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Preface

The Research Institute for Solid State Physich®@Hungarian Academy of Sciences was
founded on 1st April, 1981 with research groupskivay in solid state physics, materials

sciences and laser physics. Until 1st January, 11982s part of the Central Research
Institute for Physics. Since this date it is arejpeindent legal entity.

The institute consists of a strong theoretical andumber of experimental departments.
»Nuclear” (neutron scattering, X-ray diffraction,ddsbauer spectroscopy, NMR, electron
microscopy) and other (optical, microwave, magnetensport, calorimetric, dielectric)
techniques are used for condensed matter studréfsefmore neutron, resonance and laser
techniques are used for technological, metrologiaivironmental and medical
applications. A small mechanical and electronicsksioop and a few (metallurgical,
chemical and thin film) service groups produce mafsbur samples for research and
optical coatings for our laser research and devedoy needs.

Our financial support comes mainly from the statddet through the Hungarian Academy
of Sciences supplemented by domestic and forei§TRcontracts.

The institute has strong cooperation with numerdosestic, European and overseas
laboratories and universities. We are strongly iveo in the gradual and postgradual
education in solid state and laser physics.

This is the first Yearbook of the independent ks, which will hopefully be followed
by similar booklets in the coming years.

1st December 1994

L s

Norbert Kro6
director
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A. STRONGLY CORRELATED SYSTEMS

J. Sélyom, P. Fazekas, G. Féath, K. Penc, K. VlaBawoynarovich, A. Zawadowski

Low dimensional magnetic models. Quantum fluctuations give rise to several new
phases in spin-1 magnetic chains. It is known thatbiquadratic coupling between the
spins leads to a dimerized or trimerized phasedbsshe usual ferro- or antiferromagnetic
phases. Recently it has been suggested that amenzied quantum nematic phase might
also exist. We have done a numerical study ofetiergy spectrum and have found no
evidence for this phase.

One-dimensional fermionic models. -Three models are currently intensively used to
describe strongly correlated one-dimensional edectsystems, the Hubbard, t-J and
Tomonaga-Luttinger models. We have studied thetioglship among them using the
Bethe-Ansatz results and largeexpansion. We have shown that even in the ldrgemit
thet-J model is equivalent to the Hubbard model if igeneralized to include three-site
processes.

We have continued also the analysis of the Betheafansolutions of the 1-d Hubbard and
Heisenberg models. In particular we analyzed theetadion function exponents as a
function of magnetization by solving the Bethe-Amsaquations numerically.

Kondo lattice model. -The work on the variational approach to the gragtate properties
of strongly correlated systems has been contindedrrelated mean field Ansatz for the
Kondo necklace model was evaluated. The variatiom@thod was used to discuss the
ground state phase diagram of the Kondo latticeahod

Theory of dissipative motion of heavy particles: We studied the dissipative motion of
heavy particles (proton, muom-particle, ions) in condensed matter by theoretical
methods. We examined the connection between tlresickd and quantum statistical
solutions of a model containing harmonic oscillatoks it was known, the dissipative
forces can be represented by an action formed digptauntegral on time, instead of
single integral of a Lagrangian. We showed thastiepe of the singularity in these time-
integrals depends on, through the boundary comditid the problem, whether the particle
in question is in thermal equilibrium or it is &f@ne. With the help of these we interpreted
some of our former results for a more realistic glantaining fermionic heat bath and
we found connection between the friction coeffitiand the localization of a particle.

Grants

OTKA11/32979. Low dimensional magnetic systems and hhigemperature
superconductivity

OTKA I/4 T4473. Low dimensional interacting eleatrosystems and magnetic
models.

OTKA T 014201. Theory of the phase diagram of hefavgnionic systems
OTKA T 014443. Completely integrable 1-d systems

* Permanent position: Technical University Budapest
10TKA = Hungarian Research Fund



Publications

A.1l. P. Fazekas: Magnetic and non-magnetic statégavy fermion systems. To be
published in the Proceedings of the Amalfi Confeeewn Strongly Correlated
Systems (World Scientific)

A.2. G. Fath and J. S6lyom: Hidden domain wallslamentary excitations in the spin-
1 valence-bond-solid model. Acta Physica PoloA88, 371 (1994).

A.3. H.Y. Keé and P. Fazekas: Correlated mean field Ansatth®iKondo necklace.
Int. J. Modern Phys. B8, 1355 (1994)

A.4. J. S6lyom and K. Penc: Relationship among Hubbard, t-J and Tomonaga-
Luttinger models. In Recent Progress in Many Bodgdries, Vol. 4, edited by E.
Schachinger, H. Mitter and M. Sormann (Plenum RrE334).

A.5. G. Fath and J. Sélyom: Search for the nondredrquantum nematic phase in the
spin-1 chain. To be published in Phys. Rev. B

* The author is not a member of the Research Itstitw Solid State Physics staff



B. COMPLEX SYSTEMS

N. Menyhard, A. Csordas, F. Igldi, A. Sut6, P. $épy , S. Varro

Phase transitions and scaling - equilibrium and nofequilibrium. - Phase transitions
on non-peroidic lattices have been studied. Quasegdic and, more generally, aperiodic
systems can be considered as a state of matteh witgrpolates between the periodic
(crystalline) and the random (disordered, glassgies and the corresponding critical
behaviour is very rich. The relevance or irreleveaatthe aperiodicity is connected to the
strength of the fluctuations in the couplings. t&r two-dimensional Ising model different
types of layered aperiodic modulation of the caugdi have been considered. According
to exact results obtained for thermodynamic quiastitthe critical exponents are varying
in the marginal case while for relevant modulatieasential singularities show up at the
critical point.

In the field of ordering kinetics kinetic Ising ihels offer a useful laboratory for exploring
the different factors which influence scaling adgnamic) universality classes. We have
pointed out earlier that checkerboard updating@fl&ng model with Metropolis-type
kinetics leads to deterministicity &0 and a new universality class for quenches from
T=co to T=0. The effect and significance of this determitgiall over the ordered phase
and even af in the time-dependences of the structure factdraarocorrelation function

has been established via numerical simulation.

We have introduced a family of nonequilibrium kiedsing models which show a phase
transition from Ising-type steady state to an a&cBtate reminiscent of that for directed
percolation but with differing critical exponenBhase boundary, scaling behaviour and
critical exponents have been obtained via MontdeCgimulation. Connection with the
problem of branching annihilating random walk hise deen established.

Classical and quantum chaos: Transient chaos has come into the focus of raste
lately, both experimentally and theoretically. \Wave investigated several statistical
properties of transient chaos, especially the esxdenof the intermittent state occurring
in permanent chaos to transient chaos. It has BRewn that in this state a phase
transition-like phenomenon takes place, which i#iooious, as opposed to the first-order
transition occurring in the intermittent statepermanent chaos.

The investigation of energy-level statistics inatésng the properties of various systems
has been playing an increasingly important role. N&ee introduced a model system for
studying the question how the level-statistics @he system is modified by varying a
parameter of the system. By changing the curvaifieewall of a billiard, a new scaling
law has been found for the transition from the Baslike to Gaussian- orthogonal-
ensemble level-statistics, and its theoretical geaknd could also be established.

Quantum systems.- Generation of higher harmonics by a metal saria@diated by a

powerful laser field has been treated theoreticélgpecially, the spectral distribution of
the radiation has been calculated with the airmterpret recent experimental data by
Farkas et al. who observed multiple-harmonic raahafrom a gold surface induced by
picosecond Nd:YAG laser pulses. We have used aarampative method worked out by
us earlier for solving the Schrodinger equatioswfface electrons interacting with laser
light. Using the laser and gold parameters of theva-mentioned experiment, our

* Permanent position: E6tvos Lorand University, Baetd



theoretical predictions of the relative harmonicig@tion rates are in good agreement
with the experimental data.

A comprehensive review of WKB theory for mesoscapiantum tunneling in magnetism

has been presented.The behaviour of a large quasyin in an anisotropic surroundings
and its penetration into a classically forbiddegion is described. The key idea is to
single out one of the anisotropy axes say z, woekrepresentation witg, diagonal and

to describe quantum tunneling as a hopping promeske spectrum d,.

A review of recent developments in the theory ofe-dimensional tight-binding
Schrédinger equation for a class of determinisyodic potentials has been given. In the
typical examples the potentials are generated bgtdutional sequences, like Fibonacci
or Thue-Morse sequences.

GRANTS

OTKA F4472  Classical and quantum dynamics of noedr systems
OTKA T12830 Critical behaviour of low-dimensiongistems
OTKA T2090 Investigations of random processes amdpex structures

PUBLICATIONS
B.1. F.Igloi and P. Lajko: Polymer in gravitatiofield. Physica A209, 486 (1994)

B.2. L. Turban, F. Igl6i and B. Berche Surface magnetization and critical behaviour
of aperiodic Ising quantum chains. Phys. Rev. B8239 (1994)

B.3. F. Igldi: Correlations in random Ising chamiszero temperature. J. Phys. A27,
2995 (1994).

B.4. F. Igl6i and L. Turban Relevant aperiodic modulation in the two-dimensio
Ising model. Europhys. Lett. 27, 91 (1994)

B.5. N. Menyhéard: Domain-growth properties of atdimensional kinetic Ising model.
J. Phys. A:Math.Gen. 27, 663 (1994).

B.6. N. Menyhard: One-dimensional non-equilibriunindtic Ising model with
branching annihilating random walk. J. Phys. AitM&en. 27, 6139 (1994).

B.7. A.Csordas, R. GrahdnP. Szépfalusy and G. VatfaWransition from Poissonian
to Gaussian orthogonal ensemble level statistiasmodified Artin's billiard. Phys.
Rev. E49, 325 (1994)

B.8. S. Varré and F. EhlotzKy Higher-harmonic generation from a metal surfaca i
powerful laser field. Phys. Rev. A49, 3106 (1994).

B.9. S. Varré: On the unitary continuation of thepenential phase operator. In:
Quantum Optics, Proc. of the Il. Central Europeaork&hop on Quantum Optics
(Budapest, 1994), ed.: J. Janszky, p.36 (Reseashftr Crystal Phys., Budapest,
1994)



B.10. S. Varré and F. Ehlotzky*: Potential scatigrof electrons in a bichromatic laser
field of frequencieso and 2o or w and 3. In: Multiphoton processes, eds.: D.K.
Evans and S.L. Chin, p. 93 (World Scientific Pux., London, 1994)

B.11. S. Varré and F. Ehlotzky*: Higher-harmonimgeation from a metal surface in a
powerful laser field. In: ibid. p. 245 (1994)

B.12.J.L. van Hemménand A. Siitd: Theory of mesoscopic quantum tungeiin
magnetism: a WKB approach. To be published in: QuanTunneling of
Magnetism, eds. L.Gunther and B. Barbara (Kluwer)

B.13. A. SUtd: Schrddinger difference equation wigiierministic ergodic potentials. To
be published in: Proceedings of the Les Houchega&iviBchool, March 1994, eds.
F. Axel and D. Gratias (Springer).

