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One of the results of the growing 
federal involvement in science and 
technology has been a growing uneasi- 
ness in Congress about its own ability 
to oversee programs in these areas ef- 
fectively. The number of inquiries into 
the general state of science-government 
relationships undertaken recently is a 
measure of this unrest, as is the variety 
of proposals put forth to improve Con- 
gress's capacity to judge scientific pro- 
grams. There is no doubt that Con- 
gress does have to make some adjust- 
ments to changing patterns of federal 
expenditure, and all the proposals de- 
serve to be taken seriously. But before 
a wholly new system for dealing with 
science is created, it would be well to 
examine both the source of Congres- 
sional interest in science and the kind 
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Interior and Insular Affairs Committee. This 
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20 November to the Atomic Industrial Forum. 
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of advisory structure best suited to its 
needs. 

There are at least three reasons for 
the interest of Congress in improving 
its grasp of science and technology. 
The first is cost consciousness-this 
year's federal R&D budget is about $15 
billion. Congress is concerned, how- 
ever, not only about the amount of 
money spent on research and develop- 
ment (which has multiplied 100-fold 
since 1940) but about the relationship 
of cost to performance. How can Con- 
gress make intelligent decisions when 
budget costs are based on estimates 
which fail to hold true? The Air Force, 
for example, estimated in 1960 that 
Project Skybolt would cost $893 mil- 
lion; in 1961 the estimated cost had 
reached $1.9 billion, and by the sum- 
mer of 1962-when Skybolt was scrap- 
ped-not only had the cost estimate 
climbed to $2.3 billion, but Skybolt 
was a year and a half behind schedule. 
Another example is the project for the 
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nuclear-powered airplane (ANP). In 
November 1951, one contractor esti- 
mated that it would take $188 million 
to deliver the nuclear power plant for 
mounting in an aircraft by May 1956. 
By 1961, when the project was can- 
celled, the costs of that one company 
had reached over $527 million and the 
power plant had never been delivered. 
The total cost of ANP, when it was 
ended, exceeded $1 billion. 

It is true that the money supposedly 
"wasted" on the nuclear-powered plane 
may yet pay valuable dividends when 
some of its positive findings in metal- 
lurgy and instrumentation are applied 
to some future project, such as the 
supersonic airliner. Knowledge, how- 
ever useless at the moment of its dis- 
covery, will someday find its place in 
the scheme of things and make its 
contribution. Nonetheless, a better way 
must be found to estimate the long- 
range costs of R&D programs; more 
accurate target dates for their comple- 
tion must be determined. And Con- 
gress needs to be more accurately in- 
formed on both, not only for their 
implications for the budget and the 
sensible allocation of funds for R&D, 
but for their frequent implications for 
national defense as well. 

Legislative Control 

A second reason for Congressional 
attention to what Vannevar Bush has 
called the "endless frontier" is the belief 
among some members that Congress 
has lost the ability to oversee effectively 
the vast diffusion of R&D activities for 

29 

nuclear-powered airplane (ANP). In 
November 1951, one contractor esti- 
mated that it would take $188 million 
to deliver the nuclear power plant for 
mounting in an aircraft by May 1956. 
By 1961, when the project was can- 
celled, the costs of that one company 
had reached over $527 million and the 
power plant had never been delivered. 
The total cost of ANP, when it was 
ended, exceeded $1 billion. 

It is true that the money supposedly 
"wasted" on the nuclear-powered plane 
may yet pay valuable dividends when 
some of its positive findings in metal- 
lurgy and instrumentation are applied 
to some future project, such as the 
supersonic airliner. Knowledge, how- 
ever useless at the moment of its dis- 
covery, will someday find its place in 
the scheme of things and make its 
contribution. Nonetheless, a better way 
must be found to estimate the long- 
range costs of R&D programs; more 
accurate target dates for their comple- 
tion must be determined. And Con- 
gress needs to be more accurately in- 
formed on both, not only for their 
implications for the budget and the 
sensible allocation of funds for R&D, 
but for their frequent implications for 
national defense as well. 

Legislative Control 

A second reason for Congressional 
attention to what Vannevar Bush has 
called the "endless frontier" is the belief 
among some members that Congress 
has lost the ability to oversee effectively 
the vast diffusion of R&D activities for 

29 



which it appropriates funds. As proof, 
take the statement of Senator E. L. 
Bartlett (D-Alaska) when he recently 
proposed the creation of a Congres- 
sional Office of Science and Technol- 
ogy: ". . . At the present time," 
he said, "the Congress does not ap- 
preciate the importance of scientific de- 
cisions and as a result they are made, 
not in the Halls of Congress, but else- 
where, not by the elected representa- 
tives but by unknown administrative 
officials. . . . How is a popular elected 
government to control its own activi- 
ties? How are elected officials to direct 
development of something they do not 
understand with implications they do 
not comprehend?" These questions go 
to the heart of our representative sys- 
tem. 

