
AVAL RESEARCH

PREVIEWS

OVEAABER 1967

mm

//.' d?<?

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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



Vr Robert 9. Mujliken is hbfebsorcJjTRigs/csac6 Chemistry

atih^ University o$ Chicago and wos the [Qc£> /VJbfceJ

latxcsate in cHewisMji. A longiime OUR contractor,

Dr. (Vluih\<en was responsible? tcctfosd^e&pmentoftte

n\olccu\ar cxtt tai theory. Th/s ihcorywhioia dssariipes

One, g3tlr\stflMiclr\ dearotfi t\aud i(\gxwe* vfctecvtes,aidsh

prcdsc\[vq -ihe chemical behavior op tfie vrOlodiie. Muiiiksvi's

work- hos perm\ttec\scier>\\sis ioSdord ihte principles of

C\\ow\ic si rucdvre +oexplain, rroleojlarsiwcivcc^ara ras

slnowia hew fine atom's eiecAroma structure is altered when

included in (rq\ecju\&s. Or MulhKen has-pive> waprawards

-from the hmsrican Chsmtcal Soctetuard has the, Gold

flAeaal A\A#fd $r ScienHfle Achievement-f(cm NV&ty Cdl&\e.

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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 Dr. f&rt 5, Mu_llj~ i-s ~ LJsicsard (kmisf-ry 

attf'BUniv~s,+~ot~h1cqJ.o and wasthel~ Notel 
Laureate ,n cnewi,s+r~. A lon9 -+imeON.Rconnac-fo~ 
Dr. Mui ll Keri was r~ib/e fa the d~~rnent o( rte 
rnolc:cular orbita( tf1ro~. This throrJ,~hich d.:5critx:,s 
tte, P.Jths wviidr\ eedrohs +rt1v¢:,{ in c.ompiex ~~s,aids in 
prect1ct1rq fre c_~,cal .teruv,a oP fhe rro{ceute. Mui t ii<e¥i's 
work hCB ~rm1t+eds:1eri ti$fS -fo6cterci fhe r,-(ncJples __)r 

otam ,c Si rue.Jure. t oexpb1(\_ rYdecular sfrvtture,arcJ ms 
.shown how the ~f-oms eledron!c strvcture ,s altered when 
(nc).uded ,-n molecules . Dr Mulliken hasf,ve, ~awards 
-{!rom the A~,·eo.n Cfem,eal Scc,eh-1 ard has f!)e, Gold 
Medo-I Amid fa- ~ iefl r1f12' Ae-hieveme n f-frDh N.Y.utt.t (}Jleqe . 

Digitized by Q 
OrigilKll from 

UNIVERSITY Of ILLINOIS AT 
UR ANA-CHAMPAIGN 



Time-Sharing: A Computer

at Your Fingertips

Lewis C. Clapp

Computer Research Corporation

Newton, Massachusetts

In less than five years, computer time-sharing has changed from

a laboratory curiosity to a thriving national business. The United States

Navy has played a key role in supporting some of the earliest research

work in time-sharing, and has taken every opportunity to ensure that

the benefits of this new development in computer usage have been

made available throughout government and industry.

Time-sharing usually means the simultaneous use of a computer by

a number of individuals, each working on his own problem and having

no knowledge of the jobs and requirements of any other user. Although

the words "time-sharing" do not accurately describe what is actually

happening inside the computer, the name has stuck. Some have sug-

gested that it be called "simultaneous multiple-access remote com-

puting," but, since SMARC is not a catchy acronym, this label has

never caught on. Others prefer to call it "interactive problem solving

by computer" or "man-computer partnership" because these terms

focus on the crucial question of how a computer system can help men

to do their jobs more effectively and economically.

With the appropriate terminal in his office or laboratory (typically

a typewriter-like keyboard), a user can dial into any one of a hundred

computers across the country and use this machine to help solve

scientific problems, manage a complex project, assist in teaching mathe-

matics to a high school sophomore, or perform many other engineering

or management tasks.

Time-sharing is important for a number of reasons. Perhaps its

greatest benefit is that it permits people to use the computer when and

where they need it. They may work according to their own schedules

rather than having to adapt to the computer's rigid schedule (which

once meant working in the computer room during the wee hours of

the morning).

Another important feature of time-sharing is that the computer's

answers to a user's problem are obtained "now" when he wants them.

He doesn't have to interrupt his thinking until tomorrow for the

results to come back from the computer. He may experiment with one

approach to a problem to see how it works out, and then modify the

approach if he is not satisfied with the results. It is not uncommon for

a user to try three or four different approaches before discovering
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Time-Sharing: A Computer 
at Your Fingertips 

Lewis C. Clapp 
Computer Research Corporation 

Newton, 1\.-fassachusetts 

In less than five years, computer time-sharing has changed from 
a laboratory curiosity to a thriving national business. The United States 
Navy has played a key role in supporting some of the earliest research 
work in time-sharing, and has taken every opportunity to ensure that 
the benefits of this new development in computer usage have been 
made available throughout government and industry. 

Time-sharing usually means the simultaneous use of a computer by 
a number of individuals, each working on his own problem and having 
no knowledge of the jobs and requirements of any other user. Although 
the words "time-sharing" do not accurately describe what is actually 
happening inside the computer, the name has stuck. Some have sug­
gested that it be called "simultaneous multiple-access remote com­
puting," but, since SMARC is not a catchy acronym, this label has 
never caught on. Others prefer to call it "interactive problem solving 
by computer" or "man-computer partnership" because these terms 
focus on the crucial question of how a computer system can help men 
to do their jobs more effectively and economically. 

With the appropriate terminal in his office or laboratory (typically 
a typewriter-like keyboard), a user can dial into any one of a hundred 
computers across the country and use this machine to help solve 
scientific problems, manage a complex project, assist in teaching mathe­
matics to a high school sophomore, or perform many other engineering 
or management tasks. 

Time-sharing is important for a number of reasons. Perhaps its 
greatest benefit is that it permits people to use the computer when and 
where they need it. They may work according to their own schedules 
rather than having to adapt to the computer's rigid schedule (which 
once meant working in the computer room during the wee hours of 
the morning). 

Another important feature of time-sharing is that the computer's 
answers to a user's problem are obtained "now" when he wants them. 
He doesn't have to interrupt hi1s thinking until tomorrow for the 
results to come back from the computer. He may experiment with one 
approach to a problem to see how it works out, and then modify the 
approach if he is not satisfied with the results. It is not uncommon for 
a user to try three or four different approaches before discovering 
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the best method for getting the job done — all in a single session on the

computer. The same process might take more than a week on a heavily

loaded non-time-shared computer with a long turn-around time.

Other possible benefits from time-sharing stem from the fact that

the user can be located anywhere. A terminal that can be dialed into

the telephone network will reach most time-shared computers in the

country within a matter of seconds. This means that it becomes easier

for many people working on the same'problem to share data and pro-

grams quickly, even though they may be separated by many miles. It

also means that the man with a problem to solve can work quietly in

his office and not become involved with the mechanical details of setting

up a problem to run on a computer.

