also often called nuclear-electric drives
because, for most of them, the approach
is that of converting fission energy to
electricity and using the electricity to
accelerate charged particles to produce
thrust. Invariably the power plants are
heavy, the thrust is low, and the result-
ing vehicle accelerations are very low—
less than 0.001g. Since the vehicle ac-
celeration is low, the engine operating
time has to be long (measurable in
months for most missions) if a reason-
able velocity and trip time are to be
achieved. In order for such a propulsion
engine to be attractive, the power in the
exhaust jet per kilogram of engine
weight should be as high as possible.
A specific jet power of 0.05 kilowatt
per kilogram will probably be useful,
‘but 0.15 kilowatt per kilogram would
be very much better. A lot of effort has

nisms such as

been devoted, with a good deal of
success, to developing thrust mecha-
ion accelerators and
plasma accelerators, but the real crux
of the problem is the power plant.
There are numerous ways to convert
heat energy into electrical energy, of
which perhaps the most familiar are
those based on use of thermodynamic
cycles and rotating machinery. Another
attractive approach is the direct con-
version of fission heat into electricity
by means of thermionic cells. The first
demonstration in a nuclear reactor of
such a device was made at Los Alamos
as long ago as 1959. The development
of a complete nuclear-electric propul-
sion system will be difficult and expen-
sive, but if man wants to continue to
explore space to the best of his ability,
such a development seems inevitable.

Friction of Rubber on Wet Surfaces

Knowledge of the mechanism of friction

is important for progress in traffic safety.

E. M. Bevilacqua and E. P. Percarpio

In this article we describe recent
progress in understanding friction of
rubber on wet surfaces (lubricated fric-
tion of rubber) (I). When reading
titles of articles in journals like Physi-
cal Review Letters, one sometimes
wonders how many physicists riding to
work with their heads in the cosmos
among quasars and quarks realize that
an important unsolved problem of
physics travels with them. The control
of friction is important in many aspects
of life, including, most importantly,
riding to work, for the interface be-
tween tires and roads is the only con-
nection between vehicle and environ-
ment. A quick review of indexes of
Science for the last two decades reveals
only two entries under the heading
“Friction.” The first (2) deals with a
simple laboratory device for an ele-
mentary mechanics experiment, a kind
of experiment from which most sci-
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entists of the present generation prob-
ably learned most of what they know
about friction. The second (3) is a
book review in which the introductory
paragraphs point out the wide range
and importance of problems involving
friction. Within these two decades there
has been a substantial increase in re-
search interest in such problems and,
in the area covered by this review, sub-
stantial progress.

Lubricated Friction Mechanism

The importance of lubricated friction
of rubber has become increasingly ob-
vious in the past decade as driving
speeds have increased. As a result, those
who begin research on the subject soon
drive more slowly when roads are wet,
for high friction at the interface be-
tween tire and wet road is desired—a
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respect in which this problem differs
from most others involving friction.
This is an apparently uncomplicated
problem; friction of rubber on wet sur-
faces, under the most important prac-
tical conditions, is determined entirely
by energy losses in the rubber that are
produced by its deformation by the
hard surface over which it slides. The
principal research problem is, then, to
define how this hysteretic loss is
evoked by the hard surface during
sliding. It now turns out that knowledge
of this mechanism is essential for the
practical problems of designing tires
and roads.

Because of the way in which friction
arises when rubber slides over a hard
surface, the structure of that surface
determines the absolute friction level.
This can be illustrated conveniently by
the data of Table 1, assembled from
several different experiments.

