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DR. RICHARD COURANT CAME TO NEW YORK UNIVERSITY IN 1934 FROM THE UNIVERSITY OF

GOTTINGEN WHERE HE ESTABLISHED AND DIRECTED THE MATHEMATICS IN5TITUTE. AT NEW

YORK UNIVERSITY HE FOUNDED THE INSTITUTE OF MATHEMATICAL SCIENCES IN 1951 AND

DIRECTED IT UNTIL HIS RETIREMENT IN 191.8. THE INSTITUTE WAS RENAMED THE COURANT

INSTITUTE OF MATHEMATICAL SCIENCES.

DR. COURANTS WORK WITH HIS TEACHER, DAVID HILBERT, CAVE PHYSICISTS THE NECESSAK'

MATHEMATICAL TOOLS FOR APPLYING TO PRACTICAL PROBLEMS THE THEORIES OF QUANTUM

MECHANICS. WITH OTHER COLLEAGUE5, HE PIONEERED IN THE DEVELOPMENT OF NUMERICAL

ANALYSIS. WHICH PROVIDES THE ESSENTIAL METHODS FOR THE EFFECTIVE USE OF MODERN

COMPUTING IN MATHEMATICAL PROBLEMS. DR. COURANT WAS ONE OF THE EARLIEST OFFICE

OF NAVAL RESEARCH INVESTIGATORS.
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TEKTITE I: 1440 Hours on the

Bottom of the Sea

On February 15, four aquanaut-scientists will dive 50 feet under

the waters of Greater Lameshur Bay, St. John Island, Virgin Islands.

They will return to the surface 60 days later.

The dive will mark the beginning of one of the most ambitious

undersea missions ever attempted: TEKTITE I.

TEKTITE I is a multi-agency/industry program to determine the

capability of a small group of men to satisfactorily perform a scientific

research mission while living isolated on the ocean floor under saturated

diving conditions for a long period of time.

The program is jointly sponsored by the Navy, National Aeronautics

and Space Administration, and the Department of the Interior, with

participation by the U.S. Coast Guard. The prime contractor is the

General Electric Company, which is furnishing the undersea habitat

and assisting in program planning and scientific mission coordination.

TEKTITE I is the first undersea program to be undertaken by a group

of federal agencies in cooperation with private industry.

The four marine scientists, all from the Department of Interior,

will swim from the habitat each day to conduct various scientific pro-

jects. They virtually will be living in a marine laboratory, both on the

ocean floor and in the habitat's working spaces. This environment

provides an unprecedented opportunity for long-term marine in-

vestigation.

While the four marine scientists are conducting their underwater

research mission, they will be continuously observed by behavioral

and biomedical teams. The objectives here will be to identify man's

psychological and physiological reactions to a long-term mission per-

formed in an isolated, hostile environment common to undersea and

space missions.

TEKTITE Site

The underwater site of Project TEKTITE is Beehive Cove in Lame-

shur Bay, a south shore indentation in St. John Island. The Cove is

in the Virgin Islands National Park which is administered by the

National Park Service of the Department of the Interior. The park's

land and water area cover 15,150 acres including extensive coral reefs.

Beehive Cove was selected for the site largely because it contains an

extraordinary reef which supports an abundance of reef-fish popula-

tions, providing an excellent opportunity for direct biological and

oceanographic studies.
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TEKTITE I: 1440 Hours on the 
Bottom of the Sea 

On February 15, four aquanaut-scientists will dive 50 feet under 
the waters of Greater Lameshur Bay, St. John Island, Virgin Islands. 

They will return to the surface 60 days later. 
The dive will mark the beginning of one of the most ambitious 

undersea missions ever attempted: TEKTITE I. 
TEKTITE I is a multi-agency/industry program to determine the 

capability of a small group of men to satisfactorily perform a scientific 
research mission while living isolated on the ocean floor under saturated 
di,ing conditions for a long period of time. 

The program is jointly sponsored by the Navy, National Aeronautil·s 
and Space Administration, and the Department of the Interior, with 
participation by the U.S. Coast Guard. The prime contractor is the 
General Electric Company, which is furnishing the undersea habitat 
and assisting in program planning and scientific mission coordination. 
TEKTITE I is the first undersea program to be undertaken by a group 
of federal agencies in cooperation with private industry. 

The four marine scientists, all from the Department of Interior, 
will swim from the habitat each day to conduct various scientific pro­
jects. They virtually will be living in a marine laboratory, both on the 
ocean floor and in the habitat's working spaces. This environment 
provides an unprecedented opportunity for long-term manne m­
\CStigation. 

While the four marine scientists are conducting their underwater 
research mission, they will be continuously observed by behavioral 
and biomedical teams. The objectives here will be to identify man's 
psychological and physiological reactions to a long-term mission per­
formed in an isolated, hostile environment common to undersea and 
space m1ss10ns. 

TEKTITE Site 

The underwater site of Project TEKTITE is Beehive Cove in Lame­
shur Bay. a south shore indentation in St. John Island. The Cove is 
in the Virgin Islands National Park which is administered by the 
~ational Park Service of the Department of the Interior. The park's 
land and water area cover 15,150 acres including extensive coral reefs. 
Beehive Cove was selected for the site largely because it contains an 
extraordinary reef which supports an abundance of reef-fish popula­
tions. providing an excellent opportunity for direct biological and 
1 )(eanographic studies. 
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TEKTITE SITE: Aerial view of Greater Lameshur Bay, off St. John Island in Virgin Islands

National Park, where four Department of the Interior scientists will spend 60 consecutive days

on the ocean floor, 50 feet below the surface.

Beehive Cove is near Cabritte Horn Point, the tip of a stubby penin-

sula three-quarters of a mile long which forms the eastern side of

Lameshur Bay. The Bay consists of Greater Lameshur Bay on the east

side and Little Lameshur Bay of the west. Rocky and roadless, the

peninsula is not conducive to land travel between Beehive Cove and

the TEKTITE base camp. Boats will ply the 1300 yards between the

base camp docks and the cove where the TEKTITE support barge will

be moored to the peninsula shore. The barge will contain the TEKTITE

control van and the umbilical lines to the underwater habitat.

Navy Interest in TEKTITE I

Navy interests in TEKTITE I are reflected in Program management

and coordination, development of the TEKTITE I behavioral and

biomedical scientific mission objectives, and operational and technolog-

ical program support.

The Navy is the "lead agency" of the three sponsoring agencies

supporting TEKTITE I. Through the Office of Naval Research, the

Navy has the responsibility for overall program management and for

administration of the General Electric TEKTITE contract. An addi-

tional Navy responsibility in TEKTITE, and perhaps the most im-

portant, is mission safety, in both the scientific and operational conduct

of the program.
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TEKTITE SITE: Aerial view of Gwder Lameshur Bay, off St. john Isl.and in Virgin Islands 
Nati.anal Park, where four Department of the Interior scienti.sts will spend 60 consecutive da,s 
on the ocean floor, 50 feel below the surf ace. 

Beehive Cove is near Cabritte Horn Point, the tip of a stubby penin­
sula three-quarters of a mile long which forms the eastern side of 
Lameshur Bay. The Bay consists of Greater Lameshur Bay on the east 
side and Little Lameshur Bay of the west. Rocky and roadless, the 
peninsula is not conducive to land travel between Beehive Cove and 
the TEKTITE base camp. Boats will ply the 1300 yards between the 
base camp docks and the cove where the TEKTITE support barge will 
be moored to the peninsula shore. The barge will contain the TEKTITE 
control van and the umbilica l lines to the underwater habitat. 

Navy Interest in TEKTITE I 

Navy interests in TEKTITE I are reflected in Program management 
and coordination, development of the TEKTITE I behavioral and 
biomedical scientific mission objectives, and operational and technolog­
ical program support. 

The Navy is the "lead agency" of the three sponsoring agencies 
supporting TEKTITE I. Through the Office of Naval Research, the 
Navy has the responsibility for overall program management and for 
administration of the General Electric TEKTITE contract. An addi­
tional Navy responsibility in TEKTITE, and perhaps the most im­
portant, is mission safety, in both the scientific and operational conduct 
of the program. 
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A scientific management responsibility of the Navy, through the

Office of Naval Research, is the planning of the behavioral and bio-

nedical programs, and the integration and coordination of the overall

TEKTITE I scientific program. Navy laboratories have contributed

lignificantly to the TEKTITE I mission objectives in these programs.

~or example, from laboratories such as the Naval Medical Research

nstitute have come the behavioral program elements relating to crew

election and work performance studies. The microbiology element

>f the physiological program was developed by the Naval Biological

Laboratory.

In addition to the stated scientific goals in the mission objectives,

TEKTITE I provides the Navy an opportunity for exploration in

elated areas of underwater technology. These areas include under-

vater medicine and safety, and engineering and construction, to name

xit a few. The experience gained by the Naval Submarine Medical

Center and the Naval Facilities Engineering Command in the TEKTITE

urogram will have impact on future long duration scientific studies,

ind will provide new tools for naval operation readiness.

The Navy is providing the operational direction for implementation

>f the scientific mission plans and objectives. Naval command experi-

ence will provide the operational leadership necessary to carry out

[he scientific program. In addition, practical operation requirements

are being met by the Navy, such as transporation, logistics, and com-

munication and facility requirements for the scientific personnel who

will be at the project site for the conduct of the mission.

It is anticipated that the Navy effort in TEKTITE I will be of benefit

not only to the agencies involved, but to the national interest at large.

The basic information to be gained regarding man's response to

living under a hazardous and isolated condition has the promise of

usefulness not only in national defense, but also in undersea scientific

endeavor and the peaceful exploitation of resources of the sea.

NASA Interest in TEKTITE

Project TEKTITE will provide a unique opportunity to study the

performance of a four-man crew of scientists under conditions of

stress and isolation, to assess methodology and to collect data for use

in predicting the behavior of crew members in future space flights.

The four scientists will experience a true feeling of isolation since

they cannot return to the surface readily. Of practical application to

future space missions is information on how a four-man crew interact

when confined in a small habitat for a long period of time performing

useful work.

The marine scientific mission provides a meaningful goal which is

necessary in order to maintain a continuous high level of motivation.
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A scientific management responsibility of the Navy, through the 
)ffice of Naval Research, is the planning of the behavioral and bio­
nedical programs, and the integration and coordination of the overall 
fEKTITE I scientific program. Navy laboratories have contributed 
,ignificantly to the TEKTITE I mission objectives in these programs. 
~or example, from laboratories such as the Naval Medical Research 
.nstitute have come the behavioral program elements relating to crew 
,election and work performance studies. The microbiology element 
>f the physiological program was developed by the Naval Biological 
:..aboratory. 

In addition to the stated scientific goals in the mission objectives, 
rEKTITE I provides the Navy an opportunity for exploration in 
elated areas of underwater technology. These areas include under­
,\"ater medicine and safety, and engineering and construction, to name 
1ut a few. The experience gained by the Naval Submarine Medical 
• :enter and the Naval Facilities Engineering Command in the TEKTITE 
1)rogram will have impact on future long duration scientific studies, 
md \\1II provide new tools for naval operation readiness. 

The Navy is providing the operational direction for implementation 
:,f the scientific mission plans and objectives. Naval command experi­
ence will provide the operational leadership necessary to cany out 
the scientific program. In addition, practical operation requirements 
are being met by the Navy, such as transporation, logistics, and com­
munication and facility requirements for the scientific personnel who 
will be at the project site for the conduct of the mission. 

It is anticipated that the Navy effort in TEKTITE I will be of benefit 
not only to the agencies involved, but to the national interest at large. 
The basic information to be gained regarding man's response to 
hing under a hazardous and isolated condition has the promise of 
usefulness not onlv in national defense, but also in undersea scientific 

I 

endeavor and the peaceful exploitation of resources of the sea. 

NASA Interest in TEKTITE 

Project TEKTITE will provide a unique opportunity to study the 
performance of a four-man crew of scientists under conditions of 
stress and isolation, to assess methodology and to collect data for use 
in predicting the behavior of crew members in future spat:e flights. 
The four scientists will experience a true feeling of isolation since 
they cannot return to the surface readily. Of practical application to 
future space missions is information on how a four-man crew interact 
when confined in a small habitat for a long period of time performing 
useful work. 

The marine scientific mission provides a meaningful goal which is 
necessary in order to maintain a continuous high level of motivation. 
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With such motivation, the behavioral measures become significant for

future long duration space flights.

The data and methodologies derived from the biomedical and

behavioral programs will be applied in the planning of extended

future space missions.

In NASA, these studies are being supported by the Office of Manned

Space Flight, the Office of Advanced Research and Technology, and

by the Office of Space Medicine. Both the Langley Research Center

and the Manned Spacecraft Center are providing experimental imputs

in this research.

THE INTERIOR DEPARTMENT'S ROLE

The Department of the Interior is taking part in Project TEKTITE

to help determine what useful marine research can be accomplished

by placing man in the sea. For years marine scientists have speculated

on the advantages of having direct access to the undersea environment

for extended periods of time. To this end, SCUBA gear and research

submersibles have provided only partial solutions. Surface diving

with SCUBA gear has distinct time and depth limits. Dives with sub-

mersibles are also limited in duration and suffer the additional dis-

advantages of restricted vision and little or no direct access to the

environment. Pressurized ocean floor stations or manned habitats

offer a third approach which appears to have many advantages for

prolonged studies at Continental Shelf depths.

The overall objectives of the Department of the Interior in the

ocean floor program are:

• To determine the advantages of saturation diving as a research

technique for marine scientific studies.

• To carry out an operational research program on the ocean floor

to demonstrate that scientists can live and work effectively in the

ocean environment.

Although TEKTITE has been preceded by several underwater-

living experiments, some at considerable depth, it will be the first such

project in which research on biological and geological processes are

given special attention.

Five Bureaus in the Department of the Interior are participating in

Project TEKTITE —Bureau of Commercial Fisheries (BCF), National

Park Service (NPS), U.S. Geological Survey (USGS), Federal Water

Pollution Control Administration (FWPCA), and the Bureau of Land

Management (BLM). The Bureau of Commercial Fisheries has been

designated the lead agenev for Interior's portion of the project.
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With such motivation, the behavioral measures become significant for 
future long duration space flights. 

The data and methodologies derived from the biomedical and 
behavioral programs will be applied in the planning of extended 
future space missions. 

In NASA, these studies are being supported by the Office of Manned 
Space Flight, the Office of Advanced Research and Technology. and 
by the Office of Space Medicine. Both the Langley Research Center 
and the Manned Spacecraft Center are providing experimental imputs 
in this research. 

THE INTERIOR DEPARTMENT'S ROLE 

The Department of the Interior is taking part in Project TEKTITE 
to help determine what useful marine research can be accomplished 
by placing man in the sea. For years marine scientists have speculated 
on the advantages of having direct access to the undersea environment 
for extended periods of time. To this end, SCUBA gear and research 
submersibles have provided only partial solutions. Surface diving 
with SCUBA gear has distinct time and depth limits. Dives with sub­
mersibles are also limited in duration and suffer the additional dis­
advantages of restricted vision and little or no direct access to the 
environment. Pressurized ocean floor stations or manned habitats 
offer a third approach which appears to have many advantages for 
prolonged studies at Continental Shelf depths. 

The overall objectives of the Department of the Interior in the 
ocean floor program are: 

• To determine the advantages of saturation diving as a research 
technique for marine scientific studies. 

• To carry out an operational research program on the ocean floor 
to demonstrate that scientists can live and work effectively in che 
ocean environment. 

Although TEKTITE has been preceded by several underwater­
living experiments, some al considerable depth, it will be the first such 
project in which research on biological and geological processes are 
given special attention. 

Five Bureaus in the Departmenl of the Interior are participating in 
Project TEKTITE-Bureau of Commercial Fisheries (BCF), National 
Park Service (NPS), U.S. Geological Survey (USGS), Federal Water 
Pollution Control Administration (FWPCA), and the Bureau of Land 
Management (BLM). The Bureau of Commercial Fisheries has been 
designated the lead agency for Interior's portion of the project. 
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To achieve the goals set by the different agencies involved in the

mission, three scientific programs have been developed: Marine

Sciences Program; Behavioral Program; and Biomedical Program.

MARINE SCIENCES PROGRAM

Biological Studies

Phytoplankton, the microscopic plants that drift along in ocean

currents and provide food for larger animals in the ocean' food web,

will be studied. Water samples containing plankton will be pumped

to the TEKTITE habitat from several different depths so that the

productivity or biological richness of the area can be measured. The

zooplankton (microscopic animals), which feed on the phytoplankton

and in turn are fed on by fishes, will also be studies, particularly in

respect to their relationships between other marine life and the physical

environment of the reef area. Plankton studies of this type are usually-

done from shipboard with suspended sampling devices. Observations

made directly from the ocean floor habitat, however, are expected to

vield far better sampling control and continuity than can be gained

from a ship.

Various methods used for measuring the production of marine life

in ocean and reef areas will be compared to determine the relative

advantages of one method over another. Most productivity estimates

of this type are based on measurements of oxygen produced and con-

sumed in a given period. During the TEKTITE Project special equip-

ment will be used to enclose some organisms while measurements are

made of their oxygen production and absorption of radioactive carbon

(Cu). These studies may help make it possible to standardize methods

and reduce variations in estimates of organic production in ocean

waters.

Most marine organisms exhibit definite patterns of activity or behavior

in foraging, mating, escaping from predators, etc. Knowledge of

these activities is necessary to understand better the life history of a

particular species, and if it is a commercial variety, to design fishing

gear for its capture. In the early phases of the project, spiny lobsters

(they are the source of what are commonly known as "lobster tails"),

reef and predator fishes and certain mollusks will be tagged with tiny-

sonic transmitters. Thereafter, movements and habits of these animals

will be monitored on a small portable sonar device capable of receiving

signals from the transmitters even if the animal is secluded in a deep

coral burrow up to four miles away. The receiver will enable the scien-

tists to track the tagged animals and record their location and activity in

daylight or darkness. When a lobster is located, its identity can be

determined by a brand, visible at night under ultraviolet light. By
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To achieve the goals set by the different agencies involved in the 
mission, three scientific programs have been developed: ~1arine 
Sciences Program; Behavioral Program; and Biomedical Program. 

MARINE SCIENCES PROGRAM 

Biological Studies 

Phytoplankton, the microscopic plants that drift along in ocean 
rnrrents and provide food for larger animals in the ocean' food web, 
will be studied. Water samples containing plankton will be pumped 
to the TEKTITE habitat from several different depths so that the 
productivity or biological richness of the area ran be measured. The 
zooplankton (microscopic animals), which feed on the phytoplankton 
and in turn are fed on by fishes, will also be studies, particularly in 
respect to their relationships between other marine life and the physical 
environment of the reef area. Plankton studies of this type are usually 
done from shipboard with suspended sampling devices. Observations 
made directly from the ocean floor habitat, however, are expected to 
vield far better sampling control and continuity than can be gained 
from a ship. 

Various methods used for measuring the production of marine life 
in ocean and reef areas will be compared to determine the relative 
advantages of one method over another. Most productivity estimates 
of this type are based on measurements of oxygen produced and nm­
~umed in a given period. During the TEKTITE Project special equip­
ment will be used to enclose some organisms while measurements are 
made of their oxygen production and absorption of radioactive carbon 
(C 14). These studies may help make it possible to standardize methods 
and reduce variations in estimates of organic production in ocean 
waters. 

Most marine organisms exhibit definite patterns of activity or behavior 
in foraging, mating, escaping from predators, eu. Knowledge of 
these activities is necessary to understand better the life history of a 
particular species, and if it is a commercial variety, to design fishing 
gear for its capture. In the early phases of the project, spiny lobsters 
(they are the source of what are commonly known as "lobster tails"), 
reef and predator fishes and certain mollusks will be tagged with tiny 
sonic transmitters. Thereafter, movements and habits of these animals 
\•,ill be monitored on a small portable sonar device capable of receiving 
si~als from the transmitters even if the animal is secluded in a deep 
coral burrow up to four miles away. The receiver will enable the sden­
tists to track the tagged animals and record their location and activity in 
daylight or darkness. When a lobster is located, its identity can be 
determined by a brand, visible al night under ultraviolet light. By 

5 

Digitized by Go gle Origifli:11 from 

UNIVERSITY OF MICHIGAN 



monitoring several representative organisms, the biologists will obtain

information on growth and survival, feeding habits, daily migrations,

reproduction, responses to environmental changes, and other pertinent

information occuring over the two-month period. Observations such as

these are extremely difficult to make working from the ocean surface.

During the TEKTITE experiment, the types of sediment in Lame-

shur Bay will be identified and mapped. A few small portions of the sea

floor have previously been mapped by diving geologists, but TEKTITE

offers the first opportunity to develop a close familiarity with a sub-sea

area comparable to what a geologist has with his onshore terrain.

These data, combined with acoustically derived profile records of

the strata or sediment layers beneath the ocean floor will provide a

three-dimensional picture of the recent sedimentologic history of the

bay. Analysis of the relations between sediments will provide a basis

for interpreting certain types of carbonate rocks and may prove useful

to the petroleum industry.

Study will also be made of the production of biogenous sand (sand

formed from the remains of once-living organisms). TEKTITE pro-

vides an opportunity to relate the sand to the contributing organisms

(mostly corals and mollusks) and to study the balance between reef

growth and destruction. Study of the variation of sand composition

with grain size and location should provide information on the mechani-

cal breakdown and processes of distribution of biogenous sand.

The dominant feature of many portions of the sea floor is biologic

reworking of the sediment. Moreover, the effects of organic reworking

in the geologic past are shown by tracks, trails, and burrows in many

sedimentary rocks. Certain apparently structureless rocks are suspect-

ed to have been homogenized by bottom dwelling organisms. Con-

temporary research indicated that the nature of organism reworking

is related to the depositional environment. At present no data are

available on this relationship in carbonate sediments in a reef-dominated

environment. TEKTITE will provide an opportunity to collect some of

this information as well as a chance to study briefly the role of biologic

ingestion in sediment modification. The duration of the experiment

will permit observation on the rate of organic mixing in different

environmental settings. These observations may be of value to geologists

in providing clues as to where to seek petroleum or other mineral

deposits, and what happens to sediment when they are disturbed by

marine organisms.

Additionally, TEKTITE will aid in the development and evaluation

of underwater geologic techniques such as sampling and mineralogic

separations. The lack of laboratory facilities in undersea habitats

poses a major problem for undersea geologic research and creates

a potentially limiting dependence on surface support. During the

TEKTITE operation experiments will be conducted attempting to
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monitoring several representative organisms, the biologists will obtain 
information on growth and survival, feeding habits, daily migrations, 
reproduction, responses to environmental changes, and other pertinent 
information occuring over the two-month period. Observations such as 
these are extremely difficult to make working from the ocean surface. 

During the TEKTITE experiment, the types of sediment in Lame­
shur Bay will be identified and mapped. A few small portions of the sea 
floor have previously been mapped by diving geologists, but TEKTITE 
offers the first opportunity to develop a close familiarity with a sub-sea 
area comparable to what a geologist has with his onshore terrain. 
These data, combined with acoustically derived profile records of 
the strata or sediment layers beneath the ocean floor will provide a 
three-dimensional picture of the recent sedimentologic history of the 
bay. Analysis of the relations between sediments will provide a basis 
for interpreting certain types of carbonate rocks and may prove useful 
to the petroleum industry. 

Study will also be made of the production of biogenous sand (sand 
formed from the remains of once-living organisms). TEKTITE pro­
vides an opportunity to relate the sand to the contributing organisms 
(mostly corals and mollusks) and to study the balance between reef 
growth and destruction. Study of the variation of sand composition 
with grain size and location should provide information on the mechani­
cal breakdown and processes of distribution of biogenous sand. 

The dominant feature of many portions of the sea floor is biologic 
reworking of the sediment. Moreover, the effects of organic reworking 
in the geologic past are shown by tracks, trails, and burrows in man}· 
sedimentary rocks. Certain apparently structureless rocks are suspect­
ed to have been homogenized by bottom. dwelling organisms. Con­
temporary research indicated that the nature of organism reworking 
is related to the depositional environment. At present no data are 
available on this relationship in carbonate sediments in a reef-dominated 
environment. TEKTITE will provide an opportunity to collect some of 
this information as well as a chance to study briefly the role of biologic 
ingestion in sediment modification. The duration of the experiment 
will permit observation on the rate of organic mixing in different 
environmental settings. These observations may be of value to geologists 
in providing clues as to where to seek petroleum or other mineral 
deposits, and what happens to sediment when they are disturbed by . . 
manne orgamsms. 

Additionally, TEKTITE will aid in the development and evaluation 
of underwater geologic techniques such as sampling and mineralogic 
separations. The lack of laboratory facilities in undersea habitats 
poses a major problem for undersea geologic research and creates 
a potentially limiting dependence on surface support. During the 
TEKTITE operation experiments will be conducted attempting to 
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establish procedures whereby routine sediment analyses could be

made on the ocean floor without having to return samples to the

surface.