In many cases, using a time-shared computer can be less expensive

than using other computers. The user pays for the computer only when

it is actually needed; i.e., the cost is shared by all of the users on an

actual-usage basis. When users are entering data, printing results,

or scratching their heads while trying to decide what to do next, a very

minute portion of the computer's power is required and charged against

the user.

This does not mean that time-sharing is the answer to all computer

problems. In fact, many jobs are still handled best on the conventional

batch-process type of computer operation. In general, however, com-

puting tasks which involve a great deal of human interaction work out

better on a time-sharing system.

How Time-Sharing Works

The objective of computer time-sharing is to give each user the

impression that he has the entire computer to himself. Since many

users all have this impression at the same time, time-sharing is usually

interpreted as meaning that all users are being processed by the com-

puter simultaneously. Actually, the computer can process only one

(or a few jobs) at any one instant. In order to give the impression of

simultaneity, the time-sharing system utilizes extremely high speed to

process each user in turn for a very brief period of time and then goes

on to handle the next user.

In some respects, time-sharing is analogous to a circus juggler who

is balancing many balls at the same time. Each ball represents a user

and the juggler's hands are the computer. Most of the time the balls

are in the air; only one or two of them may be in his hands at any one

moment. The balls in the air are users waiting for their turn at the com-

puter; those in his hands are using it at that instant.

In many time-shared computer systems, the jobs waiting to be

processed are stored temporarily on a magnetic drum or disc. When
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the best method for getting the job done - all in a single session on the 
computer. The same process might take more than a week on a heavily 
loaded non-time-shared computer with a long turn-around time. 

Other possible benefits from time-sharing stem from the fact that 
the user can be located anywhere. A terminal that can be dialed into 
the telephone network will reach most time-shared computers in the 
country within a matter of seconds. This means that it becomes easier 
for many people working on the same·problem to share data and pro­
grams quickly, even though they may be separated by many miles. It 
also means that the man with a problem to solve can work quietly in 
his office and not become involved with the mechanical details of setting 
up a problem to run on a computer. 

In many cases, using a time-shared computer can be less expensive 
than using other computers. The user pays for the computer only when 
it is actually needed; i.e., the cost is shared by all of the users on an 
actual-usage basis. When users are entering data, printing results, 
or scratching their heads while trying to decide what to do next, a very 
minute portion of the computer's power is required and charged against 
the user. 

This does not mean that time-sharing is the answer to all computer 
problems. In fact, many jobs are still handled best on the conventional 
batch-process type of computer operation. In general, however, com­
puting tasks which involve a great deal of human interaction work out 
better on a time-sharing system. 

How Time-Sharing Works 

The objective of computer time-sharing is to give each user the 
impression that he has the entire computer to himself. Since many 
users all have this impression at the same time, time-sharing is usually 
interpreted as meaning that all users are being processed by the com­
puter simultaneously. Actually, the computer can process only one 
(or a few jobs) at any one instant. In order to give the impression of 
simultaneity, the time-sharing system utilizes extremely high speed to 
process each user in turn for a very brief period of time and then goes 
on to handle the next user. 

In some respects, time-sharing is analogous to a circus juggler who 
is balancing many balls at the same time. Each ball represents a user 
and the juggler's hands are the computer. Most of the time the balls 
are in the air; only one or two of them may be in his hands at any one 
moment. The balls in the air are users waiting for their turn at the com­
puter; those in his hands are using it at that instant. 

In many time-shared computer systems, the jobs waiting to be 
processed are stored temporarily on a magnetic drum or disc. When 
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the computer is ready, the new job is brought in from the drum and

placed in the computer's internal memory and the old job is written

back out onto the drum. This process is called swapping.

To complicate matters a bit more, the various jobs usually cannot

be kept in the same order. For example, one job may be waiting for

the user to enter some data on his typewriter before it can proceed.

To avoid wasting time, the time-sharing system will skip this job and go

on to the next one in sequence. When the original user starts typing

in the data for his job, the time-sharing system goes back and gets the

data before it is lost.

Since most of the activity in a time-sharing system is asynchronous,

the system must respond quickly and accurately to all the constantly

changing demands being placed on it. In addition, the time-sharing

system must protect each user from every other user as well as himself.

Although these requirements make time-sharing a fairly complicated

procedure to implement, they make it much simpler for the user.

User Programs/Languages

There are various user programs which may be employed in connec-

tion with time-sharing systems. Such programs include languages that

permit the user to create his own programs, including such powerful

compilers as FORTRAN, ALGOL, or PL/1. Languages of this type,

however, are of limited interest; i.e., they are of concern mainly to those

developing new programs for the system.

Problem-oriented languages, which permit the user to solve a prob-

lem by describing it to the computer in much the same way he would

discuss it with a colleague, are of more interest to the non-programmer.

An example of such a problem-solving language is the JOSS (Johniac

Open-Shop System), language which was developed at the Rand Cor-

poration to solve small scientific and engineering mathematical prob-

lems. When talking to JOSS, the engineer uses conventional mathe-

matics to describe his problem and a few command words which tell

the computer how to proceed. Because of its simplicity, most engineers

and scientists can learn to use JOSS within a few hours and can apply

it to their work almost immediately.

The BASIC language, very similar to JOSS, was originally developed

at Dartmouth College for time-sharing computer users. BASIC, which

stands for Beginner's All-Purpose Instruction Code, is a simplified

subset of the more complex language, FORTRAN. Dartmouth students

have been very successful in learning BASIC and applying it to their

classroom work fairly quickly. Examples of the JOSS and BASIC pro-

grams are shown on the following page.

Sophisticated problem-oriented languages have been developed

for a number of important applications. For example, the STRESS

3

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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

the computer is ready, the new job is brought in from the drum and 
placed in the computer's internal memory and the old job is written 
back out onto the drum. This process is called swapping. 

To complicate matters a bit more, the various jobs usually cannot 
be kept in the s~me order. For example, one job may be waiting for 
the user to enter some data on his typewriter before it can proceed. 
To avoid wasting time, the time-sharing system will skip this job and go 
on to the next one in sequence. When the original user starts typing 
in the data for his job, the time-sharing system goes back and gets the 
data before it is lost. 

Since most of the activity in a time-sharing system is asynchronous, 
the system must respond quickly and accurately to all the constantly 
changing demands being placed on it. In addition, the time-sharing 
system must protect each user from every other user as well as himself. 
Although these requirements make time-sharing a fairly complicated 
procedure to implement, they make it much simpler for the user. 

User Programs/Languages 

There are various user programs which may be employed in connec­
tion with time-sharing systems. Such programs include languages that 
permit the user to create his own programs, including such powerful 
compilers as FORTRAN, ALGOL, or PL/1. Languages of this type, 
however, are of limited interest; i.e., they are of concern mainly to those 
developing new programs for the system. 

