is forced to flow over a vertical, flat plate, 
generating uniform heat flux, heat is transferred by forced con
vection. The temperature differance between the surface and the 
fluid creates changes in the fluid density, causing natural con
vection. Consequently, forced convection is always ccupled with 
natural convection. In the case of a loss-of-coolant eccident 
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(LOCA) in a nuclear reactor, the heat transferred by forced con
vection can be of the same order of magnitude as that trans
ferred by natural convection, forming a mixed-convection heat-
transfer mode. When the fluid is forced to flow in the upward 
direction, we have an assisting mixed convection (AMC); when the 
fluid is forced to flow opposite to the direction of the buoyant 
motion, the condition is opposing mixed convection (OMC). A sim
ple analysis that evaluates the heat transfer coefficient in AMC 
and OMC is presented. The analysis assumes that the hydrodynamic 
and thermal boundary layers are the same. It also assumes that 
the velocity profile within the boundary layer is a superposi
tion of pure forced and pure natural convection. A characteris
tic parameter, /} = 3.5U /T , is defined; it indicates the rela-
tive influence of each pure convection mode in the mixed convec
tion phenomenon. For AMC, the following correlation is proposed: 

Nu ( R a * ) 1 / S Pr 
— 2 - = f [ 0 . 4 8 3 P r l / 2 ] 3 + TO.616 *—( '- \"»-\»f* 
Re 0" 5 I f L R e 0 5 l o . 8 + P r > J * 

x x f 

For OMC, the solution is obtained by dividing the analysis 
into two regions: one region dominated by forced convection, and 
the second, a region dominated by natural convection. 

Reference 
[1] I. Shai and Y. Barnea, Int. J. Heat Mass Transfer 29:1139 

(1986). 
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Analysis of HTGR Vulnerability to External Missiles [1] 
A. Ketter and J. Szabo 

HTGRs (High-Temperature Gas Reactors) have a number of unique 
safety features as compared to light and heavy water reactors. 
This paper discusses their superior capacity for protection 
against missiles. 

Although the Israeli licensing code does not define a 
"reference threat" (considering this to be the responsibility of 
the applicant), a postulated threat can be determined in order 
to permit a first-level analysis on a practical and reasonable 
basis. After such a reference threat was determined, an engi
neering analysis was carried out in order to examine the vulner
ability of the power plant. 

HTGR designs can be satisfactorily protected against mis
siles. Only minor modifications (if any) are needed when exter
nal threats are considered. 

Reference 
[1] A. Ketter and J. Szabo, Trans. Isr. Wucl. Soc. 14:iv-28 

(1987). 

A Review of the Economics of HTGRs [1] 
A. Z. Barak 

The anticipated economics of HTGRs are compared with those of 
coal-fired power stations and PWRs. The parameter examined is 
the average (estimated) cost per net kwhe at the station exit 
(to transformer). U.S. and German comparisons are quoted. Two 
examples are presented here. 



Table 1 
Economics of different electricity generating technologies 

in the FRG 
(d=8%/year; T=30 years; 1.92 DM/S) 

HTGR PWR COAL UNIT 
Net Capacity N 500 1230 625 MWe 
Total Investment I 2560 5750 1280 MDM 
Capacity Factor CF 0.8 0.8 (0.7) 0.8 (0.63) 
Oper. + Maint. 63.7 138.6 78.7 MDM/yr 
Fuel Spec. Cost C 2.32 4.43 11.5 Pf/kWh 
0 + M C 1.82 1.61 (1.83) 1.80 (2.28) 11 

Capital Cost C 6.48 5.93 (6.78) 2.60 (3.30) II 

Decommissioning C 0.13 0.06 (0.07) — II 

Cost per kWh 10.75 12.03 (13.17) 15.90 (17.08) tf 

it 5.64 6.27 (6.83) 8.27 (8.90) C/kWh 

Table 2 
Economics of different electricity generating technologies 

In the USA 
(d»8%/year; T=30 years) 

MHTGR FWR COAL UNIT 
Net Capacity N 4X135 1140 406 MWe 
Efficiency .385 .334 .34 
Total Investment I 1050 2050 670 SxlO5 

Capacity Factor CF 0.8 0.6 (0.7) 0.8 (0.63) 
Oper. + Maint. 31.5 47 20.0 $xl06/yr 
Fuel Spec. Cost C 1.1 .70 3.0 0/kWh 
0 + M C .84 .78 (0.67) .70 (0.89) tl 

Capital Cost C 2.47 3.04 (2.60) 2.09 (2.65) II 

Decommissioning C 0.02 0.02 -- " 
Cost per kWh 4.43 4.54 (3.99) 5.79 (6.54) II 
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Note: The costs per kWh given in the above tables for the 
nuclear alternatives may be higher by about 0.10—0.20 per kWh, 
due to indirect expenses. 

Reference 
[1] A. Z. Barak, Trans. Isr. Nucl. Soc. 14:iv-5 (1987). 

Fission-Product Plateout and Liftoff in HTGRs [1] 
S. Ron and E. Greenspan 

The ceramic coating of High-Temperature Gas-Cooled Reactor 
(HTGR) fuel elements is one of the major contributors to the 
high safety of these reactors. This coating, which consists of 
pyrocarbon and SIC layers, is capable of good fission-products 
retention up to at least 1600°C. Even under normal operating 
conditions, however, the ceramic coating is not perfectly leak-
tight; a small fraction of certain fission products, notably Cs, 
Sr, Ag, Ru, Eu, and Sb, can diffuse through and get into the 
primary circuit. Fission products can also get into the HTGR 
primary circuit via fissioning of the very small quantities of 
uranium that contaminate the coated fuel particles during the 
manufacturing process. 

Fission products that diffuse out of the fuel graphite matrix 
are transported by the coolant gas and deposited on the surface 
of the primary circuit (plateout), and especially on the cooler 
surfaces of the steam generator. The deposited fission products 
are subsequently absorbed into the metallic lattice. This pene
tration is governed by slow diffusion processes. If a depressur-
ization accident occurs, a certain fraction of the plateout 
inventory can be lifted off the surface of the primary circuit 
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(liftoff), thereby contributing to the total release of radio
nuclides to the environment (i.e., to the source term). 

The plateout and liftoff phenomena may effect the attractive
ness of HTGRs by contributing to (a) the source term, (b) main
tenance difficulties, and (c) embrittlement of the steam genera
tors. The present study assesses the significance of these phe
nomena for HTGR safety. 

Based on the available information and on the simple analysis 
performed, it appears that the plateout and liftoff phenomena 
will not have a significant effect on HTGR safety, maintenance, 
and integrity. A thorough understanding of these phenomena is, 
however, highly desirable for a reliable assessment of HTGR and 
for establishing good operating and maintenance practices. 

Reference 
[1] S. Ron and E. Greenspan, Trans. Isr. Wucl. Soc. 14:iv—24 

(1987). 

Massive Air-Ingress Event in HTGRs [1] 
S. Ron 

If the HTGR graphite is exposed to air at its nominal operat
ing temperatures it can be oxidized at a significant rate. Con
sequently, air ingress into the primary cooling system following 
a depressurization accident is recognized as one of the poten
tially hazardous (even though lew-probability) accidents that 
HTGR safety analysis must address. The impact of massive air-
ingress events has been investigated in several studies. All of 
these studies concluded that public safety is assured even in 
the highly hypothetical case of a double break at both the top 
and bottom of the reactor vessel (leading to the so-called 
"chimney effect"). The present work makes an independent esti-
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mate of the graphite oxidation rate in HTGRs, assuming an event 
beyond the upper limit of severity considered in the earlier 
studies, and assesses its consequences. 

Using an an upper-limit approach it can be shown that the 
HTGR graphite consumption would probably last several days. 

This long duration is a key to the safety of HTGRs in the 
event of massive air-ingress accidents. First, it provides ample 
time for taking various countermeasures. Second, the release of 
fission products will extend over a number of days, so that the 
risk to individuals would be drastically lower than in a puff 
release (typical of LWR accidents). Moreover, it may be possible 
to incorporate in reactor design simple yet effective measures 
to counteract a graphite fire should one start. Finally, the 
slow burn rate of graphite provides ample time for evacuation, 
in the very unlikely event that such an action were necessary. A 
more detailed analysis of air-ingress accidents and their conse
quences is being developed in order to arrive at a more realis
tic estimate. 

Reference 
[1] S. Ron, Trans. Isr. Nucl. Soc. 14:iv-21 (1987). 

Water-Ingress Accidents in HTGRs [1] 

J. Szabo, E. Greenspan, A. Ketter, and S. Ron 

Because economic considerations force High-Temperature Gas-
Cooled Reactor (HTGR) designs to have undermoderated cores, the 
addition of water to the HTGR core can have a positive-reactiv
ity effect. Water-ingress accidents are potentially one of the 
major safety hazards of HTGRs. Published information on water 
ingress was reviewed, and an attempt made to formulate an upper-
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bound assessment of the assertion that water ingress does not 
pose a realistic threat to HTGR safety. The assessment used a 
steady-state deterministic approach and assumed that no active 
systems compensate for the reactivity effect of water ingress. 

It was concluded that the reactivity effect of the maximum 
quantity of water that can be contained in an HTGR pebble-bed 
core, with a nominal graphite temperature, can probably be com
pensated by an increase in the fuel temperature to less than 
1600°C. If, however, the water-ingress accident begins with a 
relatively large amount of liquid water entering a relatively 
cold core, the fuel temperature could theoretically increase 
rapidly and overshoot the 1600°C limit before the water content 
is reduced (by evaporation and expansion) to the tolerable 
level. Hence the steady-state deterministic upper-limit approach 
used in this preliminary analysis can neither prove nor disprove 
the assertion that HTGRs are passively safe in any water-ingress 
accident. Time-dependent analysis, based on sophisticated simu
lation codes, is required to reach firm conclusions regarding 
the saftey of HTGRs in the event of water-ingress accidents. It 
should be added, however, that all the experimental evidence and 
numerical analyses published to date indicate that HTGRs are 
safe even in the event of water-ingress accidents. 

Reference 

[1] J. Szabo, E. Greenspan, A. Ketter, and S. Ron, Nuclear 
safety implications of water ingress accidents in HTGRs, 
Trans. Isr. Nxxcl. Soc. 14:iv-l3 (1987). 
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Loss-of-Coolant Accident in a Modular HTGR [1] 
D. Saphier and D. Gal 

The pebble-bed HTGR module C0RPB2 [2] of the DSNP [3] simula
tion language was expanded to permit analysis of a complete 
loss-of-coolant ascident (LOCA) in a modular HTGR [4]. In addi
tion, a cylindrical-shells module was developed to surround the 
reactor core, permitting heat transport by conduction and radia
tion to the environment through the side reflector, the reactor 
vessel, and the concrete structure. 

A study was conducted to determine whether, during the postu
lated LOCA, with loss of all heat-removal devices, the maximum 
fuel temperature will remain below the temperature at which fis
sion products are released. Total flow loss was assumed; con-
squently, the simulation incorporated only the core thermo-
hydraulics, neutronics, feedback, decay heat, and radial struc
tures, as shown in Figure 1. The core parameters given in [4] 
were used. Inlet flow was assumed to coast down from full flow 
to zero in 10 minutes. Due to the strong negative feedback, the 
neutronic power is reduced to zero as the core temperature 
increases. 

The maximum fuel temperature increases slowly during the 
first 40 hours but never reaches 1600°C, the level at which fis
sion products are released. The simulation did not take into 
account natural circulation loops that are likely to be estab
lished and would further reduce the maximum temperature. 
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Fig. 1: Schematic flowchart of a DSNP program to simulate 
loss-of-flow transients in a modular HTGR. 
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Simulation of a Stuck-Open-Relief-Valve Event 
D. Gal and 0. Saphier 

A stuck-open-relief-valve (SORV) event in a PWR plant was 
simulated and analyzed using the DSNP simulation language. This 
event results in the decrease of pressure in the primary loop. A 
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major assumption in the simulation was that there is no scram 
during the anticipated transient without scram (ATWS). 

The simulation began with one second of steady-state opera
tion, followed by a stuck-open pressurizer relief valve. 

After 120.7 sec the pressurizer pressure reached 11.72 MPa, 
which initiated a loss of feedwater and isolation of the steam 
line. This in turn caused an immediate pressure increase on the 
secondary side of the steam generator, followed by a primary 
pressure increase. This pressure increase was halted by the 
opening of the steam-generator safety valves. 

A second pressure increase took place after the beginning of 
steam-generator dryout at 218 sec. A maximum pressure of 
18.0 MPa was reached at 264 sec. 

The combination of negative reactivity feedback, decreasing 
decay heat power, and the release of energy through the stuck 
and normal pressurizer valves led to the decrease in the primary 
pressure and temperature. 

At 500 sec the normalized power was 2.6% and the mid-core 
coolant temperature 338"C. 
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Fig. 1: Pressurizer pressure during a S0RV transient. 
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The results agree well with the RELAP3B simulation (Fig. 1), 
especially with regard to the maximum pressures and tempera
tures. 

The SORV event is mitigated by negative reactivity feedback 
and the actuation of the pressurizer normal safety and relief 
valves. Full details of the accident analysis are given in [1]. 

Reference 

[1] D. Gal, Development of dynamic simulation and transients 
analysis of a PWR plant — using the DSNP simulation lan
guage (D.Sc. Dissertation, Technion—Israel Institute of 
Technology [Israel AEC Report IA-1435], 1987). 

Simulation of a Loas-of-Offsite-Power Event [1] 

D. Gal and D. Saphier 

A loss-of-offsite-power (LOOP) event in a four-loop 3411-MWt 
Westlnghouse PWR [2] was simulated and analyzed using the DSNP 
simulation language. The immediate result of a LOOP is the loss 
of reactor coolant system (RCS) pumps and the main feedwater 
supply to the steam generators. 

The simulation began with one second of steady-state opera
tion, followed by the loss of all the pumps. According to ATWS 
(Anticipated Transient Without Scram) philosophy, the reactor 
trip was activated. The main steam line was assumed to be iso
lated, however, resulting in increases in the secondary and pri
mary pressures. At 3u.3 sec the pressurizer became filled with 
liquid and a second pressure increase occurred, as shown in 
Fig. 1. The auxiliary feedwater system started 'delivering water 
to the steam generator at 61.0 sec. Between 44.5 sec and 
235.0 sec the pressurizer pressure decreased due to flow through 
relief and safety valves and to decreasing neutronic power 

34 



caused by the negative reactivity feedback. At 235.0 sec steam-
generator dryout began (exposure of U tubes). The loss of heat 
sink induced another pressure increase. At 500 sec the power was 
reduced to 7.2%, the outlet core coolant temperature was 349°C, 
and the pressurizer pressure was 16.2 MPa. No activation of the 
ECCS (Emergency Core Cooling System) was assumed during the 
first 500 sec. 

Figure 1 shows the pressurizer pressure during the first 
500 sec of the transient. The results as calculated by DSNP are 
in good agreement with a RELAP3B calculation of the transient 
[3]. The consequences of the LOOP accident are mitigated by the 
system because of negative feedback reactivity and proper opera
tion of the relief and safety valves. 

Time (sec©1) 
Fig. 1: Pressurizer pressure during a LOOP event. 
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[3] R. P. Collier et al.. Final Report on Selected ATWS Audit 
Calculations for Three Power Designs (Columbus, Ohio: Bat-
telle National Laboratory, 1982). 
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Verification of the DSNP Hydraulic Network Solver 

D. Gal and D. Saphier 

The DSNP simulation of the Edwards pipe blowdown experiment 
[1] was compared to measured results. The NRC tu.s defined simu
lation of that experiment as Standard Problem #1 for the verifi
cation of "best estimate" codes. 

Edwards' pipe was 4.096 m long with an inside diameter of 
7.32 cm. The nominal initial conditions were 7 MPa and 232°C. A 
glass rupture disk was broken to initiate depressurization to 
atmospheric conditions. Temperature and pressure measurements 
were made at seven gauge stations along the length of the pipe. 

The DSNP simulation is based on a nodalization of eight con
trol volumes in which the mass and energy balance equations are 
solved. The momentum balance equation for the flow of a com
pressible fluid is solved for eight pipe segments connecting the 
centers of the control volumes. The exit flow is calculated 
using the critical flow models of Henry-Fauske and Moody for 
subcooled and two-phase conditions, respectively. 

Figure 1 presents the experimental and calculated pressure at 
the first gauge station. The numerical solution shows good 
agreement with the experimental results. 
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Simulation of the transient, lasting less than 0.5 sec, 
required 672 sec of CPU time, indicating the complexity of the 
numerical problem. 

The simulation indicates that the applicability range of DSNP 
has been significantly expanded. 
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Fig. 1: Experimental and calculated pressure at the first 
gauge station of the Edwards pipe. 
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Advancing DSNP to Simulate ATWS in FWRs [1] 

D. Saphier and D. Gal 

The DSNP [2] simulation language was recently upgraded to 
permit simulation of a variety of ATWS (Anticipated Transients 
Without Scram) events by the development of advanced PWR mod
ules, including advanced integration techniques, and verifica
tion of the DSNP PWR options. 

A major problem with large system codes such as RELAP, 
RETRAN, or TRAC used for simulating ATWS is the computer time 
required for simulating these events. Ir. addition, the user must 
iteratively modify many of the unknown, state variables and input 
parameters until an approximate steady state is achieved. 
Finally, the process of setting up an ATWS simulation requiring 
detailed nodalization is very tedious. 

A power plant can be modelled with DSNP either by combining 
"control volumes" and "junctions" or "pipe" elements, as with 
the RELAP code, or by using integral components. The second 
method is much faster and more efficient, with regard to both 
computer CPU time and the time required to develop a full-scale 
power-plant simulation. Several major FWR component models were 
recently added to DSNP: an advanced pressurizer model [3], an 
advanced moving-boundaries U-tube steam-generator model [4], a 
multinode PWR-core model that can be combined with any number of 
detailed fuel pins, a homologous pump model, and several other 
improvements in the DSNP hydraulic network solver. A DSNP pro
gram (diagrammed in Fig. 1) was developed to simulate a typical 
Westinghouse PWR. 

Several ATWS accidents were successfully simulated with the 
program. Good agreement is obtained when the results are com
pared to more complex simulations performed with the RELAP code. 
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DSNF is now capable of simulating a large variety of accidents 
in FWR power plants. 
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Fig. 1: Diagram of DSNP modules for a 4-loop PWR plant. 
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Possibilities for Reducing Pressure-Vessel Fluence by means of 
Effective Shielding Reflectors [1] 

Z. Shayer and E. Greenspan 

Pressure-vessel (PV) embrittlement due to radiation damage 
caused by fast neutron fluence may be one of the leading factors 
limiting the lifetime of PWRs. The most effective approach pro
posed for decreasing the neutron flux reaching the PV is the 
insertion of neutron-attenuating materials (such as stainless 
steel rods) between the core periphery and the PV. 

Tran and Turner [2] found that replacing the water between 
the core baffle and core barrel and between the core barrel and 
the PV of PWRs with stainless steel and other heavy metals (or 
oxides) increased rather than attenuated the fast flux level in 
the PV. Metal hydrides were very effective fast-flux attenua
tors, but encasing the hydrides in stainless steel degraded 
their attenuation performance. The present study sought to 
determine which hydrides are the best attenuators of fast neu
trons and whether a combination of a heavy material and a 
hydride can provide better attenuation than a hydride alone. 

The one-dimensional Light Water Reactor (LWR) recommended for 
shielding benchmarks [3] used for the study consists of a homo
geneous core (radius = 169.59 cm), surrounded by a 1.86-cm SS 
core baffle, a 16.51-cm water gap, a 5.72-cm SS core barrel, a 
26.03-cm water gap, and a 21.91-cm low-carbon-steel pressure 
vessel. 

Table 1 compares the fast-neutron-flux attenuation ability of 
the different combinations of shielding and reflector materials 
identified as promising, taking into account the effect of the 
shielding reflector on the core power distribution. The best 
attenuation is offered by the TiH (75v/o)—W(15v/o) combination, 
which is 5 times more effective than the SS-H 0 shielding reflec
tor offered for PWRs [4]. The effect of the shielding reflector 
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on the average-to-maximum core power ratio and reactivity is 
negligible. 

Table 1 
Reduction in Fast-Neutron Flux in the Pressure Vessel by 

Different Shielding-Reflector Materials Placed Between the Core 
Baffle and Barrel (Borated Water Reflector = 1) 

Shielding-reflector Fast-neutron 
material flux reduction factor 

Borated HO 
55v/o SS + 45v/o H20 

1.00 Borated HO 
55v/o SS + 45v/o H20 1.43 
45v/o W + 45v/o ZrH2 + lOv/o HO 5.41 
15v/o W + 75v/o TiH2 + lOv/o H20 7.92 
90v/o UH2 + lOv/o H20 6.15 
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The Dependence of Helium-Cooled Beryllium-Blanket Thickness on 
Tritium Breeding Materials [1] 

E, Greenspan and Y. Kami 

There is mounting evidence that the economic viability of a 
fusion reactor will be directly proportional to the thinness of 
the blanket (and shield). A systematic nucleonic-optimization 
study (using the methodology reported in [2] and [3]) was con
ducted to identify the minimum possible thickness of the 
Be/—/TBM/He/S (neutron multiplier/neutron moderator/ tritium 
breeding material/coolant/structural material) blanket type. 
This blanket type, with Li Pb as the TBM, was recently found to 
be the most promising for the MINIMARS fusion reactor [5]; it 
was significantly thinner than the blankets using Li and Flibe 
for the TBM. 

Figure 1 compares the tritium breeding ratio (TBR) of the 
optimum blankets identified (with the aid of SWAN [3,4]). All the 
blankets use a PCA first-wall (FW) with an effective thickness 
of 0.4 cm, and are followed by a reflector-shield made of W 
(90v/o) + HO (lOv/o). Li20 is used as one TBM, because it offers 
the highest lithium density attainable. The lithium is taken to 
be fully enriched. Given that the lithium density in Li 0, Li, 
Flibe, and LiPb is 8.09, 4.60, 1.65, and 0.55X1022 atoms/cm3, 
respectively, the permissible thinness of the Be/—/TBM/He/S 
blanket is directly proportional to the 6Li density of the TBM 
for a given TBR. Hence, LiPb is the worst TBM for the type of 
blanket under consideration. The fact that a LiPb blanket was 
found the most promising for MINIMARS [5] is probably to be 
attributed to the specific design approach rather than to the 
TBM used. 
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Fig. 1: Maximum Tritium Breeding Ratio (TBR) attainable from 
He-cooled Be blankets using different TBMs. Blankets 
contain lOv/o PCA, preceded by a PCA first-wall 
(0.4 cm effective thickness) and followed by a 
W(90v/o) + H2O(10v/0) reflector shield. 
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Tritium-Breeding Possibilities in 
Aqueous Self-Cooled Blankets [1] 

Y. Kami and E. Greenspan 

The third concept considered in the systematic blanket opti
mization study was the Aqueous Self-Cooled Blanket (ASCB), in 
which the Tritium Breeding Material (TBM) is dissolved [2] (or 
suspended as a slurry [3]) in the aqueous coolant. All ASCB con
cepts so far proposed have a uniform composition and a marginal 
Tritium Breeding Ratio (TBR). The present study sought to deter
mine the extent to which the TBR can be increased by designing 
the ASCB with a non-uniform composition, and to clarify the 
relative effectiveness of HO and DO for ASCB applications 
(earlier studies found DO to offer a higher TBR). A third pur
pose was to check the suitability of W as the structural con
stituent of an ASCB; earlier studies considered only Zr or SS [2,3]. 

Figure 1 compares the maximum TBR attainable from an ASCB 
subjected to different design constraints. Of particular inter
est is the comparison between the uniform composition blanket 
(curve d) and the variable composition blanket (curve b), both 
using a 90v/o HO + lOv/o LiO aqueous TBM. it is concluded that 
the tritium-breeding ability of ASCBs can be improved by design
ing them with a non-uniform composition. HO was found to offer a 
somewhat higher TBR than DO. Tungsten was found to be as good a 
neutron multiplier as Zr, up to a TBR of Ril.25. For higher TBRs, 
Zr shows a clear superiority. 
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0 C 20 30 40 
Effective blonket thickness (cm) 

F ig . 1: Max. TBR for Zr/H2<V Li 2 0 b lanke t s (>10v/o Zr) charac
t e r i z e d by: (a) no r e s t r i c t i o n s ; (fc) l i O / H O volume 
f r ac t i on (VF) fixed a t 1/9; VF(H20+6LijO) < 10%; 
(c) uniform composition; v a r i a b l e 6 Li 0/H 0 VF; 
(d) same as c, but Li 20/H 20 VF 1/9. 
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Minimum-Thickness Blankets Using Neutron-Multiplying and 
Hydrogenous Materials [1] 
E. Greenspan and V. Kami 

The second blanket concept considered as part of a systematic 
nucleonic optimization study was of the M/T1H /Li 0/He/S type, 
where M is either beryllium or tungsten and S either SS or tung
sten first-wall (FW) and structural material. This study was 
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intended to determine whether the use of a hydrogenous moderator 
in addition to a neutron multiplier could improve blanket 
design. Some studies have reported that Be was superior to TiH 
[2]; others recommended using a hydrogenous material, specifi
cally ZrH ; for the outer part of the blanket, along with a 
neutron multiplier [3]. 

i 
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Fig. 1: Optimal Composition of W-*Li 0 and of Be-*Li 0 blankets 
providing TBR-1.2 without (a) and with (b) TiH2> 

Respective effective blanket thicknesses are 28.5 cm, 
13.5 cm, 9 cm, and 8.6 cm. 

46 



This investigation was the first application of SWAN to a 
search for the optimum distribution through the blanket of three 
constituents — Be/M/TBM (Tritium Breeding Material); previously 
SWAN was applied only to 2-component optimization. Figure 1 com
pares the optimum 3-component blankets identified. It is con
cluded that including TiH in the blanket increases the TBR 
attainable from a given thickness. Moreover, TiH can signifi
cantly reduce the required amount of both M and TBM. The effects 
of TiH addition are more pronounced in the case of W than of Be. 
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MHD Heat-Transfer Enhancement Possibilities 
in Fusion Reactors [1,2] 

S. Sukoriansky, H. Branover, D. Klaiman, 
and E. Greenspan 

An extensive experimental study of turbulence in liquid metal 
(LM) flow established [3] that, as a result of inverse energy 
cascade, a magnetic field can enhance both the velocity fluctua
tions perpendicular to the field and the integral scale of tur
bulence. It has been asserted that the resulting strongly 
anisotropic turbulent field might significantly increase the 
heat-transfer coefficient and thus improve the design of self-
cooled LM blankets for fusion reactors [3]. The present work 
reports upon the first experiments designed to directly measure 
the enhanced anisotropic turbulence effect on the heat-transfer 
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coefficient (or Nusselt number, N u ) . It also reports upon pre
liminary results from the first measurements of enhanced turbu
lence and heat-transfer, performed in channels with conducting 
walls. 

Figure 1 shows the Nu number deduced from the enhanced 
anisotropic turbulence experiments carried out with a magnetic 
field intensity (B) of 0.9T as a function of Re (the Reynolds 
number) based on the hydraulic diameter of the channel. The fig
ure also displays the corresponding Nu numbers obtained from 
experiments with normal shear turbulence as well as from two 
theoretical predictions corresponding to: (a) only partially 
developed laminar flow (representing the conditions in the 
experiments if the magnetic field was to completely suppress all 
turbulence); and (ib) enhanced turbulence, using the simple model 
suggested in [4]. 
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Fig. 1: Comparison of the Nusselt number measured with maximum 
magnetic field intensity (B«0.9T) [A] with the Nu num
ber measured with no field [ • ] , and with the Nu number 
calculated for a laminar and for enhanced turbulence 
flows. 
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It is concluded that a magnetic field, if properly used, can 
significantly improve the heat-transfer coefficient in flow 
channels made of non-conducting or conducting walls. As illus
trated in [4], this heat-transfer enhancement can make it possi
ble to simplify the design and improve the efficiency of self-
cooled LM blankets. 
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Liquid Metal MHD Power Conversion for 
Space Electric Systems [1] 

L. Blumenau, H. Branover, A. El-Boher, E. Spero, 
S. Sukoriansky, and E. Greenspan 

Given the renewed United States interest in Space Nuclear 
Power Systems (SNPS), novel versions of Liquid Metal Magneto-
Hydrodynamic (LMMHD) Power Conversions Systems (PCSs), which 
might meet the requirements of the Strategic Defense Initiative 
Office for PCSs were conceptualized and assessed. Both base-load 
and burst power systems were considered. Two different LMMHD 
• 
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PCSs incorporating a number of novel features were conceived. 
One is based on a trilateral cycle using a one-component (cesium 
or mercury) working fluid and operating in a wet-vapor regime; 
it has a relatively low specific weight of <2 kg/kWe, yet offers 
a combination of features that could make it very attractive for 
SNPS applications. These include the following: (a) no moving 
parts; (£) relatively simple components; (c) no sensitivity to 
radiation damage. The other PCS, based on supercritical cycles, 
uses a two-component lithium-xenon working fluid. It offers very 
high efficiencies (up to 55%), but requires a heat sink to cool 
the Xe below its critical temperature (16°C). This LMMHD PCS 
appears to be attractive for burst-mode operation; between 
bursts the heat sink disposes of the energy accumulated during 
the burst. 

We show that LMMHD energy-conversion technology (1) can com
bine the merits of static and dynamic PCSs, and can be expected 
to provide high reliability and long lifetime; (2) permits the 
design of closed-cycle SNPS that have a low specific weight; and 
(3) offers many types of thermodynamic cycles. Experimental 
demonstration of the novel LMMHD PCSs proposed is required, how
ever, before firm conclusions can be drawn as to its attractive
ness for space applications. 
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Muon-Catalyzed Fusion-Fission Reactor Driven by a 
Recirculating Beam [1] 

S. Eliezer, T. Tajima, and M. N. Rosenbluth* 

The recent experimentally inferred values of multiplicity of 
deuterium-tritium fusion catalyzed by muons have increased the 
interest in muon-catalyzed fusion reactions. Since the main 
energy expended is in pion (and consequent muon) production, an 
attempt is made to minimize the pion loss by magnetically con
fining pions where they are created. At the present time, it 
does not appear possible to achieve an energy gain by pure 
fusion, but it is possible to gain energy by combining catalyzed 
fusion with fission blankets. Two new ideas for improvement of 
the muon fusion reactor concept are presented. The first idea is 
to combine the target which creates pions, the converter of 
pions to muons, and the synthesizer in one vessel (synergetic 
concept). This is accomplished by injecting a tritium or deu
terium beam of 1 GeV per nucleon into DT fuel contained in a 
magnetic mirror. The confined pions slow down and decay to muons 
which are confined in the fuel, so that muon loss is kept small. 
The quantity of tritium necessary to keep the reactor viable has 
been derived. The second idea is to collect the beam passing 
through the target for reuse and to recirculate it, while 
directing the strongly interacting portion of the beam to elec-
tronuclear blankets. The present concepts are at the margin of 
known technologies and are based on known physical processes and 
data. 
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Experimental Apparatus for Quantitative Measurements in the 
Precursory Cooling Regime During Bottom Reflooding 

Y. Barnea, E. Elias, and I. Shai 

During the early phases of a loss-of-coolant accident (LOCA), 
the wall temperature of the fuel rods increases quickly because 
of the stored and decay heat and the reduced cooling effective
ness. Bottom reflooding with cold water must provide acceptable 
cooling as soon as possible in order to avoid overheating the 
fuel above metallurgically prohibited values. Two flow regimes, 
namely. Inverted Annular Flow (IAF) and Dispersed Flow Film 
Boiling (DFFB), which may exist ahead of the "quench front," 
provide a precursory cooling effect and enhance the overall 
transfer of heat from the fuel rod. 

Numerous experimental and theoretical studies have been con
ducted in order to understand these regimes [1—3]. The present 
study concentrates on the following: the thickness of the vapor 
layer and vapor-liquid interface waviness in IAF; temperature 
and velocity of the liquid in IAF; vapor-layer temperature in 
IAF and DFFB; droplet diameters and velocities in DFFB and cri
teria for the transition between IAF and DFFB. 
A series of tests were planned using an annular test section of 
different initial wall temperatures, inlet velocities, inlet 
liquid temperatures, and ambient pressures. The experimental 
apparatus (see Fig. 1) consists of a main open-flow path through 
a centrifugal pump, a filter for demineralized water, an inlet-
water preheater, a flowmeter, and the lower plenum of the test 
section. Upstream, the test section is equipped with a phase 
separator where the vapor and liquid are measured and collected 
simultaneously. A closed-loop auxiliary by-pass includes the 
pressurizer and filling vessel, an additional flowmeter, and the 
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Ion-exchanger tank. The required flow conditions are established 
in the by-pass loop and then applied to the test section. 

The test section is an AISI 304 steel or Inconel 600 tube, 45 
mm OD, 2.5 mm thick, and 2 m long, surrounded by a Plexiglass 
tube 56 mm ID, 2 mm thick (see Fig. 2). 

Fig. 1: Experimental set-up for bottom reflooding tests 
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1. To power cabinet 
2. Current accumulation 

strips 
3. Copper electrode 
4. Phase separator 
5. To water drain 
6. Pyrex tube 
7. Heating element 
8. Thermocouple 
9. Dif. pressure 
10. T/C in fluid 
11. Filling tank 
12. Water inlet pipe 

Fig. 2: Schematic description of test section 

Microscopic measurement devices include sixteen 0.5-mm wall-
temperature ungrounded thermocouples spotwelded to the inner 
surface of the metal at 12 different elevations, and 10 bare 
thermocouples (no. 30) inserted through the external tube at 
four elevations to measure vapor temperatures during various 
stages of reflooding. Macroscopic loral measurements include: 
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void fraction by a gamma-ray densitometer (homemade), drop diam
eters and velocities by filming, and the waviness of the liquid-
vapor interface by the densitometer and a device based on the 
"pulse-echo" method. 

Additional measurements included are inlet-water temperature, 
flowrate, and static pressure; outlet flow conditions (vapor 
temperature and separate phases flowrate); and heat input, 
determined by measuring the direct current and net potential 
difference on the test section. 

An IBM-PC was programmed as an advanced data-logger for sam
pling, recording, and data-processinc, 
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Evaluation of LOCA in the IRR-1 using the 3D-AIRL0CA Code [1] 
A. Nagler, H. Hirshfeld, E. Elias, and S. Kaizerman 

An input data model was prepared for the Israel Research 
Reactor (IRR-1), and the sensitivity of the calculated peak core 
temperature to certain input parameters was investigated. 

A LOCA was postulated to occur after eight weeks (4 days a 
week, 6 hours a day) of operation, in a reactor not equipped 
with any kind of ECCS. Time zero is taken as the instant at 
which all coolant water is lost from the core following a com
plete break of the 10-in inlet/outlet pipe. The lag time between 
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reactor shutdown and loss of coolant Is about 20 minutes. It is 
assumed that as long as the fuel plates are partly covered by 
coolant the fuel temperature cannot exceed 100°C. It is also 
assumed that no blockage is present after the water loss, so 
that air cooling by free convection can occur. 

The residual decay-heat (calculated by the ANS 5.1 standard) 
was applied to the IRR-1 operation schedule. Decay-heat distri
bution is assumed to be the same during the accident as under 
normal operating conditions. No account was taken of decay 
energy loss from the core by gamma radiation. 

The heat-transfer models in the code include axial (vertical 
direction) heat conduction along each of the reflector and fuel 
elements, and internal free convection heat loss. Heat is trans
ferred from one element to its neighbors by thermal conduction 
and radiation across the air gap separating them. Heat is also 
lost to the environment by free convection and thermal radiation 
on exposed surfaces, such as tops and sides of core edge ele
ments. The grid plate serves as a horizontal conduction path 
between elements; heat is transferred from the bottom of each 
element to the grid plate by conduction as well as by radiation 
across the air gap between the element end-fitting and the grid-
plate hole. 

The code calculates the transient temperatures for the fuel, 
air, grid plate, and reflector element. 

Figure 1 shows the peak temperatures vs. time curve fpr the 
IRR-1 core under standard operating conditions at various power 
levels. 
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Fig. 1: Calculated peak core temperatures vs. time during LOCA 

Core-temperature behavior as a function of reactor power can 
be divided into three distinct regions: (a) below 2 MW the reac
tor is safe under LOCA conditions; (£) around 2.5 MW the temper
ature reaches the melting point of Al, and a critical time can 
be defined in terms of an engineering margin; (c) above 3 MW, a 
melting onset point can be defined; however, beyond this point 
the calculation continues as if no melting had taken place. The 
curves are thus hypothetical (dashed lines in Fig. 1). For 
4.5 MW, the normal operating power of IRR-1, the temperature 
reaches the melting point after about 20 minutes. 

Sensitivity studies reveal that the temperature rise is rela
tively insensitive to variation in the following parameters: lag 
time, fuel-channel Nusselt number, ambient temperature, and ini
tial temperature distribution. The temperatures were found to be 
more dependent on the operating schedules. 
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Utilization of the IRR-1 Reactor [1] 

H. Hirshfeld and A. Nagler 

The IRR-1 is operated 4 days a week, 6 to 7 hours a day, at 
4.5 MW. The reactor is used primarily for neutron radiography, 
activation analysis, radioisotope production, and various indus
trial purposes. The maximum thermal neutron flux available in 
the reflector is 5X10 1 3 n cm"2sec_1. 

Two neutron radiography facilities, installed outside the 
reactor pool in two of the radial beam tubes, are used for NDT. 
Both facilities have thermal fluxes of about 10 5 n cm"2sec"1 and cad
mium ratios of about 10. The L/D colllmation ratios are 250—800. 
The facilities' geometric image unsharpness is <20 Mm. The size 
of the analyzed objects are limited to 100X100 cm in one facil
ity and to 40X40 cm in the other. 

Neutron activation analysis is available via a fast pneumatic 
system (flexo-rabblt) consisting of an automatic sample loader, 
two irradiation ends, and two counting ends (one for 7 counting 
with a Ge-Li detector, the other for delayed neutron counting 
with six BF detectors). The irradiation ends are movable to per
mit adjustment of the thermal flux. This system is used mainly 
for determination of uranium in ores and phosphate samples by 
the delayed neutron technique. The uranium-detection sensitivity 
is 0.1 ppm. 

Radioisotopes for industrial and medical purposes are pro
duced in the reflector irradiation positions. These include 8 2Br-
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KBr used for water-flow measurements, and Os for the develop
ment of an Os-Ir generator. 

A facility for irradiating geological samples for Ar-Ar dat
ing was recently established. The geological samples are irradi
ated in a rotating cadmium-shielded capsule. The thermal to fast 
neutron flux in the capsule is <l/50. 

A technique was developed for changing the color of diamonds 
and topaz gemstones, based on irradiation in the reactor 
together with appropriate supplementary laboratory treatment. 
Diamonds can be colored green, gold, and cognac; topaz stones 
turn blue. The color centers formed by this process are stable. 

Neutron-transmutation doping of Si is a technique to manufac
ture n-type silicon crystals. The nuclear reaction 3 Si (n.7) 3 1Si 
(/?) 3 1P is used to produce uniformly dispersed phosphorus atoms 
in the silicon crystal. Nuclear doping of silicon is the only 
way to overcome problems of resistivity striations. An irradia
tion facility was developed and installed in the pool, capable 
of irradiating Si ingots of 100-mm maximum diameter and 500-mm 
maximum length. Post-radiation examination of six ingots dis
closed a resistivity tolerance of ±5%. 
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Electron Transport in Steep Temperature Gradients in 
Hot Dense Plasmas 

N. Fried and D. Shvarts 

The thermal transport of electrons in steep temperature gra
dients was studied [1]. The phenomena of preheating, flux inhi
bition, and electric field effects, as they pertain to heat con
duction, were analyzed. Simplifying assumptions were made to 
eliminate other effects (high Z, full ionization, slab geome
try). Our purpose was to check the electron-distribution func
tion in detail, specifically the energy dependence. Numerical 
Fokker-Planck simulation in space and energy dimensions, and 
global models (without energy dependence) were used. This per
mitted rejection or acceptance of models [2,3] previously 
checked only globally for their success in matching the heat 
flux predicted by full Fokker-Planck simulation. 

Flux inhibition and preheating were both found to be aspects 
of the derealization of the gradients in the high-energy elec
trons. High-energy electrons (about 5 KT) are more mobile and 
carry more energy than average-energy ones, and are responsible 
for nearly all the heat conduction. Because these electrons have 
a long mean free path (the m.f.p. is proportional to the second 
power of the energy for Coulomb interactions), their density 
gradients spread out (diffuse) to a much larger (less steep) 
scale length, relative to the scale length of the temperature 
(mean energy) gradient. Thus these electrons reach distant loca
tions in the plasma (preheat), but their flux is much less than 
classical (inhibition). 

Local models are incapable of describing these phenomena ade
quately, but adequate simple models can be devised by approxi
mating the energy-transport (thermalization) terms in the 
Fokker-Planck equation while retaining the space-transport 
(derealization) terms. The simplified equation can be solved 
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analytically for the distribution function (using Green's func
tion methods), and the solution integrated over the energies to 
give the heat flux. This gives a formula for the flux that is a 
convolution of the classical heat flux with a delocalization 
kernel, similar tc that proposed in [2]. A comparison with 
numerical simulation shows qualitative agreement in the distri
bution function and quantitative agreement in the integral prop
erties (heat flux). 
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Fig. 1: The energy flux in E (total energy) — 1 (space) phase 
jpace. The integral of this flux over any line gives 
the energy flux carried by electrons from one side of 
this line to the other. The temperature on the hot 
side (low values of 1) is 1.0 (in the units employed); 
on the cold side (high values of 1) it is 0.1. The 
curve at the bottom of the graph is the potential 
step. The temperature gradient length is about 3 times 
smaller than the potential gradient length (see [1] 
and [2]). 

The effects of the self-consistent electric field were also 
studied, in order to check the results in [2] that it simply causes 
the heat flux to decrease by a factor of 0.4 (the classical 
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result). The simulations show that this is approximately true 
even in steep gradients (see Fig. 1). Detailed examination of 
the distribution function showed two different regions, each 
with its own explanation for this decrease: in the hot plasma 
(point a in the figure) and the gradient region (point b) the 
effect is similar to the classical (low-gradient) result, with a 
return current (neutralization) carrying some of the v>at back 
up the gradient. Further into the cold plasma (point c) the 
charge current becomes relatively small and the heat flux 
decreases because of the potential step the hot electrons must 
climb before they reach the colu region. This potential step was 
found to be insensitive to the steepness of the gradient; an 
explanation for this is offered. 
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Filamentation of Laser Light in Preformed Plasmas 
D. Havazelet, C. E. Capjack, D. Shvarts, 

and R. Marchand 

The spatial and temporal evolution of the filamentation of an 
intense laser beam incident on a preformed plasma was studied 
using a 2-D computer code. Laser-beam propagation was modelled 
using a paraxial wave approximation, including beam refraction, 
diffraction, and absorption effects. The simulations followed 
plasma behavior over time intervals during which a gaussian beam 
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Fig. 1: Beam and plasma profiles at 6.1 psec. 

Fig. 2: Same as Fig. 1, at t • 12.1 psec. 
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Time = 16.1 ps 

Fig. 3 : Same as F ig . 1, a t t = 16.1 psec . 

No Pondermotive Forces 

rmox = 9 0 u m 

zmox - 220° uu 

Time =16.1 ps 

Fig. 4: Same as Fig. 3 with ponderomotive forces suppressed. 
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breaks into a multi-filamentary structure. The role played by 
thermal and ponderomotive forces in the process is elucidated. 

For a gaussian beam profile, ponderomotive focusing forms at 
a distance off center equal to a/^'i, where a is the energy 
gaussian width. We used a 1.05 |iin wavelength with 9G-/xm FWHM 
spot size and an average intensity of 10 1 5 W/cm2. 

Figure 1 (at 6.1 psec) shows the ponderomotive acceleration 
(APMFR) responsible for the onset of the disturbance. 

Figures 2 and 3 demonstrate the modification of the beam pro
file by ponderomotive focusing as the disturbance advances 
towards the center of the beam. 

Figure 4 shows the beam and plasma profiles when PMF is arti
ficially suppressed. A small thermal focus can be found at 
M = o /yfl and at the center. 

In all the figures: 
v'n/n. : Deviation of the local normalized electron 

density from the initial density (in per
cent) 

Flux : Laser flux profile (erg sec"1 cm" ) 
APMFR : Radial ponderomotive force (dynes) 
Te : Electron temperature in eV. 

Spontaneous Initiation, Radiation Propagation, and Gain Buildup 
in Hot-Plasma X-Ray Lasers 

G. Hazak and A. Bar-Shalom 

A three-dimensional, time-dependent theory of sponta
neous initiation, radiation propagation, and gain buildup in hot 
plasma x-ray lasers is presented. The temporal and spatial evo
lution of the radiation field and atomic polarization is gov
erned by the Maxwell-Bloch equations with an additional sto
chastic Langevin force term that accounts for spontaneous pro
cesses. The model equations are solved by the ray-tracing tech-
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nique, at the limit of small signal and large Fresnel numbers, 
yielding formulas for the field-intensity and autocorrelation 
function in terms of the solution of a set of coupled-ray equa
tions. A specific two-dimensional (r,z) numerical example of the 
transition from the spontaneous stage through a transient 
buildup stage to a steady state is presented. 

Temporally Resolved Target Potential Measurements in 
Laser-Target Interactions [1] 

J. L. Borowitz, S. Eliezer, Y. Gazit, M. Givon, 
S. Jackel, A. Ludmirsky, D. Salzmann, E. Yarkoni, 

A. Zigler, and B. Arad 

Rapid (100 psec) voltage oscillations have been observed in a 
capacitively coupled target irradiated with 3.5 nsec pulses of 
Nd-YAG light at irradiances of between 5X10 1 2 and 2X10 1 5 W cm"2 on 
a 40 fim spot. The measurements were made using a fast (40-psec 
rise-time) Pockels cell intercepting a diagnostic light pulse to 
a streak camera. The oscillations were found to depend on the 
spot size and the shape of the laser pulse. The oscillation fre
quencies found (up to 12 GHz) were too low to correspond to 
plasma instabilities. Double layers and plasma turbulence are 
proposed as the cause of the voltage oscillations. 
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Density Dependence of the Atonic Transition Probabilities 
in Hot, Dense Plasmas [1] 

D. Salzmann and H. Szicnman 

The atomic properties and transition probabilities of highly 
ionized aluminum in hot, dense plasmas were studied. In particu
lar, we present computational results of the variations with 
density of the following atomic parameters: atomic potential and 
screening factor (due to both bound and free electrons), free-
electron distribution, atomic wave functions, binding energies, 
line shifts, and, finally, transition probabilities and oscilla
tor strengths. The calculations were carried out using the ion-
sphere model (ISM), which treats the bound and free electrons in 
the atom self-consistently in a central potential. This poten
tial is produced by the combination of the nuclear Coulomb field 
together with contribution by the bound- and free-electron 
charge distributions. The results indicate an increasing effect 
of the plasma on the atomic properties with increasing plasma 
density. Particularly, the free-electron screening reduces the 
atomic potential, pushes the atomic wave functions away from the 
nucleus, and reduces the binding energy of the bound electrons. 
The transition probability also decreases monotonically with 
density up to the ionization limit of the upper state, beyond 
which it drops to zero. The computational results are compared 
to those expected from a homogeneous free-electron spatial dis
tribution. 

Reference 
[1] D. Salzmann and H. Szlchman, Phys. Rev. A 35:807 (1987). 
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Radiative Preheat in Laser-Produced Aluminum Plasma [1] 
D. Salzmann, H. Szichman, A. D. Krumbein, 

and C. E. Capjack 

The preheat of the cold substrate by the X-rays generated in 
the coronal region of a laser-produced aluminum plasma was cal
culated for a trapezoidal laser pulse in the intensity range 
I = 1013—8X1014 W/cm2. The computer code incorporates nonlocal 
thermodynamic equilibrium (non-LTE) radiation emission rates in 
the hot region and photoionization as the main photoabsorbing 
process in the cold compressed region. The temperature and the 
density variations, of the photoionization cross-section were 
accounted for. Black-body radiation diffusion was also included. 
The results indicate the formation of a well-defined radiation-
heated zone in the back portion (close to the ablation surface) 
of the shock wave. Comparisons were made on the effects of the 
X-ray radiation and the black-body diffusion on the shock-wave 
propagation. The similarities and differences between X-ray and 
fast-electron preheat are also discussed. In a different set of 
computations an attempt was made to simulate the measurements of 
McLean et al. [2] of the back-surface temperature of laser-irra
diated aluminum foils. The computational results agree favorably 
with those of the experiments. 

References 
[1] D. Salzmann, H. Szichman, A. D. Krumbein, and C. E. Cap-

jack, Phys. Fluids 30:515 (1987). 
[2] E. A. McLean et al., Phys. Rev. Lett. 45:1246 (1980). 
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Gain Predictions for Nickel-Like Gadolinium front a Very Complete 
Collisional-Radiative Model 

W. H. Goldstein, J. Oreg, A. Zigler, A. Bar-Shalom, 
and M. Klapisch 

Small-signal gain coefficients for soft X-ray transitions in 
nickel-like gadolinium are presented. The gains are predicted by 
a steady-state collisional-radiative model containing 181 
detailed levels, include n=5 states. All possible electron col-
lisional transitions among these levels are calculated in the 
distorted-wave approximation. The calculations display features 
that may help explain discrepancies between design predictions 
and the gains recently observed in a europium plasma. We iden
tify for the first time n=3 to n=3 inversions in the nickel-like 
ion, which suggest that the "water window" might be reached 
using such relatively low-Z elements such as gadolinium. 