Finally, by living in the submarine environment, the geologist has

an opportunity to conduct other aspects of underwater research. He

can monitor changes in the sediment and the sedimentation processes

as frequently as he wished. He can observe continuously the inter-

action between sediment and bottom-dwelling organisms. Along with

other studies he can measure the chemical and physical properties of

the sea floor in a natural state.

General Environmental Studies

Continuous monitoring of the environment during the project will

be carried out in support of the planned ocean floor program. Con-

tinuous records of water temperature, salinity, current speed and

direction, pressure, ambient light, water chemistry, and bioluminescence

will be made, and the effect of these elements on the behavior patterns

of marine organisms or changes in the sediment characteristics will be

determined.

Acoustical Studies

The widespread use of sonar for fishery applications and the in-

creasing technical developments within the field point to a specific

need for detailed studies on the effectiveness of sonar for differentiating

between fish species either by a characteristic signal return from a

single fish or by signal recognition of the swimming or schooling be-

havior of groups of fish. The TEKTITE Project will provide a unique

opportunity for these studies, where sonar target species can be identi-

fied and correlated with their acoustical "signatures."

Additional uses for sonar are in various project support functions.

The routine task of compiling charts of pertinent topographic and

geologic features underwater is beset with several problems of little

or no consequence to the land surveyor. The use of sonar for providing

reliable range and bearing data appears to offer much promise for

underwater survey and geologic delineation work. Furthermore, the

location and range of free swimming divers during any underwater

operations is of prime importance for safety reasons. Indications are

that narrow band sonar can be an important aid in diver tracking and

navigation.

BEHAVIORAL PROGRAM

The behavioral program is one of the principal reasons for conduct-

ing an extended ocean floor mission such as TEKTITE. The program,
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establish procedures whereby routine sediment analvses could be 
made on the ocean floor without having to return samples to the 
surface. 

Finally, by living in the submarine environment, the geologist has 
an opportunity to conduct other aspects of underwater research. He 
can monitor changes in the sediment and the sedimentation processes 
as frequently as he wished. He can observe continuously the inter­
action between sediment and bottom-dwelling organisms. Along with 
other studies he can measure the chemical and physical properties of 
the sea floor in a natural state. 

General Environmental Studies 

Continuous monitoring of the environment during the project will 
be carried out in support of the planned ocean floor program. Con­
tinuous records of water temperature, salinity, current speed and 
direction, pressure, ambient light, water chemistry, and bioluminescence 
will be made, and the effect of these elements on the behavior patterns 
of marine organisms or changes in the sediment characteristics will be 
determined. 

Acoustical Studies 

The widespread use of sonar for fishery applications and the in­
creasing technical developments within the field point to a specific 
need for detailed studies on the effectiveness of sonar for differentiating 
between fish species either by a characteristic signal return from a 
single fish or by signal recognition of the swimming or schooling be­
havior of groups of fish. The TEKTITE Project will provide a unique 
opportunity for these studies, where sonar target species can be identi­
fied and correlated with their acoustical "signatures." 

Additional uses for sonar are in various project support functions. 
The routine task of compiling charts of pertinent topographic and 
geologic features underwater is beset with several problems of little 
or no consequence to the land surveyor. The use of sonar for providing 
reliable range and bearing data appears to offer much promise for 
underwater survey and geologic delineation work. Furthermore, the 
location and range of free swimming divers during any underwater 
operations is of prime importance for safety reasons. Indications are 
that narrow band sonar can be an important aid in diver tracking and 
navigation. 

BEHAVIORAL PROGRAM 

The behavioral program is one of the principal reasons for conduct­
ing an extended ocean floor mission such as TEKTITE. The program, 
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one of the most exhaustive ever designed for aquanauts, is intended

to obtain data on a multitude of behavioral aspects from the amount

of food consumed by the aquanaut-scientists to subtle changes in their

moods at different times.

Notwithstanding the exhaustive nature of the program, all data

collection methods have been devised to minimize interference with

the marine science program on the ocean floor.

The objective of the behavioral program is to evaluate individual

and group behavior in a situation where the mission is real rather

than experimental, the duration quite long, and the environments

are relatively hazardous.

The data gathered will provide information useful in planning

future missions involving stress such as manned undersea stations or

extended manned spaceflights. It will provide valid criteria in the

selection, training and group composition of the crews for future

undersea and space missions.

By studying the individual and group response to factors such as

living space, volume, layout of work and rest area, lighting, recreational

facilities, and waste management, it may be possible to develop more

effective standards for designing similar systems in the future.

During the 60 days on the ocean floor, the aquanaut-scientists will

be subjected to measurements designed to record (1) task performance,

(2) social interaction and (3) personal adjustment.

Methods of Data Collection

One of the principal methods of collecting behavioral information

will be by closed circuit television, which will allow objective recording

of observed behavior by personnel on the surface.

One camera is located in each of the four habitat rooms. Two portable

waterproof TV cameras with remotely controlled pan, tilt, zoom, and

lens adjustment will be placed in the water on tripods in the vicinity

of the habitat. On the surface, six TV monitors with switching facilities

to select any or all cameras or open microphones will be set up in the

control van. In addition, a video tape recorder and playback will be

installed.

Other methods of data collection include automatic recording of a

specified events such as entrance and egress from the water, use of

entertainment facilities and use of communication systems; systematic

recording of brain waves, (EEC) during sleep; photography; diaries

and report forms; interviews; as well as an analysis of the amount and

quality of the work performed by the aquanauts.

Prior to the mission, the aquanauts will undergo a series of measure-

ments designed to gather data on demographic, personality, social and

adjustment factors, sleep habits, habitat evaluation and food pref-

erences.
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one of the most exhaustive ever designed for aquanauts, is intended 
to obtain data on a multitude of behavioral aspects from the amount 
of food consumed by the aquanaut-scientists to subtle changes in their 
moods at different times. 

Notwithstanding the exhaustive nature of the program, all data 
collection methods have been devised to minimize interference with 
the marine science program on the ocean floor. 

The objective of the behavioral program is to evaluate individual 
and group behavior in a situation where the mission is real rather 
than experimental, the duration quite long, and the environments 
are relatively hazardous. 

The data gathered will provide information useful in planning 
future missions involving stress such as manned undersea stations or 
extended manned spaceflights. It will provide valid criteria in the 
selection, training and group composition of the crews for future 
undersea and space missions. 

By studying the individual and group response to factors such as 
living space, volume, layout of work and rest area, lighting, recreational 
facilities, and waste management, it may be possible to develop more 
effective standards for designing similar systems in the future. 

During the 60 days on the ocean floor, the aquanaut-scientists will 
be subjected to measurements designed to record (I) task performance, 
(2) social interaction and (3) personal adjustment. 

Methods of Data Collection 

One of the principal methods of collecting behavioral information 
will be by closed circuit television, which will allow objective recording 
of observed behavior by personnel on the surface. 

One camera is located in each of the four habitat rooms. Two portable 
waterproof TV cameras with remotely controlled pan, tilt, zoom, and 
lens adjustment will be placed in the water on tripods in the vicinity 
of the habitat. On the surface, six TV monitors with switching facilities 
to select any or all cameras or open microphones will be set up in the 
control van. In addition, a video tape recorder and playback will be 
installed. 

Other methods of data collection include automatic recording of a 
specified events such as entrance and egress from the water, use of 
entertainment facilities and use of communication systems; systematic 
recording of brain waves, (EEG) during sleep; photography; diaries 
and report forms; interviews; as well as an analysis of the amount and 
quality of the work performed by the aquanauts. 

Prior to the mission, the aquanauts will undergo a series of measure­
ments designed to gather data on demographic, personality, social and 
adjustment factors, sleep habits, habitat evaluation and food pref­
erences. 
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Monitoring of task performance will permit the assessment of the

ability of crewmen, singly or as teams, to perform manual, sensory

and intellectual tasks required in the mission plan. The tasks in question

will include routine activities such as monitoring the habitat systems,

preventive maintenance, repairs of malfunctions, and housekeeping

tasks; or more demanding mental tasks such as the mission-oriented

scientific activities, or the handling of emergency and unplanned

situations.

The purpose of the social interaction measurements is to monitor

interactions between individual crew members and between the crew

and topside personnel which affect the objective of the mission, and

the morale and survival of the crew.

The objective of the personal adjustment measurements is to ascertain

any variations in emotion, motivation, and fatigue of the crew which

may occur.

Other important parts of the behavioral program of TEKTITE will

be the Habitability and Human Engineering Evaluation of the habitat,

phycho-physiological measurements (including sleep EEC) and the

use of a psychomotor test which includes manual dexterity and decision

making. These evaluations will be conducted jointly with engineering

medical safety and other personnel in the program.

BIOMEDICAL PROGRAM

The objectives of this program are threefold: to aid in the monitor-

ing of the medical aspects of a safe crew operation; to collect certain

biomedical data; and to correlate this data with all the scientific aspects

of the program.

For 60 days, the TEKTITE aquanaut-scientists will be breathing two

gas mixtures. In the habitat, the mixture will be composed of approxi-

mately 92 percent nitrogen and 8 percent oxygen in which the partial

pressure of the oxygen is maintained at the same level in the air atmo-

sphere at sea level. When in the water, the aquanauts will breathe air

under pressure equal to the pressure of the water.

The data collected will help determine whether the two breathing

mixtures and pressure affect blood composition, respiration, vision,

and hearing of the aquanauts. Also of interest, will be the collection

of bacteriological data to ascertain the actions and interactions of

microorganisms found in the immediate environments of the aqua-

nauts whether in or out of the water.

Hematology

Prolonged breathing of the two mixtures may affect the formation

and destruction of blood cells or produce other changes in the func-

tional capabilities of the blood. In order to permit a valid assessment
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Monitoring of task performance will permit the assessment of the 
ability of crewmen, singly or as teams, to perform manual, sensory 
and intellectual tasks required in the mission plan. The tasks in question 
will include routine activities such as monitoring the habitat systems, 
preventive maintenance, repairs of malfunctions, and housekeeping 
tasks; or more demanding mental tasks such as the mission-oriented 
scientific activities, or the handling of emergency and unplanned 
situations. 

The purpose of the social interaction measurements is to monitor 
interactions between individual crew members and between the crew 
and topside personnel which affect the objective of the mission, and 
the morale and survival of the crew. 

The objective of the personal adjustment measurements is to ascertain 
any variations in emotion, motivation, and fatigue of the crew which 
may occur. 

Other important parts of the behavioral program of TEKTITE will 
be the Habitability and Human Engineering Evaluation of the habitat, 
phycho-physiological measurements (including sleep EEG) and the 
use of a psychomotor test which includes manual dexterity and decision 
making. These evaluations will be conducted jointly with engineering 
medical safety and other personnel in the program. 

BIOMEDICAL PROGRAM 

The objectives of this program are threefold: to aid in the monitor­
ing of the medical aspects of a safe crew operation; to collect certain 
biomedical data; and to correlate this data with all the scientific aspects 
of the program. 

For 60 days, the TEKTITE aquanaut-scientists will be breathing two 
gas mixtures. In the habitat, the mixture will be composed of approxi­
mately 92 percent nitrogen and 8 percent oxygen in which the partial 
pressure of the oxygen is maintained at the same level in the air atmo­
sphere at sea level. When in the water, the aquanauts will breathe air 
under pressure equal to the pressure of the water. 

The data collected will help determine whether the two breathing 
mixtures and pressure affect blood composition, respiration, vision, 
and hearing of the aquanauts. Also of interest, will be the collection 
of bacteriological data to ascertain the actions and interactions of 
microorganisms found in the immediate environments of the aqua­
nauts whether in or out of the water. 

Hematology 

Prolonged breathing of the two mixtures may affect the formation 
and destruction of blood cells or produce other changes in the func­
tional capabilities of the blood. In order to permit a valid assessment 
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of any change in the blood, measurements will be taken periodically.

The aquanauts themselves will take the blood samples from each other.

The sample will be then sent to the surface in a pressure pot and sent

to a laboratory for analysis.

Pulmonary and Respiratory Studies

Before and after the 60-day exposure to the denser atmosphere,

the rate, depth and minute volume of respiration will be measured by

having the aquanauts inhale progressively, zero, two, four and six

percent carbon dioxide in 21 percent oxygen. This will allow a deter-

mination of how increased atmospheric pressure alters the respiratory

response to carbon dioxide. Related measurements will monitor the

changes in the rate of diffusion of the carbon dioxide across the alveolar

and capillary membranes.

Other respiration measurements before, during and after exposure,

are designed to determine how the denser breathing mixture affects

the ventilatory function —the lungs' bellow-like muscular activity of

breathing in and out. It is possible that this particular atmosphere

may increase the workload of the lungs. However, the changed work-

load may condition the respiratory muscles permitting the lungs to

have the same efficiency as in a normal atmosphere. At the same time,

breathing work and efficiency will be monitored by measuring esopha-

geal pressure. Additionally, before and after exposure, efforts will be

made to find out if the dense atmosphere results in any increase in pul-

monary compliance —the ease of expansion of the lungs—and airway

resistance — the opposition offered by the airways to the flow of air into

and from the lungs.

Microbiology

These measurements are intended to provide information on how

the body bacteria of the aquanauts is affected by the water immersion

and the factors of temperature and microbiological content. Efforts

will also be made: to determine whether new microorganisms are

introduced in the habitat as a result of such exposure; to monitor

the interchange of microorganisms among the aquanauts; and to

predict the results of interaction of the microorganisms present on

the bodies of the aquanauts with their immediate environment. The

data will be collected by examining bacteriological samples taken

from the bodies of the aquanauts. Bacteriological content of the habitat

will be measured by taking concurrent atmospheric samples as well as

swabs of the habitat itself. Periodic water samples will be obtained at

various distances from the habitat and analyzed for bacteriological

content.
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of any change in the blood, measurements will be taken periodically. 
The aquanauts themselves will take the blood samples from each other. 
The sample will be then sent to the surface in a pressure pot and sent 
to a laboratory for analysis. 

Pulmonary and Respiratory Studies 

Before and after the 60-day exposure to the denser atmosphere, 
the rate, depth and minute volume of respiration will be measured by 
having the aquanauts inhale progressively, zero, two, four and six 
percent carbon dioxide in 21 percent oxygen. This will allow a deter­
mination of how increased atmospheric pressure alters the respiratory 
response to carbon dioxide. Related measurements will monitor the 
changes in the rate of diffusion of the carbon dioxide across the alveolar 
and capillary membranes. 

Other respiration measurements before, during and after exposure, 
are designed to determine how the denser breathing mixture affects 
the ventilatory function - the lungs' bellow-like muscular activity of 
breathing in and out. It is possible that this particular atmosphere 
may increase the workload of the lungs. However, the changed work­
load may condition the respiratory muscles permitting the lungs to 
have the same efficiency as in a normal atmosphere. At the same time, 
breathing work and efficiency will be monitored by measuring esopha­
geal pressure. Additionally, before and after exposure, efforts will be 
made to find out if the dense atmosphere results in any increase in pul­
monary compliance-the ease of expansion of the lungs-and airway 
resistance-the opposition offered by the airways to the flow of air into 
and from the lungs. 

Microbiology 

These measurements are intended to provide inf<.lrmation on how 
the body bacteria of the aquanauts is affected by the water immersion 
and the factors of temperature and microbiological content. Efforts 
will also be made: to determine whether new microorg-,misms are 
introduced in the habitat as a result of such exposure; to monitor 
the interchange of microorganisms among the aquanauts; and to 
predict the results of interaction of the microorganisms present on 
the bodies of the aquanauts with their immediate environment. The 
data will be collected by examining bacteriological samples taken 
from the bodies of the aquanauts. Bacteriological content of the habitat 
will be measured by taking concurrent atmospheric samples as well as 
swabs of the habitat itself. Periodic water samples will be obtained at 
various distances from the habitat and analyzed for bacteriological 
content. 
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Vision

Since vision disturbances are not anticipated, only "before and after"

tests will be conducted to demonstrate that visual acuity has remained

unaffected.

Hearing

Before and after their undersea stay, aquanauts will be tested by

standard audiometric techniques. Analysis of the audiograms may

indicate whether exposure had any effect on the hearing acuity of

the aquanauts.

AQUANAUT STATUS ASSESSMENT

At least once daily a general physical assessment of the health of

the aquanauts will be required. The aquanauts will give themselves a

physical check-up and send the results to the surface. Among their

daily measurements will be radial pulse and blood pressure. They will

also take color photographs of any skin lesions they may incur and send

them to the surface for analysis. This will enable the on-site medical

officer to determine their general health or possible onset of disease.

Participating in the biomedical program is the University of Penn-

sylvania. Medical personnel from the university will oversee coordinate

performance of many of the biomedical and medical status measure-

ments to be used the the physiological evaluation of the aquanaut-

scientists before, during and after 60-day mission. The University of

Pennsylvania which has long-standing interest in undersea missions,

will relate the biomedical aspects of TEKTITE I to its own program

of undersea environment research.

The aquanaut-scientists have spent seven days in the University of

Pennsylvania Hospital providing medical personnel baseline biomedical

data. After the mission two full days will also be utilized for the same

purpose. During these two periods, baseline behavioral data will also

be collected.

HABITAT DESCRIPTION

The basic habitat consists of two interconnected vertical cylinders

18.1 feet high and 12.5 feet in diameter mounted on a base structure.

Each of the cylinders contains two compartments. The left side houses

the crew quarters on the lower deck and the bridge or control room

above. The right cylinder connects with the left by means of a four and

a half foot diameter transfer tunnel running from the bridge to the

upper half of the right cylinder, the engine room. The lower half of
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Vision 

Since vision disturbances are not anticipated, only "before and after" 
tests will be conducted to demonstrate that visual acuity has remained 
unaffected. 

Hearing 

Before and after their undersea stay, aquanauts will be tested by 
standard audiometric techniques. Analysis of the audiograms may 
indicate whether exposure had any effect on the hearing acuity of 
the aquanauts. 

AQ.UANAUT STATUS ASSESSMENT 

At least once daily a general physical assessment of the health of 
the aquanauts will be required. The aquanauts will give themselves a 
physical check-up and send the results to the surface. Among their 
daily measurements will be radial pulse and blood pressure. They will 
also take color photographs of any skin lesions they may incur and send 
them to the surface for analysis. This will enable the on-site medical 
officer to determine their general health or possible onset of disease. 

Participating in the biomedical program is the University of Penn­
sylvania. Medical personnel from the university will oversee coordinate 
performance of many of the biomedical and medical status measure­
ments to be used the the physiological evaluation of the aquanaut­
scientists before, during and after 60-day mission. The University of 
Pennsylvania which has long-standing interest in undersea missions, 
will relate the biomedical aspects of TEKTITE I to its own program 
of undersea environment research. 

The aquanaut-scientists have spent seven days in the University of 
Pennsylvania Hospital providing medical personnel baseline biomedical 
data. After the mission two full days will also be utilized for the same 
purpose. During these two periods, baseline behavioral data will also 
be collected. 

HABITAT DESCRIPTION 

The basic habitat consists of two interconnected vertical cylinders 
18. l feet high and 12.5 feet in diameter mounted on a base structure. 
Each of the cylinders contains two compartments. The left side houses 
the crew quarters on the lower deck and the bridge or control room 
above. The right cylinder connects with the left by means of a four and 
a half foot diameter transfer tunnel running from the bridge to the 
upper haJf of the right cylinder, the engine room. The lower half of 
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the right hand side houses the wet room which is continually left open

to the sea for easy access in entering and leaving the habitat.

The right side of the habitat also supports a five-foot high, two-foot

diameter cupola mounted on top of the cylinder for additional observa-

tion purposes.

Internal Lay-Out

The crew quarters contain a small galley, bunks, storage for personal

gear, and entertainment equipment consisting of radio and television

facilities. An emergency exit hatch and scuba equipment are located

in the crew quarters.

The bridge serves a dual purpose: (1) as the control center for the

habitat system and (2) as a laboratory for the scientists.

The engine room contains the larger items of the environmental

control system, the primary transformers, switch gear, and the large

freezer for food storage. Since the four aquanaut-scientists will take

a 60-day supply of food with them, this supply will not be replenished

during the mission.

Interior view of crew quarters shows bunks for the four aquanaut-sctentists, the entertainment

console, and galley. The creu> will live 60 days continuously below the water's surface using the

G£ designed and built habitat as home and laboratory.
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the right hand side houses the wet room which is continually left open 
to the sea for easy access in entering and leaving the habitat. 

The right side of the habitat also supports a five-foot high, two-foot 
diameter ·cupola mounted on top of the cylinder for additional observa­
tion purposes. 

Internal Lay-Out 

The crew quarters contain a small galley, bunks, storage for personal 
gear, and entertainment equipment consisting of radio and television 
facilities. An emergency exit hatch and scuba equipment are located 
in the crew quarters. 

The bridge serves a dual purpose: (I) as the control center for the 
habitat system and (2) as a laboratory for the scientists. 

The engine room contains the larger items of the environmental 
control system, the primary transformers, switch gear, and the large 
freezer for food storage. Since the four aquanaut-scientists will take 
a 60-day supply of food with chem, this supply will not be replenished 
during the mission. 

lrtl.trior view of crew quarters shows bunJts for LIU' four aquanaut-scientists, the entt'TtainmenJ 
console, and galley. TIU' crew will live 60 di.iys continuously beww the ux,t.er's surf ace using the 
GE <ksigned and built habitat as ltom.e and laboratory. 
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Since the wet room is always open to the base, and therefore directly

to the sea, it is the only compartment which does not have controlled

humidity; it houses the SCUBA gear, for use by the crew while conduct-

ing experiments outside the habitat, and an outlet for recharging the

SCUBA bottles. In addition, it contains a laboratory including a wet

sink where the scientists can perform specimen preparation. It also

contains a hot shower.

Communication

The bridge, which is the communications center, is connected

to the Surface Support Facility by phone, intercom and voice sonar.

Each compartment is equipped with an intercom station connecting

it with the other compartments as well as the support barge, an open

mike and closed circuit TV monitor for the behavioral program, and

audible and visual alarms. The bridge also has sound-powered phone

and voice sonar links to the Surface Support Facility. In addition, the

Bridge is able to monitor the open mikes and any two of the closed

circuit TV cameras. The voice sonar also permits direct communication

with crew members when they are out of the habitat.

In the wet room there is a timer for recording the times when the

individual crew members leave and enter the habitat. Externally there

are audible and visual alarms and two closed circuit TV monitors. One

of these monitors will be fixed so as to observe the habitat entrance

while the other will be used for remote observations of selected areas

by the crew. There will also be both fixed and portable lights outside

the habitat.

Environmental Control System

The Environmental Control System will provide a comfortable,

clean atmosphere for the crew. The oxygen partial pressure will be

maintained at the normal sea-level value with nitrogen used as a diluent.

Surface Support Facility

The Surface Support Facility will provide the direct surface support

required by the habitat. The equipment will be mounted on an Ammi

barge either moored or jacked-up near the habitat site. On the barge

will be a van containing the duty stations for the test director, medical

duty officer and behavioral observers. The electrical generating equip-

ment, air compressors, purge bottles and stand-by breathing gas are

also located on the barge, as well as the habitat water supply. All these

utilities are connected to the habitat by umbilicals. The Surface Support
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Since the wet room is always open to the base, and therefore directly 
lo the sea, it is the only compartment which does not have controlled 
humidity: it houses the SCUBA gear, for use by the crew while conduct­
ing experiments outside the habitat, and an outlet for recharging the 
SCL'BA bottles. In addition, it contains a laboratory including a wet 
sink where the scientists can perform specimen preparation. It also 
contains a hot shower. 

Communication 

The bridge. \·1.'hich is the communications center, is connected 
to the Surface SupPort Facility by phone, intercom and voice sonar. 
Each compartment is equipped with an intercom station connecting 
it with the other compartments as well as the support barge, an open 
mike and closed circuit TV monitor for the behavioral program, and 
audible and visual alarms. The bridge also has sound-powered phone 
and voice sonar links to the Surface Support Facility. In addition, the 
Bridge is able to monitor the open mikes and any two of the closed 
circuit TV cameras. The voice sonar also permits direct communication 
with crew members when they are out of the habitat. 

In the wet room there is a timer for recording the times when the 
individual crew members leave and enter the habitat. Externally there 
are audible and visual alarms and two closed circuit TV monitors. One 
of these monitors will be fixed so as to observe the habitat entrance 
while the other will be used for remote observations of selected areas 
by the crew. There will also be both fixed and portable lights outside 
the habitat. 

Environmental Control System 

The Environmental Control System will provide a n>mfortable, 
dean atmosphere for the crew. The oxygen partial pressure will be 
maintained at the normal sea-level value with nitrogen used as a diluent. 

