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APL-EXPANDING THE LIMITS 

Throughout the fifty years of its existence, APL has 
compiled an extraordinary record of accomplishment in 
an ever-widening range of endeavors. Besides the sheer 
number and importance of its contributions, it is striking 
how many of them have embodied an entirely new con­
cept, a new level of understanding, a new way to ap­
proach a hitherto unsolved problem, or a new direction 
for the Laboratory. And yet APL'S primary mission has 
always been to solve problems of national importance, 
rather than to advance knowledge or technology for its 
own sake. Why, then, does innovation characterize so 
many of APL'S accomplishments? 

The answer, I believe, lies in an unstated but funda­
mental operating principle-one that challenges limita­
tions standing in the way of an important objective. This 
principle may be called "Expanding the Limits." Its suc­
cessful application has been responsible in large measure 
for the many "firsts" that have marked APL'S contribu­
tions. In this fifieth year of APL'S history, it is appropriate 
to take a retrospective look at how this characteristic has 
shaped the Laboratory's history and accomplishments. 

The term "limits" as it is used here includes any con­
straints-physical, technical, institutional, contractual, 
traditional, political-that are actual or perceived obsta­
cles to a desired goal. My thesis is that a dominant APL 

characteristic has been to challenge and seek to overcome 
all constraints that are not recognized to be fundamental 
and immutable. 

The Laboratory 's achievements during the past half 
century have been so prodigious that no brief account can 
possibly do justice even to the most important ones. The 
sections that follow are intended only to exemplify the 
diverse ways in which the impulse to expand the limits 
has shaped APL'S missions and products over the past fifty 
years. 

The general sequence of this paper is roughly chrono­
logical, but it often follows one theme well beyond the 
beginning of the next one for the sake of continuity. 
Because the point of view of this article is institutional 
and since APL'S method of operation is based on team­
work at all levels, the names of all individuals have been 
purposely omitted. I extend my sincere apologies to those 
whose proudest achievements are not given due prom­
inence in this article. Perhaps they will find that the much 
fuller account of APL'S accomplishments contained in the 
other articles in this issue makes up for this deficiency. 

ACHIEVING THE IMPOSSIBLE­
THE VTFUZE 

The character of the Applied Physics Laboratory was 
molded by the mission that it was organized to accom-
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plish: the development of the radio proXImIty fuze, 
known for security reasons as the VT (variable time) fuze. 

The development of the radio proximity fuze has been 
recognized as one of the most important breakthroughs 
in military capability of World War II. The technical 
obstacles faced by its developers were enormous (stuffing 
a radio into a tiny space in the nose of a shell, shocked 
by a blast of 20,000 g), so enormous that the Germans 
considered it hopeless and the British concentrated in­
stead on radio fuzes for the "gentler" environment of 
rockets and bombs. It was characteristic of the founders 
of APL that they undertook to challenge these physical 
limits. I suspect that they did so because most of the 
technical leaders were physicists, accustomed to working 
at the limits of knowledge and without much respect for 
engineering "details." So the idea of designing a tiny 
vacuum tube that would withstand the crushing shock of 
being fired from a gun did not seem impossible, as it did 
to most others, but merely difficult. 

The design of an ultrarugged vacuum tube was only the 
first "impossible" step in the process of fielding a success­
ful weapon. The next was to mass-produce the fuze by the 
millions. This required a transition from development to 
production, solving along the way such critical problems 
as guaranteeing absolute safety from premature detonation 
in the gun barrel. To achieve such an objective on a crash 
basis required a new approach in organization-one that 
transcended traditional institutional boundaries. A team of 
universities and industrial companies was assembled under 
Navy contracts, and APL was established as a central lab­
oratory, with responsibility for technically directing the 
development and monitoring the production effort. Thjs 
unique experiment in teamwork under APL leadershjp was 
outstandingly successful in achieving its goals. The "Sec­
tion T Pattern," as it came to be called, was a major 
innovation in the organization of large-scale research and 
development. It was to endure as an operational pattern 
for APL. 

The third "impossible" feat of the wartime APL was the 
introduction of the new weapons into service in an incred­
ibly short time. The first Navy fuzes were used in combat 
in January 1943 at Guadalcanal by the USS Helena. Key 
APL technical staff were sent to the Pacific to help introduce 
the weapons to the fleet, demonstrating the APL policy that 
"our moral responsibility extends all the way to the first 
battle use"-another example of expanding the limits. 

The fuze not only played a major role in the destruc­
tion of the Japanese Naval Air Forces in the Pacific, but 
also was largely responsible for defeating the V-I buzz­
bomb attacks in London and Antwerp and for turning 
back the last German offensive, the Battle of the Bulge. 
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The fact that the fuze was perfected and available by the 
time it was needed was the crowning measure of APL'S 

true contribution. 

REACHING INTO THE UNKNOWN­
GUIDED MISSILES 

The successful deployment of proximity fuzes was 
estimated to boost the effectiveness of antiaircraft guns 
fourfold, but they still couldn't defend ships effectively 
from aircraft that maneuvered or those that released 
guided bombs from beyond the range of gunfire. It was 
evident to the Navy and to APL that the defense of the fleet 
from air attack required an increase in gun-pointing ac­
curacy in the presence of pitch and roll and, more im­
portantly, a means for following a maneuvering target 
during the shell's flight. An approach to the first objective 
was the development by APL of the Mk 57 gun director 
for the 5"38 naval gun. The second objective could be 
achieved only by an entirely new type of weapon-a 
missile that could change its course when the target ma­
neuvered-that is, an antiaircraft guided missile. It was 
also necessary for such a missile to fly far enough and 
fast enough to intercept an enemy airplane before it could 
launch an antiship missile. In December 1944, APL'S mis­
sion was officially extended to include the development 
of a family of such missiles. 

The impact of this expansion in APL'S responsibility on 
the nature and magnitude of its tasks was profound be­
cause no such weapon had ever been developed. More 
significantly, there was literally no technological base for 
designing a missile with the necessary characteristics: 
long-range guided flight at supersonic speeds. The new 
goal required that several very different technologies be 
explored and that a sufficient body of new knowledge be 
acquired to form a rational basis for engineering design. 

The greatest advances were required in the fields of jet 
propulsion, supersonic aerodynamics and control, and 
missile guidance, all infant technologies. Not only was 
fundamental knowledge lacking in these fields, but even 
the underlying physics was unexplored because of the 
complexity of the processes of combustion, fluid dynam­
ics, and radar propagation. Without established underly­
ing theory, it was necessary to determine empirical rela­
tionships on which design could be based with some 
confidence. To do so required devising facili ties to test 
experimental models of jet engines, aerodynamic shapes 
and guidance environments, and a vast accumulation of 
test data. As the war ended, APL was already creating a 
group of test facilities to establish an experimental basis 
for designing the propulsion and supersonic aerodynamic 
elements of the new weapons, to expand the limits of 
knowledge underlying guided missile design. 

DEFYING INSTITUTIONAL TRADITIONS­
APL AND THE JOHNS HOPKINS 
UNIVERSITY 

At the conclusion of World War II , the Office of Sci­
entific Research and Development (OsRD)-the agency 
that had mobilized the nation's universities and other 
research establishments on behalf of the war effort-was 
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dissolved, as were virtually all the wartime university 
laboratories. Many laboratories, like Harvard's Underwa­
ter Sound Laboratory, were transformed into government 
establishments. Others, such as MIT'S Radiation Labora­
tory, were disbanded, their staff returning to their aca­
demic posts. 

A year before the war 's end, the APL contract with OSRD 
had been transferred to the Navy in keeping with the large 
effort needed to put the VT fuze into production. As stated 
earlier, APL had also undertaken the major new task of 
developing guided missiles for defense of the fleet. In 
keeping with these special circumstances, the Secretary 
of the Navy, James Forrestal, asked Isaiah Bowman, 
President of The Johns Hopkins University, to accept a 
one-year extension of the University's contract with the 
Bureau of Ordnance to "enable certain activities of The 
Johns Hopkins University and its group of associated 
contractors to be carried forward effectively during a 
critical period of transition from war to peace." 

The Forrestal letter created a virtually unprecedented 
situation and recalled the period after World War I when 
the nation experienced strong antiwar reaction. It also 
presented the University with the potential continuing 
commitment for managing a very large organization 
without the financial resources necessary to support it in 
case of need. Nevertheless, the Johns Hopkins President 
and Trustees accepted the Navy's request to extend its 
operation of APL into peacetime. This decision made 
Johns Hopkins one of the very few universities to retain 
responsibility for a large defense research laboratory in 
peacetime. 

During the transitional period, Johns Hopkins brought 
in an industrial partner, the Kellex Corporation, to as­
sume engineering and other responsibilities beyond the 
normal scope of an academic institution. The agreed­
upon plan for the joint operation of APL was that Johns 
Hopkins would retain a nucleus of about 250 key scien­
tists and engineers to exercise the central laboratory tech­
nical direction functions , as well as to conduct research 
in critical areas. The remainder would transfer to the 
Kellex payroll. Kellex was to assume custody of the 
buildings and equipment, perform engineering and test 
functions, and provide administrative and technical ser­
vices. The administration was to be such that the average 
staff member would not notice any difference because of 
his organizational affiliation. 

