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fvf4h£ut6 ^Science

AFTER RECEIVING A PH. D. FROM PRINCETON SE1TZ WENT TO THE GENERAL ELECTRIC LABORATORY

TO DO RESEARCH IN SOLID STATE PHYSICS. PARTICULARLY CRYSTAL LUMINESCENCE. IN 1940 SEITZ

WROTE THE MODERN THEORY OF SOLIDS, WHICH BROUGHT THE KNOWLEDGE OF THE FIELD INTO A

SINGLE MONOGRAPH, WHICH HAS LASTING INFLUENCE IN THE FIELD.

ONE OF SEITZ'S MOST IMPORTANT CONTRIBUTIONS DURING THE WAR WAS PRODUCING CHEMICALLY

PURE SILICON FOR USE IN RADAR DIODES. SEITZ WAS THE FIRST TO INTERPRET THE ELECTRICAL

CONDUCTIVITY OF THE VARIOUS GRADES OF SILICON IN TERMS OF INTRINSIC AND IMPURITY COMPONENTS.

THE5E STEP5 MADE IT POSSIBLE TO PLACE THE USE OF BOTH SILICON AND GERMANIUM AS SEMICON-

DUCTORS ON A RELATIVELY SCIENTIFIC BASIS.

IN 1949 SEITZ WENT TO THE UNIVERSITY OF ILLINOIS WHERE HE ORGANIZED AN INTERNATIONALLY

FAMOUS CENTER IN SOLID STATE PHYSICS, WHICH WAS IN PART SUPPORTED BY THE OFFICE OF NAVAL

RESEARCH. SEITZ WAS A MEMBER OF THE NAVAL RESEARCH ADVISORY COMMITTEE AND ITS CHAIRMAN

FROM 1960-62.

EN 1962 SEITZ WA5 APPOINTED PRESIDENT OF THE NATIONAL ACADEMY OF SCIENCES. WHEN THE

POST BECAME A FULL TIME JOB EN 1962, SEITZ TOOK THE POSITION FOR A SIX YEAR TERM. JANUARY

1, 1969. SEITZ WILL BECOME THE PRESIDENT OF ROCKEFELLER UNIVERSITY, NEW YORK CITY.
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AFTER RECEIVING A PH. D. FROM PRJNCETON SEITZ WENT TO THE CENER.AL ELECTIUC LABORATORY 
TO DO RESEARCH IN SOLID STATE P HYSICS. PARTICULARL Y CRYSTAL LUMINESCENCE. IN 1940 SEITZ 
WROTE THE MODERN THEORY OF SOLIDS, WHICH BROUCHT THE KNOWLEDGE OF THE FIELD INTO A 
SINCLE MONOGRAPH, WHICH HAS LASTING INFLUE NCE IN THE FIELD. 

ONE OF SEITZ' S MOST IMPQJI.TANT CONTIUB UTIONS DURJNG THE WAR WAS PRODUCINC CHEMICALLY 
PURE Sll.lCON FOR USE IN R.ADAR DIODES. SEITZ WAS THE FIRST T O INTERPR.ET THE ELECTIUCAL 
CONDUCTIVITY OF THE VARIOUS CR.ADES OF SIJ.ICON IN TE.RMS OF INTRINSIC AND IMPUIUTY COMPONENTS. 
THESE STEPS MADE IT POSSIBLE TO PLACE T HE USE OF BOTH SlLICON AND GERMANIUM AS SICMICON­
DUCTORS ON A R.ELA TIVELY SCIENTIFIC BASl5. 

IN 1949 SEITZ WENT TO THE UNIVERSITY OF ILLINOIS WHER.£ HE ORGANIZED AN INTERNATIONALLY 
FAMOUS CENTER IN SOLID STATE PHYSICS, WHICH WAS IN PART SUPPORTED BY THE OFFICE OF NAVAL 
RESEARCH. SEITZ WAS A MEMBER OF THE NAVAL RESEARCH ADVISORY COMMITTEE AND ITS CHAIRMAN 
FROM 1960- 62. 

IN 1962 SEIT Z WAS APPOINTED PR.ESIDENT OF THE NATIONAL ACADEMY OF SClENCl:S. WHEN THE 
POST BECAME A FULL TIME JOB IN 196Z, SEITZ T OOK THE POSITION FOR A SIX YEAR T ERM. JANUARY 
1. 1969. SEIT Z WILL BECOME THE PRESIDENT OF llOCKEFELLER UNIVERSITY, NEW YOllk CITY. 
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The Naval Biological Laboratory

Dr. Neylan A. Vedros

Naval Biological Laboratory

Oakland, California

In 1934 Professor Albert P. Krueger organized the Naval Reserve

Laboratory Research Unit No. 1 on the campus of the University of

California in Berkeley. Under the able direction of Dr. Krueger (later

Captain, MC, USNR), the Research Unit studied infectious disease

causative organisms of immediate interest to naval personnel. This

was the beginning of the Naval Biological Laboratory (NBL).

By 1941 the Research Unit occupied several laboratories in the Life

Sciences Building on the University campus; its mission was the develop-

ment of a laboratory and field program for the evaluation of influenza

vaccine. During these beginning years the Research Unit studied air-

borne infections; twenty publications attest to their studies from 1934 to

1941. (An excellent review of airborne infections was published by

the Unit in War Medicine, V4, p. 1-30, 1943.)

In 1944 the Research Unit was renamed Naval Medical Research

Unit No. 1 (NAMRU#1). The organization and function ofNAMRU#l

was the basis on which all other Naval Medical Research Units were

later patterned.

In 1946 a contract between the newly established Office of Naval

Research and the Department of Bacteriology, University of California,

Aerial view of the Naval Biological Laboratory at the Naval Supply Center, Oakland, California
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The Naval Biological Laboratory 
Dr. Neylan A. Vedros 

Naval Biological Laboratory 
Oakland, California 

In 1934 Professor Albert P. Krueger organized the Naval Reserve 
Laboratory Research Unit No. I on the campus of the University of 
California in Berkeley. Under the able direction of Dr. Krueger (later 
Captain, MC, USNR), the Research Unit studied infectious disease 
causative organisms of immediate interest to naval personnel. This 
was the beginning of the Naval Biological Laboratory (NBL). 

By 1941 the Research Unit occupied several laboratories in the Life 
Sciences Building on the University campus; its mission was the develop­
ment of a laboratory and field program for the evaluation of influenza 
vaccine. During these beginning years the Research Unit studied air­
borne infections; twenty publications attest to their studies from 1934 to 
1941. (An excellent review of airborne infections was published by 
the Unit in War Medicine, V4, p.1-30, 1943.) 

In 1944 the Research Unit was renamed Naval Medical Research 
Unit No. l (NAMRU#l). The organization and function of NAMRU#l 
was the basis on which all other Naval Medical Research Units were 
later patterned. 

In 1946 a contract between the newly established Office of Naval 
Research and the Department of Bacteriology, University of California, 

Atrial view of du Naval Biological Laboratory at the Naval Supply Center, Oakland, California 
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Berkeley, provided for basic academic research and graduate instructic

in the fields of airborne infections and medical microbiology. Most <

the instructors for the program were scientists who had been wil

NAMRU#1.

During the post-war years increased student population made n

search space at Berkeley scarce. A new site was needed in the Sa

Francisco area to house the research laboratories and still be ne;

the Berkeley campus. In 1950 such a site was chosen at the Nav;

Supply Center in Oakland; the Naval Biological Laboratory (NB1

was formally commissioned by the Secretary of the Navy's letter c

23 April 1950. The mission of NAMRU#1 was integrated with th

research program of NBL. One building was retained on the Berkele

campus, which now houses a portion of NBL's research on Neisseri

Environmental Microbiology, and Virology.

NBL quonset hut, heated on the Berkeley campus of the University of California

Today the main laboratory consists of eleven buildings where facili

ties such as work hoods, isolation rooms, and ventilated cages permi

work with highly infectious microbial organisms. Access to the labora

tory is through a change room where street clothes are removed anc

special laboratory clothes are put on. There is a storeroom, glasswan

washing area, media preparation unit, photographic studio, and labora

tory for physical chemistry and for work with saprophytic micro

organisms.

The School of Public Health, University of California administer!

NBL under a contract with the Office of Naval Research. In 1952 the

University established a Scientific Advisory Committee which review;

NBL's proposed programs after they have been reviewed by ON«

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(U
n
iv

e
rs

it
y
 o

f 
M

a
ry

la
n
d

, 
C

o
lle

g
e
 P

a
rk

) 
o
n
 2

0
1

4
-1

0
-0

1
 1

6
:3

3
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
1

9
8

9
1

4
0

0
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le

Berkeley, provided for basic academic research and graduate instructic 
in the fields of airborne infections and medical microbiology. Most • 
the instructors for the program were scientists who had been wi1 
NAMRU#l. 

During the post-war years increased student population made n 
search space at Berkeley scarce. A new site was needed in the Sa 
Francisco area to house the research laboratories and still be ne, 
the Berkeley campus. In 1950 such a site was chosen at the Nav; 
Supply Center in Oakland; the Naval Biological Laboratory (NBI 
was formally commissioned by the Secretary of the Navy's letter c 
23 April 1950. The mission of NAM RU# I was integrated with th 
research program of NBL. One building was retained on the Berkele 
campus, which now houses a portion of NBL's research on Neissm 
Environmental Microbiology, and Virology. 

NBL quonset hut, located on the Berlt.eley campus of the University of California 

Today the main laboratory consists of eleven buildings where facili 
ties such as work hoods, isolation rooms, and ventilated cages permi 
work with highly infectious microbial organisms. Access to the labora 
tory is through a change room where street clothes are removed an< 
special laboratory clothes are put on. There is a storeroom, glassware 
washing area, media preparation unit, photographic studio, and Iabora 
tory for physical chemistry and for work with saprophytic micro· 
o rgamsms. 

The School of Public Health , University of California administer: 
NBL under a contract with the Office of Naval Research. In 1952 th< 
University established a Scientific Advisory Committee which reviewi 
NBL's proposed programs after they have been reviewed by ONR 
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The Committee is appointed by the Chancellor and its members

serve three to five years.

In 1954 the first full-time Scientific Director was appointed for the

University of California — NBL—NAMRU#1 organization. The de-

lineation of the responsibilities of the Scientific Director, Ofncer-in-

Charge of NBL, and Commanding Officer of NAMRU#1 were rede-

fined by written agreement between the sponsoring agencies and the

University. This agreement has been revised and brought up to date

(ONR Instruction 5450.5A of 29 April 1968).

In 1957 NBL was established as a laboratory in the University of

California School of Public Health and two years later formal NBL

research assistantships were offered to graduate students. Since 1957

NBL has directly supported 14 successful Ph. D. candidates, one

Doctor of Public Health, two Masters of Public Health, and is cur-

rently supporting four Ph. D. candidates. An additional 14 military

officers have acquired graduate degrees during their tour of duty at

NBL-NAMRU#1. The research of the graduate students and of the

faculty members who collaborate with NBL staff members is directly

associated with the overall NBL research program for the Navy.

In 1961 the Scientific Director was appointed as Professor in the

School of Public Health by the University. Succeeding Directors have

continued to be faculty members of the University. NBL is now one of

the University's major laboratories and a "national resource" for its

expertise in the instrumentation and handling of highly infectious

airborne disease organisms.

Understanding of the biological and physical behavior of airborne

microbes is complex and requires not only basic studies on the micro-

organisms themselves but the subtle blending of sophisticated engineer-

ing and biophysics necessary to conduct these studies. In addition to

research on the survival of airborne biological organisms, the investi-

gator must be concerned with host-parasite relationships, immunity,

and epidemiology.

It was a natural scientific evaluation that over the years, studies at

NBL extended from the behavior of microbes in man's immediate

environment to his travels beneath the sea (hyperbaric) and to outer

space (hypobaric). During the past few years, research has also been

conducted on the behavior of microbes in environments other than

air, such as fresh and marine water, air pollutants, various gas mixtures,

and defined organic vapors.

In essence, NBL has developed the capability to study almost all

areas of microbiology as applied to man in his total maritime environ-

ment. Evidence of this fact can be seen in over 400 scientific publica-

tions and numerous technical reports and monographs.

The present research programs of NBL are encompassed in three

broad areas: Aerobiology, Medical Microbiology, and Environmental

Microbiology.
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The Committee is appointed by the ChancelJor and its members 
serve three to five years. 

In 1954 the first full-time Scientific Director was appointed for the 
University of California-NBL-NAMRU#l organization. The de­
lineation of the responsibilities of the Scientific Director, Officer-in­
Charge of NBL, and Commanding Officer of NAMRU#l were rede­
fined by written agreement between the sponsoring agencies and the 
University. This agreement has been revised and brought up to date 
(ONR Instruction 5450.5A of 29 April 1968). 

In l 95i NBL was established as a laboratory in the University of 
California School of Public Health and two years later formal NBL 
research assistantships were offered to graduate students. Since 1957 
~BL has directly supported 14 successful Ph. D. candidates, one 
Doctor of Public Health, two Masters of Public Health, and is cur­
rently supporting four Ph. D. candidates. An additional 14 military 
officers have acquired graduate degrees during their tour of duty at 
NBL-NAMRU # I. The research of the graduate students and of the 
faculty members who collaborate with NBL staff members is directly 
associated with the overall NBL research program for the Navy. 

In 1961 the Scientific Director was appointed as Professor in the 
School of Public Health by the University. Succeeding Directors have 
continued to be faculty members of the University. NBL is now one of 
the University's major laboratories and a "national resource" for its 
expertise in the instrumentation and handling of highly infectious 
airborne disease organisms. 

Understanding of the biological and physical behavior of airborne 
microbes is complex and requires not only basic studies on the micro­
organisms themselves but the subtle blending of sophisticated engineer­
ing and biophysics necessary to conduct these studies. In addition to 
research on the survival of airborne biological organisms, the investi­
gator must be concerned with host-parasite relationships, immunity, 
and epidemiology. 

It was a natural scientific evaluation that over the years, studies at 
'.'\BL extended from the behavior of microbes in man's immediate 
environment to his travels beneath the sea (hyperbaric) and to outer 
space (hypobaric). During the past few years, research has also been 
conducted on the behavior of microbes in environments other than 
air, such as fresh and marine water, air pollutants, various gas mixtures, 
and defined organic vapors. 

In essence, NBL has developed the capability to study almost all 
areas of microbiology as applied to man in his total maritime environ­
ment. Evidence of this fact can be seen in over 400 scientific publica­
tions and numerous technical reports and monographs. 

The present research programs of NBL are encompassed in three 
broad areas: Aerobiology, Medical Microbiology, and Environmental 
\I icrobiology. 
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Aerobiology

For nearly twenty years, NBL

has had a continuing program on

the development of instrumenta-

tion for the study of airborne

particles. Originally settling tanks

with forced air movement were

used to observe the behavior of

biological materials for short

periods of time. In 1954 the rotat-

ing toroid drum was developed

at NBL. This instrument, which

has been adopted by aerobiology

laboratories throughout the world,

permits the study of airborne

particles for periods of time up

to a couple of weeks. In 1967 a

completely automated series of

eight 1500-liter toroid drums were constructed. This sophisticated

second generation of basic aerobiological instrumentation permits

the study of the most pathogenic microorganisms under conditions

of adiabatic shifts in relative humidity and temperature. Present

Eight roller drums of 1500-liter capacity.

Drums are located in rooms with controlled

temperature, humidity, and airflow.

Control panel and Class III work hoods Jor two of the eight drums in the previous figure.

Following exposure, animals are air-washed and passed through a separate air lock to

Class 11 work hood in lower right.
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Aerobiology 

For nearly twenty years, NBL 
has had a continuing program o n 
the development of instrumenta­
tion for the study of airborne 
particles. Originally settling tanks 
with forced air movement were 
used to observe the behavior o f 
biological materials for short 
periods of time. In 1954 the rotat­
ing toroid drum was developed 
at NBL. This instrument, which 
has been adopted by aerobiology 
laboratories throughout the world, 
permits the study of airborne 

Eight roller drums of 1500-liter capacity. particles for periods of time u p 
Drums are located in rooms with controlled to a couple of weeks. In 1967 a 
temperature, humidity, and air flow. 

. completely automated series of 
eight 1500-liter toroid drums were constructed. This sophisticated 
second generation of basic aerobiological instrumentation permits 
the study of the most pathogenic microorganisms under conditions 
of adiabatic shifts in relative humidity and temperature. Present 

Control parU!l and Class Ill wark hoods for two of tlU! eight drums in tlU! previaus figure. 
Followi11g exposure, animals are air-washed a11d passed through a separate air loclr. to 
Class II work hood in lower right. 
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Two 500-liter roller drums and dual aerosol transport apparatus, housed in room

with controlled temperature and humidity

studies are being conducted with such organisms as Neisseria meningiti-

dis, Mycoplasma, Adenovirus, and hospital strains of Staphylococci.

The third generation of basic aerobiological instrumentation, which

is being developed, will consist of a programmed aerosol environment.

It is anticipated that this system will permit the study of micro and

macroparticles in dynamic environments which will simulate natural

field conditions.

Other current studies are:

• Dual Aerosol Transport Apparatus (DATA) —an instrument used

for the study of the effects of rapid shifts in relative humidity on

biological behavior of various oral bacteria.

• Microaerofluorometer (MAFIA) —a sensitive instrument that de-

tects fluoroescent particles as dilute as one in one liter. A fluores-

cent particle (Calcofluor) technique has been developed which is

being used to follow the movement of air masses in hospitals,

dental clinics, barracks, ships, and the outside environment.

• Studies with identical aerosol equipment in several countries are

being conducted for standardization of techniques.

• Kvaluation of continuous impingers developed at NBL.

• Studies on biological behavior and virulence of bacteria and viruses

under hyperbaric (up to 18 atmospheres) and hypobaric (to seven

psi) conditions.

• Studies on the effect of air pollutants and sunlight on the biological

behavior of airborne bacteria.
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Two 500-liter roller dnmu and dual anbsol transport apParaJw, liou.ud in room 
wilh controlled umperature and humidity 

studies are being conducted with such organisms as Neisseria meningiti­
dis, M-ycoplasma, Aderwviru.s, and hospital strains of Staphylococci. 

The third generation of basic aerobiological instrumentation, which 
is being developed, will consist of a programmed aerosol environment. 
It is anticipated that this system will permit the study of micro and 
macroparticles in dynamic environments which will simulate natural 
field conditions. 

Other current studies are: 

• Dual Aerosol Transport Apparatus (DAT A)- an instrument used 
for the study of the effects of rapid shifts in relative humidity on 
biological behavior of various oral bacteria. 

• Microaerofluorometer (MAFIA)-a sensitive instrument that de­
tects fluoroescent particles as dilute as one in one liter. A fluores­
cent particle (Calcofluor) technique has been developed which is 
being used to follow the movement of air masses in hospitals, 
dental clinics, barracks, ships, and the outside environment. 

