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pl‘()c
enlisﬁdmcs for determining draft calls and assigning

th ::: and draftce duties. The Assistant Secretary of
K rc'}?y for Manpower and Reserve Affairs, William
*Phie M, 15 quoted extensively (hr()ughnut the report
T &y zgp\IJIar Jobs are the oncs for which people enlist
T whiy dnlrcnlnst for the hard-core combat skills. That
Killg. 7()rn tees tend to populate the hard-core combat
iy dra(| pcr cent of the nfantry, armor, and arnllcw
Nlistens ces.” Brehm, in explaiming lhat the three-year
was 30. are allowed 1o choose their jobs in the Army,

Mmewhat ruefully aware that in 1970 fewer than

asrcr cent of those volunteering for service in the Army
’ ed to serve 1n

the National 1. ir‘w.:. : .";m!r\,“"‘/\Q slrangc.ns a!‘ sounds,”
Youn 1al Journal quoted :{H‘hm as saying, f)nly BOO
Cn““iilnmcn . out of 200 million Americans are
Sting for com
larlyl (::‘(‘)}1]:1‘,' M m s the Assistant Scc_rc
Qliong| C[ " and ‘RC\”V(‘ Affairs. jht
tion Jon o ' tor of Manpower Utiliza-
ot ok as A that the draftee policy
¢ Amn

within the Army. Those

MICHAEL Erany

Mr. Klare. a staff member of the North American Congress
on Latin America. is

is completing a book on counterinsurgency
Planning in the United States

Opposition 1o university-performed military research
has been a national issue since the dramatic 1968
student rebellion at Columbia University, which had
been provoked, in part, by the university's SpONSor-
ship of a Pentagon think tank. Many of the campus
protests, sit-ins, building occupations, strikes and
bombing incidents of the past few ycars have been
an outgrowth of the struggle against war-related
rescarch. This article cxamines the ways in which
university hife has been altered by the research pn-
oritics of the cold war, fzmd assesses the eflects of the
campus movement against war rescarch.

Untl the present century, new weapons were developed
by hit-or-miss experimentation, or through continuous
refinement of existing devices. It is only in the past three
decades that instrumentalities of warfare have emerged
from organized scientific investigations, in which the tal-
ents of many researchers arc pooled in the quest for novel
military systems. The Manhattan Project of.Wurld War 11
is the prototype for all such cﬂorl&al its peak thou-
sands of scientists were engaged in various sub(a;ks .o( the
" project, many without being aware of its final ob]_eclwc. In
order 10 mount other largg-scale rescarch projects, the
war Department found it necessary at the onsct _ul the
war (o establish 8 network of mammoth laboratories de-
voted to intensive rescarch on advanced weapons systems.
Since the only reservoir of lrllocq~xngn(|ﬁc manpower
available for such work was the university community, il
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two facts, taken in the context ot the timesp might
indicate that, once the National Journal had broken the
story on the draftee death rate in Vietnam, Mr Brehm,
was instrumental in alerting the Administration to the
need for counteracting as well as poasible any latent (say,
clection year) criticism of Administration draftee pohcy
The publication of these key draftee statistics, in con-
junction with the fact that the Administration has long
been aware of the class inequities of the present system,
might better explain this unexpected mave by the Pen-
tagon (rcad: Nixon) than does a concetn for economy
The possibility of the vote for 18-year-olds, coupled
with Agnew'y recent catering to the “workers,” raises the
urgency of some conciliatory gesture yet another notgh.
Tradiuonally, the sons of the upper class have filled
the ranks of the Reserves and National Guard—which
until now have been seen as an casy out from overscas
duty—and the sons of the lower class, Agnew's
“workers,” have: fallen to the monthly toll of the draft,

and as the National Joyrnal revealed, to the weekly toll
of the war. ' ]

4

tary Research Network

was inevitable that the nation's institutions of higher edu-
caton be mobilized for the establishment of a military
rescarch network. Gerard Piel of Scientific American
wrote in 1965 that during World War II,

The universities transformed themselves into vast weap-
ons development laboratories. Theoretical physicists be-
came engineers, and engineers forced solutions at the
frontiers of knowledge. MIT and Harvard undertook to
create the strategy and tactics as well as the instruments
of radar and counter-radar; from.Johns Hopkins came the
proximity fuse that brought “the conventional high-ex-
plosive artillery shell to its peak of lethality, and Colum-
bia, Chicago and California joined in the succeasful

engincering and manufacture of the most fateful weapon
of all.

During the war, a numbér of university laboratories
developed into sizable institutions, employing thousands
of scientists and technicians. This wartime mobilization of
university resoupces had been undertaken on the basis of
cxpediency, and had not been intended to outlast the
war. As victory approached, however, the military services
and some of the universitiey sought to prevent the dis-
solution of these installations. With the dawn of the cold
war, the Pentagon found itself enjoined to “‘contain com-
munism™ on a front that stretched from Berlin to Seoul,
and a new cra of university-government cooperation com-
menced. The Pentagon maintained, and ultimately ex-
panded, the military research network.

The outstanding characteristic of university warfare
laboratones—the cordcentration of scientific personnel un-
der conditions of relative autonomy—makes them par-
ticularly attractive to the Pentagon as performers of mili-
tary rescarch work. University research centers have grown
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M importance in direct proportion to the incresping value
on the country's “technical intellectual tesources”
scientists and engineors whose investigations lic at

root of all technological advancement. prowing

Tespect accorded these human resources can detected

! the concern expressed by many countries over the

brain drain,” and in the efforts of acrospace ¢ompanies
to sell their technical intellectual capability rither than
T technology 4
Since there is a limited supply of this highly marketable

Commodity. the motivations, incentives and working condi-

tons which determipe the employment patterps of the

techmical work forcd are matters of great goncern to
Penugon research sdministrators—who naturally seek to
attract the avaslable to any given project.
‘S“ldics of the » wolessional research personnel
Indicate % ncentives (opportunity for
advance cment) and material jncentives
(higher <. cacly related to tec ogical
Productivir ofessional incentives (e.g.,
allowing high degree of fregddmn and
flexibiliry wn work assignments laccording
1o what he professionally challgnging) are
l[kCTy to be with higher levels of both profes-
$tonal and org wnsl productivity. |

