
Abstract- A theoretical analysis of insulated internal loopless 
MRI receivers is presented.  Insulated loopless receivers are 
ideal for local, high resolution imaging of the vasculature and 
other internal organs.  However, there are currently no analysis 
techniques or design principles for these devices.  By using a 
Galerkin method of moments combined with an application of 
the volume equivalence theorem, we solve for the intrinsic SNR 
distribution of insulated loopless receivers.  As insulation 
thickness is increased, the resonant antenna length increases 
while the noise resistance decreases.  Both of these effects, when 
used together, can greatly improve the SNR magnitude and 
distribution of loopless receivers.  Design principles outlined 
here will allow for optimization of loopless receivers for a 
variety of internal, high resolution imaging applications.     
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I. INTRODUCTION 

 
Traditionally, MR receivers have been designed as loop-

type resonators.  These receivers (i.e., coils) are placed 
around the entire body or on the surface of a specific body 
part that is to be imaged.  Subsequently, in an effort to 
increase the available SNR, coils were integrated into 
catheters so that they could be positioned intravascularly, 
closer to the target tissue [1, 2].  However, because they 
require both outward and return electrical leads, these loop 
receivers are not ideal for small, linear catheter structures.  In 
addition, signal sensitivity for small loop receivers falls off as 
1/R2 (where R is the distance from the coil). 

As a result, loopless MR receivers – which are essentially 
unbalanced dipole antennas – were designed [3].  Because 
they require only a single electrical lead, these antennas are 
easily incorporated into catheters and other interventional 
devices.  Sensitivity falls off as 1/R for loopless receivers, an 
improvement over small loop receivers.  These antennas are 
being developed for applications in vascular, esophageal, and 
transurethral prostate imaging. 

At present, the only analysis of loopless receivers is for 
the case of a bare wire placed in a homogenous, conductive 
medium [3].  However, most actual loopless receivers are 
surrounded by an insulating dielectric layer (Insulation is 
added to increase device safety and biocompatibility.).  As 
will be shown, insulation strongly affects the behavior of 
these receivers and therefore cannot be neglected.   
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In this work, a theoretical analysis of insulated loopless 
MRI receivers is presented.  As the insulation thickness is 
increased, resonant antenna length and field of view increase 
while noise resistance decreases.  With proper design, 
insulation can improve both the safety and SNR of internal 
loopless MRI receivers.    
 

II. METHODOLOGY 
 
 The signal-to-noise ratio for MR receivers can be 
objectively compared by finding the intrinsic SNR [4].  Using 
the reciprocity principle, this intrinsic SNR is: 
 
 
 
 
where ω is the Larmor frequency, µ is the magnetic 
permeability of the sample, M0 is the total transverse nuclear 
magnetic moment in a 1 ml sample, H+ is the right-hand 
circularly polarized component of the magnetic field 
generated by the coil with unit input current, kB is the 
Boltzmann constant, T is the sample temperature, and R is the 
input resistance seen from the input terminals of the receiver 
[5].  Therefore, to find the intrinsic SNR for a given receiver, 
we need to solve for the magnetic field it generates when 
driven by a unit current and its input resistance.  By 
convolving with the magnetic field of a small current 
element, the magnetic field can be easily found once the 
current distribution on the receiver is known.     
 A Galerkin method of moments was used to solve for the 
current distribution on the loopless receiver (i.e., a dipole 
antenna) [6].  This method also yields the input resistance of 
the antenna.  Piecewise sinusoids were used as the 
testing/basis function, as described previously [7].  To model 
the effect of insulation, the volume equivalence theorem was 
used – introducing polarization currents to account for the 
effect of dielectric layers [8]. 
 The model system consisted of an infinite medium with εr 
= 70 and σ = 0.4 S/m.  The relative permitivity of the 
insulating layer was 3.3.  The antenna had a radius of 0.25mm 
and was assumed to be perfectly conductive.  In all 
simulations, the antenna was center driven, producing a 
balanced dipole antenna.  While actual loopless MR receivers 
are unbalanced, the fundamental effects of insulation will 
hold for both balanced and unbalanced receivers.  Balanced 
dipole antennas were chosen to simplify the analysis.  All 
simulations were coded and executed using MATLAB (The 
Mathworks, Inc., Natick, MA). 
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III. RESULTS 
 
A. Effect of insulation on resonant length and noise 
resistance 
 Figure 1 shows the effect of insulation thickness on the 
quarter wave resonant pole length and noise resistance for 
loopless receivers.  As insulation thickness is increased, the 
resonant length increases.  The bare antenna resonant length 
of 9.5 cm is nearly doubled to a value of 18.5 cm by 1 mm of 
insulation.  Noise resistance decreases as insulation thickness 
increases.  With 1 mm of insulation, noise resistance drops by 
~30% from the bare antenna case. 

