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Most, but by no means all, young 
people in the United States graduate 
from high school. But of those who 
do, only some 21% ever take a high 
school physics course, and only 9% 
take one in college (see PHYSICS TO· 
DAY, August 1989, page 30). Amer­
ica's success or failure in scientific 
and technical endeavors rests largely 
in the hands of this. latter cohort; and 
of it only a minuscule 0.4% go on to 
get a doctorate in physics. The weed­
ing out of the age cohort is perhaps 
3000:1. Yet there is a nagging em­
ployment problem among PhD physi­
cists. Assuming even marginal ra­
tionality of our social structure, this 
tells us something: The US doesn't 
need very many research physicists. 
Be this number only those currently 
employed or (optimistically) be it 
somewhat larger, it certainly is 
small. To be blunt, we may safely 
assume that we are at or near the 
asymptotic limit of our profession. 

Not all physicists belong to the 
American Physical Society. But if we 
take its membership totals as an in­
dex, then it would appear that our 
profession has now plateaued at 
around 40 000 members. From 1920 
to 1970 our numbers grew roughly 
exponentially, with a doubling time 
of about 12 years. This was followed 
by stagnation in the 1970s and by 
much slower growth since. We seem 
to have saturated the market, and 
there is no military or industrial or 
educational reason to project a 
growth spurt to a markedly higher 
plateau. True, physicists could (at 
the cost of some opprobrium) devise 
more devilish weapons, but there is 
no sign that the government either 
needs or wants them. True, physi­
cists could collaborate in the produc­
tion of better things for better living, 
but there is no compelling evidence 
that American industry will hire us 
in preference to some other discipline 
or, in this era of downsizing, hire 
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anybody. (The way things are tend­
ing at present, it could even be ques­
tioned whether industry · will retain 
anybody.) True, physicists could dis­
play the wonders of science and tech­
nology to a generation of untutored 
youngsters, who certainly are going 
to need such understanding to flour­
ish in the 21st century, but who 
among us can rationally believe that 
most of those youths will appear (ex­
cept at gunpoint) in our classrooms 
or that their parents and neighbors 
will ante up the requisite resources? 

Let's get real. We've got about as 
much of the pie as we're going to get. 
And since the pie shows little sign of 
getting fatter, we must prepare to live 
with a fixed market for physicists in 
general and for research physicists in 
particular. As with biological species 
or economic entities, this will inevita­
bly lead to stiffening competition for 
resources and a milieu in which only 
the fittest survive. (And "fittest" is 
here to be determined after the fact by 
the objective evidence of survival. 
Hence the elegance and rigor of one's 
papers or the mesmerizing quality of 
one's lectures or the manufacturability 
of one's designs are not evidence of 
fitness but rather explanations that 
might be cited by historians as having 
contributed to one's survival.) Realis­
tically, in any field, we can expect this 
competition to intensify until it stops 
just short of mutually assured destruc­
tion of that field's psychologically bat­
tered survivors. 

Naturally, those of us who are 
already established as research sci­
entists find this prospect gloomy and 
might be tempted to institute various 
schemes to circumvent it. 

For example, to use a National 
Institutes of Health model for dis­
bursing funds, some of us might ac­
quire dominance in a study section 
and tilt the playing field to keep our 
in-group funded and inhibit interlop­
ing competitors. Never mind that 
this is dishonest and dishonorable: It 
won't work in the long run. Because 
as soon as our dominating group be­
comes less fit , our study section's 
budget will shrink while the budgets 

of fitter sections grow. All we con­
spirators will have done is postpone 
our group's demise. If we fantasize 
putting one of our group into the 
Presidency to stabilize the tilt, that 
too will only postpone the evil day: 
We domestic fat cats ultimately will 
be obsoleted by leaner and harder 
competitors overseas, and the con­
tinuing support of our feeble endeav­
ors will become a major political em­
barrassment. 

We might contrive to ease compe­
tition by sharing all the (limited) 
available funds equally among a cer­
tain group of chosen individuals. 
Perhaps all full professors of physics 
at doctorate-granting institutions 
could be given a fixed and equal re­
search stipend every year. But this 
won't work either. First, some en­
deavors are intrinsically more costly 
than others, and this strategy would 
doom the United States to mediocrity 
in those areas. Second, human na­
ture being what it is, some recipients 
would fritter away their stipends in 
lackadaisical and lackluster activities 
that lead nowhere. This sort of fat­
cat consortium would last only as 
long as it takes American science and 
the American economy to go squishy, 
at which time the electorate would 
demand that its scientists , one and 
all, be the leanest and meanest 
predators in the jungle. 

When we started grad school, it 
certainly didn't seem that we'd all 
signed on for careers of perpetual 
stress. But to paraphrase one of 
Akira Kurosawa's samurai, "In defeat 
you must run. In victory you must 
run. When you can no longer run, 
you die." 

What makes it worthwhile for us 
is that the stress is accompanied by 
ongoing fulfillment punctuated at 
rare intervals by moments of tran­
scendent satisfaction. We look for­
ward to going to work in the morning! 

