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OVERVIEW:

Research at the Department of Nuclear Radiospectroscopy concerns various aspects of nuclear magnetic
resonance (NMR) and its applications to solids and to biosystems. Current research activity covers two areas:
investigation of molecular dynamics and structures in solids using magnetic resonance spectroscopy, and
investigation of humans, small animals and plants using magnetic resonance imaging and localized
spectroscopy.

MAGNETIC RESONANCE LABORATORY

Molecular reorientation studies aimed at disclosing tunnelling rotation and structural research of
amorphous solids were our main topics. Realisation of these projects, both supported by the grants of the
State Scientific Committee, required a continuous development of our NMR pulse spectrometer and
theoretical methods.

Partially deuterated ammonium ions open a new field in studies of molecular mobility and crystal
structure. We may point out new features observed in 2H-NMR spectra of ammonium ion isotopomers
NH4-xDx

+. Following observations and conclusions are based on recent experiments:
- evidence for tunneling rotation of ND2H2

+and ND3H
+ ions,

- evidence for the domain structure in the ordered phase and high mobility of ammonium ions
in domain walls.

The application of high resolution solid state NMR spectroscopy to the studies of novel heterogeneous
catalysts was continued in 1999. The static and MAS-NMR spectra of 51V deposited on various substrates
were measured. It was possible to determine the coordination, local symmetry and the type of association of
vanadium complexes, and correlate this structural information with the catalytic activity and selectivity
in model reactions.

The short range structure and the nature of local inhomogeneities in the multicomponent polymeric
oxide glasses were studied using the high resolution MAS-NMR technique. MAS-NMR spectra of 29Si, 31P,
n B, and 27A1 were measured for two model glasses. The MAS-NMR has been found to be the only technique
that enables one to monitor the initial crystallization stages of glasses, which was impossible to detect by X-
ray diffraction or optical methods.

MAGNETIC RESONANCE IMAGING LABORATORY

Biomedical applications of magnetic resonance imaging (MRI) and spectroscopy (MRS) and
development of MR methods were our main topic of research. We carried our studies in vitro, on excised
tissues, and in vivo on animal models and on humans to develop new methods for medical diagnostics. These
interdisciplinary investigations, supported by grants from the State Committee for Scientific Research, were
carried out in close collaboration with our local and international partners.

In 1999 a lot of effort was spent on modernizing our home - built MRI systems, supported by
investment grants from the State Committee for Scientific Research.

Investigation of water diffusion tensor in the spinal cord tissues of the rat was continued to detect and
estimate the extent of damage in a drop-weight injury model. The final aim of this research is to develop
methods of early diagnoses of human spinal cord injury. The effect of formaline fixation on water diffusion
in the tissues of the spinal cord was investigated. It has been shown, that formaline fixation decreases water
diffusion but preserves relative differences between the normal and injured nervous tissues. Time
dependence of diffusion tensor components in the injured spinal cord was investigated in the period from 10
min to 6 hours to determine, how long diffusion may serve as a quantitative marker of traumatic changes.
Application of these techniques to humans is under way on a whole body MRI system.

Interesting results were obtained studying human brain volumes in Alzheimer disease (AD) using our
original method of accurate volume determination. These results create a database required for future
application of MRI in staging of AD patients. All this work on spinal cord injury and AD patients was done
collaboration with Collegium Medicum of the Jagiellonian University.

The Laboratory participated in development of new technology for MRI in collaboration with the
Institute for Biodiagnostics. A new type of multi-ring surface coils for MRI was developed.
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Work on gradient generation for MRI was continued resulting in the development of the computation
method based on the genetic algorithm capable of producing designs of arbitrary geometry dedicated
gradient coils.

Professor Andrzej Jasinski
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Genetic Algorithm Based Local Gradient Coils Design
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Introduction

The purpose of this work was to apply the genetic algorithm [1] to designing local gradient coils.
Gradient coils should comply with a number of conflicting requirements depending on their application. In
the case of the local gradient coils geometrical constraints are very important. Classical methods [2], which
give rather long patterns, need additional optimisations or instead iterative methods have to be used.

Subjects & Methods

A short cylindrical transversal gradient coil consisting of two cylinders (primary and screen coils), with
their axes parallel to Z direction and radiuses of a and b respectively, is considered. Magnetic field is
generated by pairs of current arcs positioned parallel to Z = 0 plane. Angular length of each arc is 120°. Arc
positions along Z-axis are optimised.

Genetic algorithms (GA) belong to a family of methods used for finding global minimum of a function.
At each stage of the genetic optimisation a set of solutions (genotypes) is tested. Such a set is called
a population. The genotype consists of chromosomes [1]. Each of them is an encoded arc position.
Adaptation coefficient, inversely proportional to error function, is evaluated for each member of the
population. It determines probability with which member of the population will be taken into the next
iteration. The error function is:

where Bzi is the target field in the i-th point of ROI and BJZJ) is the field generated by the ;-th arc. ROI is
defined inside and outside of the gradient coil. Field is calculated using Biot-Savart law.

Calculations were performed for two geometries. In the first case the number of arcs, their positions and
current values on the primary and screening coils were equal [3]. In the second case the number of arcs and
their positions were different but were powered by the same current [4].

Results

A program performing GA optimisation has been written and tested. Best values for population size,
crossover probability, mutation probability and population scaling factor are 50, 1, 0.006, and 3 respectively.
In the case of the first geometry (b = 1.5a, 4 arcs per section) results are similar to the results obtained by
Andrew and Szczesniak [3]. The second geometry (b = 1.5a, 10 arcs per primary coil section and 5 arcs per
screen section, gradient in the X-direction) generates good gradient in the region of 0.4a in the Y-direction,
0.6a in the X-direction and the height equal to 1.5a, with better screening comparing to the first geometry.
Plots of the gradient homogeneity are shown on the Figs 1 and 2. First contour line is an edge of the
acceptable gradient deviation (5%). For a = 0.1m gradient amplitude was 4*10""T/Am.


