
OPINION 

Why I Am I Am Not a Physicist 

There is a vigorous battle being 
fought between the defenders of 

curiosity-driven basic research and 
the proponents of applied develop­
ment to solve practical problems. I 
would like to suggest that this polari­
zation risks satisfying neither camp, 
because it misses the deeper and 
much more interesting interrelation­
ship between research and applica­
tions. Neither curiosity nor practice 
arises in a vacuum. 

I think I decided to become a 
physicist when I read David Mer­
min's wonderful piece in PHYSICS TO­

DAY about tbe naming of boojums 
(April 1981, page 46). If it was possi­
ble to get paid to do that sort of 
thing, that was what I wanted to do. 
I was an undergraduate at Swarth­
more College, studying philosophy in 
order to understand the deep secrets 
of the universe, and I was surprised 
to find that while philosophy was 
teaching me how to carefully pose 
such questions but not necessarily 
how to answer them, physics was pro­
viding deep answers to what had ap­
peared to be mundane questions. I've 
since leamed that physicists do a bit 
more than think up clever names, but 
I continue to find that tbe field provides 
deep answers where I least expect 
them, and that I like the way physi­
cists think about problems more tban 
the approach of any other discipline. 

I think I began questioning phys­
ics when I was continually asked 
whether developing instrumentation 
for Yo-Yo Ma's cello is "real" physics: 
"Isn't that just computer science?" I 
was visiting the Media Lab to collabo­
rate with Yo-Yo and a composer 
there, Tod Machover. It struck me 
that we're approaching a remarkable 
time when sensing and computing 
will be able to match the performance 
of a Stradivarius, and hence it will be 
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possible to emulate (and then general­
ize) the physics from first principles. 

The project was intended to be an 
amusing exercise unrelated to "seri­
ous" physics, but something odd hap­
pened: I never left the Media Lab. 
Because of my training that physics 
happens only in physics departments, 
it took me some time to recognize 
that the building was full of physics 
problems that people are eager to 
solve, and they are having a great 
time doing it. 

Since then I've leamed a number 
of lessons about the practice of re­
search. At times it's felt as if I've 
been deprogrammed from the culture 
of my physics background. In school 
I had thought that scientific progress 
occurs by basic research inexorably 
leading to results that are then 
handed off to applied development, 
with practical applications popping 
out at the end of this assembly line. 
But consider the following sequence: 
heat-engine efficiency --> entropy -> 

thermodynamics -> kinetic theory -> 

statistical mechanics _, Maxwell's de­
mon --> information theory _, coding 
theory _, thermodynamics of computa­
tion _, reversible computation _, re­
versible complementary metal oxide 
semiconductors. What is basic and 
what is applied? Which is driving 
which? Obviously, trying to draw 
such a boundary is not meaningful 
or relevant here, and it misses the 
essence of how innovation happens. 

The fundamental mistake that re­
curs in the basic-versus-applied de­
bate is to confuse constraints for con­
nections. There is no such thing as 
"disconnected" science, but developing 
the connections requires great skill 
and insight. This step is frequently 
and surprisingly overlooked. It is 
usually unrealistic to expect a basic 
researcher and a product manager to 
recognize when they can help each 
other, and it trivializes the necessary 
skills of both to expect them to be in­
terchangeable. Easy applications of 
existing ideas have long since been 
found; what is needed is a much 
more thoughtful process for posing 
problems that need solving and for 
recognizing when the results are use­
ful . Since coming to the Media Lab 

I've been surprised to find that no 
matter what problem I work on, some­
one is interested in using the results. 
My work hasn't become more applied, 
but I am closer to collaborators and 
sponsors who can identify when some­
thing I've done is useful for them or 
can describe problems that I realize 
can be solved by something I've done. 
The traditional academic support 
model, in which most of the communica­
tion occurs before funding rather tban 
after, cuts off this kind of interaction. 

Now, this approach is not a pre­
scription for all problems. It is un­
likely that the Higgs boson will seren­
dipitously be found while developing 
sensors for musical instruments­
although, in fact, the noncontact sen­
sor we developed for measuring violin­
bow position was used by Joe Paradiso 
in the design of the GEM muon-detec­
tor alignment system. But when re­
search is isolated from the push and 
pull of interesting applications, this 
source of pleasure and vitality is lost. 