This experiment in dual institutional management en­
countered difficulties because of inherent fundamental 
differences in goals and outlook between a university and 
an industrial organization. As a result, disagreements de­
veloped in critical areas of Laboratory operations, pro­
ducing increasing tension and uncertainty in the future on 
the part of the APL staff. In the summer of 1948, matters 
came to a head, and the President of the University with 
the support of the Trustees moved to restore the Univer­
sity's full responsibility for APL and to dissolve the joint 
operation. Kellex was given a Navy contract to carry out 
certain engineering service functions; the organization 
continues to this day as the Vitro Corporation. Most of 
the staff who had transferred to Kellex returned to the 
Johns Hopkins payroll. 
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The decision by Johns Hopkins to reassume responsi­
bility for APL was far more significant than just a resto­
ration of its wartime role. It was based on a more fun­
damental consideration, namely, whether or not the Johns 
Hopkins tradition of public service should be expanded 
to include the application of research to problems of 
national defense, in peacetime as well as wartime. The 
President and Trustees decided that it should and there­
fore conferred on APL the status of a permanent division 
of the University, on a level with the School of Arts and 
Sciences, the School of Medicine, and the other academic 
divisions. This decision, which expanded the limits of the 
University's public service mission, has shaped the char­
acter of APL as no other has done. 

The importance to APL of being a regular division of 
a first-rank university cannot be overstated. No other 
university laboratory of comparable size enjoys such a 
status, all others having a special status outside the nor­
mal university structure. The question is regularly asked 
why the Laboratory should not be split off (as indeed 
MIT'S Draper Laboratory was) or disbanded or its defense­
related work terminated. Indeed, during the student pro­
tests of the 60s, several universities yielded to pressures 
to sever their connections, but APL'S role was never se­
riously threatened. 

"THE BUMBLEBEE CANNOT FLY" 
To answer the challenge posed by the lack of scientific 

and engineering foundations for developing guided mis­
siles to defend the fleet, APL applied the Section T type 
of centrally-led university-industry teaming that had 
proved so successful for the fuze (see Fig. 1). The col­
laborating organizations were called associate contrac­
tors; their contracts specified that their tasks would be 
under the technical direction of APL. Under this unusual 
arrangement, APL was free of the responsibility of admin­
istering the financial and business affairs of the contrac-
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tors and could concentrate on leading the technical ac­
tivities. The program was given the name Bumblebee. 

In keeping with the exploratory nature of much of the 
research and development effort, Bumblebee Technical 
Panels were established in the areas of principal activity: 
aerodynamics, guidance, launching, propulsion, and 
composite design. The panels proved to be invaluable 
means of technical communication and significantly ac­
celerated the creation of a technical basis for missile 
design and engineering. Of the three services, the Navy 
was the only one to sponsor a comprehensive research 
and development program in support of its guided missile 
effort. As a result, the Bumblebee program served to lay 
the technological foundations for much of the entire U.S. 
missile development, especially in the fields of superson­
ic aerodynamics and control, jet propulsion, radar guid­
ance, solid rockets , and telemetry. Thus, expanding the 
limits of guided missile technology was accomplished 
through the medium of a novel form of institutional 
collaboration. 

The means of propulsion selected to power the primary 
long-range Bumblebee missile, called Talos, was charac­
teristic of APL'S disregard for conventional limits. It was 
the ramjet, an unproven French invention with an open­
ing in the front to let in air, a combustion chamber in the 
middle to heat the air, and an opening in the rear to 
exhaust the products. Whether such an "engine" would 
create thrust greater than its aerodynamic drag was itself 
in doubt, let alone its capability to propel a guidance and 
control system and a payload. But if it could do these 
things, the ramjet engine offered very efficient propulsion 
at supersonic speeds and thus the potential of much long­
er ranges than could then be expected from rocket pro­
pulsion. The name of the program was very aptly derived 
from the aphorism: "The Bumblebee Cannot Fly. Accord­
ing to recognized aerotechnical tests , the bumblebee can­
not fly because of the shape and weight of its body. But, 

1. Applied Science Corp., Princeton 
2. Bendix Aviation Corp. 
3. Consolidated Vultee Aircraft 
4. Cornell Aeronautical Laboratory 
5. Experiment, Inc. 
6. Johns Hopkins University (Baltimore) 
7. Naval Ordnance Test Station 
8. New Mexico A&M 
9. Princeton University 

10. Radio Corp. of America 
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11 . Standard Oil Development Laboratory 
12. University of Michigan 
13. University of Texas 
14. University of Virginia 
15. University of Washington 
16. University of Wisconsin 
17. White Sands Proving Ground 

Figure 1. The Section T Bumblebee organization, a unique and successful innovation in the organization of large-scale R&D 
programs, with APL serving as a central laboratory technically directing the efforts of a group of leading university and industrial 
organizations and Navy test facilities , laid the foundation for much of U.S. guided missile technology (list as of 1953). 
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the bumblebee doesn't know this, so it goes ahead and 
flies anyway!" 

To design the ramjet combustion system and airframe, 
data were needed that were neither available nor calcu­
lable from existing theory. Under APL direction, a large­
scale combustion research facility as well as a supersonic 
wind tunnel were designed and constructed at Dainger­
field, Texas. The Ordnance Aerophysics Laboratory, a it 
was called, was a premier ramjet and aerodynamic test 
facility in the 50s and 60s, used by agencies of all three 
services. A smaller burner test facility was also built at 
APL. Flight ranges to tryout missile propulsion and other 
components in their natural environment were construct­
ed. The Laboratory also pioneered in telemetry-the de­
sign of flight instrumentation that measured and transmit­
ted to the ground for analysis data on the performance 
of critical missile components during flight. 

Proof of principle of the ramjet was demonstrated in 
flight within a year of the program 's beginning. The 
development of a full-scale Talos guided missile proto­
type was a much greater task and required about ten 
years. The associate contractors shared in engineering the 
major components, such as the missile airframe and con­
trol, propulsion system, guidance, warhead, and rocket 
booster. The airframe and propulsion systems were en­
gineered by an aircraft company that later integrated and 
tested the entire mi sileo The Talos guidance system was 
especially challenging because it had to be effective be­
yond ranges where radar guidance was sufficiently accu­
rate. The solution proved to be an "interferometer" hom­
ing system, based on an MIT invention that admirably 
fitted around the annular inlet of the missile. The system 
turned out to be remarkably accurate, producing direct 
hits on the target in a large fraction of missile intercepts . 

BREAKING A PRODUCTION BOTTLENECK 
The original Terrier missile was a spin-off of the Talos 

program to meet the Navy's desire for an earlier antiair 
capability than Talos could provide. The radically new 
Talos ramjet engine clearly required years of develop­
ment. The test vehicle built to test the supersonic guid­
ance and control element of Talos, however, was pow­
ered by a solid propellant rocket with relatively proven 
performance. Although its range was only a fraction of 
the Talos objective, it far exceeded the effective range of 
naval antiair weapons and was deemed acceptable for an 
initial weapon. A program of stepwise evolution from a 
test vehicle to a prototype missile was undertaken, with 
Convair as the associate contractor responsible for air­
frame design and missile integration. In 1952, a test 
missile armed with an experimental warhead was suc­
cessfully guided to a lethal intercept with a target drone. 

In 1950, Convair, the associate contractor who had 
built the airframes for the test vehicles, was given a Navy 
contract to build a prototype of the missile. Operating on 
the notion that the developer "never stops perfecting his 
creation," APL'S function was officially limited to flight 
test planning and analysis. 

The orderly program of Terrier product engineering 
was overtaken by the outbreak of the Korean War when 
the Department of Defense ordered the Army and Navy 
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to put three missiles into mass production, including Ter­
rier. Convair was given a contract to build a huge missile 
engineering and production plant and to produce 1000 
missiles at a rate of 75 per month. 

The crash program to bring Terrier into production 
very nearly foundered. Missiles assembled for factory 
checkout revealed a multitude of faults that made them 
unable to pass final acceptance tests. Confidence in the 
missile design was further shaken by a rash of mysterious 
and spectacular flight failures of test missiles. The Navy 
felt compelled to set up an emergency organization, the 
Terrier Task Group, headed by the captain responsible for 
guided missile programs, to assume direct management 
of the engineering and production contract. The Labora­
tory was brought in as a pivotal participant. 

The emergency caused APL once more to expand its 
interest from development to production. A team of 
twenty-five engineers was dispatched to help Convair 
diagnose the sources of production and testing problems. 
The APL team soon became the primary catalyst for iden­
tifying problems and obtaining solutions. 

During several months of intense effort, numerous 
remedies were instituted and the flight failure problem 
resolved; the threat of program cancellation diminished. 
It was clear to APL, however, that the missile design was 
intrinsically not suitable for production. The missile was 
designed, not surprisingly, like an airplane with the var­
ious functional parts mounted inside the airframe to mini­
mize space and weight rather than to simplify production. 
APL concluded that a radical departure from the current 
missile configuration was necessary, substituting one that 
"sectionalized" the missile configuration into a set of 
functionally independent sections, each capable of being 
specified, produced, and tested so as to be interchange­
able with similar sections. 

To demonstrate the validity of this concept, APL under­
took to carry out a sectionalized production design, in 
which selected contractors built the individual sections, 
that were then assembled and tested by Convair, all under 
APL direction. Ten missiles known as Terrier 1 B were 
designed, built, and tested. Eight of the nine fired in flight 
were entirely successful-an unheard-of reliability for 
that time. More importantly, the advantages of the sec­
tionalized configuration were fully realized. Ultimately, 
this basic concept was incorporated by Convair into the 
production of subsequent lots of Terrier missiles and 
eventually accepted by many other missile programs. 

HARNESSING THE DISCIPLINES­
MISSILE SYSTEM ENGINEERING 

The development of guided missiles not only needed 
the creation of an entirely new technological base, but 
also required the application of system engineering to an 
unprecedented degree. System (or systems) engineering 
is the method by which the requirements of a system are 
analyzed and validated; the most appropriate concept 
selected from the available technical options; the func­
tional design laid out so as to produce the simplest in­
terfaces among the interacting parts; and the design trans­
lated into reliable, producible, and testable elements that 
fit together into an effective overall system. The initial 
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formulation of the system engineering approach was 
spurred by the wartime introduction of complex military 
systems that could be successfully developed only by a 
total system approach. 

