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FOREWORD 

I am pleased to introduce the 1992 Annual Report of the Israel Atomic Energy Commission. 
The report, and the R&D work it represents, evolves from a long established tradition of a 
vigorously pursued program of basic and applied research and constitutes a direct continuation 
of previous reports in this series. 

A noteworthy feature of the 1992 report is the rapid growth of the chapter on Instrumentation 
and Techniques, both in terms of the number of entries and in terms of the variety of topics 
covered. As a result, in the 1992 report the chapter is divided in two, by extracting radiation 
relate)', items into a new chapter entitled Radiation Effects, Dosimetry and Protection. 

The extensive collaboration of IAEC scientists and engineers with colleagues at other 
institutions in Israel and abroad is again very much in evidence. 

Attention should also be brought to the quite rapid growth of research on neural networks and 
their application to nuclear-related technologies. The topic first appeared as a single entry in the 
1990 Annual Report. In the 1992 report we find over a dozen abstracts devoted to this new 
and innovative field. 

Finally, I would like to use this venue to wish the staff of our laboratories and their 
collaborators another successful, fruitful and productive year. 

July 1993 

Gideon Frank 
Director General 
1AEC 
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Intermittency from Maximum Entropy Distribution111 

R. Englman 

A maximum entropy distribution has been formulated in which the inroosed constraint 
contains a stochastic (rather than a deterministic) variable. The distribution depends on the 
observational bin size through the smoothing of population by intrabin averaging. Moments 
of fluctuations calculated with this distribution give bin-size dependences (intermittency 
exponents) that agree reasonably well with those obtained from the size dependence in 
nuclear multifragmentation. The exponents depend on the spread of the stochastic mechanism 
(supposed to be a cascading, multiplicative process) and on the magnitude of the constraint 
imposed. An information-theoretic interpretation was developed for the relation between 
statistical and mechanism-induced (dynamic) fluctuations. 

Reference 
| l ] R. Englman,./. Slat. Phys. «>: 13X3 (1992). 

Crack-Cluster Description of Fracture: Thcrinodynamical Energy 
Functionals and Numerical Study1'1 

R. Englman. M. Murat and Z. Jaeger 

A traditional physics approach has been used to develop a thermodynamic formalism that 
generalizes continuum mechanisms (elasticity theory) by including a hierarchy of cracks, 
namely, microcracks that join up to form macroscopic cracks. Fracture processes are then 
derived by minimizing thermodynamic energies that are functionals of crack densities and of 
strains (or stresses) that vary on successively smaller scales (from macroscopic-crack down to 
microcrack scales). Crack densities can be treated in the formalism as state variables. A 
numerical application in v, hich the crack density was postulated to he uniform leads to several 
specilic predictions. Under fixed-grip conditions, the material may be in a metastable state 
with cracks at a density helow that needed for percolation. Fracture is effected only at infinite 
elongation; the fracture stress, however, remains finite. In solids containing pores, the fracture 
stress is found to he an increasing function of the pore size. 

Reference 
| l | K. Kiidiii.in. M Mural :IIIIIZ. JIK-UIT rlr.-. A'.-i , II -lv 111!! I , l'W2>. 
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Percolation Theory of Fragmentation1 

R. Englman and Z. Jaeger 

Material failure and fragmentation were described in terms of the coalescence of 
microdefects that grow and multiply under applied stress. Defects are essentially cracks in 
brittle materials and voids or shear-bands in ductile solids. Percolation theory, in which the 
crack opening probability p is the fundamental parameter, gives the size distribution of 
fragments. An experimental vindication of the critical, percolation model is found in the scale 
independence of the fragment distributions of explosively shattered reinforced concrete slabs. 
Distributions in a non-homogeneously fragmented material, e.g. due to point-like loading, 
were described. 

Reference 
11 ] R. Englman and Z. Jaeger, In: Proc. Int. Symp. on Intense Dynamic Loading and Its Effects (Chengdu, 

China, Sichuan Univ. Press, June 1992), Ed. by G. Zhang and S. Huang, pp. 425-430. 

Cooperative Absorption-Induced Charge Transfer in a Solid1'' 

I. Last and T.F. George* 

Cooperative electronic excitation involving electron transfer among guest molecules in a 
solid is considered. The mutual interaction between two guest molecules with large dipole 
moments in excited states can lead to cooperative processes (two-electron transfer) which aie 
forbidden in the absence of such interaction. The cooperative transition moments are 
calculated for coupled pairs of XeCl molecules within an Ar matrix at sum and different 
frequencies. 

Reference 
11 ] I. Last and T.F. George, Cham. Phys. Lett. 177:315 (1991). 

•IVpl. nl C'hi'inislry and Depl. of Pliysm and Asuononiy, Stale University of New York at Buffalo. Buffalo, 
NY. I'SA. 

4 



Charge Motion Effects in Ionic Clusters 1" 

I. Last and T.F. George* 

In ionic clusters the polarization depends on the dynamics of charge derealization. The 
polarization follows the charge motion when the characteristic time of motion is much longer 
than the polarization time (adiabatic polarization). For the opposite case (diabatic 
polarization), the polarization is determined by an average field. These two kinds of 
polarization are considered for the ionic clusters XejR and benzene -R (R = He, Ne, Ar). 

Reference 
|l] I. Last and T.l\ Gcorjic. Chan. Phys. Leu. 183:547 (1991). 

Exact Quantum Mechanical Three-Dimensional Reactive 
Probabilities for the D + H 2 System: Variational Calculations 

Hased on Negative Imaginary Absorbing Potentials" 1 5 

I. Last, A. Baram and M. Baer 

The lirsl exact three-dimensional state-to-state reactive transition probabilities were 
obtained employing a variation (lime-independent) treatment based on negative imaginary 
absorbing poienlials. The calculations were carried out for the 
D+ILIvy l./=0)-^HD(i;/'l./=())+II process. The results were found to lit reasonably well with 
those obtained by other methods. 

Reference 
| 11 I. Last. A. Harain ami M. Bai-r. < Item. I'lm l.en. I')S:435 (1992) . 
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On the Adiabaticity of the Nonreactive Bond in Atom-Triatom 
Reactions: A Quantum Mechanical Study of the 

H + H 2 0 -> OH + H 2 System' 1 ' 8 

H. Szichman, I. Last, A. Baram and M. Baer 

A quantum mechanical study was conducted of the four-atom process 
II + HiO - » O H + H z and its isotopic analogs. State-to-state reactive and inelastic 
probabilities were calculated for the collinear configuration. The adiabaticity behavior with 
regard to the nonreactive bond, as established by Sinha et al} ' was only partly confirmed. 
The calculations were carried out employing negative imaginary potentials to form absorbing 
boundary conditions. 

References 
[ 1 ] H. S/ichman, I. Last, A. Baram and M. Bacr, Submiltcd to./. Chcm. Phys. 
|2] A. Sinha, M.C. Hsiao and F.F. Crim.y. Chan. Phys. 94:4928 (1991). 

Gasdynamic Approach to Small Plumes Computation' 1 ' 

L. Genkin, M. Baer and J. Falcovitz* 

The semi-inverse marching characteristics scheme S1MA is modified to treat rotational 
inviscid steady plume How. Non-uniformity of exit plane flow in small nozzles is accounted 
for by a power-law approximation, due to lack of measurements of exit flow distribution. The 
coefficients for this approximation are constrained by gasdynamic considerations of srr...!l 
nozzle exit How, and are determined by matching computed to measured plume Mow fields, 
primarily in the intermediate range of several tens of exit radii and moderate angles to plume 
axis. Computed plumes were found to be in good agreement with three sets of experimental 
data. It is concluded that for small nozzles 'he proposed computational method is more 
accurate than either the analytic Boynton-Simons approximation or the MOC computation 
that stains out from a uniform nozzle exit How. 

Rejercncc 
[11 I.. Gcnkin. M. Bacraiid J. Falcuul/. Suhiniucd lo./. Spacecr. Roekeis. 

JrThis work ssns supporlcd h> Lir.uus troll] the U.S.-Israel Rinalional Science Fnundnlion (BSF), ihe Israel 
Audcim nl .Sciences and Humanities, and ITAMP al Ihe Harvard .Smithsonian Center lor Astrophysics. 
Camhrulfc. MA.l'SA. 
• 'Ichni-m-lsrjcl Iiwnulc ul TcUiniiloi;), llaila. 
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Current Distributions in a Two-Dimensional Random-Resistor Network"1 

I-.. Duenna*. R. Ulunienfeld*. D.J. Bergman*. A. Aharony* and M. Murat 

The current and Iogarithm-of-the-current distributions M(II ' I ) and n ( l l n l i l l ) on bond 
diluted two-dimensional random-resistor networks at the percolation threshold were studied 
by a modified transfer matrix method. The klh moment ( - 9 < £ < 8 ) of «(I In I /1 I), i.e., 
< I In 111 l ' '> , was found to scale with the linear size L as (In £,)" ''. The exponents (3(/t) are 
not inconsistent with the recent theoretical prediction fi(k) = k, with deviations which may be 
attributed to severe linite-size effects. For small currents. In n(v) = -Y>\ yielding information 
on the threshold below which the multifractality of ii(III) breaks down. Our numerical results 
for the moments of the currents are consistent with other available results. 

Rcfcroicc 
| l ] I;. Dut'nng. R. HlumenMil, D.J. Bergman, A. Aharony am] M. Mural../ Slat. P t a 67:113 (1992). 

Broadening of the Plasma Resonance in Metallic Micromstals'1' 

I I . Yalom and R. Ruppin 

The plasma resonance absorption peak of small metal particles broadens when the 
crystallite size is of the order of or smaller than Ihe electron mean free path. This effect has 
previously been evaluated classically, by including the collisions of the conduction electrons 
with ihe surface in ihe calculation of the relaxation time, and good agreement with 
experimental rcsulls was obtained. I'revious quantum mechanical calculations were less 
satisfactory, because they employed an inlinite surface '\inier. We have performed a quantum 
mechanical calculation of ihe broadening for spherical ami cylindrical geometries, using a 
high but linile surface harrier. The linitencss of the harrier was found to lead to a larger 
broadening than predicted by previous quantum mechanical calculations, in which an infinite 
surface barrier was assumed, thus yielding belter agreement with the experimental data. 

AV,'c7v//(V 
; i ; II. yauuuaihlK Kii|>nia /V.i-.. .Sj,;uo S.Jhli 11 17-1: <7. il'«2i. 
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New Free-Energy Models for Non-Uniform Charged Particle Fluid 
Mixtures as Related to Liquid Structure and Freezing'121 

Y. Rosenfeld 

The major present-day approximate 'heories of the structure and thermodynamics of 
simple uniform liquids interpolate between the 'ideal gas' and the asymptotic limit of the 
hypernetted-chain integral equation (denoted the Onsager limit) which, for all practical 
purposes, plays the role of the 'ideal liquid. This Onsager limit corresponds to an exact lower 
hound for the potential energy of the system. It provides the reference 'ideal' state for 
developing a systematic theory of liquid structure, involving basic functions with a rapidly 
convergent analytic connection to low-order diagrams. Such a new type of free energy 
functional for the inhomogeneous hard sphere fluid mixture was derived recently. The theory 
requires us to expand the pair exclusion as a convolution of weight functions which are 
characteristic functions for the geometry of a single particle. The predictions of this new 
theory were recently tested very successfully against computer simulations for a variety of 
situations where size or packing effects play an important role: adsorption of fluids in 
micropores, selective adsorption from mixtures at constant pressure, and adsorption of 
electrolyte., onto highly charged surfaces. A special rcnormalization property of the Yukawa 
potential enabled us to derive analytic results for the 'ideal liquid' limit of the general 
homogeneous mixture with Yukawa interactions. In the important case of mixtures with 
repulsive Yukawa potentials, these lead to an approximate scaling property that relates the 
contiguration.il free energy of the mixture to that of the one-component Yukawa system, in 
the form of a non-linear 'mixing rule'. These new developments enable us to extend the 
hard-panicle free-energy model to inhomogeneous charged Yukawa mixtures, and to general 
potentials. 

References 
| I | V. Rosenl'old. in: With Int. Cnnf. im ConJemeJ Mailer Theories. (Wu York, \'Y; Plenum Press. 

PW, in press). 
[2| Y. Rosenleld, in: hit. Cnnf. nn S'roiialy Ctmplcd I'ltismas. (Rochester, NY. USA: University ot 

Rochester Press, 1 W:t, in press). 
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Free-Fnergy Model for Charged Yukawa Mixtures: Asymptotic Strong 
Coupling Limit and Non-Linear Mixing Rule1" 

Y. Rosenfeld 

A free-energy model for mixtures of charged particles interacting through the Yukawa 
repulsive potential is derived analytically, in the form of a 'non-linear mixing rule', which 
relates the configurational free energy of the mixture to that of the one-component Yukawa 
system. It is tested by a numerical solution of the hypernetted-chain equations for a large 
variety of binary Yukawa mixtures, and is found to be very accurate. The physics relating this 
new mixing rule with the well known 'volume additivity rule' for Thomas-Fermi mixing of 
elements is revealed. 

Reference 
| 1 ] Y. Roscnlekl, Pins. /?<•.'.. £47:2676 (1993). 

Screening Potentials in Strongly Coupled Plasmas: 
Recent 'Extra Long' Simulations Revisited1'1 

Y. Rosenfeld 

Very recently, using an extrapolation of very acute 'extra long' computer simulations data 
for strongly coupled classical plasmas, new results for the short range screening potential 

p i """ 
were obtained1"'. These results are reported to be of 0.1% accuracy even for r=()and to differ 
significantly from previous calculations. Using another method, the present extrapolation of 
the same data finds, however, that these new high-accuracy simulation results are in excellent 
agreement with the previous calculations, providing an independent test for their validity. 
Moreover, these high-accuracy simulations provide important support to the 'Onsager 
molecule' asymptotic limit of short-range screening potentials in strongly coupled plasmas'"'. 

References 
|l] V. Kuvnk-lil, I'lm Ki'i-. A 46:1059 (19921. 
(21 S. C>t;aia, i I. Iraumi ami S. Uiimaru, Aum/iliys. ./. 172:259 (1991). 
1.11 Y. KiiM-nl'elil, I'lns. Hew. A ,W).W (I9S7). 
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Entropy Production in Atomic Transition 

G. Erez 

Any objective physical quantity is expected to be representation independent, since the 
way of representing a physical system is at the physicist's discretion. The time evolution of 
any system can be described as a time-dependent change of representation, and thus any 
objective physical quantity is a constant of the motion. All the constants of the motion are 
functions of the eigenvalues of the density matrix of the system, and of nothing else. For the 
entropy to be an objective physical quantity it has to be conserved, but we understand entropy 
as a non-conserved entity. It must then be a subjective physical quantity. By using geometry 
of finite size points in Phase Space, one can define entropy that does grow. The subjectivity of 
the entropy stems from the fact that the size of a point can be defined in a subjective way. 
This can be done even in the ideal case that it follows from the finiteness of -ft. 

Interplay of Uncertainty and Measurement 

G. Erez 

For any given system, when one measures the value of a physical variable, and then its 
conjugate variable, the product of the 'mean error' of the two measurements is limited below 
by Till. It is widely believed that this limit follows from the fact that measuring the value of 
one variable disturbs the other in an unpredictable way. It was suggested by Mandel' ' that it 
might be otherwise. 

When two independent measurements are made en a single photon and the results are 
recorder, the outcome of an interference experiment depends on the way these records are 
read, even if the readings take place well after the photon has passed. This indicates that the 
way the measurements and recordings are made is all important. In the experiment, all 
participating panicles were Bosons. Analysis of a hypothetical experiment with interfering 
Fermions indicates that the 'records' that witness the measurement have to be Bosons and if 
there is more than one 'record' field, logically in series, then all have to be Bosons. An attempt 
is being made to design :'n electron interference experiment to elucidate this suggestion. 

Reference 
111 L.J. Wang. X.Y.ZuuanilL. Manuel. Pins .Rev. 7:44 ( iW l ) . 

10 



Comment on "Wave Field Determination Using 
Three-Dimensional Intensity Information"'11 

G. Hazak 

121 Within the framework of the paraxial approximation, Nugent showed 1 that the cross 
spectral density function (CSDF) of the light field may be recovered via a direct 
transformation of the three-dimensional intensity distribution. I will demonstrate that the 
transformation suggested docs not yield the detailed CSDF but rather an integral of the 
CSDF along a certain line. 

The transformation is given in eq. (14) of ref. |2] which reads: 

M J / m X l x 2 f f,, -2rt i : ix(r-n)/?^ , , 
W(r,x,0) = — — J JI(r>,a)e *dnda 

A 0 

where X« is the wavelength; r,r>, and x are vectors in the plane; z=constant; x^x; are the two 
components of x; and a=l/z. W(r,x,z)=<E(r+ x/2,z,Xo)E (r —x/2,z,Xo)> is the cross 
spectral density function, namely, the correlation between the component of the field with 
wavelength >VQ at the points (r+ x/2,z) and ( r - x/2,z). I(r,z) = W(r,0,z) is the iniensin 

According to eq. (1). by changing the origin of the z coordinate, the CSDF at ever,- i. may 
be recovered. In other words, eq. (1) implies that the CSDF 
<H(r + x/2,z,?m)E*(r - x/2,z,X.o)> at every point (r,z) in the volume and for every difference 
vector x may be recovered from the intensity i(r,z)=<E(r,z,^.)E*(r,z,^.)>. This is a very 
strong statement. I will show that actually only pan of the information about the CSDF may 
be recovered. My derivation is as follows: The 3D distribution of the CSDF is related to the 
CSDF at z=() plane through the formula'' ': 

W(r,,x,z) = jK(r.+x/2,p+f/2,z)K*(r.-x/2,p-^/2,z)W(p,xi,0)dpd= (2) 

where K is the free space propagator of the paraxial wave equation: 

K(u.v.z) = - — e n \ 

In the case x=(), ei|. (2) is a formula for the 3D distribution of the intensity in terms of the 
CSDF at the z=0 plane. In order to obtain the CSDF at z=0 in terms of the 3D intensity 
distribution, one has to invert this formula. A parlial inversion is obtained by multiplying this 
formula by (l/z*)exp|-27iix(r-n)/?.i)Z|, and then integrating over n and z. The result is: 

;'v JW(P,X.0)5 
X J X , •Vi'/'rri tin = ----- JJI(r..a)e dr>da (4) 
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The right-hand side of this equation is the same as in the transformation derived in ref. [2] 
(eq. (1) above). The left-hand side says that this transformation, when applied to the intensity, 
does not yield the detailed CSDF but rather an integral of this function along a line 
(parametrized by /) ri(/) on which r-n is perpendicular to x. 

The difference between the present result (eq. (4) above) and that of ref. [2] (eq. (I) above) 
is traced to the improper treatment of the delta function in the paragraph between eq. (13) 
and eq. (14) in ref. 12], which leads to the incorrect conclusion that Wm=W. Careful 
treatment shows that W m equals a line integral of W. 

In summary, the central statement of ref. |2] should be replaced by a weaker statement that 
same characteristics of the CSDF of the light field may be recovered via a direct 
transformation of the 3D intensity distribution. 

References 
111 G. Ha/ak, Phys. Rev: Lett. 69:2874 (1992). 
| 2 | K.A. Nugent. Phys. Rev. Lett. 68:2261 (1992). 
I S| E.g. cq. (4) in: A. Gamlicl and G.P. Agrawal, J. Opt. Soc. Am.. A.: Opt. Image Sci. 7:2184 (1990). 

Behavior of Spectral Lines and Degree of Spatial Coherence 
in the Presence of Refraction1'1 

G. Hazak and 0. Zahavi* 

The propagation of radiation from a source embedded in an inhomogeneous refractive 
medium was studied, using both mode analysis and ray tracing methods. Scaling laws for 
excitation strengths of the modes, the degree of spatial coherence, and the shift of the spectral 
line were derived. 

Reference 
111 G. Ma/ak and O. Zahavi. Phys. Rev.. A 46:4167 (1992). 

"WVi/niann Instiluk' nt S^k'nu'. Kohmut. 
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Effect of Atomic Line Shape on Spatial Coherence in Mirrorless Lasers"1 

G. Hazak and O. Zahavi* 

The statistical properties of the mirrorless-laser output radiation field, E(r,t), and its 
spectrum, E(r.v), were studied. The study was based on the analysis of the cross-spectral 
density integrated over a band of frequencies of width B; MB(r,r,'v)=J 1 + dv" 

J1'1 "dv'<E(r,v')E*(r',v")> and of the power spectrum AB(r,v)sMB(r,r,v). The relation 
v R/2 

between the spectral properties and the spatial correlations is characterized by the ratio 
between measurements in a narrow band near the atomic line center and measurements in a 
band of frequencies much larger than the atomic linewidth, namely, by the ratios 
a(r)HAB ,"'(r,0)/AB ! > > '(r,0) and b(r,r')=MR'" (r,r',0)/MB ! > > '(r,r',0). It was shown that, for 
systems with small spatial variations in the atomic population-inversion density, both the 
ratios a and b are independent of the observation points r,r' and their value equals the ratio 
between the bandwidth B, and the gain-narrowed atomic linewidth. For systems with a 
stroiv! spatial variation in the population inversion, it was shown that the ratio b depends on 
the observation points r,r' and is larger than the ratio between the bandwidth B] and the 
gain-narrowed atomic linewidth. This effect is demonstrated by a detailed numerical 
calculation for a mirrorless laser with a Lorenzian atomic line shape. 

Reference 
111 G. Ha/ak and O. Zahavi, I'hys. Rev., A 46:4261 (1992). 

Numerical Analysis of Nonlinear Mode-Mode Interactions 
in the Rayleigh-Taylor Instability1" 

D. Ofer, J. Ilecht. D. Shvarts, Z. Zinamon* and S.A. Orszag** 

Rayleigh-Taylor (RT) instability results when a low-density lluid accelerates a heavier 
fluid or supports ii against gravity. Recent interest in the nonlinear evolution of this instability 
has been stimulated by work in areas as diverse as inertia! confinement fusion and stellar 
evolution. 

Tile interaction of a small number of modes was studied in a two lluid RT instabiliiv at 
relatively late ..i.iges of development, i.e., the highly non-linear regime, using a two-
diincnsional hydrodynamic code incorporating a from tracking scheme. It was found that the 
interaction of modes can grcallv affect the amount of mising and may even reduce the width 

•Wei/mann IIWIIUU ill Sik'ikv, kehmnl. 
"Applk'ii and (.'omniiulHin.il M.uli, I'rin. ol.'ii rniwrMl>. 1'iiikVlon. NJ, IS A. 
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of the mixing region. This interaction is both relatively long range in wave number space and 
also acts in both directions, i.e., short wavelengths affect long wavelengths and vice versa. We 
have identified three distinct stages of interaction, including substantial interaction among 
modes, some of which may still be in their classical (single mode) 'linear' regime. 

A three-dimensional hydro-code with interface tracking has recently been developed, 
enabling us to conduct RT simulations in 3D. We have begun comparing the mode interaction 
and suppression phenomena in 3D with our 2D results. Preliminary results indicate that while 
there are quantitative differences between the two cases, it seems that in most cases the 
qualitative behavior in 3D is similar to 2D. 

Reference 
[ 1 ] D. Ofcr, J. Hccht, D. Shvarts, Z. Zinamon and S.A. Orszag, in: 22nd Annual Anomalous Absorption 

Conference (New York, NY, July 1992). Also Phys. FluidsB 4:3541 (1992). 

Three-Dimensional Rayleigh-Taylor Calculations'1' 

J. Hecht, D. Ofer, D. Shvarts, S.A. Orszag* and R.L. McCrory** 

Three-dimensional simulations were performed of the growth of single wavelength 
Rayleigh-Taylor perturbations on the interface between two fluids in either planar-
incompressible or spherical-compressible geometries. The simulations were done using 
LEEOR3D, which is a 3D ALE code with interface tracking. The shapes which are created 
from the initial perturbations in 3D were described and compared with RT growth in 2D. Two 
factors were found to determine the final shapes that are created (bubble-ridge or valley-
spike): the initial conditions and the Atwood number. At the final stages of th» growth, the 
bubble and spike velocities were approximately the same as in cylindrical geometry. The 
question of the growth of single-mode perturbations which have various symmetries was also 
addressed. 

Reference 
[ 1 ] J. Hcchl, D. Ofer, D. Shvarts, S.A. Orszug and R.L. McCrory, in: 22nd Annual Anomalous Absorption 

Conference (New York, NY, July 1992). 

•Applied and Compul;ilion;il Maih. Princclon Univcrsily, Princclon, NJ, USA. 
** Laboratory tor Laser Energetics, University of Rochester, Rochester. NY, USA. 
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Scale Invariant Regime in Rayleigh-Taylor Bubble Front Dynamics'" 

U. Alon, D. Shvarts and J.D. Mjkamel* 

A statistical model of Rayleigh-Taylor bubble fronts in two dimensions is introduced. 
Float and merger of bubbles led to a scale invariant regime, with a stable distribution of 
scaled bubble radii and a constant front acceleration. The model was solved for a simple 
merger law, showing that a family of such stable distributions exists. The basins of attraction 
of each of these were mapped. The properties of the scale invariant distributions for various 
merger laws, including a merger law derived from the Sharp-Wheeler model, were analyzed. 
The results were in good agreement with computer simulations. Finally, it was shown that for 
some merger laws, a runaway bubble regime develops. A criterion was determined for the 
appearance of runaway growth. 

Reference 
111 U. Alon, D. Shvarts anil D. Mukamcl, Submitted to Phys. Rev., E. 

Second Type Self-Similar Solutions to the Strong Explosion Problem1'1 

E. VVaxman and D. Shvarts 

The flow resulting from a strong explosion at the center of an ideal gas sphere, the density 
of which drops with the distance r from the origin as r""\ is assumed to approach 
asymptotically the self-similar .solutions by Sedov and Taylor. We show that the Sedov-
Taylor solutions, which exist only for u)<5 and are probably the most familiar example for 
self-similar solutions of the lirst type, fail to describe the asymptotic Mow obtained for 
3<co<5. New second type self-similar solutions, which describe the asymptotic flow for 
3<co<5 as well as for cu25, were presented and analyzed. The shock waves described by these 
solutions accelerate while the shock waves described by the ST solutions for (u<3 decelerate. 
The new solutions are related to a new singular point in Guderley's map. They exist only for 
oj values smaller than some o\., which depends on the adiabatic index of the gas. The 
asymptotic How obtained for o)>o\. is discussed elsewhere. 

Reference 
111 I-. W.IMIUII inul I). ShvarK /'/MI Hauls A 5:11135 (li)').1). 
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A Self-Similar Model for Laser-Driven Ablation1'1 

T. Tlusty, E. Waxman and D. Shvarts 

The results of a detailed numerical study of laser-driven ablation in both planar and 
spherical configurations do not agree with the results of the well-known steady-state model of 
Max, McKee and Mead'2'. The basic model assumption, i.e., the steady-state assumption, 
fails. A non-steady-state model for planar laser ablation was developed. A solution to the 
hydrodynamic equations was constructed using several self-similar solutions which describe 
the flow in the pre-ablation shock region, in the conduction region, and in the under-critical 
isothermal corona. The solution incorporates flux-limited conduction sub-regions in both the 
corona and the ablation region. The dependence of the ablation pressure and the mass flux 
upon laser intensity, laser wavelength, and the flux limit is obtained by applying conservation 
laws to the solution. This model shows excellent agreement with numerical simulation 
results. 

References 
[ 1 ] T. Tlusty, E. Waxman and D. Shvarls, in: 34th Annual Meeting of the APS - Division of Plasma Physics 

(ScatUc, WA, USA, Nov. 1992). 
|2| C.E. Max.C.F. McKcc and W.C. Mead, Phys. Fluids 23:1620 (1980). 

A Generalized Approach to Asymptotic Similarity and Its Application 
to the Strong Explosion and Imploding Shock Wave Problems1'1 

E. Waxman and D. Snvarts 

The asymptotic approach of adiabatic one-dimensional flows to self-similar behavior is 
explained using the assumption that the late time flow depends on no constants with the 
dimensions of length and time. It is shown that this assumption is too restrictive, and that 
asymptotic self-similar solutions may be obtained, which depend on constants with such 
dimensions. A new definition of the two types of self-similarity is presented, which allows us 
to determine whether conservation laws or the condition that the self-similar solution curve 
should pass through a single point of the flow equations, may be used to determine the 
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similarity exponents of the asymptotic solution. The general analysis is applied to the strong 
explosion and to the imploding shock wave problems. New self-similar solutions to these 
problems are presented, some of which contain typical time scales and depend on constants 
with the dimensions of length. 

Reference 
11 ] E. Waxman and D. Shvarts, Sutimiucd 10 Phys. Fluids. 

Recent Developments in the Super Transition Array Model for 
Spectral Simulation of LTE Plasmas''' 

A. Bar-Shalom, J. Oreg and W.H. Goldstein* 

Recently developed sub-picosecond pulse lasers have been used to create hot, near solid 
density plasmas. Since these plasmas are nearly in local thermodynamic equilibrium (LTE), 
their emission spectra involve a huge number of populated configurations. A typical spectrum 
is a combination of many unresolved clusters of emission, each containing an immense 
number of overlapping, unresolvable bound-bound and bound-free transitions. Under LTE, or 
near LTE conditions, traditional detailed configuration or detailed term spectroscopic models 
are not capable of handling the vast number of transitions involved. The average atom (AA) 
model, on the other hand, accounts for all relevant transitions, but in an oversimplified 
fashion that ignores all spectral structures. The super transition array (STA) model which 
was developed recently, combines the simplicity and comprehensiveness of the AA model 
with the accuracy of detailed term accounting. The resolvable structure of spectra] clusters is 
revealed by successively increasing the number of distinct STAs, until convergence is 
attained. The limit of this procedure is a detailed unresolved transition array (UTA) spectrum, 
with a term-broadened line for each accessible conriguration-to-conliguration transition, 
weighted by the relevant Boltzmann population. In practice, we have found that this UTA 
spectrum is actually obtained using only a few thousand to tens of thousands of STAs (as 
opposed, typically, to billions of L'TAs). The central result of STA theory is a set of formulas 
for the moments (total intensity, average transition energy, variance) of an STA. In 
calculating the moments, we use detailed relativistie first-order t|uantum transition energies 
and probabilities. The energy appearing in the Boltzmann factor associated with each level in 
a superconliguralion is the zero order result corrected by a superconliguration averaged first-

•|.a»Mki'l.iuTiiuiieN.il ..1 I jlvi.u.>i>.l IWMIII^.C'A. I'SA. 
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order correction. As the number of configurations in a superconfiguration is successfully 
decreased, this becomes equivalent to using exact first-order configuration average energies. 
In addition, orbital relaxation can be accounted for by recalculating orbitals and energies for 
each STA in a potential optimized for the particular set of configurations. 

Reference 
11 ] A. Bar-Shalom. J. Orcg and W.H. Goldstein, in: Atomic Processes in Plasmas. E. Marmar and J. Terry 

[Eds.] (New York, NY: American Institute of Physics, 1992), pp. 68-77. 

Calculation of Emission and Absorption Spectra of LTE Plasma 
by the Super Transition Array Method'11 

A. Bar-Shalom, J. Oreg and W.H. Goldstein* 

Recent improvements in the super transition array (STA) method for calculating bound-
bound (BB) and bound-free (BF) emission and absorption spectra for local thermodynamic 
equilibrium (LTE) plasma are described. The method accounts for all possible BB and BF 
radiative transitions in the plasma. Full detailed first-order quantum relativistic treatment is 
used for calculating transition energies and probabilities. The enormous m.!.;ber of 
cor*iguraiions are divided into sets of superconfigurations comprised of a collection of 
energetically grouped configurations. The contribution of the transition array between two 
superconfigurations to a specific one-electron transition is then represented by a Gaussian 
whose moments (total intensity, average energy and variance) are calculated accurately using 
a technique that bypasses the necessity of direct summation over all the levels involved. The 
calculation of these moments involves the populations of the configurations given by their 
statistical weights and the Boltzmann factor. For each configuration within the 
superconfiguration we use zeroeth order energies in the Boltzmann factor corrected by a 
superconfiguration averaged first-order temi. The structure of the spectrum is increasingly 
revealed by splitting each STA into a number of smaller STAs. When the spectrum converges 
it describes the detailed unresolved transition array structure, where each configuration-to-
contiguration array is represented by a separate Gaussian with first-order energy in the 
Bolizmann factor. Convergence is reached with only a few thousand STAs, at most, which 
makes the calculations practical. It should be pointed out that in this treatment the STA 
moments are obtained by summing over all levcl-to-level transitions, rather than 

•Lawrence Livermorc National Laboratory, Liverinore, CA. USA. 
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configuration-to-configuration average transitions. We also take into account 'orbital 
relaxation' by calculating orbitals and energies for each superconfiguration in its own, 
optimized potential. 

Reference 
111 A. Bar-Shalom, J. Orcg and W.H. Goldstein, in: Radiative Properties of Hot Dense Matter. W. 

Goldstein, C. Hooper, J. Gaulhier, J. Sccly and R. Lcc (Eds.] (Singapore: World Scientific, 1991), pp. 
163-169. 

Multilevel Adiabatic Population Transfer'11 

B.W. Shore*. K. Bergmann**, J. Oreg and S. Rosenwaks*** 

We present a theoretical description of a scheme in which coordinated laser pulses transfer 
population efliciently from any initially populated state (e.g. the ground state) to a multiply 
excited stale of an atom or molecule without producing appreciable population into 
intermediate states. Our analytic results for multilevel excitation transfer provide a simple yet 
instructive extension to the counterintuitive pulse sequence studied previously for a three-
state system. 

Reference 
111 B.W. Shore. K. Bergmann.J. Oreg and S. Ro.senwaks, Phys. Rev.. A 44: 7442 (1991). 

Population Transfer with Delayed Pulses in Four-State Systems'11 

J. Oreg. K. Bergmann**, B.W. Shore* and S. Rosenwaks*** 

We present explicit analytic expressions for adiabatic dressed states which, in suitable 
limits, produce complete population transfer between initial and final states of a four-state 
excitation chain without ever placing appreciable population into intermediate states. The 
population-transfer scheme is a generalization of the three-state stimulated Raman adiabatic 
passage that makes use of counterintuitive pulse sequences. We demonstrated analytically and 
numerically that the four-stale system differs in a very significant qualitative way from 

"l awrciKC I.iveiiitori.' N.ili.m.il 1 ahiualnr).. L.iverr.ioie. C'A. I S.A 
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previously studied N-state systems with odd N. In particular, we found that the presence of 
modest detuning from single-photon resonance is critical to the success of population transfer. 

Reference 
[ 1 ] J. Orcg, K. Bcrgniann, B.W. Shore and S. Roscnwaks, Phys. Rev., A 45:4888 (1992). 

Laser-Induced Population Transfer in Multistate Systems: 
A Comparative Study'" 

B.W. Shore*, K. Bergmann**, A. Rutin**, S. Schiemann**, J. Oreg and J.H. Eberly*** 

We examined similarities and differences in three schemes that are capable of producing 
complete population transfer in multistate systems: generalized rc pulses, adiabatic passage by 
pulse chirping, and counterintuitive pulses or stimulated Raman adiabatic passage. We used 
the picture of adiabatic following through avoided crossings of instantaneous eigenvalues to 
exhibit the essential differences between the latter two procedures. 

Reference 
[1) B.W. Shore, K. Bergmann, A. Kuhn. S. Schicmann, J. Orcg and J.H. Ebcrly, Phys. Rev.. A 45:5297 

(1992). 

Coherent Population Transfer: Stimulated Raman Adiabatic 
Passage and the Landau-Zener Picture"1 

B.W. Shore*, K. Bergmann** and ]. Oreg 

We showed that three-state coherent excitation by pulsed lasers, sometimes termed 
Stimulated Raman Adiabatic Passage (STIRAP), can be regarded as a limiting case of four-
state excitation involving pairs of two-state transitions (pump and Stokes) that couple 
coherently. A complementary limiting case of our four-state model is recognizable as a pair 

•Lawrence Livermore National Laboratory, Livermore, CA, USA. 
••Phy.Mcs Department Uimcrsily ol Kaiscrslaulern. Kaiserslautern, Germany. 
"*'Dep[. o(Ph\siesand A-.m>nomy, University ul Ruclicsler, Rochester, NY. USA. 
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of Landau-Zener curve crossings. In each of these regimes it is possible to have complete 
population transfer by adiabatic passage. With the aid of analytical expressions and numerical 
computations, we showed the differences between these two mechanisms. 

Reference 
11 ] B.W. "horc, K. Bcrgmann and J. Orcg,'/.. Phys., D 23:33 (1992). 

Analysis of Noisy Signals'1' 

A. Rabinovitch* and R. Thieberger 

Recently the ARMA method' ' was applied to the analysis of chaotic data' ' '. In addition 
to a signal, there usually appears white noise as a result of measuring instruments or as an 
intrinsic property of the process measured itself. The amount of noise included in the signal is 
generally unknown. However, it would be of advantage to have the possibility of even 
partially 'purifying' the signal, such as knowledge of all possible pure signals which could 
have played the role of our signal's origin under the addition of different amounts of white 
noise. 

For the ARMA(2,2) case a complete analysis was carried out'' . In the present study a 
method was developed to obtain all the possible pure signals for the general ARMA(m.l) 
case. The method also provides an explicit way to calculate the power spectra of thrse signals. 

References 
11 ] A. Rubinovitch and R. Thiebcrger, Physica D 58:284 (1992). 
[2] £'.#. G.E.P. Box and C M . Jenkins, Time Scries Analysis. (San Francisco, CA, USA: Holdcn-Day, 

1976). 
[ 3 ] A. Rabinovinh and R. Thichcrger, Physica D 28:409 (1987). 
[4 ] A. Rabinuvitch and R. Thiebcrger, J. Thear. Dial. 131:509 (1988). 
15] A. Rnbmovilch and R. Thieberger, J. lime Series Anal. 13: 267 (1992). 
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Thomas - Fermi Model Calculations of One- and 
Two-Dimensional Lattices"1 

A. Rabinovitch*, J. Komlos* and M. Friedman 

A multi-center Thomas - Fermi method was developed to treat one- and two-dimensional 
finite lattices. Potentials, electron densities and energies were calculated. Surface effects were 
shown 10 be small. Scaling of effective mass, cell dimension and effect charge was obtained. 

Reference 
[ 1 ] A. Rabinoviich, J. Komlos and M. Friedman, Proc. 1st Int. Conf. on Nonlinear Mathematics (Tampa, 

FL, USA, Aug. 1992). 

Bonhoeffer - van der Pol Oscillator under Pulse-Train Forcing'11 

A. Rabinovitch*, R. Thieberger and M. Friedman 

We analyzed the Bonhoeffer - van der Pol equation in a parameter range where no 'overt' 
limit cycle exists; rather the dominating feature in phase space is a focus. Exciting the system 
by an external pulse, its response depends upon this pulse's size. For small pulses, tl:.-,re is a 
quick return to the focus. For large pulses, extending beyond the separatrix, the orbits traverse 
along a 'hidden' structure. This structure initially resembles a temporary limit cycle and later 
spirals into the focus. The response of the system to single excitations of different sizes at 
different points of the 'hidden' structure is used to understand its response to a train of pulses 
of different periods. Thus, e.g. the boundaries of the phase-locking regions are easily 
calculated and the explanation of the appearance of 'below threshold' responses for the pulse-
train case becomes straightforward. 

Reference 
11 ] A. Rabinoviich, R. Thicbcrgcr and M. Friedman, Submitted to die Workshop on Exploiting Chaos and 

Nonlinearilies (San Diego, CA, USA, July 1993). 
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Global Phase Locking Structure in the 
Forced Bonhoeffer - van der Pol Model 

M. Friedman, A. Rabinovitch* and R. Thieberger 

A suitable system to study a wide variety of dynamic behaviors, including chaos, is a 
forced nonlinear oscillator. We studied the neurophysiological system of the squid giant 
axons by the Bonhoeffer-van der Pol model (BVP), which is of the above mentioned type. 

In two reported experiments on normal squid axons, a global bifurcation diagram was 
obtained' '. Besides the appearance of intermittency discussed previously' ', an interesting 
feature was the values of the locked modes restricted to specific numbers. We studied this 
feature and found fair agreement between the BVP equations and experimental data. 

References 
Ml G. Malsumoio, K. Aihara, Y. Hanyu, N. Takahashi, S. Yoshizawa and J.-I. Nagumo, Phys. Leu., A 

12:162(1987). 
121 N. Takahashi. Y. Hanyu, T. Masha, R. Kubo and G. Matsumolo, Physica D 34:318 (1990). 
PI S. Yasin. M. Friedman, S. Goshen, A. Rabinoviich and R. Thicbcrgcr, J. Theor. Biol. (1993, in press). 

Competition between Adsorbate Fragmentation and Desorption 
on Laser-Heated Surfaces'" 

R.V. Weaver**, Y. Zeiri and T. Uzer** 

We present a theoretical study of the consequences of rapid laser heating of a model 
adsorbate-substrate system. The adsorbate in this study contains on: weak and a number of 
strong bonds. The impetus for our theoretical model comes from the desorption/dissociation 
experiments on labile organic molecules adsorbed on heated surfaces. Among the numerous 
interesting results of these experiments are nonstatistical processes where, depending on the 
healing rate, stronger bonds break before the weaker ones. We modeled these processes by 
means of a Stochastic Trajectory approach using the Generalized Langevin method. Results 
were obtained for model polyatomics of different lengths and configurations as well as 
different heating rates. The strengths of the weak bonds inside the molecule were changed, 
and reactivities of adsorbaies in parallel and perpendicular adsorption geometries were 

'Hcn-Gunon University t>l die Nci:cv, Bccr-Sheva. 
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contrasted. The branching ratio between desorption and dissociation was found to depend 
sensitively on a number of these variables. It was also found that small changes in the relative 
bond strengths of the weak bonds can change the reactivity from statistical to nonstatistical. 

Reference 
[ 1 ] R.V. Weaver, Y. Zciri and T. Uzcr, J. Cham. Phys. 98:5059 (1993). 

Dynamics of Surface-Aligned Photochemistry (Theory): II. Localized 
H-Atom Scattering in the HBr(ad)/LiF(001) +hv System11! 

V.J. Barclay*, D.B. Jack*, J.C. Polyanyi* and Y. Zeiri 

The angular and energy distributions of 1.1 and 2.6 eV H-atom scattering from a LiF(OOl) 
surface were compared for two different sources of hot H-atoms: (i) localized H-atoms 
produced by the photolysis of HBr molecules adsorbed on the LiF surface; and (ii) H-atoms 
from a beam at the same energy and angle of approach to the LiF surface as in (i). These 
distributions are the results of classical stochastic trajectories carried out on a 7 x 7 slab of 
LiF(OOl). The calculated angular distributions were compared with experimental 

121 distributions' . The computer effects of changing H-atom energy and surface temperature 
were determined: localized scattering becomes increasingly non-specular at lower photon-
energies, and broader at higher surface temperatures. 

References 
(1 ] V J. Barclay, D.B. Jack, J.C. Polyanyi and Y. Zciri, J. Chan. Phys. 97:9458 (1992). 
|2| E.B.D. Bourdon, C.C. Cho, P. Das, J.C. Polyanyi, CD. Stunners and G.-Q. Xu, /. Chem. Phys. 95:1361 

(1991). 

A Quantum Mechanical Study of Adsorbate Photodissociation 

Y. Zeiri 

A quantum mechanical probe of surface and adsorbate layer structure is presented based 
on the photodissociation of an adsorbate in an ordered layer of hydrogen-containing 

•Depi. ol'Chemistry. University ol Toronto, Toronto. Canada. 
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molecules. The photolysis of the adsorbate releases atomic hydrogen which scatters from the 
> surface as well as from neighboring adsorbed molecules. The coherent character of the 

hydrogenic wave function formed in the photodissociation process proved to be a revealing 
probe of the surface and of nearby adsorbates by way of localized atomic scattering. The 
dynamics of the H-atom motion was modeled by the time-dependent Schrodinger equation. 
These studies include two-dimensional simulations of a model adsorbate as well as of HBr 
molecules adsorbed onto a LiF(001) surface' . It was found that the angular distribution of 
the scattered H-atom can serve as a sensitive probe of the adsorbate layer-substrate structure 
due to a rich diffraction pattern which may be observed. 

References 
[11 R. KosloiTand Y. Zciri.J. Chan. Phys. 97:1719 (1992). 
|2] V.J. Barclay, J.C. Polyanyi, Y.Zciri and R. KoslolT,/. Chem. Phys. (1993, in press). 

Molecular Dynamics Study of the Surface Diffusion 
of n-Alkane-Like Adsorbates 

Y. Zeiri 

Molecular dynamics simulations were utilized in the itudy of surface diffusion of large 
adsorbates. The adsorbed species used in this study were n-alkane-like molecules. The main 
goal of these calculations was to examine the role of adsorbate rigidity and its influence on 
the details of the surface diffusion mechanism of such adsorbed molecules. It was found that 
the temperature dependence of the diffusion coefficient for both 'stiff and 'floppy' adsorbates 
can be described by an Arrhenius expression. In addition, the activation energy for diffusion 
and the pre-exponential factor describing the diffusion coefficient of 'stiff adsorbates were 
larger than the corresponding quantities for 'floppy' chains. The results of these calculations 

1121 were compared with available experimental data' ' and a good qualitative agreement 
between the two was observed. However, the calculations suggested that the detailed 
diffusion mechanism of such large adsorbates is markedly different from that suggested by the 
experimental results. 

References 
111 D. Cohen and Y. Zeiri../. Chcm. Phys. 97:1531 (1992). 
(2) D. Cohen and Y. Zeiri. Surf. Sd. 211:173 (1992). 
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An Optimal Second-Order Accuracy Method to Solve the 
Reactor Point Kinetics Equations8"1 

J. Rodnizki and G.C. Slovik* 

An optimal second-order accuracy method was derived to solve the point kinetics 
equations. The method requires minimal computational effort in a time step while using all 
the specific features of the point kinetics equations. This method was compared against other 
second-order accuracy methods such as Kaganove, VIP and a reference method used to solve 
stiff ordinary differential equations with a sparse Jacobian matrix. Each method was able to 
reproduce the tested transients with good accuracy, and accumulated relative errors of less 
than 10 . The methods were also used to simulate the LaSalle power oscillations. The present 
method was found to have the best performance (three to ten times faster) due to its simplified 
algorithm. 

Reference 
[ 1 ] J. Rodnizki and G.C. Slovik, Brookhavcn National Laboratory BNL-NUREG 47884 (1992). 

§This work was performed under ihc auspices of ihc U.S. Nuclear Regulatory Commission. 
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26 



ij'0i-. 

II 

OPTICS AND LASERS (E 



Optical Noise in a Coherent LIDAR1' 

Y. Weissman 

Optical coherent LIDARs (Light raDAR) are used for remote sensing in both atmospheric 
and space environments. These systems offer higher angular resolution with significantly 
more compact components than the alternative microwave-based systems. One of the factors 
which limits the range of coherent LIDARs is the coherence length of the source. It is well 
known that the signal in a coherent LIDAR system undergoes a significant decay over a range 
comparable to the source coherence length. An often overlooked fact is the range-associated 
increase of the optical noise. The spectral power density of the optical noise in a heterodyne 
LIDAR system, and its dependence on the range and the local oscillator power, were 
explored. The magnitude of the optical noise increases with range, thus accelerating the 
signal-to-noise degradation. When the range is of the order of the source coherence length, 
the signal-to-noise ratio is not necessarily a monotonically increasing function of the local 
oscillator power. 

Reference 
11 ] Y. Wcissman, Rth Israel Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 1992), pp. 48-49. 

Optical Network Theory1'1 

Y. Weissman 

The technology of optical networks lias advanced rapidly in recent years. The number of 
applications is increasing, and the networks are becoming more and more sophisticated. As a 
result, a theoretical framework is needed for the design and analysis of optical networks. 
Optical Network Theory is the iirst comprehensive treatise on this subject. The fundamental 
idea on which the book is based is that optical networks are linear systems, and can be treated 
with Fourier transforms and systems analysis techniques. Many concepts are borrowed from 
ihe well established microwave network theory. 

By adopting the systems anak.-as approach, Optical Network Theory can be divided into 
two independent parts. The first part deals with the derivation of the network transfer 
function, and is called Network Analysis. Once this transfer function is derived, the network 
may be regarded as a 'black-box', and the analysis can proceed without any reference to its 
architecture. The second section treats the general problem of what happens to a stochastic 
optical signal that i.s led to a linear system characterized by a given transfer function and 
accordingly is called Signal Analysis. 
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The methodology is illustrated on simple optical structures like the Fabry-Perot and the 
Mach-Zehnder interferometers. More advanced examples are presented by treating the fiber
optic gyro and the coherent LIDAR systems. 

Reference 
[ 1 ] Y. Wcissman, Optical Network Theory. (Boston, MA, USA: Artcch House, 1992). 

Remote Aerosol Mapping in the Boundary Layer 
with a LIDAR System"1 

S. Fastig and Y. Bnayahu 

Aerosol density mapping can be inferred from measurements conducted by LIDAR (Light 
raDAR) systems. The LIDAR consists of a pulsed laser transmitting =10 nsec pulses of 
optical radiation through the atmosphere. The backscattered radiation from the atmospheric 
aerosol is measured by appropriate optics and optical detectors. The intensity of the time-
resolved signal depends on the aerosol characteristics and on the system parameters. The 
measured signal at time t is proportional to the aerosol density at range r, where r=ct/2. The 
mapping is achieved by scanning the system both in azimuth and in elevation, thereby 
enabling three-dimensional aerosol density mapping. This information can be applied to the 
investigation of the dynamics and the dispersion of aerosol from both natural and man-made 
sources; monitoring pollution from industry — especially power stations; and boundary layer 
depth determination for air quality forecasts. This last application is of great importance since 
the LIDAR system can be used as a real-time warning monitor of air-quality hazards. 

