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Summary y 

Superconductivityy was discovered in 1911 by Kamerlingh Onnes on mercury at very low 
temperatures.. The phenomenon is characterized by two important aspects: zero resistivity and d 
magneticc flux always being expelled from the interior of a superconductor. A comprehensive 
understandingg of superconductivity found in many metallic samples is given by the BCS 
theoryy of Bardeen, Cooper and Schrieffer. It is based upon pairing of electrons, mediated by 
latticee vibrations. Since thee BCS theory predicted that superconductivity could only exist for 
temperaturess below 25 K there was great excitement when in 1986 Bednorz and Muller 
discoveredd superconductivity at 30 K in a new group of materials. Shortly after, 
superconductivityy was found in materials at temperatures well above 77 K and was called 
high-temperaturee superconductivity. The high-temperature superconductors are based upon 
copper-oxidee planes and are promising for applications. Since the materials have a very 
anisotropicc structure synthesing single-crystalline materials and performing thermodynamic 
studiess on these samples are important disciplines. 

Thee work described in this thesis is a study of the growth and characterization of 
single-crystallinee materials. In addition a collection of the physical properties of the prepared 
single-crystallinee samples is presented. Special attention is given to the magnetostriction of 
thee materials. Furthermore, as a reference a thermodynamic study of one of the low-
temperaturee superconductors is reported. Here a summary of the obtained results will be 
given. . 

Theree are two types of superconductivity: type-I materials expel the magnetic flux 
completelyy while type-II allow the magnetic flux to penetrate the sample in the form of flux-
lines.. A calculation is made of the magnetization and the magnetostriction of a 
superconductor,, based upon a simple model, the so-called Bean model, that describes the flux 
distributionn in a type-II superconductor. Using the obtained equations and typical sample 
parameterss for a simulation of the magnetostriction, a relative length change of 1 x 10s at a 
fieldfield of 8 T is obtained. 

Thee physical properties of high-temperature superconductors often vary strongly with 
experimentall parameters. Therefore, an extensive description of the experimental techniques 
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iss given. First the crystal growth technique is described. Then the techniques used to cut and 
too characterize the materials are reported. Finally, the techniques used to measure the physical 
propertiess of the samples are presented. In the last part a new magnetostriction cell made of 
print-boardd is described. 

Thee growth of single-crystalline La^S^CuO^ by means of the Travelling Solvent 
Floatingg Zone (TSFZ) method is described. First the solid state reaction method and the 
meltingg behaviour of La^S^CuO^ are presented. Several initial growth experiments showed 
thatt disappearance of the molten zone and recrystallization of small crystallites stopped the 
growthh process. These difficulties were overcome by: using feed material with excess CuO, 
startingg the growth process immediately after having molten the solvent, rotating feed and 
seedd at high speeds and adjusting the lamps positions to obtain a sharp temperature profile. 
AA reproducible method for both the crystal growth process and the preparation of starting 
materialss of La^Sr^CuO^ is given for x - 0.10,0.15 and 0.20. X-ray and neutron diffraction 
experimentss proved the single-crystallinity of the grown materials. Ac-susceptibility and 
ac-resistivityy curves showed sharp superconducting transitions. EPMA showed that the 
compositionn of the samples deviated slightly from the nominal composition. However, the 
sampless are pure and homogeneous. The obtained samples were used by many collaborating 
researchh groups. 

AA literature study of the low-temperature superconductor V3Si reveals a richness in 
physicall properties. Most important is a martensitic structural transformation from the cubic 
too tetragonal structure occurring at temperatures just above Tc of 17 K. The thermal expansion 
measurementss performed in three directions show that the martensitic transformation is 
influencedd by the clamping of the capacitance cell. The sample always transforms in the same 
directionn and is at Tc only partly transformed. Magnetostriction measurements below Tc show 
aa large negative contribution that has its origin in the remaining of the sample transforming 
too the tetragonal structure. The shape of the hysteretic magnetostriction at 4.3 K could 
qualitativelyy be described by the measured magnetization and the model based upon 
flux-pinningg described by the Bean model. 

Magnetostrictionn measurements performed on Lat g5Sr015Cu04.8 for field and relative 
lengthh change parallel to each other are presented. The shape of the curves can qualitatively 
bee explained via the magnetization and the model based upon flux-pinning described by the 
Beann model. The size of the measured magnetostriction is much larger than the size of the 
calculatedd magnetostriction. It is proposed the sample deforms in a pyramidic way. 

Thee quality of the by the TSFZ method grown single-crystalline samples of the very 
anisotropicc system Bi2Sr2CaCu2Og+^ is confirmed by the presence of an anomaly at Tc in both 
thee specific heat and the thermal expansion. Analysis of the anomalies leads to a hydrostatic 
pressuree dependence of Tc of 1.8(6) K/GPa, in agreement with literature. The magnetization 
showss several flux jumps. Additional experiments show that self heating of the sample by 
movingg flux lines must be an important factor in the generation of these avalanches. 
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Magnetostrictionn measurements for length change along the c-axis were performed for field 
parallell to the ab-plane and to the c-axis. The experiments show there is a large angle 
dependencee which was further investigated in a rotatable magnet via the new capacitance cell. 
Forr field exactly parallel to the ab-planes the magnetostriction vanishes. The hysteretic part 
off the magnetostriction is related to the hysteresis in the magnetization. 

Thuss the availability of high-quality single crystals is a prerequisite in studying the 
fundamentall physical properties of high-temperature superconductors. This justifies the 
extensivelyy carried out crystal growth experiments. 

Magnetostrictionn of superconductors proved to be a topic with a richness in physical 
andd experimental phenomena. Most of these phenomena could at least qualitatively be 
understood.. Flux-pinning turns out to be the predominant factor for the (large) 
magnetostrictionn effects of high-temperature superconductors. 
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