Problem-oriented languages, which permit the user to solve a prob­
lem by describing it to the computer in much the same way he would 
discuss it with a colleague, are of more interest to the non-programmer. 
An example of such a problem-solving language is the JOSS (Johniac 
Open-Shop System), language which was developed at the Rand Cor­
poration to solve small scientific and engineering mathematical prob­
lems. When talking to JOSS, the engineer uses conventional mathe­
m~tics to describe his problem and a few command words which tell 
the computer how to proceed. Because of its simplicity, most engineers 
and scientists can learn to use JOSS within a few hours and can apply 
it to their work almost immediately. 

The BASIC language, very similar to JOSS, was originally developed 
at Dartmouth College for time-sharing computer users. BASIC, which 
stands for Beginner's All-Purpose Instruction Code, is a simplified 
subset of the more complex language, FORTRAN. Dartmouth students 
have been very successful in learning BASIC and applying it to their 
classroom work fairly quickly. Examples of the JOSS and BASIC pro­
grams are shown on the following page. 

Sophisticated problem-oriented languages have been developed 
for a number of important applications. For example, the STRESS 
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The following JOSS program computes prime

numbers and prints them out, four per line. It starts at 3.1

and the inner loop is done by part 1.

1.1 SET K = 1

1.2 SET K - FP(X/A(J)) FOR J = 1 BY 1

WHILE A(J) ♦ 2 < = X AND K ^ 0

1.3 DO PART 2 UNLESS K = 0

2.1 SET A(l + 1) = X

2.2 SET 1-1 + 1

3.1 DEMAND N

3.2 SETA(1) = 3

3.25 SET I = 1

3.3 DO PART 1 FOR X = 5 BY 2 TO N

3.4 TYPE IN FORM 1:A(J) FOR J = 1 TO I

FORM 1: HERE ARE FOUR PRIMES:

%%%% %%%% %%%% %%%%

When it is run, the following dialogue might occur:

TO STEP 3.1

N = 25

HERE ARE FOUR PRIMES: 3 5 7 11

HERE ARE FOUR PRIMES: 13 17 19 23

The Beginner's Algebraic Symbolic Interpretive Compile

(BASIC) is a very simple algebraic compiler that resemble:

FORTRAN. The program below is the solution for

X - -b± V b2 -4ac

2a

10 INPUT A, B, C

16 LET D = B ♦ 2 -4*A*C

20 IF D > 0 THEN 300

30 LET R1 =-B/(2*A)

40 LET R2 = R1

50 IF D = 0 THEN 400

60 LET 11 = SQR(-D)/(2*A)

70 LET 12 = -11

100 GO TO 500

300 LET R1 = (-B+SQR(D))/(2*A)

310 LET R2 = (-B-SQR(D))/(2*A)

400 LET 11 = 0

410 LET 12 = 0

500 PRINT "ROOTS =" R1; 11, R2; 12

999 END

Examples of JOSS (left) and BASIC programs

language, used for structural design, and the COGO language, used

for solving problems in coordinate geometry, were created by the Civil

Engineering Department at M.I.T. as special program tools for civil

engineering. In the same vein, a number of problem-oriented languages

are being developed to assist naval architects and engineers in ship

design processes. (See Naval Research Reviews issue of September 1967,

"Computer-Aided Ship Design and Construction.")

One example of this type may be seen in the programs developed by

General Dynamics at its Quincy shipyards. In the preliminary phase,

the designer specifies in broad detail some of the major design param-

eters of the vessel. The computer, using these parameters, analyzes

some 250 different possible designs and compares their cost and per-

formance characteristics. The designer can then select the few major

designs that best meet his specifications and modify them to further

improve the design. Through a conversational interaction between

man and machine, various levels of detail are added until the vessel

is complete. In this manner, time-sharing allows the designer to explore

more alternatives than he would otherwise by using conventional

manual design methods.

Not all problem-solving languages are oriented to the scientific or

engineering user. In fact, considerable work has been done in using

the time-shared computer terminal as a management tool. The Bunker-

Ramo Corporation, for example, has developed an on-line center for

experimenting with problems in command and control. In one version

of this program, a naval officer can experiment with different ways of

deploying ships to achieve an optimal configuration.

OPS, an on-line language for simulation design, was developed at

M.I.T. under an ONR contract and sponsored by the Advanced Re-

search Projects Agency. With the OPS language, a user can quickly

build a model of a real-world situation. This model can then be simu-

lated, using data either constructed by the user or obtained by observing
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The foll9wing JOSS proqram computes prime 
numbers and prints them out, four per line. It starts at 3.1 
and the Inner loop is done by part 1. 

1.1 SET K = 1 
1.2 SET K = FP(X/ A(J)) FOR J = 1 BY 1 

WHILE A(J) ♦ 2 < = X AND K =I- 0 
1.3 DO PART 2 UNLESS K = 0 
2.1 SET A(I + 1) = X 
2.2 SET I = -1 + 1 
3.1 DEMAND N 
3.2 SET A(1) = 3 
3.25 SET I= 1 
3.3 DO PART 1 FOR X = 5 BY 2 TO N 
3.4 TYPE IN FORM 1 :A(J) FOR J = 1 TO I 

FORM 1: HERE ARE FOUR PRIMES: 
%%%% %%%% %%%% %%%% 

When It Is run, the following dialogue might occur: 
TO STEP 3.1 
N=25 
HERE ARE FOUR PRIMES: 3 5 7 11 
HERE ARE FOUR PRIMES: 13 17 19 23 

The Beginner's Algebraic Symbolic Interpretive Compile 
(BASIC) is a very simple algebraic complier that resemble: 
FORTRAN. The program below Is the solution for 

X=-b±~ 
2a 

10 INPUT A, B, C 
15 LET D=B ♦ 2-4•A•C 
20 IF D > 0 THEN 300 
30 LET Rt= -B/(2•A) 
40 LET R2= Rt 
50 IF D = 0 THEN 400 
60 LET 11 = SQR(-D)/(2.A) 
70 LET 12 = -11 

100 GO TO 500 
300 LET R1 = (-B+SQR(D))/(2.A) 
310 LET R2 = (-B-SQR(D))/(2.A) 
400 LET 11 =0 
410 LET 12=0 
500 PRINT "ROOTS=" Rt; 11, R2; 12 
999 END 

Exampl.es of JOSS (/,eft) and BASIC programs 

language, used for structural design, and the COGO language, used 
for solving problems in coordinate geometry, were created by the Civil 
Engineering Department at M_. I.T. as special program tools for civil 
engineering. In the same vein, a number of problem-oriented languages 
are being developed to assist naval architects and engineers in ship 
design processes. (See Naval Research Reviews issue of September 1967, 
"Computer-Aided Ship Design and Construction.") 