• Studies with identical aerosol equipment in several countries are 
being conducted for standardization of techniques. 

• Evaluation of continuous impingers developed at NBL. 
• Studies on biological behavior and virulence of bacteria and viruses 

under hyperbaric (up to 18 atmospheres) and hypobaric (to seven 
psi) conditions. 

• Studies on the effect of air pollutants and sunlight on the biological 
behavior of airborne bacteria. 
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Schematic drawing of proposed Aerosol Programmed Environment (APE)

Settling tank with automatic readout and transfer system of exposed animals. This

system is used for study of the effect of air pollutants on infectious organisms and host

response.
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Schematic drawing of proposed Aerosol Programmed Environmnu (APE) 

Seuling t.anlt with automatic muwut and transfer sy.stem of exposed anima.ls. This 
system is used for study of the effect of air pollutants on infectious organisms and host 
response. 
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Medical Microbiology

Techniques have been developed for working with virulent bacteria,

fungi and viruses. Using special containment facilities methods for

growth and study of Pasteurella pestis, Pseudomonas psettdomallei, Coc-

cidioides immitis and influenza virus have been devised to provide safety

for personnel and yet enable significant work to be done. Much of the

work includes exposure of animals to the infectious agents and main-

tenance of the infected animals for study. From this work has come

procedures for determining the extent of infection of animals or man

when living in an endemic area, elucidation of some factors which main-

tain virulence of the infecting organisms and factors which are impor-

tant for developing resistance to infection in vaccinated animals. This

has led to the development of a vaccine which protects animals against

Coccidioidomycosis and which is being considered for study in the pro-

tection of man. Recently, interest has been developed in an expanded

program with Neisseria, particularly with studies on the antigenicity and

virulence of meningococci. Because of the current interest in the

genetics of N. meningitidis, the Bureau of Medicine and Surgery of the

Navy established a Neisseria Reference Laboratory at NBL in 1968.

Besides carrying out studies of properties of recently isolated strains

of Neisseria, this laboratory serves as a repository of new and historical

cultures of these bacteria for use by scientists in this country and abroad.

Environmental Microbiology

Studies of the persistence of microorganisms in atmospheres of dif-

ferent composition have led to the definition of survival patterns of

a number of species under various conditions of relative humidity.

These studies are continuing with the expectation that modifications of

conventional air-conditioning equipment may provide means for alter-

ing or reducing the microbial content of certain atmospheres. In

addition, studies are being conducted on the microbial profile of cer-

tain closed living quarters such as deep sea habitats, submarines, or

special military housing units. The results of these studies are being

correlated with instances of infections among occupants of the hab-

itats and the general ecology of naval personnel in their maritime

environment.

The Naval Biological Laboratory provides a sophisticated laboratory

for investigating microbial and biological problems which are en-

countered by the Navy. The research being conducted is done in full

cooperation with, and in many instances in collaboration with, quali-

fied naval officers who are conversant with field activity surrounding

the research. In many experiments, naval personnel and contract

personnel work side-by-side on a research project. The laboratory
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Medical Microbiology 

Techniques have been developed for working with virulent bacteria, 
fungi and viruses. Using special containment facilities methods for 
growth and study of Pasteurella pestis, Pseudommzas pseudomallei, Coc­
ridioides immitis and influenza virus have been devised to provide safety 
for personnel and yet enable significant work to be done. Much of the 
work. includes exposure of animals to the infectious agents and main­
tenance of the infected animals for study. From this work has come 
procedures for determining the extent of infection of animals or man 
when living in an endemic area, elucidation of some factors which main­
tain virulence of the infecting organisms and factors which are impor­
tant for developing resistance to infection in vaccinated animals. This 
has led to the development of a vaccine which protects animals against 
Coccidioidomycosis and which is being considered for study in the pro­
tection of man. Recently, interest has been developed in an expanded 
program with Neisseria, particularly with studies on the antigenicity and 
virulence of meningococci. Because of the current interest in the 
genetics of N. meningitidis, the Bureau of Medicine and Surgery of the 
!\'avy established a Neisseria Reference Laboratory at NBL in 1968. 
Besides carrying out studies of properties of recently isolated strains 
of 1\/ruseria, this laboratory serves as a repository of new and historical 
cultures of these bacteria for use by scientists in this country and abroad. 

Environmental Microbiology 

Studies of the persistence of microorganisms in atmospheres of dif­
ferent composition have led to the definition of survival patterns of 
a number of species under various conditions of relative humidity. 
These studies are continuing with the expectation that modifications of 
conventional air-conditioning equipment may provide means for alter­
ing or reducing the microbial content of certain atmospheres. In 
addition, studies are being conducted on the microbial profile of cer­
tain closed living quarters such as deep sea habitats, submarines, or 
special military housing units. The results of these studies are being 
correlated with instances of infections among occupants of the hab­
itats and the general ecology of naval personnel in their maritime 
environment. 

The Naval Biological Laboratory provides a sophisticated laboratory 
for investigating microbial and biological problems which are en­
countered by the Navy. The research being conducted is done in full 
cooperation with, and in many instances in collaboration with, quali­
fied naval officers who are conversant with field activity surrounding 
the research. In many experiments, naval personnel and contract 
personnel work side-by-side on a research project. The laboratory 
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a. Thin section of the bacten
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(magnified 100, OOOX)

b. Colonies of human strain

of mycoplasma (magnified
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c. Crystal formation of Vesic-

ular Exanthema Virus in PK

cell (approximately 35.OO0X

magnification)
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b. Coloni.es of human strain 
of mycoplasma ( magnified 
BOX) 
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also provides consultation services by which personnel from other

commands make visits of varying lengths of time, either to become

familiar with some aspect of work in progress or to gain an insight

into the general capabilities of the laboratories. In general, naval

personnel have found that they can get a sound, scientific appraisal

at NBL of a particular project or problem which is of immediate con-

cern to the operational efficiency of man and material in naval en-

vironments.

Physiologic Studies

During Chamber Saturation Dives

Relatively little is known about the environmental effects of living at depths greater

than 300 feet at ambient pressures. Data have been obtained during only brief exposures

and on only a few subjects. In order to gather more extensive information, the Deep

Submergence Systems Project (DSSP) Technical Office Medical Department conducted

a series of experimental chamber dives at the U.S. Navy Experimental Diving Unit

(EDU) from February 1967 to May 1968. The psychophysiological research program

during these dives was conducted by DSSP with the assistance of EDU, the Naval Medical

Research Institute, Bethesda Naval Hospital, and the Naval Research Laboratory. Repre-

senting the most extensive effort yet undertaken to determine the effects on man living

at very high pressures in a helium-oxygen environment, these divers were designed to

measure the psychophysiological effects on a man's ability to work at great depths.

Saturation diving is a diving technique using the principle that, once the diver's tissues

have gas saturation equivalent to the surrounding atmosphere at a given depth, he is

considered to be "saturated" and can remain safely at that depth as long as necessary.

For a diver at a specified depth, length of decompression (the time required to adapt the

diver's body back to surface atmosphere) is the same whether he remains at depth for one

day or one month. The capabilities which saturation diving provide will enable the Navy

to undertake underwater salvage, construction, search survey, maintenance, and research

tasks heretofore considered impossible for divers.

A preliminary report on fourteen saturation dives, ranging in depth from 200 to 825

feet, was based on 25,000 biomedical and psychological observations and measurements

obtained in the course of these chamber dives.

Among the many routine studies were the hematocrit, hemoglobin, total white cell

count, and the differential white cell count. No changes were found in any of these tests.

No deviations were demonstrated in either the blood pressure or pulse rate other than

those which might be expected to result from the limited degree of activity permitted

by chamber confinement.

A study was undertaken to assess the cardiopulmonary functions of divers exercising

while breathing helium-oxygen mixtures down to depths of 600 feet. Evidence indicates

that man can perform strenuous work down to at least this depth without hypoventila-

tion, significant carbon dioxide retention, or additional cardiovascular stress.

Although fluid intake decreased and urine output increased, urinalyses remained within

normal limits throughout the saturation exposure.

Experiments were conducted to detect defects in visual function which might result

from the high inert gas partial pressure. It was tentatively concluded that visual functions

are not affected by helium-oxygen mixtures to depths of 825 feet.

Continued on Page 23
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also provides consultation services by which personnel from other 
commands make visits of varying lengths of time, either to become 
familiar with some aspect of work in progress or to gain an insight 
into the general capabilities of the laboratories. In general, naval 
personnel have found that they can get a sound, scientific appraisal 
at NBL of a particular project or problem which is of immediate con­
cern to the operational efficiency of man and material in naval en­
vironments. 

Physiologic Studies 
During Chamber Saturation Dives 

Relatively little is known about the environmental effects of living at depths greater 
than SOO fttt at ambient pressures. Data have been obtained during only brief exposures 
,md on only a few subjects. In order to gather more extensive information, the Deep 
Submergence Systems Project (DSSP) Technical Office Medical Department conducted 
a series of experimental chamber dives at the U.S. Navy Experimental Diving Unit 
(EDU) from February 1967 to May 1968. The psychophysiological research program 
during these dives was conducted by DSSP with the assistance of EDU, the Naval Medical 
Research lnstitutr, Bethesda Naval Hospital, and the Naval Research Laboratory. Repre­
!ICnting the most extensive effort yet undertaken to determine the effects on man living 
at \'CT)' high pttSSures in a helium-oxygen environment, these divers were designed to 
measure the psychophysiological effects on a man's ability to work at great depths. 

Saturation diving is a diving technique using the principle that, once the diver's tissues 
have gas saturation equivalent to the surrounding atmosphere at a given depth, he is 
considered to be "saturated" and can remain safely at that depth as long as necessary. 
For a diver at a specified depth, length of decompression (the time required to adapt the 
diver's body back. to surface atmosphere) is the same whether he remains at depth for one 
day or one month. The capabilities which saturation diving provide will enable the Navy 
to undertake underwater salvage, construction, search survey, maintenance, and research 
tasks heretofore considered impossible for divers. 

A preliminary report on fourteen saturation dives, ranging in depth from 200 to 825 
feet, was b~ on 25,000 biomedical and psychological observations and measurements 
obtained in the course of these chamber dives. 

Among the many routine studies were the hematocrit, hemoglobin, total white cell 
count, and the differential white cell count. No changes were found in any of these tests. 
~o deviations were demonstrated in either the blood pressure or pulse rate other than 
those which might be expected to result from the limited degree of activity permitted 
by chamber confinement. 

A study was undertaken to assess the cardiopulmonary functions of divers exercising 
whi~ breathing helium-oxygen mixtures down to depths of 600 feet. Evidence indicates 
that man can perform strenuous work down to at least this depth without hypoventila­
tion, significant carbon dioxide retention, or additional cardiovascular stress. 

Although fluid intake decreased and urine output increased, urinalyses remained within 
normal limits throughout the saturation exposure. 

Experim~nts were conducted to detect defects in visual function which might result 
from the high inert gas partial pressure. It was tentatively concluded that visual functions 
are not affected by helium-oxygen mixtures to depths of 825 feet. 
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Naval Immunochemistry:

Saving Me and Thee

Dr. Robert K. Jennings

Biochemistry Program Director

Office of Naval Research

"All the world is queer, save me and thee; and sometimes I think

thee is a little queer."

We accept with some annoyance the naval practice of giving men who

are being shipped to the far parts of the globe a dozen or more shots—

for typhoid, cholera, plague, etc. The shots interfere with a man's effect-

iveness for a while, and there is some question as to whether so many

shots given in a short time can be truly successful in producing immu-

ity. Nevertheless, shots are worthwhile. No American serviceman died of

lockjaw in the Philippines in World War II; however, many natives with

wounds soiled with the same dirt succumbed. The Americans received

their tetanus shots before arriving in the Philippines and were immune.

When a disfiguring wound has healed, the physician may strip skin

from a less conspicuous part of the body and use it to replace scar tissue.

The transplanted skin heals promptly into place and functions as

healthy skin. If the skin had been taken from a similar location on some-

one else's body, such as a freshly amputated leg, it would not work.

The body's power of self-recognition allows the vaccinated man to

repel alien germ cells; we reject alien skin or organs as well, even when

acceptance could mean survival.

If we were to place two bits of skin beneath the microscope, the best

anatomists and chemists could not tell if they came from one man or

from two. The two samples would be made of the same stuff; they would

have the same structure; and they would be end products of the same

kind of foods digested by identical gastric juices and rebuilt into flesh

by identical chemical steps, whether done by one body or more than

one. Isn't it just a little queer that there should be a difference between

me and thee? And is it not queer that our bodies should know and

respond to the difference?

Not all living things can make these distinctions. The ability, which

is called immune competence, is characteristic of higher animals.

It is first found in the evolutionary hierarchy at about the level of the

hagfish. The biological rule that man in developing from conception to

adulthood re-enacts a summary of the evolution of his species is good,

if not relied upon too heavily. One might predict that man should be

well developed in his individual growth before displaying immune com-

petence since the species was pretty well along the evolutionary trail

before this capability made its appearance.

10

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(U
n
iv

e
rs

it
y
 o

f 
M

a
ry

la
n
d

, 
C

o
lle

g
e
 P

a
rk

) 
o
n
 2

0
1

4
-1

0
-0

1
 1

6
:3

3
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
1

9
8

9
1

4
0

0
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le

Naval lmmunochemistry: 
Saving Me and Thee 

Dr. Robert K. Jennings 
Biochemistry Program Director 

Office of Naval Research 

"All the world is queer, save me and thee; and sometimes I thinA 
thee is a l.ittle queer." 

We accept with some annoyance the naval practice of giving men who 
are being shipped to the far parts of the globe a dozen or more shots­
for typhoid, cholera, plague, etc. The shots interfere with a man's effect­
iveness for a while, and there is some question as to whether so many 
shots given in a short time can be truly successful in producing immu­
ity. Nevertheless, shots are worthwhile. No American serviceman died of 
lockjaw in the Philippines in World War II; however, many natives with 
wounds soiled with the same dirt succumbed. The Americans received 
their tetanus shots before arriving in the Philippines and were immune. 

When a disfiguring wound has healed, the physician may strip skin 
from a less conspicuous part of the body and use it to replace scar tissue. 
The transplanted skin heals promptly into place and functions a~ 
healthy skin. If the skin had been taken from a similar location on some­
one else's body, such as a freshly amputated leg, it would not work. 
The lx>dy's power of self-recognition allows the vaccinated man to 

repel alien germ cells; we reject alien skin or organs as well, even when 
acceptance could mean survival. 

If we were to place two bits of skin beneath the microscope, the best 
anatomists and chemists could not tell if they came from one man or 
from two. The two samples would be made of the same stuff; they would 
have the same structure; and they would be end products of the same 
kind of foods digested by identical gastric juices and rebuilt into flesh 
by identical chemical steps, whether done by one body or more than 
one. Isn't it just a little queer that there should be a difference between 
me and thee? And is it not queer that our bodies should know and 
respond to the difference? 

Not all living things can make these distinctions. The ability, which 
is called immune competence, is characteristic of higher animals. 
It is first found in the evolutionary hierarchy at alx>Ut the level of the 
ha~sh. The biological rule that man in developing from conception to 
adulthood re-enacts a summary of the evolution of his species is good. 
if not relied upon too heavily. One might predict that man should be 
well developed in his individual growth before displaying immune com­
petence since the species was pretty well along the evolutionary trail 
before this capability made its appearance. 
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The ability of mammals to distinguish between "self" and "other"

appears about the time of birth. Not all substances can elicit an immune

response in the adult at exactly the same time in the development of

the individual; the time at which immune competence against a particu-

lar substance can first appear also varies from one species to another.

But in every case, what is in the body when immune competence first

appears is accepted by that individual as belonging there.

If tissue from animal X is implanted in animal Y before birth and Y,

when grown, is given a bit of tissue or an organ from animal X, it will

accept that tissue as a part of itself. In some laboratories there are

white chickens wearing a patch of black feathers which are growing

"upstream" with respect to the white ones. These birds have been made

tolerant to the black donors at a very tender age. Later skin from the

black chicken was turned around and transplanted. It grew normally

and produced normal feathers; normal for the heredity which dictated

the color and orientation of the feathers.

Chimeras

Composite animals of this sort, made from parts of several animals,

are known as chimeras. A chimera may be a pretty queer beast, but it

does not have to be. All that is needed for the chimeric state is for

cells or tissues from one individual to take hold and grow, functioning

as their own heridity dictates, in another. The most famous chimera at

the moment is Dr. Blaiberg of South Africa, who survived heart trans-

plant surgery.

If a surgeon knew that John Jones, who is to be born next week, would

be in need of a new heart at some distant date, and if he knew that at

that date, Joe Doakes, who was born last week, would be finished with

his, the surgeon could implant a bit of Doakes tissue in the unborn

Jones baby in preparation for the future heart transplant. When the

time came, the Doakes heart would be just as much at home in the Jones

body as it was in the body of Doakes. Such a plan calls for a good deal

of foresight on the part of the physician; and unfortunately the art of

soothsaying has lagged behind that of surgery.

A more practical approach would be to learn how immune compe-

tence works and how it can be turned on or off at will in the adult. The

first step is to find out what "self means in biochemical terms, and the

second step is to find out what biochemical events occur when alien

biological substances invade the body. Such matters are the business of

the immunochemist. This article explains why the Office of Naval

Research, which is devoted to the generation of new knowledge useful

to the Navy, should be supporting immunochemical studies in a dozen

universities across the country.
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The ability of mammals to distinguish between "self" and "other" 
appears about the time of birth. Not all substances can elicit an immune 
response in the adult at exactly the same time in the development of 
the individual; the time at which immune competence against a particu­
lar substance can first appear also varies from one species to another. 
But in every case, what is in the body when immune competence first 
appears is accepted by that individual as belonging there. 

If tissue from animal Xis implanted in animal Y before birth and Y, 
when grown, is given a bit of tissue or an organ from animal X, it will 
accept that tissue as a part of itself. In some laboratories there are 
white chickens wearing a patch of black feathers which are growing 
''upstream" with respect to the white ones. These birds have been made 
tolerant to the black donors at a very tender age. Later skin from the 
black chicken was turned around and transplanted. It grew normally 
and produced normal feathers; normal for the heredity which dictated 
the color and orientation of the feathers. 

Chimeras 

Composite animals of this sort, made from parts of several animals, 
are known as chimeras. A chimera may be a pretty queer beast, but it 
does not have to be. All that is needed for the chimeric state is for 
cells or tis5ues from one individual to take hold and grow, functioning 
as their own heridity dictates, in another. The most famous chimera at 
the moment is Dr. Blaiberg of South Africa, who survived heart trans­
plant surgery. 

