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Preface

The symposium on Multilayers: Synthesis, Properties and Non-
Electronic Applications at which the papers included in this
volume were presented, was organized because this is one of
the most rapidly expanding areas of solid state science. This
growth draws on significant advances in a number of other scientific
and technological arenas. In particular, thin-film deposition
techniques have in the past two decades progressed to the point
that it is now possible reproducibly to prepare multilayer
structures of high perfection relative to superlattice character-
istics, individual layer structures, and interfacial structure.
It is also important to recognize that the broad range of sophis-
ticated and sensitive characterization tools and approaches that
are now available have been central to the rapid advance of
multilayer research. It is now clear that these new materials
can be synthesized with structures allowing the scientific investi-
gation of microstructure sensitive physical phenomena, and the
optimization of the properties of technologically useful materials.
In summary, multilayer structure research and technology represents
a significant part of the forefront of what may be termed
Microstructure Engineering.

We are indebted to the symposium authors, in part for
presenting excellent reviews and summaries of the many areas
involved in multilayer research, for presenting the results of
recent investigations, and also for relating these results to
fundamental properties that are important in this area of materials
science. The editors also thank all participants, session chairs,
reviewers, and MRS staff and program officials for their help and
guidance in organizing the symposium and publishing this volume.

The symposium was sponsored by the Office of Naval Research,
the Army Research Office—Durham, Lawrence Livermore National
Laboratory, Harvard University, and Ovonic Synthetic Materials
Corporation.

Troy W. Barbee, Jr.
Lawrence Livermore National

Laboratory

Frans Spaepen
Harvard University

Lindsay Greer
Cambridge University

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

ISSN 0272 - 9172

Volume 1—Laser and Electron-Beam Solid Interactions and Materials Processing,
J. F. Gibbons, L. D. Hess, T. W. Sigmon, 1981, ISBN 0-444-00595-1

Volume 2—Defects in Semiconductors, J. Narayan, T. Y. Tan, 1981,
ISBN 0-444-00596-X

Volume 3—Nuclear and Electron Resonance Spectroscopies Applied to Materials
Science, E. N. Kaufmann, G. K. Shenoy, 1981, ISBN 0-444-00597-8

Volume 4—Laser and Electron-Beam Interactions with Solids, B. R. Appleton,
G. K. Celler, 1982, ISBN 0-444-00693-1

Volume 5—Grain Boundaries in Semiconductors, H. J. Leamy, G. E. Pike,
C. H. Seager, 1982, ISBN 0-444-00697-4

Volume 6—Scientific Basis for Nuclear Waste Management IV, S. V. Topp, 1982,
ISBN 0-444-00699-0

Volume 7—Metastable Materials Formation by Ion Implantation, S. T. Picraux,
W. J. Choyke, 1982, ISBN 0-444-00692-3

Volume 8—Rapidly Solidified Amorphous and Crystalline Alloys, B. H. Kear,
B. C. Giessen, M. Cohen, 1982, ISBN 0-444-00698-2

Volume 9—Materials Processing in the Reduced Gravity Environment of Space,
G. E. Rindone, 1982, ISBN 0-444-00691-5

Volume 10—Thin Films and Interfaces, P. S. Ho, K.-N. Tu, 1982, ISBN 0-444-00774-1

Volume 11—Scientific Basis for Nuclear Waste Management V, W. Lutze, 1982,
ISBN 0-444-00725-3

Volume 12—In Situ Composites IV, F. D. Lemkey, H. E. Cline, M. McLean, 1982,
ISBN 0-444-00726-1

Volume 13—Laser-Solid Interactions and Transient Thermal Processing of Materials,
J. Narayan, W. L. Brown, R. A. Lemons, 1983, ISBN 0-444-00788-1

Volume 14—Defects in Semiconductors II, S. Mahajan, J. W. Corbett, 1983,
ISBN 0-444-00812-8

Volume 15—Scientific Basis for Nuclear Waste Management VI, D. G. Brookins, 1983,
ISBN 0-444-00780-6

Volume 16—Nuclear Radiation Detector Materials, E. E. Haller, H. W. Kraner, W. A.
Higinbotham, 1983, ISBN 0-444-00787-3

Volume 17—Laser Diagnostics and Photochemical Processing for Semiconductor
Devices, R. M. Osgood, S. R. J. Brueck, H. R. Schlossberg, 1983,
ISBN 0-444-00782-2