The data of row 1 in Table 1 show
the friction of a standard specimen of
rubber on a typical slippery road sur-
face in the absence of ice. When water
is substituted for the dilute glycol solu-
tion, so that a thin layer of ice is
allowed to form, the surface is altered
and the friction drops abruptly. Substi-
tution of a piece of smooth wavy glass
about as rough as the road causes a
slight further drop in friction, showing
that the ice did not entirely mask the

The authors are research associate and research
engineer, respectively, at the Uniroyal Research
Center, Wayne, New Jersey. Dr. Bevilacqua is
editor of Rubber Chemistry and Technology.
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Fig. 1. Comparison of stopping-distance
ratings of a series of tires on a slippery
road and laboratory measurements, made
with the Portable Skid Resistance Tester,
for rubber specimens of the same compo-
sition as the tires, on a reference surface.

road surface. Finally, the use of ice as
smooth and flat as can be easily ob-
tained by remelting a quiescently frozen
surface gives a very low coefficient of
friction. This dominance of geometrical
factors has been responsible for much
of the experimental difficulty encoun-
tered in studying lubricated friction of
rubber. It is perhaps natural to begin
research by using flat surfaces. In some
of our early work with an apparatus
designed by Akkerman (4), in which
a rubber specimen slides over a plane
plate glass, coefficients varied erratically
over a two- or threefold range when
test pieces of smooth molded rubber
were slid on the same piece of plate
glass. When the same specimens were
abraded only slightly so as to produce
uniform roughness, the coefficients all
fell within a few percent of each other.

All of our later research has been
done with the Portable Skid Resistance
Tester, the apparatus used in obtaining
the results shown in Table 1, because

Table 1. Friction at temperature of — 1.1°C
on a series of surfaces.

Surface “Lubricant”  Friction*
Suburban road 30% Glycol 42.5
Suburban road Water 13.1
Wavy glass,

Syenitet Water 9.1
Fresh flat icei Water ) 7.8

@ Measured with the standard slider of the Por-
table Skid Resistance Tester (6). Units are ap-
proximately 100 times the coefficient of friction
(u) at 275 centimeters per second. t PPG
Industries. This glass is about as rough as the
road surface. i Freshly melted and refrozen
surface of a flat block of ice frozen quiescently.
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it gives good correlation with data from
large-scale testing of tires on roads.
‘This instrument is based on an appara-
tus originally designed at the National
Bureau of Standards (5) for studying
rubber heels. We are not familiar with
its success for that purpose; in its
present form it has proved to be ex-
tremely valuable.

In order for laboratory results to be
applicable to the problem of tires on
roads, there need not be a one-to-one
correspondence between results in the
laboratory and in the field, but only
good correlation between the two sets
of data. A good correlation between
measurements made with the Portable
Skid Resistance Tester and data from
full-scale tests involving variations in
the properties of roads has been estab-
lished by repeated tests (6-8). Figure
1 shows that data obtained with this
instrument are also well correlated with
data from full-scale tests involving
variation of properties of tire-tread ma-
terials tested on a slippery road surface
(1). The responsiveness of the instru-
ment to variations in both road and
rubber accounts for its usefulness in the
laboratory.

It now appears possible to obtain
absolute values for friction coefficients
of rubber on hard surfaces, by means
of appropriate laboratory measurements
on the rubber and the surface. Until
very recently this has not been pos-
sible (9).

Deformation in the Rubber

The only clearly defined source of
friction when rubber slides over a hard
surface is what we refer to here as
deformation. This consists of a non-
destructive distortion of rubber at the
interface, caused by the combing of
large-scale asperities of the hard sur-
face through the rubber. The first sug-
gestion of, and a simple demonstration
of, the existence of this mechanism was
given by Greenwood and Tabor (10).
When a series of cones was slid over
a well-lubricated rubber surface, the
coefficient of friction calculated from
the hysteresis of the rubber was very
close to the experimental value at mean
pressures up to about 450 pounds per
square inch (30 bars). At this pressure,
corresponding to a cone semiangle of
between 45 and 50 degrees, the friction
began to rise more rapidly than had
been expected from the calculation, and
damage to the rubber occurred.

There has been extensive speculative
discussion of a second mechanism:for
friction, referred to as adhesion (11),
for which there is no direct experi-
mental evidence. We believe that it does
not occur in lubricated sliding, and
that a third mechanism, which we refer
to as abrasive friction, fully accounts
for that portion of the sliding friction
of rubber on a wet surface which is not
contributed by deformation. All of the
phenomena observed in the sliding of
rubber on road surfaces can be fully
accounted for in terms of these two
mechanisms (7).