Autoresonance Laser Acceleration of 
Guided "Quasineutral" Electron-Positron Beams [1,2] 

A. Loeb, L. Friedland, and S. Eliezer 

A scheme for simultaneous laser acceleration of electrons and 
positrons to high energies is discussed. The scheme is based on 
a cyclotron autoresonance between the particles and a linearly 
polarized radiation, propagating along an axial magnetic field. 
The nonlinear dynamics of an electron and a positron in the sys
tem are investigated for homogeneous fields and luminous radia
tion. The energy of the accelerated particles scales asymptoti
cally as 0.82{[Bz(100 kG)/A(10 (iml^a^fm)} 2' 3 GeV, where z and B 
are the distance and strength of the guide magnetic field and 
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a » eE/(mwc) and A are the normalized radiation field amplitude 
and its wavelength, respectively. It is shown that high-current 
"quasineutral" beams (plasmas) can be accelerated to high ener
gies with low radiation losses. 

References 
[1] A. Loeb, L. Friedland, and S. Eliezer, Phys. Rev A 35:1692 

(1987). 
[2] A. Loeb, L. Friedland, and S. Eliezer, IEEE Trans. Plasma 

Set. 15:238 (1987). 

The Use of Magnetic Fields in Laser-Produced Plasmas for 
Free-Electron Lasers and Acceleration of Particles [1] 

S. Eliezer and A. Loeb 

Use of the large DC magnetic fields generated in laser-pro
duced plasmas is proposed for: (a) construction of a wiggler for 
a free-electron laser (FEL); (b) acceleration of charged parti
cles using the inverse-FEL concept; and (c) acceleration of 
charged particles by the autoresonance laser-acceleration mecha
nism. 

Reference 
[1] S. Eliezer and A. Loeb, in: Advanced Accelerator Concepts, 

ed. F. E. Mills (New York: AIP, 1987), p. 170. 
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A Sliding Discharge Device for Producing 
Cylindrical Shock Waves [1] 

B. Arad, Y. Gazit, and A. Ludmirsky 

A simple device for the production and study of cylindrical 
shock waves, based on the sliding discharge mechanism, is 
described. Initial gas pressures of up to several hundred torr 
and line source energies from below 1 J cm" up to above 10 J cm" 
can be applied. Interferometric measurements carried out on 
shock waves produced by line source energies of 1.8 J cm"1 have 
yielded information on the initial ionization of the gas (~5%), 
on the compression of the shock front (~3.5p ) during the early 
stages, and on its velocity as a function of the radius. Good 
agreement was found with numerical calculations of cylindrical 
shock waves. 

Heference 
[1] B. Arad, Y. Gazit, and A. Ludmirsky, J. Pfiys. D 20:360 

(1987). 

Confined High-Pressure-Discharge Experiments 
Z. Kaplan, N. Spector, B. Brill, J. Levinson, 

and A. Loeb 

The characteristics of plasma jets formed in the discharge of 
electrothermal launchers were measured. The relative intensities 
of the spectral lines emitted by the plasma jet are correlated 
with its temperature and the relative abundance of its compo
nents . 

The density profile of the plasma jet was measured by a soft 
X-ray technique that involves transmitting X-rays through the 
plasma and measuring the absorption. A scaled-down experiment 
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was built and operated, proving that the measurement technique 
is feasible. Density profiles with a minimum in the center and 
an average density of 3X10 cm" were measured. 

The plasma jet density was also estimated by fitting the 
experimental dependence of the jet penetration velocity on the 
ambient gas pressure to a simple model. The estimated density 
agreed with calculations using the analytical model that assumes 
the discharge to be at a quasi-steady state. 

Spectroscopic Diagnostics of the Characteristics of an 
Electrothermal-Gun Free-Jet Plasma 

N. Spector, Y. Levinson, A. Loeb, and Z. Kaplan 

The relative intensities of about 260 spectral lines emitted 
by the free-jet plasma of our electrothermal gun, belonging 
mainly to Fe(I), Cr(I), Ca(I), and Ca(II), were measured. Values 
for the brightness temperature (kT = 0.48 eV) and peripheral 
electron density (N = 1.5X10 1 7 cm"3) of the plasma were obtained. 
A correlation was observed between kT and the relative abun
dances of the plasma components. The values given above are 
lower limits to those of the central plasma parameters. 

A Theoretical Model for the Confined High-Pressure Discharge 
in Electrothermal Launchers 

A. Loeb and Z. Kaplan 

Various physical processes in the discharges of electro
thermal launchers were analyzed, and the conditions at which 
steady-state discharges can be maintained determined. An analyt
ical model is presented for confined high-pressure discharges 
operating in a quasi-steady state in which the plasma character-
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istics are steady at hydrodynamic timescales. The model permits 
calculation of discharge parameters such as ablation rate, 
plasma density, temperature, and pressure as functions of the 
"slowly varying" current and dimensions of the discharge tube. 
The scaling laws obtained in this model were used to determine 
the impedance matching between the discharge and the power 
source and to estimate the upgrading of the discharge energy in 
electrothermal launches. Preliminary results show good agreement 
between theoretical predictions and experiments. 

Deposition of Silicon Carbide Films in a 
Low-Temperature Environment [1] 

A. Raven, A. Inspektor, V. Carmi, and R. Avni 

Aspects of the preparation of silicon carbide (SiC) films at 
a relatively low temperature (450°C) are presented, and the 
properties of the SiC films discussed. The deposition was per
formed in a low-pressure, inductive rf plasma from a mixture of 
tetramethylsilane and hydrogen in argon. The films were identi
fied by X-ray diffraction as hexagonal a-SiC with unit-cell 
parameters a = 3.05 A and c = 51.5 A. The films were found to 
contain free carbon. Its concentration is one factor determining 
the degree of crystallinity: a higher carbon concentration cor
responds to higher amorphousness. The film deposition rate, den
sity, structure and composition were determined as a function of 
deposition parameters such as total gas pressure, sample posi
tion in the plasma, and feed gas composition. 

As function of pressure, the maximum rate of film formation 
(18 nm/hi) was obtained at 4.5 torr. A relationship was observed 
between the sink-float density distribution of the films and the 
deposition rate: increasing film growth rate decreased film den-
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sity. The overall density was found to depend on the total car
bon content of the films. Increasing the hydrogen concentration 
up to 30 vol.% increased the free carbon content in the films 
and decreased their density. 

The results showed that the hydrogen concentration of the 
feed is a dominant factor affecting the SiC growth rate, struc
ture, and composition. Analysis of the films formed at different 
locations in the plasma reactor showed the upstream film to be 
much denser and of superior quality. 

From structure, surface morphology, and density measurements 
it appears that SiC films obtained by rf plasma are similar to 
films obtained by high-temperature techniques in the range of 
1200°C-1400°C. 

Reference 
[1] A. Raveh, A. Inspektor, U. Carmi, and R. Avni, 53rd Meeting 

of the Israel Chemical Society, Ben-Gurion University of 
the Negev (Beer-Sheva, February 1988), p. 137. 

The Interaction of Helium-Hydrogen Plasmas with 
Metal and Ceramic Surfaces: 

1. Electron Density in the Plasma Layer Near the Surface 

R. Avni, U. Carmi, A. Inspektor, 
H. Nickel,* J. Linke,* and K. Koizlik* 

The Stark broadening of the hydrogen spectral lines of the 
Balmer series (quantum levels, n = 7, 11 and 16) was used to 
evaluate electron densities n in two defined plasma regions: the 
plasma bulk, 50 mm above the surface (metal or ceramic), and the 
plasma layer [1,2], 1 mm above the surface. The n evaluation was 
performed in a DC-glow discharge of helium containing 5 or 95 vol.% 
_ 
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hydrogen. The surfaces of inconel and BN (hexagonal) samples 
were placed on the rrounded SS cathode, which was kept at a 
constant distance of 100 mm; the pressure was varied between 0.1 
and 10 torr and the anode voltage from 200 to 1200 volts. 

For the inconel surface, the n values of the plasma layer 
were found to exceed those in the plasma bulk by more than one 
order of magnitude, independent of the plasma gas mixture. For 
the BN substrate, a similar change in the n values was obtained, 
but only for the 5% hydrogen mixture; for helium with 95% 
hydrogen, ne values were almost identical in plasma layer and 
plasma bulk. The high variation in the ne values near the 
surface of an electrically conductive material are discussed and 
a model presented. 

References 
[1] R. Avni, U. Carmi, and A. Inspektor, 8th International Sym

posium on Plasma Chemistry (Tokyo, Japan, Aug./Sept. 1987). 
[2] R. Avni and U. Carmi, Mater. Scl. Eng. 71:341 (1985). 

The Interaction of Helium-Hydrogen Plasmas with 
Metal and Ceramic Surfaces: 

2. Surface Damage in Inconel, Boron Nitride, 
Graphite, and Silicon Carbide 

U. Carmi, A. Inspektor, A. Raveh, R. Avni, 
K. Koizlik,* J. Linke,* and H. Nickel* 

On the basis of electron-density ratios it can be predicted 
that the plasma of 95% hydrogen in helium should be less damag
ing to surfaces than the 5% hydrogen in helium glow. Experiments 
on separate samples of graphite, inconel, and boron nitride on a 
steel cathode were performed to compare the damage from dis-
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charges of the two concentrations. After exposure to the plasma, 
the samples were analyzed by scanning electron microscopy (SEM), 
auger electron spectroscopy (AES), secondary ion mass spec
troscopy (SIMS), X-ray diffraction (XRD), and roughness measure
ments. The results obtained were compared to the unexposed samples. 

As predicted, the 5% hydrogen plasma caused greater damage to 
the exposed surfaces. The behavior of the 95% H /He glow was a 
combined function of electric conductivity and surface chemical 
reactions with the hydrogen. Graphite was the most affected, 
followed by inconel and boron nitride, in that order. 

Plasma-Activated Chemical-Vapor Deposition 
of Silicon Carbide [1] 

A. Inspektor, A. Raveh, U. Carmi, N. Mayo, and R. Avni 

Silicone carbide (SiC) coatings ware deposited on stainless 
steel (AISI-410) by plasma-activated chemical-vapor deposition 
(PACVD) from a mixture of Si(CH ) (TMS) and H in argon. 
Electron-impact dissociation of TMS along the plasma was studied 
by mass spectrometry. The coatings, deposited at a constant tem
perature of 450°C, were identified as hexagonal a-SiC with free 
silicon, free carbon, and a-Fe from the substrate. 

The growth rate, composition, and density of the coatings 
were determined as a function of the total gas pressure, feed 
composition, and position of the substrate relative to the rf 
coil and the gas flow direction. A model for the low-temperature 
formation of a-SiC films is presented. 

Reference 
[1] A. Inspektor, A. Raveh, U. Carmi, N. Mayo, and R. Avni, 

International Conference on Metallurgical Coatings (San 
Diego, CA, USA, April 1988). 
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Characteristics of Plasma-Hitrided Titanium Alloys [1] 

A. Raveh, G. Kimmel, U. Carmi, A. Inspektor, 
A. Grill, and R. Avni 

Thin films of titanium nitride (TiN-Ti N) were prepared by 
nitriding titanium alloys in a non-equilibrium low-pressure rf 
plasma of nitrogen, hydrogen, and argon. The microstructure of 
the layer was studied by X-ray diffraction, and three phases 
were identified: (a) solid-solution of nitrogen in titanium, 
a-Ti(N); (ib) tetragonal e -Ti N, whose strongest peak depended on 
the position of the substrate in the plasma reactor; (c) cubic 
5-TiN (NaCl-type), obtained as a randoml., oriented polycrys-
talline layer. The phase distribution, preferred orientation, 
and nitrogen solubility were studied as a function of plasma 
parameters and compared to films obtained by gas thermal 
nitriding. 

Reference 
[1] A. Raveh, G. Kimmel, U. Carmi, A. Inspektor, A. Grill, and 

R. Avni, International Conference on Metallurgical Coatings 
(San Diego, CA, USA, April 1988). 

Plasma-Layer Variables and the Properties of Coatings in 
Lou-Pressure (<10 torr) RF Plasmas [1] 

R. Avni, U. Carmi, and A. Inspektor 

The interactions of plasma particles (positive ions, excited 
metastables, and radicals [atoms or molecules]) and radiation 
flux with a substrate surface before and during the deposition 
process are reviewed. The concepts of plasma-layer and the near-
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to-surface plasma region are introduced phenomenologicaliy as 
the dialogue between the plasma and the substrate surface. 

Experimental evidence for the interactions between the plasma 
and a substrate, such as adsorption, morphological changes, 
defect formation, sputtering, chemical etching, and secondary 
electron emission, is discussed. 

Correlations of flux composition, deposition rate, micro-
hardness, and wear with the plasma-layer variables provide an 
insight into the formation of bonding between the deposited 
films and the substrate surface. 

Reference 
[1] R. Avni, U. Carmi, and A. Inspektor, 8th International Sym

posium on Plasma Chemistry (Tokyo, Japan, Aug./Sept. 1987). 

Correlations Between Plasma Variables and the Deposition 
of Si N from Chlorosilanes in Low-Pressure RF Plasmas 

of Ar + N 2 + H 2 and Ar + NH 3 [1] 

U. Carmi, A. Inspektor, N. Mayo, and R. Avni 

The dissociation of chlorosilanes to active species leading 
to the formation of a Si-N bond and consequent deposition of 
silicon nitride (Si N ) on a solid substrate in plasmas of mix
tures of Ar + N + H or Ar + NH was investigated. The dissocia
tion mechanism of chlorosilanes and HC1, and the formation of 
Si-N in the plasma state (homogeneous reactions) were studied by 
sampling tho plasma with a quadrupole mass spectrometer. 
Macrovariables such as pressure, net power input, and the loca
tion of the substrate in the plasma reactor strongly influence 
the dissociation kinetics. The deposition processes (heterogene
ous reaction) of Si N film were correlated with the homogeneous 

3 4 
reaction mechanisms in the plasma state. 
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[1] U. Carml, A. Inspector, N. Mayo, and R. Avnl, 8th Interna

tional Symposium on Plasma Chemistry (Tokyo, Japan, 
Aug./Sept. 1987). 
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Pulsed Amplification of • CW Dual-Frequency 
Phase-Modulated Laser 

M. Amit, H. Lotem, S. Lavi, and G. Erez 

A novel kind of a coherent radiation source based on pulse 
amplification of a phase-modulated CW laser (PAPMOL) has 
recently been described [1]. Phase modulation with a modulation 
index M>1.4 generates a spectrum consisting of three identical-
intensity sidebands and a small contribution at higher frequen
cies. With a larger modulation index, more sidebands appear, 
with a non-flat envelope that is a function of M. By using dual-
frequency modulation at (1 and 3ft we obtained a CW spectrum enve
lope with a flat top. Using the same modulation index (M=1.4) at 
both frequencies, the combined modulated spectrum consists of 
nine lines of equal intensity (three triplets with a "Hanukkah-
larap" shape) and weak shoulders. When this flat-top CW spectrum 
is pulse-amplified, various PAPMOL lineshapes are generated. The 
detailed spectral shapes depend on the following: (a) the prod
uct of the pulse duration and modulation frequency; (h) the mod
ulation phase during the amplification pulse; and (c) the phase 
relation of the two modulations. Theoretical and experimental 
results are presented. 

Reference 
[1] H. Lotem, M. Amit, S. Lavi, Y. Liran, and G. Erez, J. Opt. 

Soc. Am. B 3:827 (1986). 



Multiple-Pass Amplifiers for High-Power Laser Systeas [1] 
S. Jackel, M. Givon, A. Ludairsky, S. Eliezer, 
J. L. Borowitz, B. Arad, A. Zigler, and Y. Gazit 

Multiple-pass amplifiers were configured from Nd:glass rods 
using polarization and angular coupling techniques. Very high 
gain (>600) single-beam triple-pass booster stages and high gain 
(30 or 15) single- or double-beam double-pass amplifiers were 
combined to construct a very cost effective high-power (50 GW) 
pulsed laser system. These techniques were also effectively 
applied to smaller compact high-repetition-rate systems. 

Reference 
[1] S. Jackel et al.. Laser part. Beams 5:115 (1987). 

Thermal Analysis of a Copper Vapor Laser with 
Various Internal Configurations 

H. Mordechy, G. Miron, M. Santo, and D. Sagie 

The internal design of an 8W, floating-tube, copper-vapor 
laser head was thermally analyzed using a finite-elements com
puter code. Various internal configurations were examined. The 
design was optimized for the longest homogeneous temperature 
profile, which should result in maximum output power and operat
ing life. 

A laser head with special built-in temperature sensing points 
was assembled. A number of temperature measurements were carried 
out to confirm the validity of the calculations. 



Preventing Thyratron Latching in the Driving Circuit of a 
Low-Iapedance Copper Vapor Laser 

G. Gal 

Thyratrons tend to latch In the capacitor transfer circuit of 
our low-impedance copper vapor laser. This is due to an 
impedance mismatch between the laser plasma and the operating 
circuit, which causes a large returning inverse pulse from the 
laser head back to the circuit. The cause of the latching Is 
explained in detail, and a new circuit to overcome this problem 
without changing the input to the laser head is described. 

Application of a Copper Vapor Laser to Fingerprint Detection [1] 

L. A. Levin, D. Sagie, S. Gabay, and A. Dickman 

The use of collimated monochromatic light for forensic appli
cations, such as visualization of latent fingerprints and exami
nation of forged documents, has recently become very popular in 
police laboratories throughout the world. Lasers seem to be an 
ideal candidate due to their high energy, well-collimated and 
easily focused beam, the convenience of fiber-optics light 
delivery and aiming, and the discrete wavelengths available. 

A copper vapor laser (CVL) system originally built by Rotem 
Industries (Laser-On) for medical applications was modified to 
provide 2 W of green and 2 W of yellow light. The air-cooled 
portable unit can be used at the scene of the crime. A special 
opto-electronlc module based on the extremely short, high-peak-
power pulse of this laser was developed to process the signal 
and produce highly intensified recorded video images in daylight 
(not available from any other system today). The video data 
(easily documented) can then be examined thoroughly in the labo
ratory; automatic comparison with a computerized fingerprint 
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file, a facility already available in many police stations in 
the US, is also possible. 

Reference 
[1] L. A. Levin, D. Sagie, S. Gabay, and A. Dickman, Interna

tional Conference on Forensic Science and Identification — 
IDENTA (Jerusalem, Israel, February 1985). 

Simultaneous Dual-Wavelength 1.32-/im/1.06-/m Medical Laser 

J. Kagan, H. Lotem, D. Sagie, and Y. Kalisky 

The continuous-wave and free-running pulsed Nd:YAG laser has 
become a common tool in medicine. The two strongest laser lines 
(at 1.06 and 1.32 (im) are useful for different medical proce
dures, based on their specific interactions with biological tis
sue. A pulsed Nd:YAG laser simultaneously operated at both wave
lengths, while the intensity ratio 1(1.32 ̂ m)/I(1.06 ^m) is con
trollable over a wida dynamic range, is described. The opto
mechanical components are described and performance data are 
given. 

Single-Pulse and Continuous-Wave Multiply-Doped 
Ho:YAG and Ho:YLF Lasers [1,2,3] 

Y. Kalisky, J. Kagan, D. Sagie, and H. Lotem 

The laser performance of the SI -» 5I transition at 2.1 pm in 
multiply-doped Ho:YLF and Ho:YAG, in both CW and pulsed operat
ing modes is compared. CW laser operation was at liquid-nitrogen 
temperature, while ' le pulsed laser was operated at 86—200 K. A 
CW laser output >60 W was obtained with H03*-doped YLF rods (5 mm 
in diameter and 75 mm long), with maximum slope efficiency of 
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4.75% and absolute efficiency of 4.1%. The linear dependence of 
laser output versus lamp power shows that this rod will permit 
scaling up of the laser. 

For single-pulse laser operation, a maximum output energy of 
3.5 J/pulse (and slope efficiency of 1.6%) was extracted at 
86 K. The laser threshold shows a fast rise with the temperature 
for both Ho:YAG and Ho:YLF. Slope efficiency, however, decreases 
only slightly with temperature up to 160 K in Ho:YA6, while in 
HorYLF the efficiency has an unexpected broad peak at about 
130 K. These findings are observed only at a high level of the 
Xe pulsed lamp. Laser performance as a function of temperature 
at various pumping energies and output coupling mirrors is 
described. 

References 
[1] Y. Kalisky, J. Kagan, H. Lotem, and D. Sagie, Meeting of 

the Israel Physical Society (Tel-Aviv University, April 
1987); Bull. Isr. Phys. Soc. 33:40 (1987). 

[2] Y. Kalisky, J. Kagan, D. Sagie, and H. Lotem, 1st Laser M2P 
International Conference (Lyon-Villeurbanne, France, July 
1987). 

[3] H. Lotem, Y. Kalisky, J. Kagan, and D. Sagie, IEEE J. 
Quant. Elect. (1988, in press). 

Development and Operation of a Surgical CH Holmium Laser 
at 2.06 ^m [1,2] 

Y. Kalisky, J. Kagan, and D. Sagie 

The laser performance of the 5I -• 5I trarsition at 2.06 urn 
7 8 ^ 

in multiply-doped Ho:YLF and Ho:YAG laser rods at the tempera
ture of liquid nitrogen is reported. A laser output power >60 W 
was obtained with Ho *-doped YLF rods (5 mm in diameter and 75 mm 
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long), with maximum slope efficiency of 4.75% and absolute effi
ciency of 4.1%. Physical and mechanical considerations of the 
laser-system design and comparative results of Ho:YLF and Ho:YA6 
laser performance are presented, along with a summary of clini
cal results. 

Reference 
[1] Y. Kalisky, J. Kagan, and D. Sagie, Israel AEC Report NRCN 

(TN)-114 (Hebrew), April 1988. 
[1] Y. Kalisky, J. Kagan, H. Lotem, and D. Sagie, Opt. Common. 

65:359 (1988). 

The Advantages of the Holmium Laser in Surgery [1] 

D. Sagie 

The CO and Nd.-YAG lasers are well established as surgical 
tools. However, the Nd:YAG has no cutting effect, while the CO 
coagulates only small blood vessels and cannot be delivered 
through optical fibers. The combination of coagulation and cut
ting effects provided by the holmium laser, together with its 
fiber-optic delivery capability, makes this laser uniquely 
effective for several surgical disciplines. It can replace the 
"classical" lasers for several procedures Involving the excision 
of solid and vascular tumors. Significant experience has been 
accumulated as to appropriate power and exposure time with the 
holmium laser in gastroenterology, general surgery, urology, 
cardiac and vascular surgery, neurosurgery, pulmonary surgery, 
and gynecology. The theoretical basis and some experimental 
results are introduced. 
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Reference 
[1] D. Sagie, Lasers in Medicine Symposium, Hadassah Laser Cen

ter, Hadassah-Hebrew University Medical Center (Jerusalem, 
Israel, May 1987). 

Optiaal Mirror Geooetry for Slab Solid-state Lasers 

A. Kinrot and M. Sapir 

It has recently been shown, both theoretically and experimen
tally, that slab-geometry solid-state lasers offer significantly 
better performance than conventional rod-geometry lasers. We 
studied the optimal mirror geometry for focusing the maximum 
lamp irradiation onto the face of the slab while also diffusing 
the light as uniformly as possible. Three different geometries 
(cross-sections) were examined: parabolic, elliptic, and double-
elliptic. The double-elliptic mirror provided uniform and effi
cient illumination of the slab crystal. 

A Potential Solid-Fuel Pulsed Short-Wavelength Chemical Laser 

I. Bar, D. Helflinger, Y. Kaufman, S. Rosenwaks, 
M. Sapir, A. Ya. Temkin, and Y. Tzuk 

The feasibility of a short-wavelength chemical laser based 
upon photodetonation of lead azide was studied. A laser beam 
(Nd:YAG or excimer) was used to initiate Pb(N ) . The experiments 
included chemiluminescence measurements and laser-induced fluo
rescence studies. The results indicate that electronically 
excited N is formed and that high-lying levels of Pb are popu-

Ben-Gurion University of the Negev, Beer-Sheva 

Tel-Aviv University, Tel-Aviv 
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lat«d by energy transfer from the excited N . Although the tem
poral behavior of the emission is quite complex, two main peaks 
are observed. The first (~1 Msec after initiation) results from 
the detonation; the second (~20 Msec later) follows collisions 
between the energetic products and the walls. This sequence can 
be satisfactorily explained by a hydrodynamic model developed 
for this purpose. In addition, there is a long (~10 msec) radia
tion signal, which probably results from excited species in the 
gas phase. Calculations based on a coupled hydrodynamic-kinetic 
model indicate that population inversion occurs between poten
tial laser levels of Pb. Both the experiments and the calcula
tions support the validity of the concept of a laser based on 
Pb(N3) initiation. 

Ho3*- and Tm3*-Doped Yttrium-Erbium-Aluminum-Garnet 
(YEAG) Crystals 

Y. Shimony, S. Biderman, U. Laor, Y. Kalisky, 
J. Kagan, a..J D. Sagie 

There is increased interest in solid-state lasers operating 
at about 2 jtm for applications such as eye-safe lasers or to 
replace NdrYAG lasers used in medical systems. As part of a pro
gram to develop new lasers, a few Ho3*+Tm3*-doped YEAG crystals 
were grown in the (ill) crystallographic direction. 

The crystals were grown from the melt by the Czochralski 
method with the aid of an automatic diameter-controlled system. 
The laser characteristics of several melt compositions were 
examined. 

Laser rods of good optical quality, with a length of up to 70 mm, 
were fabricated from the crystals. Some of these rods were in
corporated into a CW laser cavity. The threshold power and slope 
efficiencies of CW-laser operation of the rods were measured, 
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and the stimulated-emission cross-section of several lasing 
materials compared. 

Method for Complete Determination of a Refractive-Index Tensor 
by Bireflectance: Application to CdWO [1] 

H. Lotem and Z. Burshtein 

The bireflectance effect is observed when a light beam is 
internally reflected in an anisotropic material. An unpolarized 
light beam generally splits into four beams on reflection. A new 
method for simultaneous measurement of the three refractive 
indices, based on laser-beam splitting due to bireflectance, is 
demonstrated in the biaxial CdWO crystal. The three principal 
refractive indices of CdWO were obtained in the visible range. At 
A = 633 nm, n = 2.09 ±0.01, n - n = 0.052 ±0.001, and n - n = x i x * x 
0.114 ±0.002. 

References 
[1] H. Lotem and Z. Burshtein, Opt. Lett. 12:561 (1987). 
[2] H. Lotem and U. Laor, Rppl. Opt. 25:1271 (1986). 

Aperture-Averaged Level-Crossing Probability in an 
Atmospheric Communications Link 

I. Last 

Light-pulse intensity statistics in an atmospheric communica
tions link are studied for the case of finite (non-point) detec
tor aperture. Pulse intensities averaged over the pperture are 
calculated from a discrete-aperture model and the multi
dimensional log-normal distribution. The results demonstrate the 
dependence of the level-crossing probability on aperture radius. 
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number of pulses, and length of pulse sequence. Level-crossing 
probabilities were measured experimentally and found to be in 
close agreement with the theoretical values. 

Fluctuations in Backscattered Signals due to Turbulence in 
Near IR and Visible Lidar Measurements [1] 

S. Fastig and A. Cohen 

Spectral cross-correlation measurements in the near IR and 
visible ranges (A = 1.06 /tin and A = 0.53 itm) show that the 
atmospheric turbulence is the main contributor to the fluctua
tions for the above lidar wavelengths. The method for determin
ing the standard deviation of the signal can therefore be used 
to measure the important turbuleroe parameter Cn . 

Reference 
[1] S. Fastig and A. Cohen, Rppl. Opt. (1988, in press). 

The Remote Measurement of Wind Speed and Meteorological 
Parameters by Lidar System 

S. Fastig, D. Kutasov, and A. Schoenberg 

Methods for remote profile measurement of atmospheric meteo
rological parameters (wind, gaseous density, pressure, and tem
perature) are described. 

Results of remote radial wind profile measurement by two dif
ferent methods are presented: (1) Nd:YAG pulsed lidar, for which 
the wind-speed measurement is based on calculating the correla
tion function for the fluctuations of the back-scattered inten-
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sity from atmospheric aerosols; (2) CO CW coherent lidar, for 
which the radial wind-velocity measurement is based on measuring 
the doppler shift of the back-scattered intensity from atmo
spheric aerosols. First results indicate that remote wind pro
files for up to 15 km are possible. 

Results of a two-dimensional lidar scan of the aerosol back-
scattering intensity are also reported. It is shown that the 
boundary-layer high and cloud morphology can be inferred from 
these measurements. 

Application Survey of Acousto-Optic Information Processing 

Y. Weissman 

Acousto-optics is a powerful optical-processing technique 
that can be used to perform the important signal-processing 
functions of correlation and Fourier decomposition [1]. Pro
cessing speed and volume are several orders of magnitude better 
than those of electronic systems, mainly because of the parallel-
processing feature of all optical processors. 

The heart of the acousto-optic processor is an acousto-optic 
cell (sometimes called a Bragg cell), which is used to translate 
electrical into optical signals and perform various processing 
functions. The operation of acousto-optic cells is based on the 
interaction between light and acoustic waves excited in a trans
parent crystal by piezo-electric transducers [2]. Acousto-optic— 
cell technology is mature; many vendors offer fully integrated 
commercial units that cover virtually the entire relevant 
spectrum. 

The main applications of acousto-optic processors are in sys
tems that require large volume and realtime information-processing. 

Raaaarch supported by tha National Council for Rasaareh and Davalopnant 
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Such systems are employed in robotics, machine vision, radar, 
communications, and electronic warfare. 

References 
[1] N. J. Berg and J. N. Lee, eds., Rcousto-Optic Signal Pro

cessing (New York: Marcel Dekker, 1983). 
[2] J. Sapriel, Rcousto-optics (New York: John Wiley, 1979). 

Have Propagation in Turbulent Media: 
Application of Convergence Acceleration Methods 

A. Baram, S. Tsadka, Z. Azar, and M. Tur* 

The use of convergence acceleration methods for the evalua
tion of integral expressions of an oscillatory nature, often 
encountered in the study of optical wave propagation in a turbu
lent atmosphere, is proposed. These techniques offer substantial 
savings in computation time with appreciable gain in accuracy. 
By way of example, the Levin u acceleration scheme is applied to 
the remote sensing of transverse wind profiles. 

Coupled Modes of Anisotropic Polarization-Maintaining Fibers [1] 
E. Shafir, A. Hardy, and M. Tur* 

Polarization-maintaining fibers are optical fibers that guide 
a single transverse mode and maintain '"he polarization of the 
transmitted light to a reasonable degree. These fibers are par
ticularly useful in fiber-optic sensing systems. Most of these 
systems require directional couplers [2], devices that split the 
light from a single fiber at their input to two fibers at the 
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output. The operation of most single-mode directional couplers 
is based on evanescent field coupling, in which two parallel 
optical fibers that are sufficiently close to each other 
exchange power due to the overlap of their individual modal 
fields. To construct such a device the two fibers are polished 
parallel to their axes to a point close to the cores, and then 
brought into close proximity. 

The theory heretofore used to analyze the operation of these 
devices [3] is not very accurate, particularly in cases of 
strong coupling. A new coupled-mode theory recently published 
[4] handles the coupling situations more accurately and has a 
more convenient formulation. This new theory was used to theo
retically analyze light coupling between two polarization-main
taining fibers [5]. The coupling between the four input fields 
(two orthogonal modes for each fiber) is described by a 4x4 
matrix, whose off-diagonal elements describe the coupling 
between the different mode pairs. 

A computer program that calculates the light propagation in a 
coupler composed of two parallel fibers was written. We have 
found that special symmetry relations exist among the different 
matrix elements when the two fibers are identical. With the help 
of these symmetry relations exact analytical expressions of the 
four eigenvectors and eigenvalues of the coupling matrix were 
found. These quantities represent the four "super modes" of the 
two-waveguide system and the respective propagation constants. 

The computer program was expanded to accommodate the more 
practical problem of a coupler in which the two fibers are not 
parallel, but describe two large-radius arcs in two parallel 
planes. The program permits calculation of the fraction of the 
power on each of the two fibers that will be transferred to the 
other fiber, as well as of the amount to which a given coupler 
will maintain the input polarisation. In practice the latter 
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feature might degrade due to production tolerances, such as non-
parallelism between the two sets of principal axes of the two 
fibers. 

References 
[1] E. Shafir, A. Hardy, and M. Tur, J. Lightwave Technol. 6:58 

(1988). 
[2] R. A. Bergh, G. Kotler, and H. J. Shaw, Single-mode fiber

optic directional coupler. Electron. Lett. 16:260 (1980). 
[3] A. W. Snyder, Coupled mode theory for optical fibers, 

J. Opt. Soc. Rm. 62:1267 (1972). 
[4] A. Hardy and W. Streifer, Coupled mode theory of parallel 

waveguides, J. Lightwave Technol. 3:1135 (1985). 
[5] E. Shafir, A. Hardy, and M. Tur, Opt. Lett. 12:1041 (1987). 

Buildup of Transverse Spatial Correlations in 
Stimulated Raman Scattering [1] 

M. Strauss, J. Oreg, and A. Bar-Shalom 

A three-dimensional quantum theory of stimulated Raman scat
tering that takes into account the general transverse shape of 
the pump laser is presented. The transverse spatial autocorrela
tion function and the intensity of the Stokes pulse are solved 
analytically, using the Maxwell-Bloch equations in low-signal-
gain conditions and by introducing a multi-spatial-mode approxi
mation. Spatial and temporal coherence were found to be coupled. 
Transverse coherence depended on the shape of the pump laser; 
coherence area increased with the gain. Time scales for the 
build-up of stimulated intensity and correlations for the vari
ous transverse parts of the Stokes pulse are obtained. 
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in press). 

X-ray—Laser Gain from Bragg-Reflection Coupling in 
Channeled Relativistic Beam Systems [1] 

M. Strauss, P. Amendt, N. Rostoker, and A. Ron 

Distributed feedback by Bragg reflection in electron-beam 
channeling X-ray lasers was investigated. Expressions for low-
threshold gain are derived for this cavity mirror structure in 
single crystals and shown to have possible applications in 
reducing high current requirements by many orders of magnitude. 

Reference 
[1] M. Strauss, P. Amendt, N. Rostoker, and A. Ron, Rppl. Phys. 

Lett. 52:866 (1988). 
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Geometrical Considerations in the Structure of Superconductors 
of the Type M'*3)Ba,CuO, , 

2 3 6.5+0 

H. Feldstein, A. Raizman, R. Aharonovits, 
and H. Shaham 

The recently discovered superconductors of the Ml*3)Ba Cu 0 
type have an orthorhombic structure with Pmm2 space group and 
unit-cell dimensions of 3.893 A, 11.688 A, and 3.820 A for a, b, 
and c respectively [1]. The proposed unit cell can accommodate 
nine atoms of oxygen, while the stoichiometric value for oxygen 
is only 6.5. Consequently, the crystals have vacancies in the 
oxygen sites and the superconducting properties depend on the 
excess of oxygen. 

Several superconducting compounds were prepared from stoi
chiometric mixtures of the corresponding oxides. The oxides 
reacted in the solid state at temperatures of around 900°C. The 
resulting ceramic powders had a well-defined crystalline struc
ture and T of about 90 K. Both structure and T were found to be 

G C 

the same when Y*3, Er*3, Dy*3, Ho*3, and Yb*3 were introduced as the 
central trivalent (M*3) ion. Sm*3, Gd*3, Eu*3, and La*3 yielded 
different XRD patterns, and the resulting compounds did not 
exhibit the Meisner effect at liquid-nitrogen temperature. This 
finding suggests a correlation between the ionic radius of the 
central M*3 ion and high-temperature superconductivity. Only ions 
with atomic radii smaller than approximately 0.93 A exhibited 
superconductivity, as summarized in Table 1. 

Since the superconductivity depends strongly on the excess of 
oxygen that can be acquired during the annealing process, it 
seems that only open structures with a small central ion permit 
easy diffusion of the oxygen into the lattice. 
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Table 1 
Ionic Radii and Superconductivity 

Ionic Radii (A) 
superconductors nousuperconductors 
Yb 
Er 
Y 
Ho 
Dy 

0.858 
0.881 
0.893 
0.894 
0.908 

Gd 
Eu 
Sm 
La 

0.938 
0.950 
0.964 
1.016 

Reference 
[1] R. Beyers et al., Rppl. Phgs. tett. 50:1918 (1987). 

The Effect of Substrate Mismatch on the LPE of 
HgZnTe and CdZnTe Layers [1] 

A. Sher, A. Raizman, and D. Eger 

Liquid-phase epitaxial growth of Hg Zn Te (0.16<x<0.24) and 
Cd. Zn Te (0<ys0.20) was carried out on Cd Zn Te substrates 

l-y y 1-z z 
(0<z<0..'•;). The effect of the lattice mismatch on the surface 
morphology, the interface between the epilayer and the sub
strate, and the crystalline quality of the epilayers was stud-
led. Phenomena typical of growth in specific ranges of lattice 
mismatch, also influenced by the initial degree of supercooling 
of the growth solution, were found. The layers of each system 
were categorized into various types, according to the effect of 
these two parameters on layer characteristics. The relation 
between the Hg Cd Te/CdTe hetereostructure and this classifica
tion is indicated. Systematic study of the dependence of epi-
layer thickness on the growth conditions helped reveal the role 
of the strain energy, originating in the lattice mismatch, which 
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might be involved in the formation of the various layer types. 
In the HgZnTe system, conditions of large negative lattice mis
match and low supercooling led to homogeneous meltback of the 
substrate. The meltback was followed by regrowth of a continu
ous, mirror-like layer with a fairly smooth interface but poor 
crystalline quality. In the CdZnTe system, the meltback, which 
was induced by the lattice mismatch, was localized in micro-
fissures, tracing preferential crystallographic directions, "or 
comparable lattice mismatch, the supercooling of the growth 
solution required by the CdZnTe system to prevent substrate 
meltback was much higher than that required by the HgZnTe 
system. 

Reference 
[1] A. Sher, A. Raizman, and D. Eger, J. Crust. Growth 87:507 

(1988). 

Electrical and Optical Properties of 
Doped Epitaxial Layers of MCT 

6. Sarusi, A. Zemel, and D. Eger 

One of the most commonly used methods for preparing epitaxial 
layers of MCT (HgCdTe) is liquid-phase epitaxy (LPE). A tellurium-
rich solution produces as-grown p-type layers. The conduction 
typs and carrier concentration of the layers are usually 
controlled by native defect doping using suitable post-annealing. 
However, it is very difficult to ensure the reproducibility 
required for device-quality material. 

Efforts have recently been made to replace native defect dop
ing by external impurity doping in order to achieve high perfor
mance and a stable junction for photovoltaic devices. Heavily 
doped layers are required for producing good ohmic contacts, p-n 
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junction injecting diodes, and waveguide structures in photo
electric infrared devices. 

The results of galvanomagnetic and optical measurements of 
Cu- and Ga-doped HgCdTe layers grown from a Te-rich solution by 
LPE are presented. The dopant atomic fractions in the growth 
solution were in a range of 10" to 10" . 

There was good correlation of carrier concentration between 
galvanomagnetic measurements and the optical spectrum. 

Photoelectroniagnetic Effect in p-Type HgCdTe Layers Grown by 
Liquid-Phase Epitaxy [1] 

D. Mordowicz, A. Zemel, A. Zussman, and D. Eger 

Photoelectromagnetic-effect measurements of p-type Hg CD Te 
layers were made at 80 K as a function of the magnetic field. A 
negative (anomalous) effect was observed. The basic properties 
of the minority carriers, mobility, lifetime, surface, and 
interface recombination rates were determined by fitting the 
experimental data to the theory. The results are summarized in 
Table 1. 

Table 1 
Parameters obtained by fitting experimental data to the theory 

Sample 1 
Sample 2 

(cm /Vs) 

5X10* 
4 .9X10* 

L 
(cm) 

4.57X10":) 
3 .5X10" 3 

S 
I 

(cm/s) 

2.45X10* 
3 . 1 5 X 1 0 5 

S

2 

(cm/s) 

1X10* 
2 . 5 X 1 0 

K 
( 5 . 5 ) 
(cm"1) 

5 . 1 X 1 0 3 

4 . 4 X 1 0 3 

K 
( 2 . 5 ) 
(cm"1) 

5 . 7 X 1 0 3 

5 . 8 X 1 0 3 
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Phys. Lett. 51:2239 (1987). 

X-Ray Study of the Crystalline Structure of CdTe Layers Grown on 
(001), {111) A, and (lll)B CdTe Surfaces by MOCVD [1] 
M. Oron, A. Raizman, H. Shtrikman, and G. Cinader 

CdTe layers grown by MOCVD on (ill)A, (lll)B, and {001) CdTe 
substrates exhibited substantial differences in crystalline 
microstructure. Layers were examined by X-ray double-crystal 
diffractometry using both symmetric and asymmetric reflections. 
The latter permitted the resolution and identification of the 
(111) microtwins. The (lll)B layers were found to consist of 
lamella microtwins, while (111) A layers contained double-
positioning-type twins and had a better structural quality. The 
{001) layers exhibited the best crystalline quality and were 
found to be free of (ill) twins. The differences between 
{111) A and {111} B layers are explained in terms of three-
dimensional vs. two-dimensional growth mechanisms in the two 
orientations. 

Reference 
[1] M. Oron, A. Raizman, H. Shtrikman, and 6. Cinader, Appl. 

Phys. Lett. 52:1059 (1988). 
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Determining the (001) Crystal Orientation of CdTe Layers 
Grown on {001} GaAs [1] 

H. Shtrikman, M. Oron, A. Raizman, and G. Cinader 

Various possibilities for determining the orientation of CdTe 
layers grown on { 001) GaAs, especially the {001) orientation, 
are discussed. This latter growth orientation is characterized 
by a three-dimensional nucleation mechanism, as compared to the 
two-dimensional growth mechanism that controls growth in the 
{ 111) orientation. A thin layer of ZnTe deposited directly on 
the oxide-free GaAs surface can be used to determine the (001) 
orientation, eliminate {111) phases, and enhance two-dimensional 
growth of the CdTe layer, resulting in improved crystal quality 
and smooth surface morphology. CdTe layers grown in the (ill) 
direction on oxide-free (001) GaAs substrates contain {ill} 
rnicrotwins and an intermixed {001} phase. 

Reference 
[1] H. Shtrikman, M. Oron, A. Raizman, and G. Cinader, J. Elec

tron. Mater. 17:105 (1988). 

ZnTe Layers Grown on GaAs Substrates by Low-Pressure M0CVL. [1] 
H. Shtrikman, A. Raizman, M. Oron, and D. Eger 

ZnTe epitaxial layers were grown on {001} -oriented GaAs sub
strates by low-pressure M0CVD. All the ZnTe layers grew in the 
{001) direction, with a slight misorientation with respect to 
the underlying substrate. The layers exhibited an elongated sur
face structure in the {110} direction. The FWHM value of the 
rocking curves diminished with increasing layer thickness, satu
rating toward 250". Beyond approximately 2.5 Mm the layer qual
ity did not improve significantly with increasing thickness. 
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[1] H. Shtrikman, A. Raizman, M. Oron, and D. Eger, J. Cryst. 

Growth 88:522 (1988). 

MOCVD Growth of CdTe-ZnTe Superlattices [1] 
H. Shtrikman, A. Raizman, M. Oron, and D. Eger 

MOCVD growth of CdTe-ZnTe superlattices is reported for the 
first time. The superlattices were grown on (001) GaAs sub
strates using a CdTe or ZnTe buffer layer. A typical cross-hatch 
pattern, which can be related to strain relief, was found in all 
superlattices not matched to their buffer layer. X-ray diffrac
tion patterns indicated that the superlattices were free-stand
ing, regardless of the buffer layer used. The periodicity of the 
superlattice was deduced from the satellite peak sequence. 

Reference 
[1] H. Shtrikman, A. Raizman, M. Oron, and D. Eger, Mater. 

Lett. 5:345 (1987). 

Structural Characterization of CdTe Single Crystals 
M. Azoulay, G. Gafni, A. Raizman, and M. Roth* 

Crystals of improved quality were obtained by strictly con
trolling the growth conditions: computerized temperature con
trol, thermal field design, and growth-atmosphere determination. 
Both seeded ((ill) orientation) and unseeded crystals were grown 
and characterized using X-ray double-crystal rocking curves 
(DCRC) and epd metallographic analysis. 

Habriw UnivcrMity off J«ruHlan 
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The overall crystalline quality of the crystals grown by VGF 
was superior to commercially available crystals. 

DCRC mapping showed uniform diffraction patterns, with a typ
ical FWHM of 20—40 arc sec for the seeded crystals across an 
area of 20X20 nun2. 

Unseeded crystals exhibited broader FWHM, typically 50—100 
arc sec, with apparent anisotropy, as determined by rotating the 
crystals around the axis perpendicular to the (ill) crystallo-
graphic plane. 

The results of metallographic studies agreed with the DCRC as 
to the higher quality of the seeded CdTe crystals. The latter 
exhibit epd of less than 104 cm'2. By contrast, the unseeded crys
tals clearly displayed a cellular structure. 

The improved crystalline quality of seeded crystals is con
sidered to result from the fact that the growth interface is 
parallel to the (111) plane, whereas for unseeded crystals there 
is a random angle between the growth interface and the (ill) 
plane. 

Study of Structural Ordering In Hgx CdTe by 1 2 5Te NMR [1] 
D. B. Zax," S. Vega,* N. Yellin, and D. Zamir 

High-resolution solid-state NMR experiments were used to 
study bonding in the semiconductor alloy system Hg Cd Te for a 
broad range of x. Based on measurement of the 1 2 5Te chemical 
shift and its sensitivity to coordination effects, here demon
strated for the first time, it can be concluded that Hg and Cd 
are not randomly distributed in the alloy lattice. 

W«izMnn Institute of Scianca. Rahovot 
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Lett. 138:105 (1987). 

» 
NHR Studies of II-VI Semiconductor alloys 

D. Zamir, K. Besha,* P. Becla,* P. A. Wolff,* 
R. G. Griffin,* D. Zax,** S. Vega," and N. Yellin 

It has recently become clear, especially after the discovery 
of a bimodal distribution of nearest-neighbor-bond length in 
semiconductor alloys by EXAFS [1], that local features in these 
alloys play a decisive role in determining their properties. 
Models have been proposed to explain these properties [2,3]; they 
include assumptions such as charge transfer and deviation from 
random distribution (clustering). There is as yet very limited 
experimental evidence that these phenomena do occur. Nuclear 
magnetic resonance (NMR) is one of the few approaches that can 
be used to study local properties of solids. We report on the 
use of NMR to examine four semiconductor alloys: Cd Zn Te and 

l-X X 
Hg. Cd Te, which are common anion systems, CdTe Se , a common 

=1-X X "" l-X X 
cation system, and Cd Mn Te, a magnetic semiconductor alloy. 
Information about clustering and charge transfer was obtained. 
References 
[1] J. C. Mikkelsen, Jr., and J. B. Boyce, Phys. Rev. B 28:7130 

(1983). 
[2] J. L. Martins and A. Zunger, Phys. Rev. B 30:6217 (1984). 
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Study of Surface-Molecule Interactions Using Nuclear-Resonance 
Photon Scattering [1] 

R. Moreh 

Nuclear-resonance photon scattering from the 6324 keV level 
in 1 5N was used to study the surface-molecule interaction of 
nitrogen (N ) and other N-containing gas molecules (such as NO 
and NO) adsorbed on graphite [2,3]. The zero-point energies of 
the out-of-plane vibrational and librational motions of the 
molecules with respect to the adsorbing graphite surface were 
determined, and the out-of-plane orientation of the molecules 
versus T and as a function of the coverage were measured. The 
results can also be used for testing calculations based on 
molecular-dynamics simulations as well as calculations of the 
phonon spectra of the adsorbed-gas-graphite system. 

References 
[1] R. Moreh, Israel Physical Society Meeting (Tel Aviv Univer

sity, April 1987); Bull. Isr. PJiys. Soc. 33:97 (1987). 
[2] R. Moreh and 0. Shahal, Phys. Rev. Lett. 43:1947 (1979). 
[3] R. Moreh and 0. Shahal, Surf. Sci. 177:1963 (1986). 

Neutron Diffraction Study of Residue HNO -Graphite Intercalation 
Compound 

H. Pinto, M. Melamud, and R. Moreh 

HNO -graphite intercalation compounds (GICs) have been 
reported to be unstable upon exposure to air and to transform 
gradually from normal C (HNO ) to residue Ĉ  (HNO ) compounds 
[1,2], where n is the stage index. 

A sample (1.8 g) was obtained from a normal GIC, containing a 
mixture of second and third stages, exposed to air for two years 
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[3]. The X-ray diffraction pattern is consistent with a third-
stage residue compound [3]. The neutron (A = 2.4 A) diffraction 
pattern of this sample was taken on the KANDI III diffractometer 
(Kjeller Automatic Neutron Diffractometer ill, Noratom, Norway) 
with scattering vector perpendicular to the {001} planes. This 
pattern is consistent with a mixture of third- and fourth-stage 
residue compounds. The lattice constant c is 26.5 A and 49.8 A 
for the third and fourth stages, respectively (Fig. 1). 