One exam pie of this type may be seen in the programs developed by 
General Dynamics at its Quincy shipyards. In the preliminary phase, 
the designer specifies in broad detail some of the major design param­
eters of the vessel. The computer, using these parameters, analyzes 
some 250 different possible designs and compares their cost and per­
formance characteristics. The designer can then select the few major 
designs that best meet his specifications and modify them to further 
improve the design. Through a conversational interaction between 
man and machine, various levels of detail are added until the vessel 
is complete. In this manner, time-sharing allows the designer to explore 
more alternatives than he would otherwise by using conventional 
manual design methods. 

Not all problem-solving languages are oriented to the scientific or 
engineering user. In fact, considerable work has been done in using 
the time-shared computer terminal as a management tool. The Bunker­
Ramo Corporation, for example, has developed an on-line center for 
experimenting with problems in command and control. In one version 
of this program, a naval officer can experiment with different ways of 
deploying ships to achieve an optimal configuration. 

OPS, an on-line language for simulation design, was developed at 
M.I.T. under an ONR contract and sponsored by the Advanced Re­
search Projects Agency. With the OPS language, a user can quickly 
build a model of a real-world situation. This model can then be simu­
lated, using data either constructed by the user or obtained by observing 
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the actual operation of the situation under study. To illustrate, OPS

might be used to improve the flow of traffic in a complex road network

by adjusting the width of certain streets and the timing and placement

of traffic controls. After the OPS user has constructed a model of the

traffic network, he can run several simulations —each corresponding

to a different arrangement of roads, signs, and lights. The statistical

analysis features of OPS could then be used to determine which con-

figuration was most effective.

Time-Sharing and Education

Time-sharing is not only useful as a problem-solving or management

tool; it can also be applied to education and training. For example, a

time-shared computer system is being used in the PLATO project at the

University of Illinois as the nerve center of a classroom teaching re-

search project. Each student, working at a special console consisting of a

keyboard and visual display, is presented with a programmed sequence

of instructional material and questions which he is to answer. The suc-

ceeding questions are made easier or more difficult, depending on the

student's answers to the previous questions. When necessary, the com-

puter may break off the question sequence and present the student with

additional explanatory material. (See Naval Research Reviews issue of

September 1967, "Research Contributions to Computer-Aided In-

struction.")

Display console being used at Bunker-Ramo Corporation
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the actual operation of the situation under study. To illustrate, OPS 
might be used to improve the flow of traffic in a complex road network 
by adjusting the width of certain streets and the timing and placement 
of traffic controls. After the OPS user has constructed a model of the 
traffic network, he can run several simulations-each corresponding 
to a different arrangement of roads, signs, and lights. The statistical 
analysis features of OPS could then be used to determine which con­
figuration was most effective. 

Time-Sharing and Education 

Time-sharing is not only useful as a problem-solving or management 
tool; it can also be applied to education and training. For example, a 
time-shared computer system is being used in the PLATO project at the 
University of Illinois as the nerve center of a classroom teaching re­
search project. Each student, working at a special console consisting of a 
keyboard and visual display, is presented with a programmed sequence 
of instructional material and questions which he is to answer. The ~uc­
ceeding questions are made easier or more difficult, depending on the 
student's answers to the previous questions. When necessary, the com­
puter may break off the question sequence and present the student with 
additional explanatory material. (See Naval Research Reviews issue of 
September 1967, "Research Contributions to Computer-Aided In­
struction.") 
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Elementary schoolchildren observing a mathematical demonstration on a display scope

The objective of educational time-sharing systems is not to replace

the teacher with a machine, but to give the student an opportunity to

supplement his classroom instruction. By working on-line through a

terminal, the student is able to proceed at his own pace and explore a

wider variety of problems than he would otherwise encounter. For the

teacher, the time-sharing terminal can be a powerful demonstration

tool which he can use to give mathematical and logical concepts a tan-

gible interpretation in the classroom. For example, high school students

at Westwood High in Massachusetts use the computer to get a visual

demonstration of approaching a limit and the converging of functions.

They are able to understand the underlying basis of the calculus without

ever hearing a word.

The United States Naval Academy has been working toward an educa-

tional time-sharing system to be used as a teaching tool throughout

the Academy. (See Naval Research Reviews issue of September 1967,

"The Navy's Remote Computing System.") As a first step, the Academy

held a summer workshop in 1966 with participants from the teaching

staff of every department. Although many of these instructors had never

before been exposed to a computer, by using the BASIC language, they

were able to develop teaching programs for a wide spectrum of disci-

plines ranging from physics and chemistry to history and government.

At the present time, the Academy uses terminals connected to nearby

commercial time-sharing bureaus. However, future plans call for the

development of its own internal time-sharing system which will be

capable of satisfying the demands of each department, including
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Elementary schoolchildren observing a mathematical demonstration on a display scope 

The objective of educational time-sharing systems is not to replace 
the teacher with a machine, but to give the student an opportunity to 
supplement his classroom instruction. By working on-line through a 
terminal, the student is able to proceed at his own pace and explore a 
wider variety of problems than he would otherwise encounter. For the 
teacher, the time-sharing terminal can be a powerful demonstration 
tool which he can use to give mathematical and logical concepts a tan­
gible interpretation in the classroom. For example, high school students 
at Westwood High in Massachusetts use the computer to get a visual 
demonstration of approaching a limit and the converging of functions. 
They are able to understand the underlying basis of the calculus without 
ever hearing a word. 

The United States Naval Academy has been working toward an educa­
tional time-sharing system to be used as a teaching tool throughout 
the Academy. (See Naval Research Reviews issue of September 1967, 
"The Navy's Remote Computing System.") As a first step, the Academy 
held a summer workshop in 1966 with participants from the teaching 
staff of every department. Although many of these instructors had never 
before been exposed to a computer, by using the BASIC language, they 
were able to develop teaching programs for a wide spectrum of disci­
plines ranging from physics and chemistry to history and government. 
At the present time, the Academy uses terminals connected to nearby 
commercial time-sharing bureaus. However, future plans call for the 
development of its own internal time-sharing system which will be 
capable of satisfying the demands of each department, including 
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administrative functions. The computer will also provide an experi-

mental facility for developing curricula and new techniques in com-

puter-assisted education.

In addition to the direct educational benefits, there are a number

of intangible advantages that may be derived from computer-assisted

instruction. Perhaps the most important advantage is that the computer,

unlike any other tool known to man, forces the student to take a step-

by-step logical approach when planning the solution to a problem.

The Growth of Time-Sharing

Although the earliest demonstrations of practical time-sharing sys-

tems took place in 1961, only six years ago, commercial time-sharing

centers already are springing up across the country. There are currently

over 20 different organizations which offer service to business and scien-

tific users, many of which have computer centers in more than one city.

In addition, there are presently about 40 time-sharing systems being

used for research purposes in educational, scientific, and military

organizations in the United States. This number has doubled every

year since 1963. One consulting firm has estimated that by 1972 time-

sharing will account for almost 60 percent of all computer usage.