If a surgeon knew that John Jones, who is to be born next week, would 
be in need of a new heart at some distant date, and if he knew that at 
that date, Joe Doakes, who was born last week, would be finished with 
his, the surgeon could implant a bit of Doakes tissue in the unborn 
Jones baby in preparation for the future heart transplant. When the 
time came, the Doakes heart would be just as much at home in the Jones 
body as it was in the body of Doakes. Such a plan calls for a good deal 
of foresight on the part of the physician; and unfortunately the art of 
soothsaying has lagged behind that of surgery. 

A more practical approach would be to learn how immune compe­
tence works and how it can be turned on or off at will in the adult. The 
first step is to find out what "self' means in biochemical terms, and the 
second step is to find out what biochemical events occur when alien 
biological substances invade the body. Such matters are the business of 
the immunochemist. This article explains why the Office of Naval 
Research, which is devoted to the generation of new knowledge useful 
to the Navy, should be supporting immunochemical studies in a dozen 
universities across the country. 
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What is Naval Immunochemistry?

The meaning of immunochemistry should be self-evident; however,

the nature of Naval Immunochemistry is not. The problems of a heart

transplant patient may be shared by naval personnel, but they are prob-

lems which are also important to civilians. The possibility of organ

transplantation emphasizes the potential value of basic information

concerning the immune response, but it is not really a major consider-

ation in the allocation of naval funds.

For the ONR Biochemistry Program research must be basic and must

show promise of generating facts the Navy is going to need. Since basic

research is an exercise in the exploration of the unknown, the term

Naval Immunochemistry seems to be a contradiction; we cannot know

what the explorer will find, so we can hardly guarantee that his search

will turn up something more useful to sailors than to salesmen.

Immunochemistry can be naval when it is directed toward areas where

the findings will be of use to the Navy. To do this one must first make a

judgment as to where progress seems to be leading and then guess what

the Navy will need in the future. The first is a matter of reviewing the

state of the art and the second is speculation without scientific merit.

Immunochemistry is concerned with what the body recognizes as alien

and the chemistry which permits this recognition. It deals with the sub-

stances the body makes to repel alien parts, and the chemistry involved

in their selective action on the alien substances.

In the middle of the last century, it was recognized that alien organ-

isms, germs, when entering the body dead or alive caused the body to

make a substance which acted against the germs. Later it was discovered

that cells did not have to be disease agents, and that substances produced

by cells, if made from large enough molecules, could have the same ef-

fect. Such materials were called antigens, generators of anti-substances.

Because new properties appear when an antigen is introduced into

animal blood, it was concluded that the blood must now contain some

chemical body which reacted specifically with the antigen, hence

"antibody."

In spite of technical difficulties, quite a few discoveries were made

about antigens and antibodies and how they behave. Since antibodies

were found to react with two molecules of antigen, they could be said to

have two "specific reactive sites," both alike. Because antibodies reacted

specifically with antigens, it was apparent that the reactive site must

have some chemical relationship to some chemical aspect of the antigen

molecules, which also had specific reactive sites, related to but different

from those of the antibody. As many as fifty antibody molecules can

attach to a single antigen, which can be thought of as a structure studded

with identifying chemical groups on its surface. Small and easily puri-

fied molecules could not stimulate an immune response in animals.
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What is Naval lmmunochemistry? 

The meaning of immunochemistry should be self-evident; however. 
the nature of Naval Immunochemistry is not. The problems of a heart 
transplant patient may be shared by naval personnel, but they are prob­
lems which are also important to civilians. The possibility of organ 
transplantation emphasizes the potential value of basic information 
concerning the immune response, but it is not really a major consider­
ation in the allocation of naval funds. 

For the ONR Biochemistry Program research must be basic and must 
show promise of generating facts the Navy is going to need. Since basic 
research is an exercise in the exploration of the unknown, the term 
Naval Immunochemistry seems to be a contradiction; we cannot know 
what the explorer will find, so we can hardly guarantee that his search 
will turn up something more useful to sailors than to salesmen. 

Immunochemistry can be naval when it is directed toward areas where 
the findings will be of use to the Navy. To do this one must first make a 
judgment as to where progress seems to be leading and then guess what 
the Navy will need in the future. The first is a matter of reviewing the 
state of the art and the second is speculation without scientific merit. 
Immunochemistry is concerned with what the body recognizes as alien 
and the chemistry which permits this recognition. It deals with the sub­
stances the body makes to repel alien parts, and the chemistry involved 
in their selective action on the alien substances. 

In the middle of the last century, it was recognized that alien organ­
isms, germs, when entering the body dead or alive caused the body to 
make a substance which acted against the germs. Later it was discovered 
that cells did not have to be disease agents, and that substances produced 
by cells, if made from large enough molecules, could have the same ef­
fect. Such materials were called antigens, generators of anti-substances. 
Because new properties appear when an antigen is introduced into 
animal blood, it was concluded that the blood must now contain some 
chemical body which reacted specifically with the antigen, hence 
"antibody." 

In spite of technical difficulties, quite a few discoveries were made 
about antigens and antibodies and how they behave. Since antibodies 
were found to react with two molecules of antigen, they could be said to 

have two "specific reactive sites," both alike. Because antibodies reacted 
specifically with antigens, it was apparent that the reactive site must 
have some chemical relationship to some chemical aspect of the antigen 
molecules, which also had specific reactive sites, related to but different 
from those of the antibody. As many as fifty antibody molecules can 
attach to a single antigen, which can be thought of as a structure studded 
with identifying chemical groups on its surface. Small and easily puri­
fied molecules could not stimulate an immune response in animals. 
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However, if such simple molecules were hooked onto big protein mole-

cules, antibodies would be formed which could react specifically with

the small "prosthetic" substances.

When natural antigens and antibody react, the two "hands" of the

antibody each grasp one of the many appropriate structures on an

antigen molecule, generally fastening two such molecules together.

Since other antibody molecules may grasp the same antigen, the result

is that a great antigen and antibody lattice-work forms until .it is no

longer possible for the mass to remain in solution. A precipitate forms.

If the antibody is not mixed with antigen, but with the prostheuc

substance, it still combines specifically as it was designed to do. In this

situation only one antibody molecule can attach to one antigenic

determinant group; the antibody is incapable of further reaction if it

is mixed with a complete antigen later on. By studying what will in-

hibit the antigen-antibody reaction, it is possible to get some insight

into the chemistry used by the white cells of the body, which manufac-

ture antibody, to recognize the difference between "self and "other

than self."

There is a second line of immunochemistry research. If we inject

chicken egg albumin into a rabbit, the rabbit will make antibody, all of

which will be specifically precipitated if the serum is later mixed with

a solution of chicken egg albumin in the right proportions. But if we

mix that serum with turkey egg albumin instead of hen, only about 90

percent of the antibody will react; the rest will be left behind and can

be precipitated if we now add chicken protein. If we first add duck

albumin to the serum, perhaps only 30 percent of the antibody will

react Some of the serum which is left will react with either turkey or

hen albumin, and some only with the hen protein. Studies of this sort

can produce a diagram showing in quantitative fashion how closely

related or how distant the several homologous antigens may be to each

other. Such diagrams agree very well with the estimates taxonomists

might make on the degree of relationship of the several species which

produced the antigens involved. The molecules seem to reflect the evo-

lution of the animal.

One way of looking at this process is that the egg albumin in an an-

cestral bird had certain natural prostetic groups. The mutation which

produced the duck changed some of these prosthetic groups to a form

which might be called "duckness." A later mutation leading to the turkey

may have changed other facets of the molecule to produce the quality

of "turkeyness," and still further changes added "chickenness." By

injecting chicken egg albumin, the antibody factory is presented with

determinants typical of turkey, duck, chicken and a host of other

relatives we did not test for. Antibodies could be made for each. Testing

with duck ovalbumin, we were offering no antigenic determinants

specific for the more highly evolved birds, and so used only a part of
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However, if such simple molecules were hooked onto big protein mole­
cules, antibodies would be formed which could react specifically with 
the small "prosthetic" substances. 

When natural antigens and antibody react, the two "hands" of the 
antibody each grasp one of the many appropriate structures on an 
antigen molecule, generally fastening two such molecules together. 
Since other antibody molecules may grasp the same antigen, the result 
is that a great antigen and antibody lattice-work forms until ,it is no 
longer possible for the mass to remain in solution. A precipitate forms. 

If the antibody is not mixed with antigen, but with the prosthetic 
substance, it still combines specifically as it was designed to do. In this 
situation only one antibody molecule can attach to one antigenic 
determinant group; the antibody is incapable of further reaction if it 
is mixed with a complete antigen later on. By studying what will in­
hibit the antigen-antibody reaction, it is possible to get some insight 
into the chemistry used by the white cells of the body, which manufac­
ture antibody, to recognize the difference between "self' and "other 
than self." 

There is a second line of immunochemistry research. If we inject 
chicken egg albumin into a rabbit, the rabbit will make antibody, all of 
which will be specifically precipitated if the serum is later mixed with 
a solution of chicken egg albumin in the right proportions. But if we 
mix that serum with turkey egg albumin instead of hen, only about 90 
percent of the antibody will react; the rest will be left behind and can 
be precipitated if we now add chicken protein. If we first add duck 
albumin to the serum, perhaps only 30 percent of the antibody will 
react. Some of the serum which is left will react with either turkey or 
hen albumin, and some only with the hen protein. Studies of this sort 
can produce a diagram showing in quantitative fashion how closely 
related or how distant the several homologous antigens may be to each 
other. Such diagrams agree very well with the estimates taxonomists 
might make on the degree of relationship of the several species which 
produced the antigens involved. The molecules seem to reflect the evo­
lution of the animal. 

One way of looking at this process is that the egg albumin in an an­
cestral bird had certain natural prostetic groups. The mutation which 
produced the duck changed some of these prosthetic groups to a form 
which might be called "duckness." A later mutation leading to the turkey 
may have changed other facets of the molecule to produce the quality 
of •·turkeyness," and still further changes added "chickenness." By 
injecting chicken egg albumin, the antibody factory is presented with 
determinants typical of turkey, duck, chicken and a host of other 
relatives we did not test for. Antibodies could be made for each. Testing 
with duck ovalbumin, we were offering no antigenic determinants 
specific for the more highly evolved birds, and so used only a part of 
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the antibody available. This is not the only or most acceptable hypo-

thesis, but it cannot be set aside. The hypothesis produces a mental

image of the skin cell as a body covered with proteins which may have

some features typical of mammals, some typical of human beings and

perhaps some peculiar to each of us as individuals. What we make in the

way of protein is determined by heredity. Identical twins may have

identical heredity, and be nearly indistinguishable antigenically.

More distant relatives may be similar or identical if there are few

factors to inherit. Based on the blood group substances, which are

antigens in the red blood cells, there are only four main blood groups.

The chemistry of these substances is well advanced, and it is possible to

produce simple substances which serve as inhibitors for the anybodies

involved.

An ideal approach to the problem of organ transplantation would be a

scheme of tissue typing similar to the blood typing used to control

blood transfusions without immunological disaster. Unfortunately, the

present evidence suggests that there are perhaps as many as forty dif-

ferent determinants on the surface of tissue cells, serving as clues to

identity. Because of so many variables, it is not likely that there will

ever be a bank of viable skin from which could be drawn tissue indis-

tinguishable antigenically from the skin of the man who needs it.

Fortunately there may be only a few determinants which are highly

potent in the sense of eliciting the formation of large amounts of

antibody rapidly. Perhaps these can be typed and the rest ignored or

somehow controlled. Immune competence can be eliminated entirely

by destroying with radiation or poisons the cells which produce anti-

body. The animal so treated will not reject grafts nor will he reject

disease germs. Not rejecting disease germs makes such an approach

too risky. Perhaps a less drastic measure can control the weaker an-

tigens and the more potent ones may be matched.

Immunochemistry in the Future

We know a good deal about antibodies, how they are formed and how

they act. Also we know a little about the basis for biochemical indi-

viduality among antigens. We can make some things which serve as

antigenic determinants, and in a few cases know pretty well what some

natural determinants are. We can now distinguish several kinds of

antibody and understand some of the details of their structure. How-

ever, we cannot isolate an antibody determinant group, account in

precise chemical language for its reaction with the antigen, and synthe-

size similar structures. From future research new immunochemistry

knowledge will emerge. How could it be useful to the Navy?

Antibodies are remarkably subtle analytical reagents. They can be

used for forensic analyses such as determining if a blood stain is human
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the antibody available. This is not the only or most acceptable hypo­
thesis, but it cannot be set aside. The hypothesis produces a mental 
image of the skin cell as a body covered with proteins which may have 
some features typical of mammals, some typical of human beings and 
perhaps some peculiar to each of us as individuals. What we make in the 
way of protein is determined by heredity. Identical twins may have 
identical heredity, and be nearly indistinguishable antigenically. 
More distant relatives may be similar or identical if there are few 
factors to inherit. Based on the blood group substances, which are 
antigens in the red blood cells, there are only four main blood groups. 
The chemistry of these substances is well advanced, and it is possible to 
produce simple substances which serve as inhibitors for the antibodies 
involved. 

An ideal approach to the problem of organ transplantation would be a 
scheme of tissue typing similar to the blood typing used to control 
blood transfusions without immunological disaster. Unfortunately, the 
present evidence suggests that there are perhaps as many as forty dif­
ferent determinants on the surface of tissue cells, serving as clues to 
identity. Because of so many variables, it is not likely that there will 
ever be a bank of viable skin from which could be drawn tissue indis­
tinguishable antigenically from the skin of the man who needs it. 
Fortunately there may be only a few determinants which are highly 
potent in the sense of eliciting the formation of large amounts of 
antibody rapidly. Perhaps these can be typed and the rest ignored or 
somehow controlled. Immune competence can be eliminated entirely 
by destroying with radiation or poisons the cells which produce anti­
body. The animal so treated will not reject grafts nor will he reject 
disease germs. Not rejecting disease germs makes such an approach 
too risky. Perhaps a less drastic measure can control the weaker an­
tigens and the more potent ones may be matched. 

Immunochemistry in the Future 

We know a good deal about antibodies, how they are formed and how 
they act. Also we know a little about the basis for biochemical indi­
viduality among antigens. We can make some things which serve as 
antigenic determinants, and in a few cases know pretty well what some 
natural determinants are. We can now distinguish several kinds of 
antibody and understand some of the details of their structure. How­
ever, we cannot isolate an antibody determinant group, account in 
precise chemical language for its reaction with the antigen, and synthe­
size similar structures. From future research new immunochemistry 
knowledge will emerge. How could it be useful to the Navy? 

Antibodies are remarkably subtle analytical reagents. They can be 
used for forensic analyses such as determining if a blood stain is human 
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or not. Antibodies can identify rapidly and positively disease germs

from infected fluids, drinking water, or air. They can also be used in

organic analysis. During the first quarter of the century, a very few pro-

teins in blood serum could be distinguished: albumin, globulins, and

fibrinogen. Now, by making use of the selective capacity of antibodies,

over two dozen distinct proteins in the same blood serum can be identi-

fied. Perhaps in the future we can reproduce artificially the same kind

of selective combining arrangement of atoms, tailor-made to react

with antigens of our choice.

If we could attach such an artificial determinant to a potent drug,

which reacts only with kidney cells, the drug would attach only to the

kidney when injected into the blood stream. In such an application

the amount of the drug needed would be hundreds of times less than

what we now use since we would not have to allow for the drug spread-

ing over the entire body or being exposed to the various devices the

body has for eliminating drugs. This could be important in the logistics

of naval medicine, especially in dealing with epidemics in remote places

or supplying drugs over long periods of time. Also the system could

permit the use of drugs which are too poisonous to administer in

large doses.

If an artificial determinant made specifically for sharks were attached

to a poisonous material, manageable amounts of such a compound

would quickly diffuse out into a cloud of molecules, probably too

diluted to affect any forms of marine life except the shark. The mate-

rial would accumulate specifically on the shark. Could such material

be designed to build up to a lethal concentration on sharks approaching

a life raft? Or could the principle be employed in dealing with barnacles

or marine borers or other biological sources of mechanical difficulty

in naval equipment? Could human saboteurs be denied access to anchor-

ed vessels?

There is also the question of the development of artificial antigens.

Could we learn what the ancestral configuration is in whole classes of

disease organisms, and then produce vaccines protecting us against

many of them with one inoculation? Could we inject antibody inhibi-

tors to protect skin grafts from the transplantation reaction, making

skin grafting a much better shipboard therapy for burns?

Quite possibly the benefits from immunochemical research for

the Navy will be different from anything suggested above. However,

we can think of what might be expected from future immunochemical

research and then conceive of naval uses for such knowledge. Some

uses may be important to tomorrow's Navy in matters far removed from

medicine; and some may prove vitally important for saving Me and

Thee.
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or not. Antibodies can identify rapidly and positively disease germs 
from infected fluids, drinking water, or air. They can also be used in 
organic analysis. During the first quarter of the century, a very few pro­
teins in blood serum could be distinguished: albumin, globulins, and 
fibrinogen. Now, by making use of the selective capacity of antibodies, 
over two dozen distinct proteins in the ·same blood serum can be identi­
fied. Perhaps in the future we can reproduce artificially the same kind 
of selective combining arrangement of atoms, tailor-made to react 
with antigens of our choice. 

If we could attach such an artificial determinant to a potent drug, 
which reacts only with kidney cells, the drug would attach only to the 
kidney when injected into the blood stream. In such an application 
the amount of the drug needed would be hundreds of times less than 
what we now use since we would not have to allow for the drug spread­
ing over the entire body or being exposed to the various devices the 
body has for eliminating drugs. This could be important in the logistics 
of naval medicine, especially in dealing with epidemics in remote places 
or supplying drugs over long periods of time. Also the system could 
permit the use of drugs which are too poisonous to administer in 
large doses. 

If an artificial determinant made specifically for sharks were attached 
to a poisonous material, manageable amounts of such a compound 
would quickly diffuse out into a cloud of molecules, probably too 
diluted to affect any forms of marine life except the shark. The mate­
rial would accumulate specifically on the shark. Could such material 
be designed to build up to a lethal concentration on sharks approaching 
a life raft? Or could the principle be employed in dealing with barnacles 
or marine borers or other biological sources of mechanical difficulty 
in naval equipment? Could human saboteurs be denied access to anchor­
ed vessels? 

There is also the question of the development of artificial antigens. 
Could we learn what the ancestral configuration is in whole classes of 
disease organisms, and then produce vaccines protecting us against 
many of them with one inoculation? Could we inject antibody inhibi­
tors to protect skin grafts from the transplantation reaction, making 
skin grafting a much better shipboard therapy for burns? 