A quantitative analysis of the components of the mixture and 
of the orientation of the HNO molecules is under way. Studies of 
the low-temperature structure and the temperature dependence of 
the lattice constant c are also planned. 

1 — i — i — i — i — r — i — T T P — i — • — i — i — i — • — r 
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Fig. 1: Neutron (A « 2.4 A) diffraction pattern of the resi
dues mixture. Indices with 2 = 2n (lower) and 1 = 3n 
(upper) correspond to the third- and fourth-stage 
residue, respectively, using the c values cited in the 
text. 
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anomalous Behavior of the Ni Bonding Strength in Some 
LaNi Al H Compounds 

5-x x y 
I. Jacob,* R. Moreh, 0. Shahal, A. Wolf, and G. Zamir 

It was recently shown [1] that good agreement exists between 
the vibrational energies (effective temperatures, T ) derived 
from nuclear-resonance photon scattering (NRPS) and neutron 
inelastic scattering (NIS) for pure Ni and Pb. The T results 
from the NRPS may be of interest for various compounds in addi
tion to that provided by NIS. 

The bonding strengths of Ni in LaNi Al (0<x<1.5) and in 
LaNi Al H (0.5<x<1.5) are here reported for the first time. 

5-x x y 
The resonantly scattered intensity (RSI) of the 7.646 MeV 

gamma rays from 6JNi in these compounds was compared to the cor
responding intensity from pure Ni utilizing the NRPS technique. 
A significant drop in the RSI occurs at x = 0.25, followed by a 
gradual increase for 0.25<x<1.5. The RSI of Ni in the hydrides 
investigated (0.5<x<1.5) is in general higher than in the corre
sponding unhydrided interm<stall.tn compounds. This may explain 
the peculiar hydrogen-absorption properties of aluminum-substi
tuted intermetallic compounds. 

B«n-Gurlon Univaraity of tha Nagav. Baar-Shava 
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We propose using the NRFS technique to shed light on the 
bonding strength of specific atoms like Cu and Sr in the new 
high T superconductors. 

Reference 
[1] I. Jacob, A. Wolf, 0. Shahal, and R. Moreh, Phys. Rev. 

B 33:5042 (1986). 

The Growth of Single Crystals of Optical Materials via the 
Gradient Solidification Method 

A. Horowitz, S. Biderman, G. Ben Amar, U. Laor, 
M. Weiss, A. Stern, Y. Einav, Y. Ben-Navat, E. Shemesh, 

D. Noiman, and X. Argaman 

Large, high-quality, single crystals of sapphire and calcium 
fluoride are routinely grown at the NRCN laboratories by means 
of the Gradient Solidification Method (GSM). This method was 
initially developed for the growth of dome-shaped sapphire crys
tals and later applied to the production of bulk cylindrical 
crystalline boules. The crystals currently grown have diameters 
of 150 mm and 85 mm for sapphire and calcium fluoride respec
tively. Growth procedures for larger-diameter sapphire crystals 
(up to 12") are under development. The growth processes were 
investigated and crystal imperfections (i.e., grain boundaries, 
twins, scattering centers, etc.) were correlated with various 
growth conditions. The optical and mechanical properties of the 
crystals were measured on fabricated components. 
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The Confined Vertical Growth of 
Bismuth Single Crystals [1] 

A. Horowitz, B. Herman, R. Reshef, and F. Broltman 

The growth of single crystals of many modern semiconductor 
materials by confined vertical methods has been belittled in the 
literature; the misunderstanding arises from the expansion of 
these materials upon solidification. However, theoretical con
siderations [2] as well as experimental evidence [3,4] reveal 
that the undirectional solidification of semiconductors in cru
cibles is not only possible, but even advantageous for certain 
materials. Moreover, the undirectional solidification of some 
materials that do not expand upon solidification (e.g., CdTe and 
other II-VI compounds) yields crystals of poor quality. Analysis 
of the factors involved reveals that the problems with the con
fined vertical growth of semiconductors are related to concave 
growth interfaces caused by the lower thermal conductivity of 
the materials compared to the crucible materials. Experiments in 
growing bismuth crystals in crucibles made of four different 
materials, with different thermal conductivities, establish the 
validity of the above considerations. 

References 
[1] A. Horowitz, B. Herman, R. Reshef, and F. Broitman, 53rd 

Conference of the Israel Chemical Society, Ben-Gurion 
University of the Negev (Beer-Sheva, February 1988), 
p. 132. 

[2] A. Horowitz and Y. S. Horowitz, Mater. Res. Bull.. 21:1123 
(1986). 

[3] A. Horowitz, J. Makovsky, and Y. S. Horowitz, Mater. Res. 
Bull. 21:451 (1986). 

[4] W. A. Gault, E. M. Monberg, and J. E. Clemans, J. Cryst. 
Growth 74:491 (1986). 
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The Growth and Characterization of CaF Single Crystals 

G. Ben-Amar, S. Biderman, Y. Elnav, A. Horowitz, 
U. Laor, M. Weiss, Y. Ben-Navat, E. Shemesh, 

D. Noiman, and I. Argaman 

Single crystals of calcium fluoride are extensively used as 
optical components due to their excellent optical properties 
(transparency in tho range of 0.125—9 /im). They are also used as 
a host material for gamma-radiation detectors (CaF2:Eu) and for 
thermoluminescent dosimeters (CaF :Mn, CaF :Dy, and CaF :Tm). CaF 
can also be used as an optical window for high-power lasers in 
both the IR and UV ranges (HF/DF and excimer lasers). 

The Gradient Solidification Method (GSM) was developed and 
successfully applied to the growth of calcium fluoride single 
crystals. Crystals are grown in graphite crucibles in vacuum 
furnaces with graphite heating elements and insulators and 
molybdenum radiation shields. The location of the crucible in 
the furnace and cooling are optimized for heat transfer and 
coupling between temperature gradients and growth rates. Scav
enger material is added to prevent hydrolysis. The optimal con
ditions produce excellent state-of-the-art crystals; deviations 
from these conditions result in precipitates, bubbles, and poly-
crystallinity. The as-grown crystals are highly strained, and 
cracking frequently occurs during polishing. A post-growth 
annealing process was applied, but has not yet been optimized. 
The crystals were evaluated for optical transparency 
(0.125—10 urn range), monocrystallinity, and other physical prop
erties. The quality is comparable to that of the best commer
cially available crystals. 
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Electromagnetic Modes of a Ferromagnetic Slab [1,2] 
R. Ruppin 

The dispersion relations of the long-wavelength retarded mag
netic modes of a ferromagnetic slab were derived for a general 
direction of propagation and for two configurations: (a) slab 
magnetized in its plane, and (i>) slab magnetized perpendicular 
to its plane. 

The results are compared with the corresponding magnetostatic 
approximations, i.e, the Damon-Eshbach theory for configuration 
(a) and the Damon-van de Vaart theory for configuration (i). The 
parameters affecting deviations by the magnetostatic modes from 
the exact ones are discussed. The theory was applied to a calcu-
lai,. ii of the ferromagnetic resonance lines of an yttrium-iron-
garnet film, and the dependence of the propagation shift of the 
lines on sample dimensions demonstrated. 

References 
[1] R. Ruppin, J. Rppl. Phys. 62:11 (1987). 
[2] R. Ruppin, J. Appl. Phys. 62:3889 (1987). 
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Chemical Homogeneity and Electrical Resistivity in 
Bi Te -Bi Se Thermoelectric Alloys [1] 

2 3 2 2 j i. J 
D. Ilzycer, R. Dukhan, M. Shilo, M. Sinvani, 

and R. Weingarten 

The electrical resistivity and segregation of elements along 
Bridgman-grown ingots of the pseudo-binary system Bi Te -Bi Se , 
prepared under various growth conditions, were studied. The dis
tribution of Se during growth was measured by a radioactive iso
tope technique. The results are discussed in relation to the 
phase diagram of the pseudo-binary system. The distribution of 
the electrical resistivity alonj the grown ingots is interpreted 
in terms of Se segregation relative to Te segregation. The elec
trical resistivity depends on the distribution of both elements 
along the ingot. 

Reference 
[1] D. Ilzycer, R. Dukhan, M. Shilo, M. Sinvani, and P. Wein-

garten, 1st European Conference on Thermoelectrics (Car
diff, Wales, September 1987). 

Controlled Segregation of Dopant in Bridgman-Grown n-type 
Thermoelectric Alloys [1] 

D. Ilzycer, M. Sinvani, R. Dukhan, R. Weingarten, 
and M. Shi 1 oh 

Segregation of dopant and main elements in the Bridgman-grown 
n-type thermoelectric alloy (Bi Te,)„„(Sb,Te ) (Sb Se,) was stud-

Z 3 90 2 3 5 2 3 5 
ied, using radioactive isotopes to trace the distribution of 
their elements, and by measuring the distribution of the elec
trical resistivity, which corresponds to the concentration of 
charge carriers, along the grown ingot. The experimental results 
indicate the importance of controlling the ratio of the tempera-
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ture gradient to the growth rate in order to obtain uniform dis
tribution of dopant in normal freezs-grown materials. 

Reference 
[1] D. Ilzycer, M. Sinvani, R. Dukhan, R. Weingarten, and M. 

Shiloh, J. Cryst. Growth 87:107 (1988). 

Improved as Se Infrared Optical Fiber [1] 
A. Bornstein and M. Sinvani 

Infrared optical fibers transmitting in the 1—14 /am region 
permit both new electro-optical system designs and new system 
applications. The preparation of AsSa glasses in an oxygen-free 
atmosphere is reported. The method produces improved AsSe 
fibers. 

As Se glass preforms and fibers were characterized optically. 
The IR spectral-absorption coefficient of the bulk glasses 
agrees with that of the fibers drawn from them. The presence of 
a Se-H band at 4.57 pm (without HO bands) indicates the presence 
of very low amounts of oxide in the glass. Another indication of 
the low oxide level is the absorption coefficient for the 
intrinsic 2- and 3-phonon absorption band at 14.5 nm, which is 
0.37 cm'1, 40% less than measured previously. The losses at 
10.6 fim were measured by CO laser and by FTIR spectrometry. The 
average attenuation is less than 7 dBra. The minimum loss, mea
sured at 3.6 nm, is <0.1 dBm. 

Reference 
[1] A. Bornstein and M. Sinvani, in: Infrared Optical Materials 

and Fliers, Proceedings of SPIE annual symposium (San 
Diego, CA, USA, August 1987), vol. 843, p. 69. 
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Development of IR Graded-Index Elements [1] 

A. Bornstein, T. Tsalach, E. Elyasaf, 
and V. Atiya 

Graded Index material (GRIN) is used as a flexible means of 
problem-solving in special visual optics applications. For the 
optical designer GRIN serves as a novel additional design param
eter whose actual employment is limited only by the ability to 
produce the required index profile. The most widely used; commer
cially available GRIN material for the visible region is known 
under the name of Selfoc, a proprietary process of a Japanese 
firm. The high cost of IR-transmitting materials and the complex 
process of aspheric element fabrication suggest that IR GRIN be 
used as a flexible and cheaper alternative. To date only theo
retical work has been carried out on the use of GKXN elements in 
the IR region. 

An oriei «al method for fabricating graded-index elements from 
IR-transmitting chalcogenide glasses of different compositions 
has been developed. 

The composition and profile were measured by the EDAX tech
nique, radioactive tracing, and optical methods. The diffusion 
parameters, calculated for Se in As Se glass, were as follows: 
diffusion coefficient D - 3.65X10"6 cm2/sec; activation energy 
0 * 3.95 kcal/mol degree. 

Reference 
[1] A. Bornstein, T. Tsalach, E. Elyasaf, and Y. Atiya, in: 

Infrared Technology XIII, Proceedings of SPIE annual sympo
sium (San Diego, CA, USA, August 1987), vol. 819, p. 150. 
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Characterization of Carbon/Carbon Composite Materials: 
1. Mechanical Properties 

M. S. Dariel, S. Agam, Y. Rosenthal, V. Naveh, 
D. Edelstein, and 0. LeiUovits 

Mechanical tests were performed on samples of carbon/carbon 
(C/C) composite materials produced by a high-pressure, high-tem
perature process, using PAN-based graphite fibers, thermosetting 
resins, and aromatic pitches. The fiber configuration was four-
directional: z-direction (axial) and three additional symmetri
cally oriented directions in the x-y plane. The following tests 
were performed: three-point bending to obtain flexural strength; 
short-beam bending to obtain shear strength; axial compressive 
loading; hardness; and surface roughness. 

As no standard methods currently exist for C/C composites, 
test methods for graphite and carbon-fiber-polymer composites 
were adopted. Due to the small size of the source materials, the 
tests were performed on a limited number of small samples. To 
increase reliability, parallel tests were performed on samples 
of commercial ATJ graphite. 

Flexural strength (FS) was tested according to ASTM D-790 with 
reduced length/thickness ratio. A well developed C/C composite 
with density 1.96 was found to have a FS of 84 MPa (measured 
perpendicular to the fibers in the z [axial] direction). Control 
samples of ATJ gave rasults of 38±12 MPa, which is within the 
range given by the manufacturer. This indicates that the results 
are adequate for approximate calculations of strength values. 

Young's modulus of the C/C composite was 25 GPa (parallel to 
the z-axis), while that of graphite was measured as 8.8 GPa. The 
shear strength of the C/C composite, tested according to ASTM D-
2344, was 10.3 MPa (perpendicular to z-axis), double that of 
ATJ. The compressive strength of the C/C composite was 75 MPa 
(parallel to z-axis), similar to that of ATJ (ASTM C-695). 
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Fig. 1: C/C specimen after 3-point bending test. 

Fig. 2: C/C specimen after axial compression test. 

Hardness, measured according to ASTM D-2240 (used by graphite 
manufacturers), is given in Shore D units. The hardness of 
graphites is about 80. The hardness of the fiber region in the 
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C/C composite was found to be 70±10. The hardness of the matrix 
region was 75±10. 

The C/C composite has good machinability. Surface roughness of a 
sample polished with 6M diamond paste, measured by a Mitutoyo Surf-
test 4 Instrument, was 0.07-0.08 pm rms (better than N-4 of IS-780). 
Samples dry-polished on 600 paper and measured by a Perth-o-Meter 
gave results of 0.2—1.5 fin rms (equivalent to N5-N7 of IS-780). 

Determining Density Distribution in Carbon/Carbon Composites by 
Computerized Tomography 

M. S. Dariel, S. Agam, Y. Naveh, and M. Hirsch 

X-ray Computerized Tomography (CT) finds technical uses as a 
non-destructive test method (e.g., sorption processes [1]), since 
the absorption of X-rays is determined by the nature and quantity 
of the absorbing material in accordance with the Beer-Lambert rela
tion. CT imaging can determine quantitative density values from 
the local X-ray density attenuation in small-volume elements. 

CT (Elscint 2002, normal head mode) was applied to four-
directionally reinforced C/C samples (diameter = 65 mm) at vari
ous stages of processing to determine radial and axial density 
distributions, otherwise obtained as an average bulk parameter. 
A standard density-sampling procedure at predetermined points on 
CT sections of the sample provided data for subsequent statisti
cal analysis. In most cases three sections perpendicular to the 
longitudinal axis were sampled, each with nineteen 16-nun sam
pling windows. The measurements were expressed as CT-values. 

The linear correlation of average CT-value of C/C samples vs. 
bulk density (determined by a non-wetting buoyancy method) is 
expressed by the relation D * 1.09 + 1.19X10~3CT. Thus average 

Ban-Gurion University of th« Nagev, Baar-Shava 
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densities and standard deviations could be computed for sample 
sections, core, and peripheral shell, and total density distri
bution in the sample determined in a non-destructive manner. No 
large voids, cracks, or other density irregularities were found 
in the samples (Fig. 1). 

Table 1 
Some Density Distributions Calculated from CT-Values 

Bulk Sec. A S«c. B Sec. C Cora Periphery 

Avg. Std. Avfl. Sta. Avg. Std. Avo- Std. Avo Std. 

1.37 
1.67 
1.79 
1.97 

1.383 0.014 
1.691 0.009 
1.808 0.012 
2.022 0.015 

1.386 0.005 
1.691 0.008 
1.802 0.006 
2.013 0.020 

1.390 0.006 
1.697 0.006 
1.803 0.005 
2.013 0.016 

1.391 0.005 
1.690 0.008 
1.806 0.007 
1.999 0.009 

1.383 0.011 
1.695 0.008 
1.804 0.009 
2.205 0.013 

Sac. - Section across sample 
Std. - Standard deviation 
Avg. - Arithmetic mean 

Commercial polycrystalline graphite was found to have a den
sity variation <1% in the axial direction and about 2% in the 
radial direction. The periphery was slightly denser than the 
core, probably because of preferred infiltration following the 
extrusion of graphite rods. C/C samples, by contrast, exhibited 
<1% variation in both the axial and radial directions, probably 
due to better infiltration caused by the use of high pressures. 
The standard deviations were of the same magnitude, between 0.5% 
and 1%. The carbon/carbon process thus provides higher and more 
uniform density in composites as compared to polycrystalline 
graphite, in addition to other improved properties [2]. 
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Fig. 1: X-Ray Computerized Tomograph Imaging of C/C Composite 
Section 

References 
[1] A. Lottaz and A. Lavanchy, Carfcon 25:533 (1987). 
[2] M. S. Dariel, S. Agam, D. Edelstein, and 0. Leibovits, 

Israel AEC Report NRCN 228/87. 

Deposition of Boron Carbide Coatings on Carbon and Graphite 
by CVD [1] 

M. S. Dariel, S. Agam, 0. Leibovits, D. Edelstein, 
and H. Gleizer 

Boron carbide is an interesting technological materia: 
because of its exceptional hardness, refractory nature, and higl 
Young's modulus and strength. 

It belongs to the well-known group of non-metallic hard mate' 
rials that includes silicon carbide and nitride, boron nitride 
and diamond. Dense boron carbide for abrasive-wear uses is fab 
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ricated by hot pressing or pressureless sintering, which require 
temperatures well in excess of 2100*C and the use of additives 
in order to obtain high density and small grain size. 

Chemical-vapor deposition of boron carbide from the gas phase 
can be obtained at temperatures as low as 900 'C at near-
atmospheric pressures. The incorporation of boron-carbide— 
coated fibers into monolithic boron carbide is expected to 
improve its brittleness and low fracture toughness. 

The deposition of boron carbide on carbon and graphite was 
investigated in a hot-wall CVD reactor. A homogeneous layer of 
amorphous boron carbide was deposited under surface-
kinetics-dominated conditions of low temperature and high gas 
phase saturation (Fig. 1). The boron carbide deposit was identi
fied by x-ray diffraction after heat treatment at 1450°C and by 
chemical analysis (Table 1). 

Fig. 1: Fine-grained, amorphous boron-carbide deposit on fused 
silica. 
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Table 1 
Powder Diffraction Data 

h k l " HKLb •* 
Exp B C * 

13 2 

* 
B C 

5.6 

B C* 
4 

I 

d d d d 

111 
211 
110 

021 
104 
012 

2 . 3 8 0 
2 .589 
3 .792 

2.39 
2.58 
3.83 

2 . 4 0 
2 . 5 9 
3 . 8 1 

2.38 
2.57 
3.78 

10 
8 
7 

Carbon % 16 14.4 1 6 . 1 8 21.8 

L. Vanderbulke and G. Vuillard, J. Less Comm. Met. 82:49 (1981). 
Obtained from boron carbide deposited by CVD at 920°C, after 
heat treatment at 1450°C (this work). 

* rhombohedral b hexagonal 

Reference 
[1] M. S. Dariel, S. Agam, 0. Leibovits, D. Edelstein, and H. 

Gleizer, 53rd Conference of the Israel Chemical Society, Ben-
Gurion Univ. of th6 Negev (Beer-Sheva, Feb. 1988), p. 128. 

HIP of Si H : Processing, Properties, and 
Hicrostructure Relations [1] 

0. Yeheskel, Y. Gefen, and M. Talianker 

Silicon nitride was processed by hot isostatic pressing (HIP) 
at 1770-2073 K and pressures up to 172 MPa. The density of 
additive-free Si N was measured, and its elastic properties 
determined by ultrasonic method. There was a correlation between 
processing method and properties. Higher density was achieved 
for Y 0 addition to Si N . Less than 4(w/o)Y 0 was sufficient to 

B*n-Gurion University of the Negev. Beer-Sheva 
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denslfy Si N at 2023 K and 200 MPa. The microstructure and phase 
composition depended on the composition of the starting ponder, 
temperature, and pressure. The elastic moduli and hardness of 
the Si N were a function of Y 0 content. The effect of 

3 * 2 3 
microstructure on hardness is explained, and the effect of pow
der processing on the properties of dense Si N discussed. 
Reference 
[1] 0. Yeheskel, Y. Gefen, and M. Talianker, in: Proceedings of 

3rd International Conference on Isostatic Pressing (London: 
MPR Publ. Serv., November 1986), vol. 1, pp. 20-21. 

The Effect of Impurities on the Density and Microstructure of 
HIP Silicon Nitride 

0. Yeheskel 

Various attempts have been made during the last ten years to 
Hot Isostatically Press (HIP) additive-free Si3N4 [1-8]. The 
effect of HIP temperature, pressure, and dwell time, and of the 
chemical composition of the starting powder on density and phase 
composition was studied by Yamada et al. [3]. The density tends 
to increase with HIP temperature, pressure, and time. No corre
lation between density and chemical composition is indicated. 

The effect of a BN or SiO canister lining on the density and 
mechanical properties of reaction-bonded Si N that underwent HIP 
was shown by Weston et al. [6]. They showed that slightly higher 
density and strength are achieved with SiO liners; on the other 
hand, with the BN lining the oxygen content decreased as the HIP 
temperature increased. The last result indicates that the SiO on 
the particle boundaries decomposes and volatizes at high tem
perature. The present communication shows the effect of some impu
rities on the density and the microstructure of additive-free Si N . 
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The Magnetic Phase Diagram of the Uas Se System Studied by 
Neutron Diffraction from Single Crystals' [1] 

M. Kuznietz, P. Bur let, J. Rossat-Mignod, and 0. Vogt 

The magnetic phase diagram of the UAs Se system (temperature 
versus composition) was determined from neutron diffraction mea
surements in a zero applied magnetic field on single crystals 
with x * 0.03, 0.05, 0.10, 0.20, 0.25, 0.30, 0.40 and 0.50, as well 
as from measurements in finite applied magnetic fields on single 
crystals with x = 0.10, 0.20, 0.25 and 0.30 (Fig. 1). For x<0.40 an 
incommensurate magnetic ordering (k * [0,0,k]; m-> || k) 
develops below T down to T . The k-value at T decreases wibh 
increasing x; at decreasing temperatures the k-value approaches 

ExparlNantal work parformad at th« Cantra d'Etudaa Nuclaairas da Granobla, Francs 
Cantra d'Etudaa Nuclaairaa, Grenobla. Franca •• 
Laboratorliw fur Faatkc-rparnhyaik. Zurich. Switzerland 

132 



the commensurate value below T . At T an Incommensurate-
ic ic 

commensurate transition leads to the type-X phase (k=l) for 
x<0.05 (with a subsequent transition to type IA at T ), to the 
type-IA phase (k=%) for 0.05<x<0.30, and to the squarlng-up of 
the (5+,4-) phase (k<*0.224) for x=0.40 below T^90 K. For x>0.50 
the ordering is ferromagnetic. The nature of the multi-k 
structure is determined from measurements in finite fields. With 
the previously established single-k structure of type I (in 
UAs), the UAs Se system exhibits single-k, double-k , and 
triple-k structures. A double-k —triple-k transition occurs 
for x°<0.15 in the type-IA phase and for x<*0.22 in the incommen
surate phase (Fig. 1). The ordered magnetic moment at T = 4.2 K 
is practically independent of the ordering (m<*2u ). 

0.40 0.60 
Stllnium cont«nt,X (USt) 

Fig. 1: The magnetic phase diagram (temperature vs. composition) 
of the UAs Se system in a zero applied magnetic field, 
determined by neutron diffraction from single crystals. 
The multi-k structure of the commensurate and incom
mensurate phases is deduced from measurements with finite 
magnetic fields parallel to the {110) direction. 
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Liquid Separation Effects in Fe-Cu Alloys Solidified at 
Different Cooling Rates [1] 

A. Munitz 

The effect of cooling rates on the microstructure of Fe-Cu 
alloys was investigated. A variety of solidification techniques 
was employed in order to obtain a wide range of cooling rates. 
At high cooling rates (about 10* K/sec), and in the composition 
range 30 to 80 w/o Cu, the microstructures showed clear evidence 
of metastabie liquid separation. This indicates a supercooling 
of the melt of about 50 to 100 K. It was found that liquid sepa
ration coupled with higher interfacial velocities resulted in 
solute trapping and spherical morphology of one of the solids. 
At cooling rates below 10* K/sec no liquid separation was 
observed, and the alloys solidified in a conventional manner, 
i.e., with a polycrystalline or dendritic microstructure, 
depending on the Cu content. It was also found that the type of 
the Tf-Fe to a--Fe transformation that occurs during cooling after 
solidification depends on the cooling rates as well as on the Cu 
content of the 7-Fe phase. At intermediate cooling rates the 
transformation is martensitic, while at low or high cooling 
rates a polycrystalline structure is observed. 

Reference 
[1] A. Munitz, Met. Trans. B 18:565 (1987). 
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Neutron Irradiation Effects in 
Commercial-Purity Type A5 Aluminum 

A. Munitz 

The effect of neutron irradiation on commercial-purity type-
A5 aluminum was investigated by scanning electron microscopy, 
transmission electron microscopy, and tensile measurements. Dur
ing irradiation. Si precipitates, while the dislocation density 
decreases with fluence. No voids could be observed up to flu-
ences of 8X10 2 1 thermal neutrons/cm2. Both ultimate tensile 
strength and elongation were found to increase along with flu
ence. The increase in the ultimate tensile strength can be 
explained by precipitation-hardening theory. We attribute the 
increase in both ultimate tensile strength and elongation to the 
increased work hardening of the aluminum due to Si precipita
tion. The mechanical properties were independent of the drawing 
direction. The results are discussed in terms of existing 
irradiation-effect theories. 

Irradiation-Induced Cracking in U-0.1 Wt Pet Cr 
Nuclear Fuel Elements 

A. Munitz, Z. Livne, and G. Kimmel 

The effects of irradiation on cracking of U-0.1 Wt Pet Cr 
nuclear fuel elements were investigated as a function of irradi
ation levels up to 1450 MWd/t. The pulse-echo technique was uti
lized to locate transverse cracks in the elements after termina
tion of irradiation while they were still inside the cooling 
pool. For post-irradiation testing, a special bending machine 
was built to bend fuel elements until fracture. Examination 
revealed three types of cracks: transverse, radial, and circum
ferential. Transverse cracking did not seem to have a burn-up 

135 



level threshold, since transverse cracks could be found at burn-
up levels as low as 200 MWd/t; but the number of cracked fuel 
elements increased with the burn-up level. On the other hand, 
threshold burn-up levels of 1200 MWd/t and 1300 MWd/t were needed 
to create radial and circumferential cracks, respectively. 
Qualitative explanations of the various cracking effects^ are 
given. 

The Influence of Heat-Treatment at 1300°C on the Internal 
Morphology of Tantalum, Tantalum—10 w/o Tungsten, and Tungsten 
Foils, and the Additional Effect of Immersion in Liquid Uranium 

M. Kuznietz, Z. Livne, C. Cotler, and G. Erez 

The internal morphology of 0.3-mm-thick foils of tantalum, 
tantalum—10 w/o-tungsten, and tungsten was investigated with an 
optical microscope and with a scanning electron microscope 
capable of microanalysis by EDAX. The foils were compared as 
received, heat-treated at 1300*C for 20 hours (for tantalum also 
for 40 hours), and after immersion and reaction with liquid ura
nium for 20 hours at 3 300°C. The heat-treatment does not influ
ence the internal morphology (grain size) in tantalum and 
tantalum—10 w/o tungsten; the multilayer structure of these foils, 
following the immersion experiments is due solely to the effect 
of liquid uranium, and depends on prior annealing (Fig. 1). 
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Fig. 1: EM photo
graphs showing the 
four-layer structure 
of tantalum foils 
reacted with liquid 
uranium at 1300*C foi 
20 hours. From top to 
bottom: outer U, 
columnar Ta. inner U, 
and inner Ta layers. 
(a) unannealed foil — 
thick (90 pm) columnar 
Ta layer and no change 
in total foil thick
ness. 
(b) foil annealed in 
vacuum at 1300*C for 
20 hours — rather 
thin (<10 um) columnar 
Ta layer and large in
crease in total thick
ness due to penetra
tion by liquid U 
The white bars repre
sent 0.1 mm length. 

In tungsten the heat-treatment changes the dominant flow-line 
character of the foil into a grain structure; the foil structure 
following the iamersion experiment is due to the combined effect 
jf heat-treatment and uranium penetration. 



Diffusion of Liquid Uranium into Foils of Tantalum Metal and 
Tantalum—10 w/o Tungsten Alloy at Temperatures up to 1350*C [1] 

M. Kuznietz, Z. Livne, C. Cotler, and G. Erez 

Immersion experiments were performed in zirconia crucibles to 
investigate the diffusion of liquid uranium into 0.3-mm-thick 
foils of tantalum metal and tantalum—10 w/o tungsten alloy in 
the temperature range 1160°C—1350<IC, for reaction times of up to 
20 hours. The original and uranium-reacted foils were studied 
microscopically (SEM-EDAX); a multilayer structure was detected 
in the reacted foils. The following layers were identified for 
tantalum immersed in uranium (Fig. 1): Uranium-tantalum (U/Ta 
a l ) , precipitated columnar tantalum (<1 w/o U), inner uranium, 
and inner tantalum (with grown grains and uranium along grain 
boundaries). The following layers were identified in the Ta—10 
w/o W alloy immersed in uranium (Fig. 2): Uranium-tantalum (U/Ta 
°a, 0.3 w/o W), precipitated tantalum (<1 w/o U, down to 1-2 w/o 
W), and inner Escher-type grains of tantalum-tungsten (up to 18 
w/o W) and of uranium (<2 w/o Ta, <0.4 w/o W). A mechanism for 
the multilayer formation and the intrusion of liquid uranium 
into the solid foils is proposed and substantiated. 

Reference 
[1] M. Kuznietz, Z. Livne, C. Cotler, and G. Erez, 17""e 

Journees des actinides (Lausanne, Switzerland, March 1987). 
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Fig. 1: SEM photographs showing the 
multilayer structure of tanta
lum foils reacted with liquid 
uranium in the following tem
perature/time conditions: 

(a) 1160"C/20 hours 
(b) 1185°C/20 hours 
(c) 1210°C/2.5 hours 
(d) 1210°C/10 hours 
(e) 1210*C/20 hours 
(f) 1255-C/20 hours 
(g) 1300"C/20 hours 
(h) 1350*C/20 hours 
The white bars represent Q.l mm. 
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Fig. 2: SEM photographs showing the 
multilayer structure of 
Ta—10 w/o-W foils reacted with 
liquid uranium in the following 
temperature/time conditions: 

(a) 1160*0/20 hours 
(b) 1185-C/20 hours 
(c) 1210*C/2.5 hours 
(d) 1210*C/10 hours 
(e) 1210*C/20 hours 
(f) 1255*C/20 hours 
(g) 1300*C/20 hours 
(h) 1350*C/20 hours 
The white bars represent 0.1 mm. 
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Hydrogen Embrlttlement of Austenitic 
Stainless Steel Welds [1] 

F. Simca 

Hydrogen embrittlement of thin-sheet austenitic stainless 
steels (304L and 316L), welded by TIG and laser techniques 
respectively, is discussed. The fusion zone and the obtained 
microstructure are characterized as a function of the welding 
technique, and the relationship between these factors and the 
degradation of mechanical properties as a result of hydrogen 
embrittlement is determined. Specimens were exposed to hydrogen 
according to two methods: cathodic precharging followed by 
pulling in air; and pulling concurrent with cathodic charging 
{in situ). The solidification morphologies of 304L and 316L 
steels were found to be similar after TIG welding and very dis
similar after laser welding. Furthermore, large morphological 
differences between TIG and laser welding were observed. With 
the measurement methods used in the present study, S ferrite was 
detected only in 316L TIG welds. It was established that 
cathodic precharging in the 316L steel, whether welded or 
smooth, introduces a larger quantity of hydrogen than in the 
304L steel. The degree of surface cracking in the absence of 
externally applied stresses was a function of cathodic precharg
ing time (i.e., the quantity of hydrogen introduced). This sur
face cracking appeared to be more severe with both welded and 
smooth 304L steel. Cathodic precharging in the absence of exter
nal stress was found to induce phase transformation to t and a' 
in all specimens tested, with the exception of smooth 316L, 
where only e martensite was detected. Both smooth and welded 316L 
steel were less affected by hydrogen embrittlement than 304L 
steel. Laser-welded specimens of 316L steel were found to be 
more resistant to hydrogen embrittlement than smooth areas. 
Exposure of all smooth specimens to hydrogen induced changes in 
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the values and ranges of Hollomon strain-hardening exponents. 
Hydrogen exposure of all specimens caused the fracture mode to 
change from fully ductile to a mixed ductile-brittle mode. 

Reference 
[1] F. Simca, Israel AEC NRCN-566 (1987). 

The Influence of Nitrogen Pre-implantation on the Properties of 
He-Implanted Materials [1] 

Y. Lifshitz and E. Cheifetz* 

The influence of a surface layer of implanted nitrogen on the 
properties of titanium hydride further implanted by He was 
investigated. Samples were implanted with 45-keV N* ions cm"2 to 
a total dose of 1.25X1017 ions cm"2 at room temperature. These 
samples, as well as identical samples not irradiated by N ions, 
were implanted with He ions at energies of 25 keV and 45 keV to 
doses ranging from 2X10 1 7 to 5.5X10 1 7 ions cm"2. Helium release 
from the implanted samples was increased by a factor of 2—4 in 
nitrogen-implanted samples. Nitrogen implantation also induced 
surface erosion and blistering at lower He fluences than in sam
ples not irradiated by N The radiation damage caused by N 
implantation apparently suppresses the possible enhancement of 
the irradiation resistance due to surface nitrogenation. 

Reference 
[1] Y. Lifshitz.and E. Cheifetz, Vacuum 37:265 (1987). 
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Effects of Gas-Phase Impurities on the Topochemical-Kinetic 
Behavior of Uranium Hydride Development [1] 

J. Bloch, D. Brami, A. Kremner, and M. H. Mintz 

The kinetics of the reaction of hydrogen with bulk uranium in 
the presence of oxidizing gaseous impurities (0 and CO) were 
studied using combined rate measurements and metallographic 
examination of partially reacted samples. The effect of the gas 
impurity (type and concentration) on the topochemistry of 
hydride phase development was correlated with the kinetic data. 

Below about 100'C the reaction of uranium with pure hydrogen 
consists of the following steps: (1) surface nucleation; 
(2) homogeneous growth (pitting); and (3) relatively fast lat
eral growth, leading to the formation of a reaction front that 
penetrates the sample at a constant rate. 

The different effects of 0 and CO on hydriding kinetics are 
related to their different abilities to block hydrogen penetra
tion into the uranium. 0 affects only the penetration through 
the oxide layer, whereas CO affects the penetration through both 
the oxide and hydride layers. 

Reference 
[1] J. Bloch, D. Br ami, A. Kremner, and M. H. Mintz, J. Less-

Common Met. 139:371 (1988). 

Interaction of an Electron Beam with CdCl Thin Films [1] 
J. Bloch, Y. Zeiri, and N. Shamir 

The effect of electron irradiation on CdCl thin films 
2 

(1000—4000 A thick) vacuum evaporated onto silicon wafer sub
strates was studied using Auger and electron-loss spectroscopy. 
Coloration occurred, together with a reduction of the Cl/Cd 
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intensity ratio. The loss spectrum also changed during irradia
tion. The irradiation induced changes were able to diffuse out 
of the irradiated area. 

Reference 
[1] J. Bloch, y. Zeiri, and N. Shamir, Rpp. Phys. Lett. 52:1136 

(1988). 

Electron Auger Spectroscopy of CdCl Thin Films during 
Electron-Beam Irradiation [1] 

J. Bloch, N. Shamir, and Y. Zeiri 

The interaction of electrons with CdCl. in the form of small 
patterned thin films was studied. Using the internal reference 
of the silicon substrate, it was found that the irradiation with 
electrons considerably reduces the Auger intensity of the atoms 
composing the CdCl sample. The rate of decrease had a complex 
exponential form with two or more slopes. The rate constants 
obtained for this decrease were found to depend on the recipro
cal volume of the film (areaXthickness). The results are 
explained on the basis of the formation of defect sites, which 
diffuse rapidly into the bulk sample. 

Reference 
[1] J. Bloch, N. Shamir, and Y. Zeiri, Surf. Sci. (1988, in press). 
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Recrystallizatlon of Copper Thin Films Following 
Laser Annealing [1] 

A. Venkert, Y. Zelrl, and J. Bloch 

The interaction of Ar* laser pulses with copper thin films was 
studied by transmission electron microscopy (TEM). A 1000 A film 
was prepared by evaporation of copper at 0.1 mPa onto a glass 
substrate. The evaporated film was cut into 3X3 mm samples which 
were separated from the glass substrate and mounted on copper 
apertures with a 1000 pm hole. Laser pulses were produced and con
trolled by an acousto-optic modulator which chopped a continuous-
wave beam into pulses with durations of several microseconds and 
up. During irradiation the target zone was first melted and then 
evaporated, followed by the formation of a hole in the film. 
Controlling the pulse duration made it possible to achieve melt
ing without evaporation. After the pulse is terminated, the 
melted area is recrysta.'Llized and can be identified using the 
TEM technique. The solidification and recrystallization pro
cesses were observed and the effects of pulse duration on the 
mechanism of these processes studied. The results provide a better 
understanding of the recrystallization process in metal thin films. 

Reference 
[1] A. Venkert, Y. Zeiri, and J. Bloch, Ultramicroscopy 23:233 

(1987); 21st Scientific Meeting of the Israel Society of 
Electron Microscopy (Haifa, May 1987). 
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Structural Transformations in TiN Films in Excess of Nitrogen [1,2] 
R. R. Manory and G. Kimmel 

Gradual changes in the X-ray diffractograms of sputtered TiN 
films were observed with increasing N/Ar ratio in the plasma. 
These changes indicate the existence of a nitrogen-rich phase 
with the CaF structure [1]. The differences between the diffrac
tograms of the two types of structures are analyzed as a func
tion the Ti/N ratio in the films. It is concluded that (200) 
peaks should increase in overstoichioraetrlc TiN films with the 
normal NaCl structure, whereas in the CaF type this peak disap
pears. The latter structure is stable over time, but changes 
into the normal NaCl type upon heating. 

References 
[1] R. R. Manory and G. Kimmel, Thin Solid Films 150:277 (1987). 
[2] R. R. Manory and G. Kimmel, XlVth International Union of 

Crystallography Congress (Perth, Australia, August 1987). 

Microstructure and Magnetic Properties of Electrodeposited 
Co-w Thin Films [1] 

U. Admon, M. P. Dariel, G. Kimrael, E. Grunbaum, 
and J. C. Lodder 

Thin Co-W films (0—35 wt% tungsten) were electrodeposited 
under a variety of plating conditions (bath composition, temper
ature, and pH). The microstructure of the deposits was studied 
by transmission electron microscopy t id diffraction; the mag
netic properties (in-plane coercivity, saturation magnetic 

Royal Nalbourna Inst, of Tachnology. Malbourna. Australia ** 
Tal~Aviv Univamity. Tal-Aviv ••• 
Dapt. of Elactr.ical Enginaaring, Twanta Univ. of Tachnology. Enschada, Tha Natharlands 
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moment, in-plane squareness ratio) were determined by vibrating 
sample magnetometry. The magnetic properties of the thin films 
were qualitatively correlated with their microstructure. 

Reference 
[1] U. Admon, M. P. Dariel, G. Kimmel, E. Grunbaum, and J. C. 

Lodder, Sur/Fin '87 Conference, Session E-2 (Chicago, IL, 
USA, July 1987). 

Characterization of Thin Layers by Relative Intensities [1] 
G. Kimmel 

Reflected X-ray diffraction intensities were used to charac
terize thin crystalline layers grown on the surface during chem
ical reaction. The method is based on the incident-beam loss as 
a function of Bragg-angle and sample transparency. When the 
sample is thin, the distribution of the intensities along the 
Bragg angles show a strong dependence on the ratio between the 
actual sample thickness and the free path of the refracted beam. 
This distribution can be measured by the relative integrated 
intensities of the reflected lines within the sample, so that no 
reference standard is needed. The method can be applied to 
either randomly or preferentially oriented polycrystalline mate
rials, including epitaxial structures. One of three physical 
properties can be derived by this method of characterization: 
the thickness, mass absorption, or density of the layer. The 
ranges of layer thickness that can be measured by this method 
are described for various materials. 

Reference 
[1] G, Kimmel, International Symposium on X-Ray Powder Diffrac

tion (Fremantle, Australia, August 1987). 
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according to the statistics for each rock unit, which 
resulted in a general reduction of clear anomalous areas 
(such as Shen Ramon). On the other hand, small previously 
obscured anomalies were detected. Empirical statistical 
criteria have been developed to evaluate the quality of 
the anomalies, and the helicopter-survey anomalies classi
fied accordingly. The assumptions underlying this proce
dure will have to be tested in a follow-up ground survey. 

e Contour maps of U, Th, and K concentrations, with the aid 
of Surface-II software. Such maps allow a combined geolog
ical analysis to evaluate which anomalies are due to small 
features and which to regional features. The contour maps 
also permit a regional-scale comparison with the geologi
cal map and with stream-sediment geochemistry maps. 

References 

[1] U. Vulkan, H. Zafrir, and G. Steinitz, Proceedings Annual 
Meeting of the Israel Geological Society (Mitzpe Ramon, 
April 1987), p. 135. 

[2] R. Aviv and U. Vulkan, Airborne gamma-ray survey over 
Israel: The methodology of the calibration of the airborne 
system. (Report ZD 58/82, SNRC, Yavne). 

[3] U. Vulkan, R. Aviv, G. Baer, and A. Itamar, Airborne radio
metric survey of Israel: "Makhtesh Ramon" area — evalua
tion, sta^e A. (Hebrew) (Report ZD 76/83, SNRC, Yavne, and 
ME 15/83, GSI, Jerusalem, 1983). 
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Table 1 
Ground State and Total Cross Sections for the 

2 0 8Pb (T,n) Reaction 

E (keV) 
1 

c *•» ,(mb) (Tin ) o 
<rGDR (mb) 

11387 313±65 225 
10050 109±28 107 
9720 36±10 38 
9298 47±10 50 
8999 9.3±0.8 22 
8533 9.2±0.9 21 
7632 54±9 23 

References 
[1] R. Moreh, Y. Birenbaum, and D. Shahal, Wucl. Phys. A 

275:445 (1977). 
[2] Y. Birenbaum, Z. Berant, S. Kahane, A. Wolf, and R. Moreh, 

Ifucl. Phys. A 369:483 (1981). 
[3] Y. Birenbaum, Z. Berant, S. Kahane, R. Moreh, and A. Wolf, 

Phys. Rev. C 34:2055 (1986). 
[4] Y. Birenbaum, S. Kahane, and R. Moreh, Phys. Rev. C 32:1825 

(1985). 

g Factors in Heavy Nuclei and the Proton-Neutron Interaction [1] 
A. Wolf, R. F. Casten, and D. D. Warner" 

Magnetic properties of nuclear states are effective probes of 
nuclear wave functions. In nuclei near closed shells, g factors 
are mainly determined by single-particle motion and configura
tion mixing. In deformed nuclei, the collective motion of the 
protons and neutrons is responsible for the gr-factor values. A 
« 
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tracks wera counted and the resulting radon values reported as 
tracks per square centimeter, normalized to 28 days. 

The results show that radon background values are sensitive 
to the immediate lithology such as qz-syenite versus Gevanim-
Formation sandstones and shales. Thus all relatively elevated 
radon values found (twice the background level or more) that 
were unaccompanied by a parallel increase in the radium content 
of the site are considered to be true radon anomalies. Most 
radon anomalies are concentrated in Gevanim 3. The most promi
nent anomaly extends over the northern part of the Gevanim 3 qz-
syenite and the adjacent overlying Gevanim-Formation sandstones 
and shales, with a total area of some 2500 square meters and a max
imum value of 6 times the background value (13,000 tracks/cm2). A 
further anomaly (1200 square meters) is located over the south
ern part of Gevanim 3. On the other hand, alpha-track measure
ments in the Gevanim 1 area, rich in mineralization veins, show 
normal values. 

The 18 boreholes drilled in Gevanim 3, some of which reached 
a depth of around 100 meters, did not reveal a source for the 
elevated radon values. Radon emanometry (using a scintillation 
cell counter) in closed boreholes in Gevanim 3 and Gevanim 1 
showed radon values of up to two orders of magnitude higher in 
the Gevanim 3 area. 

Significant radon anomalies can be detected by the alpha-
track method in msgmatic and consolidated sediments. Based on 
alpha-track measurements and emanometry, it is concluded that 
high values of radon are emanating over a considerable area at 
Gevanim 3. Since no significant uranium mineralization was 
detected to a depth of 100 meters beneath the anomaly, another 
source must exist. 
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tently analyzed in order to simultaneously provide the effective 
numbers of both valence protons (N ) and neutrons (N ) for the 

P n 
respective shells. The method uses a simple linear relationship 
for g(2*) and an improved analytic formula for the B(E2) val
ues. It is applied to the transitional nuclei in the A=150 
region and shown to give results reflecting the presence of a 
Z=64 subshell for N<88. 
Reference 
[i] A. Wolf and R. F. Casten, Phys. Rev. C 36:851 (1987). 

Beta-Decay of 1 3 3Nd f 

M. S. Rapaport, C. F. Liang, and P. Paris 

The light rare-earth nuclei around the A=130 mass region are 
known to have a permanent ground-state deformation. 33Pr, situ
ated at the edge of the deformed region, can be expected to be a 
transitional nucleus. The nuclear structure of the 1 3 3Pr isotope 
would then be related to the coupling of single particle states 

No decay studies have been reported for Nd. Pr ground-
state spin and half-life were measured [1], and its high spin-
level structure was recently studied [2]. 

Decay studies of 133Nd and 1 3 Pr sources were carried out. In 
the reaction of a 280 MeV He beam with a Ce target, activities 
of Nd* and 133Pr* were extracted and mass-separated at the 
IS0CELE-2 facility, operating on-line to the Orsay synchro
cyclotron. 7, X-ray, and conversion-electron singles and time-
multiscale and i-f-t measurements were used to deduce a 133Pr 

Work performed at C.S.N.S.M. Campus Orsay, Prance 
C.S.N.S.M. Campus Orsay, France 
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level structure with 24 levels up to 2120 keV. The investigation 
established a 130.4-keV E3 transition for the decay of the 11/2 
isomeric state located at 166.8 keV in 1 3 3Pr. The value deter
mined for the ground-state spin is 3/2 rather than the measured 
value [1] of 5/2. The results of the present study extend the 
systematics of the neutron-deficient odd-mass Pr isotopes. The 
low-energy level systematics are shown in Figure 1. 
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References 
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G. Andersson, and A. Rosen, Unci. Phgs. A 196:178 (1972). 
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155 



Correlations Between (*1,1') and (d,0 Excitations 
of Hole States in 15N and 3 9K [1] 

R. Moreh and W. C. Sellyey 

sured using a bremsstrahlung 9.4-MeV electron beam obtained from 
the MUSL-2 accelerator at the University of Illinois. The mea
sured widths for the levels at 5263, 5600, 6332, and 6497 keV were 
found to be larger by factors of between 10 and 100 than those 
of [2], obtained by the Doppler-shift attenuation method. 

Strong correlations were observed between the measured exci
tation strengths in the 3 9 K ( T ,I ' )39K reaction and the 40Ca(d, 3He)39K 
reaction [3], leading to eleven d ~l proton states in 3 5K. A sim
ilar correlation was found between the measured excitation 
strengths in the 1 5 N ( T ,I ' )15N and the 160(d, 3He)15N reactions 
leading to the P,.,"1 proton states in l 5N. The nature of this cor
relation is discussed in detail. 

References 
[1] R. Moreh and W. C. Sellyey, Phys. Lett. B 185:11 (1987). 
[2] P. J. Nolan et al., J. Phys. G 7:189 (1981). 
[3] D. W. Devins et al., Phys. Rev. C 24:59 (1981). 