Surface Support Facility 

The Surface Support Facility will provide the direct surface support 
required by the habitat. The equipment will be mounted on an Ammi 
barge either moored or jacked-up near the habitat site. On the barge 
will be a van containing the duty stations for the test director, medical 
duty officer and behavioral observers. The electrical generating equip­
ment. air compressors, purge bottles and stand-by breathing gas are 
also located on the barge, as well as the habitat water supply. All these 
utilities are connected to the habitat by umbilicals. The Surface Support 
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Facility also provides safety services for the habitat. A deck decompres-

sion chamber (DDC) and a personnel transfer capsule (PTC) will be

available for the transfer of the crew at the end of the mission or in

case of an emergency. In addition, a safety patrol with qualified divers,

in a small boat, will be standing by at all times.

Other Equipment

There will be five way stations located in the general area of the

habitat. These stations will provide several benefits to the crew. Thev

will make excellent observation posts from which the aquanaut-scientists

will be able to observe the immediate area and, if desirable, record

their observations in a dry environment. These way stations will also

enable the scientists to make minor adjustments to their equipment or

to carry on a conversation with their comrades in the habitat. Also, if

the occasion should arise, the way stations will provide a place of refuge

from sharks.

A simple dumbwaiter system will be installed adjacent to the habitat

for the dry transfer of small items between the surface and the habitat.

Typical items to be transferred are blood and urine samples from the

crew, marine biological and geological samples for surface laboratory

analysis, and special tools or equipment for the scientists.

UNDERWATER CONSTRUCTION FOR PROJECT TEKTITE

The Naval Facilities Engineering Command, the Navy's underwater

construction manager, is responsible for the design and development

of the systems used by the SEABEES to launch, emplace and integrate

TEKTITE I components on and under the surface.

The underwater emplacement of the habitat is to be accomplished bv

12 selected construction divers detailed to SEABEE Amphibious

Construction Battalion TWO (ACB-2) from the SEABEE Battalions

of the Atlantic and Pacific Fleets. Another detachment of SEABEES

has already constructed a base camp of permanent structures to support

approximately 100 scientific, support and other personnel who will

reside at Lameshur Bay during the construction and experiment phases

of Operation TEKTITE.

Fifth Cryopreservation Conference to be held at Buffalo, New York, August 7-9.

1969. Additional information may be obtained from LCDR Vernon P. Perry, MSC,

USN, Tissue Bank. Clinical Investigation Department. Naval Medical Research Insti-

tute, National Naval Medical Center, Bethesda, Maryland 20014. Phone: Area Code

301-295-1123. Sponsored by the Office of Naval Research and held in conjunction

with the Sixth Annual Meeting of the Society for Cryobiology.
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Facility also provides safety services for the habitat. A deck decompres­
sion chamber (DDC) and a personnel transfer capsule (PTC) will be 
available for the transfer of the crew at the end of the mission or in 
case of an emergency. In addition, a safety patrol with qualified divers, 
in a small boat, will be standing by at all times. 

Other Equipment 

There will be five way stations located in the general area of the 
habitat. These stations will provide several benefits to the crew. They 
will make excellent observation posts from which the aquanaut-scientists 
will be able to observe the immediate area and, if desirable, record 
their observations in a dry environment. These way stations will also 
enable the scientists to make minor adjustments to their equipment or 
to carry on a conversation with their comrades in the habitat. Also, if 
the occasion should arise, the way stations will provide a place of refuge 
from sharks. 

A simple dumbwaiter system will be installed adjacent to the habitat 
for the dry transfer of small items between the surface and the habitat. 
Typical items to be transferred are blood and urine samples from the 
crew, marine biological and geological samples for surface laboratory 
analysis, and special tools or equipment for the scientists. 

UNDERWATER CONSTRUCTION FOR PROJECT TEKTITE 

The Naval Facilities Engineering Command, the Navy's underwater 
construction manager, is responsible for the design and development 
of the systems used by the SEABEES to launch, emplace and integrate 
TEKTITE I components on and under the surface. 

The underwater emplacement of the habitat is to be accomplished by 
12 selected construction divers detailed to SEABEE Amphibious 
Construction Battalion TWO (ACB-2) from the SEABEE Battalions 
of the Atlantic and Pacific Fleets. Another detachment of SEABEES 
has already constructed a base camp of permanent structures to support 
approximately 100 scientific, support and other personnel who will 
reside at Lameshur Bay during the construction and experiment phases 
of Operation TEKTITE. 

Fifth Cryopreservation Conference to be held at Buffalo, New York, August 7-9. 
1969. Additional information may be obtained from LCDR Vernon P. Perry, MSC. 
USN, Tissue Bank, Clinical Investigation Department, Naval Medical Research Insti­
tute, National Naval Medical Center, Bethesda, Maryland 20014. Phone: Area Code 
301-295-1123. Sponsored by the Office of Naval Research and held in conjunction 
with the Sixth Annual Meeting of the Society for Cryobiology. 
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Mechanical Failure Technology

LCDR Donald Flage

Office of Naval Research

Washington, D.C.

The Office of Naval Research has formed a multi-service group to

conduct studies in mechanical failure technology with the hope of

preventing mechanical failures in service by analysis, detection, and

control studies. The problem of machine or component failure was

long accepted as an inevitable operating hazard. Early attempts to

reduce the likelihood of failure involved primarily design improve-

ments based on experience as the frequency of failure increased.

More recently, preventive maintenance programs have been developed

which greatly reduced the possibility of failure. Rising costs of main-

tenance programs and machine down time have provided a strong

incentive for the development of effective reliability programs par-

ticularly for the highly complicated marine and aircraft propulsion

systems that require vastly improved levels of machine system relia-

bility. A variety of statistical and other techniques recently have been

developed to make certain that high reliability levels are constantly

achieved. For very critical applications, redundancy is often used.

High reliability, preventive maintenance and redundancy are costly

while the consequences of failure have become more severe. Further-

more, even more sophisticated designs cannot eliminate the possibility

of failure. The material properties and the operating environment

are both subject to significant statistical variation so failure cannot

be eliminated. It is clear that further steps are necessary to reduce

the frequency of failure.

There is one element of failure prevention which has often been

neglected, that is, our understanding of the failure process. We have

come to think of one failure as a completely random and unpredict-

able event. We have also come to think that the failure of a component

can be caused by a large variety of events and once the causes are there,

failure results. This is not necessarily so, as indicated by the following

example of journal bearing failure.

Journal bearings generally fail by wear or seizure. However, if one

prepares a list of the causes of bearing failure (and this has been done)

approximately 30 important ones could be suggested. They vary from

such things as excessive oil temperatures to dirt trapped between the

bearing surfaces. However, if one analyzes these failures from the point

of what happens to the bearing itself the list can be shortened con-

siderably. Bearing failure processes based on this approach are given

in Table I.
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Mechanical Failure Technology 

LCDR Donald Flage 
Office of Naval Research 

Washington, D.C. 

The Office of Naval Research has formed a multi-service group to 
conduct studies in mechanical failure technology with the hope of 
preventing mechanical failures in service by analysis, detection, and 
control studies. The problem of machine or component failure was 
long accepted as an inevitable operating hazard. Early attempts to 
reduce the likelihood of failure involved primarily design improve­
ments based on experience as the frequency of failure increased. 
\fore recently, preventive maintenance programs have been developed 
which greatly reduced the possibility of failure. Rising costs of main­
tenance programs and machine down time have provided a strong 
incentive for the development of effective reliability programs par­
ticularly for the highly complicated marine and aircraft propulsion 
svstems that require vastly improved levels of machine system relia­
bility. A variety of statistical and other techniques recently have been 
developed to make certain that high reliability levels are constantly 
achieved. For very critical applications, redundancy is often used. 

High reliability, preventive maintenance and redundancy are costly 
while the consequences of failure have become more severe. Further­
more, even more sophisticated designs cannot eliminate the possibility 
of failure. The material properties and the operating environment 
are both subject to significant statistical variation so failure cannot 
be eliminated. It is clear that further steps are necessary to reduce 
the frequency of failure. 

There is one element of failure prevention which has often been 
neglected. that is, our understanding of the failure process. We have 
come to think of one failure as a completely random and unpredict­
able event. We have also come to think that the failure of a component 
can be caused by a large variety of events and once the causes are there, 
failure results. This is not necessarily so, as indicated by the following 
example of journal bearing failure. 

Journal bearings generally fail by wear or seizure. However, if one 
prepares a list of the causes of bearing failure (and this has been done) 
approximately 30 important ones could be suggested. They vary from 
such things as excessive oil temperatures to dirt trapped between the 
bearing surfaces. However, if one analyzes these failures from the point 
of what happens to the bearing itself the list can be shortened con­
siderably. Bearing failure processes based on this approach are given 
in Table I. 
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Table I The many causes of failure can be

Sliding Bearing Failure reduced to a few very definite, manage-

Processes aDie processes when analyzed from the

point of view of what happens to the

bearing. What this example points out

is that much can be done to under-

stand failures by a more thorough study

of the failure processes in machine

components. The purpose of this paper

Change of clearance

Change of shape

Surface roughening

Shaft-bearing rubs

Fatigue

is to describe the scope of the failure technology area, the Mechanical

Failure Working Groups and some of its programs.

SCOPE OF MECHANICAL FAILURE TECHNOLOGY

Mechanical failure technology is the application of science to the

understanding of mechanical failure processes. Often the failure pro-

cess is described in terms of cause and effect; such a description is,

if dirt gets in the bearing it will score. What mechanical failure tech-

nology tries to do is understand what happens between the dirt and

the scoring and put this in terms of descriptive variables. In Table II

the various steps in such a study are outlined.

Table II

Study of Mechanical Failure Process

Define what is failing (component).

Define what constitutes practical failure.

Define the changes in the component and ancillary systems which

can lead to failure.

Define the sequence of events which lead to failure.

Put the failure process in terms of its significant variables.

Describe the effect of operational variables on the failure process.

The study begins with the definition of the component and a descrip-

tion of a failure. Thus, various changes in the component which lead

to failure can be outlined. The first three steps have been discussed

using a bearing for an example. To carry this example further, let us

select one of the bearing failure processes the "shaft bearing rub."

In Figure 1 the coefficient of friction and the temperature are plotted

for the small initial area of contact. At zero time the rub occurs and

there is a transition from hydrodynamic to boundary lubrication.

This brings about a temperature rise from 80°F (coefficient of friction

of .02) to 400CF (coefficient of friction of .10). However, before the

temperature reaches 400°F, the lubricant failure temperature is reached

at 350°F. Unlubricated sliding results with a friction coefficient of 0.3.

This means that the temperature should rise to 1200°F. However, when
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TABLE I 
SLIDING BEARING F Al LURE 

PROCESSES 

Change of clearance 
Change of shape 
Surface roughening 
Shaft-bearing rubs 
Fatigue 

The many causes of failure can be 
reduced to a few very definite, manage­
able processes when analyzed from the 
point of view of what happens to the 
bearing. What this example points out 
is that much can be done to under­
stand failures by a more thorough study 
of the failure processes in machine 
components. The purpose of this paper 

is to describe the scope of the failure technology area, the Mechanical 
Failure Working Groups and some of its programs. 

SCOPE OF MECHANICAL FAILURE TECHNOLOGY 

Mechanical failure technology is the application of science to the 
understanding of mechanical failure processes. Often the failure pro­
cess is described in terms of cause and effect; such a description is, 
if dirt gets in the bearing it will score. What mechanical failure tech­
nology tries to do is understand what happens between the dirt and 
the scoring and put this in terms of descriptive variables. In Table II 
the various steps in such a study are outlined. 

TABLE II 
STUDY OF MECHANICAL F Al LURE PROCESS 

Define what is failing (component). 

Define what constitutes practical failure. 

Define the changes in the component and ancillary systems which 
can lead to failure. 

Define the sequence of events which lead to failure. 

Put the failure process in terms of its significant variables. 

Describe the effect of operational variables on the failure process. 

The study begins with the definition of the component and a descrip­
tion of a failure. Thus, various changes in the component which lead 
to failure can be outlined. The first three steps have been discussed 
using a bearing for an example. To carry this example further, let us 
select one of th~ bearing failure processes the "shaft bearing rub." 
In Figure I the coefficient of friction and the temperature are plotted 
for the small initial area of contact. At zero time the rub occurs and 
there is a transition from hydrodynamic to boundary lubrication. 
This brings about a temperature rise from 80°F (coefficient of friction 
of .02) to 400°F (coefficient of friction of .10). However, before the 
temperature reaches 400°F, the lubricant failure temperature is reached 
at 350°F. Unlubricated sliding results with a friction coefficient of 0.3. 
This means that the temperature should rise to 1200°F. However, when 
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ii rises to about 800°F a pro-

cess known as "junction

growth" occurs, friction in-

creases to 0.80 and most like-

ly seizure would result. Thus,

we can qualitatively describe

the failure in terms of the

friction coefficient, the tem-

perature, and the area of

contact. It would then be nec-

essary to describe the failure

in terms of bearing variables

such as pressure, velocity,

etc. This is but one example

of a detailed study of failure | 500

processes. The work here is

by no means complete and

there are several other pro-

cesses even for a journal

bearing. The task, however,

is not excessively large and

there are not that many fail-

ure processes.

There is much which can be learned from a greater understanding

of the failure process. However, since the objective of the program

is to prevent mechanical failures in service, the strongest incentive is

to utilize this information in two areas:
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Figure I

• Improved Designs or Design Criteria

• Development of Diagnostic Information.

The translation of failure information into practice is relatively sim-

ple. Take again the example of the bearing. Referring to Figure 1

some apparent ways to prevent failure are obvious. Limiting the time

of contact would be an obvious solution. Not so obvious is to find a

material with special frictional properties. Suppose that a material

could be found which instead of experiencing junction growth and

seizure, actually melted and wore rapidly. This would lower the tem-

perature and remove the area from contact by wear and lubrication

could then be restored. Such materials do exist. Plastic materials with

the correct melting point were shown to behave in such a manner.

Thus, the scope of mechanical failure technology is the study of

failure processes in components to evolve better designs and criteria

or diagnostic instrumentation. In this way, significant contributions

can be made to reducing failures in practice.
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it rises to about 800°F a pro­
cess known as 'junction 
growth" occurs, friction in­
creases to 0.80 and most like­
I\' seizure would result. Thus, 
we can qi.1alitatively describe 
the failure in terms of the 
friction coefficient, the tem­
perature, and the area of 
contact. It would then be nee-
essan· to describe the failure 
in terms of bearing variables 
such as pressure, velocity, 
tt(. This is but one example 
of a detailed study of failure 
processes. The work here is 
b,· no means complete and 
1here are several other pro­
cesses e,·en for a journal 
bearing. The task, however, 
is not excessively large and 
there are not that manv fail-, 
ure processes. 
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There is much which can be learned from a greater understanding 
of the failure process. However, since the objective of the program 
is to prevent mechanical failures in service, the strongest incentive is 
to utilize this information in two areas: 

• Improved Designs or Design C1·iteria 
• Development of Diagnostic Information. 

The translation of failure information into practice is relatively sim­
ple. Take again the example of the bearing. Referring to Fih111re I 
~,me apparent ways to prevent failure are obvious. Limiting the time 
of contact would be an obvious solution. Not so obvious is to find a 
material with special frictional properties. Suppose that a material 
rnuld be found which instead of experiencing junction growth and 
seizure, actually melted and wore rapidly. This would lower the tem­
perature and remove the area from contact by wear and lubrication 
rnuld then be restored. Such materials do exist. Plastic materials with 
the correct melting point were shown to behave in such a manner. 

Thus, the scope of mechanical failure technology is the study of 
failure pnxesses in components to evolve better designs and criteria 
1ir diagnostic instrumentation. In this way, significant contributions 
lan be made to reducing failures in practice. 
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MECHANICAL FAILURE WORKING GROUP (MFWG)

The Office of Naval Research is sponsoring a government working

group to study all aspects of mechanical failure technology. The

group consists of representatives from the Aeronautics Space Adminis-

tration, Atomic Energy Commission, Federal Aviation Administration,

Maritime Administration, the military services, universities, and in-

dustry. The committee of sponsors are representatives of governement

agencies who contribute financially to the program. They have selected

a steering committee which determines the courses of action which

the group should take. Four committees have been appointed as tech-

nical advisors to the steering committee. These committees are the

Diagnosis and Detection Committee, the Mechanisms of Failure Com-

mittee, the Design Committee, and the State of Art and Applications

Committee. The Mechanisms Committee concerns itself with under-

standing the failure processes, the Diagnosis Committee with develop-

ment of detection instrumentation, and the Design Committee with

improving the overall design for machinery. The State of the Art

and Applications Committee is charged with appraising and keeping

abreast of the literature on mechanical failures, and also determines

those applications where problems are severe enough to justify at-

tention of the steering committee. In this regard it can be realized that

the subject of mechanical failures is very broad and much work has al-

ready been accomplished. Certain technical areas have advanced or

are advancing at a sufficiently rapid rate so that little attention is needed.

Other fields are making very little progress and are a limiting item in

design. The committee will direct its activities to lagging areas. Ini-

tially the committee is investigating main power sources and auxiliary

items. Those systems, components and failure mechanisms presently

under consideration by the committee are listed in Table III. The

subject of failure is limited by the criticalness of the application. At-

tention is primarily being directed at those applications where a failure

could mean loss of life or a loss of mission.

A member of a technical committee is a scientist or engineer who is

directly engaged in research or development within the indicated tech-

nical area. These committees meet several times a year for small round-

table discussions on current activities, problems and solutions. These

meetings are essentially a forum for technical discussions where ideas

can be interchanged informally. Once a year each committee reports

its progress to a larger audience in an open meeting. Technical papers

on the subject are presented as well as the committee reports.

The secretary coordinates the work of the technical committees by

providing logistic support including arranging meetings, and pre-

paring and distributing minutes and reports. The associates are those

people interested in the objectives of the group who wish to attend
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MECHANICAL FAILURE WORKING GROUP (MFWG) 

The Office of Naval Research is sponsoring a government working 
group to study all aspects of mechanical failure technology. The 
group consists of representatives from the Aeronautics Space Adminis­
tration, Atomic Energy Commission, Federal Aviation Administration, 
Maritime Administration, the military services, universities, and in­
dustry. The committee of sponsors are representatives of governement 
agencies who contribute financially to the program. They have selected 
a steering committee which determines the courses of action which 
the group should take. Four committees have been appointed as tet:h­
nical advisors to the steering committee. These committees are the 
Diagnosis and Detection Committee, the Mechanisms of Failure Com­
mittee, the Design Committee, and the State of Art and Applications 
Committee. The Mechanisms Committee concerns itself with under­
standing the failure processes, the Diabmosis Committee with develop­
ment of detection instrumentation, and the Design Committee with 
improving the overall design for machinery. The State of the Art 
and Applications Committee is charged with appraising and keeping 
abreast of the literature on mechanical failures, and also determines 
those applications where problems are severe enough to justify at­
tention of the steering committee. In this regard it can be realized that 
the subject of mechanical failures is very broad and much work has al­
ready been accomplished. Certain technical areas have advanced or 
are advancing at a sufficiently rapid rate so that little attention is needed. 
Other fields are making very little prow·ess and are a limiting item in 
design. The committee will direct its activities to lagging areas. Ini­
tially the committee is investigating main power sources and auxiliary 
items. Those systems, components and failure mechanisms presently 
under consideration by the committee are listed in Table Ill. The 
subject of failure is limited by the criticalness of the application. At­
tention is primarily being directed at those applications where a failure 
could mean loss of life or a loss of mission. 

A member of a technical committee is a scientist or engineer who is 
directly engaged in research or development within the indicated tech­
nical area. These committees meet several times a year for small round­
table discussions on current activities, problems and solutions. These 
meetings are essentially a forum for technical discussions where ideas 
can be interchanged informally. Once a year each committee reports 
its progress to a larger audience in an open meeting. Technical papers 
on the subject are presented as well as the committee reports. 

The secretary coordinates the work of the technical committee~ by 
providing logistic support including arranging meetings, and pre­
paring and distributing minutes and reports. The associates are those 
people interested in the objectives of the group who wish to attend 
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Table III

Technical Areas of Consideration

Systems

Components

Mechanisms

Gas Turbines

Valves

Buckling

Steam Turbines

Structures

Creep

Gasoline Engines

Pressure Vessels

Shock

Diesel Engine

Blades

Fatigue

Compressors

Shafts

Fracture

Pumps

Sliding Bearings

Friction and Wear

Heal Exchanger

Gears

Lubrication

Cams

Stress Corrosion

Couplings

Seals

Rolling Elements

Pistons

the meetings and keep abreast of developments. The MFWG is sup-

porting a number of programs in the mechanical failures area. These

are described in the following section.

CURRENT WORK TASKS OF THE MFWG

The following are the work tasks which are currently being investi-

gated.

TASK TITLE: Mechanical Failure Technology Bibliography

TASK DESCRIPTION: The task is to conduct a literature search

covering a period of five years (1962-1966) concerning all aspects

of mechanical failure technology. From the search, those reports

deemed pertinent will be categorized, indexed, and abstracted.

Subsequent phases of the basic contract will call for a yearly up-

dating of the Mechanical Failures Bibliography through 1970.

TASK TITLE: Shipboard Failure Detection

TASK DESCRIPTION: The objective of this work is to demonstrate

that sensors and techniques for their use can be developed to detect

very early or incipient faults before failures progress to the point

where they degrade system performance before they are recognized.

The work will include:

• Development of test data collection requirements and procedures;

• Data collection;

• Malfunction classification;
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TABLE III 
TECHSICAL AREAS OF CONSIDERATION 

Systems Components ~I echanisms 

Gas Turbines Valves Buckling 

Steam Turbines Structures Creep 
Gasoline Engines Pressure Vessels Shock 

Diesel Engine Blades Fatigue 

Corn pressors Shafo1 Fracture 

Pumps Sliding Bearings Friction and Wear 

Ht>at Exchanger Gears Lubrication 

Cams Stress Corrosion 

Couplings 

Seals 

Rolling Elements 

Pistons 

the meetings and keep abreast of developments. The MFWG is sup­
(X>rting a number of programs in the mechanical failures area. These 
are described in the following section. 

CURRENT WORK TASKS OF THE MFWG 

The following are the work tasks which are currently being investi­
~ated. 

TASK TITLE: \lechanical Failure Technology Bibliography 

TASK DF.SCRIPTION: The task is to conduct a literature search 
covering- a period of five years ( 1962-1966) concerning all aspects 
of mechanical failure technology. From the search, those reports 
deemed pertinent will be categorized, indexed, and abstracted. 
Subsequent phases of the basic contract will call for a yearly up­
dating of the \lechanical Failures Bibliography through 1970. 

TASK TITLE: Shipboard Failure Detection 

TASK DF.SCRIPTION: The objective of this work is to demonstrate 
that sensors and techniques for their use can be developed to detect 
,c:rv early or incipient faults before failures progress to the point 
where they degrade system performance before they are recognized. 
The work will include: 

• Development of test data collection requirements and procedures; 
• Data collection; 
• Malfunction classification; 
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• Data analysis for malfunction detection and assessment of failure

prediction capabilities using "Frequency of Binary Word" or other

appropriate techniques.

TASK TITLE: Mechanical Failure Detection

TASK DESCRIPTION: By analysis and experiment, correlate the

wear of spur gears with the noise and vibration which they produce.

Design and construct a preliminary model of a detector which

will provide an indication of the severity of wear of the gears and

which will signal when wear has proceeded to the point where a

failure can be anticipated. The design will be based on:

• The results of data analysis and comparison using the techniques

recently developed and

• Correlating information on internal gear mechanics.

Test the effectiveness of the detector by laboratory experiments

and make refinements and improvements as indicated.

TASK TITLE: Material Failure Mechanism

TASK DESCRIPTION: This is a study of fundamental failure

mechanisms in metals focused on the metallurgical investigation

of the rolling contact fatigue occurring in roller and ball bearings.

The work will include:

• Electron and optical microscopic study of fatigue damage sur-

rounding flaked areas in failed bearing parts which have been

operated under controlled conditions;

• Ultrasonic detection and analysis of incipient failures;

• Investigation of mechanism of stressed induced transformations.

TASK TITLE: Failure Indicator Systems

TASK DESCRIPTION: Perform studies aimed at obtaining a op-

tical laser failure indicator and predictor system. Utilize the bearing

noise signature of good bearings. Develop an optical laser spectrum

of these bearings. A hypothetical bearing noise (failure) will be added

to the signal and the difficulty in recovering it will be analyzed (in-

cluding the problem of optical filters). Optical means of getting the

frequency spectrum, signal filtering, and cross correlation, and

the basic requirements on the length of sample and frequency reso-

lution will be investigated. Finally, the advantages and disadvantages

of doing this optically versus digitally will be discussed, as well as

means of implementing this system.

TASK TITLE: Component Failure and Detection

TASK DESCRIPTION: A component wear failure analysis will

develop the following items:
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• Data analvsis for malfunction detection and assessment of failun· 
' prediction capabilities using "Frequency of Binary Word" or other 

appropriate techniques. 

