strating the existence of the W and Z

particles.

Which is “more important”? Both

are triumphs of the human intellect.
There is an often-unrecognized di-

versity within what one normally

.

considers “big science.” At one ex-
treme are large groups focused on
one problem (or even on a single
experiment—vide Rubbia and van
der Meer). At another extreme are
large facilities shared by a number of
small-to-medium-sized groups. Such
facilities have revolutionized fields
traditionally thought of as small
science. (One has but to think of the
effect of the Glomar Challenger on
geology, or the succession of ever
larger telescopes on astronomy.) And
yet another form of “big science” is
the grouping by common consent into
a large and diverse enterprise (such
as the Joint Institute for Laboratory
Astrophysics or the Institute for
Theoretical Physics) that by the rich-
ness of its internal interactions often
sets the pace and standard of quality
for a whole field.

These large experiments, facilities
or groups are the ones able to open
new windows on the unknown and in
so doing to lead to the unexpected
discoveries that change the course of
science. (This has gone on as long as
there has been science.’) Opening
such windows increasingly requires
ever larger enterprises. “Big science”
is thus simply the next logical step in
any field of science. Once made and
absorbed it becomes tomorrow’s “lit-
tle science” and is no longer remarked
on. (“Little science” is time depen-
dent. Small groups today have more
computing power than Los Alamos
did when it worked out the first
hydrogen bombs.)

The best science is done by allowing
scientists to decide what is important
and how to do it, not by our telling
them. Let me argue for the best
science independent of size: It would
be a shame if physics were to be
decided by formula and not by intel-
lectual challenge.
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Charge-Density Wave
Compound Comment

In his December Search and Discov-
ery story (page 17) Anil Khurana

TEK

CHARGE SENSITIVE PREAMPLIFIER

(m!

AMPLITUDE

If you are using: Solid State Detectors,

Proportional counters, Photodiodes,

PM tubes, CEMS or MCPs and want the

best performance, try an AMPTEK
CHARGE SENSITIVE PREAMPLIFIER

Send for Complete Catalog

TEK

RUN SILENT — RUN FAST!!
A NEW STATE-OF-THE-ART
EXTERNAL FET

FET CAN BE COOLED

NOISE: < 100e'RMS (Room Temp.)
& 20eRMS (Cooled FET)

POWER: 19 mW typical

SLEW RATE: > 475 V/ us

GAIN-BANDWIDTH f1 > 1.5 GHZ

eatures:

Aerospace

Portable Instrumentation
Nuclear Plant
Monitoring

Imaging

Research Experiments
Medical and Nuclear
Electronics
Electro-Optical

Systems and others.

Low noise
(less than 100 electrons RMS)

Low power

(5 milliwatts)

Small size

(Hybrids)

High Reliability
Radiation hardened
(as high as 10’ Rads)
One year warranty

AMPTEK mc.

6 DE ANGELO DRIVE, BEDFORD, MA 01730 U.S.A. (617) 275-2242

AUSTRALIA: Austeknis PTY Ltd, Kingswood 2763533; AUSTRIA: Item Beratung, Vienna 975958; BELGIUM: Landre
Intechmij, Aartselaar 8875382; BRAZIL: Domex Comercio Exterior Ltda, Sao Jose Dos Campos-SP 234235; DENMARK:
Eltime, Slangerup 780303; ENGLAND: Teknis Ltd., Crowthorne, Berkshire 780022; FRANCE: Leversan, Rousset,
42290019; WEST GERMANY: Teknis & Co. Munchen, 7900736; HONG KONG: Idealand Electronics Ltd, Kowloon,
7443516-9; INDIA: Bakubhai Arhbalai Bombay 6323303; ISRAEL: Giveon Agencies Itd, Tel Aviv, 5612171; ITALY: C.LE.R.
Roma 856814; JAPAN: Jepico, Tokyo 3480623; KOREA: Hongwood International, Seoul, 5551010; NETHERLANDS:
Hollinda B.V. The Hague 512801; NORWAY: Ingenior Harald Benestad A/S, Lierskogen 850295; PAKISTAN: Fabricon,
Karachi 412266; PHILIPPINES: QV Philippines Co. Ltd Metro Manila, 8193365.