And, third, there is concern that the 
procedures of Congress may not mea- 
sure up to the demands of "big sci- 
ence." New techniques for obtaining 
information may be required so that 
Congress will approach parity of 
knowledge with the executive agencies 
-in other words, that Congress will 
have its own sources of accurate in- 
formation apart from the agencies and 
that this source of information will 
better enable Congress to judge the 
merits of any particular research and 
development project. 

All these concerns are serious, and I 
certainly agree that Congress needs ad- 
vice on scientific and technical matters. 
But before we go about setting up a 
system, it is important to clarify the 
definition of what "scientific advice" 
is, and to figure out what kind of 
scientific advice Congress needs. 

"R&D" Distinction 

Of the $15 billion of federal expen- 
diture which too loosely gets labeled as 
spending for science, only $1.5 billion 
is for basic research. Another $1.2 bil- 
lion is for research and development 
facilities; and $12.3 billion is for de- 
velopmental hardware-not science, 
but engineering and technology. Most 
of this spending is accounted for by 
the revolutionary changes in defense 
systems which have taken place within 
the last decade. On these hardware 
items, engineers can give better esti- 
mates of cost and time than the pro- 
ducers of the scientific concept. The 
first point, therefore, is that advice 
on engineering must be included in the 
definition of scientific advice. 
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Another important consideration is 
that Congress needs to look on science 
not as an independent function such 
as agriculture or defense, but simply 
as a factor to be weighed in the solu- 
tion of a variety of problems. 

When Congressmen look at the test 
ban treaty, or water pollution by syn- 
thetic detergents, or the NASA authori- 
zation bill, they see issues of public 
policy on which decisions are made 
not alone, or even primarily, on the 
basis of technical factors, but also on 
many other considerations as well- 
administrative, economic, political, and 
social. 

Ninety percent of the approximately 
$8 billion the Defense Department 
spends for research and development 
goes to produce hardware for better 
transport, communications, weapons, 
and other equipment to give the mili- 
tary the wherewithal to fulfill its ap- 
proved missions. Knowledge of science 
and technology is not required for Con- 
gress to determine whether this money 
is being spent in consonance with as- 
signed defense responsibilities. The ex- 
ecutive examines in great detail the 
way in which the Defense Department 
should operate; the detailed justifica- 
tion of the Defense budget reveals to 
the congressional committees what is 
hoped to be achieved with the funds. 
This can be measured against congres- 
sional understanding of military mis- 
sions. Congress, for example, is fully 
capable of determining the roles of the 
Air Force and NASA in the total space 
program. It can weigh the broad mis- 
sions of the Air Force and how best 
to accomplish them. These are neither 
scientific nor technical questions. 

The kind of advice and information 
needed by Congress varies. At times, 
particularly where the major factor is 
technical in nature, we need the advice 
of the most prominent scientists we 
can obtain. A discussion by knowledge- 
able scientists of the earth orbit versus 
the lunar orbit as the best way to get 
men to the moon, for example, would 
have helped us better understand the 
choices before us, the limitations of the 
alternatives, and the probabilities of 
success or failure. A panel, on occa- 
sion, could assist in reviewing a par- 
ticular segment of an agency's pro- 
gram, such as the adequacy of NASA's 
provisions for space sciences or the 
basic research part of the defense R&D 
budget. But I doubt if Congress could 
usefully employ such eminent scientists 
full time. 

Needed: The "Generalist" 

What Congress needs most, it seems 
to me, is the advice of the well- 
rounded "generalist" who, having a 
scientific or engineering background, is 
familiar with the workings of the Fed- 
eral Government, and with a number 
of executive agency R&D programs, 
particularly with their management. 
Experience in coordinating the work 
and projects of others in terms of the 
over-all mission or goal would be valu- 
able. He should be familiar with the 
scientific and technical community, so 
that he will know where to seek help 
when it is needed. He must have an 
appreciation of the values and ways 
of the legislative process, a feeling for 
public policy, and a capacity for sort- 
ing out public issues, competing values, 
and alternative solutions. Additionally, 
we need a person whose engineering 
background enables him to give us 
sound judgment on the costs of a 
project. 