High Photon Strength in 40Ar between 8 and 11 MeV [1] 
R. Moreh, W. C. Sellyey, D. C. Sutton, R. Vodhanel, 

and J. Bar-Touv 

Bremsstrahlung beams generated from electron beams with 
E = 8.5, 10.3, and 11.8 MeV were used for a resonance photon-
scattering study of the nuclear levels of <0Ar in the excitation 

Univ. of Illinoi* at Urbana-champaign, Champaign IL. USA 
Btn-Gurion Univaraity of tha Negev, Baer-Sheva 
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range 2—11 MeV. Above 6.7 MeV, 31 transitions, corresponding to 
30 new levels in the 40Ar were observed, where E (±3 keV) = 6703, 
7247, 7280, 7519, 7708, 7916, 7793, 8032, 9129, 9358, 9417, 
9501, 9758, 9849, 9950, 10090, 10152, 10178, 10362, 10745 and 
10857 keV. The at 2/T of these and several other lower levels 

o 
were determined. An interesting feature of the results is the 
concentration of strong photon strength between 8 and 10.9 MeV, 
which seems to complement a similar bump observed between 10.4 
and 12.4 MeV using the 40Ar (/y,n) reaction. 

This concentration of strength is explained by applying the 
Open Shell Linear Response method to Ar. In this calculation, 
the 4 Ar ground state is taken to be a pure 2p-2h state where the 
two neutrons and two protons occupy the lf_/2 and the Id orbits, 
respectively. The corresponding single-particle occupation 
parameters were taken to be 0.25 and 0.5, respectively. Further
more, the neutrons were allowed to be excited to lg„._, 2d , and 
higher orbits. The calculated El photon strength, expressed as 
the sum of integrated cross sections over all levels in the 7 to 
11 MeV excitation range, was .12.5 MeV-mb. This value was almost 
equal to the combined strength observed in the present measure
ment and that using the (7,n) reaction if it is assumed that all 
observed levels are excited via El excitation — a reasonable 
assumption considering the nature of the present experiment and 
that of the (7,n) reaction. 
Reference 
[1] R. Moreh, W. C. Sellyey, D. C. Sutton, R. Vodhanel, and 

J. Bar-Touv, in: Capture Gamma-Ray Spectroscopy: Proceed
ings of the Sixth International Conference (Louvain, 
Belgium, August/September 1987), ed. K. Abrahams and P. Van 
Assche (Bristol, 1987). 
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Influence of atonic Binding on Nuclear-Resonance Photon 
Scattering from the 7362 keV Level in 6sZn 

R. Moreh and O. Shahal 

A 7-source based on the Cr (n,f) reaction was used to study 
the resonance scattering from the 7362 keV level in S82n. At room 
temperature the resonance-scattering cross section could be made 
to vary by as much as 5% merely by changing the atomic environ
ment of the scatterer. At T = 20 K, variations of around 15% 
were achieved. This is explained in terms of the different 
Doppler broadenings of the nuclear level caused by different 
atomic binding. The effective temperature of the Zn atom in var
ious chemical forms, such as metallic Zn, ZnS, and ZnO, was 
deduced. 

Detailed Study of the Structure of 2 0 SPb 
at 10 MeV Excitation [1] 

Ph. B. Smith,* R. Moreh, and N. Haik" 

The 9.69 to 10.11 MeV excitation region in 8Pb was probed 
via the resonance absorption of mono-energetic gamma rays from 
proton-capture reactions, with resolution of 300 eV to 1 keV. In 
addition to ten narrow levels with ground-state strengths 
S = (2J+1)T 2/T of 3 to 75 eV, the broad level at 10.03 MeV 

o 
excitation, with a ground-state width of 140 eV, indicated in 
earlier studies, was identified. The level responsible for 
enhanced scattering from 2 0 sPb at 10.055 MeV has not yet been 
identified. 

Laboratoriuffl voor Algenene Natuurkunde, University of Groningen, Croningen, The Netherlandi 
Ben-Gurion Univeraity of the Ncgev. Bcer-Sheva 
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Precision absorption measurements at 10 MeV confirm that when 
the absorption due to identifiable levels is taken into account 
there is little room for underlying GDR absorption in 208Pb. 

Reference 
[1] Ph. B. Smith, R. Moreh, and N. Haik, in: Capture Gamma-Ray 

Spectroscopy; Proceedings of the Sixth International Con
ference (Louvain, Belgium, August/September 1987), ed. K. 
Abrahams and P. Van Assche (Bristol, 1987). 

Perturbed Angular Correlation Studies of Hafnium Hydrides 
Z. Berant, M. H. Mintz, and A. Wolf 

The structure of hafnium hydrides HfH was investigated using 
the perturbed-angular-correlation (PAC) technique, for hydrides 
with 1.0<x<2.0 Samples of metallic Hf were irradiated in the 
IRR-2 reactor to produce radioactive 181Hf (T = 42 d) with activ
ities of 10—15 fJCi, which was then hydrided to different H/Hf 
ratios in a thermobalance analyzer. A three-detector 1-7 coinci
dence system using BaF scintillators (BDH Chemicals, Ltd., 
Poole, England) was used to measure the PAC of the radioactive 
hydrides. The electric field gradient (efg) parameters (V , 77 ) 
were determined for each sample by a best fit technique. The 
crystallographic structure and lattice parameters of the samples 
were determined by x-ray diffraction. Within the H/Hf composi
tion range studied there is a transition from cubic to tetrago
nal structure. Two values of the efg component V were found for 
all the samples, one close to the value for metallic hafnium 
(5.1^±0.16X1017 V/cm2) and the other much smaller (3.13±0.11X1017 

V/cm2). This result indicates the existence of two different 
environments for the Hf atoms. For the tetragonal phase, a3V 
was observed to decrease with increasing c/a, where a and c are 
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the lattice parameters. This behavior agrees with the prediction 
of point-ion theory [1]. 

Reference 
[1] F. W. de Wette, Phys. Rev. 123:103 (1961). 

Potential Uses of Bremsstrahlung Beams for Studying 
Two-Dimensional Systems [1] 

R. Moreh 

Bremsstrahlung beams obtained from continuous-wave (CW) 
accelerators can be used for a new class of experiments for 
studying some directional properties of two-dimensional systems. 
Such systems are highly anisotropic, characterized by different 
Doppler broadenings of the nuclear levels in different direc
tions. This anisotropy is also reflected in the nuclear-scatter
ing intensities of the bremsstrahlung, which depend on the spa
tial orientation of the sample with respect to the incident 
beam. The technique is best suited for studying light- and 
medium-weight elements (A<80), with nuclear levels in the 
1—10 MeV range and gT*/T » 1 eV. This me-chod has been used to 
study the anisotropic properties of the binding potential acting 
on U B in pyrolytic boron nitride and that acting on 3 9K in the 
first stage alkali-graphite intercalation compound C K. 

We suggest applying the same method for studying the adsorp
tion of 40Ar gas on oriented graphite. This system is expected to 
be highly anisotropic, with different binding potentials paral
lel and perpendicular to the graphite basal planes. A measure
ment of the scattered bremsstrahlung intensities from the 
nuclear levels in *°Ar, with the beam parallel and perpendicular 
to the graphite planes at temperatures T < 20 K, is directly 
related to the zero-point energies of the vibrational modes of 
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the Ar-graphlte system along and perpendicular to the graphite 
planes. 

From the experimental point of view, because of the rela
tively small amounts of the adsorbed argon gas in the sample and 
the statistical requirements of the measurement, the electron 
beam producing the bremsstrahlung must be relatively intense 
(around 20 /JA) at an energy of E = 11 MeV. Other details con
cerning this suggested measurement are discussed. 

Reference 
[1] R. Moreh, in: Capture Gamma-Ray Spectroscopy: Proceedings 

of the Sixth International Conference (Louvain, Belgium, 
August/September 1987), ed. K. Abrahams and P. Van Assche 
(Bristol, 1987). 
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NNR Relaxation Studies to Explore the Role of Emulsifier in 
Tristearin Polymorphic Transformation 

R. Azoury, J. S. Aronhime,* S. Sarig,* S. Abrashkin, 
I. Mayer, and N. Garti 

Proton magnetic resonance measurements were performed on a and 
/?• polymorphs of tristearin crystals. The relaxation time T of 
the pure triglyceride crystals and of tristearin crystallized in 
the presence of different solid surfactants was measured with 
the Brucker PC Minispec at 20 MHz and 37°C. There was a signifi
cant negative correlation of T values and different compositions 
of a and /? polymorphs in a mechanical mixture. The shortening of 
T x for the /9 form differed for the various types of added surfac
tants, but they had no effect on the relaxation time of the a form. 

i.e -

0.2 - J = ' 5 > — }<> 
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Fig. 1: The relaxation time T of the pure triglyceride crys
tals and of tristearin crystallized in the presence of 
various solid emulsifiers. 

A model is proposed according to which the presence of addi
tives, such as surfactants, generates vacancies within the crys-
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tal lattice of triglycerides and enhances the freedom of rota
tion of the fat molecule about the terminal carbon-carbon bond. 

/3% 
a* 

10 20 30 40 50 60 70 80 90 
90 80 70 60 50 40 30 20 10 

20% a 
BO1.0 

40% a 
60% £ 

Fig. 2: The correlation of T values, x-ray analysis, and dif
ferent compositions of a and /? polymorphs in a mechan
ical mixture. 

DSC, X-Ray, and NMR Properties of 
Cholesterol-Cholestanol-Dihydrate Crystals 

D. Hirsch,* R. Azoury, and S. Sarig 

The melting point. X-ray diffraction, and longitudinal relax
ation time (T ) of cholesterol-cholestanol-dihydrate crystals 
(CC2W) were studied in an effort to obtain new experimental data 
related to atherosclerotic plaques. 

The crystals were precipitated from ethanolic solutions at 
several cholesterol:cholestanol (CS:CN) rations. The melting 
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point of CC2W crystals obtained at CS:CN ratios of 75:25, 50:50, 
and 25:75 was 122°C—124°C. The X-ray patterns recorded from 
crystals of the same CN:CS ratios showed two additional diffrac
tion peaks, compared to CN and CS patterns. The relaxation times 
T measured by proton magnetic resonance differed for every CS:CN 
ratio for the various solution compositions. The latter method 
seems to be more precise than X-ray or thermal analysis for 
detecting the presence of coprecipltated components in CC2W 
mixed crystals. 

•-o 20 40 60 80 100 %CS 
100 80 60 40 20 0 %CN 

Fig. 1—2: Relaxation times T for every cholesterol:cholestanol 
(CS:CN) ratio precipitated from various solution com
positions . 
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The results suggest that CN and CS do not have to be present 
in equimolar quantities in order for CC2U crystals to be formed. 
The presence of CC2W in the blood may be significant for the 
nucleation of cholesterol crystals in atherosclerotic plaques. 

NMR Study of an Ethyl Cellulose Sustained-Release Delivery 
System: I. Effect of Casting Solvent on Hydratic . Properties 

R. Azoury, R. Elkayam, and M. Friedman 

Proton magnetic resonance measurements were performed on 
ethyl cellulose (EC) films cast from ethanol or chloroform solu
tions in the presence of polyethyleneglycol (PEG). Relaxation 
time T was measured with a Brucker PC Multispec at 20 MHz and 
37*C on the dry films and thereafter during gradual, controlled 
hydration. The prolongation of the relaxation time was very dif
ferent for films cast from ethanol or choloroform solutions. 
Water compartmentalization was then calculated according to the 
Free Induction Decay model. After the addition of similar 
amounts of water, markedly different hydration fraction (HF) 
values were derived from the films cast from the different solu
tions as a function of the amount of embedded PEG. Scanning 
electron micrographs confirmed that the two types of systems 
have different film structures, determined by the casting sol
vent and the amount of embedded PEG. It can be concluded that in 
the presence of PEG EC films cast from ethanol have more water-
binding sites and a thicker water multilayer around them than 
films cast from choloroform. These properties might influence 
the release rate of an active agnnt from the sustained-release 
device. 

Babraw Uoivaralty of Jaruaalan 
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NMR Study of An Ethyl Cellulose Sustained-Release Delivery 
System: II. Release Rate of Tetracycline 

R. Azoury, R. Elkayam, and N1 Friedman 

The release rate of tetracycline (TC) from a sustained-
release delivery system composed of an ethyl cellulose (EC) film 
and polyethyleneglycol (PEG) was studied using proton magnetic 
resonance (MR) and UV spectroscopy. The optical density (OD) and 
relaxation time T were measured after immersion of the films in 

2 
distilled water. The TC release rate was examined as a function 
of gradual changes in the relative amounts (% w/w) of two vari
ables: embedded TC and PEG. A high correlation was found between 
the fractional changes of T and the percent release of TC, as 
measured by UV spectroscopy. The TC release profile from EC film 
was strongly dependent on the amount of embedded TC. On the 
other hand, the amount of embedded PEG markedly affected the TC 
release rate and release time. These changes were reflected in a 
pronounced shortening of T . The improvement in the hydrophilic 
character of the EC polymer allowed better penetration and ci. 1-
tact of water with the whole film matrix and enhanced the disso
lution of TC. 

Catalytic Electrosynthesis of Conducting Polymers 

B. Zinger 

A novel catalytic electrodeposition of several kinds of con
ducting polymers in aqueous solutions is described. The anodic 
deposition potentials of pyrrole, N-methylpyrrole, and aniline 
were shifted cathodically by 140—200 mV in the presence of tiron 
(4,5-dihydroxy-l,3-benzenedisulfonic acid) as a catalyst in the 
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reaction mixture. The catalytic deposition of polypyrrole and 
polyaniline and the composition of the produced films were 
investigated. The conductivity of the catalytically prepared 
free-standing polypyrrole films was less than that of the 
directly prepared films. This one-step process was used to pro
duce films holding anions (such as carboxylates) which cannot 
play the role of dopant in the direct oxidation of the monomers, 
thus simplifying the preparation of drug-loaded conducting poly
mers for a drug-release device. 

Electrochemistry of Quinimarine adsorbed on a Glassy Carbon 
Electrode in Aqueous Solutions [1] 

B. Zinger 

The electrochemistry of quinizarine in aqueous solutions, 
adsorbed on electrochemically pretreated glassy carbon elec
trodes, is described. The anodic and cathodic reversible reac
tions are followed by physical and chemical processes, respec
tively. The desorption of the fully oxidized species from the 
electrode was assigned to the follow-up process in the anodic 
region. Tho follow-up reaction in the cathodic region is 
ascribed to tautomerization involving the central hydroxyl 
group(s). When the range of the reduction is expanded, two addi
tional irreversible reduction waves are observed. A full mecha
nism is proposed for the electrode reactions. Intramolecular 
hydrogen bonds and the pH of the aqueous solutions play an 
important role in the rationalization of the overall mechanism. 
The "electrochemical label" concept is used to study the 
progress of the electrode reactions and to evaluate the interme
diates and products, which are confined to the electrode surface. 
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Reference 
[1] B. Zlnger, J. Electroanal. Chem. Interfac. Electrochem. 

239:209 (1988). 

Redox and Electrocatalytic Properties for Dioxygen Reduction 
of Ruthenium Tetra(orthoaainophenyl)Porphyrin Complexes with 

Various Axial Ligands 
A. Bettelheim, R. W. Murray, D. Ozer, and R. Harth 

The redox properties of ruthenium (II) tetra(orthoamino-
phenyl) porphyrins, Ru(o-NH )TPP, with various axial ligands 
(L = CO, pyridine, acetonitrile, and tetrahydrofuran), were 
studied in CHCN solutions (for ruthenium complexes with L = CO 
or pyridine) or HC1 -saturated CHCN solutions (!• = acetonitrile 
or tetrahydrofuran). The carbonyl and pyridine poryphyrin com
plexes showed no catalytic activity when adsorbed onto GC elec
trodes and tested for catalysis of dioxygen reduction in aqueous 
solutions. By contrast, the adsorbed acetonitrile and tetrafuran 
compounds did catalyze 0 reduction. The electrocatalysis was 
more effective in strong acid (0.5 M H SO ) than in strong base 
(1 M NaOH): the 0 reduction overvoltage was reduced by 450 mV in 
the acid and by only 50 raV in the alkaline solutions. The HO 
yields reflected the different activities of the catalyst in 
electrolyte solutions: 90% in the basic and insignificant 
(<0.5%) amounts in the acidic solutions. Although the half-wave 
potential for 0 reduction in 0.5 M H SO was less positive than 
the previously investigated cobalt analog, Co(II)(o-NH )TPP (E = 
+0.5 and +0.18 V vs. Ag/AgCl, respectively), the use of a dual 
coating, Ru(o-NH )TPP + Co(o-NH )TPP, achieves a relatively high 

University of North Carolina; Chapel Hill NC. USA 
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reduction potential In 0.5 M H2S04 (+0.10 V vs. Ag/AgCl), as well 
as an almost total four-electron reduction of dloxygen. 

Weighing Aerosols in an Electrodynaaic Chamber 
E. Bar-Ziv, M. Olim, M. Mond, and G. Ben-Dor 

A method for weighing or sizing a charged aerosol In an elec-
trodynamlc chamber Is proposed. The chamber has a quadruple two-
dimensional cross-section. A DC voltage is applied between the 
two vertically positioned end-cap electrodes, while an AC volt
age is applied between the horizontally positioned ring elec
trode and the end-cap electrodes. The DC voltage opposes the 
gravitational force exactly and levitates the charged aerosol, 
and the AC field stabilizes the particle horizontally. A parti
cle located at the center of the chamber is at rest. When a step 
change in the DC voltage is applied, the particle moves to a new 
vertical position in the chamber and oscillates there. Three 
parameters can be defined: (1) the amplitude of the oscillation; 
(2) the average displacement of the particle from the center of 
the chamber; (3) the characteristic time for the particle to 
reach the new steady state. The three parameters were shown to 
be sensitive to the weight of the aerosol. The amplitude and 
displacement were experimentally measured and compared with the 
theory in order to determine a value for the weight. 

Ben-Gurion University of the Negev, Beer-Sheva 
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Measureaent of the Coabustion Kinetics of a Single Charged 
Particle in an Electrodynamic Theraograviaetric Analyzer 

E. Bar-Ziv, D. P. Jones,* R. E. Spjut, D. R. Dudek, 
A. F. Sarofim, and J. P. Longwell 

A new device for studying single-aerosol-particle kinetics at 
elevated temperatures, designed for studying the kinetics of 
gas-solid or gas-liquid combustion, the electrodynamic thermo-
gravimetric analyzer (EDTGA), is presented. Electrically charged 
particles with diameters of 5—250 pm can be levitated in this 
device, which consists of the following: an electrodynamic cham
ber with a quadrupole-type two-dimensional cross-section; a 
heating system based on a CW CO laser; a temperature-measurement 
system applying two- and three-color infrared or visible pyrome-
try; and a position-control system that automatically adjusts 
the DC voltage required to keep the particle centered in the 
chamber. The EDTGA has the following capabilities: continuous or 
pulsed heating of the particle to temperatures exceeding 3000 K; 
continuous measurement of the particle temperature; and continu
ous weighing or sizing of the particle. Heating rates can exceed 
10 6 K/sec. The time resolution of the measurement is 0.1 msec. 

Two weighing methods are presented, based on electron loss 
and on the drag force. Heating by infrared radiation causes only 
a minor inhomogeneity in the internal temperature field of the 
irradiated particle. The maximum internal temperature difference 
is only a few degrees in particles with temperatures >1500 K. 

The kinetics of the oxidation of synthetic charged-spherocarb 
particles, with diameters of 125—200 |im, were studied. Particle 
diameter and density, CO -surface area, and temperature were mea-

Dept. of Hech. Engineering, Massachusetts Institute of Technology, Cambridge HA, USA ** 
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sured. A charge shrinkage effect was observed. Heat-loss and 
heat-release rates were determined. The Ignition temperature of 
a spherocarb partime in the 150-/tm diameter range in pure oxy
gen was 1500 K. No ignition was observed In air. 

The EDTGA permits experiments that cannot be carried out by 
other current methods, such as the unplloted Ignition of charged 
particles accompanied by continuous monitoring of particle tem
perature . 

At particle temperatures >1500 K the particle lost most of its 
charge, and could not be levitated by electrical force. The use 
of EDTGA at temperatures >1500 K is discussed. 

Ion-Mobility-Spectrometry Studies of Amines [1] 
Z. Karpas, Z. Berant, and A. Wolf 

Ion Mobility Spectrometry (IMS) is a technique for measuring 
the mobility of ions drifting through a gas at atmospheric pres
sure in an electric field. The mobility of an ion is inversely 
proportional to the square root of the reduced mass of the ion 
and drift-gas molecules, but also depends on the shape and 
charge distribution of the ion. 

Primary, secondary, tertiary, and quaternary aliphatic and 
aromatic amines were studied. Ionization of these compounds in 
air at atmospheric pressure yields mainly protonated parent 
molecules (MH*). The favored protonation site is the nitrogen 
loan pair. Becuase the mobility of isomeric (identical mass and 
formulas) and isobaric (similar mass but different formulas) 
ions depends on their shape, in some cases such ions can be dif
ferentiated by IMS. For example, tirotonated n-butylamine has a 
considerably lower mobility than ±ts isomer, protonated diethyl-
amine, while isopropylamine Is more mobile than n-propylamine. 

174 



Generally speaking, the mobility of isomeric and isobaric 
amines increases in the order primary < secondary < tertiary; 
normal < branched; and aliphatic < aromatic. 

Reference 
[1] Z. Karpas, Z. Berant, and A. Wolf, Abstract, 53rd Meeting 

of the Israel Chemical Society, Ben-Gurion University of 
the Negev (Beer-Sheva, February 1988), p. 200. 

Synergistic Extraction of Uranyl Cations by /3-Diketones and 
Neutral Donors: A Mechanistic Study 

I. Goldberg and D. Meyerstein 

Although it is well known that uranyl ions are synergisti-
cally extracted into an organic phase with a mixture of /?-
diketones and a neutral donor, the mechanism of the synergism is 
not well understood. We studied this mechanism by bringing two 
separated organic phases — one containing a /3-dlketone such as 
thenoyltrifluoroacetone (HTTA) and the second the neutral donor, 
e.g., TBP — in contact with an aqueous phase in a U-tube, as 
shown in the figure. 

1= HTTA in n-dodecane ' 
2= UO ** in dilute aqueous solution 
3= TBP in n-dodecane IX 
Even in the absence of mixing, synergism was observed under 

these experimental conditions. Radiochemical and spectroscopic 
studies indicate that adduct formation is responsible for the 
observed synergism and occurs in both organic phases. Neverthe-

Ben-Gurion University of the Negev, Beer-Sheva 
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less, extraction is enhanced in the TBP-containlng phase more 
than in the HTTA-containing phase. 

This experimental approach opens new possibilities for inves
tigating the detailed mechanism and kinetics of synergistic 
extraction processes, since the role of each constituent of the 
extraction mixture can be studied in detail. 

The Electrical Double Layer of Carbon and Graphite Electrodes: 
V. Specific Interactions with Simple Ions 

D. Golub, A. Soffer, and Y. Oren 

The specific interaction of halide and alkali-metal ions with 
carbon and graphite electrodes was investigated by monitoring 
the dimensional changes and charging current during a linear 
potential scan. The potential of zero charge (PZC), as detected 
by a minimum in the length vs. potential curve, is shifted 
towards more negative values when a larger halide serves as the 
anion in a highly concentrated, single-electrolyte solution. 
This is interpreted in terms of increasing specific interac
tions. Alkali cations, on the other hand, do not exhibit any 
measurable effects of specific interactions. 

Removal of Toxic Metallic Contaminants from Industrial Haste 
Solutions and Groundwater by Electrochemical Treatment with 

Porous Carbon Electrodes 

Y. Oren and A. Soffer 

Because porous carbons and graphites are characterized by a 
high internal surface area, high electrical conductivity, and 
chemical inertness, they can serve for both electrodeposition 
and electro-adsorption of trace elements from industrial waste 
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solutions and groundwater. The combination of two types of sepa
ration in one bed provides a powerful electrochemical separator 
that meets some of the strictest requirements of environmental 
purity. 

The following characteristics of the method make it suitable 
for the treatment of waste solutions and groundwater: 

o Carbon is chemically stable in highly acidic and basic 
media and in the presence of mild oxidants over a wide 
range of electrochemical potentials. 

o There is a low pressure drop, because the electrode pore 
size is much larger than the impurity particles. 

o Chemical pretreatment is unnecessary. Flocculants and pH 
modifiers introduce new contaminants. In situ pH changes 
can be electrochemically induced when necessary by adjust
ing the potential to the proper value. 

o It has a low mechanical and electrical energy demand. As 
long as low concentrations are involved, the energy cost 
is a negligible component of the cost of the process oper
ation. 

o There are no fouling problems. This is an important advan
tage over many membrane processes. 

© The electrode material is inexpensive. 
o Several types of impurities can be removed at once. No 

molecular weight cutoff is involved. Any impurity other 
than common electrolytes and main solvents can be removed 
in one pass. 

The ability of an electrochemical purifier to remove toxic 
elements such as chromium, cadmium, aluminum, mercury, and sil
ver from a large variety of industrial waste solutions and 
drinking water, down to the ppb level, is discussed. 
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Influence of pH and Sodium Concentration on the Adsorption of 
137C», 90Sr, and 9 0Y by Clinoptilolite and Zeolite A 

B. Carmon, A. Dyer, and D. Keir 

The use of zeolites in the uptake of radionuclides from 
liquid wastes and after accidents is well known. Attention has 
been focused lately on radionuclide removal from medium- and 
low-level liquid wastes and from storage ponds near nuclear 
power stations. Three aspects of zeolite use for radionuclide 
retention were studied: (1) the effect of NaNO concentration on 
adsorption of 1 3 7Cs, 90Sr, and 9 0Y; (2) uptake of 9 0Y in the pres
ence and absence of strontium; and (3) the effect of pH [1]. The 
materials studied were clinoptilolite (Anaconda Na-IOIOA) and 
zeolite A (Linde Ionsive Na-A51 and Linde Ionsive Na-IE96). 
Cerenkov counting and gamma spectrometry were used to evaluate 
the distribution coefficients for these nuclides in various 
experimental conditions. It was found to be feasible to assay 
"double-labelled" aqueous samples (Cs+Sr) in liquid-waste puri
fication studies [2]. 

References 
[1] B. Carmon et al.. New Developments in Zeolite Science and 

Technology, 7th International Zeolite Conference (Tokyo, 
August 1986), Preprints of poster papers, p. 355. 

[2] B. Carmon et al., J. Radioanal. Nucl. Chem. (1988, in press). 
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Preparation of TiO Semiconducting Assemblies within 
Polymeric Membranes 

L. A. Rajbenbach and M. Gratzel 

Titanium-tetraalkoxides were modified by treatment with 
acetic acid to form TiO precursors compatible with hydrophilic 
membranes. Immersion of polymeric films into aqueous solutions 
of the modified titanium alkoxides, followed by exposure to 
moist air at 70 °C for 48 hours resulted in a hydrolytic conver
sion of the organometallic absorbates into polymer-embedded TiO 
clusters. PVA, cellophane, and nylon-grafted acrylamide, as well 
as nylon-grafted acrylamide fabrics, were used as supports for 
the in-situ formation of TiO aggregates. The semiconducting 
properties of the polymeric-TiO assemblies were established by 
reflectance spectroscopic techniques and chemical reactivity 
tests. The membrane-TiO assemblies were employed as photo-
catalysts in hydrogen evolution from water and in the degrada
tion of chloroaromatic and organophosphate environmental pollu
tants. The photocatalytic properties of TiO -bearing fabrics were 
found to be particularly suited to degradation of pollutants in 
closed flow systems. Preliminary evaluation of the oxidative 
stability of the membrane support systems was carried out. Mem
branes bearing approximately 1% TiO were found to exhibit good 
stability during 500-hr illumination cycles. At TiO loads of 10% 
and higher, significant degradation of the polymeric support 
systems was observed following prolonged irradiation cycles. 

Ecolc Polytechnlque Federale, Lausanne. Switzerland 
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Low-Temperature Oxidation of Coal During Storage 
H. Cohen and S. Bitner 

The Maor-David power plant in Hadera burns bituminous coal 
(steam coal) to produce steam to drive the generators. Israel's 
annual coal consumption exceeds 3 million tons, and is expected 
to rise when the coal-fired power plant at Ashkelon goes into 
operation. During storage, large coal piles undergo self-heating 
due to exothermic low-temperature oxidation of the coal and poor 
heat dissipation in the pile. This results in a loss of weight 
and a larger drop in caloric value (since a significant fraction 
of the oxygen forms oxo functional groups on the surface of the 
coal). In some cases the temperature can rise to 120°C, with the 
threat of small fires caused by spontaneous ignition of the 
coal, which can endanger the piles themselves. 

The major imported coals used by the Hadera plant were stud
ied. The rate of oxidation by oxygen in air at 50 °C—100 °C and 
activation energies were measured. The major gaseous products 
were carbon dioxide and carbon monoxide, though some light 
hydrocarbons and molecular hydrogen were also generated. Experi
ments with labelled HO demonstrated that the source of hydrogen 
was the coal. 

Reaction kinetics, factors affecting the oxidation rate, pos
sible mechanisms, and estimates of the lost caloric values and 
weight are discussed. Methods to reduce weight and caloric-value 
losses during storage are suggested. 

Ban-Gurion University of th« Nagev, Beer-Sh*VB 
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Formation and Decomposition of Metal-Carbon a Bonds in 
Aqueous Solutions 

H. Cohen 

Metal-carbon a bonds play an important role in many light-
initiated redox reactions in solutions containing organic sub
strates and metal complexes. For example, /?-hydroxyalkyl-
pentaaquachromium(III) is formed by photolysis in acidic 
(NH ) CoO CCH CH OH2* solutions containing ethylene and chromous 
ion. Metal-carbon a bonds have been proposed as intermediates in 
the photochemical decomposition of hydrogen peroxide in biologi
cal systems. 

It has recently been shown that the pulse radiolysis tech
nique can be used to form reactive metal-carbon-bond intermedi
ates in aqueous solutions in physically observable concentra
tions. The metal-carbon bonds are formed via the reaction 
between aliphatic free radicals and t h° metal complex. The spec
tral properties of many L-type unstable intermediates have been 
measured. They decompose via a variety of mechanisms, depending 
on the nature of the metal center, the organic radical 
(substituents), and the ligands (L). 

The observed decomposition mechanisms are: 

a. Heterolytlc cleavage 
H,0,L 

,— » L M + H-CR RR +0H" ( l a ) 
L Mn*1-CR R R -

""1 H"0""L " hm + H 0 _ C R l R 2 R 3 + "* ( l b ) 

b. Homolytlc Cleavage 

L M n * 1 -CR R,R + L ? L H" + • CR,K R ( 2 ) 

m-l 1 2 3 m 1 2 3 

c. 0-Elimination 

L M ^ - C R R CR R X ^ L M"*1 + R R C = CR R + X" ( 3 ) 
m-l 1 2 3 4 m 1 2 3 4 
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d. Hydride Transfer Reaction 
P 

L M^-CR HR + S ̂ L M"*1 + SH + 0 = C 1 

- 1 1 2 » 2 R ^ ( 4 ) 

e. Carbon-Carton Bond Formation 
h, -CR'R'R' 

' 1 2 3 
, • L Mn + R R R C CR'R'R' (5a ) 

L M^-CR R B - * 1 2 3 

""1 1 2 3 X >2L Mn+R R R C CRHS (5b) 
L M^-CRRR ,2L " 1 2 3 1 2 3 

l » - l 1 2 3 ' 

The formation of metal-carbon bonds for M = Cr(II), Mn(II), 
Fe(II), Co(I), Co(II), Ni(I), Ni(II), Cu(I), Cu(II), and Cd(I), 
with a variety of free radicals and ligar s, and their decompo
sition reactions, is discussed. 

Iron(III)-Alkyl Complexes as Short-lived Transients in the 
Reaction of Aliphatic Free Radicals with Iron(II) Complexes 

in Aqueous Solutions [1] 
Y. Sorek, H. Cohen, and D. Meyerstein 

Recent studies have shown that the mechanism of reaction of 
many aliphatic free radicals, • R, with transition-metal com
plexes involves the formation of transient complexes with metal-
carbon a bonds. 

Mn*L + • R -» LM^-R (1) 

In addition, several aliphatic free radicals react with Fe(II)-
porphyrins to form cr-bonded alkyl-iron transient complexes. 

Fe(II)P + -R -* PFe(III)—R (2) 

Ben-Gurion University of the Negev, Beer-Sheva, Israel 
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We used the pulse-radiolysis technique to study the reactions 
of several aliphatic free radicals with Fe(II) protoporphyrin 
[Fe(II)PP] and with Fe(II) nitrilotriacetate [Fe(II)(nta)(H20)j]. 

The strongly reducing free radicals of the form • CRROH (R , R » 
H,CH) react with Fe(II)PP to form short-lived transients whose 
absorption spectra differ from those of Fe(I)PP and PPFe(III)-H. 
Fe(I)PP is formed by the reaction Fe(II)PP + e" -> Fe(I)PP, 
probably followed by Fe(I)PP + H 0 -» PPFe(III)-H + OH". The tran
sient complex PPFe(III)—H or its precursor, Fe(I)PP, decomposes 
in water to yield Fe(III)PP and dihydrogen. The transients 
observed in PPFe(III)—CR R OH may thus be formed via 

Fe(II)PP + -CR^OH -• PPFeClID-CR^OH (3) 

The latter transients decompose to yield Fe(III)PP but no di
hydrogen. Thus the observed decomposition reaction is 

H 0 
PFe( III J-CR^OH — — >Fe(III)PP + CHR^OH (4) 

The • CHRCH OH free radicals react with Fe(II)PP to form tran
sient complexes with spectra that differ only slightly from 
those of Fe(l)PP/Fe(III)PPH but more considerably from those of 
PPFe(III)CR R OH. These transient complexes decompose into 
Fe(III)PP and the appropriate alkene. These radicals may react 
with Fe(II)PP to form a-bonded alkyl-iron transient complexes 
(reaction 5), followed by a 0 OH" elimination reaction (6). 

Fe(II)PP + • CHRCH OH -* PPFe(III)-CHRCH OH (5) 

PPFe(III)-CHRCH OH -f Fe(III)PP + CHR = CH + OH" (5) 

The reaction of • CH radicals with Fe(II) (nta) (H 0)" yields 
the short-lived transient (nta)(H 0)Fe(HI)—CH", which decom
poses homolytically. 
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reactor neutrons and epithermal neutrons were used as neutron 
sources. Cadmium, bromide, iodine, and phosphorus were deter
mined by epithermal neutron activation analysis. Aluminum was 
determined by reactor neutron activation analysis taking into 
account the contribution of phosphorus to the 2 8A1 activity. 

Reference 
[1] N. Lavi, M. Mantel, and Z. B. Alfassi, Fresenius Z. Anal. 

Chem. 326:730 (1987). 

Erasing Data from UV EPROMs, Using Gamma Flux or X-Radiation 
without Component Destruction 

H. Assido, y. Shemesh, Y. Ronen, and Y. Gabay 

The UV EPROM is a commonly used component of microprocessor-
based data storage systems. Due to the growing need for micro
processor-based radiation measurement instrumentation, the per
formance limitations of UV EPROMs at high radiation levels were 
checked. Exposure to gamma flux or X-radiation can cause erasure 
of the data stored in a UV EPROM, or, in high doses, component 
destruction. 

The experimental aims were as follows: 
o Finding the maximum radiation-exposure limit for correct 

operation of UV EPROMs; 
o Finding the maximum exposure-tima dose that causes erasure 

of stored data without component damage, thus permitting 
its reuse; 

o Finding the exposure-time dose that causes complete com
ponent destruction with no possibility of reuse. 

Two types of EPROM were checked: D2716 and D2764, with 2K and 
8K memories respectively. The components were divided into con-
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lmum band is at 405 nm (€ » (620±50) M^cm"1) for the NTA com
plex, and at 420 nm ( i - (950±100) M'Nsm"1) for the HEDTA com
plex. In both cases the 'second maximum absorption band is much 
higher (A <300 nm). The stability constants of the two iron-
carbon complexes were determined to be large, around 10 M~ . The 
specific rates for the formation of the iron-carbon a-bonds as 
well as the rates for the homolytic cleavage of the metal-carbon 
bond were determined. The kinetics and possible mechanisms of 
the decomposition of these intermediates are discussed. 

Reactions of Low-Valent Transition-Metal Complexes with 
Hydrogen Peroxide: Are they "Fenton-like"? 

The Case of Cu* and Cr(HO) 2* 
aq 2 6 

M. Masarwa, H. Cohen, D. Meyerstein, 
D. L. Hickman, A. Bakac, and J. H. Espenson 

A thermodynamic analysis of the Fenton reaction and the 
"Fenton-like" reactions indicates that their detailed mechanisms 
involve the formation of a transient complex between the low-
valent cation ML n and hydrogen peroxide of the type ML" , -OH". 
This complex might decompose into ML"*1 + -OH, ML n* 2 + H 20, or 
react directly with a substrate. Experimental data indicate that 
in the presence of >0.1 M ethanol, 2-propanol and 2-butanol, 
(H 0)5CR2* • 0 H" decomposes into Cr(H20)^* + -OH, whereas 
(HO) Cu* • OH" reacts directly with the alcohols. The specific 
overall reaction rates of Cu* with H O , (CH ) COOH, and S O 2 " 

aq 2 2 3 3 2 8 
are 4.1X10 3 , ~4X10 3 , and >1X107 M"1sec"1, respectively" 

Ben-Gurion University of the Hegev, Beer-Sheva 

Iowa State University, Arnea IA, USA 
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Comparison of the Properties of (nta)(BaO)MIII-CH3' 
in Aqueous Solutions (M»Co, Fa, Ha) [1] 

H. Cohen and D. Meyerstein 

We have found that methyl radicals react with the cobalt(II) 
nta complex (nta«N(CH CO") ) in aqueous solution according to 
the following equations: 

(nta)(H20)2Co(H)" + -CH3 2 (nta)(HO)Com-CHj (1) 
kx = 7X107 M^sec"1 

(nta)(H20)CoUI-CH3" + • CH3 -* (nta)(H20)2Co(II)~ + C2H& (2) 
k2 = 2X10* M^sec"1 

We discovered that the following analogous reactions also 
take place for M = Mn and Fe: 

(nta)(H20)2M(II)" + -CH3 £ (nta)(H20)MIU-CH3 (3) 

(nta)(H,0)MI11-CH: + -CH -• (nta)(H 0) M(II)~ + CH (4) 
2 3 3 2 2 2 6 

K3 has a value of around 1X103 M*1 for both M = Mn and Fe. The 
results thus indicate that AG 0 for homolysis of the metal-carbon 
bond is around 6 kcal/mole smaller for M * Fe or Mn than for 
M « Co. This indicates that at least for this system the metal-
carbon bond strength is not considerably higher for cobalt, as 
is commonly assumed. 

Reference 
[1] H. Cohen and D. Meyerstein, 53rd Conference of the Israel 

Chemical Society, Ben-Gurion University of the Negev (Beer-
Sheva, February 1988), p. 151. 

Ben-Gurion University of the Negev. Beer 3heva 
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Modes of Reaction of • CIM^CH^OH Free Radicals with 
Transition Metal Coaplexes in Aqueous Solutions [1] 

Y. Sorek, H. Cohen, and D. Meyerstein 

The mechanisms of reaction of *CHC(CH ) OH free radicals with 
several transition-metal complexes in aqueous solutions were 
studied. A surprising variety of reaction mechanisms were 
observed. 

The first reaction usually involves the formation of a metal-
carbon a bond: 

LM"* + -CH,C(CH3)20H -• LM^'-CHCCCH^OH (1) 

The only cases so far observed where this reaction does not 
occur involve LM°* = Fe(II)PP and Co(II)(tspc)4~, where PP = 
protoporphyrin and tspc = tetrasulfophthalocyanine. Fe(II)PP 
does not react with -CHCfCH ) OH, probably because of steric 

2 3 2 

hindrance, while Co(H)(tspc/~ reacts as follows: 

[ C o ( I I ) ( t s p c ) ] 4 " + •CH2C(CH ) OH -» [Co(II)(tspc-CH 2 C(CH 3 ) 2 OH] 4 " (2 ) 

[Co(II)(tspc-CH 2 C(CH 3 ) 2 OH)]' l *-» [ ( t spc)Co(III )CH 2 C(CH 3 ) 2 OH] 4 _ ( 3 ) 

The transient complexes LM < n , 1 ,-CH C(CH ) OH decompose via reac
tions 4—6: 

LM < n , 1 ,-CH C(CH ) OH -+ LM1"*1' + CH =C(CH ) (4) 
2 3 2 2 3 2 

This mechanism was observed for LMn*= Cu* , Cr2* and 
aq aq 

Co(II)(tspc)4" at pH <9.5. 

L M ' ^ ' - C H C(CH ) OH -» LM"1"1' + HOCH C(CH ) OH or OCH C(CH ) (5) 
2 3'2 2 3 2 2 3 2 

This mechanism was observed for LMn* = Cu2*, Cu(II) 
aq 

(tetraglycine), and Co(II)(tspc)4" at pH >9.5. 
_ 

Ben-Gurion University of the Negev, Beer-Sheva 
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LM'^'-CH C(CH,) OH 2 LM"* + CH.CCCH ) OH (6) 
2 3 2 * 3 2 

This mechanism was observed for LM"* - Cu( II)( tspc)4". The 
factors affecting the reaction mechanism are discussed. 

Reference 
[1] Y. Sorek, H. Cohen, and D. Meyer stein, 53rd Conference of 

the Israel Chemical Society, Ben-Gurion University of the 
Negev (Beer-Sheva, February 1988), p. 153. 

The Mechanisa of Oxidation of 2-Hydroxyclohexyl Radicals to 
Cyclopentanecarbaldehyde by Copper Ions in Aqueous Solution [1] 

M. Masarwa, H. Cohen, and D. Meyerstein 

Copper ions are known to alter the mechanism of peroxy-
disulfate oxidation of cyclohexene. It has been suggested that 
this change is due to the p lective oxidation of 2-hydroxycyclo-
hexyl radicals by copper(II) to yield cyclopentanecarbaldehyde. 
The mechanism of this reaction was studied by the pulse-radioly-
sis technique. 

2-hydroxycyclohexyl radicals, produced by the addition of 
hydroxyl free radicals to cyclohexene, were reacted with Cu2* 

aq; 
and Cu* ions in aqueous solution. It was found that Cu2* 

«q " aq 

ions reacted only slowly with the free radicals. On the other 
hand, Cu* reacted with 2-hydroxycyclohexyl radicals at a rate 
approaching the diffusion-controlled limit. The product of the 
latter reaction, (I), rearranges, in a process that obeys a 
first-order rate law, into a short-lived intermediate (II). The 
absorption spectrum of (II) indicates that the copper-carbon 
bond survives the rearrangement. The intermediate (II) decom
poses, also in a process obeying a first-order rate law, to form 

Ben-Gurion University of the Negev, Bear-Sheva 
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the final products. The rate of both first-order processes is 
independent of [Cu2*] and [Cu* ]. Cyclopentanecarbaldehyde is 
formed quantitatively in this reaction sequence. A detailed 
mechanism for these reactions is proposed and discussed. 

Reference 
[1] M. Masarwa, H. Cohen, and D. Meyerstein, 53rd Conference of 

the Israel Chemistry Society, Ben-Gurion University of the 
Negev (Beer-Sheva, February 1988), p. 152. 

Equilibrium Constants for the Homolysis of the Metal-Carbon 
a Bond in [(nta)(H 0)M(III)-CH ]" (M « Hn, Fe, and Co) 

in Aqueous Solutions 

H. Cohen and D. Meyerstein 

The equilibrium constants for the homolysis of 
[(nta)(H20)M(III)-CH3]~ (M = Mn, Fe, and Co) in aqueous solutions 
are 8.3X10"4, 4.3X10"4, and 1.43X10"8 M"1, respectively. Methyl 
radicals react with the transient complexes to yield C H and 
[(nta)(H 0) (M(II)]~; the reaction rates approach the diffusion-
controlled limit. 

Kinetics of /?-Hydroxy 1 Elimination from 
[(HO) Cu(II)-CH C(CH )0H]* in Aqueous Solutions: 

2 nt 2 3 2 
A Pulse Radiolysis Study 

H. Cohen and D. Meyerstein 

The reaction of •CHC(CH )0H with Cu* yields the short-
2 3 2 aq 

lived transient complex Cu( II )CH C(CH ) OH* . The spectrum of 
the latter com;:lex is reported. Cu(II )~CH C(CH ) OH* decomposes 

2 3 2 aq 
Ben-Gurion University off the Negev, Beer-Sheva 
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i n t o Cu* + CH —CfCH ) + OH'. The spec i f i c rate of t h i s reac-
•4 2 3 2 r 

tion is 5.0X104 + 8.6X107[H30*] sec"1. The reaction kinetics are 
compared to those of analogous reactions reported earlier. 

Mechanistic Study of /J-Hydroxy 1 Elimination froa 
Tetrasulfophthalocyanine Co(III)-CR R CR R OH in 
Aqueous Solutions: A Pulse-Radiolysis Study 

Y. Sorek, H. Cohen, and D. Meyerstein 

The reactions of cobalt(II) tetrasulfophthalocyanine, 
[Co(II)(tspc)]4", with five free radicals — • CH 3, • CH2CH2OH, 
•CH(CH3)CH2OH, -CH(CH3)CH(CH3)0H, and • CH2C(CH3)2OH — were 
studied. The first product formed in these reactions has the 
form [Co(II)-(tspc-R)]*~, where R = the aliphatic free radical. 
The exact nature of the bonding of • R to tspc is not clear. The 
complex [Co(III)-(tspc-R)]4" rearranges into [(tspc)Co(III)-R]4" 
in a process obeying a first-order rate law. In the next step, 
[(tspc)Co(T.II)-CH3]4~ decomposes into [Co( III)(tspc) ] 3" + CH , 
whereas complexes of the form [(tspc)Co(III)-CR R CR R OH] 4" 
decompose into [Co(III)(tspc)]3" + R R C = CR R + OH". 

Flash-Photolysis Studies in Tyrosine- and 
Tryptophan-Containing Peptides [1] 

** ** 
M. Faraggi, L. Lindqvist, and C. Ferradini 

Intramolecular electron transfer (ET) across peptides con
taining both tyrosine and tryptophan can be studied by 266-nm 

Ben-Gurion University of the Negev, Beer-Sheva 

Study supported by grant No. 2561 from the National Council for Research, Israel, and grant 
No. 86-00206 from the United States—Israel Binational Science Foundation (BSF), Jerusalem 
(both to H.F.). 

Univ. of Paris, Paris, France 
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laser •xcltation of oxygen-saturated aqueous neutral solutions. 
In these solutions most of the light Is absorbed by the trypto
phan (TrpH) via a two-photon process resulting In the photo-
ionizatlon of the amlno-acid residue (TrpH), followed by the 
formation of an indolyl radical and a hydrated electron. Since 
some light is absorbed by a one-photon process with the forma
tion of triplets (3TyrOH and 3TrpH), the intramolecular electron 
transfer reaction from tyrosine to indolyl is obscure and hard 
to follow. Within 3 fisec the oxygen-quenchable electrons and 
triplets disappear and the transient absorption spectrum shows 
only absorptions characteristic of the neutral tryptophan/indolyl 
radical. Subsequent kinetic changes are similar to those found 
in pulse radiolysis studies; decay of Trp*, formation of the 
TyrO* radical, and a radical-radical recombination process. 
Decay and formation are not concomitant, a requirement for an 
intramolecular reaction, as previously observed in pulse radi
olysis. This results from the high initial concentration of the 
indolyl radical, which leads to a radical-radical (indolyl) re
combination reaction (1) that competes with the intramolecular 
reaction (2). 

2 TyrOH-R-Trp* -»• Produces (1) 

TyrOH-R-Trp* -* TyrO*-R-TrpH (2) 

These concurrent first- and second-order reactions of a 
single absorbing transient were analyzed by a relatively 
straightforward linearizing method. The rate constants obtained 
for reactions 2 and 3 were similar to those previously deter
mined by pulse radiolysis. 
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Reference 
[1] M. Faraggi, L. Lindqvist, and C. Ferradlni, Gordon Research 

Conference on Proteins (New Hampton, New Hampshire, USA, 
June 1987). 

Long-Range Electron Transfer In Proteins: 
The Percolation Mechanism' [1] 

J.-P. Jay-Gerin, C. Ferradini, C. Houee-Levin, 
J.-M. Lopez-Castillo, and M. Faraggi 

Although several theories have been proposed to describe 
intramolecular electron transfer (ET) reactions in proteins and 
related systems, none of them fully accounts for all the dynamic 
characteristics of proteins, especially their conformational 
changes. The ordered structure of protein molecules, built up 
from long-chain polymers of amino acids, leads to the existence 
of valence and conduction bands separated by forbidden energy 
gaps. The amino acid side-chain groups can be considered to be 
"impurities" that produce localized electronic states within the 
energy-band gap. We propose an electron-transfer mechanism based 
on the fact that proteins undergo a number of conformational 
changes over the course of time. Most of these changes lead to a 
simple reorganization of the localized impurity-type levels. Our 
model assumes that, for some specific protein conformation, 
these localized energy states become favorably arranged to form 
a temporary "impurity band" between the two redox centers. Under 
such coincidence conditions, a thermodynamic driving force may 
result in instantaneous electron transfer through this band. 

Study supported by grant No. 65-00217 (to M.F). from the United States-Israel Binatlonal 
Science Foundation (BSF), Jerusalem 

Univ. of Sherbrooke. Sherbrooke. Quebec. Canada 

Univ. of Paris, Paris. France 
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This peculiar mode of electron transfer, which can be referred 
to as a "percolation" of conductivity. Is generally found In 
poorly conducting charge-transfer complexes, and is believed to 
be their predominant mode of conduction. The "percolation" of 
conduction is described for adiabatic and nonadiabatic cases. 
The crucial role of the donor-acceptor separation distance on 
the rate of intramolecular process (exponential dependence) is 
also demonstrated. 