Circle number 76 on Reader Service Card

Accurate measurement of
all your gases all the time

{

—~ log. scale

|

!JMMMN i

[
I
il

|

T T
20 a0 60

80 100

T
120 amu

Spectrum of air sample

A complete line of quadrupole
mass analyzers to improve
yield and quality in any vacuum
or gas process.
* Long-term stability of £0.02%
» Measures from percent to ppb
» Mass ranges to 64, 100, 200, 300, 512, 1000 and
2000 amu
« Multiplex up to 8 quad analyzers with one
controller
» Computer controlled for stand-alone operation
« Powerful, easy-to-use software packages adapt
to your process

« Automatic calibration and measurement
shortens analysis time and enhances precision

Call for details on gas analysis components
that deliver accurate measurement of all
your gases all the time.

BALZERS

8 Sagamore Park Road + Hudson, NH 03051
TEL (603) 889-6888 « FAX (603) 889-8573

The Sensible Solution

Circle Reader No. 77 to receive literature

Circle Reader No. 78 to have sales representative contact you
PHYSICS TODAY ~ JUNE 1991 137




surveyed experimental progress to-
ward establishing the existence of the
Wigner crystal. One of the key signa-
tures of such a crystal is nonlinear
conductance, which presumably
arises from the depinning of the
crystal from the host lattice. As
Khurana pointed out, it may be useful
to draw parallels with earlier work on
the depinning of the charge-density
wave in quasi-one-dimensional solids.
However, the compounds in which the
charge-density waves may be de-
pinned by a weak electric field were
incorrectly identified.

A charge-density wave (a weak
periodic modulation of the electron
density) is accompanied by a periodic
lattice distortion whose wavevector
matches the diameter of the Fermi
surface. The periodic potential opens
up a gap at the Fermi surface. In
certain low-dimensional solids, the
gain in electronic energy from gap
formation offsets the cost in lattice
strain energy when the temperature
is below a critical value, so that the
charge-density wave is stable. The
existence of charge-density waves in
solids was first demonstrated in the
late 1960s by John Wilson, Frank
DiSalvo and S. Mahajan.! The struc-
tural evidence for charge-density
wave formation in the transition-
metal dichalcogenides (NbSe, and
TaS,) was carefully argued in their
paper, which strongly influenced the
work of later investigators, including
us. The dichalcogenides are layered
compounds with quasi-two-dimen-
sional electronic properties. For rea-
sons that are not completely under-
stood, the charge-density waves are
very strongly pinned to the host lat-
tice, and there is no evidence (so far)
that collective motion of the waves is
possible in these layered compounds.

In 1974 Jean Rouxel and coworkers
synthesized the trichalcogenide
NbSe;. This remarkable compound
has a linear-chain morphology and an
electronic dispersion that is quasi-
one-dimensional. A charge-density
wave spontaneously forms in NbSeg
at 142 K, followed by a second one at
59 K. Around this period, we were
inspired by a prescient remark by
John Bardeen that “sliding Frohlich”
conductivity could exist in quasi-one-
dimensional metals. In experiments
starting in 1975 we found that at all
temperatures below 142 K, the linear
conductivity at the microwave fre-
quency 10 GHz is significantly larger
than at zero frequency. We also
observed that the conductivity in-
creases dramatically in the presence
of a weak dc electric field (10 mV/cm).
We interpreted these results as
reflecting, respectively, collective

forced oscillation of the pinned
charge-density wave and depinning of
the wave from the host lattice.?

Khurana also mentioned the phe-
nomenon of noise generation when
nonlinear transport occurs. The exis-
tence of voltage oscillations (“narrow
band noise”) accompanying charge-
density wave motion in NbSe; was
reported by Robert Fleming and
Charles C. Grimes?® in 1979.

These three unusual transport phe-
nomena—nonlinear conductivity in a
weak dc field, excess conductivity at
microwave frequencies, and noise
generation—are now accepted as the
key signatures of charge-density wave
motion. To date, all compounds that
display these properties [NbSe;, TaS,,
NbS;, (TaSe,),I and K, ;Mo0,] have
a linear-chain structure.*

In his article in the same issue of
PHYSICS TODAY (page 25), Bardeen also
referred to the properties of NbSe,.
In addition to the quantum tunneling
model proposed by him, classical mod-
els also have been quite successful in
explaining the remarkable transport
properties of these solids.®
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Europe’s
Educational Edge

Chiara R. Nappi’s comparison of
mathematics and science education in
the US and Europe (May 1990, page
77) contains many perceptive observa-
tions and much valuable analysis. I
have recently returned from a visit to
the physics and mathematics depart-
ments at the University of Rome,
Italy, and I can confirm her observa-
tion that women are better represent-
ed there than in the corresponding
departments at American universi-
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