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Personal Statement

The goal of the project is to facilitate the use of high field MRI systems with their high signal to noise ratios.
These high field systems require the use of multi-channel RF B; coils to mitigate the effects of the small
wavelength in the human body/head including inhomogeneity of the RF excitation, constructive and destructive
interference effects leading to anomalous contrasts in the images. The innovative multi-channel transmission
line (TEM) coil has high Q elements that produce outstanding images but requires retuning when the loading
varies. An automatic electronic tuning system is being investigated and will be implemented with a custom
designed control IC which is likely to find wide usage. The RF shimming technique in these high field systems
using convex optimization and the least squares methods determine the magnitude and phase of the exciting
currents in the TEM coil elements to obtain uniform B;" fields in a region of interest. This technique needs
further modifications to obtain these parameters rapidly, it requires the extraction of B, field with all currents
equal and the subsequent computations to determine the effect of excitation of the coil elements, which needs to
be done extremely fast. We have been using the integral equation approach to improve the computational speed
but need to perform further refinements to implement these calculations rapidly. Current work is also to extend
this region of interest to the entire field of view of the system and currently experiments are in progress to
obtain this goal.. The widely used microstrip elements of the TEM coil are to be replaced by metamaterial
transmission line elements operating as zeroth-mode resonators, which are very efficient radiators, in turn will
reduce the RF power requirements at these high field systems. Also suggested is the implementation of
distributed receive elements which will enable the use of radar type beam forming in the MRI context.

The expertise in my group includes the calculation of RF/microwave electromagnetic fields for guided wave
structures, antennas, scattering from dielectric objects and other cases, using a variety of methodologies
including finite difference, finite element methods and integral equations using CAD packages and also in-
house written codes. Collaborating with members of Dr. Vaughan’s group have resulted in excellent results and
hopefully this project will allow this to continue.

A. Positions and Honors.

Positions and Employment
1965- 1966  University of Sheffield, Sheffield, England, Postdoctoral Assistant
1966- 1979  Univ. College of North Wales Bangor, Wales, Lecturer, Sr. Lecturer, Reader(1978)
1981- 1982  Chelsea College (now part of King’s College), University of London, England
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Chair of Electronics
1978- 1981  MIT Lincoln Lab. Lexington, MA, Research Staff Member

1982- 1986

1986- University of Minnesota Minneapolis, MN Professor of ECE
Other Experience and Professional Membership

1990 Fellow, Institute of Electrical and Electronic Engineers, New York
1998 Fellow, Optical Society of America

1982 Fellow, Institution of Engineering Technology, London, England

1988(?) Member American Physical Society

1999-2003 Associate Editor of Journal of Lightwave Technology

2003-2004 Associate Editor of IEEE Phtonic Technology Letters

2002 (Nov-Dec): Guest Editor for Journal of Selected Topics In Quantum Electronics: Integrated Optics

2007 (September): Guest Editor Special section of Journal of Lightwave Technology on Modeling of Guided
Wave Photonic Devices.

Conferences:

2003-2011 IEEE International Microwave Symposium technical program committee on Biological and Medical
Effects

2000, 2009 Conference Co-Chair of OSA Integrated Photonics Research Meeting.
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for high field MRI, International Society for Magnetic Resonance in Medicine (ISMRM), Montreal,
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B. Research Support. List selected ongoing or completed (during the last three years) research projects (federal
and non-federal support). Begin with the projects that are most relevant to the research proposed in this
application. Briefly indicate the overall goals of the projects and your role (e.g. Pl, Co-Investigator, Consultant) in
the research project. Do not list award amounts or percent effort in projects.

Ongoing Projects

NIH-EB006835 Vaughan (PI) 08/15/07-05/31/2011
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Goal of this study is to develop the technology applicable for human MRI in systems with By fields of
9.4T and above. Role of my group is to develop methods for rapidly calculating the RF B fields using
a combination of integral equations and finite element methods in the human head/body; to develop RF
shimming so that inhomogeneities in the images are mitigated using convex optimization and pseudo-
inverse method; to develop a technique for automatic tuning for the multi-channel elements of TEM
coils; to develop efficient antenna elements for multi-channel RF coils for 9.4T systems.

Completed Projects

NIH-EB000985-04 Vaughan (PI) 09/01/2004-08/31/2009

Goal of this study is to minimizes losses in high field MRI systems. Role of my group was to develop
methods of rapid calculation of RF B;" fields using finite elements which then lead to the use of integral
equations in the current project; to develop RF shimming so that inhomogeneities in the images are
mitigated using convex optimization which has lead to the continuation in the current project.

Medical Devices Center, Univ. of MN Gopinath(PI) 09/01/2008-03/31/2010

Goal of project was to use the composite right hand and left hand metamaterial transmission line for
innovative RF coils for high field MRI systems, this is continuing in the current project.
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