Proposals for a single source of ad- 
vice to Congress do not take sufficient 
account of the committee structure. 
Each committee is restricted in interest 
and scope of responsibility, yet many 
areas of congressional interest cut 
across several fields. For example, we 
cannot really review water research and 
development, or oceanographic re- 
search, or total basic research, or sci- 
entific manpower resources, without 
cutting across committee responsibili- 
ties and looking at many executive 
departments. Likewise, scientific and 
technical advice is required from 
many disciplines. For Congress, or the 
Senate itself, to have a staff in a posi- 
tion to answer all of the inquiries of 
the various members and committees 
would require a duplication of the 
staffs within the executive agencies. It 
would require people with detailed 
knowledge of the missions and pro- 
grams of all of the executive depart- 
ments. This is impractical, it is too 
costly, and it has never been the in- 
tent of Congress. Furthermore, I do 
not think Congress needs it. 

Filling the Need 

I do not see how three or four 
scientists and engineers can provide 
even the Senate with the quality and 
quantity of advice needed by its com- 
mittees. The demands on both their 
time and their talent would be too 
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great. Further, the general terms, sci- 
ence and technology, need to be broken 
down into scientific disciplines before 
we can analyze what kind of scientists 
and engineers we are talking about and 
whether or not they could meet our 
needs. How could a biologist, a chem- 
ist, and a physicist, either separately 
or in combination, assist the Senate 
Committee on Aeronautical and Space 
Sciences in determining whether to 
authorize funds for a deep space probe 
or a specific type of communication 
satellite system? If the physicist has a 
space background which enables him 
to be useful to one committee, then 
his time would presumably be taken 
up with that committee work and he 
would not be available to other com- 
mittees. Similarly, if the biologist were 
busy assisting the Committee on Agri- 
culture, he would not be available to 
help other committees during the time 
when hearings were being held simul- 
taneously by several committees. How 
can one biologist assist with problems 
of pesticides, the pollution of air, land, 
and water, manned spaceflight, or 
radioactive isotopes for cancer re- 
search? For that matter how can any 
single man be the repository of all 
relevant knowledge about his own dis- 
cipline? Men who are experts in naval 
reactors are not necessarily qualified to 
advise even on reactors for space pro- 
pulsion. If the function of these ex- 
perts is only to put us in touch with 
other experts, I should like to point 
out that this is what our permanent 
committee staff is already doing. 

In the last analysis it is the collec- 
tive wisdom of Congress itself which 
counts most in making important de- 
cisions. No decisions can be made in 
isolation, on a completely scientific 
basis, by disinterested officials. Con- 
gress will consider the scientific aspects 
of a proposal and pay attention to the 
facts assembled by the engineer. But 
in addition, Congressmen must ask 
some further questions: What will the 
impact be on our economy? What ef- 
fect will the proposal have on our 
foreign relations? Will it contribute to 
the health and welfare of the nation? 

It is said that Congress, because it 
has maintained certain rituals for years, 
is a 19th century body faced with 20th 
century problems. I disagree. Prece- 
dents and practices of Congress may 
have been maintained that are perhaps 
archaic in this age of science and tech- 
nology. But the minds of Congress- 
men are products of the 20th century. 
3 APRIL 1964 

There is no relationship between the 
rituals maintained by an institution 
and its mental capability. Congress 
could legislate as well in the 20th cen- 
tury if its members still wore powdered 
wigs and capes instead of Ivy League 
clothes. 

Congressional Initiative 

There are numerous examples from 
the area of atomic energy when Con- 
gress spurred momentous decisions, in 
the face of inconclusive advice from 
experts, which have withstood the 
challenge of history and have proved 
right: 

1) The decision to proceed with the 
development of the hydrogen bomb 
against the advice of the General Ad- 
visory Committee of the Atomic En- 
ergy Commission; 

2) The decision to plan a broad 
weapons program which required the 
development of large quantities of 
fissionable materials, even though pre- 
dictions were that this country could 
never provide the uranium-235 and 
plutonium needed; 

3) The development of the Nautilus 
and the nuclear submarine fleet, against 
determined opposition; 

4) The development of a variety of 
power reactors. 