Quite possibly the benefits from immunochemical research for 
the Navy will be different from anything suggested above. However, 
we can think of what might be expected from future immunochemical 
research and then conceive of naval uses for such knowledge. Some 
uses may be important to tomorrow's Navy in matters far removed from 
medicine; and some may prove vitally important for saving Me and 
Thee. 
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Electronic Computers in the Navy

Dr. A. Shostak

Office of Naval Research

The U.S. Navy uses electronic computers in many operational, plan-

ning, design, and research activities. Because there is a constant stream

of new applications, new high speed electronic computers, and com-

puter methods, it is thought best to focus on the main uses, programs,

and directions to appreciate the impact of computers in the Navy.

Computers have been used by the Navy longer than is generally

realized. As long ago as 1944, officers of the Bureau of Ships were taking

advantage of the automatically sequenced relay machine Mark I at

Harvard to help solve some to the Bureau's material problems. In the

late 1940's the Office of Naval Research and the Army Ordnance Com-

mand stimulated the computer field by encouraging research at Mas-

sachusetts Institute of Technology under project Whirlwind for devel-

oping advances in all electronic computers. This research included

evolution of the magnetic core ferrite storage unit now widely used in

most computers. The emphasis was in the direction of higher storage

capability and higher access and arithmetic speeds. The Air Force's

Lincoln Laboratories were able to exploit these Whirlwind features

into studies in Command and Control methodology which were quickly

assimilated in SAGE, Distant Early Warning, and other systems of the

North American Air Defense Effort.

ONR made another important step to everyday military use of high

speed computational aids by making a contract with the Control Sys-

tems Laboratory of the University of Illinois. About the time of the

Korean War, Professor A. Nordsieck and colleagues at the Laboratory

conceived the Cornfield System, a radar based, computer-controlled,

air traffic surveillance and control system, which has had a major

impact on the design of the Naval Tactical Data System (NTDS). The

rapid advances in the computer field have been only possible as a result

of research in related science and technology. Navy projects in solid

state electronics, numerical analysis, physical and chemical properties

of materials (such as rugged magnetic tape), and many investigations

in logic, circuit analysis, coding theory, and machine languages fur-

nished ideas and components which were swiftly incorporated into

improved computer models.

The Navy's present and future plans for the high speed digital

electronic computer may be categorized into several broad areas:

• Operational, such as in communications,

• Management such as in optimal allocation of available resources,

• Engineering design,
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Electronic Computers in the Navy 

Dr. A. Shostak 
Office of Naval Research 

The U.S. Navy uses electronic computers in many operational, plan­
ning, design, and research activities. Because there is a constant stream 
of new applications, new high speed electronic computers, and com­
puter methods, it is thought best to focus on the main uses, programs, 
and directions to appreciate the impact of computers in the Navy. 

Computers have been used by the Navy longer than is generally 
realized. As long ago as 1944, officers of the Bureau of Ships were taking 
advantage of the automatically sequenced relay machine Mark I at 
Harvard to help solve some to the Bureau's material problems. In the 
late 1940's the Office of Naval Research and the Army Ordnance Com­
mand stimulated the computer field by encouraging research at Mas­
sachusetts Institute of Technology under project Whirlwind for devel­
oping advances in all electronic computers. This research included 
evolution of the magnetic core ferrite storage unit now widely used in 
most computers. The emphasis was in the direction of higher storage 
capability and higher access and arithmetic speeds. The Air Force's 
Lincoln Laboratories were able to exploit these Whirlwind features 
into studies in Command and Control methodology which were quickly 
assimilated in SAGE, Distant Early Warning, and other systems of the 
North American Air Defense Effort. 

ONR made another important step to everyday military use of high 
speed computational aids by making a contract with the Control Sys­
tems Laboratory of the University of Illinois. About the time of the 
Korean War, Professor A. Nordsieck and colleagues at the Laboratory 
conceived the Cornfield System, a radar based, computer-controlled, 
air traffic surveillance and control system, which has had a major 
impact on the design of the Naval Tactical Data System (NTDS). The 
rapid advances in the computer field have been only possible as a result 
of research in related science and technology. Navy projects in solid 
state electronics, numerical analysis, physical and chemical properties 
of materials (such as rugged magnetic tape), and many investigations 
in logic, circuit analysis, coding theory, and machine languages fur­
nished ideas and components which were swiftly incorporated into 
improved computer models. 

The Navy's present and future plans for the high speed digital 
electronic computer may be categorized into several broad areas: 

• Operational, such as in communications, 
• Management such as in optimal allocation of available resources, 
• Engineering design, 
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Early analog computer

brat at Naval Research

Laboratory to map the

paths of satellites

• Scientific research,

• Operations studies and analyses of the kind performed by the

Center of Naval Analyses, Arlington, Virginia, a branch of OpNav

concerned with fleet force strength, and planning and deploy-

ment decisions for the Navy and Marine Corps.

Other important applications will undoubtedly emerge as power and

versatility of computers are recognized and increased. It will be useful

to look briefly at each of these categories.

Operations

It is hardly necessary to point out that digital computers are used in

a broad gamut of naval operational uses. These include surveillance,

aboard ship and on shore, communications, missile fire control, gun-

fire control, cryptographic applications, sonar, and lofar signal anal-

ysis, combat operations center (COC), command and control data

availability and presentation, ship navigation, ship and air repair.

A very high speed computing machine has been found necessary

and useful in performing functions of sorting and tracking of a large

number of air, surface and subsurface vehicles. The computer must also

keep fleet and task unit commanders informed on position, relative

threat, anticipated deployment and other characteristics of aircraft

and ships, in a large area around these units. This system is the so-

called Navy Tactical Data System (NTDS); the airborne version is called
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Earl] analog computer 
built at Naval Research 
Laboratory to map "" 
pa,.hs of satellites 

• Scientific research, 
• Operations studies and analyses of the kind performed by the 

Center of Naval Analyses, Arlington, Virginia, a branch of 0pNav 
concerned with fleet force strength, and planning and deploy­
ment decisions for the Navy and Marine Corps. 

Other important applications will undoubtedly emerge as power and 
versatility of computers are recognized and increased. It will be useful 
to look briefly at each of these categories. 

Operations 

It is hardly necessary to point out that digital computers are used in 
a broad gamut of naval operational uses. These include surveillance, 
aboard ship and on shore, communications, missile fire control, gun­
fi re control, cryptographic applications, sonar, and lofar signal anal-

sis, combat operations center (COC). command and control data 
availability and presentation, ship navigation, ship and air repair. 

A very high speed computing machine has been found necessary 
a nd useful in performing functions of sorting and tracking of a large 
n umber of air, surface and subsurface vehicles. The computer must also 
keep fleet and task unit commanders informed on position, relative 
threat, anticipated deployment and other characteristics of aircraft 
and ships, in a large area around these units. This system is the so­
called Navy Tactical Data System (NTDS); the airborne version is called 
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ATDS; the Marine Corps version is MTDS. The heart of the NTDS

is the AN/USQ,-20, a high speed digital computer. This surveillance,

control, threat evaluator, and presentation system has developed into

a major weapon aboard many capital ships of the fleet, all within the

last decade.

The Naval Electronics Laboratory Center, San Diego, California,

has developed a ship communications distribution system which

automatically examines headings of broadcast messages; the system is

the General Address Reading Device (GARD). The system, which was

installed ahead of the receiving tele-typewriters, provides for pre-

selection of addresses and precedences of interest, and blocking the

print-out of all unwanted messages. By using microelectronics logic

circuits in its processor, the system can make simple decisions, such

as printing the whole message, when the header is garbled. This

machine, one of a variety of special purpose computers, has shown its

value in security and in reducing the number of personnel required.

A similar system to GARD is the Message Processing and Distribution

System (MPDS), which is installed in some Guided Missile Cruisers

(CLG's). MPDS analyzes headings, recognizes duplicate messages, stores,

retrieves, distributes, and makes a log of all messages. This again is

a special computer-aided processing system which can store 5200

messages, and print out incoming or stored messages at the rate of

2400 words per minute, making six carbon copies at the same time.

In other schemes, sometimes using the NTDS computer on a shared-

time basis, incoming transmissions are parity checked for accuracy

and corrected when necessary. Repeat-back procedures are now more

or less eliminated by automatic repetition of incoming messages, and the

successful use of parity codes.

The Gunar, Mark 56, Mark 25, and Mark 63, as well as other famous

gunfire control systems of World War II employed analogue computers

and some still do; however, the trend is now toward digital machines,

to control train, elevation, and other parameters of missile and gun

use. In the case of the battle ship USS New Jersey the 16-inch guns

aboard are controlled digitally. The Mark 86 light-weight gun mount,

to be outfitted on many of the smaller ships, is also based on digital

control.

Another important operational application is related to ship over-

haul scheduling. Ship overhaul intervals are now decided in a rather

arbitrary way based on experience. Depending upon ship type, a par-

ticular class of vessel is overhauled every 18 months or at some similar

interval. Computer methods are being studied to solve this problem.

Ship-scheduling is based on the physical shape of the ship, such as the

condition of the boiler and auxiliaries. Then the computer decides

whether the ship should come in for overhaul, and if so, to which ship-

yard it should be taken for quick and economic overhauling.
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ATOS; the Marine Corps version is MTDS. The heart of the NTDS 
is the AN/USQ-20, a high speed digital computer. This surveillance, 
control, threat evaluator, and presentation system has developed into 
a major weapon aboard many capital ships of the fleet, all within the 
last decade. 

The Naval Electronics Laboratory Center, San Diego, California, 
has developed a ship communications distribution system which 
automatically examines headings of broadcast messages; the system is 
the General Address Reading Device (GARD). The system, which was 
installed ahead of the receiving tele-typewriters, provides for pre­
selection of addresses and precedences of interest, and blocking the 
print-out of all unwanted messages. By using microelectronics logic 
circuits in its processor, the system can make simple decisions, such 
as printing the whole message, when the header is garbled. This 
machine, one of a variety of special purpose computers, has shown its 
value in security and in reducing the number of personnel required. 

A similar system to GARD is the Message Processing and Distribution 
System (MPDS), which is installed in some Guided Missile Cruisers 
(CLG's). MPDS analyzes headings, recognizes duplicate messages, stores, 
retrieves, distributes, and makes a log of all messages. This again is 
a special computer-aided processing system which can store 5200 
messages, and print out incoming or stored messages at the rate of 
2400 words per minute, making six carbon copies at the same time. 

In other schemes, sometimes using the NTDS computer on a shared­
time basis, incoming transmissions are parity checked for accuracy 
and corrected when necessary. Repeat-back procedures are now more 
or less eliminated by automatic repetition of incoming messages, and the 
successful use of parity codes. 

The Gunar, Mark 56, Mark 25, and Mark 63, as well as other famous 
gunfire control systems of World War II employed analogue computers 
and some still do; however, the trend is now toward digital machines, 
to control train, elevation, and other parameters of missile and gun 
use. In the case of the battle ship USS New Jersey the 16-inch guns 
aboard are controlled digitally. The Mark 86 light-weight gun mount, 
to be outfitted on many of the smaller ships, is also based on digital 
control. 

Another important operational application is related to ship over­
haul scheduling. Ship overhaul intervals are now decided in a rather 
arbitrary way based on experience. Depending upon ship type, a par­
ticular class of vessel is overhauled every 18 months or at some similar 
interval. Computer methods are being studied to solve this problem. 
Ship-scheduling is based on the physical shape of the ship, such as the 
condition of the boiler and auxiliaries. Then the computer decides 
whether the ship should come in for overhaul, and if so, to which ship­
yard it should be taken for quick and economic overhauling. 

18 

Digitized by Go gle Origiflal from 

UNIVERSITY OF MICHIGAN 



Upon arrival at the ship yard, a program of work to be done on the

ship is set up. For instance if removal, overhaul, and replacement of

pumps is to be performed, the procedure is first worked out and out-

lined by maintenance engineers. In the case of complex jobs such as

nuclear submarines PERT is used as a scheduling tool. At Boston,

Charleston, Philadelphia, and other yards, Univac-3 machines are al-

ready installed for this purpose. At one time an IBM 7090 located at

Dahlgren, Virginia, was used for nuclear submarines. The Portsmouth,

New Hampshire, yard makes a daily run of tapes for this purpose into

the machine at Boston Navy Shipyard. Some limited use of computers

has been made in new construction, scheduling and sequencing of

shipping installation. However, in practice, new ship construction

applications seem to be only somewhat marginally efficient.

Management

Because warfare and its research have become increasingly complex,

it is necessary to rely on clever marshalling and application of resources

to ensure superiority. From these resources comes the electronic com-

puter, which has become vital in Navy management operations where it

is used in a multitude of ways some of which shall be mentioned.

In Inventory Management, allowance lists are calculated and moni-

tored; the provisioning process is expedited; load lists—yielding

sequence, amounts and other data on each item are formulated;

requisition control is effected; and material readiness is assessed. A

good example of such a system is the Maintenance and Material Man-

agement System (3-M), in the Office of Naval Material. 3-M is essentially

an information retrieval mechanism, which provides up-to-date, abbre-

viated information on maintainance matters, such as repair routines

and special tools required for maintaining equipment at sea and on

shore. The IBM machines 1410, 7080, and 360 at Naval Supply Depot,

Mechanicsburg, Pennsylvania, are used in the various sub-systems of

this program. From top management's point of view, 3-M facilitates

the finding of good and bad equipment for procurement purposes or

ascertains its state of readiness. In many naval stations comptrollers

are using computers to assist in reporting progress, delays, and expected

availability of the numerous projects of their commands.

Management applications also involve personnel requirements,

use, location, and assignment. For instance, an algorithm has been

created to assign medical doctors of varying backgrounds and experi-

ence to the naval hospitals which can best use their talents. The U.S.

Marine Corps actually employs computers to assign recruits from basic

training camps to their next duty. This has proved effective in the Corps.

Bureau of Naval Personnel Project Compass is studying ways of doing

something similar with the larger, more difficult problem of matching

naval ratings to billets in which the men will serve most productively.
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Upon arrival at the ship yard, a program of work to be done on the 
ship is set up. For instance if removal, overhaul, and replacement of 
pumps is to be performed, the procedure is first worked out and out­
lined by maintenance engineers. In the case of complex jobs such as 
nuclear submarines PERT is used as a scheduling tool. At Boston, 
Charleston, Philadelphia, and other yards, Univac-3 machines are al­
read)· installed for this purpose. At one time an IBM 7090 located at 
Dahlgren, Virginia, was used for nuclear submarines. The Portsmouth, 
~ew Hampshire, yard makes a daily run of tapes for this purpose into 
the machine at Boston Navy Shipyard. Some limited use of computers 
has been made in new construction, scheduling and sequencing of 
shipping installation. However, in practice, new ship construction 
applications seem to be only somewhat marginally efficient. 

Management 

Because warfare and its research have become increasingly complex, 
it is necessary to rely on clever marshalling and application of resources 
to ensure superiority. From these resources comes the electronic com­
puter, which has become vital in Navy management operations where it 
is used in a multitude of ways some of which shall be mentioned. 

In Inventory Management, allowance lists are calculated and moni­
tored; the provisioning process is expedited; load lists-yielding 
sequence, amounts and other data on each item are formulated; 
requisition control is effected; and material readiness is assessed. A 
good example of such a system is the Maintenance and Material Man­
agement System (3-M), in the Office of Naval Material. 3-M is essentially 
an information retrieval mechanism, which provides up-to-date, abbre­
viated information on maintainance matters, such as repair routines 
and special tools required for maintaining equipment at sea and on 
shore. The IBM machines 1410, 7080, and 360 at Naval Supply Depot, 
\f echanicsburg, Pennsylvania, are used in the various sub-systems of 
this program. From top management's point of view, 3-M facilitates 
the finding of good and bad equipment for procurement purposes or 
ascertains its state of readiness. In many naval stations comptrollers 
are using computers to assist in reporting progress, delays, and expected 
availability of the numerous projects of their commands. 

Management applications also involve personnel requirements, 
use, location, and assignment. For instance, an algorithm has been 
created to assign medical doctors of varying backgrounds and experi­
ence to the naval hospitals which can best use their talents. The U.S. 
\farine Corps actually employs computers to assign recruits from basic 
training camps to their next duty. This has proved effective in the Corps. 
Bureau of Naval Personnel Project Compass is studying ways of doing 
~mething similar with the larger, more difficult problem of matching 
naval ratings to billets in which the men will serve most productively. 
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Navy Automated Research and Development Information System

(NARDIS) which is under the direction of the Office of Naval Research

is another Navy management function aided by computers. This pro-

gram implements and keeps up-to-date data on all research and devel-

opment sponsored by the Navy department, quickly delivering scien-

tific, engineering, and administrative information in that field. Other

studies at the Naval Weapons Laboratory evaluate computers and

automatic data processors to determine what computers to buy for the

required job.

Training Personnel

Naval personnel receive training several times in their careers. Com-

puter Aided Instruction (CAI) has replaced the earlier method of

Programmed Instruction, which presented textbook material to stu-

dents then asked questions which could be answered yes or no, or

true or false by individual students. For CAI each student uses a

typewriter to maintain real-time contact with a computer. The machine

provides textbook type information and asks questions which are then

answered by the student or instructor. The U.S. Naval Academy is

using the CAI method for instructing midshipmen in foreign languages,

engineering, and mathematics courses. Television, cathode ray tubes,

and other presentation modes act to complement this powerful method

of teaching Navy men.

Activities concerned with education of sizable numbers of naval

personnel, such as the Naval Air Technical Training Command,

Memphis, and the Naval Training Research Laboratory, San Diego,

are experimenting with CAI, usually collaborating with a university

in formulating teaching methodology.

Training Devices

By far the largest use of digital computer machinery for training

personnel is the 80 major trainers developed by the Navy Training

Device Center, Orlando, Florida, for flight simulation, attack, and

anti-submarine warfare training and other applications concerned with

strategy and tactics. Naval stations at New London, Pearl Harbor,

Key West, Charleston and other centers of intensified personnel train-

ing are equipped with those trainers. A SIGMA 7 machine at the Train-

ing Device Center is used in a human factors experiment in which the

efficiency of training operators is conducted. Efficiency is measured by

contrasting operator knowledge after operational flight training with

that demonstrated in actual aircraft flying. All new Operation Flight

Trainers such as those replacing the LINK trainers of World War II

are now coupled with commercial, general-purpose computers which
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Navy Automated Research and Development Information System 
(N ARDIS) which is under the direction of the Office of Naval Research 
is another Navy management function aided by computers. This pro­
gram implements and keeps up-to-date data on all research and devel­
opment sponsored by the Navy department, quickly delivering scien­
tific, engineering, and administrative information in that field. Other 
studies at the Naval Weapons Laboratory evaluate computers and 
automatic data processors to determine what computers to buy for the 
required job. 

Training Personnel 

Naval personnel receive training several times in their careers. Com­
puter Aided Instruction (CAI) has replaced the earlier method of 
Programmed Instruction, which presented textbook material to stu­
dents then asked questions which could be answered yes or no, or 
true or false by individual students. For CAI each student uses a 
typewriter to maintain real-time contact with a computer. The machine 
provides textbook type information and asks questions which are then 
answered by the student or instructor. The U.S. Naval Academy is 
using the CAI method for instructing midshipmen in foreign languages, 
engineering, and mathematics courses. Television, cathode ray tubes, 
and other presentation modes act to complement this powerful method 
of teaching Navy men. 

