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Aims and Scope 
Microscopy and Microanalysis provides the highest quality forum for pub
lication of truly innovative results in a wide range of fields of importance 
to microscopy and microanalysis. To this end, the Journal publishes 
original research papers in the entire range of microscopy and micro
analysis, from new methods and instrumentation to their application to 
compositional analysis for determination of structure or chemistry at the 
microscopical level. Fields of interest include: microbeam analysis, scan
ning probe microscopies, and all forms of light microscopy. Image ac
quisition and improvement techniques, along with computer-assisted mi
croscopy, are included. 

Four categories of communications are published in the Journal. 
Regular Articles contain reports of new instrumentation and new theo
retical methods and their applications to microstructural analysis in a 
broad range of fields including biological, physical, and materials science. 
Communications are short technical or scientific articles in biological, 
physical, or materials science. Reviews have a broader technical content 
than Regular Articles. Letters to the Editor may be on any topic. 

Copyright Information 
Submission of a manuscript implies: that the work described has not been 
published before (except in the form of an abstract or as part of a pub
lished lecture, review, or thesis); that it is not under consideration for 
publication elsewhere; that its publication has been approved by all co
authors, if any, as well as by the responsible authorities at the institute 
where the work has been carried out; that, if and when the manuscript is 
accepted for publication, the authors agree to automatic transfer of the 
copyright to the Microscopy Society of America; that the manuscript will 
not be published elsewhere in any language without the consent of the 
copyright holders; and that written permission of the copyright holder is 
obtained by the authors for material used from other copyrighted sources. 

All articles published in this journal are protected by copyright, 
which covers the exclusive rights to reproduce and distribute the article 
(e.g., as offprints), as well as all translation rights. No material published 
in this journal may be reproduced photographically or stored on micro
film, in electronic data bases, video disks, etc., without first obtaining 
written permission from the publisher. 

The use of general descriptive names, trade names, trademarks, etc., 
in this publication, even if not specifically identified, does not imply that 
these names are not protected by the relevant laws and regulation. 

While the advice and information in this journal is believed to be 
true and accurate at the date of its going to press, neither the authors, the 
editors, nor the publisher can accept any legal responsibility for any errors 
or omissions that may be made. 

The publisher makes no warranty, express or implied, with respect 
to the material contained herein. Springer-Verlag publishes advertise
ments in this journal in reliance upon the responsibility of the advertiser 
to comply with all legal requirements relating to the marketing and sale 
of products or services advertised. Springer-Verlag and the editors are not 
responsible for claims made in the advertisements published in the jour
nal. The appearance of advertisements in Springer-Verlag publications 
does not constitute endorsement, implied or intended, of the product 
advertised or claims made for it by the advertiser. 

Authorization to photocopy items for internal or personal use, or 
the internal or personal use of specific clients, is granted by Springer-
Verlag New York, Inc., provided that the appropriate fee is paid directly 
to Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 
01923, USA (Tel: (508) 750-8400), stating the ISSN (1431-9276), the 
volume, and the first and last page numbers of each article copied. The 
copyright owner's consent does not include copying for general distribu
tion, promotion, new works, or resale. In these cases, specific written 
permission must first be obtained from the publisher. 

The Canada Institute for Scientific and Technical Information 
(CISTI) provides a comprehensive, world-wide document delivery service 
for all Springer-Verlag journals. For more information or to place an 
order for a copyright-cleared Springer-Verlag document, please contact 
Client Assistant, Document Delivery, Canada Institute for Scientific and 
Technical Information, Ottawa K1A 0S2, Canada (Tel: 613-993-9251; 
Fax: 613-952-8243; e-mail: cisti.docdel@nrc.ca). 

LINKA/ert 

The LINKA/ert service replaces the Springer Journals Preview Service. 
This journal is included in the LINKA/ert service. LINKA/ert is a free, 

subscribe-to feature of Springer-Verlag's LINK. After subscribing to 
LINKA/ert, you will receive, via e-mail, tables of contents of new issues of 
your selected journals. The e-mail contains hyperlinks to the articles' 
abstracts and is sent when the issue is posted to LINK. 

Subscribe to LINKA/ert at http://link.springer-ny.com/alert. 
Subscription Information 

Microscopy and Microanalysis is published bimonthly in January, March, 
May, July, September, and November by Springer-Verlag, plus two 
supplements (Expo and Proceedings) to be published in May and June. 
Volume 4 will appear in 1998. 

Society Rates: Members of the Microscopy Society of America should 
contact the MSA Business Office for all subscription inquiries. 

Microscopy Society of America 
435 North Michigan Avenue, Suite 1717 
Chicago, IL 60611-4067 
Toll-Free Tel: 800-538-3672 
Tel: 312-644-1527 
Fax: 312-644-8557 
E-mail: businessoffice@msa.microscopy.com 

Members of other affiliated societies should contact their respective so
ciety business offices for all subscription inquiries. 