B.14. A. Németh, P. Szépfalusy: Properties of border states ofstemt chaos. To be
published in Phys. Rev. E.



C. ELECTRONIC STATES IN SOLIDS
J. Kollar, I. Tittd, B. Ujfalussy, A. Virosztek abhdVitos

The recent activities of the group cover the follogymain areas in the description of the
electronic states in solids:

Effect of nonspherically symmetric charge distributon on the surface and bulk
electronic structure. - In this approach we calculate the kinetic enexgygletely within
the atomic sphere approximation, while the Coulomibd exchange-correlation
contributions to the total energy are calculatedri®ans of the complete, nonspherically
symmetric charge density within nonoverlapping cepfilling Wigner-Seitz cells. We use
a self-consistent Green's-function method in thefase energy calculation. The
importance of these energy terms are demonstkategplying our approach to the 4d
elements and the light actinides. In the near &utue plan to examine the effect of these
terms on the structural stability of bulk f-electrmetals with more complex structures
(e.g.a-U, a-Pu).

Energy-dependent, screened KKR scheme for bulk metaand surfaces. We have
developed an efficient technique to calculate laui#d surface electronic properties based
on the KKR scheme usingrdependent, screened structure constants. The cheths
tested on Cu (111), (110) and (100) surfaces. Tagram has been generalized for the
fully relativistic, and spin-polarized case as watid applied for the discription of the
(111), (110) and (100) surfaces of Au and Pt.

We have continued our investigation of the efféddbng range Coulomb interaction in
density wave systemsand extended our earlier results on charge densives to spin
density waves as well. Some years ago we develaghdory of the electromechanical
effect in density waves, this year we applied thabry in the case of transverse sound
wave, which is of far more practical interest, thia@ longitudinal one.

In the field of high temperature superconductors we studied the effect of a

superconducting gap on the microwave conductivitye framework of the nested Fermi
liquid theory. Comparison of our results with expents supports a pairing mechanism
of electronic origin in the cuprates. On the basdisa three-band Hubbard model we
analysed the Raman scattering on phonons in theatmgpas well. Our results are
consistent with a:ixz_yz gap symmetry.

Continuing the investigation of thele of the nonmagnetic impurities in the pinning

of the spin-density wavesits consequences on the Raman spectra was daltula
Furthermore, considering the high temperature sigmeluctors, we started the calculation
of a relatively simple model, where the supercatidg state is formed on a spin ordered
Fermi liquid. This model leads to the formationaad-type superconducting state, which
is in agreement with the recent Raman scatteridgotimer experimental results.

GRANTS

OTKA 2950 Electronic structure and the calculati@nd measurement of
optical spectra in solids

ERB-CIPA-CT-92-2096 (European Union Grant) Elecitostructure of actinide
surfaces



OTKA T4473 Low dimensional interacting electron teygss and magnetic
models

OTKA T7633 Appearance of the couplings betweerstierconducting and spin
density wave fluctuations in the conductivity
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C.1. J.Kollar, L. Vitos and H.L. SkriverSurface energy and work function of the light
actinides. Phys. Rev. B_49, 11288, 1994

C.2. L. Vitos, J. Kollar and H.L. Skriver Full charge density calculation of the surface
energy of metals. Ibid. B 49, 16694, 1994

C.3. L. Szunyogh B. Ujfalussy, P. Weinbergerand J. Kollar: Self-consistent
localized KKR scheme for surfaces and Interfadad. B9, 2721, (1994)

C.4. A. Virosztek and K. Maki Phason modes in a spin density wave in the pcesen
of long range coulomb interaction. Ibid. 49, 607994)

C.5. J. Kollar and B. Ujfalussy: General formulasthe Slater-Koster tables. J. Comp.
Phys. 110, 187 (1994)

C.6. B. Ujfalussy, L. Szunyodh P. Weinbergér and J. Kollar: A new KKR type
equation for surfaces and interfaces: the "TightelBig KKR". In Metallic Alloys:
Experimental and Theoretical Perspectives, Editgd]l$. Faulkner and R.G.
Jordan, pp 301-311, Kluwer Academic Publisher, £99

C.7. L.Szunyogh B. Ujfalussy, P. Weinbergeand J. Kollar: The self-consistent fully
relativistic screened KKR Green's-function methégplications to the (100),
(110) and (111) Surfaces of Au and Pt. J. Physd€oesed Matter, 6, 3301 (1994)

C.8. C.T. Rieck, W.A. Little*, J. Ruvald$ and A. Virosztek: Conductivity belowgT
in high temperature superconductors. Physica B 149G5 (1994)

C.9. L. Vitos and J. Kollar: Optimizetdconvergency in the solution of Poisson's
equation with space-filling cells. To be publishedPhys. Rev. B

C.10. T.P. DeverealixA. Virosztek and A. Zawadowski: Charge transfectuation, d-
wave superconductivity, and thq@Raman phonon in the cuprates: A Detailed

Analysis. To be published in ibid.

C.11. A. Virosztek and K. Maki Electromechanical effect in charge- and spin-ifgns
waves. To be published in Synth. Metals



D. NON-EQUILIBRIUM ALLOYS

l. Vincze, J. Balogh, L. Bujdosé, L. Granasy, Dptéas, T. Kemény, L.F. Kiss,
Gy. Mészaros, E. Svab

Spin-glasses Our research in this field is aimed to estabéistoherent physical picture
of the magnetic structure of this class of matsridhe Fe rich amorphous Fe-Zr alloys
belong to this group. A detailed bulk magnetizatioi Mdssbauer spectroscopy study of
the composition, magnetic field and temperatureeddpnce of the magnetic properties
revealed surprising new features. In contrast ® ttaditional spin glass theories the
collinear magnetic state is attained below 7 T.atkitemperature and the observed high
magnetic susceptibility can not be associated wihted magnetic moments. The
magnetic freezing temperature and its magnetid fieljpendence is also established. It is
verified in connection with the non-linear susceiiity as well as with the magnetic field
and temperature dependence of the magnetizatiorintbanteracting magnetic clusters
have an important influence to the magnetic behavimaditionally described as spin
glass.

Amorphous alloys by solid state reaction- The formation and properties of non-
equilibrium phases have been studied by synchratdration X-ray diffraction, cross

sectional transmission electron microscopy and ssr spectroscopy in the Fe-B
system near to the 50 at% B composition. The nfayer structure and its modification

with solid state reaction is established for 1.30- nm thick layers electron beam
evaporated and heat treated in ultra high vacuume. magnetic behaviour of the non-
equilibrium alloy phases have also been investehatgh the temperature and external
magnetic field dependence of the Mdssbauer spettnarphous alloy formation is also

detected in case of the mechanical alloying okteenental components. It is verified, that
in contrast to the solid state diffusion amorphaat in mechanical alloying the

amorphous phase formation starts at low B concemtrand proceeds with the gradual
enhancement and homogenization of the B conternithadan also be promoted by low
temperature heat treatments.

Nucleation theory for diffuse interfaces- A diffuse interface theory of nucleation is
proposed by relating the excess free energy ofentcl macroscopic quantitities. The
model is applied for vapour condensation, to ctystecleation from liquids and from
oxide and metallic glasses and to phase sepaiat@tiquid miscibility gap. The results
imply that for large deviation from equilibrium tipeoposed model is in better agreement
with experiments than the classical theory, whilesimall deviations the two descriptions
are equivalent.

Neutron diffraction - The short and medium range order have been stuiligarious
amorphous systems. We have introduced a consistamtformalism to calculate the
partial structure functions from the measured tdiftaction intensities by taking into
consideration the physically established featufé®th of the Faber-Ziman and Ashcroft-
Langreth formalisms, generally used in the litematlt can be used for neutron diffraction
data treatment of systems containing atoms witlitigesand negative scattering lengths:
the weights exhibit no singularities even for zeoattering samples. On the other hand, it
takes into consideration the structure indepentdaané monotonic scattering term.

Inhomogeneities in amorphous Ni-Nb system prepémah various Ni-isotopes were
investigated by neutron scattering. A strong insega the structure factors was observed

below 0.04A-1. The partial Bhatia-Thornton density-concentrastmicture factors were

10



determined, and it was concluded that inhomogersedriginating from both density and
chemical fluctuations with a characteristic cortiela length about 188 are present.

Thermodynamical processes in various absorptior tglrigerator systems have been
investigated by dynamic neutron radiography metHedhporation, condensation and
flow of fluid (ammonia diluted in water) was visimdd, and the reason of defective
functioning was established for various construtdio

We have built out a new powder diffractometer basegosition sensitive linear detector
and a dynamic neutron and gamma radiography measwiorking place at the
refurbished 10 MW research reactor of the KFKI aogeration with the KFKI Atomic
Energy Research Institute.

Grants

OTKA 1/3 2933 Atomic and electronic structure ofmequilibrium alloys

OTKA I/3 2934  Structure study of amorphous alloysieutron scattering

OTKA I/4 T 4464 The effect of the distribution ¢dcal magnetic properties to the
magnetic order

OTKA I/4 T 4469 Atomic level alloying

OTKA A-267 Neutron diffraction

OMFB?2 SN1/1815  Neutron diffraction and neutron radipdra

Publications

D.1. M. Balaskd, E. Svab, A. Nedelik I. Cserhafi and J. Olah: Development of
household refrigerators by means of dynamic neutamhography. Proc. 6th
European Conference on Non Destructive Testing J¢th. Berge, La Cofrend,
France) 1, 1231-1233 (1994)

D.2. M. Balaskd, E. Svab and H. Nedelik Neutron radiography investigation of
absorption and compression refrigerators. Nondetstri Testing and Evaluation
11, 69-76 (1994)

D.3. M. Balaskd and E. Svéab: Neutron radiography in research andldpment.
Nukleonika 39, 3-22 (1994)

D.4. L. Granésy: Nucleation thediyr diffuse interfaces. Mat. Sci. Eng. A178, 121412
(1994)

D.5. L. Granasy, |. Egfy L. Ratké and D.M. Herlach: On the diffuse interface theory
of nucleation. Scripta Met. Mater. 30, 621-626 (4099

D.6. L. Grénasy, |. Egfy L. Ratké and D.M. Herlach: Diffuse interface model of
bulk heterogeneous nucleation. Ibid. 31, 601-6@®4)

D.7. N.Hegmah, L.F. Kiss and T. Kemény: Broad peak of the noedir susceptibility
at the spin-glass temperature of amorphoug®ey. J. Phys: Condens. Matter 6,

L427-430 (1994)

20MFB = National Committee for Technical Development
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D.8. L.F. Kiss, T. Kemény, |. Vincze and L. Grana§}luster spin-glass model for
amorphous Fe-Zr alloys near the critical conceinnata magnetization study. J.
Magn. Magn. Mater.135, 161-170 (1994)

D.9. L.F. Kiss and A. Bohonyei: Determination of the reversible relaxation speut
in metallic glasses. Philos. Mag. B69, 491-497 @)99

D.10.L.F. Kiss, A. Bohony&iand A. Lovas: Curie point relaxation spectra inBre
metallic glasses. J. Magn. Magn. Mater. 133, 334{3%94)

D.11.G. Pet6, Zs. Horvath, O. Gerebeh L. Pusztdi, F. Hajdu and E. Svab:
Implantation-induced structural changes in evagaraimorphous Ge. Phys. Rev.
B50, 539-542 (1994)

D.12.G. Serféz6, L.F. Kiss, E. Zsoldds J. Téth, Sz. SandorL. Papadimitroll and L.