A central problem in applying the system engineering 
method is that traditional engineering disciplines are 
structured along highly specialized lines, and their prac­
titioners are professionally motivated to push the special­
ization as far as practicable. A system whose elements 
require a blend of different disciplines places them in 
competition for precedence. The engineering of a guided 
missile requires a combination of mechanical, electrical, 
and aeronautical engineering, along with the application 
of propellants and explosives, advanced materials , servo­
mechanisms, microwave devices , fluid dynamics, statis­
tics, and telemetry. The proper balance among these dis­
ciplines and technologies is a challenge that calls on the 
highest system engineering skills imaginable (see Fig. 2). 

One of the best examples of APL'S applications of the 
system engineering approach was the design of the Terrier 
II missile, the follow-on to the initial design that had been 
converted from a Talos test vehicle. The main objective 
was to increase the missile's effectiveness against high­
altitude and high-performance targets, which called for 
increased maneuverability. Terrier I, which steered by 
moving its wings, could not also use body lift without 
becoming aerodynamically unstable. Terrier II 's solution 
was to use the missile tails for steering, keeping the wings 
fixed. A further and more radical change was to replace 
the wings by very-low-aspect dorsal fms running along the 
length of the body. This highly unusual design was initially 
derided by conventional aerodynamicists, but later became 
widely adopted. An important advantage of this design was 
its low dependence on the location of the missile center 
of gravity, making it possible to design a missile capable 
of operating with interchangeable warheads and guidance 

Figure 2. Guided missile system engi­
neering. The guided missile involves an 
unusually large number of diverse disci­
plines that must all be combined in a 
harmonious and balanced way to pro­
duce an effective design. The striving of 
the various specialists to optimize the 
design to their ambitions, as illustrated in 
the figure, must be adroitly and firmly 
tuned to the common good. System en­
gineers at APL have been notably suc­
cessful in this regard. 
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systems, with only minor adjustments in the missile auto­
pilot. A major feature of the tail-controlled Terrier missile 
was the achievement of broad control-system tolerances, 
making the system more reliable and easier to manufacture 
than its predecessors, an innovation that profoundly af­
fected the evolutionary growth of the Navy 's air defense 
missiles to the present time. 

The sectionalized tail control design of Terrier not only 
made it possible to evolve the Terrier missile through a 
series of improvements, maintaining the same basic con­
figuration, but its configuration was ideal in filling the 
Navy's need for a highly compact antiaircraft system for 
destroyers. This adaptation was accomplished simply by 
removing the booster and modifying the sustainer rocket 
to provide both boost and sustained thrust during flight. 
Otherwise, Tartar had exactly the same guidance, control, 
warhead, and auxiliary systems as Terrier. The production 
economies of this unified design were enormous because 
the common sections could be produced on the assembly 
line without regard for their destination thus realizing the 
economies of scale and standardization (see Fig. 3). 

The lessons learned in system engineering during APL'S 

early days became an article of faith in subsequent en­
deavors. The system view and the emphasis on meeting 
real operational needs have been decisive factors in the 
remarkable productivity of the Laboratory in terms of 
truly significant contributions during its lifetime. 

SCIENTIFIC ANALYSIS OF AN 
OPERATIONAL SYSTEM 

During the late 40s and 50s, APL'S technical programs 
broadened in both technological and operational scope, 
moving from the proximity fuze to guided missiles and 
ship systems. The general objective, however, remained 
focused on the defense of the fleet from air attack. In 
the late 50s, two new programs developed that were to 
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become permanent mission areas. At the same time, the 
character of APL' S work in the air defense area gradually 
shifted from concentration on missiles to an emphasis 
on ship systems and their integration. These events 
together caused a major growth and diversification in 
APL'S activities. 

The first new mission came in response to a request 
for technical assistance early in the Navy's development 
of the Polaris fleet ballistic missile system. The Polaris 
program had been initiated to form an essential compo­
nent of the U.S. "triad" of strategic deterrent weapons. 
The Navy mobilized its most experienced and talented 
civilians and officers under the Special Project Office to 
direct the effort and created a contractor team to carry out 
the development. Because of its experience in shipboard 
missile systems and demonstrated analytical skills, APL 

was asked to provide consultation to the Technical Di­
rector. In 1958, APL'S role was expanded to that of devis­
ing and conducting a continuing evaluation of the total 
Polaris system. The evaluation was to be the most com­
prehensive and precise ever attempted, to give the Navy 
and the Joint Chiefs of Staff a high-confidence measure 
of the system's performance and readiness. The Labora­
tory's experience in missile design, testing, and analysis; 
its understanding of operational systems; and its expertise 
in telemetry, instrumentation, and computer simulation 
made it uniquely capable of undertaking this task. 

The Polaris concept was itself an extraordinarily chal­
lenging objective. The Navy had decided to use a solid 
rocket to power the missile because the potential hazard 
posed by liquid rocket propellants aboard a submarine 
was deemed unacceptable. No solid rocket existed in a 
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Figure 3. The Terrier-Tartar common­
ality and sectionalization were break­
throughs in guided missile system engi­
neering that enabled the Navy to equip 
its guided missile fleet with missiles that 
could fit in both small and large ships, 
provide extended- or medium-depth 
defense, and yet be manufactured on a 
single production line with identical criti­
cal guidance and control components . 

size and efficiency at all comparable to that required to 
hurl the large Polaris warhead to a target over 1000 miles 
away. Furthermore, the mechanism of solid propellant 
burning was not well understood, and not infrequently a 
rocket in flight would begin to bum uncontrollably for 
no apparent reason and burst violently in midair. 

The Polaris missile was to be guided in flight by on­
board gyroscopes and accelerometers, but no such com­
ponents had yet been developed with nearly the accuracy 
required to make the missile effective. The missile was 
to be launched under water by a compressed air charge 
and ignited just after emerging, all the while maintaining 
a precise guidance reference. And a rocket malfunction 
at this time could be fatal to the submarine. 

This combination required all Polaris system compo­
nents to be accurately modeled for extensive analysis, 
entirely new test instruments and methods to be devised~ 
and special analytical facilities developed. The technical 
problems of the Polaris evaluation were not susceptible 
to straightforward engineering approaches. Since the 
missile system elements were designed to be as accurate 
as the state of the art would permit, measuring the system 
performance required instrumentation severalfold more 
precise. Also, the high cost of the missiles made it man­
datory that reliable conclusions be drawn from a handful 
of tests. This required that the tests be planned as scien­
tific experiments, with extraordinary attention to detail. 
The successful achievement of these objectives by the 
APL Polaris team expanded the science and art of system 
evaluation to new levels. The knowledge gained in the 
Polaris evaluation program was an important element in 
the extraordinary success of the program in meeting all 
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its objectives and in its continued decisive contribution 
to the U.S. strategic deterrent. 

The Polaris evaluation task was a totally new role for 
APL- one of assessing someone else 's technical product 
rather than its own, nor did it appear to offer the oppor­
tunity to innovate that the Bumblebee program had done. 
But the national importance of the Navy's strategic de­
terrent and the technical challenges involved in devising 
complex and high-performance instrumentation neces­
sary for the task were strong motivations. Moreover, the 
close working relations with Navy operational and test 
personnel made for a new kind of teamwork that was 
highly rewarding. In later years, the scope of the Polaris 
task expanded and led to another new mission for APL: 
submarine technology. 

To the Navy, APL qualities that have been of priceless 
value are its independence of outlook and unquestioned 
integrity. Like the other services, the Navy insists on a 
totally independent evaluation of its new systems and 
delegates this function to a special unit, the Operational 
Test and Evaluation Force. Only the Polaris system is 
allowed to be evaluated by its program management 
agency, the Special Project Office, a circumstance that 
attests to the widespread recognition of APL'S indepen­
dence and competence. No one has ever questioned the 
complete authenticity and dependability of APL'S assess­
ment of Polaris system performance, either in individual 
tests or at the overall fleetwide level. 

Characteristically, APL'S contributions to the Polaris 
program have not been confined to its principal function, 
system evaluation. At the outset of the program, APL 
scientists were asked to lead an intensive research effort 
to gain an understanding and possibly a remedy for the 
occasional tendency of solid rockets to lapse into unstable 
burning with often catastrophic results. This tendency 
manifested itself most often in rockets using advanced 
high-performance propellants such as those needed for 
the Polaris missile. The effort produced a theory that 
explained how a subtle coupling between acoustic waves 
in a rocket chamber and a burning propellant could am­
plify the waves to produce burning instability. The theory 
provided a sound basis for designing solid rockets that 
were free of the problem. The Technical Director of the 
Polaris program stated that "As a result, incalculable 
savings have been realized in the Polaris, Poseidon and 
Minuteman programs." 

PENETRATING THE SPACE FRONTIER 

Months before the Russians startled the world by 
launching their Sputnik satellite, APL had already decided 
that space might well be a new frontier for the Laboratory. 
In the summer of 1957, it was decided to take a serious 
look into potential future technology areas that might 
offer new opportunities in solving important national 
problems. After a series of weekly seminars involving a 
dozen of APL'S top technical managers, three areas were 
identified, and small groups were established to pursue 
them in depth. A plasma physics group was established 
to explore system aspects of hydrogen fusion energy to 
which APL might apply its expertise in system engineer­
ing. A "thinking machine" group was set up to investigate 
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the theory and practice of self-organizing devices (think­
ing machines). And a space study group assessed poten­
tial uses of space for military and civilian purposes. 