TASK TITLE: l\1echanical Failure Detection 

TASK DESCRIPTION: By analysis and experiment, correlate the 
wear of spur gears with the noise and vibration which they produce. 

Design and construct a preliminary model of a detector which 
will provide an indication of the severity of wear of the gears and 
which will signal when wear has proceeded to the point wher·e ;:i 

failure can he anticipated. The design will be based on: 

• The results of data analysis and comparison using the techniques 
recently developed and 

• Correlating information on internal gear mechanics. 

Test the effectiveness of the detector by laboratory expe1·irne111s 
and make refinements and improvements as indicated. 

TASK TITLE: \faterial Failure Mechanism 

TASK DESCRIPTION: This is a study of fundamental failure 
mechanisms in metals focused on the metallurgical investig-,Hion 
of the rolling conta(·t fatigue occurring in roller and ball bearin~r-s. 
The work will inducle: 

• Electron and optical microscopic study of fatigue damag-e sur­
rounding flaked areas in failed bearing pans which ha\·e been 
operated under controlled conditions; 

• Ultrasonic detection and analysis of incipient failures: 
• lmestigation of mechanism of stressed induced transformation-.. 

TASK TITLE: Failure Indicator S\·stems 

TASK DESCRIPTION: Perform studies aimed at obtaining a op­
tical laser failure indicator and predictor system. Utilize the bear·in~ 
noise signature of good hearings. Develop an optical laser spenrurn 
of these bearings . .-\ hypothetical bearing noise (failure) will be added 
to the signal and the diflin1h y in reco\'t'ring it will be analyzed ( in­
duding the problem of optical filters). Optical means of g-etting tht.' 
frcquenn spectrum, signal filtering. and cross correlation. and 
the basic 1-cquirements on the length of sample and frequency reso­
lution will he inn·stigated. Finally, the ach-antages and disad\'ant~1gc" 
of doing this optically versw digitally will be discussed, as well ~1" 

means of implementing this S\'stem. 

TASK TITLE: Component Failure and Detection 

TASK DESCRIPTION: A component we,1r faihll"e analvsis ,, i II 
de\'elop the following items: 
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• Definition of failure in the component;

• Description of processes which lead to failure;

• Outline of measurements which must be taken to detect this

failure;

• The accuracy and time scale of the measurements;

• Means by which these failures may be avoided for contacts, brakes,

clutches and piston rings.

Based on these results, instrumentation will be developed which

will detect the major failure processes. This instrumentation will

subsequently be breadboarded and evaluated.

TASK TITLE: Material Failure Phenomena

TASK DESCRIPTION: The objective is to study the phenomena

which occur when individual peaks of a metal surface undergo con-

tact. The investigation covers kinematic, dynamic and thermal as-

pects of the contact occurrence in regard to lubricant film, geometry,

forces, motions, wear and heat generation. This study of elemental

contact occurrences and effects in rolling and sliding will include:

• Development of the method of testing and the development and

modification of testing equipment;

• Experimental studies of contact occurrences in time, friction and

temperature analysis, other parameters and correlation with sur-

face geometry;

• Analysis of the parameters such as forces, stresses and tempera-

tures with an interpretation of the data and phenomena explain-

ing the relationship of these parameters.

TASK TITLE: Prediction of Catastrophic Failure of Naval Aircraft

TASK DESCRIPTION: Critically examine the accumulated data

currently available within the spectrometric oil analyses program

sponsored by the Naval Air Systems Command. This program con-

sists of periodically sampling the oil from virtually all operational

aircraft and analyzing it for metallic content on a spectrometer.

For one aircraft type, evolve an analytic model for predicting in

advance the occurrence of catastrophic failures by means of multiple

regression techniques.

TASK TITLE: Photo Extraction Techniques

TASK DESCRIPTION: Improve the detectability of defects in many

materials which are presently difficult to evaluate non-destructively.

Since basic radiography, as well as photographic extraction tech-

niques are well within the state-of-the-art, emphasis is to be placed

on the optimization for each type of material with its peculiar defects.

The expected outcome of this effort is a set of firm recommendations
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• Definition of failure in the component; 
• Description of processes which lead to failure; 
• Outline of measurements which must be taken to detect this 

failure; 
• The accuracy and time scale of the measurements; 
• Means by which these failures may be avoided for contacts, brakt:s, 

clutches and piston rings. 

Based on these results, instrumentation will be developed which 
will detect the major failure processes. This instrumentation will 
subsequently be bre,1dboarded and evaluated. 

TASK TITLE: Material Failure Phenomena 

TASK DESCRIPTION: The objective is to study the phenomena 
which occur when individual peaks of a metal surface undergo con­
tact. The investigation covers kinematic, dynamic and thermal as­
pects of the contact occurre11ce in regard to lubricant film, geometry, 
forces, motions, wear and heat generation. This study of elemental 
contact occurrences and effects in rolling and sliding will include: 

• 0e\'elopment of the method of testing and the development and 
modification of testing equipment; 

• Experimental studies of contact occurrences in time, friction and 
temperature analysis, other parameters and correlation with sur­
face geometry; 

• Analysis of the parameters such as forces, stresses and tempera­
tures with an interpretation of the data and phenomena explain­
ing the relationship of these parameters. 

TASK TITLE: Prediction of Catastrophic Failure of Naval Aircraft 

TASK DESCRIPTION: Critically examine the accumulated data 
currently available within the spectrometric oil analyses program 
sponsored by the Naval Air Systems Command. This program con­
sists of periodically sampling the oil from virtually all operational 
aircraft and analyzing it for metallic content on a spectrometer. 
For one aircraft type, evolve ar. analytic model for predicting in 
advance the occurrence of catastrophic failures by means of multiple 
regression techniques. 

TASK TITLE: Photo Extraction Techniques 

TASK DESCRIPTION: Improve the detectability of defects in many 
materials which are presently difficult to evalua~e non-destructively. 
Since basic radiography, as well as photographic extraction tech­
niques are well within the state-of-the-art, emphasis is to be placed 
on the optimization for each type of material with its peculiar defects. 
The expected outcome of this effort is a set of firm recommendations 
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for radiographic exposure, photo-processing and extraction pro-

grams, suitable for adaption as a recommended test procedure.

SUMMARY

Considerable improvements can be made to reduce mechanical

failures in service. To accomplish this, detailed studies of the mechani-

cal failure processes in components are needed. From these studies

improvements will result in design criteria and in instrumentation to

detect incipient failure or malfunctions. A mechanical failures working

group sponsored by the Office of Naval Research has been formed

to investigate this area of activity and to conduct programs to reduce

the incidence of mechanical failures in service.

The Mathematical Sciences: A Report

Even though mathematics is a vital part of engineering and physics, many layman

think of higher mathematics as a research field which is of interest only to mathematics

professors. Today, thanks in pari lo the versatility of modern high-speed computers,

the mathematization of science is extending into what the National Academy of Sciences

refers to as "the mathemati/ation of culture." In a three-volume publication. The Mathe-

matical Sciences: A Report, the National Academy describes the wide range of human

endeavors and national goals which relv upon mathematical science and which are now

developing mathematical power to and bevond its present resources. Some of the new

mathematical applications which appear in economics, business management, medical

research, military logistics, and operations planning, (all upon fields ol mathematics which

were formerly underdeveloped both in application and research interest.

In addition to an analysis of the role of mathematics in the national scientific context,

the National Academy Report presents in detail the problems of undergraduate education

in the mathematical sciences and makes 22 recommendations to educators and federal

science administrators for improving mathematics departments. The recommendations

acknowledge three essential goals for mathematical education:

• To train the needed numbers of mathematicians lor specialized research, application,

and teaching.

• To provide the mathematical background for those students destined to be scientists

and engineers

• To raise the general level of mathematical interest and knowledge among the future

leaders of the coming generation who will be confronted with management problems

presented to them by computers and consultants using mathematical arguments for

decision choices.

The relevence of these goals to the training of Naval Officers gives this report a special

interest to the Naval Academy and the Naval Postgraduate School.

The book may be purchased through the National Academy of Sciences, 2101 Constitu-

tion Avenue, N.W., Washington, D.C 20418 for $6.00. It contains 256 pages.
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for radiographic exposure, photo-processing and extraction pro­
grams, suitable for adaption as a ren>mmended test procedure. 

SUMMARY 

Considerable improvements can be made to reduce mechanical 
failures in service. To accomplish this, detailed studies of the mechani­
cal failure processes in components are needed. From these studies 
improvements will result in design criteria and in instrumentation to 
detect incipient failure or malfunctions. A mechanical failures working 
group sponsored by the Office of ~aval Research has been formed 
to investigate this area of activity and to conduct programs to reduce 
the incidence of mechanical failures in service. 

The Mathematical Sciences: A Report 

Even though mathematics is a vital part of en1-,r-inee1ing and phvsics. manv lavman 
think of higher mathematics as a research field which is of intereq onh to mathematic~ 
professors. Today, thanks in part to 1he n·rsatilitv of modern high-spt-ed fomp111e1·.,, 
the mathematization of science is extending in10 what the National Ac1denl\ of Sciences 
refers to as "the mathematiLation of (uhurc." In a three-volume puhlication, The ,\lathe­
malical Scinu:es: ,-I Rrport, the '.',;ational .-kade,m desnihes the wide range of human 
endea\'ors and national goals which relv upon mathematictl science and which are now 
developing mathematical power to and bcvond its pr<'scnt resm11-ce,. Some of the ne\\ 
mathematical applic·ations which appear in economics. husincss ma11ageme111. medical 
research, military logistics, and operations planning, ( all upon fields of m,11hemati(s which 
were formerly underdeveloped both in applic.11ion and reseanh intercsl. 

In addition to an analysis of the role .,f mallic-lllat1ts in the nation.ii snentific co1llex1. 
the '\at ion al Academy Report presenls in de1ail the rm1hlems of undergr;1du;1t<' educ;11ion 
in the mathematical sciences and makes 22 rt·commendatiom to t'ducators and federal 
science administrators for imprm·ing ma1hematics departments. The lt'<ommcndations 
acknowledge three essential goals for 111athcmatic1I education: 

• To train the needed numlx:rs of matht'matitia11s for spt·ri;tlill·d rese.1nh. applic.itio11. 
;mrl teaching. 

• To prm·idc the mathematical backgTouml for those students des ti nt'd to ht, s1 il'Tllist.s 
and en1-,r-i nee rs 

• To raise the gennal lt'\el cf 111,1them;1tical inten·st and knowledge .1111ong the future 
le;1ders of the coming g<'neration who will be conlrontt·d wi1h m;111;1gemt·nt prohkllls 
presented to them lw COlll(Hllt'rS and consultants using mathe111a11< ;ii arg11rne111s 101 
decision t hoin·s. 

The rclevence of these goals to the training of 'l:;l\·al Othcers gi,-es 1his rq)()rl a speci;1I 
interest to the Naval Arademv and the Naval Postgr;1duate Si: hool. 

The book mav be purchased through the '.\ational .-\cadem, of Stiemc,. 2101 C:onstitu-
1ion Avenue, l\.W., Washing-ton, D.C:. 20418 for Sti.00. It 1rn11ai11s '.!:1ti pages. 

22 

Digitized by Go gle Origiflal from 

UNIVERSITY OF MICHIGAN 



Navy THEMIS Program

The Office of Naval Research has awarded contracts, amounting

to thousands of dollars, to 16 previously selected universities to carry

out the Navy portion of the Defense Department's THEMIS project.

Project THEMIS was initiated in 1967 in a DOD effort to develop

new scientific centers of research at academic institutions in response

to long range scientific and technological requirements of the nation.

The project has two complementary objectives:

• The development of new science-oriented centers capable of

contributing basic knowledge towards the solution of important

defense problems of the future; and

• Stimulate research programs at universities which have not pre-

viously participated to a significant extent in defense research

programs. All of the research programs are unclassified and are

monitored by either the Navy, Army, Air Force or the Advanced

Research Projects Agency.

The contracts awarded by ONR represents the first installment of

funds for what are intended to be long-range research programs at

the universities that will perhaps continue for several years. In 1967

there were 50 proposals accepted for research study with 16 of these

going to the Navy, the same number as sponsored by the Navy this

year. Contracts issued to the universities last year have all been renewed

for continued investigations of their specific technology and science

projects. New programs to other universities will be started in successive

fiscal years.

The university proposals selected for Navy sponsorship in 1968, the

annual funds allotted to them, and a brief description of the research

to be conducted are listed below:

Catholic University of America ($394,000)

This university has been awarded contracts for two separate pro-

grams. One program funded at $201,000 will investigate cable systems

employed between a vehicle to be moved and a powered vehicle as

associated with naval and other applications. The objective of this

program is to develop a body of knowledge applicable to the use of

table systems in deep-sea operations such as rescue, salvage, mooring,

lowing, sonar deployment, communications and ocean science.

The second program, funded this fiscal year at $193,000, will be

concerned with the structure and time-dependent properties of glassy
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Navy THEMIS Program 

The Office of Naval Research has awarded concracts, amounting 
lo thousands of dollars, to 16 previously selected universities to carry 
ou1 1he Navy portion of the Defense Department's THEMIS projecl. 

Project THEl\11S was initiated in 1967 in a DOD effort to develop 
new scientific centers of research at academic institutions in response 
lo long range scientific and technological requirements of the nation. 

The project has two complementary objectives: 

• The development of new science-oriented centers capable of 
contributing basic knowledge towards the solution of important 
defense problems of the future; and 

• Stimulate research programs at universities which have not pre­
viously participated to a significant extent in defense research 
programs. All of the research programs are unclassified and are 
monitored by either the Navy, Army, Air Force or the Advanced 
Research Projects Agency. 

The contracts awarded by ONR represents the first installment of 
funds for what are intended to be long-range research programs at 
the universities that will perhaps continue for several years. In 1967 
there were 50 proposals accepted for research study with 16 of these 
going to the Navy, the same number as sponsored by the Navy this 
\ear. Contracts issued to the universities last year have all been renewed 
for continued investigations of their specific technology and science 
projects. New programs to other universities will be started in successive 
fiscal vears. 

The university proposals selected for Navy sponsorship in 1968, the 
annual funds allotted to them, and a brief description of the research 
to be conducted are listed below: 

Calholic University of America ($394,000) 

This university has been awarded contracts for two separate pro­
grams. One program funded at $201,000 will investigate cable systems 
employed between a vehicle to be moved and a powered vehicle as 
associated with naval and other applications. The objective of this 
program is to develop a body of knowledge applicable to the use of 
(able systems in deep-sea operations such as rescue, salvage, mooring, 
towing, sonar deployment, communications and ocean science. 

The second program, funded this fiscal year at $193,000, will be 
concerned with the structure and time-dependent properties of glassy 
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materials and glass-forming liquids. Applications of these materials

are essential to infrared transmitting glasses for high temperatures,

deep submergence structures, aircraft windshields and laser glass

with low scattering lasers.

Colorado State University ($465,000)

The Colorado University has also been awarded two contracts. An

annual award of $215,000 is projected toward a comparison study of

atmospheric lower winds over a variety of terrain conditions to those

generated in laboratories for a similarity criteria. Favorable results

will bear directly in problems involving the diffusion rates of radioactive

chemical and biological agents, the dispersion of low flight-path missiles,

local weather modifications, short wave length electromagnetic trans-

mission as well as VTOL and STOL aircraft.

The second Colorado University study under a contract of $250,000

will be conducted in a field experiment in eastern Venezuela to obtain

data on tropic weather since it presents problems different from that

of temperate zones. An extensive meteorological-hydrological network,

already existing in this region, will be used in an attempt to formulate

weather forecasting rules and techniques in tropical climates. Special

emphasis will be aimed at developing capabilities to forecast stream

runoff and soil trafficability in the tropics. Knowledge of tropical

weather conditions is vital to tropical naval operations.

Flordia State University ($230,000)

This program is aimed at research to advance the state-of-the-art

in educational technology with the help of computer-assisted instruc-

tion. The main emphasis in the study will be an investigations of teach-

ing strategies to optimize learning in the context of computer based or

computer-managed systems. Navy training systems require advances

and innovations in educational technology which will increase the

efficiency of training.

University of Iowa ($200,000)

The object of this research program is to apply the theoretical

principles and techniques of mathematics, linguistics, computer science,

and engineering to the problems of automata theorv. These efforts

will supplement and support the existing Navv program in mathematical

automata theory and linguistics directed toward significant naval

applications in intelligence, command and control, and man-machine

interaction.
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materials and glass-forming liquids. Applications of these materials 
are essential to infrared transmitting glasses for high temperatures, 
deep submergence structures, aircraft windshields and laser glass 
with low scattering lasers. 

Colorado State University ($465,000) 

The Colorado University has also been awarded two contracts. An 
annual award of $215,000 is projected toward a comparison study of 
atmospheric lower winds over a variety of terrain conditions to those 
generated in laboratories for a similarity criteria. Favorable results 
will bear directly in problems involving the diffusion rates of radioactive 
chemical and biological agents, the dispersion of low Hight-path missiles, 
local weather modifications, short wave length electromagnetic trans­
mission as well as VTOL and STOL aircraft. 

The second Colorado University study under a contract of $250,000 
will be conducted in a field experiment in eastern Venezuela to obtain 
data on tropic weather since it presents problems different from that 
of temperate zones. An extensive meteorological-hydrological network, 
already existing in this region, will be used in an attempt to formulate 
weather forecasting rules and techniques in tropical climates. Special 
emphasis will be aimed at developing capabilities to forecast stream 
runoff and soil trafficability in the tropics. Knowledge of tropical 
weather conditions is vital to tropical naval operations. 

Flordia State University ($230,000) 

This program is aimed at research to advance the state-of-the-art 
in educational technology with the help of computer-assisted instruc­
tion. The main emphasis in the study will be an investigations of teach­
ing strategies to optimize learning in the context of computer based or 
computer-managed systems. Navy training systems require advances 
and innovations in educational technology which will increase the 
efficiency of training. 

University of Iowa ($200,000) 

The object of this research program is to apply the theoretical 
principles and techniques of mathematics, linguistics, computer science, 
and engineering to the problems of automata theory. These efforts 
will supplement and support the existing Navy program in mathematical 
automata theory and linguistics directed toward significant naval 
applications in intelligence, command and control, and man-machine 
interaction. 
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Jefferson Medical College ($195,000)

Efforts will be made in this study to seek factors involved in the

development of acute diarrheal disease with emphasis toward finding

reasons why some individuals develop acute symptons while others do

not when both are exposed to similar conditions.

The disease is a major cause of disability in military medicine and

is prevalent in Marine Corps troops in Vietnam. Results of this in-

vestigation could lead to the development of preventive measures

for the diarrheal state that often cripples naval operations where

the disease persists.

Kansas State University ($288,000)

This is an investigation into the effects of nuclear or cosmic radiation

on electronic materials, components, and devices. Theoretical models

of electronic equipment will be used for the prediction of radiation-

induced effects in these materials with an attempt to develop radiation

resistant devices. Improved radiation-resistant components are required

for the fleet, reactor control systems and satellites.

Lehigh University ($200,000)

Efforts will be applied under this contract to establish a quantitative

understanding of the factors which influence recurring fatigue of

materials and structures at welded joints. A knowledge of the causes of

the fatigue behavior of joined structures, based on theoretical analysis

and experimental observations, could aid design procedures prior to

developments. The problem is revelant to a wide variety of naval

structural applications.

University of Missouri ($200,000)

This program is directed toward a study of the cluster, growth and

evaluation processes of liquid water drops, such as would occur in

clouds. The detailed studies are aimed at the formulation of quantita-

tive laws of these processes that could lead to the creation of a support-

ing technology for weather modification and forecasting cloud pro-

cesses.

University of North Dakota ($263,000)

The contractor in this proposal will design, construct, and operate

a unique high pressure facility for studying the effects of prolonged
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jtjfmon Medical College ($195,000) 

Efforts will be made in this study to seek factors involved in the 
development of acute diarrheal disease with emphasis toward finding 
reasons why some individuals develop acute symptons while others do 
not when both are exposed to similar conditions. 

The disease is a major cause of disability in military medicine and 
is prevalent in Marine Corps troops in Vietnam. Results of this in­
\estigation could lead to the development of preventive measures 
for the diarrheal state that often cripples naval operations where 
the disease persists. 

Kansas State University ($288,000) 

This is an investigation into the effects of nuclear or cosmic radiation 
on electronic materials, components, and devices. Theoretical models 
of electronic equipment will be used for the prediction of radiation­
induced effects in these materials with an attempt to develop radiation 
resistant devices. Improved radiation-resistant components are required 
for the fleet, reacLOr control systems and satellites. 

uhigh University ($200,000) 

Efforts will be applied under this contract to establish a quantitative 
understanding of the factors which influence recurring fatigue of 
materials and structures at welded joints. A knowledge of the causes of 
the fatigue behavior of joined structures, based on theoretical analysis 
and experimental observations, could aid design procedures prior to 
developments. The problem is revelant to a wide variety of naval 
structural applications. 

University of Missouri ($200,000) 

This program is directed toward a study of the cluster, growth and 
evaluation processes of liquid water drops, such as would occur in 
douds. The detailed studies are aimed at the formulation of quantita­
tive laws of these processes that could lead to the creation of a support­
ing technology for weather modification and forecasting cloud pro­
cesses. 

L'ni1iersity of North Dalcota ($263,000) 

The contractor in this proposal will design, construct, and operate 
a umque high pressure facility for studying the effects of prolonged 
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exposure of animals in controlled hyperbaric environments. The main

goal of this program is to achieve a recognized capability in the area

of high pressure research as it relates to long term saturation exposures

of animals to simulated deep submergence conditions. A comprehensive

knowledge of animals to high pressure conditions is important to the

Navy's Man-in-the-Sea program.

University of Oklahoma Medical Center ($202,500)

Research in this program will be directed toward employing an

approach to uncover the physiological mechanism involved in shock.

Particular attention will be paid to the role of the lung in contributing

to the high morality rate of persons in the state of shock. Results from

these investigations could lead to the development of suitable therapy

for shock patients.

Renesselaer Polytechnic Institute ($202,500)

Experimental and theoretical research on radiation effects in gases,

liquids, metals, and semi-conductor materials will be used for develop-

ing radiation detection devices and materials for use in intense radia-

tion environments. Improved radiation resistant devices are required

for the fleet, nuclear reactors, and for satellite systems.

Rice University ($ 175,000)

This program is slated for a study of the generation and detection of

coherent and incoherent electromagnetic waves. A better understand-

ing of x-ray optics, gamma-ray optics, and electromagnetic radiation

would pave the way for improvement in navigational devices, low-light

level and infra-red sensors as well as naval communications.

Southern Methodist University ($251,000)

The contractor is developing statistical procedures under this pro-

gram for the calibration and interpretation of signals from information

processing systems which have associated instrumentation errors.

The contractor will take the Navy relevant problem of underwater

acoustic detection as a point of departure to suggest areas needing

theoretical and practical attention. The procedures that are developed,

however, would improve information processing systems and have

many applications to other problems.

West Virginia University ($208,000)

The objective of this research is to develop a body of knowledge in

vertical and short takeoff aircraft aerodynamics for typically Navy
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exposure of animals in controlled hyperbaric environments. The main 
goal of this program is to achieve a recognized capability in the area 
of high pressure research as it relates to long term saturation exposures 
of animals to simulated deep submergence conditions. A comprehensive 
knowledge of animals to high pressure conditions is important to the 
Navy's Man-in-the-Sea program. 

University of Oklahoma Medical Center ($202,500) 

Research in this program will be directed toward employing an 
approach to uncover the physiological mechanism involved in shock. 
Particular attention will be paid to the role of the lung in contributing 
to the high morality rate of persons in the state of shock. Results from 
these investigations could lead to the development of suitable therapy 
for shock patients. • 

Renesselan- Polytechnic Institute ($202,500) 

Experimental and theoretical research on radiation effects in gases, 
liquids, metals, and semi-conductor materials will be used for develop­
ing radiation detection devices and materials for use in intense radia­
tion environments. Improved radiation resistant devices are required 
for the fleet, nuclear reactors, and for satellite systems. 

Rice University ($175,000) 

This program is slated for a study of the generation and detection of 
coherent and incoherent electromagnetic waves. A better understand­
ing of x-ray optics, gamma-ray optics, and electromagnetic radiation 
would pave the way for improvement in navigational devices, low-light 
level and infra-red sensors as well as naval communications. 

Southern Methodist University ($251,000) 

The contractor is developing statistical procedures under this pro­
gram for the calibration and interpretation of signals from information 
processing systems which have associated instrumentation errors. 
The contractor will take the Navy relevant problem of underwater 
acoustic detection as a point of departure to suggest areas needing 
theoretical and. practical attention. The procedures that are developed. 
however, would improve information processing systems and have 
many applications to other problems. 

