
ated with the US space efforts. In less
than 150 pages he leads the reader
through what has been accomplished,
and then tells him what may be done
in the years to come. Kopal presents a
a strong argument for the idea that
manned space observatories can un-
dertake many significant explorations
that unmanned observatories cannot.
The book, which is well written, should
be valuable as collateral reading in
undergraduate astronomy courses; it
will also be of value for individual
perusal by persons who wish to get a
survey of the outstanding astronomical
problems and the applications of space
technology but who lack the back-
ground or the interest for a study at the
technical level.

The reviewer is a professor of physics at
Syracuse University where he specializes

** in general relativity.

NEW BOOKS

CONFERENCE PROCEEDINGS
Theory of Condensed Matter. (Symp.
proc). International Atomic Energy Ag-
ency, eds. (Trieste, 3 October-16 Decem-
ber 1967). 1015 pp. $20.00

Fundamental Particle Physics. (Symp.
proc.) Gyo Takeda Yasuo Hara, ed.
(Tokyo, 1967). 167 pp. W. A. Benjamin,
New York, 1968. $8.50

Vistas in Science. (Symp. proc.) David
L. Arm, ed. (Albuquerque, New Mexico,
June, 1968). 256 pp. Univ. of New Mexico
Press, 1968. $5.95
Topics in Nonlinear Physics. (Conf.
proc). Norman J. Zabusky, ed. (Munich,
1966). 724 pp. Springer-Verlag, New
York, 1968. $13.50

Irreversible Aspects of Continuum Mech-
anics and Transfer of Physical Character-
istics in Moving Fluids. (Symp. proc).
H. Parkus and L. I. Sedov, eds. (Vienna,
June 1966). 424 pp. Springer-Verlag, New
York, 1968.
Interstellar Ionized Hydrogen. (Symp.
proc). Yervant Terzian, ed. (Charlottes-
ville, Va., 8-11 December 1967). 774 pp.
W. A. Benjamin, New York, 1968. $15.00
Methods in Subnuclear Physics. Vol. 1.
(Symp. proc). M. Nikolic, ed. (Herceg-
Novi, Yugoslavia, 11-25 September 1966).
499 pp. Gordon and Breach, New York,
1968. Cloth $30.00, paper $14.00

Methods in Subnuclear Physics, Vol. 2.
(Symp. proc.) M. Nikolic, ed. (Herceg-
Novi, Yugoslavia, 11-25 September 1966).
842 pp. Gordon and Breach, New York,
1968. Cloth $51.50, paper $24.00
Solid State Physics, Nuclear Physics and
Particle Physics. (Conf. proc) Igor Sa-
avedra, ed. (Santiago, Chile, July, 1967).
844 pp. W. A. Benjamin, New York, 1969.
$16.00

Work Hardening, Vol 46 (Symp. proc.)
J. P. Hirth and J. Weertman, eds.
(Chicago, Illinois, November, 1966). 382
pp. Gordon and Breach, New York, 1968.
$23.00

Battele Recontres: 1967 Lectures in Math-
ematics and Physics. (Symp. proc). Cecile
M. DeWitt and John A. Wheeler, eds.
(University of Washington, 16 July-31
August 1967). 557 pp. W. A. Benjamin,
New York, 1968 $14.50

Nuclear and Particle Physics. (Symp.
proc). Bernard Margolis and C. S. Lam,
eds. (McGill Univ., Montreal, 7-18 August
1967). 547 pp. W. A. Benjamin, New
York, 1968. $12.50

Solid State Physics, Vol. 1: Electrons in
Metals. (Symp. proc). J. F. Cochran and
R. R. Haering, eds. (Simon Fraser Univ.,
British Columbia, 21 August-1 September
1967). 386 pp. Gordon and Breach, New
York, 1969. $24.50

Long Range Forecasting Methodology.
(Symp. proc). Joseph P. Martino and
Thomas Oberbeck, eds. (Alamogordo, New
Mexico, 11-12 October 1967). 191 pp.
Defense Documentation Center, Cameron
Station, Alexandria, Va., 1967

Mechanical Behavior of Materials Under
Dynamic Loads. (Symp. proc) Ulric S.
Lindholm, ed. (San Antonio, Texas, 6-8
September, 1967). 419 pp. Springer-Ver-
lag, New York, 1968. $18.00

Optical Properties of Dielectric Films.
(Symp. proc) Norman N. Axelrod, ed.
(Boston, Mass., 6-7 May 1968) 283 pp.
Electrochemical Society, Inc., New York,
1968. $9.00

