namely the government.

So, how well have such investors
done over the last 12 years? They
have made lots of money in pro-
grammed trading, where by using
statistical modeling, one can pump
money from fluctuations by trading
on volatility. They've made lots of
money in leveraged buyouts. Basi-
cally, they’ve learned that one can
get huge returns on investments
without having to compete at all; all
one has to do is sell off capacity.

How about the issue of investors’
actually exercising control over the
corporations? Unless one has the
leverage to be a raider, most inves-
tors don’t have much control at all.
Large companies consider most in-
vestors nuisances. Management ap-
peals regularly to the Securities and
Exchange Commission to have stock-
holders’ access limited, complaining
that the staff and support required
to handle stockholder requests cost
millions annually. One impact stock-
holders do have is to urge companies
to increase immediate quarterly re-
turns at the expense of long-term
projects. . Companies with lots of
these projects thus tend to be some-
what undervalued and look like good
takeover targets.

How about the question of the cou-
pling of stock market performance to
actual corporate competitiveness?
While there have been some very
dramatic stock market failures re-
cently, the market has done very well
for a nation plagued by problems
with international competition. The
Dow Jones industrial average, re-
cently in the 3300 range, up from the
1000 range a decade ago, does not
look like an aggregate investment
picture reflecting serious structural
problems with production and com-
petitiveness.

If stockholders do not have signifi-
cant influence over how production is
managed and actually seem to have
benefited in the short term from the
reduction in competitive capacity,
what do they need physicists for?
Most applications of discoveries from
basic research seem to have taken
around two decades to develop. If
investors can make lots of money by
not making anything, why pay physi-
cists to work 20 years on the kinds
of research that take a basic discov-
ery to the market? Remember, this
is the same group of investors who
profited by giving up TV to the Japa-
nese and who decided that the costs
of developing a consumer electronics
version of the VCR just could not be
justified.

Yet the same voice that- favors
such investment policies has found

expression in the idea that the phys-
ics community should be more re-
sponsible to society in bringing
critical technologies to market. By
the standards described above, this
responsibility to society is to be meas-
ured solely by returns on investment.
With attitudes persisting that re-
search is just too expensive and that
competitive development takes too
much off the short-term returns on
investment, it becomes difficult to see
how physics can justify itself.

In a way, the idea that physics
should be made more accountable to
investment interests and that its re-
cent performance has been “pie in the
sky” is somewhat mythical. If we
examine the last 20 to 40 years, we
see that the notion that physics, and
basic research in general, has failed
to contribute to our economy and the
interests of investors is ludicrous:
What would be the delta to our
economy without semiconductor
electronics, laser technology in com-
munications and consumer electron-
ics, not to mention physics
applications in health and medicine,
magnetic resonance and other im-
aging technologies, microwave and
satellite communications, and so
forth? That physicists have some-
how changed in the last 20 years in
such a way that we don’t have any-
thing more to contribute is just as
laughable.

What things is physics doing today
that will have practical impact?
There’s mesoscale physics: When
chips get dense enough that the ther-
modynamics of depletion layers
starts to verge on the border of dy-
namics and stochastic fluctuation,
and band structures start to look like
discrete transitions, there will be sig-
nificant impact not only on how tra-
ditional design is handled but also on
what kinds of new devices might be
constructible. There are single-elec-
tron devices and large-scale problems
such as protein folding and other
interdisciplinary studies. Nonlinear
physics, chaos and dynamical sys-
tems show up in a wide range of
problems, including everyday sys-
tems such as the weather. Lab
techniques such as picosecond spec-
trometry, scanning tunneling micros-
copy and nanoscale technology are
probing and manipulating matter on
scales only dreamed of 15 years ago.
It’s an exciting time to do physics.
The community is exploring such a
wide range of problems. Yet there
are connections between these areas
that are often subtle. Any sizable
reduction in the population of active
researchers would not just seriously
do damage to our pursuit of many

interesting questions but also cause
the mutual contributions to suffer
incalculably.

If physics looks so good right now,
what is the real problem with tech-
nology transfer? I believe the prob-
lem has to do not so much with doing
technology transfer as with valuing
it. Right now, our investment and
corporate culture has a problem
when it comes to evaluating returns
on investment. This isnt to say
there are not some systemic prob-
lems: Technology becomes obsolete
at very high rates. The cost required
to keep at the competitive cutting
edge is high and does not maintain
its value for long. It is hard to main-
tain accustomed profit margins in the
face of such demands. Intellectual
assets also don’t have a long shelf
life. Yet the most permanent assets
companies can have are self-renew-
ing and can remain productive and
competitive for 20 years or more.
The problem is that they walk around
on two legs and go home at night.
Their expense looks to investors and
management like competition for
profit margin rather than worthwhile
investment. It is hard to see re-
searchers as involved participants
making an investment of their loyalty
and careers in developing products
and bringing them to market.

I don’t think the problem with
technology transfer has been the
fault of physics. Nor do I feel that
as a community we are unwilling to
participate in solutions to the prob-
lems we’ve been facing, as some peo-
ple have accused. I suspect those
people have misinterpreted the indig-
nation that many bright people who,
having been trying for a long time to
make a technology transfer to reluc-
tant investors, feel when told they
haven’t been.trying hard enough. It’s
becoming clear that our economic
health cannot just be measured by
return on investment, but that it has
to be measured by technological de-
velopment, employment rates, com-
petitiveness and taking products to
market. That’s where physicists do
have contributions to make.

DANIEL E. PLATT

3/93 Yorktown Heights, New York

Cosmic Background: No
Conflict with Relativity

In a letter that appeared with the
headline “Reconciling COBE Data
with Relativity” (March, page 13)
Robert J. Yaes asks why the cosmic
microwave background does not con-
stitute a privileged reference frame.