The story of the birth of the Transit satellite navigation 
system has been recounted many times and is known to 
everyone associated with APL. But it is less well known 
that the momentum generated by the APL space study 
group contributed to the remarkable speed with which the 
Transit concept was put into practice. The experience 
gained by APL engineers in designing guided missiles to 
withstand the shock and vibration of rocket launching, as 
well as in designing reliable complex electronics, was 
directly responsible for the success of APL-designed sat­
ellites from the very beginning. 

The success of the Transit navigation system represent­
ed "expanding the limits" of several areas of technology. 
The very concept of being able to compute a location on 
Earth by observing the change in frequency of a satellite­
borne transmitter during a single pass was initially rid­
iculed by a number of reputable scientists. Achieving the 
desired accuracy required the development of a time 
standard several orders of magnitude more precise than 
existing devices. Today, APL-built stable crystal oscilla­
tors are in widespread use and approach atomic clocks 
in accuracy. To compensate for the local variations in the 
Earth's gravity field, APL created a comprehensive model 
of that field (and hence of the Earth's shape) on the basis 
of data from hundreds of satellite passes. To eliminate 
errors caused by ionospheric refraction effects, a second 
frequency was introduced to enable the distortion to be 
cancelled out. The methods developed were so accurate 
that they were even able to compensate for platform 
motion automatically (see Fig. 4). 

The Transit system pushed navigational accuracy to 
levels never before achieved, twenty-five years before the 
development of another satellite-based system, the 
Global Positioning System. Today it is used on thousands 
of commercial vessels as well as on Navy ships and 
submarines. 

The expansion of the APL mission into space occurred 
when industry was becoming proficient in the engineer­
ing and production of guided missiles. It provided APL 
with a continuing area of hands-on design and experi­
mental fabrication, with ever-present technical challenges. 

COUNTERING SURPRISE, CONFUSION, 
AND SATURATION 

In addition to its development activities, APL had 
evolved a tradition of continually assessing both the 
Navy's needs in its general area of responsibility and the 
effectiveness of systems proposed to meet these needs. 
From this perspective, evidence accumulated in 1957 that 
the evolving Soviet threat could challenge and possibly 
overwhelm the Navy 's air defense as it was being con­
stituted. 

Because of the potential importance of this issue, a 
special APL group was established to conduct a compre­
hensive study of the Navy air threat and potential system 
concepts to meet it. The most serious element of the threat 
consisted of three parts: (1) low-altitude attacks by anti­
ship missiles shielded from early detection by the radar 

Johns Hopkins APL Technical Digest, Volume 13, Number I (1992 ) 



" 
Doppler • ./.f 
signals '*-

~ 
~ , 
~ 

# f 
, 

;:; I njection Station 
f T ransmits new orbital 

\ '<' parameters and time correction 

~ ~Computing Center 
\~ Computes future orbItal 
~ parameters and tIme correctton 

Tracking Station 
Receives. records and digitizes Doppler signals 
Transm its refraction corrected Doppler data 

horizon, (2) screening of the attacks by electronic coun­
termeasures, and (3) launching of the missiles in coor­
dinated formations. Such tactics would produce a combi­
nation of surprise, confusion, and saturation against which 
current shipboard radar could neither respond in time nor 
support sufficient missile intercepts to be effective. 

The study produced a concept for a future ship defense 
system that would be built around a new type of radar 
that combined the functions of target detection (surveil­
lance) and missile direction (fire control). To meet the 
requirements, the radar was to use electronic beam scan­
ning, instead of a movable antenna, to realize a near­
instantaneous response and be able to control a multiplic­
ity of missiles directed toward several targets simulta­
neously. This multifunction array radar would also use 
very high power and frequency diversity to make it rel­
atively invulnerable to electronic countermeasures. Two 
new missiles-to cover the long- and intermediate-range 
defense zones-were also proposed. 

As had happened numerous times previously, this APL 

initiative projected the Laboratory 's mission well beyond 
its designated limits in order to fulfill a critical operation­
al need. The implications of the threat defined in the APL 

study persuaded the Bureau of Ordnance that such an 
integrated approach was necessary. Accordingly, a new 
program was authorized with the code name Typhon, 
under the technical direction of APL. Thus, APL had ex­
panded its fleet defense mission to embrace the entire 
future anti air warfare weapon system. 

The Typhon program was organized in the same man­
ner as previous Bumblebee developments, with a group 
of associate contractors under APL technical direction. By 
1959, construction of a prototype of the radically new 
phase array radar had begun, and by 1961 an engineering 
development model was being installed in an experimen­
tal ship for full-scale evaluation. 

The price of the electronically scanned radar included 
the requirement for fixed phase array antennas fed by 
thousands of individual microwave amplifiers. It also 
required a complex computer program to control the 
radar beam pointing for the search and guidance modes 
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Figure 4. The Transit satellite navigation 
system provided the first highly accurate, 
worldwide, all -weather navigation system 
for ships and submarines. It was based on 
a novel principle unique to spacecraft and 
has revolutionized geodesy and global 
surveying. 

of the radar. Meeting those requirements stressed the state 
of the art and led to difficulties during the system inte­
gration and test phase, resulting in program delays and 
cost increases. 

Unfortunately, those problems coincided with an even 
more serious emergency that confronted the Navy when 
the first group of new Terrier ships began final tests 
before going into service. As will be described in the 
following section, these events forced a major reorgani­
zation of the entire guided missile effort and massive new 
funding to finance a remedial program. To secure the 
funds , the Navy cancelled a ship budgeted to receive the 
first Typhon. Not long thereafter, the Navy decided to 
terminate the Typhon development and redirect its re­
sources to more immediate needs. 

Since the threat that the Typhon system was intended 
to meet remained valid, the Navy established a formal 
requirement in 1963 for an advanced surface missile sys­
tem (ASMS) with substantially the same general goals as 
those proposed in the original APL study. An ASMS assess­
ment group was established by the Navy to synthesize a 
system design to meet the requirement. The result was 
a conceptual design based on the Typhon system as mod­
ified by experience and a reassessment of technological 
capabilities. The concept again called for a multifunction 
array radar, but of somewhat more conservative construc­
tion than the Typhon radar. 

The ASMS program was approved by the Department 
of Defense in 1967, and a prime contractor was selected 
in 1969. In the intervening period, APL designed and built 
an experimental signal processor for the radar that ac­
complished the complex beam switching, signal detec­
tion, frequency management, ranging, and all other func­
tions performed by the radar. The APL design was used 
as the basis for the contractor's implementation of the 
radar. 

The Aegis program, as it became known, was success­
fully carried through development, engineering, and eval­
uation at sea. Thanks to the lessons learned in Typhon, no 
undue difficulties were encountered in its evolution into a 
fleet weapon. Construction of Aegis ships began in the 
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1980s, and they are scheduled to eventually replace the 
current fleet of guided missile destroyers and cruisers. 

Having concei ved and demonstrated the technical 
basis for the Aegis system, APL has served as program 
advisor to the Navy program manager. 

CURING AN AILING GUIDED MISSILE 
FLEET OR MAKING UNWORKABLE 
SYSTEMS WORKABLE 

On the strength of the successful resolution of the 
Terrier production bottleneck and installation of missile 
batteries on board the converted cruisers Boston and 
Canberra, as well as progress in the development of 
Talos and Tartar themselves, the Navy embarked in the 
late 50s on an accelerated shipbuilding program to create 
a modem guided missile fleet in minimum time. The 
schedule called for shipbuilding rates to reach one to two 
per month. 

As the first group of Terrier guided missile ships was 
launched, system checkout operations were plagued by 
a rash of test failures attributable to a variety of equip­
ment interface and reliability problems. Many difficulties 
were a result of inadequate attention to the integration of 
the missiles with their associated shipboard fire control 
radars and launchers before they were installed aboard 
ship. Others, such as faulty mutual alignment of the radar 
tracking and guidance beams, appeared for the first time 
aboard ship because they were not properly tested before 
acceptance at the factory. The fire control radars malfunc­
tioned every few hours and remained inoperative for 
extended periods because they had not been designed for 
rapid repair at sea. 

As the technical agent of the Navy's guided missile 
integration branch, APL became heavily involved in ef­
forts to diagnose and remedy these problems. As it be­
came apparent that more problems existed than could be 
handled by ordinary means, APL recommended that the 
Navy initiate a comprehensive remedial program. Calls 
for emergency action also came from high levels in the 
Navy, leading to the establishment of a special task force 
under the direction of a flag officer to manage the surface 
missile program. The Laboratory was asked to be the 
principal technical support organization, with the respon­
sibility of technical direction of the ailing fire control and 
weapon direction systems, as well as the missiles. The 
Bell Telephone Laboratories, developer of the weapon 
designation equipment, also joined the task force. 

Being a lead technical participant in the 3T improve­
ment program, as it came to be known, was a far different 
role for APL than that of leading the Bumblebee develop­
ment. Instead of blazing new trails in advanced technology, 
it involved going to sea for weeks, improvising experi­
ments on board ship with makeshift instrumentation, cop­
ing with spare parts shortages-all with complex, unfamil­
iar equipment that would not work properly. With the 
pressure of a production line turning out a stream of new 
ships and ship systems, it seemed like the Terrier produc­
tion crisis all over again, but on a far larger scale. 

To provide a test bed for evaluating design fixes to the 
shipboard equipment, as well as longer-range modifica­
tions, APL constructed a radar building in its backyard that 
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housed a complete Terrier radar and other elements of the 
weapon control system and surrounded it with towers for 
simulating targets and measuring radar characteristics. A 
Tartar weapon control system was added later. The facility 
was indispensable for acquiring a deep and detailed knowl­
edge of the system elements and determining what mod­
ifications had to be made to meet system requirements. 