West Virginia University ($208,000) 

The objective of this research is to develop a body of knowledge in 
vertical and short takeoff aircraft aerodynamics for typically Navy 

26 
Digitized by Go gle Origifli:11 from 

UNIVERSITY OF MICHIGAN 



operating conditions and environments. Information from this research

is vital to the current interest of the Navy in developing a vertical

takeoff aircraft that could be used in a variety of air/sea operations.

New Minisubs Launched

Mrs. Thomas B. Owen, wife of RADM Thomas B. Owen, Chief of Naval Research,

sponsored one of a pair of deep-diving research submarines at a ceremony held at the

Electric Boat Division of General Dynamics, Groton, Connecticut. Previously known as

ALTEC I and AUTEC II, the submarines were renamed Sea Cliff and Turtle. Mrs. Owen

christened Sea Cliff; Mrs. Edward J. Fahy, wife of RADM Edward J. Fahy, Commander

Naval Ship Systems Command, christened Turtle.

The two 20-ton, 26-foot-long submarines are equipped with two elaborate manipulating

arms designed to duplicate the motions of the human arm and wrist; they are capable

of lifting 100 pounds at full reach. The submarines are equipped with emergency escape

svstems.

Turtle will maintain the underwater components of the AUTEC Range in the Bahamas.

She will inspect the miles of cable in depths down to 6500 feet, her test depth. Her two

manipulating arms will retrieve and repair the numerous sophisticated instruments, and

she will be prepared to recover ship equipment which might be lost on the advance

ALTEC Range. Sea Cliff, who will be assigned to the Woods Hole Oceanographic Institu-

tion, under contract with the Office of Naval Research, will transport geologists and

geophysicists investigating the deep scattering layers of the ocean floor.
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operating conditions and environments. Information from this research 
is vital to the current interest of the Navy in developing a vertical 
takeoff aircraft that could be used in a variety of air/sea operations. 

New Minisubs Launched 

Mrs. Thomas 8. Owen, wife of RADM Thomas 8. Owen, Chief of aval Research, 
sponsored one of a pair of deep-diving research submarines al a ceremony held at the 
Electric Boat Division of General Dynamics, Groton, Connecticut. Previously known as 
AUTEC I and AUTEC II, the submarines were renamed Sea Cliff and Turtle. Mrs. Owen 
christened Sea Cliff; Mrs. Edward J. Fahy, wife of RADM Edward J. Fahy, Commander 
Naval Ship Systems Command, christened Turtle. 

The two 20-ton, 26-foot-long submarines are equipped with two elaborate manipulating 
arms designed to duplicate the motions of the human arm and wrist; they are capable 
of lifting 100 pounds at full reach. The submarines are equipped with emergency escape 
s> terns. 

Tunle will maintain the underwater components of the AUTEC Range in the Bahamas. 
She will inspect the miles of cable in depths down to 6500 feel, her test depth. Her two 
manipulating arms wiJI retrieve and repair the numerous sophisticated instruments, and 
she will be prepared to recover ship equipment which might be lost on the advance 
AL'TEC Range. Sea Cliff, who will be assigned lo the Woods Hole Oceanographic I nstitu­
tion, under contract with the Office of Naval Research, will transport geologists and 
geoph}'-sicists investigating the deep scattering layers of the ocean floor. 
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Down to the Seas in Concrete

Dr. Ralph A. Burton

Office of Naval Research

London

If one tends to visualize a concrete boat as something like a floating basement,

it may be a surprise to know that trim and graceful craft can be made of concrete

no more than 5/8 inch thick. If one has ever had a basement that cracked and

leaked, he would examine a concrete boat warily and would find his credulity

strained by the fact that the concrete boats are both watertight and damage

resistant. Nevertheless, this is what one finds at the Windboats Construction

yards, Wroxham, Norfolk, England.

Concrete as a construction material for boats was adopted by the Windboats

Shipyard in 1959 when a civil engineer recommended that they build such a

boat as an experiment. Following considerable development, both in concrete

mix and in constructional methods, the company made several launches which

could be hired out for use by vacationers. Such launches are subject to consider-

able abuse in the hands of amateur pilots and normally need major repairs at

the end of a holiday season. Much to the surprise of the manufactures the

contract launches were found to be intact, and capable of being left in the

water until the next season came around. Further development led to the

construction of more ambitious sizes of boat, and the firm now manufactures

a trawler of 47-foot length and 13-1/2 foot beam. Such boats are ordered

primarily for use off the coast of Africa, the Solomon Islands, and other such

places where wooden boats have very short life, and where metal boats require

more maintenance than the owners wish to give them.

The boat yard in England has built over 160 different boats, and presently

turns out a fresh hull every five days. Interest in the boats has developed over

the past year and licensees are being set up throughout the world. Mr. T. M.

Hagenbach, owner of the boat yard, expects that, ultimately, his yard will only

be concerned with research and development of pilot models for new applica-

tions. Presumably the experience so obtained would be transmitted to the

licensees, and the main construction efforts would be carried out by these. He

cites an advantage of the technique in that very little plant investment is re-

quired, and that only a reasonable level of skill is required of the construction

crew. He said that garage mechanics or others who had a basic facility for use

of their hands could be trained to manufacture concrete boats in only a few

weeks.

Hagenbach points out that many kinds of concrete boats have been attempted

in the past. Indeed, he notes that a ferro-cement boat was built by a man named

Lambot in France over 120 years ago. The boat, only 3.6 meters long and 1.35

meters across the beam, is in the museum at Brignoles, France. The shell is

approximately 35 millimeters thick (much thicker than a comparable boat

would be under present design techniques) and is said to be in good condition,

still. Similarly, Prof. T. L. Nerzi of Rome has used the technique in the con-

struction of a dozen boats, principally to demonstrate that the material is

suitable for the purpose. Concrete barges left over from WWII may still be seen
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Down to the Seas in Concrete 

Dr. Ralph A. Burton 
Office of Naval Research 

London 

If one tends to visualize a concrete boat as something like a floating basement, 
it may be a surprise to know that trim and graceful craft can be made of concrete 
no more than 5/8 inch thick. If one has ever had a basement that cracked and 
leaked, he would examine a concrete boat warily and would find his credulity 
strained by the fact that the concrete boats are both watertight and damage 
resistant. Nevertheless, this is what one finds at the Windboats Construction 
yards, Wroxham, Norfolk, England. 

Concrete as a construction material for boats was adopted by the Windboats 
Shipyard in 1959 when a civil engineer recommended that they build such a 
boat as an experiment. Following considerable development, both in concrete 
mix and in constructional methods, the company made several launches which 
could be hired out for use by vacationers. Such launches are subject to consider­
able abuse in the hands of amateur pilots and normally need major repairs at 
the end of a holiday season. Much to the surprise of the manufactures the 
contract launches were found to be intact, and capable of being left in the 
water until the next season came around. Further development led to the 
construction of more ambitious sizes of boat, and the firm now manufactures 
a trawler of 4 7-foot length and 13-1 /2 foot beam. Such boats are ordered 
primarily for use off the coast of Africa, the Solomon Islands, and other such 
places where wooden boats have very short life, and where metal boats require 
more maintenance than the owners wish to give them. 

The boat yard in England has built over 160 different boats, and presently 
turns out a fresh hull every five days. Interest in the boats has developed over 
the past year and licensees are being set up throughout the world. Mr. T. M. 
Hagenbach, owner of the boat yard, expects that, ultimately, his yard will only 
be concerned with research and development of pilot models for new applica­
tions. Presumably the experience so obtained would be transmitted to the 
licensees, and the main construction efforts would be carried out by these. He 
cites an advantage of -the technique in that very little plant investment is re­
quired, and that only a reasonable level of skill is required of the construction 
crew. He said that garage mechanics or others who had a basic facility for use 
of their hands could be trained to manufacture concrete boats in only a few 
weeks. 

Hagenbach points out that many kinds of concrete boats have been attempted 
in the past. Indeed, he notes that a ferro-cement boat was built by a man named 
Lambot in France over 120 years ago. The boat, only 3.6 meters long and 1.35 
meters across. the beam, is in the museum at Brignoles, France. The shell is 
approximately 35 millimeters thick (much thicker than a comparable boat 
would be under present design techniques) and is said to be in good condition, 
still. Similarly, Prof. T. L. Nerzi of Rome has used the technique in the con­
struction of a dozen boats, principally to demonstrate that the material is 
suitable for the purpose. Concrete barges left over from WWII may still be seen 
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floating on the Thames. This background and the fact that amateurs can build

a passible hull from ordinary cement seems to confuse the issue as to what

Windboats have accomplished. The answer is that they have brought the

technology to the point where the material is competitive and attractive for

many applications. Hagenbach notes that 75 percent of their knowledge is

in the form of things not to do.

The actual construction of the hulls is done in secrecy in large hangar-like

buildings, and the outfitting is done by conventional carpenters and shipwrights.

On entering the boat yard, one sees the hull of a large trawler (47 feet long,

13-1/2 foot beam) of pleasing form, outfitted with engines and propeller, ready

for sea once its wooden deckhouse is set on it. The decks of the boat are of

concrete and are made integral with the hull. There are no structural beams

throughout the interior, since the concrete shell itself is strong enough even

for a boat of this size. There are some flooring members on which the engine

is set and the packing gland for the propeller shaft is cast into the concrete

hull. Fish tanks, mounting plates for the winches, and the bulwarks are part

of the concrete unit, so very little finishing is required. Presumably the deck-

house (which simply serves as weather protection for the pilot) could also be

made of concrete if this were desirable. For such a hull completely outfitted

as described the materials cost is only $1296 and construction requires 2752

man-hours. On this basis the cost will vary from nation to nation (time and

overhead for labor in Spain, for example, may be as low as 75 cents an hour).

Hagenbach says the hull can actually be made 15 to 30 percent cheaper than

a conventional one, and that the boat would run five percent cheaper than con-

ventional ones. The ease of maintenance is as great a consideration as is the

cost itself.

The firm has also built: a 35-foot pilot boat for the Persian Gulf, a smaller

30-foot trawler for shell fishing in Somalia, a 47-foot seiner hull for South

Yemen, a luxury 26-foot four-berth cruiser for sheltered water cruising (here

more care was given to the finish than in the fishing boats, so that the general

appearance after painting in no way betrays the concrete skin), a series of

33-foot houseboat with fiberglass cabins and all necessary luxuries including

air conditioning, a 16-ton auxiliary sloop with sails designed for use in the

West Indies. They have built police patrol boats for Nigeria, pontoons, buoys,

floats, and tanks for water as well as oil. They have even constructed a pre-

fabricated swimming pool which is carried as a shell and dropped into a hole

uhich has already been dug for it. The firm has not yet foreseen any upper

limit in the size of a ship which could be made by their techniques, and they

are simply waiting for an order to start building something bigger.

Near the boat yard one finds the smokey remains of a burned-out hull. An

explosion inside the boat blew the cabin top 50 feet into the air and sent the

mast 200 yards away, the interior of the boat was completely gutted by fire and

all wooden construction was consumed. The explosion caused only minor cracks

at the transom corners of the hull, which is now used to demonstrate that

• oncrete construction is fire-proof. It is also used in another very convincing

demonstration in which the observer is given a four-pound sledge hammer and

told to break the concrete. The hammer simply bounces back with a deep ring-

ing sound on contact with the hull, and repeated blows flake off only a thin

layer of the external material down to the first layer of iron mesh.

— Continued on Inside Back Cover
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floating on the Thames. This background and the fact that amateurs can build 
a passible hull from ordinary cement seems to confuse the issue as to what 
Windboats have acrnmplished. The answer is that they have brought the 
1ethnolo~· to the point where the material is competitive and attractive for 
many applic·ations. Hagenbach notes that 75 percent of their knowledge is 
in the form of things not to do. 

The actual construction of the hulls is done in secrecy in large hangar-like 
buildings. and the outfitting is done by conventional carpenters and shipwrights. 
On entering the boat yard, one sees the hull of a large trawler (47 feet long, 
13-1 /2 foot beam) of pleasing form, outfitted with engines and propeller, ready 
for sea once its wooden deckhouse is set on it. The decks of the boat are of 
concrete and are made integral with the hull. There are no structural beams 
throughout the interior, since the concrete shell itself is strong enough even 
for a boat of this size. There are some flooring members on which the engine 
is set and the packing gland for the propeller shaft is cast into the concrete 
hull. Fish tanks, mounting plates for the winches, and the bulwarks are part 
of the concrete unit, so very little finishing is required. Presumably the deck­
house (whkh simplv serves as weather protection for the pilot) n>Uld also be 
made of connete if this were desirable. For such a hull completely outfitted 
jS described the materials cost is only $1296 and construction requires 2752 
man-hours. On this basis the cost will vary from nation to nation (time and 
o,erhead for lal:x,r in Spain, for example, may be as low as 75 cents an hour). 

Hagenbach says the hull can actually be made 15 to 30 percent cheaper than 
d con\'entional one, and that the ooat would run five percent cheaper than con­
\entional ones. The ease of maintenance is as great a consideration as is the 
t ost itself. 

The firm has also built: a 35-foot pilot boat for the Persian ( ;ulf, a smaller 
30-foot trawler for shell fishing in Somalia, a 47-foot seiner hull for South 
Yemen. a luxury 26-foot four-berth cruiser for sheltered water nuising (here 
more care was given to the finish than in the fishing boaL'i, so that the general 
appearance after painting in no way betrays the concrete skin), a series of 
33-foot houseboat with fiberglass cabins and all necessary luxuries including 
dir rnnditioning, a 16-ton auxiliary sloop with sails designed for use in the 
West Indies. They have built police patrol ooats for Nigeria, pontoons, buoys, 
Moats, and tanks for water as well as oil. They have even constructed a pre­
fabricated swimming pool which is carried as a shell and dropped into a hole 
-...hich has already been dug for it. The firm has not yet foreseen any upper 
limi1 in the size of a ship which could be made by their techniques, and they 
are simplv waiting for an order to start building something bigger. 

,ear the boat vard one finds the smokey remains of a burned-out hull. An 
explosion inside 1he boat blew the cabin top 50 feet into the air and sent the 
mast 200 yards away, the interior of the boat was completely gutted by fire and 
JII wooden construction was consumed. The explosion caused only minor nacks 
JI the transom corners of the hull, which is now used to demonstrate that 
nmuete construction is fire-proof. It is also used in another very convincing 
demonstration in which the observer is given a four-pound sledge hammer and 
L1,ld to break the conuete. The hammer simply bounces back with a deep ring­
ing sound on c:ontad with the hull, and repeated blows Hake off only a thin 
l;ner of the external material down to the first layer of iron mesh. 
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On the Naval Research Reserve

NRRC 1-1 Held a Three Day Seminar on

International Relations

A three day "Seminar on International Relations," sponsored by

the Naval Reserve Research Co. 1-1 of Boston, was held at the new

Bentley College campus in Waltham, Mass. November 15-17, 1968.

Participating in the series of lectures were Wilbert K. Carter, asso-

ciate professor of sociology at Tufts University and a CDR, in NRRC 1-1,

Dr. Robert Delaney, director of the Edward R. Murrow Center of

Public Diplomacy, COL Thomas Dutton, USMC, faculty member of

the U.S. Naval War College, Dr. Moses Steiner, professor of Near

Eastern Civilization, Hebrew Teachers College, and Charles B. Vetta

of the U.S. State Department.

The seminar concluded with a panel discussion, "Soviet Foreign

Policy in the 196()'s," moderated by Alexander Zamperion, assistant

professor of economics at Bentley. Members of the panel included Allen

Cameron, currently doing research at the Fletcher School of Law and

Diplomacy, and who is compiling a two-volume collection of documents

on Vietnam; Dr. Robert Legvold, assistant professor of government at

Tufts University and author of a forthcoming book on Soviet policy

in Africa; and Herbert L. Sawyer, assistant professor of government

and chairman of the Covernment Department at Bentley College.

Dr. Benjamin M. Perles, professor of economics and chairman of

the Economics Department at the host college and CAPT, USNR-R,

NRRC 1-1 was chairman of the three-day program. LCDR Arthur H.

Post, USNR-R, NRRC, was the coordinator and CDR Charles F. Davis.

Jr., USNR-R, is CO of NRRC 1-1.

NRRC 3-9 Hosts Meeting

NRRC 3-9 recently hosted a Group Commander's meeting. COs,

XOs and Group Staff Officers of Naval Reserve Group 3-10(S) attended.

Units represented included several surface divisions, military training

division, CBs, NROS, Dental Company and the Research Company,

and geographically are drawn from the eastern end of Long Island.

CDR S. J. Tassinari USNR, the Group Commander (a former CO of

the Research Company) presided at the meeting and reviewed major

points of common interest. CAPT B. L. Tanner, who recently reported

to COM 3 as Assistant Chief of Staff for Naval Reserve and Training

addressed the group and answered questions concerning overall policy

and recent directives.
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On the Naval Research Reserve 

NRRC 1-1 Held a Three Day Seminar on 
International Relations 

A three day "Seminar on International Relations," sponsored by 
the Naval Reserve Research Co. 1-1 of Boston, was held at the new 
Bentley College campus in Waltham, Mass. November 15-17, 1968. 

Participating in the series of lectures were Wilbert K. Carter, asso­
ciate professor of sociology at Tufts University and a CDR, in NRRC 1-1, 
Dr. Robert Delaney, director of the Edward R. Murrow Center of 
Public Diplomacy, COL Thomas Dutton, USMC, faculty member of 
the U.S. Naval War College, Dr. Moses Steiner, professor of Near 
Eastern Civilization, Hebrew Teachers College, and Charles 8. Vetta 
of the U.S. State Department. 

The seminar concluded with a panel discussion, "Soviet Foreign 
Policy in the l 960's," moderated by Alexander Zamperion, assistant 
professor of economics at Bentley. Members of the panel included Allen 
Cameron, currently doing research at the Fletcher School of Law and 
Diplomacy, and who is compiling a two-volume collection of documents 
on Vietnam; Dr. Robert Legvold, assistant professor of government at 
Tufts University and author of a forthcoming book on Soviet policy 
in Africa; and Herbert L. Sawyer, assistant professor of government 
and chairman of the Government Department at Bentley College. 

Dr. Benjamin M. Perles, professor of economics and chairman of 
the Economics Department at the host college and CAPT, USNR-R, 
NRRC 1-1 was chairman of the three-day program. LCDR Arthur H. 
Post, USNR-R, NRRC, was the coordinator and CDR Charles F. Davis, 
Jr., USNR-R, is CO of NRRC 1-1. 

NRRC 3-9 Hosts Meeting 

NRRC 3-9 recently hosted a Group Commander's meeting. COs, 
XOs and Group Staff Officers of Naval Reserve Group 3-I0(S) attended. 
Units represented included several surface divisions, military training 
division, CBs, NROS, Dental Company and the Research Company, 
and geographically are drawn from the eastern end of Long Island. 
CDR S. J. Tassinari USNR, the Group Commander (a former CO of 
the Research Company) presided at the meeting and reviewed major 
points of common interest. CAPT 8. L. Tanner, who recently reported 
to COM 3 as Assistant Chief of Staff for Naval Reserve and Training 
addressed the group and answered questions concerning overall policy 
and recent directives. 
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TAf Grou/> Commander of 3-10(S), CDR S.J. Tassinari USNR-R, (not shown) received the un-

dnnded attention of (L to r.) CDR L. A. Baker, X. O. ofNRRC 3-9, CAPT B. L. Tanner, ACOS to

Com] for Reserve Training, CAPT V. P. Bond, CO. ofNRRC 3-9, CAPT B. B. Osthues, CNRG

1-I9(\t). and CAPT R. Zenneck, CO. ofNROS 3-6.

NRRC 9-6 Wins National Competition

This year's winner of the Research Reserve Award for General Ex-

cellence—was the Naval Reserve Research Company 9-6, Minneapolis,

Minnesota.

Nominations for the award, which is given to the most outstanding

Research Reserve company, were submitted by Commandants of the

Naval Districts. LCDR Theodore E. Molitor, USNR, was in command

of NRRC 9-6 during Fiscal Year 1968. Presentation of the award is

planned for early 1969.

Among the accomplishments of the 21-member Research Reserve

company for Fiscal Year 1969 were the following:

Inspection Grade 3.83

Ready Reserve Status 100%

Drill Attendance 92%

ACDUTRA Participation 81%

Correspondence Course Completion 23.8

Training Grade 3.68

Membership, Net Increase +2

Also the unit planned and conducted the First Upper Midwest Re-

search Reserve Seminar which was held 10 June to 21 June 1968.

After panel reviewed the records, inspection marks, and other

award criteria it recommends the winning company. The panel was

composed of the following officers: CAPT N. Mikhalevsky, USN,

Director, Naval Applications and Analysis Division, Office of Naval

Research; CAPT R. J. Stankowski, USNR, Director, Naval Reserve

Programs Division, Bureau of Naval Personnel; CAPT W. B. Thomp-

son, USNR, Head, Logistics Support Branch (Naval Reserve), Bureau

of Naval Personnel.
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\. Tht Croup Comm~ of 3-JO(S), CDR S. ]. Tassinari USNR-R, (not shuwn) received the un­
diuidtd attmtum of (L lo r.) CDR L. A. Balter, X. 0 . of NRRC 3-9, CAPT B . L. Tanner, ACOS to 

.. ComJ for Re.serve Training, CAPT V. P. Bond, C.O. of NRRC 3-9, CAPT B. B. Osthues, CNRG 
J-/9(M), and CAPT R . Zennec/1., C.O. of NROS 3-6. 

NRRC 9-6 Wins National Competition 

This year 's winner of the Research Reserve Award for General Ex­
cellence-was the Naval Reserve Research Company 9-6, Minneapolis, 
Minnesota. 

ominations for the award, which is given to the most outstanding 
Research Reserve company, were submitted by Commandants of the 
Naval Districts. LCDR Theodore E. Molitor, USNR, was in command 
of NRRC 9-6 during Fiscal Year 1968. Presentation of the award is 
planned for early 1969. 

Among the accomplishments of the 21-member Research Reserve 
company for Fiscal Year 1969 were the following: 

Inspection Grade 
Ready Reserve Status 
Drill Attendance 
ACDUTRA Participation 
Correspondence Course Completion 
Training Grade 
Membership, Net Increase 

3.83 
100% 
92% 
81 % 

23.8 
3.68 
+2 

Also the unit planned and conducted the First Upper Midwest Re­
earch Reserve Seminar which was held 10 June to 21 June 1968. 

After panel reviewed the records, inspection marks, and other 
award criteria it recommends the winning company. The panel was 
composed of the following officers: CAPT N. Mikhalevsky, USN, 
Director, Naval Applications and Analysis Division, Office of Naval 
Research; CAPT R. J. Stankowski, USNR, Director, Naval Reserve 
Programs Division, Bureau of Naval Personnel; CAPT W. B. Thomp­
son, US, R, Head, Logistics Support Branch (Naval Reserve), Bureau 
of Naval Personnel. 
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NRRC 5-10, Bethesda; Maryland Wins Award

The Commandant's award was presented to Naval Research Reserve

Company 5-10 for the outstanding non-pay reserve company in hscal

1968 in the Fifth Naval District. Rear Admiral A. Atley Peterson,

representing the Commandant of the Fifth Naval District, presented

the award to Lieutenant Commander Alexander Barton, the former

CO. of 5-10. Commander Sherman Ross, the present CO., and Rear

Admiral R.O. Canada, CO. of National Naval Medical Center, Be-

thesda, Maryland also participated in the ceremony.

The Naval Reserve Company which meets at the Naval Medical

Research Institute Auditorium, Bethesda, Maryland is comprised of

physicians, psychologists, and scientists who are in various fields of

research. The average member in the company has 2.2 university

degrees.

Parasitic Insects Studied by NRRC 11-7 Tucson

On the outskirts of Tucson, Arizona, the U.S. Dept. of Agriculture

maintains a laboratory whose personnel concentrate on biological and

ecological control of insects.

Parasitic insects from three continents are reared in order to study

the potential effect of a massive release of these insects for controlling

some of the most destructive caterpillar species in the world. Two

parasitic flies and one parasitic wasp have been imported from India

and one wasp from Africa for their potential use in non-chemical
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NRRC 5-10, Bethesda; Maryland Wins Award 

The Commandant's award was presented to Naval Research Reserve 
Company 5-10 for the outstanding non-pay reserve company in fiscal 
1968 in the Fifth Naval District. Rear Admiral A. Atley Peterson , 
representing the Commandant of the Fifth Naval District, presented 
the award to Lieutenant Commander Alexander Barton, the former 
C.O. of 5-10. Commander Sherman Ross, the present C.O., and Rear 
Admiral R.0. Canada, C.O. of National Naval Medical Center, Be­
thesda, Maryland also participated in the ceremony. 