D6zsd: On the magnetic properties of cadmium doped YGBa© high-
temperature superconductors. J. Mat. Sci. Lett8r$33-695 (1994)

D.13.E. Svab and F. Hajdu: A consistent formalfempartial structure functions. J.
Appl. Cryst. 27, 25-28 (1994)

D.14.1. Vincze, D. Kaptés, T. Kemény, L.F. Kisglah Balogh: Field induced magnetic
moments in amorphous Fe-Zr Spin-Glass-Like Alld3/sys. Rev. Letters 73, 496-
499 (1994)

D.15. M. Balaskd, E. Svab, I. Cserhdti F. Ozsvafi and J. Olah: Applications of
dynamic neutron and gamma radiography at the Budl&esearch Reactor. To be
published in Acta Physica Hungarica

D.16.S.N. Ishmaévand E. Svab: Static and dynamic atomic correlatioramorphous
systems. To be published in Acta Physica Hungarica

D.17.E. Svab, S. Borbély, S.N. Ishmaand R. Glas Small-angle neutron scattering
study of amorphous isotopic Ni-Nb system. To belighbd in ibid.

D.18.J. Balogh, L. Bujdoso, Gy. Faigel, T. Keméagd I. Vincze: Solid state
amorphization in the Fe-B system. To be publisimedl de Physique

D.19.A. Bohonyéi, L.F. Kiss and A. Lovas: Qualitative differencetieen the
reversible relaxation spectra of Fe-Ni-P-B and Fd&Nnetallic glasses. To be
published in J. Non-Cryst. Sol.

D.20. L. Granasy and D.M. HerlachDiffuse interface approach to crystal nucleation
glasses, To be published ibid.

D.21.D. Kaptas, T. Kemény, J. Balogh, L.F. KissGltdnasy and I. Vincze: Temperature
dependence of the iron hyperfine field distributionamorphous Fe-rich Fe-Zr
alloys. To be published in Hyperfine Interactions
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D.22. L.F. Kiss and N. HegmanFrequency dependence of the ac susceptibility of
amorphous Fg3Zr7 alloy. To be published in J.Magn.Magn.Mater.

D.23.1. Vincze, D. Kaptas, T. Kemény, L.F. Kissdad. Balogh: Temperature and
external magnetic field dependence of the spirefnggin amorphous fggZr7. To

be published ibid.
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E. X-RAY DIFFRACTION

G. Faigel, G. Bortel, A. JanossK. Kamaras, G. Oszlanyi, S. Pekker, T. Pusztai, M.
Tegze

Fullerene compounds. -The fullerenes are closed shell carbon cage maedudilt up
from 12 pentagons and an arbitrary number of haxagbhe most abundant among the
fullerenes is the g molecule which is formed from 60 carbon atomsritisted on the
surface of a sphere in a similar way as the corokthe pentagons and hexagons on a
soccer ball. Fullerenes can form a large varietgahpounds with elements or other
molecules. We investigated the structure and phigicoperties of two families of
compounds: gg-clathrate and alkali-metalggsystems.

Ceo-Clathrates Clathrates are the so called inclusion compoumdsich the lattice of the
host molecules (£ in this case) is stabilized by the inclusion of tuest molecules
situated in between the layers of the host molecdike interaction between molecules is
dominated by van der Waals forces. We concentratedirst efforts to the study of the
structure and phase transitions of thg cathrates. As model material we choose tgge C
n-pentane since thisggclathrate could be produced in good quality sirgglestal form
and its behavior seemed to be typical of many sinalathrates. An interesting interplay
between the molecular motion and crystal symmedis/lieen found. We showed that the
orthorhombic symmetry of the room temperature pltaseonly be explained by the flip-
flop motion of then-pentane molecules. Further it was also showrthieae is a symmetry
change of the lattice from orthorhombic to mondclion cooling. This could be
understood by supposing that all the guest molscate frozen into one of the two
possible orientations. Similar behavior was foumdther clathrates.

Alkali-metal-G systemin the group of ACso compounds (A=K,Rb,Cs x=1,3,4,6) there
are materials with very interesting properties. Aigiothem many superconducting
materials (ACgo) With remarkably high critical temperature werairid. Recently, the
A.Cqo type compounds became the center of intereshdset samples several different
phases were found as a function of temperatureterchal history. These phases show
unexpected structural and transport propertiesypdcal example is the RGg,. This
compound has a rock salt structure at high temypergdO00K) and it is a conductor.
Slowly cooling this sample to room temperaturérahsforms to an orthorhombic phase
via a first order phase transition. We determirtezl dtomic structure of this phase, and
found that a polymer state developed. This phasms¢o be a one dimensional conductor.
The K;Cgo compound shows a similar behavior. We have be&ntalgrow small (few
mm in length) single crystals of the;B, polymer. Partial oxidation under toluene
transformed these crystals into bundles of fib€he degree of polymerization exceeded
100,000.

Nuclear Bragg scattering. -It was demonstrated in the early days of Mdssbauer
spectroscopy that coherent scattering of photonttezhoy a Méssbauer source can be
observed. In spite of the fact that scattering erpents could give information not
accessible by the absorption method they are ndelwiused due to experimental
difficulties. We have designed and built a diffiaoeter which makes feasible Méssbauer
diffraction experiment on powder and polycrystalsamples on a time scale of few days
with a moderately strong radioactive source. Weehgerformed Mdéssbauer diffraction

* Permanent position: Technical University Budapest
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experiment on polycrystalline bcc iron. We have dastrated that using the kinematical
theory of gamma ray diffraction, useful informatimm the relative orientation of
crystallographic axis to the hyperfine field diieas can be subtracted.
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E.1. G. Oszlanyi, G. Bortel, G. Faigel, S. Pekkdr,Tegze: Dynamic origin of the
orthorhombic symmetry of §)-n-pentane. Solid State Commun., 89, 417, (1994)

E.2. J. Hafnér, M. Tegze and Ch. BecKerAmorphous magnetism in Fe-B alloys:
First-principles spin-polarized electronic-struetwalculations. Phys. Rev. B, 49,
285, (1994)

E.3. O.Chauvét G. Oszlanyi, L. Forrg P. W. Stepheris M. Tegze, G. Faigel and A.
Janossy: Quasi one dimensional electronic strudturerthorhombic RpCg0.

Phys. Rev. Lett,, 72, 2721, (1994)

E.4. S. Pekker, L. Forfé L. Mihaly* and A. Janossy: Orthorhombic1860 A
conducting linear alkali fulleride polymer? Solith& Commun. 90, 349 (1994)

E.5. G. Faigel, G. Bortel, G. Oszlanyi, S. PekKkdr, Tegze, P. W. Stephéhsand
Dengfa Lid: Low temperature phase transition iggh-pentane. Phys. Rev. B,
49, 9186, (1994)

E.6. Sz. Torok, Gy. Faigel, K. W. JonésM. L. River$, S. R. Suttoh and S. Bajt:
Chemical characterization of environmental parateimatter using synchrotron
radiation. X-Ray Spectrometry, 23, 3 (1994)

E.7. G. Faigel, G. Bortel, G. Oszlanyi, S. Pekk&rTegze and P. W. Stephén®hase
transition in @Q-clathrates. To be published in the Proc. of tieWinterschool
on Electronic Properties of Novel Materials,: Kipeng, Tirol, March 5-12, 1994

E.8. M. Tegze, G. Bortel, G. Faigel, L. ForréG. Oszlanyi, A. Janossy and P. W.
Stephen*s: Structural study of RfICepand K1Cgofullerides. To be published ibid.

E.9. G. Faigel, M. Tegze, G. Bortel, L. ForréG. Oszlanyi and P. W. Stephéns
Parallel beam powder diffraction study on theGgo system (A = K, Rb). To be
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published in the Proc. of the European Symposiuntmamtiers in Science and
Technology with Synchrotron Radiation, Aix en Pnoee, France, April 5-8, 1994;
J. de Physique

E.10. P. W. Stephehs G. Bortel, G. Faigel, M. Tegze, A. Janossy, Skkee G.
Oszlanyi and L. Forrg Polymer chains in RiCg0 and K1Cg0. Nature, 370, 636,
(1994)

E.11. A. Janossy, O. Chau¥eS. Pekker, J. R. CooperL. Forrd, M. Tegze and G.
Faigel: Reply. Phys. Rev. Lett., 72, 3131, (1994)

E.12. M. Tegze, G. Bortel, G. Faigel, G. OszlasyiPekker and P. W. StephénX-ray
diffraction study of the structure and phase triamss of G5o-clathrates. To be

published in Nucl. Instr. and Meth. B

E.13. S. Pekker, A. Janossy, L. MihalyO. Chauvét, M. Carrard and L. Forrd:
Single-crystalline (K@o)n: A conducting linear alkali fulleride polymer. $oice,

265, 1077 (1994)

E.14. M. Tegze and G. Faigel: Design of a new Massb diffractometer. To be
published in Hyperfine Int.

E.15. G. Faigel and M. Tegze: Méssbauer diffractiseasurements on polycrystalline
bcc iron. To be published ibid.
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F. HIGHLY CORRELATED METALS
G. Kriza, A. Beleznay, T. Csiba, R. Gaal, O. Leg€ézaviihaly and B. Sas

The principal interest of the team is the experitakeimvestigation of the coherent
electronic states - superconductor, charge- and-dgmsity wave - of highly correlated
metals. The electronic transport and magnetic ptiggeof these correlated states are
studied as a function of a broad variety of expental parameters such as temperature
(down to 30 mK), magnetic field (up to 14 T), anekduency (up to microwave
frequencies). The materials investigated includerganic and organic quasi-one-
dimensional metals (e.g., ,¥M0O, and (TMTSF)»PFg), quasi-two-dimensional

superconductors (Cu-O based high-temperature sSwupductors and organic
superconductors such as (BEDT-T$EU[N(CN),]Br), and Gp-based solids.

The main effort of the team in the year of 1994 basn the development of a new low-
temperature laboratory in collaboration with thepBxdment of Physics of the Technical
University of Budapest. This laboratory features:

— Three different low-temperature probes for trams@md magnetic measurements
covering the temperature range of 0.03 to 500 K.

— A 14-tesla superconducting magnet.

— Instrumentation for transport measurements (caindty; magnetoresistance, Hall
effect, thermoelectric effects, conduction nois&) anagnetic measurements (dc and
ac magnetization with rf SQUID detection, ac susibdjy).

Preliminary results have been obtained on the pHasgam and magnetic relaxation
properties of the vortex state of layered organipesconductors and on the magnetic
susceptibility of various alkaline-doped fulleren€se anomalous Hall effect in the vortex
liquid state of Cu-O-based high-temperature supehgctors and the dc and microwave
conductivity of fullerene superconductors have #@sen studied.