Abrasive and deformation contribu-
tions to friction are distinguished by
the magnitude and characteristic fre-
quency of the distortion of the rubber.
Deformation friction results from large-
scale distortions from which the rubber
recovers, involving penetration of the
rubber to distances that are approxi-
mately the same as the dimensions of
the large-scale roughness of the hard
surface. Frequencies associated with
this are usually low—102 to 103 hertz,
depending on sliding speed and on the
dimensions of the asperities. Abrasive
friction results from fine-scale rough-
ness which, on the basis of the results
of Greenwood and Tabor, can be
defined approximately as asperities
sharper than a cone of semiangle 45
degrees; this angle may be a function
of sliding speed. These asperities pene-
trate the rubber and, by mechanical
interlocking, cause longitudinal distor-
tions at the interface. Because the
rubber cannot recover rapidly enough,
this distortion is accompanied by abra-
sion. The frictional energy contributed
by tearing is small, most of it coming
from the extension and retraction of
the surrounding bulk of the material.
Distortions are smaller than in deforma-
tion friction, and the associated fre-
quencies are correspondingly higher,
10% to 10 hertz.

An exactly similar mechanism might
operate if adhesion between rubber and
substrate existed. This may be the case
in dry sliding, but such adhesion is of
negligible importance in lubricated
sliding. The maximum possible contri-
bution of an adhesion term can be esti-
mated from data obtained by Roth and
his co-workers (I2), which indicate
that, at low sliding speeds, friction on
flat smooth glass lubricated with water
is of the order of 4 percent of that on
the dry surface. This order of magni-
tude is in good agreement with our own
data. It includes the contribution of the
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viscosity of the lubricant to friction, as
well as the contribution of any adhesion
which occurs. In the scale used for the
friction measurements of Tables 1 and
2 (6), the maximum contribution to
friction due to adhesion on the wet
surfaces is therefore about 4 units. The
demonstration by Greenwood and
Tabor (10) gives confidence that the
actual contribution is zero within the
limits of experimental error.

It is possible, with glass as a model
substrate, to make a simple laboratory
demonstration that two distinct com-
ponents contribute to lubricated fric-
tion. In Fig. 2 the two specimens in
the upper row are commercially avail-
able window glass, that on the left (the
Syenite of Table 1) having an undulat-
ing pattern, that on the right being
plane. The two specimens in the lower
row are of the same kinds of glass,
respectively, as the corresponding
specimens in the top row, but those in
the bottom row had been subjected to
erosion by sandblasting simultaneously
in the same chamber—a treatment
which added the same fine-scale rough-
ness to both surfaces. If this kind of
roughness contributes to friction inde-
pendently of the larger-scale wavy
roughness, then measurements of fric-
tion on the plane sandblasted glass
(bottom right) and on the rippled glass
(top left) should add linearly to give
a prediction of friction on the glass
specimen having both large- and fine-
scale texture (bottom left). Measure-
ments on the flat glass surface (top
right) provide an estimate of the total
of other contributions to friction (7).
Table 2 shows that the expectation of
simple additivity was borne out, with-
in the limits of experimental error. The
specimens of rubber listed in Table 2
(butyl, EPT, SBR blend, and natural)
were chosen to give a very wide range
of the properties that are important in
determining friction: modulus and
hysteresis. Details of these contribu-
tions are discussed below; here we néed
only note certain important effects of
the differences in surface texture of the
hard substrates on the coefficient of
friction. The values in row 1 show that,
with a flat surface, coefficients of fric-
tion are uniformly low, and that the
differences in values for different rub-
ber specimens are almost within the
limits of experimental error. With the
wavy glass (row 2) the coefficient of
friction increases substantially, and
there are much larger differences in the
values for the various rubbers, reflect-
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Table 2. Components of friction.