In one su; v work attitudes, research professionals
indicated thar 1/icy were highly motivated by the “oppor-

tunity to contribute to scientific knowledge™ and/by *“asso-
Ciation with other professionals of recognized abllity,” and
were little stimulated by “memberghip in a company pro-
ducing reputable goods and essential services." It is not
hard to deducs from such data that universitigs provide
~ the environment most likely to assure high technological
s productivity. In confirmation, Dr. Frederick' Seitz, past
president of the National Academy of Sciences, told a
Senate committee in 1963: A i
" A lcertain fraction of the best minds find the: type of
freedom and flexibility peculiar to the univergity best
suited for their work. In addition, the presence pf many
inquiring young minds in the formative peripd, par-
ticularly the research students, adds a pmicu{_frcsh-
., mess and vitality to research. 1 do not mean to say that
excellent work is not done eclsewhere. . . . What is
important is that any program, which does not la'ke
maximum advantage of the capability of the university
will not advance in the most effective way possibic.

Analysis along such lines has prompted the Defense De-
partment to establish military r h centers at selected
universitics, to enlist the help of university administrators
rin the creation of independent rescarch organizations (as
in the case of the Institutt for Defense Analyses), and to
offer financial inducements o universities that agree 1o
adopt an cxfuing facility (as when the University of
Rochester undertook to administer the Center for Naval

Analyses ). Where direct university participation has not

proven ‘feasible, the Pentagon has created a network
of para-universitics—independent rescarch organizations
which boast a “campus-like environment” and adhere to
the many rituals of academic life (the most farous exam-
ple of this kind of institution is the RAND Corporation).

' “ln its postwar determination to reconstitute the mili-
tary rescarch neiwork, the Pentagon could count on
the, enthusiastic. cogperation of many university scientists
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and administrators. The reasons wére obvious enough—
for the first time in American history, scientists and acad-
emicians had come to enjoy positions of considerable
prestige and influence in Washington. Experiments that
would have been prohibitively expensive befort the war
nhow enjoyed abundabt, government financing. Moreover.
the establishment of large research prganizations had freed
many professors from cgnventional academic procedure
and permitted them to phrsue laboratory studies without
being accountable to lhcsi{ colleagues in tradition-minded
niversity departments. Some scientists—more interested
rn the application of their research to the “real world” of
industry and national security than to the advancement
of higher education—welcomed this development. In a
1967 Senate speech on "The War and Its Effects,” Sen.
J. William Fulbright commented that, “Disappointing
though it is, the adherence of the professors [to the mili-
tary-industrial complex) is not, greatly surprising. No less
than businessmen, "workers, and politicians, professors
like money and influence. Having traditionally been de-
prived of both. they have welcomed the contracts and con-
sultantships offered by the Military Establishment.™
For this combination of reasons, scores of semi-autono-
mous military research organizations werc cstablished by
American universities. Some of these installations have
come to enjoy a special relationship with the government
as Federally Funded Research and Development Centers
(FFRDCs). As such, they receive at least 70 per cent of
their income from federal agencies, and work “under the
direct monitorship of the government.” According to Na-
tional Science Foundation nomenclature, FFRDCs arc
“organizational units associated with universitics and col-
leges whose creation and operation are not primarily re-

. lated po the main function of the administering universitics

and colleges.” FFRDCs receive a substantial portion of
the federal research-and-development (R&D) funds avail-
able to the university community: in fiscal 1968 (the last
year tor which such data are available), university-admin-
istered FFRDCs received $945 million from the govern-
ment, compared with the $1,416 million awarded directly
to the universities for R&D activities.

. Even when not recognized as FFRIDCs, campus research
centers can be found at most universities. In the main,
these institutions work on military and space “hardware”
—the mechanical equipment needed to outfit an army or
launch a space vehicle. Increasingly, however, they arc
devoting themselves to developing “software™ systems—
the mathematical and analytical models used in systems
analysis, operations research and related methodologies.
Research centers have contnbuted substantially to the
development of military software systems, and many “of
lhem—pahicularly the para-universities like RAND and
IDA—have become noted for this kind of work. University
social scientists, foreign arca specialists and educational
rescarchers also found it profitable to establish autono-
mous rescarch centers when the R&D budgets of non-
military federal agencies exploded in the 1960s.

I
As cold-war dcefense appropriations soared, am-

bitious researchers—many of them associated with the
Defense Department as consultants—could get impressive
contracts from the government. Most of these went to
lcmi-aulom}mouslrcscurch centers hike Michigan's Wil-
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low, ¢
Whye UN Labor

atary and the Cornell Aeronautical Lab,

"‘QT\I\ Ul meet the Pentagon’s strict security require-
% ‘"\‘l oday, somwe of these orgdmzations enjoy the budg-
Ca. \ 'ac|"|lC\ of a

large umversity  The University of
Matory | nce, opcrates llrc LLawrence Radiation
Mty i Y and the Los Alamas Scientific L.aboratory .
¢ Usty xov}: which have a combined staff of 11,850 sci-
“Dt‘rm‘ Cchmicians and support personnel, and an annual

'8 budget, in 196K, of $288 million (an amount

o
lil T™a, (o Insta

al

Manvt‘xcecd\ most state budgets for higher Cducnlmn)
ave of the scientias associated with these institutions
°f(‘n\(}:gn dhh‘. s B their incomes by setting up
Prody, it pIn-ofi - companies which market the
Cts develop versity laboratories
n '-’Cl. as n

i ale rther into the military

‘ between academic and

lisappear. The trustee

ly rescarch nstitute is more

2 spin-ofl company located

U ol the same time a con-

qich monitors contracts

IDA and the other in-

act as middlemen in these

By e tem, the government can buy

oscenufic i vhile bypassing low civil service
5"'2”1(‘& and avoiding accountability to Co Def