Grants

OTKA 2944 Charge- and Spin-Density Waves
OTKA 7277 Dielectric Properties of Coherent Densifgves
PHARE "ACCORD" Program: Vortex State of Organic 8wgonductors

Publications

F.1 A. Janossy, O. Legeza, A. Beleznay, R. GaalM{Baly, O. Chauvet,and L.
Forrd: Microwave conductivity and conduction electron spilaxation of
Rb3Cgo In: Electronic Properties of Novel Materials, tedi by H. Kuzmany, J.

Fink, M. Mehring, and S. Roth (World Scientificn§apoore, 1994).

F.2 S. MészarosK. Vad; G. HalasZ,N. Hegmari, B. Kesze€l and B. Sas: Temporal
and spatial correlations in voltages generated rbgsport currents in HTSC
materials. To be published in Physica C.

* Permanent position: Technical University Budapest

17



F.3 A. Janossy, O. Legeza, G. Oszlanyi, and L.&DpElectric conductivity of the
fullerene superconductors Bbggand K3Cgo. To be published in Europhys. Lett.
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G. LIQUID CRYSTAL RESEARCH
L. Bata, N. Eber, K. Fodor-Csorba, A. Jakli, A. taj

Ferroelectric liquid crystals. - The homologeous series of (R)-(2-chloropropy[#4(n-
alkoxy)benxoyloxy] benzoates was synthetized byew synthetic pathway with high
optical purity. The liquid crystalline members bétseries exhibited smectic A phase, but
they could be used as chiral dopants to producediexrctric liquid crystalline mixtures in
broad temperature region eg. the member n=8 wad fme mixtures exhibiting
monotropic smectic C phase around room temperaftlieecompounds and intermediates
were studied by IR, thin layer chromatography andR\Nmethods.

Liquid crystal polymer composite systems can beédew into two main subgroups. The
first consists of the polymer dispersed liquid tais (PDLC), where the liquid crystal is
dispersed in the continuous polymer matrix. Theosdccontains the liquid crystal
dispersed polymer (LCDP) systems (sometimes cakeliquid crystal/gel dispersions),
where only a small amount of polymer is dispersed continuous liquid crystal matrix.

Neutron scattering and optical studies on varicOBP systems were made to investigate
the structure of polymers dispersed in nematic smectic liquid crystals. Our study
showed that 1 wt% of polymer can induce phase aéparin the form of fibres. We have
found that the cross-sectional radius of such $ilisdipically 3004 and they have rough
surfaces. The spatial distribution on the fibresgdoot change during the phase transitions
of the liquid crystal. We have found that thereaaisorrelation between the size of the
separated polymer particles and the roughnesseaf $hrfaces: larger objects have less
smooth surfaces. The results indicate that smaD@4 size) fuzzes on the surface of the
polymer fibers may play the essential role in thgnanent of the liquid crystal molecules.
These fuzzes can be realigned by the combinatiaxiafrnal fields and heat treatments
yielding a fading memory effect.

Other activity. - The 15th International Liquid Crystal Conferer{Baidapest, 3-8 July,
1994) was organized by the group working on ligaigstals (themes G and H). This
conference with over 900 submitted papers and €00 participiants proved again that
this topic is up to date and covers broad inteomati interest. Two members of this group
edit the Proceedings to be published in Moleculgsstal and Liquid Crystal.
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OTKA I/3 2946 Physical investigation of ferroelactliquid crystals
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G.1. A. Jakli, L. Bata, K. Fodor-Csorba, L. RodtaNoireZ : Structure of polymer
networks dispersed in liquid crystals: small anggeitron scattering study. Liquid
Crystals, 17, 227 (1994)

G.2. |. Janossy, A. Jakli: Azimuthal reorientatimhhomeotropic nematic films. Mol.
Cryst. Lig. Cryst. 251, 289-301 (1994)

G.3. A. Jakli: Structure and optical propertiesligiid crystal dispersed polymers
nematic films. Ibid. 251, 289-301 (1994)
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G.4. K. Fodor-Csorba, A. Vajda, L. Bata: Synthesid C containing chlorine on the
chiral center. To be published ibid.

G.5. A.J&Kli, A. Saupe: Mechanical vibration of smectic cells under fiist reversal.
To be published ibid.

G.6. A. Jakli, A. Sauﬁe Electrically induced uniform planar alignment&iC liquid
crystals on homeotropically treated plates. To ligiphed in Appl. Phys. Lett. 65
(1994)
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H. INSTABILITIES AND NONLINEAR PHENOMENA IN

LIQUID CRYSTALS

A. Buka, . Janossy, T. Kosa, J. Szabon, T. Tétbrigéa

Activities in 1994 have been concentrated arouneketimain subjects:

Pattern forming instabilities:

1.

Theinterface of a smectic Bhase growing into a supercooled nematic has steered

on one-component thermotropic liquid crystals. @etgons were carried out for both
planar and homeotropic initial director alignmehtte nematic phase. Two types of
equilibrium shapesave been found, one had a rectanglelike, aloddeten with two
long facetted sides, the other one is circular vatismall hexagonal modulation,
reflecting the symmetry of the smectic B structuF@ur growth morphologies
dendritic, petal shape, dense branching and fathtee been found and studied. For
all growth regimes the time dependence of the dgraxgtocity has been measured.

. A homeotropically aligned nematic with negatigelectric anisotropy subjected

simultaneously to electric and magnetic fields haen studied. If an electric field
perpendicular to the nematic layer is applied, first instability to take place is the
bend Fréedericksz transition, spontaneously brgakime rotational symmetry.
Subsequently thelectrohydrodynamic convectisets in. An additional magnetic field
in the plane of the layer induces a preferred threorientation. The effect of the
magnetic field on the EHC threshold voltage, ondtitecal wave vector and on the roll
angle were exemined as a function of the applieduency. Accompanying domain
walls were characterised.

. The influence oflifferent wave formssuperposed on a harmonic electric excitation

inducing EHC on a planarly oriented nematic was aisestigated. A 60 Hz sine wave
was used as the carrier signal and another sinesquare wave of variable frequency
in the deterministic case were superposed. To dtuelgffect of stochastic signals, a
binomial noise was also added of variable bandwidkte influence of the wave form
and frequency on the threshold voltage was measured

Nonlinear optics. - Studies of the optical reorientation of liquidystals have been
continued. The effect of azo dyes has been studieidh similar to the antrachinon based
ones studied before, amplify the orienting effddihe laser. The dye induced torque was
found negative in most substances. In the caseatlge a positive sign was found, though
changing the frequency a change of sign occuremodel was proposed to explane this
behaviour. A new method was proposed to measurditdetor tilt angle at the surface of
the liquid crystal cells. The method is based omgislichroic dyes and anables us to
measure the tilt angle with high accuracy.

Physico-chemical qualifying measurements.- Thermoanalitic, calorimetric and
microscopic measurements of liquid crystals havenbearried out with technological
purposes. Glassy liquid crystal states with diffieq@olymer content have been measured
after UV radiation with varied duration.
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B interface. Phys.Rev.E. 49, 5271 (1994)

l. Janossy: Molecular interpretation of the@iption induced optical reorient-ation
of nematic liquid crystals. lbid. 49, 2957 (1994)

l. Janossy (editor): Proceedings of the 5terhmtional Topical Meeting on the
Optics of Liquid Crystals. Gordon and Breach, Mdtyst. Liq. Cryst. 251 (1994)

H.Richtef, A. Buka and I. RehbefgOn the optical characterization of convection
patterns in homeotropically aligned nematics. 1861, 181 (1994)

D. Paparo, P. Maddaleng G. Abbaté, E. Santamafoand I. Janossy: Wave-
length dependence of optical reorientation in dgpetl nematics. Ibid. 251, 73
(1994)

R. Rangel-Rojo T. Késa, E. Hajtd, A. Kahr", B.S. Wherreft, P.J.S. Ewehand

A.E. Owen': Near-infrared optical nonlinearities in amorphatfslcogenides.
Optics Communications, 109, 145 (1994)

T. Késa, T. Wagnér P.J.S. Ewehand A.E. Oweh: Optical properties of silver-
doped A3 Sg7. Int. J. Electronics, 76, 845 (1994)

H. Richtef, A. Buka and I. Rehbefg The electrohydrodynamic instability in a
homeotropically aligned nematic. In: Spatio-tempé&atterns in Nonequilibrium
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A. Buka, T. T6th Katona and L. KrameiFree growth properties of a nematic-
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growth properties. To be published in Mol.Cryst.Ggyst.
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crystals. To be published ibid.
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homeotropic nematic under the influence of a magrietid. To be published in
Europhys.Letters

H.13.T. Késa, T. Wagnér P.J.S. Ewen and A.E. Owef: Index of refraction

measurement in Ag-A3 Sg7 films. To be published in Phil. Mag. B.
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Si:H/metal structures. In: Proceedings of '92 MB&) Francisco.
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METAL PHYSICS

K. Tompa, I. Bakonyi, Cs. Hargitai, Gy. Lasandal-8vas, J. T6th, E. Toth-Kadar

Amorphous alloy - hydrogen systemsl] The research work made on metal-hydrogen
systems has two coherent aspects:

1.

The first one is the selection of the proper gohous alloy, in which the contribution
of host nuclear magnetization can be varied wighgiven range. The Zr-Ni family of
different composition and Zr-Ni-Cu ternary systemrgselected. The contributions of
Zr and Ni nuclei to the local dipole - dipole fisldat proton sites are negligible
comparing to that originating from other protonseTaddition of Cu can modify the
situation, because the abundance probability ofnGciei with non zero magnetic
moment, the values of gyromagnetic ratios and pine\g&alues, fix the Cu contribution
to the local field. Because of the strong distatependence of the dipole field there
exists a hope to get some conclusions as far dsythregen locations are concerned in
the tetrahedral sites of different compositionsergetically these distorted tetrahedral
sites are different and the occupation of the sitgsends on the hydrogen content of
the sample. Near the low temperature more or lesis satomic arrangements the high
temperature NMR characteristics, namely the relamatimes and the diffusion
parameters can also be influenced by both the lggarand Cu content.

. The second aspect is methodical, that is thesunements of the wanted NMR quantity

together with the hydrogen content as preciselpassible. Hydrogen content, spin-
spin relaxation time, PMR spectrum width, secondnaot Knight shiftand spin lattice
relaxation time, and additionally electric trandpparameters, electrochemical P-C
isotherms and susceptibility were measured onatherphous alloys at different H
concentrations.

The main goals of this investigation are:

O

O

first, to measure the hydrogen content as preceasepossible by an NMR method not
used before in this field;

second, to monitor the effects of increasing rarcleagnetization on certain NMR
parameters by adding Cu nuclear spins to protons;

third, to study the static and kinetic neighbowdhoof hydrogen including the
electronic structure at substantially different togen content;

and finally the electrochemical investigationsas®m motivated by practical purposes.