Activities concerned with education of sizable numbers of naval 
personnel, such as the Naval Air Technical Training Command, 
Memphis, and the Naval Training Research Laboratory, San Diego, 
are experimenting with CAI, usually collaborating with a university 
in formulating teaching methodology. 

Training Devices 

By far the largest use of digital computer machinery for training 
personnel is the 80 major trainers developed by the Navy Training 
Device Center, Orlando, Florida, for flight simulation, attack, and 
anti-submarine warfare training and other applications concerned with 
strategy and tactics. Naval stations at New London, Pearl Harbor, 
Key West, Charleston and other centers of intensified personnel train­
ing are equipped with those trainers. A SIGMA 7 machine at the Train­
ing Device Center is used in a human factors experiment in which the 
efficiency of training operators is conducted. Efficiency is measured by 
contrasting operator knowledge after operational flight training with 
that demonstrated in actual aircraft flying. All new Operation Flight 
Trainers such as those replacing the LINK trainers of World War II 
are now coupled with commercial, general-purpose computers which 
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have proved more flexible and valuable as training tools than their

predecessors.

Engineering Design

It is important to the Navy to design effective ships which can be

built in compliance with specifications which insure operational advan-

tage over the enemy. The Naval Ship Engineering Center has evolved

a computer-aided ship design and construction procedure (CASDEC),

which aids in the requirement definition and conceptual design of new

ships, and then generates several models of a ship such as a rubber

ship. This is done by introducing the desired parameters of the modeled

vessel (cruising range, speed, horsepower, etc), general characteristics,

and hull form. Flotation and other characteristics are developed. In

the course of this programming, PERT-CPM is employed in such a

manner that after the hull has been represented in digital terminology,

the details of outfitting the new ships, such as sequence of electrical

wiring and installation of piping, are determined and detailed on

magnetic tapes, punch cards, or in other storage media.

Scientific Research

In solving scientific problems the Navy uses many digital, hybrid,

and sophisticated analogue computers and simulators. Solutions of

the partial differential equations in subjects like hydrodynamics, elec-

tromagnetic theory, material fatigue, and fracture problems are sought

usually by difference equations methods. When bubble, spark, and

emulsion chamber data of nuclear physics are examined, electric cir-

cuit analysis is performed with schemes such as Electronic Circuit

Analysis Program (ECAP). Particle tracks are scrutinized for energy

and reaction products. Acoustic signature adaptive processing studies

are underway where pulses of transient repetitive signals are com-

pared with previously stored pulses. If the comparison shows a strong

similarity with previous pulses, the signal is automatically intensified

and closely monitored.

The Nautical Almanac Section of the Naval Observatory, working

with the Division of Naval Science of the U.S. Naval Oceanographic

Office, uses an IBM 360 to prepare Tables of Computed Altitude and

Azimuth (solutions of the spherical triangle to be used by navigators).

The Observatory prepares Sight Reduction Tables for Air Navigation

(H.O.249) as well as many other special computations and is cooperating

on a new Space Almanac.

At the Naval Research Laboratory, a CDC 3800 machine does crystal-

lographic structure analysis, antenna radiation pattern calculations,

satellite trajectories, wave analyses, and telemetry data reduction.
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have proved more flexible and valuable as training tools than their 
predecessors. 

Engineering Design 

It is important to the Navy to design effective ships which can be 
built in compliance with specifications which insure operational advan­
tage over the enemy. The Naval Ship Engineering Center has evolved 
a computer-aided ship design and construction procedure (CASDEC), 
which aids in the requirement definition and conceptual design of new 
ships, and then generates several models of a ship such as a rubber 
ship. This is done by introducing the desired parameters of the modeled 
vessel (cruising range, speed, horsepower, etc.), general characteristics, 
and hull form. Flotation and other characteristics are developed. In 
the course of this programming, PERT-CPM is employed in such a 
manner that after the hull has been represented in digital terminology, 
the details of outfitting the new ships, such as sequence of electrical 
wiring and installation of piping, are determined and detailed on 
magnetic tapes, punch cards, or in other storage media. 

Scientific Research 

In solving scientific problems the Navy uses many digital, hybrid, 
and sophisticated analogue computers and simulators. Solutions of 
the partial differential equations in subjects like hydrodynamics, elec­
tromagnetic theory, material fatigue, and fracture problems are sought 
usually by difference equations methods. When bubble, spark, and 
emulsion chamber data of nuclear physics are examined, electric cir­
cuit analysis is performed with schemes such as Electronic Circuit 
Analysis Program (ECAP). Particle tracks are scrutinized for energy 
and reaction products. Acoustic signature adaptive processing studies 
are underway where pulses of transient repetitive signals are com­
pared \\-ith previously stored pulses. If the comparison shows a strong 
similarity with previous pulses, the signal is automatically intensified 
and closely monitored. 

The Nautical Almanac Section of the Naval Observatory, working 
with the Division of Naval Science of the U.S. Naval Oceanographic 
Office, uses an IBM 360 to prepare Tables of Computed Altitude and 
Azimuth (solutions of the spherical triangle to be used by navigators). 
The Observatory prepares Sight, Reduction Tables for Air Navigation 
(H.O.249) as well as many other special computations and is cooperating 
on a new Space Almanac. 

At the Naval Research Laboratory, a CDC 3800 machine does crystal­
lographic structure analysis, antenna radiation pattern calculations, 
satellite trajectories, wave analyses, and telemetry data reduction. 
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General purpose scientific digital computer used for scientific computations

at Naval Research Laboratory

The scientist in the laboratory depends on the computer for studying

the effectiveness of explosives, combustion kinetics, and nuclear effects.

In universities and industrial laboratories supported by the Navy,

it is difficult to find a major scientific program without a back-up com-

puter facility which is either locally available or time-shared by remote

control. Linear and dynamic programming, pattern recognition, and

fast-Fourier integral solutions find wide application.

Operations Analyses and Studies

A large investigation program, using high-speed computing equip-

ment, is analyzing naval operations, strategies, tactics, and warfare

systems in their conceptual form. These studies enable SecNav, CNO,

CNM, and others to make the best use of equipment and personnel.

Much of this work for the Navy, Marine Corps, and the Joint Chiefs

of Staff is done by the Center of Naval Analyses and by contractors

such as the Naval Warfare Research group. Computer-aided studies

in anti-submarine warfare tactics and requirement, in naval labora-

tory R&D planning, in air and amphibious warfare, in exploitation of

sea resources, in logistics of turn-about operations of loading and off-

loading, and in broader war gaming of strikes and target-kill probabil-

ities have been or are being pursued. Fighter-to-fighter engagements,
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General purpose sci.tnlific digital compwer used for scientific compuuuwns 
at Naval Research Laboratory 

The scientist in the laboratory depends on the computer for studying 
the effectiveness of explosives, combustion kinetics, and nuclear effects. 

In universities and industrial laboratories supported by the Navy, 
it is difficult to find a major scientific program without a back-up com­
puter facility which is either locally available or time-shared by remote 
control. Linear and dynamic programming, pattern recognition, and 
fast-Fourier integral solutions find wide application. 

Operations Analyses and Studies 

A large investigation program, using high-speed computing equip­
ment, is analyzing naval operations, strategies, tactics, and warfare 
systems in their conceptual form. These studies enable SecNav, CNO, 
CNM, and others to make the best use of equipment and personnel. 
Much of this work for the Navy, Marine Corps, and the Joint Chiefs 
of Staff is done by the Center of Naval Analyses and by contractors 
such as the Naval Warfare Research group. Computer-aided studies 
in anti-submarine warfare tactics and requirement, in naval labora· 
tory R&D planning, in air and amphibious warfare, in exploitation of 
sea resources, in logistics of turn-about operations of loading and off­
loading, and in broader war gaming of strikes and target-kill probabil­
ities have been or are being pursued. Fighter-to-fighter engagements, 
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using any of the weapons of modern naval warfare, such as missiles,

are simulated to help ensure U.S. Navy superiority. Office of Naval

Research programs are implemented by a General Electric computer,

which is located in Washington, D.C. and serviced from the Main

Navy Building by tele-typewriter using time-shared Fortran.

The Office of Naval Research now supports study tasks in the use

of computers in automated shipboard steering and maneuvering,

improved presentation devices, generation of efficient algorithms,

inexpensive interfaces, linguistics, improved components, cybernetics,

management, and intelligence.

National Research Council-Bureau of

Medicine and Surgery Postdoctoral Research

Associateship Program

The Navy Bureau of Medicine and Surgery, in association with the National Research

Council, is offering postdoctoral research associateships at four of its research activities.

Professors at universities, editors of scientific publications, and heads of scientific research

organizations recently received a 23-page brochure describing the program, whose

purpose it to encourage postdoctoral research in scientific areas. Opportunities of research

within BuMed include such fields as aerospace medicine, behavioral sciences, biochem-

istry, bioengineering, biophysics, dentistry, environmental stress, experimental medicine

and surgery, microbiology, parasitology, pharmacology, radiation biology, and tissue

preservation.

Last year the only research activity involved in this program was the Naval Medical

Research Institute, Bethesda, Md.; this year it is being expanded to include three more

activites: Aerospace Medical Research Department, Johnsvillc, Pa.; Naval Aerospace

Medical Institute, Pensacola, Fla.; and the Navy Medical Neuropsychiatry Research

Unit, San Diego, California.

Applicants should have attained the equivalent of the M.D. or Ph.D. degree before

entering upon the associateship. Awards will be made in the spring of 1969 for the one-

year tenure which begins sometime after 1 July 1969. Selected by the National Research

Council, Associates are given a stipend of $12,174. Requests for application forms

should be addressed to the Office of Scientific Personnel, Room 604C, National Research

Council, 2101 Constitution Avenue, N.W., Washington, D.C. 20418. Completed applica-

tions must be received in that office by 15 February 1969.

Continued from Page 9

To assess and quantify the ability of man to accomplish cognitive and perceptual motor

functions in extreme hyperbaric environment, divers were examined in a variety of per-

formance tests. In a memory study, it was found that the short-term memory (five minutes)

remains about the same underwater as on the surface, but the long-term memory (one

hour) deteriorates at great depths. It is possible that this change is related to stress or

motivational factors, but it is more likely due to some physiological effect of high pressure

or the helium-oxygen breathing mixture. In all areas there is a very gradual decrease in

efficiency of performance with depth; however, the fine motor dexterity showed the least

impairment. Indications are that man can work effectively at depths of 1000 feet.
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using any of the weapons of modern naval warfare, such as missiles, 
are simulated to help ensure U.S. Navy superiority. Office of Naval 
Research programs are implemented by a General Electric computer, 
which is located in Washington, D.C. and serviced from the Main 
Navy Building by tele-typewriter using time-shared Fortran. 

The Office of Naval Research now supports study tasks in the use 
of computers in automated shipboard steering and maneuvering, 
improved presentation devices, generation of efficient algorithms, 
inexpensive interfaces, linguistics, improved components, cybernetics, 
management, and intelligence. 

National Research Council-Bureau of 
Medicine and Surgery Postdoctoral Research 

Associateship Program 
The Navy Bureau of Medicine and Surgery, in association with the National Research 

Council, is offering postdoctoral research associateships at four of its research activities. 
Professors at universities, editors of scientific publications, and heads of scientific research 
organizations recently received a 23-page brochure describing the program, whose 
purpose it to encourage postdoctoral research in scientific areas. Opportunities of research 
within BuMed include such fields as aerospace medicine, behavioral sciences, biochem­
istry, bioengineering, biophysics, dentistry, environmental stress, experimental medicine 
and surgery, microbiology, parasitology, pharmacology, radiation biology, and tissue 
preservation. 

La.st year the only research activity involved in this program was the Naval Medical 
Research Institute, Bethesda, Md.; this year it is being expanded to include three more 
activites: Aerospace Medical Research Department, Johnsville, Pa.; Naval Aerospace 
Medical Institute, Pensacola, Fla.; and the Navy Medical Neuropsychiatric Research 
L'nit, San Diego, California. 

Applicants should have attained the equivalent of the M.D. or Ph.D. degree before 
t-ntering upon the as.sociateship. Awards will be made in the spring of 1969 for the one­
year tenure which begins sometime after 1 July 1969. Selected by the National Research 
Council, AsMx:iates are given a stipend of $12,174. Requests for application forms 
should be addressed to the Office of Scientific Personnel, Room 604C, National Research 
Council, 2101 Constitution Avenue, N.W., Washington, D.C. 20418. Completed applica­
tions must be received in that office by 15 February 1969. 

Continued from Page 9 

To assess and quantify the ability of man to accomplish cognitive and perceptual motor 
functions in extreme hyperbaric environment, divers were examined in a variety of per­
formance tests. In a memory study, it was found that the short-term memory (five minutes) 
remains about the same underwater as on the surface, but the long-term memory (one 
hour) deteriorates at great depths. It is poMible that this change is related to stress or 
motivational factors, but it is more likely due to some physiological effect of high preMure 
or the helium-oxygen breathing mixture. In all areas there is a very gradual decrease in 
efficiency of performance with depth; however, the fine motor dexterity showed the least 
impairmenL Indications are that man can work effectively at depths of 1000 feet. 
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Brightness of the Big Bang

Far infrared measurements made from a rocket more than one hun-

dred miles above the earth indicate that the night sky is far brighter than

predicted by radio observations. The combination of these results may

have a strong bearing on current views of the origin of the Universe.

Proponents of the "big bang" theory (the idea that the Universe

began as an extremely dense ball of matter, exploded, and expanded

to its present size) had predicted the relative brightness of the universe

at infrared and radio wavelengths.

The single rocket observation does not directly contradict these

predictions, but it does indicate the presence of unexpected energy

sources. These sources might be atmospheric, interplanetary, galactic,

or external to the Galaxy. The measurements were made at wave-

lengths a thousand times longer than visible light but still far shorter

than the wavelengths used by radio astronomers.

The work is reported in "Physical Review Letters," a publication of

The American Physical Society, by Dr. Kandiah Shivanandan of the

Naval Research Laboratory, Washington, D.C., and Drs. James R.

Houck and Martin O. Harwit of the Cornell-Sydney University Astron-

omy Center in Ithaca, New York.*

The big bang theory predicts that the universe should be bathed in

the residual radiation of the original explosion. During the past three

years, astrophysicists have been measuring a background radiation,

and these measurements have been interpreted by many as experi-

mental verification of the theory.

Until now it has been possible to measure only the longer wave-

length radiation that passes through our atmosphere. At these wave-

lengths, the strength of the emission predicted from the big bang fits

well with the radio observations. However, measurements in the

infrared are required to obtain strong confirmation of the shape ol

the predicted spectrum.

To measure the radiation at these wavelengths where the strength

of the radiation from the big bang is expected to drop off sharply, it

was necessary to send instruments above the earth's atmosphere.

In the present experiment, the astrophysicists sent up a rocket con-

taining sensitive detectors that were cooled by liquid helium. One of the

detectors measured radiation intensity that was about a hundred times

stronger than that expected on the basis of previous radio observations.

Because there was only one measurement, less than four minutes

of observing time, and the work is a pioneering effort in rocket measure-

ments at these wavelengths, the result cannot be accepted as contradict-

ing the big bang. However, there is considerable confidence in the work,

*Kandiah Shivanandan, James R. Houck, and Martin O. Harwit. "Preliminary Observations of the

Far Infrared Night Sky Background Radiation," Physical Review Letters. Vol. 21, No. 16(11 November

1968).
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Brightness of the Big Bang 

Far infrared measurements made from a rocket more than one hun­
dred miles above the earth indicate that the night sky is far brighter than 
predicted by radio observations. The combination of these results may 
have a strong bearing on current views of the origin of the Universe. 

Proponents of the "big bang" theory (the idea that the Universe 
began as an extremely dense ball of matter, exploded, and expanded 
to its present size) had predicted the relative brightness of the universe 
at infrared and radio wavelengths. 

The single rocket observation does not directly contradict these 
predictions, but it does indicate the presence of unexpected enerID 
sources. These sources might be atmospheric, interplanetary, galactic. 
or external to the Galaxy. The measurements were made at wave­
lengths a thousand times longer than visible light but still far shorter 
than the wavelengths used by radio astronomers. 

The work is reported in "Physical Review Letters," a publication of 
The American Physical Society, by Dr. Kandiah Shivanandan of the 
Naval Research Laboratory, Washington, D.C., and Drs. James R. 
Houck and Martin 0. Harwit of the Cornell-Sydney University Astron­
omy Center in Ithaca, New York.* 

The big bang theory predicts that the universe should be bathed in 
the residual radiation of the original explosion. During the past three 
years, astrophysicists have been measuring a background radiation. 
and these measurements have been interpreted by many as experi­
mental verification of the theory. 

Until now it has been possible to measure only the longer wave­
length radiation that passes through our atmosphere. At these wave­
lengths, the strength of the emission predicted from the big bang fits 
well with the radio observations. However, measurements in the 
infrared are required to obtain strong confirmation of the shape of 
the predicted spectrum. 

To measure the radiation at these wavelengths where the strength 
of the radiation from the big bang is expected to drop off sharply, it 
was necessary to send instruments above the earth's atmosphere. 

In the present experiment, the astrophysicists sent up a rocket con· 
taining sensitive detectors that were cooled by liquid helium. One of the 
detectors measured radiation intensity that was about a hundred times 
stronger than that expected on the basis of previous radio observations. 

Because there was only one measurement, less than four minutes 
of observing time, and the work is a pioneering effort in rocket measure­
ments at these wavelengths, the result cannot be accepted as contradic1-
ing the big bang. However, there is considerable confidence in the work, 

•Kandiah Shivanandan. James R. Houck, and Martin 0. Harwit, "Preliminary Obscrvation5 of rht 
Far Infrared Night Sky Back.ground Radiation," Physical Rroiru• uturs. Vol. 21, No. 16 (11 Non·rnbtr 
1968). 
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and until it is either confirmed or disproved by subsequent experiments,

its implications will remain tentative.

The rocket payload was constructed at Cornell Universtiy under a

grant from the National Aeronautic and Space Administration. It

represents a continuation of previous work, started five years earlier,

when Professor Martin O. Harwit became the first National Science

Foundation-Supported E. O. Hulburt Fellow at the U.S. Naval Research

Laboratory. Under this appointment he initiated the use of low tempera-

ture telescopes. The Naval Research Laboratory and Cornell University

are the first groups to attempt low temperature rocket observations

of this type.