Volume 18—Interfaces and Contacts, R. Ludeke, K. Rose, 1983, ISBN 0-444-00820-9

Volume 19—Alloy Phase Diagrams, L. H. Bennett, T. B. Massalski, B. C. Giessen,
1983, ISBN 0-444-00809-8

Volume 20—Intercalated Graphite, M. S. Dresselhaus, G. Dresselhaus, J. E. Fischer,
M. J. Moran, 1983, ISBN 0-444-00781-4

Volume 21—Phase Transformations in Solids, T. Tsakalakos, 1984, ISBN 0-444-00901-9

Volume 22—High Pressure in Science and Technology, C. Homan, R. K. MacCrone,
E. Whalley, 1984, ISBN 0-444-00932-9 (3 part set)

Volume 23—Energy Beam-Solid Interactions and Transient Thermal Processing,
]. C. C. Fan, N. M. Johnson, 1984, ISBN 0-444-00903-5

Volume 24—Defect Properties and Processing of High-Technology Nonmetallic
Materials, J. H. Crawford, Jr., Y. Chen, W. A. Sibley, 1984,
ISBN 0-444-00904-3

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 25—Thin Films and Interfaces II, J. E. E. Baglin, D. R. Campbell, W. K. Chu,
1984, ISBN 0-444-00905-1

Volume 26—Scientific Basis for Nuclear Waste Management VII, G. L. McVay, 1984,
ISBN 0-444-00906-X

Volume 27—Ion Implantation and Ion Beam Processing of Materials, G. K. Hubler,
O. W. Holland, C. R. Clayton, C. W. White, 1984, ISBN 0-444-00869-1

Volume 28—Rapidly Solidified Metastable Materials, B. H. Kear, B. C. Giessen, 1984,
ISBN 0-444-00935-3

Volume 29—Laser-Controlled Chemical Processing of Surfaces, A. W. Johnson,
D. J. Ehrlich, H. R. Schlossberg, 1984, ISBN 0-444-00894-2

Volume 30—Plasma Processing and Synthesis of Materials, J. Szekely, D. Apelian,
1984, ISBN 0-444-00895-0

Volume 31—Electron Microscopy of Materials, W. Krakow, D. A. Smith, L. W. Hobbs,
1984, ISBN 0-444-00898-7

Volume 32—Better Ceramics Through Chemistry, C. J. Brinker, D. E. Clark, D. R.
Ulrich, 1984, ISBN 0-444-00898-5

Volume 33—Comparison of Thin Film Transistor and SOI Technologies, H. W. Lam,
M. J. Thompson, 1984, ISBN 0-444-00899-3

Volume 34—Physical Metallurgy of Cast Iron, H. Fredriksson, M. Hillerts, 1985,
ISBN 0-444-00938-8

Volume 35—Energy Beam-Solid Interactions and Transient Thermal Processing/1984,
D. K. Biegelsen, G. A. Rozgonyi, C. V. Shank, 1985, ISBN 0-931837-00-6

Volume 36—Impurity Diffusion and Gettering in Silicon, R. B. Fair, C. W. Pearce,
J. Washburn, 1985, ISBN 0-931837-01-4

Volume 37—Layered Structures, Epitaxy, and Interfaces, J. M. Gibson, L. R. Dawson,
1985, ISBN 0-931837-02-2

Volume 38—Plasma Synthesis and Etching of Electronic Materials, R. P. H. Chang,
B. Abeles, 1985, ISBN 0-931837-03-0

Volume 39—High-Temperature Ordered Intermetallic Alloys, C. C. Koch, C. T. Liu,
N. S. Stoloff, 1985, ISBN 0-931837-04-9

Volume 40—Electronic Packaging Materials Science, E. A. Giess, K.-N. Tu,
D. R. Uhlmann, 1985, ISBN 0-931837-05-7

Volume 41—Advanced Photon and Particle Techniques for the Characterization of
Defects in Solids, J. B. Roberto, R. W. Carpenter, M. C Wittels, 1985,
ISBN 0-931837-06-5

«
Volume 42—Very High Strength Cement-Based Materials, J. F. Young, 1985,

ISBN 0-931837-07-3
Volume 43—Fly Ash and Coal Conversion By-Products: Characterization, Utilization,

and Disposal I, G. J. McCarthy, R. J. Lauf, 1985, ISBN 0-931837-08-1

Volume 44—Scientific Basis for Nuclear Waste Management VIII, C. M. Jantzen,
J. A. Stone, R. C Ewing, 1985, ISBN 0-931837-09-X

Volume 45—Ion Beam Processes in Advanced Electronic Materials and Device
Technology, B. R. Appleton, F. H. Eisen, T. W. Sigmon, 1985, ISBN 0-931837-10-3