In the ensuing years, the various performance and reli­
ability problems of the 3T weapon systems gradually were 
understood; their causes identified; and remedial designs 
built, tested, and installed. It was a grueling period for the 
hundreds of APL engineers who were involved directly or 
indirectly, but the results were highly gratifying and the 
lessons learned were of enormous value. Most importantly, 
APL acquired a first-hand knowledge of the unique features 
of the shipboard environment and the problems of the 
people who had to operate the systems. The experience 
truly expanded APL'S expertise to new limits. 

As the more immediate problems of the weapon sys­
tems yielded to treatment, the limitations of the rest of 
the system became apparent to APL. The Laboratory's 
extensive participation in fleet exercises showed that a 
large fraction of simulated attacks was not detected by 
the search radar operators; many of those detected were 
not acquired by the fire control radar or were acquired 
too late to intercept. In the presence of jamming, bad 
weather, or nearby land, performance was particularly 
degraded. In short, the ship 's search radar and associated 
manual detection and tracking operators did not ade­
quately support the weapon system. The advanced radar 
planned for future ships was many years away and, in any 
case, would not be retrofittable on the dozens of 3T ships 
under construction. 

The shipboard surveillance system traditionally had 
been the responsibility of the Bureau of Ships and was 
clearly outside the purview of APL as a technical arm of 
the Bureau of Ordnance. The Bureau of Ships took the 
position that a superior search radar, the SPS-48, scheduled 
for the later Terrier ships, would provide the answer. The 
new radar was too large to go on the Tartar ships, how­
ever, and APL doubted that it would solve the whole 
problem. 

With encouragement but little financial support from 
the Bureau of Ordnance, APL went to work to understand 
the problem and attempt to find a near-term solution. A 
surplus predecessor of the SPS-39 3D search radar used on 
all Tartar ships was found in storage in Boston and in­
stalled atop the APL "ship." Recordings of radar operating 
in the Gulf of Tonbn were analyzed at APL as were reams 
of data on clutter characteristics accumulated during 
years of APL studies. All published work on radar operator 
performance was combed through. Two important con­
clusions emerged from these studies: (1) the ship's radars 
were inherently more capable than they were given credit 
for, but (2) the ability of the radar operators to handle 
more than two or three tracks, especially in the presence 
of clutter or other interference, was much more limited 
than generally believed. 

Out of this work came a concept for an automatic 
detection and tracking system that could work with pre­
sent radars despite all their limitations. The system con-
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sisted of a novel signal processing device called the 
adaptive video processor (A VP) coupled to a small modem 
digital computer. The AVP would filter out extended clut­
ter and jamming while maintaining optimum sensitivity 
to discrete targets . The computer would process the AVP 
output to combine radar "hits" on successive scans into 
detections and then into target tracks. The radar operator 
would be relieved of the task of following every blip on 
the radar display and instead would supervise the perfor­
mance of the automatic tracker operation by intervening 
when necessary to resolve marginal tracks. 

The APL concept was implemented in an experimental 
radar detection system and demonstrated on land in 1970. 
On the basis of an evaluation of the land tests, APL was 
finally given a go-ahead to build a shipboard demonstra­
tion model. The SYS-\ , as it was designated, was tested 
aboard the USS Sommers in 1973 and demonstrated per­
formance an order of magnitude better than ever before 
achieved under comparable conditions. 

This APL initiative had far-reaching effects in improv­
ing the capability of the pre-Aegis fleet, as well as laying 
the basis for Battle-Group Coordination some years later. 

OVERCOMING INSTITUTIONAL 
CHALLENGES 

Beginning in 1967 and for nearly ten years thereafter, 
APL was subjected to a period of close congressional 
scrutiny and constraint, along with a number of other or­
ganizations devoted entirely to defense work. The situ­
ation grew out of an inquiry by a congressional commit­
tee into the operations of a not-for-profit organization set 
up by the Air Force to perform system engineering and 
technical direction services. The committee took excep­
tion to some of that organization 's management practices 
and requested the services to provide a list of all organ­
izations that were engaged in similar activities . Unfor­
tunately compiled without explicit guidelines, the list was 
interpreted to include all industrial or government organi­
zations established to support the defense effort. The list 
was rapidly reduced to seventeen organizations that were 
called Federal Contract Research Centers (FCRCS). Includ­
ed were four study and analysis organizations, two sys­
tem engineering-technical direction organizations, and a 
number of university-operated laboratories. 

Congressional action on the FCRCS was mainly focused 
on restraining their further growth through the establish­
ment of individual ceilings for each organization, with 
the ceilings reviewed during the annual budgetary pro­
cess. Four years previously, APL had decided to limit 
further staff growth because of the increasing uncertain­
ties in the government funding process, so the zero­
growth policy did not initially affect its operations. The 
greatest problems for APL in the early FCRC years came 
from the uncertainties of the annual ceiling assignments. 
Every few years, one or another congressional committee 
levied an across-the-board reduction of 5% to 10% be­
cause of a concern with an individual FCRC. Such cuts 
occurred late in the appropriation process and created 
disproportionately larger budgetary problems. In these 
instances, APL used the good offices of its local member 
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of Congress and, on occasion , those of the entire Mary­
land Congressional Delegation to mitigate the impact of 
the cuts. 

Throughout the FCRC years, the Laboratory contended 
that it and similar laboratories were not of concern to 
Congress and hence did not belong in the FCRC category. 
Congressional concern was clearly centered on nonprofit 
organizations created wholly to perform defense work 
and that were receiving special treatment from their ser­
vice sponsors, and not on university laboratories that 
were part of independent institutions and subject to es­
tablished controls. Efforts to have this position recog­
nized were initially unsuccessful, however. 

During the inflation of the 1970s, Congress permitted 
the FCRC ceilings to grow, but only half enough. By 1975, 
the squeeze of the ceilings, aggravated by double-digit 
inflation, forced the Laboratory to reduce operating costs 
by instituting emergency economies including a hiring 
freeze. Fortunately, the APL-Ied efforts to have university 
laboratories recognized as not requiring special congres­
sional oversight finally bore fruit. In 1976, the Navy 
persuaded the Department of Defense to recommend that 
the three Navy university laboratories be excluded from 
the FCRC category, an action that was approved by Con­
gress. Consequently, APL again succeeded in throwing off 
unwarranted limits on its ability to carry out its public 
service mission. The Laboratory 's unique value to the 
Navy is clearly and unequivocally expressed in a state­
ment to Congress by Assistant Secretary of the Navy for 
R&D, Robert A. Frosch, dated April 1971, an excerpt of 
which is reproduced here (first boxed insert). 

The late 1960s also witnessed intense antidefense 
activity on many campuses to the extent that several 
major universities severed their connections with lab­
oratories they had sponsored for many years. Some of 
the most significant instances were the severance of 
Draper Laboratory from MIT, Hudson Laboratory from 
Columbia, Cornell Aeronautics Laboratory from Cor­
nell , and Stanford Research Institute from Stanford. 
With this background and the special interest shown by 
Congress, the Director of Defense Research and Engi­
neering (DDR&E) asked the President of Johns Hopkins 
to state the degree of commitment of the University to 
the operation of APL. 

There had been discussion of the APL defense mission 
by Johns Hopkins students and faculty, but there was only 
token organized opposition by a few individuals. In re­
sponse to the DDR&E request, the President and Trustees 
drew up a "Statement on the Applied Physics Laborato­
ry," which reaffirmed the University 's commitment to the 
"application of advanced science and technology to the 
enhancement of the security of the United States of 
America ... " through the Applied Physics Laboratory. 

This statement, issued after extensive debate on de­
fense activities on many campuses, once and for all put 
The Johns Hopkins University on record in support of 
APL s defense role as an integral part of its public service 
mission. In subsequent years, it has been an important 
symbol of the University 'S dedication and support. Ex­
cerpts from the Trustees resolution are contained in the 
second boxed insert. 
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STATEMENT BY ROBERT A. FROSCH 

Written Statement of Hon. Robert A. Frosch, Assistant 
Secretary of the Navy, at the Request of the Committee on 
Anned Services of the U.S. Senate, Fiscal Year 1972 Hear­
ings, Held April 1971 , Part 3 of 5 Parts, pps. 2717-2720 

There is no other organization in the United States (gov­
ernment in-house, university, or industrial) with experience 
in the problems of the Navy which has the breadth of 
demonstrated capability in science and engineering which 
i found at APL/JHU. The facilities of APL/JHU are not dupli­
cated in-house or in indu try. APL/JHU is the Navy 's lead 
laboratory in fleet air defense, fleet ballistic missile systems 
evaluation, air penetration development, and space technol­
ogy. The following paragraphs expand on these statements. 

APL has developed comprehensive understanding of all 
aspects of missile and space technology, the peculiar prob­
lems and limitations of the shipboard environment and op­
erating personnel, and the interactions of the various sec­
tions of the Navy organization. This depth of understanding 
is not available in any other organization. The technical staff 
of APL includes specialists in the specific scientific and 
engineering fields embodied in missile and space technol­
ogy and, more particularly, has developed systems engineers 
capable of directing teams engaged in development of com­
posite systems. Further, this Laboratory has a proven capa­
bility not only in R&D but also in the resolution of problems 
of production, of introduction of equipment into the fleet, 

UNRA VELING THE MYSTERIES OF THE SEA 

In 1968, the Department of Defense requested the 
Navy to prosecute a ba ic and comprehensive program 
directed toward ensuring the continued survivability of 
the strategic submarine fleet. The effort, called the SSB 
Security Technology Program (SSTP), was to investigate 
all phenomena that might be exploited by a potential 
enemy to detect submarines. The program was to marshal 
the efforts of organizations experienced in related fields 
and would be prosecuted vigorously in a coordinated 
manner. 