Reference 
[1] J.-P. Jay-Gerin, C. Ferradini, C. Houee-Levin, J.-M. Lopez-

Castillo, and M. Faraggi, Hadiat. Phys. Chem. 30:309 
(1987). 

Long-Range Electron Transfer Reaction Across Polypeptides [1] 
M. Faraggi and M. H. Klapper 

Intramolecular electron-transfer reactions as the bridging 
group, the spacer constructed of oligopeptides, changes from an 
electron donor (tyrosine) to an electron acceptor (the indolyl 
radical) were studied. Because the reactions in question are 
rapid, pulse radiolysis provides a convenient way to generate 
the precursor radical and measure the electron-transfer rate. 
First results on a series of Tyr—R—Trp peptides are presented in 
Table 1. In these peptides, the spacer R was (Pro) , (Glu) (n = 

n n 

0—3), Gly, or Lys. Generally, the addition of an amino acid to 
the spacer decreased the rate of electron transfer, with the 
extended (Pro) exhibiting a more pronounced effect. These 

Study supported by grant Ho. GM-3571B from the National Institutes or Health <K1H). USA. 
grant No. 2561 from the National Council for Research, Israel, and jrant Ho. 86-00206 from 
the United States—Israel Binational Science Foundation (BSF), Jerusalem 

Ohio State University, Columbus OH. USA 
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results can be explained by the Marcus theory, which assumes 
that intramolecular rates (k) decrease exponentially with dis
tance. The decrease in rate is related to the rigidity (proline) 
vs. flexibility (all others) of the spacer and to the configura
tion — trans (extended) or cis. 

Table 1 
Kinetics of Tyrosine-to-Tryptophan Electron Transfer 

Spacer K (s"1) 
intra 

k ( M ' V 1 ) inter k , ( M ' V 1 ) 
decay 

Tyr + Trp 7 . 6 X 1 0 5 

8 . 9 X 1 0 4 4 . 0 X 1 0 8 

- < G l y ) - 1 . 9 X 1 0 4 5 .4X10 
- ( L y s ) - 1 .7X10 4 . 6 X 1 0 8 

- ( P r o ) - 4 . 8 X 1 0 3 1 . 0 X 1 0 6 4 . 3 X 1 0 3 

- ( P r o ) , 3 . 2 X 1 0 8 . 0 X 1 0 5 3 . 5 X 1 0 8 

- ( P r o ) * 2 . 0 X 1 0 5 . 0 X 1 0 5 2 . 7 X 1 0 8 

- ( G l u ) - 2 . 0 X 1 0 4 3 . 1 X 1 0 8 

- ( G l u ) - 2 . 4 X 1 0 4 1 . 8 X 1 0 8 

-(Glu)J- 2 . 2 X 1 0 1 . 2 X 1 0 8 

Conditions: N 0-saturated solutions contained 50 rnM sodium azide, 
10 mM phosphate buffer, pH 7.0, and peptides in the concentra
tion range 0.05-0.5 mM. The dashes indicate reactions that were 
too slow to measure under our conditions. 

Reference 
[1] M. Faraggi and M. H. Klapper, Gordon Research Conference on 

Proteins (New Hampton, New Hampshire, USA, June 1987). 
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Long-Range Electron-Transfer Reaction in the 
Alpha-Hemoglobin Subunit [1] 

M. Faraggi and M. H. Klapper 

The a-chain of human hemoglobin A has one sulfhydryl group 
(cys-104), 12 A from the heme. The mixed disulfide derivative 
that results from the reaction of that sulfhydryl with DTNB 
(5,5'-dithiobis(2-nitrobenzoic acid)) is stable for at least two 
days. Given the similarities of the visible spectra and electro
chemical properties of the intact Hb, the a-subunit, and the 
DTNB-modified a-subunit, there seems to be little alteration 
around the heme group. Hence we use the working hypothesis that 
a distance of 12 A is a reasonable estimate for the modified 
subunit as well. 

Reduction was initiated by by radiolytically generated for
mate radical. CO'. This reacts with Fe(III)-a-Hb-SSR, mainly 
with its disulfide bond, and forms its radical anion (formation 
of the 420-nm band ,ich k = 2.2X108 M^sec" 1), followed by a 
slower first-order absorption decay with a rate of 200 sec"1. At 
other wavelengths, where only the heme absorbs (in both oxida
tion states), only the slow process was observed. We propose 
that the slower absorption change reflects simultaneous oxida
tion of the disulfide-radical anion and reduction of the heme 
group. The driving force of the intramolecular electron transfer 
reaction, determined by cyclic voltametry and differential pulse 
polarography, was 0.44 V. 

The rate found for the intramolecular long-range electron 
transfer in Fe(III)-Q!-Hb-SSR is within the range of rate con
stants found by others for other proteins. However, there was no 

Study supported by grant No. GW-35718 from the National Institutes of Health (NIH), USA and 
grant No. 85-00217 trom the United States Israel Binational Science Foundation (BSF), 
Jerusalem 

Ohio State University. Columbus OH. USA 
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apparent relationship between the rate of electron transfer 
found in proteins studies and the distance or the driving force, 
although there does appear to be a trend of declining rate con
stants with increasing distance. The apparent lack of direct 
correlation presumably arises from the pecularities of each pro
tein system. 
[1] M. Faraggi and M. H. Klapper, J. Rm. Chem. Soc. (1988, in 

press). 

Redox Potential of Tyrosine/Phenoxy and 
Tryptophan/Indolyl Radicals [1] 

M. Faraggi, M. R. DeFelippis, and M. H. Klapper 

Redox potentials of these radicals were determined using 
1,1'-ferrocene dicarboxylic acid (Dic-Fc) as a reference couple. 
This reference has the required stability in both oxidation 
states; the 1-electron oxidation reaction of Dic-Fc with radi
cals is almost diffusion-controlled; and its redox potential of 
0.66 V (NHE) is within the range reported for the two amino 
acids. Under the assumption that the trytophan indolyl radical 
oxidizes in a single elementary reaction: 

Tip* + DiC-Fc + H* *- TrpH + DiC-Fc* with: K » k /k 
k ., f r 
r 

K can be calculated either by the magnitude of the absorbance 
at equilibrium or from profile curves (pseudo—first-order 
kinetics) to attain the equilibrium. Under our experimental 
condition the indolyl radical was the major product produced 

Study aupportad by grant No. GM-3571S toa tha National Inatitutaa of Haalth (NIH). USA: 
grant No. 2561 froa tha National Council for Xaaaarch. laraal: and grant No. 66-00206 froa 
tha Unitad Stataa-Iaraal Binational Scianca Foundation (BSF). Jaruaalam 
Dapt. of Chaalatry. Ohio Stata Univaraity. Coluabua OH. USA 
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initially; the subsequent equilibration was monitored at. 625 nm, 
the absorption maximum of the ferrocenium ion (DiC-Fc*). Using 
the two methods we found K = 1100±100, k= 3.9±0.4X107, and 

eq f 
0.83±0.02 V (NHE) for the redox potential. The same procedure 
was applied to tyrosine. The forward (DiC-Fc oxidation) second-
order rate constant, k = 5.8±0.4X108 M"1sec"1, was calculated from 
the time profile curves. Since the maximum solubility of tyro
sine at pH 7 does not exceed 2 mM, we could obtain only an esti
mated redox potential value of 0.8-0.9 V (NHE). 
Reference 
[1] M. Faraggi, M. R. DeFelippis, and M. H. Klapper, Radiafc. 

Phys. Chem. (1988, in press). 

One-Electron Oxidations of Ferrocenes: 
A Pulse Radiolysis Study' [1] 

M. Farragi, D. Weinraub, F. Broitman, 
M. R. DeFelippis, and M. H. Klapper 

The oxidation of four water-soluble ferrocene derivatives, 
hydroxoethyl (HE-Fc), dimethyl-aminomethyl (DMAM-Fc), mono-
carboxylic acid (C-Fc), and l,l'-dicarboxylic acid (DiC-Fc) fer
rocene, was studied using the pulse radiolysis technique. 

Second-order rate constants were determined for the reactions 
of these ferrocenes with N , Br ", (SCN) " CO " and NO . The val
ues obtained with the best oxidant, namely the N radical, were 
on the order of 3X109 M"1sec~1, indicating that the reaction of 
the four ferrocenes with this radical is diffusion-controlled. 
The CO," radical was slighly less reactive (values >1X109 M"lsec"1). 

Study aupportad by grant No. 2561 fro* tha National Council for Raaaarch, laraal. 
Oapt. of Chaadatry. Ohio Stata Univaralty. Coluabua OH. USA 
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With the negatively charged radicals, Br " and (SCN) ", the influ
ence of the charges on the ferrocenes was observed. The reaction 
with NO , the least-reactive oxidant, seems to suggest an outer-
sphere mechanism. 

The electrochemical redox potentials of the ferrocenes, 
determined by cyclic voltametry, were similar to those found in 
the literature; that for DMAM-Fc was 0.59 V (NHE). 

Absorption spectra of the ferrocenes in both oxidation states 
were recorded. Ferrocenes showed a peak around 440 nm. The oxi
dized forms (ferrocenium ions), which have an absorption maximum 
at 625 nm, were obtained both electrochemical ly and by steady-
state radiolysis. 

The stability of the ferrocenium ions was also determined. 
The shortest decay half-life, 0.2 hr, was found for C-Fc. The 
others derivatives were more stable. The relationship between 
redox-potential differences and the ferrocene's reactivities 
with the inorganic radicals is discussed. 

Reference 
[1] M. Farragi, D. Weinraub, F. Broitman, M. R. DeFelippis, and 

M. H. Klapper, Hadiat. Phys. Chem. 32:293 (1988). 

The Reaction of [Ir(C3N'-bpy)(bpy)2]2* with OH Radicals and 
Radiation-Induced Covalent Binding of the Complex to Several 

Polymers in Aqueous Solutions [1] 

D. Behar, P. Neta, J. Silverman, and J. Rabani 

Irradiation of aqueous solutions of [Ir(C3N'-bpy)(bpy) ] !* 
(irP) produces a variety of OH adducts to IrP. The OH adducts 

Cantar for Chtnical Phyaica. National Buraau of Standard*, Gaithtraburg MD, USA. •• 
Laboratory for Radiation and Polymar Scianca. Univ. of Maryland. Collaga Park MD. USA 

•a* 
Habraw Univaraity of Jaruaalam 
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decay by two second-order processes separated in time. In the 
presence of both IrP and a soluble polymer, the OH radicals are 
shared between IrP and the polymer, simultaneously producing OH 
adducts and polymer radicals. This is followed by radical-radi
cal reactions. The rate constants of the various reactions 
between the OH adducts and the polymer radicals have been deter
mined. Both dialysis and spectral measurements demonstrate that 
the products of reactions bewteen the OH adducts and polyethy
lene glycol radicals (PEG-), polybrene radicals (PB-), and 
polystyrene sulfonate radicals (PSS- ) are the respective poly
mers covalently linked to the iridium complex. IrP behaves simi
larly to Ru(bpy)**, which was studied previously. This indi
cates that the radiation method may have general application in 
the preparation of polymers with pendant bpy complexes. 

Reference 
[1] D. Behar, P. Neta, J. Silverman, and J. Rabani, Radiafc. 

Phys. Chem. 29:253 (1987). 

Pulse Radiolysis of Polystyrene Sulfonate in Aqueous Solutions 
D. Behar and J. Rabani 

Various radical species have been identified in the pulse 
radiolysis of aqueous solutions of polystyrene sulfonate (PSS). 
OH radicals react with PSS (k3 = (7.5±1)X108 M^sec"1) to produce 
a predominant mixture of OH adducts. An intrapolymer biradical 
decay of the OH adduct (2k6 = (3.0±1)X105 cm sec"1) is observed 
when several OH radical adducts are produced on the same polymer 
molecule. This decay reaction competes with the first-order for
mation of a positive-ion radical (k * (160±40) sec'1 at pH 5.6). 

Ntbraw University of J*ruaal«m 
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The formation reaction is acid-catalyzed, but is slowed by the 
addition of inert salts. The positive-ion radical later decays 
in the time range of hours according to a first-order rate law 
(k - (5.4±0.5)X10"5 sec"1). This decay is attributed to an intra
molecular conversion of the positive-ion radical to a benzyl-
type radical, which subsequently decays to produce a stable 
recombination product. The spectra and kinetics are discussed in 
light of the properties of various aromatic systems and the 
polymer systems. Long-lived polymeric free radicals are useful 
models for photochemical storage systems. 

Radiation-Induced Grafting of Sulfonated Monomers on 
Vinyl Alcohol Copolymers [1] 

A. Mey-Marom and S. Shkolnik 

Ion-exchange membranes can be prepared by grafting sulfonated 
monomers onto olefinlc-polymer substrate only when the polymer 
is previously grafted with a hydrophilic monomer. This problem 
can be ovarcome by using a polyolefinic substrate that contains 
polymeric groups on the polymer backbone. One such material is 
the recently available copolymer of ethylene and vinyl alcohol 
(EVAL). The grafting of the potassium salt of p-styrenesulfonic 
acid on electron-beam-preirradiated EVAL was studied. A rapid 
grafting rate was observed and up to 100% add-on obtained. The 
effects of monomer concentration, temperature, reaction time, 
and irradiation dose were determined. The uptake of grafted 
monomer by mono-oriented EVAL films and the dimension growth 
were higher than for bi-oriented films. Mechanical, thermal, 
permeability, and electric-resistance properties were followed 
as a function of grafted monomer add-on. They are discussed in 

202 



relation to possible changes in the macromolecular structure of 
EVAL polymer. 

Reference 
[1] A. Mey-Marom and S. Shkolnik, IUPAC International Symposium 

on Polymers for Advanced Technologies (Jerusalem, Israel, 
August 1987). 

Grafting of Acrylamide to Nylon-6 by the Electron-Beam 
Preirradiation Technique: 

V. Permeability and Selectivity of the Grafted Membranes 
to Ionic Solutes and Metabolites [1] 

Y. Haruvy, L. A. Rajbenbach, and J. Jagur-Grodzinski 

Nylon-6-grafted polyacrylamide (NYgAM) membranes were modi
fied by crosslinking and/or annealing with 65% aqueous solution 
of formic acid at room temperature. The permselectivity proper
ties of the treated NYgAM membranes to a number of ionic solutes 
of varying molecular size, ranging from HBr to tetrabutyl-
ammonium bromide (BuNBr), were studied in the temperature range 
27'C—47°C. The temperature dependence of the permeation coeffi
cients through the crosslinked membranes indicates an apparent 
energy of activation of 6.6 and 11.3 kcal/mol for HBr and BuNBr, 
respectively. In the crosslinked and annealed membranes the corre
sponding activation energy values were 4.4—5.6 kcal/mol, reflect
ing the increased water uptake of the annealed membranes. The flux 
of water and bromide solutes through the 135-/tm thick 
crosslinked and annealed NYgAM membranes at 332% graft yield was 
found to be approximately equal to that of 18-/*m thick cello
phane films. The permeability coefficients of urea, uric acid, 
raffinose, and inulin through the crosslinked annealed NYgAM 
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membranes were determined in order to establish the potential 
applicability of the modified membranes to clinical separation 
of metabolites. The flux of all four solutes, especially that of 
uric acid, through the modified NYgAM membranes at 100% graft 
yield was found to be higher than through the cellophane films. 
In addition, the flux of inulin was found to be strongly 
affected by variation in graft yields. 

Reference 
[1] Y. Haruvy, L. A. Rajbenbach, and J. Jagur-Grodzinski, J. Rppl. 

Polym. Sci. 33:389 (1987). 

Grafting onto Tedlar Films by the Electron-Beam 
Preirradiation Technique: 

I. Grafting with Acrylamide in Aqueous Solution [1] 
Y. Haruvy 

Polyvinylfluoride (tedlar) films, 12.5—25 #m thick, were 
grafted with acrylamide monomer (AM) in aqueous solution, after 
preirradiation by a 550-kV electron-beam accelerator. The graft 
yield rose with grafting period up to 285% and 475% for the 25-
pm and the 12.5-jtm tedlar films, respectively, and then leveled 
off due to gelation of the solution. Water-permeation rates 
through the tedlar films were increased by a factor of up to 3 
after grafting with AM. Water-permeation rates through films of 
tedlar grafted with acrylamide (TEDgAM) were low in comparison 
with those for cellophane films or nylon-grafted acrylamide 
films (NYgAM) of comparable thickness, implying that only part 
of the tedlar film cross-section has been penetrated by the 
grafter copolymer. The highest rates of water permeability were 
observed in 12.5-fim films grafted with 475% acrylamide. 
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Reference 
[1] Y. Haruvy, Polym. Bull. 18:137 (1987). 

Grafting of Acrylamide to Nylon-6 by the Electron-Beam 
Preirradiation Technique: 

VI. The State of Hater in Swollen Grafted Membranes [1] 
Y. Haruvy 

The water in water-swollen nylon-grafted acrylamide (NYgAM) 
membranes, prepared by the electron-beam preirradiation tech
nique, was classified in three states: bound, free, and interme
diate. The partition of water into these states was evaluated by 
utilizing data on the water-sorption capacity of the grafted 
membranes and the permeability coefficients of water and ionic 
solutes through the membranes. Water proton relaxation times T , 
measured by pulsed nuclear magnetic resonance (NMR), were used 
to reevaluate the partition of water in highly water-swollen 
membranes. The first two moles of water per mole of grafted 
polyacrylamide (PAM) are bound, the next 4/3 moles are interme
diate, and any excess water is free. In highly water-swollen 
membranes, any water in excess of the 2 moles of bound water per 
mole of PAM can be classified as free water. 

Reference 
[1] Y. Haruvy, Polym. Bull. 17:149 (1987). 
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Mo/ "To Generator: "Thin" Column Development 

6. Ringler, S. Shrem, and H. Zauber 

The ability to provide high activity concentration, i.e., 
high 99"Tc activity in a small elution volume, is an important 
criterion of a 99lnTc generator. High activity concentrations are 
required by some special applications, such as "bolus" injection 
techniques in first-pass radioangiography. Moreover, low-activity 
generators can be used much more efficiently if the total elu
tion volume is small. 

Two years ago we were able to reduce the elution volume of 
our generators from 15 to 6 mL, while keeping the elution yield 
at the specification value of o l80% (in fact, it is ^90% for most 
of the units) and the 9 9Mo breakthrough under the Pharmacopea 
limits. To reduce elution volume further, the alumina column was 
redesigned and a "thin" model constructed, with the following 
results for full-activity generators: 

o Elution yield: 75% in 2 mL eluant, 82%-85% in 2.5 mL 
o 9 9Mo breakthrough: under Pharmacopea limits 
« Elution rate: 7—10 mL/minute. 
Work continues to improve the elution rate, simplify column 

preparation, and further improve the elution yield. 

A New 99Mo/59"Tc Generator 

6. Ringler, H. Zauber, and S. Shrem 

A new 99*Tc generator was designed. Its salient features are: 
a general appearance competitive with other commercially avail
able models; easier and safer handling and operation; and 
improved shielding. Although the new model weighs no more than 
the old, radiation levels have been reduced by 60%. The silicone 
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rubber tubing, which caused assembly problems and an appreciable 
number of rejects, has been replaced by rigid (stainless steel) 
tubing. The number of parts is fewer, making assembly faster and 
easier. The disposable components are mass-produced (injection 
molding), thus lowering costs. A first series of the new genera
tors has been produced. 

Fig. The New 9 9MO/""TC Generator 
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Characteristic Performance of the Os/ ir Generator in 
Bolus and Continuous Modes of Operation 

D. Issachar, D. Zemach, and J. Trumper 

Generators of ultrashort-lived radionuclides such as the 
Os/ 9 mIr system can be used clinically in two operating modes: 

bolus (small volume of high-concentration activity) and continu
ous elution. While the bolus technique is especially suitable 
for first-pass cardiac studies, continuous elution might be 
applicable for perfusion studies of various organs such as 
lungs, kidneys, and brain. Continuous infusion of the ultra-
short-lived radionuclide 1 9 1 mIr (t = 4.96 sec) could permit the 
accumulation of sufficient radioactivity in a given organ to 
produce good counting statistics. 

Time (sec) 

Fig. 1: Fluted l M"ir activity as a function of the flushing 
flow rate. 
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The characteristics of our newly developed Os/Ir generator 
when operated in these modes were determined. The bolus-activity 
profile was studied as a function of several parameters, includ
ing eluate flow rate, total volume of the transfer line, and 
set-up of the generator comporents. A significant improvement of 
the bolus profile was obtained when the eluate was flushed at a 
flow rate of 4 mL/sec instead of 1 mL/sec (Fig. 1). This 
improvement, characterized by a "sharper bolus," is especially 
important for first-pass cardiac studies in infants. 

150 

l o o 

I 
r 5 0 

25 50 75 100 
Flow rate (ml/min) 

Fig. 2: Steady-state 191"lr activity as a function of the flow 
rate (transfer line 2.2 mL). 

The performance of the generator, when operated in continuous 
mode, was characterized by the steady-state activity level. The 
studies were performed on a generator loaded with 1 Ci 1 9 10s 
eluted continuously for about two minutes at various flow rates. 
The steady-state activity levels were shown to be dependent 
mainly on the elution flow rate and the volume of the transfer 
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line. Figure 2 presents the steady-state activity level for a 
2.2-mL transfer line. It is obvious that for clinical use the 
optimal flow rate of the infusion would be determined as a com
promise among several parameters: the accumulated 91™Ir activity, 
the total infusion volume, and the accumulated Os break
through . 

Preliminary Clinical Studies Using a 1 9 10s/ 1 9 1 n ,Ir Generator for 
Blood Perfusion in Kidney and Brain 

D. Issachar, D. Zemah, E. Lubin, N. Zafrir, 
L. Liberman, J. Baron, and J. Trumper 

Until recently our I 9 10s/ 1 9 1 mIr generator has been used only for 
first-pass cardiac studies. In this type of cardiac study, which 
lasts only about 20 sec, the generator is operated in the 
"bolus" mode, where a high activity (~150 mCi) of 1 9 1 mlr con
tained in a small volume (~0.5 ml) is delivered to the patient. 

Preliminary clinical studies were undertaken during the past 
year to examine potential applications of the generator for 
clinical studies of other organs, such as blood perfusion in 
lung, kidney, and brain. In these cases, the objective of the 
scintigraphic examination is to accumulate, by continuous infu
sion, sufficient radioactivity in the target organ to produce 
good counting statistics. 

Perfusion studies of kidney and brain were performed using a 
generator loaded with about 1 Ci 1 9 10s, operated in a continuous 
mode for 60-80 sec. In initial studies on a dog, clear images of 
the blood perfusion in kidney and brain were obtained. In subse-
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quent studies of blood perfusion in the kidneys of three humans, 
encouraging images were obtained. 

More experiments, including clinical studies, are required to 
find the optimal flow-rate of the continuous infusion. 

Radiation Dosimetry of 1 9 10s/ 1 9 1 mIr Generator Eluate 

T. Schlesinger, J. Weininger, J. Trumper, and D. Issachar 

Radiation doses to the whole body and to several vital organs 
were calculated for' both adults and infants undergoing 1 9 1 mIr 
angiography. 191l*lr has a half-life of 4.96 sec and decays to 1 9 1Ir 
with the emission of 42 keV (converted 100%) and 129 keV (26%) 
photons and 65 keV X-rays (50%). Due to its very short half-
life, the contribution of 1 9 1 mIr to the radiation absorbed by the 
patient is very low: about 10 mRad/100 mCi 1 9 1 r aIr. The radiation 
doses are mainly due to the breakthrough of the 15.4-day long-
lived parent 1 9 lOs. Breakthrough of even a few microcuries of 
1 9 10s can raise the radiation dose to a significant level. 

The 1 9 l"lr activity suitable for angiography is about 100 mCi 
for an adult and about 70 mCi for an infant. Because of 0s 
breakthrough from the generator system, the 151l"lr activity is 
accompanied by a few microcuries of Os (about 7—20X10"*% of the 
generator activity). 

The 1 9 10s equilibrium-dose rate constant of 0.29 rad-g/jtCi-hr 
(i.e., 0.29 rad per hour for 1 /id per gram tissue). Most of 
this dose is due to the 37.5 keV (average) beta particles emit
ted by 1 9 10s (100%). Penetrating radiation (129 keV gamma-rays 
and 65 keV X-rays) contribute mainly to the organ self-dose in 
large organs (23% in the lungs and 9% in the liver). To assess 
organ-to-organ doses, absorption fractions were calculated for 
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the energy range associated with the Os -> Ir -> Ir reac
tion, as well as absorbed doses per unit cumulative activity. 

Biodistribution and clearance studies of 1 9 10s were performed 
in mice. Organ uptake and effective half-lives were determined 
in vital organs and the cumulative doses in these organs were 
assessed. 

These data were used to calculate absorbed doses in whole 
body and in ten target organs. The calculated values, extrapo
lated for adults and infants, are summarized in Table 1. The 

191 
results are expressed in mRads per microcurie Os. The radia
tion dose per /iCi of 1 9 10s is assumed to be 5 times and 15 times 
the adult dose for a one-year old and new-born, respectively. 

The liver is the organ with the highest exposure. To limit 
the infant dose to 100 mRad to the liver, 1 9 10s breakthrough must 
be <10"4% of the generator activity. For adults, even if the 1 9 10s 
breakthrough is about 10~3%, the absorbed dose is much lower than 
that received from the procedure currently used for identical 
purposes, in which 20 mCi ""To DTPA is administered. 

Table 1 
Organ doses due to breakthrough of 1 Os in diagnostic procedures 

using 1 9 1"lr 
(mrad per microcurie 1 9 10s) 

Organ Llv«r Kidneys Sple«n Lungs Genitals Bladder Bone 
marrow 

Bone Gut Whole 
body 

M u l t 12 3.4 0.9 0.9 0.22 1.0 0.2 2.B 6.8 0.6 
1-yr old 60 17 4.5 45 1.1 5.0 1.0 14 34 3.0 
Hewborn 190 51 14 14 3.3 15 3.0 42 102 9 
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Paramagnetic Gastrointestinal Enhancing in 
Magnetic Resonance Imaging 

S. Abrashkin, R. Azoury, and M. Greif 

Bowel loops are frequently mistaken for pathological findings 
in most imaging techniques, including MRI. Uniform contrast 
enhancement of the small bowel could be attained by filling the 
lumen with an orally administered aqueous solution with appro
priate relaxation times T and T , to provide strong bowel-image 
enhancement with most of the pulse sequences used in abdominal 
MR imaging. 

Quantification of the above requirement suggested that a 
solution with T <* 200—300 msec and T <=* T would provide strong 
signals for a variety of spin-echo (SE) imaging pulse sequences. 

A preliminary in-vitro study was conducted on three paramag
netic complexes: ferric ammonium citrate (FeAC) [1], FeEHPG, and 
GdDTPA. The T and T values, measured over a range of concentra
tions (0.5 to 20 mM), approached 250 msec for FeAC 3 mM, FeEHPG 
6 mM, and GdDPTA 1 mM. The in-vivo values measured in [1] for 
the bowel were T = 500-800 msec and T = 75—110 msec for FeAC 
administered as a 1 mM solution. The much lower T /T ratio 
(which presumably weakens the signal strength in SE imaging) 
could be due to dissociation of the complex in the acidic stom
ach and failure to recombine subsequently. 

The relaxation times T and T of the three complexes were 
measured as a function of pH (acidification followed by neutral
ization). The results are expressed in Fig. 1 as the percentage 
of the corresponding value at pH 7; the fractional variations of 
T and T were identical. The changes were reversible in the in-
1 2 
vitro experiments. Association of the free cation with organic 

Sh«b» Maalcal Cintac. T«l XMhoawr. T«l Aviv 

216 



substances could conceivably change the situation in in-vivo 
conditions. 
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Fig. 1: Changes in relaxation times induced by changes in pH. 

Materials with short T and long T could mimic fat, and could 
also hinder the detection of long-T pathologies. Further in-vivo 
imaging studies will therefore be conducted to evaluate the pre
sent approach and modify it as required. 

Reference 

[1] G. E. Wesbey et al.. Radiology 149:175 (1983). 

Determination of Free Metal and Free Ligand in the 
Paramagnetic Contrast Agent GdDTPA 

S. Abrashkin and R. Azoury 

The paramagnetic complex GdDTPA is being clinically evaluated 
by many research groups for use as a contrast agent in Magnetic 

217 



Resonance Imaging [1]. Because the toxicity of both the ligand 
and the Gd * ion is much higher than that of the complex, it is 
crucial to ascertain their absence in injectable preparations of 
GdDTPA. 

GdDTPA was prepared by refluxing a suspension of equimolar 
amounts of Gd (as Gd 0 ) and diethylenetriamine pentaacetic acid 
in H 0 at HS'C-^S'C for 30-60 minutes. The solution was fil-

2 
tered and neutralized with 2 equivalents of methyl glucosamine 
per mole. 

Excess Gd was measured by photospectrometric determination of 
the Gd—xylenol-orange complex; the original procedure [2] was 
modified to adapt it to our conditions, to correct for pH dif
ferences, and to evaluate either metal or ligand excess. Deter
minations were also made by complexometry with Eriochrome Black 
T (EBT) as indicator. Excess ligand was determined by titration 
with Gd(AcO) or Mg2*. Preparations with an excess of Gd3* were 
titrated with the disodium salt of DTPA. 

A linear dependence was found between the OD at 570 nm and 
the pH difference between sample and reference (ApH): 
AOD » -1.84 ApH (r=0.998). The sensitivity of the spectrophoto-
metric procedure is better than 0.01% free Gd3*/total Gd, but the 
precision at this impurity level was poor (±50%). The excess 
ligand found in the standard preparation was 0.22%; this result 
was reproducible to within <0.01%. 

The sensitivity of the complexometric procedure was approxi
mately 0.1%. In the Gd3* range of 0.1%—2% the precision was very 
good and limited only by the sensitivity. The relationship was 
represented by the following linear regression: 

Mm Gd found • 1.005 /im Gd added - 0.36 jim 
with r>0.99. The excess ligand found in the standard preparation 
was 0.2±0.1%. 
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Levels of free Gd3* under ~1% are not expected to cause toxic
ity problems. They can now be accurately determined by the com-
plexometrlc method down to the 0.1% level. Excess ligand can be 
accurately and sensitively determined by either method. 

Reference 

[1] H. J. Weinman, R. C. Brasch, W. R. Press, and G. E. Wesbey, 
Am. J. Roentgenol. 142:619 (1984). 

[2] B. Budesinsky and A. Bezdekova, Presenilis' z. Anal. Chem. 
196:172 (1963). 

GdDTPA Liposomes as Contrast Agents for MR Imaging of the Liver 
S. Abrashkin and J. Weininger 

The paramagnetic complex GdDTPA is the only contrast agent 
for Magnetic Resonance Imaging (MRI) that has reached the stage 
Of extensive clinical trials. It diffuses readily into the 
extracellular water space and undergoes rapid clearance through 
the kidneys. It does not concentrate preferentially in any organ 
other than the kidneys. On the other hand, colloidal suspensions 
as well as cations of several paramagnetic metals do concentrate 
in the liver, but are retained for a very long time and are 
highly toxic. 

A pilot study was conducted to investigate the possibility of 
modifying the biodistribution of GdDTPA by means of liposome 
encapsulation so as to obtain preferential localization in the 
reticuloendothelial system (RES) of liver and spleen, and 
whether the RES-trapped GdDTPA would clear from the organs (and 
the body). 

Standard methods were used to prepare multilamellar liposomes 
of lecithin-cholesterol 4:1 containing 100 mM Na GdDTPA labeled 
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with radioactive Gd. The liposomes were separated from the 
unencapsulated material by ultrafiltration. 

ICR mice were injected in the tail vein with 0.2 mL of lipo
some suspension with doses of 0.04-0.15 mM Gd/kg body weight. 
Body clearances were measured by whole body counting and bio-
distribution, by sacrifice at various times postinjection, and 
by organ counting. Relaxation times T and T of selected organs 
were measured immediately after excision with a Bruker PC-20 
"MultiSpec" spectrometer at 20 MHz and 37±1°C. 

The results are reported as percent injected dose (ID) per 
whole organ ±1 SD. The total body clearance was ~0 in the first 
hour, and 70% ±8% in the first day. Liver accumulation was 
fairly rapid and reached 46% ±12% in the first hour; the spleen 
reached 10% ±4% in this period. Blood levels diminished from 28% 
±4% at 15 minutes to approximately 6% in the first 90 minutes. 
After one day <1% ID remained in the liver and in the spleen. 
Thus liposome-encapsulated GdDTPA seems in principle to have RES 
accumulation and clearance characteristics suitable for a liver 
MRI contrast agent. However, we failed to detect the significant 
reduction in liver T expected from the measured Gd concentra
tions in the organ. This lack of relaxivity could be explained 
by the confinement of the agent in a minor water compartment, 
which, assuming slow release, could be identified with the inner 
aqueous space of the liposomes. This possibility will be inves
tigated by comparative studies using GdDTPA-ioaded multilamellar 
liposomes vs. large unilamellar ones. The latter have been pre
pared by the technique of [1]; we obtained encapsulation yields 
better than 20% and 10% for dimeglumine-GdDTPA 0.1 M and 0.2 M, 
respectively. 
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Reference 
[1] F. Szoka and D. Papahadjopoulos, Proc. Nat. Read. Sci. USA 

75:4194 (1978). 

Assessment of the Purity of d,l HM-PAO from 
Diastereomeric Mixtures Using NMR Techniques 

I. Feinstein-Jaffe, M. Boazi, and Y. Tor* 

The need for radiopharmaceutical agents that will cross the 
intact blood-brain barrier and can measure regional cerebral 
blood flow has been expressed in recent years by the intensive 
efforts to design new radiotracers. Brain-imaging reactants 
incorporating various radioisotopes, including U C , 1 2 3 I , 2 0 1Th, and 
1 3 3Xe have been developed recently. These radiotracers, however, 
have several disadvantages, including high radioisotope cost, 
limited availability, costly detection instrumentation with lim
ited accessibility, and several problems influencing their brain 
concentrations and retentions. 

Hexamethylpropyleneamine oxime (HM-PAO), when complexed with 
""Tc, is a particularly effective ligand for cerebral perfusion 
imaging and lacks the disadvantages mentioned above. The HM-PAO 
ligand exists in two diastereomeric forms, d, 1 and meso. It was 
first shown in rats and thereafter in humans that the d,1 HM-PAO 
diastereomer provides a 9 9 nTc complex with superior brain uptake 
and retention compared with either the complex generated from 
the meso diastereomer or the stereoisomeric mixture. The purity 
of the d, 1 HM-PAO ligand is thus important, since meso dia
stereomer impurity in the ligand will decrease the brain concen
tration of the 9**Tc complex. Fractional crystallization produces 
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many different d,1 HM-PAO-containing fractions whose purity 
cannot be judged solely on the basis of their melting points. 

We have found proton (XH) NMR to effectively resolve d,l and 
meso HM-PAO isomers ii: diastereomeric mixtures and provide a 
rapid and simple analysis of the purity of fractions containing 
one or both of these diastereomers. A combination of 270 and 
500 MHz NMR instruments allows detection of as little as 5% meso 
impurity in the d,l fractions. Figure 1 shows the *H NMR spectra 
of a diastereomeric mixture as well as of the d, 1 and meso 
isomers. 

^ Jl . . 
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Fig. 1: *H NMR (270 MHz, C030D) spectra of (a) pure meso iso
mer, (i) pure d,l isomer, (c) diastereomeric mixture 
of d,1 and meso diastereomers. 

The method should be useful for quality control in academic 
and government regulatory laboratories and by radiopharmaceuti
cal manufacturers. 
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Hunan Sarcoma-associated Murine Monoclonal Antibody Labeled 
with Indium-Ill, Gallium-67 and Iodine-125* [1,2] 
A. K. Bartal, E. Lavie, M. Boazi, J. Weininger, 

M. Bitton, G. Yosilevski,* D. Front*, 
Y. Hirshaut, and E. Robinson 

Monoclonal antibody (MAb) 23H7 is a hybridoma-derived IgG 
that is generated following fusion of mouse myeloma cell line 
P3U1 and spleen cells from BALB/c mice hyperimmunized with a 
human fibrosarcoma. It detects a mesenchymal antigen of 23KD 
expressed on human sarcoma tissues and other neoplasms, includ
ing myeloid leukemias, but it rarely binds to normal tissues. 
MAb 23H7 was labeled with *'Ga and I UIn using the bifunctional 
ligand method. 67Ga was chelated to the MAb via desferrioxamine B, 
while m I n was chelated via the cyclic anhydride of diethylene-
triamine pentaacetic acid. Higher specific activity was obtained 
with $7Ga than with l uIn (4.5 and 2 /iCi/jtg, respectively); both 
gave stable complexes. When 23H7 was labeled with 1 2 5I, consider
able breakdown was observed. This, together with the physical 
shortcomings of this isotope, emphasizes the advantages of 
labeling with m I n and 47Ga. The rapid blood clearance of the 
labeled sarcoma-associated MAb may be beneficial for early tumor 
uptake and for imaging shortly after injection. 

References 
[1] A. H. Bartal et al., in: Labeled and Unlabeled antibody In 

Cancer Diagnosis and Therapy, NCI Monographs #3, 1987, p. 153. 
[2] E. Lavie et al.. Radiotherapy Oncol. 8:129 (1987). 
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Labeling of Sarcoma Associated Monoclonal Antibody 
with m l n , 6 7Ga, and 1 2 5I [1] 

E. Lavie, M. Boazi, J. Weininger, M. Ditton, 
G. Yosilevski, D. Front, Y. Hirshaut, 

E. Robinson, and A. H. Bartal 

Labeling of human sarcoma-associated murine monoclonal anti
body (MAb)23H7 with 6 7Ga and 1 1 1In by the bifunctional ligand 
method is reported. 6 7Ga was chelated to the MAb via desferriox-
amine B, and 1 1 1In via the cyclic anhydride of DTPA. High spe
cific activity was obtained with Ga (4—5 MCi//*g) as compared 
with m I n (2nCi/tig). The binding capacity of the MAb was con
firmed by repeated indirect immuno-fluorescence assays performed 
before and after labeling. Fast blood clearance was observed: 
33% recovered dose (R.D.) blood level 3 hours post-injection, as 
compared with 56% after injection of control polyclonal IgG. 
Preliminary results on chemically induced sarcoma-bearing mice 
showed a relatively high tumor uptake of the labeled antibody. 

Reference 
[1] E. Lavie et al., Hadiotherapy Oncol. 8:129 (1987). 

Radio-iodination of Triiodothyroacetic Acid 

A. Freud and J. Bar-Tana 

Triiodothyroacetic acid ( O H I O ) , an analog of triiodothyro
nine (?,), is used in thyroid-replacement therapy. Iodination was 
carried out by the Ch-T method., starting with diiodothyroacetic 
acid. The iodination process was conducted with care so as to 
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obtain only triiodothyroacetic acid rather than the 4-iodo 
derivative. All commonly used chromatographic solvent systems on 
the TLC silica plates failed to separate the 3-.J.odo compound 
from the initial diiodo compound. Excellent separation was 
achieved on reverse-phase TLC plates (RP-18) using aceto-
nitrile:water (7:3) as the mobile system. The radioactive tri
iodothyroacetic acid peak was extracted from the plate using 
aoetonitrile, which was then removed by repeated evaporations to 
avoid possible interference with any required binding assays. 

Radio-iodination of ledoantipyrine 

t.. rreud and Y. Pikman 

Labeled (131I or 1 2 5I) 4-iodoantipyrine (4-IAP), a nonpolar, 
highly diffusible compound, is known to be a suitable tracer for 
regional cerebral blood-flow studies. 

One method of radio-iodinating this compound is isotopic 
exchange starting with unlabeled iodoantipyrine. Since 4-iodo
antipyrine is not available commercially, we adopted direct 
oxidative radio-iodination of antipyrine, using the Ch-T method, 
which resulted in a high iodination rate. 

131 
I-iodoantipyrine was analyzed on TLC silica plates using two 

solvent systems: toluene:ethylacetate:ethanol (1:2:3), R = 0.76, 
and toluene:ethylacetate (1:1), R * 0.44. Excess of unreacted 
iodine was removed by passing the reaction mixture through a 
small (2.5 mL) column of Dowex 1X8 (chloride). UV scanning of 
the TLC plate revealed no spots of unreacted antipyrine, so no 
further purification steps were undertaken. 
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The Challenge of Developing Radioprotective and 
Photoprotective Drugs [1] 

E. Riklis, R. Kol, and M. Green 

Occurrences in which members of the public are exposed to 
atomic radiation are attracting increasing attention. In addi
tion, the intentional exposure of cancer patients undergoing 
radiotherapy is gaining importance. In both contexts, radio
protective drugs can be used to modify the harmful effects of 
radiation by chemical and biological means. 

Already in 1950 it was shown that injecting mice with the 
amino acid cysteine causes a marked increase in LD50. Thousands 
of compounds have since been synthesized and tested on animals 
for their radioprotective action; most have the aminothioloic 
structure. Few showed a DRF value higher than 2, and all were 
toxic at concentrations that can give a reasonable degree of 
protection. The most promising and widely investigated compound 
is WR-2721 (2-(3-aminopropyl aminoethyl) phosphothioate), which 
has a lower toxicity; furthermore, it has selectivity in pene
trating normal tissues and organs and limited uptake by many 
types of tumors. The search for better compounds continues, 
employing more mechanistic, cellular, and molecular approaches 
in order to avoid random search. 

The main factor determining the fate of an irradiated living 
cell is its ability to repair radiation damage. The new approach 
to radio-protector studies took the form of investigating 
whether any of the existing radio-protectors can exert its 
action not only by scavenging free radicals, and thus reduce 
radiation damage, but also by enhancing the repair of damage 
sites formed in cellular DNA, which may lead to cell death or 
mutations and carcinogenesis. The approach proposed by Riklis in 
1979 and first tested in 1981 [2] gave positive results when WR-
2721 was shown to increase the repair of DNA in irradiated mam-

229 



malian cells. The results of continued research work in the 
radiobiology laboratories at NRCN hold great hopes for success
ful development of radioprotective compounds that act synergis-
tically by several different mechanisms. We have discovered new 
natural compounds that act as radioprotectors or photoprotectors 
against the deleterious effects of (solar) ultraviolet radia
tion. Had such a drug, which acts by increasing DNA repair, been 
available in the Chernobyl region even after the exposure of 
inhabitants to radiation, many could have been saved from the 
potential carcinogenic risk which lies in their future. 

References 
[1] E. Riklis, R. Kol, and M. Green, Trans. Isr. Nucl. Soc. 

14:i-14 (1987). 
[2] E. Riklis, M. P. Hagan, J. E. Freschi, and G. N. Catravas, 

Int. J. Radlat. Oncol. Biol. Phys. 8:815 (1982); Proceed
ings of the Conference on Chemical Modification (Key Bis
cay ne, FL, USA, September 1981). 

Increased Radioprotection by DNA-Repair Enhancement [1] 
E. Riklis 

Results obtained in our laboratory demonstrate the possibil
ity of improved radioprotection through enhancement of DNA 
repair. The types of cell damage induced by radiation are one of 
the factors that can be altered by radioprotectors, which act as 
reducing agents and free-radical scavengers, but the outcome 
depends mainly on the cells' ability to perform biochemical 
repair of damaged DNA. Several radioprotectors and modifying 
agents are being studied for their effects on both initial dam
age and DNA repair. Repair is measured in terms of overall 
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repair capability, strand-break formation and rejoining, base 
products, etc. 

A method was developed to determine DNA-repair capability by 
measuring the incorporation of labeled thymidine into damaged DNA 
in cells in which semiconservative DNA synthesis had been fully 
inhibited by crosslinking with psoralen and near-ultraviolet-light 
treatment. Repair synthesis proceeded in a dose-dependent man
ner; differences in overall DNA repair capability were accu
rately determined [2]. 

Differences were observed among several modifying agents, 
both in their ability to reduce the damage when present in cells 
during exposure to radiation and in their effect on DNA-repair 
capacity when present during exposure or added later. WR-2721 
both reduces initial damage and increases DNA-repair capacity 
and the rejoining of DNA-strand breaks. Cysteamine only reduces 
gamma-radiation damage and has no effect on repair synthesis or 
on the rejoining of strand breaks [2-4]. The fact that a phospho-
ammothiol caused an increase in repair capacity and in strand-
break rejoining when added after radiation exposure indicates an 
effect on the repair pathways. 

A biochemical modifier of radiation response was identified 
in nicotinamide (NA), a precursor of NAD*, which is in turn the 
substrate for the production of polyADP-ribose by the enzyme 
PADPRT, when induced by DNA strand breaks. The polymer is 
believed to be responsible for the activation of ligase, the 
final enzyme in the excision repair pathway, extensive studies 
in our laboratory [5] show that NA at low concentrations 
increases survival, DNA repair, and rejoining DNA strand breaks, 
while at higher concentrations it acts as a sensitizer. There 
are differences among cells: repair-proficient cells respond 
positively to NA, while repair-deficient cells do not. In cells 
that are repair-deficient for one type of radiation and repair-
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proficient for another type, like Xeroderma pigmentosum cells 
with UV and gamma radiation, nicotinamide is effective only in 
conditions of repair proficiency. Other cells, such as meta
static and nonmetastatic subclones of K-1735 mouse melanoma 
cells, respond accordingly. 

Future work must identify the link between the effects of 
modifying compounds and the biochemical systems involved in the 
different pathways of enzymatic DNA repair. 

The W-R series compounds were the generous gift of the Walter 
Reed Army Research Institute, Washington, D.C. 
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Radiation Protection and Sensitization: 
A Characteristic of DNA-Repair Modification [1] 

E. Riklis, R. Kol, and R. Marko 

The need for protective measures against the harmful effects 
of radiation and particularly against the potential carcino
genicity of low-level ionizing or solar radiation is becoming 
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increasingly important. We have recently demonstrated that some 
of the classical radioprotective drugs show improved effective
ness not only as radical scavengers but also as DNA-repair 
enhancers, as shown by increased DNA-repair synthesis and 
strand-break rejoining in mammalian cells. 

The use of modifiers that are an integral part of a repair 
pathway, like nicotinamide, provides a methodical and logical 
approach to obtaining increased protection against radiation. 
Nicotinamide (NA) is a precursor of NAD*, which is the substrate 
for production of poly-ADP-ribose by the enzyme PADPR-trans-
ferase, known to be induced by DNA strand breaks. It has been 
suggested that NA inhibits the production of the polymer and is 
therefore a radiosensitizer. It has also been argued that the 
observed increased UDS following exposure in the presence of NA 
or 3-aminobenzamide is not a true increase in repair but the 
result of nonspecific endonuclease activity, which causes more 
DNA breaks and thus more UDS. We believe that NA acts differ
ently from other PADPRT inhibitors, and that its presence at low 
concentrations results in increased survival and repair. 

Mammalian and human cells with different repair capabilities 
were exposed to UV light or gamma radiation. DNA-repair synthe
sis and NAD* levels were measured following exposure. In repair-
deficient XP cells and in K-1735 mouse melanoma Cl-11 cells the 
NAD* level did not drop, indicating no production of PADPR, and 
DNA-repair capacity remained zero or low after exposure to UV-C 
light; a marked drop in NAD* and a good level of DNA-repair syn
thesis was observed after exposure to gamma radiation. The pres
ence of 3 mM NA moderated the drop in NAD* level and caused an 
increase in DNA-repair capacity. In repair-proficient HEp-2 
cells a drop in NAD* and increased repair synthesis were observed 
following both UV and gumma irradiation; NA increased the level 
of NAD* and of repair synthesis, indicating that a higher optimal 
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level of NAD* Is required for continuous production of the poly
mer during repair synthesis. Higher concentrations of NA caused 
reduced repair and reduced survival. Nicotinamide, acting 
through the poly-ADP-ribose system, is therefore a sensitizer at 
high concentrations and a protector at low concentrations, and acts 
in cells in which there is an effective DNA-repair machinery. 

Reference 
[1] E. Riklis, R. Kol, and R. Marko, International Congress on 

DNA Damage and Repair (Rome, Italy, July 1987). 

DNA Repair as a Crucial Factor in Radiation Protection [1] 
E. Riklis, R. Kol, A. Prager, M. Green, R. Marko, 

and M. Mintsberg 

Radiation damage is caused by direct and indirect interaction 
with biological targets, of which DNA is the most sensitive. 
Chemical radioprotection has been attained by compounds that act 
as free-radical scavengers and reducing agents. Damage may nev
ertheless occur, whether by direct interaction or by the remain
ing unscavenged radicals; preventing this damage from being 
expressed is the only way to alleviate the harmful effects of 
radiation and decrease cell death. 

We have shown that several radioprotective compounds increase 
cellular ability to effect DNA repair, as shown by increased 
repair synthesis and strand-break rejoining. A direct biochemi
cal involvement with the repair pathways was indicated by our 
studies on the role of NAD* and the polyADP-ribose system in DNA 
repair and the effects of nicotinamide (NA) on this system. An 
optimal level of NAD*, the precursor of PADPR production as 
induced by DNA strand breaks, is provided by the addition of NA 
to the medium during or after the exposure of cultured cells to 
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ionizing or ultraviolet radiation. This effect is dependent on the 
existence of a functioning repair system, which is in turn enhanced 
by the addition of a low concentration of NA; the cells are sensi
tized to radiation following the addition of high concentrations of 
nicotinamide. A combination of radical scavengers and repair 
enhancers is seen as the solution for improved radioprotection. 