PHYSICS TODAY  JULY 1993 13



If it does, he argues, it would appear
to violate the relativity principle of
both special and general relativity,
which is often taken to be the asser-
tion that no such frame exists. Un-
fortunately there is some confusion
about the content of the principle of
relativity, just as there is about the
principle of general covariance,
which underlies the general theory
of relativity.

The resolution of this apparent
dichotomy comes from the realization
that the relativity principle is in fact
a statement about the invariance
properties of the laws governing the
behavior of physical systems and not
about the invariance properties of
particular states of those systems. In
general the invariance properties of
such states are a subset of the invari-
ance properties of the laws governing
those systems. No one is bothered,
for example, by the fact that the
underlying invariance of the laws of
motion with respect to arbitrary spa-
tial rotations is violated on the sur-
face of the Earth. One recognizes
that the Earth itself must be consid-
ered a part of the system and that
the laws that describe it and the
systems on it together are rotation-
ally invariant. Likewise, the totality
of laws—general relativity, hydrody-
namics and so on—that together gov-
ern the large-scale behavior of the
universe are invariant under local
Lorentz transformations, while a par-
ticular state of the universe allowed
by those laws is in general not.

In point of fact, one does not need
the cosmic microwave background to
define a global reference frame. In
principle one could have used the
average distribution of matter in the
universe to define such a frame and
could have measured the velocity of
the Earth with respect to this frame
long before the cosmic microwave
background was discovered.

JAMES ANDERSON

Stevens Institute of Technology

3/93 Hoboken, New Jersey
An important feature of the relativity
principle can be illustrated in re-
sponse to the concern expressed in
Robert J. Yaes’s recent letter. As
Yaes notes, the principle states that
“no experiment . . . can determine a
preferred reference frame,” and he
wonders whether the cosmic micro-
wave background’s anisotropy in all
but one reference frame does not vio-
late this principle. It does not, be-
cause a preference of the type implied
in the principle is not established by
the shape of the microwave back-
ground. The reference frame in
which the distribution is isotropic can

be said to constitute a preferred
frame, but only in respect to the par-
ticular way in which the expansion
began. There must be some frame
in which the general expansion is
most symmetrically viewed, and in
this frame the background radiation
is, unsurprisingly, isotropic.

What the relativity principle rules
out is a reference frame that is pre-
ferred on the basis of how the laws
of physics work. Preferential status
of this type would exist, for example,
if electromagnetic radiation in empty
space traveled at the speed predicted
by Maxwell’s equations only as meas-
ured in one particular frame.

ALLEN C. DOTSON
St. Andrews Presbyterian College
4/93 Laurinburg, North Carolina
Robert Yaes raises the question of
whether the existence of the cosmic
microwave background, now ob-
served so precisely with the Cosmic
Background Explorer, is compatible
with the principle of relativity, which
Einstein phrased as follows: “The
laws by which the states of physical
systems undergo change are not af-
fected, whether these changes of
state be referred to the one or the
other of two systems of coordinates
in uniform translatory motion.”® Al-
though I do not claim to provide an
“expert” response to that question, as
desired by Yaes, it is my under-
standing that the principle of relativ-
ity is not necessarily violated by the
mere existence of a universal refer-
ence frame. The laws of physics can
still be invariant under some trans-
formation of coordinates. This trans-
formation is not specified by the
principle of relativity itself, although
we have discovered so far that Na-
ture respects Lorentz invariance (the
principle of the constancy of the ve-
locity of light). What is really at
issue here is whether an observer can
perform purely local measurements
to reveal his state of motion with
respect to a universal reference
frame. If there existed some interac-
tion that violated Lorentz invariance,
then velocity-dependent effects could
become locally apparent to a moving
observer. It is an open question as
to whether such an interaction exists
and, if it does, what defines the true
rest frame respected by this interac-
tion. It has become commonplace in
tests of special and general relativ-
ity to assume that this rest frame
is defined by the cosmic microwave
background, but that need not be
the case.

Nevertheless, our knowledge of
the existence of the microwave back-
ground (which was unknown to Ein-

stein) compels us to perform new
tests of relativity that could reveal a
local dependence upon our apparent
motion defined by the dipole anisotro-
py. Recently a group of us at the Jet
Propulsion Laboratory have devised
a new test of relativity involving
atomic frequency standards and fiber
optic instrumentation developed by
the NASA Deep Space Network.? In
the experiment, an atomic frequency
standard is used to modulate a laser
carrier signal that is propagated
along an optical fiber to another
atomic frequency standard several
kilometers away. Unlike in the
Michelson—-Morley experiment, the
signal is propagated directly from
one point in space to another. A
violation of relativity would be ap-
parent as a variation in the phase
delay of the signal as the orienta-
tion of the system varies from the
rotation of the Earth. It is possible
to achieve a high degree of precision
with this test, provided that ade-
quate funding can be obtained for
necessary refinements.
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3/93 Pasadena, California

SSC: Of Finances
and Fundamentality

Five hundred years after Copernicus
directed our view away from the
Earth and toward the larger uni-
verse, it seems that certain physicists
still feel that they are the center of
the universe. The letter to members
of Congress urging the approval of
funds for the Superconducting Super
Collider (see PHYSICS TODAY, Au-
gust 1992, page 59) is hardly a
testimony to the broad-minded-
ness of physicists.

The authors of that letter wrote,
“The approval of the SSC project in
1990 was widely acclaimed as our
nation’s firm commitment to be a
leader in this scientific age.” As a
physicist working in a biological sci-
ence environment, I can assure you
that not every scientist, nor for that
matter every other citizen, believes
that spending tens of billions of dol-

continued on page 111
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