The Naval Reserve Company which meets at the Naval Medical 
Research Institute Auditorium, Bethesda, Maryland is com prised of 
physicians, psychologists, and scientists who are in various fields of 
research. The average member in the company has 2.2 university 
degrees. 

Parasitic Insects Studied by NRRC 11-7 Tucson 

On the outskirts of Tucson, Arizona, the U.S. Dept. of Agriculture 
maintains a laboratory whose personnel concentrate on biological and 
ecological control of insects. 

Parasitic insects from three continents are reared in order to stud 
the potential effect of a massive release of these insects for controlling 
some of the most destructive caterpillar species in the world. Two 
parasitic Aies and one parasitic wasp have been imported from India 
and one wasp from Africa for their potential use in non-chemical 
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LT Lin (NRRC 3-1) a

iiewing slagts of a para-

sitic insect bfe cycle under

the directum of CDR D. E.

Bryan (NRRC 11-7) Other

members of NRRC 11-7 on

the left are LCDR R. L. Voigt

and LCDR D. M. McEligot.

control programs. Seven parasite species indigenous to the U.S. are

also under consideration because of their environmental adaptation.

In another section of the facility host material for parasite and

predator culture is produced on diets synthesized within the laboratory.

At peak output as many as 50,000 host insects may be reared per week.

NRRC 11-7 recently toured the laboratory guided by Dr. D. E. Bryan

who is responsible for the work with parasites. Dr. Bryan, a CDR,

MSC USNR-R is a member and former CO of Arizona's only Research

Reserve unit.

Geomagnetic Investigations of the Arctic Basin

During the period 1961-1964 nearly 150,000 km of aeromagnetic tracks were flown

in a survey of the Arctic Basin. A digital recording, proton precession magnetometer was

designed and built for these surveys, automated data processing and display techniques

developed and computer analysis methods devised. This was the first such automated

svstem ever put into field operation and made the University of Wisconsin the first

school with aeromagnetic capability. The system has been used in aircraft, ships, and

vehicles and provides better that 95% reliability. It has been used by three universities

and the U.S. Geological Survey.

One of the more significant findings indicates that large areas of the Arctic Basin are

so magnetically disturbed that use of existing equipment for submarine detection would be

difficult if not impossible. Anomalies in excess of 1000 gammas were common in these

regions and magnetic gradients as steep as 700 gammas over 200 meters observed.
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LT Lin (NRRC 3-1) is 
L-ieuring s~ of a para­
sitic insect life cycle under 
tliL dindion of CDR D. E. 
Bryan (NRRC I 1-7). Other 
incnbn-s of RRC I 1-7 on 
the kft an LCDR R . L Voigt 
and LCDR D. M . McEligot. 

control programs. Seven parasite species indigenous to the U.S. are 
also under consideration because of their environmental adaptation. 

In another section of the facility host material for parasite and 
predator culture is produced on diets synthesized within the laboratory. 
At peak output as many as 50,000 host insects may be reared per week. 

NRRC 11-7 recently toured the laboratory guided by Dr. D. E. Bryan 
who is responsible for the work with parasites. Dr. Bryan, a CDR, 
MSC USNR-R is a member and former CO of Arizona's only Research 
Reserve unit. 

Geomagnetic Investigations of the Arctic Basin 

During the period 1961-1964 nearly 150,000 km of aeromagnetic Lracks were Aown 
in a urvey of the Arctic Basin. A digital recording, proLon precession magnetometer was 
designed and built for these surveys, automated data processing and display techniques 
developed and computer analysis methods devised. This was the firsL such automated 
iystcm ever put into field operation and made the University of Wisconsin the first 
school 11\'; th aeromagnetic capability. The system has been used in aircraft, ships, and 
vehicles and provides better that 95% reliability. It has been used by Lhree universities 
and the .S. Geological Survey. 

One of the more significant findings indicates that large areas of the Arctic Basin are 
so magneticaUy disturbed that use of existing equipment for submarine detection would be 
difficu lt if not impossible. Anomalies in excess of 1000 gammas were common in these 
~ ns and magnetic gradients as steep as 700 gammas over 200 meLers observed. 
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Selected Contract Research Reports

The contract research reports listed below have been extracted from U.S. Government Research Sc

Development Report 68, No. 19 of 10 October 1968, No. ^0 of 25 October 1968 and No. 21 of 10

November 1968. Government agencies and their contractors who are registered with the Defense-

Documentation Center of the Defense Supply Agency may obtain copies from the Center at Cameron

Station. Alexandria, Virginia 22314. Abstracts of the reports are found in USGRDR 68, Nos. 19, 20

and 21.

For non DDC users, most reports may be purchased from the Clearinghouse for Federal Scientific

and Technical Information, Department of Commerce, Springfield. Virginia 21 151.

AERONAUTICS

Additional Simulation Studies of Seaplane Responses

in Regular and Random Waves; General Dynamics;

Hopkins; AD-673 323

Experimental Evaluation oj a Fttrnuition Flight

System; Honeywell, Inc.; Wingeri and Nicholson;

AD-673 429

Rotor/Wing Series VI Wind Tunnel Test 7-foot

Diameter Model m the NASA IMC 3()-by-60-joot

Wind Tunnel; Hughes Tool Co.; Briardy and

Head; AD-673 964

ASTRONOMY AND ASTROPHYSICS

Structured Events in the Dynamic Spectra of

Jupiter's Decametnc Radio Emission; Fla. U.;

Riihimaa; AD-674 150

Spaced-Spectrograph Obsen'atwns of Jupiter's

Decametnc Emission; Fla. L\; Riihimaa; AD-674

156

Spectra of Jovian Millisecond Pulses; Fla. U.;

Riihimaa; AD-674 160

A Plasma Model oj Quasars and Radio Galaxies;

Stanford; Sturn.< k AD-674 265

Large-ScaU < ,■> figuration oj the Coronal and

Interplanetary Mnis>ietic Field; Calif. U.; Schalten;

AD-674 527

Stgmficance of the First Brightest Galaxies in Rich

Clusters; Princeton; Peebles; AD-674 805

Atlas of Solar Magnetic Fields. Maps of Photo-

spheric Magnetic Fields jor August 1959-June 1966;

Carnegie Inst.; Howard et al; AD-673 678

ATMOSPHERIC SCIENCES

Propagation oj Pel Geomagnetic Microputsations

in the Magnetosphere and the Ionosphere; Newcastle

U. (Australia); Ellvelt et al; AD-673 991

Influence of Atmospheric Stability layers on the

Effect of Ground-Based (.loud Seeding. Empirical

Results; Calif. U.; Neyman et al; AD-674 232

A Program of Ground Based Auroral ()b\en>atwns

Coordinated with Simultaneous Satellite Measure-

ments; Alaska U.; Roniick and Hook; AD-672 848

Wind Stress and Surface Roughness at Air-Sea

Interface; Hvdronautics, Inc.; Wu; AD-672 750

BEHAVIORAL AND SOCIAL SCIENCES

New Report; Northwestern U.; Charnes et al;

AD-672 583

Intertemporal Bank Asset Choice with Stochastic

Dependence; Northwestern U.; Charnes and

Uttlechild; AD-672 581

Trends and Developments in Visual Displays; Tufts

U.; Crook et al; AD-673 091

Research in Machine Translation. Observations on

the Complementation of some -0 Forms by Chto/Chtoby

Clauses; Wayne State U.; Steiger and Simon;

AD-672 925'

1 lamard University Computer-Aided Instruction

(CAl) iMboratory; Harvard Computing Center;

Stolurow and Peterson; AD-672 922

Job Restructuring Within the Nairy Hospital

Corpsman Rating: A Feasibility Study; HRB-Sin^er,

Inc.; Root et (d; AD-673 086

The Assessment of Electronics Corrective Mainten-

ance Performaiue. Performance on the AN/SPS-40

by Electronics Technicians; U. of S. Calif.; Rigney;

AD-673 246

Psychological Tests and Personnel f)eciswns; HI. V.:

Cronback and Gleser; AD-123 343

A Factor Analysis of the Semantic-Evaluation

Abilities, Studies of Aptitudes of High-level Personnel;

U. of S. Calif.; Nihira et al; AD-457 523

A Factor Analysis of the Symbolic-Ei>atuation

Abilities, Studies of Aptitudes of High-level Personnel;

U. of S. Calif.; Hoepfner; AD-464 259

The Inventory of Cognitive Style; Akron V.;

Washburne; AD-672 571

Psychological Research in Adult learning; Wash.

U.; DuBois; AD-672 748

Deep Inspirations as Stimuli Jor Responses of the

Autonomic Nervous System; Ind. L'.; Stern and

Anschel; AD-672 851

The "Idealized Individual" Interpretation oj

Individual Differences in Multidimensional Scaling;

U. of S. Calif.; Cliff; AD-672 866

The Relationship between learning and Intelligence.

Wash. U.; Carver and DuBois; AD-673 090

Differentiation Among Stimuli as a Factor m

Transfer Performance; Northwestern U.; Under-

wood and Ekstrand; AD-673 097

Two Tests of a T/ieory of Verbal-Discrimination

learning; Northwestern U.; Underwood and

Freund; AD-673 099

The Experimental Induction of Success and Failure

in Complex Decision-Making Environments; Purdue

U.; Higbec and Streufert; AD-673 226

Response to Ihsagreement in Dyads; Delaware I'..

Thornton; AD-673 268

Reseanh on Automatic Classification, Indexing

and Extracting, Frequency: A General-Purpose

Frequency Program; IBM Federal S\stems Div.;

Baker and Williams. Jr.; AD-673 428

An Algorithm for Dynamk Programming of

Economic Growth; Calif. U.; Fiiedmann; AD-673

538

Convexity in Graphs: Mathematical Preliminaries

to a Theory of Graph Grammars; Md. V.: Pfaltz;

AD-673 420

Educational Information System Requirements

The Next Two Decades; Oregon U.; Ijnigharv and

Tondow; AD-673 448
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Selected Contract Research Reports 

The contract research reports listed below have been extracted from U.S. Gm·emmenl Research & 
Development Report 68, No. 19 of IO October 1968, No. ~O of 25 October 1968 ,md No. 21 of I 0 
No\'ember 1968. Go\'ernment al(encies and their contra{l<>rs who are registered with the Defense 
Documentation Center of the Defense Supply Al(enq may obtain copies from the Center at Cameron 
Station, Alexandria, Virginia 22314. Abstracts of the reporu an· found in USGRDR 68. Nos. 19, 20 
and 21. 

For non DOC users, most reports may be purchased fmm the Clearinghouse for Federal Scientifi, 
and Technical Information, Department of Commerce, Springfield. Virginia 21151. 

AERONAUTia 
Additional Simulation Studies of StaplaM RrsfJ<JnMs 

i11 Rrgular and Random Waves; General Dynamics; 
Hopkins; AD-673 323 

Expmmnual Evalualion of a formation Flighl 
S_ysll!m; Honeywell, Inc.; Wingert and Nicholson; 
AD-673 429 

Rotor/Wing Snvs VI Wind TunMI T,st 7fooi 
DiamLll!r Mod,/ in the NASA LRC JO-by-60fooi 
Wind Tunnrl; Hughes Tool Co.; Briardy and 
Head; AD-673 96◄ 

ASTRONOMY AND ASTROPHYSia 
Structurt'd Evnus in tN Dynamic Sputra of 

Jupit,r's Duam1tric Radio Emission; Fla. U.; 
Riihimaa; AO-674 150 

Spact'd-Sputrograph Obsn-valwn.s of Jupit,r's 
D«amnric Emission; Fla. U.; Riihimaa; AD-674 
156 

Sp«trt1 of Jovian Millisecond Pulst's; Fla. U.: 
Riihimaa; AD-674 160 

A Plasma Model of Quasars and Radio Gala,ciLs; 
Stanford; Sturro<k AD-674 265 

Largr-Scau: , ,,,;,guration of th, Coronal and 
lntnt,lan,tar, Mnl(11elic Field; Calif. U .; Schauen; 
AD-674 527 

Significance of thr First Brighlesl Galaxies in Rich 
Clwll!rs; Princeton: Peebles: AD-674 805 

Atlas of Solar ,\fagmtic Fitld.s. Maps of Photo­
spNric Maptic Fields for August /959-Jun, /966; 
Carnegie Inst.; Howard rt al; AD-673 678 

ATMOSPHERIC SCIENCES 
Propagation oj Pel Geomagnetic Micropulsati,ms 

in IN Magntwsph,rt and IN lonosphtrt; Newcastle 
U. (Austrdlia); Ellyeu ti al; AD-673 991 

In.flu.mu of Atmosphtric Stability l..aym on IN 
Effut of Ground-Bu.std Cloud Stt'ding. Empirical 
RtsuitJ; Calif. U .; Neyman ti al; AD-674 232 

A Program of Ground Bastd_ Auroral Obun,ations 
Coordinattd with Simulta11,01l5 Salt'll1tt' M l!ll!Urt­
mnus; Alaska U.; Romi<·k and Hook: AD-672 848 

Wind StTt.lS and Sur/au Rough,u,ss at Air-Sta 
lritnfau; Hydron,1utin, Inc.; Wu; AI>-6i2 7:>0 

BEHAVIORAL AND SOCIAL SCIENCES 
Nro• Report; Northwestern U .; Charnes ti al; 

AD-672 583 
Jnttrtnnporal Banli lfjjt'/ Chou-t with Stoch11Stic 

Deptndmu; Northwestern U.; Charnes and 
Littlet·hild; AD-6i2 581 

Trtnds a,id DwrlopmrntJ in Visual Displays; Tufts 
U.; Crook ti al; AD-673 091 

Rtsearcli i11 Afachint Translation. Obst,wllio,LJ on 
IN Complemn1tation of some -0 Funm by Chto!Chtoby 
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Claw,s; Wayne State U.; Steiger and Simon; 
AD-672 925 

1/aroard Unitlt'rsity Compultr-Aidt'd ITU/ruction 
(CAI) Laboratory; Harvard C,0mputing Center; 
Stolurow and Peterson; AD-672 922 

Job Ratructuring Within tht Nar.ry Hrufnlal 
Corpsma11 Rati11g: A Ftasilnlity Study; H RB-Singer. 
Inc.; Root rl al; AD-673 086 

Tht Asstssmtnl of Electronics Corrtctive .'\,fai11t,rn­

a11u Ptrformanct. Performanu 011 th, AN;SPS-40 
by EltctTonics Tuhnicians; V. of S. Calif.; Rigney; 
AD-673 246 

Psychological TestJ and Person~i fJuiswn.s; 111. V.; 
Cronback and Gieser; AD-123 343 

A Facwr .inal:pis of th, Snnantic-Evaluation 
Abilitits, StudiLs of Aptitud,s of High-l.rvel Prnonnel; 
U. of S. Calif.; Nihira et al; AD-45i 523 

A Factor Analysis of IN Symbolic-Eualuatitm 
,ibilities, StudiL.( of A/l'itUMs of High-Ltvtl Ptnonnrl; 
U. of S. Calif.; Hoepfner; AD-464 259 

The Inventory of Cognitivt St_vlr; Akron ll.; 
Washburne; AD-672 571 

Psychological Rtstardi in Adull uarning; Wash. 
U.; DuBois; AD-672 748 

Dttp Inspirations as Stimuli for Raponses of tht 
Autonomic Ntnl(}W Sysltffl; Ind. lJ .; Stern and 
Anschel; AD-672 851 

Th, "/draliud Individual" lntnt,retalw11 of 
Individual Diffrrm<es in Mullidimtruional Scaling; 
U. of S. Calif.; Cliff; AD-672 866 

Tht Rtlationship between l~arni,ig and Jnullig,na; 
W.ish. U.; Can,er and DuBois; AD-673 090 

DiffrrmtiaJ1011 Among Stimuli Ill a Factor ,n 

Tmnsftr Ptrformance; Northwestern U.; Under­
wood and Ekstrand; AD-673 097 

Two TtstJ of a Thtory of Vt"rbal-DisrriminalJon 
Leaming; Northwestern U.; Underwood and 
Freund; AD-673 099 

Tht Exp,rimrntnl Induction of Sw:uss and Failure 
in Cor1,pltx Dtcisio11-,\,fala11g E11vironmrnl.s; Punt ue 
U .; Higbee and Streufer1; AD-673 226 

Rtsponse lo Disagrtnntrll in Dyads; Delawdr-e U.; 
Thornton; AD-673 268 

Re.~ar,/i on ,iuto,natic Cla.s.1ifiratio11, lndn:mg 
and Extracting, Frtqu,nry: A Gtntral-Purpov 
Frequency Program; IBM Federal S\'Stems Di~·.; 
Baker and Williams. Jr.; AD-673 428 

,1,, Algorithm Jor D:mamk Programming of 
Ec,momic Grnu~h; Calif. U.; Friedmann; AD-6i3 
538 

Com•rxzty i11 Graphs: ,\-lathnnatical Prelimi,ianr., 
lo a Theory of Grnpli Grammars; :\.·Id. l".; Pfahz; 
AD-6i3 420 

Educational fo/unnatiou Svsltm Rtquirt'ffll'FILS: 
The Xtxl Two DundRs; Oregon t..: .; Loughary and 
Tondow; AD-673 448 
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Indiindual Di/emm in Risk Taking; Yale L'.;

Gibon: AD-673 423

Influence of Instructional Set on Habituation of

Orienting Responses as Measured by Gali<anic Stan

Response, Pulse Volume, and Blood Volume; Ind. U.;

(■agnon: AD-fi73 430

Researck in Mathematical Behavior Theory:

Stanford L:.; Estes: AD-673 537

Communication, Cooperation, and Srgotiation in

Culturally Heterogeneous Groups; III. U.: AD-673

S48

Dispositional and Induced Information Processing

Structures; Princeton U.; Lee, III; AD-673 677

Principal Components Analysis of Models and Men;

Educational Testing Service; Wainer; AD-673

851

The Discrete Maximum Principle with Applications

to Management Science; Carnegie-Mellon; Klein-

durfer et at; AD-674 392

System Cost Analysis; Texas A & M; Wonhatn

jfkI C.ibson; AD-674 429

National Data Program for the Marine Environ-

ment: Svstem De\elopmcnt Corp.: AD-673 992

National Data Program for the Marine Environ-
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The Effect of High Intensity Intermittent Stimuli
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Computer Methods far the Study of Psychiatric
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The Effect of Polyamines on the Enzymatic Degrada-

tion of Ribosomes; N.H.L.; Erdmann et at; AD-
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International Congress on Hemorhebgy (1st),

University of Iceland, Reykjaiik, ltl-16 July, 1966;
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Animals for Research: a Directory of Sources of
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ment and Materials: NAS-NRC; AD-674 332

UHF Acoustic Attenuation and Research in
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Annual Navy-Wide Workshop in the Biological

Sciences (Ird), Held at U.S. Naval Radiological
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organisms; (.a. Li.; Lynn et al; AD-672 675

Bacteriology of Manganese Xodules. Reduction
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Ehrlich; AD-672 865
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The Effect of Magnification on Visual Tasks.
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Current Developments m Optics and Vision; Armed
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The Thermal Decomposition of Ammonium Perchlor-
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Formation of Electronically Excited Species in

N-atomlO-atom Recombination Reactions Catalyzed
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How Efficimt is Dijfwion-Controlkd Tripltt E11trlr] 
Trani/tr; Mic:h. S1. U.; Wagner and Kochevar; 
AD-673 074 

Tht lntfficimcy of Triplet EMrgy Trans/tr From 
Kttonts to Trimltnt Rart Earth Ions; Mich. St. U.: 
Wagner and Schou; AD-673 075 

Digitized by Go g e 

EARTH SC:IENCF.S AND OCEANOGRAPHY 
A Comparison of Microdtnsitometry and TF H!a,ot­

fonn ,inalyru as Expmsions of Obunotd Larubcapt 
PaUtnu 011 Radar; Fla. Atlamic· U.: Nunnally: AD-
672 561 

A,a EJCfWrimtrual Study of Wi11d-Wave lnuractio,u: 
Johns Hopkins U.: Hires; AD-672 797 

011 IN lnuraclion of Gravitational and f>Jnamu 
Forcing in Simpk Circulatio11 MotUl.s; WHOI: 
Swmmel and Rooth: AD-67:i 040 

Mtasumnn1t of Vo/um, Transport of th, Gulf 
Stm,m South of Ntw England; WHOI; Warren and 
Volkman; AD-673 041 

Computtr Simulation of ShalloM>-Waltr Marine 
Stdimrotation; Stanford: Harbaugh and Bonham­
Carter; AD-672 590 

Paltogtnt Stdi1nt11l From a Fracture Zont of du 
Mid-Atla,uic Ridgt; WHOI: Cifelli tt al; AD-673 
039 

Rtlalionship bttwttn Coastal l.andjon,u and Siu 
Distribution of Surficial Stdimtnts, Horry· and Manon 
Countus, South Carolina; I.a. St. U.; Adams and 
Thom; AD-673 045 

Mud-Cenur, Tundra LaAts; Wisconsin l' .: 
Bryson and Ragotzkie; AD-673 103 

A Short Numerical Mtthod of Calculaling H,aJ 
Contnu of Lakes; Wisconisn U.: Schlesin~r: 
AD-673 213 

Data from Dttp-Moortd lrulnlmnit Statio,u; 
Scripps; Evans ti al; AD-673 006 

Soils of Pric, Patric• Island; Arnk Inst. of 
Nonh Americ:a: Tedrow ti al; AD-673 012 

Ar;mrnnry in Gtomagnttic R,sponst w th, Polantv 
of the lnttrplanttnry Magnetic Fwld; Calif. t · .: 
Wilcox; AD-673 256 

GtographJ and th, Properties of Surfaces. Hin­
archial Sysum.s: Citi,s, Rivers, A/pint Glacirn. 
Bm•int Lrom, and Trus: Harvard U.; Wolder~rr,.t; 
AD-673 441 

Sta Bottom lnstm,nenJation lnvt.uigation; Chal­
lenger Research Inc.; Hayen and Cohen: AD-
673 314 

Rtstarch Actroiti,s; Oregon St. U.: Merten: 
AD-673 415 

Euphawi<lus of tM Arctic Ocean and its Pniph,ral 
Stas; U. of S. Calif.; Geiger tt al; AD-674 016 

,,f Planlaon Survey of tht ClmapeaAt Ba_y wing a 
<:o,ui11uow Undtrwtry Sampling Systnn; Johns 
Hopkins U.: Whaley and Taylor: AD-674 401 

Ltast-SqtUJres Surf act Fiuing u•ith Disco,1tinuow 
F"nctions: Northwestern U.; James; AD-674 867 

C<lu:ulntion of a Solitary Wave Shoaling on a 
Shallow Slope: Urs Corp.; Kriebel and S<:hwiners: 
AD-674 856 

Geography and tht Proptrtus of Surf acts . . -1 Stud)· 
of Rivers and Other Branching S_";slfffl.l; Han·ard ll.; 
Howie: AD-673 955 

G,ography and tNProptrtits of Surf acts. Geography 
<lnd an Existtnct Theorem; Harvard U.; Selkowitl; 
AD-673 957 

Grogr"phy and 1M Proptrtits of Surfaus. ,,f 
M<liNmatical Respmtn1a1io11 of the Altitude Rr­
l<liionships on tht Surfaet of tht Earth, V.1ing S~ai 
Functions to the 16th Order; Han·ard: Prey: AD-
673 958 • 
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Paleomagnttic Stratigraplry and ,\-ti<Topal,ontowKJ 
of Thrtt Drefl Sta Corts from th, C.entral North 
,fl/antic Octan; WHOI; PhiHips ti al; AD-674 207 
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Ocean Data Station Sensor System Description

Exploratory Deployment Configurations; General

DMiamics/Convair; Berquut: AD-674 410

Development of an Orean Data Station Tele-

metering Buoy: (General Dynamics/Convair;

AD-674 411

Mulier Scattering Matrix of sea Water; Oregon

Si L\; Beardsle\; AD-674 441

Alkaantty and pH off the Coast of Oregon; Oregon

Si l\; Park; AD-674 446

Carbon Dioxide in the Seawaier Under the Arctic

Ice. Wash. L\; Kelley AD-674 460

Seismic Profiling in the North Sea Basin; Ulrechl

Rijkiunivrrsrteil (Netherlands); l..igaa\ et al;

AD-674 230

A Continuous Reflection Profile Along the Nether-

lands Coast from Watcher en to Den Heldrr; Utrecht

Rqkiuniversiteit (Netherlands); Collclte and

lagaay. AD-674 231

Peiogerac Gradients of the Polar Regions; Arctic

Insi. of North America; Tcdrow; AD-674 177

ELECTRONICS AND ELECTRICAL

ENGINEERING

A Sett Display Terminal; M.I.T.; Stotz; AD-

674 203

i Comparison of Three Schemes for Filtering

\ienals which have Propagated Through a Random

Mulupath Medium; Western Electric C:o.; Man-

Kano; AD-674 525

Realization of a Class of Switching Functions by

Threskold-ljigic Networks; Northwestern U.; Yau

and Ouapko; AD-674 546

Acoustic Interaction for Arrays of Small Magneto-

stnctme-Stack Sonar Transducers at an Air-Water

Surface; Ohio L'.; Stumpl et al: AD-672 926

Arman: A Computer Program for Generating

Inherent Corrective Maintenance Workload Times.

l>fxcnption. Evaluation, and Application; U. of S.