Indu“ry o K : untadil \ ( Ongress. . sc

porations, whose cxecutives often domingte

‘f“»‘ boards of trusices of the research institutes and think-

ks, peity wccess to classified information and have the

Opportunity 1o “evaluate objectively” the projects they

are trying 1o sell to the government. The universities, in

return for their participation in the consortia, receive

for their professors large research contracts and lucrative

consulting fees Examples~of this arrangement can be

found n mow university  communities, and are cspe-

clally prevalent at the large rescarch-oriented campuses

like MIT. Stanford and Johns Hopkins

r
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In the summer of 1965, a subcommittee of the
House Committee on Government Operations held a
serics of hearings on “Conflicts Belween the Federal Re-
scarch Programs and the Naton's Goals for Higher Edu-

cation " The committee subsequently issucd a report to,

the Congress in which 1t was argued that, “While both
research and higher education share the common goals
of extending scholarship and developing the intellectual
resources of the nation, the immediate interests of one are
not necessarily those of the other.” |Emphasis added.)
Federal rescarch programs, the committee explained, are
designad to advgnce the nation’s lcchnulogwall capabil-
ities- —particularly in the areas of dc(cnsc,_ammnc energy
and spuce — while goals for higher education call lur_ as
many Amencans as possible --regardless of race, na!mn-
ality or income - 1o obtain a cnllcgc education. hnm
the testimony and rcports it cxamined, the committee
concluded that, “Our Federal rescarch programs, onlthc
one hand, and the nation’s goals for "l.lghcr education,
on the other, are an mcreasing conflict

‘The first conflict, according 10 l_hc committee, 1s the
aoplication of Amenca’s technical intellectual resources:
ftp?cn|i5|s amd engmcers are ndispensable 10 research
' .::; development They are slso indispensable as teachers

1 ONATION agorber 1) 190
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i the cxpanding higher education system. Since their
numbers cannot be greatly increased over the short run,
too much diversion into the one means deprivation of lhf
other.” Using National Science Foundation (NSF)
figures, the committee estimated that two-thirds of all
scientists and engineers engaged in R&D work were em-
ployed on federally funded projects Since almost 90 per
cent of all federal R&D funds are contributed by em_icr
the Department of Defense, the National Aeronautics
and Space Administration or the Atomic Enetgy Com-
mission, it is safe to assume that a majority of these
scientists and engineers were committed to defense-re-
lated work. When federal R&D expenditures are rising
(as, for instance, during the years 1950-65, when they
grew at the rate of 15 per cent a year), this diversion
of scientific manpower 1o military work leaves an in-
adequate number of qualified scientists for college teach-
Ing (particularly at the smaller colleges) RAD employ-
ment in the government sector has also created a prob-
lem that-was not foreseen in the 1950s and carly 1960s:
when federal R&D expenditures are reduced for main-
tained at an even level during a penod of inflation, as
has been the case for the past two years), a surplus of
scientific manpower develops which cannot be easily in-
tegrated into other sectors of the economy. Since the
scientists engaged in defense research tend to become
specialists in narrow fields of particular interest to the
military, they often lack the background that would enable
them to switch into “teaching or nonmilitary research
activities

The same kind of skewed priorities have developed
inside the university. “Federal competition for scientific
manpower.” the committee found, “has not stopped at
the gates of colleges and universities." By providing about
70 per cent of all research funds received each year by
educational institutions, “the Federal government reaches
within the higher education system to claim a substantial
share of the working time of the college and university
faculties, and a very high share of the time of science
faculties.” The consequences of this phenomenon are as
obvious to the committee as they are 10 most other ob-
servers of university cducation: “colleges and universities
have responded to Federal demands for rescarch by chan-
neling an .increasing number of professional employees
into research work, by reducing teaching time of research-
performing faculty, and by offering such reductions as
inducements o altract new faculty.” The resultant dete-
rioration of undergraduate education—manifest in huge

lecture classes and poorly qualified teachers—has become
a fact of life at every large university.

The most conspicuous result of ithe conflicts be-
tween federal rescarch programs and the nation's goals
for higher education is the concentration of federal fund-
ing in the institutions that Clark Kerr calls “Federal

he in grant
universities.” These favored schools receive up 1o 85 per
cent of their income from federal research funds, and up

o 100 per cent of their research budget from this source.
There are not many such institutions. According 10 fiscal
1967 figures, the top 100 recipients of federal obligations
for higher education got 69 per cent ($2.278 million) of
all suc'y funds, and RR per cent (31,166 milion) of all
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3?"‘1 R&D funds. Fifteen universities alone captured
Per cent ($507.9 million) of all R&D funds available

49 CUY to universities, while fifteen schools alone received

llniper.cem ($447.4 million) of federal funds going to

Deve"“)'-ldministered Federally Funded Rescarch and

Velopment Centers.

whi favored status of such federal grant universities,
I Ich Can in most cases be traced back to World War
fon ” 2 self-perpetuating phenomenon. The objective of
) nnn'\uyhmded research, according to the House com-
the ©¢, “is the most research at the least costa” Since
to lfwc!'nmcnt i1s most likely to entrust its R&D funds
ob_‘c"?ntnt‘ with considerable reseagch experience, “the

JeCtive of buying research to the exclusion of other
of fations will lead inexorably tq the concentration

ederal research funds at the major universities.”