Institutional Rates: North America: US $539.00 plus $18.00 postage and 
handling. (Canadian customers please add 7% GST to subscription price, 
then add postage and handling. Springer-Verlag's GST registration num
ber is 123394918.) Subscriptions are entered with prepayment only. 
Please mail orders and inquiries to: Springer-Verlag New York, Inc., 
Journal Fulfillment Services Department, P.O. Box 2485, Secaucus, NJ 
07096-2485, USA. Tel: 1-800-SPRINGER, Fax: (201) 348-4505. e-mail: 
journals@springer-ny.com. 

Outside North America: Subscription rate: US $539.00 (calculated in DM 
at the exchange rate current at time of purchase), plus postage and han
dling. SAL delivery (surface airmail lifted) is mandatory for Japan, India, 
Australia, and New Zealand. Customers should ask for the appropriate 
price list. Airmail delivery to all other countries is available upon request. 
Subscriptions can either be placed via a bookdealer or sent directly to: 
Springer-Verlag GmbH & Co. KG, Postfach 31 13 40, D-10643 Berlin, 
Germany. Tel: (030) 827 87-0, Fax: (030) 8214091. 

Back volumes: Contact the Microscopy Society of America, 435 North 
Michigan Avenue, Suite 1717, Chicago, IL 60611-4067 (Tel: 800-538-
3672) for information. 

Change of address: Allow six weeks for all changes to become effective. 
All communications should include both old and new addresses (with 
postal codes) and should be accompanied by a mailing label from a recent 
issue. Society members should contact their respective society business 
offices to inform them of address changes. 

Microform editions are available from: University Microfilms Interna
tional, 300 North Zeeb Road, Ann Arbor, MI 48106, USA. 

Editorial Office 
Dale E. Johnson, Editor in Chief, Graduate School, University of South 
Florida, 4202 E. Fowler Avenue, FAO 126, Tampa, FL 33620-7900, USA, 
Tel: (813) 974-8118; Fax: (813) 974-5762; E-mail: dej@grad.usf.edu 

Office of Publication 
Springer-Verlag New York, Inc., 175 Fifth Avenue, New York, NY 10010, 
USA, Tel: (212) 460-1500; Fax: (212) 533-5977; Production Editor: Jac-
quelyn L. Goss 

Advertising Sales & Production 
Brian Skepton, Advertising Sales Manager, Springer-Verlag New York, 
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Fax: (212) 533-0108 
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1998 AWARDS 

MICROSCOPY SOCIETY OF AMERICA 

1998 DISTINGUISHED SCIENTIST AWARDS 

MICHAEL ). WHELAN 
Physical Sciences 

He graduated in physics from the University of Cambridge in 
1954, and started research there in the Cavendish Laboratory of 
the Department of Physics. Working with Dr. Peter Hirsch, he 
followed up a line of research which had been recently initiated 
by A Kelly, PB Hirsch and JW Menter to try to observe directly 
crystal lattice defects in thin foils of metals by transmission elec
tron microscopy. He first investigated ion beam thinning of gold, 
aluminium and other metals using laboratory constructed equip
ment, since no commercial equipment was then available. Success 
was achieved in the spring of 1956, when dislocations were ob
served in thin foils of aluminium, and their motion captured on 
movie film. Later that year, in collaboration with W Bollmann 
of the Battelle Labs in Geneva, the movement of dislocations was 
observed in stainless steel, a metal of low stacking fault energy, 
and the splitting of the dislocations into partials with an associated 
stacking fault was studied. The TEM technique is now widely 
used for characterising defects in materials. In 1958 he received 
his Ph.D., and after further research in Cambridge he moved in 
1966 to the Department of Metallurgy of the University of Oxford, 
where he held the post of Reader and later of Professor. He 
retired from his Professorship in 1997. 

During his career he pioneered with his collaborators many 
techniques in the field of materials applications of electron mi
croscopy. These include theories of image contrast, studies at 
elevated temperatures using a heating specimen stage, the weak-
beam technique for high resolution observations of dislocations 
by diffraction contrast, electron energy loss spectroscopy, and in 
recent years the theory of reflection high energy electron diffrac
tion with applications to molecular beam epitaxy. 

