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Chapter 1 Superconducting Materials
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We examine the effects of random magnetic field errors on the

performance of a free electron laser(1). We report a modification of

the straightest wiggler orbit operating point [ 1] (SWOOP) theory
for two very high efficiency systems. The first system utilizes a
gapless pulsed cryogenic wiggler [2])and the second a continuous
wave gapless superconduction wiggler [3]. We further show a
method to improve the choice of separation of correctors. To estab-
lish this method we show that corrected steering errors[4], BPM
errors and gap maladjustments are errors similarly construed as phase
errors(ESCAPE) . The corrected steering errors also have a compo-
nent that requires retuning of the wiggler and this task is relegated
to unoptimized SWOOP. Without this retuning, these errors are
similar to an effective emittance, but because the steering errors are
homogeneous and the emittance is inhomogeneous, the emittance
cannot be removed by retuning except for the resonant particle. The
remaining part of the field errors are similar to phase errors and be-
have like a random force in the KMR potential (2). In a retuned
wiggler, the effective energy broadening fromemittance is responsi-

ble for the initial trapping and the field errors are responsible for the
detrapping. This work constitutes a complete high-efficiency model
of phase, gap and corrected steering errors for an ensemble of free
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electron lasers. The classical bound-free transition, the detrapping

phenomenon, is treated as the Kramers problem.

The transport properties in two-phase ( Ac, M)granular com-

posites generally depend on several parameters: the interfaces( Ac/

Ac, M/M, Ac/M), the grain sizes and morphologies, the perco-

lation threshold(3). Generally in such( Ac, M )composites, one of

the component( M ) plays a mechanical role, and an other( Ac)pre-
sents a transport property as electron conduction, superconduction,
or ionic conduction. We present here the various simulation ap-
proaches which can be used to better understand the final properties
of such composites. Two types of composites can be considered: sin-
tered two-phase composites in which chemical diffusions and inter-

phase formation occur at the interfaces, polymer/ceramics compos-
ites in which weak links are involved between grains(4). To better
understand the transport properties in two-phase composites three
types of approaches are presented:

(1) a microstructural approach[5];
(2) the effective medium approximation[6];
(3) the percolation theory[7]. Several examples are selected to il-

lustrate and discuss these various approaches.

The outer-most electrons of metal atoms and the remaining va-

lence electrons of any molecular atoms form three-dimensional crys-
tallizing x-bondings(5) . These n-bondings are quantum-mechanically
[8)modeled by a cyclic Kronig-Penny modeland energy band struc-
tures are analyzed with their potential barrier thickness[9]). The
waves generated between plus charged ions are the particular n-far




3

infrared rays, which have dual properties between material and elec-
tro-magnetic waves[10)and can be measured not by a modern elec-
tro-magnetic tester but by a biosensor[11], such as the finger’s
force tester on the quantum resonance spectrometer. Circulating
electrons on the crystallizing orbitals are thrown out into space at the

deficient atom sites in the case of copper oxide and organic supercon-

ductors(6). In the case of metallic compounds and pure metals, be-
cause the outer-most electrons of the same sites have very low kinetic
energy[ 12] at very low temperatures, they also seem to have defi-
cient atom sites of the n-bonding orbitals such as do high tempera-
ture superconductors| 13]. The electrons thrown out into space circu-
late around the n-bonding orbitals near to the deficient atom sites,
which is the vortex. If a moving electron is at any end side of the
superconductors, the electron can move without any resistivity[14]

in any direction.