Skid resistance* at 22.8°C
(on water-lubricated surface)

Row Surface texture of glass
Butyl  EPTt SBRY  Natural

1 Plane plate 8 4 4 5
2 Syenite, wavy smooth 20 6 12 11
3 Sandblasted plane (minus plane plate) 54 49 61 57
4 (Values calculated for row 5 by adding

rows 2 and 3) 74 55 73 68
5 Sandblasted wavy 15 53 68 66

* Measured with the standard slider of the Portable Skid Resistance Tester (6). Units are approximately

100 times the coefficient of friction (u) at 275 centimeters per second.
lene terpolymer. Royalene 301 was used in this experiment.

rubber. Synpol 1500 was used in this experiment.

ing their bulk hysteresis. With the flat
sandblasted glass (row 3) the total
friction increases still more, the differ-
ences in values for the different rubber
specimens become relatively smaller,
and the most hysteretic rubber (butyl)
does not have the highest coefficient of
friction. As shown in rows 4 and 5 of
Table 2, arithmetical calculation from
the data obtained with the individual
surfaces does give a good prediction of
the coefficient of friction observed for
the composite surface. Reference to the
experiment of Greenwood and Tabor
cited above (10) leads to the conclu-
sion that the contribution of friction on

+ EPT is an ethylene propy-
1 SBR is a styrene butadiene copolymer

the sandblasted surfaces arises by the
same mechanism that is reflected in the
data of these workers when damage to
the rubber test specimen becomes ap-
parent and the friction begins to rise
faster than is predicted by calculation
from bulk hysteresis losses alone.
Comparison of the results obtained
in these simple experiments with model
surfaces and results obtained on actual
roads suggests that an important mea-
sure of the characteristic of roads is the
extent to which this kind of friction,
which we have called abrasive friction,
occurs when rubber slides on the road
surface. In measurements on some 160

Fig. 2. Glass specimens used to demonstrate additivity of deformation and abrasive
components of friction, photographed over a ruled background to accentuate the tex-
ture (see text).
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Table 3. Regression equations for friction on several surfaces at temperature of 22.8°C.

Surface Character Best equation for skid resistance*
Syenite Wavy SR =26 — 0.22R,; — 0.08D
Slippery road Composite SR =71 — 0.40R, — 0.18D
Sandblasted glass Abrasive SR = 60 — 0.40R_;; + 0.21D
Terazzo surface Abrasive SR =21 — 0.22R_;; + 0.21D

* SR, skid resistance, as shown on the scale of the Portable Skid Resistance Tester; R, Bashore
rebound (resilience), in percent; D, Shore A hardness (modulus). Subscripts on R show the tempera-
ture of measurment of resilience which gives the best fit in the regression equation for skid resistance

at temperature of 22.8°C,

road surfaces, we have never found any
surface which, when wet, did not cause
abrasive damage to the test specimens,
and photomicrographs of the roads al-
ways show fine-scale roughness. High
friction without abrasive damage can
occur on dry surfaces, but not on wet.
This distinction between two mecha-
nisms of friction corresponds well with
the distinction between sources of abra-
sion described by Schallamach (13).
On the basis of this simple hypothe-
sis that abrasive and deformation com-
ponents exist in the road surface and
that properties of the rubber respond
differently to these two types of com-
ponents, it has been possible to devise
a simple analytical technique for study-
ing the properties of roads. In order to
identify quantitatively differences be-
tween high- and low-friction roads, we
have made use of the fact, illustrated
in Table 2, that a highly resilient rub-
ber is insensitive to large-scale rough-
ness in the hard surface and a highly
hysteretic rubber is sensitive to such
roughness. By measuring friction on the
entire sample of road surfaces with two
test specimens, one highly resilient and

80 -
T
o »
2
o
o 60
W
o
e e
X
n
" 40
b o
= o

. o o
20 1 1 1 1

20 40 60 80
ABRASIVE COMPONENT (%)

Fig. 3. Relation between slipperiness and
abrasive contribution to friction for a
sample of 107 road surfaces.
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one of highly hysteretic rubber, it is
possible to estimate the extent to which
abrasive friction occurs on each road
surface, this being a function of the
difference in friction as measured with
the two test specimens.