The Soreq LIDAR system has been operating for a few years, mapping aerosol density and 
measuring visibility range, inversion layer height, and wind velocity. The system is based on 
a Nd:YAG laser, 1-t" telescope and 100 MHz digitizer. The system output data are either 
two-dimensional false colored mapping of aerosol backscatter or row numbers. Measurements 
include the aerosol backscatter and wind velocity in the boundary. 

Reference 
[ 11 S. F&sug and Y. Bnayahu. Hth Israel Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 1992), pp. 

104-105. 
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Highly Efficient Optical Parametric Oscillator1" 

A. Englander, S. Fastig and R. Lavi 

The optical parametric oscillator is a nonlinear device, which can efficiently generate high 
power, broadly tunable laser radiation in the visible and infrared part of the spectrum. Lately, 
nonlinear crystals with a very high figure of merit were made widely available. We 
experimented with various nonlinear crystals in which we obtained up to 50% total energy 
conversion efficiency (signal + idler). The efficiency and beam quality were measured for 
various types of oscillator configurations, phase-matching conditions and mirror-coatings. 
For a single set of resonator mirrors a tuning range of -100 nm was achieved in the visible 
and near infrared. 

Reference 
[ 11 A. Englandcr, S. Fastig and R. Lavi, tiih Israel Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 

1992), p. 14. 

Comparison between Nd:YAG and Nd:YLF Laser Oscillators, 
End-Pumped by High Brightness Diode Laser Arrays1'1 

R. Lavi, S. Jackel, S. Tsadka, O. Levi and R. Lallouz 

With the goal of developing high efficiency diffraction-limited, high-repetition-rate lasers, 
a 2 W quasi-CW diode laser (SDL 2272-PI) was used to end-pump Nd:YAG and Nd:YLF 
slabs. The I x 200 p.m diode stripe was coupled via two lenses and an anamorphic prism pair 
to the TEM„„ mode of the cavity, with an efficiency of 83%. A total light-to-light conversion 
efficiency of 44% was achieved in the free-running Nd:YAG laser, with a slope efficiency of 
48% when pumped at 808 nm. The measured efficiency in the free-running Nd:YLF when 
pumped in the o polarization at 809 nm was 32%, with a slope efficiency of 34%. When 
pumped in the 7t polarization, the corresponding Nd:YLF values were 25% and 28%, 
respectively. Q-switchcd operation of the Nd:YLF, when pumped with a pulse duration of 
AM) u.sec (-1 fluorescence lifetime, T), resulted in pulse energies of 85 ).lJ and a laser pulse 
width of 35 usee (full width half maximum. FW11M), with an efficiency of 13.5%. Q-
sw itched operation of the Nd:YAG pumped with a pulse duration of 230 usee ( - IT) , resulted 
in pulse energies of 65 pJ and a laser pulse width of 20 usee (FWI1M) at an efficiency higher 
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than 14%. A laser pulse energy of 80 (xJ was achieved when the Nd:YAG was pumped with a 
diode pulse duration of 700 usee (~3x). When Nd:YLF was pumped with a pulse duration of 
1.3 msec (-3x), energies up to 125 |oJ were recorded. In both Nd:YAG and Nd:YLF, the 
output laser beam was diffraction limited at repetition rates of up to 1 kHz. 

Reference 
[ 1 ] R. Lavi, S. Jacket, S. Tsadka. O. Levi and R. Lallouz, 8th Israel Meeting of Optical Engineering CTel 

Aviv. Israel, Dec. 1992), p. 48. 

Experimental and Theoretical Investigation of Statistical 
Fluctuations in Phase Conjugate Mirror Reflectivity1" 

S. Jackel, P. Shalev and R. Lallouz 

Shot-to-shot stability of organic-liquid-based conjugate mirrors was studied 
experimentally and theoretically in order to define stable operating regimes when 
incorporated into pulsed laser systems. Reflectivity over five orders of magnitude was 
measured and the standard deviations were analyzed. A general dependence between standard 
deviation and reflectivity was found to occur. Good stability (±2%) was achieved at 
reflectivities of 80% when the input laser energy was five to ten times greater than threshold. 

Reference 
[ 1 ] S. Jacket, P. Shalcv and R. Lallouz, 8th Israel Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 

1992), p. 15. 

High-Repetition-Rate Laser Systems Based on a High-Energy 
Phase-Conjugated Multiple-Pass Amplifier 

and a Low-Power Oscillator"1 

S. Jackel, R. Lallouz, P. Jackel*, S. Atzmon, S. Sternklar, 
A. Ludmirsky and A. Zigler 

A high-gain, high-energy extraction efficiency, phase-conjugated, multiple-pass amplifier 
was developed using Nd:YAG. The amplifier was used with a low-energy, self-injection 
locked, passively Q-switched, high-repetition-rate oscillator to obtain energies of 0.85 J in 
single longitudinal mode laser pulses of durations variable between <7 and >17 ns. At high 

•Sapiens Technology, Qiryut Wci/mann, Nes Ziona. 



repetition rates (20 Hz) the average power reached 14.5 W. Beam quality was better than 2x 
diffraction limited. A two-dimensional multiple-pass model was developed for the purpose of 
interpretation and design. 

Reference 
| 1 | S. Jackcl, R. Lallouz, P. Jackcl, S. Atzmon, S. Stcrnklar, A. Ludmirsky and A. Ziglcr, Opt. Eng. 31:573 

(1992). 

Nonlinear Optical Isolators Based on High-Reflectivity 
Brillouin Mirrors and Their Application to Advanced Lasers' 1' 

S. Jackel, S. Atzmon, R. Lallouz, S. Sternklar and P. Shalev 

A new type of optical isolator, the nonlinear isolator (NLI), was developed to replace 
polarization-sensitive isolation devices in pulsed, solid state laser systems. The NLI was 
based on a high-reflectivity, stimulated Brillouin scatter (SBS) mirror configured as a 
Newtonian telescope. Transmission through the NLI was found to be limited to the SBS 
threshold power. Input powers tested were 50 to 100 times the threshold power. The NLI was 
operated in a 10-Hz repetition rate laser without introducing noticeable far-field distortion. 
Partial pulse compression could occur in the NLI. A single triple-pass phase-conjugated YAG 
amplifier thai incorporated the NLI, plus a 2-mJ SLM oscillator, produced 0.83-J pulses of 
2.5-ns duration. 

Reference 
| 1 | S. Jackcl. S. Al/mon, K. Lalluu/, S. Slernklnr and P. Shalcv, Opt. Eng. 31:328 (1992). 

Modeling of Diode Hind-Pumped CVV and Q-Sv. itched Nd:YAG 
Laser Oscillators 1' 1 

S. Tsadka, R. l.avi and S. Jackel 

A theoretical model which describes the performance of CW and Q-swilched diode end-
pumped laser oscillators was developed. The model takes into account the pumping 
geometry, the physical parameters of the lasing material, and the various mechanisms of 
losses in the oscillator. Among the analytical predictions of this model are threshold of lasing. 
total output energy and temporal behavior of the laser pulse in the case of a Q-switched 
operation. In most of the models applied until now, an assumption of small gain was made in 
order to obtain an an.il>tic expression for the ouiput power of the laser in steady state 
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conditions. In the present model this limiting assumption is dropped. In addition, in the Q-
switched part of the model an analytical estimation is incorporated for two efficiency factors: 
one describing the fill factor of the lasing mode and the other considering the finite lifetime of 
the lower laser level. This model was applied to the design of a Nd:YAG laser oscillator. 
Performance was predicted in both the free-running and Q-switched modes of operation. 

Reference 
11) S. Tsadka, R. Lavi and S. Jackcl, 8th Israel Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 

1992), pp. 47-48. 

High-Power Beam Steering with Automatic Bragg Matching 
in the Double Color-Pumped Brillouin Oscillator' 1 1 

S. Sternklar 

The beam-steering capabilities of the double color-pumped oscillator by Brillouin four-
wave mixing were analyzed and demonstrated for the first time, to the best of our knowledge. 
The Brillouin reflection grating geometry is shown to give three orders of magnitude greater 
sensitivity of the beam deflection angle to the controllable parameters as compared with a 
transmission grating geometry. Theory predicts that at X= 1.06 urn, a 0.1% tuning of 
wavelength or birefringence with an -1° angle between the input beams will result in a 
deflection of -11° with -800 resolvable spots and an access time dictated by the decay of the 
electrostrictive grating (<100 ns). The maximum deflection angle is not limited by the Bragg 
condition, which is always automatically satisfied in this device. 

Reference 
111 S. Stcrnklar, Opt. Lett. 17:1731 (1992). 

Double Phase Conjugation and Double Color-Pumped Oscillation 
in Brillouin Four-Wave Mixing: Theory and Demonstration111 

S. Sternklar 

The theory of the double phase conjugate mirror in Brillouin four-wave mixing with 
reflection gratings was verified experimentally. By extending the operation of this device to 
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nondegenerate inputs, the double color-pumped oscillator is operated, and beam deflection is 
demonstrated. Orthogonally polarized pump beams are used to operate these devices. 

Reference 
HI S.Stcrnklar.O/M.LeH. 17:1403(1952). 

Reducing the Noise in Brillouin Amplification by 
Mode-Selective Phase Conjugation111 

Y. Glick and S.Siernklar 

We have demonstrated techniques for reducing the noise at the output of a Brillouin 
amplifier. This is accomplished by nonlinear postprocessing of the amplified signal and noise 
in a phase-conjugate mirror. For a case in which the signal channel direction is known, the 
signal-to-noise ratio is enhanced from 1 at the amplifier output to 104 after processing. 
Without a priori knowledge of the signal channel, an enhancement in the signal-to-noise ratio 
from 0.8 to 350 is obtained. This method relies on the speckled diverging nature of the noise 
emitted from a Brillouin amplifier and on the nonlinear reflectivity of stimulated Brillouin 
backscatter. 

Reference 
[1J Y. Olick andS. Slcrnklar, Opl.Lett. 17:862(1992). 

Angular Field of View for Brillouin Amplification111 

Y. Glick and S. Sternklur 

The angular field of view (FOV) of a Brillouin amplifier was shown to be dependent on the 
spectral bandwidth of the interacting beams. Theory and experiment revealed that for single 
longitudinal mode pulses of 8.5-nsec duration interacting in CS2, the FOV is equal to +18° in 
a counterpropagating geomelry. Proper design of the amplifier is required, however, in order 
to take advantage of the full FOV afforded by the Brillouin interaction. 

Reference 
111 Y. Glick and S. Sicrnklar, Kih Israel Meeting vfO/nkal Engineering (Tel Aviv. Israel, Dec. 1992). 

p. 14. 
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Solar-Pumped Nd:Cr:GSGG Parallel Array Laser"1 

G.A. Thompson*, V, Krupkin*, A. Yogev* and M. Oron 

A compact, parallel array of three Nd:Cr:GSGG laser rods is used to construct a quasi-CW 
laser. The array is pumped by concentrated solar light and is mounted in a single solar 
concentrator. The three laser rods use a common pair of laser mirrors to define the optical 
resonator. The three laser beams are not coherently coupled in these experiments. The 
simplicity of the design, and its reasonable stability in terms of vibration and optical 
misalignment, suggest that the design may be scalable for higher power. 

References 
[1] G.A. Thompson, V. Krupkin, A. Yogcv and M. Oron, Opt. Eng. 31:2644(1992). 

Free Spectral Range in a Diffraction-Grating Littrow Cavity 

H. Lotem 

Diffraction gratings are commonly used to tune and narrow the resonance of optical 
cavities. In a Littrow grating cavity, the grating which acts as a retro-reflector is aligned at an 
angle with the cavity axis. In such a geometry there is no unique cavity axial length, and 
therefore the usual cavity free spectral range cannot be defined. We considered the 
performance of grating cavities using both geometrical ray tracing and the result of the scalar 
diffraction theory for the phase of a plane wave diffracted at a grating' '. It was found that the 
grating cavity is axially symmetric and under certain conditions may be modeled by an 
equivalent tilled mirror Fabry-Perot. The tilt angle magnitude is linear with wavelength 
deviation from the cavity resonant Lilirow wavelength, and the mirror separation is equal to 
the central axis length of the grating cavity. The model interprets the axial modes spectral 
spacing and predicts a mode broadening effect which is linearly dependent on the wavelength 
difference between the mode and the central resonant mode. Resonant effects were studied 
experimentally in a passive grating cavity by an interferometric method. The cavity mode 
spacing was investigated using a tunable probe laser, and the cavity axial symmetry was 
demonstrated using acompensaiing-plate. 

Reference 
| 1 | P. McNicholl uiul H.J. M.lwill, .•!/>/>/. f'/«. 24:27S7 (19SS). 

•Wci/.inann liismuk' ul Sik'n,v, Rduni'i. 
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High-Resolution Mini-Spectrograph 

H. Lotem and M. Dagenais* 

The spectral resolution of spectrographs based on a diffraction grating and a diode-array 
detector, is a function of the spectrograph f-ntimber. It can be shown that the grating spectral 
resolution is matched with the diode-array resolution when the system's f-number is larger 
than LSxP/X, where P is the pixel separation of the detector-array and X is the wavelength. 
Therefore, the corresponding f-number for high resolution systems in the visible range is 
qui;e large, even when high-resolution arrays with P = 10 |im are employed. This means that 
the required spectrograph length, for a common system such as the Czemy-Tumer, with -10-
cm-wide grating, is approximately 3 m. We propose a novel geometry for a grating 
spectrograph employing a diode-array detector, which is characterized by high spectral 
resolution while having very small dimensions. The compact spectrograph is based on double 
diffraction by a grating at grazing incidence combined with a tuning mirror. A typical system 
is expected to show a resolving-power of 3xl0 5 and dimensions of only 15x15x2 cm3. Due 
to the large angle of incidence and the double diffraction by the grating, the transmission is 
lower by a factor of appioximately 5 than that of equivalent common spectrographs. 

Geometric Optics Scaling Laws for X-Ra.v Laser Coherence"1 

R.A. London**, P. Amendt** and M. Strauss 

Analytic scaling laws for the coherence length and coherent power of simple parabolic 
profile X-ray lasers were derived and applied to estimate the maximum coherent power at 
saturation and the configuration of such a laser. Approximately 1 mj of coherent energy at 45 
A can be extracted from an idea! single stage laser at saturation, providing an adequate source 
for application to X-ray holography of biological samples. 

Reference 
11 ] K.A. London. 1'. Ainoncll. M. Strauss. M.D. Kusvn, M.D. Foil ami J.A. Fleck, Inl. Colloquium on X-Ray 

/.U.MT.V (SchlkTM.v. CKTHKIII) . M.l> IW2). 1ml. rhys. Conf. Scr. No. 125, p. 261. 

'I'Ualonii. SuHjlini; und Iit(ei!r.Hiim Ont(K-h\itaitK\ I ubaatlaiy, l\-|«. ill HleanciJ F.ngincciing, University ol 
M.ir>1:ilKl. ('iiik-t!i.- I'.uk. Ml). I SV 
'•Laureikc l.iwrmorc N.ilioiul I jhoialorv. LIUTIIIOK". C'A. I S A. 
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Optimization of Single-Stage X-Ray Laser Coherence111 

P. Amendt*, R.A. London* and M. Strauss 

The role o r smoothly varying transverse gain and refraction profiles on X-ray laser 
coherence was analyzed by modally expanding the laser electric field within the paraxial 
approximation. Comparison with a square transverse profile reveals that smoothly varying 
profiles generally lead to a greatly reduced number of guided modes and a consequent 
improvement in transverse coherence length. However, the refractive defocussing responsible 
for enhanced coherence can also significantly degrade the coherent power of plasma X-ray 
lasers based on amplified spontaneous emission. A critical value of Fresnel number is 
indicated, below which the coherent power rapidly decreases as refractive defocussing is 
increased. A parameter study of transverse coherence for current or planned X-ray laser 
experiments is provided. Comparison with ray optics scaling laws for transverse coherence 
length and coherent power was made. An optimal coherent energy output of nearly 0.5 mJ in 
100 psec was determined in Ni-like Ta at 45 K for a saturated single-stage X-ray laser. 
Favorable comparison with coherent energy requirements for holographic imaging of 
biological samples was indicated. 

Reference 
[ 1 ] P. Anicndl, R.A. London and M. Strauss, Submitted to Phys. Rev., A. 

Efficiency of Pulsed-Discharge-Initiated HF Chemical Lasers'11 

D. Chuchem and M. Amit 

In the pulsed HF chemical laser the reactants, typically SF6 and H2 diluted in He, are 
premixed in the laser cavity. The laser pumping reaction, 

F + H2 -> HF* + H, 

occurs following the production of free neutral F atoms from the SF6 host molecule. One 
method commonly employed 1-, 'cracking' the F atom host molecule is dissociative electron 
attachment during pulsed electrical discharge. Typically, this pulsed discharge is produced 
when a low-inductance storage capacitor, C\, is charged 10 high voltage, and discharged 
between two electrodes in the laser cavity region through a low-inductance circuit. The 
introduction of a high-voltage switch into this circuit is necessary because the threshold 
breakdown voltage is usually too low to achieve appreciable efficiency. Commonly, the 
efficiency of the process is improved by introducing an intermediate 'speed-up' capacitor, C2, 

•Lawrence Livcrmorc National Laboratory. LivermorcCA, USA. 
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into the circuit. Generally this efficiency improvement is explained by the observation that the 
Co-laser circuit can have much lower inductance than the C,-laser circuit because the high-
voltage switch must be included in the C]-laser circuit. For voltages above the discharge 
threshold region, and various Q/C2 ratios, there is a direct correlation between laser output 
energy and the energy transferred to the C2 capacitor. This implies that it is only the 'fast' 
discharge of the C2-laser circuit which effectively initiates the laser reaction, and the 
remaining energy in the Cj capacitor is wasted. Thus, the laser efficiency should be 
considered by accounting separately for the C1-C2 transfer efficiency and the C2-laser 
initiation efficiency. 

Reference 
[ I) D. Chuchcm and M. Ainil, 9th Int. Symposium on Gas Flow and Chemical Lasers. GCL '92 (Hcraklion, 

Crcic, Greece, Sept. 1902). 

Photon Flux Optimization in Three-Color Multiphoton 
Ionization of Uranium Atoms1'1 

D. Levron, A. Bar-Shalom, Z. Burshtein, R. David, G. Hazak, 
J. Ivry, L.A. Levin, J. Oreg and M. Strauss 

Ionization probability in three-color excitation of uranium atoms depends on the photon 
flux which drives the transition to an autoionizing level. For the proper choice of the intensity 
ratio, the ionization probability is insensitive to the actual intensities over a considerable 
range. Thus, the laser intensities may be lowered by a factor of approximately 3 as compared 
with the values predicted by the cross-sections of the individual transitions. A quantum 
mechanical model, based on a detailed calculation of population dynamics of the levels in the 
ionization scheme, predicts the ionization probability as a function of the three-laser 
intensities. Ionization saturation measurements provide parameters for the model. The 
theoretical predictions were partially consistent with the experimental results. Ionization 
probabilities as high as 92'7r are achievable. 

Rt'ft'rcncc 
| l | D. Lcvrun, A. Uar-Shalom, Z. Uurshtcin, R. David, U. Ha/ak. J. Ivry, L.A. Levin. J. Oreg and M. 

Strauss, SI'IE Int. Suitp. im Laters. Sensors, ami Applications (Los Angeles, CA, USA. Jan. 1993). 
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Universal Presentation of Laser Gain Saturation Laws"1 

M. Lando, S. Eisenbach and S. Gabay 

Three gain saturation laws are freque. ly used for laser amplifiers: two Rigrod laws — one 
for a homogenous laser line and another for an inhomogenous line, and a Frantz-Nodvick law. 
We show that, under lossless conditions, for both small signal regime and saturation regime, 
the laws can be presented uniformly, as follows: Y o u t(I) = Yi„(I)-exp(g0-L). Y depends on the 
normalized intensity I in a different way for each law, but approaches I in the small signal 
regime. For the two Rigrod laws, we have approximated I(Y) by an analytical expression, 
facilitating a one-step integration of the gain saturation laws. 

Reference 
(1 ] M. Lando, S. Eisenbach and S. Gabay, Proc. SP1E 1868 (1993, in press). 

Effect of a Temperature Gradient in Laser Amplifier 
Windows on Beam Polarization"1 

S. Eisenbach, H. Lotem, Z. Horvitz, G. Miron, M. Lando and S. Gabay 

A copper-vapor laser amplifier of 80 mm tube diameter was used to amplify a 10 W laser 
beam, linearly polarized at the vertical direction, to a 100 W level. The output beam was 
found to be elliptically polarized, and the eccentricity and direction varied over the beam 
cross-section. Assuming that the polarization changed due to the temperature gradient in the 
laser amplifier windows, we compared spatially resolved calculations to spatially averaged 
measurements. The calculations showed that the described behavior stems from the high tube 
temperature of the copper-vapor laser, which may exceed 1600°C. As a result, the windows 
were heated by IR radiation, causing a cylindrically symmetric temperature distribution that 
approaches 250°C in the window center for a temperature of 180°C at the periphery. The 
temperature gradient causes a mechanical stress, and a circularly symmetric birefringence. 
Acting on the vertical polarization, this birefringence leads to the spatially dependent 
depolarization. We analyzed the average polarization and studied two ways to increase it. 
The vertical-to-horizontal ratio was approximately 4:1 for 12-mm windows, 9:1 for 6-mm 
windows, and 19:1 for 6-mm shaded windows. The experimental results were in good 
agreement with the calculations. 

Reference 
111 S. Eisenhach, H. Loiein, Z. Hon MA G. Miron, M. Lando and S. Gabay, Silt Israel Mining of Optical 

Enijineerinit (Tel Aviv. Israel, Dee. 1092). 
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A New Algorithm for the Design of Magnetic Pulse Compressors1 

I. Druckmann, S. Gabay and I. Smilanski 

An algorithm is presented for the design of multistage magnetic pulse compressors (MPC) 
used in pulsed lasers. The design procedure comprises two parts. First, given the overall 
compression ratio specification and the saturated inductance of the last stage, we determine 
the number of stages, the compression ratio per stage, and the hold-off time of each stage. In 
the second pan of the design procedure the magnetic switch for each stage is designed, using 
given magnetic cores (available shelf items). The output of the procedure is a set of possible 
solutions (designs), i.e., a set of doublets M,N (M = number of cores, N = number of 
windings), all of which satisfy the specifications. For each design, a number of parameters arc 
calculated: the magnetic field H, actual saturated inductance, core and copper losses, etc., 
which can be jointly used as criteria for selecting a specific design. The novel features of the 
proposed design procedure include: use of a more exact formula for inductance, taking into 
account the spacing between the windings and the core (which significantly influences the 
inductance), a more exact formula for estimating the minimum core volume required, and 
checking how deeply in saturation the core is driven. An MPC modulator was designed which 
replaces another modulator using the same type of magnetic cores. The improved 
performance of the new modulator is seen in the table: 

M M M, M : M 3 N, N, N 3 Losses (k\V) Laser power (W) 

Old modulalor 40 1] 11 18 4 2 1 1.9 24 
New modulator 21 10 7 4 6 3 2 0.6 36 

References 
111 I. Druckmann, S. Gahay and 1. Sniilanski, The Twentieth Int. Power Modulator Symp. (Myrtle Beach. 

SC. USA. Juno 1W2). 
| 2 | IIJ, Baker. I\A. Ellsinurc and E.C. Sille.V. / ' /ra. , £21:218 (I'JHS). 
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Simultaneous Time-Averaged Measurements of Gas Temperature 
and Electron Density in a Copper-Vapor Laser Using 

Hydrogen Emission Spectroscopy'1' 

P. Blau, I. Smilanski and S. Rosenwaks* 

The longitudinally integrated, time-averaged gas temperature and electron density in the 
plasma of a 100 W copper-vapor laser were measured along the laser axis and found to be 
4300 K and 1.3xl013crrf3, respectively. These parameters are simultaneously deduced from 
the Doppler and Stark broadening of the first four Balmer lines of the hydrogen atom 
emission. The analysis of the Doppler and Stark broadening involves evaluation of all other 
line broadening mechanisms, including natural, pressure (van der Waals and resonance), 
instrumental, self-absorption and fine-structure splitting. An iterative algorithm is employed 
to deconvolve the different lineshape components. 

Reference 
11) P. Blau, 1. Smilanski and S. Rosenwaks,./. Appl. Phys. 72:849 (1992). 

Analysis of the Impedance of a Coaxial, Large-Bore 
Copper-Vapor Laser'11 

P. Blau 

The impedance of the laser head of a 100 W copper-vapor laser was investigated. The laser 
head is of a coaxial geometry which is commonly used for longitudinally-electrically-excited, 
pulsed-gas lasers. The plasma conductivity was estimated using the available data on plasma 
parameters. The effect of radial gradient of the gas-temperature was considered. The tube 
inductance and capacitance were estimated as was their combined effect. The skin effect was 
considered and a method was developed to calculate the exact influence of the skin effect on 
the tube impedance. 

The consequent impedance of a 100 W, 8-cm-diameter copper-vapor laser was used to 
calculate the laser current under given excitation conditions. Very good agreement was found 
to exist between the calculated and measured laser current. An optimal metal-sleeve diameter 
with respect to power matching was found. 

Reference 
[ 1 ] P. Bbu. Corf, on Pulsed Lasers on Atomic ii/hl Molecular Transitions (Tomsk, Russia, Sept. 1992). 

"Ik'nCluricin University iil'ilii: Noiii-v, IkvrSlk'W. 
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Cr4+-Doped Oxide Crystals for Laser Applications' 

Y. Shimony 

The development of chromium-doped forsterite (Cr:Mg2Si04) as laser material was 
motivated by its unique broad spectral range in the near 1R (1.167-1.345 |im) region' '. The 
active lasing center in Cnforsterite was found to be Cr 4 + substituting for tetrahedrally 
coordinated Si, unlike in most other Cr-activated laser crystals in which Cp+ in the 
octahedral site is the active ion. Similarly to Cr:forsterite, broad emission bands were also 
found in several Cr4+-doped garnet crystals' I The main absorption bands in both Cr 4 +-
dopcd crystals are attributed to the 3 A 2 - » 3 T 2 and 3 A 2 -*iT\ transitions. The dominant 
emission of the above crystals in the near IR region is assigned to the 3 T 2 -» 3 A 2 vibronic 
transition of Cr 4 + , based on the Tanabe-Sugano diagram' ' for the Cr 4 + ion in tetrahedrally 
coordinated materials. 

Preferential doping of forsterite and garnet crystals with Cr + requires charge 
compensation and/or oxidalion conditions. This is due to the coexistence of octahedrally and 
tetrahedrally coordinated sites in the lattice, which can accommodate both the stable Cr 3 + ion 
and Cr 4 + , respectively. In the present study we investigated Y 2SiOj, Cu2Ga2Si07 and 
Ca2Al2Si07 crystals as new hosts for Cr active ions. Those crystals have only tetrahedral 
sites occupied by the Si 4 + ion which can be replaced by Cr + . The growth of such doped 
crystals does not require any charge compensation or oxidation conditions. The crystalline 
and spectral characteristics of tetravalent Cr-doped Y2SiC>5, Ca2Ga2Si07 and Ca2Al2Si07 
with respect to site symmetry were considered. 

References 
111 Y. Shimony, Xth Israel Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 1992), p. 45. 
| 2 | H.R. Verdun, L.M. Thomas, D.M. Andrauskas and A. Pinio, in: Tunable Solid Stale Lasers. Vol. 5, 

OSA Proceeding Series. M.L. Shaml unci H.P. Jcnsscn [Eds.| (Washington, DC, USA: Optical Society 
of America, 19X9}, pp. K5-92. 

[ 3 ] L.I. Krulova, N.A. Kukigin. V.A. Sandiilenko and A.V. Sandulc.nko. Sov. Phys. - Solid Slate 31:1193 
(19X9). 

[4 | S. Kuck, K. I'elerniunn and G. Iluhcr, in: Advanced Solid Suite Lasers. Technical Digest Series. 
(Washington. DC, USA: Optical Society ol America, 1991), pp. 11-13. 

151 D.M. Tissue, W. Jia, L. Lu and W.M. Veil,./. An,l. I'h\s. 70:3775 (1991). 
| 6 | V. Tanalieand S. Sugano,.1 t'li\s S,«•..//>«. 9:7(>o (1954). 
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Zinc Segregation in CdZnTe Grown under 
Cd/Zn Partial Pressure Control1" 

M. Azoulay, S. Rotter, G. Gafni, R. Tenne* and M. Roth** 

CdZnTe crystals were grown by the modified vertical gradient freeze method. Growth 
atmosphere control has been introduced to compensate for the Zn depletion in the melt during 
solidification. The axial Zn concentration in the grown crystals is found to be uniform within 
±3%, as evaluated by X-ray diffraction and electron microprobe analysis. The radial 
segregation of Zn is minimal and does not exceed the experimental error due to the nearly 
planar interface achieved. Zinc microsegregation was studied as well and was considered in 
terms of the temporal variations of the solute concentration at the growth interface. 

Reference 
11 ] M. Azoulay, S. Roller, 0. Gal'ni, R. Tcnnc and M. Roth, J. Crysl. Growth 117:276 (1992). 

The Crystalline Quality Distribution in CdZnTe Single Crystal 
Correlated to the Interface Shape during Growth'" 

M. Azoulay, S. Rotter, G. Gafni and M. Roth** 

Crystalline quality of CdZnTe single crystals grown by the vertical gradient freeze method 
was evaluated using the double crystal rocking curve (DCRC) analysis and etch pits density 
lliPD) measurements. The lull width at half maximum values of llie DCRCs vary within 40% 
while ihe EPD values range from 2 to 8xl0 4 cm"2 along the crystal growth axis. Best results 
arc obtained for the central part of the crystals, where the growth interface exhibits a nearly 
planar shape. The results obtained have been used for practical implications with regard to the 
use of CdZnTe crystals as a substrate material for HgCdTe thin films growth. 

Reference 
| ! | M. A/ciulay. S. Roller. 0. Cal'ni and M. Roll),/ Crysi. Growth ) 10:515 (1992). 
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Correlation between Structural and Superconducting 
Properties of Thin Films of YBa 2 Cu 3 0 7 _ x by 

Pulsed Laser and Chemical Deposition Methods'11 

M. Schieber*, Y. Ariel*, A. Raizman and S. Rotter 

Structural X-ray parameters, ratio of <110> to <100> orientation in the basal plane as 
determined by double crystal diffraction (DCD), phi-scan of the (108) lines and the full width 
half maximum of (005) DCD rocking curve have been studied for Y H a ^ u ^ x layers 
prepared by pulsed laser deposition and chemical vapor deposition on MgO and (1102) ALO, 
buffered with yttrium stabilized zirconia. These structural parameters have been correlated 
wilh high temperature superconducting (HTS) properties such as critical current Jc(77 K), 
microwave surface resistance Rg (77 K and 50.8 GHz) and critical temperature T c (R=0). It 
was found that the most critical structural parameter to obtain optimal HTS properties is a 
100% <100> basal in plane orientation of the individual grains as determined by phi-scans. 

Reference 
[ 1 ] M. Schicbcr, Y. Ariel, A. Raizman and S. Roller, Submitted to A/ipl. Supercond. 

Improved Surface Resistance Properties of 
YBa 2 Cu 3 0 7 _ x Thin Films Produced by 

Pulsed Laser Deposition on MgO Substrates'1' 

Y. Ariel*, M. Mahrizi**, M. Schieber*, B.L. Zhou***, J.A. Virtanen***, 
S.C. Han*, G. Deutscher+, D. Racah+, A. Raizman and S. Rotter 

YBa,Cu,0 7 (YBCO) thin films with low surface resistance (Rs) have been reproducibly 
deposited on MgO by pulsed laser deposition. The R s on MgO values are less than 20 mW at 
50.9 GHz at 77 K. The T c (R=0) is 90 K and the J c is >106 A/cm2 at 77 K. The R s data are 
correlated to the surface quality of the substrates as determined by Scanning Tunnel 
Microscopy (STM) and X-ray diffraction rocking curves. Comparing STM images of different 
YBCO films, it was found that films with lower R. values generally have lower particulate 
densities. 'I he structural and crystalline quality analysis of the epilayers was carried out using 
X-ray dillractomeiry. The Q/2Q diffraetoj rain shows a predominantly aligned epilayer while 
the rocking curve widih of the (005 j diffia .lion varies between 0.42° and 0.55°. 

•Hehrew I'mu'iMl) til Jerusalem. Jerusalem. 
••Xsinus Suj\TanKiucu\il> MaterialN l.ul.. Jerusalem. 
•••Xsinus Superioruluemit) Inc.. Arlmyiuii, VA. LISA. 
'Tel-Awv I'niuTNily. Tel Asiv. 
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Raizmun and S. Rotter, in: Ui^h T Superconductor Thin Films. L. Correra [Ed.] (Amsterdam, the 
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Growth of a Cubic, Single Phase, Cdo.6Mno.4Te 
Single Crystal by the Vertical Gradient Freeze Method"1 

M Azoulay, A. Raizman, R. Weingarten, 
H. Shacham and H. Feldstein 

The growth of CdMnTe single crystals faces some difficulties due to the phase transition in 
the solid state at high temperatures, just after solidification. To overcome this problem, it has 
been suggested to grow the crystals from a Te-rich solution by the traveling heater method at 
a lower temperature than that of growth from the melt, or alternatively to grow the crystal 
from the melt at high axial thermal gradient near the interface. We describe for the first time 
the growth of cubic, single phase, Cd Mn. xTe single crystals by the vertical gradient freeze 
technique under a very low axial thermal gradient in the melt (3°C/cm) and high manganese 
content (x = 40%). The solidification stage is characterized by a rapid cooling of the crystal 
through the phase transition temperature region, followed by annealing at approximately 
X0()°C. The crystal exhibits a very high crystalline perfection, as measured by the double-
crystal X-ray rocking curves with a full width at half maximum of 30 arc sec and low optical 
losses of approximately 1 dB/mm between 650 and 820 nm with X-cutoff at 630 nm. Further 
magneto-optical properties are currently being examined for a possible application in devices. 

Reference 
11| M. Azoulay, A. Rai/man, R. Wcingarlen, H. Sliaeham and H. Feldstein, ./. Cryst. Growth 128:58S 

(1993). 

Dependence of the Growth Direction of'CdTe Layers on the 
Orientation of GaAs Substrates'" 

G. Cinaderand A. Raizman 

CdTe layers have been grown by mctalorganic vapor deposition on GaAs substrates of 
clil'l'crcnl crysiallographic orientaliuns. The dependence of the layer direction on the substrate 
orientation, surface pieparation, and growth conditions was investigated. For each substrate 
direction studied, we have found that two layer orientations can exist. Experimental 
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conditions under which only one layer orientation dominates the growth process, have been 
found. We propose a model, in terms of twin conjugated directions, explaining our as well as 
other results. 

Reference 
| 1 | G. Cinadcr and A. Raizman, /. Appl. Phys. 71:2202 (1992). 

Optically Pumped Laser Action in Double Heterostructure 
HgCdTe Grown by Metalorganic Chemical Vapor Deposition 

on CdTe Substrate 

A. Ravid, G. Cinader and A. Zussman 

Photopumped laser action in HgCdTe double heterostructure grown by metalorganic 
chemical vapor deposition on CdTe substrate containing (311) and {211) oriented grains was 
studied. The {311) oriented device exhibited laser action around y=4 |im with a threshold 
power increasing exponentially from 56 mW at T=12 K to 2.8 W at the highest lasing 
temperature of 90 K. The {211) oriented laser device emitted around 2.5 urn. The threshold 
power of the (211) device was much higher than that of the (311) one (1.5 W at 12 K) and 
increased with temperature at a lower rate to 4.8 W at the highest lasing temperature of 110 
K. Front illumination photoluminescence from both active and cladding layers of the (311) 
oriented heterostructure was studied as a function of temperature. 

Laser Action and Photoluminescence in an Indium-Doped n-Tvpe 
Hg (_ xCd xTe (x=0.375) Layer Grown by Liquid Phase Epitaxy1" 

A. Ravid and A. Zussman 

Photoluminescence, carrier lifetime and laser oscillation of an indium-doped n-type 
Hg|_xCdx Te (x=0.375) layer grown by liquid phase epitaxy on CdZnTe were studied. A 
single-line photoluminescence spectrum was observed up to room temperature. The 
temperature dependence of the photohiminescence intensity agrees with the observed 
photodecay lifetime in the temperature range 12-200 K. Laser action was observed in the 
temperature range 12-90 K at Y=3.6 |im. The laser threshold power increased exponentially 
with temperature, with a characteristic temperature of 17.5 K. The calculated equivalent 
threshold current density was found to follow closely the observed one, indicating a 
maximum threshold gain of 150 cm . The calculation shows that at low temperature the 
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threshold power is determined by radiative recombination, while above 50 K Auger 
recombination becomes dominant. The high value of the threshold gain is attributed to the 
gain guiding mechanism governing this laser device operation. The observed differential 
quantum efficiency decreased from 15% at 12 K to 4% at 90 K. A possible mechanism giving 
rise to this decrease in the efficiency was considered. The spectrum of the laser with a 3-p:m-
thick active layer exhibited at high pumping power up to three lines, which were attributed to 
index-guided transverse modes. The 9-u.m-thick active layer device exhibited a quasi single 
mode spectrum, most probably due to gain guiding in both the lateral and transverse 
directions. 

Reference 
111 A. Ravid and A. Zussman, J. Appl. Phys. 73:3979 (1993). 

Optically Pumped Laser Action and Photoiuminescence in a 
HgCdTe Layer Grown on {211} CdTe by 

Metalorganic Chemical Vapor Deposition'11 

A. Ravid, A. Sher, G. Cinader and A. Zussman 

Photopumped laser action and photoiuminescence in HgCdTe layers grown by 
metalorganic chemical vapor deposition on (211) oriented CdTe substrate were studied as a 
function of temperature in the wavelength range 2.5-3.3 \un. Lasing was observed up to 160 
K. External quantum efficiency of 5% and single mirror peak power of 14 mW were measured 
at 12 K for a 500-|iin-long device. The external quantum efficiency was measured for 
different laser cavity lengths and the results were used to derive the internal efficiency and the 
laser loss. HgCdTe layers covered with a CdTe cap layer exhibited a lower PL intensity and 
laser devices with higher threshold. 

Reference 
11 ] A. Ravid. A. Slier, G. Cinaik-r and A. Zussmun, J. Appl. Phys. 73:7102 (1993). 
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Investigation of the Bulk and Surface Electronic Properties of 
HgCdTe Epitaxial Layers Using Photoelectromagnetic, Hall, 

and Photoconductivity Measurements'" 

G. Sarusi, A. Zemel, D. Eger, S. Ron* and Y. Shapira** 

A method was developed that permits the evaluation of the bulk and surface electronic 
properties of p-type H g 0 7 7 C d 0 2 3 T e epilayers grown by me'alorganic chemical-vapor-
deposition and liquid-phase-epitaxy growth techniques. The method is based on fitting the 
generalized photoelectromagnetic expression to the experimental results obtained from 
photoelectromagnetic. Hall, and photoconductivity measurements. Values of electron 
mobility, electron diffusion length, bulk lifetime, surface recombination velocities at the front 
and at the back surfaces of the HgCdTe layer, and the absorption coefficient were derived as a 
function of temperature. It is found that the Shockley-Read-Hall recombination process is the 
dominant recombination mechanism both in the bulk and at the surface of the HgCdTe layers. 
The recombination centers are most likely related to metal vacancies. It was shown that a low 
value of surface recombination velocity is a fundamental property of the CdTe/HgCdTe 
interface. In particular, a surface recombination velocity of less than 5000 cm/s was measured 
at 77 K for HgCdTe with a CdTe cap, which is the lowest value reported for narrow-gap p-
type HgCdTe. 

Reference 
11 ] G. Sarusi, A. Zcmcl, D. Eger, S. Ron and Y. Shapira, J. Appl. Phys. 72:2312 (1992). 

NpNiAl, an Itinerant 5f Electrons Spin Glass System"1 

I. Yaar, 1. Halevy, J. Gal, W. Potzel*** and G.M. Kalvius*** 

Combined dc susceptibility (Fig. 1) and Mossbauer measurements of the intermetallic 
compound NpNiAl argue for the establishment of a spin glass (SG) state in this system, with 
a SG transition temperature Tsc(0) = 82(3)K. The itinerant behavior of the 5f electrons 
strongly influences the thermodynamic properties of this concentrated SG system' ' '. With 
application of external magnetic field, TSG(B) decreases according to the Almida-Thouless 

* Atomic Eneryy Commission, Tel Aviv. 
"Tel-Aviv I'mvcrsily, Tel Avi\. 
•••Phjsik-Deparimcnt ILI5. TcLhiinch "sitiii Miinehcn, Germany. 



SG model T s o = B ' ' ' (Fig. 2). In addition, it was shown that the freezing temperaiure 
under high external magnetic field T<)C;. is the upper limit of T Sc,(B) with the relations: 

T S < 1 (B -> 0) -> T 0 G , T S G ( B -> ~ ) -> 0. 
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Fig. 2: Spin-Glass temperature (TS G) vs applied magnetic field 
B 2 ' 3 . The solid line represents the Almcida-Thoulcss (AT) line. 
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[4] R.L.dc AlmcidaandD.J.Thoulcss,./.«ryj.,,4 11:983(1978). 

Magnetic and Electronic Properties of NpX3 Intermetallics1" 

J. Gal, I. Yaar, S. Fredo, I. Halevy, W. Poize!*, 
S. Zwirner* and G.M. Kalvius* 

The magnetic and electronic properties of NpSij, NpG;i3 and Nplii3, which crystallize in 
the cubic AuCu3 crystallography structure (space group Pm3m), were studied by Mossbauer 
as well as ac and dc magnetization techniques. From the Mossbauer isomer-shift data we 
argue that the Np ion in NpX3 is close to the formal 3+( sl4) charge state. The Np magnetic 
moment in NpSi3 is totally suppressed, whereas in NpGa3 a localized (narrow band) moment 
( 1 . 5 H B ) 's established. However, in Npln 3 at 4.2 K, a modulated magnetic moment [(0-
1.5)Mn)i is observed. Comparing the magnetic and electronic properties of the NpX 3 

(X=Si,Al,Ga,Ge,Sn and In) in Table 1, we find an impressive variation of the magnetic 
properties, from temperature-independent paramagnelism, localized and modulated ordered 
moments, to ihe formation of a concentrated Kondo l a t t i c e ' . Hybridization of 5f electrons 

•Phjsik-Department 1115, TcchniM.hc I'm veronal Mijnclien, Germany. 
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with ligand electrons appears to play a crucial role in establishing these magnetic 
properties' . However, a consistent theoretical picture cannot be drawn at present. 

Table 1 
Properties of NpX3 (AuCu,) intermetallics 

Compounds NpSi3 NpAl3 NpGa3 NpGc3 NpSn3 Npln3 

Isomer shifi (mm/scc)z -0.2 2.0 6.0 7.6 18.2 19.8 
Hypcrfinc field Bhf(T) 0 288 340 0 60 0-326 
Quadrupolc int. c2qQ (mm/scc) 0 0 0 0 0 0 
T„,<i (K) — 62.5 60 — 9.5 17 
Magnetic structure 7 F 7 TIP AF AF 
Ordered momcnt4.2 K (Uu) 0 1.3 1.55 0 0.28 0-1.5 
Saluralion momeni (nB) 0 0.47 0.8 0 7 ? 
Paramagnetic moment (Uu) ? 2.5 2.6 0 1.2 2.1 
Np-Np spacing (nm) 0.40358 0.42650 0.42634 0.4200 0.4627 0.4615 
Np-X spacing (nm) 0.28537 0.3016 0.30147 0.2970 0.3272 0.3263 

' The IS values arc given with respect lo NpAI2. 

References 
[11 J. Gal, I. Yaar, S. Frcdo, I. Halcvy, W. Polzcl, S. Zwirncr and CM. Kalvius, Phys. Rev.. B 46:5351 

(1992). 
[2] P.M. Levy and S. Shang, Phys. Rev. Leu. 62:78 (1989). 
13] D.R. Cooper, J.M. Willis, N. Kioussis and Q.G. Slicng, J. Phys. (Us Ulis) Colloq. 49:C8-463 (1988). 

Magnetic Properties of the Fluorite Solid Solution NpOH-Npr^: 
Mossbauer and Magnetization Studies 

1. Halevy, J. Gal, G. Kimniel, D. Brami, S. Fredo and D. Regev 

The NpOi and NpHi compounds crystallize in the cubic CaF2-type (Fm3m) structure and 
have been investigated extensively in recent years. Theoretical and experimental 
considerations indicate that the Np ion in NpC>2 is tetravalent ( N p 4 + , 5f3, 4 I 9 / 2 ground state) 
and has r j? ' ground slate in the cubic crystalline field' . It is thus expected that NpC>2 
should order magnetically at low temperatures like the isostructural UCK. Mossbauer and 
neutron diffraction experiments do not indicate magnetic ordering in Np02 down to 1.2 K 
and, if ordered, the Np ordered moment is smaller than 0.2 n» ' '. However, the magnetic 
susceptibility and specific heat experiments indicate a transition around 20 K which could be 
inlerpreted as an anliferromagneiic transition. Although a variety of theoretical explanations 
have been put forward, some of which predict the vanishing of the Np moment' , the 

55 



% 
magnetic properties of the Np0 2 compound need additional clarification. From the 
Mossbauer isomer shift data of NpHj, it was concluded that the Np ion in the dihydride is 
close to the formal Np5* (5U) charge state' , and also that NpH2 does not order magnetically 
down to 1.8 K. However, its local and bulk susceptibilities indicate a paramagnetic 
behavior' '. 

In the present contribution we further illuminate the magnetic properties of these two 
compounds, by interchanging oxygen and hydrogen atoms in the compounds while the 
crystallographic CaF2 structure is conserved. A new compound, NpOH, similar to PuOH, was 
synthesized in the form of a solid solution (double salt) NpOH'NpH2. In NpOH, the 
hydrogens are believed to occupy the tetrahedral positions in the face centered cubic lattice. 
The Np ion is tetravalent as in Np02. Random exchange of oxygen by hydrogen atoms in the 
lattice should lead to a distribution in the hyperfine interaction as well as provoke local axial 
distortions which further split the cubic r | 2 ) quartet. This is pronourced in the Mossbauer 
spectra of NpOH, which differ markedly from those of Np0 2 and NpH2 (Fig. 1). Spin 
paramagnetic relaxation phenomena within the r^ 2 ) ground quartet are dominant in the NpOH 
Mossbauer spectra. Thus, the Mossbauer spectra from 2.5 K to 130 K can be fitted within a 
relaxation model of an isolated doublet and even better within a quartet (rjp of "19/2 in cubic 
environment) which is more consistent with the magnetic susceptibility results. 
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[ 1 ] B.D. Dunlap, G.M. Kalvius. D.J. Lam and M.B. Brodsky, J. Phys. Chcm. Solids 29:1365 (1968). 
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|5J M.H. Mintz, J. Gal, Z. Hadariand M. Bixon.y. Phys. Chem. Solids 29:1 (1976). 
|6] J. Gal, F.J. Liltcrst, W. Potzcl, J. Mozcr, U. Polzcl, S. Frcdo, S. Tapuchi, J. Jove, A. Cousson, M. Pages 
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Neutron Diffraction and AC-Susceptibility Studies of the 
Magnetic Structure of the Solid Solution UCoCuSi2 

M. Kuznietz, H. Pinto, H. Ettedgui and M. Melamud 

Polycrystalline samples of the solid solution UCoCuSi2, studied by X-ray and neutron 
diffraction, were found to have ThCr2Si2-type crystallographic structure, as do the end 
compounds UCo2Si2 and UCu2Si2. In UCoCuSi2, AC-susceptibility measurements showed 
ferromagnetic ordering with TQ = 107±5 K, and suggested a low-temperature 
antiferromagnetic phase. This phase was confirmed by neutron diffraction measurements 
which indicated that below T 0 = 95±5 K the AF-I structure, characterized by uranium ordered 
magnetic moments (1.6±0.1HB at 10 K) along the tetragonal axis in ferromagnetic basal 
planes, stacked antiferromagnetically along the tetragonal axis with a wavevector k = (0,0,1). 
The sample characterized previously'1' as UCoCuSt2 was, in fact, an additionally prepared 
UNiCuSi2 solid solution, as deduced from neutron diffraction measurements and confirmed 
by chemical analysis. 