Many computer manufacturers are now developing off-the-shelf

time-sharing systems to go with their larger computers. It appears to

be only a matter of time before time-sharing will pass from the research

and development stage to the stage where a customer can order a time-

shared system tailored to his specific needs and have it delivered in

fully-working condition in a matter of months.

Time-Sharing Research

Despite the progress being made in the development of advanced

time-sharing systems, work has only begun in learning how to develop

successful applications. A great deal more must be learned about the

problem-solving process when the user is working on-line with a

computer. The time-sharing user of tomorrow will need better problem-

oriented languages and more sophisticated console devices. Although

an architect can doubtless be more effective with a large-scale computer

at his fingertips, he cannot be expected to work conveniently with the

typewriter terminals that are generally available today. Since he is

trained to deal with graphical data, he will surely need some type of

display terminal that will allow him to work with lines and figures.

Present-day devices of this type are relatively expensive and waste a

great deal of computer capacity.

Considerable research is currently being aimed at developing less

expensive and more flexible display terminals. However, a great deal

7

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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

administrative functions. The computer will also provide an experi­
mental facility for developing curricula and new techniques in com­
puter-assisted education. 

In addition to the direct educational benefits, there are a number 
of intangible advantages that may be derived from computer-assisted 
instruction. Perhaps the most important advantage is that the computer, 
unlike any other tool known to man, forces the student to take a step­
by-step logical approach when planning the solution to a problem. 

The Growth of Time-Sharing 

Although the earliest demonstrations of practical time-sharing sys­
tems took place in 1961, only six years ago, commercial time-sharing 
centers already are springing up across the country. There are currently 
over 20 different organizations which offer service to business and scien­
tific users, many of which have computer centers in more than one city. 

In addition, there are presently about 40 time-sharing systems being 
used for research purposes in educational, scientific, and military 
organizations in the United States. This number has doubled every 
year since 1963. One consulting firm has estimated that by 1972 time­
sharing will account for almost 60 percent of all computer usage. 

Many computer manufacturers are now developing off-the-shelf 
time-sharing systems to go with their larger computers. It appears to 
be only a matter of time before time-sharing will pass from the research 
and development stage to the stage where a customer can order a time­
shared system tailored to _his specific needs and have it delivered in 
fully-working condition in a matter of months. 

Time-Sharing Research 

Despite the progress being made in the development of advanced 
time-sharing systems, work has only begun in learning how to develop 
successful applications. A great deal more must be learned about the 
problem-solving process when the user is working on-line with a 
computer. The time-sharing user of tomorrow will need better problem­
oriented languages and more sophisticated console devices. Although 
an architect can doubtless be more effective with a large-scale computer 
at his fingertips, he cannot be expected to work conveniently with the 
typewriter terminals that are generally available today. Since he is 
trained to deal with graphical data, he will surely need some type of 
display terminal that will allow him to work with lines and figures. 
Present-day devices of this type are relatively expensive and waste a 
great deal of computer capacity. 

Considerable research is currently being aimed at developing less 
expensive and more flexible display terminals. However, a great deal 
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remains to be done before graphical processing can be accomplished

conveniently and efficiently on a remote time-shared computer system.

Time-sharing is a powerful and challenging new tool which can make

men more productive as they pursue their intellectual, administrative

and managerial functions. By linking the advances in computer tech-

nology with modern communications techniques, a tool has been pro-

duced which frees the user from any direct concern about the computer.

Thus, he can turn his attention fully to the problem and its solution.

The human's insight and cleverness, combined with the incredible

computational and logical capability of the computer, can satisfy the

human's natural impatience and desire to get the job done now. It is

safe to predict that the advent of time-shared computing will have as

profound an effect on the world as the introduction of the telephone

at the turn of the century.

COMFAIRWESTPAC Helo-Lift Program

"Helo-Lift," a program initiated to transport A-4 aircraft between repair facilities, has

resulted in substantial savings —both time and money wise —for Commander, Fleet Air

Western Pacific (COMFAIRWESTPAC) Repair Activities.

H-46 helicopters from Helicopter Combat Support Squadron One Detachment, Atsugi

(HOI) are being used to transport the A-4 "Skyhawk" back and forth between Naval

Air Station, Atsugi, Japan and the Japan Aircraft Company (Nippi) plant at Sugita,

Japan. Major aircraft repair work is carried out for COMFAIRWESTPAC at the Sugita

plant, which is about 16 miles from NAS Atsugi.

Using the helicopters to airlift A-4's between Sugita and Atsugi has reduced the time-

OUt-of-service for each plane by about 16 days per aircraft. Under the old system, con-

tractor personnel at the Nippi plant first completely assembled the aircraft and checked

its flight readiness —a process which took about four days. Next, the aircraft was barged

to Auxiliary Landing Field, Kisarazu, where military personnel trimmed the engine at

high power and performed necessary checks and inspection to prepare the aircraft for

flight to Atsugi. A period of 16 days was usually required from the time repairs were

completed at Sugita until it arrived at NAS Atsugi, where it had to be disassembled for

a major inspection. Adverse weather and a lack of ferry pilots could further lengthen the

process.

The Helo-Lift program eliminates the need to completely assemble, function check,

barge, re-inspect, and fly the aircraft to Atsugi. Now, the A-4, while still disassembled

in two major sections, is directly airlifted from Sugita to the Aircraft Maintenance De-

partment at NAS Atsugi for major inspection —all in about 15 minutes flight time. The

work formerly done at ALF Kisarazu is omitted altogether.

The A-4, known as the "vest-pocket bomber," costs the Navy over $300 for each day it

is out of service. The Helo-Lift program airlifted 54 A-4 aircraft during the first half of

1967, resulting in an additional 2.96 aircraft per day being made available for operational

use and 1080 more working days being added to the Skyhawk schedule. This amounts to

an intangible savings of $342,965. Also, the program has made a substantial reduction in

repair costs: when factors such as barging costs, manhours saved, and fuel costs are

considered, the out-of-pocket savings equal $39,479.

The man largely responsible for the Helo-Lift program at COMFAIRWESTPAC Re-

pair Activities is LCDR Morris K. Terry. See cover photograph.
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remains to be done before graphical processing can be accomplished 
conveniently and efficiently on a remote time-shared computer system. 

Time-sharing is a powerful and challenging new tool which can make 
men more productive as they pursue their intellectual, administrative 
and managerial functions. By linking the advances in computer tech­
nology with modern communications techniques, a tool has been pro­
duced which frees the user from any direct concern about the computer. 
Thus, he can turn his attention fully to the problem and its solution. 
The human's insight and cleverness, combined with the incredible 
computational and logical capability of the computer, can satisfy the 
human's natural impatience and desire to get the job done now. It is 
safe to predict that the advent of time-shared computing will have as 
profound an effect on the world as the introduction of the telephone 
at the turn of the century. 