Early in the 1950's there was some 
discussion about the potential benefits 
of multiple purpose reactors. Coming 
from the arid southwest, I had some 
acquaintance with the problem of de- 
veloping new sources of water for a 
rapidly growing population, and I found 
the possibilities quite fascinating. As a 
member of the Senate Interior Com- 
mittee, I had had a hand in legislation 
accelerating the work of the Office of 
Saline Water in demonstrating tech- 
niques for converting brackish and sea 
water into potable water; I knew that 
the drawback of known conversion 
processes was that the expense of the 
large energy requirements for desalini- 
zation made the end product economi- 
cally unattractive. 

In 1955, in response to a request, 
I received a letter from a technical 
employee of the Los Alamos Scientific 
Laboratory outlining the potential ben- 
efits of a multipurpose reactor. I was 
not interested in, and certainly not 
qualified to judge, the "how" of the 
reactor. I was interested in the "why" 
of the concept, and whether we should 
invest in its development. 

Reactor Proposal 

The letter from Los Alamos, writ- 
ten in simple English, described a type 
of reactor with three different charac- 
teristics: it would produce electrical 
energy, it would breed more fuel than 
it consumed, and its by-product heat 
could be used to distill saline water. 
Clearly, there was a good deal of eco- 
nomic appeal in this. But reactor tech- 
nology then was not up to the task. 
Some congressional prodding was re- 
quired to get the AEC to move for- 
ward with studies of multipurpose re- 
actors. 

As a result of that prodding we will 
in time develop nuclear electrical en- 
ergy at a cost of a 1?12 or 2 mills 
per kilowatt hour and water at a cost 
of about 15 cents per 1000 gallons 
instead of the present cost of $1.25. 
This will be a practical result arising 
from the action of practical men urged 
on by scientists who are called in by 
a member of Congress for advice, but 
who do not become members of a 
congressional staff. 

Perhaps this illustrates how a legis- 
lator can help shape-I hope in- 
telligently-decisions on science and 
technology. The process of cross- 
pollination, exposure to a range of 
problems through various committee 
assignments, can supplement the ad- 
vice of experts in helping Congressmen 
reach decisions. So can the process of 
osmosis, through which, over a period 
of time, members of Congress, through 
their committee assignments and 
awareness of the world around them, 
absorb some familiarity with the lan- 
guage and problems of scientists and 
technicians. Since science is only one 
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would paraphrase Clemenceau: science 
is too important to be left solely to the 
scientists. 

I do not want to leave the impres- 
sion that Congress has been infallible 
in its decisions on science and tech- 
nology. Congress has made mistakes. 
In many cases, it has pushed programs 
too hard. But our scientific advisers 
have also made misjudgements. And 
we cannot count on one group to do 
the whole, difficult job. 

Instead, we should try in a variety 
of ways to overcome the problems in- 
volved in the relationship of Congress 
with the "endless frontier." 

1) We should strengthen the staffing 
of all committees which deal with 
science. 
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2) These committees should make 
intelligent use of ad hoc groups to give 
counsel on technical problems. 

3) There should be an easier flow 
of information among the congres- 
sional committees themselves so that 
Congress avoids needless duplication 
in repetitious hearings and over-bur- 
dening of witnesses. 

4) Representatives of the executive 
agencies should improve their method 
of presentation to congressional com- 
mittees. In discussing purely scientific 
problems, there is no coloration of 
"executive" or "legislative" science. It 
is science for the nation as a whole. 
There are a limited number of people 
available with the broad knowledge 
necessary to give Congress advice on 
purely scientific questions. Although 
the Office of Science and Technology 
is an arm of the President, it would 
be most helpful if its staff could testify 
fully and adequately before congres- 
sional committees. The separation of 
legislative and executive powers in this 
regard can be carried to an extent 
that does damage to programs in which 
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both branches have a mutual interest. 
5) The channels for gathering in- 

formation through the Legislative Ref- 
erence Service of the Library of Con- 
gress should be expanded, and greater 
use should be made of such existing 
organizations as the National Academy 
of Sciences-National Research Coun- 
cil and the National Science Foun- 
dation. 

6) Congress should receive an an- 
nual report on the state of science and 
technology. Each year we receive from 
the President a message on the State 
of the Union, a Budget Message, and 
various other reports. The President 
transmits to us through the National 
Aeronautics and Space Council a re- 
port on the year-long activities in space 
and aeronautics. Perhaps the National 
Academy of Sciences, through its vari- 
ous committees, could prepare a re- 
port by itself or in association with 
others such as the Office of Science 
and Technology. The report would 
briefly discuss the major programs in 
science and technology and would set 
forth what problems might be on the 

both branches have a mutual interest. 
5) The channels for gathering in- 

formation through the Legislative Ref- 
erence Service of the Library of Con- 
gress should be expanded, and greater 
use should be made of such existing 
organizations as the National Academy 
of Sciences-National Research Coun- 
cil and the National Science Foun- 
dation. 