The magnetic properties of UCoCuSi2 were compared with those of UCoNiSi2 and 
UNiCuSi2 and discussed in terms of the envisaged magnetic phase diagram (temperature vs 
composition) of the U(Co1_xCux)2Si2 system (Fig. 1). 
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Neutron Diffraction and AC-Susceptibility Studies 
of the Magnetic Structure of the Solid Solutions 

UCoNiSi2 and UNiCuSi2 

M. Kuznietz, G. Andre*, F. Bouree*, H. Pinto, 
H. Ettedgui and M. Melamud 

Polycrystalline samples of the solid solutions UCoNiSi2 and (JNiCuSi2, studied by X-ray 
and neutron diffraction, were found to have a ThCr2Si2-type crystallographic structure, as do 
the end compounds UM2SJ2 (M = Co.Ni.Cu). In UCoNiSi2, ac-susceptibility measurements 
(Fig. la) indicated a single antiferromagnettc transition at Tm = 115±5K, confirmed by 
neutron diffraction. The neutron measurements indicated that below TN the AF-I structure, 
characterized by uranium magnetic moments (1.6±0.2p:n at 10 K) along the tetragonal axis in 
ferromagnetic basal planes, stacked antiferromagnetically in the sequence + - + - along the 
tetragonal axis with a wavevector k = (0,0,1). In UNiCuSi2, ac-susceptibility measurements 
(Fig. lb) indicated an antiferromagnetic transition at TN = 150±5 K, followed by four 
transitions with a ferro/ferrimagnetic character at 110±5, 90+5, 70±5 and 45+5 K. These four 
transitions were not observed in the neutron diffraction measurements, indicating an AF-I 
structure below TN = 150+1 K, down to 1.7 K, where the uranium moments are 2.25±0.10|iB. 
Weak ac-susceptibility transitions at 60±5 and 35±5 K in UCoNiSi2 (Fig. la) were also not 
observed by neutron diffraction. 

A possible explanation for the above differences between the ac-susceptibility and neutron 
diffraction results, is as follows: As the temperature rises, an irregular stacking of the 
ferromagnetic planes develops, perhaps in magnetic-domain or crystallite-grain boundaries. 
This stacking consists of consecutive ferromagnetic planes 

+ - + - + - + + + + + + + - + - + - + -

in the long-range regular alternative stacking of ferromagnetic planes 

+ - + - + - + - + - + - + - + - + - + -

W-K- 'wo adjacent ferromagnetic planes in 250 to 800 'AF-1 planes'). The short-range 
ferromagnetic order is detected by ac-susceptibility and not by neutron diffraction, which 
detects only the long-range AF-I structure. The magnetic properties of UCoNiSii and 
UNiCuSii were compared with those of the UM^Si; and UM2Ge2 compounds' '. 

M-itmuuiiK' 1euh ltrilluuin iCLVC'SUSj. (Vum- ULtiuLsik' S.iJ.i\. Ciil-sut-YwIk- CVikw, 1'raiuv. 
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Crystal Structure and Magnetic Properties of 
D u Y 2 BaCuO s (u=0.00,0.61,1.31) [" 

H. Shaked, H. Pinto, H. Ettedgui, Z. Gavra, M. Melamud, J.R. Johnson* and J.J. Reilly* 

Samples of D^BaCuOs (u = 0.61, 1.31) were prepared by a direct reaction of the green 
phase (Y2BaCuOs) with D 2 gas. The crystallographic structures of the three compounds (u = 
0.00, 0.61 and 1.31) were studied using X-ray and neutron powder diffraction. It was found 
that as D entered the green phase, a solid solution phase was formed, with no change in 
symmetry. Two sites partially occupied by D were determined. The occupancy of these sites 
is consistent with a maximum solubility of u = 2. The temperature dependence of the 
magnetic susceptibility of the three samples obeyed the Curie-Weiss law for 
antiferromagnetic interactions. The paramagnetic Curie temperature decreased with 
deuteriding, while the Cu^ magnetic moment remained unchanged. 

Reference 
11 ] H. Shaked, H. Pinto, H. Eucdgui. Z. Gavra. M. Mdamud, J.R. Johnson and J.J. Rcilly. J. Alloys 

Compounds (1993, in press). 

Fine Structure of Gold and Silver Crystals Surfaces Studied by 
Scanning Tunneling Microscopy (STM) 
and Atomic Force Microscopy (AFM)'1' 

S. Matlis 

A novel set of scanning microscopes - STM and AFM - is widely used today to study 
surface defects and changes of either solid or chemical and biological subjects. These 
microscopes allow non-destructive imaging with atomic resolution. STM and AFM provide 
complementary information: the map of local density of states, and the topographical 
structure of the surface, respectively. The main goal of the present work was to perform a 
comparative analysis of surface with both STM and AFM. 

Thin films of gold and silver deposited on mica and silicon were studied. The STM and 
AFM observations were made on a scale ranging from 400 nanometer to 10 X in air at 
atmospheric pressure and room temperature. The common and distinguishing features of 
surface reconstruction patterns imaged by two moilo.s of microscopy were discussed. 

Reference 
HI S Matlls.Su// hr />M.i So, JK 55(1992). 
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Vacuum-Deposited Gold Films: II. Role of the Crystallographic 
Orientation of the Silicon Substrate1" 

Y. Golan*, L. Margulis*, S. Matlis and I. Rubinstein* 

The influence of the orientation of silicon substrates on the morphology, overall surface 
roughness and crystallographic texture of 35-nm-thick evaporated gold films was investigated 
using scanning tunneling microscopy (STM), transmission electron microscopy (TEM) and 
cyclic voltammetry (CV). It was found that gold films on Si{ 100} differ substantially from 
those on Si(ll 1). Those deposited on Si {111} contain larger grains than those on Si (100). 
Annealed gold on Si( l l l ) contains atomically flat terraces which enable STM imaging at 
atomic resolution. The overall surface roughness is smaller for annealed gold on Si( l l l ) , 
while for non-annealed samples the gold on Si( 100) is smoother, according to the CV results. 
While a very strong (111) texture is obtained for gold on S i ( l l l ) , the gold on Si(100) is 
non-textured. Annealing of the gold films deposited on Si promotes grain enlargement, 
surface smoothness and, for Si {111}, strong enhancement of the gold {111) texture. The 
relevance of these results for the deposition of gold films on Si for preparation of self-
assembling monolayers on gold was considered. 

Reference 
11J Y. Golan, L. Margulis, S. Mallis and 1. Rubinstein, Submitted to Surf. Sri. 

A Mossbauer Study of Crystallographic and Magnetic 
Phase Transitions, Phonon Softening and Hyperfine 

Interactions in Zr(Al xFei_ x) 2

[ 1 1 

1. Nowik**, 1. Jacob*** and R. Moreh 

Mossbauer spectroscopy studies of 5 7 Fe in Zr(AlxFei_,)2 (x=0-0.825) at various 
temperatures from 90 to 612 K, were performed. For x<0.25, the systems have a cubic Laves 
phase structure and order magnetically above room temperature. For x>0.25, the systems have 
the hexagonal structure and do not order magnetically above 90 K. The Mossbauer spectra in 
the paramagnetic state all tit very well within the assumptii. i that the isomer shift and 
quadrupole interaction arc linearly dependent on the number of Al first-nearest-neighbors to 
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the iron nucleus (0.056 mm/sec and -7%, respectively, per Al neighbor). According to the 
measured Mossbauer recoil free fractions, the samples x=0.083, 0.167 and 0.20 display 
increasing phonon softening. The effective Debye temperature decreased from 
0 D = 440(30) K for x=0 to &D = 310(30)K for x>0.2. For x>0.25, the compounds hardened 
again and 0o increased to 395(20)K. 

Reference 
11) I. Nowik, I. Jacob and R. Morch, Phys. Rev. B 47:723 (1993). 

Tilt Angle of Nitrate Molecules in GICs Containing 
Nitric and Sulfuric Acid 

R. Moreh, S. Melloul and P. Scharff* 

Nuclear resonance scattering of photons from the 6324 keV level in N has been used to 
study the tilt angle of the NOJ molecule with respect to the graphite planes' '. This method 
relies on the fact that the resonance scattering cross-section is strongly dependent on the tilt 
angle of the nitrate planes with respect to the photon direction. The photon beam is obtained 
from the (n,y) reaction on some chromium discs and near a reactor core. Second stage 
graphite co-intercalation compounds were prepared from a mixture of sulfuric and isotopic 
nitric acid (containing 99% l 5 N) and 11-mm-thick rectangular (29 x 14 mm2) plate HOPG 
(weighing 5.5 g). After intercalation, the thickness of the HOPG sample increased by 
approximately 30%, namely, to 14 mm along the c-direction. The bi-intercalatinn compounds 
were obtained by first preparing a second stage sample of graphite nitrate and then 
intercalating sulfuric acid into this sample. The tilt angle was deduced from a measurement of 
the ratio of the resonantly scattered photon intensities with the photon beam parallel and 
perpendicular to the graphite planes. 

Reference 
| l ] R. Morch and O. Shahal, Solid Slate Commun. 43:529 (19X2;. 
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Effective and Debye Temperatures of Solid N2, 
N 2 0 , N 2 0 2 a n d N 2 0 4 ( 1 1 

R. Moreh, D. Levant* and E. Kunoff* 

Some new and previous data of nuclear resonance photon scattering (NRPS) 
measurements were analyzed to deduce the effective temperatures, T c , of the N-containing 
molecular solids: N 2 , N 2 0 , N2<32 and N 2 0 4 . The value of T s is related to a weighted average 
over the vibrational spectnim of the molecular lattice at OK and also to the Debye 
temperature. For N 2 the results were found to be in good agreement with those reported by 
other investigators using different techniques. 

Reference 
111 R. Morch, D. Levant and E. Runoff, Phys. Rev.,B 45:742 (1992). 

Orientation of Physintercalated N 2 in C24K 

R. Moreh, S. Melloul and H. Zabel** 

The nuclear resonance photon scattering (NRPS) technique was used for studying the tilt 
angle of physisorbed N 2 with respect to the graphene planes of C 2 4K prepared from HOPG. 
This was done by measuring the ratio of the resonantly scattered intensities from the 6324 
keV level in 1 5 N with the photon beam parallel and perpendicular to the graphene planes. In 
the temperature range of 10-190 K where nitrogen is physir.tercalated into the C 2 4K, a huge 
anisotropy - of a factor -2.5 - in the scattered cross-sections was observed. This is 
interpreted in terms of the orientation of the molecular axes of the N 2 molecules as being very 
nearly parallel to the graphene planes. Above 200 K, the amount of physintercalated N 2 was 
negligible. 

•Ben-Guriiin University ol the Negcv, Beer-Shot a. 
"Experimental Physics IV, Ruhr-Univcrsiiiit Boihum, Germany. 
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Rayleigh Scattering of Neutron Capture y Rays from Lead1'' 

S. Kahane, R. Moreh and O. Shahal 

Nineteen y lines in the energy range 465-2842 keV, produced by the Ni(n,y) and Fe(n,Y) 
reactions, were scattered from a natural Pb target at angles of 8=1.02° for the Ni source and 
6=1.80° for the Fe source. Differential cross-sections were measured relative to carbon and 
are dominated completely by Rayleigh scattering. The results were found to agree well with 
the modified relativistic farm-factor calculations within 5%. 

Reference 
[ 1 ] S. Kahanc, R. Moreh and O. Shahal, Phys. Rev.. A 46:2489 (1982). 

Evidence for Nonstatistical Contribution to the 
Photoneutron Decay of Lead, Bismuth and Terbium 

Y. Birenbaum, Z. Beram, S. Kahane, R. Moreh and A. Wolf 

Isolated (y.n) transitions in Pb, Bi and Tb were studied utilizing thermal neutron capture 
photons, and a high resolution neutron spectrometer. Differential and total cross-sections were 
obtained. The results were compared with predictions of the Direct-Semi-Direct (DSD) 
model, and the compound nucleus (CN) model. The measured angular distributions are 
consistent, in general, with predictions of the DSD model, reflecting interference between the 
isovector giant dipole resonance and the isoscaler giant quadrupole resonance. The measured 
total (y.n) cross-sections are generally underestimated by the DSD calculations, and closer to 
the predictions of the CN models. Some of the (y,n0) cross-sections in 2 l l s Pb are comparable 
to the total giant dipole resonance cross-section, reflecting local El strengths reported earlier. 
Evidence for such nonslatislical contribution was found also in some of the other nuclei 
investigated. 
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Fracture Behavior of Short-Fiber Reinforced Materials''' 

M. Murat, M. Anholt and H.D. Wagner* 

A discrete model of springs with bond-bending forces is proposed to simulate the fracture 
process in a composite of short stiff fibers in a softer matrix. Both components are assumed to 
be linear elastic up to failure. It was found that the critical fiber length of a single fiber 
composite increases roughly linearly with the ratio of the fiber elastic modulus to matrix 
modulus. The finite size of the lattice in the direction perpendicular to the fiber orientation 
considerably alters the behavior of the critical length for large values of the modulus ratio. 
The simulations of the fracture process resealed different fracture behavior as a function of 
the fiber content and length. The Young's modulus, fracture stress, and the strain at maximum 
stress were calculated as a function of the fiber volume fraction and aspect ratio. The results 
were compared with the predictions of other theoretical studies and experiments. 

Reference 
111 M. Mural, M. Anholt anil H.D. Wagner, 7. Mater. Res. 7:3120 (1992). 

The Influence of Substrate Temperature 
during Ion Beam Deposition on the Diamond-Like 

or Graphitic Nature of Carbon Films"1 

Y. Lifxhitz, C D . Lempert, S. Rotter, 1. Avigal**, C. Uzan-Saguy** and R. Kalish** 

The structure and properties of pure carbon diamond-like films have aroused great interest 
in recent years for both scientific purposes and technological applications. The complex 
mechanisms that lead to the formation of films with properties which can be varied between 
those of diamond and those of graphite, or can even produce pure 'amorphous diamond' 
(1 (JOd- sp') films, are still unresolved. In the present work, pure carbon (purity >99%) films 
deposited onto silicon from a mass-selected C beam were studied. Deposition energies were 
in the range 30-3(10 eV and substrate temperatures were in the range 25-22()°C. A transition 
from diamond-like to graphitic properties was observed to take place at about 150°C 
regardless of the ion energy. 

The changes of properties upon transition include (i) a reduction in density from 
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3.5 g cm"3 to 2.2-2.8 g cm"3, (ii) a sharp increase in the absorption coefficient in the visible 
region, and (iii) a clear change in the Raman spectra. The results are in accord with the 
'subplantation model' which emphasizes the role of carbon atoms trapped in subsurface layers 
in the evolution of a dense sp -rich phase at room temperature. At slightly higher 
temperatures (above 150°C), diffusion of carbon atoms to the surface of the evolving film 
releases internal stresses and leads to the formation of a graphitic sp phase. 

Reference 
111 Y. Lifshiiz, G.D. Lcmpcrl, S. Rotter, I. Avigal, C. Uzan-Saguy and R. Kalish, Diamond Related Mat. 

(in press). 

Tribologica! Evaluation of Hydrogen-Frcc Ion Beam Deposited 
Diamond-Like Carbon Coatings'1' 

G.D. Lempert, Y. Lifshitz, S. Rotter, A.J. Armini* and S. Bunker* 

Initial results of an evaluation of the tribological properties were obtained in a 
comprehensive program to study the films deposited by mass selected ion beam deposition 
(IBD) of carbon. The dynamic friction cefficient, \x, in unlubricated conditions, was 
measured and found to decrease with increasing substrate temperature during IBD, above 
150°C. This decrease complemented changes in other film properties, such as density, Raman 
spectrum and optical transmission, which indicated a change fiom a diamond-like to a more 
graphitic nature with increasing temperature. For films deposited at room temperature, the 
microhardness was found to be approximately 45 GPa, with a density very close to that of 
diamond. A minin.um value of dynamic friction was observed for ions deposited at 120 eV. 
The results suggest use of the films for protective coatings; friction coefficients of carbon-
coated magnetic recording disks were measured. 

Reference 
11 ] G.D. Lemper!, Y. Lifshilz, S. Roller, A.J. Annini and S. Bunker, Nud. Instrttm. Methods Phys. Res. (in 

press). 
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1 Mechanical and Tribological Properties of Dual-Frequency 
Plasma Deposited Diamond-Like Carbon'11 

A. Raveh, L. Martinu*, H.M. Hawthorne** and M.R. Wertheimer 

Hydrogenerated amorphous carbon (a-C:H) films with 'diamond-like' properties have been 
deposited in dual-mode microwave/radio-frequency discharges in CH 4, CH 4/Ar or CH4/H2 
mixtures. The mechanical properties such as microhardness, density, friction coefficient, 
stress and adhesion, were studied and correlated to the films' microstructure. They were found 
to depend strongly on the amount of unbonded hydrogen in the films, and their belonging to 
one of the three microstructuial categories: (a) Films deposited under high ion energy 
bombardment (> 200 eV); they possess high fracture strength, and are resistant to severe 
conditions of humidity, loan and sliding speed. The film type is a hard, brittle hydrocarbon, 
with high compressive stress (-8-12 GPa) and a high content of unbonded hydrogen (-809?; of 
total hydrogen content, CH). (I>) Films deposited under high ion flux and intermediate ion 
energy (-100 eV); they are characterized by moderate fracture strength, and they resist 
intermediate sliding friction at a load of 0.5 GPa and a speed of 50 mm/s. This film type is a 
hard hydrocarbon, with low compressive stress (-1-3 GPa) and a high content of bonded 
hydrogen (-40-60% of CH). (C) The final category results from high ion Mux and low ion 
energy (<20eV); the films are soft, polymerlike, and possess low fracture resistance. 

Reference 
11 ] A. Raven, L. Maninu, H.M. Hawthorne and M.R. Wcrlhcimcr, Surf. Com. Technol. (1993, in press). 

Mechanism of RF Plasma-Nitrided oe-P Ti Alloy 

A. Raveh 

An attempt was made to develop gradually some aspects of the mechanism of layer nitride 
formation in inductive rf plasma nitricling. The study was centered on refined layers' 
characterization and plasma diagnostics in the vicinity of ill.- sample, in addition to 
confronting the critical questions of how layers and interfacial microstructure might affect the 
near-surface properties. The composition of the plasma layer near ihe surface of the sample 
was examined by optical emission spectroscopy and mass-spectromeiry during plasma 
nitriding and while sputtering the sample after the niiriding process. During the nitriding 

•Cit'M and IX'pi. ot 1-neiiK'cime Ph\ MCS. TAOL- IMhieelinique, Moiureal, Canada. 
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process the plasma layer was found to contain Ti, NHn species, N (and/or N*) and H n species 
(and/or H2 + ) , whereas when the nitrided sample was exposed to argon plasma, Ti, Al and NH 
were observed. Two distinct sublayers, comprising 5-TiN and 5-TiN + e-Ti2N phases, were 
formed with the alloying elements segregated zone, followed by a solid solution of N in Ti. 
The formation of the uppermost sublayer (S-TiN phase) with a composition of H, NH and N, 
beside Ti depleted of Al and V, has a strong effect on the diffusion of nitrogen into oc-Ti and 
on layer properties. This can be enhanced if hydrogen is present in the nitriding atmosphere 
and is prevented if hydrogen is replaced by Ar. Therefore, the N content in the layer results in 
the formation of nitride phases and the phases content contributes to mechanical properties. 

Diamond-Like Carbon Films: Preparation — 
Microstructure — Property Relationships111 

A. Raveh, L. Martinu*, J.E. Klemberg-Sapieha* and MR. Wertheimer* 

Despite great interest in deposition of crystalline diamond, diamond-like carbon (DLC) 
films are also very imponant. The main reason for this is the possibility of preparing 
homogeneous, dense, chemically inert films with low friction coefficient, at low substrate 
temperature (<200°C) and over large areas. Deposition of DLC from hydrocarbon feed gases 
in low pressure glow discharge has become a widely used method of preparation. During 
growth, the layers are subjected to ion bombardment, controlled by the difference between the 
plasma potential and the negative dc bias voltage at the sample surface. The resulting dense 
films are usually characterized by a sp /sp hybridization ratio of -0.4, hydrogen 
concentration in the range 20-40 at%, optical gap of 0.8-1.5 eV, refractive index = 1.9-2.2, 
and density of 1.5-1.8 g/cm3' '. 

The current investigation in deposition of DLC films was motivated by the desire to 
correlate between processing, microstructure and properties (microhardness, density, 
adhesion, friction coefficient), and 10 develop some understanding regarding those issues. 
Based on the comparison of hydrogen concentration values determined by the nuclear elastic 
recoil detection technique with infrared spectroscopy data, microhardness and density 
measurements, it was found that the DLC films can be divided into three different 

(21 microstructural categories' '. namely: fa; hard hydrocarbon, with hydrogen predominantly 
unbonded, which is typically deposited under high (>200 eV) ion energy, but lower ion flux; 
(b) hard hydrocarbon, with hydrogen predominantly bonded, this material being deposited 
under high ion flux, but low (-100 eV) ion energy; and (c) a mixture of hard hydrocarbon and 
a polymer-like component, grown under high ion flux but low ion energy (<20 eV). 
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111 A. Ravch, L. Marlinu, J.E. Klcmbcrg-Sapicha and M.R. Wcrlhcimcr, Sixth Israel Materials 

Engineering Conf. (The Dead Sea. Israel, Feb. 1993). 
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Flame Synthesis of Diamond Films' 1 1 

Z. Gavra and E. Bar-Ziv 

Polycrysialline diamond was grown by an atmospheric oxyacetylene llame, with special 
care devoted to the gas How system and to stabilization of the tlame. The burner was kept at 
constant temperature; the nozzle was cleaned of soot (or replaced); a gaseous shield around 
the jet prevented fluctuations of the flame. These precautions enabled us to carry out 
reproducible experiments (>100 were conducted). Atmospheric nitrogen was prevented from 
diffusing into the llame by flowing argon around the flame jet. X-ray diffraction (XRD), X-ray 
fluorescence scanning electron microscope (SEM) and Raman measurements were used for 
characterization. Silicon (100) and molybdenum substrates were used, with the latter polished 
to various levels. Distinct differences were observed between the diamond grown on the two 
substrates. Raman scattering measurements showed a sharp peak at 1332 cm" . Only in a few 
cases were there traces of sp" bonded carbon. The quality of diamond was determined by the 
ratio of the diamond peak intensity to the background intensity, which originates probably 
from a continuum fluorescence. The use of argon around the flame showed a significant 
reduction in the fluorescence background. The XRD patterns were well delined as a single 
phase diamond structure. 

High quality diamond crystallites were grown on the silicon wafers. SEM measurements 
showed a mixture of octahedral and cubo-octahedral crystals as well as twinned and 
intermediate forms. A grain size of approximately 40 |im for 20 min and 100 |im for 60 min 
of deposition time was obtained. Secondary nuclealion of small panicles was observed on the 
surfaces of some diamond particles, particularly on the (111) surfaces. On the Mo substrates, 
diamond films were formed in all experiments, l-'ree-standing continuous films 6-8 mm in 
diameter and 100 (.mi thick, wetv obtained. There was a strong correlation between the 
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surface treatment of the Mo and the diamond quality: (a) a highly polished surface yielded 
diamond films with crystallites as large as 40-60 p.m; (b) moderately polished surfaces 
yielded a smaller grain size (15-20 urn) with a growth rate of up to 100 nm/h. The films 
formed on Mo were similar in their crystalline characteristics to those formed by the dc-
plasma arc-jet method. 

Reference 
[ 1 ] Z. Gavra and E. Bar-Ziv, Third Int. Conf. on the New Diamond Science and Technology (Heidelberg, 

Germany. Aug.-Scpt. 1992). 

Flame Synthesis of Diamond Films"1 

Z. Uavra and E. Bar-Ziv 

The special properties of diamond, suitable for a large variety of applications 
(microelectronics, optics, cutting tools), motivated the search for convenient methods of 
synthesizing diamond. Following the discovery a decade ago that diamond films can be 
grown on solid substrates from gas phase reactions at low pressures and temperatures, an 
intensive research and development program was undertaken. During the last 5 years many 
methods of gas phase synthesis of diamond films have been developed. In all methods a gas 
mixture containing a hydrocarbon is passed through a source of energy that is capable of 
pyrolyzing the hydrocarbon molecules into monocarbon species. The radicals CHX 

(x=0,1,2,3) are probably responsible for the growth of the sp3 structure. Heterogeneous 
reactions between gas phase H atoms and the grown polycrystallites are apparently 
responsible for removing hydrogen from the surface and thus generating pure diamond 
polycrystallites. Many methods have been developed recently for growing diamond films, 
based on: mw-plasma, rf-plasma, dc-plasma-arc-jet, hot filament, glow discharge, flame, and 
laser pyrolysis. In all these methods there is a narrow range of parameters at which diamond 
polycrystallites grow, the more important parameters being the substrate temperature, the 
concentration of the hydrocarbon, and the residence lime of the gas mixture at the high 
temperature. 

Oxyacetylene flames were found capable of synthesizing diamond films. The simplicity of 
the method has motivated many researchers to investigate and develop this concept. In 
addition to its simplicity, the flames m.-thod was proven to generate diamond films at rates as 
high as 100 um/h. Three main parameters govern the growth rate and quality of the diamond: 
the substrate temperature; the ratio between the How rales of oxygen and acetylene; and the 
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distance of the substrate from the burner. This means that the diamond growth is controlled 
by gas phase chemical reactions. There is a narrow window for these parameters at which 
diamond is grown. In analogy, soot is generated from this at a different, although much wider 
window. 

Of 80 experiments conducted, 60 were found to generate diamond films; the others 
generated soot due to an unsuitable acetylene-to-oxygen ratio. The size of the diamond 
polycrystallites is strongly dependent on the above parameters as well as the growth time. The 
diamond films were characterized by the following techniques: X-ray diffraction. X-ray 
fluorescence, SEM, and Raman spectroscopy. The main structure in these experiments was 
sp5 and only in several runs was a mixture of sp2 and sp 3 obtained. The lattice parameter was 
3.5667 A, very close to the reported value for diamond. Octahedron polycrystallites oriented 
with (111) faceting and 100-120 u.m particles of cubo-octahedron structure with no evidence 
of secondary or amorphic nuclcution were obtained. 

Reference 
i 11 Z. Gavra and E. Bar-Ziv, Israel Vacuum Society Annual Conference {Tel Aviv, Israel, Jan. 19l)2), p. 2. 

Gas Phase Synthesis of Diamond Films"1 

Z. Gavra 

The special properties of diamond, suitable for a large variety of applications, motivated 
the search lor methods for synthesizing diamond by mctastable growth. Following the 
discovery a decade ago that melastable growth of diamond films occurs at subatmospheric 
pressures from hydrocarbon gases in the presence of atomic hydrogen, intensive R&D activity 
was established. 

In all of the many methods developed for metastable growth, a gas mixture containing a 
hydrocarbon is (lowed ihiough a source of energy that is capable of pyrolyzing the 
hydrocarbon molecules and generating atomic hydrogen. The numerous chemical vapor 
deposition methods developed recently for growing diamond lilms, are based on: mw-plasma, 
rf-plasma, dc-plasma-arc-jei, hot filament, glow discharge, llame and laser pyrolysis. High 
quality diamond films can be produced employing different experimental techniques and 
different hydrocarbons as starting materil. 

These developments oiler the potential for exploiting the unique properties of diamond in 
applications ranging I'roin coaling lor hearings, cutting tools for free standing windows, and 
lens coating for visible and inti.iicd transmission, to thin lihns for high temperature, high 
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power semiconductor devices. The characterization of the diamond coating is done by Raman 
spectroscopy, X-ray diffraction and scanning electron microscopy. Many important issues 
remain to be resolved before a reliable assessment can be made of the impact these 
developments will have. 

Reference 
[11 Z.Gavta,The Israeli Chemist. Bull. Isr.Chem.Soc. 12:25(1993). 

Initial Interaction of Oxygen with Polycrystalline 
and Evaporated Aluminum Surfaces 

N. Shamir, N. Hosoda*, E. Fromm*, U. Atzmony and M.H. Mintz 

The initial interaction of oxygen with sputtered polycrystalline aluminum surfaces was 
studied at room temperature utilizing direct recoil spectrometry and electron spectroscopy 
(AES, XPS) techniques. The reactivity of polycrystalline surfaces was much higher than that 
reported for perfect close-packed single crystal faces, but resembled the reactivities of 
imperfect (defects-containing) planes. Oxide islands grew laterally, maintaining an average 
constant thickness (of approximately two layers). Zero coverage sticking probability of 
oxygen was estimated to be around 0.1. The kinetic behavior displayed by the polycrystalline 
surfaces was compared with that of evaporated aluminum films, utilizing a modified Wagcner 
system. 

Structure of TiNx Nitrogen-Rich Film1'1 

R.R. Manory** and G. Kimmel 

We investigated various defects in TiN and related nitrides and their repair by heat 
treatments. TiNx thin film was obtained on glass by reactive sputtering under various 
conditions. X-ray diffraction showed gradual structural changes as a function of ihe amount of 
nitrogen. It was clear that the strongest diffraction line was (2(H)) for lower nitrogen contents 

'MuvPlunik-lnsniut lur Nk'UlllufM.liuii£, Siuitgarl. Ciernuny. 
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and (111) for overstoichiometric cases. The structure was imperfect. After heat treatment, an 
almost perfect NaCl structure was formed. 

Reference 
|1 | R.R. Manory and G. Kimmcl, Sixth Israel Materials Engineering Conf. (The Dead Sea, Israel, Feb. 

1993). 

The Role of Gallium Pairs in RGa* Structures 
(R=Rare Earth Element)111 

G. Kimmel 

Two stoichiometric compounds, namely, RGa2 l£) and RGaj (rp, exist in all Ga — K 
systems. Iherc arc, however, solid solutions of RGa x (2<x<4) only in the light 
lanthanides. The RGa, are intermediate phases formed by a peculiar mechanism in which 
pairs of gallium atoms replace single lanthanide atoms in the original lattice of the e — RGai 
compound (A1B> type). This process is geometrically possible when the dissolved Ga pairs 
occupy ±(u.0.0) or +(2u,u,0) sites at the expense of R atoms in the lattice origin relating to 
IWmiiini space group. 

The RGa, phase was investigated for various concentrations and temperatures and at least 
three transitions were found for x between 2 and 6, resulting in a total of rive structures. 
Based on the c structure with pair-wise substitution of R atoms, all other structures can be 
deduced from consideration of two independent variables: the Ga pair location and direction, 
namely, the position and orientation of the Ga pairs in the E lattice. According to this model, 
the \arums possibilities can be classified into four categories: whole random, pure positional 
ordering, pure orientational ordering, and complete (positional and orientational) ordering. A 
whole random distribution of pairs was found in RGa4 samples quenched from high 
temperatures. The crystal structure of these solid solutions is that of the original RGa2- These 
phases seem to remain stable only for the lowest x values (2 - 2.5). Pure positional ordering 
was reseated in some RGai phases forming a new structure with a hexagonal super-lattice. 
An oithoihombic structure esists in KGaj composition due to complete ordering. The role of 
the Cia pairs in these structures and also in unusual lirst order phase transitions in RGa* was 
considered. 

lit/i icm i' 
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X-Ray Diffraction of Al-U Alloys1'1 

G. Kimmel, I. Dahan and J. Sariel 

Three stoichiometric compounds, namely, Afel'CS), A13U(T) and A14U(P), exist in all Al-
U systems. According to the phase diagram, the stabilized phases are p+a(Al) between 0 and 
65 wt% U at room temperature. Two aluminum sources were used: super pure and 
commercially pure. Eight alloys were made from each in the range of 3-26 wt% U. X-ray 
powder diffraction was used as the main tool for qualitative and quantitative analysis of the 
alloys. The phases that showed up in samples fabricated with commercially pure Al (99.5%) 
were t+oc. These phases were stabilized even after heat treatment at 620°C for 6 days. The 
reasons are probably connected with the impurities (0.5 wt%) in the Al. A Rietveld analysis 
was used to refine the structure of the intermetallic compounds. 

Reference 
[ I ] G. Kimmel, I. Dahan and J. SaricI, European Powder Diffraction Conf. (Enschcdc, die Netherlands, 

July-Aug. 1992). 

Study of A14U Stability by XRPD1 1 1 

I. Dahan, G. Kimmel, J. Sariel and S. Nathan 

According to the U-AI binary phase diagram, there are three intermetallic compounds: 
AI2U, AI3U and AI4U. However, under some conditions the last compound is absent. The 
present work dealt with the role of impurities in the stability of A14U in the composition 
range between AI4U and Al. 

Eight alloys in the range of 3-26 wt% U were prepared, using two aluminum sources, 
super pure (SP) and commercially pure (CP), with Al weight percentages of 99.9 and 99.5, 
respectively. XRPD was used as the main tool for qualitative and quantitative assessment of 
the alloys after various heat treatments. In the SP alloys, A14U was the only compound found, 
but in the CP alloys AI3U was always formed. Moreover, the amount of A13U relative to 
AI4U increased when the content of U decreased. At 3 wt% U the compound AI4U was 
completely absent after CP alloys were cast. AI3U remained dominant even after prolonged 
heat treatment of 3 witt U. Since this trend is not expected in a binary system, it is suggested 
that the impurities in CP alloys turn the system into a multi-component one (e.g. Al, U, Fe, 
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Si). If this is true, a phase based on A13U structure is more stable than A14U in this multi
phase system. 

Reference 
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In Situ X-Ray Diffraction during the Formation of TiSi2~C49 
from a Ti-Si Multilayer on Si(lOO)"1 

J. Sariel, H. Chen*, H. Jongste**, S. Radelar** and W.D. Kaplan*** 

Silicon and titanium multilayers transform at high temperatures (above 700"C) io 
TiSi2~C54. This phase is important for microelectronic applications because of its low 
resistivity, stability up to 900°C, and compatibility with silicon processing. However, prior to 
this phase, an unfavorable metuslable TiSi2-C49 phase is already formed at lower 
temperature. The kinetics of the transformation to the TiSi2~C49 phase can be characterized 
as a process of nucleation and growth, using the well known Johnson-Mehl-Avrami equation: 

f= l - exp ( -k t n ) 

where k is the rate constant, t the reaction time, and n ihe Avrami exponent. 
The transformation of a multilayer of Si and Ti to the C49 phase was studied by in situ X-ray 
diffraction. Isothermal annealing in vacuum was done at four different temperatures, 270, 290, 
300 and 310°C. A position-sensitive detector was used to collect the diffracted beams of (131) 
and (150) peaks during the annealing time. From the plots of Ln(Ln( 1/(1-0)) as a function of 
Ln(t), for each temperature, the Avrami exponent, n, was determined: 

n = 2.0±0.1 

The rate constant, k, is a function of the temperature, according to the equation: 

k = k0exp(-Q/RT) 

where ko is the pre-cxponent, Q the activation energy, R the gas constant, and T the 
temperature. 

ucrials Seienee ;md Engineering, Lrni\eiMl\ ul IIIIIIMIS, libaiui, II.. USA. 
•rsiiy iilTeehniilch:)', DIMI-.S, Dellt. lire Netherlands. 

Israel Institute ol Teeliniilom. Haifa. 
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By measuring the transformation isothermally at several temperatures, deriving k at each 
temperature and drawing Ln(k) as a function of 1/T, the activation energy of the 
transformation, Q, was found to be: 

Q = 3.8 eV 

These values of Q and n were compared with those reported in the literature. 

Reference 
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Bainitic Reaction in y-Quenched U-0.6 Ti-0.3 V Alloy"1 

A. Landau, G. Kimmel and M. Talianker* 

It is well known that uranium alloys quenched from the y- or P-phase region exhibit ai 
room temperature a wide variety of metastable structures formed by different types of 

PI transformation reactions1'1. To some extent these reactions have certain similarities to those 
in ferrous steels, where martensitic. pearlitic and bainitic transformations have attracted much 
attention and are well documented. The investigations of uranium alloys relating to reactions 
possessing the features of bainitic transformations have been systemically carried out on U-Cr 
alloys' ' and, to a lesser extent, on U-Pt alloy . It was reported that decomposition of the 
(3-phase, obtained from the v-phase by quenching, may occur by formation of a bainite-type 
product, characterized by surface relief and by relatively slow growth of acicular a-plates. 
Unfortunately, transmission electron microscopy (TEM) studies of the bainite-type structures 
in uranium alloys have not yet been conducted and therefore it is not yet clear whether fine 
precipitation of the second phase in the ot-plate occurs during bainitic reaction. 

The present work reports our electron microscopic observations on bainite-type structure 
which was obtained in a ternary U-0.6 wt% Ti-0.3 wl% V alloy as a result of direct 
decomposition of the v-phase. The microstruct of the material which was annealed in the 
y-phase region at 850"C and then quenched in ..ater is presented in Figure 1, which shows 
that a large number of a-laths oriented in several specific directions appear to intersect each 
other, thereby manifesting some upheaval, or relief effect. TEM reveals the extremely fine 
two-phase lamellar structure of these ot-plaies as illustrated in Figure 2. Analysis of the 
selected area diffraction pattern shows that the two phases are the a- and the 5 (UjTi) phases, 
which obey the ot/8 orientation relationship reported earlier . 

•Bcn-Gurion Uimcrsiiy ol llie Ncjjcv. Bccr-Shcva 
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Our observations indicate that the reaction in y-t|uenched U-0.6 wt% Ti-0.3 wt% V alloy 
has some of the characteristics of a bainitic reaction: the product has a lath-morphology, 
forms on preferred planes in the parent, and exhibits an effect which may be interpreted as a 
surface relief, quite similar to that displayed by manensite. However, it differs from 
martensite since internally it is composed of very line plates of the a-phase and the 8-phase, 
similar to the structure of bainite. 

Fig. 1: The su/uclurc formed in a U-0.6 wi% Ti-0.3 wi% V alloy which was 
annealed in the y-phasc region al 850°C and then water-quenched. 

Fig. 2: Fine lamellar Mruclurc ol Iho a-lalhs in tiucnclicd U-0.6 wlCf Ti-0.3 wl*fr V alloy. 
1 ell, bright held ck\tnin micrograph, light, dark lield elect/on micrograph Liken 
horn die o iclk\ lion I he n and 6 pluses olv) an ovo orientation relationship. 

SI 



It is suggested that the addition of V to the U-Ti system results in the shift of the TTT-
diagram for y-a transformation to a shorter time. In the course of quenching, the cooling 
curve intersects the TTT diagram below the cusp but above the M s temperature, thus causing 
the formation of bainite. 
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Magnetron Sputter Deposition of Metallic Multilayers"15 

U. Admon, A. Shtechman*, B. Yahav, G. Kimmel, J. Sariel, 
S. Nathan, I. Dalian and MP. Dariel 

Multilayered metallic materials display a variety of properties not found in bulk material. 
The possibility of producing various combinations of layered structures, with predetermined 
thickness of the individual layers, opens up the possibility of tailor-designing materials 
possessing the appropriate properties to match specific requirements. 

A dual magnetron sputter gun incorporating a computer-controlled, rotating substrate, 
variable shutters set-up was designed and constructed. The system allows to sputter-deposit 
multilayers with both uniform and variable, pre-programmable layer thicknesses. Low-angle 
X-ray diffraction is a powerful tool suitable for the non-destructive determination of the 
quality of the multilaycrcd deposits of uniform layer thickness. Examples of the results 
obtained for Cu-Cr and Cu-Mo multilayers, as deposited, are shown in Figures I and 2. 
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Fig. I: X-ray dilfraclion patterns of Cu-Cr mulnlayers. The insert shows the high-angle pattern, 
militating the presence ol' Ihe Cu(III) line. Number of deposited bi-laycrs, n=20. 
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Study of the Chemical Vapor Infiltration Process for Silicon 
Carbide Matrix Composites"' 

N. Nawi, D. Itzhak, U. Admon and M.S. Dariel 

Ceramic matrix composite materials are well known for their high strength-to-weight ratio 
and fracture toughness. Conventional techniques for the fabrication of ceramic composites, 
such as sintering and hot pressing, involve mechanical stress and chemical damage to the 
fibers. One of only a few processes to fabricate ceramic composites without involving such 
damage is chemical vapor infiltration (CVI), which is directly derived from chemical vapor 
deposition (CVD). CVI and CVD allow the formation of complex geometries and produce 
very high melting point materials at medium and even low temperatures. 

Current isothermal commercial CVI processes suffer from major problems such as surface 
sealing, slow densification and density gradient in the product. Temperature gradient, 
forced-flow CVl' ' reduces the infiltration time and the density gradient significantly. 

Infiltration efficiency and yield are limited by (a) residence time of reactants (inversely 
proportional to gas velocity); (b) reaction rate (proportional to temperature in the MTS 
(methyltrichlorosilane] system); (c) nonhomogeneous gas flow distribution and susceptor 
configuration; and (d) blocking of infiltration by formation of impervious internal layers in 
early stages of infiltration and by extraneous growth of deposits on the surface of the preform. 

Chemical vapor infiltration experiments were performed on graphite fiber preforms under 
the following conditions. Graphite fibrous preforms were retained within a graphite holder in 
contact with a water-cooled metal gas distributor, thus cooling the bottom and side surfaces of 
the substrate. The top of the fibrous preform was exposed to the hot zone of a graphite 
susceptor, which resulted in a thermal-gradient of up to 2500°C/cm in the preform. The 
reactant gases — MTS (Ar as a carrier gas), H2 and Ar — passed through the cold portion 
and towards the hot portion of the preform, where they decomposed, to form the SiC matrix: 

CH3 S1CI3 (MTS) = SiC + 3HC1 (excess H 2, Ar) 

Two susceptor configurations were investigated — cylindrical and plane, in the 1200-
1400°C temperature range. The results were characterized by weight addition and X-ray 
diffraction (XRD) and the SiC distribution was measured by using quantitative image 
analysis. The progress of infiltration was monitored by analysis of cross-sections of preforms. 

Deposition rate was found to be controlled by temperature and reactants' flow rate. 
Increasing the temperature from 1200 to 1400°C increased the specific deposition efficiency 
fourfold to 8.8 mg/hcm per g/h MTS in the feed. At constant temperature the deposition rate 
was proportional to reactants' flow rate in the range 7-33 g/h MTS. This is in accordance with 
reported data. However, the design of the preform holder, susceptor and gas distributor 
strongly influenced the efficiency, which was highest in the plane configuration: a density of 
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>85% is attainable at an initial densification rate of up to 0.28 mm/h, which can be compared 
to reported data' '. The initial total yield and specific deposition efficiency do not diminish 
for up to 6 h and 12 h on the cylindrical and plane configurations, respectively, at constant 
MTS flow. 

Process total yield and specific deposition efficiency both increase with rising temperature, 
up to the onset of extraneous (surface) deposition, which limits temperature to <1400°C. 
Yields between 13% and 90% were obtained, depending on conditions. Deposition SiC was 
characterized by XRD, which showed no preferred orientation of the SiC-P planes. SiC>2 was 
detected. This may be an inherent feature of these processes and will be the subject of further 
investigation. 
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Chemical Vapor Infiltration of Silicon Carbide: Monitoring of 
Distribution by Quantitative Image Analysis1" 

N. Nawi, D. Itzhak, D. Dadon, U. Admon, Y. Ron, 0. Lebovits and M.S. Dariel 

Chemical Vapor Infiltration (CVI) is a variant of conventional isothermal Chemical Vapor 
Deposition (CVD), in which a gradient of temperature is imposed in order to control 
deposition kinetics as a function of locution in a CVD reactor. With this method, as pioneered 
ai ORNL, the How of reacting gases is forced in the direction opposite to that of the applied 
temperature gradient, thereby causing the formation of a variable reaction rate, with the 
regions farthest from the gas source being infiltrated and densificd first. The most important 
technological application of this control of densilication rate is in the field of Ceramic Matrix 
Composites, where the reinforcing fiber preforms need to be infiltrated in depth, without the 
formation of an impervious ceramic coating at the preform-gas interface, which blocks further 
densilication. With conventional CVD this results in unacceptable residual porosity which 
can be prevented only by periodic mechanical removal of the outer layer or by operating at 

85 



, *i «r-

reduced pressures, both procedures penalized by considerable increases in processing time. 
Apart from this important feature, CVI allows reaction control through 'he usual CVD 
parameters of temperature, pressure and gas composition, concentration and velocity. 

The correct distribution of deposited material in the preform being clearly one of the most 
important variables of a densification process, its quantitative analysis is of interest for 
monitoring infiltration processes. This method also provides information on the position and 
magnitude of the temperature gradient, which itself depends upon the configurations of the 
preform and the reactor. 

A preliminary report was drawn up of quantitative image analysis (QIA) of back scattered 
electron microscope (BSEM) data on CVI experiments performed on graphite fiber preforms 
under the following conditions: 
Reactor: Induction heated hot-wall, flow-through, atmospheric pressure. 
Susceptor Configuration: (a) Cylindrical, (b) Plane. 
Chemical System: CH3SiCl3 = SiC + 3HC1 (excess H 2, Ar). 
Temperature Range: 1200-1400°C. 
Preforms: Graphite fabric/felt pre-densified with carbon. 
Water-cooling of the graphite susceptors supporting the preforms allows temperature 
gradients of up to 2500°C/cm to be obtained routinely in the temperature range investigated. 
Figure 1 describes the system; Figure 2 describes the BSEM image; and Figure 3 describes 
the SiC concentration measured by QIA. 

C££ Pump 

Fig. 1: Diagram of ihc Chemical Vapor Inlillralion sysicm. 
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Fig. 2: Back scattered electron microscope image. 
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big. 3: Silicon carbide conccniraiion measured by quantitative, image analysis. 

Reference 
11 ] N. Nawi, D. It/hak. V>. Dadon, U. Adinon, Y, Kon, O. Lcboviis and M.S. Dariol, Annual Conf. Uracil 

MioiliUionfor CryMu/(«>un l/i iKollovoi, Israel, Nov, 1W2), p. 20. 

87 



• j i T r . " ~W ' *" ~-'&Zli'* 

Plasma-Nilrided a/(5 Ti Alloy: Layer Characterization 
and Mechanical Properties' Modification 

A. Raveh, A. Bussiba, A. Bettelheim and Y. Katz 

Although continuous effort is exerted to develop advanced processing methods or new 
directions in surface modification, the foundations for appropriate surface layers assessment 
remain very challenging. In this context, Ti f iAl4V a/(3 alloy was investigated mainly after 
plasma nitriding by nitrogen or by nitrogen mixture with hydrogen and/or argon. The current 
study was aimed at gradually developing some aspects of the microstructure and property 
relationship. As such, it centered on refined layers characterization in addition to considering 
how layers and interfacial microstructure might affect the near-surface mechanical properties 
(i.e., microhardness, fatigue resistance and erosion). In particular, the effects on fatigue 
behavior were emphasized by utilizing single edge notched specimens and fatigue stepdown 
techniques. 

Two distinct sublayers, comprising 8-TiN and 8-TiN + e-Ti2N phases, were formed with 
the alloying elements segregated zone, followed by a solid solution of N in the Ti. Here, the 
far-field-affected zone extended to approximately 20 p.m. The formation of the uppermost 
sublayer (5-TiN phase) with a composition of H, NH and N, beside Ti depleted of Al and V, 
has a strong effect on the layer properties. 

A microhardness value as high as 29.4 GPa (2000 kg mm ) was obtained with significant 
improvements in the erosion resistance and fatigue life. In some controlled plasma nitriding 
conditions the fatigue life for crack initiation increased by more than a factor of three. 
Accordingly, the cyclic crack initiation behavior was found to have substanlial influences due 
lo crack tip field perturbations, or fraciure resistance modifications. Finally, the role of 
extrinsic crack tip shielding effects as related to closure or to the local effective driving force 
for mii'nx'Ricking onset is elarx rated. 

Effect of Frequency in Plasma Materials' Processing'1' 

A. Raveh, A. Bcttelheim, J.E. Klemberg-Sapieha*, 
L. Martinu* and M.R. Wertheimer* 

The advantages of low pressure plasma over conventional processing techniques are well 
known. In view of certain distinct advantages to 'high' frequency (microwave, 2.45 GHz) over 
low' frequency (0.5 or 13.56 MHz), two particular material processings were studied' ': (i) 
iurfuc nitriding of alpha/beta titanium alloy by nitrogen or by a nitrogen mixture with 

•GCM and l)c|it. of EntjiiKTrms Physics. F.tuh PolylcdulKiuc, Monlrcul, Canada. 
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hydrogen, and/or argon; and (ii) deposition of diamond-like carbon (DLC) in methane, 
methane/argon or methane/hydrogen mixtures. 