fe\-,rhe conceniration of federal R&D funds at a relatively
Universitics meant, according to the committee,
a llm‘ila: cons { rescarch opportunities and
:t:.nt:.“ f engineers. Favored univer-
4 ve bx and keep the best scien-
::tl and gra Instiiutions not so favored
tow lost » professors, and are unable
Fe:::[p( ) cements. Thus, rthe
re wot only made already
:"(::: ins A They have done so partly
eX e i =ok . [Emuphsasis added.) ;
: n;.lt;:lx:z versiiies to attract the bcgt scien-
has in | obrain drain” from poorer in-
:tm}?n&—\\f var colleges, junior and community col-
Md from oertain sections of the country—Ap-
WN.C' hia, the Decp South, the Plains and Mountain states.
th a few exc

xeepirons, the principal recipients of fed-
eral R&D funds sare in the Non}?;ast, M‘i)ddlc-Allamic,
Great Lakes or Pacific Coast arcas. Six states (Mas-
Sachusetts, New York, Pennsylvania, lllinois, Michigan
and California) received 43 per cent of all federal funds
8oINg to universities and colleges in fiscal 1967, and fed-

eral R&D cxpenditures at schools in these 'states vere

even more concentrated. R4

At this point, it is appropriate to draw some con-
clusions as to the effects of university-military collabora-
tion in the postwar era. The facts presented above suggest
that American™ cofleges and universities have become
divided into two camps—with the big R&D performers
on one side, and those with few R&D contracts on the
other. The large research-oriented universities arc able
to maintain their favored status by “bleeding off” the in-
tellectual resources of less-favored schools. This process
tends to perpetuate the underdeveloped condition. of the
“have-not"«gchools, which consist of women’s colleges,
Black coll€ges, four-year liberal arts colleges, state ahd
municipal schoolg attended by working class and lower-
middleclass ““youth, agricultural schools, and other
non-Ph.D.-granting institutions. Such schools lack ade-

. quate equipment and facilities, are unable 10 attract
outstanding faculty members (particularly in the sciences),
and cannot offer opportunities for faculty and students
to engage i advanced rescarch projects. They cannot,
in sum, provide their students with a first-rate education.

The big R&D-oriented universities are, of course,
i &
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strong where the have-not schools are weak—they can
boast ultra-mod&¥a facilities, stat-studded faculties, mul-
tiple research opportunities. But by becoming dependent
upon federal research ocontracts for their operating ex-
penses, they have lost any claim they might once have
enjoyed to be called “independent centers of knowledge.”
The patterns of cooperation between university R&D
performers and federal R&D consumers tend to become
self-sustaiming. This is admirably summarized in this
passage from the Harvard Crimson's 1969 “Report on
the Future of the University™:

The government, to a large degree, has created its
own need for itself among the universities. It is not
merely a case of the univetsities needing money and jhe
government providing it; the government has built up
large-scale scientific research as an almost totally new
function for universities, a function that only the federal
government can finance

As the sale of the research product became more and
more profitable 16 universitiea (especiplly after Sputnik,
in 1957), the universities began to reorient thejr re-
sources—and their own concept of their function—tq
be able to provide the product more easily. The uni-
versities developed a deep dependence on the govern-
ment, which caused them to anticipate what the govern-
ment wanted from them and brought them to believe
the government's interests were the same as their own

It is clear that by brienting its activities 30 as to antic-
ipate the research needs of the government, the univer-
sities have by default neglected those areas of inquiry
that might embarrags the government or threaten its
prcrogalivcs.f This fact has been noted by many critics
of the govérnment-university relationship; thus, in his
1967 speech on “The War and Its Effects,” Senator
Fulbright commented that while federal R&D funds do
make some contribution to higher education, they do so
at a price:

That price 1s the surrender of independence, the
neglect of teaching, and the distortion of scholarship
A university which has b?:cot‘nc accustomed to the in-
flow of government funds is likely to emphasize activ-
ities which will attract those funds. These, unfortunately,
do not include teaching undergraduates and the kind of
scholarship which, though it may contribute to the sum
of ‘human knowledge and to man's understanding  of

himself, is not salable to the Defense Department or
the CIA.

Fulbn'ght concluded that the current wave of student
unrest is due, not to inferior education but to “the stu-
dent’s discovernof cdrruption in the one place . . . which

might have beeMsupposed 10 be immune from .}lhc cor-

ruptions of our age.”

For the past two years, student opposition to uni-

. versity-conducted military rescarch has been a major

issue all over the country. Efforts by student radicals to
“move beyond protest” in the struggle against U.S. inter-
vention in Vietnam led to campaigns against local mani-
festa(ions'_of the “War Machine"—ROTC, Armed Forces
recruiters, Dow Chemical Company representatives, and
military research projects. As campuses became mobilized
behind concrete demands—“ROTC off the Campus,”™ “No
More War Research” —symbolic protests and vigils gave
way to mass civil disobedience and then to violence.
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h':::t:i"”'" W0 Columbia University's membership in the
Which, Or Defense Analyses colminated in a strike
(BN F"“Ul\t‘lv paralyzed the school for two months
Columb, achion was followed a year later by a

Mnp i
\"‘ln R offengve against milinary rescarch that led to
N

Wit MAkes, and in some cases violent confrontations
.‘hun[;”h:;; dl‘m;m\ of the large rescarch umversities
D'Q\"p|{v‘l '(‘ Cambodian invasion of April-May 1970
rt‘(‘ar(}; ‘.“ 4 nationwide wave of protests against war
Cdm[);“ n*”‘\' military RO training  These successive
,thgni\ have produced a number of conspicuous
Pre ENts an the military: research network. Several

‘m
'Nent rescarch centers habe lost their unmversity affil-

m""“ (Amecnican sitviy Center for Research in
b oMl Systems. Geao W asht
Search Office
h: Stanford Res
“.:‘" (COmpclln“
: )nc may
aC!u;,”y been
¢re follows a pI

gton's Human Resources
ntation Laboratory, and
and several others have
nilitary research activ-
owever, how much has
the student movement.
r 1o that question

tion I have saic ¢ most important military fupc-
) of the univers t the production and concentration
‘" useful form of what have been called “technical intel.
lectual resources 966 Stanford Rescarch Insutute

S , 5 i
tudy summainized this function as follows I'he univer-

My 18 a major performer of defense R&D; a supplicr of
advisers and consutiants to defense R&D agencies; a pro-
ducer of the technical
the prime production factor in the many government,
Ronproht. industrial, and academic laboratories that pro-
duce defense R&D; and a provider of conuinuing, updat-
Ing cducation to the defense R&D work force.”