Mossbauer Effect Methodology, Vol. 4.
(Symp. proc). Irwin J. Gruverman, ed.
(Chicago, 111., 28 January 1968). 270 pp.
Plenum, New York, 1968. $15.00

ELEMENTARY PARTICLES

Principles of Particle Accelerators. By
Enrico Persico, Ezio Ferrari and Sergio
E. Segre. 301 pp. W. A. Benjamin, New
York, 1968. $17.75

NUCLEI

Nuclear Theory: The Quasiparticle Meth-
od. (Trans, from Russian). By A. B.
Migdal. 142 pp. W. A. Benjamin, New
York, 1968. Cloth $9.00, paper $4.95

Annual Review of Nuclear Science, Vol.
18, 1968. Emilio Segre, ed. 553 pp. An-
nual Reviews, Inc., Palo Alto, Calif., 1968.
US $8.50, Foreign $9.00

ATOMS, MOLECULES,
CHEMICAL PHYSICS

Microwave Spectral Tables: Polyatomic
Molecules Without Internal Rotation, Vol.
IV. (NBS-70). By Marian S. Cord, Mat-
thew S. Lojko and Rudolph H. Haas. 418
pp. National Bureau of Standards, Wash-
ington, DC, 1968. $5.50

Inorganic Electronic Spectroscopy. By
A. B. P. Lever, 420 pp. American Elsevier,
New York, 1968. $31.50
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Report from

BELL
LABORATORIES A simple, better microphone

FOIL ELECTRET

AIR GAP

\--BACKPLATE

PT4-AIR CAVITY

OUTPUT

Essentials of the new microphone: The microphone's diaphragm is a charged dielec-
tric foil upon which a thin metal layer has been deposited; it is called a foil electret. The
electret touches a metal backplate in several places and, due to surface irregularities,
air pockets form between the electret and the backplate. The backplate is perforated so
that the air layer can communicate with the larger cavity, increasing the vibration ampli-
tude (and thus the sensitivity) of the system.
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Simplified cross-sectional diagram showing how microphone "electrets"— perma-
nently charged dielectric foils—are made. The metallized foil is heated to about 200°C
while between a pair of charged metal plates which create an electrostatic field of be-
tween 10 and 100 kV/cm. Charges, identical in sign to the adjacent plates, migrate from
the plates to the electret, where they remain after cooling. This method of foil electret
preparation was announced by Bell Laboratories in 1962.
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Sensitivity of electret microphones using fluorocarbon foils is nearly constant. Extra-
polated lifetime is about 100 years.

A new kind of condenser microphone
with several valuable features has been
invented by Gerhard M. Sessler and
James E. West of Bell Laboratories. It has
the excellent sound fidelity of former
types of condenser microphones, but
does not need a d-c supply, and has
much lower electrical impedance; this
permits good low-frequency response
without the need for special circuits.

Like previous designs, the new micro-
phone depends on a varying capacitance
—produced as sound vibrations impinge
on one flexible plate of a capacitor. But
there's a difference: here, the flexible
plate is a "foil electret"—a thinly metal-
lized sheet of fluorocarbon or polycar-
bonate. The electret contains a perma-
nent static charge. As the electret moves,
it varies the electrostatic field across the
air gap (drawing). This produces a vary-
ing voltage at the output.Thus, the micro-
phone needs no d-c supply.

In any capacitor,the thinner the dielec-
tric, the higher the capacitance. Dielec-
tric films can be made 0.00012 to 0.001
inch thick. So, the capacitance of the
electret microphone is about triple that
of conventional types of condenser mi-
crophones, and the impedance is com-
parably lower. This simplifies accom-
panying circuitry.

The microphone is inexpensive, excep-
tionally rugged, and immune to wide
temperature fluctuations.

As the graph (left) shows, the micro-
phone's sensitivity remains essentially
constant for very long periods. This is
due to an inherent compensation only
possible with thin-film electrets: as the
charge on the electret decays-and
measurements indicate that it will take
about 100 years to fall 50 percent-elec-
trostatic attraction between electret and
backplate is reduced. This diminishes
the restoring force on the electret, allow-
ing it to vibrate at greater amplitude.
Electrical output remains, therefore,
nearly constant.

As with all promising devices the elec-
tret microphone is being evaluated by
our development and systems engineers.
Because of its simple construction and
low cost it may well find application in
future telephones.