Reference 
[1] E. Riklis et al., 9th International Biophysics Congress 

(Jerusalem, Israel, August 1987). 

Factors Affecting Cellular Response to Radiation: 
Modifiers of DNA Damage and Repair [1] 

A. Prager, M. Green, M. Mintsberg, and E. Riklis 

Several compounds were studied for their effects in modifying 
initial radiation-induced damage and DNA repair. Chinese hamster 
V-79 cells were exposed to gamma radiation and to bromodeoxy-
uridine (BrdUrd) + light photolysis. Each of the compounds 
tested has different properties: WR-2721 has been shown to 
improve cell survival by reducing gamma-radiation damage and by 
increasing DNA repair [2] and rejoining of DNA strand breaks 
[3]. Cysteamine (MEA) has been shown to reduce gamma-radiation 
damage without affecting the rejoining of strand breaks or DNA 
repair capacity [3]. Na-dithionite (DT) is a general reducing 
agent and causes hypoxia. Nicotinamide (NA) has been shown to be 
directly involved in DNA repair through the polyADP-ribose sys
tem, activated by DNA single-strand breaks; the protection or 
sensitization depends on the NA concentration, as shown in [4]. 

The effect of these compounds on BrdUrd + light damage and 
its repair differed from their effect on cells subjected to 
gamma irradiation. Following BrdUrd + light damage, WR-2721 did 

235 



not reduce strand-break formation; MEA and NA (3mM) reduced ini
tial damage by about 30%; and DT caused increased damage. WR-
2721 did not affect the rejoining of broken strands caused by 
BrdUrd + light, but increased the rejoining of breaks induced by 
gamma radiation. MEA slightly reduced and DT greatly inhibited 
the repair of single strand breaks. Only NA increased the repair 
of BrdUrd + light damage. The results are summarized in Table 1. 

Table 1 
Response of Chinese Hamster Cells to Modifying Compounds 

H-thymidine incorporation Strand break in ONA 

Formation of damage ONA repair capacity Formation Rejoining 

compound 
gamma 
radiation 

BrdUrd 
• light 

gamma 
radiation 

BrdUrd 
+ light 

gamma 
radiation 

BrdUrd 
• light 

gemma 
radiation 

BrdUrd 
+ light 

WR-2721 
HEA 
DT 
NA 

reduced 
reduced 
reduced 
no effect 

reduced 
reduced 
increased 
si. reduced 

increased 
no effect 
inhibited 
increased 

no effect 
reduced 
reduced 
increaaed 

reduced 
reduced 
reduced 
reduced 

no effect 
reduced 
increased 
reduced 

increased 
no effect 
inhibited 
increased 

m 

References 

[1] A. Prager, M. Green, M. Mintsberg, and E. Riklis, Symposium 
on Perspectives in Radioprotection (Bethesda MD, USA, March 
1987). 

[2] E. Riklis, DNA repair as a probe of radiosensltivity and radio-
protection, in: Radioprotectors and flnticarcinogens, ed. 0. F. 
Nygaard and M. G. Simic (Academic Press, 1983), p. 363. 

[3] E. Riklis et al.. Increased radioprotection attained by DNA 
repair enhancement, Pharmacol. Therapeutics (1988, in press). 

[4] R. Kol, R. Marko, and E. Riklis, The effect of nicotinamide 
on DNA repair synthesis in eukaryotic cells of different 
repair capacities. Int. J. Radlat. Oncol. Biol. Phys. 
(1988, in press). 

236 



Combined Action of Fhthalocyanine Photosensitization and 
Gamma Radiation in Mammalian Cells [1] 

E. Ben-Hur, R. Kol, R. Marko, E. Riklis, 
and I. Rosenthal 

Phthalocyanines are a new class of photosensitizers under 
study for use in photodynamic cancer therapy (PDT). Because PDT 
may be combined with other treatments, e.g.. Ionizing radiation, 
it is important to know what interactions exist. We studied the 
response of Chinese hamster cells and human lymphocytes to the 
combined action of photosensitization by chloroaluminum phthalo-
cyanine tetrasulfonate and gamma radiation, using colony-forming 
ability and 3H-thymidine incorporation following mitogenic stimu
lation, respectively, as endpoints. The action of the two treat
ments was fully additive, irrespective of the application 
sequence, except for human lymphocytes treated in the cold, 
where photosensitization interacted synergistically with subse
quent ionizing' radiation. It was also found that lymphocytes 
exposed to gamma radiation in the cold were more resistant than 
those exposed at 24°C. This may be attributed to the smaller 
number of chromosome aberrations produced by ionizing radiation 
in lymphocytes at temperatures below 12"C [2]. The production of 
micronuclei by ionizing radiation was not reduced in the cold, 
however, but was reduced when photosensitization preceded expo
sure to ionizing radiation in the cold. 
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Recovery of Chinese Hamster Cells Following Photosensitization 
by Zinc Tetrahydroxy Phthalocyanine 

E. Ben-Hur, I. Rosenthal, and C. C. Leznoff 

Phthalocyanines are second-generation photosensitizers used 
in photodynamic cancer therapy. Zinc tetrahydroxy phthalocyanine 
(ZnPC(OH) ) was found to be more effective in cultured cells than 
the tetrasulfonate derivative. Fluence response curves were con
structed, using the colony-forming ability of Chinese hamster 
cells as an endpoint for cytotoxicity. The survival curve of 
cells photosensitized to white light by ZnPC(OH) had a pro
nounced shoulder followed by an exponential decline. Post-illu
mination hypertonic treatment (0.5 M NaCl for 20 min at 37°C) 
enhanced log-phase cell killing, although to a lesser extent 
than after ionizing radiation. Such enhancement is interpreted 
to mean that the cells are able to repair potentially lethal 
damage (PLD); nevertheless, delayed trypsinization of photo
sensitized cells in plateau-phase failed to demonstrate a sig
nificant increase in cell survival, so that there seems to be no 
analogous PLD repair in plateau-phase. Fractionation of the 
light fluence showed that log-phase cells could repair sublethal 
damage within 24 hours, as attested by the reappearance of the 
shoulder on the fractionated survival curve. The molecular mech-
anism(s) of the recovery process are not known. 

VoXcani Canttr. Mit Dagan. laraal 
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Evidence for Calcium Isotope Differentiation in Palm Trees [1] 

I. Platzner and N. Degani 

Stable isotopes, mostly 1 C and 1 N, have been used in plant 
metabolism studies. l 3C was used to study the carbon path in pho
tosynthesis [2]. 1 5N was used in studies of nitrogen uptake and 
incorporation by plants from different sources [3]. Studies with 
elements such as Ca and Mg have been limited because the preci
sion required for detecting small isotope effects was lacking. 

We measured stable calcium isotopes in a male date palm tree. 
The distribution of 4 0Ca, 4 4Ca, and 4 8Ca was monitored by measuring 
the 4 4Ca/ 4 0Ca and 4 SCa/ 4 0Ca ratios. Leaves and pollen of the same 
tree were ashed. The calcium was separated by the oxalate method 
[4] and converted into the nitrate; 2X1 ng of it was deposited 
on a triple Re filament bead. Measurements were made with a 
pyrometer-controlled, automatic-thermal-ionization mass spec
trometer. Leaves and pollen were ashed twice, and six samples of 
Ca analyzed in each case. The average ratio for each sample is 
based on 40 measurements. The data presented in Table 1 are the 
averages of the six samples ± the standard error. 

Table 1 
Calcium Ratios in a Hale Date Palm Tree 

4 4 C a / 4 0 C a 4 8 C a / 4 0 C a 

Leaf 1 
Leaf 2 
P o l l e n 1 
P o l l e n 2 
"Common" Ca [ 5 ] 

0 .021532 ± 9X10"* 
0 .021526 ± 9X10"* 
0 .021477 ± 8X10"° 
0 .021458 ± 19X10 

0 .021518 

0 .001935 ± 2X10"* 
0 .001934 ± 2X10"* 
0 .001923 ± 3X10"* 
0 .001923 ± 3X10"* 

0 .001928 

These results show that the heavy Ca isotopes are preferen
tially excluded from pollen as compared with leaves. 
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Gamma-Irradiation-Induced DNA Synthesis in Carrot-Root Disks [1] 
N. Degani 

Plant tissues with a relatively high degree of cell-cycle 
synchrony, such as carrot root, are well-suited for studies of 
repair synthesis in irradiated plant tissue, because many cells 
are in the Gl phase and the tissue is characterized by low 
thymidine incorporation. Thin (0.5 mm) disks of carrot root were 
subjected to different doses of gamma radiation from a 60Co 
source and then incubated in darkness for 22 hours, in a nutri
ent medium supplemented with tritiated thymidine. After incuba
tion, DNA was separated on hydroxy1apatite columns and the 
radioactivity counted. Results were expressed as cpra per tig DNA. 

There was much greater incorporation of labelled thymidine in 
the DNA from irradiated tissue than in that from thu control 
tissue. At doses of 1—20 krad the DNA of the exposed tissue was 
1.5—2 times more radioactive than that of the control tissue. At 
20-80 krad the DNA of irradiated tissue was 2-4 times more 
radioactive than that of the control tissue. At doses >100 krad. 
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the DNA of Irradiated tissue was still 1.5-2 times more radio
active than that of the reference tissue. The results clearly 
indicate stimulation of DNA synthesis in irradiated tissue in 
excess of that required by repair synthesis. 

Reference 
[1] N. Degani, in: Proceedings of the 8 th International Congress 
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Cortex, Medulla, and Papilla Magnetic Resonance and Hater 
Distribution in Normal, Ag-, and ADH-Infused Rats 
A. laina, J. Weininger, S. Abrashkin, and R. Azoury 

The relaxation times T and T (msec) were measured on a 
Brucker Multispec at 37°C and 20 MHz for the cortex (C), medulla 
(M), and papilla (P) of normal (N) and Ag - or ADH-infused rats. 
The hydration fraction HF (% water-bound) and fraction bound FB 
(% bound per gram of solid) were calculated from T and the per
cent water PW (% HO content) according to an FPD model. Magnetic 
resonance and PW were measured 8 minutes after i.v. infusion 
with Ag (5 Mg/kg bw), ADH (5 iu/kg bw), or saline. 

The bound water in normal rats (N) differed for C, M, and P. 
Ag and ADH resulted in increased T , T , and PW, lower FB, and 
unchanged HF compared with the N group. 

MR is revealed to be a new method for studying intrarenal 
water compartments in normal and experimental conditions. 
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Table 1 
Magnetic Resonance and Water Distribution 

in Normal and Infused Rats 

N=22 Ag 2=7 ADH=7 

CT 4 7 3 ± 2 8 5 5 1 ± 3 2 s 5 3 6 ± 2 8 $ 

T 4 7 . 5 ± 3 . 5 5 5 ± 7 5 5 3 . 8 ± 6 . 3 S 

PW 7 6 . 5 ± . 8 7 8 . 7 ± . 9 S 7 8 . 3 ± 1 S 

FB O . l l O i . 0 0 1 0 . 0 9 1 ± . 0 0 6 s 0 . 9 4 ± . 0 0 5 s 

HB 0 . 3 5 7 ± . 0 0 2 0 . 3 3 8 ± . 0 8 0 . 3 3 9 ± . 0 9 
MT 

1 
T

2 PW 

691±73 8 4 4 ± 4 8 5 7 8 3 ± 3 8 s MT 
1 

T

2 PW 
7 1 . 3 ± 8 9 2 ± 1 3 S 8 4 . 4 ± 1 0 . 2 S 

MT 
1 

T

2 PW 7 9 . 5 ± 1 . 7 8 3 ± 1 . 5 5 8 1 . 6 ± 1 . 7 $ 

FB 0 . 0 6 8 ± . 0 0 1 0 . 0 5 2 ± . 0 0 4 s 0 . 0 5 7 ± . 0 0 3 s 

HF 0 . 2 6 3 ± . 0 0 5 0 . 2 6 0 ± . 0 3 6 0 . 2 5 3 ± . 0 4 
PT 1100±180 1137±81 1066±131 
T 

2 
PW 

115±20 1 6 1 ± 2 8 s 1 3 6 ± 1 5 T 
2 

PW 8 3 . 7 ± . 3 8 6 . 3 ± 2 . 2 8 4 ± 1 . 4 
FB 0 . 0 3 9 ± . 0 0 2 0 . 0 3 2 ± . 0 0 4 0 . 0 3 6 ± . 0 0 4 
HF 0 . 1 7 9 ± . 0 3 2 0 . 2 1 3 ± . 0 7 6 0 . 1 8 8 ± . 0 6 2 

sp<0.05 at least vs N. 

Renal Proton Magnetic Resonance in Gentamycin, Cyclosporin A, 
and Cisplatinum Acute Renal Failure in Rats 

A. Iaina, S. Abrashkin, J. Weininger, and R. Azoury 

Cortical (C) and medullar (M) relaxation times T and T (msec) 
were measured by a Brucker Multispec at 37°C and 20 MHz. Acute 
renal failure (ARF) occurred: after eight days of daily i.p. 
administration (100 mg/kg bw/day) of gentamycin (G); after a 
right nephrectomy and 20 minutes of clamping the left renal 
artery followed by four days of daily i.p. administration (60 

Barzilai Kedicbl Center. Ashkelon 
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mg/kg bw/day) of cyclosporin A (CyA); or four days after a 
single i.p. dose (5.5 mg/kg bw) of cisplatinum (CP). 

Table 1 
Cortical and Medullar Relaxation Times 

N(22) G(13) CyA(6) CP(8) 

T 
2 

T 
2 

473±28 
47 .5±3.5 

691±73 
71.3±8 

587.4±34* 
74±7.2 

670±20 
81 .3±4.4 

499±8 
51±2 

732±11 
78.3±1* 

523±22* 
54.5±3.8* 

758±78.8* S 

78±11.5 

MaaniSD 
*p<.05 vs. N at least 
sp<.05 vs. G 

Tissue total water content (%PW) was also measured. 
The hydration fraction HF (% bound/g solid) and fraction 

bound FB (% water bound) were calculated from T and PW according 
to an FPD model. G and CP ARF had prolonged cortical T and T , 

x 2 

and decreased FB water (G — 0.099±0.002; CP — 0.097±0.001; N — 
0.11±0.001, p<0.05) compared to the N group. A higher medullar T 
and lower medullar FB (CP — 0.06±0.003; G — 0.078± 0.009, 
p<0.05) differentiated CP from G ARF. CyA had a longer MT than N. 

Thus different types of nephrotic ARF are characterized by 
different cortical and medullar MR properties and water compart-
mentalization. 
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Hydration Properties of Urinary Compounds Obtained from Normal 
and Stone-Former Individuals: An NMR Study 

R. Azoury, J. Weininger, A. Iaina, and S. Abrashkin 

Proton magnetic resonance measurements were performed on 
lyophilized urine samples collected from 10 recurrent calcium-
oxalate stone-former (SF) patients, 10 thiazide-treated (TSF) 
patients, and 14 normal (N) individuals. T and T relaxation 
times were measured with a Brucker PC Multispec at 20 MHz and 
37*C on the lyophilized sample and thereafter during gradual 
controlled rehydration. The prolongation of the relaxation times 
was found to be significantly different (p<0.001) for the SF and 
N groups, but similar for the SF and TSF groups. Water compart-
mentalization was then calculated according to the Free Induc
tion Decay model. After the addition of similar amounts of 
water, significantly (p<.01) different hydration fraction (HF) 
and fraction bound (FB) values were calculated for the N and SF 
groups, while similar values were obtained for the SF and TSF 
groups. The results reflect differences in the urinary compounds 
and/or properties of N and SF groups. There are evidently more 
hydrophilic compounds in the urine of N that in that of SF indi
viduals. The urinary macromolecules of SFs may differ from those 
of Ns in the number of water-binding sites and in the thickness 
of the water multilayer surrounding them. The results point to 
possible pathogenic differences between SF and N individuals. 

Barzi lai Medical Center, tankalon 

244 



400-

300-

•- 200-

22 26 30 34 40 
PW (%) 

60 66 

Fig. 1: T spin-spin relaxation times (mean ± S.E.) of lyo-
phllized urine samples from stone-formers (SF) and 
normals (N) vs. percent water content (PW). 

Antibody-Mediated Killing of Human Tumor Cells by 
attached Effector Cells 

E. Lavie, 1. Hellstrom, U. Garrigues, 
and K. E. Hellstrom* 

Cultured human melanoma, lung-carcinoma, and colon-carcinoma 
cells were isotope-labelled and incubated with a combination of 
effector cells and mouse monoclonal antibodies (MAb) to tumor-

0NC0GEN. SaattU HA. USA: alao Dept. of Microbiology (I.U.) and pathology (X.E.H.). Univ. of 
Waihington. Saattla HA. USA 
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associated cells surface antigens. The effector cells and anti
bodies were taken from the peritoneal cavity of mice or from 
peripheral blood of healthy human subjects. MAb MG-21, 96.5, and 
L6, which are IgG3, lgG2a, and IgG2a, respectively, were all 
cytolytic when added in the presence of mouse effector cells to 
target cells expressing the relevant antigens. MG-21 and L6 were 
also cytolytic with human effector cells, while Mab 96.5 was 
not. The effector cells attached to plastic surfaces, stained 
with neutral red, were peroxidase positive and mediated their 
effect over 24—72 hours, as compared to the 4 hours generally 
sufficient for antibody-dependent cellular cytotoxicity (ADCC) 
by natural killer (NK) cells. Human effector cells tested with 
fluorescence-activated cell sorter (FACS) stained with antibody 
LCM-3C10 to the CD14 antigen, as well as with anti-monocyte 
antibody 61D3. The cytolytic effect of human effector cells and 
antitumor antibody was not abolished by incubation with anti
bodies FC2 or 60.3 to CD16 and CD18, respectively, known to 
interfere with the ADCC activity and natural killing of NK 
cells. Together with the other findings this suggests that the 
effector cells were macrophages. 

Evaluation of L6, an Anti-Carcinoma Murine Monoclonal Antibody, 
in Tumored Nude Mice 

E. Lavie, P. L. Beaumier, L. Brodzinsky, 
K. E Hellstrom,* and I. HellstrOm* 

L6 is a murine monoclonal antibody (MAb) binding to cells of 
most human carcinomas, mediating antibody-dependent cellular 
cytotoxicity and complement-dependent cytotoxicity and inhibit
ing tumor growth in nude mice [1]. Fab and F(ab') fragments of 

ONCOGEN. Seattla HA, USA; alio Sept. of Microbiology (I.H.) and Dept. of Pathology OC.E.H.). 
Univ. of Waahington. Saattla WA. USA 
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L6, as well as intact MAb, were evaluated for immunospecific 
localization in nude mice xenografted with a human lung carci
noma. They were compared with preparations of an isotype-matched 
control immunoglobulin, PI. 17, after labelling with 1 2 5I or 1 3 1I. 
L6 Fab fragments prepared from MAb L6 and labelled with 67Ga via 
a desferoxamine linker were also tested. The data suggest that 
MAb L6 is useful for in-vivo diagnosis and "targeting" of human 
carcinomas. 

Tumor Hood KIdnay Liver 

• Iday 
E3 2 days 
m 5 days 
• 7 days 

Fig. 1: Tissue distribution of radiolabel at different times 
after injection of I-labelled MAb L6 (Panel A) and 
PI.17 (Panel B). 
Nude mice were implanted with xenografts from line L-
2981. Concentrations of specific (L6) and control 
(PI.17) antibody in tissues were calculated as percent 
injected dose per gram of tissue. Each bar represents 
the mean of data for 3—5 mice. 

Reference 

[1] I. Hellstrom, P. L. Beaumier, and K. 
Nat. Read. Sci. 83:7059 (1986). 

E. Hollstrom, Proc. 
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In-Vitro and In-Vivo Evaluation of Daunomycin Polymers and 
Daunomycin-L6 Conjugates: Use of pH-sensiti-'e Linker between 

Drug and Biomolecule 

E. Lavie, D. L. Hirschberg, G. Schreiber, K. Thor, 
L. Hill," I. Hellstrbm,* and K. E. Hellstrom* 

Measurements in cancer patients showed that the pH of tumors 
averages 0.8 units lower than the surrounding normal tissues. 
Based on this, the anti-carcinoma MAb L6 was used to prepare 
immunoconjugates that release the drug daunomycin (DM) at the 
acidic pH of the tumor. Direct linking of the aconitic deriva
tive of daunomycin (ADM) to MAb L6 was attempted, yielding con
jugates that either had a low drug/Ab ratio (<5:1) or precipi
tated in vitro. In order to increase the drug load, several 
biopolymers were tested as spacers between the drug and the L6, 
linking ADM and DM to the polymers. It was found that 5%-40% of 
the drug could be released at a pH between 6.0 and 4.0, respec
tively, with the amount of released drug reaching a maximum 
24—28 hours after exposure to the acid media. An assay measuring 
inhibition of tritiated thymidine uptake in cells from carcinoma 
line 3347 revealed a cytotoxicity order DM > Pls-ADM = ADM. The 
D and L isomers of PLs had similar toxicity. Increasing the 
molecular weight of PLs from 10K to 90K enhanced the toxicity. 
The acidic polymers polyaspartic (PAA) and polyglutamic acids 
(PG) were not toxic. A PAA-DM complex had a high inhibitory 
effect, while PG-DM was much less effective. To attach the poly
mer derivative to the MAb, the former was maleiimidized and the 
MAb was thiolated. The reaction between the polymer and the MAb 
derivative was followed by ammonium sulfate precipitation. The 
ADM/Ab ratio obtained was 20, and the MAb retained its high 

ONCOGEN. Saattla UA. USA; »l»o Dept. of Microbiology (I.H.) ana D«pt. of Pathology (K.E.H.). 
Univ. of Washington. Seattla WA. USA •« 
Virginia Mason Hospital. Saattla HA. USA 
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immuno-reactivity. The ADM-L6 conjugate induced pronounced toxi
city to cultured tumor cells with an IC of 5 itg/mL. In-vivo 
localization studies demonstrated a similar tumor uptake of MAb 
L6 and this conjugate with I.D./g tumor of 18%; maximum uptake 
in tumor was observed 48 hours post-injection. The plasma clear
ance of the conjugate was slower than that of the native MAb. 

The Clinical Potential of the Holmium Laser [1] 
I. Kaplan, D. Aravot, S. Giler, Y. Gat, D. Sagie, 

J. Kagan, H. Lotem, and Y. Kalisky 

A multidisciplinary team was recruited to investigate the 
possible clinical application of the holmium laser (2.1 pm). 

Two aspects of its application are presented: 
o Tissue fusion and vascular anastomosis: end-to-end and 

end-to-side anastomoses of large vessels were performed 
with ease, and a stab wound in the left ventricle was suc
cessfully sealed. 

o Intravascular coagulation: Major vessels were occluded by 
means of an optical fiber in a canula or cardiac catheter 
with a view to treating such conditions as aneurysms, 
arterio-venous shunts, varicose veins, etc. The results 
augur well for clinical application of the holmium laser. 

Reference 
[1] I. Kaplan et al.. Laser Med. Surg. 3:207 (1987). 

T«l-Aviv Univ*r>ity. TU-Aviv. and Btilinton H«dic«l C«nt«r. Petth Tikvi 
Ichilov Hoipitll. T«l-Aviv 
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The Holmium Laser in Intravascular Coagulation 
D. Aravot, E. Lachman, S. Giler, I. Kaplan, D. Sagie, 

J. Kagan, and Y. Kalisky 

Transmission of the laser beam through an optical fiber 
enabled us to use the holmium laser for interventional radiology. 
During experiments with the Ho laser on dogs photocoagulation 
was possible even in the presence of blood. A project was conse
quently designed to test the possibility of sealing blood ves
sels through a suitable catheter, thus avoiding the need to ex
pose and tie such vessels. This would permit non-invasive proce
dures to treat such conditions as patent duct ateriosus, aneurysm 
of the cerebral veins, varicose veins, GI bleeding, variococele, 
cavernous hemangiomas, etc. The results augur well for the eventual 
clinical application of the Ho laser in intravascular procedures. 

The Holraium Laser in Tissue Welding 
D. Aravot, E. Lachman, S. Giler, I. Kaplan, 

D. Sagie, J. Kagan, and Y. Kalisky 

The holmium laser has a wavelength of 2.1 (im, which falls 
between the Nd:YAG (1.06) and the CO (10.6), both of which are 
established as having clinical applications. In theory the Ho 
laser should be a better photocoagulator than the 00 laser and a 
better "light knife" than the Nd:YAG. 

The Ho laser was used to seal stab wounds of the heart and 
major blood vessels, create vascular anastomosis, and close 
choledochotomy and bowel anastomosis. It might well prove to be 
the laser of choice for tissue fusion. 

Ichl lov Koapltal. Tal-Avlv • • 
Aaauta Kadlcal Canear, Tax-Aviv ••* 
Tal-Aviv Univaraity. Tal-Aviv. and Bailinaon Madical Cantar. Fatah Tiltva 
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Retinal Thermal Response to Copper-Vapor—Laser Exposure 
S. Gabay, I. Kremer, I. Ben-Sira, and G. Eroz 

A modified thermal model for the Interaction of the annular 
laser beam from a high-repetition-rate pulsed copper-vapor laser 
with the retina of a rabbit was developed. The model predicts the 
temperature rise at each point in the retina, during after the 
last exposure, as a function of pulse energy, exposure time, and 
pulse repetition rate. The retinal effects for each set of 
treatment parameters were estimated from the predicted temperature 
rise, and found to be identical with experimental results for 
those treatment parameters that we have examined experimentally. 
The character of the interaction between the copper-vapor laser 
and the retina can be pretuned by altering the pulse repetition 
rate to meet the requirement of various treatments, allowing 
multiple uses of this laser in ophthalmic therapy. 

The Retinal Effects of Copper-Vapor Laser Exposure 
I. Kremer, S. Gabay, D. Sagie, D. Weinberger, 

I. Ben-Sira, and G. Erez 

The copper-vapor laser is a pulsed gas laser that emits 
energy in two wavelengths simultaneously: green (510 nm) and 
yellow (578 nm). The average output power of this laser system 
can reach a maximum of 4 W at the corneal plane, with a 2:1 
ratio between the green and the yellow wavelengths. Each pulse 
has a duration of 20 ns, a maximum energy of 1 mJ, and a peak 
power of 50 kW. Both wavelengths are well-transmitted through 
the ocular media and well-absorbed by the pigment epithelium and 
hemoglobin, but are not absorbed by the macular xanthophyl. In 
• 
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one experiment, 20 rabbit retinas were treated with a copper-
vapor laser, with a peak power of 500—1500 W and exposure time 
of 0.05—0.3 sec. In subsequent experiments, the peak power was 
reduced to 50—300 W by changing the pulse frequency, while the 
exposure time remained the same. Histological examination of the 
retina following treatment with the high peak-power laser showed 
local disruption of the pigment-epithelium and photoreceptor 
outer segments, but no signs of damage to the inner retinal 
layers. Histological examination following treatment with the 
lower peak-power laser showed coagulation necrosis of the reti
nal pigment epithelium and photoreceptor outer segments, but no 
signs of disruption, while mild thermal damage of the inner 
retinal layers was noticed. It is hoped that future technical 
modifications of this laser device will permit its use as both a 
coagulating laser for the treatment of retinal pathology and a 
photodisrupter for treating anterior segment problems. 

Laser Technique for Nonsurgical Female Sterilization and 
Reversal of Sterilization by Tissue Welding 

E. Lachman, A. Shulman, C. Bahari, I. Kaplan, 
S. Giler, D. Aravot, J. Kagan, Y. Kalisky, and D. Sagie 

A new, simple, safe, and effective nonsurgical method of female 
sterilization with potential reversibility is being developed. 

It has been estimated that more than 600,000 female steril
ization procedures are performed annually in the United States. 
In the last few years the need for a reversible tubal steriliza
tion technique has been recognized. In the future, it can be 
anticipated that 1% of tubal sterilized women will seek reversal 
i 
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every year. This means 6,000 women per year requesting reversal 
of sterilization in the United States alone. 

There are many different techniques for tubal sterilization: 
via the abdomen (open laparotomy or luminaparotomy); via the 
vagina (culdoscopy); the laparoscope; the hysteroscope. Our new 
technique includes the introduction of a holmlum laser via an 
optical fiber through the cervix to the uterus and the fallopian 
tube, which is then blocked using the laser energy. We have 
blocked the tube at two points: mid-portion blockage allowing 
potential future reversal, and permanent blockage at the ostium. 
This effect was later demonstrated using X-ray contrast studies. 

In a later experiment the reversibility of the mid-tube 
blockage was tested. The blocked portion was incised, followed 
by end-to-end anastomosis, again using a holmium laser for tis
sue welding. The patency of the reanastomized tube was demon
strated by X-ray contrast studies one week later. 

The reanastoraosis technique can also take advantage of the 
laser. Damage to the tube from the laser is quite limited, and 
that portion can be easily resected and the tube reanastomized. 
Obviously another form of damaged tube can be removed and 
reanastomized by the tissue-welding technique. 
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Conceptual Design for a Low-Cost, Versatile 
Small-Commercial-Scale Food-Irradiation Facility 

M. Lapidot and S. Saveanu 

Commercial food-irradiation facilities require an investment 
of around $1.5—$4 million. Such investments must be based on 
clear market and consumer-acceptance studies, which cannot be 
performed with laboratory-scale equipment. The urgent need for a 
low-cost small-commercial-scale facility has therefore become 
apparent. A novel facility design that could be built for 
30%—50% of the cost of the small industrial plants currently 
available, while permitting much greater flexibility, a low 
hold-up of only one cu.m., and an appreciable throughput capac
ity at maximum source content, was evolved. 

The design assumes irradiation of tote boxes with dimensions 
of approximately 85X65X50 cm at a dose rate of 200 krad/hr at 
maximum Co source content. It allows simultaneous irradiation 
of two products of different density, requiring different doses. 
At maximum source content, the hourly throughput for a product 
with a density of 0.5, requiring a dose of 3 kGy, would be 0.6 
tons; operating two shifts, 5 days a week, the monthly through
put would be approximately 200 tons, or 2400 tons a year. 

Economic feasibility calculations have shown that the invest
ment in such a facility can be recovered within 3—5 years, 
depending on the price imposed on the products by market devel
opment studies. It represents a reasonably low percentage of the 
cost of the product itself, but is somewhat higher than the 
price in commercial-scale facilities with a throughput 5-20 
times greater. 

The detailed construction design of this prototype facility, 
to be prepared in early 1988, should allow construction by the 
•nd of 1988. 
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The Use of Ionizing Radiation to Eliminate Pathogenic Bacteria 
in Frozen Poultry Liver 

E. Eisenberg, I. Klinger, M. Lapidot, I. Ross, and S. Saveanu 

Almost 50% of the 4000 tons of poultry liver produced annu
ally in Israel is contaminated with Salmonella. Because poultry 
liver is prepared at home by sauteing or broiling, which do not 
eliminate pathogenic bacteria, this poses a serious health haz
ards for consumers. 

Frozen poultry liver was irradiated with 4.5 kGy at a dose 
rate of 0.63 kGy/hr. Irradiated and unirradiated poultry liver 
was stored at -15°C and evaluated organoleptically and bacterio
logical ly after several days of storage. 

The taste and odor of cooked poultry liver were evaluated 
using the Hedonic and Triangular test methods. No significant 
change was found in the taste or odor of irradiated poultry 
liver, compared to unirradiated control. Ratings on the Hedonic 
scale were 6.6 and 6.4, respectively, for irradiated and unirra
diated poultry liver. 

The total aerobic mesophilic count per gram of irradiated 
poultry liver was reduced by 3 logs compared to unirradiated 
control. The D value of Salmonella Sofia was 0.75 kGy. 

A dose of 4.5 kGy can provide about a 6 log reduction in 
Salmonella counts [1]. 

Further studies will check organoleptic, chemical, and bacte
riological parameters during the storage period. 

Reference 
[1] E. Eisenberg, I. Klinger, I. Ross, M. Lapidot, and S. 

Saveanu, Radicidation of frozen poultry liver, internal 
Report No. 1686 (SNRC, Yavne, Israel), June 1987. 

Kiinron Veterinary I n s t i t u t e . Beit Dagan 
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Radioprotection of Sheep Erythrocytes by 
Polyvinylpyrrolidone [1] 

E. Eisenberg, M. Boazi, S. Rubinfeld, and J. Lazarovics 

The protective effect of polyvinylpyrrolidone (mol. wt. = 
10,000 and 40,000) on sheep erythrocytes, irradiated up to 
13 kGy and stored for one month at 4°C was studied. Adding these 
compounds at a level of 10%—15% reduced hemolysis in irradiated 
erythrocyte solution from 90% to approximately 10%. The high 
efficiency of this protective agent is discussed. 

Reference 
[1] E. Eisenberg, M. Boazi, S. Rubinfeld, and J. Lazarovics, 

Rppl. Radiat. Is,ot. 38:147 (1987). 

Growth of Pathogenic Micro-organisms in Fluid and on Solid 
Culture Media Sterilized by Gamma Radiation [1] 

E. Eisenberg, R. Padova, J. Stein, S. Dona, and A. Stotland 

Tryptic soy broth/agar, brain heart infusion agar, and 
Columbia broth/agar, all widely used in the bacteriological lab
oratory, were radiation-sterilized at a dose of 10—15 kGy. The 
media were tested for the growth of 12 different micro-organ
isms, including fastidious pathogens such as Streptococcus pyo
genes. Strep, pneumoniae, Haemophilus influenza, and Neisseria 
meningitidis. Solid and fluid media supplemented with catalase 
before irradiation performed well in comparison with heat-ster
ilized media. 

Hy-Lab, Kiryat Ueizmann. Rehovat 
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Reference 
[1] E. Elsenberg, R. Padova, J. Stein, S. Dona, and A. Stot-

land, Lett. Rppl. Microbiol. 4:61 (1987). 

Radiation Sterilization of Spices and Condiments 
for the Food Industry 

M. Lapidot, I. Ross, and S. Saveanu 

Both imported and locally produced spices and condiments have 
been shown to contain up to 10° microorganisms per gram (non
pathogenic and pathogenic bacteria, molds, and yeasts). The 
restrictions imposed by health authorities in the US and else
where on the use of ethylene oxide for sterilizing spices and 
condiments have led the food industry to adopt ionizing radia
tion as the only available alternative solution. 

Several actions were taken in order to permit its use by the 
Israeli food industry. First, a request to clear irradiated spices 
and condiments up to an average dose of 10 kGy (1000 krad) was sub
mitted to the Ministry of Health. Such clearance (for 61 differ
ent spices and condiments, as well as for dry or dried vege
tables and herbal matter, such as tea) was granted in 1987. 

Second, the industrial sterilization of a number of spices 
and condiments (paprika, black pepper, turmeric, parsley, onion 
powder, cumin, coriander, and white pepper) was studied (under a 
contract with Sor-Van). The substances were irradiated at dif
ferent doses (up to 10 kGy) and stored for up to 6 months. The 
effects of these doses on bacteria, molds, and yeasts, as well 
as on color, were determined after different storage periods. 
(Figures 1—4 illustrate microflora reduction as a function of 
dose.) Optimal sterilization doses for the different groups of 
spices and condiments were determined. 
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Fig. 1: Bacterial charge as 
a function of dose 
for dried parsley. 

Fig. 2: Same as Fig. 1, 
onion powder. 
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Fig. 3 : Same as Fig. 1, for 
black pepper. 
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Fig. 4: Same as Fig. 1, for 
paprika. 

Third, applications were submitted to the Ministry of Health 
to license the commercial and semi-commercial irradiation facil
ities of Sor-Van and Soreq NRC, respectively. These licenses 
were granted in 1987. 

261 



On the basis of the above, Sor-Van treated more than 50 tons 
of spices for the food industry during 1987; this amount is 
expected to double in 1988. 

Measurement of the Purification Efficiency of a Personal Water 
Purification Kit (Na131I Contamination) 

T. Izak-Biran, A. Tal, J. Klopfer, and M. Israeli 

Fallout from nuclear explosions and severe nuclear accidents 
may contaminate open drinking-water reservoirs, mainly with 1 3 1 I , 
1 3 7Cs, and 9 0Sr [1] . 

A prototype of a commercial personal water-purification kit, 
based on ion-exchange, uas tested for its efficiency in removing 
radio-iodine. 

A solution of 8 MCi/L Ha 1 3 1I in tap-water was used for the 
tests (using this as drinking water means approximately 1 ALI 
per day). The solution flowing out of three kits was sampled at 
different flow rates. The samples (0.5—1 L each) were counted in 
a 10" well-type Nal detector. 

Purification factor was defined as the ratio between the 
radioisotope concentration after and before purification. Table 1 
summarizes the results. 

As can be seen, the purification factor is about 1—2X105. It 
should be noted, however, that a short "burst" of higher radio
activity appeared in the purified water for each kit. This could 
be due to the existence of "flow channels" within the kit. 

262 



Table 1 
Efficiency of Water Purification Kits 

Kit No. 1 Kit No. 2 Kit No. 3 
Total Flow Purif. Total FlOW Purif. Total Flow Purif. 
Output Rate Factor Output Rate Factor Output Rate Factor 

min/L (X10~5) min/L (X10"5) min/L (X10~5) 

0.5 140 1.75 0.5 18 3.00 
1.0 140 0.69 1.0 12 2.18 1.0 13 0.78 
1.5 120 1.37 1.5 12 2.60 
2.0 120 5.64 2.0 14 2.34 2.0 12 0.89 
2.5 120 0.56 2.5 12 46.1 
3.0 120 0.67 3.0 13 1.48 3.0 12 3.64 
3.5 120 0.61 3.5 12 24.4 
4.0 120 1.13 4.0 

4.5 
14 
12 

229 
7.32 

4.0 12 1.70 

5.0 12 2.02 5.0 14 1.00 
6.0 12 1.61 6.0 18 0.88 
7.0 10 1.59 7.0 16 1.61 
8.0 10 1.86 8.0 16 1.13 
9.0 12 1.34 9.0 14 1.61 

10.0 12 2.22 10.0 14 1.21 

Reference 
[1] J. Frevert and E. Donhoffer, Purification of drinking water 

from radioactive contamination by final consumer by means 
of combined cation and anion exchangers. SGAE-2777. IA-
71/77 (1977). 

Radioactive Fallout Measurements in Israel, 1987 

Y. Shamai, R. Dukhan, 0. Even, and T. Schlesinger 

Radioactive fallout has been continuously monitored at Soreg 
since the Chernobyl accident. A large-volume air sampler pro-
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vldes two-week samples on filter paper (about 104 m3 of air per 
sample). Samples are counted on a calibrated Ge(Ll) gamma-spec
trometer (detection limit "O.l Bq/samplo). 

The concentration of radionuclides decreased quite rapidly, 
as is to be expected from a non-detonation release of fission 
products; at the beginning of 1987, * Ru, 1 Cs, and 1 3 Cs could 
still be detected, but by the end of the year only 1 3 7Cs exceeded 
the detection limit. The ratio of the Cs isotopes (137/134), 
extrapolated back to the time of the release, is 0.5, a constant 
which makes it possible to distinguish between this fallout and 
that of stratospheric origin. The measured l 3 Cs concentration in 
air is displayed in Fig. 1. 

May June July Aug, Stpt Oct. Nov. Dec 'Jan. Ftv. March Apr. May June July Aug. Scot. Oct. Nov. Die. 

1 9 8 6 1 9 8 7 

Fig. 1: Cs air concentration as measured at Soreq. 

Imported food, especially from Europe, is checked in our lab
oratory for the health authorities. Food samples of about 0.5 kg 
are counted in a large-volume well-type Nal detector. The Cs 
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levels detected are generally low, but In a few samples the mea
sured activity remains far above our detection limit (about 
2 Bq/kg). In 1987 more than 1000 food samples were checked, of 
which five were found to contain more than the standard limit of 
600 Bq/kg, and about 150 were found to contain more than 10% of 
this limit. Our laboratory has recently automated its gamma 
spectroscopy systems: a robotized sample-changer was built and 
put into operation. Data collection was computerized, thus mak
ing food counting a simple process. 

Measurement of the Effectiveness of Air-Cleaner/Ionizers in 
Reducing the Radon-Progeny Concentration of Indoor Air 

A. Tal, 0. Even, Y. Shamai, and M. Israeli 

A major portion of the natural radiation risk to humans 
involves indoor radon progeny. Radon (222Rn) gas infiltrates into 
the house from the underlying ground and from building materi
als. Radon progeny are believed to be second only to smoking as 
a cause of lung cancer. 

Radon progeny (218Po and 2 1 4Po) are a-emitters with short half-
lives (<30 minutes). Born as free atoms, radon daughters are 
quickly deposited on indoor surfaces like walls, floors, and 
furniture. Because radon daughters attached to aerosols (dust, 
cigarette smoke, etc.) tend to stay in room air for much longer 
periods, elevated concentrations of condensation nuclei expose 
the occupants' lungs to higher concentrations of a-emitters. 
Concentrations appear to be especially high in energy-saving 
houses. 

Preliminary tests were carried out to measure the effective
ness of two commercial home air-cleaners/ionizers (ACIs) in 
removing radon progeny from room air. Experiments were conducted 
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in an office room with a volume of 35 m . Doors and windows were 
kept closed during each test. Radon-progeny concentration was 
measured by sampling room air with an air sampler through a 
paper filter. The filter was then counted by an a-/? counter. 
Sampling, and control of the ACI, were conducted from outside 
the room. 

Two models of ACI from the same manufacturer were checked: 
(a) air-flow rate of 50 m3/hr, and (b) air-flow rate of 400 m3/hr. 

2 2 2Rn gas (5 pCi) was injected into the test room, producing a 
radon concentration 100—1000 times above average natural values. 
Sampling of room air was started about 90 minutes after injec
tion (to allow radon progeny to reach equilibrium). The volume 
of each air sample was about 230 L. 

Air exchange in the test room dilutes the injected radon con
centration. Part of the test served to evaluate the undisturbed 
air-exchange rate of the test room. This was found to be 0.37 
air changes per hour, close to the average air-exchange rate 
found in houses during winter. 

The effectiveness of the ACI in cleaning radon progeny from 
the air was defined as the relative change in the airborne par
ticle (or progeny) concentration. 

In our preliminary tests, ACI (a) reached maximum (saturation) 
effectiveness of ~45% in about 3 hours. ACI (i>) reached as high 
as 55% in about 1.5 hours without reaching saturation, but mea
surements ceased at that time due to technical problems. 

Since walls, floors, carpets, and furniture all return dust 
into the air of the cleaned room, the process of radon-progeny 
removal is slower than the removal of smoke with the same ACIs 
(>90% effectiveness in less than 30 minutes). 
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Control of the Use of Radioactive Materials in Israel in 1987 

Y. Keren, N. Rosenthal, M. Surkes, A. Tal, S. Malchi, 
T. Schlesinger, and M. Israeli 

Radioactive materials are used extensively in medicine, medi
cal and life-sciences research, and industry in Israel. This use 
involves potential exposure of workers and the general popula
tion to ionizing radiation from external sources and internal 
contamination. 

Table 1 
Distribution of Radionuclide Users According to Group and Type 

of Use and the Number of Inspections in 1987 

Group Type of Use Number 
of Active 
Users 

Average No. 
of Visits 
per User 

Hospitals and Clinics Diagnosis & 
Therapy 

27 2 

Medical Laboratories In-Vitro Use 
Radioimmunoassay 

32 1 

Education and 
Research Institutes 

Teaching S 
Research 

31 1 

Industrial 
Applications 

Thickness, 
Density & Level 
Gauges 
Radiography 

183 1 

Commerce Import & Sale 
Smoke Detectors 

52 1 

To ensure the safe use of radionuclides, the Israel Ministry 
of Health maintains a supervision system that includes licensing 
radiation sources and field surveillance of all users of 
radioactive materials. The nation-wide surveillance system is 
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based on close cooperation between the Research Institute for 
Environmental Health of the Ministry of Health, which is legally 
authorized to issue licenses, and the Unit for Radiation Safety 
Surveillance of the Radiation Safety Department, which provides 
radiation-safety design and consultation services. This includes 
annual inspection of radiation facilities, training of radiation 
workers, design of type C and type B laboratories, shielding 
calculations, checking of radiation safety measures, radioiso
tope transportation and storage procedures and conditions, 
shielding arrangements, and environmental and personal monitor
ing and waste disposal means. During 1987 the Unit for Radiation 
Safety Surveillance made about 450 inspections of about 300 
facilities (see Table 1). A written report was submitted to the 
Ministry of Health after each inspection. About 15% of the vis
its resulted in recommendations for immediate improvements of 
inadequate shielding, and/or citations for violation of radia
tion-safety procedures, lack of protective clothing, inadequate 
waste-disposal arrangements, lack of radiation-safety training, 
inadequate personal monitoring, lack of portable monitors, etc. 

Occupational Radiation Exposure in Israel in 1987 

S. Malchi, Y. Shamai, T. Schlesinger, and M. Israeli 

A statistical analysis of the occupational radiation exposure 
of 7845 radiation workers in Israel in 1987 was carried out 
using the central database of the National Personnel Dosimetry 
Service. The analysis refers to whole-body exposure to external 
penetrating ionizing radiations (gamma, X-ray, and fast- and 
thermal-neutron radiation). Radiation doses are measured by con
ventional monitoring devices (TLD badges, nuclear track etch 
detectors, etc.) generally worn on the worker's chest. 
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Workers and work places were classified into nine groups 
according to the type of source and radiation exposure trends. 
The collective effective dose equivalent to all workers was cal
culated (see Table 1). Table 2 groups all radiation workers 
according to their annual dose-equivalent. 

Table 1 
Distribution of the annual effective dose equivalent 

according to work place 

Type of Institution No. of No. of % of Collective 
workers exposed exposed eff.dose-

workers* workers equiv.of 
workers 
(man- mSv) 

Research Institutes 1300 52 4 92.9 
Diagnostic Radiology 

(X-ray) 2158 160 7 326.7 
Dental Clinics 643 6 1 137.1 
Nuclear Medicine 350 91 26 188.9 
Cardiology 881 46 5.2 87.2 
Oncology (radiother.) 311 54 17.3 111.6 
Industry (N.D.T.) 1399 42 3.0 105.6 
Industry (other) 803 37 4.6 156.5 
'Workers expoaed beyond the detection limit at leaat once during the year 

The collective annual effective dose equivalent for the 
ensemble of radiation workers analyzed was 1.1 man-sievert. Only 
6.2% (488 out of 7845) of the workers monitored were exposed to 
radiation doses above the detection limit. The detection limit 
(per dosimeter) is about 0.15 mSv for gamma and X-radiation, 
0.1 mSv for thermal neutrons, and 1 mSv for fast neutrons. 
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Table 2 
Distribution of the exposure level among all radiation workers 

Exposure <detection 
limit 

<5 mSv 5-15 mSv 15-50 mSv >50 > 3V 

Number of 
workers 7357 44B 26 10 4 
Percent of 
workers 93.8% 5,7% 0.33% 0.13% 0.05% 

Nuclear medicine staff has the highest percentage of exposed 
workers (26% of those monitored). 

An investigation is initiated whenever 0.3 of a dose limit is 
exceeded (i.e., an effective dose-equivalent of 1.25 mSv in one 
month). In 1987, 118 such cases were detected, of which four 
exceeded the annual dose limit (50 mSv). 

Training of Radiation Workers in Israel in 1987 
T. Schlesinger and M. Surkes 

Since 1973 Israeli workers involved with Ionizing and non
ionizing radiation have been trained in the Feige Memorial 
Training Center. Graduate courses for scientists, physicians, 
engineers, and technicians are conducted, ranging from one-day 
refresher courses to extensive two-week courses. The courses 
include lectures, demonstrations, and laboratory exercises in 
the following subjects: Basics of Radioactivity; Detection and 
Measurement of Nuclear Radiation; Interaction of Radiation with 
Water; Radiobiology; Principles of Radiation Protection; and 
Basic Applications of Radiation in Medicine, Agriculture, Indus
try and Research. 

270 



During 1987 about 300 physicians, scientists, engineers, and 
technicians participated in the following courses: 

o Occupational Radiation Safety: 2 one-week courses and 2 
two-week courses; 

o Industrial Radiography: two 10-day courses; 
o Safe and Efficient Use of Radioisotopes in Medical Diagno

sis and Treatment: a two-week course; 
o Radiation Safety in the Application of Nuclear Gauges in 

Industry: two 4-day courses; 
o Radiation Protection of the Patient and Staff in Diagnos

tic Radiology: two 4-day courses; 
o Safe Use of Radionuclides in the Medical Laboratory: three 

3-day courses; 
o Radiation Safety in the Beta-light Industry: two 4-day 

courses; 
o Safe Use of Lasers: two 3-day courses; 
« Radiation Safety in Handling Instruments and Devices Emit

ting RF and Microwaves: two 3-day courses. 