Any cvaluation of the movement against war research
would have to conclude that the only measurable achicve-
ments of the campus revolt have been confined to the
first 1ole dentified by Stanford Research Institute, the
production of defense R&D directly by the universities.
Some universities have placed bans on secret research or
otherwise objectionable projects (e.g.. work on chemical
and biological warfare), and some research institutes
have becn scvered from their parent university. However,
no himitations have been placed on any of the other de-
fense R&D roles performed by the university. It is ques-
tonable, morcover. whether any of the actions taken by
the university have had any effect on the day-to-day
functioning of the military research network: nonuniver-
sity research orgamzations have been found to assume
responsibility for projects abandoned by the universities,
and the institutes that have lost their university sponsor-
ship are fully capable of continuing work on their own.
Thus even the institutional mcasurcs adopted by the uni-
versities to divest themselves of defense R&D wor.k_will
not substanually alter the composibon of the military
research network, the cohesion of this network, after all,
depends not so much on formal arrangements as on its
ability to funnel information to the Pentagon and money
back to the research performers a process that goes on
unabated.

If any results hiave been achieved at all by the campus

rotest movement, they would have 10 be manifest in the
maost fundamental arca of all the attitudes and loyalues

ji. NaTION 7 October 12, 1970
' .

professional work force that is

of the people who compnse the nation's technical intel-
lectual resources If Amerwa's outstanding scientists and
engineers were persuaded to abandon military work, the
military research network would be seriously 1mpeded
And af young scientists and graduate students c%chcwcg
a career an helds closely ted to “defense technologies,
the 1impediment would be lasting

In a gucst article in The New York Times, Director of
Defense Research and Engineering, Dr. John S Foster,
Jr., revealed that the Pentagon is concerned by the grow-
ing alenation of young scientists from military research
work. This phenomenon received national attention on
March 4, 1969, when thousands of scientists participated
in a one-day rescarch strike to “protest the misuse of
technology and the complicity of the scientific and tech-
nological community with the growing power and in-
fluence of the military-industnal complex " Participants
in the March 4 strike at MIT heard an impassioned
plea from Harvard biologist George Wald for nothing
more than “a reasonable chance to live, to work out our
destiny in peace and decency.” Wald, a Nobel laureate,
told an appreciative audience that while “our govern-
ment has become preoccupied with death, with the busi-
ness of killing and being killed,” the business of scientists
"8 with life, not death.” [See “Science: The Movement
vs. the Establishment™ by Charles Schwartz, The Nation,
June 22} Recognizing that these arguments endanger
the morale and discipline of the troops under his com-
mand, Foster felt compelled to respond on an elevated
moral plane to the anti-military campaign:

The theme of these young people is valid—our talents
and our physical resources should be directed primarily
toward enhancing the quality of life. . Unhappily,
onc compelling attribute of the current era, the end of
which is not in sight, 1s the fact and prospect of war.
Secunity from external threat to our nation 1s a pre-

requisite, therefore, to the improvement of the quality
of life .

Lurking in the background, then, are the faded im-
peratives of the cold war; from this perspective, “Re-
scarch in arcas of interest to defense is not in itself
immoral. But to deny others the right to pursuc defense
research and to find alternatives for the common defense
1S, In my judgment, immoral.”

There 1s, of course, no way to determine who is being
most persuasive in this struggle for the loyalties of young
scienusts. Nevertheless, there is some indication that the
Pentagon will not, as in the past, be able to choose at
random among the brightest minds in the nation when
lining up stafl Yor important rescarch projects. Disenchan:-
ment with the mditary orientation of the “Science Estab-
lishment” was clearly visible at 1969 and 1970 meetings
of the American Physical Society and the American As-
sociation for the Advancement of Science, where activists
shattered the normaily placid atmosphere of the proceed-
ings 1o challenge those who unquestioningly accepted the
present utilization of scientific resources. (“Our job as
scientists,” one protester shouted, “is 10 see that science
resources benefit the people.”) At MIT, the Science
Action Coordinating Committee, sponsor of the March
4 rescarch stnke, has won a pledge from the institute’s
admunistration to seek nonmtlitary financing for MIT's
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The Polar Watch

continued from page 120

mtended targets: he was convineed
that electronies could upply the
necessary technigques for o nearly
automatic control of the air hattle

Von Karmdn was impressed by
Valley's ddeas. e pressed them
upon the Air Foree, and Valley was
isked to \'\|\|-~rw~ the teehnienal POss1-
hilities in acstudy known as ADSEC

\ir Defense Svstems Engineering
Committee)

ADSEC was the first <erious step
toward the doeve ltw]»ll\l‘l\l of an elee-
tromes system for the central con-
trolof the continental air hattle: out
of 1t emerged the gerninal scheme
for the SAGLE svstem. But in
the face of the skepticism of the
Ao Foreeo ADSEC did not get
ery far with the idea of extending
vwirning system beyond the US,

rontiers.

Project Charles ponders

[n February, 1951, at the request
of the Air Force, NLIT. began an-
other study of air defense under the
code name Project Charles. The
project cave its blessing to the
SAGE svstem. and to allow more
time for the svstem to come into
action, it recommended strengthen-
ing the radar surveillance line along
the US-Canadian fronticr (now
called the Pine Tree Svstem). How-
ever. Project Charles brushed past
the idea of the polar warninge line, if
only because the technieal ditfeul-
ties appeared to be overwhelming.
Communications in the Aretic were
often “blacked out™ for hours at a
time by magnetic storms, which
meant that eritical parts of a warn-
ing svstem might be blotted out for
long and dangerous intervals,

Further. then existing search ra-
dar did not have a vertical span of
much bevond 40,000 feet—and the
line could therefore be overflown by
jet bombers. Nor could existing ra-
dar provide low-altitude protection
bevond the horizon, which meant
the line could also be underflown.
Morcover, Soviet bombers could
outflank the line by using the At-
lantic or Pacific approuch.

“How much warning?”’

For all of these reasons, Project
Charles concentrated its attention
on the “local” air battle—i.c., the
defense of the northernmost cities of
the U8, and the SAC bases.