Bell Telephone Laboratories
Research and Development Unit of the Bell System



Champ Cristallin et Luminescence: Ap-
plications de la Theorie des Groupes a la
Luminescence Cristalline. By Daniel
Curie. 361 pp. Gauthier-Villars, Paris,
1968. 68F
Giant Molecules: The Technology of Plas-
tics, Fibers and Rubber. By Morris
Kaufman. 187 pp. Doubleday, New York,
1968. Paper, $2.25, cloth $5.95

ACOUSTICS

Philosophical Transactions of the Royal
- Society of London, Series A: Mathematical
=. and Physical Sciences, Vol. 263: A Dis-

cussion on the Origin and Treatment of
Noise in Industrial Environments. E. J.

; Richards, ed. 480 pp. Royal Society,
* London, 1968. $14.00

OPTICS

The Nuclear Independent Particle Model:
The Shell and Optical Models. By A. E. S.
Green, T. Sawada and D. S. Saxon. 363 pp.
Academic, New York, 1968. $16.00
Lasers: Tools of Modern Technology. By
Ronald Brown. 192 pp. Doubleday, New
York, 1968. Cloth $5.95, paper $2.45

ELECTRICITY AND MAGNETISM

Arrays of Cylindrical Dipoles. By Ronald
W. P. King, Richard B. Mack and Sheldon
S. Sandier. 494 pp. Cambridge Univ. Press,
New York, 1968. $19.50

FLUIDS, PLASMAS

" Electron Waves and Resonances in
:~ Plasmas. By Paul E. Vandenplas. 222
T: pp. Interscience, New York, 1968. $11.50
«• Molten Salts, Vol. 1: Electrical Conduc-
•*; tance, Density, and Viscosity Data.

(NSRDS-NBS 15). By G. J. Janz, F. W.
•:: Dampier, G. R. Lakshminarayanan, P. K.
'., Lorenz and R. P. T. Tomkins. 139 pp. Na-

tional Bureau of Standards, Washington,
DC, 1968. $3.00
Relativistic Plasmas. (Symp. proc).
Oscar Buneman and William B. Pardo,

* eds. (University of Miami, February,
% 1968). 249 pp. W. A. Benjamin, New York,
2 1968. $13.50

£ SOLIDS

$> Ceramic Fibers and Fibrous Composite
: Materials. By H. W. Rauch Sr., W. H.
•< Sutton and L. R. McCreight. 436 pp. Aca-
\r demic, New York, 1968. $12.50

Optical Properties and Band Structures of
Semiconductors. By David L. Greena-

., way and Gunther Harbeke. 159 pp. Per-
gamon, New York, 1968. $9.00
Festkorper Problem VII. O. Madelung,
ed. 311 pp. Pergamon, New York, 1968.

:' $13.00

ASTRONOMY, SPACE, GEOPHYSICS
Communications of the Lunar and Plan-
etary Laboratory. Communications Nos.

kf 93-99, Vol. 6, Part 3; Communications
(', Nos. 112-113, Vol. 7, Part 2; Communi-

cations Nos. 114-122, Vol. 7, Part 3. 207
pp., 103 pp., and 178 pp. G. P. Kuiper,
W. K. Hartmann and Barbara Vigil, eds.
The Univ. of Arizona Press, Tuscon, 1968.
$4.50 each.
Pulsating Stars. (A Nature reprint). 92
pp. Maemillan, New York, 1968. 60s
Annals of the IQSY, Vol. 2: Solar and
Geophysical Events, 1960-1965. (Calen-
dar Record). J. V. Lincoln and A. C.
Strickland, eds. 279 pp. The MIT Press,
Cambridge, Mass., 1968. $15.00
Handbook of Soviet Space-Science Re-
search. George E. Wukelic, ed. 526 pp.
Gordon and Breach, New York, 1968.
Reference $24.50, professional $14.50
Stars and Clouds of the Milky Way: The
Structure and Motion of Our Galaxy.
Thornton Page and Lou Williams Page,
eds. 361 pp. Maemillan, New York, 1968.
$7.95
Methods of Astrodynamics: By Pedro R.
Escobal. 342 pp. Wiley, New York, 1968.
$14.95