Volume 46—Microscopic Identification of Electronic Defects in Semiconductors, N. M.
Johnson, S. G. Bishop, G. D. Watkins, 1985, ISBN 0-931837-11-1

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 47—Thin Films: The Relationship of Structure to Properties, C. R. Aita,
K. S. SreeHarsha, 1985, ISBN 0-931837-12-X

Volume 48—Applied Materials Characterization, W. Katz, P. Williams, 1985,
ISBN 0-931837-13-8

Volume 49—Materials Issues in Applications of Amorphous Silicon Technology,
D. Adler, A. Madan, M. J. Thompson, 1985, ISBN 0-931837-14-6

Volume 50—Scientific Basis for Nuclear Waste Management IX, L. O. Werme, 1986,
ISBN 0-931837-15-4

Volume 51—Beam-Solid Interactions and Phase Transformations, H. Kurz, G. L. Olson,
J. M. Poate, 1986, ISBN 0-931837-16-2

Volume 52—Rapid Thermal Processing, T. O. Sedgwick, T. E. Seidel, B.-Y. Tsaur, 1986,
ISBN 0-931837-17-0

Volume 53—Semiconductor-on-Insulator and Thin Film Transistor Technology,
A. Chiang. M. W. Geis, L. Pfeiffer, 1986, ISBN 0-931837-18-9

Volume 54—Thin Films—Interfaces and Phenomena, R. J. Nemanich, P. S. Ho, S. S. Lau,
1986, ISBN 0-931837-19-7

Volume 55—Biomedical Materials, J. M. Williams, M. F. Nichols, W. Zingg, 1986,
ISBN 0-931837-20-0

Volume 56—Layered Structures and Epitaxy, J. M. Gibson, G. C. Osbourn, R. M. Tromp,
1986, ISBN 0-931837-21-9

Volume 57—Phase Transitions in Condensed Systems—Experiments and Theory,
G. S. Cargill HI, F. Spaepen, K.-N. Tu, 1987, ISBN 0-931837-22-7

Volume 58—Rapidly Solidified Alloys and Their Mechanical and Magnetic Properties,
B. C. Giessen, D. E. Polk, A. I. Taub, 1986, ISBN 0-931837-23-5

Volume 59—Oxygen, Carbon, Hydrogen, and Nitrogen in Crystalline Silicon,
J. C. Mikkelsen, Jr., S. J. Pearton, ]. W. Corbett, S. J. Pennycook, 1986,
ISBN 0-931837-24-3

Volume 60—Defect Properties and Processing of High-Technology Nonmetallic
Materials, Y. Chen, W. D. Kingery, R. J. Stokes, 1986, ISBN 0-931837-25-1

Volume 61—Defects in Glasses, F. L. Galeener, D. L. Griscom, M. J. Weber, 1986,
ISBN 0-931837-26-X

Volume 62—Materials Problem Solving with the Transmission Electron Microscope,
L. W. Hobbs, K. H. Westmacott, D. B. Williams, 1986, ISBN 0-931837-27-8

Volume 63—Computer-Based Microscopic Description of the Structure and Properties
of Materials,!. Broughton, W. Krakow, S. T. Pantelides, 1986, ISBN 0-931837-28-6

Volume 64—Cement-Based Composites: Strain Rate Effects on Fracture, S. Mindess,
S. P. Shah, 1986, ISBN 0-931837-29-4

Volume 65—Fly Ash and Coal Conversion By-Products: Characterization, Utilization
and Disposal II, G. J. McCarthy, F. P. Glasser, D. M. Roy, 1986, ISBN 0-931837-30-8

Volume 66—Frontiers in Materials Education, L. W. Hobbs, G. L. Liedl, 1986,
ISBN 0-931837-31-6

Volume 67—Heteroepitaxy on Silicon, J. C. C. Fan, J. M. Poate, 1986, ISBN 0-931837-33-2

Volume 68—Plasma Processing, J. W. Coburn, R. A. Gottscho, D. W. Hess, 1986,
ISBN 0-931837-34-0

Volume 69—Materials Characterization, N. W. Cheung, M.-A. Nicolet, 1986, ISBN 0-931837-35-9

Volume 70—Materials Issues in Amorphous-Semiconductor Technology, D. Adler,
Y. Hamakawa, A. Madan, 1986, ISBN 0-931837-36-7

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 71—Materials Issues in Silicon Integrated Circuit Processing, M. Wittmer,
J. Stimmell, M. Strathman, 1986, ISBN 0-931837-37-5

