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E. L. Wolf. Principles of Electron Tunneling Spectrosco-
py. Oxford University Press, New York; Clarendon Press,
Oxford, 1985. pp. 576 (International Series of Monographs
on Physics. V. 71).

The title of the book very clearly defines its direction
and corresponds to its contents completely. During the peri-
od of almost thirty years the tunneling effect in solids has
turned from being the object of investigations into an ele-
gant, unusually informative and reliable experimental in-
strument—the method of tunneling spectroscopy. The book
emphasizes first of all the possibilities of the method in prin-
ciple. However, the physical results obtained with its aid
play the role of somewhat meager, but expressive ornamen-
tation—they bring out the new qualities of the method, con-
vincing the reader of the multifaceted and universal charac-
ter of tunneling spectroscopy. Such an approach to writing
the book is entirely justified and will guarantee for a long
time the timeliness of the questions raised in it.

The huge factual material, both theoretical and experi-
mental, has been rigorously systematized by the author (in
accordance with the title of the book) and is contained in
eleven chapters and three appendices. The greater part of the
book is devoted to the presentation of the basis of the spec-
troscopy of superconductors (Ch. 3-7). The methodolog-
ical side of the tunneling effect has attained perfection spe-
cifically in the case of this object. The second and the eighth
chapters are devoted to the spectroscopy of the normal state
(metals, semiconductors, magnetic materials, organic mole-
cules etc.) and the prospects of its development. The profu-
sion of illustrations (there are more than 250) of the excel-
lent quality with detailed captions is an aid to a better
understanding of all the principles of the method of electron
tunneling.

The first chapter of the book is introductory. It dis-
cusses the basic concepts concerning tunneling as a highly
quantum phenomenon and different aspects of electron tun-
neling in solids, introduces ideas concerning the quasiparti-
cle and superconducting (Josephson) tunneling effect, and
calls the attention of the reader to the spectroscopic aspects
of tunneling phenomena. The second chapter provides de-
tails of the theoretical and experimental aspects of tunneling
in normal structures. Attention is paid to investigation of
many-particle effects, and a description is given of different
real types of structures—junctions and their difference from
ideal ones, due to defects in barriers. A discussion is given of
the influence of band structure and density of electron states
on the volt-ampere characteristics of normal junctions.

The third chapter presents the theories of superconduc-
tivity and tunneling in superconductors—both of the quasi-
particle and Josephson type. Also here are presented results
of the tunneling investigation of the energy gap in supercon-
ductors with strong and weak electron-phonon interaction

(EPI), its anisotropy, the influence of the magnetic field, of
magnetic impurities, of high pressures, of thermal fluctu-
ations and of an external electromagnetic field. The fourth
chapter is devoted to a description of the theory of supercon-
ductors with strong EPI based on the Eliashberg equations.
Methods are presented for solving these nonlinear equation
in order to obtain the EPI spectral function a2(ct))F(ca)—
the iteration procedure of MacMillan and Rowell and the
dispersion method of Galkin, D'yachenko and Svistunov.
The fifth chapter contains the main concepts concerning the
proximity effect arising injunctions of a normal metal with a
superconductor, an analysis is given of the corresponding
theoretical models of the proximity effect, and the spectros-
copy of normal and superconducting objects based on this
effect is discussed. The sixth chapter is devoted to the spec-
troscopy of the vibrational spectrum and the electron-
phonon interaction of superconductors—both ordinary and
transition metals, alloys, compounds, amorphous supercon-
ductors, and to the changes in their properties as a result of
applying external influences. Nonequilibrium effects in nor-
mal and superconducting structures arising in the case of
tunneling injection of quasiparticles and external pumping,
and their effect on the energy gap in superconductors are
described in chapter 7.

The eighth chapter emphasizes the spectroscopic possi-
bilities of tunneling for the study of the normal state. An
analysis is given of the quantum size effects in thin metallic
films, surface effects in semiconductors and spin polariza-
tion in ferromagnetic substances. Considerable attention is
paid to the inelastic interaction of tunneling electrons with
magnons, surface and volume plasmons, barrier phonons
and surface phonons of the electrodes forming a tunneling
junction. Questions of stimulating electron transitions and
of electron-electron interaction in metallic systems, specifi-
cally energy-associated effects in degenerate semiconduc-
tors and zero anomalies in tunneling conductivity are dis-
cussed. The ninth chapter introduces the reader to the
relatively recent work on tunneling in unusual materials: ul-
trathin films and small superconducting particles, artificial
superlattices and organic conductors. The tenth chapter pre-
sents the bases of molecular spectroscopy by the method of
inelastic tunneling. It deals with the investigation of a very
small quantity of a material imbedded into a barrier, suffi-
cient to obtain spectral characteristics—vibrational and ro-
tational spectra of molecules analogous to IR and Raman-
spectroscopy. Chapter 11 is devoted to the practical
applications of the tunneling effect: from superconducting
interferrometers to tunneling scanning microscope with ul-
trahigh resolution.