6) Congress should receive an an- 
nual report on the state of science and 
technology. Each year we receive from 
the President a message on the State 
of the Union, a Budget Message, and 
various other reports. The President 
transmits to us through the National 
Aeronautics and Space Council a re- 
port on the year-long activities in space 
and aeronautics. Perhaps the National 
Academy of Sciences, through its vari- 
ous committees, could prepare a re- 
port by itself or in association with 
others such as the Office of Science 
and Technology. The report would 
briefly discuss the major programs in 
science and technology and would set 
forth what problems might be on the 

horizon which would require congres- 
sional attention. Separately, but more 
effectively, in conjunction with the 
National Academy, the National So- 
ciety of Professional Engineers might 
report on the state of engineering since 
engineering is such a large part of 
government R&D programs. 

There are no magic ways or easy 
devices to solve the problem of pro- 
viding Congress with adequate advice 
on science and technology. Any ap- 
proach that some would view as ideal 
would still be a long way from perfec- 
tion and could also produce undesir- 
able effects upon both science and gov- 
ernment. As H. L. Mencken said: "An 
idealist is one who, on noticing that 
a rose smells better than a cabbage, 
concludes that it will also make better 
soup." 

But those who are the doers of 
science, and we, in political life, have 
a mutual responsibility to improve the 
relationship of Congress and the "end- 
less frontier." As concerned individuals 
and collectively as members of society, 
we have a stake in this task. 
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Scientific Gloom: Congressional 
Actions Have Stirred Pessimism 
but Little of It Is Justified 

During the past year or so, as Con- 
gress has come to regard research more 
like a skeptical banker than an indul- 
gent patron, a fair amount of gloom 
has spread throughout the scientific 
community. 

The gloom is nourished by the wide- 
spread, though erroneous, impression 
that Congress has "cut back" on fed- 
eral support of research. And it is 
further nourished by the very existence 
of a number of congressional inquiries 
into government-supported research 
programs. Both in and out of Congress, 
it is said that "the honeymoon is over," 

32 

Scientific Gloom: Congressional 
Actions Have Stirred Pessimism 
but Little of It Is Justified 

During the past year or so, as Con- 
gress has come to regard research more 
like a skeptical banker than an indul- 
gent patron, a fair amount of gloom 
has spread throughout the scientific 
community. 

The gloom is nourished by the wide- 
spread, though erroneous, impression 
that Congress has "cut back" on fed- 
eral support of research. And it is 
further nourished by the very existence 
of a number of congressional inquiries 
into government-supported research 
programs. Both in and out of Congress, 
it is said that "the honeymoon is over," 

32 

which is no doubt the case. But, at 
times, the thickness of the pessimism 
suggests belief in H. L. Mencken's as- 
sertion that "whenever a husband and 
wife begin to discuss their marriage, 
they are giving evidence at a coroner's 
inquest." 

Furthermore, for those seeking facts 
to suit their anxieties, there can easily 
be found congressional utterances re- 
flecting something less than sympathy 
for certain scientific pursuits. Last sum- 
mer, for example, Representative How- 
ard Smith (D-Va.), chairman of the 
Rules Committee, cited a research grant 
of $64,000 "to study resistance to per- 
suasion." Said Smith: "Some of us 
thought Adam and Eve had settled that 
question with the apple, but it seems 
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like we have to go over the same 
ground again at a cost of $64,000." 

Thus, it is not at all difficult to piece 
together evidence to support the expec- 
tation that the axe is about to whistle 
through the air. However, without be- 
ing pollyannaish or blind to the fact 
that serious problems have recently de- 
veloped, it is perhaps worth noting a 
number of things that help put the 
congressional-scientific relationship into 
a realistic perspective. 

First of all, Congress did not reduce 
federal support for research. It did re- 
duce the rate of growth that had pre- 
vailed in recent years, but when the 
final accounting was in, every major 
federal agency that supports research 
received more money in fiscal 1964 
than it had received in the previous 
year. And everything indicates that 
when Congress completes action on the 
budget for the fiscal year starting next 
July, the process will have been re- 
peated. 

The grand heading "research and de- 
velopment" is not too meaningful, since 
it can include anything from laboratory 
motor pools to electron microscopes, but 
for what it was worth, the total R&D 
budget rose from $12 billion in fiscal 
1963 to $14.9 billion in the current 
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