Volume 72—Electronic Packaging Materials Science II, K. A. Jackson, R. C. Pohanka,
D. R. Uhlmann, D. R. Ulrich, 1986, ISBN 0-931837-38-3

Volume 73—Better Ceramics Through Chemistry II, C. J. Brinker, D. E. Clark,
D. R. Ulrich, 1986, ISBN 0-931837-39-1

Volume 74—Beam-Solid Interactions and Transient Processes, M. O. Thompson,
S. T. Picraux, J. S. Williams, 1987, ISBN 0-931837-40-5

Volume 75—Photon, Beam and Plasma Stimulated Chemical Processes at Surfaces,
V. M. Donnelly, I. P. Herman, M. Hirose, 1987, ISBN 0-931837-41-3

Volume 76—Science and Technology of Microfabrication, R. E. Howard, E. L. Hu,
S. Namba, S. Pang, 1987, ISBN 0-931837-42-1

Volume 77—Interfaces, Superlattices, and Thin Films, J. D. Dow, I. K. Schuller, 1987,
ISBN 0-931837-56-1

Volume 78—Advances in Structural Ceramics, P. F. Becher, M. V. Swain, S. Somiya,
1987, ISBN 0-931837-43-X

Volume 79—Scattering, Deformation and Fracture in Polymers, G. D. Wignall, B. Crist,
T. P. Russell, E. L. Thomas, 1987, ISBN 0-931837-44-8

Volume 80—Science and Technology of Rapidly Quenched Alloys, M. Tenhover,
W. L. Johnson, L. E. Tanner, 1987, ISBN 0-931837-45-6

Volume 81—High-Temperature Ordered Intermetallic Alloys, II, N. S. Stoloff,
C. C. Koch, C. T. Liu, O. Izumi, 1987, ISBN 0-931837-46-4

Volume 82—Characterization of Defects in Materials, R. W. Siegel, J. R. Weertman,
R. Sinclair, 1987, ISBN 0-931837-47-2

Volume 83—Physical and Chemical Properties of Thin Metal Overlayers and Alloy
Surfaces, D. M. Zehner, D. W. Goodman, 1987, ISBN 0-931837-48-0

Volume 84—Scientific Basis for Nuclear Waste Management X, J. K. Bates,
W. B. Seefeldt, 1987, ISBN 0-931837-49-9

Volume 85—Microstructural Development During the Hydration of Cement, L. Struble,
P. Brown, 1987, ISBN 0-931837-50-2

Volume 86—Fly Ash and Coal Conversion By-Products Characterization, Utilization and
Disposal III, G. J. McCarthy, F. P. Glasser, D. M. Roy, S. Diamond, 1987,
ISBN 0-931837-51-0

Volume 87—Materials Processing in the Reduced Gravity Environment of Space,
R. H. Doremus, P. C. Nordine, 1987, ISBN 0-931837-52-9

Volume 88—Optical Fiber Materials and Properties, S. R. Nagel, J. W. Fleming, G. Sigel,
D. A. Thompson, 1987, ISBN 0-931837-53-7

Volume 89—Diluted Magnetic (Semimagnetic) Semiconductors, R. L. Aggarwal,
J. K. Furdyna, S. von Molnar, 1987, ISBN 0-931837-54-5

Volume 90—Materials for Infrared Detectors and Sources, R. F. C. Farrow,
J. F. Schetzina, J. T. Cheung, 1987, ISBN 0-931837-55-3

Volume 91—Heteroepitaxy on Silicon II, J. C. C. Fan, J. M. Phillips, B.-Y. Tsaur, 1987,
ISBN 0-931837-58-8

Volume 92—Rapid Thermal Processing of Electronic Materials, S. R. Wilson,
R. A. Powell, D. E. Davies, 1987, ISBN 0-931837-59-6

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 93—Materials Modification and Growth Using Ion Beams, U. Gibson,
A. E. White, P. P. Pronko, 1987, ISBN 0-931837-60-X

Volume 94—Initial Stages of Epitaxial Growth, R. Hull, J. M. Gibson, David A. Smith,
1987, ISBN 0-931837-61-8

Volume 95—Amorphous Silicon Semiconductors—Pure and Hydrogenated, A. Madan,
M. Thompson, D. Adler, Y. Hamakawa, 1987, ISBN 0-931837-62-6

Volume 96—Permanent Magnet Materials, S. G. Sankar,). F. Herbst, N. C. Koon,
1987, ISBN 0-931837-63-4