Adaptive Assay of Radioactive Pulmonary Aerosol 
with an External Detector 

A. Talmor, Y. Laichter, Y. Ben-Haim, and A. Kushelevsky 

The accuracy of an assay of radioactive pulmonary aerosols is 
influenced by the spatial distribution of the aerosol in the 
lungs. An "adaptive assay" approach [1] for optimizing the assay 
of non-uniform spatial distributions of pulmonary aerosols is 
outlined. The basic idea of adaptive assay is that the design of 
the assay system is adjusted during the measurement so as to 
optimize performance. 

Taetmion-Xaraal I n s t i t u t e of Tachnolooy. Haifa 

Ban-Gurion Univaraity of tha Nagav. Baac-Shava 
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The assay of Am distributed as point sources in the lungs 
of a Lawrence Livermore Realistic Phantom was studied. The 59.5-keV 
gamma radiation was measured using a Nal-Csl phoswich detector. 
The simplified model of the spatial distribution of the pul
monary aerosol upon which the adaptive assay is based assumes 
that the aerosol concentration decreases exponentially along the 
lateral axes from the subpleura to the center of the lung. 

Table 1 shows the results of adaptive and static assay of 
2 4 1Am for various total activities. In these measurements the 
americium is distributed exponentially in the left lung only. 
The detector in the static assay is positioned under the right arm. 

Table 1 
Adaptive and Static Assay of 2 4 1Am 

(Bq) 
True activity 120.3 70.6 54.1 
Final estimate by adaptive assay 110.4 56.9 43.3 
Estimate by static assay 24.9 13.6 10.7 

Reference 
[1] Y. Ben-Haim, The Assay of Spatially Random Material 

(Dordrecht, 1985). 

A Computerized Liquid-Scintillation Assay of Tritiated Hater and 
Wipe-Test Samples with a Three-Channel Beta Spectrometer [1] 

S. Levinson, B. Ben-Shahar, M. Messing, and B. Carmon 

An off-line computerized technique was developed for tritium 
assay of aqueous samples and wipe-test paper supports, using a 
Tricarb scintillation spectrometer. The data consist of seven 
parameters, including count rates on three different channels. 
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external standard, and channel-ratio quench corrections. The 
output is stored on a tape cassette to be loaded into a computer 
for data checking and calculations. A water-to-Instagel ratio of 
7:9 was found to be optimal for aqueous samples; wipe-test fil
ters were assayed only in scintillator cocktails, without addi
tion of water. Nuclides other than tritium must be removed by 
distillation before the assay, to prevent interference in the 
measurement [2]. The presence of such nuclides is indicated by 
the computer, which also "recommends" whether purifying distil
lation is necessary. The system is calibrated using a set of 
sealed standards with different degrees of quenching. The chan
nel ratio and quenching curves for efficiency determinations are 
computed from the data obtained with the standards by means of a 
linear least-squares technique and are then shifted to corre
spond to samples in polyethylene vials, used in routine work. 
The computer also signals any change in the nature of the sample 
or equipment malfunction. 

References 
[1] S. Levinson, B. Ben-Shahar, M. Messing, and B. Carmon, 

Annual Meeting of the Israel Health Physics Society (Tel-
Aviv, April 1987), p. 54. 

[2] B. Carmon et al., in: Hadiation Protection: A Systematic 
Approach to Safety (Oxford: Pergamon, 1980), vol. 2, p. 892. 

The Fading of LiF Chips Irradiated by UV Photons [1] 
B. Ben-Shahar and Y. Laichter 

The main factor limiting the use of thermoluminescent materi
als in personnel and environmental dosimeters is the difficulty 
of reassessing radiation doses after the initial readout. The 
most useful dosimeter, especially in personnel monitoring, is 
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the LiF:Mg,Ti (TLD-100). Its normal readout requires heating to 
250*C—300*C for 10—60 seconds, which is sufficient to remove the 
electrons from all but the deepest traps. A high first dose can 
be reassessed by a second reading (residual dose), or by evalu
ating the dosimeter after exposure to UV photons. The latter 
technique is known as photo-transferred thermoluminescent 
dosimetry (PTTL). One source of inaccuracy in thermoluminescent 
dosimeters, when no annealing is performed, is a possible fading 
of the dose between exposure and assessment. 

The fading of PTTL in LiF:Mg,Ti chips during a period of up 
to 31 days was measured. TLD-100 chips were first irradiated to 
80 mGy with a 6 Co source; the obtained dose was evaluated after 
periods of time ranging from 1 to 31 days. After the first read
ing, the chips were irradiated with a 15 W UV lamp (254 nm) for 
15 minutes at a distance of 11 cm, followed by a second reading 
(PTTL). The observed fading of PTTL was 2.6% after 24 hours and 
4.7% after 31 days. This relatively low fading was to be 
expected, since the second reading is based on electrons in the 
deep traps. Thus high doses in personnel and environmental moni
toring can be reassessed with no need for significant fading 
corrections. 

Reference 
[1] B. Ben-Shahar and Y. Laichter, 7th International Congress 

IRPA (Sidney, Australia, April 1988). 
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Use of a Point-Source Calibration Curve for Fast Calibration of 
Flat, 3"X3" Nal(Tl) Detectors for f-Counting 

at Various Geometries [1] 

S. Levinson, G. Shani, S. Bergman,* Y. Gilad, 
and U. German 

A calibration procedure for a 7-spectrometric system was 
devised for use with several Nal(Tl) detectors of the same type 
but with different counting efficiencies. The procedure offers a 
convenient solution for problems posed by samples of various 
shapes and geometries. Curves are fitted to the experimental 
points by least-squares calculations. Correlations are estab
lished between the efficiency curves of the reference detector 
and similar curves for the other detectors; thus a calibration 
with point sources is sufficient for these detectors and there 
is no need to calibrate a new detector at the various counting 
geometries. It is a priori assumed that there are no significant 
differences in the counting efficiencies of various detectors of 
the same type, provided the geometry is constant. The calcula
tions are performed by a computer program, which accepts the 
efficiency parameters and known detector constants serving as 
its input data. 

Reference 
[1] S. Levinson et al., Annual Meeting of the Israel Health 

Physics Society (Tel Aviv, April 1987), p. 36. 

fien-Gurion University of the Negev, Beer-Sheva 
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An Aabient Fallout Sampler Adapted for the Negev Desert [1] 

H. Rotem, A. Ronen, and G. Pollak 

Two versions of fallout samplers were devised for use in 
desert climatic conditions. The first, a "Collecting Bucket," 
consists of a dust-collecting unit on a mount. The "bucket," 
which contains 10 liters of water and a thin layer of mineral 
oil, is used for continuous sampling during periods of up to two 
weeks. The large volume and collecting surface, as well as the 
"long" sampling times, lower the radionuclide detection thresh
old. Alpha, beta, and gamma assays, and chemical analysis, can 
all be performed. The second version, a settling tray with low 
walls, contains aluminum foil coated with a layer of mineral 
grease. The sampling time is "unlimited." The samples can be 
subjected to gamma spectrometry, but alpha and beta assays and 
chemical analysis are not possible. 

Reference 
[1] H. Rotem, A. Ronen, and G. Pollak, Annual Meeting of the 

Israel Health Physics Society (Tel-Aviv, April 1987), p. 26. 

Whole-Body Counting of Photons in the 10—2500 keV Range by a 
Phoswich Detector [1] 

S. Levinson and Y. Laichter 

A whole-body counting system has been introduced that can 
assess radionuclide intake of a few hundred becquerels. A thin 
Nal(Tl) and a CsI(Tl) detector, both 20 cm in diameter, are 
optically connected and used for a simultaneous assessment of 
low- and high-energy photon emitters in the course of a single 
measurement. The different decay times of the pulses from the 
two detectors are measured by a a pulse-shape analyzer unit. Two 
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tine windows are set for the Nal and Csl pulses, permitting a 
clear separation between the energy spectra of 2 4 1Am and 1 3 7Cs. 
Becuase natural and environmental radiation, as well as minute 
amounts of induced radioactivity, such as *°K and m I , may also 
contribute to the low-energy region measured by the Nal detec
tor, both energy regions should be assayed at the same time in 
the case of whole-body counting. A computerized radioanalysis 
includes data on the individuals subjected to measurement, the 
system background, the background for a "clean" person, the 
counting efficiency etc. The results are compared with the 
detection-limits values. 

Reference 
[1] S. Levinson and Y. Laichter, Annual Meeting of the Israel 

Health Physics Society (Tel-Aviv, April 1987), p. 20. 

Improving a System for Measuring Radionuclides in the 
Human Body 

S. Levinson, H. Assido, S. Piestun, and Y. Ronen 

The operation of a whole-body counter system for radio
nuclides in the human body was improved by exploiting the capa
bilities of the "Harshaw" counting system, based on a phoswich 
NaI(Tl)-CsI(Tl) scintillation detector (see Fig. 1). 

The method permits simultaneous radioactive detection when 
the counting is performed by two Analog-to-Digital ADC Conver
ters of a multi-channel analyzer. Each ADC has 256 channels. The 
Nal(Tl) scintillator is sensitive to low energies (10—150 keV) 
and is connected to ADC#1; the CsI(Tl) scintillator is sensitive 
to higher energies (100—2500 keV) and is connected to ADC#2. 
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Fig. 1: Simultaneous Two-Channel Data Collection from a 
Fhoswlch Detector 

The pulse heights obtained from the two scintillators are 
analyzed by pulse-shape discrimination that determines the ori
gin of scintillations from Nal or Csl, but rejects the coinci
dent Compton-scattered events and photomultiplier-tube noise. 

Both energy spectra are accumulated simultaneously in two 
inputs of a multi-channel analyzer. This counting method saves 
operating time and can measure and assay radionuclides over a 
wide range of energies. This eliminates the uncertainties in the 
low-energy spectrum, associated with the separate scintillation 
measurements of the old counting system, and makes it possible 
to obtain, in a single measurement, the contribution of the 
high-energy radionuclides to those at lower energies. This sys-

278 



tern provides complete monitoring of radionuclides in the human 
body by means of a phoswich detector. 

Another option being considered is connection of the measur
ing system to a Router multiplexer unit with an outlet to an 
IBM/PC with an ADC card, which is used as a multi-channel ana
lyzer and performs the data processing. 

References 
[1] M. Bruce, Pulse Shape Analyzer for pjioswich Detector, 

(Harshaw, 1973). 
[2] S. P. Gang and D. Newton, Health Phys. 32:113 (1977). 
[3] E. G. Shapiro and A. L. Anderson. IEEE Trans. Nucl. Scl. 

21:201 (1974). 

An Evaluation of the U.S. Army 
Fallout Prediction Model [1] 
A. Pernick and I. Levanon 

The U.S. Army fallout prediction method was evaluated against 
an advanced fallout prediction model — SIMFIC (Simplified Fall
out Interpretive Code). The danger zone areas of the U.S. Army 
method were found to be significantly greater (up to a factor of 
8) than the areas of corresponding radiation hazard as predicted 
by SIMFIC. Nevertheless, because the U.S. Army's method predicts 
danger zone lengths that are commonly shorter than the corre
sponding "hot line distances" of SIMFIC, the U.S. Army's method 
is not reliably conservative. 

Reference 
[1] A. Pernick and I. Levanon, Health Phys. 52:739 (1987). 
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Airborne Radiometric Surveys in Makhtesh Ramon [1] 
U. Vulkan, H. Zafrir, and G. Steinitz* 

Two airborne radiometric surveys have been conducted in Makh
tesh Ramon. The first (1981) was performed from an airplane 
within the framework of a systematic reconnaissance survey of 
Israel. The second (1985) was performed from a helicopter as 
part of a follow-up study on the mineral potential of the area. 
A magnetometer (sensitivity 0.1 7) was used in the latter 
survey. The parameters characterizing the two surveys are 
presented in Table 1. 

Table 1 
Airborne Survey Parameters 

crystal volume 
flight altitude 
spacing between flight lines 
sampling distance along line 
navigation 
atmospheric radon measurement 
sensitivity (cps/ppm) 
at planned (cps/ppm) 
altitude (cps/%) 
number of sampling points 

Airplane Helicopter 
crystal volume 
flight altitude 
spacing between flight lines 
sampling distance along line 
navigation 
atmospheric radon measurement 
sensitivity (cps/ppm) 
at planned (cps/ppm) 
altitude (cps/%) 
number of sampling points 

40 L 
300 feet 
500 meters 
60—70 meters 
Radar 
Yes 
Th: 5.02 
U: 7.97 
K: 78.2 
8500 

11 L 
100 feet 
200-300 meters 
33—40 meters 
Manual; air photo 
No 
Th: 3.31 
U: 5.53 
K: 69 
33000 

The spectroscopic data were corrected for inter-element con
tributions (stripping) and for above-ground altitude in order to 
calculate the true ground concentrations of U, Th, and K at each 
sampling point. The system calibrations were performed over cal
ibration pads [2]. 

Geological Survey of Israel. Jerusalem 
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The mean ground concentration of Th and K were identical in 
the two surveys. The surveys had a difference of 1 ppm in the 
mean concentrations of uranium (3.0 ppm in the helicopter survey 
and 1.8 ppm in the airplane survey). The difference is due to 
the radiation contribution of atmospheric radon, which was mea
sured only in the aircraft survey. This difference (1 ppm) is 
similar to the net radon contribution as measured in the first 
survey. 

Basic statistics for U, Th, and K concentrations were calcu
lated for 18 rock units in Makhtesh Ramon, based on a digitized 
geological map with a cell size of 250x250 meters (Table 2). 
Most rock units yield similar low values except the quartz 
syenites and Gevanim-Formation rocks. Both surveys reported a 
high value for these two lithologies, which is thus independent 
of the sampling density in these two surveys. 

Table 2 
Uranium, Thorium, and Potassium in Typical Rock Formations 

U ppm Th ppm %K 

quartz syenite 
Gevanim Formation 
other rock units 

5.2 
4.2 

2.2-3.8 

11.5 
5.3 

2.2-3.6 

1.9 
0.9 

0.3-0.5 

The results were presented on a regional basis as follows: 
o Three-color maps showing the proportional quantities of U 

(red), Th (blue) and K (yellow) along the flight lines for 
each sampling point. 

o Calculation and plots of the "along flight line" anoma
lies. For the airplane survey these anomalies were calcu
lated from the average content for each element [3]. For 
the helicopter survey the anomalies were delineated 
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according to the statistics for each rock unit, which 
resulted in a general reduction of clear anomalous areas 
(such as Shen Ramon). On the other hand, small previously 
obscured anomalies were detected. Empirical statistical 
criteria have been developed to evaluate the quality of 
the anomalies, and the helicopter-survey anomalies classi
fied accordingly. The assumptions underlying this proce
dure will have to be tested in a follow-up ground survey. 

e Contour maps of U, Th, and K concentrations, with the aid 
of Surface-II software. Such maps allow a combined geolog
ical analysis to evaluate which anomalies are due to small 
features and which to regional features. The contour maps 
also permit a regional-scale comparison with the geologi
cal map and with stream-sediment geochemistry maps. 

References 

[1] U. Vulkan, H. Zafrir, and G. Steinitz, Proceedings Annual 
Meeting of the Israel Geological Society (Mitzpe Ramon, 
April 1987), p. 135. 

[2] R. Aviv and U. Vulkan, Airborne gamma-ray survey over 
Israel: The methodology of the calibration of the airborne 
system. (Report ZD 58/82, SNRC, Yavne). 

[3] U. Vulkan, R. Aviv, G. Baer, and A. Itamar, Airborne radio
metric survey of Israel: "Makhtesh Ramon" area — evalua
tion, sta^e A. (Hebrew) (Report ZD 76/83, SNRC, Yavne, and 
ME 15/83, GSI, Jerusalem, 1983). 
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Interpretation of Regional Radiometric and Geochemical Surveys 
in Makhtesh Ramon [1] 

G. Steinitz* and H. Zafrir 

Regional airborne (airplane and helicopter) radiometric sur
veys and stream-sediment surveys have been conducted in recent 
years in Makhtesh Ramon [2,3]. For regional analysis a set of 
contour maps of element concentration were constructed. These 
maps were compared among themselves and to the geological map of 
Makhtesh Ramon. 

U, Th, and K content were measured by gamma spectroscopy in 
the airborne surveys and in the stream-sediment samples. Similar 
distribution patterns were found in both surveys. K forms a 
broad "anomaly" (>1%) in the southern Ramon from En Saharonim to 
the Shen Ramon area. U and Th show a much more irregular pattern 
with "anomalies" hundred of meters in size distributed over the 
area. The Shen Ramon area is relatively prominent on some of the 
maps. 

Mn and Zn show a pronounced anomaly around the Gevanim valley 
and Shen Ramon qz-syenites. This anomaly, somewhat lower, can 
also be traced in the area between these two intrusive bodies. A 
further anomaly is found around the Bab Ramon sill. These 
results support the suggestion [4] that qz-syenitic intrusions, 
with an associated potential for polymetallic mineralization, 
extend in the sector from Gavanim to Bab Ramon. 

A subtle Ni and Co anomaly can be seen around the Gevanim 
valley intrusions. A prominent anomaly is found around the 
essexite of the laccolite. 

Cu anomalies are found associated with the laccolite between 
Bab Ramon and Shen Ramon and in the Gevanim valley and to the 
west, along the southern Ramon. 

GaoloQical Survay of Iaraal. Jerusalem 
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Radon Survey in the Gevanim Valley Mineralization Site, 
Makhtesh Ramon [1] 

A. Strull, 0. Even, U. Vulkan, H. Zafrir, 
and G. Steinitz 

Following the recent finding of polymetallic-vein-type miner
alization in Gevanim valley quartz syenites [2], a detailed 
radon (half-life of 22Rn = 3.8 days) survey was initiated around 
this site. The alpha-track radon survey method, usually applied 
by placing alpha-sensitive film [3] at shallow depths within an 
unconsolidated overburden, was modified for direct measurement 
in exposed rocks. This procedure was used in the hope that radon 
gas released by rocks and emanating from below reaches the sur
face in measurable quantities, in such a survey, a radon anomaly 
is considered to exist when excess radon is detected, i.e., 
unsupported by local radium (radon parent), which can be inter
preted as due to a long-distance (deeper) source. 

Approximately 400 alpha-track detectors were placed in shal
low holes (0.6 meters) in a 20-meter grid covering parts of the 
Gevanim valley magmatic outcrops. A rock sample from each site 
was analyzed for radium content. The detectors were left for 
four weeks before recovery and electrochemical etching [4]. The 
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tracks wera counted and the resulting radon values reported as 
tracks per square centimeter, normalized to 28 days. 

The results show that radon background values are sensitive 
to the immediate lithology such as qz-syenite versus Gevanim-
Formation sandstones and shales. Thus all relatively elevated 
radon values found (twice the background level or more) that 
were unaccompanied by a parallel increase in the radium content 
of the site are considered to be true radon anomalies. Most 
radon anomalies are concentrated in Gevanim 3. The most promi
nent anomaly extends over the northern part of the Gevanim 3 qz-
syenite and the adjacent overlying Gevanim-Formation sandstones 
and shales, with a total area of some 2500 square meters and a max
imum value of 6 times the background value (13,000 tracks/cm2). A 
further anomaly (1200 square meters) is located over the south
ern part of Gevanim 3. On the other hand, alpha-track measure
ments in the Gevanim 1 area, rich in mineralization veins, show 
normal values. 

The 18 boreholes drilled in Gevanim 3, some of which reached 
a depth of around 100 meters, did not reveal a source for the 
elevated radon values. Radon emanometry (using a scintillation 
cell counter) in closed boreholes in Gevanim 3 and Gevanim 1 
showed radon values of up to two orders of magnitude higher in 
the Gevanim 3 area. 

Significant radon anomalies can be detected by the alpha-
track method in msgmatic and consolidated sediments. Based on 
alpha-track measurements and emanometry, it is concluded that 
high values of radon are emanating over a considerable area at 
Gevanim 3. Since no significant uranium mineralization was 
detected to a depth of 100 meters beneath the anomaly, another 
source must exist. 
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Stream Sediment Geochemistry in Makhtesh Ramon [1] 
H. Zafrir, A. Strull, U. Vulkan, and G. Steinitz* 

Following the recent discovery of polymetallic-vein-type min
eralisation in the Gevanim valley quartz syenites [2], a 
detailed stream-sediment survey was initiated to detect further 
geochemical anomalies that could be associated with this type of 
mineralization. A 5X10-kilometer area was sampled in the south
ern Ramon, centered around the magmatic intrusions of Gevanim 
and Shen Ramon. Some 1200 samples were collected at a mean den
sity of 20 samples per sq. kilometer. The <2-mm fraction was 
taken from the stream beds, most of which are shorter than 3 
kilometers. U, Th, and K were measured by gamma-spectroscopy; 
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for comparison, U was also analyzed by Delayed Neutron Activa
tion (DNA). Co, Cr, Cu, Mn, Ni, Fb, V, and Zn were extractad by 
HC1+HN0 (85*) and measured by atomic absorption analysis. 

Data reduction included the following: 
o A general statistical analysis, including a subdivision of 

the samples into background and anomaly populations, based 
on the concentration-frequency distribution pattern for 
each element; 

o Inter-element correlation analysis; 
o Preparation of sample distribution maps (background; 

anomaly) for each element; 
o Preparation of contour maps with the aid of Surface-II 

software; 
* Transfe-" of the generated sample-anomaly-distribution maps 

and contour maps to the interactive Medusa CAD system. 
This permitted much easier evaluation of the large amounts 
of data, the evaluation of the spatial inter-element dis
tribution, and the relations with the drainage patterns 
and the geological map. 

Geochemical anomalies were detected in the stream sediments 
to a distance of a few hundred meters from their source (a con
clusion already reached by the late A. Zilberfarb). For some of 
the metals, such as Mn and Zn, anomalous populations could be 
clearly defined. Initial evaluation shows that some of these can 
be attributed to known geological features, e.g., magmatic bod
ies. Other anomalies can be associated with the known vein-type 
mineralization. Other anomalies (e.g., Cu) have been found that 
cannot be directly connected with the known vein-type mineral
ization. 
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Geological Applications of the Medusa Drafting System 
Exeaplified by Data from Makhtesh Ramon [1] 

Y. Yaffe and G. Baer" 

The MEDUSA C.I.S. drafting system is used by the Geological 
Survey of Israel and connected to the Survey's central VAX-
11/750 Computer and to an HP-7580A plotter. 

The MEDUSA can be applied to many geological uses, including 
the following: 

o Digitization of maps, figures and sections; 
» Convenient editing on a graphic color screen: joining sev

eral maps, adding variable text, drafting geometric 
designs of accepted symbols; 

o Separating a map or figure into layers: each layer is 
built of one or several map constituents, as required, and 
any combination of layers may be plotted; 

o Eoiting and processing existing files retrieved directly 
from the computer or files produced by other graphic 
systems; 

o Tridimensional drafting from any required view of the rel
evant sections of a figure. 
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The 1:20,000 geological map of Har Gevanim [2] was redrafted 
using MEDUSA and separated into a number of layers. The map is 
presented both in its complete form and according to selected 
elements: specific lithological contacts, structures, geochemi-
cal data processed by the SURFACE II graphic system and adjusted 
to MEDUSA, and others. The graphics capability of MEDUSA is 
demonstrated in the construction of sections. 
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Gamma Spectroscopy for Determining Uranium, Thorium and 
Potassium Concentrations of Geological Samples 

U. Vulkan, G. Lifschitz, and A. Altman 

The exact operating conditions and detection limits of ura
nium, thorium, and potassium (KUT) in geological samples were 
determined by gamma-spectroscopy. 

The detection system consists of a well-type Nal crystal 5" 
in diameter and 3" deep, covered with layers of mercury and 
lead. F/rex vials containing well-ground 19-g samples are fed 
automatically into the detector using a circular sample changer 
{Nuclear Chicago). The tightly sealed vials are stored for about 
three weeks prior to the measurement in order to achieve radium-
radon equilibrium. The element concentrations in the sample are 
determined from their natural radioactivity. The potassium con
centration is derived from the emission of 1460-keV gamma rays 

40 
by K. The equivalent uranium concentration is derived from the 
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1764-keV gamma radiation emitted by Bi in the uranium-238 
chain. This represents the amount of uranium in the sample o.ily 
•t equilibrium conditions. The thorium concentration is derived 
from the 2615-keV gamma radiation of 30*T1 in the thorium chain. 
Stripping factors to eliminate interference from other peaks and 
actual concentrations are calculated using well-known standards. 
The mathematical method and fitting procedure are described 
elsewhere [1,2,3]. Detection limits for KUT depend on their rel
ative concentrations in the sample. The detection limits for 
these elements in the absence of the others are 2 ppm for ura
nium, 4 ppm for thorium, and 0.4% for potassium. Figure 1 demon
strates the dependence of the uranium detection limit on tho
rium. The algorithms used for the calculations can be found in [4]. 

200 400 600 
Thorium (ppm) 

Fig. 1: Uranium detection limit as a function of thorium con
centration in the sample for relative uncertainties of 
10%-30S. 

References 
[1] IAEA, Radiometric reporting methods and calibration in ura

nium exploration (IAEA Technical Report No. 174, 1976). 

293 



[2] P. G. Killeen, Gamma-ray spectrometric methods in uraniua 
exploration: application and interpretation, in: Geophysics 
and Geochemistry in the search for Metallic Ores (Geol. 
Survey Canada, Report 31, 1979). 

[3] IAEA, Gamma-ray surveys in uranium exploration (IAEA Tech
nical Report No. 186, 1979). 

[4] V. Vulkan and G. Lifschitz, Gamma spectroscopy laboratory 
for geological samples (Hebrew). SNRC report ZD 123/87, 
1987. 

A Neutron-Activation-Analysis System for Geological Purposes 

A. Altman 

A system for multi-element analysis of geological samples by 
neutron activation has been assembled. The system combines 
mainly existing equipment with specific software for complicated 
gamma-spectra analysis. 

Irradiation is performed in the IRR-1 nuclear reactor 
(4.5 MW) using a computer-controlled pneumatic system (Rabbit) 
for short irradiations (up to 20 minutes). Longer irradiations 
use a rotating plate for flux homogenization. Ge(Li) and Si(Li) 
detectors, located near the irradiation position, are used to 
detect gamma and X-rays emitted by short-lived radionuclides. 
However, most radionuclides are detected and analyzed far from 
the reactor in a low-background laboratory, using two well-pro
tected Ge(Li) detectors with volumes of 100 cc and 130 cc and 
resolutions of 1.5—3 keV. £ high-purity germanium detector is 
available to detect low-ene..gy X-rays. 

Data is recorded on diskettes and analyzed by a PDP 11/34 
computer. The analysis consists of a fully automatic algorithm 
for peak-search and integration. Element identification is done 
semi-automatically using gamma-lines and radionuclide libraries. 
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Neutron activation analysis has an advantage over other 
multi-element analytical methods (ICP, XRF, etc.), especially 
when applied to rare-earth elements (REE) and platinum-group 
elements (PGE). Table 1 shows the detection limits achieved for 
some REE with this system. 

Table 1 
Detection Limits of REE by NAA 

Element La Ce Nd Sm Eu Gd Tb Dy Yb Lu 
Detection 
Limit(ppm) 0.1 1 3 0.01 0.05 0.5 0.1 0.5 0.1 0.02 

Effect of Volcanic Aerosols on Stratospheric Radiance at 
Wavelengths Between 8 and 13 iim [1] 

B. Halperin and D. G. Murcray 

A set of stratospheric aerosol optical models is employed in 
a radiative-transfer computation to study the effects of 
postvolcanic particle size distributions and compositions on the 
spectral radiance in the 8—13-/im window region. The models are 
based on direct measurements of post El Chichon aerosol size 
distributions and vertical profiles. They represent various 
maturity states of e^rosols composed of sulfuric acid aqueous 
solutions, formed and evolved in the stratosphere following a 
massive volcanic eruption. Comparisons are made with concurrent 
radiance observations obtained on balloon flights six months 
after the eruption and one year later. Most of the calculations 
are done using the L0WTRAN-6 code (either alone or combined with 
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a multiple scattering calculation), revised so as to include the 
appropriate aerosol optical models. A better quantitative agree
ment is found between the calculated and observed spectral radi
ances when the aerosol load is relatively high, indicating that 
additional minor radiance sources of a yet-unresolved nature 
should be incorporated in the present version of the 
calculation. 

Reference 
[1] B. Halperin and D. G. Murcray, Rppl. Opt. 26:2222 (1987). 

Comparative Study of Wind Measurements in Two Adjacent Masts 
at Haria, Golan Heights [1] 

D. Skibin and H. Ohaion 

Relatively low wind speeds motivated erection of a second 
mast, 300 m from an existing one, ir, order to compare the winds 
at the adjacent sites. The wind-speed-data analysis showed a 
one-hour relative shift in the wind-speed readings. This is 
attributed to the procedure used to read the data from the wind-
speed charts. The shift was proved by calculating the cross-cor
relation coefficients between the sites as a function of the 
time shift. After correcting timing errors we were able to show 
that at high wind velocities there is ~ 3 % difference between the 
readings at the two sites, while at low wind velocities (<3 
m/sec) the difference increases rapidly, up to ~30%. This is 
attributed to topographical differences. The implications for 
siting a wind generator are slight, since production starts at 
~5 m/sec. The generator's size and performance is an important 
factor for micro siting. 
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press). 

The Influence of the Averaging Time Used in Field Surveys 
on Computations of Hind Energy and Planning of 

Wind Projects in Israel [1] 

D. Skibin and M. Calaf 

The averaging time required for data gathered in wind-energy 
surveys was analyzed. Wind-energy production was calculated 
using 10-minute and hourly wind-speed averages. In 20% of the 
cases the discrepancy exceeded 10%. Nevertheless, the difference 
in total production did not exceed a few percent, because the 
large differences are obtained for relatively weak winds, close 
to the generator's cut-in point, when energy production is rela
tively low. There were large differences between the standard 
deviations (as a measure of turbulence) calculated for 10-minute 
and 1-hour averaging times, however. Hourly averaging tended to 
decrease the number of low values and increase the high-value 
fraction of the sample. 

Reference 
[1] D. Skibin and M. Calaf, Israel AEC Report NRCN(ER)-031 (in 

press). 

The Sampling Rate of Data Loggers in Wind-Energy Surveys [1] 

D. Skibin and M. Calaf 

The benefits and drawbacks of high and low sampling rates of 
instrument readings by data loggers are discussed. To obtain 
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quantitative answers, 1400 ten-minute wind-speed samples were 
collected and analyzed. The average, standard deviation, and 
minimum and maximum values were calculated for each 10-minute 
period. The calculations were performed for sampling rates of 2, 
6, 12, 30, and 60 samples/minute (for each time period). We assumed 
that 60 samples/minute gives the "true" values, and compared them 
to the values calculated for the other sampling rates. 

The cumulative frequency distributions of the errors in the 
various parameters were calculated and presented as a function 
of the sampling rate, for each parameter separately. Average 
wind speeds were determined with relative accuracy, even at low 
sampling rates. The turbulence (represented by the standard 
deviations and extreme values) deviated significantly for sam
pling rates lower than 12 per minute. The results provide a 
sound quantitative basis for making decisions about data-logger 
operation. 

Reference 
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press). 

An Outline of the Emergency Response Activities During a 
Nuclear Accident and the Resulting Specifications of the 

Required Real-Time Aid [1] 

D. Skibin 

The activities, tasks, and decisions required of the Emer
gency Response Manager during a nuclear accident are outlined 
and classified by stage of the accident. The specifications and 
functions of the real-time system required for the emergency 
response are derived. Suggestions are presented for facilitating 
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international cooperation to assist national and local authori
ties during an accident. 
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Short-Range Forecast of the Daily Maximum Temperature [1] 

D. Skibin, H. Ohaion, A. Hod, and Z. Mahlev 

A computerized system for short-range forecasting of the 
daily maximum temperature (T ) was developed and compared with 

max 
the results of the manual forecast. The human forecaster pre
dicts T at 10 AM on the basis of current observations and of 

max 
the synoptic, meso-, and microscale situations. The automatic 
system relies on the temperatures measured at 8 and 10 AM, the 
wind direction and cloud cover at 10 AH, and the climatological 
data of the average daily temperature variation (a function of 
the date). 

The human forecaster tended to overestimate. About 50% of the 
forecasts were accurate within 1.25C° and 90% within 3C°. There 
were only a few errors of more than 5C°. The automatic system is 
somewhat more accurate. In 60% of the cases the error was within 
1.25C°. Only in one case did the error reach 4C°. Given the sur
prising accuracy of the results, the automatic system is recom
mended at, a tool, especially when it gives a lower T than thjt 
predicted by the human forecaster. 
Reference 
[1] D. Skibin, H. Ohaion, A. Hod, and Z. Mahlev, Proceedings of 

Symposium on Mesosca~3 analysis and Forecasting (Vancouver, 
Canada), ESA SP-282 (August 1987), p. 441. 
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Analysis of the Air Pollution to be Expected in Arad 
as a result of the Zohar Phosphate Mine [1] 

D. Skibin 

Phosphate ores have been found ~1.5 km west of Arad. Calcula
tions of the dust concentrations to be expected in Arad during 
the afternoon and evening as a result of phosphate loading by a 
wheel loader are presented. The results are on the order of 
300—3000 ng/m3, which is up to 10 times the 24-hr Israeli standard. 
The calculations involve a conservative underestimate, since 
contributions from numerous dust sources were excluded. The 
expected dust concentrations are thus higher than those given 
here. The wind direction is frequently from the mine to Arad, 
especially during the afternoon and evening, from spring to 
fall. It is therefore expected that operation of the mine 
according to the suggested scheme will cause strong dust pollu
tion in Arad for several consecutive hours during a considerable 
portion of the year. 

It is suggested that a short-term (~1 hr) dust-conoentration 
standard be established, and its use enforced in the preparation 
of an Environmental Impact Statement in accordance with the 
statutory procedures. 

Reference 
[1] D. Skibin, Israel AEC Report NRCN (ER)-033 (1987). 

On the Randomness of Annual Average Precipitation Data [1] 

E. Asculai and R. Thieberger 

An attempt was made to determine whether precipitation data 
for three sites (Jerusalem, Mikve Israel, and southeastern Eng
land) exhibit cyclic patterns or are randomly distributed. Our 
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approach to the time-series analysis was based on the Box-
Jenkins method [2], which is especially appropriate in cases 
where the spectrum is complex. Our results indicate that the 
time series in question are almost purely random. 

References 
[1] E. Asculai and R. Thieterger, J. Cllm. Rppl. Meteorol. 

26:1601 (1987). 
[2] G. E. P. Box and G. M. Jenkins, rime Series Analysis (San 

Francisco: Holden Day, 1976). 

Environmental Research in Israel: On the Need for a Novel 
Organizational Change [1] 

S. Amir 

This study presents some of our main findings on the struc
ture of environmental research in Israel. These findings are: 
first, the government is dominant in supporting environmental 
research, but most studies are conducted within university 
premises; second, no indications exist to support the claim that 
environmental research is interdisciplinary. If it is asserted 
that policy-oriented environmental research ought to be inter
disciplinary, a need for a novel strategy for conducting and 
organizing environmental research is observed. Science policy 
makers in other countries face similar problems. Thus, our pro
posed organizational change has general applications. This pro
posal intertwines research and policy making by establishing a 
university-based research center for the study of environmental 
resources. The proposed center will be funded primarily by gov
ernmental bodies and respond to policy needs. It will be unique, 
however, in that from time to time its staff will have to under
take policy assignments besides common research activities. 
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Implementation of this proposal will improve communications 
between scientists and decision makers, thus enhancing the role 
of environmental research in the policy-making process. 

Reference 
[1] S. Amir, Res. Policy 16:17 (1987). 

Energy Pricing, Biomass Accumulation, and Project Appraisal: 
A Thermodynamic Approach to the Economics of 

Ecosystem Management [1] 

S. Amir 

Me present an analogy between economic and ecological sys
tems, based on the fact that their acting components at all lev
els of organization are thermodynamically open systems and face 
severe problems of resource scarcity. A linear production model 
of any composed system and of its components is developed, and 
the problem of allocating scarce resources is discussed by means 
of this model. A set of efficiency prices emerges as part of the 
solution of the model. These prices are state dependent, and 
they should be considered the intensive properties of the exam
ined system. Hence, besides being efficiency prices for using 
scarce resources, they may play the role of energy prices. How
ever, whenever the second interpretation is adopted, energy 
itself plays the role of money. Thus, energy may be considered 
an abstract entity, and the (solar) energy theory of value is 
refuted, i.e., energy is not a scarce source of value but a mea
sure of value. 

Policy applications of the theory and possible uses of the 
model for appraising projects having severe environmental reper
cussions are discussed. The ecological product, a measure of the 
flow of matter through the ecosystem, is an indicator no less 
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significant for quantifying ecosystem functions than the gross 
national product is significant for assessing the functioning of 
the economy. Policy analysts and decision makers can evaluate 
the impacts of various policies on the environment by measuring 
the resulting ecological product and other integral indicators. 
A functional integrated model in which ecological and economic 
activities are combined should be used to calculate a single set 
of prices. This set characterizes the state of the combined sys
tem. Hence, it may serve to compute the desirability of initi
ated projects. The model can be used for analyzing resource 
allocation and for deriving systems of "shadow" prices, for 
either controlled or decentralized systems. In reality the 
resulting allocation and the pricing systems differ substan
tially. The study discusses the significance of this difference 
for policy making. 

Reference 
[1] S. Amir, in: Environmental Economic?, ed. G. Pillet and T. 

Murota (Geneva: R. Leimgruber, 1987), p. 53. 
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Inductive Storage for Electrothermal Guns 

M. Kanter and Z. Kaplan 

An energy compression system using inductive storage tech
niques and existing solid-state switching components is under 
development. The technology is based on a number of inductors 
interconnected with low-current switching devices. The inductors 
are connected in series during the charging process and switched 
into parallel mode during discharge. Any DC power supply can be 
employed, such as a DC battery stack or DC alternator. The load
ing current of the device is low and can be tailored to any 
desired conditions. Major current amplification and desired 
pulse shape can be achieved by proper choice of inductors and 
switching times. 

A 2-kJ pulse-compression system was constructed and success
fully operated to demonstrate the feasibility of the concept. 
The salient features of an 0.1-MJ system designed for the ET gun 
are also presented. 

A Software Package to Simulate Hypervelocity Launchers 
D. Saphier 

A modular software package capable of simulating various 
types of launching devices was developed. The software is based 
on the DSNP [1] simulation language. This is a special-purpose 
block-oriented simulation software capable of simulating a large 
variety of complex thermohydraulic and electrical networks. 

Several modules of components used in electrothermal and con
ventional launching technology were developed. These modules 
were used in a full-scale simulation of the experimental facili
ties at the Soreq Nuclear Research Center. The simulations 
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reproduce the temporal behavior of the major system-state vari
ables, such as current, voltage, temperature, pressure, projec
tile locations and velocity, etc. Preliminary results compare 
favorably with experiments. Further development of more complex 
phenomena of various launchers is underway. 

Reference 
[1] D. Saphier, The DSNP Users' Manual, RASG-112-85 (Atlanta: 

Georgia Institute of Technology, 1985). 

Adapting DSNF to Simulate the Interior Ballistics of a Gun 

D. Saphier 

A special-purpose library for the DSNP simulation language 
[1] was developed, with modules of components used in simulating 

Fig. 1: Average pressure inside barrel, and pressure on 
projectile base obtained when firing a 0.5" gun. 
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the interior ballistics of a gun. Together with the other DSNP 
modules, it permits simulation of the thermodynamic and kinetic 
processes that occur when a gun is fired. 

The new library features full modeling-system modularity, 
which permits simulation of many gun systems and the use of sev
eral propellants ignited at different times. The modules cover 
propellant burning, form-function analysis, gun thermodynamics, 
heat transfer to barrel, and projectile kinematics. 

Figure 1 depicts the average pressure and the base-pressure 
history obtained by firing a conventional 0.5" gun one-meter long. 
Figure 2 shows the projectile velocity as a function of time. 
The simulation results agree with experimental measurements. 
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Fig. 2: Velocity of projectile as obtained from a DSNP simula
tion of the interior ballistics of a 0.5" gun. 

309 



Reference 
[1] D. Saphier, The DSNP Users' Manual, RASG-112-85 (Atlanta: 

Georgia Institute of Technology, 1985). 

Compensating Calorimeter for Absorption Measurements of 
Transparent Materials for IR optics [1] 

G. Gafni, A. Eliahu, and H. Galron 

A new method for the measurement of absorption coefficients 
of IR transparent materials is described. The method does not 
require thermal insulation, and the measurement is made with the 
sample at room temperature. A heat pump removes the heat gener
ated by absorption and keeps the sample temperature constant. 
The amount of heat removed is estimated from a calibration 
graph. The new method was used to measure the absorption coeffi
cient of optical germanium. 

Reference 
[1] G. Gafni, A. Eliahu, and H. Galron, Kev. Sci. Instrum. 

58:357 (1987). 

Implementation of an Image-Processing Algorithm on a Picture 
Received from a Deflectometer using an IBM-PC 

Y. Kadmon, A. Cohen, P. Levin, Y. Mazor, 
and E. Gurewitz 

A mathematical algorithm was implemented to reconstruct the 
surface of a body from the fringe pattern derived from a "moire 
deflectometer." The moire patterns are generated by a parallel 
beam reflected from the test body to pass through the deflec
tometer. The deviation of the fringes from a straight line is 
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proportional to the derivative of the surface at the reflecting 
point in the direction of the "moire fringe." 

To reconstruct the surface of the body, two pictures are 
needed to obtain partial derivatives in two independent direc
tions. Integration of these partial derivatives provides a 
height map of the surface of the body. 

The algorithm was implemented using an IBM-PC with a high
speed ALU board. A main C-language program loads micro-code pro
cedures and input data to the board. The input data is processed 
in slices because of the limited data memory on the ALU board. 
The C program interacts w:Lth the ALU board using a status flag. 

The input data consists of a 256X256 two-dimensional array 
representing the picture. The algorithm uses the following 
micro-procedures: 

1. An Input-data-compression procedure 
2. A frlnge-idantification procedure 
3. A reference-grid-construction procedure (straight lines 

representing a flat surface) 
4. A procedure to determine the deviation of the fringes from 

the reference grid 
5. A procedure to determine the integration constants 
6. A procedure to integrate the deviations, which yields the 

height map of the body being tested. 
This implementation can be utilized to manufacture low-cost 

distortion-analyzer systems based on a personal computer. 
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Thermal Analysis of Laser-Induced Thin-Film Melting 
and Evaporation [1] 

A. Kinrot, J. Bloch, and Y. Zeiri 

The use of a laser as a micromachining tool has recently been 
demonstrated in various applications, especially in the micro
electronics industry. The advantage of these laser-induced pro
cesses is the high resolution obtained, which is essential in 
this field. 

The laser-induced melting of thin metal films on a substrate 
was studied via a numerical solution of the time-dependent two-
dimensional equation for heat diffusion in a layered system. The 
relationship between system parameters and melting kinetics, 
especially the rate at which the melt front advances in the 
radial and axial directions, was calculated and compared for a 
variety of systems with different film thickness, laser inten
sity, and substrate nature. 

Reference 
[1] A. Kinrot, J. Bloch, and Y. Zeiri, J. of Phys. B (1988, in 

press). 

Principles of Unattended Operation of Isotope Separators [1] 

I. Chavet, M. Kanter, G. Lempert, I. Salzman, 
M. Melnik, and Y. Zaidi 

In order to achieve optimal performance from a separator, 
namely product purity and throughput, its essential parameters 
must be carefully adjusted and their values maintained constant 
for the duration of the entire run. For production runs lasting 
hundreds of hours, it is highly desirable to be able to leave 
the separator unattended while appropriate feedback circuits 
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maintain its parameters at their initial values as set by the 
operator. These parameters include not only the beam current and 
detailed ion source characteristics, but also the image position 
in the lateral and longitudinal directions. Such round-the-clock 
automatic operation, besides considerably reducing production 
costs, also significantly improves the product purity and yield, 
and extends cathode life. The principles underlying the 
implementation of this procedure and the Soreq separator MEIRA 
are explained and the results obtained reported. 

Reference 
[1] I. Chavet et al., Nucl. Instrum. Meth. Phys. Res. B 26:44 

(1987). 

Size of the Virtual Source Behind a Convex Spherical Surface 
Emitting a Space-Charge-Limited Ion Current [1] 

I. Chavet 

A plasma source fitted with a circular orifice and emitting a 
space-charge-limited ion current can be made to operate with a 
convex spherical plasma boundary (meniscus) by appropriate 
adjustment of its extraction parameters. In this case, the diam
eter of the virtual source behind the meniscus is much smaller 
than the orifice diameter. The effective value of this virtual 
source diameter depends significantly on various practical fac
tors that are more or less controllable. Its lower ideal limit, 
however, depends only on the ratio 6 of the interelectrode dis
tance to the meniscus curvature radius and on the ratio w of the 
initial to final ion energy. This ideal limit is given for the 
ranges 0.1sf<10 and 10"7<w<10"3. Preliminary experimental results 
are reported. 
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Fig. 1: Trajectories of ions emitted from an ideal spherical 
surface. E is the emission electrode (meniscus), E 

*of 
E is the emission electrode (meniscus), 

the extraction electrode, I the locus of images P 
the emitting points P. The emergence angle a^ may vary 
between 0* and 90°. The micropencil half-divergence c 
as well as the virtual source radius y are defined for 
a » 90*. P is the farthest point on E 0 emitting rays 
inside the divergence angle ±p defined by a stop. For 
simplicity, the lens effect of the electrode orifice 
is not represented. 

Fig. 2: Variation of the relative distance 0 • f/r with the 
ratio 6 » d/r. W is the factor determining the virtual 
source size. 
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Reference 
[1] I. Chavet, Wucl. Insfcrum. Meth. Phys. Res. A 258:589 

(1987). 

Recent Data on Lead Isotope Measurements 

I. Platzner 

A fully automatic thermal-ionization mass spectrometer fitted 
with a multiple ion-collection system was calibrated against the 
NBS SRM 981 and 982 standards. Using the multiple collection 
system or the single collector mode of operation for both stan
dards, the external precisions for the 2 0 8Pb/ 2 0 6Pb, 2 0 7Pb/ 2 0*Pb f and 
2 0 6Pb/ 2 0 4Pb Isotope ratios were better than ±0.045%. With SRM 981 
we obtained 2 0 8Pb/ 2 0 6Pb = 2.16606±41X10"5, which is 0.1% lower 
than the NBS value. A time-independent mass fractionation fac
tor, t = —1.39X10"3 amu"1, was established for the lead-silica-
gel analytical procedure. 

A Simple Sensitive Helium Leak Detector Using a Quadrupole 
Mass Spectrometer [1] 

Y. Rosenthal, G. Adam, G. Kohn, and P. Ramon 

A simple inexpensive method of checking small objects for 
helium leaks of the order of magnitude of 10" 1 0 std.cc/sec is 
described. The method, which uses standard vacuum components and 
a quadrupole mass spectrometer, has a detection limit comparable 
to values achieved with a much more expensive commercial helium-
leak detector. The method is based on placing the test object in 

Tanest Precision Instrument Industries, Yahud 
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a high-vacuum chamber and using the mass spectrometer to monitor 
the helium partial-pressure build-up. 

Reference 
[1] Y. Rosenthal, G. Adam, G. Kohn, and P. Ramon, J. Vac. Sci. 

Techno!. A 5:389 (1987). 

Development of a Gas Detector [1] 
Z. Karpas 

The operating principle of an instrument for detecting, iden
tifying, and monitoring guses and vapors in air, based on ion 
mobility spectrometry (IMS), is described, and possible applica
tions are suggested. The performance requirements for such an 
instrument used for monitoring toxic pollutants in and around 
industrial plants are detailed. 

Examples of positive and negative ion-mobility spectra are 
presented. In some cases isomers can be separated due to differ
ences in their mobility. 

Reference 
[1] Z. Karpas, Eng.-Chem. (Hebrew), 46:15 (1987). 

Determination of the Viscosity of Crude Oil by Pulsed HMR 
R. Azoury, R. Elkayam, and M. Azoury 

The viscosity of crude oils and commercial lubricant oils was 
studied by proton magnetic resonance (MR) and viscosimetry. vis
cosity and relaxation times were measured after the oil samples 

Criminal Identification Division. Police Headquarters. Israel Police, Jerusalem 
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Fig. 1: Relaxation rates (R , R ) of standard crude oil as a 
function of the respective viscosity values of the 
crude oil. 
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Fig. 2: Viscosity values calculated from relaxation time T vs. 
measured viscosity of commercial lubricant oils. 
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were heated to 40°C. There was a high correlation (r = 0.997) 
between the viscosity values calculated from relaxation time T 
and that measured by viscosimeter. Additives to improve oil per
formance did not affect the relaxation times. Proton MR was 
found to be superior to the conventional viscosity measurement 
method with respect to simplicity, the small volume required, 
and the short time needed for the determination, along with more 
accurate results. 

A High-Speed Industrial Quality-Control System based on 
Gamma-Ray Absorption 

J. Paran, H. Assido, N. Ankry, and M. Pasi 

A control system based on gamma-ray absorption was developed, 
designed, and built for on-line quality control of the produc
tion of 7.62-mm cartridges, aimed at detecting defective car
tridges in which the small fire hole has not been drilled. 

The high testing rate, maximum reliability with minimum sta
tistical error, and a narrow beam required a special lead-hous
ing design that avoids radiation hazards. This led us to choose 
192 

Ir as the gamma source, in spite of its short half-life, 
because of its high activity density. 