But on to the real point of this 
essay. If neither we nor our legisla­
tors try to fiddle with the outcomes 
and if equitable competition is al­
lowed free rein, what might the popu­
lation dynamics of doctoral-level 
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physics in the US come to look like? 
First of all, "physics" as a category 

is too broad. The problems and op­
portunities of condensed matter per­
sons are not those of biophysicists. 
Better we should talk of "fields" of 
scientific endeavor, bearing in mind 
that, like biological species, these 
evolve, flourish and eventually go ex­
tinct: Nothing lasts forever. 

Second, given the diversity of mod­
ern science and technology, an econ­
omy (even that of the US or Japan) 
cannot hope to underwrite competi­
tive advantage or even a presence in 
all fields. If your heart's desire is to 
work in field X, you may have to 
migrate to where X is hot stuff. An 
economy that strives to achieve he­
gemony in all fields has doomed itself 
to near-universal mediocrity. 

Third, a nation's economy can, even 
for a favored field, support only so 
many practitioners. Let that number 
be N. The lifetime L of an active 
practitioner (a researcher) is limited: 
Surely 50 years is pushing it; con­
versely, the nation probably made a 
bad investment if it doesn't get at least 
20. If we ignore the obvious reality 
that many of us voluntarily migrate 
between fields (to say nothing about 
frantically abandoning ship if our field 
sinks), this means that we need a 
steady-state input of only NIL new 
practitioners a year, and this necessar­
ily is a small number. 

Where do those NIL new practitio­
ners come from? Well, ignoring mi­
grants entering from other fields, 
they come from graduate programs. 
Here, a truly free market will ulti­
mately recognize that megaprograms 
grow unwieldy-just ask GM or IBM. 
Conversely, programs that put out 
virtually no one are seldom competi­
tive: Graduate students need peers 
to interact with, and they need spe­
cialty courses to take. Administra­
tors are prone to balk at underwrit­
ing courses in which only one or two 
students enroll. And faculty aren't 
too keen on teaching them as "volun­
tary overload." What it boils down 
to is that world-class programs, 
which an economy must have to con­
tinue hegemony in a chosen field, will 
produce an average of G graduates 
per year. We could argue how big G 
is, but almost no one would set G at 
less than 2. And above a dozen, 
unwieldiness might be suspected. 
Either way the implication is that 
only NILG programs are needed. For 
example, if L l.s taken to be 30 years 
and G is chosen to be 10 graduates 
per year, then a specialty field of 
2700 members can be serviced by 
only 9 programs. It goes without 
saying that no single university can 
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support competitive programs in all 
fields of endeavor. And therefore, 
sooner or later, many of us in acade­
mia will watch with horror as our 
research field is zapped. Ultimately, 
we may decide that undergraduate 
education is a noble and even reward­
ing endeavor. 

The fortunate faculty members 
who run a successful doctoral pro­
gram will all recognize the desirabil­
ity of continuity in their personal 
endeavors and will as individuals be­
come irritable if they go too long 
without producing a PhD. Most of 
us would prefer to space our gradu­
ates not more than three years apart, 
and probably we would prefer one or 
two years. That is, each program can 
get by on perhaps 2G faculty. In­
deed, in a lean and mean professional 
environment, more would be waste­
ful! The implication is that only 
2NIL "breeding" faculty are truly 
needed: Only 2 in L (approximately 
30) of us are really necessary to keep 
the field stocked, and the rest of us 
probably shouldn't "reproduce." 

The modern paradigm of academic 
basic research is that graduate stu­
dents and postdocs perform much of 
the direct labor while their mentors 
compete for the scarce resources 
needed to support them and the pro­
ject. If we can't crank out PhDs and 
if our time is preempted by teaching, 
committees and fund-raising to main­
tain the infrastructure required to 
carry out the basic research, how, pray 
tell, is the work to get done? Possibly 
by encouraging master's degree theses, 
at least while the industrial demand 
(such as it is) for such persons holds 

up. Possibly by adopting research as 
our recreational activity of choice, if 
it is not already such. Surely not by 
business as usual. When you think 
about it, is it not already the case 
that many publishing scientists actu­
ally support themselves by teaching 
or by development engineering (often 
in areas only tenuously related to 
their research)? Maybe the secret of 
managing productive basic re­
searchers actually lies in keeping 
them busy in practical activities of 
immediate payoff while studiously 
looking the other way as they piggy­
back research on the resources one 
supplies. 

My bottom line is that, in a steady­
state environment, most of us will 
never be able to support ourselves do­
ing academic basic research in our be­
loved fields. And with relevance be­
coming an increasingly dominant 
consideration in industrial and govern­
mental research labs, the same prob­
ably holds true there. Most of us will 
have to view the frontier investigation 
for which we trained as a socially valu­
able variety of recreation to be carried 
out in the spare time afforded us by 
the aftluent society we make possible 
through our real-world tasks of educat­
ing youth or designing better widgets. 
But of course! What obvious reason is 
there for an economy to support an 
extensive scientific enterprise many of 
whose members never demonstrate 
that enterprise's real-world utility? 
Much as we might wish otherwise, we 
have no fundamental entitlement save 
that of spending our spare time and 
money on the recreation of our choice. • 