BACKGROUND

In the late 1920's, Edwin Hubble demonstrated conclusively that

there is a direct relationship between the distance of astronomical

objects and the amount of red shift they display. Since red shift is

the lengthening of the wavelength of radiation emitted by an object

moving away from an observer, Hubble's relationship implies that

distant objects are receding faster than nearby ones. This implication is

now generally taken to mean that the universe is uniformly expanding.

Hubble's work and its interpretation form the basis of three compet-

ing cosmologies that are in current favor. In the steady state theory,

the universe is expanding and matter is continually being created to

keep the density constant. The big bang theory assumes that the

universe started from a point mass, exploded, and has expanded to

its present size since the explosion. The pulsating universe theory

postulates that our present expanding state will be followed by a period

of contraction.

The three theories have not been readily amenable to experimental

test. Even the creation of matter, which is postulated in the steady

state theory, is not a phenomenon that can be measured with present

techniques.

However, when the big bang theory was developed in 1948, George

Gamow and others calculated that the radiation from the original

explosion should still be present throughout the universe in the form

Df radiation being emitted from a blackbody (perfect) radiator at a

temperature of a few degrees above absolute zero. This radiation could

be recognized because a plot of the intensity against the wavelength

of a blackbody radiator gives a characteristic curve.

In 1964 Dr. Robert Dicke and his colleagues at Princeton University

began setting up instruments in an effort to detect the background

radiation. The next year they heard that Drs. Arno Penzias and Robert

Wilson of Bell Telephone Laboratories had picked up, in their efforts

to improve an antenna that had been used to track a Telstar satellite,

a signal at a wavelength of 7.5 centimeters.
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and until it is either confirmed or disproved by subsequent experiments, 
its implications will remain tentative. 

The rocket payload was constructed at Cornell U niverstiy under a 
grant from the National Aeronautic and Space Administration. It 
represents a continuation of previous work, started five years earlier, 
when Professor Martin 0. Harwit became the first National Science 
Foundation-Supported E. 0. Hulburt Fellow at the U.S. Naval Research 
Laboratory. Under this appointment he initiated the use of low tempera­
ture telescopes. The Naval Research Laboratory and Cornell University 
are the first groups to attempt low temperature rocket observations 
of this type. 

BACKGROUND 

In the late l 920's, Edwin Hubble demonstrated conclusively that 
there is a direct relationship between the distance of astronomical 
objects and the amount of red shift they display. Since red shift is 
the lengthening of the wavelength of radiation emitted by an object 
moving away from an observer, Hubble's relationship implies that 
distant objects are receding faster than nearby ones. This implication is 
now generally taken to mean that the universe is uniformly expanding. 

Hubble's work and its interpretation form the basis of three compet­
ing cosmologies that are in current favor. In the steady state theory, 
the universe is expanding and matter is continually being created to 
keep the density constant. The big bang theory assumes that the 
universe started from a point mass, exploded, and has expanded to 
its present size since the explosion. The pulsating universe theory 
postulates that our present expanding state will be followed by a period 
of contraction. 

The three theories have not been readily amenable to experimental 
test. Even the creation of matter, which is postulated in the steady 
state theory, is not a phenomenon that can be measured with present 
techniques. 

However, when the big bang theory was developed in 1948, George 
Gamow and others calculated that the radiation from the original 
explosion should still be present throughout the universe in the form 
of radiation being emitted from a blackbody (perfect) radiator al a 
temperature of a few degrees above absolute zero. This radiation could 
be recognized because a plot of the intensity against the wavelength 
of a blackbody radiator gives a characteristic curve. 

In 1964 Dr. Robert Dicke and his colleagues at Princeton University 
began setting up instruments in an effort to detect the background 
radiation. The next year they heard that Drs. Arno Penzias and Robert 
Wilson of Bell Telephone Laboratories had picked up, in their efforts 
to improve an antenna that had been used to track a Telstar satellite, 
a signal at a wavelength of 7 .5 centimeters. 
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The scientists got together and concluded that the signal was part

of a general background radiation surrounding them. The Princeton

group suggested that it was blackbody radiation from the primeval

fireball. Since the original discovery, the radiation has been measured

at about six other wavelengths. All of the values have fit on the theoret-

ical curve for the radiation from a blackbody radiator at a temperature

of 2.7° centigrade above absolute zero.

A number of astrophysicists have proposed other mechanisms to ex-

plain the background radiation. These require that extragalactic radio

sources emit more strongly than is generally thought to be the case.

The radiation predicted by these mechanisms is the same as that

from the big bang theory at long wavelengths, but at wavelengths

around 0.1 centimeter the intensity of radiation from a 2.7° blackbody

radiator drops off rapidly.

This short wavelength radiation is strongly absorbed by the atmo-

sphere, so it was necessary for the physicists from the Naval Research

Laboratory and the Cornell-Sydney University Astronomy Center to

get their detectors into a rocket package. The instruments were launch-

ed by Aerobee rocket last February.

The "Physical Review Letters" article reports on only one of the four

detectors —the one capable of measuring the intensity of radiation with

wavelengths 0.04 to 0.13 centimeters. The results show an intensity

that is about 100 times stronger than that expected from a blackbody

radiator at 2.7°. Stated differently, the intensity of the radiation at

these wavelengths corresponds to a background temperature of about 8°.

The results will be challenged on two grounds. First, they do not

support the relatively simple and very appealing big bang explanation

of the background radiation. Second, they are in direct conflict with

other measurements at the same wavelengths.

Direct measurements of the background radiation have been made

down to a wavelength of 0.33 cendmeters. However, there is an indirect

method of measuring the radiadon that involves observing certain

energy states in interstellar substances.

Dr. Patrick Thaddeus, who holds appointments with the Institute

for Space Studies in New York City and Columbia University, and two

of his students, Victor Bortolot and John Clauser, have reported

measurements at 0.26, 0.13, 0.056, and 0.036 centimeter wavelengths.

The intensity at 0.26 centimeters fits well on the 2.7° curve. The other

wavelengths give upper limits of the temperature that are lower than

the 8° figure reported in "Physical Review Letters."

Obviously, more measurements will have to be made before the

conflicting results can be understood. However, the necessary experi-

ments are near the limit of our present technological capability, so it

will probably be several years before the problem is resolved.
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The scientists got together and concluded that the signal was part 
of a general background radiation surrounding them. The Princeton 
group suggested that it was blackbody radiation from the primeval 
fireball. Since the original discovery, the radiation has been measured 
at about six other wavelengths. All of the values have fit on the theoret­
ical curve for the radiation from a blackbody radiator at a temperature 
of 2.7° centigrade above absolute zero. 

A number of astrophysicists have proposed other mechanisms to ex­
plain the background radiation. These require that extragalactic radio 
sources emit more strongly than is generally thought to be the case. 

The radiation predicted by these mechanisms is the same as that 
from the big bang theory at long wavelengths, but at wavelengths 
around 0.1 centimeter the intensity of radiation from a 2. 7° blackbody 
radiator drops off rapidly. 

This short wavelength radiation is strongly absorbed by the atmo­
sphere, so it was necessary for the physicists from the Naval Research 
Laboratory and the Cornell-Sydney University Astronomy Center to 
get their detectors into a rocket package. The instruments were launch­
ed by Aerobee rocket last February. 

The "Physical Review Letters" article reports on only one of the four 
detectors-the one capable of measuring the intensity of radiation with 
~avelengths 0.04 to 0.13 centimeters. The results show an intensity 
that is about 100 times stronger than that expected from a blackbody 
radiator at 2. 7°. Stated differently, the intensity of the radiation at 
these wavelengths corresponds to a background temperature of about 8°. 

The results will be challenged on two grounds. First, they do not 
support the relatively simple and very appealing big bang explanation 
of the background radiation. Second, they are in direct conflict with 
other measurements at the same wavelengths. 

Direct measurements of the background radiation have been made 
down to a wavelength of 0.33 centimeters. However, there is an indirect 
method of measuring the radiation that involves observing certain 
energy states in interstellar substances. 

Dr. Patrick Thaddeus, who holds appointments with the Institute 
for Space Studies in New York City and Columbia University, and two 
of his students, Victor Bortolot and John Clauser, have reported 
measurements at 0.26, 0.13, 0.056, and 0.036 centimeter wavelengths. 
The intensity at 0.26 centimeters fits well on the 2. 7° curve. The other 
wavelengths give upper limits of the temperature that are lower than 
the 8° figure reported in "Physical Review Letters." 

Obviously, more measurements will have to be made before the 
conflicting results can be understood. However, the necessary experi­
ments are near the limit of our present technological capability, so it 
will probably be several years before the problem is resolved. 
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On the Naval Research Reserve

Reserve Assistants Meet in Washington

CAPT H. E. Van Ness, USN, Deputy and Assistant Chief of Naval

Research, opened the annual conference of Reserve Assistants for the

tesearch Reserve Program at the Office of Naval Research, Washington,

).C, on September 8, 1968. Because CDR R. W. Keniston, USNR,

ipecial Assistant to the Chief of Naval Research was hospitalized,

diss E. F. Kehoe, CDR, USNR, and Training Officer for the Research

teserve, chaired the conference.

Recruiting, active duty for training, administrative pay billets, status

ind evaluation of Research Reserve Companies, visits and inspections

o companies, and long range goals for Fiscal Year 1969 were discussed.

HPT H E. VAN NESS, USN, Deputy and Assistant Chief of Naval Research, right, addresses

tesearch Reserve Assistants' Conference, Washington, D.C., 8-9 October 1968. Attendees were as

allows: (left to right) CDR J. P.fohnson, USNR, ONR Pasadena; Miss Eleanor F. Kehoe (CDR,

'SNR), Training Officer and Fifth and Sixth Naval District Research Reserve Liaison Officer;

~J)R f. W. Tilford. USNR, ONR Chicago; CAPT C. H. Butt, Director of Administration, ONR

Vashmgton; LCDR G. R. Hayman, USNR, Representative, Third Naval District; and CDR

>. M. Auluk. ONR Boston.

NRRC 5-2 Program

NRRC 5-2, Blacksburg, Virginia, meets on the last three Mondays

>f each month at 2000 in 310 Hutcheson Hall on the campus of Virginia

Polytechnic Institute at Blacksburg, Virginia. Most of the members

:ome from the faculty of Virginia Polytechnic; several officers are from

Jie Roanoke area.
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On the Naval Research Reserve 

Reserve Assistants Meet in Washington 

CAPT H. E. Van Ness, USN, Deputy and Assistant Chief of Naval 
tesearch, opened the annual conference of Reserve Assistants for the 
tesearch Reserve Progy-am at the Office of Naval Research, Washington, 
).C., on September 8, 1968. Because CDR R. W. Keniston, USNR, 
ipecial Assistant to the Chief of Naval Research was hospitalized, 
~iss E. F. Kehoe, CDR, USNR, and Training Officer for the Research 
leserve, chaired the conference. 

Recruiting, active duty for training, administrative pay billets, status 
md evaluation of Research Reserve Companies, visits and inspections 
o companies, and long range goals for Fiscal Year 1969 were discussed. 

:APT H . E . VAN NESS, USN, DefndY and Assistant Chi.ef of Naval Research, right, addresses 
lesrarch R.esnve A.ssi.slants' Conference, Washington, D.C., 8-9 Oaober 1968. Attendees were as 
o/Jmas: (l.eft llJ right) CDR J. P. john.son, USNR, ONR Pasadena; Miss Ekanor F. Kehoe (CDR, 
/S.VR), Training Olficer and Fifth and Sixth Naval District Research Reserve Liaison Officer; 
:DR J. W. Tilford, USNR, ONR Chicago; CAPT C. H. Butt, Director of Administration, ONR 
Vashington; LCDR G. R . Hqyman, USNR, Representative, Third Naval District; and CDR 
>. M . Aulici, ONR Boston. 

NRRC 5-2 Program 

RRC 5-2, Blacksburg, Virginia, meets on the last three Mondays 
>f each month at 2000 in 310 Hutcheson Hall on the campus of Virginia 
?olytechnic Institute at Blacksburg, Virginia. Most of the members 
:o me from the faculty of Virginia Polytechnic; several officers are from 
lhe Roanoke area. 
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The program for this year emphasizes anti-submarine warfart

Speakers will include CDR Card (Commanding Officer of the Nava

Reserve Training Center at Alexandria, Virginia), LCDR William C

Melvin, Jr. (Aviation Recruiting Officer of NARTU Norfolk), am

Mr. D. C. Montgomery (the first Ph. D. graduate of Virginia Polytechni

in Industrial Engineering). CDR Card will speak on the submarini

threat; LCDR Melvin will speak on Naval Aviation in ASW; and Mi

Montgomery will talk about the military applications of graph theorv

In addition the unit will host Ambassador Maurice Taylor. Ambassado

Taylor, who is one of the senior members of the State Departmenl

has had posts in many countries and is widely regarded as an exper

in the field of foreign affairs. He will speak on national security.

NRRC 5-12 Conducts Briefing

LCDR Roy Shank, USNR, of Dahlgren's Research Reserve Compam

5-12 discusses plans to improve Navy Gun Systems with members of th<

Naval Reserve Ordnance Division, Washington, D.C., who were visiting

the Naval Weapons Laboratory (NWL). They were also briefed or

NWL's mission and some of the current programs. The Compam

which is largely composed of NWL employees, has conducted several

briefings for visiting Reserve groups during the past several years.

NRRC 5-9 Presents Vietnam Report

The Third Quarter Program Committee of NRRC 5-9 located at the

Naval Research Laboratory (NRL), Washington, D.C., presented a

lecture series entitled "Vietnam Report."

The speakers selected subjects which gave a diversified and broad

picture of the Vietnam war. A NRL electronics engineer, returning
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The program for this year emphasizes anti-submarine warfan 
Speakers will include CDR Card (Commanding Officer of the Nav.i 
Reserve Training Center at Alexandria, Virginia), LCDR William 0 
Melvin, Jr. (Aviation Recruiting Officer of NARTU Norfolk), am 
Mr. D. C. Montgomery (the first Ph. D. graduate of Virginia Polytechni 
in Industrial Engineering). CDR Card will speak on the submarilll 
threat; LCDR Melvin will speak on Naval Aviation in AS\V; and M 1 

Montgomery will talk about the military applications of graph theory 
In addition the unit will host Ambassador Maurice Taylor. AmhaMada 
Taylor, who is one of the senior members of the State Departmenl 
has had posts in many countries and is widely regarded as an exper 
in the field of foreign affairs. He will speak on national security. 

NRRC 5-12 Conducts Briefing 

LCDR Roy Shank, USNR, of Dahlgren's Research Reserve Compan 
5-12 discusses plans to improve Navy Gun Systems with members of the 
Naval Reserve Ordnance Division , Washington , D.C., who were visitinB 
the Naval Weapons Laboratory (NWL). They were also briefed 011 

NWL's mission and some of the current programs. The Company, 
which is largely composed of NWL employees, has conducted several 
briefings for visiting Reserve groups during the past several years. 

NRRC 5-9 Presents Vietnam Report 

The Third Quarter Program Committee of NRRC 5-9 located at the 
Naval Research Laboratory (NRL), Washington , D.C., presented a 
lecture series entitled "Vietnam Report." 

The speakers selected subjects which gave a diversified and broad 
picture of the Vietnam war. A NRL electronics engineer, returning 
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"om a five month assignment in Vietnam as a Laboratories Representa-

ve discussed "Some Scientific and Technical Needs of Our Military

orces in Vietnam." A civil engineer with the Agency for International

•evelopment (AID) spoke on "The AID in Vietnam." A professor of

iovernment and Politics at the University of Maryland presented

Political Aspects of the Vietnam Conflict." A Navy Captain, who just

eturned from Vietnam, gave "Riverine Warfare in South Vietnam."

m Air Force Colonel, who was a National Security Seminar team

lember, spoke on "Developments in Communist China Relating to

rietnam." The final presentation was given by MAJ William E. Day,

JSAF. MAJ Day completed 163 combat missions and over 500 hours of

ombat flying time with the 602nd Fighter Squadron. He spoke on

The Role of the Air Force Pilot in Vietnam."

Members of the Unit as well as many guests from NRL and other

overnment activities made attendance very high. LCDR Herschel L.

mith commands NRRC 5-9; CDR Arthur O. Parks was the Third

{uarter Program Officer. NRRC 5-9 meets at the Naval Research

-aboratory on the first and third Friday of each month at 1630.

Astronomy Program at NRRC 11-7

NRRC 11-7, Tucson, recently met at the Kitt Peak National Observa-

ary. There was a tour of the Tucson offices, laboratories, and shops,

allowed by a trip to the observing site at Kitt Peak. Later sessions by

dtt Peak personnel will cover "Latest Developments in the Technology

f Large Optics" and "Labor Negotiations in a Research Facility."

At the Tucson Headquarters the unit toured instrument, electronics

nd machine shops, engineering departments, mirror finishing and

esting facilities, the library, and the CDC high speed digital com-

puter. Following the tour the group met in the conference room to

liscuss the 150-inch telescope being constructed for the mountain site

nd the possibility of a later telescope several times larger. Films and

ecent photographs of Kitt Peak's Southern Hemisphere observing site

t Gerro Tololo, Chile, completed the presentation.

On a mountain, 53 miles Southwest of Tucson, the Company and sev-

ral prospective members first viewed a 36-inch remote controlled

elescope. Stellar telescopes, ranging in size from 16 inches to 84 inches,

>ere then examined, and the progress of construction of an additional

i6-inch version was inspected. The trip through the 500-foot McMath

War Telescope highlighted the visit; the unit visited the 80-inch

leliostat on top, traveled down the diagonal path formed by the water

:ooled windshield and interviewed an astronomer taking spectrographic

neasurements in the observing room.

Astronomical topics have been popular with the unit during the last

several years because the excellent seeing conditions of Arizona have
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·om a five month assignment in Vietnam as a Laboratories Representa­
\'e discussed .. Some Scientific and Technical Needs of Our Military 
orces in Vietnam." A civil engineer with the Agency for International 
le\'elopment (AID) spoke on "The AID in Vietnam." A professor of 
;ovemment and Politics at the University of Maryland presented 
Political Aspects of the Vietnam Conflict." A Navy Captain, who just 
eturned from Vietnam, gave "Riverine Warfare in South Vietnam." 
.n Air Force Colonel, who was a National Security Seminar team 
1ember, spoke on .. Developments in Communist China Relating to 
1ietnam." The final presentation was given by MAJ William E. Day, 
,:SAF. MAJ Day completed 163 combat missions and over 500 hours of 
ombat flying time with the 602nd Fighter Squadron. He spoke on 
The Role of the Air Force Pilot in Vietnam." 

Members of the Unit as well as many guests from NRL and other 
:m·emment activities made attendance very high. LCDR Herschel L. 
mith commands NRRC 5-9; CDR Arthur 0. Parks was the Third 
tuarter Program Officer. NRRC 5-9 meets at the Naval Research 
.aboratory on the first and third Friday of each month at 1630. 