Nanophase materials.] Porosity-free nanocrystalline Ni foils typicallytd 10 um

thick were produced by DC-plating and by pulsetptatAfter removing the substrates,
their surface morphology (SEM), microstructure (TENd/or XRD), electrical transport

properties, Curie temperature and thermal stalfiD§C) were investigated as a function
of the deposition conditions (bath composition, @uTi substrate, deposition current
density). INDC-plating, deposits with an average grain size as low astaé8fbnm could

be produced for the lowest current densities agi§eA/dn?). In preparingulse-plated
nanocrystalline Ni electrodeposits, systematic atamns of the electrical transport
parameters with the pulse length and the separagtween pulses both varied from
0.001 s to 10 s were observed as a consequenc®otaponding variation of the deposit
grain size. In a detailed low-temperature studyasfocrystalline Ni foils, a large residual
resistivity was observed and the temperature vanaif resistivity was also different
from that of well-annealed, defect-free Ni withdarcrystallite size. It was concluded
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that the large residual resistivity cannot be catgdy ascribed to crystallite boundaries
only but the presence of a high density of othpesyof lattice imperfections due to the
nanocrystalline structure must also be assumedhanetectrodeposited Ni foils. The
different temperature behavior can be explaineddnsidering that the electronic mean
free path of the matrix is higher than the averagstallite size at low temperatures and
the situation is reversed at room temperature.

Information desk. - As a part of an information desk for materiafed anaterials
engineering (ANTINFO), data have been compiled amdiirian institutes, facilities,
methods, experts, and qualifications in the fiefdsolids with special references to
metals. On-line contacts have been establishedttolhnks in Hungary and abroad.
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G. Lasanda, K. Tompa, C. Hargitai, P. BankiBakonyi: PMR lineshapes on
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J. RAPIDLY SOLIDIFIED AMORPHOUS AND
NANOCRYSTALLINE ALLOYS

A. Lovas, G. Konczos, L. Pogany, T. Tarndczi, Vatga

Thermal and mechanical properties of iron-metalloidglasses- The investigation of
thermal stability of transition metal-metalloid gikes has began already in the early
eighties (1978-84). The concentration dependendbevial stability (expressed by the
temperature of crystallization, o) was interpreted on the basis of outer electron
concentration of the metallic atoms and the sifiemince between the metallic
constituents. It was also found, that the hardrésglassy state is increased with the
temperature of crystallization. The cited resulesevobtained on systems containing two
types of metalloids. The electron concentration efzmnged by the replacement of host
metal with other transition element.

This experimental finding and interpretation hasrberitically re-investigated on ternary
systems at different metalloid concentrations(Ee,-Bz, Fe-Wy-B7). It was found, that

TcrandAHgy as well as the hardness depend not only on tieer@heconcentration but an
additional structural stabilizing factor have tkdganto consideration. The onset of the first
DSC crystallization peak, and the appropriate aiution depend primarily on the
relative number of bcc and fcc-like Fe-environmefuts=e ory-Fe regions) which is
influenced by the boron content and by the quergcbamditions as well. Formation of the
a-Fe like environments can be also suppressed @neeld by the third metal addition.

The solution hardening caused by the chromium angsten addition shows a saturation
value versus the concentration of the third elenfi@stead of a monotonic increase, like
in the binary Fe-B) which also indicates the stk origin of the hardening mechanism
in the investigated metallic glasses.

Study of the nanocrystalline soft-magnetic alloys. We have started a systematic study
in order to understand the development of nancaityst structure from amorphous
precursors and the structural aspects of the magwdtness in these alloys. An ideal soft
magnetic material would have not only zero magmeystalline anisotropy (k) and zero
magnetostrictionX), but also high saturation magnetizationgfMs high as possible.
While <k> [0 0 results inherently from the nanostructural stte<A> 00 and the high
Mg are competitive demands.

The temperature and time-dependence of the develapf nano-structure and the
simultaneous evolution of the soft-magnetic prapsrhave been studied in a Finemet-

type amorphous alloy (Frg 5Cu1Nb3Si13 589).

We have shown by detailed DSC, X-ray and by magmegiasurements, that the magnetic
softness saturates as a function of time durindpéae treatments at 58CQ. This state can
be characterized structurally by the saturationueabf Si-content of thea-Fe
nanocrystalline grains. The deterioration of thegnedic softness at higher temperatures
can be attributed to the segregation ofFiecompound (enhancing the magnetostriction)
and to the segregation of 42 compound above 608C, destroying the intergranular
magnetic coupling.

Miscellaneous.- Special alloys have been prepared by rapid i§ichtion processing for
other domestic laboratories e.g. copper based dmasgpribbons to study the catalytic
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activity, microcrystalline aluminium flakes to pmace conductive metal-polymer
composites for electro-magnetic shielding, quasialiine aluminium based alloy
powders for plasma spraying.
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OTKA 1975 Formation of disordered, non-equilibriugtructures (cooperation
with the Jézsef Attila University, Szeged)

OTKA T7506  Study of new phenomena and propertiethen plasma spraying of
AloO3 and Al base powders made by mechanical alloying

(cooperation with the Technical University Budapes
OMFB 94-97-69-0660 Development of conductive polyraemposites (cooperation
with the Plastic Research and Development Ltddapest).
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J.1. E. Kisdi-Koszb, E. Zsoldo§, G. RadnécZi, L.K. Varga, A. Lovas, J. Kovac
Relaxation, cluster formation or precrystallizationamorphous alloys. J. Magn.
Magn. Mater, 133, 276-279 (1994)

J.2. LK. Varga, E. Bakds E. Kisdi-Koszd, E. Zsoldo$, L.F. Kiss: Time and
temperature dependence of nanocrystalline struébuneation in a Finemet-type
amorphous alloy. Ibid. 133, 280-282 (1994)

J.3. M. Hrabcak, A. Lovas, J. KovaG L. NovaK': Correlation between saturation
magnetostriction and saturation polarization inFE€ amorphous alloys. IEEE
Trans. Magn. 30, 516-517 (1994)

J.4. A.Sélyom, A. Zentkd, V. Fric", P. Markd, G. Konczos: Effect of antimony on
magnetic properties in non-oriented 2.4 wt.% Stteleal sheets. Ibid. 30, 931-933
(1994)

J.5. A. Lovas, LK. Varga, E. Kisdi-KoszpJ. Kova¢: Inhomogenities and basic
magnetic properties in Fe-B glassy alloys. Ibid. 887-469 (1994)

J.6. L.K. Varga, E. Kisdi-KosZ9 E. Zsoldo§, E. Bako3: Optimalization of the heat
treatment for the nanocrystalline Fe-Cu-Nb-Si-Bwdl Ibid._30, 548-551 (1994)

J.7. K.Russéy, L. Stojanova, A. Lovas: Effect of processing conditions on tion
geometry and viscous flow behaviour ofjlglli40SigB14 amorphous alloy. Int. J.

Rapid Solidification 8, 147-159 (1994)

J.8. LK. Varga, E. Bakds L.F. Kiss, I. Bakonyi: The kinetics of amorphous-
nanocrystalline transformation for FINEMET alloy.ai Sci. Engr., A179/A180,
567-571 (1994)

See also D.10
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K. NON-DESTRUCTIVE EVALUATION

F. Téth, P. Kamasa

Micromagnetic equipment for the non-destructive inestigation of internal stresses
and fatigue. - An automated magnetic testing instrument has ldegeloped to measure
the main magnetic parameters of ferromagnetic naddéeand components in situ.

The magnetic properties are sensitive to the mechlaand microstructural state of iron
and its alloys. The residual and applied stressgprand fatigue damage, plastic
deformation and corrosion affect the magnetic hgsie loop; due to the quantitative
correlation between materials properties and magnparameters, the state of
ferromagnetic materials can be monitored non-deswely during service. Magnetic

inspection is capable of detecting anomalous failprematurely and of giving prior

warning of impending damage.

The portable magnetic testing instrument includesnagpection head for generating a
magnetic excitation field and for measuring diffgrenduction signals, an instrumentation
for data analysis, a standard IBM PC with the prapatrol and data evaluation software.

The measurements and analysis are accomplishechenpmgram, so they can be
performed easily, rapidly and reproducibly. Forfpening a measurement, the instrument
determines the hysteresis loop and Barkhausen speetrum after demagnetisation.
Using various routines, the computer determinesnfithe hysteresis loop different
magnetic parameters such as remanence, coerdnitiagl and maximum differential
permeability, hysteresis loss and magnetic anipgtrdhe measured and calculated
parameters are stored in the computer memory férnganeaningful evaluation of the
mechanical state of the test piece, e.g. actudhless, detected stress or fatigue.

Beside of the standard measurement and controvaa@} a novel computer algorithms
have been developed and applied to the Barkhaui$ect @nalysis. The joint time-
frequency analysis (JTFA), which shows simultangotige time and frequency content
of the detected signal, gives direct energy distidm of the Barkhausen noise over
frequency range up to 1 MHz. The obtained timedssgy spectrogram is in relation to
the hysteresis curve. and can be correlated witihamagnetic structure.

Publications

K.1. F. Téth: Micromagnetic equipment for the nasttuctive investigation of internal
stresses and fatigue. In: Proc. EUROMAT 94 11thgfess on Materials Testing,
Balatonszéplak, Hungary, 1994, eds.: B. Vorsat&§46ke, vol.3, p.876

K.2. F. Toth : Roncsolasmentes anyagvizsgalat (8kstructive testing). Anyag-
vizsgalok Lapja, 4, 71 (1994) (in Hungarian).

K.3. F. Toth: Orvényaraml anyagvizsgalat. (Eddy remtr material testing).
Anyagvizsgalok Lapja, 5, (1994) (in Hungarian).
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L. NEUTRON SPECTROSCOPY

L. Rosta, S. Borbély, L. Cser, B. Faragdr. Grész, J. Jani, L. K&szegi, L. Riecsanszky,
Gy. Torok

The neutron scattering activity of our Institutstiongly related to the Budapest Research
Reactor (BRR) at KFKI.

Instrument development. -The Budapest Research Reactor was restartedaaftejor
reconstruction and upgrading and operates at 10 mdwiinal power from November,
1993. This unique important neutron source in GérEurope serves various purposes,
such as basic and applied research in physics,istrgniiology, materials science as well
as commercial utilisation. Our department operates uses several instruments at the
horizontal neutron beams of BRR.

This year Zurved guidesvere set-up to provide neutrons to the new guadiesixtending
from the reactor hall and housing the guide insemts. Two instruments were started for
routine operation:

On thethree-axis spectrometéine monochromatic beam from guide No 1 is provioed

a focusing assembly of pyrolytic graphite bladd®e ihcident wavelength is continuously
variable due to the chain type monochromator simgldFor higher order filtering a
multidisk neutron velocity selector was installedthe incident beam. Pyrolytic graphite
analyser serves for dynamical studies of condensster samples. The main parameters
of the spectrometer, according to the test measamemare: monochromatisation

(FWHM) 100peV, momentum transfer range 0,02-A:7lux at the specimen ~®@nr
251

Thesmall-angle neutron scatterirdgvice was installed at the end of guide No 2 gugd
with a tuneable velocity selector for broad bandnouhromatisation. The main
component of the instrument is a movable®4 cm? B XY-detector in an evacuated

flight path chamber. Test measurements yielded28008 A momentum transfer range
with 310%4 ndm2s-1 flux at the samplenc4.4 A wavelength).