COMFAIRWESTPAC Helo-Lift Program 

"Helo-Lift," a program initiated to transport A-4 aircraft between repair facilities, has 
resulted in sub tantial savings-both time and moneywi e-for Commander, Fleet Air 
Western Pacifi (COMFAIRWESTPAC) Repair Activities. 

H-46 helicopters from Helicopter Combat Support Squadron One Detachment, Atsugi 
(H -1) are being used to tran pon the A-4 "Sk hawk'' ba k and forth between aval 
Air Station, Atsugi, Japan and the Japan Aircraft Company ( ippi) plant at Sugita, 
Japan. Major aircraft repair work is carried out for COMFAIRWESTPAC at the Sugita 
plant, whi h i about 16 miles from AS Atsugi . 

Using the helicopters to airlift A-4's between Sugita and Atsugi has reduced the time­
out-of-service for each plane by about 16 days per aircraft. Under the old system, con­
tractor per onnel at the ippi plant first complete! assembled the aircraft and checked 
its flight readiness-a process which took about four day . ext, the aircraft was barged 
to Auxiliary Landing Field, Kisarazu, where military personnel trimmed the engine at 
high power and performed necessary checks and inspection to prepare the aircraft for 
flight to Atsugi. A period of 16 days was u uaUy required from the time repairs were 
completed at Sugita until it arrived at AS tsugi, where it had to be disas embled for 
a major inspection. Adverse weather and a la k of ferry pilots could further lengthen the 
proce s. 

The Helo-Lift program eliminates the need to completely assemble, function check, 
barge, re-inspect, and fly the aircraft to Atsugi. ow, the A-4, while still disassembled 
in two major ections, is directly airlifted from Sugita to the Aircraft Maintenance De­
partment at AS Atsugi for major inspection-all in about 15 minutes flight time. The 
work formerly done at ALF Kisarazu is omitted altogether. 

The A-4, known as the "vest-pocket bomber," costs the avy over 300 for each day it 
is out of service. The Helo-Lift program airlifted 54 A-4 aircraft during the first half of 
l 967, resulting in an additional 2.96 aircraft per day being made avai lable for operational 
use and 1080 more working day being added to the Skyhawk schedule. This amounts to 
an intangible avings of $342,965. Also, the program has made a substantial reduction in 
repair cos~: when factors such as barging costs, manhours saved, and fuel costs are 
con idered, the out-of-pocket savin"gs equal $39,479. 

The man largely responsible for the He lo-Lift program at COMF IRWESTPAC Re­
pair Activities is LCDR Morris K. Terry. See cover photograph. 
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Inanimate Intellect Through

Evolution

Lawrence J. Fogel

President, Decision Science, Inc.

San Diego, California

The old saw, "The computer only does what the programmer tells it

to do," is no longer true. It is now possible to program a computer

so that it can discover new and different means for solving problems —

logical procedures which the programmer had thought were inappro-

priate. In truth, here is artificial intelligence.

Most computer programs are deterministic; that is, the programmer

can, in principle, exactly duplicate the prescribed data processing upon

any sequence of input symbols. Such programs follow the general tenet

that randomness disturbs; therefore, "noise is bad." However, it is

possible for a computer program to include noise as an essential ingre-

dient, as a source of desirable randomness, and/or as a means for

generating new logic which can be evaluated and preserved if it appears

to be of value in solving the problem at hand.

One way to create such stochastic programs is to replicate the funda-

mental experiment of nature —evolution —wherein iterative mutation

and selection has, through millenia, produced creatures of increasing

intellect. The availability of modern high-speed digital computers opens

the door to such simulation, allowing the time scale to be compressed

from millenia into minutes. Hopefully, such "fast-time" evolution will

yield superior logic and thus prove instructive to man.

Intelligence may be considered as a measure of an entity's ability to

achieve success with respect to a wide diversity of goals in a wide variety

of environments. Surely man, with all his versatility, is a most intelligent

creature. Thus, by the same token, any machine which proves to be

equally versatile should also be called "intelligent."

The criterion for the existence of artificial intelligence might be made

even more stringent; i.e., a machine might be called intelligent if,

and only if, it can solve problems that man has not been able to solve —

not because of its sheer speed and accuracy, but because it can discover

for itself new techniques for solving these problems. Evolutionary

programming appears to offer such a capability.

Evolutionary Prediction

Intelligent behavior may be viewed as the ability to predict one's

environment coupled with an ability to select a suitable response in
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Inanimate Intellect Through 
Evolution 

Lawrence J. Fogel 
President, Decision Science, Inc. 

San Diego, California 

The old saw, "The computer only does what the programmer tells it 
to do," is no longer true. It is now possible to program a computer 
so that it can discover new and different means for solving problems -
logical procedures which the programmer had thought were inappro­
priate. In truth, here is artificial intelligence. 

Most computer programs are deterministic; that is, the programmer 
can, in principle, exactly duplicate the prescribed data processing upon 
any sequence of input symbols. Such programs follow the general tenet 
that randomness disturbs; therefore, "noise is bad." However, it is 
possible for a computer program to include noise as an essential ingre­
dient, as a source of desirable randomness, and/or as a means for 
generating new logic which can be evaluated and preserved if it appears 
to be of value in solving the problem at hand. 

One way to create such stochastic programs is to replicate the funda­
mental experiment of nature-evolution-wherein iterative mutation 
·and selection has, through millenia, produc~d creatures of increasing 
intellect. The availability of modern high-speed digital computers opens 
the door to such simulation, allowing the time scale to be compressed 
from millenia into minutes. Hopefully, such "fast-time" evolution will 
yield superior logic and thus prove instructive to man. 

Intelligence may be considered as a measure of an entity's ability to 
achieve success with respect to a wide diversity of goals in a wide variety 
of environments. Surely man, with all his versatility, is a most intelligent 
creature. Thus, by the same token, any machine which proves to be 
equally v~rsatile should also be called "intelligent." 

The criterion for the existence of artificial intelligence might be made 
even more stringent; i.e., a machine might be called intelligent if, 
and only if, it can solve problems that man has not been able to solve­
not because of its sheer speed and accuracy, but because it can discover 
for itself new techniques for solving these problems. Evolutionary 
programming appears to offer such a capability. 

Evolutionary Prediction 

Intelligent behavior may be viewed as the ability to predict one's 
environment coupled with an ability to select a suitable response in 
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the light of that prediction. Traditionally, attempts to predict each

next symbol in a sequence of environmental observations initiate with

some assumption concerning the nature of the environment; e.g.,

whether it is periodic, stationary (invariant in a statistical sense), etc.

Further, it is generally assumed that the environment is independent

of the predictor, thus eliminating the possibility that the predictor is

competing with or gaming against the environment. Such assumptions

are of distinct value; however, there is always the danger that a false

assumption will be accepted.

Also, in this type problem attention is usually restricted to the loss

function of the minimum mean-squared error. However, this loss func-

tion is rarely encountered in real-world situations. The all-or-none loss

function is much more common; i.e., all errors are equally costly. To

illustrate, if the missile misses the target in a one-shot situation, it doesn't

matter how close it came. In most situations, equal errors and equally

correct predictions may not be of equal worth.