While all this was going on, Dr,
Llovd Vi Berkner, a physicist who
now heads the Brookhaven Labora-
tory for nuclear research, was con-
ducting for the Defense Department

ncivil-defense study cualled  LSast
River, One of Berkner's first ques-
tions had been, “IMow much warn-
g can we expect?’ e was told
pos=sibly not more than ten minutes,

The more Berkner studied civil
defense, the more convineed e be-
came of the absolute necessity of u
polar warning svstem, “Either we
find n way to give ourselves four to
sIx hours” warning, " he told whoever
in Washington would listen, “or we
give up the idea of any kind of de-
fense, cwvil or nulitary,”

Secking  support for a distant
alii system, Berkner got in toueh
with his <cientist friends at NLIT.
Dr. Albert G Hill, an cleetronics
expert, had bhecome dices tor or the
Lincoln Tabhartory at MLLE. an
outgrowth of Project Chles. Berk-
ner pressed Hill to widen the Dybaop-
atory's <tudy of sr=delense weapons
svatems into a thoronghgoing exam-
mation of the feasibilities Qf an
Arctic radar line. Hill agreed to
make the Lincoln facilities available
for w full-dress seminar to which
Beewner would invite the ablest
scientists he could recruit.

This was the setting ot the cele-
brated and coutroyersial  Lincoln
suninier Studs o of 1952 —an in-
formal and. so far as the Pentacon
wus coneerned, a whollvy unofficial.
wholly unspotsored caucus of many
of the nation’s most ecnmiinent scien-
tist=<. They concluded that an Avetie
rnclar line had become tehenically
feasible, within fl"l'("!tlllYll‘ costs,
Two 1[!'\'!'!()]7“]"(lt> contributed to
these conclusions. Physicists Jer-
rold Zacharias and Louis Smullin of
MLULT., working along one line. and
Dr. Garnet A. Woonton of MeGill
University, working along another,
had more or less simultancously
come up with wavs to trigger an
alarm automatically whenever a ra-
dar beam picked up an airplane.
The Zacharias-Smullin technique
could be applied to a rotating search
radar, and Woonton’s to fixed-heam
equipment that could be used to
cover the low-altitude gap under
the longer-range search radars. The
two methods in combination prom-
ised to reduce the manning re-
quirements of the DEW Line to
one-cighth of what the Air Force
had thought they would be. Zacha-
rias’ contribution was a major one;
it brought the various components
into a full-blown and nearly auto-
matic warning systen,

Another missing piece
A third and even more striking ad-
vance had taken place in the field of
communications. The Voice of Amer-
ica hud been relaying its programs
continued page 246
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The Polar Watch cont.

to transmitters m lurope by means

of short-wave radio across the At-
Jantic. Short-wave reliay was notor-
jously noisy and in 1950 the State

Department asked the Burcau of
Standards and MLLT. to devise a
better relay.

Out of that study came a truly
revolutionary development—the
“forward scatter” teehnique. Insim-
ple terms, this utilizes the tropo-
sphere and ionosphere (layers in the
carth’s envelope of air) as reflectors
for bouncing VHIE und UHEF signals
bevond the horizon. Tropospherie
seatter, it was established, was good
over arange of 50 to 100 miles, and
jonospheric at 600 to 1,200 miles.
Tests in Alaska,
proved that the signals were all hut

morcover,  had

impervious  to  atmospherie dis-
turbances common to the Arctic.
MULT. scientist Wiesner was sure
that forward seatter would provide
the reliable conununications essen-
tial toa polar warning line. The Lin-
coln Summer Study group was pro-
foundly impressed.

Before they finished in September,
the Lincoln scientists even drew a
fensible line across the Arcetie, choos-
ing locations that could he supplied
by relatively cheap sca transporta-

tion during the summer months
when the Arctic waters are open.
They also proposed to cover the sea
flanks by maintaining a continuous
patrol of radar-cquipped  aireraft
along the Atlantic and Pacific ap-
I”().’H'I]l'.\“

That autunmm, thSummer Study
the
there to meet a cold reception. The

proposal went  to Pentagon,
Air Foree was still not convineed of
the value of what, at best, was only
an alarm svstem, Berhner, however,
managed to mancuver the proposi-
tion past the Air Force to President
Truman. It was a bad time to do
business with the White House. The
Demoerats had gone down indefeat
in November. Nevertheless, m De-
cember, 1952, only a few weeks he-
fore his term of oftice expired, Tru-
man sent a terse memorandum to
the Defense Department that went
substantially as follows: “Go ahead
with this all out. Seventy-five mil-
lion dollars has been set aside forit.”

The DEW Line was among the
military reviewed by
President Eisenhowerand the recon-
stituted National Security Council
in February, 1953, Tramgp's “all
out’” order was peremptorily with-
drawn, But the project, which had
already been launched on a tenta-
tive basis, was allowed to go for-

Prograins

ward, starting with a prototype
DLW Line consisting of seven sta-
tions, which would provide a prac-
tical test of the technical theory.
The tests began at Barter Island,
just off the north coast of Alaska, in
the Beaufort Sea about 350 miles
east of Point Barrow. Here, during
the winter, the sun remains below
the horizon for seven and a half
weeks: the temperature drops to
60°: and gales up to 100 miles an

howr ean he expected.

“Quick and dirty”’

Western Blectric Co. was given
the contract for setting up the sta-
tions and equipping theme. Tt sub-
contraeted the station=building job
to Puget Sound Bridge & Dredging
Co.. of Seattle. To Lincoln Labora-
tory and, specifically, to Dr. Albert
il fell the responsibility for guid-
ing the technical side of the project.