Astronomy Program at NRRC 11-7 

'.\RRC 11-7, Tucson, recently met at the Kitt Peak National Observa­
J~. There was a tour of the Tucson offices, laboratories, and shops, 
::>llowed by a trip to the observing site at Kitt Peak. Later sessions by 
JU Peak. personnel will cover "Latest Developments in the Technology 
,f Large Optics" and "Labor Negotiations in a Research Facility." 

At the Tucson Headquarters the unit toured instrument, electronics 
nd machine shops, engineering departments, mirror finishing and 
~sting facilities, the library, and the CDC high speed digital com­
ruter. Following the tour the group met in the conference room to 
!is.cuss the 150-inch telescope being constructed for the mountain site 
nd the possibility of a later telescope several times larger. Films and 
ecent photographs of Kitt Peak's Southern Hemisphere observing site 
t Cerro Tololo, Chile, completed the presentation. 
On a mountain, 53 miles Southwest of Tucson, the Company and sev­

ral prospective members first viewed a 36-inch remote controlled 
elescope. Stellar telescopes, ranging in size from 16 inches to 84 inches, 
,ere then examined, and the progress of construction of an additional 
'6-inch version was inspected. The trip through the 500-foot McMath 
iolar Telescope highlighted the visit; the unit visited the 80-inch 
1eliostat on top, traveled down the diagonal path formed by the water 
:ooled windshield and interviewed an astronomer taking spectrographic 
neasurements in the observing room. 

Astronomical topics have been popular with the unit during the last 
~veral years because the excellent seeing conditions of Arizona have 
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brought many telescopes into the state. LCDR Miller, who was respons

ble for the program, was a member and former Commanding Office

of NRRC 11-7.

NRRC 11-8 Sponsors Booth at Space Fair

Members of NRRC 11-8, Point Mugu sponsored an exhibit booth;

the 1968 Space Fair. The main exhibit was an oceanography displa

which featured small scale models of Sea Lab, Hardiman, AGOR-1

Catamaran Research Ship, FLIP, Monster Bouy, and Alvin.

Last year NRRC 11-8's exhibit booth included static and working di;

plays along with films on related Navy inner space research. Also ther

were scale models of the USS WHEELING (Range Instrumentatio

Ship), the Underwater Tactical Range at Barking Sands, Kauai, and

scale model of a plastic Underseas Research Vehicle.

CDR Kent Yoke, USNR, mans the Office of Naval Research exhibit at the Space Fan

which drew over 230,000 visitors.

11-9 Conducts Infrared Seminar

NRRC 11-9, meeting at Pitzer College in Claremont, California

recently devoted an entire quarterly training schedule to the subjet

of infrared technology. The series of six sessions was presented as
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brought man y telescopes into the state. LCDR Miller, who was respons 
hie for the program, was a member and former Commanding Offia 
of NRRC 11-7. 

NRRC 11-8 Sponsors Booth at Space Fair 

Members of NRRC 11-8, Point M ugu sponsored an exhibit booth l 
the 1968 Space Fair. The main exhibit was an oceanography displa 
which featured small scale models of Sea Lab, Hardiman, AGOR- I 
Catamaran Research Ship, FLIP, Monster Bouy, and Alvin. 

Last year NRRC l l-8's exhibit booth included static and working du 
plays along with films on related Navy inner space research. Also ther 
were scale models of the USS WHEELING (Range Instrumentatio1 
Ship) , the Underwater Tactical Range at Barking Sands, Kaua i, and 
scale model of a plastic Underseas Research Vehicle. 

CDR Kent Yoke, USNR , mans the O.f!ice of Naval R esearch exhibit at tk Spau Fair 
which drew over 230,000 visitors. 

11-9 Conducts Infrared Seminar 

NRRC 11 -9 , meeting at Pitzer College in Claremont , Californii 
recently devoted an entire quarterly training schedule to the subjec 
of infrared technology. T he series of six sessions was presented as 
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eminar conducted by scientists and engineers prominent in the infrared

ield. In addition to NRRC 11-9 members, the seminar was attended by

10 members of the industrial and academic community.

Sessions consisted of introductory and background material, the

>hysics of infrared detectors, optical, cryogenic, and signal-processing

onsiderations, and infrared systems design criteria. Specific military

ipplications, such as fire-control systems, passive searching and tracking

ystems, and mapping systems were presented.

The seminar was given with the cooperation of the Aerojet-General

Corporation, Electronics Division, in Azusa, California, who furnished

peakers and training materials from their Astrionics Department,

*hich is engaged in the development of infrared systems. Seminar

essions were arranged and hosted by the NRRC 11-9 training officer,

XDR A. I. Weinstein.

NRRC 11-11 Reports

Believing that an outstanding program attracts new members, NRRC

11-11, Santa Monica, California, has been emphasizing recruiting and

>rogramming. New members are needed to maintain a vigorous unit

rf sufficient size to warrant noteworthy speakers and significant field

rips. The Commanding Officer, LCDR F. F. Stecker, USNR-R assigned

wonting as a special activity problem to the command staff of Com-

jany 11-11. Under the guidance of CAPT J. H. Schroeder, USNR-R,

irrangements were made with the Military Personnel Officer of local

^iaval Stations to distribute an information packet on the advantages

)f joining the Research Reserve to officers being released from active

luty. In addition to the information packet, a brief news release, suit-

ible for insertion in industry newspapers was prepared and copies

pven to the individual members of NRRC 11-11 for publication in

heir company papers. These activities have resulted in six new members

n four months, a significant gain for a small unit.

The general theme of the training program for the current quarter

s the "Application of Space Technology." Presentations include:

• "Navigational Satellite Systems" (TRW Systems)

• "Life Support and Environmental Controls for Manned Space

Flight" (McDonnell Douglas)

• "Laser Technology" (TRW Systems)

• "Status Report on Space Escape Systems" (Aeorspace Corporation)

• "General Outlook for Space Missions" (North American Rockwell).

CAPT P. H. Weems Addresses NRRC 5-4

CAPT Weems, originator of the Weems System of Navigation and

pictured above with CAPT Lloyd E. Rozeboom of NRRC 5-4, was
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eminar conducted by scientists and engineers prominent in the infrared 
ield. In addition to NRRC 11-9 members, the seminar was attended by 
10 members of the industrial and academic community. 

Sessions consisted of introductory and background material, the 
>h~·sics of inf rared detectors, optical, cryogenic, and signal-processing 
:onsiderations, and infrared systems design criteria. Specific military 
1pplications, such as fire-control systems, passive searching and tracking 
~-stems, and mapping systems were presented. 
The seminar was given with the cooperation of the Aerojet-General 

::Orporation, Electronics Division, in Azusa, California, who furnished 
peakers and training materials from their Astrionics Department, 
,·hich is engaged in the development of infrared systems. Seminar 
.essions were arranged and hosted by the NRRC 11-9 training officer, 
. .CDR A. I. \Veinstein. 

NRRC 11-11 Reports 

Believing that an outstanding program attracts new members, NRRC 
11-11, Santa Monica, California, has been emphasizing recruiting and 
>rogramming. New members are needed to maintain a vigorous unit 
>f sufficient size to warrant noteworthy speakers and significant field 
rips. The Commanding Officer, LCDR F. F. Stecker, USNR-R assigned 
-ecruiting as a special activity problem to the command staff of Com­
>any 11-11. Under the guidance of CAPT J. H. Schroeder, USNR-R, 
ITTangements were made with the Military Personnel Officer of local 
~a\'al Stations to distribute an information packet on the advantages 
>f joining the Research Reserve to officers being released from active 
iuty. In addition to the information packet, a brief news release, suit­
tble for insertion in industry newspapers was prepared and copies 
~ven to the individual members of NRRC 11-11 for publication in 
heir company papers. These activities have resulted in six new members 
n four months, a significant gain for a small unit. 

The general theme of the training program for the current quarter 
s the 04 Application of Space Technology." Presentations include: 

• "Navigational Satellite Systems" (TRW Systems) 
• "Life Support and Environmental Controls for Manned Space 

Flight" (McDonnell Douglas) 
• "Laser Technology" (TRW Systems) 
• "Status Report on Space Escape Systems" (Aeorspace Corporation) 
• -General Outlook for Space Missions" (North American Rockwell). 

CAPT P. H. Weems Addresses NRRC 5-4 

CAPT Weems, originator of the Weems System of Navigation and 
pictured above with CAPT Lloyd E. Rozeboom of NRRC 5-4, was 
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guest speaker at a recent NRRC 5-4 meeting. CAPT Weems presented

his system in actual chart forms and highlighted his presentation with

personal experiences with his as well as with other navigational systems.

He remarked, "The industry has been working for years to develop

equipment with the continued reliability and accuracy of the sextant

and the chronometer for navigation; and for the first time with the

Naval Research Laboratory's Timation system we may have a working

electronic system that can, with linear measurements, be as accurate

as the sextant.

Tissue Bank Facility to be Installed at

Naval Hospital, San Diego

For use in the treatment of Vietnam casualties, freeze-dried body tissues, especially skin,

bone, and dura, are in great demand. While the feasibility of procuring and processing

ussue in a research setting has been demonstrated, the facilities of the U.S. Navy's Tissue

Bank at the Naval Medical Research Institute (NMR1), National Naval Medical Center.

Bethesda, Maryland, are capable of meeting only one-seventh of the current demands for

freeze-dried tissues. Because of the acute need to increase the procurement of tissues,

preparations to establish a prototype tissue banking facility at and with the collaboration

of the Naval Hospital, San Diego, are underway. This site was chosen because of the loca-

tion, large size, and availability of tissue sources.

Before the San Diego tissue bank facility can be installed, the staff must be trained.

A Navy Lieutenant and four tissue bank technicians began six months of intensive train-

ing at the Tissue Bank at NMRI on 1 October 1968 and will man the new facility. While

the staff is studying in Bethesda, the San Diego Naval Hospital will renovate the former

Preventive Medicine Unit No. 5 building for occupancy by the facility.

In April 1969 the staff at San Diego is scheduled to begin collecting units of tissue and

then shipping the tissue, packed in dry ice, to NMRI for the freeze-dry processing to

determine feasibility. After the facility has procured tissue for a year, the feasibility of

extending the facility's capabilities to include freeze-dry processing will be determined.
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guest speaker at a recent NRRC 5-4 meeting. CAPT Weems presented 
his system in actual chart forms and highlighted his presentation with 
personal experiences with his as well as with other navigational systems. 
He remarked, "The industry has been working for years to develop 
equipment with the continued reliability and accuracy of the sextant 
and the chronometer for navigation; and for the first time with the 
Naval Research Laboratory's Timation system we may have a working 
electronic system that can, with linear measurements, be as accurate 
as the sextant. 

Tissue Bank Facility to be Installed at 
Naval Hospital, San Diego 

For use in the treatment of Vietnam casualties, freeze-dried body tissues, especially skin, 
bone, and dura, are in great demand. While the feasibility of procuring and processing 
tissue in a research setting has been demonstrated, the facilities of the U.S. Navy's Tissue 
Bank at the Naval Medical Research Institute (NMRI), National Naval Medical Center, 
Bethesda, Maryland, are capable of meeting only one-seventh of the current demands for 
freeze-dried tissues. Because of the acute need to increase the procurement of tissues, 
preparations to establish a prototype tissue banking facility at and with the collaboration 
of the Naval Hospital, San Diego, are underway. This site was chosen because of the loca­
tion, large size, and availability of tissue sources. 

Before the San Diego tissue bank facility can be installed, the staff must be trained. 
A Navy Lieutenant and four tissue bank technicians began six months of intensive train­
ing at the Tissue Bank at NMRI on I October 1968 and will man the new facility . While 
the staff is studying in Bethesda, the San Diego Naval Hospital will renovate the former 
Preventive Medicine Unit No. 5 building for occupancy by the facility. 

In April 1969 the staff at San Diego is scheduled to begin collecting units of tissue and 
then shipping the tissue, packed in dry ice, to NMRI for the freeze-dry processing to 
determine feasibility. After the facility has procured tissue for a year, the feasibility of 
extending the facility's capabilities to include freeze-dry processing will be determined. 
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Selected Contract Research Reports

The contract research reports listed below have been extracted from U.S. Government Research 8c Development

fcp.« 68, No. 16 of 25 August 1968. No. 17 of 10 September 1968. and No. 18 of 25 September 1968. Unernment

(runes and their contractors who are registered with the Defense Documentation Center of the Defense Supplv

Vjenn roav obtain copies from the Center at Cameron Station, Alexandria, Virginia 22314. Abstracts of the reports

rr found in L'SCRDR 68. Nov 16. 17. and 18

For mn-DDC users, most reports may be purchased from the Clearinghouse for Federal Scientific and Technical

i, Drpartment of Commerce. Springfield. Virginia 21151.

nsosAirncs

Saner •* Seapurae Hydro-Ski Design Technology. Quantt-

«t< Study; Edo Corp.:' Pepper and Kaplan: AD-671 930

ISntONOMY AND ASTROPH YS1CS

A large-Scate rottrrn m ike Solar Magnetic Field; Calif.

.', Wilcox and Howard: AD-671 266

A Temm imal-Eouanon for Stellar Dynamics; Chicago L .

Jundrasekhar and Lee: AD-671 571

1 Ta^Componrul Log S-Log S Relations/up; CatTech;

ntulont; AD-672 153

i Mrmod to Measure Galactic Gamma-Rays and Electrons;

bnford V.. DaBv Ar>672 326

lie Solar Hares of August 28 and 30. 1966; CalTech;

mn >nd Lackner: AD-672 330

LTMOSFHERIC sciences

luhw of Irregular Paths of Lightnmg Channels; General

dearth Corp; Hill: AD-672 307

L^c-Energy Electron Fluxes at Latitudes Above the Auroral

'erne; Rice I'.; Burch; AD-671 569

I ^-.ersol-Time Control of the Ijcne-Energy Electron Fluxes

i the Polar Regions; Rice U.; Maehlum; AD-671 570

lexical CrasVnt of Set Oxidant Sear the Ground Surface

t heno*. Amnio; Wash. L\; KrUev. Jr. and MrTaggan-

>•«!!; AD-671 775

\*v on Techniques of Evatuatum of Single-Rain Samula-

•f. Ejpenmems; CaSf. U.; Nevman and Scott; AD-

70 777

.V* on the Weather Bureau ACS Project; Calif. U.;

levman and Stott; AD-670 779

FUmmng an Experiment With Cloud Setting; Calif U.;

•etnan and Scott; AD-670 780

Ss-w Outstanding Problems Relating to Rain Mods/station;

aSf L ; Nevman and Scott. AD-670 782

■EHAVIORAL AND SOCIAL SCIENCES

Semi Mathematical Models of Inspection Along a Production

me; M.I.T.; Brown; AD-670 753

Sidkarnt Coudsttons for OpamaaJy in an Injmae Horizon

*"*«?•« Pim. Stanford; Mamie; AD-670616

'« Appbcaaon of Cluster Detection to Text and Picture

Wunw; Md L'.; Rosenfdd et at; AD-670 612

Hesrmth m Machine Translation Russian to Enghsh;

fame Si V.: josselson: AD-670 951

7*» lagtcml Constslenn of Person Perception; III. Li.;

imaers and Oncken: AD-670 714

IvTfauug Fauure and Response Rate in Complex Decision

Idang; Purdue L\; Streufen: AD-670 749

Assormhon Measures of Binary Variables: An Empirical

emporium trsta Respect to Factor Structures Reproduction;

'ash U.;Fox; AD-671 074

Spinet Katrns: Long-Term Increases in Electromyograms

w la a Condusoning Rename; Cornell: Buerger and

asnon; AD-671_088

A < ompanson of GSR and Subjective Adaptation to Stress-

Ji»«*fc, Indiana U.; Stern et al; AD-671 199

l**n-Saoon Confhct. Dyadic and Mediated: Case Studies

f Egypt, Israel, and the i'nised Satsons at Five Points in

"m,- Stanford: Hobti el al; AD-671 063

A SnuH of Vaunt Search Using Eye Movement Recordings

'hssuum Studses; Honevwell. Inc.; Wilbams et al: AD-

172 184

A Computer-Based SpLrm Integrating Instruction and In-

formation Retrieval: A Description of Some Methodological

Considerations; Harvard Computing Center; Selig el al;

AD-672 187

Computer-Aided Technical Training i'stng Electronic

Equipment On-Ltne nil* the CAI System; L'. of S. Calif.;

Huggett et al; AD-672 189

Computer-Assisted Instruction Guide: Enlelek, Inc.; AD-

672 452 (Not available from CFSTI )

Role Differentiation m Thai Social Structure in Terms of

a Semantic Analysis of Thai Pronouns and Roles; 111. Li.;

Wichiarajote and Wilkins: AD-672 342

The Effects of Task Organization and Member Compati-

bility on Leader-Member Relations m Small Groups; 111. U.;

Ilgen and O'Brien: AD-672 343

Opinion Paper: Some Questions Concerning "Information

Seed"; Lehigh U.; O'Connor: AD-671 759

The Paracas Papers (Master Bibliography) 11)1)0 Selected

References to the Geography, Oceanography, Geology, Ecology,

and Archaeology of Coastal Peru and Adjacent Areas; Fla.

Atlantic U.; Psul\ et al; AD-671 870

Fiscal Policy, Mathematical Programming and Two-Person

Zero-Sum Game Theory; Princeton; Schleicher; AD-671 777

Structural Permanence: Its Role in the Analysis of Structural

Dualisms and Dependence and for Prediction and Decision

Purposes; Princeton; Dagum; AD-671 785

Distributed lugs and the Effectiveness of Monetary Policy;

Princeton: Howre>; AD-671 832

Task Familiarity and Rebance on the Emironment in De-

cision Making; Purdue; Heslin and Streufen; AD-671 773

Coals and Intentions as Mediators of the Effects of Monetary

Incentsies on Behavior; American Inst, lot Research;

Locke et al; AD-671 899

BIOLOGICAL AND MEDICAL SCIENCES

Studies on Succinate Dehydrogenase. Isolation, Molecular

Properties, and Isoenzymes of Fumarate Reductase; (-ilil. L'.;

Tisdale et al: AD-671 445

Binding of Anesthetics to Proteins: Linkage Between the

Stxth-Ltgand Site of Heme Iron Ion and the Son-Polar Binding

Sites of Myoglobin; Minn. U.; Keyes and Lumry; AD-671

761

Current Concepts: Water and Electrolyte Therapy after

Operation; Yale; Hayes; AD-671 762

The Ecology of the ForesHSavanna Boundary (Proceedings

of the IGV Humid Tropics Commission Symposium, Venezuela,

1964); Mi gill U. (Canada); Hills and Randall; AD-671 856

Changes m Brain Accumulation of Amino Acids and Adenine

Associated with Changes in the Physiologic State; St. I of

N.Y.; Ford; AD-671 760

Studies of Heme-Prolems; Minn. U.; Lumry; AD-670 748

Central Cholinergic Transmission: Behavioral Aspects

ofChobnergic Transmission; Calif. U.; Rusaell; AD-670 798

Synthesis of Peptides; M.I.T.; Sheehan: AD-670 803

The Evolution of Selective and Instructive Theories of

Anliziody Formation; lnd. U.; Haurowitz; AD-670 865

Entoptk Vistuzbzation of Stiles-Crawford Effect; Calif. U.;

Westheimer; AD-670 767

The Role of Ponuotherrruc Hosts as Virus Reservoirs; Utah

U.; Gebhardl and Stanton; AD-670 706

A Versatile Buffered Scintillation System: Temple L'.;

Das and Toennies: AD-671 Oil
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Selected Contract Research Reports 

~ roml'II rnun-h RJ>O"S listNI brk,,.- tu~ bttn ntractrd from lJ .S. (~·t-mmt-nr Rnran·h & (k-\,dopn~m 
Ltp,,n 68. So. 16 of 25 August 1968. So. I 7 of to St'pttmbn 1968, and No. 18 of 25 Sq>l<'m~r 1968. Gm'('rn-nt 
cmcin and rhrir cumr.v:ton who .art- rqpSU'TNI with rht lx-frnll' DocufflC'ntari,m C..nirr of iJ,., O.-f.,,- Suppl, 
,~nn nan oblan copin from ~ C..nirr at C.IIX'ron Station. Aleundna. Virginia 22314. Abstrxu of tht rt-pons 
n found in VSGRDR 68. Sos.. 16, 17, and 18. 