For meaningful research, the investigator must be permitted not only

to specify arbitrary values for all possible correct and incorrect predic-

tions at any point in time, but also to allow the loss function to be a func-

tion of time and/or of achieved performance. In fact, it might be

necessary to predict the environment's behavior at various time inter-

vals projected into the future, each with a different loss function and

weighting of relative importance. Stated in these terms, the predic-

tion problem becomes highly realistic but falls well beyond conventional

techniques. Evolutionary programming makes it possible to address

this problem.

Briefly stated, the computer is instructed to evaluate an arbitrary

logic which describes the stimulus-response behavior of an initial

"organism" in terms of its appropriateness with respect to the given

goal in the face of the observed environment. In other words, the organ-

ism's suitability to survive and its demonstrated ability to solve the given

prediction problem are assessed. Next, the initial organism representa-

tion is mutated logically to produce an offspring which is similarly evalu-

ated. If the offspring is less appropriate than its parent, it is discarded

and another offspring is generated from the same parent. If, however,

the offspring appears to be more appropriate than its parent, the parent

is discarded and the offspring is preserved to become the new parent.

Such nonregressive evolution continues in fast-time until some

allowable expenditure for computation has been reached, some thresh-

old of confidence has been attained (as measured by the survivability

score), and/or some instruction is received in real-time to accept the

organism which has been found most appropriate as the basis for the

next prediction. Thus, there is a gradual "drawing together" of an

inheritance which reflects the logic underlying the data base as it
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the light of that prediction. Traditionally, attempts to predict each 
next symbol in a sequence of environmental observations initiate with 
some assumption concerning the nature of the environment; e.g., 
whether it is periodic, stationary (invariant in a statistical sense), etc. 
Further, it is generally assumed that the environment is independent 
of the predictor, th us eliminating the possibility that the predictor is 
competing with or gaming against the environment. Such assumptions 
are of distinct value; however, there is always the danger that a false 
assumption will be accepted. 

Also, in this type problem attention is usually restricted to the loss 
function of the minimum mean-squared error. However, this loss func­
tion is rarely encountered in real-world situ.ations. The all-or-none loss 
function is much more common; i.e., all errors are equally costly. To 
illustrate, if the missile misses the target in a one-shot situation, it doesn't 
matter how close it came. In most situations, equal errors and equally 
correct predictions may not be of equal worth. 

For meaningful research, the investigator must be permitted not only 
to specify arbitrary values for all possible correct and incorrect predic­
tions at any point in time, but also to allow the loss function to be a func­
tion of time and/or of achieved performance. In fact, it might be 
necessary to predict the environment's behavior at various time inter­
vals projected into the future, each with a different loss function and 
weighting of relative importance. Stated in these terms, the predic­
tion problem becomes highly realistic but falls well beyond conventional 
techniques. Evolutionary programming makes it possible to address 
this problem. 

Briefly stated, the computer is instructed to evaluate an arbitrary 
logic which describes the stimulus-response behavior of an initial 
"organism" in terms of its appropriateness with respect to the given 
goal in the face of the observed environment. In other words, the organ­
ism's suitability to survive and its demonstrated ability to solve the given 
prediction problem are assessed. Next, the initial organism representa­
tibn is mutated logically to produce an offspring which is similarly evalu­
ated. If the offspring is less appropriate than its parent, it is discarded 
and another offspring is generated from the same parent. If, however, 
the offspring appears to be more appropriate than its parent, the parent 
is discarded and the offspring is preserved to become the new parent. 

Such nonregressive evolution continues in fast-time until some 
allowable expenditure for computation has been reached, some thresh­
old of confidence has been attained (as measured by the survivability 
score), and/or some instruction is received in real-time to accept the 
organism which has been found most appropriate as the basis for the 
next prediction. Thus, there is a gradual "drawing together" of an 
inheritance which reflects the logic underlying the data base as it 
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concerns the given goal. The evolved organism furnishes a rationale

for the prediction and, at the same time, provides a first approximation

for solving similar problems in the future. In other words, it becomes

the progenitor of the succeeding geneology evolved in the light of the

extended data base which includes additional measurements.

This procedure is carried out in simulation. The organisms them-

selves never appear; rather, each is described simply in terms of its

stimulus-response behavior. Since offspring are produced in micro-

seconds, tens of thousands of generations pass in minutes. The random-

ness of mutation makes the process essentially unpredictable. The

evolved logic may well be a surprise to the programmer —one which

may prove to be very useful in predicting previous environmental

observations.

The maxim of parsimony may be built into the evolutionary program

by introducing a cost for the complexity of each organism. Thus, if

two logics appear equally suitable as predictors of the past, the simpler

logic is considered to be superior. By adjusting the relative importance

of this parameter, a point of view can be selected which combines the

deterministic extreme (where cyclic properties form the basis for pre-

diction) and the statistical extreme (where some level of conditional

dependency is presumed to exist). It is, of course, possible to allow this

parameter to vary as required during the course of events.

Nature preserves more than one of a kind. Similarly, it is of value to

preserve the best few organisms at each point in time. However, more

attention should be devoted to mutation and selection of the highest

scoring organism than to studying each as a function of its score. In

fact, it is advisable to simulate evolution across species, with each having

a different length of environmental recall. When the lengths are allowed

to vary, it is possible to identify gross changes in the logic of the environ-

ment as evidenced by the particular specie which appears most appro-

priate. In this manner, internal competition can provide protection

against nonstationarity of the environment or sudden changes of the goal.

In the present computer program, the logic of each organism is

represented by a finite-state machine, i.e., a description of the trans-

duction from a finite alphabet of alternative stimuli into a finite set of

alternative responses for each of the organism's possible states. If the

organism can only assume one internal state, it is represented by a

one-state machine where each stimulus has a corresponding response.

If the organism can assume three states, its transduction is fully repre-

sented by a state diagram which depicts the individual transduction

associated with each state and the transitions between states as a function

of their stimulus and associated response.

A man can be described by a three-state machine. In the first state,

"asleep," he responds to many input symbols with no output. There
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concerns the given goal. The evolved organism furnishes a rationale 
for the prediction and, at the same time, provides a first approximation 
for solving similar problems in the future. In other words, it becomes 
the progenitor of the succeeding geneology evolved in the light of the 
extended data base which includes additional measurements. 

This procedure is carried out in simulation. The organisms them­
selves never appear; rather, each is described simply in terms of its 
stimulus-response behavior. Since offspring are produced in micro­
seconds, tens of thousands of generations pass in minutes.-The random­
ness of mutation makes the process essentially unpredictable. The 
evolved logic may well be a surprise to the programmer-one which 
may prove to be very useful in predicting previous environmental 
observations. 