'High' frequency plasma was found to affect in a more pronounced way the fragmentation 
and the creation of more species with high excitation potentials than the 'low' frequency, as 
well as the characteristic microstructurc, composition and formation rate. For the nitriding 
process, nitriding of Ti 6Al 4V (ot+JJ structure) at higher frequency increases the content of e-
and oc-phases and decreases the 5-phase content. Nitriding of TijAI ^ o (a structure) at 
higher frequency results in an increase of ot'-phase content and a decrease of e-phase content, 
whereas the 8-phase content remains constant. For the deposition of DLC, the higher 
frequency was found to result in more hydrogen bonded to the films with a higher deposition 
rate; ion bombardment at the surface enhanced reactions in the gas phase and resulted in hard 
(-30-48 GPa), low stress (-0.5 GPa), and thick (3-10 u.m) films containing 20-30 at% of 
hydrogen. The effects of the plasma excitation frequency on processes in the plasma bulk and 
on the structure and properties (phase formation, formation rate, lattice parameters, hardness, 
wear and density) of the nitrided layers and of DLC films were determined. 
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Behavior of Materials under Dynamic Stress Conditions Using 
Laser-Induced Shuck Waves'" 

I. Gilath, S. Hliezer, T. Bar-Noy, R. Englman and Z. Jaeger 

A high-irradiance short-pulsed Nd:glass operated in TEM l l o mode was used to generate 
shock waves in tlili'ercM materials to Mudy llieir behavior under dynamic stress conditions. 
Dynamic fracture in a hypcrvclocity iirpact regime was observed as a result of reflected 
shock waves as tensile waves from the ba.k surface of the samples. Damage development 
from incipient spallation to complete sample perforation was obtained for planar and 
hemispherical shock waves. Maximum elongation at fracture at ultra high strain r.ue was 
measured for several metals. Shock wave attenuation and dynamic strength were evaluated 
lor metals and composites. A linear dependence was oblainttl for the pressure decay as a 
liinciion of target thickness for planar shock wave The experimental results of threshold for 
spall and spall width at this energy were compared with numerical simulations. 
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The laser pulses were also used to generate hemispherical shock waves in targets (focal 
spot smaller than target thickness). A linear experimental relationship was obtained between 
laser energy for threshold spall conditions and the cubic target thickness. This relation is 
equivalent to the propagation of a strong point explosion where the internal energy per unit 
volume of the shocked materials is constant. The shock wave was modeled by an expanding 
pressure front, which creates microdamage in the laser impacted layer and extrudes a bulge at 
the far surface. The calculated bulge size compares well with that observed by us for metal-
adhesive-metal sandwiches. The micro-defects joining into macro-damage or fracture can be 
described by percolation theory. 
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Material Response under Hypervelocity Conditions Using 
Laser-Induced Shock Waves'" 

I. Gilath, S. Eliezer, T. Bar-Noy, R. Englman and Z. Jaeger 

A high irradiance short-pulsed Nd:glass laser was used to generate shock waves in metals, 
composites and ceramics. Spallation and dynamic fracture at hypervelocity impact conditions 
were observed for planar and spherical shock waves. Damage development from incipient 
spallation to complete sample perforation was obtained under controlled laboratory 
conditions. Maximum elongation at fracture at ultra high strain rate was measured for several 
metals. Shock wave attenuation and dynamic strength were evaluated experimentally in a 
number of materials. Comparisons were made of the experimental results of threshold for 
spall and spall width with numerical simulations, and between our results and the prediction 
of energy-limited spall failure occurrence at high strain rate using analytic expressions. 

In the theoretical section we obtain the damage induced in the target, as follows: The 
shock wave is modeled by an expanding siress front, which creates micro-damage in the 
laser-impacted layer and extrudes a bulge at the far surface. The calculated bulge geometry 
compares well with that observed by us for metal-adhesive-meial sandwiches. The micro-
deVcis coalesce into macro-damage or fracture by a mechanism which is described by 
percolation theory. 
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Impact Resistance of Adhesive Joints 
Using Laser-Induced Shock Waves'" 

I. Gilath, R. Englman, Z. Jaeger, A. Buchman* and H. Dodiuk* 

The impact resistance of an aluminum/aluminum joint with the FM-73 (American 
Cyanamid) structural adhesive was studied using laser-induced shock waves. The adhesive 
joint failed in a ductile mode, showing shock absorption ability through plastic deformation. 
All stages of the impact damage were identified, from threshold damage to complete sample 
perforation. In the theoretical section the damage induced in the target was obtained as 
follows: The shock wave is modeled by an expanding stress front, which creates a void 
population in the laser-impacted layer and extrudes a bulge at the far surface. The calculated 
extent of the bulge geometry compares well with that observed by us in the metal-adhesive-
metal sandwiches. The voids coalesce into macro-damage or ductile failure fracture by a 
mechanism which is described by percolation theory. 
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Catalytic Effect of Some Oxides on Calcination of Sodium Nitrate'1' 

A.N. Sembira and M.M. Perez 

The calcination of sodium nitrate is the most important part of the liquid waste calcination 
process for high level waste (HLW) disposal. The French process involves transferring the 
fission products' nitrate into a rotary calciner. The nitrates are converted into oxides and then 
mixed with a glass frit in an induction melting pot. In 1984 it was suggested' ' to use a sol-
gel technique to reduce the calcination temperature of NaNOj. 

Ji) the present work we used the thermal-analysis technique lo promote the catalytic effeci 
of some glass network formers like SiO and UiOj, and some intermediate oxides like AI2O3, 
r-ciO|, MgO, TiO; and ZnO. The best effect was achieved by adding 20% diatomaceous 
earth (kiesclguhr), and 2W% BiO\ with which the calcination temperature onset decreased 
from 780 to 644°C. The advantages of this process are: (u) The additi\es are glass network 
formers that have 10 be added anyway in the next process step; (b) there is no additional 
sodium in the linal product lie., the teachability will not increase); and (<•) there is no 
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problem associated with adding tl._ additives (highly porosive S1O2), since they are flowable 
powders. 
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Adsorption of Oxygen and Carbon Dioxide 
on Polycrystalline Beryllium 

S. Zalkind, M. Polak* and N. Shamir 

The adsorption of O2 and C 0 2 was studied on a sputter-cleaned polycrystalline Be foil. A 
combination of direct recoils spectrometry, auger electron spectroscopy and X-ray 
photoelectron spectroscopy was used to study the adsorption and initial oxidation processes. 
It was observed that when exposing Be to O2, the adsorbed oxygen forms multilayer oxide 
islands spreading laterally until full coverage is achieved and then the oxidation continues 
inwards. The adsorption of CO2 displayed completely different behavior. CO2 dissociates 
into O and CO, both being adsorbed on the surface until a saturated adsorbed monolayer is 
formed. Further exposure 10 CO2 results in very slow oxide growth. 

The Effect of Impurities and Grain Size 
on the Tensile Elongation of Beryllium 

O. Yeheskel 

The effects of beryllium oxide content and the content of impurities like iron, aluminum, 
silicon and magnesium' "'', on the room temperature tensile elongation of Be, were 
investigated in a literature survey covering 34 publications. The data from the literature relate 
only to Be which is processed by the powder route. The known relation' ' that the tensile 
elongation is reduced with the increase of beryllium oxide content is found, but linear 
regression shows large spread. A much smaller spread is found when the molar-to-atomic 
ratio of BeO/Si i. jsed. From the linear regression, the relationship between the tensile 
elongation, e. and the molar-to-atomic ratio, is: 

cC3 ) = AM - 8.2-10 •' -lino! "3) BeO/ (At ppm) Si. 
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The regression coefficient r 2 = 0.73. Figure 1 shows the above relationship for specimens 
from references 111 and [4]. A similar relationship with a shallower constant and larger spread 
is found in these specimens for the molar-to-utomic ratio of BeO/Al. No relationship exists 
between tensile elongation and the content of Fe, Al, Si or Mg. The atomic ratio of Fe/Al, 
which is correlated to the phase FeAlBe., shows no relationship to the tensile elongation, 
indicating that this phase does not have a crucial effect on tensile elongation, as anticipated 
earlier . For specimens which underwent HIP consolidation^ ', maximum elongation of 
approximately 4.5% is reached at the grain size range of 6-9 nm. Grain growth in Be that is 
processed by the powder route' ' ' can be correlated with the molT-to-atomic ratio of 
BeO/Si. It is postulated that the presence of siliceous phases at the gr. -ndaries enables 
the annihilation of dislocations which are generated at the BeO/Be iii..rface, due to the 
ihermoelastic stresses during the cooling from processing lemperature. The reduction of 
dislocation density contributes to the increase of tensile elongation. The possibility of slight 
grain boundary sliding in Be at room temperature was considered, as were ways of increasing 
the tensile elongation of Be at room temperature. 
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Ultrasonics in Powder Technology'" 

O. Yeheskel 

The ultrasonic sound wave velocity (SWV) measurement technique is capable of revealing 
differences between specimens which are processed via powder technology, as well as of 
detecting changes which occur in a sample during its processing. These capabilities were 
established with metallic and ceramic materials after various processing stages, and with iron 
powder during the sintering process. The SWV depends greatly on the nature of the bond 
between the powder panicles. This technique was recently applied to hot isostatic pressing 
(HIP) and a laboratory-size HIP instrument capable of in situ measurements of SWV was 
constructed. Experiments in this instrument include both continuous measurement of an 
ultrasonic sound wave traveling through the specimen, and post-HIP measurements of 
dimensions, density and SWV at room temperature. This technique was successfully applied 
in a study of the effects of various HIP parameters, e.g. pressure, temperature and lime, on the 
densification mechanisms for Fe, NaCl and Ti-jAl. Furthermore, the data are related to the 
change in the specimen density, thus enabling modifications of Ashby's diagrams. 

Reference 
11) O. Ychcskcl, Joint UK-Israel Workshop on Muwriali (Birmingham. UK, May 1992). 
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Fatigue Cracking of Fracture Toughness in a Charpy Specimen1" 

R. Arkush. A. Magen. M. Cohen, M. Cohen, 
M M . Markowiich and Y. Rosenthal 

The Plane-Strain Fracture Toughness ( K I C ) of metallic materials was determined by tests, 
using a variety of fatigue-cracked specimens. This test method is under the jurisdiction of 
ASTM E-99. 

Reference 
111 R. Arkush. A. Magcn. M. Cohen. M. Cohen. M M . Markowitch and Y. Rosenthal, Report NRCNITN}-

127 (19921 (in Hebrew). 

From the Subcritical to the Critical Crack — Complex Domain 
in Structural Stability1'1 

Y. Katzand A. Bussiba 

The behavior of subcrilical defects is probably one of the most striking problems in 
reliability or structural integrity. Regardless of the exact mechanisms of propagation-
controlled microcracks. the slow crack growth regime is only partially understood. 
Nevertheless, this quasi equilibrium stage plays a major role indeed in the acceptable margins 
against failure or in the improved life-prediction capabilities. 

Besides some brief remarks concerning legal aspects and risk analysis, the present study 
emphasizes examples in fatigue- and environment-induced cracking as revealed in metallic 
systems. The main point is to dc\clop some aspects in reliability by describing various 
intrinsic and extrinsic variables which impose complexities on the generic crack stability 
equation. Generally, by adopting a theoretical experimenl.il interface, criiical questions arc 
raised beside suggestions in cultivating complementary activities that promise further 
progress. 

Failure assessment methods still require experimental evaluations and continuations. The 
current existing limits, as fiind.imeni.illy explored, are believed to initiate partial origins for 
numerous ill-defined engineering pioccdiircs At least one of ihe known examples is the 
unsatislactoiy siiu.ilion in iclialile piocedurcs for life protection, eithci in cyclic or in 
cnviionment enhanced lailute 

Ht'Jftviu c 
111 Y Kal / and A H u ^ i h j 4th htl Ci-i.l on Situ, iitrt,l 1 .ulur? I'nhlii, 11 utl>tltt\ unit I n /inn iilln\urume 
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Fracture of Semi-Brittle U-Ti Polycrystals: Shielding Model 
Extension to a Lower Crystal Symmetry 

Y. Katz and A. Bussiba 

In view of the remarkable advances achieved in semi-brittle crack-tip description, various 
fracture resiswce issues emerged. It is important to explore some avenues for a sound 
linkage between the local intrinsic properties and the global fracture criteria. Among ihese, 
crystal plasticity, dislocation structures or dynamics and microstructural features become 
essential. This approach is a further development beyond the continuum fracture mechanics, 
introducing the dislocation shielding model in the spirit of the Rice and Thompson' ' 
suggestions. The objectives of the current study were to follow programs about how far the 
dislocation shielding model can be substantiated; and to examine, if possible, the model's 
applicability even in the case of a lower crystal symmetry in monotonic and cyclic regimes. 
For these purposes, a semi-brittle U-Ti polycrystalline material was selected. 

Beyond the experimental description and findings, the study was planned to facilitate 
discussions encouraging such activities or even establishing the possible potential of crack-tip 
shielding concepts as related to semi-brittle fracture behavior '. 

References 
|1) J.R Rice and R. Thompson. Phil Mag. 29:23(1974). 
| 2 | V. Kau. R.R. Keller, H Huang and W. Gcbcnth. Melatt. trans 24A:343 (1993). 

Frequency Effects on Fatigue Crack Growth, According to the 
Dislocation Mechanics Approach 

A. Bussiba, M. Kupicc and Y. Katz 

Constitutive plastic flow properties a flee ( (he fatigue crack propagation rate (FCPR). as 
manifested by thermal or crack-lip deformation rale. The current investigation in two semi-
brittle systems, both characterized by ductile-brittle transiiion, was centered mainly on the 
lower .shelf - low temper.ilure region. Along llii* region, near-fracture surface plasticity is 
more confined wiih a relatively plan;., crack front, allowing observation of fine-scale fracture 
surface features. Here, ihe main objectives are 10 son out some of ihe dynamic aspects, as 
revealed by frequency effects li was found thai FCPR decreased with increasing frequency in 
both systems However, substantia! differences were experienced, illuminating some aspects 
at related 10 dislocations dynamics und tlici* role in fatigue mechanisms. 
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use thymidine (methyMH): (ii) of 50 Ci/mmol specific activity, prepared from thymine 
(methyMH) via enzymatic synthesis; or (iii) of 10 Ci/mmol specific activity, prepared from 
5-hydroxymethyldeoxy uridine. The first alternative (ii) proved to be extremely expensive, 
because of the high cost of the sugar used in the enzymatic reaction step, and was therefore not 
suitable. The second alternative (iii) was applied as shown in the following scheme: 
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(VII) 

N, H N 3 H 

S'-O-trityl-S'-O-mesyl- S'-O-trityl-ff-azido- AZT (melhyl-3H) 
thymidine (methyPH) 3'-deoxythymidine (methyl - 3H) 

Thymidine was synthesized with a specific activity of 13 Ci/mmol, and AZT (methyl-3!-!) of 
99% radiochemical purity was obtained after purification on a precoated silica gel plate. 

References 
[1] J.P. Horwilz, J.A. Urbanski and J. Chua, J. Org. Chem. 27:3301 (1902). 
PI JJ>. Horwilz, J. Chua and M. Noel, J. Org. Chem. 29:2077 (1964). 
[31 N. Hofnun-Bang, Ada Chem. Scand. 11:581 (1957). 
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dimpled rupture, which increases with fluence. This suggests an increasing brittleness with 
fluence. The results were considered in terms of existing irradiation effect theories. 

Reference 
[1] A. Munitz, F. Simca, A. Stechman, C. Coller, M. Talianker and S. Dahan, Sixth Israel Materials 

Engineering Conf. (The Dead Sea, Israel, Feb. 1993). 

Microstructures of Tungsten Inert Gas Welding and Electron 
Beam Copper/Stainless Steel Weldments"1 

A. Munitz, C. Cotler, H. Sacham and M. Aberman 

The microstructures of TIG and electron beam copper/stainless steel weldments were 
investigated using scanning electron microscopy. The relatively high cooling rates were 
obtained in the welding process resulting in high bulk supercooling, which in turn caused two 
microstructural effects: (i) Melt separation into two liquids: a copper-rich liquid (LI) and a 
copper-poor liquid (L2); each of the two melts solidified according to a path dictated by the 
metastable phase boundary, (ii) Enhanced solute trapping of Cu in the oc-Fe phase and Fe in 
the E-Cu phase. The results were considered in terms of existing solidification theories. 

Reference 
[ 1 ] A. Munilz, C. Coder, H. Sacham and M. Abcrman, Sixth Israel Materials Engineering Conf. (The Dead 

Sea, Israel, Feb. 1993). 

Microstructure of Al-U Alloys Solidified at Cooling Rates 
between 0.03 and 0.5 K/secm 

A. Munitz, V. Zenou, C. Cotler, A. Zahavi and Z. Barkai 

High-purity aluminum (99.99%) and high-purity uranium (99.9%) were used to prepare 
Al-U alloys with U concentration ranging between 15 and 22 wt% U. Alloys with the desired 
composition were melted in a resistance furnace in an alumina-coated graphite crucible under 
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argon atmosphere. The microstructure was examined utilizing scanning microscopy with EDS 
(Energy Dispersion Spectroscopy) capabilities. The eutectic composition was found to be an 
increasing function of the cooling rates. The results were considered in terms of existing 
solidification theories. 

Reference 
[ 1) A. Munitz, V. Zcnou. C. Coilcr, A. Zahavi and Z. Barkai, Sixth Israel Materials Engineering Conf. (The 

Dead Sea, Israel, Fob. 1993). 

Spray-Atomized and Deposited Al-Li Based Metal-Matrix 
Composites: Processing and Properties"1 

E. Raskin*, S. Nayim*, A.N. Sembira, M. Polak* and J. Baram* 

A solution to the high chemical reactivity, poor wettability between reinforcement and 
matrix, and high costs associated with the fabrication of Al-based Metal Matrix Composites 
(MMCs) is the use of the Spray Atomization and Co-Deposition technique. With this 
technique, a molten stream of metal is disintegrated into finely dispersed droplets by high 
velocity gas jets. Relatively high rates of solidification are achieved as a result of the size of 
the atomized droplets (in the tens of microns range) and the rapid heat extraction during flight 
in the inert atmosphere. The processing method uses co-deposition of the spray-atomized 
metal-matrix semi-solidified droplets with injected reinforcement ceramic particles that are 
entrapped in the matrix droplets. The composite material deposits and finally solidifies on a 
cooling substrate. This method appears to be an economically attractive alternative to other 
metal-matrix composite casting techniques. 

The co-deposition mass and heat transfer mechanisms cf the reinforcement particles were 
evaluated as a function of changing processing variables. The thermomechanical treatments, 
microstructures, mechanical properties, interfacial properties, thermal stability and aging 
kinetics of spray atomized and deposited Al-Li-X MMCs (injected X=SiC,Al203) were 
recorded and correlated to the processing conditions. Comparison was made with similar Al-
Li alloys and composites produced by conventional casting and by powder metallurgy routes. 

Reference 
11 j E. Raskin, S. Nayim, A.N. Scmbira, M. Polak and J. Baram, 3rd Int. Conf. on Aluminium Alloys 

(Trondhcim, Norway, June 1(J92). 
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Corrosion of Commercially Pure Aluminum, Type 1050, 
during Long Service in the IRR2 Reactor"1 

B. Herrmann, A. Munitz, Y. Gurevitz and C. Cotler 

The corrosion effects in commercially pure aluminum alloy, type A5 (AA 1050), irradiated 
for long periods of time, were investigated. Tubes made of the mentioned alloy were 
investigated utilizing visual inspection, chemical analysis, optical microscopy and scanning 
electron microscopy. Visual inspection showed that the entire tube was covered with alumina. 
A darker alumina layer, with brownish spots, was observed above the interface between the 
moderator and the helium buffer zone. After the alumina layer was mechanically removed, 
shallow corrosion pits were found beneath brownish spots. A second zone of brown layer, 
with corrosion pits underneath, was found near the welds of the stainless-steel reactor cover. 
X-ray microanalysis and spectrochemical analysis of the alumina layers indicated the possible 
effects of Cu and Fe traces. 

Reference 
(1) B. Herrmann, A. Muniu, Y. Gurcvitt and C. Collcr, Submitted to the Sixth Israel Materials 

Engineering Conf. (The Dead Sea, Israel. Feb. 1993). 

Electromagnetic Monitoring of Metals Processing"1 

A.H. Kahn*, L.C. Phillips* and A. Stern 

Electromagnetic methods provide excellent means of non-contact sensing of properties of 
metals during processing. In the applications described herein, eddy currents are induced in 
the material under test by a primary exciting coil, which applies an ac magnetic field to the 
material. A secondary coil, the pickup, responds to the field as modified by the currents 
induced in the test material. The response depends on the electrical conductivity and magnetic 
permeability of the material, its defects and inhomogeneities, and its geometric shape and 
dimensions. The most information is obtained by sweeping the frequency of excitation in 
order to probe varying depths of the material. In the cases considered we were concerned with 
simple uniform shapes such as uniform sheets and cylindrical rods. 

In measuring the temperature of aluminum sheets we utilized the temperature dependence 
of the electrical resistivity of the material. The electrical resistivity of a dilute alloy of Al is 

•National Institute of Standards and Technology, Gaithersburg, MD, USA. 
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that of pure Al plus additive contributions associated with alloying composition, the degree of 
solid solution of the components, and the metallurgical state. In cases of controlled conditions 
with varied composition, we were able to perform on-line eddy current monitoring of the 
temperature of a moving Al sheet, in the range of 300 to 400°C, with an accuracy of+16°C. 
For the range of compositions used there would have been an apparent spread of 60°C. 
Fluctuations in the temperature of the moving sheet limited the precision; with improved 
control, the accuracy demonstrated would have been higher. Further testing is in progress. 

Four additional applications were considered: (i) In hot isostatic pressing and 
consolidation of metal powders, eddy current methods were used to monitor the dimensions 
of a cylindrical canister containing the powders and thereby to obtain an in situ measurement 
of density during the processing, (ii) An application to the measurement of the resistivity of a 
carbon-carbon sheet during heat treatment was accomplished using a through transmission 
technique similar to that used for A!, but at higher frequencies, (iii) The method is also being 
applied to the determination of the depth of case hardening of steel shafts; here, magnetic and 
electrical changes due to case hardening are detected, (iv) An application to measure the 
velocity of liquid metal flow is being investigated. 

Reference 
[ 1 ] A. H. Kahn, L.C. Phillips and A. Stem, Sixth Israel Materials Engineering Conf. (The Dead Sea, Israel, 

Feb. 1993). 

Electrical Resistivity of 3104 Aluminum Alloys 

A. Stern, A.H. Kahn* and L.C. Phillips* 

The most characteristic single property distinguishing metals from other materials is that 
of readily conducting electricity. It is not surprising, therefore, that the electrical resistivity is 
frequently measured and used as a tool in metallurgical research. In order to measure the 
temperature of 3104 aluminum sheets, we utilized the temperature dependence of the 
electrical resistivity of the material. 

The electrical resistivity of samples taken from 20 3104 Al coils supplied by five 
manufacturers, having composition variations allowed within the alloy designation, was 
measured at room and high (300 lo 400°C) temperature by the eddy current (EC) method. 
Excellent agreement was found in a comparison of the room temperature EC resistivity and 
the four-point probe DC measurement methods. In an analysis of the data, we assumed the 

• N J I I U I U I IILSIIIUU- ol SLind.irJ '>aiid'k\li iK>Ki}!) > t iail!i>. , ! ' l iuri! , M D . U S A . 

101 



validity of Matthiessen's hypothesis, that the resistivity of a dilute alloy is the sum of the 
resistivity of the pure aluminum at the specified temperature and the resistivity contribution 
from alloying elements and from deformation. The deformation contribution to resistivity, 
measured as 0.035 \iCicm in annealing experiments, was present in the room temperature 
samples and assumed absent at high temperature. 

The alloying contribution to resistivity (called also 'residual resistivity') is a function of 
composition and the degree of solid solution of the alloying elements. As a first 
approximation, the room temperature structure of the 3104 Al alloy consists of an Al matrix 
having Mg, Zn and Ga in solution and Si, Fe Cu, Ti and V out of solution in the form of 
precipitates. Most of the Mn is out of solution in the form of intermetallic precipitates and the 
rest is in solution in the Al matrix. The amount of the Mn in solution was calculated from the 
room temperature residual resistivity of the 3104 Al alloy using the values of residual 
resistivities per 1% weight of the different alloying elements in solution and out of solution. 
The calculated amount of Mn (%wt) in solution is in the range of 0.23-0.42 and differs for the 
five manufacturers. As the amount of Mn in solution is process-dependent, the different 
manufacturers probably used slightly different procedures to produce the coils, yielding 
different amounts of Mn in solution. 

Characterization of an A53 Carbon Steel to AISI 304 
Stainless Steel Arc Welded Joint" 1 

G. Kohn and A. Stern 

Large (up to 30 cm I.D.) vacuum insulated pipes (VIPs) have recently been introduced in 
the industry. The outer vacuum holding shell is constructed of A53 grade carbon steel pipe 
welded at both ends to the fluid conducting pipe via an AISI 304 short pipe. Welds were made 
under two sets of process parameters. The first joint type, 'A', consisted of two root pass welds 
using the GTA (gas tungsten arc) welding method and two fill passes using the GMA (gas 
metal arc) welding process. The second joint type, 'B', consisted of one GTAW root pass 
followed by two GMAW fill passes. An ER 308 electrode was used for all seams. Welded 
segments which had both types of joints (A & B) have been submitted to both destructive and 
non-destructive tests. The main results of the investigation are: (i) Sound welds can be 
obtained using either A or B type joints, (ii) The dissimilar metal joint yielded a martensitic 
microstructure in the root seam which had characteristically high microhardness (-400 VHN). 
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The fill pass showed a dendritic microstructure with low hardness (-250 VHN). (iii) The most 
commonly found defects were porosity, lack of penetration, and mismatch of welded parts in 
the joint. Type A welds exhibited a slightly larger amount of porosity. None of the above had 
any detrimental effect on the soundness of the joints, (iv) The tensile strength of the joint was 
greater than that of the stainless steel parent material. Possible solutions to avoid the 
martensitic structure in the root seam were considered. 

Reference 
[1 ] G. Kohn and A. Stern, 3rd Im. Conf. on Trends in Welding Research (Gatlinburg, TN, USA, June 

1992). 

Interface Studies of a SiC 
Whisker-Reinforced Alumina Composite"1 

A. Venkert and D.G. Brandon* 

Many of the useful properties of polyphase ceramic composites are critically dependent on 
the microstructure of the ;,iterfaces and on the interface properties. In the present work the 
structure of SiC whisker-reinforced alumina was examined by high resolution transmission 
electron microscopy (HREM) and lattice images or a variety of SiC/ALO, interfaces were 
obtained. The composite material was a hot-pressed, high purity alumina containing 20 wt% 
SiC whiskers. There was no evidence of any imerfacial reaction between the whiskers and the 
ALO,. The HREM images showed that the interfaces between the matrix and the whiskers 
were free from amorphous film. Furthermore, these phase boundaries showed a remarkable 
level of atomic perfection, suggesting that the sintering process was accompanied by 
preferential growth of selected Al,0, grains. In most of the boundaries that were observed in 
this study, the boundary planes of both materials tend to lie parallel to the direction of the 
crystallographic c axes of each material. 

These results were unexpected and can contribute to an understanding of the influence of 
the interface properties on the development of the microsiructure of structural ceramics. 

Reference 
111 A. Venkcrl anil 13.G. Brandon, oih hu. Conf. on Solid Fibm and Stirfacrs (Paris, France, June-July 

1992J. 
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The Growth of Dome-Shaped Sapphire Crystals 
by the Gradient Solidification Method'11 

A. Horowitz, S. Biderman, D. Gazit, Y. Einav, G. Ben-Amar and M. Weiss 

The excellent optical and mechanical properties of sapphire make it the preferred choice 
for IR domes, used as an external window of missiles, operating in the 3-5 p.m optical region. 
However, the high melting temperature and extreme hardness of sapphire make the 
fabrication of such domes from single crystal boules difficult, time-consuming and expensive. 
Near-net-shape sapphire domes have been grown in our laboratory for many years, in a 
variety of sizes (up to 6 inches in diameter), shapes (hemispherical and others) and 
orientations (including the c-axis orientation). The domes are grown in double-wall 
molybdenum crucibles and by the gradient solidification method. For each dome geometry, 
size and orientation, a special furnace and growth course are designed, in view of the non-
linearity of the temperature gradients, surface energy effects that arise in large-diameter 
crystals, and the very high temperatures involved. By opiimizing growth conditions it is 
possible to achieve premium grade domes, free of grain boundaries, scattering centers and 
stresses. 

Reference 
[ 1) A. Horowitz, S. Bidcrinun, D. Gazit, Y. Einav, G. Bcn-Amiir and M. Weiss, Tenth Int. Conf. on Crystal 

Growth (San Diego, CA, USA, Aug. 1992). 
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Supported Sol-Gel Thin-Film Glasses Embodying Laser Dyes: 
2. Three-Layered Waveguide Assemblies'11 

Y. Haruvy, A. Heller*'** and S.E. Webber* 

Three-layered thin-film assemblies of polymethylsiloxane (PMSO) glass were prepared by 
fast reaction of methyltrimethoxysilane with water, using stoichiometric water-to-siloxane 
ratios, at elevated temperatures. Following hydrolysis, partial polymerization and distilling-
out of the produced methanol, the viscous polymer of each layer was spin-cast onto the 
support. The layered assemblies comprised a bottom and a top layer made of pure PMSO, and 
a middle layer embodying the laser-dye. A specific tuning of the synthetic route was 
maintained to ensure proper adherence between the layers, since PMSO surface rearranges 
itself to become hydrophilic or hydrophobic, depending on the environment it is facing. An 
additional tuning facilitated molecular dispersion of dye in the glass, even at high 
concentrations (>10"2 M). The absorbance and fluorescence spectra of the thus-embodied 
dyes showed typical features, while their absorbance-fluorescence gap was substantially 
narrowed. The indices of refraction in the three-layered assemblies were lower in the bottom 
and top layers, and a little higher in the dye-loaded middle layer. Fluorescence line-
narrowing of the emission from the glass-edge could be observed upon excitation of the dye 
surface with an excimer laser at 308 nm. This lasing of the sol-gel glass-film was 
characterized by line width narrowing by 25-40% a;id an angular width of ca 6 degrees. 

The quickness and simplicity of preparing multilayered assemblies of varying indices of 
refraction by this method and its capability to maintain high concentrations of discrete dye 
molecules (>10 M) in the middle glass-layer offer a promising route for two-dimensional 
laser systems and for non-linear optics applications in general. 

Reference 
11 ] Y. Haruvy, A. Heller and S.E. Webber, Proc. SPIE 1590:59 (1991). 

Supported Sol-Gel Thin-Film Glasses Embodying Laser Dyes: 
3. Optically Clear S i0 2 Glass Thin Films Prepared 

by the Fast Sol-Gel Method111 

Y. Haruvy and S.E. Webber* 

Trimethoxysilane and water were reacted directly, at 25-70°C, using substoichiometric 
water-to-siloxane ratios, following partial polymerization and distilling-out of the produced 

•Dcpt. of Chemistry and Biochemistry, The University of Texas ul Austin, Austin, TX, USA. 
"Depi. of Chemical Engineering, The University of Texas at Austin. Austin, TX. USA. 
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methanol, carried out under inert atmosphere, the viscous polymer formed within a few 
minutes and could be spin-cast onto a support. The processes of polymerization, cross-
linking, and oxidation to silica were completed at room temperature within a few days. Upon 
introduction of a laser dye into the reaction mixture, a chromophore-embodying silica glass 
f m was attained. No adiitive or surfactant was required to eliminate the typical fracturing of 
the glasses during the curing step. The process was carried out with a dye-embodying 
poly(hydrogen siloxane) layer of typical thickness of iO p.m sandwiched between two 
polymethylsiloxane layers of lower index of refraction, the overall thickness of the assembly 
being up to 80 urn. The absorbance and fluorescence spectra of laser-dye-loaded glass were 
typical of monomelic chromophores, even at high concentrations of the dyes (>10'2M), and 
were slightly shifted as oxidation was progressing from (HSi03/2)n to (Si0 2 ) n . This synthetic 
method of inorganic supported silica glass films is convenient due to its quickness and 
simplicity, its capability to maintain high concentrations of discrete guest molecules (>10"2 

M) in the glass, and the additive-free nature of the dye-embodying glass films (up to 10 urn) 
prepareo by it. These S1O2 glass films provide a promising route for non-linear optics 
applicacions such as a two-dimensional dye laser system. 

Reference 
! 11 Y. Haruvy and S.E. Webber, Chan. Mater. 4:89 (1992). 

Sol-Gel Preparation of Optically Clear Supported Thin-Film 
Glasses Embodying Laser Dyes: A Novel Fast Method11' 

Y. Haruvy, A. Heller*'** and S.E Webber* 

Fast sol-gel processes are facilitated by the direct reaction of alkoxysilane monomers with 
water at 60-80°C, using near-stoichiometric water-to-siloxane ratios. Following partial 
polymerization and distilling-out of the produced alcohol within several minutes, the viscous 
polymer is spin-cast onto a support. The facile polymerization and crosslinking processes of 
the glass-film, typically 10-25 um thick, are completed within a few hours at 60-70°C, 
enabling preparation and measurements on the same day. No additive or surfactant is required 
to eliminate the typical fracturing of the glasses during the fast curing step. The process is 
carried out with single layer, as well as with multilayeied assemblies of varying indices of 
refraction and total thickness up to 50 urn. Chromophore-encaging glasses are attained by 
introduction of laser-dye into the reaction mixture. Minor tuning of the process is needed for 
different dyes. The absorbance and fluorescence spectra of the laser-dyes embodied in the 
glasses are typical of monomeric chromophores, only slightly shifted to the red, even at high 

•Dcpl. of Chemistry and Biochemistry. The University of Texas ai Ausnn, Austin. TX, USA. 
"'Depl. of Chemical Enyinecriny. The University of Te.sus ;il Austin. Auslin, TX. USA. 
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concentrations of the dyes (>10 M). The convenience of this fast and facile method provides 
a promising route for non-linear optics applications such as a two-dimensional dye laser 
system. 

Reference 
[ 1 ] Y. Haruvy, A. Heller and S.E. Webber, In: Supramolecular Architecture: Synthetic Control in Thin 

Fiims and Solids. ACS Symp. Scries No. 499, pp. 405-424. (Washington, DC, USA: American 
Chemical Sociciy, 1992). 

The Fast Sol-Gel Synthetic Route to Supported Glass Films: 
Synthetic Features, Scope, Applications and Mechanistic Studies'" 

Y. Haruvy and S.E. Webber* 

The fast sol-gel synthetic route to glas- films is facilitated by a solvent-free reaction of 
trialkoxysilane monomers at 60-80°C and near-stoichiometric water-to-siloxane ratios. The 
viscous polymer formed within several minutes is spin-cast onto a support (typical thickness 
10-25 urn), cured within a few hours at 60-70°C or 10-40 min under an intense electric field 
at room temperature, and can be characterized on the same day. Multi-layered glass-film 
assemblies of varying indices of refraction and a total thickness up to 80 |im are prepared by 
the same fast process with slight modifications. Guest molecules such as laser dyes for 2D 
lasers and chromophores for second-hamionic-generation are incorporated into these giass 
films at high concentrations by direct addition to the reaction mixture. Their absorbance and 
fluorescence spectra are typical of monomelic chromophores up to concentrations of -10 M. 
Crystallites that may appear at higher concentrations exhibit unusual polymorphism. The 
smoothness of such films enables surface anchoring of iso-environment photoactive 
molecules and investigation of their photophysics. 

Si-NMR studies of the hydrolysis pattern in our acid-catalyzed fast sol-gel reaction 
prove that uniform hydrolysis of the monomer, necessary for a single-phase polymerization, 
is attained only when the hydrolysis is fast enough to become kinetically controlled, eg. at 
elevated temperature or at high acid-concentration. Our reaction pattern and the data of others 
can be interpreted in terms of a single mechanism of hydrolysis in which two different rate-
determining steps can prevail, depending predominantly on the reactivity of the alkoxysilane 
and the ratio of the acid-catalyst to the (apparently inert) proton-binding solvent. 

Reference 
| 1 | Y. Haruvy and S.E. Webber, Muter. Res. So,. Symp. I'r„,. 371:297 (1992). 

•Depl. o! Chemistry and BiuchemUry. 'I lie Uni\cr.sit> ul'Texas at Au.Nlin, Austin. TX, USA. 
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Production of Se via the 5 As(p,3n) Reaction 
Using Cu, As-Alloy as a Target Material 

N. Lavi, G. Blessing*, S.M. Qaim* and G. Stocklin* 

The feasibility of applying QuAs-ailoy as a high-current target material for the routine 
production of 7 3 Se via the 75As(p,3n) reaction was investigated experimentally. A 
thermochromatographic method was developed to separate radioselenium from the matrix 
activity: at 1150°C the removal yield of radioselenium was found to be 98±2%. The chemical 
state of the radioselenium taken up in Hj0 2 was 7 3 Se0 3 " 2 ; the product was of high 
radionuclidic and chemical purity. The impurity levels were 6 5 Zn (0.009%), 7 4 As (0.15%) and 
7 5 Se (0.03%). Irradiations of Cu3As for 2 h at nominal currents of 5 p:A lead to batch yields 
of 7 3 Se (at EOB) of approximately 70 mCi. 

Oxytetracycline-Loaded Lyophilized Liposomes 

M. Juszynski, R. Azoury, C. Barash and R. Rafaeloff 

Liposomes, which are microscopic phospholipid vesicles, have been used extensively to 
improve the therapeutic index of drugs. The delivery of antibiotics via liposomes has several 
potential advantages in the treatment of brucellosis and other diseases in livestock. Using 
adequate lipid compositions, liposomes with prolonged blood circulation can be prepared, the 
antibiotic activity can be prolonged, and the number of treatments will be reduced. The 
present study focused on the development of a liposome—oxytetracycline (OTC) formulation 
to be used in the treatment of bovine brucellosis. OTC-loaded liposomes were prepared by the 
freeze-drying technique. A high entrapment efficiency of 80% was obtained in liposomes 
prepared from phosphatidyl, choline, dipalmitoyl phosphatidyl choline and cholesterol at a 
drug-to-lipid ratio of 1.3 (w/w). Release experiments performed at 4°C against saline showed 
that the liposome formulation was stable for 4 days. Optimization of the liposomal 
formulation, stability, and in vivo performance of this system are under investigation. 

•KFA Forschunus/.cntrum Jiilich GmbH, Jiilith, Germany. 
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Differential Scanning Calorimetric Study of Anticancer 
Drug-Loaded Thermosensitive Liposomes 

M. Juszynski, R. Azoury, C. Barash and R. Rafaeloff 

Temperature-sensitive liposomes (TSL) are formed from lipids which undergo sharp 
transitions between gel and liquid crystalline states at a given transition temperature, e.g. at 
the temperature of hyperthermia, between 40 and 45°C. Close to the transition temperature, 
the permeability of the liposome membrane increases and the drugs loaded in the liposomes 
are released at an enhanced concentration in the target tissue. This study wa<- conducted in 
order to investigate the effect of hydrophilic and amphiphatic drugs on the phase transition 
temperature (Tc) of TSL. 

Neutral liposomes composed of dipalmitoyl phosphatidyl choline (DPPC) and distearoyl 
phosphatidyl-choline (DSPC) and negatively charged liposomes composed of DPPC and 
dipalmitoyl phosphatidyl glycerol (DPPG) were laaded with carbopiatin (CP) and adriamycin 
(ADR) at different drug concentrations. Increasing the CP concentration from 0 to 20 mg per 
100 mg of lipids did not affect the T c of the liposome membrane (Table 1), while 
incorporation of 0 to 10 mg of ADR per 100 mg of lipids decreased slightly the T up to 
1.6°C (Table 2), depending on the liposome composition. The results are of primary 
importance for determining the drug release temperature in the treatment of tumors by 
hyperthermia. 

Table 1 
Phase transition temperature (Tc) of tliermosensifive liposomes as 

a function of carbopiatin (CP) concentration 

DPPC.DSPC, DPPCDPPG, CP 
9:1 (w/w) 8:2 (w/w) (mg) 
T£ CC) Tc (UC) 

43.1 42.5 0 
43.2 42.6 1.6 
43.1 42.7 2.5 
43.1 42.8 5.0 
43.2 42.9 7.5 
43.2 43.0 10.0 
43.3 42.5 15.0 
43.3 42.5 20.0 
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Table 2 
Phase transition temperature (TG) of thermosensitive liposomes as 

a function of adriamycin (ADR) concentration 

DPPGDSPC, DPPODPPG, ADR 
9:1 (w/w) 8:2 (w/w) (nig) 
TC(°C) TC(°C) 

43.1 42.6 0 
42.9 42.2 1.6 
42.7 41.8 2.5 
42.5 41.4 5.0 
42.2 41.1 7.5 
42.0 41.0 10.0 

A Study of the Interactions between Chlorine 
and a Carbon Surface'11 

H. Tobias 

The chemical (dissociative) and physical (nondissociative) adsorption of chlorine on 
carbon and graphite were studied. Following the amounts of adsorbed chlorine as a function 
of temperature could not provide the appropriate information required for distinguishing 
between the two types of adsorption. However, electrical conductivity of the adsorbent — as 
affected by chlorine adsorption from the gas phase, and its electrochemical interaction with 
aqueous solution of chloride, enabled a clear distinction between these adsorption categories. 
The results from adsorption experiments in a volumetric system suggested three types of 
chemical interactions between chlorine and carbon: double bond saturation; exchange with 
hydrogen; and dehydrochlorination. 

In contrast to the influence of oxygen, it was found that neither chlorine nor hydrogen 
destroy the carbonaceous structure even when reacting at elevated temperatures (400-1200 
K). This is apparent from the fact that weight looses of adsorbent are small and the latter's 
specific surface area remains constant even after several high-temperature chlorination-
hydrogenation cycles. 

Upon comparing the adsorption of chlorine with that of dichlorodifluoromethane (which 
have close boiling points), the existence of a reversible chlorine chemical adsorption on 
carbon at 600-800 K could be shown. The same phenomenon, although less marked, was 
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identified for hydrogen and for hydrogen chloride. These differences and the absence of a 
reversible chemical adsorption of chlorine on graphite were considered in terms of bond 
strengths and exclusive interactions. 

Variations in the electrical conductivity (e.c.) of carbon filament as induced by chlorine 
adsorption are sensitive to the type of interaction. Accordingly, at temperatures close to the 
chlorine b.p., where physical adsorption predominates, the e.c. increases, whereas at elevated 
temperatures it decreases as a result of chemical adsorption. At the mid-range the e.c. 
decreases when the amounts of chlorine adsorbed are small, as a result of energetical 
chemical adsorption. When the adsorbed amount increases, physical adsorption commences, 
resulting in an e.c. increase. This model was verified by measuring the rate of e.c. changes at 
constant temperature: there was an initial increase followed by a decrease to a value smaller 
than found at the beginning of the experiment. This is explained by the existence of a (fast) 
physical adsorption at the initial stages of the process followed by a (slow) chemical 
adsorption in which higher activation energies are involved. 

Graphite features only an increase in the ex., implying that only physical adsorption 
prevails. This correlates with the above results. Nevertheless, e.c. measurements on graphite 
show that its interaction with chlorine is different in nature from that with the physically 
adsorbed dichlorodifluoromethane, which did not show any e.c. changes upon adsorption. 

Cyclic voltammograms conducted on carbon and graphite in acidic halide aqueous 
solutions, reveal some unique oxidation-reduction patterns. This results from the fact that 
chlorine and bromine evolving in the electrochemical oxidation process exhibit both physical 
and chemical interactions when adsorbed on carbon and only a physical adsorption with 
graphite. These results are discussed in terms of already suggested mechanisms. 

Reference 
11 ] H. Tobias, Ph.D. thesis. Bcn-Gurion University of the Ncgcv, Bccr-Shcva, Report NRCN-594 (1992) 

(Hebrew, wiih English summary). 

Mechanism of Oxidation oFTetraaza-Macrocyclic-Nickel(II) 
Complexes by HCV Free Radicals in 

Aqueous Solutions1" 

A. Mcshulam*, H. Cohen and D. Meyerstcin* 

The redox properties of the superoxide free radical are of interest within the framework of 
elucidating the source of its toxicity. Recently it was proposed that some of this toxicity 

"Ben-Gurkm University ol the Neevv. lieer-Sheva. 
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might be due to the radical's oxidizing properties. It was therefore decided to study the 
mechanisms of oxidation of the complexes 5>7,7.12,14,14-hexamethyl-l14,8,ll-
tetraazacyclotetradecane-nickel(II), NiL'2 + , and 1,4,8,1 l-tetraazacyclotetradecane-nickel(II), 
NiL'2 + , by H0 2 - free radicals. 

N N N N 

N i 2 t N i 2 + 

N i L 2 + NiL' 2* 

The results indicate that NiL 2 + and NiL' 2 + are oxidized by H0 2 - in aqueous solutions in 
the pH range 3-7 in the presence of stabilizing anions X(X = HCOJ , S 0 4

2 " and H2PO4") to 
form Ni(III)LX2 and Ni(III)L'X2, respectively. The dependence of the rate of formation of the 
trivalent nickel complexes on [NiL 2 +] and on the nature and concentration of X, indicates that 
the HCV radical reacts mainly with the ion-pairs [NiL 2 +, X] to form the final products. The 
oxidation of NiL' 2 + is considerably more facile than that of NiL , probably due to its lower 
redox potential. The results show that in the presence of appropriate transition metal 
complexes, the superoxide free radical is a potent oxidizing agent and might cause deleterious 
processes, thus explaining the toxicity of the superoxide. 

Reference 
[1] A. Mcshulam, H. Cohen and D. Mcycrstcin, 29th Int. Conf. on Coordination Chemistry (Lausanne, 

Switzerland. July 1992). 

Stabilization of Tetraaza-Macrocyclic-Nickel(III) Complexes by 
Axial Ligation of Anions in Neutral Aqueous Solutions"1 

I. Zilbermann, A. Meshulam*, H. Cohen and D. Meyerstein* 

Recent s.-ijies demonstrated that anionic ligands, e.g. SO42" and H2PO4", stabilize 
nickel(III) complexes with tetraaza-macrocyclic ligands in acidic aqueous solutions. 
However, the results seemed to suggest that these complexes are extremely short lived in 
neutral and alkaline solutions. The present study demonstrated that such complexes have a 
reasonably long lifetime in neutral solutions when they are stabilized by carboxylate anions. 

•Bcn-Gurion University of the Ncgcv, Bccr-Shcva. 
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The electrochemical oxidation of NiL l 2 + and the kinetics of decomposition of Ni(IH)L'X2 

in neutral solutions in the presence of a variety of anions 
X, X = H C 0 2 - , CH3CO2- , (CH 3 ) 3 CC0 2 - , C 6 H 5 C 0 2 - , r , S 0 4

2 - , H 2 P 0 4 - , is reported. 
The results show that the relative stabilities of the Ni(III)L' complexes in neutral solutions 
differ from those reported for the complexes in acidic solutions. In addition, the effect of the 
axial ligands X on the relative stabilities of the Ni(IIl)L'X2 complexes is a complex function 
of the pKa of the conjugate acid HX, steric factors, the charge of the ligand, and the nature of 
the ligating atom. There was an interesting apparent discrepancy between the electrochemical 
and kinetic results. 

The results point out that Ni(III)L'X2 complexes can be used as oxidizing agents, or as 
intermediates in catalytic oxidations, in neutral and slightly alkaline aqueous solutions. 
Reference 
[ I ] I. Zilbcrmonn, A. Mcshulam, H. Cohen and D. Mcycrstcin, 29lh Int. Conf. on Coordination Chemistry 

(Lausanne, Switzerland, July 1992). 

Intramolecular Acid Catalysis of the OH-P-EIimination 
Reactions from (EDTA)Fe l"-CH 2C(CH3) 2OH 2-

and from (EDTA)Cr l n-CH 2C(CH3) 2OH 2-

H. Cohen, E. Luzzatto* and D. Meyerstein* 

Recent studies indicate that complexes of the type L 5 M ( n + l ) -CR'R 2 CR 3 R 4 OH 
decompose in aqueous solutions via the P-elimination reaction: 

L 5 M l n + 1 ) -CR 1 R 2 CR 3 R 4 OH->L5M ( n + , ) (H 2 0) + R 1 R 2 C = CR 3 R 4 +OH-

The first order rate constant of the latter reaction usually has the form: k = k0 + knl^O*]. 
During a systematic study of the effect of the nature of the non-participating ligands L on the 
rale of this reaction, unexpected results were obtained for L=EDTA and 
CR , R : CR , R 4 OH = CH ;C(CH.1)2OII. 

•Lk'n-Guriun University of 1I10 Nk'yi'v, Bccr-Shevu. 
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The free radical •CH2C(CH3)jOH reacts with the divalent EDTA complexes 
(EDTA)Mn(H20)~, M = Fe and Cr, to form the short-lived complexes 
(EDTA)Mm""CH2C(CH3)2OH2~; the rates of these reactions are k = 4 x l 0 7 and 
5.1 x lO'NC's" 1, respectively. For M = Fe, the hemolysis of the metal-carbon p-bond is 
relatively fast and the following equilibrium is established: 

•CH2C(CH3)2OH + (EDTA)Fe I I(H 20) 2-^(EDTA)Fem-CH 2C(CH3) 2OH 2-K = 3.5xl02 M"1 

The decomposition of the transient complexes (EDTA)Mm"CH2C(CH3)2OH2~ results in 
the formation of (EDTA)M m (H 2 Or+H 2 C = C(CH 3) 2, as expected, but the rate laws 
observed do not fit expectations. The rates observed are indeed acid-catalyzed but the 
dependence on [H30+] is not linear and the catalysis occurs at considerably higher pH's than 
expected. The results indicate that the acid catalysis in the present systems involves an 
intramolecular attack of a C0 2 H group on the hydroxyl group which is eliminated. 

Reference 
[1] H. Cohen, E. LuzzaUo and D. Meycrslein, 29th Int. Conf. on Coordination Chemistry (Lausanne, 

Switzerland. July 1992). 

A Kinetic Study of the Influence of Dimeric Chromium(II) 
Acetate Complexes on the Formation 

of Chromium-Carbon a Bonds1" 

W. Gaede*, R. van Eldik*, H. Cohen and D. Meyerstein** 

High-pressure pulse-radiolysis techniques were employed to study the pressure 
dependence of the effect of acetate on the formation of complexes of the type Cr(H 20)5R 2 +, 
where R = C(CH3)2OH. The observed volumes of activation decreased from +5.7 to -7.4 
cni'mol - 1 when the acetate concentration was increased from 0 to 0.27 M. Similar 
measurements in the presence of phosphate did not indicate any significant effect on the 
observed volume of activation for the formation of the metal-carbon bond. This difference can 
be interpreted in terms of the pressure dependence of the dimerization of Cr(II) acetate 
complexes, which was measured independently and exhibited a reaction volume of +23+2 
cm 3 mor' . It is concluded that the mechanism of the formation of chromium-carbon a bonds 
is not affected by anions such as acetate and phosphate. 