Consider the history of condensed­
matter physics research, which has in 
large part been driven (in particular, 
funded) by its application in electron­
ics. There was a time when many 
fundamental materials questions 
needed to be answered before transis­
tors could become smaller and faster, 
and finding answers to those ques­
tions was of great practical impor­
tance. The remarkable progress in 
very-large-scale integration that we've 
come to take for granted is a tribute 
to the success of that enterprise. 
However, not only is the end of the 
VLSI scaling era in sight; clever ex­
perimenters have already arrived 
there. The beautiful quantum corrals 
that Don Eigler and Mike Crommie 
construct are an example (although 
there is of course an enormous differ­
ence between a proof of principle of 
atomic assembly and a useful produc­
tion technique). We're not going to 
undertake construction projects on 
much shorter length scales. Rolf Lan­
dauer, Bob Keyes, Gordon Moore and 
others clearly have predicted the arri­
val of device scaling at fundamental 
limits, with the implication that fur­
ther progress will have to come from 
radically different approaches. But 
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something else has happened on the 
way to kT: Many of these limits are 
less important than they used to be. 
The ability of computers to solve peo­
ple's problems has not come close to 
matching the remarkable improve­
ments in device speed and density. 
Why is this? And are physicists rele­
vant to answering the question? 

The answer from many industrial 
labs is that from here on out what 
matters is software, and so there is 
little need for physicists. I admit to 
being biased, but I think this is a 
serious mistake. First, it assumes 
that research is a fungible quantity 
that can arbitrarily be scaled up and 
down. Ignoring the necessity of a 
critical mass of people and ideas for 
research to thrive has destroyed 
many institutions' most precious as­
set, the research environment (which, 
when needed, is later rebuilt with 
much effort). The push to develop 
software can also result in software 
engineers who are unable or unwill­
ing to recognize when important 
problems need physical solutions. 

However, physicists are just as 
responsible for this state of affairs. 
Physics consists of two things: a 
mode of inquiry and a domain of ap­
plication. We've come to let the lat­
ter define the discipline. There are 
endless physical science problems 
that are of great practical as well as 
fundamental significance, but many 
of them are no longer where they 
used to be. Physicists have been at 
least as guilty as everyone else in 
maintaining a culture that can in­
hibit people from working in areas 
that are new, interesting and also 
relevant to current problems. As a 
result, innovation can be driven out­
side the academy; for example, Tom 
Zimmerman was developing optical 
flex sensors to create the Data Glove 
(which arguably changed the world) 
at his company VPL long before he 
became one of my grad students and 
learned about the modes of a dielec­
tric waveguide. The number of stu­
dents who have come to me seeking a 
way to practice physics without being 
constrained by being labeled a physi­
cist is a sign of this serious problem. 
Another result is that many interest­
ing physicists from my generation are 
not working in physics departments. 
The obvious explanation-that there 
are so few jobs- provides an easy ex­
cuse but hides a more significant is­
sue: Many of them do not fit into a 
physics department. They are work­
ing on problems that involve physics 
but that also have some other type 
of content. 

For many centuries (if not millen­
nia), physics has been driven by find-

ing the governing equations for phe­
nomena that are ever bigger, smaller, 
hotter, colder, faster or slower. This 
cannot go on forever. The recent 
problems with funding particle accel­
erators are early warnings that there 
is a financial event horizon beyond 
which the insight gained from each 
new decade of exploration is harder 
and harder to justify. This does not 
mean the end of physics, but it cru­
cially does mean that the emphasis 
must shift from finding new funda­
mental governing equations to finding 
what emerges from the familiar gov­
erning equations. The importance of 
emergent behavior is well known, but 
I'll go further to argue that the phys­
ics at the boundary of meaning and 
representation is going to become one 
of the central missions of the disci­
pline. The study of quantum comput­
ing raises deep questions about deco­
herence and entanglement in quantum 
mechanics, but these cannot be iso­
lated from questions about algorithm 
design. There are as many device 
physics questions in user interfaces 
as there are in CPUs. The statistical 
mechanics of learning systems is as 
challenging as the statistical mechan­
ics of glasses, but in addition some­
thing is being learned by the system. 
There is a kind of hubris that as­
sumes such problems at the margins 
of physics are marginal, not as impor­
tant or challenging as "pure" physics. 
It is true that successful interdiscipli­
nary research is not possible without 
the disciplines and that using physics 
is not the same as doing physics. But 
this is not a zero-sum game: The 
presence of some other kind of con­
tent in a problem need not displace 
rigor. At the very least, to guide ef­
fectively, the leadership of the phys­
ics community needs to understand 
where and how physicists are work­
ing. I wonder how many department 
chairs have never been in an indus­
trial laboratory, computer science 
department or financial firm. 

There are two very different sce­
narios for the future of physics. One 
possibility is that physics becomes 
like Latin, an important canon that is 
necessary for advanced work in many 
fields and is kept alive by a small 
group of dedicated followers, but not 
expected to evolve rapidly. The other 
scenario is that physics grows to en­
compass what physicists are doing. 
Just as the former risks stagnation 
and irrelevance, the latter risks loss 
of focus and discipline (literally). 
However, I fear that unless there is a 
thoughtful change in the self-organiza­
tion of physics, we'll find that the for­
mer path has been chosen for us. • 
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