Figure 3 shows that slipperiness is
accompanied, for the most part, by a
lack of abrasive component in the road
surface, a finding in agreement with
earlier qualitative observations that
slipperiness is caused by the polishing
off of fine-scale roughness of the road
surface. A comparison of means and
distributions of coefficients of friction
for roads in many locations in the
United States (I, 14), England (7),
and Germany (/5) shows paved road
surfaces to be quite similar everywhere.

The importance of these data to the
design of tires and road surfaces for
good traction is made clearer by the
discussion of properties of rubber im-
portant for wet friction which follows.

Properties of Rubber Important

for Friction on Wet Surfaces

Hysteresis is responsible for lubri-
cated friction, but tests with a large
number of rubber specimens of different
composition show that not only hyster-
esis but also modulus of elasticity deter-
mines the friction coefficient of a
rubber specimen on a hard surface.

A linear relation of the form

w=K+ aR + gD, (1)

where p is the coefficient of friction,
K is an arbitrary constant, R is resili-
ence [for example, Bashore rebound
(16)], D is modulus [for example,
Shore A hardness (I7)], and « and B
are coefficients characteristic of the
road surface, describes the friction of
a wide range of rubber specimens of
different composition on a wide range
of surfaces. The relation of Eq. 1 was
determined first for a standard slippery
road surface by using a group of 99
rubber specimens for which the prop-
erties of hardness and resilience were

orthogonal. In further work, a set of 14
compositions was selected from the
original large set, by trial and error, to
obtain combinations of resilience and
hardness representative of all five of
the elastomers used in the experiment,
while retaining the requisite orthogo-
nality of these properties.

The nature of the parameters in the
regression equation (Eq. 1) gives some
insight into the friction mechanism. The
first obvious point is that the appropri-
ate resilience measurement to use for
predicting friction is determined by the
fineness of the asperities in the hard
surface. For best prediction of friction,
resilience should be measured at a
characteristic frequency related to the
frequency of deformation of the rub-
ber during sliding. This means that
with the Bashore rebound instrument
(16), which we used in our early
work (I) for measuring resilience, re-
bound must be measured, for best cor-
relation with the friction measurement,
at a temperature lower than that at
which the friction on road surfaces is
measured. The effective frequency ap-
propriate for measuring friction in
sliding that occurs at normal driving
speeds is of the order of kilohertz, and
that for measuring resilience with the
Bashore instrument is less than 100
hertz. In accordance with the well-
known W.L.F. transform (I8), mea-
surement at lower frequency at lower
temperature corresponds to a higher
frequency at the higher temperature.

Tables 3 and 4 show the way in
which the temperature difference (for
the two measurements) that gives best
correlation depends on the character of
the hard surface. The road and the
wavy glass plate of Table 3 have about
the same large-scale roughness; the fre-
quency associated with friction is ap-
parently determined by the concentra-
tion of fine-scale roughness so that, for
the glass plate, measurement of re-
bound at the temperature at which fric-
tion is measured gives the best correla-
tion, whereas for the road surface,
which has fine-scale roughness, the
best correlation is obtained by measur-
ing rebound at a temperature some 20
degrees lower than that at which fric-
tion is measured. For the flat ground-
glass surface, which has even finer
roughness, the temperature difference
that gives best correlation is substan-
tially larger.

That this relation is not an artifact
of the choice of materials is indicated
by the set of data for the road at differ-
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Table 4. Regression equations for friction on
a road surface as a function of temperature.