AVRIL V. SOMLYO 
Biological Sciences 

Avril V. Sornlyo has contributed to the development and applica
tion of analytical X-ray microprobe microanalysis to biological 
specimens, as well as rapid freezing technologies, to trap physio
logical events in cells and tissues. This approach has led to new 
insights into the transport of elements across the membranes of 
intracellular organelles, such as mitochondria, sarcoplasmic and 
endoplasmic reticulum and the nucleus in situ. Dr. Sornlyo and 
her colleagues are currently studying signal transduction path
ways, which regulate smooth muscle contractility, as well as the 
myosin molecular motors responsible for force generation. Dr. 
Sornlyo received her Ph.D. in 1976 from the University of Penn
sylvania and is currently Professor of Pathology and Molecular 
Physiology and Biological Physics at the University of Virginia 
School of Medicine. Dr. Sornlyo has received the CIBA Award 
for Hypertension Research, the Louis and Artur Lucian Award 
for Research in Circulatory Diseases, and the Presidential Science 
Award of the Microbeam Analysis Society. 

X 
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BURTON MEDAL 

IAN M. ANDERSON 

Ian M. Anderson received a B.S. degree from Caltech and 
M.Eng., M.S., and Ph.D. degrees from Cornell, all in Ap
plied Physics. He received an (E)MSA Presidential Scholar
ship to attend the 50th anniversary meeting in 1992 while 
he was finishing his dissertation at the University of Minne
sota. Since 1993, he has been at Oak Ridge National Labo
ratory, where he is currently a research staff member in 
the Metals and Ceramics Division. Dr. Anderson's research 
is in the development of electron-optical characterization 
techniques and their applications for materials analysis. His 
research has included the areas of secondary fluorescence 
corrections, ALCHEMI, energy-filtered imaging, low-volt
age X-microanalysis, and the development of methods for 
analysis of large series of spectra and images, for which he 
organized a symposium at Microscopy and Microanalysis 
'97. He has been a member of the Program Committee 
since 1996. 

XI 
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THE MORTON D MASER 

MSA DISTINGUISHED SERVICE AWARD 

NESTOR J. ZALUZEC 

Nestor is presently a research scientist at Argonne National 
Laboratory and has worked in the area of microstructural 
characterization using electron/optical techniques for over 
20 years. He received a B.S. in Physics from the Illinois 
Institute of Technology and a PhD in Metallurgy from the 
University of Illinois Urbana/Champaign. He was a Wigner 
Fellow at ORNL and has received awards from Interna
tional Microscopy Societies for his contributions in the 
field of Microscopy and Microanalysis. A member of MSA 
since 1979, he was awarded the Societies Burton Medal in 
1982. He is a member of the Education, Standards, Pro
gram, and the Telecommunications Committees. Nestor 
also holds Adjunct Professorial Appointments in Physics 
at UIC and in Materials Science at UIUC. He has developed 
some of the original methodologies for quantitative ele
mental characterization using XEDS, EELS, and EFI in the 
AEM and continues to work on new technologies and 
instrumentation for characterization. His most recent re
search centers on the ANL 300 kV AAEM and TelePresence 
Microscopy. He can sometimes be found on the Net and 
has known to handle a few Email and WWW requests for 
the Society. 
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MSA OUTSTANDING TECHNOLOGIST AWARDS 

BIOLOGICAL SCIENCE 
H.H. MOLLENHAUER 

Dr. Mollenhauer received his degrees in electrical engineer
ing from The University of Texas in Austin. His early work 
in electron microscopy was at the Cell Research Institute, 
The University of Texas, Austin. In 1965, he moved to 
the Charles F. Kettering Research Laboratory in Yellow 
Springs, Ohio and from there to the USDA, Veterinary 
Toxicology Research Laboratory, College Station, Texas. 
He retired in early 1992. Some of his early achievements 
included verifying the role of Golgi apparatus in plant 
secretion and cell wall formation, discovery of intercister-
nal elements and cis to trans polarity of plant dictyosomes, 
isolation of Golgi apparatus from plants and animals, and 
the first report of a new organelle (together with William 
Zebrun) called dictyosome-like structure (DLS). The DLS 
are unique to early spermatocytes where they coexist with 
Golgi apparatus. He has also published numerous papers 
for improving fixation, embedding, and sectioning of bio
logical material. 

PHYSICAL SCIENCE 
C.J. ECHER 

Chuck Echer started materials characterization in 1960 
during his formal education at Oklahoma State University 
where he graduated with two Associate Degrees in 1963. 
His initial career started at ACF Industries, Albuquerque, 
NM performing thermal-mechanical processing treat
ments of metals along with optical metallography evalua
tions. He continued his experience at Battelle Memorial 
Institute, Columbus, OH in the mid-sixties performing 
optical metallography on space age materials. In 1968, he 
joined Lawrence Livermore National Laboratory where he 
started materials characterization using transmission elec
tron microscopes. In 1984, he transferred to the E.O. Law
rence Berkeley Laboratory, National Center for Electron 
Microscopy. His senior position currently provides user 
scheduling, training and collaborative research managing 
the AEM and the In-Situ facilities. In his career he has 
contributed to the installation of four electron microscope 
facilities. To date, he has co-authored sixty publications, 
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FOREWORD 