Reference 
11 ] W. Gacdc, R. van Eldik. H. Cohen and D. Mcycrslcin, Submitted to Inorg. Chem. Ada. 

'Institute for Inorganic Chemistry, University of Wiitcn/Hcrdcckc, Willcn, Germany. 
••Ben-Gurion University of the Negcv, Bccr-Shcva. 
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Molecular Hydrogen Evolution as a Consequence of Atmospheric 
Oxidation of Coal: 1. Batch Reactor Simulations 

S.L. Grossman*'**, S. Davidi** and H. Cohen 

Bituminous coals under mild oxidation conditions (temperatures of 55-95°C and oxygen 
pressure of 100-1000 millibar) produce molecular dihydrogen in small but significant 
amounts. The source of the molecular hydrogen is in the hydrogen within the coal 
macromolecule (C-H bonds) and not in adsorbed water, as confirmed by labeling 
experiments. Hydrogen is produced in an oxygen-bearing atmosphere; the higher the 
temperature, the greater the amount of hydrogen produced. The phenomenon occurs in all of 
the bituminous coals studied and is not dependent on the grain size of the coal particles. The 
hydrogen concentrations produced are linear to the amount of oxygen consumed and only 
slightly dependent on the amount of coal oxidized in a given reactor. This is the first detailed 
repon on the evolution of molecular hydrogen at near ambient temperatures. Possible sources 
for the hydrogen produced as well as safety aspects of the handling of coal in confined spaces 
and mining, were considered. 

Development of a Portable Gas and 
Temperature Monitoring Device for Coal Stockpiles 

S.L. Grossman*'**, Y. Nehenia, S. Davidi** and H. Cohen 

Roughly 70% of the electricity generated in Israel is the result of coal combustion; all of 
the 5,500,000 tons consumed per annum are imported. Operational and strategic 
considerations necessitate the maintenance of large stockpiles, all of which are situated close 
to towns. In order to assess the economic and technological ramifications of maintaining such 
large stockpiles, the process of oxidation must be considered. It has been found' ' that 
ambient temperature oxidation causes inter alia a significant loss in energy, which can reach 
1-7%' '. In addition, in the event that the heat generated by oxidation is dissipated slower 
than it is created, autogenous heating will result. Since the rate of oxidation is proportional to 
temperature, a situation of autocatalytic heating may develop that in extreme cases will give 
rise to localized spontaneous combustion. 

Monitoring coal stockpiles for temperature and gas composition enables the operator to 
discern pockets of 'hot' coal and thereby lake the necessary precautions needed to remedy the 
situation. Existing technii|ues for measuring stockpile temperature and sampling stockpile 

•National Coal Supply Corp.. Kamji ti;wi. 
•*Bcn-Gurion University of Hie Netcv. Boer-Slicva. 

117 



gases are limited in usefulness. The aim of this research was to develop a portable and easily 
operated system for the sampling of gases found within a coal stockpile. The system is able 
also to monitor coal stockpile temperatures to a depth of 6 meters. The data gleaned from this 
monitoring device can serve as a harbinger of autogenous heating. 

References 
11 ] S.L. Grossman, S. Davidi and H. Cohen, Fuel 70:871 (1991). 
(2) S.L. Grossman, S. Davidi and H. Cohen, Fuel 72:157 (1993). 
(31 A. Cock, KEMA Sri. Tech. Rep. 11(1987). 

Molecular Hydrogen Evolution as a Consequence of Atmospheric 
Oxidation of Coal: 3. Thermogravimetric Flow Reactor Studies 

S.L. Grossman*'**, I. Wegener***, S. Davidi*, W Wanzl*** and H. Cohen 

Large bituminous coal piles stored outdoors for long durations can undergo autocatalytic 
autogenous healing. Associated with the low temperature (50-150°C) oxidation of the coal is 
the chemisorption of oxygen and the emission of carbon monoxide and water. This process is 
accompanied by residual gas evolution, mainly carbon monoxide and low molecular weight 
hydrocarbons. 

Low temperature simulations in the laboratory (50-150°C) have shown that small but 
appreciable amounts of molecular hydrogen, H2, are also evolved. Flow reactor 
thermogravimetric analysis of the low temperature coal oxidation process was performed with 
two different bituminous coals, one from Northern Appalachia in the USA, the other from the 
Ruhr Basin of Germany. It was observed that the emission of H 2 occurs at temperatures as 
low as 50°C and that this reaction is an oxidation-correlated process. Furthermore, the 
emission of H2 is a fast process, occurring within a few minutes after the onset of heating of 
the coal sample. Prior to the evolution of the aforementioned gases, an increase in the coal 
sample weight is observed due to oxygen chemisorption. The mechanism and a parameter 
study were considered in detail. 

'Bcn-Guriun University oi the Ncgev, Beer-Shcva. 
••National Coal Supply Corp.. Rurmu Gun. 
•"DMT-IKK. 4.100 Essen. Germany. 
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Reduction Potentials Determination of Some Biochemically Important 
Free-Radicals: Pulse Radiolysis and Electrochemical Methods'1' 

M. Faraggi and M.H. Klapper* 

In this review reduction potentials of unstable species are desci ibed. Both fast kinetics and 
electrochemical techniques are presented. Examples involving the determination of the 
reduction potentials of free radicals from amino acids, peptides and nucleobases aie 
discussed. 

Reference 
[1| M. Faraggi and M.H. Klappcr, J. Ckim.Phys. (in press). 

Hydrogenation of 1-Octene Using a/f3 LaNi 5H x as a Catalyst"1 

J.R. Johnson**, Z. Gavra and J.J. Reilly** 

The behavior of LaNis as a hydrogenation catalyst has been the subject of several 
investigations. Soga et al) ' report that the hydrogenation of ethylene gas in the presence of 
H 2 at 190-213 K by LaNis hydride takes place readily by extraction of hydrogen from the 
hydride phase, which consequently decomposes but does not reform in the presence of 
ethylene. Others' ' have examined a number of AB, intermetallic compounds (A = rare 
earth metal and B = Ni) to determine their efficacy as catalysts in the synthesis of ammonia 
and the reduction of CO at elevated temperatures (>575 K). In both cases the intermetallic 
compound decomposed to form an oxide or nitride phase plus elemental Ni. However, this 
mixture exhibited significant catalytic activity, behaving much like elemental Ni on a metal 
oxide support. Johnson el //.' ' report that both hydrided and dehydrided LaNis are effective 
heterogeneous catalysts for the hydrogenation of 1-undecene at 308 K. Their investigation 
was concerned primarily with the determinatioi. of the differential activity of the catalyst due 
to the presence or absence of the hydride phase. This report, an extension of the latter work, 
addresses the hydrogenation of 1-octene using LaNis Hx as a heterogeneous catalyst. 

•The Ohio Stale University, Columbus, OH, USA. 
••Dept. of Applied Science, Brookhavcn National Laboratory, Upton, NY, USA. 
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Electrocatalytic Properties of Chemically Polymerized Films of 
Cobalt, Iron and Manganese Tetrakis (O-aminophenyl) Porphyrins 

A. Bettelheim, A. Raveh and J. Hayon 

Polymeric films of tetrakis(o-aminophenyI)porphyrins (abbreviated: H2(o-NH 2 )TPP) and 
their cobalt, iron and manganese analogs were obtained by reacting the aniline groups with 
nitrite ions in an acidic medium. The electrocatalytic properties of the chemically 
poiymerized (CP)-Co(o-NH2)TPP films towards 0 2 reduction, and CP-Fe(o-NH 2 )TPP 
towards the reduction of nitrite ions, were compared with those reponed in the literature for 
dioxygen reduction by electropolymerized films of Co(o-NH2)TPP, and for nitrite reduction 
by dissolved iron porphyrins. CP-?.In(o-NH2)TPP films mediate the electrooxidation of 
glucose by glucose oxidase. Amperomctrk measurements conducted with glucose electrodes 
based on these films showed that the current is linearly proportional to glucose concentrations 
up to 6 x l ( r 2 M. This linearity range is two orders of magnitude higher than that previously 
reported for Mn(o-NH2)TPP and enzyme, both immobilized in colloidal graphite. 

Solid-State Electrochemistry Using lonicully Conductive Polymers 1" 

R. Ilarth, D. Ozer, A. Raveh and A. Beuelheim 

lonieally conductive polymers were used as solid polymer electrolytes (SPE) in order to 
conduct electrochemistry in the absence of a contacting electrolyte solution. In contrast to 
other reported voliammelric studies with SPE in two-electrode or microelectrode 
configurations, we have been using macro three- or four-eleclrode configurations which were 
exposed to an atmosphere of water vapor. The polymeric electrolytes used were polyethylene 
oxide (PliOj and Nation. The Ag wire pseudo-reference electrode used in previous studies 
was replaced by a polymeric Ag/AlCI reference electrode. It enabled the measurement of 
stable redox potentials for various compounds (such as potassium fenicyanide) with results 
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close to those obtained for the same compounds when dissolved in aqueous solutions. 
Dioxygen reduction was studied in PEO- or Nafion-coated solid-state cells and 

electrocatalysis could be achieve . in the presence of a metalloporphyrin in the polymeric film 
or attached to the glassy carbon (GC) working electrode surface. It was also shown that it is 
possible to electroreduce gaseous WF6 in a solid-state cell configuration with a commercially 
available Nation membrane serving as SPE. Surface analysis of the coatings obtained on GC 
electrodes showed that they were free of fluorine. Cyclic voltammetry of the coatings in an 
aqueous solution indicated a behavior similar to that of metallic tungsten for coatings 
obtained under dry conditions, and to that of tungsten oxide species when water vapor was 
not completely expelled from the solid-state SPE cell. 

Reference 
11 ] R. Harih, D. Ozcr. A. Ravch and A. Bcttclhcim, Submitted to Ihe 57th Annual Meeting of the Israel 

Chemical Society (Ramal Gan. Israel, Feb. 1993). 

The Effect of Vacuum Preannealing on the 
Hydriding Kinetics of Zirconium1'1 

J. Bloch, I. Jacob and M.H. Mintz 

The effects of vacuum preannealing on the hydriding kinetics of zirconium metal at 400°C 
and 1 atm hydrogen pressure were studied using combined metallographic and kinetic 
measurements. Two stages were identified in the reaction kinetics; a fast initial stage in which 
the apparent front velocity was 70 |im min and a second stage in which the front velocity 
gradually decreased until it stabilized around 8 fi min"1. During the fast stage a special 
topochemical development of the hydride was observed, with the hydride progressing along 
grain boundaries which were previously oxidized during the vacuum annealing. This 
relatively fast process continued until a hydride overlayer was formed on the sample surface. 
The spatial extent of this stage was thus of the order of the grain size (around 40 u.m). During 
the second stage of the hydriding the rate-controlling step was the diffusion of hydrogen 
through the product layer, leading to a decrease in the apparent reaction rate. Hence, the main 
effect of the vacuum preannealing on the hydriding rate was introduced through grain 
boundary oxidation, affecting the initial rapid stage. 

Reference 
| 1 | J. Bluch. I. Jacob anil M.H. Mini/,./. Alloys Comp. 191:179 (19M>. 
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The Relation between Microstructure and 
Hydriding Kinetics in Uranium'1' 

J. Bloch and M.H. Mintz 

Pressure and temperature dependences of the hydriding kinetics of uranium were measured 
for samples differing only in their microstructure. The metal's microstructure was modified by 
vacuum thermal annealing at 700°C followed by relatively fast cooling. This treatment was 
shown previously to increase the hydride front velocity while simultaneously inducing grain 
growth'''. The kinetics of small grain uranium is well known and the reaction mechanism is 
in agreement with a quantitative interface-controlled mechanism' ' '. The pressure and 
temperature dependences of the hydriding kinetics in the heat-treated uranium were required 
to determine the changes in the hydriding mechanism due to the changes in microstructure 
induced by the heat treatment. This was also needed to explain the differences between the 
results of various studies' '. 

The kinetic results as a function of temperature at 1 atm of H2 and of the pressure 
dependence at two temperatures (100 and 300°C) were compared. The pressure and 
temperature dependences in the two cases were found to be similar. The front velocity of the 
product layer in the heat-treated samples was faster than that of the small grain samples by a 
factor of 5. The heat-treated samples were in very good agreement with the results reported in 
the literature. The results are explained on the basis of a previously proposed model . 

References 
111 J. Bloch and M.H. Mintz, Sixth Israel Materials Engineering Conf. (The Dead Sea, Israel, Feb. 1993). 
|2| J. Bloch and M.H. Mintz,7. Less-Common Met. 166:241 (1990). 
|3| J. Bloch and M.H. Mintz,./. Less-Common Met. 81:301 (1981). 
|41 M.H. Minlz and J. Bloch, J. Chen. Phys. 78:6569 (1983). 
|5] J.R. Kirkpatrick and J.B.Condon, J. Less-Common Met. 172-174:124(1991). 

The Kinetics and Mechanism of Cerium Hydride Formation"1 

D. Sarussi*, I. Jacob*, J. Bloch, N. Shamir and M.H. Mintz 

The kinetics of the reaction between cerium metal and gaseous hydrogen was studied 
within the temperature range 0-100"C and the pressure range 0.1-32 atm. Combined kinetic 
rate measurements and metallographic observations enabled the evaluation of the intrinsic 
kinetic parameters of the reaction, i.e., the velocities of the hydride front progression and their 
temperature-pressure dependence. Arihemus temperature plots of the velocities yielded a 
pressure-independent apparent activation barrier of approximately 0.2+0.05 eV per H atom. 

"Bai-Gurum I ' I I IKTMU ol ihc Ncgcv. Bivr-Sheva. 
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pressure-independent apparent activation barrier of approximately 0.2±0.05 eV per H atom. 
For each temperature an apparent power pressure dependence of about '/> was displayed. 
Different possible mechanisms were considered. It has been concluded that the rate-limiting 
step for this reaction is the penetration of hydrogen from the surface (of the hydride layer) 
into the subsurface region. The activation energies for this penetration process and for the 
desorption of chemisorbed hydrogen (from the hydride surface) were estimated to be 0.24 and 
0.09 eV, respectively. 

Reference 
! 1 ] D. Sarussi, 1. Jacob, J. Bloch, N. Shamir and M.H. Mintz.y. Alloys Compounds 191:91 (l</9?\ 

Model Calculations for Hydride Nucleation on Oxide-Coated 
Metallic Surfaces: Surface- and Diffusion-Related Parameters'" 

D. Cohen*, Y. Zeiri and M.H. Mintz 

In 'real' metal-hydrogen systems the reacting metal (which is exposed to hydrogen at a 
given pressure and temperature) is initially coated by a thin passivation layer (referred to as 
an 'oxide'). The initial penetration of hydrogen through this surface layer into the metal is a 
complex process consisting of different possible elementary steps. The nucleation of a 
hydride phase at the oxide-metal interface region initiates when the local concentration of 
hydrogen exceeds a certain solubility limit value. In the present work model calculations of 
the hydrogen concentration build-up at the oxide-metal interface were performed. In these 
calculations the permeation of hydrogen through the oxide was treated on a 
microscopic-atomic level, considering dissociative H2 chemisorption on the surface, atomic 
hydrogen jumps between adjacent oxide atomic layers and hydrogen transitions across the 
oxide-metal interface. The respective set of coupled differential equations was solved 
numerically, yielding the corresponding hydrogen penetration flux across the interface. The 
subsequent diffusion process of hydrogen into the metal was treated on a macroscopic level, 
solving numerically a diffusion equation for a semi-infinite medium. These calculations 
yielded the time required for the build-up of the limiting concentration value (at the interface 
region), i.e., the so-called 'nucleation induction period', as a function of the different dynamic 
parameters involved in the process {e.g. Hi sticxing probabilities, hydrogen jump rate 
constants and hydiogen diffusion constants in the metal). A detailed analysis was made of 

"Ik'ii-Giinon I'nivor.sily ol ihe Ncgov. Bccr-Shc\;i. 
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surface-related parameters and diffusion parameter effects. The results were applied to 
account for the qualitative trends observed in the initial nucleation and growth stages of some 
metal-hydrogen reactions. 

Reference 
(1] D. Cohen, Y.Zciri and M.H. Mima., J. Alloys Compounds 184:11 (1992). 

New Molecular Probe Technique for the Assessment of 
Ultramicroporous Structure 

J.E. Koresh 

Adsorption-desorption isotherms of nitrogen and especially hydrogen at 18°C and pressure 
up to 1 atm, serve as good molecular probes to assess specifically ultramicroporous carbon 
structures like constrictions and other restricted regions responsible for the molecular sieving 
effect. Adsorption on larger pores in the adsorbent does not interfere with the analysis. The 
small low-pressure hysteresis found in a previous study' ' with nitrogen sorption at 77 K is 
amplified by sorption of nitrogen and hydrogen at 18°C. 

Reference 
{1 ] J.E. Korcsh, J. Cliem. Soc, Faraday Trans., I (1993, in press). 

Shape-Selectivity of Pt/Carbon Fibers Catalysis 

S. Kogan*, M.V. Landau*, M. Herskowitz* and J.E. Koresh 

Shape selectivity of solid catalysts is usually related to zeolites. Several attempts have 
been made to test the competitive hydrogenation of olefins on Pt supported on carbon fibers; 
the results were not conclusive. The present study examined the shape selectivity of carbon 
fibers designed to contain critical pores which control the diffusion of reactants and products. 
Catalysts were prepared by impregnation of Pt inside the carbon filters. A very high 
dispersion of Pt was measured. Care was taken to eliminate the active metal from the 
external surface of the support. The catalysts were fully characterized. Two reactions were 
carried out in a fixed-bed reactor: competitive hydrogenation of cyclohexene and 1-hexene, 
and cyclization of 1-hexene and n-heptane. The former was done at a temperature range of 
80-180°C, while the latter was performed at 400-480°C. Several types of carbon fibers with a 

*Bcn-Gurion University of the Ncycv, Bccr-Shcvu. 
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different pore size and Pt-adsorption capacity, along with a Pt on activated carbon catalyst, 
were tested. The data indicate a significant effect of the pore size dimension on the selectivity 
in each system. Pt on active carbon and on carbon fiber with large pore size have equal 
activity in cyclic and linear molecules hydrogenation (rate ratio close to 1) whereas Pt on 
gradually smaller pore size fiber is much less active in cyclohexene hydrogenation. A 
corresponding difference was revealed in reactions with 1-hexene and heptane: very low 
selectivity on cyclic products on the last catalyst in comparison with the two other catalysts. 

The findings support the assumption that a critical pore size can change dramatically the 
selectivity, while large pore sizes make little difference in terms of activity and selectivity in 
comparison with activated carbon supports. This means that such supports can be tailored to 
achieve results drastically different from those obtained with established supports. 

On the Flexibility of the Carbon Skeleton 

J.E. Koresh 

The rigid matrix of amorphous carbon, which is composed of dispersed graphitic layers 
responsible for both constrictions and wider pores, is somewhat flexible. Nitrogen, which is a 
non-swelling molecule, could easily dilate critical constriction in low activated carbons. 
Low-pressure hystereses are observed for nitrogen on these carbons. Study of the nitrogen 
hystereses of gradually activated ultramicroporous carbon fibers showed that air at 400°C 
activates the carbon much more vigorously than does C 0 2 and steam at 800°C. Air activation 
produces heterogeneous carbons with unactivated regions inside the fibers, while CO, and 
steam activates the carbon matrix homogeneously. 

Isotope Ratio Measurements of U, Pb, Hf and Nd in Solutions 
and of Pb in Glasses with a Double Focusing Multiple Collector 

ICP-MS111 

A.J. Walder*, P.A. Freedman*, l.D. Abell*, P. Walkden* and I. Platzner 

An inductively coupled plasma (1CP) is potentially an ideal ionization source for 
determining the isotopic composition of elements. It offers many advantages over the 
traditional method of isotopic ratio analysis by thermal ionization mass spectrometry (TIMS). 
These include ionization of all the metallic elements, consiiv:ibly simpler sample preparation 

*VG Elemental, Fisans Instruments, Winston!, UK. 
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and a significant decrease in sample analysis time. However, because of the inherent 
instability of the ion source, plasma systems have so far failed to achieve the precision and 
accuracy that are routinely demonstrated by TIMS. 

An ICP source was coupled to a double-focusing magnetic sector mass analyzer equipped 
with seven Faraday detectors. This method of data acquisition allows simultaneous 
measurement of isotopes which is independent of signal intensity variations. The major 
components of this mass spectrometry system are the ICP source, a 10-cm electrostatic filter 
and a 27-cm-radius magnet with an effective dispersion length of 54 cm. The ions entering ihe 
mass spectrometer are accelerated by a potential of 5700 V applied to the sampler and 
skimmer cones' '. As with all ICP ion sources, the heavier isotope is transmitted in 
preference to the light; thus isotope ratio measurements show mass discrimination. This 
discrimination is mass-dependent and time-independent. For example, uranium and hafnium 
exhibit a mass bias of 0.6% amu"1 and 1.5% amu"1, respectively. Measured isotope ratios can 
be corrected for mass discrimination in three ways: (i) with reference to standard materials; 
(ii) by internal normalization, when at least two stable isotopes exist; and (iii) with a spike 
element, where spike and sample elements favorably overlap, this technique being unique to 
ICP-MS. 

High precision and high accuracy isotope ratio measurements of U, Pb, Hf and Nd, 
comparable to those obtained by TIMS, were achieved. Sample analysis time was 
significantly reduced and sample preparation considerably simplified. An external precision 
(% relative standard deviation, RSD) of 0.012 was shown for the 235\J/'23iU measurement of 
six samples of National Bureau of Standards (NBS) SRM U-500, measurement time for all 
six samples being 30 minutes. Comparable levels of external precision were obtained for the 
2 3 5 U / 2 3 8 U measurement of NBS SRM U-010 and SRM U-9701 2 1. Similarly, an external 
precision (%RSD) of 0.035 was shown for the 2 0 8 P b / 2 0 4 P b measurement of six samples of 
NBS SRM Pb-981. Further improvement in the precision of lead isotope ratio measurement 
was achieved by spiking the lead solution with thallium' ' '. Thallium allows an internal 
mass bias correction and eliminates the need for a separate calibration analysis. Measurement 
of six samples of NBS Pb-982, internally normalized to the 2 0 5 T 1 / 2 0 3 T 1 ratio, revealed 
2 o sPb/ : i uPb=36.702±0.22, 2O7Pb/2O4Pb=17.141±0.009, and 2 0 6Pb/2 O*Pb=36.711+0.0211 5 1, 
compared with the NBS certified values of 36.744±0.050, 17.159±0.025 and 36.738±0.037, 
respectively. Measurement of six La Jolla neodymium samples, where internal normalization 
to N 6 N d / ' 4 5 N d is possible, revealed a 1 4 3 Nd/ l 4 4 Nd ratio of 0.511824+0.000034 (2 sigma), 
compared with the accepted value of 0.511859. Measurement of six samples of La Jolla 
spiked with a similar concentration of samarium revealed a 1 4 3 Nd/ 1 4 4 Nd ratio of 
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0.511854±0.000058 (2 sigma). Similarly, measurement of six samples of JMC 475 hafnium, 
normalized to '^Hf/ '^Hf 1 6 1 , revealed a 1 7 6 Hf/ 1 7 7 Hf ratio of 0.282194±0.000020 (2 sigma), 
compared with the accepted value of 0.282195+0.000015 i'2 sigma). Measurement of six 
samples of JMC 475 hafnium spiked with a similar concentration of lutecium revealed a 
1 7 6 Hf/ 1 7 7 Hf ratio of 0.282213±O.O0OO23. Thus, accurate isotope ratio measurements are 
possible when the sample solution contains interfering isotopes. Solution concentrations in all 
the above cases were in the range 0.5-1.0 ppm. The sample solution was recirculated during 
the analysis of neodymium and hafnium. 

The advantages of this system can be applied also to alternative sample introduction 
methods such as Laser Ablation (LA). Multiple collection LA-ICP-MS has proven to be a 
simple, accurate and precise technique for the analysis of isotopes in solids' '. Analysis of 
lead in NIST 610 glass revealed 2 0 8Pb/2 0 4Pb=36.949+0.041, 207Pb/204Pb=15.5O8±O.O19 and 
2 0 6Pb/ 2 MPb=17.050±0.018, compared with values of 36.989±0.024, 15.506+0.010 and 
17.049+0.012, respectively, determined by TIMS' '. Each laser ablation figure represents the 
mean of six analytical studies performed over a 6-day period. Each study consisted of isotopic 
ratio measurement at 12 sites, the measurement at each site lasting 5 seconds. Crater 
diameter was approximately 50 microns in each case. The simplicity of LA-ICP-MS should 
be compared with the dissolution of a glass matrix, extraction and purification of the lead, and 
approximately 30 minutes of analysis time required using TIMS. 

The results described here represent initial work on a prototype system. Multiple 
collection 1CP-MS and LA-ICP-MS has significant advantages. The double-focusing multiple 
collector ICP-MS offers an extensive range of future isotope ratio applications in both liquids 
and solids. Furthermore, we are confident that by using more efficient nebulization systems, 
analyte concentrations can be reduced to less than 50 ppb. 
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Removal of Cadmium and Other Heavy Metals from 
Aqueous Wastes by Fibrous Carbon Electrodes. l m 

Y. Oren and M. Abda 

A preliminary characterization of the performance of graphite-felt-based electrochemical 
filters for the removal of cadmium and nickel from aqueous solutions was carried out. Filter 
configurations studied are flow-by and a single stage flow-through. Current-voltage curves, 
along with pH and concentrations at the effluent, were determined for both ions. It was 
concluded that at sufficiently low flow rates, Cd ions are deposited on the cathode in their 
metallic form. At high flow rates, some are deposited as hydroxide, due to the high pH values 
generated by water electrolysis. Ni ions, on the other hand, are deposited in their hydroxide 
form over the entire flow rate range. 

Reference 
11J Y. Oren and M. Abda, Report NRCN(TN)-U0 (1992) (in Hebrew). 

Removal of Cadmium and Other Heavy Metals from 
Aqueous Wastes by Fibrous Carbon Electrodes. II"1 

Y. Oren and M. Abda 

A detailed study was performed of the characterization of flow-through and flow-by 
electrochemical filters based on carbon and graphite fibrous electrodes, for the purification of 
Nic/Cad wastes effluents contaminated with low levels of cadmium and nickel. Optimization 
of a flow-through reactor was achieved with respect to the number of cell-pairs required for 
proper operation; also the influence of feed conditions was examined. Some guide numbers 
for the construction of a pilot unit were detailed. 

A new series of experiments aimed at the characterization of filters for the purification of 
dilute waste effluents from a cadmium plating industry was launched during the study period. 
A procedure for the simultaneous removal of cadmium and cyanide was tested. It involves the 
addition of small amounts of chloride ions which, after anodic oxidation to chlorine, serve for 
cyanide oxidation. A fivefold reduction in cyanide concentration together with a twofold 
reduction in cadmium concentration is easily achieved. This issue is still under investigation. 

Reference 
[ 1) Y. Orcn and M. Abda, Rcpuri A'«C7VVM')-141 (1992) (in Hebrew). 
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Comprehensive Treatment of Cadmium Plating Wastes: Removal of 
Cadmium and Cyanide by Electrochemical Treatment with 

Fibrous Carbon Electrodes'11 

M. Abda and Y. Oren 

The electrochemical treatment of aqueous wastes containing 1-20 ppm of cadmium and 
cyanide was investigated. Graphite felt electrodes were used in flow-by and flow-through 
electrochemical cells. It was shown' ' that this material is efficient mostly for electrodes, in 
terms of mass transport properties and permeability to the treated solution. The conditions for 
the simultaneous removal of cadmium and cyanide down to the ppb concentration level were 
determined. Cell performances were discussed in terms of normalized space velocity. 
Generally, it was found that the flow-by cell yield is much larger than that of the flow-through 
cell. However, as the flow velocity decreases, the yields of the two cell types become similar 
(Fig. 1). 

The process should be considered mainly for refinement, since it is efficient mostly in 
reducing these contaminants as well as many others from the ppm concentration level to the 
ppb range or less. 
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Fig. I: Removal i" cadmium plating wastes by electrochemical treatment. 
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On the Factors Controlling the Transient 
Hollow Cathode Discharge Formation"1 

P. Choi* and Y. Kaufman 

A fluid code using swarm parameters was reported previously to model the pre-breakdown 
phase of ionization growth in the hollow cathode plasma under particular conditions. We 
obtained results using the code to study the influence on the ionization growth phenomena by 
various parameters, including the dimension of the cathode aperture, the applied voltage and 
the operating pressure. The code predicts that the rate of ionization growth increases with the 
voltage, decreases with the thickness of the cathode electrode and increases with the diameter 
of the cathode aperture. This is in broad agreement with the variation of breakdown delay 
with these parameters as observed in experiments. The code also predicts that the ionization 
growth should increase with decreasing pressure for a constant voltage, in agreement with the 
range of swarm parameters employed. However, this is the opposite to what is observed in the 
experiment where breakdown delay increases with decreasing pressure. A possible 
explanation for the anomaly with pressure variation was considered. 

Reference 
[ 11 P. Choi and Y. Kaufman, 2nd Int. Workshop on Transient Hollow Cathode Discharge Phenomena 

(Paris, Franco, Sept. 1991). 

Effects of an Auxiliary Pre- or Post-Discharge in 
a Pulsed Hollow Cathode Discharge 1' 1 

R. Aliaga*, P. Choi* and Y. Kaufman 

The role played by the long-living metastables in the formation of a pulsed hollow cathode 
discharge, up to the seconds level, was highlighted in a previous paper. The effect was 
detected when repetitive discharges were carried out in nitrogen, with the long-living species 
- crealed in the afterglow of one discharge - affecting the breakdown characteristics of the 
following one. In the present paper, we report the results obtained using a low-energy 
auxiliary discharge, applied either before or after the main pulse, in the back of the hollow 
cathode region. The auxiliary discharge is created by a pulse of 20 kV of 100 ns, between a 

•The Blacken Lateral jry. Imperial College, London, UK. 
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point electrode and a surrounding screen cage, 15 cm away from the aperture of the cathode. 
The main discharge was operated at a repetition rate of 4 to 8 sec such that the effect of the 
metastases created in the main discharge can be isolated. The delay between the application 
of the main voltage pulse and the rise of the discharge current was recorded on an interval 
counter. Histograms of this breakdown delay over 50 to 200 shots for different advances and 
the delay between the auxiliary pulse and the main pulse were studied under various 
discharge conditions. It was observed that a pre-pulse of up to 1 msec can significantly reduce 
the randomness of the breakdown formation, while a post-pulse would strongly influence the 
breakdown statistics after the time of application. The importance of the results of these 
measurements in the statistical behavior of the main discharge was considered. 

Reference 
11 ] R. Aliuya, P. Choi and Y. Kaufman, Proc. Will Im. Conference on Cos Discharges and Their 

Applications (Swansea, UK, Sept. 1992). 

The Mobility of Protonated Organophosphorus Compounds'" 

Z. Karpas, S. Melloul and Y. Pollevoy 

Organophosphorus compounds have high proton affinities, and readily protonate in the 
source region of the ion mobility spectrometer (IMS). The mobility spectra of several 
organophosphorus compounds were measured by IMS, and the correlation between the mass 
and structure of the ions formed and their mobility was investigated. Compounds in which the 
phosphorus atom was trivalent had higher mobilities than their phosphonate isomers. 
Substitution of an alkoxy group by chlorine was found to have little effect on the mass-
mobility correlation. The tendency of these compounds to form protonated dimers was 
studied, and the proionated monomer-'.j dimcr ratio in dimethylmethylphosphonate as a 
function of the concentration was measured. 

Reference 
| 1 | Z. Karpas. S. Melloul anil V. I'ollevoy, 57lh Annual Meet, of the Israel Chemical Society (Haifa, Israel, 

Feb. IW2). 
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Ion Mobility Spectra Interpretation by a Neural Network111 

Z. Karpas and Z. Boger 

A neural network (NN) was used for the interpretation of ion mobility spectrometry (IMS) 
data and to derive quantitative information. Use of the NN can help identify peaks in a noisy 
spectrum and can also give a positive or negative response to the presence of given target 
ions, according to a predetermined criterion. Furthermore, unlike conventional methods used 
to obtain quantitative results from IMS data, where known peak heights or areas are used, NN 
does not require detailed knowledge of the ion chemistry of the system and can provide such 
results after a relatively short training session. 

Reference 
[ 11 Z. Knrpas and Z. Bogcr, 1992 Workshop on Ion Mobility Spectrometry (Mecalaro, NM, USA, June 

1992). 

On the Motion of Ions in an Ion Mobility Spectrometer 

Z. Karpas, G.A. Eiceman*, R.G. Ewing*, A. Algom, A. Avida, 
M. Friedman, A. Matmor and O. Shahal 

The motion of ions in the drift region of two ion mobility spectrometers, a CAM (Graseby. 
UK) and a PT-IMS (Rotem, Israel), was investigated. It was found that near the center of the 
collector plate, the radial density was marginally lower than slightly away from the center, 
while at the periphery of the collector plate the density dropped sharply. Drilling a small hole 
in the center of the CAM collector plate did not affect the ion intensity, indicating that in 
order to extract ions efficiently from the end of the drift region, a hole of at least 3 mm 
diameter should be made. Finally, the broadening of the ion beam traversing the drift region 
was investigated. 

•Chemistry Department, Now Mexico Sune University, Las Cruces. NM. USA. 
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Comparison of 9 9 mTc-Teboroxime with Z 0 1Thallium in the 
Detection of Coronary Artery Disease: Preliminary Results 

J. Weininger, C. Hellmann and P. Chouraqui* 

Clinical studies have been initiated at the Heart Institute of the Sheba Medical Center with 
the goal of certifying Soreq-99mTc-teboroxime (Tc-BATO) as an alternative to 2 0 1 T 1 as a 
cardiac perfusion agent. Due to its rapid myocardial uptake with high myocardial extraction 
and fast myocardial clearance, imaging with Tc-BATO may begin within 1-2 min and must 
be completed within 9-10 min post-injection. Tc-BATO is supplied in lyophilized form, as a 
single vial kit with a one-year shelf-life. The contents of the vial are reconstituted and labeled 
by addition of 100-150 mCi 99mTc-pertechnetate in 1-2 ml of 0.9% sodium chloride and 
heating in a boiling water buth for 15 min. Quality control testing showed high labeling 
efficiency (>95%), with stability for approximately 6 hours. Due to the stability of the label, 
the contents of one vial can be used for two patients to provide both the exercise and rest 
doses. 

For Tc-BATO imaging, two injection protocols were tested: rest preceding stress, and 
stress preceding rest. In both protocols each Tc-BATO dose was 20-25 mCi and the time 
interval between the two injections was 45-60 min. For 'stress' tests, Tc-BATO was injected 
following either dipyridamole infusion or maximal treadmill exercise. 

All six healthy volunteers and 14 patients underwent both standard 2 0 1 T1 stress-
redistribution SPECT and both stress and rest Tc-BATO imaging. The healthy volunteers and 
the patients were assessed for the presence of any adverse reactions post-stress and rest 
injection of Tc-BATO: no reaction was noted as a result of the injection. To optimize image 
quality of rapid planar or SPECT studies, different injection and acquisition parameters were 
studied: injected dose, time-lapse from injection to start of imaging, total acquisition time, 
camera set-up (collimator, matrix size, number and order of projections). Special attention 
was paid to reconstruction, display and image normalization. 

For SPECT studies, 15-30-second images were acquired in a continuous mode over a 180° 
circular orbita from 45° RAO to 45° LPO using a low-energy, high-resolution collimator and 
a 64x64x16 matrix. The nvan SPECT imaging time was 8 min for Tc-BATO vs 25 min for 

Tl, whereas the total examination time for completion of the Tc-BATO study was 2-2.5 vs 
4 h for Tl. The Tc-BATO results were considered to be of good quality in all our patients, 
with very good correlation with the standard SPECT - 0 1T1 imaging. Thus we conclude that 

'"Tc-BATO may have the potential for rapid and high quality myocardial perfusion 
imaging. 

•Heart Institute, Sheba Medical Center. Tel Haslinmer. 
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Gadolinium (Gd)-DTPA 0.5 M Injection Contrast Material for 
Magnetic Resonance Imaging: Production and Clinical Trials 

J. Trumper, J. Shalev, M. Biton and S. Abrashkin 

The production of Gd-DTPA 0.5 M injection has two essential steps: purification of 
commercially available DTPA and preparation of the gadopentetic acid dimeglumine salt. 
Pilot plant equipment was operated for the purification of batches of 5 kg DTPA. A high 
purity product, with melting point 225-230°C, was obtained. Batches of 6 / of gadopentetic 
acid dimeglumine salt, i.e., 300 Gd-DTPA 0.5 M injection units, were prepared and used in 
clinical trials. According to test results, the shelf-life of the product is at least 2 years. 

A pharmaceutical laboratory will be built in order to produce batches of 1000-1500 Gd-
DTPA 0.5 M injection units (20-30 /). In order to obtain the Ministry of Health license for 
marketing Gd-DTPA for clinical use in Israel, the product must be proved to be safe and to 
act similarly to the routinely used imported material. In order to demonstrate this similarity 
before starting the clinical trial, testing was performed in rabbits at the MRI Department of 
the Sheba Medical Center (Prof. J. Itzhak). Twenty-eight imagings were conducted in two 
groups of six animals each: the rabbits were injected with one of the two materials and 
simultaneously imaged with non-injected control rabbits. The results clearly demonstrated 
similarity. 

Two clinical trials were performed and their results were summarized and submitted to the 
Ministry of Health in November 1992. At the Sheba Medical Center (Prof. Itzhak), 120 
patients and at the Hadassah Hospital (Prof. M. Gomori) 100 patients were examined. Both 
reports stated that Soreq Gd-DTPA meets expectations for contrast capacity. No adverse 
reactions or side effects were observed. Both MRI departments continue to use the Soreq 
product routinely, supplied by us until licensing, at which time it will be marketed. Licensing 
is expected in the next year. 

Five MRI machines will be operating in Israel in 1993; nine are expected to be operated in 
1997. The projected labs and production scale-up will enable us to produce 10,000 Gd-DTPA 
0.5 M injection units/year and thus to meet the expected needs of the domestic market. 

136 



Towards a General Technetium-Labeling Technique for 
Organic Molecules 

M. Boazi, T. Feldstein and I. Jaffe 

We have recently developed a technique for labeling a spiperone derivative with 9 9 m T c 
based on the reaction of an organic azide with 9 9 m T c 0 4 " in the presence of HC1. We are now 
in the process of investigating the usefulness of this method with other simple organic 
molecules. Phenyl ethyl bromide was azidated, the azide product was characterized and the 
azide complexated with perrhenate in a similar fashion to the spiperone azide, but with longer 
reaction times of 1.5-3 h. The reaction products were separated on thin layer chromatography 
plates using methylene chloride as the running solvent. The fractions were eluted from the 
silica plates again using methylene chloride. Under these conditions the starting material 
elutes with an R f of 0.75, while the products elute with the respective RjS: 0.125, 0.30, and 
0.5. These products were submitted to mass spectroscopic analysis in order to determine 
which are rhenium complexes of phenyl ethyl azide. Upon identification of the Re complexes, 
the reaction will be scaled-up in order to isolate amounts of Re product which can be further 
purified if need be, and thereafter further characterized. 

A Rhenium Analog of the Spiperone Ethyl Azide Reaction 
with Pertechnetate 

M. Boazi, T. Feldstein, 1. Jaffe, A. Freud and A. Canfi 

Within the framework of the development of a simple and efficient labeling technique of 
the spiperone azide derivative with 9 9 m T c , similar investigations were initiated with 
potassium perrhenate as the starling material. The aim of these studies with rhenium was to 
achieve a better understanding of the chemistry of W l"Tc. Analysis of products of 9 9 m T c 
reactions is restricted to radiochemical techniques, due to the very small quantities 
(10~ 8-l(r 1 1 1 M) of radioisotope available, which often do not permit unequivocal 
characterizations. Fortunately, Re and Tc are neighbors in the periodic tab'e (group 7) and 
therefore have similar chemical properties. Rhenium, which is not radioactive and can be 
obtained in milligram or gram quantities, is an attractive model system for technetium. 

The reaction with Re proceeds under more extreme conditions than that of Tc; this finding 
coincides with the fact that Re is more difficult to reduce than Tc. Under our reaction 
conditions there were at least three products; they are separated on TLC plates and are easily 
detected by the intense UV absorption of any spiperone derivative. In order to ascertain which 
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of the products contain Re, separated fractions were submitted to mass spectroscopic analysis. 
From the partial results already obtained, at least one of the fractions has a molecular weight 
corresponding to a spiperone derivative (Rf=0.53). Additional supportive evidence of a 
spiperone derivative complexed to Re was supplied by conducting the reaction with spiperone 
azide iodinated with 1 2 5 I . We are now in the process of scaling up the reason in order to 
isolate enough material to enable further characterization of the Sp-Re products. 

One-Step Tritium Labeling of Various Organic Molecules 

M. Shimoni, O. Buchman, I. Pri-Bar, A. Sela and Y. Gabay 

The compounds which have been tritiated during the last year by a one-step process, using 
different tritium incorporation procedures, are described in Table 1. The methods of nidation 
were selected taking into consideration the structure of the molecule, its compatibility with 
tritium under catalytic conditions, and the availability of a suitable precursor. All the products 
were tritiated as a custom labeling service upon the request of medical and pharmaceutical 
research groups. The data are given for chemically and radiochemically pure products. 
Purifications were performed by crystallization, thin-layer chromatography or high pressure 
liquid chromatography. 

Table 1 
Compounds tritiated by a one-step process 

Final product 

Vcrapramil-3H(G)* 
Methyl paliniuic-<J,l(r3H 
Methyl dopamine-3H (G) 
Chlorhcxidinc-3 H (G) 
Gibbcrcllin GA,-3H (G) 
Papaverine-3H (G) 
Bcnzyipenicillin-'H (G) 
Hcxanoic acid-3,4-3H 

Labeling procedure Spec. Act./mmoi 

Ci GBu. 

H/T exchange 16.2 599 
C=C reduction 53.0 1,961 
dchalogc nation 14.6 540 
H/T exchange 5.7 211 
H/T exchange 7.3 270 
dclialogcnalion 25.7 951 
H/T exchange 5.5 203 
C=C reduction 42.6 1,576 

•The letter CI {'generally' labeled) is added when ihc exact position of labeling is not known. 
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Improved Labeling of Tritiated Musk Xylene 

O. Buchman, M. Shimoni, I. Pri-Bar, A. Sela and Y. Gabay 

It has recently been reported' ' that the synthesis of tritiated musk xylene, [(a,oc'-
dimethyl-3H)-5-(e«.butyl-2,4,6-trinitro-m-xylene], by nitration of (a,a'-dimethyl-3H)-5-
jerr.butyl-m-xylene, is accompanied by a drop of 1/27 in specific activity, namely, from 1.18 
MBq(32 u.Ci)/mmo) to 0.043 MBq(1.2 u.Ci)/mmol. This effect has been explained as due to 
the release of tritium atoms from the methyl groups fixed to the benzene ring during the 
formation of a a-complex by attack of the nitronium ion NO2 + . 

We repeated the synthesis of the precursor 5-te«.butyl-m-xylene dibromide and the 
tritiation was performed by catalytic tritiodebromination in dioxane, in the presence of Pd/C. 
The reagents reacted very slowly and an overnight period was necessary to achieve the 
tritiogenolysis. Nitration was then performed on the (oc,a'-dimethyl-3H) derivative, the crude 
tritiated product was carefully purified, and the tritiated musk xylene was obtained with a 
specific activity of 1.07 TBq (28.8 Ci)/mmol, representing 50% of the theoretical activity. 

C H 3 C H 3 C H 3 

H 3 C I C H j H 3 C I C H 3 H 3 C I C H 3 

\ c / \ c / w A ^ A -^ A 
H3C t H 3 BrH 2 C ^ " ^ TCH2Br TH2C ^ ^ N C H 2 T 
5-rert. butyl-m-xylene 5-lert. butyl-m-xylylene 

dibromide 

CH3 

H3C I C H 3 

TH 2 C ^ TCH2T 

n . musk xylene 
Reference 
| 1 | M . Pukuoka, S. Naniburu and A. Tanaka , / . Labelled Compel. Radiopliarm. 29:1207 (1991). 
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Synthesis of 4-Imidazoleacrylic Acid Labeled with Tritium 

M. Shimoni, I. Pri-Bar, Y. Gabay, A. Sela and O. Buchman 

4-Imidazoleacrylic acid (urocanic acid) represents one of the major chemical components 
of the epidermis' . It has been suggested that it functions as a natural photoprotecting agent 

PI for DNA, since it absorbs strongly at 277 nm1"'. A radioactive synthesis with tritium was 
developed in our laboratory, according to the following scheme' ': 

N._NO, Jj \ 

CH2CH C02H CH'CH COjH 

trimethylamine 

urocanic acid 
(4-imidazoleacrylic acid) 

A purified product was obtained with a specific activity of 888 GBq/mmol (24.0 
Ci/mmol). 

References 
|1] 1. Tabacbnik, J. Invest. Dcrmaiot. 32:563(1959). 
|21 H. Morrison, Phowdcrmawlogy 2:158 (1985). 
(31 S. Edclbachcrand H. von Bidder, I. Physiol. Chem.. Iloppc-Seykrs 276:126 (1942). 

Biosynthetic Preparation of High Specific 3 SS-Methionine 

A. Freud, A. Canfi, N. Hirshfcld and Y. Pikman 

In the past' "'', 35S-methionine was prepared via a biosynthetic route, but various 
chromatographic procedures which were followed to isolate 3SS-meihionine from a mixture 
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of other unlabeled amino acids, have failed. The presence of other unlabeled amino acids 
resulted in a lower calculated specific activity. The fluorescence spectrophotometric method 
for determination of the specific activity is based on the interaction between the amine group 
of the amino acid and the fluorophore' '; therefore, any other amino acid which is present in 
the preparation will 'donate' its amine group, and result in a lower calculated specific activity. 
The introduction of a high performance liquid chromatography (HPLC) system enabled us to 
isolate the required amino acid from a protein hydrolysate in an easy and convenient way. 

Briefly, Baker's yeast was grown in a medium containing 3 5S-sulphate which was either 
of commercial source or prepared by irradiation of KCl (high purity, low sulphate KCl was 
kindly donated by the Dead Sea Works) and purifying the 3 5S-sulphate on an alumina 
column. 35S-methionine was purified on the HPLC column which had been precalibrated 
with commercially available 35S-methionine. High yields of pure S-methionine were 
obtained. 

References 
11 ] A. Frcuu, N. Hirslifcld, Z. Tcil' ' mm, A. Levy and O. Buchman, 1A-1348(1 978), p. 189. 
[2] A. Freud, N. Hirshl'cld, Y. HcimcrandZ. Tcitclb;uim.//W.?7J (1981), p. 186. 
[31 A. Freud, N. Hirshl'cld, Z. Tciiclbaum and Y. Hcimcr, ReportNRCN(TN)-Q92 (1986). 

Preparation of Trisodium DTPA-Ca Complex for the 
Treatment of External Contamination with Heavy Metals 

A. Canfl, B. Gold, A. Freud and M. Zafran 

The trisodium salt of diethylene triamine pentaacetic acid (DTPA) in complex with 
calcium is the treatment of choice for internal and external contamination with heavy 
metals '. The preparation of the Na3-DTPA-Ca complex for the elimination of excess iron in 
iron siorage diseases has been patented but is not yet available commercially. In order to 
avoid using the method described in the patent' ', it was decided to prepare the complex 
using a method developed in our laboratory, based on our experience with other metal -
DTl'A complexes' '. All ingredients are USP or BP (approved for use in humans). The DTPA 
free acid was converted to the trisodium salt and then the calcium complex was prepared. The 
final product was analyzed for DTPA content and for free and bound Ca 2 + . The analyzed 
sample contained 245 g// of the DTPA complex and 1 g// of free calcium ion. The solutions 
were prepared in concentrations of 19i- and 25% and were sterilized. 
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References 
[ 1 ] V. Wolf, Technical Rep. No. 184, IAEA (Vienna. Austria, 1978). 
12] M. Rubin and M. Dealer, U.S. Patent No. 3.062,719 (1962). 
|3] A. Canfi, MP. Bailey and B.F. Rocks, Analyst 114:1405 (1989). 