The program's directing agency, the Navy 's Special 
Project Office, asked APL to serve as the central labora­
tory and technical director of this program, much like in 
the Bumblebee era. The choice of APL instead of one of 
the Navy laboratories with many years' experience in 
antisubmarine technology attested to the importance at­
tached to APL'S intimate knowledge of the SSBN system, 
as well as its experience in leading large research and 
development programs. A team of university, industrial, 
and Navy laboratories was soon formed , and an intensive 
program was under way. 

The Laboratory found that the basic understanding of 
the ocean environment was scanty and that the available 
technology was rudimentary, just as it had found the state 
of knowledge related to guided missiles. The ocean is an 
extremely complex medium, swirled by currents, struc­
tured in layers of varying salinity and temperature, with 
a surface swept by winds. Propagating sound waves, used 
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of maintenance, and of logi tics. The unique capabilities of 
the Applied Physics Laboratory stem from the body of 
knowledge, experience, data and facilities accumulated 
through several decades of highly diversified and outstand­
ing technical work on Naval problems. 

In applying its talents to the many diverse problems to 
meet Navy operational needs APL's efforts have been dis­
tinguished by the following pecial characteristics: 

(a) Application of scientific methods to the technical 
evaluation of operational system . The orientation toward 
formulating and analyzing critical experiments to obtain 
basic understanding of detailed ystem operation is associ­
ated with the general pirit of critical inquiry derived in part 
from the university association. 

(b) Orientation of research to practical military objec­
tives with the general policy of coupling research activities 
closely with applications to obtain products of direct appli­
cability to Navy needs. 

(c) System integration of complex ordnance devices in­
volving multiple disciplines. APL has attracted and trained 
very versatile key project leader capable of understanding 
the complex technology involved and making the compro­
mises necessary to obtain a practical and balanced ap­
proach, leading to a product specification. 

(d) Following complex technical programs through from 
concept to operational deployment. 

for sonar detection , are refracted into zones with periods 
of many miles. An example of a major area of ignorance 
was the potential range of detection by passive sonar. 
Central to the problem was the achievable gain of an 
acoustic array. It was generally believed that the random 
motion of the ocean would limit the array gain to 17 dB 
(factor of 50) . A major theoretical and experimental in­
vestigation by the SSTP in 1976 to 1978 conclusively 
demonstrated that the ocean 's capability to support prop­
agation is about 15 dB (30 times) greater than the as­
sumed limit, a finding that provided an impetus to an 
expedited and successful U.S. effort to develop large­
scale acoustic arrays. 

Another basic problem concerned the capabilities of 
low-frequency active sonar, which radiates and senses 
frequencies below 1000 Hz. Conventional wisdom held 
that such systems would not be effective because of ocean 
propagation limitations. In the early 80s, the Soviets 
brought out submarines that were very much quieter than 
their predecessors, making it necessary to find a new way 
to counter them. A large-scale APL ocean experiment held 
in 1983 demonstrated that it was possible to insonify an 
ocean basin with low-frequency radiation such that sub­
marines could be detected at great ranges. These APL-Ied 
experiments have spurred the Navy to give high priority 
to developing this technology. 

In addition to extending the limits of knowledge and 
practice of acoustic submarine detection, equally signif­
icant extensions have been made in the knowledge of 
nonacoustic detection methods such as hydrodynamic, 
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THE TRUSTEES RESOLUTION 

The Johns Hopkins University restates its firm dedication 
to the Applied Physics Laboratory and its defense mission 
as an integral part of the University in a statement by the 
Trustees, dated 8 January 1968, which is reproduced in part 
in the following. 

STATEMENT ON THE 
APPLIED PHYSICS LABORATORY 

The general purpose of The Johns Hopkins University can 
be stated as public service through education, research and 
the application of knowledge to human affairs. As part of the 
University, the Applied Physics Laboratory shares this pur­
pose through the application of advanced science and tech­
nology to the enhancement of the security of the United 
States of America and basic research to which its facilities 
can make an especially favorable contribution ... . 

At the conclusion of World War II, Secretary of the Navy 
James Forrestal (who subsequently became the first Secre­
tary of Defense) made strong representations to the Univer­
sity to continue its operation of the Applied Physics Lab­
oratory for the Navy. After a searching appraisal of the role 
appropriate to a University in peacetime in the conduct of 
national defense research and development, The Johns 
Hopkins University agreed to this request in the belief that 
certain types of applied research for defense purposes, to­
gether with basic research related thereto, could contribute 
to the general broadening of knowledge in keeping with the 
wider purposes of the University as well as directly serving 
the national security interest. This decision was later con­
firmed by granting APL the status of a Division of the 
University and the establishment of plans for its long term 
stability. 

The Board of Trustees of the University has maintained 
continuing interest in the objectives and operations of the 
Laboratory. To this end there was appointed at the very 
beginning a Standing Committee of the Board, called the 
Trustees Committee for APL, with responsibility to review 
the management and progress of the Laboratory and to 
insure that its efforts are devoted to missions of national 
importance which clearly are appropriate to its special 

magnetic, and chemical. As a result, APL is recognized as 
a leader in the field of ocean physics. 

One of APL'S unique contributions to knowledge of the 
ocean has been in the conduct of large-scale ocean exper­
iments. When dealing with phenomena extending tens or 
hundreds of miles, a very large experimental arena is 
required. To establish the characteristics of the complex 
and ever-changing ocean environment, an extended sys­
tem of sensors-on ships and aircraft-is needed to 
obtain "ground truth. " To validate the operational signif­
icance of the measurement, a submarine is required-a 
rare and precious asset. All of these must be tied together 
by communications, data reported to a central analysis 
station, and the whole tightly coordinated. The Labora­
tory has pioneered the organization and conduct of such 
tests on a scale an order of magnitude greater than pre­
viously attempted. The latest innovation has been the 
linking of ships with one another and with APL via sat-
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competence. The Trustees Committee for the Applied Phys­
ics Laboratory meets with the management of the Labora­
tory several times a year, and at two meetings a year is 
joined by responsible senior representatives of the Depart­
ment of the Navy. The present membership of this Com­
mittee is appended hereto . .. . 

Because of questions recently raised in the Congress 
regarding Federal Contract Research Centers, the Univer­
sity wishes to reaffirm its position with respect to the place 
of the Laboratory in the University community. The rela­
tionship of the Applied Physics Laboratory with the other 
Divisions of the University is mutually beneficial and ap­
propriate to the central purpose of the University. There is 
very significant interaction in both knowledge and profes­
sional staff, through joint appointments, through the 
Howard County branch of The Evening College, through 
collaboration with members of the School of Medicine in 
joint programs of biomedical engineering, and through di­
rection of graduate students in systems engineering. Ad­
ditional joint programs are being planned. The mutual goal 
of pushing forward science and technology, and a common 
desire for public service, provide a strong community of 
interest. 

The top staff of the Laboratory is an outstanding and 
dedicated group of scientists which has remained together 
for over twenty years in large part because of the environ­
ment and support which The Johns Hopkins University has 
provided. We are convinced that the vitality and high stan­
dards of the Laboratory stem from this environment. 

In summary, the President and the Board of Trustees of 
The Johns Hopkins University are convinced that the 
Applied Physics Laboratory has made and can continue to 
make highly significant contributions to the advancement 
of general science and technology, as well as to national 
security requirements, through its functioning as part of the 
University. 

Approved by the Executive Committee, 
Board of Trustees, The Johns Hopkins University, 
January 8, 1968. 

ellite, making it possible for most of the scientists in­
volved to remain at APL and make use of the full range 
of facilities. The results of these "big science-at-sea" 
experiments have been spectacularly successful in en­
abling decisive conclusions to be made in a matter of 
months rather than years (see Fig. 5). 

In recent years, the expertise in undersea technology 
gained by APL extended the limits of APL'S ability to 
contribute to a number of interesting and important ci­
vilian and military applications. 

PERFECTING THE STRATEGIC 
DETERRENT 

The original task of evaluating the operational fleet 
ballistic missile system never settled into a routine op­
eration. On the contrary, the system was repeatedly ex­
tended in capability, notably the major changeover to the 
longer-range and multiple-warhead Poseidon and later 
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Figure 5. The SSBN security ocean experiment. The Laboratory has expanded the scale and scope of at-sea experimentation to areas 
covering a large swath of the ocean, with participation of a highly integrated group of submarines, surface ships, and aircraft, all equipped 
with hundreds of sensors. This enables the acquisition of scientific and operational data vital to submarine detection that had been 
impossible to obtain by previous methods. 

the introduction of the Trident system. The evaluation 
task had to evolve corre pondingly. 

In the mid-70s , a new type of objective was introduced, 
that of achieving an order of magnitude improvement in 
accuracy, under the name Improved Accuracy Program. 
To accomplish this, it was necessary to identify and mea­
sure with great precision the different contributors to 
system aiming and firing errors, so that specific remedial 
actions could be taken. The Laboratory saw that this 
required that the mis ile be tracked with great accuracy 
throughout its flight , especially during powered flight 
and descent, which was beyond the capability of range 
radars. An original concept was devised to use satellite 
navigation, which had become very accurate, as the basis 
of measurement. 

The technique was first demonstrated using the Transit 
navigation system and a special satellite, Transat, as a 
reference. Later, when the Global Positioning System 
(GPS) became fully operational, APL designed and built GPS 

receivers to be carried by Polaris test missiles. With track­
ing accuracies of a few feet , it has been possible to 
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provide unequivocal answers to sources of ystem inac­
curacy, with the result that current missile systems have 
shown terminal accuracies as good as the best land­
launched ICBMS. This work has advanced the limits of 
missile accuracy manyfold from those considered prac­
tical in the immediate past (see Fig. 6). 