Ralph Albrecht & Ryna Marinenko 

President MSA and President MAS 

Beginning with last year's volume, the proceedings of the annual meeting are being published as a supplement to 
our Journal, "Microscopy and Microanalysis". It should also be noted that "Microscopy and Microanalysis" is now 
abstracted by Current Contents in both the biological and physical science categories. The Journal is also abstracted by 
Biosis and by Chemical Abstracts. Hence the scientific content of Microscopy and Microanalysis can now be readily 
searched and is widely available. Both the meeting and the proceedings continue as a joint MSA/MAS effort under the 
direction of a single Program Committee, a single Local Arrangements Committee, and are published as a single 
Proceedings. We have also continued the Presidential Happenings "tradition" begun last year where our awards ceremonies 
are coupled with presentations that all meeting participants will find interesting and enjoyable. 

We wish to congratulate the Program Committee chaired by Kathi Alexander and the Local Arrangements Commit
tee chaired by Janet Woodward for their hard work and dedication in making Microscopy and Microanalysis '98 an 
outstanding meeting. Despite this year's earlier-than-usual meeting date and hence an earlier abstract due date, all 
indications are that this is one of the most successful MSA/MAS sponsored meetings both in terms of participation and 
attendance. Kathi and co-chairs Jay Jerome (MSA), Meredith Bond (MAS), and Jon McCarthy (MAS) have worked 
extremely hard during the past two years arranging sessions, speakers, pre-meeting workshops, tutorials, etc. The result 
is a comprehensive program of platform and poster symposia complimented by a variety of special offerings including 
a special pre-meeting symposium/workshop on multiphoton excitation microscopy presented by Jim Pawley, an excellent 
program of pre-meeting short courses organized by Brian Herman and Louis Kerr, and a special MAS symposium 
entitled "30 Years of Energy Dispersive Spectrometry". James Turner and John Mansfield have put together an outstanding 
set of tutorials, the computer workshop will be presented by Nestor Zaluzec and John Mansfield, while Sandy Silvers 
and Bev Maleeff from The Technologist's Forum have arranged a special discussion on image manipulation and 
enhancement as well as a symposium on the selection and use of instrumentation. The LAC under Janet Woodward's 
leadership has been equally instrumental to the success of the meeting in arranging for our world class meeting site, 
exciting social events, hotels, shuttles, etc. This year marks the first Microscopy and Microanalysis Meeting managed by 
the Rebedeau Group (headed by Mary Beth Rebedeau) which has been working closely with both the LAC and the 
Program Committee developing an advanced and streamlined program production process as well as coordinating on 
site meeting management. 

Our thanks to Bill Bailey, the MSA Proceedings Editor, who, over the years, has been instrumental in producing 
these first class Proceedings and who sent us many friendly reminders to insure the timely submission of contributions 
needed for the Proceedings. We appreciate his tireless dedication. We also wish to express our appreciation to the 
extremely competent and professional staff at Springer Verlag for their attentive efforts in publishing our journal and, 
in particular, this Proceedings issue. 

We also extend our hearty congratulations to the MSA and MAS award winners. Avril Somlyo and Mike Whelan 
have been selected as recipients for the MSA Distinguished Scientist Awards in the Biological and Physical Sciences 
respectively. Ian Anderson is the MSA Burton Medalist and Nestor Zaluzec is the recipient of the MSA Morton D Maser 
Outstanding Service Award. The MSA Outstanding Technologist Awards go to Charles Echer in the Physical Sciences 
category and to Hilton Mollenhauer in the Biological Sciences category. The recipient of the MAS Presidential Science 
Award is Fred Schamber, the MAS Presidential Service Award goes to Jon McCarthy, and the K.F.J. Heinrich Award 
recipient is Vinayak Dravid. Congratulations also to the 10 MSA Presidential Student Awardees, the 3 recipients of MSA 
Professional Technical Staff Awards, and the 8 MAS Distinguished Scholar Awardees. 
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Atlanta is a hub for science, communication, and travel. It is a vibrant city with great natural beauty, many modern 
and historical sites of interest, outstanding restaurants and shops, and an efficient, inexpensive public transporta
tion system. Our special thanks to the City of Atlanta for the hospitality they have extended to us. We are pleased 
to have been able to select The Georgia World Congress Center, an outstanding internationally recognized facility, 
as the venue for our scientific sessions and exhibits. We thank all the organizers and participants for making Microscopy 
and Microanalysis 1998 a premier event. We now look forward to Portland, Oregon, the site of Microscopy and 
Microanalysis '99. 
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