Experimental and calculated dependences of granular supercon-

ductor magnetic susceptibility on the superconduction volume frac-
tion in regimes of shielding(ZFC), Meissner effect(FC)and rema-
nence(REM) were determined(7). Fractional dependences were cal-
culated with Braggeman’s asymmetric theory[15}and allowing for
the shape of superconducting grains and the sample and the influence
of grain sizes upon their polarizability[ 16 Junder different magnetiza-
tion conditions[17]). A granular superconductor with intergranular
links is calculated as a three-component system where closed clusters
are regarded as superconducting particles and the function of distri-
bution of these particles, depending on the superconducting volume
fraction[ 18], is introduced. The results of calculation agree well
with the experimental data in the ZFC regime for all fraction
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f = 0~1 but in the FC and REM regimes for f<< 0.6. The calcu-
lation for the links region gives a qualitative description of singulari-

ties in the experimental dependences. Nomograms for determining

the superconducting volume fraction in high-Tc superconductors

were constructed(8).

Numerical and analytical calculations of the current charging

process into a round superconducting composite with properties ho-

mogenized over its cross-section are presented(9). A solution was

sought which accounted for simultaneous thermal and electromagnet-
ic processes| 19]taking place. A wire was considered with a current-
voltage characteristic [ 20] approximated by an exponential curve
with the current density and temperature taken as parameters. The
results obtained are compared with the pulsed thermal disturbances
stability theory[21]. It is shown that calculations of the supercon-
ducting state stability of the wire made at various rates of current
charging, the I-V characteristics, the matrix materials, the heat
transfer coefficients and other parameters agree qualitatively with
the basic principles of the thermal stability theory. Accordingly, a
limiting current exists below which the wire remains in the super-
conducting state and above which the wire is quenched when current
charging is stopped (10); this current is somewhat less than the
take-off current. The approximate analytical solution of the problem
is defined. The non-isothermality[22 Jof the wire, its heat capacity,

and its thermal and electric conductivities are taken into account in

the derived stability criterion.

High- T'c ceramic( YBOO) superconduction microstrip transmis-
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sion lines have been fabricated on MgO and SrTiO; substrates by a
sputtering technique and a screen printing method(11). Sputtering

conditions for preparation of microstrip lines are described, and
properties of the sputter-deposited films [23 ) are discussed. The
characteristic impedance of the microstrip line was measured by a
digitizing oscilloscope{24 ] to compare it with the specifications. A
satisfactory agreement was obtained with theoretical results at both
room and low temperatures. In order to investigate the properties of
the fabricated microstrip transmission line, the propagation con-
stants[ 25), mainly the attenuation and the phase constant, were
measured for a sinusoidal wave with the frequencies from 10 MHz to
26.5 GHz, in comparison with those of Al microstrip line fabricated
on the MgO substrate. The results show that the attenuation of YB-
OO transmission line at 4.2 K was about the order of 102 dB/cm, a
limit of the experimental equipment, for the frequency up to 10 GHz
(12). ’

Superconducting Ba; YCu305.5 (BYQO) film were prepared on
yttria-stabilized zirconia substrates by the dipping-pyrolysis process
using metal laurates as starting materials(13). Propionic acid[26)

and pyridine[27] were selected as solvents based on a screening test
on solubility of Ba®™, Y* and Cu* laurates in 26 organic liquids with
various functional groups. An homogeneous solution of mixed laure-
ates(Ba: Y: Cu=2: 1: 3) was prepared using a mixture of propi-
onic acid pyridine. This solution was spin-coated[28]on the YSZ
substrates and preheated at 500°C in air to make ( BaOOs-Y,0s-
CuO) precursor films. After this procedure was repeated 15 times,
the precursor films were heat treated at 925C ~970T in O, to give
2 pm thick films which showed superconduction at T, ., of 69K ~
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84 K. Observation with a scanning electron microscope and X-ray
diffraction analysis showed dense textures of orthorhombic grains
[29].