Calif.; Rignev; AD-482 160

L'se of Ivmon's Language API. for Statistical

(imputing; Vale (,'.; Anscombe; AD-672 557

A Combinational Arithmetic Function Generation

System; Calif. U.; Tung; AD-672 586

Procedures and Standards for Intercomputer

rj^mumcauons; M.I.T.; Bhushan and Stotz.

AD-672 676

An Adaptation of the Fast Fourier Transform for

Parallel Processing; Stanford: Pease; AD-672 677

Picture Processing let Computer; Md. L'.; Rosen-

feld: AD-672 775

Evaluation of Computer Programs for System

Performance Effectiveness. Search Results and

siojebng Techniques; Research Triangle Inst.;

Nelson, Jr. et al; AD-829 353

(sllular Realization of the Dynamic Programming

ileonthm; Montana St. LV. M in nick and Rucl-

berg; AD672 570

A Statistical Theory of Reverberation and Similar

First-Order Scattered Fields Waveform and the

General Process. Moments, Spectra and Special

Itenbutum; Middleion; Middletr.n; AD-672 666

TV Theory of Signal Detectability: Extension to

ike Double (.ampoule Hypothesis Situation; Mich. U.;

Spooner; AD-672 920

Ike use of Consolidated Expansions in Solving for

Ike Statistical Properties of a Nonlinear Oscillator:

Johns Hopkins U.; Morton: AD-673 235

Carps, a Program Which Solves Calculus Word

Problems: M.I.T.; Charniak; AD-673 670

Digital Computer Routines for Power Spectral

Analysis; AC) Electronics-Defense Research Ijbs.;

Brumbach; AD-673 859

Computer Calculation of Discrete Fourier Trans-

forms Using the Fast Fourier Transform; Center for

Naval Analyses; Wilson; AD-673 442

MATERIALS

Structural Characterization of Thin Aluminum

Oxide-Hydroxide layers by the Aluminum and Oxygen

X-ray Emission Bands: Pa. State L'.; Savanick et al:

AD-673 299

Local Heating by Plastic Deformation at a Crack

Tip; Brown U.; Lew and Rice; AD-673 300

Comprehensive Survey of Oxygen X-ray Emission

Band Shifts; Pa. State U.; Krause and While;

AD-673 321

Mrtastable lmmisabllity in the B2t»-Sit)2 System:

General Electric Co.; Charles and Wagstaff;

AD-674 432

Ionic Diffusion Under High Pressure m Porous

Solid Materials Permeated with Aqueous. Electrolytic

Solutions; little. Inc.; Home et al; AD-674 116

Relationships Between Ftver Characteristics and

Pulp-Sheet Properties of Philippine Hardwoods;

Vale U.; Artuz-Siegel et al; AD-674 838

On Fluid Inertial Effects m Infinitely Wide Foil

Bearings; Ampex Corp.; Eshcl; AD-672 792

On the Temperature Dependence of the Heat of

Formation of the Compound AgMg; M.I.T.; Jena

and Bever; AD-673 044

Morphology and Growth of Extended Chain Crystals

of Polyethylene; Rensselaer Polytechnic Inst.;

Wunderlich and Melillo; AD-672 839

Rheo-Opacs of High Speed Deformation. Poly-

ethylene and Polybutene-1; Mass. L\; Erhardl and

Stein; AD-672 902

MATHEMATICAL SCIENCES

Conditionally Stable Initariant Manifolds of

Systems of Differential Equations With or Without

Delay; Calif. U.; Samn; AD-672 573

On the Intersections of Cones and Subspaces:

Northwestern; Ben-Israel and Charlies; AD-

672 667

On Bahadur's Representation of Sample Quanttles;

Cornell; Kicfer; AD-673 065

On a Necessary and Sufficient Condition for

Admissibility of Estimators When Strictly Convex

Loss is Used; Cornell; Farrell; AD-675 066

Towards a Theory of Generalized Bayes Tests;

Cornell; Farrell; AD-673 067

Inadmissibility of the Usual Estimators of Scale

Parameters in Problems with Unknown location and

Scale Parameters; Cornell; Brown; AD-673 068

Independence and Statistical Reduction for In-

variant Models; Wisconsin U.; Bonclar; AD-

673 237

On Explicit Solutions of Interval linear Programs;

Northwestern; Zlobec and Ben-Israel; AD-

672 584

Convergence Conditions for Non-Linear Pro-

gramming Algorithms; Calif. U.; Zangwell; AD-

672 928

A Numerical Investigation of the Simplex Method;

Stanford; Bartels; AD-673 010
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Ornai Dala Stalion Srn.sm S:Pt- DmriplMm 
u,larflllm Dt'fJlo,r,tntl. Conftprabmu; General 
Du1.£mioiCom-air; Ber1.1uis1: AD-6 74 4 IO 

Dn-rl,,,,__ of a11 Ouan /)aln Station T,fr. 
lllfnlR( BU,UJ: (;encral Dynamin/Comair; 
:\0-6i4 411 

.\ftdlrr Scali~ .\-fatnx of s,a tt'atn; Ot-egon 
SI L.: lkardsln; AD-674 -HI 

.i/Aalnui, arttl pH off 1M Coast of Onigo,1; Oregon 
'ii L P-.irk: AD-674 446 

(.t1rl,o,i Diorw in du S,awaln Undn- th, Arctic 
/r,, Wash. l'.: Kelln Al>-674 460 

.'innuc Prof,11"1{ ;,. 1M Nurlil S,a Basin; lJtretht 
R11lwni,~niteit (:'l:et~rlands); l.Jg-Ja\ d al; 
\l.)..674 2~ 

.i COt11'111110U.J R,Jl«tion Profilr Along th, Nrtnrr­
lattdJ Cotnt f,_, W alrhnrn lo Dni H,M.rr; Utrecht 
R11uunin-rsiteit (Netherlands): Collene and 
1 .. ;.:a..1\; :\l)..674 2~1 

P,~,,.,< Gradarnts of tit, Polar Rt~oru; Arctic 
ln\l. of \;onh Amcri<-.1; Tedrow; :\D-674 177 

ELF.CTRONICS AND ELECTRICAL 
ENGlNUllJNG 

i .\'n.- Dul"n, Trr-nal: M.l.T.: Stolz; AD­
ti7-4 :?O~ 

i c.,.ruon oj TltT« Sch,,,.,s for Filun"I{ 
'•('lllb u.,/ti.Ji Jun.-, Pro/)agalnl Through a Ra"'lcm 
lfulz,pa,J, .\f,du, .. ; Western Electric Co.; Man­
t:~no; AD-674 525 

Rralualaan of a Ua.u of Swtldrmg Fuwtioru by 
Tlt,nlt«J-1.op .Vnu~: !'l:orthwestern U.; Yau 
~nd Ow.1pko; AD-6i4 546 

-f<owtu lrtlffaction for :frra,s oj Srrtall Afagnno­
>lrlrtn~-St«-' Sonar Traruduun aJ an Air-W atrr 
S¥rfaa; Ohio L' .; Stumpf ,t al; AD-672 926 

.-f.--: :f COtltfNlrr Prograffl for Grnrrali"I{ 
lrtltnrrtt Corrtetit., Mairllnlanu H'orA/oad Timn 
Vnmf1tum, Et•aiMalwn, and .ipplicalion; U. of S. 
l..,hl, Ril{llC.--.; AD-482 160 

i·,, of /t•,rsq,i'1 IA,iguagr APL for Stati.Jtu:al 
/.-f'W,ng; \'ale t.:.; Anscombc.-: AD-672 557 

.i Co.br11411tmal .irithnwtic Function Gmnatum 
\r,1,•; Cllif. C.: Tung; AD-672 586 

Proudvrn and Standards for ln.urcomflulrr 
r,,. .. IIICabmu; M.I.T.: Bhushan and Stotz, 
·\ll-672 676 

in ,idaptation of tlw Fasl Fourirr Trarufunn for 
Pa,all,I Prauu,ng: Stanford; Pease: AD-672 6i7 

Puturt Prouuing by Comfnltrr: ~f d. L'.; RO!len­
ldd; AD-672 775 

E.:,aluallOPI of Cowtf1uln Programs for S:,wm 
Prrf"'-"<r Effrctivnwss. S,auh Rrsults and 
.\lo.Jrintg T,diniqun; Re5Carc-h Triangle Inst.; 
\<"i,..,n, Jr. n al: AD-829 '.'l5'.'l 

f .1/Jvlar Rraliwtwn of th, Dynamic Programming 
ilr;,lf'liin.; Montana Sr. V.: Minnick and Rud­
bc·ri,:, AD-672 570 

i ~latl!tical Tlwory of R,vn-6,ration and Similar 
f,nt◄JTdn Scallnni Fi,lds. Wavrjurm and th, 
r;,.,,.,al Prous.J ,\.IOlflt'nts, S1>utra and S1>uial 
l>r.,trthtunu: Middleton: ~1iddleton: AD-672 666 

Tit, Tl,,ory of S,g,anl Drt«lilbility: £,dnuion lo 
i-, ~ (:0-f>m'lr H~,i.J Situation: Mich. V.; 
'Po••nrr; AD-672 920 

11a, 1'W' of ConsolulalLd Exp,aruioru in Soh,ing /or 
Ult 'watuticai Pro!>'rlin of a Nunlinrar OJCillator: 
Johni Hopk.im U.; Monon; AD-67'.'l 2'.'l5 

Digitized by Go g e 

Carps, a Program Whuh Solvrs Calculw Word 
Problrms: M.I.T.; Charniak: AD-67'.'l 670 

Digital CornfJulrr Rau.tines for Pou..,,- Sfl«tral 
,-lnal"JSi.s; AC Ele«:troni«s-Defense Rnearch Labs.: 
Bru.:i-.bat·h; AD-67'.'l 859 

Comfluln Calculation of Discrete Fourirr Traru­
funns l.'1ing th, F(Jjt FOUTirr TraruforJfl; Centc.-r fm 
Naval Analyses; Wilson; AD-67'.'l 442 

MATERIALS 
Slru<tural Charactniz.ation of Tlun .-fluminum 

():,cui,-H_-,droxidt /.Lly,n by th, :flunrinum and O:,cygni 
X-ra, Emissum Bands; Pa. Stale L .: Sa\-dllick rt al; 
_.\l):673 299 

Loe.al H,ating by Plaslic Dr/onnabon at a Craclt 
Tip; 8..-own t:.; I.en and Ri<e; AD-673 '.'JOO 

Comprrhmsivt' Survry of Oxyg,,1 X-ray Emission 
Barid ShiftJ; Pa. State U.; Krause and White; 
AD-673 '.'l21 

.Unastablr lrnffli.mbilily in th, B203-S,02 S_1stnn: 
General Elecuic Co.; Chari~ and Wagstaff; 
AD-674 432 

/uni< Diffwion U,idrr High PmJur, in Purow 
Solid Matmab Prrmrakd u.•ith Aqwow. Elrctrol:,t1< 
Solutions; (julc, Inc.: Horne rl al; AD-674 116 

R,latioruhips Bttwun Frorr Charactrn.stirs arid 
Pulp-Shttt Proprrtits of PhiliP1>inr Hardu.ioodJ; 
Yale t: .; Artuz-Sie11:el n al; AD-674 8'.'l8 

On Fluid /111rtial Ejfuts in Jnjinittly With Foil 
Staring,: Ampex Corp.: uhel: AD-672 792 

On llw T,rnfHraturr Dq,,ndniu of th, H,at of 
Formation of th, Compound Ag.\·fg; ~1.1.T.: Jena 
and Beve..-; AD-673 044 

Mo,plwlngy and Growth of F.xt,nd,d Chairi Cryslab 
of Pol-,,thyl'11t; Rensselaer Poh·technic Inst.: 
Wunderlich and Melillo; AD-672 839 

R/a,o-Optics of High S1>ud lhformation. PoJ.,­
,tJ,_yJ,,,, and Polybutrnr-1; Mass. t:.; E..-hardt and 
Sll."in; AD-672 902 

MATHEMATICAL SCIENCES 
Conditior,ally Stablr /m,aritmt ,\famj,,lds of 

SFtrmJ oj Diffrr,nJia[ Equatioru With or lfithoul 
D,/ay; Calif. U.: Samn; AD-672 573 

On th, lnttrsutioru of Con,s and Suh.1pou.1; 
Northw,:ste..-n; Ben-Israel and Charnes; AU-
672 667 

On Baliadur's R,Pmmlaliori of Sam/lfr Quantilr.<; 
Cornell: Kiefer; AD-67'.'l 065 

On a Nrrtssary and Suffe~rit Condition for 
.,idnrissibility of Estimators Wh,n Strictly <:om't'x 
Lrus i.J V~d: Cornell; Farrell; AD-673 066 

Towards a Th,ory of Gmrraliud Bay,s Tt1l1; 
Cornell: Farrell; AD-673 067 

lnadmwibility of th, Usual Estimators oj Srnlr 
Paramt'tn-s in Problnns with l .'nJmou,r, l.ocalioPI and 
Seal, Paramrt,rs; Cornell; Brown; Al>-673 068 

lridtfxndmu and Statistfral Rrdw.twn Jar lri­
variant .\tod,b; Wisnmsin U.; Bondar: Al>-
673 237 

On E,cplirit So/ulioru of lntrn•al L..in,ar Programs; 
~orthwestern: Zlobc.-t· ;md Ben-Israel; Al>-
672 584 

Conurrgn,u C:ontbtioru for Non-1.inrar Pro­
gramming .ilgoritnms; Calif. U.; Zangwell: AD-
672 928 

A Nummral /m,,stigation of tM Sim/lln Mrthod: 
Stanford: Bartels: Al>-673 OIO 
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Connection Theorems in Non-Convex Programming;

Northwestern; Bankoff; AD-673 052

Mathematical Systems Theory: Causality; Case

Inst.; Windeknecht; AD-673 087

Discrete Dynamic Programming with a Small

Interest Rate; Stanford; Miller and Veinoit, Jr.;

AD-673 225

Constrained Maximum Likelihood Estimation of N

Stochastically Ordered Distributions; Calif. I-.;

Ceoffrion; AD-673 232

A Research Methodology for Studying Complex

Service Systems; Calif. L\; Nelson; AD-673 233

Integrated Rtsk of Asymptotically Hayes Sequential

Tests; Cornell U.; Lot den; AD-673 319

An Elementary Proof of Asymptotic Normality of

Linear Functions of Order Statistics; Cornell; Moore;

AD-673 322

Weak Limits of Sequences of Bayes Procedures in

Extimation Theory; Cornell; Farrell; AD-673 324

The Analyticity of Solutions of Singular Integral

Equations; Minn. U.; Kahane; AD-673 550

Three-Stage Variable-Shift Iteration for Polynomial

Zeros and Its Relation to Generalized Rayleigh

Iteration; Stanford L'.; Jerkins and Traub; AD-

673 673

Epsilon-Calculus; Stanford; Rich man; AD-

673 674

Remarks on the Problem of "Homogenization of

Bernoulli Trials"; Stanford; Sclove; AD-673 676

Saddle Point Theorems and the Discrete Maximum

Principle; Carnegie-Mellon U.; Kleindorfer et at;

AD-673 404

Faces of an Integer Polyhedron for Cyclic Croups;

Carnegie-Mellon; Glover; AD-673 405

Multi Product Plant Location Under Economics of

Scale in Production and Transportation; Carnegie-

Mellon; Rutenberg; AD-673 509

Decision Network Planning Models; Carnegie-

Mellon; Crowslon; AD-673 528

Further Relations Between Game Theory and

Eigens\stems; Carnegie-Mellon; Thompson and

Weil, jr.; AD-673 663

An Experimental Study on Solving Linear Pro-

grams; Calif. U.; Ravindran; AD-673 671

Estimating the Parameters of a Linear Function of

a Random Variable; Stanford; Sclove and Van

Ryzin; AD-673 973

On the Intersections of Cones and Subspaces;

Northwestern U.; Ben-Israel and Charnes; AD-

674 093

Inference from a Knockout Tournament; Prince-

ton; Hartigan; AD-674 209

The likelihood and tnvariance Principles; Prince-

ton; Hartigan; AD-674 210

Classification of Experimental Designs Relative to

Polynomial Spline Regression Functions; Purdue;

VaiiArman; AD-674 523

Decision Theoretic Approach to some Multivariate

Problems; Purdue; Rubin; AD-674 524

Discrete Dynamic Programming with Sewitiiv

Discount Optimality Criteria; Stanford; Veinoit, Jr.;

AD-673 965

On some Nonstandard Semi-injinite Programming

Problems; Carnegie-Mellon; Charnes et al; AD-

673 968

Diffusion Approximations in Collective Risk Tlieory;

Stanford U.; Iglehart; AD-673 972

MECHANICAL, INDUSTRIAL, CIVIL,

AND MARINE ENGINEERING

Project Seaspider: The Design, Assembly, Construc-

tion and Sea Trials of a Tri-moored Buoyant Structure

with Neutrally Buoyant l^gs to Provide a Near-

motionless Instrument Base for Oceanographic Re-

search; WHOI; Savage and Hersey; AD-673 956

Surface Coring for Shear Strength Measurements;

III. U.; Richards and Parker; AD-673 043

Measurement of Atmospheric Aerosols and Infrared

Radiation oxw Northwest India and Their Relation-

ship; Wisconsin U.; Peterson; AD-673 212

Effect of Bilge Keels and a Bulbous Bow on Bilge

Vortices; Iowa L'.; Tatinelaux; AD-672 564

An Experimental Study of Shear-Stress Variation

on a Serm-60 Ship Model; Iowa U.; Tzou; AD-672

565

Diffraction of a Plane Acoustic Pulse by a Free

Orthogonal Trihedron (3-D Comer); St. L*. of N.Y.;

Shaw and Courtine; AD-673 002

On Axial Extension and Torsion of Helic-^aJ

Shells; M.I.T.; Reissner and Wan; AD-672 C -

On Small Strain, Large Deformation Shell i iteory;

M.I.T.; Reissner; AD-672 650

A Class of Vnsymmetric Stress Distributions in

Helicouial Shells; M.I.T.; Wan; AD-672 654

On Stress Strain Relations and Strain Displacement

Relations of the Linear Theory of Shells; M.I.T.;

Reissner and Wan; AD-672 655

Determination of tfu> Constitutive Coefficients for a

Mixture of two Solids; Calif. U.; Steel; AD-672917

Probabilistic Instability and Response of Surface

Ships; Notre Dame U.; Strandhagen; AD-673 320

Long-Term Predictions of the Seakeeptng Perfor-

mance of Destroyer-Type Sfups in die North Atlantic;

Webb Inst.; Hamlin and Snyder. Ill; AD-673 539

Experimental Evidence on the Modes and Probable

Causes of a Deep-sea Buoy M(toring Line Failure;

WHOI; Berteaux et at; AD-673 590

METHODS AND EQUIPMENT

An Electronic Direction Indicator for Deep-sea

Photography; Texas A 8c M; Pequegnal and

Piitman; AD-673 669

A Vertical Wind Tunnel for Small Droplet Studies;

Nevada Bureau of Mines; Hoffer and Mullen;

AD-674 202

MILITARY SCIENCES

A Convex Programming Approach to the Multiple

Constraint Inventory Problem; Texas A & M;

Lamberson; AD-673 422

MISSILE TECHNOLOGY

Pilot-Pressure Measurements with Rapidly Tra-

versing Probes in the Wake of a Sphere in a Diverging

Hypervelocity Stream; Stanford; Tsao; AD-672 589

NAVIGATION, DETECTION, COMMUNICA-

TION AND COUNTERMEASURES

The Low Frequency Cutoff of Elf Emissions;

Iowa V.; Gurneti and Burns; AD-673 325

Twetity-C/iannel Vertical Listening Arrays. Elec-

trical Features. Mechanical Features; Columbia C;

Lopatin and O'Neill; AD-674 118

Intersymbol Interference in Binary Communication

Systems; Mich. U.; Kimball; AD-674 423
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Conn.tdion Theorertu in Non-Convex Programming; 
Northwestern; Sankoff; AD-6n 052 

Mathrmatical SJ5tertu Theory: Cawalily; C.asc 
Inst.; Windeknecht; AD-673 087 

Discrete Dynamic Prvgramming wilh a SmaU 
foltrest Rate; Stanford; Miller and Veinolt, Jr.; 
AD-673 225 

Con.strained Maximum L.iJcelihood fatimaJwn of N 
Stochwtically Ordned Distributioru; Calif. U.; 
Geoffrion; AD-673 232 

A ReJearch Methodology for Studying Co"'Plrx 
Sm,ice Svsltrtu; Calif. U .; Nelson; AD-673 233 

lnltgr;,ied Rislc of Asymptotically Bayes Sequential 
Test..i; Cornell U.; Lorden; AD-673 319 

An Elemmtary Proof of Asymptotic Nonriality of 
Lin.tar Functions of Order Statistics; Cornell; Moore; 
AD-673 322 

Wea/c Limits of Sequences of Bayes Procedures in 
Extimation Theory; Cornell; Farrell: AD-673 324 

The Analyticity of Solutions of Si11gular Integral 
Equatioru; Minn. U.; Kahane; AD-673 550 

Thru-Stagt Variablt-Shift Iteration for Polynomial 
Zeros and IL! Rel.a/ion to Gmn-aliud Rayuigh 
Iteration; Si.anford lJ.; Jerkins and Traub; AD-
673 673 

Epsilo11-Calculw; Stanford; Richman; AD-
673 674 

Rrmar/cs on 1/u Problnn of "Ho111lJgtnization of 
Btmoulli Trials"; Stanford; Sclove; AD-673 676 

Saddlt Point Theornns and the Discrete Maximum 
Pri,iciplt; Carnegie-Mellon U. ; Kleindorfer ti al; 
AD-673 404 

Faces of an bueger Polyhedron for Cyclic Groll/JS; 
Carnegie-Mellon; Glover; AD-673 405 

Mulli Product Plant Location Undn Economics of 
Scalt in Production and Transportation; Carnegic­
Mellon: Rutenberg: AD-673 509 

Duisio11 Networlc Planning Modtlr; Carnegie­
Mellon: Crowston: AD-673 528 

Further Rtlations Betwun Gamt Theory and 
Eigensystnns; Carnegie-Mellon; Thompson and 
Weil, Jr.; AD-673 663 

An E,cpn-immtal Study on Solvi11g l.i,i,ar Pro­
grartu; Calif. U.; Ra\'indran: AD-673 671 

Estimating the Paramrters of a Linear Function of 
a Random Variablt; Stanford; Sclove and Van 
Ryzin; AD-673 973 

On the lnltrJectioru of Cones and Subspaus; 
Northwestern U.; Ben-Israel and Charnes; AD-
674 093 

fofertnee from a Knoclcout Tournamr11t; Prince­
ton; Hartigan; AD-674 209 

The L.i/celihood and fovarianu Principles; Prince­
ton; Hartigan; AD-674 210 

Classification of Exptrimrntal Dtsigru Rel.alive to 
Polynomial Spli11t Regression Functiom; Purdue; 
VanArman; AD-674 523 • 

D«ision Theorttic Approach to somr Mullivarialt 
Probltrtu; Purdue; Rubin; AD-674 524 

Discrtle Dynamic Programming with Sensitive 
Discount Optimality Criteria; Stanford; Veinott,Jr. ; 
AD-673 965 

On some Nonstandard Stmi-infinitt Programmi11g 
Prob/,,r,u; Carnegie-Mellon; Charnes ti al; AD-
67!1 968 

Diffusion Approximatioru in Co/ltctn:e Rislc Theory; 
Stanford lJ .; Iglehart; AD-673 972 

MECHANICAL, INDUSTRIAL, CIVIL, 
AND MARINE. ENGINEERING 

Projut Smspidtr: The Dtsign, Assemb#J, Constnx­
tion and Sta Trials of a Tri-moored Buoyant Strudurt 
with Ntutrall_v Buoyant Ltgs to Providt a N,ar­
motionltss lnstrumtnl Bast for Octanogr.lac Rt­
Jearch; WHOI; Savage and Hersey; AD-673 956 

Surf ace Coring for Shear Strength Measuremnus; 
Ill. lJ.; Richards and Parker; AD-673 043 

Mewur,mnit of Atmospheric ,,ferosols and lnfrartd. 
Radiation 01,er Northwest India and Their Relalion­
ship; Wisconsin U.; Peterson; AD-673 212 

Effut of Bilgt Kuls and a Bulbow Bcrw on Bilgt 
Vorticts; Iowa U.; Tatinelaux; AD-672 564 