THEORY AND
MATHEMATICAL PHYSICS

Intermediate Quantum Mechanics. (2nd
edition). By Hans A. Bethe and Roman
Jackiw. 393 pp. W. A. Benjamin, New
York, 1968. $11.00
Understanding Quantum Mechanics. By
Gordon Troup. 86 pp. Methuen and Co.
Ltd., London, 1968. $3.00
Induced Representations of Groups and
Quantum Mechanics. By George W.
Mackey. 167 pp. W. A. Benjamin, New
York, 1968. Cloth $8.50, paper $3.95
Four-Dimensional Space. (Trans, from
German). By Ludwig Eckhart. 90 pp.
Indiana Univ. Press, Bloomington, In-
diana, 1968. $6.75
Introduction to Quantum Mechanics. (2nd
edition). By P. T. Matthews. 188 pp. Mc-
Graw-Hill, New York, 1968. $6.95
Continuum Theory of Inhomogeneities in
Simple Bodies. By W. Noll, R. A.
Toupin and C.-C. Wang. 192 pp. Springer-
Verlag, New York, 1968. $6.50
Simulation: The Modeling of Ideas and
Systems with Computers. John McLeod,
ed. 351 pp. McGraw-Hill, New York,
1968. $15.00
Methode a Pas Fractionnaires: Resolu-
tions de Problemes Polydimensionnels de
Physique Mathematique. By N. N. Ya-
nenko. 205 pp. Librairie Armand Colin,
Paris, 1968.
Algebres D'Observables Associees aux
Relations de Commutation. By A. Guich-
ardet. 67 pp. Armand Colin, Paris, 1968.

INSTRUMENTATION AND
TECHNIQUES

Principles of Particle Accelerators. By
Enrico Persico, Ezio Ferrari and Sergio E.
Segre. 301 pp. W. A. Benjamin, New York,
1968. $17.75
Measurement of Carrier Lifetime in Semi-
conductors—An Annotated Bibliography
Covering the Period 1949-1967. (NBS-
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465). By W. Murray Bullis. 62 pp. Na-
tional Bureau of Standards, Washington
DC, 1968. $.60
Spectrochemical Analysis Section: Sum-
mary of Activities July 1967 to June 1968.
(NBS-452). Bourdon F. Scribner, ed. 80
pp. National Bureau of Standards, Wash-
ington, DC, 1968. $1.00

The Physical Basis of Ultrahigh Vacuum.
By P. A. Redhead, J. P. Hobson and E. V.
Kornelsen. 498 pp. Chapman and Hall
(Barnes and Noble), New York 1968
$16.75
Computing Methods in Reactor Physics.
H. Greenspan, C. N. Kelber and D. Ok-
rent, ed. 589 pp. Gordon and Breach,
New York, 1968. Cloth $18.00 paper
$12.00

HEAT, THERMODYNAMICS,
STATISTICAL PHYSICS

Thermodynamique: Relativiste et Quan-
tique. By Henri Arzelies. 704 pp. Gau-
thier-Villars, Paris, 1968. 145F

TEXTBOOKS
Experiments in Physics. (4th edition). L.
A. Sanderman, ed. 169 pp. Pacific Books,
Palo Alto, Calif., 1968. $3.95
Physics: An Introduction. By Ernest C.
Pollard and Douglas C. Huston. 404 pp.
Oxford Univ. Press, New York, 1968.
$8.50
Practical Physics. By G. L. Squires. 224
pp. McGraw-Hill, New York, 1968.
$6.50

PHYSICS AND SOCIETY

Science: Men, Methods, Goals. Boruch
Brody and Nicholas Capaldi, eds. 343
pp. W. A. Benjamin, New York, 1968.
Cloth $8.00, paper $2.95
Support and Research Participation of
Young and Senior Academic Staff, 1968.
(NSF 68-31). Charles E. Falk, ed. 31
pp. National Science Foundation, Wash-
ington, DC, 1968. $.40
The Prometheus Project: Mankind's Search
for Long-Range Goals. By Gerald Fein-
berg. 215 pp. Doubleday, New York,
1969. $4.95

MISCELLANY

French for the Sciences. Colette Brichant,
ed. 127 pp. Prentice-Hall, Englewood
Cliffs, New Jersey, 1968. $2.95
Vistas in Research, Vol. 2. Brookhaven
National Laboratory. 208 pp. Gordon
and Breach, New York, 1968. Cloth
$7.50, paper $4.00

Vistas in Research, Vol. 3. Brookhaven
National Laboratory. 200 pp. Gordon
and Breach, New York, 1968. Cloth
$7.50, paper $4.00

An Interdisciplinary Index of Studies in
Physics, Medicine and Music Related to
the Human Voice. Wallace Heaton and
C. W. Hargens, eds. 61 pp. Theodore
Presser Co., Bryn Mawr, Penn., 1968.
$6.00 •
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