Multi-Labeling of Testosterone with 1 2 5 I for Radioimmunoassay 

A. Canfi, A. Freud, M. Zafran and Y. Pikman 

The sensitivity of radioimmunoassay (RIA) systems is crucially affected by the specific 
activity of the radioactive tracer and by the affinity of this tracer to the antibody. The ideal 
tracer, therefore, should be as similar as possible to the native antigen and have the highest 
possible specific activity. In order to combine these two requirements while labeling steroids 
with , 2 5 I , a spacer molecule is inserted between the steroid and the iodine, keeping the active 
sites unblocked and thus retaining the native antigenic properties of the steroid' '. The usual 
spacers are either hemisuccinate or carboxymethyloxime, attached to 1 2 5 I -
monoiodohistamine. Several studies have shown that much larger spacer molecules can be 
used without losing the ability of the steroids to bind to the antibodies' ' , even a 
polypeptide of 1200 amino acids can be used' '. Relying on this information and using 

ri 2| 
previously tested techniques1 ' ', we attached testosterone-3-O-carboxymethyloxirne to the 
radioiodinated peptide try-tyr-tyrosyl methyl ester (tyr-tyr-tyrME). Theoretically, two iodine 
atoms can be introduced into each tyrosyl residue, thus allowing six iodine atoms to be 
attached to the peptide. However, attempts to attach only three 1 2 5 I iodine atoms to each 
peptide resulted in an extremely labile compound that underwent a rapid deiodination. 
Reducing the ratio of 125I:peptide to 2:1 resulted in a mixture of two iodinated species. Each 
of these products was attached to 3-0-testosterone-carboxymethyloxime via the mixed 
anhydride' ' or the carbodiimide' ' method. Each of the resulting conjugates was tested in a 
testosterone RIA system and only one was bound to the anti-testosterone antibody. 

Attempts are now being made to identify each of the iodinated products and also to 
improve the RIA performance of the radioiodinated tyr-tyr-tyrME-testosterone. 

References 
II] A. Canfi. S. Shrcm, D. Solcnchcck, Z. Tcilclbuum and O. Buchman, Report NRCN(TN)-062 (1984) (in 

Hebrew). 
|2| A. Canfi, M.P. Bailey and B.F. Rocks, Analyst 114:1407 (1989). 
|3] T. HirschlcM. Appl. Opt. 15:2965 (1976). 
|4] C.l. Ekekc and D. Exlcy, in: Enzymc-labellcd Immunoassay of Hormones and Drujis. (Berlin, Germany: 

Waller DeGrujier. 1978), p. 195. 
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Preparation of Moclobemide-3,5-3H 

M. Shimoni, I. Pri-Bar, A. Sela and O. Buchman 

Moclobemide or 4-chloro-N-[2-(4-morphoIinyI)ethyI]benzamide is a non-tricyclic 
antidepressant with monoamine oxidase inhibiting activity^ '. Its particular structure includes 
a chlorine atom very reactive under catalytic tritiation conditions and therefore the radioactive 
compound had to be prepared by a multi-step synthesis as described in the following scheme. 

* N \ G ^ " C 0 ' H - ^ »»N-<0>-CO2H _£_^ „ , N ^ r ^ _ H2N—(I )) CpjH 

4-aminobenzoic acid 

KN02 _ ^ . C I — / f J\— C02H M a t ^ C I — ( ( jy C02H • H2NCH2CH2 - N 

T 

& 

T 

CONHCH2CH2 • N 

4-chloro-3,5-T-N (2-(4-morpholinyl) ethyl] benzamide 
moclobemide-3,5-T 

The final product was obtained with a specific activity of 762 GBq/mmol (20.6 Ci/mmol). 

Reference 
11 ] F.A. Wicscl, J. Riuillaub and R. Kcitlcr, Eur. J. Clin. Pharmacol. 28:89 (1985). 
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Estimation of Atmospheric Source Rate of Vapors from a Damaged 
Container of Hazardous Chemicals 

R. Avida, E. Doron, M. Friedman and B. Grubstien 

Hazardous chemicals, the boiling point of which is in the range of ambient atmospheric 
temperatures, are stored and shipped in pressurized vessels; these vessels usually contain both 
liquid and vapor phases. When such a vessel is punctured above the liquid level, vapor 
escapes directly into the atmosphere as long as the vapor pressure in the container is higher 
than the ambient atmospheric pressure. The rate of the pollutant escape to the atmosphere is 
determined by the evaporation rate of the liquid in the container, which in turn depends on the 
rate of heat supply from the environment. If the puncture is below the liquid level there will 
be a spill with part of the liquid evaporating in a flash (if the ambient air temperature is above 
the boiling point of the chemical) and the rest forming a puddle. The evaporation rate from 
the puddle will depend mainly on the wind speed. 

A numerical model was developed to enable calculation of the pollution source rate into 
the atmosphere from all mechanisms for the special case of cylindrical containers, both 
upright and horizontal. The source rate is determined by solving a set of partial differential 
equations for the pressure, temperature, volume and mass of both the liquid and vapor phases. 
The computer program was written in Microsoft-FORTRAN 5.0 language and can run on any 
IBM-PC or compatible computer. The required input includes the dimensions of the 
coniainer, the size of the hole, relevant data on the chemical (amount, boiling point, molecular 
weight, air temperature, pressure and wind speed and, in the case of a puddle, whether it is 
contained within a specified area or can expand freely. The output can be in the form of a 
series of amounts at specified intervals for use in a risk assessment model or as a graph of 
source rate as a function of time, as in the example given in Figure 1. 
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Fig. 1: Source rate as a function of time, for the case of a 
33 cm2 hole at the bottom of a container of hydrofluoric acid 

(initial mass = 14 tons). Puddle depth = 1 cm. 

A Synoptic Analysis of the Meteorological Conditions Affecting 
Dispersion of Pollutants Emitted from Tall Stacks in the 

Coastal Plain of Israel"1 

J. Koch and U. Dayan 

The meteorological conditions affecting dispersion of pollutants emitted from tall stacks in 
the coastal plain of Israel were analyzed according to a synoptic approach. The highest sulfur 
dioxide (SO2) concentrations (episodes) measured around the largest power plant were first 
screened in order to characterize the associated synoptic configurations. Almost all the 
episodes were found to fall into three synoptic categories, all occurring during the warm 
season. According to the synoptic classification, the main elements influencing dispersion of 
pollutants were then analyzed: the wind and temperature profiles and estimations of the plume 
rise and its partial penetration into the stable layer aloft. The following conclusions were 
reached: (a) horizontal wind shear is absent in the appropriate atmospheric layer; {b) for the 
shallow Persian trough synoptic category, in which the SO0 episodes are the most frequent 
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(55% of the total number), the convective boundary layer (CBL) is shallow (450 m) and over 
two-thirds of the plume volume is expected to penetrate into the stable layer, and (c) for the 
deep Persian trough synoptic category, which is the second most frequent among the episodes 
(22% of the total number), plume rise would be unobstructed in the deep CBL (900 m). A 
prediction index defined as the ratio of the frequency of each synoptic category among the 
SO, episodes to its annual frequency was developed. The marked differences obtained in the 
index values were tentatively explained by the different thermal stratification in the coastal 
CBL for each synoptic category. The synoptic classification was thus shown to be an efficient 
tool for predicting spells of high S 0 2 concentrations. 

reference 
111 J. Koch and U. Dayan, Almas. Environ. 26A:2537 (1992). 

Measures of Ecosystem Health and Integrity'11 

S. Amir and J. Hyman* 

The health and integrity of an ecosystem is a multifaceted concept. It can become 
operational and of use in setting environmental policies once it is backed up by a theory that 
explicates the basic mechanisms of ecosystem functioning in response to stress. Despite the 
fact that ecosystem health remains a theoretical construct, the theory proposes a set of 
observed variables, basically the biotic stocks and flows of the ecosystem, empowered by a 
computable model, that give rise to operational and diagnostic measures of ecosystem health. 
The proposed measures are shown to correlate well with several other qualitative and 
quantitative measures of ecosystem health. 

Reference 
111 S. Amir and J. Hyman, in: Environmental Quality and Ecosystem Stability. A. Gasilh, A. Adin, Y. 

Stcinbcrgcraini J. Cariy |Eds.| (Jerusalem, Israel: ISEEQS, 1992), vol. V/B, p. 661. 

'Quality ol ilic Inwronmeni Division. Kvsuuri.es lur ihe Future, Washington, DC, USA. 
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Economics and Thermodynamics: An Exposition and Its 
Implications for Environmental Economics'11 

S. Amir 

Among physical theories, thermodynamics, rather than mechanics, is the most insightful 
analog of neoclassical economic theory. According to this analogy, the 'wealth' of an 
economic system is a thermodynamic-like state function, and the steady state ('equilibrium', 
in the economic jargon) properties of the system can be analyzed assuming the latter behaves 
as if it maximizes a constrained 'wealth' function. The 'wealth' of any system in steady state 
is constant, but concomitant global changes do not occur only if 'wealth' is a conserved 
quantity. This approach identifies thermodynamic potentials with present value efficiency 
prices and market 'equilibrium' prices with thermodynamic-like potentials. In view of the 
structural and functional analogy between economic and ecological systems, optimization and 
the ensued valuation multipliers (efficiency prices or biotic potentials) become cornerstones 
of resource allocation in ecological systems as well. Hence, the method provides alternative 
measures of nature's worth to those based on cost-benefit analysis. Since theory alone cannot 
specify the exact form of the 'objective' function, and no law, thermodynamic or otherwise, 
dictates a definite 'objective' function on a system, these measures are derived from an 
empirically tested 'wealth' function. Furthermore, the analysis demonstrates that the 'wealth' 
function of an economic and ecological system is unlikely to be either thermodynamic or 
conservative. Hence, on the one hand, Prigogine's principle on minimizing the 
thermodynamic entropy generated in steady state may not be general, and the extent of 
economic development is not thermodynamically constrained further to its being constrained 
by resource availability. On the other hand, a decentralized free market economy is bound to 
misallocate environmental resources. This inefficiency is caused by inappropriate economic 
signals that imply 'wealth' to be a conserved quantity and affect the rate of resource use and 
economic development. Only in ideal situations, can the said misaltocation be wholly 
rectified by imposing Pigouvian taxes and subsidies. These and other results suggest that 
further research at the interface of economics, ecology and thermodynamics may open up 
promising perspectives for environmental economics. 

Reference 
11 ] S. Amir, Discussion Paper QE!)2-U4 (Washington, DC, USA: Resources for ihe Fulure, 1991). 36 pp. 
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The Environmental Cost of Sustainable Welfare'" 

S. Amir 

Welfare, the degree of well-being society derives from carrying out its economic activities, 
is sustainable if it can be maintained at a steady level for many years. The environmental 
costs of sustaining welfare are always positive, but they are divided into two distinct parts: 
avoidable and unavoidable. The avoidable costs crop up primarily in economically closed 
systems, i.e., economies that separate their physical from their economic boundaries by 
regarding some indispensable environmental flows to be economically valueless. Cutting 
these costs is a social objective of immediate concern because they are a product of an 
inefficient behavior that stems from stock and flow incompatibility. Basically, the economy 
builds up other stocks than the environmentally best adapted, and the outcome is excessive 
use of environmental resources for the same level of sustainable welfare. Internalization of 
the misused resources cannot provide more than temporary relief. By redefining the 
boundaries of the economy, this measure saves some resources while abusing others. The 
problem of resource misallocation cannot be solved unless economic capital is restructured 
while the economy is envisaged to be an economically open system that, to maintain welfare, 
must extract some economic value from its surroundings. This economic value is the 
unavoidable costs. It increases with the level of welfare to be sustained and decreases as a 
consequence of technological advance. However, no amount of technological progress can cut 
the unavoidable costs completely. Hence, how much welfare is to be sustained and, 
consequently, how much environmental costs are to be incurred, are matters for social 
decision rather than an immutable law of nature, but the concept of sustainable development, 
which assumes that the environment and the economy can progress simultaneously, is devoid 
of scientific merit. 

Reference 
11 ] S. Amir, Discussion Paper QE92-17 Rev. (Washington, DC, USA: Resources for the Future. 1992). 

23 pp. 

Welfare Maximization in Economic Theory: Another Viewpoint111 

S. Amir 

Economic theory has always maintained, albeit implicitly, that social welfare, just like 
energy or mass, is a conserved function, i.e., a state-dependent function that, nevertheless, 
assumes a constant value, irrespective of the system's state, when defined on an isolated 
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system (see, e.g. ref. [2]). No intrinsic basis for holding this assumption is provided by the 
theory, except that it fits well into the view of the economy as a mechanical system 
undergoing a circular flow process. We examined the said assumption by considering a model 
of an economy that is guided by a nonconserved welfare function, which remains state-
sensitive even for isolated systems, and by studying the effects of the alternative assumption 
on resource allocation. The resulting economic system differs from conserved systems in 
three important respects: (i) in striving to reduce its dependency on the surroundings; (ii) in 
attempting tc minimize the dissipation — measured in terms of the depreciation of welfare — 
of its internal resources; and (iii) in satisfying, without reservations, the principles of Bohm-
Bawerk's theory of capital. As a consequence of these differences, the conserved and 
nonconserved systems also differ in the values assumed by their observed variables, which 
may be examined to address a central question for the study of optimal resource allocations: 
Is welfare a conserved or nonconserved function? Although theory alone cannot answer this 
question, there are reasons why it is unlikely that this function is conservative. 

References 
[ 1) S. Amir, Discussion Paper QE92-11 (Washington, DC, USA: Resources for the Future, 1992). 21 pp. 
[2] R. Dorfman, P.A. Samuclson and R.M. Solow, Linear Programming and Economic Analysis. (New 

York, NY: McGraw-Hill, 1958). pp. 318-322. 

The Economy as an Open 'Living' System'11 

S. Amir 

Conventionally, the systemic analog of the economy is the circular flow process. This 
analog is mechanical in nature. It assumes that the economy is a closed system and the 
maximum welfare it provides, just like energy or mass, is a conserved function. An 
alternative, thermodynamic analog is suggested. Drawing on the plausible possibility that 
social welfare is a nonconserved function, this analog — the irreversible steady flow process 
— assumes the economy is an open system. The resulting economy acts like a living system 
that is capable of exerting control over its boundaries. Behaviorally, it differs from conserved 
systems in two important respecis: in striving to minimize its dependency on the 
surroundings; and in attempting to minimize the dissipalion — measured in terms of the 
depreciation of welfare — of its internal resources. Due to these behavioral differences the 
values assumed by the observed variables of the conserved and nonconserved systems differ 
also, and these variables may be examined to address a central question for the study of 
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optimal resource allocations: Is welfare a conserved or a nonconserved function? Although 
the nature of the welfare function is an empirical question, theory shows two crucial points: 
(a) only nonconserved functions are able to measure the value of the external resources lost in 
maintaining the state of the economy; and (b) the welfare function of any efficient system 
cannot be conservative. Hence, unlike open living systems, an economically closed and 
conserved system must be inefficient. 

Reference 
[1] S. Amir, in: General System Approaches to Alternative Economics and Values. L.P. Peeno [Ed.] 

(Pocatello, ID, USA: International Society for Systems Sciences, 1992), pp. 486-495. 

Biowealth Discounting in Ecosystems111 

S. Amir and B. Hannon* 

It is a common belief that due to natural selection, components of the ecosystem are forced 
to behave efficiently in their use of resources. However, it is not generally agreed nor perhaps 
even known with respect to which value function efficiency should be measured. We suggest 
that the 'right' function, the one which controls resource allocation in ecosystems, has to be 
determined empirically because its form and specifications vary with the structure and 
organization of the ecosystem and with the constraints placed on the system by its 
environment. Nevertheless, these functions, which we call biowealth functions, share two 
common features. First, they may be approximated by surrogate functions that linearly sum 
the products of an extensive state variable (a component of the ecosystem) with its conjugate 
intensive variable (its biotic potential or 'ecological price'). Second, these functions discount 
future flows of matter, i.e., they credit identical ecological activities with different values 
depending on the timing of these activities. Most interestingly, many admissible functions 
continue the discounting process in steady state. This is the case if biowealth is a free 
energy-like function, or an entropy-like function, and a positive discount rate is shown to 
exist in steady state. 

Reference 
[11 S. Amir and B. Hannon, Specul. Sci. Tcchnol. 15:228 (1992). 

•Dcpi. of Geography, University of Illinois, Urbuna, IL, US A. 
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Reliability Analysis of a Satellite"1 

D. Brandt and D. llberg 

We summarized our experience gained during work on the reliability analysis of a 
satellite, pointing out the problems and recommending wsys to make such an analysis more 
efficient. The sub-assembly contractors had provided the reliability data on which the 
calculations were based. The individually provided data ignored the compounded influence 
among the sub-assemblies when integrated into the satellite, causing difficulties in the 
creation of a total system reliability model. Recommendations were drawn up regarding the 
data needed and how to handle them in order to obtain an efficient reliability model with 
minimum effort. An efficient model is one which can provide reliability calculations for 
different mission times and system reliability sensitivity to specific components and sub
assemblies. 

Reference 
[ 1 ] D. Brandt and D. Ilbcrg, Ninth Int. Conf. of the Israel Society for Quality Assurance (Jerusalem, Israel, 

Nov. 1992), p. 356 (in Hebrew). 

Reliability Analysis of an Electronic Unit at Hig;. Altitudes'11 

I. Goel* and D. llberg 

Digital integrated circuits (ICs) operating in the space environment are susceptible to SEU 
(single event upset) that is caused by cosmic radiation. A reliability analysis methodology 
was developed for electronic equipment, having digital ICs, that is exposed to the SEU 
phenomenon. The methodology is applied to a CPU (Central Processing Unit) operated at 
high altitudes. The SEU issue is examined under two practical criteria: the SEU influence on 
the CPU availability; and the rate of critical and irreversible failures, compared with those 
caused by random failures. The main conclusion from this work indicated that in digital 
electronic equipment designed for high altitudes (above 20 km), the SEU phenomena should 
not be ignored. Moreover, SEU is the main cause of unavailability in the higher orbits. Some 
SEU failures may be irreversible and mav inhibit the equipment permanently. Damage due to 
SEU can be reduced by adopting a design approach according to which the use of certain IC 
technologies will be limited. Application of radiation-hardened ICs was found to be a good 

•EL-OP Elcctrooptic Ind- ' n-ot. 
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solution, but may cause some additional restrictions. The CPU program algorithm should 
utilize, if possible, formulae rather than 'quick' tables. 

Reference 
[ 1 ] I. Ooel and D. Ilbcrg, Ninth Int. Conf. of the Israel Society for Quality Assurance (Jerusalem, Israel, 

Nr. •• 1992), p. 124. 

A Review of Computer Programs Applied in Level 1 
Probabilistic Safety Assessment 1 1 1 

D. Ilberg and L. Lederman* 

Computer codes are powerful tools used to perform tasks of great complexity that manual 
treatment can perform only at very high economic and time cost. Probabilistic safety 
assessment (PSA) entails several laborious tasks suitable for computer code assistance. 
During the period of 1970 to 1990, a large number of computer codes intended to assist in 
performing the various PSA tasks were developed and employed. Reviews of the computer 
codes available for PSA were published in the past. These reviews covered a partial list of the 
codes. A study was initiated by the IAEA in 1989 to conduct a more complete review of 
PSA-related computer codes. The study was performed as part of a project to prepare 
guidelines on the selection and use of computer programs for Level 1 PSA, and was presented 
in the IAEA TECDOC-553 publication. About 80 codes were covered, which relate to Level 
1 PSA. The codes were categorized according to 11 classes; each one includes codes relevant 
to a particular field of appl> .ation. The descriptions of the codes and its attributes were given 
in some detai1 together with information on the hardware suited to run the codes as well as the 
institute that may provide them. 

Reference 
[1) D. Ilbcrg and L. Lcdcnnan, in: Proc. Itu. Symp. on the Use of Probabilistic Safety Assessment for 

Operational Safety (Vienna, Ausiria, IAEA, June 1991), p. 641. 

•Div. of Nuclear Safely, IAEA, Vienna, Austria. 
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Definition of Initiating Events for Probabilistic Safety 
Assessment"1 

D. Ilberg, B. Tomic* and R. Bloomquist** 

Initiating events (IEs) have been shown to be of great importance in the evaluation of core 
damage frequency (CDF) in probabilistic safety assessments (PSAs). Inclusion of additional 
IEs for obtaining completeness or the updating of the frequency of iEs when new data 
become available, has been found to influence PSA CDF results greatly. In spite of their 
importance, many different approaches are commonly used in the treatment of IES in PSA. 
Therefore, some guidance on increasing uniformity and standardization is appropriate. 
Furthermore, the wide variety of IE data and the approaches used in published PSAs can be 
compared and presented for the benefit of PSA specialists. The IAEA, within the framework 
of its program to develop guidelines for conducting PSAs, is producing a number of reports 
that provide such guidance. One of the important tasks that the reports encourage, as part of 
the Level 1 PSA study, is the selection, grouping and frequency evaluation of IEs. The 
present paper summarizes the results of a review of the definition of IEs in PSAs in the USA 
and Europe for LWRs (light water reactors). It provides a short historical background by 
considering various approaches that have been used in previous PSAs. It follows the IE data 
development over the last 15 years and the review of selection approaches in some recent 
PSAs. A discussion of completeness of the IE list is given, along with a table exemplifying 
several lists of IE groupings. The relative importance of some of the IE groups used in two 
PSAs is shown for BWRs (boiling water reactors) and PWRs (pressurized water reactors). 
The review also covers the treatment of IE frequencies. Various methodologies are listed and 
examples are given. Sources of data for the evaluation of IE frequencies are outlined. The 
paper emphasizes approaches that allow for the use of actual operating experience 
accumulated during plant specific studies and from LERs (licencee event reports), and 
suggests that they be used whenever sufficient plant-specific data exist. 

Reference 
11] D. llbcrg, B. Tomic and R. Bloumquisl, in: Proc. Int. Symp. on the Use of Probabilistic Safely 

Assessment for Operational Safely (Vienna, Austria, IAEA, June 1991), p. 373. 

**Studsvik Encrgilcknik AB. Nykopiny, Sweden. 
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A Comparison of Balloon Soundings and LIDAR Scans for 
Measuring the Height of the Turbulent Mixed Layer at a 

Coastal Site in Israel"1 

E. Glaser*, N. Dagan*, O. Furer*, M. Gamliel*. A. Yogev*, 
S. Fastig, U. Dayan and Y. Bnayahu 

A field experiment was conducted to compare the use of LIDAR scans and of 
simultaneous balloon soundings for determination of the height of the turbulent mixed layer. 
LIDAR aerosol maps were analyzed using a simple image processing technique. 
Measurements from the two approaches were evaluated. 

Reference 
[1] E. Glaser, N. Dagan, 0 . Furcr, M. Gamlicl, A. Yogcv, S. Faslig, U. Dayan and Y. Bnayahu, in: 

Environmental Quality and Ecosystem Stability. A. Adin, A. Gasilh, B. Fallal and A. Kanarek [Eds.] 
(Jerusalem, Israel: ISEEQS, 1992), vol. V/A, p. 221. 

Monitoring Dust Intrusion Events above the Mediterranean by 
the NO A A Satellite's Radiometers'11 

U. Dayan, J. Heffter**, J. Miller** and G. Gutman*** 

The overall objectives of this study were to identify extreme aerosol intrusion events in the 
Mediterranean Basin, to detect and map their sources, to characterize their mode of transport 
in the atmosphere making use of long-range transport models and satellite measurements, and 
to analyze the synoptical conditions leading to these anomalous episodes. The analysis 
showed that transport of Saharan dust occurring in the central part of the Mediterranean is 
usually rather intensive in its atmospheric mass loading capacity and takes place in deeper 
atmospheric layers for a longer duration (approx. 2-4 days) than do eastern Mediterranean 
dust events. 

Reference 
111 U. Dayan, J. Heftier,J. Miller and G. Guimun, in: Environmental Quality and Ecosystem Stability. A. 

Adin, A. Gasilh, B. Fallal and A. Kanarck lEds.] (Jerusalem, Israel: ISEEQS, 1992), vol. V/A, p. 196. 

•Associauon of Towns lor Environmental Protection, Hadcra. 
"Air Resources Laboratory, National Oceanic and Aunosphcric Administration, Silver Spring, MD, USA. 
•••National Environmental Satellite, Dan and Information Service, National Oceanic and Atmospheric Ad
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Ultrafast Secondary Emission X-Ray Imaging Detectors: 
A Possible Application to Transition Radiation Detectors"1 

A. Akkerman, A. Breskin*, R. Chechik*, V. Elkind*, 
A. Gibrekhterman* and S. Majewski* 

Fast high accuracy, X-ray imaging at high photon flux can be achieved when coupling thin 
solid convenors to gaseous electron multipliers, operating at low gas pressures. Secondary 
electrons emitted from the convenor foil are multiplied in several successive amplification 
elements. The obvious advantages of solid X-ray convenors, as compared with gaseous 
conversion, are the production of parallax-free images and the fast (subnanosecond) response. 
These X-ray detectors have many potential applications in basic and applied research. Of 
particular interest is the possibility of an efficient and ultrafast high resolution imaging of 
transition radiation (TR), with a reduced d£/dbr background. We obtained experimental results 
on the operation of secondary emission X-ray detectors, their detectic:- efficiency, localization 
and time resolution. The experimental work was accompanied by mathematical modeling and 
computer simulation of transition radiation detectors based on Csl TR convenors. 

Reference 
[ 11 A. Akkcrman, A. Brcskin, R. Chechik, V. Elkind, A. Gibrckhtcmian and S. Majewski, NucL Insirum. 

MahodsPhys. Rcs.,Scct. A 315:82(1992). 

Monte Carlo Simulations of Secondary Electron Emission from 
Csl, Induced by 1-10 keV X-Rays and Electrons' 1 1 

A. Akkerman, A. Gibrekhterman*, A. Breskin* and R. Chechik* 

A model for electron transpon and emission in Csl is proposed. It is based on theoretically 
calculated microscopic cross-sections for electron interaction with the nuclear and the 
electronic components of the solid. A Monte Carlo program based on this model was 
developed to simulate secondary electron emission induced by X-rays and electrons in the 
energy range of 1 to 10 keV. The calculated secondary emission yields agree with existing 
experimental data. The model provides all necessary characteristics for the design of radiation 
detectors based on secondary electron emission. It can be expanded to higher incident 
energies and other alkali halides. 

* Wci7mann Institute of Science. Rclun ot. 
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Reference 
[ 1) A. Akkerman, A. Oibrekhicrmun, A. Breskin and R. Chcchik, J. Appl. Phys. 72:5429 (1992). 

Secondary Electron Emission from Alkali Halides Induced by 
X-Rays and Electrons111 

A. Akkerman, A. Breskin*, R. Chechik* and A. Gibrekhterman* 

A model of radiation-induced secondary electron emission from alkali halides is proposed, 
based on microscopic cross-sections of electron interactions with the electronic and nuclear 
subsystems of the solid. The cross-sections of these processes were calculated using 
theoretical approaches. Monte Carlo simulations based on this model were performed for X-
ray and electron-induced secondary emission from KCl and Csl, in the energy range 1-30 
keV. Calculations of the transport of electrons, with energies below the gap energy, were 
performed including only electron-phonon and elastic scatterings. The results of our 
calculations of various secondary electron characteristics agree with existing experimental 
data. The calculations are relevant for a large spectrum of possible applications of Csl and 
other alkali halide films, as efficient X-ray convenors in novel radiation imaging detectors. 

Reference 
11 ] A. Akkcrman, A. Breskin, R, Chcchik and A. Gibrckhlcrman, NATO Advanced Research Workshop on 

Ionization of Solids by Heavy Panicles (Taormina, Italy, June 1992). 

Ultrafast Secondary Emission 2D X-Ray Imaging Detectors'11 

A. Akkerman, A. Breskin*, R. Chechik*, V. Elkind*, 
I. Frumkin** and A. Gibrekhterman* 

A new method was developed for subnanosecond, parallax-free, high accuracy X-ray 
imaging at high photon flux. X-rays are converted in thin Csl layers. Secondary emitted 
electrons are amplified in multistage electron multipliers, operating at low gas pressures (10-
40 Torr). 

• WcUmann Iniinuic of Science. Rchovoi. 
"Technion-lsrucl Instiiuic ol'Technology, Haifa. 
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Reference 
(1) A. Akkerman, A. Brcskin, R. Chcchik, V. Elkind, I. Frumkin and A. Gibrekhlerman, Proc. European 

Workshop on X-ray Detectors for Synchrotron Radiation Sources (Aussois, France, Sept.-Oct 1991). p. 
118. 

Towards Fast Transition Radiation Imaging Detectors 
with Csl Convertors'" 

R. Chechik*, A. Breskin*, A. Akkerman, A. Gibrekhterman*, 
I. Frumkin**, H. Aclander* and V. Elkind* 

A new X-ray imaging method was developed with a potential application to 
ultrarelativistic particle identification by transition radiation detection. It is based on the 
conversion of the X-ray photons in a thin layer of Csl and the amplification of secondary 
emitted electrons in a low-pressure multistep avalanche electron multiplier. The obvious 
advantages of the solid X-ray convenor are the parallax-free imaging and the ultrafast 
response. The detector has an X-ray localization resolution accuracy better than 0.2 mm 
(fwhm), a subnanosecond time response, and a reduced sensitivity to minimum ionizing 
particles as compared with Xe-filled detectors. 

Experimental results were obtained on the detector performance with X-rays of 6-60 keV 
and with relativistic electrons. The experimental work was accompanied by mathematical 
modeling and Monte Carlo simulations of transition radiation detectors based on this novel 
technique. 

Reference 
[1] R. Chcchik. A. Breskin, A. Akkcrmun, A. Gibrckhlcrman, I. Frumkin, H. Aclandcr and V. Elkind, 

IEEE Trans. Nucl. Sci. 39:728 (1992). 

* Wcizmann Insutulc of Science. Renown. 
••Tcchnion-Isracl Institute ol Technology, Haifa. 
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Measurements of Ionization Distribution Around a Particle 
Track at a Nanometer Level1" 

P. Colautti*, G. Talpo*'**, G. Tornielli**, A. Akkerman and A. Breskin*** 

Radiobiological data reveal that radiation action on the living cell is at a nanometer level. 
We propose a new approach for the measurement of the radial radiation-induced ionization 
distribution across the particle track at this level. It is based on coupling a parallel-plate 
ionization chamber to a cylindrical proportional electron multiplier. A detector of this type, 
filled with propane at pressures of 227 and 454 Pa, was used for the measurement of the radial 
ionization distribution induced by a-particles. The displacement of the detector with respect 
to the a-particle beam provided a tissue-equivalent ionization distribution at the nanometer 
level. 

Reference 
111 P. Colaulli. G. Talpo. G. Torniclli. A. Akkcrmon and A. Breskin. Proc. llih Symp. on Microdosimttry 

(Gailinburg, TN, USA, Sept. 1992), pp. 25-27. 

Track Effects and Their Influence on Heavy Ion Energy Losses 
in Semiconductor Devices'" 

A. Akkerman, J. Levinson, D. Ilberg and Y. Lifshitz 

The linear energy transfer (LET) concept is wide ly used in the context o f s ingle event 
phenomena (SEP) in electronic d e v i c e s induced by energetic heavy particles and protons in 
space miss ions . Very recently experimental results have shown that the L E T concept may not 
be adequate for a quanti iai ive evaluation o f a variety o f SEP. Stapor et als ' s h o w e d that 
different charge co l lect ion values in special ly des igned electronic d e v i c e s were obtained for 
ions having the same L E T but different energies . In recent conferences S tass inopoulos ' ' gave 
a critical analys is for the validity o f the LET concept in S E P whi le S igmund' ' d i scussed the 
relevance o f the LET concept for secondary electron emiss ion . There are a l so some 
indications o f the failure o f using LET as a measure in radiobiological invest igations. All this 
encourages attempts to understand the observed failures o f the LET concept , which is the 
topic of the present work. 

•INFN. Uilxiralon Nu/ionuli di Lcgnaro. LcKiuiro, luly. 
••Physics Dcpi., Univcrsily ol Paduvu. Padova, luly. 
•*• Wcizmann Insliluic of Science, Rchovol. 
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The charge collected in devices was observed to be considerably lower than the predicted 
one using the LET concept. A possible explanation of this effect based on the track electrical 
field model was proposed and analyzed. The main experimental trends including the energy 
dependence of the restricted energy transfer are qualitatively reproduced by the model. New 
experimental data of charge collection in devices are needed to verify the validity and 
generality of the discussed model for SEU (single event upset) simulations. 

References 
[I] A. Akkciman, J. Lcvinson, D. Ilbcrg and Y. Lifshitz, NATO Advanced Research Workshop on 

Ionization of Solids by Heavy Panicles (Taormina, Italy, June 1992), p. 2. 
[2] W.J. Stapor, P.T. MacDonald, A.R. Knudson, A.B. Campbell and B.G. Glagola, IEEE Trans. Nucl. Sci. 

35:1585 (1988). 
[3} E.G. Slassinopoulos and GJ. Brucker, First European Conf. on Radiation and Its Effects on Devices 

and Systems, RADECS 91 (La Grandc-Molte, France, Sept. 1991), vol. 15, p. 1. 
(4) P. Sigmund, NATO Advanced Research Workshop on Ionization of Solids by Heavy Particles 

(Taormina, Italy, June 1992). 

A Practical Model for Calculation of the 
Proton-Induced SEU Cross-Section Using 

Experimental Heavy Ion SEU Cross-Sections'11§ 

A. Akkerman, Y. Lifshitz, J. Levinson, M. Hass* and D. Ilberg 

Calculations of the proton-induced SEU (single event upset) cross-sections were 
performed using the experimental heavy ion SEU cross-sections and a simplified model for 
estimation of the nuclear recoils (fragments) LET (linear energy transfer) distribution. The 
results of the calculations were verified by comparing them with experimental and other 
calculational data, showing that the proposed approach can be used for rapid and practical 
estimations of the upset rate. 

Reference 
111 A. Akkcrman, Y. Lifshiu, J. Lcvinson, M. Hass and D. Ilbcrg, First European Conf. on Radiation and 

Its Effects on Devices and Systems. RADECS 91 (La Grandc-Mollc, France. Sept. 1991), vol. IS, p. 509. 

JThis work win supported by the Israel Space Agency (ISA) und the Israel Ministry of Absorption. 
• Wcumunn Institute of Science, Rchovot. 
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Single Event Latchup in IDT 7187 SRAMs: Dependence 
on Ion Penetration Depth 1 1 1 5 

i. Levinson, O. Even, E. Adler, M. Hass*, D. Ilberg and Y. Lifshitz 

Single event latchup (SEL) saturation cross-section results reported by various groups 
differ sometimes by up to two orders of magnitude' '. It has been pointed our ' that these 
differences are quite likely due to the different penetration depths of the ions used by the 
research groups. 

Here we report measurements of the SEL cross-section dependence on the ion penetration 
depth in IDT 7187 SRAMs. The measurements were performed using the Koffler accelerator 
at the Weizmann Institute of Science. The SEL vs LET (linear energy transfer) was measured 
using different ions, and is presented in Figure 1. Measurements were conducted at normal 
incidence as well as at an angle. As can be seen from the figure, altering the Fe ion energy in 
the range 50-100 MeV results in a dramatic change, by more than two orders of magnitude, in 
the SEL cross-section, despite the fact that the LET in this energy range remains almost 
constant (-30 MeV cm2/mg). The value measured with 2 5 2 Cf is also shown in the figure. 

In the insert in Figure 1, the SEL cross-section is plotted as a function of the range of the 
Fe ions (having different energies) in Si. There is a sharp decrease in the cross-section for ions 
penetrating less than IS urn. 

30 N 
LET.IbVWmg 

Fig. 1: SEL cross-section vs LET in IDT 7187 SRAMs. 
Insert: SEL vs projected range of Fe ions at different energies, in Si. 

(This work was suppt rted by the Israel Space Agency. 
• Wcizmann Insiiiutc of Science, Rchovot. 
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The SEL cross-section value measured with the z " C f source fits according to this curve to a 
penetration depth of -14.5 um. This is in agreement with the average penetration depth' ' ' 
of the californium fission particles into Si. 

References 
[ 1J ). Levinson, O. Even, E. Adler, M. Hass, D. Ilbcrg and Y. Lifshiiz, Submitted to Third European Conf. 

on Radiation and its Effects on Devices and Systems, RADECS 93 (St. Malo, Fiance, Sept. 1993). 
[2] J.H. Johnston and B.W. Hughlok. IEEE Trans. Nucl. Sci. 37:1886 (1990). 
[3] J.T. Blandford and J.C. Pickel, IEEE Trans. Nucl. Sci. 32:4282 (1985). 

Proton-Induced Latchup Cross-Section: Experiment and Calculation' 1' 

J. Levinson, A. Akkerman, M. Victoria*, M. Hass**, D. Ilberg, 
M. Alluralde*, R. Henneck*, A. Zehnder* and Y. Lifshitz 

A combination of irradiation experiments (using energetic protons and heavy ions) and a 
theoretical analysis was used for the first time to study proton-induced single event latchup 
(SEL) in electronic devices. SEL is found to behave differently from SEU (single event 
upset). For SEU, the device sensitivity can be predicted by a model assuming the collection of 
the majority of the charge carriers generated in the sensitive volume, by the nuclear fragments 
of the (p, Si) reactions. For SEL, the measured sensitivities are much lower than predicted by 
prompt charge collection. Recombination of charge carriers generated by the heavier 
fragments, due to a track electric field, is a reasonable explanation for the SEL data. 

Reference 
[ 1 ] J. Lcvinson, A. Akkerman, M. Victoria, M. Hass, D. Ilbcrg, M. Alluraldc, R. Hcnncck, A. Zehndcr and 

Y. Lifshitz, Submillcd lo Appl. Phys. Lett. 
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Some Dosimetric Characteristics of the Residual Dose and the 
Photo-Transferred Thermoluminescence for LiF: ri,Mg [ l 1 

B. Ben-Shachar, U. German and E. Nairn 

The main limiting factor when applying thermoluminescent dosimetry in radiation 
protection and health physics is its inability to conduct a dose reassessment after the initial 
readout. LiF:Ti,Mg has been extensively used in dosimetry, especially in personnel 
monitoring and nuclear medicine' '. There are two ways of reassessing high doses with 
LiF:Ti,Mg — by measuring the residual dose (the second reading of the TL chip) and by 
photo-transferred thermoluminescence (PTTL)' '. 

The residual dose and the PTTL were measured with the standard LiF:Ti,Mg G-l or G-7 
cards, for an exposure range of 0.15-7.5 Gy. For exposures of 0.15-5.00 Gy, the residual dose 
is a constant fraction of the absorbed dose: O.13±0.03. The PTTL is also a constant fraction: 
2.73±0.44. There seems to be an increase of both fractions above 5.0 Gy, probably due to the 
supralinear effects' '. The accuracy of the PTTL is higher than that of the residual dose. 

The minimum detectable dose (MDD) of the initial dose when using the PTTL and the 
residual dose methods was determined by plotting the relative standard deviation of the PTTL 
and residual dose vs the exposure and fitting them to the expression given by Zarand and 
Polgar' '. When employing the PTTL method the MDD is -13 mGy and with the residual 
dose method the MDD is -0.36 Gy. 
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Calibration of Thermoluminescent Dosimeter Badges to 
Beta Ray Spectra from 3 2 P m 

U. German, B. Ben-Shachar and E. Nairn 

The results of thermoluminescent dosimeter (TLD) chips readings are received in 
nanocoulomb units. Experimental calibration factors, also called bela factors, must be used to 
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evaluate the penetrating and non-penetrating doses, but these calibration factors differ 
121 according to the spectral distribution of the various radiation sources' '. No specific 

calibration factor can be evaluated for each case for a system based on a two-chips card, and a 
compromise factor has to be found that will overestimate some exposures and underestimate 
others. Uranium is commonly used as the beta reference source for the calibration factor 
determination, as it is most likely to be encountered and will overestimate the exposures in 
most cases. However, when more accurate evaluation of the exposure in needed, specific 
calibrations have to be performed. We evaluated the beta factor of the TLD badge for the 3 2 P 
beta source. 

References 
[ 1 ] U. German, B. Bcn-Shachar and E. Nairn, 17ih Meeting of the Nuclear Societies of Israel (Bccr-Sheva, 

Israel, May 1992). 
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Limitations of Absolute Activity Determination of 125I Sources 

0. Pelled, U. German and E. Nairn 

A method for absolute determination of the activity of a 1 2 5 I source, based on the counting 
rate values of the 30 keV photon and the coincidence photon, was described in the 
literature' '. Using this method, the system calibration is simplified and parameters such as 
source geometry or source position relative to the detector have no significant influence. 
However, when the coincidence rate is very low, the method is limited. 

When N| is the counting rate of the 30 keV photon and N 2 is the coincidence rate, the 
activity can be determined by using the equation: 

A = (N 1+2xN 2) 2/(4xN 2x3.7xl0 1 0) 

where A is the activity of the source, in Ci. 
We investigated the geometrical limitations of this method in respect to the following 

three parameters: the distance between the source and the detector; the source dimensions; 
and the thickness of the shield between the detector and the source. All measurements were 
performed with a 1-mm-ihick Nal(TI) detector. The results are summarized in Table 1. 
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Table 1 
The limitations of the absolute determination method 

Parameter Range Maximal error 
(%) 

Source distance 
from tiic dclcctor 

up to S cm 5 

Source volume 

8.5 cc botUe: 
any volume (in horizontal 
position) 

3 

Source volume 
20ccbolllc: 

up to volume of IScc 
(in horizontal position) 

5 

Absorption thickness up 10 1600 mg/cm2 4 

Our checks indicate that this method can be used successfully for determination of the 
activity of diverse sources and samples within the stated limitations. An additional limitation 
is the source activity which must produce a significant coincidence peak. As an example, the 
inlluence of the absorber between source and counter on the activity determination accuracy 
is presented in Figure 1. The figure shows the ratio Ai/Ao as a function of the absorber 
thickness, where Ai is the activity obtained with an absorber placed between the detector and 
the source, and Ao is the activity obtained with no absorber. 
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Kiy. 1: Ai/Ao as a function of absorber Uiickncss. 
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A Controlled Data Collection System from a Thermoluminescent 
Dosimeter Reader''' 

U. German 

Our dosimetry laboratory employs a 2271 Harshaw automatic thermoluminescent 
dosimeter (TLD) card reader. The system logic performs only basic parity checks of the data 
which are sent to the peripheral equipment, besides the upper and lower dose limit alarms. 
Other errors may remain undetected until the data analysis stage. A PC computer was 
connected to the automatic card reader system. It controls the operation of the system while 
receiving, checking and recording the data on magnetic media. A serial number is given to 
each record and other specifications such as date, unit and type of analysis are also added to 
the data file. 

The TLD cards used contain two TLD crystals. The first is unfiltered and accumulates 
penetrating and non-penetrating doses, while the second is filtered by 1.25 mm Al and 
accumulates the penetrating dose. Each complei. record received from the TLD reader 
consists of 28 characters. All characters should be numbers or spaces in the following format: 

x xxxx x x xxxx x x xxxxxx 
The first group of three numbers concerns the reading of the first crystal. The first number 

in the group is a numeric character specifying the data being read (TLD-1, sensitivity check, 
etc.). The second number is a four-digit integer specifying the charge which was accumulated, 
and the third number specifies the range. The second group of three numbers concerns the 
reading of the second crystal in the same format. The last number is the card identification 
number and the character before it indicates its parity check. 

Reference 
111 U. German, The Nuclear Satieties of Israel MM Meaing (Bccr-Shcva, Israel, May 1902), pp. 116-118. 

The Fading of LiF:Mg,Ti — is it Really Low?1'1 

B. Ben-Shachar 

One of the most important characteristics of integrating thermoluminescence (TL) 
detectors used as ionizing radiation dosimeters is the stability of the stored TL signal. In most 
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TL materials the TL signal decreases as a function of storage time due to the thermal escape 
of trapped charge carriers; this characteristic is, therefore, usually referred to as 'thermally 
induced fading' or simply 'fading'. Lithium fluoride doped with magnesium and titanium is 
the most commonly used radiation dosimeter' ' and has been available commercially in the 
form of TLD-100 (Harshaw) since the 1960s. The most serious disadvantage of this phosphor 
is its extremely complicated glow curve structure (approximately ten glow peaks between 

room temperature and 400°C, many of them overlapping) which has led to great difficulty in 
131 arriving at a universally accepted characterization of its fading properties 1 J . Routine 

measurement of this phosphor includes heating it to a temperature of 250-300°C. The main 
glow peak (and the most important for dosimetric applications) is peak 5, greatly overlapping 
with peak 4. 

A quick partial review of the data concerning the fading, as presented in six reference 
texts, is highly illustrative: 7% in 2 weeks ' 4 ' ; 10% in one month ' 5 ' ; 5±3% after 84 days, 5% 
after 50 days, 5 1 after 20 days and 0±2% after 50 days 1 6 1 ; 5-10% in One year" 3 ; 
approximately 59c in one year '; and \% per year' '. The extremes in the reported fading 
rates thus differ by approximately two orders of magnitude. 
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The Anomalous Dosimetric Characteristics of Peak 4 in TLD-1001" 

B. Ben-Shachar and Y.S. Horowitz* 

TLD-100 is known to exhibit a number of peculiar properties, especially in its response to 
annealing procedures, which have led to considerable difficulties in the universal 
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characterization of this material. These properties are believed to arise from the nature of the 
basic trapping structures, based on Mg 2 + - vacancy dipoles, which can migrate and aggregate 
to form dimers and trimers' '. Although there is no specific consensus on the details of the 
trapping structures, it is generally considered likely that peaks 2 and 3 are composed of 
relatively simpler systems based on dipoles, and that peaks 4 and 5 are more complex 
aggregates, based on dimers and/or trimers with the possible additional incorporation of Ti 
and OH ions. 

Our investigation of the annealing behavior of peaks 4 and 5 included (a) variation of the 
glow curve heating rate from 100°C/min to 1000°C/min in both 400°C - annealed and 
unannealed material; (b) pre- and post-irradiation 100°C/30 min annealing; (c) irradiation 
with thermal neutrons, alpha panicles and gamma rays plus 1 month storage; and (d) long-
term (up to one year) storage following various annealing routines to reduce or eliminate the 

[31 interference of peaks 2, 3 and 4 with peak 5 l '. 
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clustering and only peak 4 behaves differently in 400DC - annealed and unannealed material. 
In addition, the maximum temperature of peak 4 shifts to higher temperatures following pre-
and post-irradiation 100°C/30 min annealing. At glow curve heating rates above 
approximately 500°C/min, peak 4 merges into peak 5 and becomes increasingly difficult to 
resolve from peak 5. For this reason, we believe that sensitivity increases due to peak 4 have 
often been attributed also to peak .v '. The use of peak 5 only (instead of the common 
practise of integrating part of peak 3 and peaks 4+5), should greatly facilitate the universal 
characterization of TLD-100 for dosimetric routines. Maximum throughput in 
thermoluminescent readers, obtained via very fast glow curve heating rates, comes at the 
expense of the introduction of the anomalous beiiavior of peak 4 into the dosimetric signal. 
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Kinetic Trapping Parameters of the Main Dosimetric Peak 
in LiF:Cu,Mg,P via 'Prompt' and 'Residual' 

Isothermal Decay'" 

S. Mahajna*, D. Yossian*, Y.S. Horowitz* and A. Horowitz 

Recent measurements of the trapping parameters, E and s, for the main dosimetric peak in 
LiF:Cu,Mg,P (peak 4) are strikingly reminiscent of the exceptional values reported by some 
groups for peak 5 in LiF:Mg,T). That is, E = 2 eV and s = 10 + 2 0 s" 1 [ 2 ' 3 1 . It is doubly puzzling 
that this same phenomenon should occur in both materials. We therefore investigated the 
kinetic parameters of rive different batches of LiF:Cu,Mg,P using both the 'prompt' and 
'residual' isothermal decay techniques over the temperature ranges of 130-170°C and 160-
195°C, respectively. Two batches were from Biejing, China, in chip form (GR-200) and one 
in powHer form, and the remaining two were home-made materia! in powdered form (SD3-
NR, SDS-UR). The latter material has an almost negligible high temperature peak (2%) 
allowing interference-free measurements of the isothermal decay of peak 4. All the 
measurements are consistent with first-order kinetics. For the two GR-200 'chip' batches via 
the 'residual' technique, we obtain E = 1.25+0.02 eV and s = 3 x l 0 + 1 V . For the powdered 
GR-200 we obtain E = 1.20±0.02 eV and s=7.7xlO + 1 V. For SDS-NR we obtain via the 
'residual' technique E = 1.5110.03 eV and s=I0 + 1 4 s _ 1 ; and for SDS-UR, via the 'prompt' 
technique, E = 1.30±0.3 eV und s=8.4xl0 + 1 1 s - 1 . The measurements of s are accurate to 
within approximately one order of magnitude. The unique controversy concerning the kinetic 
parameters of peak 5 in LiF:Mg,TI is thus exactly duplicated for peak 4 in LiF:Cu,Mg,P. 
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Elimination of the Residual Signal in LiF:Cu,Mg,P8[11 

A. Horowitz and Y.S. Horowitz* 

The intensity of the residual signal is an important parameter in the application of 
'unannealed' thermoluminescent (TL) materials to personnel and environmental dosimetry. In 
a previous publication' ' we studied the residual signal following a 240°C/10 sec readout in 
LiF:Cu,Mg,P (GR-200, from Beijing). The total intensity of the high-temperature TL was 7-
10%, leading to a residual of 2-3% (ratio of second readout to first readout). 

The multiparameter investigation of the LiF:Cu,Mg,P preparation technique was continued 
with a view to minimizing the residual signal. Conventional preparation techniques lead to a 
material with a TL sensitivity 35±4 (1 SD) times greater than that of TLD-100 with a high-
temperature TL relative intensity of 10±1% (1 SD). This high-temperature TL leads to a 
residua! signal of approximately 4-5% following a 240°C/10 sec glow curve readout. 
Incorporation of oxygen in the melt suppresses the high-temperature TL relative intensity by 
a factor of two. This leads to a residual signal no greater than 2-3% at the second readout, and 
very similar to GR-200. It is also possible to prepare LiF:Cu,Mg,P material (SDS-NR) with a 
relative TL sensitivity 17±2 times greater than that of TLD-100, with a residual signal of 0.5-
1.0%. The chemical configuration of the incorporated phosphorus has an important influence 
on both the TL sensitivity and the residual signal. The number of OH groups attached to the 
phosphorus atom seem to have a direct influence on the main peak sensitivity, indenting that 
OH* ions play a role in the formation of the TL dosimetric traps. 