Another new direction in the SSBN evaluation program 
has been the acquisition of sonar data on patrol. To deter­
mine if U.S. strategic submarines were being shadowed 
without their knowledge while on patrol, APL was asked 
to develop an on-board recorder that could store the 
signals received by the submarine's passive sonar for 
post-patrol analysis for any signs of other submarines. To 
record the required multiplicity of sonar channels at an 
adequate rate for the full patrol period, one needed a 
recorder with an order-of-magnitude greater speed and 
capacity than any in existence. A super recorder to meet 
this req uirement was developed for APL by General Elec­
tric (then RCA), as part of the Submarine Patrol Analysis 
Recording System. Laboratory analysis of data obtained 
after several patrols revealed a number of submarine 
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Figure 6. Improved accuracy instrumentation system. The world 's most accurate ballistic missile tracking and impact location system, 
Satrack, uses the global positioning system for precision space tracking and submerged sonar sensors for impact location . It is designed 
to identify and measure all contributions to missile impact error. 

trails not detected by the shlp's sonar operators, providing 
a greatly extended submarine detection capability than 
existing SSBN sonar systems. 

SCIENCE IN SPACE 
Armed with the experience in the system engineering 

of guided missiles , the conquest of spacecraft technol­
ogy proved readily achievable by APL engineers. As a 
result, APL was able to embark on a remarkably produc­
tive series of spacecraft developments for several appli­
cations. The APL spacecraft designs were characterized 
by innovative and elegantly simple approaches to sta­
bilization, power, thermal control, electronic packaging, 
and other design features , together resulting in ultrareli­
able and low-cost spacecraft and space instruments. The 
spacecraft compiled an unmatched record of virtually 
flawless performance. 

During the late 60s and 70s APL designed, built, and 
launched dozens of Earth-orbiting spacecraft carrying 
instruments designed to measure the Earth 's geodetic and 
magnetic properties, as well as small astronomy satellites 
carrying ultraviolet, X-ray, and gamma-ray telescopes to 
observe the stars from beyond the atmosphere. Many of 
the instruments were built by other laboratories, includ­
ing the first spaceborne X-ray telescope built by Amer­
ican Science and Engineering Company that had the dis-
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tinction of making the first direct confirmation of a black 
hole. 

The other major APL space undertaking in that period 
was the determination of the composition of charged 
particles around the planets and in interplanetary space. 
This was done by building particle detectors based on the 
principle of mass spectrometry, to be flown on interplan­
etary missions. The APL instrument package carried on 
both Voyagers consisted of an array of particle detectors 
capable of identifying electrons, protons, and atomic par­
ticles up to the mass of iron (see Fig. 7). The APL package, 
including the detectors and their associated control and 
processing devices , was as complicated as most entire 
APL-built spacecraft. Among the discoveries made by the 
particle detectors during the Voyager mission were mea­
surements of extraordinarily high particle velocities in 
the plasmas orbiting around Jupiter and Saturn. For 
Saturn, the temperature corresponding to these velocities 
ranged up to a billion degrees Fahrenheit. 

During the middle 1980s, APL was asked by the Kinetic 
Energy Weapons Office of the Strategic Defense Initia­
tive (SDI) to undertake the technical direction of the first 
of what became a series of pioneering space experiments. 
The SDI program found the technology required to sup­
port the development of space-based antirnissile weapons 
in the same embryonic state as that of guided missiles in 
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Pluto 
Aug 1989 

Figure 7. Particle physics in deep space. Space particle experi­
ments by APL penetrate deep space aboard Voyager 1 and 2 
spacecraft to map the composition and distribution of energetic 
particles surrounding the outer planets, their satellites, and in free 
space. 

the 1940s. A highly expedited theoretical and experimen­
tal program was mounted to establish a body of knowl­
edge on which system concepts could be based; the 
urgency stemmed from the fact that without such infor­
mation, other elements of the program could not proceed. 

The challenge given to APL was to conceive, organize, 
and direct within one year a project leading to a realistic 
space intercept-an impossible schedule. Given the pri­
ority associated with the SDI program and a wide latitude 
in the manner of execution, this was exactly the kind of 
undertaking that APL had a unique talent to conduct. A 
system concept, necessarily based on adapting existing 
components , was quickly agreed on, a highly skilled 
contractor team was assembled, and an organization sim­
ilar to the Bumblebee pattern was set up. The experiment 
resulted in an in-orbit intercept of two launch rockets , 
using a converted air-to-air missile for guidance, all mon­
itored by sensitive, state-of-the-art instruments integrated 
into a "science package" by APL. It was completed fifteen 
months after program start and was successful in every 
respect. 

The other projects in the series are further space ex­
periments to determine how missiles in space appear to 
a wide spectrum of space sensors-an essential piece of 
knowledge for designing weapons to intercept attacking 
missiles before they enter the atmosphere. This is another 
example of expanding the limits of knowledge in an area 
critical to national security. 

STRETCHING THE LIMITS OF FLIGHT 
The successful development of the ramjet from an 

unproven concept to a reliable high-performance engine 
for the Talos missile established a solid empirical basis 
for designing ramjet engines. During that period, APL 

with its associate contractors pioneered in research on 
combustion and the fluid dynamics of ramjet inlets, di-
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rected toward providing the theoretical underpinning for 
ramjet technology. 

Notwithstanding the progress made in rocket perfor­
mance during the 50s and 60s, jet engines retained their 
advantage for sustained flight through the atmosphere for 
extended ranges. The efficiency of conventional jet en­
gines falls off rapidly above Mach 3, however, because 
of the extreme temperatures that result when the air 
stream is slowed to subsonic speeds after entering the 
inlet. This effect appeared to be a fundamental boundary 
of the favorable regime for ramjet propulsion. With char­
acteristic disregard for arbitrary limits, APL undertook to 
design a ramjet combustor that could sustain supersonic 
combustion and hence not require the slowing of the 
incoming air stream to subsonic speeds. Building on the 
extensive knowledge base previously established, the 
limit was successfully breached. The development of a 
supersonic combustion ramjet, or scramjet, was a land­
mark event in the evolution of jet propulsion. 

During the 1970s, APL was the principal preserver of 
interest and knowledge in hypersonic ramjets and further 
advanced the understanding of the technology. In the mid-
1980s, the government established an ambitious program 
to develop a demonstration model of a National AeroSpace 
Plane (NASP) that would be "a vision of the ultimate air­
plane, one capable of flying at 17,000 miles an hour, 25 
times the speed of sound ... that can routinely fly from 
Earth to space and back, from conventional airfields, in 
affordable ways ... a revolutionary technical, managerial 
and programmatic concept." The primary propulsion sys­
tem for the NASP, from Mach 3 to nearly orbital speeds, will 
be a supersonic combustion (or scramjet) engine. As a key 
participant in the consortium of government, university, 
and industrial organizations, APL is making a decisive 
contribution to this far-reaching initiative. 

THE FLEET AS A FIGHTING UNIT 

Throughout the period of expanding Laboratory mis­
sions into space, under the sea, and in nondefense appli­
cations, APL'S dedication to fleet defense never dimin­
ished. As noted earlier, however, its focus expanded from 
the fuze to the missile to the guidance radar and then to 
the total ship combat system, including the critical sur­
veillance systems, keeping pace with the evolution of the 
threat and the growing importance of countering "sur­
prise, confusion, and saturation." In the 80s, APL expand­
ed its activities beyond the combat system of a single ship 
to encompass an entire task group. 

The impetus for the expansion came from two sources. 
First, the growing air threat was cutting into the effec­
tiveness of a single ship to defend itself, let alone nearby 
high-value ships. Second, the introduction of Aegis ships 
into the fleet provided sources of high-quality air pictures 
resistant to enemy electronic countermeasures. If the air 
pictures could be conveyed in useful form to other ships 
in the battle group and their weapons employed in coor­
dinated fashion, the total effectiveness could be multi­
plied severalfold. 

To exploit the potential gains of such tactics, APL was 
designated technical director in 1978 for the battle group 
antiair warfare coordination effort by the Aegis Program 
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Office. Since then, a systematic program has been under 
way to bring the concept to fruition (see Fig. 8). 

An essential prerequisite step was to provide all ships 
in the force with automatic detection and track capability, 
which was accomplished by applying SYS- J technology. 
Next, an automatic intership location (gridlocking) sys­
tem was developed that received track data from neigh­
boring ships and derived a common reference by iden­
tifying and aligning corresponding tracks. With this foun­
dation, an Aegis ship can supply all ships in the force with 
its air picture in a manner aligned with its own weapon 
coordinate system. 

In recent years, the Navy has been putting into place 
the elements required to support battle group coordina­
tion. Nearly all combatants have been or are being 
equipped with automated detection and tracking and grid­
lock systems based on APL developments. Sea trials have 
demonstrated the effectiveness of coordinated tactics. 

In the meantime, APL efforts have moved into an even 
higher level of antiair warfare operations: command sup­
port, which addresses the difficult challenge of providing 
operational commanders with the tactical information 
they need in a form most easily comprehended. The work 
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exploits the recent advances in computer graphics and 
display technology to produce tactically significant im­
ages of the operational environment. A key to the process 
is a correlator/tracker that correlates all incoming data to 
produce a "highest probability" track picture containing 
the most reliable estimates of the situation. 

As with other APL developments, the command support 
effort is predicated on at-sea experiments in real opera­
tional environments to assure relevance to the Navy 's 
real problems. The work is expected to continue in the 
years ahead. 