Hill's plan was to place three

stations about 150
close enough. theoret-

pacdar search
miles apart

icallv, for the seanning beam of one
to overlap that of the next; and to
space between them, at intervals of
about fifty miles, four fixed-beam
<tations (intermedinte, or 1" sta-
tions) that would cover the low-
altitude interstices between. The I's
were to be equipped for tropospher-

i seatter communication Laterally
along the line, as were the scaeh
stations. Two of the scarch stations
would be auxiliary (“aux") stations,
The third, at Barter Islandl, in the
middle of the whole line, would be
the maln station: besides performe
ing the search function and acting
as o data-collecting center for the
smaller stations on cither side, the
main station would have ionospher-
seatter for communicating rear-

i
in this instance to Anchor-

ward
age, 720 miles south.

[ the interest of speed, THIE had
decided on a tquick and dirty ™ con-
version of equipment already i
production for the military. The
most ditfieult job was to adapt the
antomatic alurm features to the ev
isting radar and this meant devie
‘second-

.

ing “diseriminating,” or
thought.” devices, intricate gear
that would not be fooled by birds
blizzards, meteors, or the nuron
borealis.

There were  other  problens—
how, for example, to keep the rotat-
ing antennae from collapsing unter
the weight of ice that was certain ty
accumulate, The first solution wa
to encase the structure in o rubbe
radome, inflated like a balloon b
warm air at two pounds’ pressure

continued page 250
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(This radome was a flop. The winds
bufTfeted it: leaks were ehronie: and
it was replaced by o plastic dome.)

By May, 1953, the essential gear
was nt dockside in Seattle. By .llll_\,
it was being unloaded ot Barter
I<land and at the adjoming sites
along the Beaufort Seas By Sep-
tember, the huldings were up at all
the sites; and by Febraary, 1954,
the radar and forwnrd-seatter sys-
tems were in full operation,

A second decision

The Barter Ishind  experiment
vindicated the fundamental teeh-
nical assumptions. It was also edu-
cational. Fromot, forexample, theype
evolved an imgenious new adea fop
polar housing o prefabricated strue-
tural hlock. or module, twentyv-cight
feet lone. <ixteen wide, and ten
high, made of plywood. Tdentieal
modules  fastened tw_u‘llu'l m
“traan” of destred Tength woulild
provide connecting working, living,
and storage quarters: and the low
afil narrow frontal e, pointed
into the prevailing wind, would pre-
sent little lodagment for the drifting
<snow that otherwise overwhelms all
that is stationary.

By the summer ot 1954 theary
and practice were demonstrably in
accord, and the A Foree now
swung  behind  the carly-warning
idea. The Canadians agreed to open
up their geography. That summer a
tentative line across the Aretie was
charted from the air and sites for
the stations were selected. Still the
National Security Couneil hesitated
—especially Defense Seerctary Wil-
son, who wuas worried about the
cost. But finally, in November of
1954, the Administration decided
to go ahead with the line—as a
crash operation.

Western Blectrie was again given
the  supervisory  contract.  This
called for delivering the system in
full operation to the Air Foree by
July, 1957. To carry out this heroie
assignment. designated as Project
572, the company turned to a forty-
nine-year-old communications engi-
neer, Vernon B. Bagnall, Western
Arca manager for the Bell System,
who had supervised  the  Barter
[sland  operation and had - good
renson to know what he was in for.

First by air

Bagnall divided the 3,000-mile
line into three segments for con-
<truction purposes; adifferent con-
trnetor would be put in charge of
eneh segment, and the work would
he pushed simualtancously.

By lute Jununry, 1955, Bugnall

had three first=cloas companies ling|
up. Puget Sound By idge & Dredy
t:ﬁmk on the entire Ala<kan <egment
Northern Constraction Co., g \':m:
couver firm that had boilt Canael,y '
northernmost. Divedvoelect i phint,
near Yellowknife and o hig Power
plant in the Yukon, wi- wiven the
central scgiment (from the Alaskun
fronticr to the midedle o) the Boothi,
Peninsula—1.600 mile~). The IFons-
dation Colof Montrenl WS Wl
ed  the castern

ing

~cuent tron
Boothia Penin<ula to Badhin I<Land

topographically the most dithienit
segment),

The Canadinns were <tartled in
the Amerieun insistonee an doine
the joh in two <cnsone, Baanail il
not <cem to ey then abiections
that construetion on this <cale wonld
take at least thyee, p<iblyv tony
=eiasoms - he had cven thing fignged
out. During what was bt of the
winter he planmed toaivlite pionee
construction crews to all the <ires,
Temporary strips ~craped on o the
ez dee wonld Tast until the spring
breakup and would take the Ab
Foree  Glohemaster~ laden wit?
Ceats” bulldozer< and rock crusi-
er<. What couldn’t he landed would
be parachuted. Betore the dee went
out. the roads would be ready, the
sites prepared, and the gravel dog
for permanent ranwavs. In summnier.
:|’.t1‘]' [IH' S NG “lN‘II. N ]HIL‘J' ML
litt would bring  the major con-
<truction cquipment, inchiding stecl
for the antenna towers, some of
which would he 400 feet high.

The subcontractors were not ~o
sanguine.  In February, Robert
Shaw, a vice president of the Foun-
dation Co., got his first glimpse of
Bathn Island, from an Air Foree
plane hugging the <hore. On seeing
that awesome glaciated Land, steep
cliffs plunging straight down to the
frozen sea, jagged vallevs buried in
snow, and hardly a level place to
he seen, the contractor moaned.
“Shaw, vou poor devil.”

Yet the work went forward along
the broad lines of Bagnall's master
plan. By spring, practically all of
the main and=auxiliary sites, and
many of the intermediate, had been
established; and from half o dozen
different staging bases far to the
south—-from Fairbanks, Edmonton.
Hay River, Churchill, and Mont
Joli on the St. Lawrenee- several
hundred aireraft, on charter from
several dozen companies, together
with military cargo carriers, were
pouring in men and equipment.