References 
[ 1) A. Horowitz and Y.S. Horowilz, Wlh Int. Conf. on Solid Slate Dosimetry (Washington, DC, USA, July 

1992); and Radial. Prot. Dosim. 40:265 (1992). 
|2] Y.S. Horowitz and A. Horowitz, Radial. Prot. Dosim. 33:279 (1990). 

STIIIS work was supported in pan l*> ilic I'.S.-Israel Uinalional Seienee Foundation, Jerusalem, Israel, grant 87-
0111 III 
•Bcn-Ciunon University ol the Negev, Keer-Shetu. 

171 



Energy Dependence of CaS04:Tm and Li2B407:Cu 
Thermoluminescent Phosphors 

J.M. Hoffman*, G.L. Catchen* and B. Ben-Shachar 

One of the basic requirements of a dosimeter used in personnel and environmental 
monitoring is to have the correct dose response, i.e., 'fiat' for photon energies above 40 keV. 
The dose response depends on the effective atomic number, Z, of the phosphor. Because the 
phosphor, Li2B407:Cu (Cu 0.03% weight), has a low effective Z (7.3, which is close to that 
of tissue, 7.42), we expect a very flat dose response over a range of energies. The CaS04:Tm 
phosphor over-responds to low-energy photons, but a compensating shield of tin and lead can 
be used to flatten the energy response. 

The dose response of the phosphors Li2B407:Cu and CaS04;Tm, bare and shielded in 
badge holders, was measured for ihiee uisiiiuuiiun;. of low-energy photons (via an X-ray 
machine) and two higher-energy photon sources ( 1 3 7 Cs / 1 3 7 m Ba and 6 0Co). The results were 
compared with those obtained using an ionization chamber. There was a maximum deviation 
of 11% for Li2B4C>7:Cu for the energy range of 40 keV - 1.25 MeV and of 14% for a lower 
point (approximately 29 keV); the bare CaS04:Tm phosphor gave a high over-response for 
low-energy photons (a factor of 16 for 29 keV and of 11 for 60 keV), but when these 
phosphors were shielded inside their badge holders, the deviation was reduced to no more 
than 16% for the energy range of 40 keV -1.25 MeV and 50% for 29 keV. 

Extrapolation Chamber Characterization of Panasonic Dosimeter 
Response to 9 0 S r / 9 0 Y and 2 0 4 T I Beta Radiation 

J.M. Hoffman*, G.L. Catchen* and B. Ben-Shachar 

The response of a dosimeter to beta radiation depends strongly on the absorbing material 
between the thermoluminescent (TL) element and the source. Similarly, the response depends 
on the type of source as well as the source-to-dosimeter geometry. Also, the finite thickness 
of the TL element must be considered. For these reasons, we used a PTW extrapolation 
chamber to characterize the beta-dose response of four types of Panasonic dosimeters, UD-
S02, UD-806, UD-812 and UD-813. Ten sets of each model were calibrated with 
' • , 7 Cs/ ' 3 7 m Ba photons via individual element correction factors. With the badge hangers 
removed, each set was irradiated three times from the front and from the back with a 7.2 mCi 
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9 0 Sr / 9 0 Y source at a distance of 51 cm. In the same geometry, the UD-802 and UD-806 
dosimeters were irradiated twice from the front and three times from the back with a ^ T l 
source. 

The PTW extrapolation chamber had a front window thickness of 2.6 mg/cm air-
equivalent material. The corresponding exposure rate for the 9 0 S r / 9 0 Y irradiations averaged 
20 to 30% lower than the thermoluminescent dosimeter (TLD)-derived values (for element 
one of all models of dosimeters) corresponding to the front and the back irradiation, 
respectively. In addition, we put additional absorbing material to the front of the extrapolation 
chamber to simulate the absorbing material on the TLDs. For element one, the resulting dose 
rates were still systematically lower by 25 to 30% for all models of dosimeters. The over-
response of the Li2B407:Cu phosphor to 9 0 S r / 9 0 Y cannot be attributed to the finite thickness 
of the phosphor. 

Review of Panasonic Thermoluminescent Dosimeter (TLD) 
Phosphor Properties 

B. Ben-Shachar, J.M. Hoffman* and G.L. Catchen* 

Panasonic UD-802 dosimeters, which are commonly used for personnel and environmental 
dosimetry, contain two Li2B,j07:Cu and two CaSCVTm phosphors. Since the lithium borate 
phosphor is approximately tissue equivalent, it is well-suited to personnel dosimetry^ ', 

121 whereas the calcium sulfate phosphor is much more sensitive1 ' but not tissue equivalent; the 
former is suitable for environmental application. We have characterized the dose response of 
these phosphors to provide more information about their advantages and disadvantages. The 
TL-dose response was measured over the useful range for personnel and environmental 
dosimetry (0.005-10 niGy). Five UD-802 dosimeters were irradiated (with a 1 3 7 C s / 1 3 7 m B a 
photon source) three times for each of ten different doses, which gave 30 measurements (5 
dosimeters x 2 phosphors x 3 irradiations) at each dose. The TL-responses were obtained 
using a Panasonic Model 702E reader; the doses were obtained by subtracting the second 
reading from the first. The first and second readings were multiplied by individual element 
correction factors and global correction factors. For each dose, the relative standard deviation 
was calculated. The results were lined to the analytical expression developed by Zarand and 
Polgar" , after which we determined the minimum measurable dose (MMD) for each 
phosphor. 

The intrinsic ultraviolet (ii.v.) sensitivity of both phosphors as well as their photo-
transfcrrcd thermolumincsccnce (P'lTL) were checked. We irradiated five UD-802 dosimeters 
(after removal of their holders) with a 12 nnv u.v. (254 ran) lamp. The L^B^yiCu phosphor 

•Dqil nl NIKK\U IIiiyKK-cnn .̂ I'cnn^ls.ini.i Suuc I'ntu'fMly. UtmorMly Park. PA, LISA. 

173 



shows a relatively high sensitivity, which agrees with the findings of Pradhan et at} ', and 
this phosphor shows no PTTL. The CaSCVTm phosphor shows very little u.v. sensitivity, 
and the associated PTTL is about one order of magnitude greater than the intrinsic u.v. 
sensitivity. The lithium borate u.v. sensitivity should not present a problem for routine 
deployment when the phosphors are placed in badge holders, and the measurable PTTL of 
calcium sulfate may be used for re-evaluating high doses. 

Although these dosimeters cannot be annealed in an oven, pre- and post-irradiation 
annealing can be employed to reduce the effects of the fading of the phosphors. The 
magnitude of fading was measured in order to generate correction factors. We irradiated 
eight dosimeters (using , 3 7 C s / 1 3 7 B a photons) to 10 mGy and then allowed various times to 
pass, up to a maximum of 3 months, before reading them. The fading corrections (relative to 
the 24-hour readings) ranged from 2.6 to 5.4% for ^B^Oy.Cu and from 2 to 4% for 
CaS0 4 :Tm over the 3-month time interval. 
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Linearity and Minimum Measurable Dose for 
Li 2B 407;Cu and CaS0 4:Tm TL-Elements 

Used in a Personnel/Environmental Dosimeter 

J.M. Hoffman*, G.L. Catchen* and B. Ben-Shachar 

Panasonic UD-802 dosimeters, which are commonly used for personnel and environmental 
dosimetry, contain two Li2Pa07:Cu and two CaSO<:Tm phosphors. The U2B4O7 is useful 
for personnel dosimetry, because it has a nearly tissue equivalent response (Z C I T=7.3 ) ; the 
CaS0 4 is more useful for low dose measurements. Since detailed information about the 
linearity of the dose response over the useful range (0.005-10 mGy) and the associated 
minimum measurable doses (MMD) was not available, we performed a series of 
measurements to determine the MMDs for each phosphor via the relative errors. 

l ive UD-802 dosimeters were irradiated by a 1 3 7 C s gamma source for ten different doses. 
For each dose, the mean and the relative error (standard deviation divided by the mean) were 
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calculated for 30 responses (5 dosimeters x 2 phosphors x 3 irradiations). The dose response 
showed linearity from 0.01 to 10 mGy for the lithium borate and 0.005 to 10 mGy for calcium 
sulfate. We fitted the measured relative errors to a semiempirical expression developed by 
Zarand and Polgar' 1 , 2 ' to determine the MMD (the dose level at which the reproducibility is 
±20%). The MMDs were found to be 0.02 mGy for lithium borate and 0.002 mGy for calcium 
sulfate. These results confirm the expected linearity and support the use of UD-802 as a dual-
purpose personnel/environmental dosimeter. 
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Ultraviolet Sensitivity and Photo-Transferred 
Thermoluminesccnce (TL) of the Harshaw and Panasonic TL 

Dosimeters: A Comparison 

B. Ben-Shachar 

The phenomenon of thermoluminescence (TL) when excited by light is known as photo-
stimulated thcrmoluminescence. It has two aspects: photo-transferred thermoluminescence 
(PTTL), which refers to the TL induced by light which moves charge carriers from the deeper 
traps to the shallow ones, and photo-induced TL, which is the TL induced directly to the 
material. In the present research we measured the directly induced TL (intrinsic u.v.) of five 
TL materials (Harshaw LiF:Mg,Ti, CaF2:Dy and CaF2:Tm; and Panasonic Li2B,)07:Cu and 
CaSOj:Tm) and their PlTL. The PTTL is instrumental in the use of 'memory effects' in TL 
materials for re-estimation of high doses; it was used previously to study LiF:Mg,Ti' • '. 

The intrinsic u.v. sensitivity for all the materials, except lithium borate, was found to be 
negligible; the u.v. sensitivity of Li2B,|07:Cu has to be taken into account for unshielded or 
thinly shielded phosphors, because the reported doses can be over-estimated. We found no 
measurable PTTL for the Panasonic Li2B,|07:Cu and for the Harshaw CaF2:Dy and CaF2:Tm 
phosphors previously irradiated wilh gamma rays up to 100 niGy. Thus, high doses cannot be 
reassessed wilh these phosphors by using P1TL. Although CaSO^Tm has a measurable 
PTTL, which is one order of magnitude greater lhan Ihe intrinsic u.v., high doses can be 
reassessed only qualitatively, because the PTTL was found to be almost constant for previous 
gamma irradiations ranging between 5 and 100 mGy, whereus the PTTL of LiF:Mg,Ti is 
useful lor reassessment ol doses in the abotc range'' '. 
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Thermoluminescent LiF:Cu,Mg,P for Gamma Ray Dosimetry 
in Mixed Fast Neutron - Gamma Ray Fields 

Y.S. Horowitz* and B. Ben-Shachar 

In thermoluminescent dosimetry (TLD), the relative TL response, ^n.x, of fast neutrons to 
gamma rays usually lies between 0.05 and 0.3. Recently, several groups have reported the 
development of new TL material, LiF:Cu,Mg,P, with a gamma TL sensitivity approximately 
20 limes greater than LiF:Mg,Ti (TLD-100, H/F). We measured the relative TL response of 
LiF:Cu,Mg,P to 2 5 2 Cf fast neutrons (En=2.5 MeV). Neutron dosimetry was carried out 
simultaneously on pairs of LiF.Mg.Ti (TLD-700 H/F) and CaF2:Tm (TLD-300 H/F) 
dosimeters. The following results were obtained: 

n(LiF:Cu,Mg,P) = 0.011±0.01 l(TLD-700)/'1(LiF:Cu,Mg,P) = 5:1 

l(TLD-300)/T1 (LiF:Cu, Mg, P) = 4:1 

The TL signal was estimated using computerized glow curve deconvolution. The results 
establish LiF:Cu,Mg,P as the TL material least sensitive to fast neutrons discovered to date 
and suggest thai LiF:Cu,Mg,P can serve as an excellent discriminator for gamma ray dose 
measurement in fast neutron gamma ray radiation iields. 

Dosimetric Characterization of the 
High Temperature Peaks of LiF:Mg,Ti and CaF2:Tm 

Using Computerized Glow Curve Dcconvolution 

B. Ben-Shacharand Y.S. Horowitz* 

Computerized glow curve deconvolulion (CGCD) based on first order kinetics was used to 
study the high temperature peaks in both LiF:Mg,Ti (TLD-700, Harshaw) and CaF2:Tm 
(Tl.D-3'K), llarshuw). The dose response of peak 7 in TLD-700 is supralinear down to the 
lowest d.ise level measurable (2.5 mGy) and the supralinearity is strongly dependent on 
photon energy. This behavior significantly complicates the use of peak 7 to peak 5 ratios in 
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T|-Y dosimetry. Peak 6, although linear in its dose response, is difficult to separate accurately 
from its more intense neighbors, and therefore cannot be measured reliably below 10 mGy. 
Due to its linear response, CaF2:Tm is thus definitely superior to LiF:Mg,Ti for T ^ 
dosimetry, via peak 5 to peak 3 ratios, especially when compensating filters are employed. 
For environmental dosimetry, peak 3 is a poor choice due to its fading and the presence of a 
strong, non-radiation-induced thermoluminescent signal between 5 and 25 jlGy which lies 
directly under peak 3. On the other hand, peak (5+6) can be used to measure dose levels down 
to 9 |xGy by the CGCD analysis with a precision of ±20% (1 S.D.) and no measurable fading. 

A Comparison of Thermoluminescent Dosimeter (TLD) Irradiation 
and Monte-Carlo Calculation for Beta Dosimetry 

j.M. Hoffman*, S.H. Levine* and H. Uen-Shachar 

The major problem encountered in using TLDs for beta dosimetry is that the TLD chips 
have a finite thickness and their response is sometimes non-linear with the beta energy. A new 
method of determining the beta dose to the skin was investigated by combining analytic 
calculations with experimental measurements. The latter were conducted with I^B^O^Cu 
phosphors having different polyethylene shields and an extrapolation chamber. The Panasonic 
UD-806 badges, containing four Li2B407:Cu phosphors, were irradiated by a 9 0 Sr beta 
source and a 2 0 4 T1 source. 

The energy deposited by the electrons in lithium borate, shielded by different layers of 
polyethylene, was calculated as a function of the depth, using a Monte-Carlo code developed 

[121 by Berger' ' J. The convolution integral of the beta spectrum and the dose deposited in the 
phosphor by this spectrum give relative values of the dose deposited by the 9 0 Sr and 2 0 4 T1 
sources. The dose deposited in the phosphor of thickness d by the beta particles having 
energies between E and E+dE, is D(E,d). Therefore, the total dose deposited in the phosphor 
by the spectrum <(>(E) is: 

D(x) = 5D(E,d). (KE)dE 

The relative dose can be presented by the ratio of the D's for two different elements. A 
comparison of the calculated relative ratios and the experimental ones was presented 

131 elsewhere1 '. 
F" -ellent agreement was found between the calculated and measured ratios. Thus we can 

c constant calibration factor between the calculated and the measured dose. This 
a factor can be used for calculation of the skin dose or beta dose at other depths. We 
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found that the TLDs systematically over-responded by approximately 20% to the Sr in 
comparison with the true dose as determined from a PTW extrapolation chamber. 

References 
111 M J. Bcrgcr and S.M. Sckcr, NBS Report 9836 (Washington, DC: National Bureau of Standards, 1968). 
12] M.J. Bcrgcr and L.D. Buxton, 1IDL-TR-1536 (Oak Ridge, TN, USA: Oak Ridge National Laboratory, 

1971). 
|31 B. Bcn-Sluchar, S.H. Lcvine and J.M. Hoffman, Health Phys. 57:917 (1989). 

Fermi Program to Study Modification of the 
Panasonic Thermoluminescent Dosimeter (TLD) 

to Effect an Accurate Beta Dosimeter 

B. Ben-Shachar and S.H. Levine* 

The objective of this program is to determine the best method for modifying one of the 
Panasonic TLDs to create a beta dosimeter that will measure the accurate beta dose in a 
mixed lield of betas and photons. The Panasonic UD-806 and UD-802 badges were calibrated 
to two gamma sources ( 1 3 7 Cs and 6 UCo) and X-rays of different energies, in order to measure 
their energy response. The TLD badges, having different shields of polyethylene, were 
irradiated by a 9 0 Sr and a 2 0 4 T1 beta source. Calculations were performed to determine the 
beta dose absorbed in the phosphors behind each shield. The relative values of the dose 
deposed were compared with the experimental doses. Good agreement was found between the 
experimental and the calculated ratios. To measure the dose in skin tissue at 7 mg/cm 
requires that the phosphor shield be no greater than 7 mg/cm2; the Panasonic TLD shields are 
all greater than this value by a factor of 2 or more. Thus, until new Panasonic TLDs with 
thinner shields are constructed, it will be necessary to measure the beta spectrum to determine 
the skin dose of personnel exposed to betas 
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Anomalous Thermally Induced Fading of 
Annealed and Unannealed LiF:Mg,Ti (TLD-100, Harshaw) 

Using Computerized Glow Curve Deconvolution 

B. Ben-Shachar and Y.S. Horowitz* 

Computerized glow curve deconvolution (CGCD) was used to study the thermally induced 
room temperature fading of both annealed and unannealed LiF:Mg,Ti following gamma ray, 
thermal neutron and alpha particle irradiation. We confirmed the anomalous growth of peak 4 
due to the trap conversion in both types of material, but found no evidence for the growth of 
peak 5 in either material for any type of irradiation studied. Likewise, our results do not 
confirm the details of the differences in fading observed previously following thermal neutron 
and gamma ray irradiation in unannealed muterial, and point up the great difficulty 
encountered in arriving at a universal characterization of LiF:Mg,Ti when peaks 2, 3 and 4 or 
any traction thereot are included in the thermoluminescent signal. On the other hand, when 
peak 5 only is employed for dosimetric measurements (via CGCD), a well behaved fading 
rate of -5.5±2.6 (1 SD) per month for all radiation types in both annealed and unannealed 
material is obtained. These results demonstrate the advantages of using only peak 5 in 
dosimetric measurements where fading corrections are of importance. 

A Simple Model for Skin Dose Measurement 

B. Ber.-Shachar and S.H. Levine** 

Beta particle radiation, which always has a low penetrating component, is strongly 
absorbed by the skin. The skin dose is defined for protection purposes by the U.S. Nuclear 
Regulatory Commission as the dose delivered at a depth of 7 mg/cm in the skin" 1 . The 
thermoluminescence (TL) method is increasingly accepted for radiation protection 
dosimetry' . The major problem encountered when using it for beta dosimetry is that the TL 
dosimeter chips have a finite thickness and, furthermore, are covered by absorbing windows 
that slow down and/or absorb the incident beta particles. In this work we measured the 
sensitivity of each of the four elements of the UD-806 Panasonic badges to a 9 0 S r beta source. 
All the badges were irradiated from front and back, as explained elsewhere' '. In addition, we 
calculated the absorbed dose per Hue nee by activating a Monte-Carlo code developed by 

•Bcn-Gunon Umvcntily o( U»c Nt-yi'v. ULVr-Slicva 
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Berger' ', and integrating on the beta spectrum of 9 0 Sr . The calculated and measured dose 
ratios for several elements of the UD-806 badges are presented in Table 1. The excellent 
agreement found in all cases enables us to calculate the skin dose in a known spectrum. 

Table 1 
Calculated and measured dose ratios for Sr 

Ratio Calculated Measured Relative deviation 
dose dose (%) 

R2(0/R1(0 0.88 0.8S 3.4 
R2(b)/Rl(b) 0.90 0.84 6.6 
R3(f)/R!(0 0.60 0.63 5.0 
R3(b)/Rl(b) 0.61 0.62 1.6 
R2(0/Rl(b) 0.87 0.79 9.2 
R2(b)/Rl(0 0.92 0.90 2.2 
R3(0/Rl(b) 0.59 0.66 11.9 
K3(u)/R 1(0 0.61 0.60 1.6 
Rl(0/Rl(b) 0.98 0.94 4.1 
R2(0/R2(b) 0.96 0.94 2.1 

Refc, ences 
11 ] U.S. Nuclear Regulatory Commission. Form NRC-5. (Washington. DC: NRC. 1975). 
[2] Y.S. Horowitz, Thcrmoluminesccnce and Thermoluminescent Dosimetry, vol. 1. (Boca Raton, FL, USA: 

CRC Press. 1984). 
|31 B. Bcn-Sliachar, S.H. Lcvinc and J.M. Hodman, Health Phys. 57:917 (1989). 
[4 ] M J. Bcrgcr and S.M. Scl/.cr, NBS Report 9836 (Washington, DC: National Bureau of Standards, 1968). 

Improvement of Low Level Dose Measurements 

B. Ben-Shachar 

Naturul radioactivity was measured using LiF:Mg,Ti and CaFi:Dy thermoluminescent 
dosimeters (TLDs) (Harshaw G-1 and G-2 cards). LiF:Mg,Ti is the most useful chip in 
personnel dosimetry and in nuclear medicine, because of its tissue equivalence and low 
lading, but its sensitivity is poor for low doses. CnFi:Dy is much more sensitive, but it over-
nsponds to low energy photons. This over-response can be corrected by adding three metallic 
element tillers 

During j period ol ID months, natural background measurements were performed in five 
ligations in hi.iel The same mean doses per month were obtained with both TLD systems. 
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(iii) guidelines for the contents of the written in-house or plant local codes of practice for 
routine work as well as for emergency cases. 

Computerized Data Banks Related to Radiation Safety in Israel and 
Applied to Computerized Teaching on Radiation Protection 

A. Ben-Shlomo*, T. Schlcsinger and A. Kushilevski 

This work describes the development of a computerized data-base for radiation protection 
in Israel. The access to the data-base is through menus, by searching subjects in tables and 
documents, and by queries to the system. The system developed consists of nuclear data files, 
several computer programs in radiation protection, a computerized teaching guide that 
interacts with the data-base, and a bank of publications on radiation protection and health 
physics, written mainly by the staff of the Radiation Safety Department at SNRC. 

The data-base files include mainly: radioactive isotopes data, biological retention functions 
and physical half-lives for the commonly used radionuclides, target organs for the above 
radiolr'Mopes, Derived Air Concentrations (DAC), Annual Limits of Intake (ALI) for 
inhalation and ingestion for stochastic and deterministic effects for these radioisotopes and 
iheir compounds, absorption coefficients in different absorbing materials as a function of 
photon energy and specific gamma dose rau constants (K factors). 

Using the data-base software it is possible to perform the following tasks: 
- Shielding calculations in a variety of ways. 
- Calculations of internal committed dose following intake of radioisotopes by the body. 
The documents (in Hebrew) related to health physics and radiation protection issues 

include the following topics: codes of practice and regulations, radiation therapy, radon, 
radioactive waste, non-ionizing radialion, accidents, transportation, dosimetry, etc. The user 
can get a list of the subjects, select one, and choose a specified publication. In addition, the 
user can search for a title or a subtitle by which the publications are classified. 

A computerized training course in radialion protection was introduced into the data-base in 
the form of some interactive lessons for individual study. The lessons are built in the form of 
a series of screens. At the end of each section in the lesson, ihe student is presented with a 
question and receives feedback to his answers. The daia-base of the main menu and subjects 
from other lessons are accessible from within every lesson. Illustrations are 'deluded. The 
siudcnt has access to a calculator. At any lime he can access a menu which allows him to 

*l*jn ol the M St diesis subimikd by A HcnSlilomo tu Bi'ii-Ciuuun Um wisiiy "I Ihc Ncgev, Bccr-Shcva. 
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enter the list of subjects or exit from the lessons to the data-base or to other lessons. A quiz is 
given at the end of each lesson. 

The computerized system described is a preliminary work, intended to serve as a prototype 
for a more extensive and elaborate radiation protection data-base in the future. 

Alternative Ways to Dispose of Low Level Radioactive Waste in 
Hospitals and Research Laboratories 

A. Ben-Shlomo, T. Schlesinger and M. Barshad 

Di.sposal of high and low level solid radioactive waste in Israel is presently carried out 
solely by a specialized service which transfers the waste to a central burial site in the Negev. 
Disposal of liquid radioactive waste of low activity to the sewer system is permitted only in 
special cases, when specific licences are graiu^d to hospitals and medical laboratories. 

The basic principles of, and considerations in radiological protection for the disposal of 
low level radioactive waste are reviewed. The legal situation in the U.K. and the U.S.A., and 
the recommendations of international organizations such as IAEA, WHO, etc., are reviewed. 
Considering the specific problems and the present situation in Israe', recommendations are 
made to gram general licences for disposal of minor quantities of various radioisotopes 
through incineration, sewer systems, and municipal waste depositories. 

Safety Requirements and Tests for Packages Containing Radioactive 
Materials and Special-Form Radioactive Materials 

Y. Gur. T. Schlesinger and M. Barshad 

This work was commissioned and supported in part by the Safety and Regulatory 
Department of the Israel Atomic Energy Commission (IAEC). It presents the safely 
requirements and tests for designed packages and/or prototypes of packages of class A and 
H(l') only, as well as lor special-form radioactive material. The work is based on IAEA 
regulations' ' . which are valid lnr international transportation and are recognized by IATA, 
the Israel Ministry of Transportation and the IAI-C. 

The aim of this work is to present the relevant terms and characterize the tests from the 
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IAEA publications in a concise form so that the reader can determine the tests his product 
must undergo, according to its contents. Chapter 2 is a glossary of terms used in defining 
tests, packages, radioactive materials, contamination, quantities and radiation levels, types of 
package, etc. Chapter 3 presents the safety requirements for the design of each class of 
packages. Chapter 4 details the tests for special-form radioactive material and for type A and 
B(U) packages. Chapter 5 describes the tests that each class should pass as well as the results 
considered satisfactory for each test for each class. 

References 
[1] Regulations for the Safe Transport of Radioactive Materials. IAEA Safety Scries No. 6, 1985 edition 

(as amended 1990). (Vienna, Austria: IAEA, 1990). 
[2] Advisory Material for the IAEA Regulations for Safe Transport of Radioactive Materials (1985 edition). 

Third edition. IAEA Safely Series No. 37. (Vienna, Austria: IAEA, 1987). 
[31 Explanatory Material for the IAEA Regulations for the Safe Transport of Radioactive Materials (1985 

edition). Second cdilion. IAEA Safety Series No. 7. (Vienna, Austria: IAEA, 1987). 
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The Dynamics of Electrothermal]? Enhanced 
Solid Propellant Launchers'" 

D. Saphier 

The electrothermal (ET) acceleration launch technology developed in our laboratory 
combines the orthodox gunnery acceleration using solid propellants, with novel ET 
techniques. The purpose of this technology is to impart to a given projectile a higher velocity 
than hitherto possible using conventional propellants only. The underlying principle behind 
this combined technology is to utilize the maximum of the energy and accelerating potential 
of conventional solid propellants and to boost the projectile to higher velocity by injecting an 
energized plasma jet created by discharging a given amount of electrical energy through a 
plastic tube, located inside the gun breech block. The major advantage of the ET-boosted 
solid propellant technology is that it can inject additional energy into the ballistic process 
without exceeding any of the inherent gun limits, in particular without exceeding the 
maximum breech pressure. The process actually manages to keep the maximum pressure for a 
prolonged period of time — until the desired increase in projectile velocity is achieved. 

Based on theoretical considerations, a dynamic plasma injection process was invented' ', 
by which it is possible to maintain an almost constant pressure in the gun chamber. The 
maximum acceleration potential of a given gun can be determined from the constant breech 
pressure gun (CBPG). With this theoretical concept, a constant pressure equal to the 
maximum permissible gun pressure is used to accelerate the projectile down the bore. Any 
technology claiming improvement in gun performance must be measured against the best 
performance that can be obtained in a conventional gun and should be as close as possible to 
the CBPG, this being the range of possible improvements. 

The ballistics of projectiles accelerated in guns, using conventional solid propellant, is 
well established; using the Lagrange' gradient model, il is possible to predict with sufficient 
accuracy the expected projectile muzzle velocity. The Lagrange gradient model, 
Pb = P»/(1 + eC/m), calculates the pressure Pb exerted on the projectile base assuming the 
average pressure in the chamber — or, rather, in the volume behind the projectile, P a — is 
known. This pressure is calculated from gas dynamics consideration, using mass, energy and 
momentum balance equations with ;is much detail and precision as the modeller wishes to 
include. The value of e is the fraction of the charge, C, accelerated with the projectile. Good 
agreement with experiments is obtained when values of e between one-third and one-half are 
used. The interior ballistic code' ' developed to model the ET-boosted process uses basically 
this model, with a detailed representation of the dynamic phenomena resulting from injecting 
the plasma jet into the cartridge. 

189 



To verify the method of dynamically injecting the ET energy thus controlling the chamber 
pressure, a preliminary conceptual ET-boosted experiment was designed using 0.6 kg of solid 
propellant and 1.8 MJ of ET energy. By properly controlling and shaping the injected energy, 
a 1.35-kg projectile kinetic energy was increased by 25%. The experiment was performed 
under non-optimal conditions, using available rather than optimized components. Good 
agreement between the theoretical predictions and experimental results was obtained, thus 
verifying the theory and modeling of the ET-boosted concept. 

References 
11 ] D. Saphicr, Submitlcd to the Fourth European Symp. on Electromagnetic Launch Technology 

(Siadischc Union Ccllc, Gcnnany, May 1993). 
|2| D. Saphicr and Z. Kaplan. Gun with Combined Operation by Chemical Propellant and Plasma. U.S. 

Patent application 07/475.182 (1988). 
13J J.L. Lagrange,./. Ecolc Polytech. 21:13 (1832). 
|4) D. Saphicr, Z. Corclic and Z. Kaplan. NRC PPL-S1/59 (1989). 

Modeling Solid Propeliant Electrothermal-Chemical Guns'" 

G.P. Wren* and D. Saphier 

A joint research program is being conducted to demonstrate performance for a theater 
missile defense application. Ballistic goals are to launch a 6-7 kg projectile from a 105 mm 
solid propellant electrothermal-chemical (SPETC) gun at 2.5 km/s by the summer of 1994. In 
support of this activity, 60 mm SPETC firings have been performed and a number of the 
lirings have been modeled and analyzed. The concept is to augment the chemical energy 
provided by a solid propellant with electrical energy. The latter is converted to therm:! energy 
by passing electrical current through a plastic tube, thus ablating its wall and producing an 
energetic plasma jet. The SPETC gun interior ballistic (IB) cycle is initiated by a small 
amount of electrical rnergy used to ignite the solid propellant instead of a conventional 
primer. At maximum chamber pressure an additional energized plasma jet is injected into the 
gun chamber in a controlled manner so as to maintain the maximum breech pressure for a 
sufficient period to produce the desired muzzle velocity. Experimental shots have shown an 
increase of up to 25% over simulated optimal shots using solid pr.^ellant only. 

Modeling and analysis constitute a joint endeavor between Israel and the USA. The 
lumped parameter model, built into the DSNP modeling system, is a modular power-plasma-

• l - S. Amiy Kcscan.li Laboratory, Aberdeen Proving Ground. MD, USA. 
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interior ballistics model developed to support the SPETC program and successfully used to 
model actual firings, in the U.S. a modified version of IBHVG2 — a standard interior 
ballistics model developed there — has been utilized. Both the U.S. and Israel have also 
independently modified NOVA, a one-dimensional IB code, and modeled SPETC gun firings. 
The lumped parameter models were successful in designing t . eriments, developing new 
methods of injecting the electrothermal energy, and reproducing the results of experimental 
shots. The 1-D IB code, NOVA, is more difficult to adapt to the combined SPETC ballistic 
cycle due to the need for more precise modeling of the plasma propellant interaction and the 
plasma penetration. Models for plasma penetration and its interaction with solid propellant 
are now under development. 

Reference 
11 ] G.P. Wren and D. Saphicr, Submitted to 1993 Int. Ballistic Symposium (Montreal, Canada, Sept. 1993). 

Current and Geometry Dependence of Mass and Energy 
Fluxes in Capillary, Ablative Critical Flows'" 

S. Cuperman*, D. Zoler*, J. Ashkenazy, M. Canerand Z. Kaplan 

There is growing interest in high-pressure discharges in ablative capillaries which are also 
essential components of electrothermal launchers. In these devices, the outflow of the plasma 
through the holluw electrode is balanced by the ablation of the tube walls that are made of 
low atomic weight material, such as polyethylene. This ablation is caused by energy losses 
(especially radiative ones) from the plasma to (he wall and can yield steady state operation 
conditions. In this work we investigated theoretically the current geometry dependence of the 
mass and energy fluxes in the capillary ablative discharges described above. For this, we 
solved numerically radius-averaged one-dimensional steady slate continuity, momentum and 
energy equations for a cylindrical ablative capillary discharge plasma. The following main 
features of the work should be mentioned: 
i. The spatial (z) dependence of the ionization degree of the plasma, Z, as well as of the 
correction factor to the Spitzer conductivity, P, are taken into account by using for Z and P(z) 
best fits to numerical results obtained in a separate, parametric ionization study providing 
Z(p,T) and P(p,T) (p and T are the normalized mass density and temperature, respectively), 
ii. A non-ideal equation of state is used to calculate the thermodynamic quantities entering the 
problem. Thus, from the SESAME-Los Alamos library one extracts discrete numerical values 

•TclAviv University, Tel Aviv. 
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and subsequently, by best-fit techniques one obtains continuous functions for the pressure and 
internal energy required by the integration method of the equations. 
iii. Self-consistent boundary conditions are obtained and used for the solution. This is of 
major importance, since we are faced with a closed physical system whose parameters 
(current, radius, length) are kept fixed during the experiment; the axial profiles of the plasma 
characteristics (mass density, temperature, pressure and flow velocity), including their values 
at the ends of the capillary, are determined in a self-consistent manner by the physical 
processes involved. 

Reference 
11J S. Cupcrman, D. Zolcr, J. Ashkcnazy, M. Cancr and Z. Kaplan, Proc. 1992 Int. Conf. on Plasma 

Physics (Innsbruck. Austria, June-July 1992). Vol. 16c. Part III. pp. 2117-2120. 

Consistent Treatment of Critical Plasma Flows in 
High-Pressure-Discharge Ablative Capillaries'1' 

S. Cuperman*, D. Zoler", J. Ashkenazy, M. Caner and Z. Kaplan 

A self-consistent solution of generalized, quasi-one-dimensional non-ideal fluid equations 
describing the steady slate critical plasma Hows in high pressure capillary discharges, is 
presented. All three equations used (continuity, momentum and energy) include ablalive 
effects. No limitation is imposed to the case of ideal equation of stale or to the spatial 
uniformity of the ionization degree. A numerical algorithm enabling the determination of 
sclf-consisicnt boundary conditions required for the integration of the differential equations is 
used. Results for typical physical parameters, namely, electrical current and radius and length 
of ihc capillary, were obtained for polyethylene capillaries. 

Reference 
111 S. C'uncrman, D. Zolcr. i. Ashkcnu/y, M. Cancr and Z. Kuplan. Suhmiiicd to IEEE Trans. Plasma Set. 
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Degradation of TAUVEX Optical System Performance Due 
to Contamination by Outgassed Spacecraft Materials'11 

G. Nahor*. M. Baer, M. Anholt, M. Murat, Y. Noter, 
Y. Lifshitz, N. Saar* and O. Braun* 

The space ultrahigh vacuum environment induces outgassing of spacecraft organic 
materials which may condense on optical surfaces and degrade the performance of optical 
systems. Lab simulation outgassing tests show transmission and/or reflection losses of optical 
components (i.e., optically polished plates and minors) measured at the wavelength range of 
200-800 nm. The losses caused by deposition of outgassed products on the optical surfaces at 
the amount of 10"6 - xIO"* g/cm were measured. The loss mechanism is most likely 
scattering of light. 

These experimental data were combined with a computerized ab-initio model which 
calculated the contamination developed in a simulated preliminary design of the TAUVEX 
astronomical UV research telescope. This enabled us to estimate the performance of 
TAUVEX's optical system as a function of mission time, and served as a guideline for 
selection of materials, cleanliness requirements, thermal conditions and bakeout processes. 

Reference 
11] G. Nahor, M. Bacr. M. Anholt. M. Mural, Y. Notcr, Y. LifshiB, N. Saar and 0 . Braun, 8th Israel 

Meeting of Optical Engineering (Tel Aviv, Israel, Dec. 1992), p. 83. 

Thick , J C Target Preparation for 
Energetic Proton Beam Interaction'11 

J. Gilath and A. Shor 

The preparation method for a carbon pellet is presented using commercial amorphous l 3 C 
powder. The powder was bound with phenolic-modified polymer and diluted with toluene. 
The mixture was placed in a hot isostatic press where the binder was p/rolised, leaving only 

Casan impurity. The isoiopic abundance of the l : J C pellet was found to be 104±10% , 3 C . 

Reference 
111 I. Gilaih and A. Shor, Internal Report SNRC No. 2235 (1992). 

' Deceased. 
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Computed Micrography of Advanced Materials" 

A. Gayer, M.S. Rapaport and C. Goresnic 

Computed tomography (CT) was recently established as a very useful nondestructive 
testing (NDT) technique, especially for products requiring high reliability. A substantial 
improvement in the spatial resolution of CT is obtained by a combination of the geometric 
enlargement method — using a microfocus system — and CT. The idea is to use a detector 
array with a conventional spatial resolution, in a geometric configuration in which the object 
is magnified by M times, resulting in an improved spatial resolution, by a factor M, in the 
object' '. The resulting system — computed microtomography — is a useful NDT 
technique for the development and production of advanced materials, such as composites, 
ceramics and metal-matrix. 

A computed microtomography system was developed. It is basei on a microfocus X-ray 
unit with a 20-p.m focal spot size, and a 9" image intensifier employed as a two-dimensional 
detector. A fan-beam filtered back-projection algorithm was implemented on an HP 9000/720 
workstation for image reconstruction. The system is very efficient in detection of porosity, 
cracks and voids in ceramics and metal-matrix samples as well as delaminations in composite 
materials, in the range of 20-100 tim. 

Fig. 1: CT image of a JO mm x J 0 mm square alumina sample 
(with x 10 magnification), at 120 kV X-ray generator high voliagc. 
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A CT cross-section of a 10 mm x 10 mm square alumina sample is presented in Figure 1. 
The sample contains cracks that were induced by thermal shock. Their width was 10-20 urn, 
as measured optically at the surface of the sample. The cracks are seen clearly in the image, 
although their width is less than the system's spatial lesolution. 

Fig. 2: CT image of a 10 mm x 10 mm square alumina sample, containing different 
amounts of bubble alumina: A, 5%; B, 10%; V, 15%; D, 20%. The images were 

obtained with x 10 magnification, at 120 kV X-ray generator high voltage. 

Four samples of alumina with different porosities, containing respectively 5%, 10%, 15% 
and 20% of bubble alumina, 40-100 |im diameter, were inspected. Figure 2 shows that 
porosity can be detected and distinguished quantitatively in the range of 5-20%. Even single 
pores can be detecied, in agreement with the spatial resolution of approximately 10 lp/mm 
established previously. 

References 
111 A. Gayer, M.S. Rapaport and C. Goresnie, 9th Int. Con}, of the Israel Society for Quality Assurance 

(Jerusalem, Israel, Nov. 1992). 
12] S.F. Bureh and P.F. Lawrence, Br. J. Non-Destr. Test. 34:129 (1992). 
[3j R.W. Parish, Br. J. Non-Destr. lest. 24:210(1982). 

195 



Manual vs Automatic Development for 
Quality Neutron Radiographs'11 

Y. Nir-El and W.L. Whittemore* 

A critical parameter specifying a neutron radiography image is the neutron fluence (nvt) 
required to produce a specified level of film blackening. The optical density D=2.0 is 
frequently used. The value of this parameter depends on the neutron energy spectrum, the 
combination of film/converter screen used, and the technique of film processing. In view of 
the discrepancy in values reported for this parameter, inter-laboratory measurements were 
performed, employing different methods of film processing. Automated Kodak SR film 
processing exhibited a detector sensitivity twice as great as that obtained with manual 
processing. The corresponding neutron fluence parameter is 1.15 x 10 n cm"2 for D = 2.0 
using the SR/Gd combination and automated processing. 

Reference 
[ 1 ] Y. Nir-EI and W.L. Whiucmorc, 4th World Conf. on Neutron Radiography (San Francisco, CA. USA, 

May 1992). 

A Detailed Examination of Square vs Round 
Apertures for Neutron Radiography111 

Y. Nir-El and W.L. Whittemore* 

Two designs of neutron apertures - square and round — are available for neutron 
radiography collimator tubes. The open area of the aperture determines the intensity of the 
neutron current which strikes the detector and the effective aperture size determines the image 
unsharpness. These two parameters were studied experimentally. Theoretical predictions were 
made for effective aperture sizes. Very good agreements (within 1-4%) were obtained 
between experimental and predicted values. It was found that circular and square apertures of 
equal open area (i.e., equal neutron currents) have nearly (0.5-4.3%) the same effective sizes 
(same image unsharpness). For a square whose side is equal to the circle diameter, the image 
unsharpness ranges from 8.2% to 13.4% greater than that for the circle, while the neutron 
current is significantly (27.370 larger. 

Reference 
111 Y. Nir-EI and W.L. Whillomore. 4th World Coif mi Neutron Radiography (San Francisco, CA. USA, 

May I9D2). 
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Determination of Structure and Composition in Ceramics 
and Aerospace Materials by Neutron Radiography1" 

Y. Nir-EI, V. Katz*. J. Haddad* and D. Eliezer* 

Two new species of materials were studied by neutron radiography: lithium-bearing 
ceramics and glasses, and titanium aluminide alloys. Various types of discontinuities, 
including voids and bulk density reduction, were detected. Hydrogen absorption by a titanium 
aluminide alloy was measured as a function of exposure time, with 'as received' and polished 
samples. The interaction of hydrogen with the metal lattice is likely to cause embriulement, 
leading to material failure by the loss of tensile ductility. The effects of a rough surface and 
an oxide layer on the rate of hydrogen absorption were observed. 

Reference 
[ 1 ] Y. Nir-EI, V. Kalz, J. Haddad and D. Eticzcr, 4lh World Conf. on Neutron Radiography (San Francisco. 

CA, USA, May 1992). 

The IRR1 Controller 

M. Shapira, D. Saphier, R. Dagan, A. Baran and A. Naglcr 

A study was conducted of the mutual interaction between the IRRI core and its controller. 
The controller installed in the reactor sends an input to the motor which is connected to the 
regulating rod in the core. The controller receives inputs from the core power, the regulating 
rod position and the power demand. The controller itself is very old and it is not clear whether 
it behaves according to the circuit scheme described in the manual. If it does not, the question 
which arises is, is it because the components arc old, or because the circuit is different from 
the scheme given in the manual? The controller has three control dials and their functions 
have to be clarified. 

Since parts of the controller need replacement and since the controller is a critical 
component of the reactor, it was necessary to simulate the controller (as described in the 
manual) and the core in order to study the required reactor performance and the designed 
functions of the control dials. It was ulso necessary to compare the results with the actual 
reactor behavior. For that purpose, the following steps were carried out: 

•BcnGurion University of the Ncgev, Bivr-Sncvii. 
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i. A DSNP program was written to simulate the dynamic behavior of the core. The time 
response for a reactivity ramp, and the solution were compared with the actual core time 
response. For a theoretical study, a simple PI controller was simulated to show that it could 
control the reactor. 

ii. Tc -:-nulate the controller, a new module C1RCT4 for the DSNP software was written 
in order to solve the currents at the junctions and the potential drop between any two 
junctions in a general electrical circuit with simple components. This module was tested 
against a standard circuit software - PSPICE (which is a self-contained software which cannot 
interact with other softwares, such as DSNP). 

iii. Using the module CIRCT4, a DSNP program to simulate the controller was written, 
and the performance of the controller in an open loop was demonstrated to study the function 
of the control dials. 

iv. The two DSNP programs were integrated in order to obtain a simulation of the whole 
system. Proceeding with the simulation, it was found that one of the controller components is 
improperly connected (in comparison with the circuit scheme in the manual). 

A full comparison to the system performance and to the controller open loop response has 
not been carried out yet. 

Super Systems Code Analysis of the Gas Expansion Modules 
during the Fast Flux Test Facility Pump Restart Tes t 5 1 ' 1 

J. Rodnizki and G.C. Slovik* 

The Super Systems Code (SSC) was used to analyze the behavior of the Gas Expansion 
Modules (GEMs) during 'Pump Restart' tests conducted at a Fast Flux Test Facility (FFTF), 
as part of a series of tests to help define the performance of the GEMs for the Advanced 
Liquid Mci.il (ALMR) program. It is now proposed to incorporate the GEMs into the General 
Electric design, PRISM. In 1989, a Draft Safely Evaluation Report was released on the 471 
MWi PRISM reactor. Subsequently, the PRISM design was modified to include three GEMs 
uithin the core. Among the initial findings was that the design had apparent vulnerabilities in 
ihc passive shutdown response to a class of improbable, uiiscrammcd events. In particular, the 
unscrammed loss of How (ULOF) events, which involve a rapid flow reduction, result in a 
degradation of the margin to sodium boiling. To increase the margin and account for the 
uncertainties of ihc design, three GEMs were added on the core periphery. 

tilliih wiwk ujtpalormcd uriJor UIO jus|)n.«:>ol llic U.S Nudcur Regulatory Commi.sMon. 
•Do|H ul Nui loaf I:iioi(j). BHKIUUIVOII National Laboratory, Upuin, NY. USA. 
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The GEM is essentially a gas-filled assembly duct, sealed at the top, and opened to the 
core inlet plenum so that the high pressure can force the gas bubble above the core during 
operation. At full flow, the sodium level in the GEM is above the fueled region of the core. If 
the core inlet pressure decreases, the sodium le ̂ el drops with the pressure, causing a negative 
reactivity feedback from the increase in the neutron leakage. In PRISM, each GEM imparts 
-23 cents during an ULOF event, for a core total of -69 cents. The device behaves as a 
passive control rod, and contributes toward maintaining a power-to-flow ratio that will not 
lead to sodium boiling or fuel damage due to excessive temperatures. 

An input deck for SSC was generated corresponding to FFTF. Special attention was given 
to modeling the reactivity feedbacks. The scenario for the Pump Restart tests with GEMs was 
simulated in SSC for the four tests run at FFTF. In each case, control rods were positioned so 
that the core would be subcritical, but close to criticality. The sodium level increased in the 
GEMs as the pumps were started and caused the core to become critical. This process was 
continued for increasing amounts of positive reactivity, to a maximum of 25.8 cents. By 
tracking the resulting power transient, the GEM behavior during such events was 
characterized and the models in SSC were benchmarked. 

Reference 
11] J. Rodnizki and G.C. Slovik, Brookhavcn National Laboratory BNL-NUREG 47881 (1992). 

Large-Scale Neural Networks: Possible Applications in 
Nuclear Power Plants'1' 

Z. Boger 

On-line applications of intelligent computation techniques, such as expert systems, fuzzy 
logic and neural networks (NN) are considered means to increase safety and piant reliability. 
The need to analyze the detailed behavior of the plant retards the successful implementation 
of some of these systems, and the derivation of the expert rules can be difficult in complex 
systems. NN techniques were known to help in some tasks in nuclear power plant (NPP) 
operation, but most of these applications use only a small number of inputs to the NN, 
possibly because of the slow convergence of NN with a large number of inputs and outputs. 
Experience with the Guterman-Boger fast teaching and network reduction and analysis 
algorithms indicated that rapid experimentation with NN for such purposes is possible, even 
with large nets of hundreds of inputs. The good results achieved in complex systems in fields 
other than NPp' " ', and with .spectra analysis with hundreds of inputs' ', indicate the 
promise of such NN's also for NPP operation. 
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The availability of fast-learning large-scale NN opens the way to several applications in 
the NPP. One is the use of an 'auto-associative' approach for classifying norma! and abnormal 
behavior of complex sub-systems. This is achieved by presenting the combined input and 
output data-set of such system, both as input and output of a NN. Once taught for normal 
situations (startups, different loads, shutdowns), the NN flags discrepancies between the 
expected and the measured sensor readings. If only one data-point is flagged, it may be an 
indication of a sensor drift or failure; however, several such flags would indicate an abnormal 
situation. 

Another application of the large-scale NN would be the incorporation of fuzzy logic 
techniques. Instead of the exact values of the sensor reading, membership grades in fuzzy 
groups (for instance, very low, low, medium, high, very high) would be given as NN inputs 
and/or outputs. Although this approach increases the size of the NN by a factor of five, its 
advantages are obvious for expert rule extraction, probabilistic safety analysis, and other not 
well-defined situations in which there are not enough examples of abnormal situations for 
teaching a NN' '. 