An Experimmta/ Study of Shear-StrtsS Variali011 
on a Strin-60 Ship Modtl; Iowa U .; Tzou; AD-672 
565 

Dijfrat:tion of a Plant .'4coustic Pulst l,y a Fr« 
Orthogonal Trihedron 0-D Comer); St. V. of N.Y.; 
Shaw and Courtinc; AD-673 002 

On Axial Extnuio11 and Torsion of Htlu-~i,lal 
SM/ls; M.I.T.; Reissner and Wan; AD-6i2 t, • 

On Small Strain, Larg, Deformation Shell i ,,,,.,ry·: 
M.I.T.; Reissner; AD-672 650 

A Cl.ass of Umymmrtric StTl'ss l>istribulians in 
Helicoidal Shell.s ; M.I.T.; Wan; AD-672 654 

0,1 Strtss Strain Relations and Strain Displaumnu 
Rtlatiom of the Linear Theory of Sh,lls; M.I.T.; 
Reissner and Wan; AD-672 655 

Determination of the Constitutivt Cotfficimt..i for a 
Mixturt of two Solids; Calif. U.; Steel; AD-672 917 

Probabilistic Instability and Rtsporut of Surfaa 
Ships; Notre Dame lJ.; Strandhagcn; AD-673 320 

/..ong-Term Predictions of the Stall«ping PtT/or­
ma11<1' of Destroyer-Typ, Ships in 1/u North Atlanlic; 
Webb Inst.; Hamlin and Snyder. Ill; AD-673 539 

Experimental Evidnict' on tht Modts and Probablr 
Cawes of a Dttp-sea Buay Mooring Li'M Faiiurt: 
WHOI; Bcrteaux ti al; AD-673 590 

METHODS AND EQ.UIPMENT 
An Electronic Dirut1on Indicator for Dtrf>-sm 

Photography; Texas A & M; Pequegnat and 
Piuman; AD-67!\ 669 

A Vertical Wind Tunn.tl for Small Dropl,,t Studits : 
Ne\·ada Bureau of Mines; Hoffer and Mallen; 
AD-674 202 

MIUT ARY SCIENCF.S 
A Co11vn Programming Approach to tht Muh:iplr 

Constmint I nUt!nlory Probl.em; Texas A & M; 
Lamberson; AD-673 422 

MISSILE TECHNOLOGY 
Pitot-Pressure Measurffllfflls wilh Rapidly Tra­

versing Probes i,1 the Walct of a Sphere in a Dii,rrging 
H:,p,n.,lociJ_~ Strram; Stanford; Tsao; AD-672 589 

NAVIGATION, DETECTION, COMMUNICA-
TION AND COUNTERMEASURF.S 

Tht I.ow Frequtnry Cutoff of EI.F Emi.uiom; 
Iowa LI.; (;urnell and Burns; AD-673 325 

Twf'l1ty-Channtl Vertical l.istniing ,4rrays. Eltt:­
trica/ Fe11turts . Mrrha11it-al Ftaturts; Columbia l." . ; 

Lopa1in and O 'Neill; AD-674 118 
lnltrsyrnbol lnltrjtrtnct in Binary C01'fmun1catlon 

Syst,r,u; Mich. U .; Kimball; AD-674 423 
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A Vacuum Spark Light Source Jor the Extreme

L'ltraviolet Region; V. of S. Calif.: Wainfan and

Rudisill. AD-674 437

Design Data of Gas-Lubricated Spin Axis Bearings

for Gyroscopes; Mechanical Technology, Inc.;

\ ohr and Pan; AD-673 988

An Error Analysis Technique for Inertial Naviga-

tumSystems andKalman Filters; Mass. L\; Hutchin-

son and VVondergem; AD-674 526

NUCLEAR SCIENCES AND TECHNOLOGY

Wave Runup. Mono Ijike Tests, /965: A Summary

of Theoretical Prediction Methods and some Compari-

sons with Experimental data; Urs Corp.; Bertram

and Kriebel; AD-674 858

Intense Explosions at the Ocean Surface; Calif. U.;

Coffins and Holt; AD-673 048

PHYSICS

Sumerical Evaluation of the Series Expansion

Method for the Prediction of the far Field Intensity

from Near Field Cross-Power Measurements; Parke

Mathematical I.ahv. Inc.; Butler and Moran;

AD-672 774

Focusing of Sound and Explosive Pulses in the

Ocean; Cambridge Acoustical Associates, Inc.;

Silbiger; AD-672 914

Ray Representation of Diffraction Effects in the

Spat-Beam Sound Field; Woods Hole; Murphy;

AD-672 934

Kerr Magneto-Optic Studies of the Domain Patterns

m S'ichel Iron Tapes; Purdue U.; Friedlaender

et al; AD-672 556

On the Foundations of Electrodynamics; M.I.T.;

Tisza; AD-672 793

The Antiferromagneiism of CsMnCl42H20;

Carnegie-Mellon U.; Smith and Friedberg:

AD-672 810

Application of Statistical Moments in the Reduction

of Supersonic-Molecular-Beam Data; Calif. IL;

Amend; AD-672 560

On a General Similarity Analyst* for Turbulent

Jet and Wake Flows; Iowa L'.; Naudascher; AD-

672 574

Elastic Recovery and the Toms Effects —A Simple

Model; III. Tech.; Tlapa and Berstein; AD-673

009

The Invtsad Chemical Nonequdibrium Flow Behind

a Moving Normal Shock Wave; Polytechnic Inst,

of Brooklyn; Palumbo and Rubin; AD-673 214

Some Measurements of the Dispersion of Spheres in

a Turbulent Flow: Johns Hopkins U.; Kennedy;

AD-673 236

L'mform Asymptotic Theory of Diffraction at an

Interface: N.Y.U.; Rulf; AD-672 867

The Relationship between Morphology and Light

Scattering Patterns for Pocytetrafluoroelhylene; Mass.

V.: Rhodes and Stein; AD-672 901

.Asymptotic Theory of Cerenkov Radiation in

Inhomogeneous Media; N.Y.U.; Handelsman and

Lewis; AD-672 868

An Experimental Study of the 2 Neutral-pion Decay

of the Ijong-Lived Neutral K-meson; Princeton;

Wheeler; AD-672 919

Nonrelathnslic Nuclear Reaction Kinematic

Crossover Angles; III. U.; Warshaw; AD-672 932

Walks on a Random Binary Velocity Field; Johns

Hopkins U.; Patterson. Jr.; AD-673 234

Pauli Algebra and the Restricted Lorenti Group;

M.I.T.; Tisza and Whitney; AD-672 821

Some Theorems in Classical Elastodynamvs;

CalTech; Wheeler and Sternberg; AD-672 566

Improved Free Edge Conditions for the Differential

Equation of a Flat Plate Subjected to Antisymmetncnl,

Space-Variable Normal leading on us Faces; Co-

lumbia L'.; Elrod and Six>d; AD-672 572

Membrane and Bending Stresses in Shallow

Spherical Shells; M.I.T.; Wan; AD-672 640

Large Deformation Solutions for an Elastic Cosserat

Surface; Calif. U.; Naghdi and Crochet; AD-

672 918

Magnetic Resonance Lineshaprs of Pr (X-) in

Double Nitrate Crystals; Kansas U.; Culvahouse

et al; AD-672 673

Thermal Conductivity and Electrical Resistivity

Measurements of EuO Across the Curie Temperature

in a Magnetic Field; S. Dakota School of Mines;

Konantz; AD-672 773

Pressure Dependence of the Elastic Constants of

Single Crystals; Case-Western Reserve U.; Smith;

AD-673 265

On Fluids of Particles with Short Range Repulsion

and Weak Long Range Attractive Interaction; North-

western U.; Jalickee et al; AD-672 845

Temperature and Thermal Stress Problems of Thin-

Walled Spheres and Cones with Aerodynamic Heating;

Polytechnic Inst, of Brooklyn; Chu et al; AD-

673 005

A Note on Mixtures; Calif. L'.; Green and

Naghdi; AD-673 007

Wave Front Stress Relaxation in a one Dimensional

Nonlinear Inelastic Material with Temperature and

Position Dependent Properties; St. U. of N.Y.;

Shaw and Cozzarelli: AD-673 003

The Role of Receiivr Memory on the Detection of

Transient Signals; Duke U.; Baxa. Jr.; AD-673 837

On the Detection of a Known Signal in Sea Noise:

Duke U.: Hatsell; AD-673 838

A Critical Examination of Discrete Lattice and

Dispersed Barrier Hardening; North American

Rockwell Corp.; Soinmer and Ono; AD-673 545

Computer Experiments on Random Walks Both

Eulerian and Lagrangian Statistics; Johns Hopkins

U.; Patterson, Jr. and Corrsin; AD-673 313

On Slow Transverse Flow Past Obstacles in a

Rapidly Rotating Fluid; WHOI; Hide et al; AD-

673 591

Further Generalization of Onsager's Cascade Model

for Turbulent Spectra; Johns Hopkins U.; Corrsin;

AD-673 735

The Isotropic Turbulent Mixer: Arbitrary Schmidt

Number; Johns Hopkins U.; Corrsin; AD-673 739

The Effect of Charge Transport on the Disintegra-

tion of Liquid Jels; Rockeldyne; Huebner; AD-673

860

Idium Arsenide-Phosphide Injection lasers; Bell

and Howell Research 1-ibs; Wilardson et al;

AD-673 318

Research Investigation of Laser Line Profiles

(Picosecond Laser Pulses}; United Aircraft Corp.;

De.Maria et al; AD-673 858

Thomas-Fermi Theory of Nuclei; Cornell U.;

Bethe: AD-673 556

Relations Among the Superconvergence Conditions

for Forward Elastic Scattering. Linear Relations
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.i Vacuu• Sparlt; Liglll Souru /or IN EKJrnn, 
( 'ftuwwirl Rrgwn; U. of S. Calif.; Wainfan and 
R1xfaill; AD-674 437 

Dnig,1 Data of Gas-Lubriallrd Spin Axil Brt1ririgl 
for Gyrrucoprl; !\flochanical Tel·hnology, Inc; 
\'ohr and Pan; AD-673 988 

_.,,. faTOr .-4,uu,su Ttdiruqut for lnrrtinl ,\'ai,ga­
lum S:,.strnu and Kalman Fillrn: Mass. L' .; Hutchin­
""" and Wondergem; AD-674 526 

NUCLEAR SCIENCF.S AND TECHNOLOGY 
H'avr Runup, ,\fono Lau Ttlll, /96'5: A Summary 

of Throrrtiral Pmiiclion MrtJwds arrd som, Compari­
.w,u u:rth. Exprri,,,,,.tal data; Un Corp.; Bertram 
arKt Kriebd; AO-674 858 

lnt.nur E,rploswns at thr Ouan Sur/au; Calif. U.; 
Collins and Holt; AO-673 048 

PHYSICS 
,\'&U11rr1<al Eualuatiorr of Ult Srrirs E,rpansion 

Jf,thod for Ult Pmliction of IN far Firld lnlrruity 
fr,,. Nmr Firld CrlW-PotWT MtruurttnmLs; Parkt" 
\lathematic.tl Labs .. Inc; Butler and Moran; 
AD-672 774 

Focwing of Smmd and Explosror PulseJ in IN 
Ocran; Cambridge An)Ustit·al Associates, Inc.; 
Silbi~er; AD-672 914 

Ray Rrf1mnrlabon oj fhjfraclion Ejfrcll in IN 
SfJlil-Bram Sound Fitld; W<K,ds Hole; Murphy; 
-\D-672 934 

Kn-r Magntto-Optic StlUUts of Ult Donrain Pattt'T11.! 
in NicAtl Iron Tapn; Purdue lJ.; Friedlaender 
rt al; AD-672 556 

On IN Foundalio,u of El«trodynamin; M.I.T.; 
Tiu.a; AD-672 793 

Th.t Antifn-r,,,,.ag,anism of CJMnC/42H20; 
Carnegie-Mellon U.; Smith and Friedberg; 
AD-672 8IO 

.i/>fllication of Statutu:al Momn&L! in IN Rtduction 
of Suprno,uc-Moltodar-Btam Dala; Calif. U.; 
Amend; AD-672 560 

On a G,:nrra/ SinrilarilJ Analpi5 for TurlnJtnl 
]rt and Wait;, Fluws: Iowa l'.; Naudascher; AD-
672 574 

Elastic R«Ot't'r'J and IN TomJ Ejfnll-A Simplt 
.\fodtl: Ill. Tech.; Tlapa and Berstein; AD-67, 
009 

T1at lnvund Clannical Nontquilibrium Flow Bthind 
a Mwrng Normal Shod Waw; Polytechnic Inst. 
of Brooklyn; Palumbo and Rubin; AD-67, 214 

SOlllt MtlllUTnnnrl.J of Int Di.sprnum of Sph.trrs iri 
a Trm,ultnl Flow: Johns Hopkins U.; Kenned)·; 
AD-673 2,6 

l:nifonn Asymptotic TNory of Diffraction al an 
lntnfacr: N. Y. U.; Rulf; AD-672 867 

Tiu Rtlationship bttwtm Morphology and J.iglll 
Scatkrini Pattnns for PolJktrajluororthylrnt; Mass. 
L'.; Rhodes and Stein; AD-672 901 

,.fJJ.,,,,,totu: TNory of Crrtdov Radiation in 
lnlunrwgrnnw Mrdin; N.Y.U.; Handelsman and 
Lewis; AD-672 868 

An ExfHmtttnlai StudJ of tlu 2 Nrutral-flion Dtcay 
of 1hr l,ong-1.iwd NtulTal K-mtson; Princeton; 
Whttler; AD-672 919 

N011Ttu11nrislic Nucltar Rtaction Kinnnalic 
Crossovrr Ang/ts; Ill. U.; Wanhaw; AD-672 932 

K'al.b on a Ra-ndorn Binary Vtloal] Fitld; Johns 
Hopkins U.; Pauenon, Jr.; AD-673 234 

Digitized by Go gle 

Pauh Algrbra a11d tht Rtslrictrd l..orrnlz Group; 
M.I.T.; Tisza and Whitnn; AD-672 821 

Somt ThtortfflJ in Clllllical Elallod,•r1t1mio; 
CalTet·h; Wheeler and Stt"rnberg; AD-672 566 

lmproord Fru Edgt Conditioru JOT th, Dijfrrrntial 
Equation of a Flat Platr Subj«kd lo Anll.!J"""'t,ica/, 
Spact-Variabk Normal Looding on II.I Flirts; Co­
lumbia L'.; Elrod and S1K>d; Al>-672 572 

Mtmbm11t and B,nding Strrssts in Shallow 
SpNrical Shtlls; M.I.T.; Wan; AD-672 640 

l.arg, Dtfonnation SoJutio11.1 for an Elaltic Cruurat 
Sur/au; Calif. U.; Naghdi and C:nKhet; AD-
672 918 

Mag,rrtic Rtsonanu l.ir1tlhapr., of Pr ( J+) in 
Doublt Nilrau Cr,Jtals; Kansas U.; Culvahouse 
ti al: AD-672 673. 

Thtrmal <:onductii,ity and Eltctrical Rt.1ilti1,ity 
Mtasurl'rntnll of EuO AcrOll tht Curit Ttmptratu~t 
in a ;'rfogrutic Fuld; S. Dakota School of \fint"s; 
Konantz; AD-672 773 

PrtJSUTt Dtprndn,ct of Ult E /tutu <:011.111.mll of 
Singlt Cry.slab; C:ase-Wt"stern Reserve L:.; Smith; 
AD-673 265 

On Fluids of Particl.ts UJtth Short Rangt Rtfrulsio11 
and WtllA Long Rllfigt AttTllCln~ lnltrt1ctw,1; North­
y,•estern LT.; Jalickee ti al; AD-672 845 

Trmprraturt and Thtrmal Stm.1 Problnns oj Tlun­
W a/1.td SpNrr.s and Conts with Atrod_-;tulml< Hrating; 
Polytechnic Inst. of BnK>klyn; Chu ti al; Al>-
673 005 

A .Vott on Mucturts; Cali£. C.; (;rt"en and 
Naghdi; AD-673 007 

Wm,t Fronl StrrSJ Rtla:wtion in a 011t Dimtruional 
Nonlinrar lnrlaltic Matrrinl with Tnnprralurr and 
Position INJ,tndml Proprrtits; St. U. of N. Y.; 
Shaw and Cozzarelli; AD-673 003 

Tht Rolt of Rruitlt'r Mrrnory on thr Drlection of 
Traruitnl Signals: Duke U .; Baxa, Jr.; AD-673 837 

On lN Drltction of a Known Sig,1al in Sta Now; 
Duke U .; Halsell; AD-673 838 

A Critical Examination of Di.scrrlt l.attiu and 
Dup=rd Barntr Hardnamg: North American 
R1Kkwell Corp.; Sommer and Ono; AD-673 545 

Cmn!>"'rr Expn-imtnll on Rt1ndom Walks Both 
Eultrinn and Lagrangian StatillicJ; Johns Hopkins 
U.; Patterson, Jr. and Corrsin; AD-673 313 

Un Slow Trar1S1Jtrst Flow Past Ubstaclts in a 
RapidlJ Rotating Fluid; WHOI; Hide rl t1l; AD-
673 591 

FurtNr Gtntrahzalion of Oruag,r's Cascadt Modtl 
for Turl,uJtnJ Sprctra; Johns Hopkins U .; Corrsin; 
AD-673 735 

Th, il<Jtropi< Turbultnt Mixtr: hbitmry Schrmdl 
Numbrr: Johns Hopkins U.; Corrsin; AD-673 739 

Tht Ejftcl of Chargt Transport 011 tht l>isi,lltgra­
tion of Liquidjrts; Rodetdyne; Huebner; AD-673 
860 

ldium hstnidt-Phosphidt lnjechon Imm; Bell 
and Hoy,·ell Re5earth l.abs; Wilardson tt al: 
AD-673 318 

Rtstarch lnvt!itigation of Lastr I.int Profil.t!i 
(P,cosrcond Lastr Pu/Ms): L,nited Airn.if1 Corp.; 
DcMaria ti al; AD-673 858 

Thomw-Frrmi Thtory of Nucl.ti; Cornell U.; 
Bethe; AD-673 556 

Rrlations Among tnr Suprrconvtrgmu Co,iditions 
for Forward Elwtic Srntkri,1g. l.inrar Rrlatimu 
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Among the Crosses-Channel Helicity Amplitudes;

Cornell; Lin; AD-673 557

Low-Energy Electron Spectrum From the Decay of

Vnpolarized Muons; Cornell; Crotch; AD-673 558

Current Algebras and Pole Dominance: a Con-

sistent Treatment of the (A rho pi) Meson System;

Cornell; Brown and West; AD-673 559

Detail in the Tunneling Characteristics of Super-

conducting Niobium Single Crystals; M.I.T.; Mac-

Vicar and Rose; AD-673 290

Anistropic Energy-Gap Measurements on Super-

conducting Niobium Single Crystals by Tunneling;

M.I.T.; MacVicar and Rose; AD-673 293

A Ray Theory jor Wave Propagation in a Non-

Uniform Medium; Johns Hopkins U.; Kaiz; AD-

673 740

The Measurement of Acoustical Pressure by Optical

Techniques; Mich. St. U.; Cook et al; AD-674 167

Possibility oj Radiation-Induced Sound Amplifica-

tion in a Gas; M.I.T.; Schulz; AD-674 215

Precision Sound Velocity Profiles in the Ocean.

Canary Islands - Gibraltar - Bay of Biscay; Sound

Speed, Temperature, etc. June-July 1965;

Lamont; Piip; AD-674 427

Ray Transmissions in an Underwater Acoustic

Duct with a Pseudorandom Bottom; Rensselaer

Polytechnic Inst.; Seifer and Jacobson; AD-

674 433

Diffusion of Lattice Defects in a Stress Field; 111.

U.; Koehler; AD-674 522

On the Capacity of the (Circular Disc Condenser at

Small Separation; Stanford; Leppington and

Levine; AD-674 518

Multi-Magnon Absorption in MnF2.1. The far

Infrared Spectrum; Mcgill U. (Canada); Shapiro

and Stevenson; AD-674 865

Multi-Mctgnon Absorption in MnF2-Optical

Absorption Spectrum; Mcgilt U.; Stevenson and

Shapiro; AD-674 866

Near Wake of a Slender Cone at Ijirge Angle of

Attack; Polytechnic Inst, of Brooklyn; Schmidt

and Cresci; AD-673 953

On Internal Gravity Waves Generated by Submerged

Disturbances; Hydronautics, Inc.; Wong; AD-

674 372

The Flow between two Plates of a Fluid Containing

Rigid Structures; N.Y. U.; Kirwan, Jr. and New-

man; AD-674 435

Numerical Solution of the Incompressible and
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Dmm to the Seas in Concrete — Continued from Page 29

On one occasion a 34-foot concrete-hulled cabin cruiser was struck amidships

by a 3-1/2-ton sloop traveling at 10 knots. The concrete cabin cruiser was able

to proceed under her own power for repairs which took 21 man hours to com-

plete. Damage consisted of deflection of the hull from true over an area of seven

feet long and three feet wide. At the point of impact the hull was pushed in 3-1/2

inches. It was repaired by hammering the reinforcement back into position

cutting away the damaged surface which was then filled, sanded and brought

back to as-new appearance. In the view of the marine surveyor a similar craft

with a timber hull would have been sunk.

In another case a boat was lifted up by a wave and deposited down on the

upper end of a pile which produced a considerable impression in the hull and

opened it to leakage. Pumps were able to keep the boat from sinking while a

repair man went over the side and forced in concrete mix (in the presence of

sea water) until the leak was fully controlled.

Although information on construction techniques is somewhat limited for

proprietary reasons, it is understood that the hull is laid up on a frame of

metal tubing which support layers of several different sizes of steel mesh. All

methods of concrete construction are used in different portions of the craft.

Guns may be used to spray the concrete; also ordinary trowelling as well as

casting techniques are applied in certain areas. Many special tools have been

developed by the shipyard for these purposes.

The thickness of the hull may vary from as little as 5/8 inch to as much as

one foot. This latter thickness was used in the bow portions of a tug boat, where

severe impacts would be expected. Because it is not practical to make the con-

crete much thinner than 1/2-inch thick, this material is a little heavy for small

pleasure boats. At lengths greater than 30 feet, concrete begins to show an

advantage over other methods of construction in that the stiffness of the hull

obviates the necessity for the interior framing required by more conventional

construction techniques.

The question that remains now is whether this will be a widely exploited

construction technique or will be used in only a limited area of specialty.

NAVAL RESEARCH reviews

publishes highlights of research conducted by

Naw laboratories and contractors and describes important Naval experimental facilities. Manu-
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DOll'fl to th, Sl'as in Concretl' - Conlinurd from Pagt 29 

On one occasion a 34-foot concrete-hulled cabin cruiser was struck amidships 
b,· a 3-1 /2-ton sloop traveling at IO knots. The concrete cabin cruiser was able 
to proceed under her own power for repairs which took 21 man hours to com­
plete. Damage consisted of deflection of the hull from true over an area of se,·en 
feet long and three feet wide. At the point of impact the hull was pushed in 3-1 /2 
inches. It was repaired by hammering the reinforcement back into position 
culling away the damaged surf ace which was then filled, sanded and broug-ht 
back to as-new appearance. In the view of the marine surveyor a similar craft 
"·ith a timber hull would have been sunk. 

In another case a boat was lifted up by a wave and deposited down on the 
upper end of a pile which produced a considerable impression in the hull and 
opened it to leakage. Pumps were able to keep the boat from sinking while a 
repair man went over the side and forced in concrete mix (in the presence of 
~e-.t water) until the leak was fully controlled. 

Although information on construction techniques is somewhat limited for 
proprieta11· reasons, it is understood that the hull is laid up on a frame of 
metal tubing which support layers of several different sizes of steel mesh. All 
methods of concrete construction are used in different portions of the craft. 
Cuns may be used to spray the concrete; also ordinary trowelling as well as 
casting techniques are applied in certain areas. Many special tools have been 
developed by the shipyard for these purposes. 

The thickness of the hull may vary from as little as 5/8 inch to as much as 
one foot. This latter thickness was used in the bow portions of a tug boat, where 
~e,·ere impacts would be expected. Because it is not practical to make the con­
crete much thinner than 1/2-inch thick, this material is a little heavy for small 
pleasure boats. At lengths greater than 30 feet, concrete begins to show an 
ad\"antage over other methods of construction in that the stiffness of the hull 
ob\"iates the necessity for the interior framing required by more conventional 
construction techniques. 

The question that remains now is whether this will be a widely exploited 
construction technique or will be used in only a limited area of specialty. 

NAVAL RESEARCH I REVIEWS I publishes highlighu of research conducted by 
;\an laboratories and contracton and describes important Naval experimental fac:ilitin. Manu­
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