The activity for installation of &quid hydrogen moderatdior enhancement of the cold
neutron flux was continued. After that the feasiptudy was approved last year, we set
up a proper scheme for designing and manufacttimgold source assembly and applied
for financing support to different agencies. Impattprogress in the cold source project
is the granting of $240,000 for technical assistancl995-96 years by IAEA.

Scientific activity. - Besides the very intense and time-consuming imstni develop-
ment programme, our staff members provided widengidic activity mostly in inter-
national collaborations. The structure and dynamitsarious kind of materials were
studied, the main fields are shortly listed below:

Early stage otrystallisationin heat treated Ti-Si and Al-Ni-Y metallic glasdess been
investigated by neutron small-angle scattering anudielled by polidisperse spherical
shape model.

Decomposition phenomenaere studied in different materials. The evolutiohthe
structure was followed in binary systems, whentisigarfrom a homogeneous phase,
decomposition was induced under different circumsta. Thermal treatment was applied

* Permanent position: ILL Grenoble, France
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in the case of Au-Pt and Au-Ni alloys, while polymsation by UV-light was the driving
force of decomposition in liquid crystal (LC)-monemmixtures. Small angle neutron
scattering revealed the pattern formation and a@gwveént of medium range correlations.
Modulated structures in the form of platelets ia {802) crystallographic direction with
4-20 nm typical correlation length were observedttie Au-based system. In the case of
the LC-based mixture a few percent of reactive mogrowas enough to form a polymer
network with fibril diameter of ~60 nm and rough 4pg@lymer interface, well described
in a surface fractal model.

Excessnternal stressvas measured on the copper grain boundaries iN{h&at%Cu
alloy as a function of external stress using a ispestress rig developed earlier in our
laboratory for in-situ high resolution diffractioexperiment completed with light and
scanning electron microscope investigations - iicdlg EDS microanalysis. The line
broadening of the Cu (111) Bragg peak on the aedadloy corresponds to microstresses.

Small-angle scattering and spin-echo experiments warried out offerrofluids consist-
ing of Zng 3Ving 7F/e204 particles in order to study the anomalous cross-mv/ferrofluid
dynamics described by a dynamic fractal model.

The dimer formation of tetramethyl molecules duethte hydrofobic interactionsvas
investigated by small-angle neutron scattering loogmueous and GSsolutions.

Neutron tomographya new experimental development of the neutron-spho method
was used for studying of trapped magnetic fluxritigtion in high-Tz superconducting

ceramics as well as on special model samples ilbmiation with PNPI, Gatchina
(Russia).

On the triple-axis spectrometer, the first experitaenvolved quasi-elastic measurement
of EBBA liquid crystal, diffraction experiment ongke(CN) as well as phonon meas-

urements on a 40 mg pyrolytic graphite (PG) sirmglestal sample. This later serves for
future high pressure chamber experiments.

Other activity. - Our department was the principal organiser of thecessful

International Workshop on Neutron Research and iBapbns in March with 80

participants from abroad and 50 ones from Hungapmpting the neutron research
possibilities at BNC.

Grants

OTKA T 4490 Complex investigation of hydrofob effein aqueous solutions
OTKA 2951 Neutron scattering in materials research
EU Network project WENNET: Neutron scattering ioletular systems

Publications

L.1. G.Jancsg L. Cser, T. Grész, Yu. M. OstanevichHydrophobic interactions and
small-angle neutron scattering in aqueous solutiBose & Appl. Chem. 66 515-
520 (1994)

L.2. L. Cser, Yu. M. Ostanevith Structure and dynamics of aqueous solutions of
tetramethylurea. NATO ASI series, Hydrogen Bondwieks 435 481-488 (1994)
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L. Rosta: Budapest Neutron Centre. User faediat the modernised research
reactor. Acta Phys. Hun. 75, (1994)

L. Rosta, Gy. Térok, J. Jani, I. V. NaumioWriple-axis neutron spectrometer at
the Budapest modernized reactor. lbid. 75, 263{2694)

B. P. Toperverg G. P. Gordeéy, V. T. LebedeV, Gy. Térok, L. Cser, L. Rosta,

T. Rekveldt, W. Roest: Neutron tomography: principles and realizatidmdl 75,
281-284 (1994)

Gy. Torok, 1. V. GolosovsKy R. M. Ibbersoh, L. Rosta: Rietveld refinement to
determine molecular conformation using modifiedmtwal constrains. Ibid. 75,
289-291 (1994)

M. Kocsis, L. K&szegi, M. Cerelti Stress investigation on grain boundaries.
Proceedings of the Fourth International Conferemt®esidual Stresses, June 8-
10, 1994, Baltimore, Maryland USA Published by Swiety for Experimental
Mechanics, Inc, pp 410-413

S. Borbély, Sz. VasL. Cser: Micelle formation in magnesium dodeaylfate
surfactant solutions studied by SANS. To be publisim Physica B

L. Cser, T. Grosz, G. JanésdNeutron scattering on dense solutions of tetra-
methylurea. To be published ibid.

V. T. LebedeV, G. P. Gordeél; B. P. Toperverg T. Rekveldt, W. Roest, L.
Cser, L. Rosta, Gy. Torok: The neutron tomograpkgeements for study of
trapped flux distribution in high-d superconducting ceramics. To be published

ibid.
L. Rosta: Neutron scattering for condensettanaesearch and materials science

at the Budapest Research Reactor. To be publisiekd i

L. Rosta, O. BlaschKoS. Borbély, A. Jakli, L. Noiréz Medium range correlation
in decomposing binary systems. To be published ibid

Gy. Torok, L. Rosta, R. M. IbbersgnG. Pépy: Model of MBBA solid phase
structures using X-ray and neutron diffraction.BEopublished in Mol. Cryst. Liq.
Cryst.

See also G.1
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M. INTERACTIONS OF INTENSE LASER FIELDS WITH
MATTER

Gy. Farkas, A. Kdhazi-Kis, Cs. Toth

Generation of high order multiple harmonic coherentlight beams using ultrashort
laser pulses.- By conferring our former experimental resultalized by long (1um)
wavelength Nd laser and the recently performed aisasy short (248 nm) wavelength
excimer laser, we gave the proof for the validityhee QED predicted cut-off value of the
high harmonic spectrum for solids. Accordinglywigs proven that in contrast with the
long wavelength case where many harmonics werenadaeat short wavelengths only
the second harmonics appeared. The cut-off valieat#he work function value (for a
gold surface ~5 eV) corresponding 250 nm in wawglen

In the subsequent step we measured and analyzelitiigon and shape of the obtained
harmonic light pulses on the psec and fsec timkesdg two methods:

— in the first one we produced the 2nd and 3rd harosoof ~100 psec duration of a
Nd:YAG laser from a gold surface and analyzed thgra repetitive mode syncroscan
streak camera of 15 psec resolution. The cut-offiejathe pulse shape and the
polarization of the harmonic light coincided witietQED predictions.

— in another work, using Nd:glass laser and Au s@sawe produced harmonics after
transmitting the laser light through a Michelsoterferometer type autocorrelator. We
obtained autocorrelation curves with contrast valoerresponding to the harmonic
orders. This method revealed even the slightestgoblaanges of femtosecond duration
in the ultrashort pulses.

By tuning the wavelegth of the inducing laserhaimonics are tuned.

At last, considering the extreme high sensitivitf the high order multiphoton
photoelectron emission induced by laser pulses fr@tals, we performed a preliminary
experiment aiming on the observation of the infkeenf squeezing of the laser light on
the multiphoton interaction. According to the expemtal results, the fluctuations of the
multiphoton electron counts were very strongly gethwhen a (two-photon absorbing)
KDP crystal was inserted into the inducing Nd ldseam.

Application of the strong field induced multiphoton effects at metal surfaces:Laser

produced plasma on a metallic target surface wad tes create a new class of excimer
molecules, the alkali halide ionic excimesdich are promising laser sources in the VUV
wavelength region. The soft x-rays emitted fromltser produced plasma on a stainless

steel target were used to produce excited sta®&Fesnolecules. By using the plasma
creating source of a Nd:YAG based mode-locked lasoifregenerative amplifier system,

we achieved an average gain coefficient of 0.36laan 185.4 nm using 6 cm length and
10 mbar CsF vapor pressure. The measured gainsvataeconsistent with the theoretical
predictions and this result constitutes the fisstreple of gain in this new class of ionic
excimer molecules that have strong emission cogeha whole VUV range from about
50 nm to 200 nm.

Grants

OTKA I/3 2936 Experimental investigation of intetiaos predicted by high
intensity QED
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OTKA I/4 4471 Electron emission processes inducgdiie simultaneous presence
of two intense laser fields of various frequencies

BALATON 25/94 (French-Hungarian Bilateral Coopeoal): Picosecond time scale
characterisation of light beams of higher orderrnamnics
generated by intense laser beams at metal surfaces

NATO Linkage Grant #930179 (USA-Hungary): Interaatistudies of ultra intense
laser fields with matters

Publications

M.1. Gy. Farkas, Cs. T6thN. Krod, S.P. Leblang Zang-Fen Ji, R. Sauerbréy,

F.K. Tittel: Harmonic generation at metal surfaces inducedenytosecond
ultraviolet laser pulses. Proceedings of the Sthopean Quantum Electronics
Conference, EQEC'94 , Amsterdam, 28 August - 2e3eiper, 1994, p.211

M.2. Cs. Téth, R. Sauerbrey.F. Yound: A new VUV laser: gain studies of &€&
ionic excimer molecules photoexcited by laser poediplasmas. Proceedings of
the Conference on Lasers and Electro-Optics, CLE}Ee '94, Amsterdam, 28
August - 2 September, 1994, p.62

M.3. T.S. Clement, Cs. Téth, J. WU, J.F. Young: A reasonably practical XUV laser
for applications. To be published in IEEE J. Quanttlectronics

M.4. Gy. Farkas, Cs. Téth, A. Kdhazi-Kis: Photoéles counts fluctuation in
multiphoton photoeffect as a possible detection $queezed light. To be
published in Proc. of 2nd EPS School on LasersApulications, May 9-20,
1994, Crete, Greece

M.5. Cs. Téth: Simple optical pulse lengtheningipdor the subnanosecond range. To
be published in Optics and Photonics News/Engingeti Lab. Notes, 7 (1994)

M.6. Gy. Farkas, Cs. Téth, N. Papadogiahn®& Moustaizis, C. Fotaki: Tunability
and sensitivity studies of second harmonic radmimmuced by 5 psec and 450
fsec visible (496nm) laser pulses on metallic tefd o be published in J. Appl.
Phys.