A schematic description of the system is presented in Fig. 1. 
The cartridge under test is driven to its position by a pneu
matic piston- The scintillation detector counts the gamma pho
tons during a 0.2-second test period. For a perfect cartridge 
the numoer of counts will exceed a preset threshold (less ab
sorption li< material). A control pulse is then sent to the pis
ton to introduce the next cartridge. The testing process con
tinues automatically for "perfect" cartridges. When a defective 
cartridge appears the process stops. The gamma count for a de-
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fectlve cartridge Is less than the preset threshold and no con
trol pulse Is sent to the piston. After the defective cartridge 
is rejected the system must be restored manually. The gamma-
count difference between a normal and a defective cartridge is 
as small as 5%. The statistical error must therefore be less 
than 1%, so that twice the standard deviation must be less than 1%. 

- 2 ^ = 0.01 -» N 40,000 counts 

This means that the detector needs at least 40,000 counts in or
der to differentiate between the cartridges. After calculating ab
sorption we arrived at N = 75,000 counts at the outlet of the lead 

o 
housing. From this the source activity can be calculated as follows: 

N X 4Jrr2 

A = 2 
3.7 X 10 1 0 X S X t X t) 

where: 
A » Activity - [Ci] 
N « 75,000 counts 
r° » Distance between source and lead-shield outlet = 80 mm 
s * Beam cross-section area = 0.5 mm (<z> = 0.8 mm) 
t - Test duration > 0.2 sec 
T) - Detector efficiency = 0.3 

We obtained A = 5.4 Ci; the actual source is 1 9 2Ir, with an 
activity of 6.0 Ci. 

The system provides a good engineering solution for on-line 
quality control of mass production and can be adapted for prod
ucts other than cartridges. 

We wish to thank Professor Baruch of the Technion for his 
valuable technical advice. 
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Cartridge under test 

Total counter 

Fig. 1: Schematic description of the system. 

Application of a BaF Scintillator to "(-ray Spectroscopy 

A. Gayer and M. S. Rapaport 

The discovery of the fast (660-psec decay constant, 220-nm 
wavelength) light component- [1] makes BaF scintillators useful 
for sub-nanosecond timing. This fast component was used to 
reduce the effect of pulse pile-up in a high-counting-rate spec
troscopy system, taking advantage of the fact that the energy 
resolution (27% at 661 keV) provides a relatively sharp energy 
threshold setting on the timing pulse. 

The scintillator is a BaF crystal 5 cm in diameter X 15 cm 
long, obtained from BDH Chemicals. The crystal was coated with 
teflon tape and optically coupled to an XP2020Q PMT. The anode 
output was delayed, attenuated, and then sent to an integrating 
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fast stretcher (EG&G, LG105N) employed in the gated mode. The 
dynode output was sent through a constant fraction discrimina
tor, followed by a gate generator and a rate divider, to produce 
a 40-nsec-wide gate. 

Figure 1 presents spectra of a high-intensity radioactive 
source (1.2- and 2.7-MeV 1 lines), demonstrating the utility of 
the experimental set-up. While Tf-ray pile-up is present in spec
trum a it is absent in spectra b and c. Spectra a and b were 
recorded with the discriminator set low and high on energy 
respectively. Spectrum c was recorded with the discriminator set 
low on energy and a rate-divider value of 10. 

A 

Fig. 1: Spectra of Na source obtained with fast light compo
nent of BaF scintillator. See text for details. 

2 
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References 
[1] M. Laval, M. Moszynski, R. Allemand, E. Cormorche, P. 

Guinet, R. Odru, and J. Vacher, Wucl. Instrum. Meth. 
206:169 (1983). 

Determination of Thickness of Thin Layers Sputtered on Glass 
Tubes by Instrumental Neutron Activation Analysis [1] 

N. Lavi and D. Wolfman 

The feasibility of applying .instrumental epithermal neutron 
activation analysis for the determination of the thickness of 
thin layers of gold, chromium, and nickel, sputtered on glass 
tubes, was investigated experimentally. The method is based on 
the irradiation of thin slices of glass tubes after the sputter
ing process and measurement of the radioactivity derived from 
19°Au, 51Cr, and 58Co radionuclides, which were used to determine 
the thickness of gold, chromium, and nickel layers, respec
tively. Under the experimental conditions of the sputtering sys
tem, the coating thicknesses of gold, chromium, and nickel were 
found to be 0.34±0.01, 0.034±0.001 and 0.044±0.001 fim, respec
tively. The method is selective, accurate, and highly sensitive, 
and may be routinely applied on a laboratory scale. 

.Reference 
[1] N. Lavi and D. Wolfman, Nucl. Instrum. Meth. Phys. Res. A 

259:580 (1987). 
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Determination of Trace Amounts of Gold in the Presence of 
Rare Earth Elements in Rock Samples from Makhtesh Ramon 

(Southern Israel) by Instrumental Epithermal 
Neutron Activation Analysis [1] 
N. Lavi, G. Lipshitz, E. Neeman, 

A. Itamar, and G. Baer 

Epithermal neutron activation analysis (ENAA), followed by 
high-resolution gamma-ray spectrometry, was applied to determine 
trace amounts of Au in the presence of rare earth elements (REE) 
from vein samples in the basaltic rocks of Makhtesh Ramon, 
located in southern Israel. The contribution of 152Eu (411.1 keV) 
to the 411.8-keV peak of 198Au was determined using multiple 
gamma-peak ratios derived from Eu standards and mixtures of Au 
and Eu. The concentration of Au was found to be in the range of 
10—80 ppb. A group of rare earth elements (La, Eu, Ce, Tb, Sm, 
Lu, Yb) was identified: the concentration of Eu was found to be 
0.5 ppm. 

Reference 
[1] N. Lavi et al., J. Radioanal. Nucl. Chem. 120:105 (1988). 

Rapid Analysis of Biological Reference Materials by Instrumental 
Neutron Activation: 

Application to the IAEA Horse-Kidney (H-8) [1] 
N. Lavi, M. Mantel, and Z. B. Alfassi 

Instrumental neutron activation analysis (INAA) was applied 
to the rapid determination of cadmium and other elements in the 
IAEA biological reference material horse-kidney (H-8). Nuclear 

Tal-Aviv Univt raity, Tal-Aviv 
Gaologlcai Sir.vay of Israel. Jeruaalam 

«*• 
B«n-Gurion Univaraity of tha Nagav, Baar-Shava 
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reactor neutrons and epithermal neutrons were used as neutron 
sources. Cadmium, bromide, iodine, and phosphorus were deter
mined by epithermal neutron activation analysis. Aluminum was 
determined by reactor neutron activation analysis taking into 
account the contribution of phosphorus to the 2 8A1 activity. 

Reference 
[1] N. Lavi, M. Mantel, and Z. B. Alfassi, Fresenius Z. Anal. 

Chem. 326:730 (1987). 

Erasing Data from UV EPROMs, Using Gamma Flux or X-Radiation 
without Component Destruction 

H. Assido, y. Shemesh, Y. Ronen, and Y. Gabay 

The UV EPROM is a commonly used component of microprocessor-
based data storage systems. Due to the growing need for micro
processor-based radiation measurement instrumentation, the per
formance limitations of UV EPROMs at high radiation levels were 
checked. Exposure to gamma flux or X-radiation can cause erasure 
of the data stored in a UV EPROM, or, in high doses, component 
destruction. 

The experimental aims were as follows: 
o Finding the maximum radiation-exposure limit for correct 

operation of UV EPROMs; 
o Finding the maximum exposure-tima dose that causes erasure 

of stored data without component damage, thus permitting 
its reuse; 

o Finding the exposure-time dose that causes complete com
ponent destruction with no possibility of reuse. 

Two types of EPROM were checked: D2716 and D2764, with 2K and 
8K memories respectively. The components were divided into con-
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trol and measurement groups. All the components were loaded with 
fixed data, the word "AA" (10101010). 

The results are presented in Tables 1 and 2. 

Table 1 
Radiation with 192Ir (Iridium) 6 Ci 

Dose Exposure Time Data Component 
(kR/h) (minutes) Loss Destruction 
10 60 none no 
10 90 partial no 
28 60 complete no 
28 90 complete yes 

Table 2 
Radiation with X-Ray Instrument (Philips PW 1720) 

Dose 
(kV) 

Current 
(mA) 

Exposure 
(mins) 

Data 
Loss 

Component 
Destruction 

10 
40 
40 

30 
25 
25 

10 
30 
120 

none 
none 

complete 

no 
no 
no 

The following conclusions can be drawn from the data: 
o The maximum radiation-exposure limit permitting correct 

operation of UV EPR0MS is 10 kR/h for gamma flux, and 40 
kv at 25 mA for X-radiation. 

o The maximum exposure time that causes data loss without 
component destruction, is approximately 40 kV at current 
approximately 25 mA for approximately 120 min for X-radia-
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tion. The maximum exposure rate for gamma radiation is on 
the order of 15 to 28 kR/h. 

o Above the exposure limits mentioned in the previous para
graph section there is a possibility of complete component 
destruction. 

« This study also proves that UV EPROM data can be erased by 
external radiation sources other than UV light. 

A Control Unit for a Medical Copper-Vapor Laser 

J. Shamir, E. Druckraan, and M. Nechmadi 

A special control unit was developed for a copper-vapor-
laser-based medical system. The complexity of the laser system, 
together with the need for fail-safe operation by untrained per
sonnel, presented a real challenge to the designer. 

The fully automated, microprocessor-based unit controls all 
laser subsystems during start-up, operation, and shut-down, and 
allows the physician to preadjust power, exposure time, and 
total energy. Patient and personnel safety and system interlocks 
are also controlled by this unit. 

Fast Phase Detector 

A. Dolev and J. Nir 

The Fast Phase Detector (FPD) was developed as a building 
block for synchronizing two or more signals within an error of 
±0.5 nsec. To achieve the required resolution, ECL components 
were used. Figure 1 is a block diagram of the FCD. 
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INPUT 
SIGNAL A 

INPUT — 
SIGNAL B 

CLK Q 
PLIP-FLOP 

Q 
Ula 

CLK Q 
FLIP-FLOP 

Q 
Ulb 

OUT 
SIGNAL A 

Fig. 1: Block diagram of the fast phase detector (FPD). 

Operation: Suppose a signal Is applied to input A before the 
signal at input B, and the time difference between the signals 
is detectable (AT>0.5 nsec). The input-A sJjnal reaches the 
"CLK" input of U2a, while AND gate U3b prevents the input-B sig
nal from reaching the "CLK" input uf U2b. When the signal at 
input B is earlier, the input-A signal is similarly blocked. 

As shown above, AND gates U3a and U3b are blocking gates. 
Gates U3c and U3d are enhancement gates. Suppose the input sig
nals appear simultaneously at inputs A and B, and gates U3c and 
U3d are not in the circuit. In this case, the transitions of the 
two input signals at gates U3a and U3b are also simultaneous, 
and the overlap time of each signal is zero. When U3c and U3d 
are introduced, the overlap time is equal to the TPD (Time Prop
agation Delay) for each input of U3a and U3b. In this way, 
although U3a and U3b do not react at the output, they are 
quicker to respond. 

If there xs a slight difference (AT) between inputs A and B, 
the overlap time corresponding to the leading signal is 
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Increased by AT and is equal to AT + TPD, while that corresponding 
to the postponed signal decreases by AT and is equal to TPD — AT. 

Thus the FPD circuit produces a better resolution than the 
TPD of its components. 

A Universal Alarm System 

Ch. Kornfeld, S. Greenberg, 0. Aizenberg, 
if. Cohen, and Y. Mazor 

A versatile alarm system was developed in order to solve the 
problems and to increase the reliability of alarm sequences in 
industrial plants or laboratories. 

The Universal Alarr.i System consists of two crates: 
o The acquisition crate, which accepts up to 160 digital 

inputs; 
o The alarm crato, which displays the alarm status on a syn

optic board. 
Bach crate is a standalone micro-controller based unit. 

Two types of communication are utilized: 
o Parallel communications within the crate, used to collect 

data, process information, and perform on-line card diag
nostics, according to a special protocol adapted for a 
parallel bus on a motherboard; 

o Serial communications between the crates, using the BITBUS 
protocol. 

The network is centralized; the alarm crate is the master and 
the acquisition crate the slave. Communication between the two 
crates is at a rate of 62.5 KBd over a distance of up to 1200 
maters, without any additional hardware. The two communications 
modes permit both flexibility in installation and very lot; 
latency (<100 msec). 
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The Alarm Crate obtains the input information from the Acqui
sition Crate via BITBUS communications. The input dp-ta is 
directed towards a synoptic board, which contains up to 144 
lamps, through general purpose digital-output cards. These cards 
can run several functions relating to the input data. 

The Universal Alarm System includes four functions: 
o ACKNOWLEDGE AND DELETION (accepting input faults) 
O ALARM OFF and LAMP TEST. 
The Acquisition Crate accepts its inputs from the field as 

floating contact (24 VDC), using general purpose digital-input 
Cards in a failsafe mode. 

s y n o p t i c 

1 | 
ccp 

* * * 
U.D D.Q o.a 

1 1 

ccp 
* * * 

U.D D.Q o.a 
FUNCTIONAL 

PANEL 
ALARM 
CRATE 

ccp * ********* * * * 
U.D D.Q o.a 

BITBUS 

ccc 
t » * * * 3 * * * * * * 

D.I D.I U.I 

1 1 
ccc 

t » * * * 3 * * * * * * 
D.I D.I U.I 

FUNCTIONAL 
PANEL 

ACQUISITION 
CRATE 

ccc 
t » * * * 3 * * * * * * 

D.I D.I U.I 

R E L A Y C A R D 
I N 1 E R F A C E 

Fig. 1: UAS Block diagram. 

Both crates are fully modular and similar in shape. Both use 
the same type of housing and have the same structure: a con
troller card (Intel*s iRCB-44/10), ten I/O cards (input cards in 
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the Acquisition Crate and output cards in the Alarm Crate), and 
a local operator panel that permits several maintenance func
tions. All the cards can be inserted and removed under power 
without causing damage to the system. 

Operation and Alarm Central Controller 

Y. Cohen, Ch. Kornfeld, 0. Aizenberg, S. Greenberg, 
and Y. Mazor 

The Operation and Alarm Central Controller (OACC) is a man-
machine-interface device based on an 8086 microprocessor, with 
software written in a structured language (PLM/86). This design 
gives a user in the control room the following capabilities: 

o Full control 
o Easy operation 
» The ability to locate a fault quickly and efficiently 
o Information about the alarms. 

GRAPHIC 
SCREEN 

FAILURE 
SCREEN 

CENTRAL 
COMPUTER 

RS-232 
RS-232 

OPERATION and ALARMS 
RS-232 

OPERATION and ALARMS 
CONTROL LINES 

Fig. 1: OACC Block diagram. 
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The data about alarms and failures in the monitored area is 
processed by a central computer, which transmits the information 
to the OACC over an RS-232 line. 

An array of pushbuttons on the front panel permits interac
tive operation, and provides the following options: 

o Selection of graphic screens 
o Acknowledgement and deletion of alarms 
o Audio/visual alarms in case of failures. 

Back-Up Control System 

Y. Cohen, Ch. Kornfeld, Y. Mazor, and D. Barak 

In a distributed control system a partial back-up for 
central-computer breakdown became necessary. A back-up control 
system was developed that takes over automatically as soon as 
the computer falls. 

The main purpose of the back-up control system is to monitor 
the critical channels of the controlled process. 

The back-up control process consists of the following: 
o The "Operation and Alarm Central Controller" (OACC) 
o The "Universal Alarm System" (UAS). 

OPERATIONS and ALARMS 
CENTRAL CONTROLLER 

BITBUS LINES 

UNIVERSAL 
ALARM BYS. 

CONTROL LINES 

CENTRAL 
COMPUTER 

PRINTER 
LA210 

Fig. 1: OACC Block diagram. 
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The Universal Alarm System continuously collects data from 
the critical channels and transmits it over a BITBUS channel. 
The Operation and Alarm Central Controller processes the raw 
data and activates alarm logic and alarm printout. 

Sampling a Low-Frequency, Low-Amplitude, Noisy Square Have 
Y. Kadmon and Y. Mazor 

A low-frequency (<0.1 Hz) noisy signal with two positive levels 
(square wave) and an amplitude of a few millivolts was sampled. A 
system output with 1% accuracy is required for both signal levels. 

The noise distribution had a frequency spectrum from <1 Hz to 
several kHz. The noise amplitude was similar to the signal 
amplitude. In addition to the noise, there is an offset to be 
subtracted from the signal. The system includes an instrumenta
tion amplifier, low-pass filter, 12-bit analog-to-digital con
verter, and a microcontroller. 

Noise filtration involves four steps: 
(1) The offset problem is resolved by sampling the input 

while suppressing the signal, which makes it possible to measure 
just the noise. The measurement sequence was therefore changed 
to a 3-level cycle (Fig. 1). The measured noise level is sub
tracted from the other two levels. 

(2) Low frequencies are filtered by resampling the three vol
tage levels several times and taking the average of these samplings. 

(3) Mid-range frequencies (several hertz to about 50 Hz) are 
sampled at high speed (>20,000 samples per second) and the 
results averaged. This method is used because a low-pass filter 
<50 Hz distorts the shape of the input square wave. 

(4) High frequencies (>50 Hz) are filtered by the low-pass 
filter. 
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During the debugging stage it was found that the high fre
quency of the digital system caused a wide dispersion of the 
sample. Complete separation of the analog and digital systems, 
including ground separation using optocouplers, improved the 
results. 
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Fig. 1: The sampling signal. 

CC300 Communications Controller 

A. Cohen, S. Greenberg, and Y. Mazor 

As Distributed Process Control architectures become 
widespread, mainframes involved in such applications are 
increasingly saturated. To reduce the amount of work mainframes 
are required to do, an intelligent standalone Communications 
Controller, the CC300, was developed in our laboratories. 

The CC300 Communications Controller continuously scans 
remote-data-acquisition devices and monitors input changes. The 
mainframe communicates asynchronously with the CC300 to receive 
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input data. For enhanced performance, the mainframe normally 
interrogates the CC300 only for changes in the input data. 

S N 

• I Btraus 

^Tf\ ^ f \ ^ f \ 
Fig. 1: Distributed Process Control using a CC300 Communica

tions Controller 

The CC3300 has the following features: 
« Selective transfer of changes in the acquired data to the 

mainframe computer; 
o Intelligent communication protocol that automatically 

selects transfer mode, depending on the number of changes 
in the input data, to optimize transfer time; 

o Support for widely dispersed process-control applications 
(radius = 1200 meters); 

o High-speed data-acquisition rate: 62.5 kBd (BITBUS proto
col ) ; 

o Mainframe communication rate: 9.6 kBd (RS232); 
» Average data-acquisition time: 1 sec per 1000 digital sig

nal inputs; 
o CRC and communication frame count for reliable operation; 
* Supervisory communication frames for synchronization; 
° Masking of temporarily unused input signals; 
o Data-acquisition and remote-communication-mode status dis

play on a local terminal display. 

334 



The hardware and software implementation involves an 80286 
6 MHz CPU-based single microcomputer board; high-speed 512K single-
board RAM; BITBUS serial-bus interface module; and RMX86 multi
tasking operating system environment for applications software. 

FAULTREE Program for Fault-Tree Analysis [1] 

P. Ramati 

FAULTREE is a simpla computer program for the qualitative and 
quantitative analysis of fault trees. The program is best suited 
to reliable systems such as nuclear power plants. FAULTREE is 
written In Turbo-Pascal and runs on IBM PCs or compatibles. 

Reference 
[1] P. Ramati, Israel AEC Report IA-LD-101 (November 1987). 
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with other institutions. 

REPORTS 
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New methods of confinement and heating of plasma in magnetic 
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PWR plant — dynamic simulation development and transients 
analysis using the DSNP simulation language. (D.Sc. in 
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Development of CdTe and ZnTe layers by MOCVD. (In Hebrew). 
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RAMATI, P. 
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SIMCA, F. 
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ANTONIO, TEXAS, USA, 28 FEBRUARY-4 MARCH 1987. (PROGRAM AND 
ABSTRACTS.). (Magnetic Resonance Imaging 5 (Suppl. 1), 1987. 
AZOURY, R., ABRASHKIN, S., IAINA*, A. and WEININGER, J. 
Rehydration profiles of lyophilized urine samples from nor
mals and from patients with different renal pathologies. 
(Abstr. Tam-D2). p. 89. 
AZOURY, R., ELKAYAM*, R., ABEASHKIN, S. and FRIEDMAN*, M. 
Studies on the release rate behaviour of tetracycline from 
sustained release dosage by pulse nuclear magnetic resonance. 
(Abstr. Mpm-D7). pp. 70-71. 
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BEER-SHEVA INTERNATIONAL SEMINAR ON MHD FLOWS AND TURBULENCE, 
5TH, JERUSALEM, ISRAEL, 2-6 MARCH 1987. 
GREENSPAN, E., BARAK, A., BLUMENEAU*, L., BRANOVER*, H., EL-
BOHER*, A., SPERO*, E. and SUKORIANSKY*, S. 
Liquid metal MHD conversion of nuclear energy to electricity 
— possibilities and implications. 

INTERNATIONAL CONFERENCE ON ANTICARCINOGENESIS AND RADIATION 
PROTECTION, 2ND, GAITHERSBURG, MARYLAND, USA, 8-12 MARCH 
1987. 
PRAGER, A., GREEN, M., MINTSBERG, M. and RIKLIS, E. 
Factors affecting cellular response to radiation: modifiers 
of DNA damage and repair. 

SYMPOSIUM ON PERSPECTIVES IN RADIOPROTECTION, BETHESDA, 
MARYLAND, USA, 13-14 MARCH 1987. 
PRAGER, A., GREEN, M., MINTSBERG, M. and RIKLIS, E. 
Factors affecting cellular response to radiation: modifiers 
of DNA damage and repair. 
RIKLIS, E. 
Increased radioprotection attained by DNA repair enhancement. 

JOURNEES DES ACTINIDES, 17EMES, SIGNAL DE CHEXBRES (LAUSANNE), 
SWITZERLAND, 26-28 MARCH 1987. (ABSTRACTS). 
KUZNIETZ, M., BURLET*, P., ROSSAT-MIGNOD*, J. and VOGT*, 0. 
Neutron diffraction study of UAs Se single crystal in an 

0.75 0.25 " * 
applied magnetic field. (Paper B-ll). 
KUZNIETZ, M., LIVNE, Z., CCTLER, C. and EREZ, G. 
Diffusion of liquid uranium into solid foils of tantalum 
metal and tantalum—10% tungsten alloy up to 1350°C. (Post-
deadline paper). 

EUROPEAN CONFERENCE ON CHEMICAL VAPOUR DEPOSITION, 6TH, 
JERUSALEM, ISRAEL, 29 MARCH-3 APRIL 1987. 
INSPEKTOR, A. 
Plasma chemical reaction chain in plasma activated CVD. 
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INSPEKTOR, A., CARMI, U., RAVEH, A., WEITZMAN, Y., MAYO, N. 
and AVNI, R. 
Plasma activated chemical vapor deposition of silicon nitride 
and silicon carbide films. 
SHTRIKMAN, H., RAIZMAN, A., ORON, M. and EGER, D. 
MOCVD growth of ZnTe epitaxial layers on GaAs substrates. 

INTERNATIONAL SYMPOSIUM ON THE PHOTOCHEMISTRY AND PHOTOPHYSICS 
OF COORDINATION COMPOUNDS, 7TH (ISPPCC), ELMAU, GERMAN 
FEDERAL REPUBLIC, 29 MARCH-2 APRIL 1987. 
COHEN, H. 
Formation and decomposition of metal-carbon a bonds in 
aqueous solutions. 

WORKSHOP ON MUON CATALYZED FUSION AND FUSION WITH POLARIZED 
NUCLEI, ERICE (SICILY), ITALY, 3-9 APRIL 1987. 
ELIEZER, S. 
Cold fusion reactors. 
ELIEZER, S. 
Muon catalyzed X-ray laser and neutron pulses. 

CONVENTION AND EXHIBITION OF ELECTRONICS AND ELECTRICAL 
ENGINEERS, 15TH, TEL-AVIV, ISRAEL, 7-9 APRIL 1987. ISRAEL 
ELECTRICAL AND ELECTRONICS ENGINEERS IEEE. 
AZAR, Z., APPELBAUM, G., AZOULAY, E. and TUR*, M. 
Two-frequency temporal and spectral correlation of optical 
scintillations in the turbulent atmosphere. 
BORNSTEIN, A. and SINVANI, M. 
Hollow core fiber optic sensor. 

MEETING ON ANTICIPATED AND ABNORMAL TRANSIENTS IN NUCLEAR POWER 
PLANTS, ATLANTA, GEORGIA, USA, 12-15 APRIL 1987. 
GAL, D., SAPHIER, D. and ELIAS*, E. 
A UTSG model for DSNP. 
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THE ISRAEL PHYSICAL SOCIETY 1987 ANNUAL MEETING, TEL-AVIV, 22-23 
APRIL 1987. TEL-AVIV UNIVERSITY, FACULTY OF EXACT SCIENCES. 
(PROGRAM AND ABSTRACTS). (Bull. Isr. Phys. Soc. 33 (1987)). 
AMIT, M., LOTEM, H., LAVI, S. and EREZ, G. 
Pulsed amplification of a CW dual-frequency phase-modulated 
laser. (Abstr. IV.C.5). p. 93. 
AZOULAY, M., GAFNI, G. and ROTH*, M. 
The influence of the interface shape on Sb distribution in 
pulled optical germanium single crystals. (Abstr. P.27). 
p. 120. 
BUP.SHTEIN, Z. 
Carrier surface generation and recombination effects in 
photoconduction of HgI2 single crystals. (Abstr. VII.A.2). 
p. 148. 
BURSHTEIN, Z. and LOTEM, H. 
Complete refractive index determination via bireflectance: 
Application to CdW04. (Abstr. V.B.2). p. 103. 
CHAHAM, A., EL-HANANY, U., ROTTER, S. and SHAPIRA*, Y. 
LPE growth of Pb^Eu^e. (Abstr. P.31). p. 124. 
CUPERMAN*, S., YATOM, H. and DRYER*, M. 
Higher order fluid equations for multicomponent nonequilib-
riutn stellar (plasma) atmospheres and star clusters III. Con
sideration of forces due to divergent magnetic fields. 
(Abstr. II.E.2). p. 64. 
FELDSTEIN, H., RAIZMAN, A., YELLIN, N., AHARONOVITZ, R. and 
SHAHAM, H. 
Correlation between stoichiometry and crystalline quality of 
Bridgman-grown CdTe crystals. (Abstr. V.C.I), p. 107. 
GABAY, S. and EREZ, G. 
Thermal model of copper-vapor laser and eye retina 
interaction. (Abstr. I.A.4). p. 18. 
ILZYCER, D., YELLIN, N., SINVANI, M. and SHILO, M. 
p-type material for thermoelectric coolers. (Abstr. P.30). 
p. 123. 
IVRI, J., BERGEMAN*, T. and METCALF*, H. J. 
Sodium Stark photoionization line widths and level crossing 
effects of Rydberg levels. (Abstr. II.B.2). p. 56. 
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KALISKY, Y. , KAGAN, J., LOTEM, H. and SAGIE, D. 
Continuous wave and pulsed operation of multiply doped Ho:YAG 
and Ho:YLF laser. (Abstr. P.6). p. 40. 
LANXNER, M., LEVY, Y., OREN, S., HOROWITZ, A., GILAD, I. and 
YELLIN, N. 
Materials with improved thermoelectric properties. (Abstr. 
P.32). p. 125. 
LEHRER-ILAMED, Y. 
On an extension of the Witt-Virasoro algebra. (Abstr. P.4). 
p. 38. 
METZLER, N. 
Inertial confinement fusion — past present and future. 
(Abstr. I.E.I), p. 31. 
MINTZ, M. H., ATZMONY, U. and SHAMIR, N. 
Inter-relations between planes affecting adsorption kinetics 
on polycrystalline surfaces: Oxygen adsorption on copper. 
(Abstr. VI.B.l). p. 144. 
MOREH, R. 
Study of surface-molecule interaction using nuclear resonance 
photon scattering. (Invited talk), p. 97. 
SHAMIR, N., ATZMONY, U., SCHULTZ*, J. A. and MINTZ, M. H. 
Hydrogen-oxygen inter-relations on a niobium surface. 
(Abstr. P. 34) p. 127. 

THE ISRAELI HEALTH PHYSICS SOCIETY 1987 ANNUAL MEETING DEDICATED 
TO THE MEMORY OF PROFESSOR YEHUDA FEIDE, TEL-AVIV, 22—23 
APRIL, 1987. TEL-AVIV UNIVERSITY, MEDICAL SCHOOL. (PROGRAM 
AND ABSTRACTS OF LECTURES). 
BEN-SHAHAR, B. and LAICHTER, Y. 
The intrinsic sensitivity of LiF, CaF :Dy and CaF :Tm crystals 
exposed to u.v. radiation and their photo-transferred thermo-
luminescence. pp. 28—35. 
KOCH, J. and TADMOR, J. 
A model of population protection as applied to an urban area 
for a hypothetical nuclear power plant accident, pp. 16—19. 
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LAICHTER, Y., GERMAN, U., LEVINSON, S., SBERLO, E., 
KNIMAH, N. and NAIM, E. 
Radiation fallout and assessment of radiation dose to the 
population in Southern Israel following the Chernobyl 
accident, pp. 9—15. 
LEVINSON, S. and LAICHTER, Y. 
Whole-body counting of photons in the energy range 
10-2500 keV by a phoswich detector, pp. 20-25. 
LEVINSON, S., BEN-SHAHAR, B., MESSING, M. and CARMON, B. 
A computerized liquid scintillat4on assay of tritiated water 
and wipe test samples with a three-channel beta spectrometer. 
pp. 54-59. 
LEVINSON, S., SHANI*, G., BERGMAN*, S., GILAD, Y. and GERMAN, U. 
Fast calibration of a flat, 3"X3" Nal(Tl) detector for 7-
counting at various geometries, by use of a point-source 
calibration curve, pp. 36—42. 
RIKLIS, E. 
Increased radioprotection attained by DNA repair enhancement. 
pp. 43-45. 
ROTEM, H., RONEN, A. and POLLAK, G. 
Ambient fallout sampler adapted for the Negev desert. 
pp. 26-27. 
SCHLESINGER, T., BIRAN, T., EVEN, O., DUKHAN, R., SHAMAI, Y., 
TAL, A., FRIEDMAN, K., KOCH, J. and ISRAELI, M. 
Environmental contamination related to the Chernobyl accident 
as measured in Israel during May-July 1986. pp. 1—8. 

CLEO' 87 CONFERENCE ON LASERS AND ELECTRO-OPTICS, BALTIMORE, 
MARYLAND, USA, 27 APRIL-1 MAY 1987. 
AZAS, Z., AZOULAY, E. and TUR*, M. 
Optical bichromatic correlation method for the remote-sensing 
of inner scale. 
LEUNG*, K„, ORON, M., KLIMEK*, D. and FLUSHF"RG*, A. 
Rotational Raman gain suppression in nitrogen and hydrogen 
gas. 
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EUROPEAN CONFERENCE ON INTEGRATED OPTICS, 4TH, ECIO '87, 
GLASGOW, SCOTLAND, 11-13 MAY 1987. 
SHAFIR, E., HARDY*, A. and TUR*, M. 
Analysis of the coupling between two polarization maintaining 
fibers. 

INTERNATIONAL CONFERENCE ON IMPACT LOADING AND DYNAMIC BEHAVIOUR 
OF MATERIALS, BREMEN, GERMAN FEDERAL REPUBLIC, 18-22 MAY 1987. 
GILATH, I., ELIEZER, S., DARIEL*, M. P. and KORNBLIT*, L. 
High strain rate ductility of aluminum in uniaxial tension as 
an effect of laser induced shock waves. 

INTERNATIONAL SYMPOSIUM ON GRAPHITE INTERCALATION COMPOUNDS, 4TH 
(ISGIC-4), JERUSALEM, ISRAEL, 24-28 MAY 1987. THE HEBREW 
UNIVERSITY OF JERUSALEM. (ABSTRACTS). 
MOREH, R. and SHAHAL, 0. 
Structural studies of GICs using nuclear resonance photon 
scattering, p. 79. 
SHARED, H., PINTO, H. and MELAMUD, M. 
Investigation of the low temperature structure of third stage 
HNO —graphite intercalation compound, p. 41. 

KORTH AMERICAN MANUFACTURING RESEARCH CONFERENCE (NAMRI), 15TH, 
BETHLEHEM, PENNSYLVANIA, USA, 27-29 MAY, 1987. 
YOSSIFON, S. and TIROSH, J. 
The maximum drawing ratio in hydroforming deep-drawing 
process. 

INTERNATIONAL MEETING ON RADIATION PROCESSING, 6TH, OTTAWA, 
ONTARIO, CANADA, 31 MAY — 5 JUNE 1987. 
EISENBERG, E., PADOVA, R., KIRSH*, E., WEISSMAN*, S., 
HIRSHFELD*, T. and SHENFELD*, A. 
Development of radiation sterilized dip slides for enumerat
ing lactic acid bacteria and total count, in foodstuffs. 
HARUVY, Y. and RAJBENBACH, L. A. 
Radiolytic preparation of semiconductor assemblies supported 
on polymeric membranes. 
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GORDON RESEARCH CONFERENCE ON PROTEINS, NEW HAMPTON, NEW 
HAMPSHIRE, USA, 22-26 JUNE 1987. 
FARAGGI, M. and KLAPPER*, M. H. 
Long range electron transfer reaction across polypeptides. 
FAP.RAGI, M. , LINDQVIST*, L. and FERRADINI*, C. 
Flash-photolysis studies in tyrosine- and tryptophan-
containing peptides. 

CONGRESS OF THE INTERNATIONAL SOCIETY FOR LASER SURGERY AND 
MEDICINE, 7TH, MUNICH, GERMAN FEDERAL REPUBLIC, 22-26 JUNE 
1987. 
LACHMAN*, E., ARAVOT*, D., GILER*, S., KAPLAN*, I., SAGIE, D., 
KAGAN, J. and KALI SKY, Y. 
The holmium laser in intravascular coagulation. 
LACHMAN*, E., ARAVOT*, D., GILER*, S., KAPLAN*, I., SAGIE, D., 
KAGAN, J. and KALISKY, Y. 
The holmium laser in tissue welding. 
LACHMAN*, E., SHULMAN*, A., BAHARI*, C., ARAVOT*, D., 
GILER*, S., KAPLAN*, I., SAGIE, D., KAGAN, J. and KALISKY, Y. 
Laser technique for non surgical female sterilization and 
reversal of sterilization by tissue welding. 

INTERNATIONAL CONFERENCE ON BIOINORGANIC CHEMISTRY, 3RD 
(ICBIC3), NOORDWIJKERHUUT, THE NETHERLANDS, 6-10 JULY 1987. 
SOREK, Y., COHEN, H. and MEYERSTEIN*, D. 
Iron (Ill)-alkyl complexes as short lived transients in the 
reaction of aliphatic free radicals with iron (II) complexes 
in aqueous solutions. 

LASER M 2 P INTERNATIONAL CONFERENCE, 1ST, LYON-VILLEURBANNE, 
FRANCE, 7-9 JULY 1987. CENTRE D'ACTUALISATION SCIENTIFIQUE ET 
TECHNIQUE (CAST). (ABSTRACTS). 
KALISKY, Y., KAGAN, J., SAGIE, D. and LOTEM, H. 
Single-pulse and continuous wave multiply doped Ho:YAG and 
Ho:YLF laser. (Abstr. IV.46) 
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INTERNATIONAL CONGRESS ON DNA DAMAGE AND REPAIR, ROME, ITALY, 
12-17 JULY 1987. 
RIKLIS, E., KOL, R. and MARKO, R. 
Radiation protection and sensitization: A characteristic of 
modification of DNA repair. 

SUR/FIN '87. INTERNATIONAL CONFERENCE 6 EXHIBIT OF SURFACE 
FINISHING, CHICAGO, ILLINOIS, USA, 13-16 JULY 1987. AMERICAN 
ELECTROPLATERS AND SURFACE FINISHERS SOCIETY. 
ADMON, U., DARIEL, M. P., KIMMEL, G., GRUNBAUM*, E. and 
LODDER*, J. C. 
Microstructure and magnetic properties of electrodeposited 
Co-W thin films. 

INTERNATIONAL CONGRESS OF RADIATION RESEARCH, 8TH, EDINBURGH, 
SCOTLAND, 19-24 JULY 1987. 
DEGANI, N. 
Gamma irradiation induced DNA synthesis in carrot root discs. 
RIKLIS, E., KOL, R., PRAGER, A., GREEN, M., MARKO, R. and 
MINTSBERG, M. 
Increased radioprotection by chemical and biochemical 
enhancement of DNA repair. 

INTERNATIONAL CONGRESS OF NEPHROLOGY, XTH, LONDON, ENGLAND, 
26-31 JULY 1987. INTERNATIONAL SOCIETY OF NEPHROLOGY. 
IAINA*, A., WEININGER, J. and ABRASHKIN, S. 
Proton magnetic resonance (MR) before and after paramagnetic 
enhancement with Gd-DTPA in acute renal failure in rats, 
correlated with renal function. 

INTERNATIONAL SYMPOSIUM ON NEPHROTOXICITY, 3RD, GUILDFORD, 
ENGLAND, 3-7 AUGUST 1987. (PROGRAMME). 
IAINA*, A., ABRASHKIN, S., WEININGER, J., and AZOURY, R. 
Renal proton NMR in gentamlcin (G), cyclosporin A (CyA) & 
cisplatinum (CP) acute renal failure (ARF) in rats. 
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GENERAL ASSEMBLY OF THE INTERNATIONAL UNION OF CRYSTALLOGRAPHY 
AND INTERNATIONAL CONGRESS OF CRYSTALLOGRAPHY, 14TH, PERTH, 
AUSTRALIA, 12-20 AUGUST 1987. 
MANORY, R. R. and KIMMEL, G. 
Crystallography of TIN films in excess of nitrogen. 

INTERNATIONAL CONFERENCE ON THE USE OF POLYMERS IN ADVANCED 
TECHNOLOGIES, JERUSALEM, ISRAEL, 16-21 AUGUST 1987. 
MEY-MAROM, A. and SHKOLNIK, S. 
Radiation-induced grafting of sulfonated monomer on copolymer 
of vinyl alcohol. 

SOCIETY OF PHOTO-OPTICAL INSTRUMENTATION ENGINEERS (SPIE) ANNUAL 
INTERNATIONAL TECHNICAL SYMPOSIUM ON OPTICAL AND OPTOELEC
TRONIC APPLIED SCIENCES AND ENGINEERING. TOPICAL CONFERENCES, 
TUTORIALS AND INSTRUMENT EXHIBITS, 31ST, SAN DIEGO, 
CALIFORNIA, USA, 16-21 AUGUST 1987. 
BOEHLY*, T., AUDEBERT*, P., SHVARTS, D., YAAKOBI*, B., 
BOSWELL*, B., BRADLEY*, D., CRAXTON*, R. S., EPSTEIN*, R., 
RICHARDSON*, M. C. and SOURES*, J. M. 
Experimental studies of new geometries for X-ray laser 
experiments. 
BORNSTEIN, A. and SINVANI, M. 
Improved As Se infrared optical fibers. 
ROSENBERG, A., SHILO, C., ARNON*, E. and MORI*, G. 
Nondestructive testing of rubber liners by projection moire. 
SHVARTS, D., YAAKOBI*, B., AUDEBERT*, P., BOEHLY*, T., 
BOSWELL*, B., BRADLEY*, D., CRAXTON*, R. S., EPSTEIN*, R., 
RICHARDSON, M. C. AND SOURES*, J. M. 
Studies of new geometries.for X-ray laser experiments. 

SOCIETY OF MAGNETIC RESONANCE IN MEDICINE ANNUAL MEETING AND 
EXHIBITION, 6TH, NEW YORK, N.Y., USA, 17-21 AUGUST 1987. 
(BOOK OF ABSTRACTS, VOL. 2.). 
ABRASHKIN, S., WEININGER, J., IAINA*, A. and AZOURY, R. 
Differences in MR properties of urinary macromolecules of 
recurrent calcium stone formers and normal individual, p. 892. 
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MEETING ON X-RAY POWDER DIFFRACTOMETRY, FREMANTLE, AUSTRALIA, 
21-22 AUGUST 1987. 
KIMMEL, G. 
Characterization of thin layers by relative intensities, 

INTERNATIONAL BIOPHYSICS CONGRESS, 9TH, JERUSALEM, ISRAEL, 23-28 
AUGUST 1987. 
RIKLIS, E., KOL, R., PRAGER, A., GREEN, M., MARKO, R. and 
MINTSBERG, M. 
DNA repair as a crucial factor in radiation protection. 

INTERNATIONAL SYMPOSIUM ON ACCURACY IN STRUCTURE FACTOR MEASURE
MENT, WARBURTON, VICTORIA, AUSTRALIA, 23-26 AUGUST 1987. 
KIMMEL, G. and SCHREINER*, W. N. 
Accuracy in temperature factors determination in powder 
diffractometry. 

URSI GENERAL ASSEMBLY OF SCIENCE, XXIITH, TEL AVIV, ISRAEL, 24 
AUGUST-4 SEPTEMBER 1987. 
ELIEZER, S. 
Nonlinear effects in laser plasma accelerators. 

INTERNATIONAL SYMPOSIUM ON PLASMA CHEMISTRY, 8TH, TOKYO, JAPAN, 
31 AUGUST-4 SEPTEMBER 1987. 
AVNI, O., CARMI, U. and INSPECTOR, A. 
Plasma-layer variables and the properties of coatings in low 
pressure (10 Torr) RF plasmas. 
CARMI, U., INSPEKTOR, A., MAYO, N. and AVNI, 0. 
Correlations between plasma variables and the deposition of 
Si N from chlorosilanes in low pressure RF plasmas of 
Ar + N + H and Ar + NH . 

2 2 3 

EUROPEAN CONGRESS OF PH0T0BI0L0GY, 2ND, PAD0VA, ITALY, 6-11 
SEPTEMBER 1987. 
BEN-HUR, E., KOL, R., MARKO, R., RIKLIS, E. and ROSENTHAL*, I. 
Combined action of phthalocyanine photosensitization of gamma 
radiation in mammalian cells. 
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EUROPEAN CONFERENCE ON OPTICAL COMMUNICATION, 13TH. ECOC '87. 
HELSINKI, FINLAND, 13-17 SEPTEMBER 1987. 
SHAFIR, E., HARDY*, E. and TUR*, M. 
Analysis of the coupling between two polarization maintaining 
fibers. 

INTERNATIONAL CONFERENCE ON FAST BREEDER REACTOR SYSTEMS: 
EXPERIENCE GAINED AND PATH TO ECONOMICAL POWER GENERATION, 
RICHLAND, WASHINGTON, USA, 13-17 SEPTEMBER 1987. 
BARAK, A., GREENSPAN, E., BLUMENAU*, L., BRANOVER*, H., 
SPERO*, E. and SUKORIANSKY*, S. 
Improvement possibilities in liquid-metal reactors using 
liquid-metal MHD energy conversion. 

INTERNATIONAL CONFERENCE ON NUCLEI FAR FROM STABILITY, 5TH, 
ROSSEAU LAKE, ONTARIO, CANADA, 14-19 SEPTEMBER 1987 
(ABSTRACTS). 
NITSCHKE*, J. M., WILMARTH*, P. A., GILAT, J. and MOLLER*, P. 
Beta-delayed proton decay in the lanthanide region. 
(Abstr. K2). 
TOTH*, K. S., NITSCHKE*, J. M., WILMARTH*, P. A., ELLIS-
AKOVALI*, A., GILAT, J., MOLTZ*, D. M., RAO*, M. N., SOUSA*, 
D. C. and VIERINEN*, K. 
Radioactivities with 146<A<152 investigated at the OASIS 
facility. (Abstr. G25). 

EUROPEAN CONFERENCE ON THERMOELECTRICS, 1ST, CARDIFF, WALES, 
15-17 SEPTEMBER 1987. 
ILZYCER, D., DUKHAN, R. , SHILOH, M. , SINVANI, M. and 
WEINGARTEN, R. 
Chemical homogeneity and electrical resistivity in 
Bi Te —Bi Se thermoelectric alloys. 

2 3 2 3 

INTERNATIONAL CONFERENCE ON HEAVY METALS IN THE ENVIRONMENT, 
6TH, NEW ORLEANS, LOUISIANA, USA, 15-18 SEPTEMBER 1987. 
OREN, Y. and SOFFER, A. 
Removal of toxic metallic contaminants from industrial waste 
solutions and ground water by electrochemical treatment with 
porous carbon electrodes. 
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SYMPOSIUM ON FUSION ENGINEERING, 12TH, MONTEREY, CALIFORNIA, 
USA, 12-16 OCTOBER 1987. 
SUKORIANSKY*, S., BRANOVER*, H., GREENSPAN, E. and 
KLAIMAN*, D. 
Heat transfer enhancement possibilities and Implications for 
liquid metal blanket design. 

IAEA ADVISORY GROUP MEETING ON TRACER APPLICATIONS FOR INDUS
TRIAL PROCESS OPTIMIZATION, DUBROVNIK, YUGOSLAVIA, 19-23 
OCTOBER 1987. 
GILATH, H. 
Optimization of system performance by modification of flow 
pattern. 

CONGRESS OF THE EUROPEAN DIALYSIS AND TRANSPLANT ASSOCIATION 
(EDTA), 24TH, BERLIN (WEST), 25-29 OCTOBER 1987. EUROPEAN 
RENAL ASSOCIATION 
IAINA*, A., WEININGER, J., ABRflSHKIN, S. and AZOURY, R. 
Cortex (C), medulla (M) & papilla (P), magnetic resonance 
(MR) and water distribution in the normal (N), Ag and ADH 
infused rats. 

ANNUAL MEETING OF THE ISRAEL SOCIETY FOR MASS SPECTROMETRY, BET 
DAGAN, ISRAEL, 26 OCTOBER 1987. 
PLATZNER, I. and DEGANI, N. 
Evidence for calcium isotope differentiation in palm trees. 

LASER INTERACTION AND RELATED PLASMA PHENOMENA, MONTEREY, 
CALIFORNIA, USA, 26-30 OCTOBER 1987. 
ELIEZER, S. and LOEB, A. 
A gamma ray laser in a positronium medium. 
ELIEZER, S., ARAD, B., GAZIT, Y., KISHENEVSKY, M., LOEB, A., 
LUDMIRSKY, A., YARKONI, E. and ZIGLER, A. 
The use of magnetic fields in laser produced plasmas for 
building a free electron laser. 
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EUROPEAN CONFERENCE OH CLINICAL ONCOLOGY AND CANCER NURSING, 
4TH, ECCO-4, MADRID, SPAIN, 1-4 NOVEMBER 1987. 
RIKLIS, E., KOL, R., PRAGER, A., GREEN, M., MINTSBERG, M. and 
MARKO, R. 
A new biochemical approach to chemical radioprotection during 
radiotherapy by enhancement of DNA repair. 

WORKSHOP ON AIRBORNE POLLUTION OF THE MEDITERRANEAN SEA, 
BELGRADE, YUGOSLAVIA, 10-13 NOVEMBER 1987. (ABSTRACTS). 
DAYAN, U. and MILLER*, J. M. 
Meteorological and climatological data for the assessment of 
atmospheric transport of pollutants in the Mediterranean 
basin. 

TECHNICAL COMMITTEE MEETING ON SAFETY ASPECTS OF REACTIVITY 
TRANSIENT ACCIDENTS, VIENNA, IAEA, 17-20 NOVEMBER 1987. 
SZABO, J., GREENSPAN, E., KETTER, A. and RON, S. 
Reactivity effects of water ingress in HTGR'S — A review. 

1987 FALL MEETING OF THE MATERIALS RESEARCH SOCIETY, BOSTON, 
MASSACHUSETTS, USA, 30 NOVEMBER-5 DECEMBER 1987. 
BLOCH, J., ZEIRI, Y. and SHAMIR, N. 
The interaction of an electron beam with CdCl thin-films. 

INTERNATIONAL ATOMIC ENERGY AGENCY ADVISORY GROUP MEETING, 
VIENNA, AUSTRIA, 7-11 DECEMBER 1987. 
SKIBIN, D. 
An outline of the emergency response activities during a 
nuclear accident and the resulting specifications of the 
required real-time aid. 

LASERS '87. INTERNATIONAL CONFERENCE ON LASERS AND APPLICATIONS, 
10TH, LAKE TAHOE, NEVADA, USA, 7-11 DECEMBER 1987. 
SMILANSKI, I. and KARNI, Z. 
Cu ground state depletion in a copper vapor laser. 
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THE NUCLEAR SOCIETIES OF ISRAEL ANNUAL MEETING, HAIFA, 21-22 
DECEMBER 1987. TRANSACTIONS. TECHNION, ISRAEL INSTITUTE OF 
TECHNOLOGY. VOL. 14. 
BARAK, A. Z. 
A review of the economics of HTGRs. pp. IV-5—IV-8. 
BARNEA, Y., ELIAS, E. and SHAI*, I. 
Experimental apparatus for quantitative measurements in the 
precursory cooling regime during bottom reflooding. 
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