 
 
B. Effect of insulation on SNR distribution 
Figure 2 shows the intrinsic SNR distribution for three 
loopless receivers: one uninsulated, one with 0.1mm 
insulation, and one with 1mm insulation.  Each receiver 
length is set by the quarter wave resonance, therefore the 
insulated antennas are longer than the uninsulated antenna (as 
shown in Figure 1).  SNR contours are plotted parallel to the 
antenna axis at three radial distances.  Peak SNR increases at 
all radii as insulation thickness increases.  In addition, as 
insulation thickness increases, the SNR distribution becomes  

Fig. 1. Panel A: Quarter wave resonant pole length as a function of 
insulation thickness.  With 1 mm of insulation, the resonant length is 

increased by nearly two times. Panel B: Noise resistance as a function of 
insulation thickness.  1 mm insulation decreases noise resistance by ~30%. 

more uniform along the antenna axis.  Therefore, the 
insulated receiver has a larger field of view than the 
uninsulated receiver. 

 
 
C. To maximize SNR, it is necessary to both add insulation 
and use the quarter wave resonant length 
 In Figure 2, both insulation thickness and antenna length 
were different for each receiver.  Therefore, the increase in 
SNR could be explained as solely a length or insulation 
dependent effect.  Figure 3 demonstrates that this is not the 
case.  Panels A-D show the real (solid line) and imaginary 
(dotted line) parts of the current distribution along several 
antennas and Panel E shows the SNR at R=0.5 cm for all  
 

Fig. 2. Intrinsic SNR contours parallel to the antenna axis at three different 
radial distances (R=0.5 cm, R=1.0 cm, and R=2.0 cm).  At all radii, 

insulation increases the SNR of  the antenna.  Note also that as insulation is 
added, the width of the SNR profile increases. 
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receivers.  Panel A is a 9.5 cm uninsulated receiver; its SNR  
is shown as a solid line in Panel E.  If 1.0 mm of insulation is 
added to a 9.5 cm antenna (Panel B), SNR increases only 
modestly compared to the uninsulated case (Panel E, dotted 
line).  If the antenna length is increased to 18.5 cm but 
insulation is not added (Panel C), peak SNR drops slightly 
(Panel E, dashed line).  It is only by both adding insulation 
and increasing length (Panel D) that a significant SNR 
increase is achieved (Panel E, + line). 

 
Fig. 3. Panel A-D: Real (solid lines) and imaginary (dotted lines) 
components of current distribution on 4 loopless antennas: 9.5 cm 

uninsulated (Panel A), 9.5 cm w/ 1.0 mm insulation (Panel B), 18.5 cm 
uninsulated (Panel C), and 18.5 cm w/ 1.0 mm insulation (Panel D).  Note 

that the current distribution markedly broadens only when both the length is 
increased and insulation added (Panel D).  Panel E: SNR contours at R=0.5 

cm for each antenna: 9.5 cm uninsulated (solid line), 9.5 cm insulated 
(dotted line), 18.5 cm uninsulated (dashed line), and 18.5 cm insulated (+ 

line).  Maximal SNR gain is achieved only when the antenna is insulated and 
lengthened.  

 

IV. DISCUSSION 
 

A. Effect of insulation on resonant length and noise 
resistance 
 Insulation both increases the resonant length and 
decreases the noise resistance of loopless receivers.  In the 
human body, the MR receiver is surrounded by a high relative 
permitivity (εr ~ 70).  At 64 MHz, the quarter wave length in 
this medium is ~ 10 cm.  Therefore, the quarter wave length 
for the uninsulated antenna is also ~ 10 cm.  However, as 
insulation is added to the antenna, the effective permittivity 
that the antenna ‘sees’ decreases (εr = 3.3 in the insulation).   
and therefore, the quarter wave length increases. 
 The input resistance of the antenna is explained by both 
radiative power loss and deposition of power in tissue around 
the antenna.  Because physiological tissue is conductive 
(σ~0.4 S/m), electric fields set up by the antenna will deposit 
power.  When the antenna is insulated, electric fields are 
moved from conductive biological tissue into nonconductive 
dielectric.  Therefore, local power deposition and antenna 
resistance are decreased.   
 