References 
[1) Z. Bogcr, Proc. of the Topical Meeting on Nuclear Plant Instrumentation, Control and Man-Macliinc 

Interface Technologies (Knoxvillc, TN, USA, April 1993), pp. 624-631. 
[2] Z. Bogcr, IAEA Experts Meeting on Expert System Prototypes (Springficlds, UK, Oct. 1991). 
[31 Z. Bogcr, ISA Trans. 31:25 (1992). 
|4] Z. Bogcr and M. Bcn-Haim, Proc. of the Annual Meeting of the Israeli Nuclear Societies (Bccr-Shcva, 
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1992). 
[61 Z. Karpas and Z. Bogcr, Workshop on Ion Mobility Spectrometry (Mcscalcro, NM, USA, June 1992). 
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Mefamodeling of a Distillation Isotope Separation 
Cascade with Neural Networks"1 

M. Ben-Haim, Z. Boger, M. Tidhar and M. Marely 

A melamodel (model of a simulation model) for an isotope separation distillation cascade 
of three columns, in w Inch 1 8 0 is enriched, was developed. This modeling technique was 
applied in order lo avoid major disadvantages of traditional simulation modeling, especially 
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as far as computing costs, sensitivity analysis, knowledge acquisition, and optimization 
capabilities are concerned. The model consists of a three-layer neural network (NN). The 
input layer consists of fan-out nodes representing energy consumption of each enrichment 
cycle and the water feed flow-rate. The output layer consists of one neuron corresponding to 
the plant product flow-rate. Unlike conventional NN in which usually sigmoids are used as 
activation functions, in this application gaussian activation functions are utilized. 

Excellent compatibility between the NN metamodel and the original simulation, as tested 
by 'unseen' examples, was accomplished. Subsequently, precise sensitivity analysis, 
knowledge retrieval and optimization were carried out. 

Reference 
[I] M. Bcn-Haim.Z. Bogcr, M. Tidhar and M. Marcly, Submitted lo the Society for Computer Simulation 

Annual Meeting (Boston, MA, USA, July 1993). 

Modeling the Dynamic Characteristics of the Zirconium-Hafnium 
Solvent Extraction System via Neural Networks111 

M. Ben-Haim and Z. Boger 

Neural networks were used for modeling the dynamic behavior of the non-linear solvent 
extraction systems. Simulation results of the benchmark Zr/Hf separation process were used 
as examples for setting up the neural network model. The modeling procedure was performed 
by applying a new algorithm, which calculates meaningful initial connection weights and the 
number of hidden neurons by statistical analysis of the training data set. The dynamic 
characteristics of the Zr losses from a mixer-settler type extraction bank were studied via 
neural network modeling. The neural network model enables excellent Zr losses prediction, 
up to five time steps into the future. Furthermore, the Zr losses were calculated indirectly, by 
considering only acidity values at the end stages of the extraction bank; thus, the model can 
serve as a means of analyzing the concentration of the Zr ions exiting the solvent extraction 
plant. 

Reference 
[ 1 ] M. Bcn-Haim and Z. Bogor, Society for Computer Simulation Annual Meeting (Reno, NV, USA, July 

1992). 
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Neural Network as a Virtual Sensor for Predicting the Dynamic 
Behavior of a Non-Linear Solvent Extraction Process111 

M. Ben-Haim and Z. Boger 

Neural networks computing is a very efficient technique for handling non-linear problems. 
A back-propagation neural network algorithm was applied to develop a 'virtual instrument' for 
a highly non-linear chemical process. It was found that a back-propagation algorithm can be 
used in an excellent mode for non-linearities in a zirconium-hafnium solvent extraction 
separation process. Concentrations of zirconium in the outlet of the extraction battery were 
predicted by a virtual instrument, as a response to flow disturbances, up to the new 
corresponding steady state, while being fed only by acidity data in the extraction bank. 

Reference 
111 M. Bcn-Haim and Z. Bogcr, Society for Computer Simulation Annual Meeting (Reno, NV, USA, July 

1992). 

Applications of Neural Networks Techniques in 
Solvent Extraction: Modeling, Knowledge Acquisition, 

Fault Diagnosis and Dynamic Prediction'1' 

Z. Boger and M. Ben-Haim 

Neural networks (NN) are currently being explored in various engineering fields as 
valuable tools for automatic model building, process control and knowledge acquisition. 
Possibilities of NN applications to solvent extraction processes were investigated by 
simulating the benchmark zirconium/hafnium separation process. In order to set up the 
database needed to teach the NN model, 3000 dynamic simulation run results, using the 
ASCL language, were used as examples. The NN modeling procedure was performed by 
applying a new algorithm, which calculates, by statistical analysis of the training data set, 
meaningful initial connection weights and the correct NN architecture. Knowledge acquisition 
is done by analyzing the structure and the embedded rules in the trained NN. Two main 
process variables in the simulated Zr/Hf llowsheet were analyzed: Zr purification factor and 
Zr effluent losses. The NN learned the correct associations between these variables and 
changes in the basic flowsheet, and simple 'expert rules' were produced. The developed NN 
model enables accurate prediction of process outputs and the process knowledge acquired by 
ii can help in the design and process control of solvent extraction plants. 
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"Tie NN modeling algorithm was tested for developing a 'virtual' instrument, i.e., a 
prediction of a difficult-to-measure property, based on processing available on-line sensor 
readings. The simulated acidity values in several extraction battery stages, which would be 
measured by conductivity probes, were used to predict the changes in the concentration of Zr 
loss in the extraction battery effluent in response to flowsheet step disturbances. The NN was 
found to predict accurately the future behavior, up to the new steady state. Thus, this 
technique may be used in real time for monitoring dynamic changes and predicting the 
eventual new steady state, for more intelligent process control. 

Reference 
[ 1 ] Z. Boger and M. Bcn-Haim, Submitted 10 International Solvent Extraction Conf. (York, UK, Sept. 

1993). 

Position Invariant Correlation Using a Neural Network'11 

S. Greenberg and H. Guterman* 

Correlation is a widely used method for automatic determination of similarity and 
translation between a pair of images' '. A reliable image match can be found assuming that 
the two images have the same scale, rotational alignment and distortion. Unfortunately, these 
requirements are not met, in general. For a low peak-to-sidelobe ratio of the cross correlation 
function, the peak value does not provide an indication of good match' '. Back propagation-
trained neural networks have been considered for processing correlation peak data to improve 
image match and translation detection, as well as for an alternative method for 
classification' '. Two different multilayer feed forward networks are used: one as a 
discrimination function for classification using the Fourier plane as input' , and a second 
network for peak localization using the correlation plane as input. A set of shifted images is 
used as novel test data for classification, while low correlated images are used for 
identification. Performances of the neural network classifier are compared against the 
classical correlation. The classification success rate is 99% for the training data set, degrading 
to 95% for the novel shifted data set. A significant improvement in comparison with classical 
correlation was achieved for identification of low correlated images as In-Class ones, 
enlarging the In-Class group. The correct rate is around 90% and the improve rate is between 
68% and 81%. Figures I and 2 summarize the simulation results for classification and 
identification, respectively. 
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false miss correct 
alarm rate rate 

Fig. 1: Classification results. 

false miss improve correct 
alarm rate rate rate 

Fig. 2: Identification results. 
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Classification of Distorted Images Using Neural Networks 

M. Segal*, O. Yona*, H. Guterman* and S. Greenberg 

Correlation is a known useful way for classifying images. Noisy and geometrically 
distorted images make the identification very difficult using the classical cross correlation 

•Bcn-Gurion UimcrMiy of the Negev, Bcer-Sheva. 
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technique. Hence, new approaches using artificial neural networks (NN) for improving the 
correlation peak are being considered. Feed forward multi-layer NN, using a back propagation 
learning algorithm, is used. Several new methods of images preprocessing are used for 
dimensional reduction and for extracting a set of statistical features from the raw image. 
These features are then presented to the network. The Zernik moments' , Mellin transform, 
and the discrete two-dimensional Gabor transform' ' are considered as space-invariant 
transforms. Preprocessing involves filtering of the noise, performing the appropriate 
transform, and implementing special low-pass filters in the frequency domain. Classification 
of low correlated geometrically distorted images is implemented using NN. 

References 
[11 A. Khotanzad and J.H. Lu, IEEE Traits. Acousi.. Speech Signal Process. 37:200 (1989). 
[21 J.G. Daugman, IEEE Trans. Acousi., Speech Signal Process. 36:1169 (1988). 

Image Processing Using Neural Networks and Microprocessor i860 

D. Arbel*, D, Leiderman*, H. Guternian* and S. Grcenberg 

A software package for image processing, using the Intel i860 microprocessor, was 
developed, based on given algorithms for image processing. The specific algorithm for 
optimal correlation, using orthogonal transformations and functions, is implemented using 

f 1 21 neural networks (NN) 1 ' J . The main goal is to achieve high processing speed by using a 
vectorial microprocessor and parallel architecture. Feed-forward NN has been considered. 
Application software packages were developed for implementing back-propagation, recurrent 
back-propagation and hopfield networks. The system is planned to achieve flexibility by using 

modular software, and to achieve speed by using a high-speed vectorial i860 
microprocessor' '. Real-time image processing is perforr.jed while attempting to overcome 
the bottleneck of calculating a two-dimensional Fourier transform' '. 
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[1] L.B. Almeida and J.P. Nclo, in: Ncurocompuling Algorithms, Architectures and Applications. F.S.I. 

Hcrault |Ed.l (Berlin. Germany: Springer-Vcrlag, 1990), Scr. F, vol. 68. 
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World Scientific PuM. Co., 1991). 
[ 3) Intel Corporation, iSbl) Microprocessor Software Writing Workshop (Santa Clara, CA, USA, July 1989). 
|4) R.E. Blahut, Fast Algorithms fur Digital Signal Processing. (Owen. NY, USA: Addison-Wcslcy Publ. 

Co., 1985). pp. 240-261. 
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Optimal Correlator Using Neural Networks 

R. Zilcha*, R. Sharon*, I. Rotman*, H. Guterman* and S. Greenberg 

The main goal of this work was to find a method to recognize an image from a given set of 
reference images, by applying optimal correlator techniques' '. The image may include 
different kinds of geometrical distortions, such as shift, rotation and scaling. The correlator 
performance degrades rapidly if a combination of these three distortions is present 
concomitantly in the image . Previous methods used either pattern recognition or correlator 
techniques, which involve isolating information from the image by a feature extraction 
process, and performing comparison with the reference image. The given aerial type images 
do not have a well defined structure, making the standard pattern recognition methods useless. 

A two-layer forward neural network (NN) was applied using the back propagation learning 
algorithm. Different correlation techniques based on orthogonal functions and invariant 
transformations (like log-Polar and Mellin) are being considered. Classification is carried out 
using artificial NN. 

References 
|1) D.L.FhnncryandJ.L. Hurncr,/V«c. IEEEV:]SU (1989). 
(2) D. Casascm and D. Psallis, Appl. Opt. 15:1795 (1976). 

Multivariate Calibration by a 
Back-Propagation Neural Network Algorithm 

A. Lorber 

Artificial neural neiwork (NN) modeling of data has the promise of modeling complex 
non-linearities. We developed it modification of the backward propagation NN algorithm with 
two hidden layers. The first hidden layer is the principal components layer used to compress 
the input data; the scores are fed to the second hidden layer, which models non-linearities. 
The conjugated gradient algorithm rather than the commonly used steepest descent algorithm 
is employed. The hyperbolic tangent is used as the transfer function. The performance of the 
modified algorithm was tested on two data sets, for multivariate calibration of spectral data in 
the near-infrared region. It was demonstrated that there was significant improvement in 
prediction errors. However, it was found that models generated by NN are less robust to 
outlier samples than tradiiional linear calibration methods. 
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Reconsideration of Multivariate Statistical Techniques for 
Multivariate Calibration"1 

A. Lorber 

The appetite grows with success. The success of multivariate calibration methods to solve 
various analytical problems led to the current endeavor to develop and apply techniques 
which overcome the limitations of the traditional methods. Traditional methods such as MLR 
(Multiple Linear Regression), PCR (Principal Component Regression) and PLS (Partial Least 
Squares) all rely on the linear additive model. Although the two latter methods have the 
capability of modeling non-linearities in certain cases, the generated model uses more 
principal components and therefore grabs more noise and is less robust. Recent publications 
have demonstrated the advantage of using non-linear methods such as non-linear modeling of 
the principal components, non-linear PLS and neural networks to relax the linear additive 
model. On the other hand, the increased number of parameters to be estimated for non-linear 
modeling raises concern about the robustness of such models. 

A variant of a neural network model, which is especially suited to tackle calibration 
problems, was developed. The surprising fact about the neural network is that it is possible to 
derive models which are more robust than the linear models. 

Reference 
[1] A. Lorbor, PlTiCON V2 (Now Orleans, LA, USA, March 1992). 

Tracking Particles in a High-Energy Particle Detector 
Using a Neural Gas Network1'1 

M. Goldstein 

A modern electron-positron collider smashes elections into their antimatter counterparts, 
releasing an enormous amount of energy. Each burst of energy generates a spray of hundreds 
of elementary particles that are monitored by hundreds of thousands of sensors. In less than a 
second a tracking system must sort through the data of lens of thousands of electron-positron 
encounters. Understanding subnuclear events begins through the visualization of the 
elementary particle trajectories. The spalial coordinates of the various events along the 
trajectory of a particle, with respect to the collision point, are measured and transmitted for 
analysis. The measurement of the event position is ambiguous, due to the discrete nature of 
the sensing elements. Therefore, events along a particular trajectory are usually not collinear. 
The maximum number of events belonging to a trajectory is usually four. Reconstructing the 
trajectories of hundreds of thousands of particles in real time is a tremendous task even for the 
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most powerful computers available. Recently', artificial neural networks (Hopfield nets) 
have been considered to solve the panicles tracking problem. However, the proposed network 
was unpractically large. In this work a neural-gas' ' type of network is proposed, consisting 
of three input neurons (for the spatial coordinates of the events), which are fully connected to 
a second layer of N output neurons. Each output neuron represents a trajectory with directions 
given by the synaptic weights, Wi(i=l,2,3). A connectivity parameter, C], associated with 
each output neuron, represents the number of events connected by the trajectory. The synaptic 
weights wj are adapted independently of any topological arrangement of the output neurons 
within the neural net. Instead, the adaptation steps are affected by the topological arrangement 
in the event (input) space. The synaptic weight changes, Sw;, are not determined by the 
arrangements of the output neurons within a topologically prestructured lattice, but by the 
relative distances between the output neurons within the event (input) space. Information 
about the arrangement of the receptive fields within the event space is given by the set of 
distortions D v = (I lv-w, I I ,i=l,2...NJ, associated with each input (event) vector v. v is a 
three-dimensional vector representing the (normalized) directions of an event in a coordinate 
system with the collision point at the origin. Each time an input vector v is presented, the 
ordering of elements of the set D v determines the adjustment of the synaptic weights w;. Let 
it) be the output neuron closest to the presented input v: 

I I v-Wjo II = mirij I I v-wj 

Then the adaptation step for w i 0 is given by: 

w i o n c w =w i 0 '" ' 1 + e(v-w io 0 , d) 

where 0<£<1 is the modification step size ar J 

Cjo = c i U + 1 

where c,o represents the number of events connected by trajectory w i 0 . Each connection has 
an 'age' t,o,j (j=],2 c;o). The age of a connection is increased with each input presentation. 
If the age of a connection exceeds a prespecified lifetime T, it is removed ( cm is reduced by 
1). T is usually set to the number of events (input vectors). If q — the number of events 
connected to a trajectory w; — is greater than a prespecified number c n l i l x (usually c m a x = 4), 
a new output neuron is created. The new output neuron is given synaptic weights similar to 
w,. Otherwise, if c, =0 for three consecutive full input vector presentations, the output neuron 
i is removed fiom the network. 

We performed simulations on small sets of events generated by the Monte-Carlo program 
MORSE1 . The proposed algorithm gives satisfactory solutions in all cases. In Figure 1 we 
show the results of a computer simulation for a set of 60 events representing 15 trajectories. 
According to the results of performed simulations, it appears that the number of output 
neurons needed is less than 2M, where M is the number of trajectories. This estimation is 
superior in comparison with M : neurons needed in Hoplield networks. 
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Fig. 1: An X-Y cut view of a 4 U detector showing neuron 
events and particle trajectories. 

References 
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Integrated Services Digital Network Data Communication 
Switching System 

S. Greenberg, E. Mayost*, G. Balas* and A. Maimer 

The tern.. Integrated Services Digital Network (ISDN) refers to the integration of various 
communication services that are transported over a single digital facility at the user-network 
interface' '. The basic rate interface for ISDN combines two 64 kbps B channels for voice or 
data, and one 16 kbps data link D channel used primarily for signaling. ISDN is implemented 
as a set of digital switches and paths supporting a broad range of traffic types. Different 

•Ben-Gurion University of Ilk' Nc^ev, Ikvr-Slicva. 

209 



signaling protocols are involved in ISDN framework to support the different types of 
interactions, and manage the data communication and switching' . A specific ISDN loral 
switching system, implementing the standard ISDN protocol for connection control, was 
developed. The system supports ISDN services for users who access the network via an S/T 
type of interface' '. A main switching control unit manages the communication between 
users, allowing access of several users to the network by means of a local user-network 
interface (Fig. 1). Both the user-network interface and the main switching unit are 
microprocessor-based. The user interface consists of an S/T interface, serial to parallel 
convener, buffers and local memory. The S/T interface circuit provides the line interface used 
for basic access service offered by ISDN. Application software packages have been developed 
to provide a full compatibility with Q.921 (LAPD protocol for signaling and data transfer of 
La>er-2) and Q.931 (Layer-3 protocol) CCITT Recommendations. Data conduction and 
switching between users are carried out by the main switching unit, while the ISDN access 
protocol for connection control is implemented by the user-network interface unit. This new 
configuration provides efficient and timely data transfer, link synchronization, and addressing 
for mere users by the switching system. 

Switching 
& Control 

Unit 

Output 
User - Network 

Interface • • • • • • • • 
User - Network 

Interface Input J 

Fiji. 1: ISDN Local Switching Sjsicni. 
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Improved Line Protection Dev'ce 

D. Sadan, D. Barak and Y. Gabay 

The input circuits of data communication systems have to be protected from transients, 
such as lightning and induced electrical noise pulses. Since the communication lines are 
usually quite long, they will very likely pick up induced transients. The common protection 
circuit is comprised of a gas discharge tube (GDT) combined with a series delaying 
inductance and a Transzorb, which is actually a zener diode which can absorb a high power 
transient, but only for a short duration. If we wete to connect these two in parallel, the 
Transzorb would fail, since its response time is much faster than the GDT, and all the power 
of the transient would be absorbed by it. In order to prevent it, we add a delay element (an 
inductor), as seen in Figure 1. In such a way the Transzorb will deal only with the residual 
voltage. 

In the data communication lines of a control system, such devices — acquired 
commercially — failed repeatedly during a relatively short period. The devices were sent to 
the manufacturer for examination, and it was discovered that all the Transzorbs were 
damaged, due to a relatively long transient. A high voltage line in the vicinity of the 
communication lines was found to have caused the damage. 

Input 
(source) Inductor 

Output 
(load) 

5 Gas Bipolar , 
. j discharge tube avalanche 

diode •* 

4 Bipolar 
Gas avalanche 

discharge tube d i o d e A 

Inductor 

Fig. 1: Diagram of a common prelection circuit lo which an inductor is added. 
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Fig. 2: Diagram of an improved protection circuit. 

An improved protection circuit was designed and built. The idea behind the new design 
was to include an additional protection element as an intermediate stage between the 'coarse' 
protection element — the GDT, and the 'fine' element — the Transzorb. The intermediate 
stage was built from two Varistors (MOVs) and an additional series current limiting element. 
The MOV has a faster response time than the GDT and can absorb more energy than the 
Transzorb. The disadvantage of the MOV is its relatively large capacitance, which obviates its 
use in very high rate communication systems. The circuit we built is shown in Figure 2. These 
circuits operated continuously for 7 months without any damage to the communication 
system or to the protection circuits. 

Development of a Data Acquisition System on a PC Computer 

M. Maim, Y. Barnea,!. Shai and B. Ronen 

An experimental study was made of fluid How and heat transfer processes in the bottom 
rctlooding stage of emergency core cooling in a nuclear reactor with the aid of a data 
acquisition system (DAS), which was developed for this purpose. The data were acquired and 
prepioeessed on-line by a microcomputer programmed to perform sampling at a high speed. 
The DAS consists of the following pans: 
1. Hardware — LABMASTHR I'GL 4(1 kl Iz (Tecniar Company). 
2. Software to acquire the data from the experiment — LABPAC. It provides a solution for 

multiple needs, such as event counting, time counting, and analog input. It was 
developed in a quick basic compiler with a library of powerful routines in modular form. 
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3. Measuring device — pressure transducers, type K thermocouples, weighing scale, INS 
spectrometer. 

The data were acquired and processed by the following steps: 
1. Initial checking of all the channels. 
1. Sampling the channels in different gains. 
3. Exact time counting of data by five programmed counters. 
4. Data processing by commercial software (QUATRO PRO). 

With the aid of the DAS the transient fluid flow and heat transfer in bottom reflooding 
stage of emergency core cooling in nuclear reactors was described. 

Reference 
111 M. Haim, Y. Barnca, I. Shai and B. Ronen, Report NRCN(TN)-138 (1992) (in Hebrew). 

Design of a Control System for a Space Simulation Chamber 

M. Arad, Y. Glickman and J. Oren 

A space simulation chamber was designed, manufactured and constructed for the Israeli 
space industry. The chamber control system and the considerations involved in determining 
the concepts of the thermal and control systems are described. When selecting the concepts 
of the vacuum chamber control system, one has to consider several key elements, the main 
one being satisfying the tough demands and high standards of the space simulators industry. 
The process to be controlled is characterized by maintaining a vacuum environment in several 
extreme temperature profiles. A parallel task is to maintain constant temperature along the 
entire chamber, thereby eliminating side effects of a non-symmetric heat load produced by the 
tested object. Heat load changes from one experiment to the other and during every 
experiment. The control system must compensate for these disturbances and maintain the 
temperature and pressure constant during the test. The system must achieve a very high 
availability (the ratio of uptime to total time), producing a high mean-time-between-failure 
system, with a short repair cycle (repair cycle=mean lime to repair |MTTR|). Integrity and 
security must be achieved as well, in order to ensure the system's performance. 

Control concepts 
Control routines were designed for every subsystem, to maintain constant temperature and 

control temperature ramps. To maintain constant temperature under specified vacuum, 
several heat-exchanging control loops were designed to work simultaneously. By measuring 
the non-symmetric heat load, the control system calculates the appropriate control parameters 
— which are distributed to the specific loops. 



To control the temperature ramps, and in order to be able to move from one temperature to 
the other without suffering large gradient heat shocks, close distance measurement and 
setpoint changes were used. Field tests determined the ultimate thermodynamic behavior of 
the vacuum chamber. 

Control system structure 
The control system was designed in the usual three-level approach: field equipment; 

control and automation system; and MMI (man-machine interface) system. The control 
system is presented schematically in Figure 1. The considerations taken into account in 
choosing and installing the field equipment were meeting the MTTR criteria and providing 
high standard measurement and final action capability to the control and automation system. 

Operating 

Printer computer 
MMI software 

synoptic 
board 

Printer computer 
MMI software 

synoptic 
board 

computer 
MMI software 

1 
PLC 

Motor 
cabinet 

PLC I/O modules Motor 
cabinet 

PLC I/O modules Motor 
cabinet 

Vacuum chamber Motor Vacuum chamber 

Fig. 1: Conlro! system structure. 

Programmable Logic Controller (PLC) technology was chosen in order to meet the 
availability in design of the control and automation system. All field data and MMI 
parameters are collected into the PLC, providing one centralized reliable and powerful control 
unit. Choosing PLC as the control environment makes it possible to integrate easily all the 
different and unique chamber subsystems' signals and commands into one powerful 
programming medium. Such a s>stem made it possible to control the vacuum subsystem, LN2 

subsystem and GN2 subsystem simultaneously (thermal subsystems), using the same field 
equipment. 

The MMI serves as an interface between the operator and the entire integrated chamber 
subsystems. A higli performance PC with appropriate software accomplished the usual tasks 
of synoptic screen displays, including dynamic modi lied data. Other tasks performed 
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simultaneously were historic data collection and display, real time trending, security 
password management preventing unauthorized use, alarming, reporting, and data base 
management. Several synoptic screens were used for determination of the batch temperature 
ramp constants. This method enables the operator to control the temperature gradient stages 
and the entire batch time. 

An operating synoptic board, for safety functions only, was connected to the PLC I/O in 
parallel to the computerized MMI system. The concept of parallel board connection 
compensates for the PC's relatively low availability. Historic data collection is performed on 
a chart recorder as well, in case of computer backup or failure. 

To the best of our knowledge, this chamber control system is the first to incorporate a 
computerized system using a personal computer for operator interface. 

Reference 
(1} S. Gruniman, E. Koehavi, J. Oren, E. Taragan and M. Arad, Thermal Design and Control of Space 

Simulation Chambers in Israel. Rotcin Industries, Bccr-Shcva. 

A Novel Time-Delayed Fuse for Meteorological Balloons 

D. Barak, D Sudan and B. Terliuc 

In certain meteorological measurements, it is necessary to place a balloon with zero 
levitation al a certain predefined height. The customary way to do it is to attach another 
'lifting' balloon to the main balloon and, by a controlled leak in the lifting balloon, bring the 
main balloon to the required height. A novel technique was developed in France, utilizing an 
electric fuse which separates the lifting balloon from the main balloon by burning the 
connecting cable at a predetermined time delay. In order to utilize this technique, we designed 
a new and improved low-cost timing circuit. The circuit was designed according to the 
following stxeirications: Accurate timing circuit, with selectable fixed delays of 1, 2 or 4 
minutes; timing stability over the operation temperature range of 0 to 40°C; prevention of 
spurious operation of the fuse while starling the timer; rugged but light packaging; and simple 
user interface: operation switch, simple delay selector and indicator light which also test for 
normal operation. The circuit was tested in several field experiments and passed the tests 
w iilioui fault. 
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Unmanned Airborne System in Real-Time Radiological Monitoring 
and Hazard Assessment Computation, for Emergency Response'11 

H. Zafrir, A. Pernick, G. Steinitz*. U. Yaffe** and A. Grushka** 

The Unmanned Airborne Vehicle (UAV) platform, equipped with an appropriate payload 
and capable of carrying a variety of modular sensors, is an effective tool for real-time control 
of environmental disasters of various types (e.g. nuclear or chemical accidents). It can be 
remotely piloted, day and night and under most types of weather conditions, into or close to 
the disaster area, preventing unnecessary injury to the crew, or loss of manned aircraft. 

The suggested payloads consist of a miniaturized self-collimating nuclear spectrometry 
sensor and electro-optical sensors for day and night imagery. The system provides means of 
both real-time field data acquisition in an endangered environment and on-line hazard 
assessment computation from the down-link raw data. All the processing, including flight 
planning using an expert system, is performed by a dedicated microcomputer located in a 
mobile ground control station situated outside the hazardous area. The UAV equipment is part 
of a system designed especially for the critically important early phase of emergency 
response. Decisions by the emergency response manager are also based on the ability to 
estimate the potential dose to individuals and the mitigation of dose when protection 
measures are implemented. 

Reference 
11J H. Zafrir, A. Pcrnick, G. Slcinilz. U. Yafl'e and A. Grushka, Internal Report SNRC ZDI166192 (1992). 

Environmental Radiation Monitoring System 

T. Mazor 

The environmental radiation monitoring system consists of a communication and control 
center (CCC), which collects the data measured at the monitoring stations, via telephone lines 
(meeting the local telephone company - P.T.T. - standards). The computer communicates to 
each of the monitoring stations, and collects the data which have accumulated since the last 
communication. At normal operation, the communication rate will be once every x hours (this 
parameter can be changed from the CCC). Additionally, the operator can initiate 
communication from the computer to one of the stations at any time. In case of a fault or 

•Geological Survey of Israel, Jerusalem. 
** Israel Aircraft Industries, Lod. 
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alarm condition in one of the stations (as will be described later), a local alarm will be 
activated and immediately sent to the CCC, via telephone lines. 

The monitoring station includes: ENVIRAM BIO radiation monitor, WR20 range detector, 
FTP (from end processor) local data logging unit, and a dial-up modem. The CCC includes: 
IBM-386 compatible, communication board, dial-up modem, UPS back-up unit in case of 
power failure, software package, and local printer. The user interface software enables us to 
collect data from the monitoring stations once every x hours (x is a parameter set by the 
operator). The operator can initiate a communication to each monitoring station, and log 
updated data at any moment. In case of alarm or fault conditions in one of the stations, the 
latter initiates communication immediately and sends the message to the CCC. The logged 
data are saved on iiles, displayed, and printed out as daily or periodical reports. The user 
interface will display on-line information regarding the status of all the system's monitoring 
stations, as svell as alarm and fault indications. In addition, the software enables the operator 
to interact with a window-driven menu application to carry out various CCC activities such 
as: log-in/log-out procedure; perform communication; request immediate data collection from 
the monitoring stations; view the monitoring station status; view updated current monitoring 
station parameters; maintain the alarms/faults archive file (display, print); ana shut down the 
CCC. 

A Parallel Triangulation Algorithm Developed and 
Implemented on a Transputers-Based System 

T. Muzor 

1121 The Unite elements technique is frequently used to solve How problems' ' '. The analysis 
is begun by subdividing the region of interest into a finite number of elements that are 
connected to associated nodes. Triangles are the preferred elements in the finite element 
techniques, since they lead to the simplest and the smallest number of equations in 
comparison with other polygons'"' . The main goals of this work were the development and 
analysis of a parallel algorithm which subdivides a plane region defined by a polygon into 
triangles (trianguhuion), and implementation of the algorithm on a transputers-based parallel 
processing system1' '. The lriangulaiion problem has a strong parallelism potential. The 
process of splitting a polygon by a diagonal is repealed over and over, starting from the given 
pohgon and ending with the !.tsl quadrangle, which is split into two triangles. 

The parallel algorithm was developed and implemented on a parallel processing system 
based on transputers. The development considerations were adapted to the parallel system in 
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order to achieve maximum efficiency. The parallel design led to independence among the 
processors at the very beginning of the program, so that the main stage was executed 
simultaneously by all the processors in the system. The load balancing among the processors 
was performed equally and without bottlenecks. At the end of the triangulation, special 
emphasis was placed on resorting and reordering the vertices, according to their geographic 
location. This is very important during the stage of solving the set of algebraic equations, 
using the finite elements technique. For this reason an algorithm was developed to construct a 
square grid which includes the polygon, and deviates at a certain angle from the X-axis. 
Calculations of the angle and the grid squares sizes were adapted to each polygon. The 
triangles' vertices were fitted into the grid squares and numbered. 

A performance analysis of the algorithm was conducted. The results show a correct 
subdivision of the region of interest according to the specified requirements, and validate the 
algorithm. The efficiency of the parallel implementation improves as the regions grow and 
their complex geometry increases. 

References 
[ 1 ] TJ . Baker, Seventh Int. Conf. on Finite Elements (University of Alabama, Birmingham, AL, USA, 

April 1989), pp. 1018-1024. 
|2] J.F. Thompson, Z.U.A. Warsi and C.W. Mastin, Numerical Grid Generation, Foundation and 

Application. (Amsterdam, the Ncihcrlands: North Holland, 1985). 
(31 B.A. Lcwisand J.S. Robinson, Comput. J. 21:324 (1978). 
14] R. Sibson, Comput. J. 21:243 (1978). 
[5) C. Jesshope, Mkroproc. Microsyst. 13:33 (1989). 

FEP - Front End Processor 

T. Mazor 

The front end processor (FEP) is a dedicated data logger which was developed in order to 
enable connecting ENVIRAM BIO monitors to a communication and control center (CCC) 
via a telephone line. This FEP unit collects data from the ENVIRAM BIO by a serial 
communication interface, stores the data in the internal memory, and establishes 
communication with the CCC by a dial-up modem. The FEP collects data independently from 
the ENVIRAM BIO, stores it, and sends the data to the CCC upon request. Nevertheless, in 
case of malfunction detection or threshold alarm, the FEP initiates immediate communication 
with the computer and sends the fault or alarm message via a telephone line. In case of 
malfunction, communication breakdown, or power failure, data are stored in the FEP and will 
be sent later to the computer, after restoration of power and communication. 
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Communicating with Remote Access Units 

A. Cohen, S. Greenberg, A. Gabovitch and N. Tsouri 

A dedicated software package which communicates with remote microcomputer-based 
access control units was developed. Communication software supports up to four RS485 
communication channels. Each channel consists of a RS485 multi-drop communication link 
to which up to 32 remote access control units are connected. Communication software uses a 
unique, variable frame length, check-sum-controlled communication protocol. A multi
address scheme enables us to send the same 'data frame' to a group of remote access units. 
Communication software runs under the Desqview multitasking operating system. Intertask 
communication provides means for information exchange and is implemented via sets of 
mailboxes. Local network intertask communication is supported. The communication 
software package is linked to a man-machine interlace (MMl) software package via a set of 
two mailboxes. MMl software puts requests issued by an operator in an output mailbox. The 
communication software sends requests at the output mailbox to remote access units and puts 
responses received from remote access units in an input mailbox. Communication software 
continuously scans remote access units for real-time new input data. Real-time messages 
received from remote access units are sent to a REPORT software package, via another 
dedicated mailbox. 

REPORT M M l 

COMMUNICATION SOFTWARE PACKAGE 

RS485COMM DRIVER 

ACCESS UNIT ACCESS UNIT ACCESS UNIT ACCESS UNIT 

I-in. I: Si'lk'iiKitiL' lSUnk Diagram. 

Rcjcrcnce 
111 Ike oVi'i «/,,;; CUMM Lihr.in ( A, r.i .\l,m.ul. (DJII.IS, IX. USA: Greonlcal Software Inc.). Vcr. 2.0. 

K'h. 1'iSf). 
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Computerized Management of Radiation Monitoring Data 

Y. Kadmon and N. Tal 

A software package was written for the RAM ION, a portable wide range gamma, X-ray 
and beta radiation monitor, in order to computerize the radiation data collection. In addition 
to measuring radiation intensity, the RAM ION enables storage of the time and location of the 
measurement. The location is defined by a bar-code label which is scanned using a bar-code 
pen connected to the monitor. The stored data are then uploaded to a PC via a communication 
channel. The package includes a number of modules that enable us to load site maps, define 
four types of sampling points for these maps, upload measurement reading;, from RAM ION 
to the PC. and generate monitoring reports and a data base to be used by standard programs 
such as LOTUS, QUATRO, etc. In order to use the software, the user has to lo?rl the radiation 
survey maps and define the measurement locations on them only once, when the program is 
set up. Different measurement locations can be defined: bar-code labeled points for routine 
survey, bar-code labeled points for purposes other than survey, and unlabeled routine survey 
points. 

Before starting the survey, the software generates a map containing the measurement 
locations and bar-codes. To perform u measurement, the user scans the sample location from 
the code labeled on the site or from the map. When an undefined sample is taken, the operator 
adds its location manually to the map. When the survey is completed, the monitor uploads the 
data to the PC, and the operator adds the undefined sampling points to the map. Afterwards, 
the software displays the monitoring site map, including the radiation intensity data. The user 
may decide to display all the measurement points, or just those beyond a predefined radiation 
threshold. The above maps and/or textual reports can be printed. An ASCII file containing the 
survey data is saved, to be used by any standard data base program. The software was 
developed using LABWINDOWS library routines for friendly MMI (man-machine interface). 
The graphics modules were written using the Microsoft Quick C Compiler. 

Computerizing and Improving a Hardness Tester System 

Y. Kadmon and A. Gabovitch 

The aim of this work was to improve an existing hardness tester system, computerizing the 
measurement daia collection, considering the facility needs. The old system was based on two 
CLARK MCP-1 hardness testers, with measurement results displayed on the instruments' 
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panels or printed on printers connected to the testers. Routine operation required a large 
number of hardness samples, and manual filling out of tables which included serial code, 
identification (ID) number and sample number of the measured element. Subsequently, the 
results were manually entered into a PC and compared individually with predefined 
thresholds, in order to check if the product is all right or should be rejected. This working 
mode has many disadvantages: mistakes due to manual filling out of tables and entering of 
results on the PC: the need for more manpower (instead of computing); a defective sample is 
identified a long time alter the measurement is taken (not in real time) and the test cannot be 
repeated since the product process has continued - units are then unnecessarily disqualified 
since some of the samples are identified as defective as a result of false measurements and not 
because of defective material. 

A computerized data collection system was developed and built to operate as an interface 
between the testers and the computer: it was located near the hardness testers. Each tested 
clement is automatically or manually defined by a code. The operator enters, or the system 
defines, the code number, ID number, sample number which loads the predefined thresholds, 
and the number of tests for each elcaent. The interface stores the data collected by the two 
hardness testers on real time at the field level, compares the results with the thresholds, and 
notifies immediately when the result is below the predefined value, thereby enabling the 
operator to re-test and avoid rejection due to false measurement. The new system, based on an 
Intel X052-basic micio-coniroller, is connected to a PC using a communication channel and 
enabling the computer to load the measured data for further needs. Data are stored on NV
RAM for protection in case of power failure. 

An Experimental Apparatus for the Measurement of Thermal 
Contact Resistance 1' 1 

J. Aharon, I. Lahav and 1. Shai* 

Nuclear reactor fuel elements are made of a cylindrical rod of fissionable material cladded 
by a metallic envelope. This metallic clad does not form an intemietallic bond with the fuel 
and thermal contact resistance exists at the interface. During normal operating conditions 
heal is generated within the fuel, which is transferred through the clad to the coolant. The 
temperature profile within the fuel creates thermal stresses which may increase the contact 
pressure between the fuel and the clad and thus decrease the thermal contact resistance. 

The purpose of this work was to find experimentally the thermal contact resistance at the 
interface between the fuel rod and its cladding, as a function of the heat rate generated in the 
fuel. In order 'o do iliis an experimental test apparatus was constructed, simulating the 
thermal conditions within the fuel element. It consists of three main parts: (i) A simulating 

•IWa-liui ion I mwisji\ .ii ilk- \Vi\-\. lUvr-Slknj. 
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fuel element with the correct interface between the fuel rod and the cladding, called the 
sample; (ii) a heating element installed axially at the center of the sample; and (iii) a cooling 
channel around the cladded sample, in which cold water flows. 

Reference 
[ 1) J. Aharon, I. Lahav and I. Shai, The 24ih Israel Conf. on Mechanical Engineering (Haifa, Israel, May 

1992). Proceedings, pp. 1-3. 

Design, Construction and Performance Evaluation of an 
Ion Mobility Spectrometer Drift Tube' 1 1 

R. Avida, M. Friedman, A. Elgon, A. Matmor, 
Z. Karpas and O. Shahal 

The design of the drift tube is the core of Rotem Industry's Ion Mobility Spectrometer. Its 
implementation and its hydraulic and electronic systems are described' '. The method of 
calculating the trajectories of ions traveling in an electric field through an atmospheric 
pressure buffer gas is explained. This calculation served as the basis for the design of 
Rotem's drift tube. The radial ion distribution and its time dependence were determined 
experimentally and confirmed the validity of the calculation. Finally, some exannles of 
laboratory and field tests are presented. 

Reference 
111 R. Avida, M. Friedman, A. Ehjon, A. Malmur, Z. Karpas ami O. Shahal, Report NRCN(TN}-U9 

(1991) (in Hebrew). 

Methods for Preparation of Mixtures of Gases in Air at the 
ppb-ppm Concentration Range for Calibration of Monitors' 1' 

Z. Karpas, S. Melloul, Y. Pollevoy and A. Matmor 

Dynamic and static methods for generating mixtures of gases and vapors in air at the 
pans-pcr-billion (ppb) to paris-pcr-million (ppm) concentration range were surveyed. The 
dynamic methods include a dynamic flow and mixing system; injection of samples into large-
volumes of air; exponential dilution; permeation and diffusion tubes; and generation of the 
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target gas by chemical reaction or electrolysis. The static methods include preparation of 
mixtures by weighing the components, by volumetric mixing and by the partial pressure 
method. The principles governing the utilization of these methods for the appropriate 
applications were discussed, and examples in which they were used to calibrate an ion 
mobility spectrometer were given' . 

Reference 
111 Z. Karpas, S. Mclloul. Y. Pollcvoy and A. Malmor, Report A'flCWW-131 (1992) (in Hebrew). 

A General Unstructured Mesh Generator 

M. Friedman and E. Gurewitz 

A general unstructured mesh generator (GUMG) was developed. The original purpose in 
de\cIoping this code was to furnish the users of finite element programs with a tool that will 
release them from the necessity of providing a finite element grid prior to solving a given 
partial differential equation (PDE) using a variational scheme. 

GUMG is a major modification and extension of FIDES' '. FIDES is an automatic 
unstructured mesh generator which was developed as a fuzzy expert system, while GUMG 
uses 'semi-analytical' considerations. FIDES treats only one simply connected two-
dimensional domain with constant triangulation density. GUMG can triangulate any bounded 
2D domain composed of several regions in which various triangulation densities are desired. 
The code then performs the triangulation in a manner that smooths out the discontinuities 
across internal boundaries. The triangulation itself provides (by user's choice) a grid with 
mainly almost equilateral or almost right isosceles triangles. GUMG's users must specify 
only the most essential data which uniquely define their problem, i.e., the boundaries of the 
domains. Once triangulated, the tlomain can be attached to a given PDE with specified 
boundary conditions and a boundary value problem can be solved, using a finite element 
method. A Unite clement solver for elliptic problems - MANFEP' ' - combined with 
GL'MG. produces a package that can treat any 2D elliptic PDE with general boundary 
conditions over a general 2D bounded domain. 

lie/ereneiw 
| 1 ] M l-rioiiinan, M. Seluieiiler and A. Kaiitlel. AVIGXONN7, l:5SI-560. 
[2 | M lncdin.in, 1). Rkli.irJ- and A. \\V\lor. MA.\TEl'-Uniwr.\iiy af Mumlulm t'iniu Element Program. 

I'nl.we.liilieiil Cililr.il 1 H I U U M l'J7.Jp. 
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Computation of Flow through a Block Assembly1 

E. Kochavi, I. Anteby, I. Shai and S. Grumman 

In a gas-cooled reactor the heat is transferred from the core to heat exchangers by means of 
gas flow. The flow path is designed to cool also the reflector, which is usually constructed of 
ac urately fitted graphite blocks. However, even in the best fitted assembly, the gaps between 
individual blocks enable gas flow in between the blocks, driven by pressure difference. These 
multi-bypass flows may grow to a considerable pan of the overall gas flow, thus reducing the 
main flow through the core. Since this may increase the temperatures in the core, it is 
important to be able to predict the multi-bypass flows in the early design stage. The aim of 
this work was to suggest a simple procedure for estimating these flows. The principle of the 
procedure is to model each gap as a duct with known length and cross-section. The whole 
'gap maze' is simplified by modeling a finite network of channels connecting predefined 
nodes. A computer program was written to calculate the flows and pressures in a network. 

Reference 
111 E. Kochavi, I. Anlcby, I. Shui and S. Grunmian. I'm,-. 24th Israel Conf. on Mechanical Engineering 

'.Haifa, Israel, May Iv92),pp. 1-3. 

Deep Drawing with Fluid Pressure-Assisted lilankholder'11 

S. Yossifon and J. Tirosh* 

The feasibility of replacing the conventional rigid blunkholdcr with a 'soft' hydrostatic 
fluid pressure was examined. The recommended fluid pressure range (ihe 'working zone") 
which guarantees a sound product under various circumstances was determined. The locus 
curve for possible failure by wrinkling of the flange, and the locus curve for possible ductile 
rupture, respectively, provide the lower and upper limit curves of the 'working zone'. These 
loci are found by a systematic series of deep drawing tests with different constant fluid 
pressure blankholding for three kinds of materials (copper, aluminum, and stainless steel) at 
various thicknesses and lubrication conditions. From the experimental results one can 
conclude that the expected limiting drawing ratio using a hydrostatic blankholder is 
significantly higher than for a conventional rigid blankholder. 

Reference 
111 S. Yussilon anJ J. Tirosh. A'l.n/i Amen, an Mumttihlurini: taim h Cunf. (F-ullman, WA, USA, May 

IW2). 
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Lapping and Polishing Single Crystals to Produce Piano 
Components with Parallel or Wedged Faces"1 

M. Blumenfeld, U. Laor and Y. Einav 

The subject of polishing piano surfaces of optical components was dealt with thoroughly 
for the purpose of concentrating all the available knowledge in one useful publication. Optical 
components made from single crystals were considered only in the context of the interactions 
between the workpiece and the abrasive/lap materials. These subjects were described for the 
'Diamond/Lap' technique; all subjects involving other manufacturing techniques, used mainly 
in the glass optical components industry, are not included. However, all the chapters which 
provide details on lapping machines, lapping geometries and fixturing techniques are general 
and do not refer to a particular workpiece material. 

Reference 
[11 M. Blumcnfcld, U. Laor and Y. Einav, Report NRCN(TN)A 12 (1992) (in Hebrew). 

Transient Flows Occurring during the Accelerated Crucible 
Rotation Technique1'1 

A. Horowitz and Y.S. Horowitz* 

The transient tlows occurring after a change in the angular velocity of a cylindrical 
container were considered. The dependence of the transient (known as the spin-up or spin-
down time) on experimental parameters such as kinematic viscosity, cylinder dimensions and 
the cylinder's initial and final angular velocities was elucidated by a review of the literature. 
With large Rossby numbers the spin-up time is longer and the amount of fluid mixing is 
greater than with small or intermediate Rossby numbers. It was noted that most crystal 
growth crucibles cannot be considered as infinitely-long cylinders for the evaluation of the 
fluid dynamics. 

Reference 
111 A. lluro» it/, and Y.S. Hiirov.il/. ReportNRCN-Sll (1092) (in Hebrew). 
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Development of a Computer Program for the 
Determination of CaCOj Precipitation Level 

Using the Langelier Index and Precipitation Potential"1 

J. Hayon, A. Bettelheim and J. Armand 

The precipitation level of CaC0 3 in water cooling towers can be related to two parameters: 
Langelier index and precipitation potential. These two parameters were calculated using a 
computer program which takes into consideration the temperature, pH, calcium ion, 
bicarbonate concentration, and total dissolved solids concentration. 

Reference 
(1 ] J. Hayon, A. Bcitclhcim and J. Armand, Report NRCN(TN)-tt<) (1992) (in Hebrew). 
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DOCUMENTATION 

The following publications were issued during the period January-December 1992. Asterisks 
indicate authors affiliated with other institutions. 

IAEC REPORTS 

IA-1434 
AZOULAY, M. 
Implementation of the seeded vertical gradient freeze (SVGF) method to the growth of 
CdTe and CdZnTe single crystals and investigation of the correlation between the crystal 
perfection and growth process parameters. (Ph.D. thesis; Hebrew, with English 
summary). 

IA-1462 
BNAYAHU, Y. 
Mathematical inversion of multiple-scattering of laser light. (Ph.D. thesis; Hebrew, with 
English summary). 

I A-1469 
KATZ, M. 
Evanescent field infrared spectroscopy using chalcogenide glass fiber. (M.Sc. thesis; 
Hebrew, with English summary). 

IA-1471 
RESEARCH LABORATORIES ANNUAL REPORT, 1991. 

NRCN-533 
HOROWITZ, A. and HOROWITZ*, Y. 
Transient flows occurring during the accelerated crucible rotation technique. (Hebrew, 
with English summary). 

NRCN-594 
TOBIAS, H. 
A study of the interactions between chlorine and carbon surface. (Ph.D. thesis; Hebrew, 
with English summary). 
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NRCN-609 
MELLOUL, S„ POLLEVOY, Y., MUNSTER, M. and KARPAS, Z. 
Determination of the total organic carbon (TOC) content in solutions and solids. 
(Hebrew, with English summaiy). 

NRCN-612 
MUNITZ, A., ZENOU, V., COTLER, C. and NEHAMA, E. 
Eutectic solidification of Al-U alloys at slowly cooling rates (10°C/sec). (Hebrew, with 
English summary). 

NRCN(LS)-025 
KALISKY, Y., CHUCHEM, D. and AM1T, M. 
Preionization methods - A literature survey. (Hebrew, with English summary). 

NRCN(TN)-112 
BLUMENFELD, M„ LAOR, U. and EINAV, Y. 
Lapping and polishing single crystals to produce piano components with parallel or 
wedged faces. (Hebrew, with English summary). 

NRCN(TN)-127 
ARKUSH, R., MAGEN, A., COHEN, M„ COHEN, M„ MARKOWITCH, M.M. and 
ROSENTHAL, Y. 
Fatigue cracking of fracture toughness in a Charpy specimen. (Hebrew, with English 
summary). 

NRCN(TN)-129 
AVIDA. R., FRIEDMAN. M„ ELGON, A., MATMOR, A., KARPAS, Z. and SHAHAL, O. 
Design, construction and performance evaluation of an ion mobility spectrometer drift 
tube. (Hebrew, with English summary). 

NRCN(TN)-131 
KARPAS, Z., MELLOUL, S„ POLLEVOY, Y. and MATMOR, A. 
Methods for preparation of mixtures of gases in air at the parts-per-billion to parts-per-
million concentration range for calibration of monitors. (Hebrew, with English 
summary). 

NRCN(TN)-134 
KALISKY, Y.. CHUCHEM, D., KAM1N, S. and WEINBERG. J. 

A design of a plasma cathode preionizntion unit. (Hebrew, with English summary). 
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NRCN(TN)-135 
ROTEM, H. 
Quality assurance manual of air pollution measurements - Principles. (Hebrew, with 
English summary). 

NRCN(TN)-138 
HAIM, M , BARNEA, Y., SHA1,1. and RONEN, B. 
A development of a data acquisition system on PC computer. (Hebrew, with English 
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