A study was made of the effects of Ag doping on the supercon-

ductivity of YBa,Cu;O, ceramics (14). Three type of systems of
nominal composition YBa, , Ag,Cu;O,, YBa,Cus, Ag.0O,, and
YBa,Cu30,. Ag.(z=0.1, 0.3, 0.7), were used as the Ag substi-

tuted and doped samples and were compared with each other with

respect to their structural, morphological, and superconducting
properties. Ag is substituted for Cu in preference to Ba, although
Ag is not completely substituted for these cations[30])in the range
xgt; 0.1. Ag promotes crystallization and c-axis orientation in Y-
Ba-Cu systems, especially in the case of the presence of Ba vacan-
cies. Ag catalyzes the intergranular coupling[ 31 }of the superconduc-
tor grains in the ceramics, even if relatively large amounts of impuri-
ty phases are present. The Tc slightly shifts to higher temperature
and the Jc increases upon nominal Ag substitution for Cu. This re-
sult suggests that the Ag substituted superconductor phase for Cu
has a higher T'c and a larger Jc than the nondoped phase(15).

Usually, introduction of holes into La,CuQ, is made by the re-
placement of part of La with M (Ba, Sr, or Ca), while most of
studies on (La;_, M, ),CuO, superconductors have been conducted
by changing the content of M(16). Enhancing the content of excess
oxygen is another method of controlling the hole concentration. The
typical example of this method is YBa;Cu3O,. The different meth-
ods of doping affect the superconductor in different ways and would
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be useful in bringing about high Tc superconduction and in improv-
ing the properties of superconductors. The purpose of this study is to
determine Tc as a function of x and y[32] for(La; ;M ),CuO,.

Most researchers have calculated the composition of samples not
on the basis ofchemical analysis but on the weights of the raw mate-
rials used for the preparation(17). However, the raw materials of-

ten contain water and other impurities{33]and in some cases lose
weight by evaporation{ 34 ] during heating at high temperatures. As
a result, the actual composition deviates from that calculated. A
process whereby the sample of desired composition can be obtained
without deviation must be employed. It has widely been recognized
that oxygen content is crucial [35]to the high Tc superconduction.
The anneal condition[36]and the chemical analysis of the oxygen
content [37]must be established. However, to date studies carried
out using qualified samples. seem to be quite few.

The thermodynamic studies on the superconducting oxides have
revealed that these oxides are thermodynamically[ 38 ]not very stable
in low temperature(18). An example is (La; , M, )2Cu0,,, which

shows a remarkable decrease in Tc near :c% 0.0625. We have deter-
mined the enthalpy change[ 39 ]of formation reaction of LBCO from
the constituent simple oxides by solution calorimetry[40]and have
found that LBCO with x in the vicinity of 0.0625 [41]is thermody-
namically unstable. It was concluded that the energy at this instabil-
ity level would partially be released by the successive THT—OLT—
TLT transition and results in a remarkable decrease in T.. This fact
means that care must be taken in the preparation of the supercon-
ductors so that the segregation does not occur (19). [42] Inthis
study, samples were prepared with care with excellent repro-
ducibility [43]of data.
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Following a lengthy period of development, Stirring refrigera-

tors have emerged as the preferred system for the miniature cry-

ocoolers used in infrared night-vision, missile guidance systems, and

other low-capacity cryogenic sensors(20) . Single-stage expansion in-

tegral and split-Stirling refrigerators having capacities of 1/4 to 1 W
at 80 K are in series volume production. They are characterized by
increasing reliability. Present difficulties with the cooler/sensor in-
terface and of fluid leakage will be overcome by manufacture of inte-
grated cooler/sensor units welded leakproof{ 44 and having no provi-
sion for field servicing. Eventual production is anticipated of throw-
away, radio-tube-like, cryocooler/sensor units capable of plugging in
to ambient temperature circuits. The use of multistage expansion
Stirling cryocooler| 45} for superconduction electronics is anticipated
with the development of the high-temperature superconducting ma-
terials having critical temperatures near 20 K and operating tempera-
tures near 10 K. The availability of a reliable, compact, relatively
low-cost, 10 K refrigerator would eliminate the need for liquid heli-

um oooling{46].
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