 B. Effect of insulation on SNR distribution 
 Adding insulation to the antenna had the effect of 
simultaneously increasing the receiver’s SNR and field of 
view.  Typically, increasing the field of view of an MR 
receiver increases noise and therefore decreases SNR. 
Examining the intrinsic SNR formula (Methods), H+ should 
be maximized and resistance minimized to increase SNR.  
Adding insulation achieves both of these goals. 

When the antenna is insulated, the quarter wave length 
resonant length increases and the current distribution on the 
receiver is broadened (Figure 3D).  Magnetic field strength, 
which determines antenna sensitivity, is proportional to the 
local current density.  Therefore, insulation leads to a 
broadening of the antenna’s sensitive region. 
 Simultaneously, as previously described, insulation 
reduces antenna resistance.  For a linear dipole antenna, the 
highest electric fields are concentrated in the region near the 
antenna.  Therefore, even though adding insulation expands 
the axial extent of the electric field distribution, the high 
fields are confined to the insulation layer, where no power 
loss occurs.  The combination of increased magnetic field 
extent and decreased power loss (i.e. lower R) explains the 
simultaneous increased SNR and field of view when the 
antenna is insulated.   
 

C. To maximize SNR, it is necessary to both add 
insulation and use the quarter wave resonant length 
 Adding insulation alone does not appreciably increase the 
SNR of the loopless receiver.  In some cases, adding 
insulation can even decrease SNR.  Appreciable SNR gain is 
only realized when insulation is added and the appropriate 
quarter wave resonant length is used.  This length 
simultaneously maximizes the breadth of the current 
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distribution and minimizes noise resistance, both of which 
contribute to an optimal SNR profile.   
 
 

V. CONCLUSION 
 

Using theoretical methods, we have outlined design 
principles for insulated loopless MRI receivers.  Insulation 
affects both the distribution of current on the antenna and the 
noise resistance.  By using the proper antenna length (i.e., the 
effective quarter wave length), SNR for any insulated 
loopless receiver can be optimized.  For example, an 
intravascular loopless antenna for aorta imaging would 
require a very long field of view (to cover the large extent of 
the aorta wall).  Thicker insulation should be used to increase 
SNR and provide a large field of view for this receiver.  On 
the other hand, a urethral antenna for prostate imaging may 
only require a fairly small field of view (a few centimeters).  
Thinner insulation can be used for this receiver.  Subsequent 
experimental work to verify these results is warranted.    
 

 
ACKNOWLEDGMENT 

 
The authors thank Mary McAllister for editorial assistance.  

 
 

REFERENCES 
 
[1] E. Atalar, P. A. Bottomley, O. Ocali, L. C. Correia, M. D. 

Kelemen, J. A. Lima, and E. A. Zerhouni, "High 
resolution intravascular MRI and MRS by using a catheter 
receiver coil," Magn Reson Med, vol. 36, pp. 596-605., 
1996. 

[2] G. C. Hurst, J. Hua, J. L. Duerk, and A. M. Cohen, 
"Intravascular (catheter) NMR receiver probe: preliminary 
design analysis and application to canine iliofemoral 
imaging," Magn Reson Med, vol. 24, pp. 343-57., 1992. 

[3] O. Ocali and E. Atalar, "Intravascular magnetic resonance 
imaging using a loopless catheter antenna," Magn Reson 
Med, vol. 37, pp. 112-8., 1997. 

[4] W. A. Edelstein, G. H. Glover, C. J. Hardy, and R. W. 
Redington, "The intrinsic signal-to-noise ratio in NMR 
imaging," Magn Reson Med, vol. 3, pp. 604-18., 1986. 

[5] O. Ocali and E. Atalar, "Ultimate intrinsic signal-to-noise 
ratio in MRI," Magn Reson Med, vol. 39, pp. 462-73., 
1998. 

[6] R. F. Harrington, Field Computation by Moment Methods. 
New York: IEEE Press, 1993. 

[7] P. E. Atlamazoglou and N. K. Uzunoglu, "A galerkin 
moment method for analysis of an insulated antenna in a 
dissipative dielectric medium," IEEE Transactions on 
Micrwave Theory and Techniques, vol. 46, pp. 988-996, 
1998. 

[8] C. A. Balanis, Advanced engineering electromagnetics. 
New York: Wiley, 1989. 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