The sinking of the Israeli destroyer Elath in 1967 by 
an Egyptian cruise missile fired from a patrol boat im­
pelled the Navy to create a strike missile capability of its 
own. The result was development of the Harpoon and 
Tomahawk cruise missiles, which have become the sur­
face and submarine fleet 's primary offensive armament. 
The Laboratory has played a key role in both programs, 
especially in the crucial guidance area where it has ex­
panded the limits of accuracy for this type of weapon. The 
spectacular success of the pinpoint cruise missile strikes 
during Desert Storm was in no small measure due to APL 

contributions in the laboratory and support in the field. 

1960's - AA W missile 

~ ___ ~, system 

1980'. - Battle group 

1970'. 
Combat 

system 

Figure 8. The Laboratory has enabled the Navy to expand the scale of coordinated engagement to an entire battle group by gridlocking 
all the ships' surveillance and weapon control systems, linking them with secure communications, and automating detection and track and 
identification of enemy forces, thus greatly increasing the combat effectiveness of the battle group. 
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CONTRIBUTING TO THE PUBLIC WELFARE 

In the early 1960s, APL'S interest in contributing its 
expertise to the solution of important problems in the 
civilian sector was in tune with the prevailing national 
sentiment and was encouraged by Defense Department 
policy statements. In the ensuing years, the Laboratory 
has actively sought nondefense areas to which the special 
talents of its taff could make a particularly effective 
contribution. The results have been rewarding to the staff 
and valuable to the public. 

Perhaps the most notable and enduring of these initi­
atives has been the collaborative biomedical program 
with the world-famous Johns Hopkins Medical Institu­
tions (JHMI). The program began in 1965 through the 
initiative of the Chairman of the APL Research Center 
working with key members of the School of Medicine. 
A series of exploratory meetings was held with a number 
of top medical researchers and key APL scientists and 
engineers to explore areas of medical diagnosis and treat­
ment that could benefit from advanced technical instru­
mentation or analysis. Initial interest centered around 
cardiology, ophthalmology, and neurology. After select­
ing a significant problem, a team consisting of a JHMI 

physician and an APL engineer or scientist pursued each 
problem in a clo e collaborative relationship. Each team 
member worked on a part-time basis to enable him to 
continue his regular duties. The formula has worked ex­
tremely well, and the program grew to involve as many 
as a hundred active APL and JHMI collaborators. 

The broad scope of this fruitful collaboration may be 
inferred from just a few of its more than 100 products. 
One was the use of an argon laser to coagulate blood 
vessels that can proliferate through the retina, especially 
in diabetic patients. A device was developed in the late 
1960s that can be focused through a standard ophthalmic 
instrument, a technique now widely accepted. Another 
example was a series of delicate instrumented probes for 
detecting neural responses in the brain that has extended 
the understanding of the mechanism of eye-hand coor­
dination in primate . A third is the development of an 
automated clinical information system that now serves 
the Johns Hopkin Hospital 's general outpatient clinic, 
emergency room, and Oncology Center. A fourth is a 
series of implantable devices based on the application of 
space technology, including a rechargeable heart pace­
maker, a medication system for diabetics, and a cardiac 
defibrillator to ave high-risk patient. The APL/Johns 
Hopkins collaborative biomedical engineering program 
remains a unique partnership today. 

An entirely different area has been that of renewable 
energy. Even before the oil crisis of 1973 , brainstorming 
sessions were held to consider how APL'S talents might 
be applied to develop alternative energy sources. The 
method selected was ocean thermal energy conversion, 
in which warm surface ocean water in tropical regions 
is used to vaporize ammonia to drive a turbine generator 
(see Fig. 9). The ammonia is condensed by cold water 
drawn from a depth of several thousand feet. This renew­
able energy source was predicted to be able to produce 
power at competitive prices with fossil fuels if developed 
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to its full commercial potential. Initially, APL work to 
demonstrate the practicality of the concept was supported 
by the Department of Energy, but in the 80s that Depart­
ment adopted the policy that costs of further development 
should be borne by industry. The drastic drop in the price 
of oil after the oil crisis ended led industry to conclude 
that the risk of full-scale development was too great 
without some assurance of federal support. De pite mar­
ginal support, limited effort continued at APL to provide 
advice and assistance to interested municipalities and 
contractors and to fully document its technical and eco­
nomic basis. A definitive treatise on the subject is being 
published. 

Other APL initiatives in the public sector included pro­
viding technical support to the Urban Mass Transporta­
tion Administration in the development of automated 
transit concepts, development of a harbor traffic control 
system for San Francisco based on the technology devel­
oped for Navy automatic detection and tracking, inves­
tigation of clear air turbulence and weather radar for the 
Federal Aviation Administration, participation in a na­
tionwide research effort to under tand the physical causes 
and medical consequences of fires and the development 
of useful tools for the Fire Service, and the provision of 
analytical support to the State of Maryland Power Plant 
siting program. 

The Laboratory's entry into the field of graduate edu­
cation started as a means of helping staff members earn 
advanced degrees after-hours. Courses leading to a Mas­
ter of Science degree in Electrical Engineering were first 
taught at APL in 1964 under the academic spon orship of 
The Johns Hopkins University Evening College. So 
many APL staff members enjoyed teaching a a change 
from their defense work that the program wa expanded 
to include Applied Mathematics, Computer Science, 
Space Technology, and Applied Physics. 

In 1980, an entirely new program leading to a Master 
of Science degree in Technical Management was estab­
lished at the request of the President of the University. 
The program was directed toward providing an educa­
tional basis for the increa ingly important tasks of man­
aging high-technology project and organizations. In 
1985, the important component of system engineering 
was added to the program. Not duplicated on any other 
campus, the program owe its existence to the unique 
characteristics of APL as part of Johns Hopkins. 

Because of the high quality of the faculty, applicants 
to the APL "campus" came from the local community and 
beyond, swelling the number of students to more than 
2000 in the 1980s. In 1983, APL'S educational program 
was transferred to the academic sponsorship of the Johns 
Hopkins G.W.c. Whiting School of Engineering; today, 
the program is the largest part-time graduate engineering 
program in the country. The Laboratory is the only large 
university laboratory engaged in graduate education on 
a comparable scale. This has been an especially success­
ful example of collaboration between APL and the Uni­
versity'S academic divisions (see Fig. 10). 

The expansion of the limits of APL'S mission beyond 
that of national security to other important problems af­
fecting the public welfare has been strongly encouraged 
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by the University President and Trustees and has mate­
rially enhanced APL'S reputation both within and outside 
the University. 

THE NEXT FIFTY YEARS 
The past fifty years have seen many changes in the 

world, but none has been more profound than those of 
the past several years . It is not an exaggeration to say that 
today's world is changed in fundamental ways from yes­
terday's, with new sets of problems and the need for new 
priorities. These changes have already led to a rethinking 
of this country's needs, especially those relating to na­
tional security. They will challenge the Laboratory in 
many ways, and its best talents and experience will be 
called on to respond. 

Without minimizing the fundamental changes that have 
occurred, it is important also to maintain a sense of balance 
based on the lessons of history. The disintegration of com­
munism as a commanding force, and with it the Soviet 
bloc, has reduced the threat of Armageddon, but it has not 
eliminated political struggle and potential conflagrations. 
We learned from the recent Gulf War how our world can 
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Figure 9. Ocean thermal energy conver­
sion plant ship concept, as devised by 
APL, offers one of the very few long-term 
solutions to the energy-dependence prob­
lems of the United States and other na­
tions. Its technical and economic feasibil­
ity have been demonstrated so that in­
dustry can proceed to implement it, given 
sufficient economic incentives. 

be threatened by a single adversary. The experience has 
also taught us how decisive high technology has become 
in warfare. It was the complete control of information, 
weapons with literally pinpoint accuracy, and an unprec­
edented degree of coordination that combined to over­
whelm an enemy with formidable conventional armament. 

The victory in the Gulf could not have been achieved 
without the military preparedness of the U.S. forces and 
our government's readiness to lead a United Nations­
backed effort to expel the invader. As long as intemation­
allawlessness remains a threat, one of this country's roles 
in the world may well be the occasional wielding of 
military power in defense of victims of aggression in 
parts of the world critical to our national interest. 

In meeting future U.S. security needs, except during 
actual conflict, the Navy is certain to remain the prime 
means of projecting power abroad. As combat systems 
become still more sophisticated, the need for integrating 
the decision and weapons control functions-areas in 
which APL is currently a leader-will become even more 
important. The Laboratory's system and operational ori­
entation makes it unique among organizations available 
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Figure 10. The graduate engineering education program at Johns Hopkins/APL, the largest in the United States and taught under the 
auspices of the G.W.C. Whiting School of Engineering at the APL Education Center and the JHU Montgomery Center. The faculty is drawn 
largely from APL. (Top photograph by Jeremy Green. Lower right photograph by Curtis Martin.) 

to the Navy in welding together the great variety of 
subsystems and equipment that must operate as highly 
integrated components in the fleet. 

Opportunities for APL to contribute to future national 
needs are by no means confined to security; the apparent 
reduction in the immediate foreign threat will focus 
public attention on national problems previously given 
low priority. Efforts will be made to increase U.S. pro­
ductivity and competitiveness, preserve the environment, 
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decrease the costs of medical care while improving its 
quality, decrease our dependence on foreign oil, maintain 
air safety in the face of multiplying traffic, devise new 
forms of mass transit, maintain security in the increasing­
ly complex computer-based services, and solve countless 
other problems of our society. There will be no dearth of 
potential problems to solve as long as APL maintains its 
traditional character of expanding the limits that stand in 
the way of highly desirable goals. 
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