M.7. F. Heisél, J.A. Mieh&, Gy. Farkas, Cs. T6th: Streak camera measureménts
harmonic radiations generated at metal surfacebeTlmublished in: Proceedings
of the Colloque National - Journée des Phénomefiea tdpides, Strassbourg,
4-5 Juliet 1994

M.8. Gy. Farkas, A. Kdhazi-Kis, Cs. Téth, F. Helsel.A. Miehé&: Time resolved
characterization of various order harmonic genenaéit metal surfaces: Streak
camera and autocorrelation studies. To be publishégpl. Phys. B.

See also P.IN. LASER PHYSICS

M. Janossy, P. Apai, L. Csillag, Z. Donkd, Z. Hahy&s. Lenkefi, P. Mezei, K. Rézsa,
Zs. Szentirmay

Gas discharge experiment and modelling. —Fhe obstructed operation mode of glow
discharges was studied in helium and hydrogen gasdasuring electrical characteristics
of the discharge and the spatial distribution efelectric field (using Stark spectroscopy).
The calculated self-consistent electric field dsttion showed a good agreement with
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experimental data. Electron multiplication dategrgyy distribution of electrons absorbed
by the anode, energy distribution of ionizing elens, share of high-energy electrons in
ion production and spatial distribution of ion puation were obtained from the modelling
calculations to provide detailed insight into thgctiarge operation. The effect of electron
reflection of the anode on the discharge charatiesi was also investigated and was
found to affect significantly the characteristicctbe discharge. We have carried out
spectroscopic investigations of an argon glow disgh over a cold cathode surface in
order to study the different excitation mechanis(fast neutral, fast ion, electron
collisions) of the cathode glow and the negativagbarts of the discharge. In subnormal
glow discharges we measured self-generated osmiltatThe coupling of two subnormal
glow discharge cells resulted in the appearancaaniiinear oscillations of various
waveforms.

Lasers in segmented hollow cathode discharges. 4+ order to improve the hollow
cathode laser performances we have worked out &l mtischarge geometry which
combines the advantages of the conventional andhitie voltage hollow cathode dis-
charges. The fast electrons accelerated by thedatiall are focused into the axis of the
hollow cathode. These electrons can oscillate batwle opposing cathode surfaces
ensuring the optimal energy transfer into the higicited states. The cylindrical cathode
cavity matches the TEjh beam. The sputtered metal has an easy accedféntmllow

cathode. The discharge is highly stable againsh@r@nd the operating voltage can be
increased (independently from the gas pressurebtain higher density of fast electrons
necessary for laser excitation. High gain and loreghold current were found even in the
ultraviolet range. On the Au 282 nm transition vikained over 55%/m gain which can
further be increased by reducing the hollow cathdideneter. The threshold current was
below 300 mA. We determined optimal current denBitygain and for output power.
These results indicate the continuous VUV laseillatons (Cull lines around 160nm)
might be possible using these type of discharges.

Cathode sputtered He-Zn laser. —Experiments have been carried out on a quasi-cw
slotted hollow cathode He-Zn laser, where the Zpoua was produced by cathode
sputtering. Due to the efficient operation of ttadldw cathode discharge relatively low
threshold currents and high output powers couldli@ined. The minimum threshold
currents were 0.3 A (758.8 nm), 1.3 A (747.9 nmJ, A (492.4 nm) and 1.1 A (491.2
nm). The maximum peak output power obtained wasiWW0at the blue lines and 78 mW
at the infared ones. Addition of a small amouniNefcompletely quenched the blue laser
oscillation, due to Ne ions strongly populating tbver levels. The cross-section for the

Ne ion-Zn atom charge transfer process was estihtatee in the order of 18 cm?. This
high cross-section points to the possibility toaatiaser oscillation at the 210 nm Zn i
transition.

Research on multidimensional lasers. —An efficient laser resonator construction was
developed for thin, disc shaped laser-active materin our model experiment a laser
excited "flying saucer" dye cuvette emitted the emtpd, rather unusual, but easily
focusable conical-wall laser radiation. This ofépé halo resonator can generally be used
for all laser materials.

Atmospheric pressure discharge. —A serious problem of environmental protection is
continuous determination of the heavy metal conténtaters. For this aim a new glow
discharge atomic emission source was develope@dbtesglow discharge was produced
in atmospheric air using water as a cathode. Sgidites of elements dissolved in water
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appeared due to cathode sputtering in the disch@ihge phenomenon can be used for the
continuous analysis of water.

Surface plasmon decay length measurements. A novel method was used for the
determination of surface plasmon decay length Lo¢x}hin silver and gold films in the
visible and near infrared spectral region. In thisthod the distribution of light, emitted
by surface plasmons which were excited on metaliéérfaces by an ATR (attenuated
total reflection) technique, was determined witii@D detector array and subsequent
mathematical analysis.

The obtained optical L(x) data were in good agregmeth values measured by using a
scanning tunnelling microscope (STM). Theoreti@tualations allowed to determine the
specific optical constants of the metal films.

Grants:

OTKA F/1 4475 Studies of the cathode region of gthgcharges
OTKA F/2 7475 Chaotic phenomena in gas discharges
OTKA T-2935 Cathode sputtered hollow cathode lasers
OTKA T-4220 Multidimensional lasers

OTKA T-4221 High voltage discharges

OTKA T-4227 Excitation mechanisms in hollow cathdaers
OTKA T-2940 Surface plasmon studies
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411 (1994)

N.2. K.Rdzsa, Z. Donko, L. Szalai*, R.C. Tobin*talk.A. Peard*: High voltage hollow
cathode discharges for UV and VUV laser operatiioil. 412-415 (1994)

N.3. Z. Donkd, K. ROzsa, R.C. Tobin* and K.A. Peafdodelling and measurements
on an obstructed glow discharge in helium. Phydrmaliew E_49, 4, 3283-3289
(1994)

N.4. K.A. Peard*, K. R6zsa and R.C. Tobin*: Paramegtudy of a high voltage hollow
cathode infrared copper-ion laser. J. Phys D: Appis. 271181-1186 (1994)

N.5. K.A. Peard*, R.C. Tobin*, K. Rdzsa and Z. DAnl high-voltage hollow-cathode
Au-11 282 nm laser. IEEE Journal of Quantum Eleeics 30, 1181-1186 (1994)

N.6. K.A.Peard*, Z. Donko, K. Rézsa, L. Szalai'ddR.C. Tobin*: Comparison of Cu-
Il 780.8 nm lasers using high-voltage hollow-cath@hd hollow-anode-cathode
discharges. IEEE Journal of Quantum Electronic2367-2165 (1994)

N.7. Gy. Rubin, M. Janossy , P. Mezei, P. Apai:t@mrecombinational enhancement

of ionic lines in the afterglow of a pulsed noblasghollow cathode discharge.
Applied Physics B 58, 105-110 (1994)
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Pure and Applied Optics 3, 301-305 (1994)

N.9. T. Cserfal\)ﬂ P. Mezei: Direct solution analysis by glow discje Electrolyte-
cathode discharge spectrometry. Journal of Analmi¢ Spectroscopy 9, 345-349
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N.10. M.B. Danailo@, P. Apai: 589 nm light generation by intracavitixing in a Nd:
YAG laser. Journal of Applied Physics 75, 8240-824294)

N.11.R.C. Tobift K.A. Peardf G. Bodé’ K. Rézsa, Z. Donké and L. SzataHigh-
gain hollow-cathode metal ion lasers for the UV afV. Invited paper, To be
published in Proc. dfEOS 7th Annual Meeting, Boston (1994)

N.12. M. Janossy: Hollow cathode lasers: basic igByand new results. To be published
in Proc. of 8-th International School on Quantumdiionics, Varna, Bulgaria 1994

N.13.K. Szﬁc@, Z.Gy. Horvath: Throw away that film, use a le@fi be published in
American Journal of Physics

N.14.N. Kroo, W. Kriegé?, Zs. Lenkefi, Zs. Szentirmay, J.P. Tf%and H. WaItheQA
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Science
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P. CSOI’]kQ, Z. Gy. Horvéth, N. Kroo:
Method and apparatus for reduction of scattergtt liof Fresnel
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(pending)
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O. LASER APPLICATION

|. Kertész, A. Czitrovszky, P. Jani, A. Kiss, MO&d3y. Messing, Said H.S. Moustafa,
B. Plosz, I. PAcsik, L. Toth

Solid state laser development. in the frame of the ,High power solid state laser”
EUREKA Project we dealt with special laser pumpiagps, with new Q-switch types
for high average powers, and developed a multi-rechd/att Nd:YAG laser.

The AC or DC driven potassium lamps with short psilsuperposed at 50 Hz repetition
rate enabled us to achieve medium laser powerergtlow - several hundred watt -
pumping rates.

Developing a two head Nd:YAG laser 400-500 W averpgwer - continuous wave or
pulsed - enabled us to investigate new: FTIR (fFatestl Total Internal Reflection) and
VBFP (Varied Base Fabry-Perot) Q-switches. BothAiehes proved to be useful up to
kilowatt range with 0-100 kHz repetition rates dhe switching speed was adjustable to
the damage thresholds and application requestsdd3eshe Q-switches with adequate
parameter choices improved the beam quality byctofaof 3 making 9-times higher
power density possible in the focal spot of a lens.

Optical measuring techniques based on light scatterg and interference. -On the
basis of previously developed airborne particlenters we have designed and developed
a PC controllediquidborne particle countefLPC 1-200) to measure the size distribution
and concentration of particles suspended in varigusds whose viscosity is between
near 0 and 100 poise. The size range of the dévite 200um, size resolution 6 bit,
logarithmic, max. particle concentration 10 00Otiocke/ml, flow rate 20 - 80 ml/min,
variable, measurement cycle time 1 sec - 3 600dstectable in 1 sec, number of preset
cycles 1 - 100, maximum level difference betweandavice and liquid to be tested - 1
m.

Sampling efficiency of previously developed APC®3nd APC-03-2Aairborne
particle countersvas studied in dependence of the length and deanoéthe sampling
tube. The testing aerosol was produced by meaasP@3-100 aerosol generator with a
polydisperse calibration latex from Dow Chemicad.liihe diameter of sampling tubes
was between 3 and 8 mm the length between 1 and 10

The aerosol released from heat@dR fuel rodsvere investigated when an LWR core
damage accident was simulated by heating the ddesamples in a special furnace in Ar
flow. The size distribution, the concentrationlud released ingradients and the chemical

content was measured in the temperature region 2®@io 1506C.

The monitoring of environment polution of air in @apest was carried out by measuring
the size distribution and concentration of the sasled contamination in the respirable
region in 10 different locations and in severalusiial plants.

By parametric down-conversion of the 488, 351 ab@ 8m lines of an Ar-ion laser in
various non-linear crystal€W squeezed lightas generated. A high time resolution (300
ps) system was developed for the study of thessitzdl properties of the squeezing.

The development of a 1 nm resolutioterferometric motion analyzer systéniMAS)

has been finished this year. The outstanding feaifithe system is that it reconstructs all
the time dependent functions of motion such aslalignent, velocity, acceleration and
the fast Fourier transform of these from samplg@ldement of 1 nm precision taken at
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50 kHz rate. Accelerations up to 10 000 misece readily measured which can be of
interest for the measurement of start-stop dynaofiozachine tools, or the study of elastic
- unelastic deformation of materials.