The concluding part of the book contains three appen-
dices (A-C). Appendix A presents achievements in the
technology of preparation of tunneling strutures with differ-
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ent barriers, and methods of recording tunneling character-
istics. Appendix B presents numerical methods of reducing
tunneling data and obtaining the spectral functions of the
EPI, while Appendix C contains quantitative results on tun-
neling investigations of solids. Over 1500 cited primary
sources together with a subject index enable one to explore
any particular problem in greater detail and more deeply.
The availability of such a "guidebook to the literature" is

one more merit of the book by E. L. Wolf.
The appearance of the book being reviewed can be re-

garded as an important event for specialist in the fields of
physics of the solid state, of low temperatures of junction
phenomena. The breadth of the presented material makes it
interesting also to a wider circle of readers—students, grad-
uate students, beginning researchers, specializing not only in
the field of physics, but also in chemistry and biology.

Multiple-photon excitation and dissociation of polyatomic molecules
V. N. Sazonov
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Multiple-Photon Excitation and Dissociation of Polyato-
mic Molecules, Ed. C. D. Cantrell. Springer-Verlag, Berlin;
Heidelberg; New York; London; Paris; Tokyo, 1986, pp. 288
(Topics in Current Physics. V. 35)

The book is devoted to the interaction of powerful in-
frared radiation, the source of which is a pulsed COr laser,
with polyatomic molecules (the number of atoms is in the
range of 5-10). The IR radiation excites these molecules to
high vibrational levels, and under certain conditions leads
not only to excitation but also to dissociation of the mole-
cules. This phenomenon, discovered more than 15 years ago,
continues to attract the interest of many investigators since,
first of all, technological applications are possible, for exam-
ple, in the field of isotope separation or nonthermal stimula-
tion of chemical reactions; and secondly, the physics of the
phenomenon is very interesting and is not entirely under-
stood even now.

The book under review is a collection of articles. It con-
sists of the first chapter, which contains a relatively brief
popular preface by the editor, and of seven subsequent inde-
pendent chapters the authors of which11 describe their inves-
tigations addressing themselves to specialists working in the
same field.

In the first chapter the editor, in particular, writes that
during the last 15 years molecular physics is undergoing a
renaissance associated with the appearancevof powerful IR
lasers. A completely new interesting field of molecular phys-
ics has emerged a part of whose new directions is represented
in this book.

The second chapter contains extensive experimental
material regarding excitation and dissociation of 44 different
molecules under conditions when the molecules are in the
gas phase in a cell and are subjected to single-frequency irra-
diation by one CO2-laser. A review of the literature is given
with 294 references. The authors note that different mole-
cules under the action of powerful pulsed IR radiation ex-
hibit approximately the same properties.

In the third chapter experiments are described on sin-
gle-frequency irradiation of molecules in molecular beams.
This completely eliminates the possible effect of collisions on
excitation and dissociation. These experiments show that

the redistribution of energy from the vibrational mode being
excited to all other vibrational modes occurs only at very
high vibrational levels near the dissociation threshold.

The fourth chapter is devoted to two-frequency experi-
ments when IR radiation from the first laser excites the mol-
ecules to low-lying vibrational levels, and then a more pow-
erful IR radiation from the second laser or UV radiation
produces dissociation of the excited molecules. Such an ar-
rangement has many advantages, in particular, the reso-
nance IR radiation from the first laser can be relatively
weak, and this makes it possible to produce dissociation of
even those molecules whose absorption bands lie at some
distance from the frequencies of the powerful CO2-lasers.
The two-frequency arrangement is used for the dissociation
of molecules containing heavy elements and having a small
isotope shift.

The fifth chapter describes experimental studies of nar-
row resonances in the spectrum of the multiple-photon ab-
sorption of SF6 molecules cooled by the gasdynamic method
to a temperature of approximately 30 K. The existence of
such resonance once again indicates that there is no appre-
ciable redistribution of vibrational energy at low-lying
levels.

In the sixth chapter some theoretical models are devel-
oped which include the vibrational mode being excited and a
thermostat consisting of the other vibrational modes. A de-
tailed discussion is given of the transition from the coherent
description, which takes into account the nondiagonal ele-
ments of the density matrix, to the simpler noncoherent de-
scription which takes into account only the level popula-
tions, i.e., only the diagonal elements. A review is given of
the theoretical papers which contains 154 references.

The seventh chapter is devoted to a theoretical study of
the adiabatic inversion in polyatomic molecules. Adiabatic
inversion allows a complete depopulation of the lowest level
and the transfer of the entire population to upper levels. This
process, which was studied for the first time in connection
with nuclear magnetic resonance, can be realized in the opti-
cal range by means of a slow variation of the intensity of laser
radiation at a constant frequency. The great selectivity of
adiabatic inversion makes it useful for isotope separation.
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