Then by sea

Now enme the erueind stage of the
operation the sew lift around the
continued page 25+
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:\]:fr, not Sputnik or what Sputnik foreshadgws——a
., . med ICBM. The DEW Line’s radar can pick up,
3&;- and track Soviet strategic bombers of the Bison
lch‘CIaSSes over a distance of 200 miles or so, at heights
]esmg 60,000 feet, and traveling at speeds of about
an hour. A nuclear-armed ICBM, however, soaring
\,:)n its projectile trajectory to a height of about 600
ould be traveling at 16,000 miles an hour or so. It

& € able to make the transit from the U.S.S.R. to the
an hinterland in less than half an hour. On the face

¢ DEw Line might look like money poured down an
Tathole,

fought on the computers

‘Me respects the line was a waste—but a measurable
. at was forced upon the U.S. by the need of fore-
> War ang its immeasurable waste.
N the Ajr Force finally decided to invest in the DEW
- Was persuaded to do so by a fairly simple proposi-
s wag to foreclose, in Soviet strategic planning, the
‘toof a cheap ride into the American air. Trevor
T, former Assistant Secretary of the Air Force for
1 and Development and, since his resignation in
)56, the Eisenhower Administration’s severest critic
ATy research matters, was the official who bulled the
‘ne through. Gardner had been set afire by the argu-
Scientists and a group of Air Force officers who
ided that the strategy of the technological power
°manded something more subtle than the threat of
>ffensive strength alone. “The game,” Gardner re-
vas to force the other fellow to ante up. It was agreed
> couldn’t stop a determined, well-led air attack.
r, with a combination of an early-warning line, ef-
Interceptor and ground-to-air missiles, and a cen-
rected air-defense system, we could make the enemy
vily for his ride. That was the idea behind the DEW
) force the other guy to go higher, faster, and load
down with electronic countermeasure gear.”
te Comrade Khrushchev’s recent offhand intimation
nbers are finished, Soviet military planners may
be as uncertain as our own as to how soon the stra-
mber will be supplanted by the strategic rocket. They
.obliged to make yet another massive investment in
,in supersonic vehicles of the Mach 2, Mach 3 class.
ous American gambit is to keep pushing up the odds
Soviet bomber attack and thus dilute that ever immi-
<. An investment of between $30 million and $50
*hiefly for more powerful radar, would fit the polar
coping with supersonic bombers. Such radar, now
pment, would enable the line to operate farther out,
- altitudes, and with less chance of being “spoofed”
onic countermeasures.
of the technicians concerned with the development
‘rategic missiles believe that the U.S.S.R., for all its
iccess, can now have a truly operational ICBM—
‘hat is reliable, and deployed among trained squad-
% the necessary ground-control gear. On the basis
Xperience with strategic missiles, which is already
der than is generally realized, such a capability
quire another three to five years of truly strenuous
‘at estimate would push out an effective materializa-
‘® military, as distinct from the propaganda, threat
Viet [CBM to 1961-63. This is not to say that the
Will not meanwhile make the most of the oppor-
or political blackmail that their initial successes
ed to them. They may even short-cut the develop-

¥ Dacomher 1057

ment stage in order to produce a weapons system of fright-
ening aspect, irrespective of the reliability and accuracy that
a professional soldier, say of the Zhukov school, might de-
mand. But the hard fact is that the Soviet strategic bomber
will persist for several years more as the crucial threat; and
the warning function that the DEW Line was invented to
perform remains as valid as ever.

And it is not to be assumed that the line will be written
off after the ICBM becomes operational. In September,
General Thomas D. White, Air Force Chief of Staff, cate-
gorically stated that radars capable of picking up an inter-
continental missile at ranges out to 3,000 miles are being
developed. When the missile begins to weigh more heavily
in the power equation, the DEW Line will undoubtedly
undergo still another technical transformation.

With respect to the influence on strategy of defense sys-
tems like the DEW Line, Dr. Jerome B. Wiesner offers an
enlightening observation. Wiesner is head of the Electronics
Laboratory at M.I.T., and a member of the Scientific Ad-
visory Committee to the President and the Defense Depart-
ment. He was a prime mover in bestirring the government
to rush the ICBM ; and, as will be related, he had an equally
active part in the DEW Line. AWe seem,” Wiesner says, “to
be moving from a World War III to a World War IV situ-
ation. This has induced in some the belief that the U.S. has
been caught short—our weapon systems have been developed
for the wrong war. What these people don’t seem to under-
stand is that the weapons in place kept World War IIT away.”

Dr. Edward Teller, who was foremost in pushing the
Truman Administration into thermonuclear strategy, puts
the idea this way: “World War III is being fought on the
computers.” By this he means that whenever Soviet strate-
gists have gone to the computers to find out whether the Rus-
sians were now ahead of the U.S. in military strength, the
computers have answered, “Not now, not yet.” The DEW
Line, by eliminating the possibility of full surprise, and the
chance of crushing SAC on the ground, undoubtedly helps to
discourage the Soviet computers.

An unsolicited letter

The DEW Line materialized out of a situation not unlike
the one now precipitated by Sputnik. Then, as now, the gal-
vanizing influence upon American thought was the revela-
tion of a Soviet technical coup. In 1949, it was the successful
test of an atomic weapon, coupled with evidence that the
U.S.S.R. had made a tremendous start on long-range de-
livery systems, both bombers and rockets. This was the prel-
ude of the technological contest that is now moving so rapidly
into space vehicles and ballistic missiles. Then, as now, the
U.S. reacted with a mixture of confusion and irresolution.
No one seemed to know quite what to do next.

One of the first technicians to grasp the implications of
the Soviet push into strategic air power was a young M.L.T.
physicist, Dr. George E. Valley Jr., whose specialty was
electronics. Valley was a junior member of the Air Force’s
Scientific Advisory Board. (He is now the Air Force’s senior
scientist.) In September, 1949, he composed a letter to his
venerable chairman, Dr. Theodore von Karman, the gist
of which was that the nation must set about at once to
construct an air defense against the threat of nuclear attack.
It was clear to Valley that the orthodox tactics to which
the Air Force was still committed had been hopelessly
outmoded by the fact that a single airplane, armed with a
single nuclear bomb, could shatter a great metropolis. Wht_lt
was needed, the physicist insisted, was a new kind of air
defense for detecting and intercepting bombers short of their
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