Hydrogenated amorphous carbon (a-C:H). -The scope of this research is how the
nanostructure and bonding properties of these afiliris are related to their ,diamond-
like” behaviour.

Amorphous carbon films of different bonding concentrations and nanoscale ordering
were grown by tuning plasma parameters of the depogrocess and their structural
properties were analysed by ERD method, proton NM&asurements and Raman
scattering. Results concerning absolute hydrogateat, H bonding entities and graphit-
like clusters were correlated with dc electricatl grihotoluminescence properties. Main
results are the following:

Resonance Raman scattering was found by usingudpdébe wavelength. This resonant
effect allows a size-specific investigationrobonded clusters.

Temperature independent NMR spin-lattice relaxatiime was measured in a broad range
(10-300 K), the value obtained was found to bessirgly short, which is hard to explain
by usual relaxation process. Different behavious wlaserved below 10 K and its variation
with film structure will be helpful to understanckmeral relaxation dynamics of the
amorphous carbon.

Close correlation between luminescence efficienoyg aize distribution ofrt bonded
carbon clusters was proven by laser soaking tHmoodilms.

Grants

ACCORD N 9112-0167: Beam quality control and improvemertigh power solid

state lasers

OTKA 1444 Generation of squeezed light and stuglyf their properties

OTKA 1/4 4223: Cluster size-distribution in amorplsocarbon films & their effect
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0.6. A. Czitrovszky, J. Frecska*, P. Jani, L. Matlrssestigation of aerosol released
from heated LWR fuel rods and its properties. Rifokv/. Int Aerosol Conference,
Los Angeles, UCLA, pp. 784-785, (1994)

0.7. M. Koos, |. Pdcsik, L. Téth: Luminescence@éincy enhancement in laser soaked
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0.8. E.B. Vazsonyi*, M. Koos, G. Jalsovszky*, |.@i: The role of hydrogen in
luminescence of electrically oxidized porous Sielayin: Light Emission from
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Environment International.
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P. OPTICAL THIN FILMS

K. Ferencz, R. Szipdcs

Optical thin film structures in femtosecond lasersThe research work made on optical
thin film structures has had several aspects:

1. Understanding general problems in femtosecond pulsgeneration and in their
applications. One of the main trends in laser physics todayhé development of
femtosecond laser sources. The ultimate pulse idaraf recent systems is strongly
connected with the overall dispersive propertiediffierent intra- and extracavity
optical elements. For example, operation of fenttosd pulse solid state lasers relies
on a net negative, i.e. anomalous dispersion ingbenator. Until recently, prism pairs
built in the laser cavity were the only low lossises of broadband negative dispersion.
In practical prism-pair-controlled broadband lasgistems a major limitation to
ultrashort pulse generation originates from theati@n of the intracavity dispersion
with wavelength. The principal source of this hmder dispersion, however, was
found to be the prism pair. As a consequence, pleetsa of sub-20-fs pulses from
prism-pair-controlled oscillators are inherentlymasnetric, which result in a pedestal
of the pulse in the time domain. An additional peob in these systems is the increased
sensitivity of the pulse width (and the correspogdspectrum) to cavity and prism
alignment. Furthermore, the minimum prism sepanats@ts a constraint on the
resonator length, and thus the repetition rateeaitbsecond pulse solid-state laser
oscillators.

2. Design of dielectric mirrors with pre-set phase andamplitude properties. In order
to solve the inherent problems of prism-pair-colfeb femtosecond systems listed
above, we initiated a new technology for dispersiontrol: optical thin film structures
exhibiting well defined dispersion properties hdezn developed at our optical thin
Film laboratory. For the first time, we have shathat chirped dielectric mirrors may
exhibit high reflectivity and nearly constant negatdispersion over frequency ranges
as broad as 80 THz. We have shown that dispersi@hirped multilayer structures
arises from the wavelength dependence of the miwetrdepth of the incident optical
field. The dispersive mirrors have been designethbyuse of our computer software
comprising a simple computer refinement algorithvhjch minimises the quadratic
deviation of the complex reflectivity vs. frequerfayction of the actual mirror design
from the required specification by automaticallydiiging layer thicknesses. Specific
dispersive mirrors have been developed for a femstmsd Ti:sapphire laser and its
amplifier operating at 800 nm, and for a femtoselcpulse parametric oscillator
operating at 1.2-1.3 microns.

From the theoretical point of view, we have demiatetl that dielectric rugate mirrors
with pre-set phase and amplitude characteristics bz synthesised by the use of
Fourier transform, which may lead to the developnoémore sophisticated practical
designs.

3. Measuring dispersive properties of dielectric mirras. A fully automated
inexpensive method has been developed for fastiratec determination of the
frequency dependent group delay of dispersion esged mirrors, in cooperation with
JATE University, Szeged, Hungary. The method igtam spectrally resolved white-
light interferometry.
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4. Testing mirrors in femtosecond laser oscillators, mplifiers and optical parametric
oscillators. Using chirped dielectric and other dispersion eegied mirrors, a self-
mode-locked Ti:sapphire laser oscillator generatmegrly bandwidth limited 8-fs
optical pulses around 800 nm has been built aff#whnical University of Vienna,
which represents the best result reported to date.experiments indicate that the
performance of mirror-dispersion-controlled lasscitbators are likely to surpass their
prism-pair controlled predecessors with some furetdal benefits, such as pulse
quality (in terms of spectral symmetry and fittitige sech envelope), stability and
compactness.

Chirped mirrors have been developed for a broadb@rdiorder dispersion control in
a femtosecond Ti:sapphire amplifier system as well.

Recently, chirped mirrors have been successfuliyete in a femtosecond optical
parametric oscillator at MPI Stuttgart.

5. Femtosecond pulse propagation in layered dielectrsic Propagation of
electromagnetic wave packets through 1D photonndlgap materials (quarter-wave
mirrors) has been studied using 12 fs optical pulEbe calculated and measured transit
time has been found to be paradoxically short (gl superluminal tunnelling) and
independent of the barrier thickness for opaquedyar in analogy to the behaviour of
electrons tunnelling through potential barriersoi®mning of Fourier-limited incident
wave packets has also been observed upon tranemitsough these linear systems.
Although in apparent conflict with causality anck thncertainty principle, neither of
these general principles have been found to bateédlbecause of the strong attenuation
suffered by the transmitted signals.
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EDUCATION

Graduate and postgraduate courses, 1994

Collective phenomena in electron systems (P. Fezdkl TE)
Magnetism |. (P. Fazekas, ELTE)

Magnetism 1l. (P. Fazekas, ELTE)

Electronic states in solids (J. Kollar, ELTE)

Solid state research (I. Vincze, ELTE)

Selected experimental methods in materials scié@c€ompa, ELTE)
Advanced materials and processes (G. Konczos, [ELTE

Special metals and alloys (A. Lovas, BME

Statistical physics (F. 1glo6i, JAFE

Electrodynamics Il. (F. 1gl6i, JATE)

Many body problem (I. Tuttd, ELTE)

Weak localisation (I. Tuttd, ELTE-BME)

Solid state physics Ill. (A. Virosztek, BME)

Medical application of lasers (Z.Gy. Horvath, Lsiag, SOTE)
Modern experimental methods in solid state phy&kys Faigel, ELTE)
Physics of liquid crystals and polymers (A. BUEATE)

Condensed matter and light interaction (I. JAndSEYE)

Advanced solid state physics I. (J. S6lyom, ELTE)

Advanced solid state physics Il. (J. S6lyom, ELTE)

Theoretical physics (S. Varro, JPJE

Laboratory practice and seminars

Preparation and crystallization of metallic glas@eVincze)
NMR spectroscopy (K. Tompa)

Selected modern optical laboratory measuremestsSZentirmay, Z. Donké, P. Apai,
P. Mezei)

Advanced solid state physics laboratory for majogghysics (Gy. Kriza, Gy. Mihaly)
Wishful thinking in solid state physics (I. Vingze
Solid state physics and materials science (1.\@hcz

4ELTE: Lorand EOtvos University, Budapest,
SBME: Technical University, Budapest

6JATE: Attila Jozsef University, Szeged

'SOTE: Semmelweis Medical University, Budapest
8JPTE: Jannus Pannonius University, Pécs
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— Experimental neutron physics (L. Cser, F. Mezei)

Diploma works

— Do Than Son (BME) : Back scattered electron signantrol by computer
(Consultant: L. Pogany)

— |. Varga (BME): Computer control for the scanninglectron microscope
(Consultant: L. Pogany)

— L. Szalai (JATE): Dependence of laser power and ga diameter in a segmented
hollow cathod Cu ion laser
(Consultant: M. Janossy)

— K. Sz0cs (Babes-: Investigation on the fluoreseerd clorofill using CCD
Bolyai Univ. detector
Cluj, Rumania) (Consultant: Z.Gy. Horvath)

— T. Bereczky (Babes-:Investigation of the fluctoas of "Laser speckle” in living
Bolyai Univ. tissues
Cluj, Rumania) (Consultant: Z.Gy. Horvath)

— L. Szabados: Measurements of pretilt in liquidstay cells
(Consultant: I. Janossy)

— T. Borzsonyi: Study of liquid crystal interfaces phase transitions
(Consultant: A. Buka)

Ph. D. students
L. Vitos: Electronic structure of solids (Supervisd. Kollar)

B. Ujfalussy: Application of the generalized KK$&®heme. (Supervisor: J. Kollar,
defended in 1994)

A. Beleznay: Relaxation phenomena of charge demstyes. (Supervisor: Gy.Mihaly,
defended in 1994)

Z. Donkd: Gas discharge experiments and model{lBgpervisor: M. Janossy)

A. Hofmann: Apparatus for measurement of surfackeation. (Supervisor: Zs.
Szentirmay)

A. Kdhazi-Kiss: Multiphoton photoelectron emissilom metals induced by intense
laser fields. (Supervisor: Gy. Farkas)

T. Toth Katona: Pattern formation at the interfaokdiquid crystal phases. (Supervisor:
A. Buka)

T. Borzsonyi: Instabilities in liquid crystals dt@ external excitations. (Supervisor: A.
Buka)

DISSERTATIONS
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A. Virosztek: Low dimensional electron systems Klangarian) (Doctor of Physical
Science)

Z.Gy. Horvéath: Special time and spatial properiés pulsed lasers (in Hungarian)
(Candidate of Physical Science)

A. Csordas: Phase transition-like behaviour of tbagystems in the thermodynamic
description (in Hungarian) (Candidate of PhysiaziESce)

A. SUtd: Investigation of magnetic and conductimgperties of electronic systems with
mathematical methods (in Hungarian) (Doctor of $%t®l Science)

J. Bergou: Quantum fluctuations of photon fielddasers and masers (in Hungarian)
(Doctor of Physical Science)

l. Pécsik: In vitro proton NMR investigations of tea content of biological tissues. For
the degree of "Candidate of physical sciences"
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