For .,.,,..DOC .-n, 11101( rq,on• mar hr purrh.urd from rht O..aringhoult' for fNl.,ral Scit"ntific and Tt'Chnic.11 
nforlJYliiw,, Dtiunmmt of Commntt. Springfit'ld, Virginia 2115 I. 

LUONAtma 
S.ow, • s,.,__ H_-,.n,-Sla 0-,., T«Jmol,,c, Qum,li-­

•·• ~ Edo Corp.: Prppn- and Jupbn; AD-671 950 

t.STIONOIIY AND ASTllOPHYSIC:.S 
.1 1-4'f'-&* p..,._ ,n tit, Solar Mor,«ic Field; Calif. 

.. ; 'l\1lrot AM Howard; A0-671 266 
1 r ,._•·~fur S11/la, c,y-..;a; ChiGlgo U .; 

Jundr...U.ar and I.«; A0-671 571 
1 T~ U>f ,\'-L,g S R~; C.aIT«h; 

',~nr: AD-67:! 153 
1 \I,... ro ,\fl_, C..a.lmmc c---Ra:,, and Elrct.-o,u; 

unford l'.. Dah; AD-672 ,26 
Tit W., Flllfa of .-t..,...., 28 a,uJ JO, /966; C;aIT«h; 

',nn •nd ucwr: AD-672 ,30 

,rl105PHD.IC SCENCES 
10,:/w&, of lr,,plaY Pollu of upbtntg C.ltmut1b; G..nt-ral 

lnnrcb C'.or-p.; Hill; AD-672 '°7 
L.~.,..c-~ EJirh>I Fl-, 111 lAllhldn .-t~ 11w .-twonu 

...,_ Ricr t., Burrh; AD-671 569 
/,rr.moJ-T,- c,,,.1n1 of IN IPJ#-E,wrr, El«tron Fhtus 

, t'W Pu R,p,,u; Rx: .. F; Mat'hlum; AD-671 570 
l"r,tr,J GrMira! of ,\',1 Ondoffl N,ar th, Grm,nd Sllrfau 

r &,,.._, .-fla'4,· Wa.ti. L' .; Kr~. Jr. and McTaggan­
:,,,..,n; A.D-671 775 
.\'v .. Ttdnufws of Eialwialima of S,nglt-R,u,i Sli...,/a­

"" ~ Calif. l !.; Sc,rman and Senn; AD-
.~i, 7ii • 
.\,u .,. Ult 14',..,.,,_ a.,._,, .,fCS Prr,«t; Calif. U .; 

•nm•n ;and Scoir; AD-670 779 
l'k:rt-, "" &flrn--1 Wit/I <1-d. s~Jiry:; Calif. lJ • 

~m.an ;and Scn«t: AD-670 780 
s,...., ~ Prol,l,,,u R"'1hng ID Rain .'tlod,fntion; 

:.in L . :0-nm.n and Scou : AD-670 782 

i[HA VJOLU. AP..'D SOCIAL SCIENCES 
~ .'4~1 :\fodrb of IJU/>«llon Along a ProdMdiMI 
-. \1.1.T.: Bm..n; AD-670 75, 
S+- C---. fur 0,,,.-"', in an 1-nfnuu HuriJDn 

.,,,.,,..,,., Pm:Stanford; Mann<'; AD-670 616 
1• -~~ of Cbuur IM«llml ID Tnt and Pichu, 

•0<,,.,_,,- Md. l ' .; lln,.,nfrid ,1 al; AD-670 612 
R~ 111 •""••M Translatum Rawllffl ID EntC!wt; 

•nn~ St, l' .. J"111riton: AD-670 95 I 
Tiu LlflCllt c--, of PtnOII Pnr,,,,.,,,.; Ill . U .; 

""'"'"' and Onclrn: AD-670 714 
1..,..,.._, F,....,r antJ Rnp,,nu, Rall in C-,,ln Dec:uum 

,....,; Purtl..., l:.; Strt'Uft'n; A0-670 749 
-~ ,\f,...,.n of Brnary l'a,.a6ui: An E•pin<al 
.....,_ riJi R~t ID Ftldor Stnutum R,p,otluaum; 
; • .i, l '. .; Fm: A0-671 074 
S,-.1 Kianu..: i..anr-Trn,, l..naun in Elntr-,opo9U 
"' ro • C....-~ ~; Comdl; But'~r and 
b-,n; AD-671 088 

1 1.·---- oj CSR o>td $11ij,aiw .-fdaptation ID Strns• 
.I \I-". Indiana U .; Scrrn ,1al; AD-671 199 
fun-.-.- ~. 0,,..- -,J M,d.aud: Cw, Stvdin 

f ~. /nae, • tit, U,.,,,d .'llallofu • Fiw PotntJ m 
aw; Sunford; Holsti ,1 al; A0-671 063 

.1 ~ -f Va.al ~arrli Umif E'JI M°""""" lucordnog, 
• ...._ Sllltl,,n; Hollt'....-<'11. ltK.; William1 ,1 al.; AD-
ii? 184 • 

Digitized by Go gle 

.,f c-r,u-,--Bas,d S:,,1n1 lnuraling l,utrvclion and ln­
forw,b,m R,trinul: A Dncn/llron of s...., M,tilodological 
C01U1d...-alion.s; Harvard Computing (:..nu,r; St-Iii( n al: 
AD-672 187 

C-,,.,U,-Aitud Ttehicai Training l',mg El,ar""" 
Ep;,-.,i 0.. -uw u'111r th, CAI S:,,,,._. t.: . of S. Calif.; 
Huggt'lt II al; AD-672 189 

C°"'f"'U'-ASJuud /urwtion G111de; Entdd., loc.; :\D-
672 452 (Sot availahlt' from CFSTl.l 

Roll f>il,rffllltOlimr ;,, Tira, Sona/ Slnutllr, rn T ,n,u of 
a 5'11111111U Ana1,si.i of T1tai Prtmouns and Roill; Ill. U.; 
Wichiarajoir and Wilkins; AD-672 1'-42 

Tiu E.l«ts of T as>. ().-ganimlum and Mmtb,r Co..,,.,,,-
1,il,ty an uatkr-.'tl,-,,,,. R,lalioru m S-11 G,o,,,,.; JU. t:.; 
Ilgm and O'Bn..n; A0-672 1'-4!1 

Opinion Pa,,r: s,,_ Qualion.s Concnni11g "lnforaa1ion 
Nud"; Lt'high U.: O'Connor: AD-671 759 

Tiu Parrua, Pa,,,n. (Ma,t,r Bil>bograf>lr,> /0110 S,i«t,d 
R,fnntCn ID IN G,ogra,lry, Octano,:ra,Jr,, G,alo,:,, Eco/or, 
and Ardia,olof, of Coo.r/4/ P,n, and Adja«nl Ar-: Fla . 
Atlantic U .; P.ur~ ,, al; AD-671 870 

Fucai Pol,ry. Mal~al PTor:r-"""K and T11X>-Pnson 
l,ro-Su• Ga-Tluory; Prioct'ton; Schll'ichtr; A0-671 777 

Structural Prramr,ac,: IIJ Roi, in IN ,,f,iaJ:,m of Strvavrol 
Dou,/i.n,u and Dt(lntdntu and for Prtdiclion and Dtnsum 
Pu,-po,n; Princt'lon; Dagum; AD-671 785 

Dutribul,d l.llfS and 11w E.t,arvfflnJ oj Man#tary Pol,q; 
Priocctnn; Hm•tt>; AD-671 s,2 

Ta.A F-.barit, a,u/ R,lu,nc, on th, En,,romnnrl "' D,­
<ISIOn Making; Purdut-; Ht'slin and StRuft'n; AD-671 773 

Goais and lnktttum.s a, ,\.ftdoaton of di, ,.;ff,._,. of Mannary 
/ncmlli>n on 8fflm11'1f'; Amcrn,an Inst. for Rnt'arch; 
Lock n al; AD-671 899 

BIOLOGICAL AND MEDICAL SCIENCES 
Studin on Suamall Ddr:,drO(CfflllU, Isolation, Molt0</ar 

Prof,ntws, and ll«"flr,-. of Fuaaral, R,du,;1aJ1; Calif. t; .; 
Ti&dalt- ,1 al; AD-671 445 

Bmding of AnnlNIUs ID Pro/.nns: l .inA,,p B,twun ,Ju 
Sottil-1...igund Siu of HnM Iron Ion and IN Non-Polar Bondint 
Salts of M:,op,hin; Minn. LJ.; Key,e1 and Lumry; AD-671 
761 

Cvnmt Corte-,,S: w our and Ellarol'}IU Tltnol'J a/In 
0,,,.,.alion; Yale; Hayn; AD-671 762 

TIii Ecol.or, of 1M Fornt!Sava,ina BouMary (Procttding, 
of llu ICU H..,,.i,J Tn,pic, C,,_iuio,, S:,apruiu111, V,nnana, 
1964); Mcgill U. (Canada); Hillund Randall; A0-671 856 

Cluu,ga m Brain Aav•ulalior, of A,,.;no Acids and Adman, 
ASJOCialrd ,..di Clta,,gr, in /Jr, Plr,-wlafic S14et; St. L:. of 
N.Y.; Ford; AD-671 760 

Shullin of Hnu-Protn,u; Minn. U.; Lumn-; AD-670 748 
(',nrJraJ Clloh,rfic Transllliuion: Bdiavwrai Mf>«ls 

of C.ltolinn-gic TrOIUIIIWion; Calif. U.; Ru1KII; AD-670 798 
SJ'lll-s of P~lidn; M.I.T.; Shtthan; AD-670 80!1 
TIii Evolut""' of Smctivr and /,utructivr TMarin of 

Afttilootly Foraalimi; Ind U.; Haurowitz; AD-670 !165 
EnlDfltic Vi.i1U11imlum of Stiln-C.,.,,,,,ftrrd Efftt:1; Calif. U .; 

Wt-sthemt'r; AD-670 767 
TIii Rolt of Podilotiltnrl,c Ho,ts as v;,,., RtltTVOrrs; Utah 

U.; Gc,bhardt and Stanton; AD-670 706 
A V tnaall Buff,r,d. Scmtil/alimt s,.1e•: T <'mplt' U.; 

Das and Tomnin; AD-671 01 I 
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Deoxyribonucleic Acid Homology in Bacterial Taxonomy:

Effect of Incubation Temperature on Reaction Specificity;

Washington U.; Johnson and Ordal; AD-671 167

The Different Response of Embryonic and Adult Rati to

Demecolcm; Texas U.; Williams and Carpentieri; AD-

670 716

Dwight Wayne Batteau's Work on the Sigtuficance of Energy

Level Transitions in Nerve Function; Tufts L'.; Trefethen;

AD-670 614

Glycogen in the Epidermis of the Dolphin Tut stops Truncarta;

Texas U.; WilUams: AD-670 715

Concentrations of Carbon Monoxide and Organic Gases

in Arctic Atmospheres; Stanford Research Inst.; Cavanagh;

AD-672 356

Pseudomonas Vaccine. Evaluation of a Polyvalent Vaccine;

Instituto de Investigation de Ciencias Biologicas Monte-

video (Uruguay): De Fajardo and Laborde; AD-672 421

CHEMISTRY

Infrared Internal Reflection Studies of the Germanium-

Electrolyte Interface; Western Reserve Univ.; Reed and

Yeager; AD-672 190

Shock-Tube Spectroscopy in the Ultraviolet; Harvard;

Parkinson and Reeves; AD-672 224

Nodal Regions. The 2 (I )S State of Helium; 111. U.; Tatum;

AD-672 266

Derivation of the Bottzmann Equation as a Test of Kinetic -

Theoretical Schemes; Polytechnic Inst, of Brooklyn; Kogi;

AD-672 329

Ultrasonic Studies of Diffusion Controlled Ionic Association-

Dissociation; Case-Western Reserve U.; Goldfarb and

Yeager; AD-672 359

Hydrogen Overpotential on Platinum; Case-Western

Reserve U.; Ludwig and Yeager; AD-672 360

Velocity of Ultrasound in Lithium-Ammonia Solutions;

Texas U.; Thompson et al; AD-672 457

The Preparation of B-Methyl Dem'atives of C2B4H8: The

Correlation of Proton \.\ifi Chemical Shift Measurements in

C2B4H8 Derivatives by Employing 'Ring Current' Contribu-

tions; Calif. St. Coll.; Onak et al; AD-671 886

Motion of an Ion Swarm in a CylindricaUy Symmetric Drift

Tube Mass Spectrometer; Purdue; Moseley and Gat land;

AD-671 230

Ion Molecule Reactions m a 50 Megacycle Discharge;

Purdue; Studniarz and Franklin; AD-671 233

Complexes in Calcium Phosphate Solutions; St. U. of N.Y.;

Chughtairta/; AD-671 382

Viscoelasacity of Silicate Polymers and its Structural Implica-

tions; Mcgill U.; Eisenberg and Takahashi; AD-671 573

The Excitation of the Ground State of Helium to the 2 (l)P

State by Fast Electrons; Queen's U. (Ireland); Kennedy and

Kingston; AD-67) 583

Relatwistk and One-Photon Corrections to the Interaction

Between Two Atomic Systems; NY. U.; Walker, Jr.; AD-

671 839

Dehydration Kinetics and Glass Transition of Poly (Acryhc

Acid),Mtgill U.; Eisenberg et at; AD-671 849

Desorption of Oxygen from Virgin CdS Single Crystals;

Delaware U.; Boer et al; AD-671 878

Structure and Properties of Metallic Solutions; Chicago U.;

Barrett and Kleppa; AD-671 909

Environmental Effects on Phosphorescence. Triplet Decay

of Halonaphthalenes in Compressed PMMA; Calif. I'.;

Baldwin and OfTen; AD-671 343

General Method for the Direct Synthesis of the Closo-Car-

boranes: C2B1H7, C2B4H6, C2B3HS. and C2BIOH12;

Aerojet Corp.; Dittei et al; AD-670 745

10DO- and Fluoropentaboranes Nuclear Magnetic Resonance

Comparison of 2~Pentaborane (9) Derivau\<es. Phosphinopenta-

boranes; U. of S. Calif.; Burg and Heinen; AD-671 174

On the Formation of Langevm Ions in Water Supersaturated

Air Jets; Curuss-Wright Corp.; Barrelo; AD-670 551

Electrode Processes in Fused Salts; New York I'.; Sund-

heim; AD-670 552

Viscosity of Low Molecular Weight Polymer Solutions Over

the Entire Concentration Range; Princeton U.; Lyons and

Tobolskv; AD-670 610

Calculation of Three-Body Ionic Recombination Rate,

M.I.T.; Landon and Keck; AD-670 710

Mechanisms of Reactions of Oxidizers; Miami (J.; Kcenan.

AD-670 746

The Heat Capacity of Mn (CH3C00) 2.4H20 Between 0.4

ond20K; Carnegie-Mellon U.; Schellengrfa/; AD-670 877

Reactions of H (+) in H2 and D (+} in D2: Mobilities of

Hydrogen and Alkali Ions in H2 and D2 Gases; PurdueL' ,

Miller et al; AD-671 065

Angular Distribution of the Outgoing Electrons in Electronic

Ionization; N.Y. U.; Glassgold and lalongo; AD-671 071

EARTH SCIENCES AND OCEANOGRAPHY

Ecological Aspects of Two Wood-Boring Molluscs From

the Continental Terrace off Oregon; Oregon St. L'.; Tipper;

AD-670 579

A Field Investigation of Air Flow Immediately Above Ocean
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Human Effectiveness

Results of studies of recruit adjustment were summarized for the Chief of Naval

Personnel as they could be applied to procurement policies at Navy recruiting centers.

On the basis of these studies conducted by the Navy Medical Neuropsychiatry Research

Unit, (MNRU) San Diego, new procedural guidelines were also written for psychiatric

evaluation teams assigned to Navy and Marine recruit training commands. Current

projects include a study of the maturing process of recruits in the Navy and a new lab-

oratory program to assess the effects of chronic sleep loss, the recuperative value of sleep,

and the relation of sleep to health and performance. Psychiatric epidemiological studies

are now being made of Navy neuropsychiatric patients seen during the past three years

at thirteen Navy clinics; 7,000 of these patients who returned to full duty are now being

evaluated for their effectiveness. In another study determining the relation of stress to

general health change, pertinent data are collected on personnel aboard selected ships

during full deployment cycles.

ONR maintains close contact with MNRU participating in projects where data and

procedures are shared. An example is the electro-encephalographic patterns, which were

obtained under laboratory conditions at MNRU and were computer analyzed by programs

developed under ONR contract.
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On the basis of these studies conducted by the Navy Medical Neuropsychiatric Research 
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projects include a study of the maturing process of recruits in the Navy and a new lab­
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and the relation of sleep to health and performance. Psychiatric epidemiological studies 
are now being made of Navy neuropsychiatric patients seen during the past three years 
at thirteen Navy clinics; 7,000 of these patients who returned to full duty are now being 
evaluated for their effectiveness. In another study determining the relation of stress to 
general health change, pertinent data are collected on personnel aboard selected ships 
during full deployment cycles. 

O:--JR maintains close contact with MNRU participating in projects where data and 
procedures are shared. An example is the electro-encephalographic patterns, which were 
obtained under laboratory conditions at MNRU and were computer analyzed by programs 
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