
than the acoustic energy necessary for 
sonic agglomeration, and is even less 
than the sound from a small portable ra- 
dio. 

Scientists studying air ions generally 
acknowledge that ion effects are poorly 
understood and that some published ex- 
periments lack adequate controls. This 
situation can only be corrected by more 
careful research which avoids past mis- 
takes. It is also important that public in- 
formation be as factual and unbiased as 
possible. 
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R & D and Productivity 

Rather sharply, between 1964 and 
1965, the federal investment in research 
and development (R & D) went through a 
uniquely significant change in trend. For 
perhaps a century before 1964 the federal 
gross expenditure in R & D had been 
increasing exponentially relative to the 
federal budget at a rate of about 11 
percent per year. It was about 1 percent 
of the budget in 1940,2 percent in 1947,4 

percent in 1953, and 8 percent in 1960. It 
peaked in 1965 at about 12% percent, 
which is a remarkably high proportion 
when one considers that about half the 
budget consists of unallocable items 
fixed by law. Since 1965 the budget share 
has decreased, also rather steadily and 
exponentially at a rate of about 61/2 p x -  
cent per year. In 1980 it was about 572 
percent, and it will probably decrease 
shortly to less than 5 percent. It is worth 
noting that the peaking out occurred 
even before the Mansfield Amendment 
cut off Defense-supported research. The 
same phenomenon of saturation oc- 
curred in the United Kingdom just be- 
fore the adoption of their Rothschild 
Convention, which had a similar effect of 
motivating a sudden decompression that 
seems to have been happening anyway. 

John Walsh writes (News and Com- 
ment, 13 Feb., p. 685) that Edward F. 
Denison suspects this R & D change may 
have something to do with the productiv- 
ity problem. It has, however, long been 
known from the work of Freeman (I) and 
others that the empirical data for several 
industries in the United States and in the 
United Kingdom show that the R & D 
investment in industry goes up as about 
the cube of the growth rate. The margin- 
al costs of innovation pressure are rather 
high. The name of the game in high 
technology is that growth is largely pro- 
duced by product and process innova- 
tion. If we suppose that what the econo- 
mists call productivity in our high tech- 
nology industry is produced by the 
R & D in this way, we must infer that the 
1964-1965 transition should have pro- 
duced a change (taking the cube root of 
the R & D change) from a positive 
growth rate of about 3.7 percent to a 
negative one of about 2.2 percent, there- 
by producing a decline in the high tech- 
nology sector of almost 6 percent each 
year below that produced traditionally 
before. Of course, not all our industry is 
high technology, but it seems clear that 
the expected decline resulting from satu- 
ration of federal R & D spending capac- 
ity can be held responsible for the major 
component in declining productivity and 
profitability of the industries involved. 
Since these are also a large part of the 
importiexport balance of trade, as Bor- 
etsky has shown (2), it follows that this 
may be a similarly large factor in the 
turnaround of that balance and the con- 
sequent weakening of the dollar and in- 
flation of the currency (at approximately 
the same rate of 6 percent per year). 

Because of this plausible mechanism 
one needs to look closely at the reasons 
for the silent transition of 16 years ago. 
Denison sees that this was also the peri- 
od when the steady 0.5 percent per year 

migration of agricultural labor into indus- 
try and services could hardly go further; 
what in fact happened is that the process 
then switched (circa 1965) to a rather 
slower migration from industry to the 
service sector, in what Daniel Bell calls 
the onset of a post-industrial society. 
Another part of the transition occurred 
because the federal R & D budget simply 
could not become greater than about a 
quarter of the allocable resources, and 
the Office of Management and Budget 
foot was firmly transferred from the ac- 
celerator to the brake. The universities 
also suffered a sudden transition at this 
time, although it was masked by the 
Vietnam War. Again for maybe a cen- 
tury the student population had grown 
exponentially at a rate of about 6 percent 
per year, mostly because the increasing 
enrollment rate was taking us from an 
elite to a democratized higher education. 
When half the young were going to col- 
lege, no further growth was possible; 
very suddenly we stopped producing 
professors at a rate of 8 percent per year 
and needed only the 2 percent replace- 
ment rate for those leaving by retirement 
and death. This meant a lot for the R of 
R & D because a large part of the nation's 
R is performed in the universities; a cut 
of the needed training rate by a factor of 
4 inevitably reduced graduate student 
research and our investment in this sort 
of future. 

The university, budget, and employ- 
ment crunches all happened almost 
simultaneously (circa 1964-1965), but 
there is a pipeline of 5 to 10 years be- 
tween putting the R & D in and getting 
the economic impact out. It is entirely 
reasonable to my mind that the decline in 
the economy did not begin to be per- 
ceived until about 1973. 

The moral of this story seems clear. If 
we wish to live in the affluent life-style of 
a post-industrial society, we must see to 
it that the service economy produces via 
high technology the profits and exports 
to pay for it. To do that we, alas, cannot 
possibly invest in R & D in the old style. 
The projection of the exponential curve 
up to 1964 would give us by now an 
investment of about 72 percent of the 
federal budget, which is ludicrously im- 
possible. We might, however, do better 
than the current 5 percent, most espe- 
cially on the R side of the ledger, where 
scientific technological innovation be- 
gins. 
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