Temper-
ature

Best equation
for skid resistance®

23 SR = 60 — 0.40R, — 0.12D
2 SR = 55 — 0.37R_;5s — 0.11D

—1 SR = 55 — 0.36R_;s — 0.11D
- 12 SR = 56 — 0.35R_5 — 0.15D
—23 SR = 59 — 0.41R_4, — 0.16D

* SR, skid resistance, as shown on the scale of
the Portable Skid Resistance Tester; R, resilience;
D, modulus. Subscripts on R show the tempera-
ture of measurement of resilience which gives
the best fit in the regression equation for skid
resistance.

ent temperatures (Table 4). In this
case, friction and resilience were meas-
ured at a series of temperatures, an
antifreeze lubricant being used at the
lowest temperatures to prevent the
formation of ice, which would change
the character of the hard - surface.
Throughout the series the appropriate
temperature for measuring rebound as
a basis for predicting friction is ap-
proximately 20 degrees lower than the
temperature for the friction measure-
ment.

The way in which modulus enters
into friction is not entirely clear. It is
speculated that the hardness reflects
some kind of interaction with the fine-
scale abrasive asperities of the surface.
However, the contribution made by
hardness to friction depends on the
large-scale roughness of the surface as
well, and it is this fact which estab-
lishes the pertinence of friction mecha-
nism to practical design problems.

On a macroscopically flat surface,
not only is the lubricated friction low,
but differences in friction for different
rubber specimens are small. This is
illustrated in Table 2 for several rub-
ber specimens on four surfaces. More
extensive studies (Z, /9) show that the
hard surface must have a characteristic
peak-to-valley roughness (at least 5 X
10-* centimeter) in order to produce
differences in wet friction with different
rubber specimens. Corresponding to
this characteristic roughness there is a
transition in mechanism, which shows
up in the coefficient 3, as in Table 3.
On superficially flat surfaces or surfaces
whose roughness is very fine scale,
is positive. As soon as the large-scale
roughness exceeds the critical value, the
sign of B changes, becoming negative
irrespective of the presence or absence
of fine-scale roughness or the size of
the wet friction coefficient. This transi-
tion remains unexplained at present; its
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importance lies in the fact that slippery
roads have surfaces whose large-scale
roughness exceeds the critical value, so
that all tests of tires must be made on
surfaces for which B is negative.

Application to Movements

of Vehicles on Roads

Research on lubricated friction is
pertinent to the driving of motor ve-
hicles for two reasons. (i) As men-
tioned above, accurate knowledge of
the mechanism by which friction arises
is essential to realistic design and test-
ing of road surfaces and tires. (ii)
Friction of tires on wet roads is ex-
tremely important to traffic safety.

The importance of friction on wet
roads first attracted serious widespread
attention in this country about a decade
ago. Data presented at the First Inter-
national Skid Prevention Conference
(20) showed that, although roads are
wet much less of the time than they
are dry, the proportion of accidents
that involve skidding to accidents that
do not is so much higher for wet roads
than for dry roads that the actual num-
ber of accidents that involve skidding
was higher on wet roads. In the ensuing
decade average driving speeds in this
country have steadily increased, and
more recent analyses now show that in
some locations, particularly on heavily
traveled highways, the number of acci-
dents from all causes on wet roads may
exceed the number on dry roads, even
though roads are wet only about one-
fifth of the time. For example, on Route
52 Bypass in Indiana, accidents from
all causes were about six times as fre-
quent on wet pavement as on dry over
a 3-year period (27), and, on a short
stretch on Route 4 in New Jersey,
nearly four times as frequent on wet
pavement as on dry during 1964. In
both instances the number of accidents
on wet roads exceeded those on dry
2).