Volume 97—Novel Refractory Semiconductors, D. Emin, T. Aselage, C. Wood, 1987,
ISBN 0-931837-64-2

Volume 98—Plasma Processing and Synthesis of Materials, D. Apelian, J. Szekely,
1987, ISBN 0-931837-65-0

Volume 99—High-Temperature Superconductors, M. B. Brodsky, R. C. Dynes,
K. Kitazawa, H. L. Tuller, 1988, ISBN 0-931837-67-7

Volume 100—Fundamentals of Beam-Solid Interactions and Transient Thermal
Processing, M. J. Aziz, L. E. Rehn, B. Stritzker, 1988, ISBN 0-931837-68-5

Volume 101—Laser and Particle-Beam Chemical Processing for Microelectronics,
D.J. Ehrlich, G.S. Higashi, M.M. Oprysko, 1988, ISBN 0-931837-69-3

Volume 102—Epitaxy of Semiconductor Layered Structures, R. T. Tung, L. R. Dawson,
R. L. Gunshor, 1988, ISBN 0-931837-70-7

Volume 103—Multilayers: Synthesis, Properties, and Nonelectronic Applications,
T. W. Barbee Jr., F. Spaepen, L. Greer, 1988, ISBN 0-931837-71-5

Volume 104—Defects in Electronic Materials, M. Stavola, S. J. Pearton, G. Davies, 1988,
ISBN 0-931837-72-3

Volume 105—SiO2 and Its Interfaces, G. Lucovsky, S. T. Pantelides, 1988,
ISBN 0-931837-73-1

Volume 106—Polysilicon Films and Interfaces, C.Y. Wong, C.V. Thompson, K-N. Tu,
1988, ISBN 0-931837-74-X

Volume 107—Silicon-on-Insulator and Buried Metals in Semiconductors, J. C. Sturm,
C. K- Chen, L. Pfeiffer, P. L. F. Hemment, 1988, ISBN 0-931837-75-8

Volume 108—Electronic Packaging Materials Science II, R. C Sundahl, R. Jaccodine,
K. A. Jackson, 1988, ISBN 0-931837-76-6

Volume 109—Nonlinear Optical Properties of Polymers, A. J. Heeger, J. Orenstein,
D. R. Ulrich, 19887 ISBN 0-931837-77-4

Volume 110—Biomedical Materials and Devices, J. S. Hanker, B. L. Giammara, 1988,
ISBN 0-931837-78-2

Volume 111—Microstructure and Properties of Catalysts, M. M. J. Treacy,
J. M. Thomas, J. M. White, 1988, ISBN 0-931837-79-0

Volume 112—Scientific Basis for Nuclear Waste Management XI, M. J. Apted,
R. E. Westerman, 1988, ISBN 0-931837-80-4

Volume 113—Fly Ash and Coal Conversion By-Products: Characterization, Utilization,
and Disposal IV, G. J. McCarthy, D. M. Roy, F. P. Glasser,
R. T. Hemmings, 1988, ISBN 0-931837-81-2

Volume 114—Bonding in Cementitious Composites, S. Mindless, S. P. Shah, 1988,
ISBN 0-931837-82-0

Volume 115—Specimen Preparation for Transmission Electronjtficroscopy of Materials,
J. C. Bravman, R. Anderson, M. L. McDonald, 19835, ISBN 0-931837-83-9

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY CONFERENCE PROCEEDINGS

Tungsten and Other Refractory Metals for VLSI Applications, R. S. Blewer, 1986;
ISSN: 0886-7860; ISBN: 0-931837-32-4

Tungsten and Other Refractory Metals for VLSI Applications II, E.K. Broadbent, 1987;
ISSN: 0886-7860; ISBN: 0-931837-66-9

Ternary and Multinary Compounds, S. Deb, A. Zunger, 1987; ISBN.0-931837-57-X

Tungsten and Other Refractory Metals for VLSI Applications III, Victor A. Wells, 1988,
ISSN 0886-7860; ISBN 0-931837-84-7

Atomic and Molecular Processing of Electronic and Ceramic Materials: Preparation,
Characterization and Properties, Ilhan A. Aksay, Gary L. McVay, Thomas G Stoebe
1988, ISBN 0-931837-85-5

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41102-9 - Materials Research Society Symposium Proceedings: Volume 103: 
Multilayers: Synthesis, Properties and Non-Electronic Applications
Editors: T. W. Barbee, F. Spaepen and L. Greer
Frontmatter
More information

http://www.cambridge.org/9781107411029
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781107411029: 