The reasons for the high accident rate
on wet roads are made clear by a com-
parison of properties of roads and
habits of drivers. In Fig. 4 such a com-
parison is shown as a composite plot of
data derived from several sources.
Curve 1 represents the net accelera-
tions required to round a curve, for a
sample of some 820 vehicles (7, p.
511). Curve 2 is a summary of the
coefficients of friction for some 900
roads, and curve 3 is a plot of the
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Fig. 4. Comparison of (curve 1) net ac-
celeration required (that is, relative fric-
tion required) by a moving vehicle in
rounding a turn, (curve 2) coefficients of
friction for a large sample of wet roads,
and (curve 3) relative risk of a skidding
accident.

function of the available friction be-

_tween tire and road surface (6) as

determined at the sites of accidents. It
is a plausible assumption that curves 1
and 2 are generally representative of
friction needs and friction available on
wet roads, an assumption reinforced
by the fact that curve 3 closely parallels
the high side of the “friction need”
curve. The close coincidence may exist
because drivers make no adjustment
for the wetness of the road. There is
evidence that, in freely moving traffic,
vehicle speeds are essentially the same
on wet and on dry pavement (23).
The overlap of curves-1 and 2 there-
fore represents a potential for the occur-
rence of  accidents which would not
occur on dry roads—a potential appli-
cable to about 90 percent of all drivers
and 50 percent of all roads. This set of
data explains why weather is the most
important single identifiable factor in
traffic safety. :
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Congress and the Science Budget

Congress makes the laws of the land
and in this sense gives final form to
national policies and their organiza-~
tional underpinnings. Whether the Leg-
islative or Executive branch takes the
initiative in developing any given policy
or organization is less important than
the adequacy of its response to national
need. If the need is sufficiently compel-
ling, the two branches of government
will be in accord that action must be
taken. They may differ in important de-
tails—there is give and take—but be-
tween them national policy finally is
hammered out or delicately wrought. A
law is written, an organization created,
and the course of governmental action
set for years to come.

Legislative milestones in science and
technology stand out more clearly after
World War II. Two immediate postwar
problems were: how to conserve the
resources and sustain the momentum
of war-induced scientific research; and,
more pointedly, how to organize and
control - the future development of
atomic energy. The problem of atomic
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energy was more urgent, because it
carried not only the sinister potential
of mass destruction but the bright
promise of mass benefit through power
development and other peaceful appli-
cations. The Atomic Energy Commis-
sion was established in the year after
the war ended, but the debates which
eventually established the National
Science Foundation as the key support
agency for basic research dragged on
for 5 years.

In the 1950’s there were other mile-
stone enactments. These were, in a
sense, the panic years, with missile and
space technologies in the forefront. The
National Aeronautics and Space Admin-
istration, created in 1958, was an im-
mediate answer to Sputnik. The same
year the Advanced Research Projects
Agency and the Directorate of Re-
search and Engineering were estab-
lished in the Department of Defense.
Spurring these new organizations was a
quest for national security interwoven
with national prestige and welfare. Al-
though NASA’s mission, for example,
was stated in terms of peaceful space
exploration, in the public mind Sput-
nik posed a military menace, because
it denoted Soviet mastery of large
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booster technology and complex space
systems which had military import.

Our crash programs for ICBM'’s
achieved a formidable defense posture,
and the ambitious Apollo program
demonstrated dramatically our entry
into the space race. Thereafter, in the
1960’s, the government became in-
creasingly involved in the welfare field.
The technologies, techniques, and re-
sources applied to missile and space de-
'velopment were examined for their ap-
plication to social problems. Aerospace
contractors began to work on such pro-
saic problems as garbage disposal and
traffic congestion or on such esoteric
ones as an artificial heart or a teaching
machine.

New government departments were
established to deal with housing and
transportation. Within existing depart-
ments new agencies and organiza-
tions sprang up to put science and
technology to work for the Great So-
ciety. More and more research empha-
sis was given to traffic safety, urban
transportation, air and water purifica-
tion, public health, crime prevention,
and scores of other problem areas
which received legislative and executive
attention. The larger action agencies,
created in response to acute national
needs, develop vast technical infrastruc-
tures to support their missions. They
build laboratories, let contracts, and
acquire constituencies in business, pro-
fessional, and academic circles. They
attract community and regional sup-
port for the jobs and payrolls they
provide and they gain advocates in
Congress.

As technical empires expand, pro-
grams proliferate and agencies compete
for technical talents and contractor re-
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