The maxim of parsimony may be built into the evolutionary program 
by introducing a cost for the complexity of each organism. Thus, if 
two logics appear equal_ly suitable as predictors of the past, the simpler 
logic is considered to be superior. By adjusting the relative importance 
of this parameter, a point of view can be selected which combines the 
deterministic extreme (where cyclic properties form the basis for pre­
diction) and the statistical extreme (where some level of conditional 
dependency is presumed to exist). It is, of course, possible to allow this 
parameter to vary as required during the course of events. 

Nature preserves more than one of a kind. Similarly, it is of value to 
preserve the best few organisms at each point in time. However, more 
attention should be devoted to mutation and· selection of the highest 
scoring organism than to studying each as a function of its score. In 
fact, it is advisable to simulate evolution across species, with each having 
a different length of environmental recall. When the lengths are allowed 
to vary, it is possible to identify gross changes in the logic of the environ­
ment as evidenced by the particular specie which appears most appro­
priate. In this manner, internal competition can provide protection 
against nonstationarity of the environment or sudden changes of the goal. 

In the present computer program, the logic of each organism is 
represented by a finite-state machine, i.e., a description of the trans­
duction from a finite alphabet of alternative stimuli into a finite set of 
alternative responses for each of the organism's possible states. If the 
organism can only assume one internal state, it is represented by a 
one-state machine where each stimulus has a corresponding response. 
If the organism can assume three states, its transduction is fully repre­
sented by a state diagram which depicts the individual transduction 
associated with each state and the transitions between states as a function 
of their stimulus and associated response. 

A man can be described by a three-state machine. In the first state, 
"asleep," he responds to many input symbois with no output. There 
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are, however, certain stimuli which cause him to respond by bringing

him to the second state, "awake." Such stimuli would possibly be as-

sociated with a verbal commentary (the associated response symbol).

While he remains in the "awake" state, each stimulus would have a

particular response. However, some stimuli might cause him to change

his state into "panic," causing him to behave in a still different manner.

Many stimuli may cause him to remain in that state while others may

cause him to return to the. "awake" state, or even move to the "sleep"

state by fainting. This is, of course, a very gross description; but in a

finite-state machine, any level of specificity could be achieved by in-

creasing the number of states, the alphabet of possible stimuli, and the

alphabet of possible responses.

Figure 1 illustrates a three-

state machine —A, B, and

C —in a binary environment.

The stimuli and responses

are separated by a slash. As

indicated, when the organism

is in state A and the input

symbol is a 1, it will remain in

state A and respond with a 0.

If, however, the organism is

in state A and the input

symbol is a 0, it responds by

emitting a 1 and changing

its internal state into B.

The diagram indicates the

organism's behavior when it is in each of its states and when it receives

each of the possible input-stimuli. The arrow pointing to state C means

that this is the organism's initial state, that which exists when the en-

vironment is first encountered. It is important to note that the state

diagram is not a flow diagram; here, the input and output are implicit.

Suppose the goal is to predict each next symbol of the environment,

the symbol to be that which has the greatest score for being correct

on the average. If the environment experienced consists of the sequence

1011100, the machine responds with the sequence 0010111, as shown in

the figure. Comparing each response to the succeeding symbol from

the environment yields the prediction score (Pi) of 33 percent.

The organism is mutated by randomly selecting one of the following

modifications: changing an output symbol, changing the initial state,

adding or deleting a state, or altering the transition from one state to

another. The resultant offspring is then evaluated as before and a com-

parison made of the prediction scores in order to determine whether

it is worthy of retention as the new parent. The process continues

Figure 1 — A finite-state machine and its

predictive transduction
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are, however, certain stimuli which cause him to respond by bringing 
him to the second state, "awake." Such stimuli would possibly be as-
ociated with a verbal commentary (the associated respon e symbol). 

While he remain in the "awake" state, each timulus would have a 
particular response. However, some stimuli might cause him to change 
his state into "panic," cau ing him to behave in a still different manner. 
Many stimuli may cause him to remain in that tate while other may 
cause him to return to the . "awak~" state, or even move to the " leep" 
tate by fainting. This is, of course, a very gross description; but in a 

finite- tate machine, any level of specificity could be achiev d by in­
creasing the number of states, the alphabet of possible stimuli, and the 
alphabet of possible re pon es. 

to 

1 o 1 1 1 o o I 
0 0 1 0 1 1 1 

P1 • 2/6 = 33S 

Figure 1 - A finite-stat,e machine and its 
predictive transduction 

Figure 1 illustrate a three-
tate machine - A, B, and 

C-in a binary environment. 
The tim uli and responses 
are separated by a lash. As 
indicated, when the organism 
is in tate A and the input 
symbol i a 1, it will remain in 
state A and respond with a 0. 
If, however, the organism is 
in state A and the input 
symbol is a 0, it responds by 
emitting a 1 and changing 
its internal state into B. 
The diagram indicates the 

organism's behavior when it is in each of its states and when it receives 
each of the possible input-stimuli. The arrow pointing to state C means 
that this is the organism's initial state, that which exists when the en­
vironment is first encountered. It is important to note that the state 
diagram is not a flow diagram; here, the input and output are implicit. 

Suppose the goal is to predict each next symbol of the environment, 
the symbol to be that which has the greatest score for being correct 
on the average. If the environment experienced consists of the sequence 
1011100, the machine res ponds with the sequence 0010111, as shown in 
the figure. Comparing each response to the succeeding symbol from 
the environment yields the prediction score (P1) of 33 percent. 

The organism is mutated by randomly selecting one of the following 
modifications: changing an output symbol, changing the initial state, 
adding or deleting a state, or altering the transition from one state to 
another. The resultant offspring is then evaluated a before and a com­
parison made of the prediction scores in order to determine whether 
it is worthy of retention as the new parent. The process continues 
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until a preset criterion has been reached. Since the predictive-fit score

may reflect any expression of a goal, rather than beingjust a determina-

tion of whether it is right or wrong, the sequence of retained machines

actually becomes a reflection of the given goal. In other words, the

evolutionary program produces a succession of predictive logics which

generally tend toward increasing suitability over a wide variety of

environments and goals, each prediction being based on whatever evi-

dence is available and apparently found to be worthwhile within the

allowed computation. Comparing the results of predicting the same

environment with respect to various loss functions permits a sensitivity

analysis, i.e., the extent to which the predictions depend upon the

specified goal.

Initially, evolutionary programming was restricted to a two-symbol

alphabet. However, when the feasibility of the program had been

demonstrated, the alphabet was increased to eight, and then to 64

symbols. Throughout its development, this research program has re-

ceived the encouragement and support of the Information Systems

Branch, Office of Naval Research. Portions of the progress reported

below were accomplished under the additional sponsorship of the

Air Force Cambridge Research Laboratory and the Langley Research

Center, NASA.

One series of experiments required the prediction of each next sym-

bol in an arbitrary eight-symbol cyclic environment which was cor-

rupted by increasing levels of noise in the form of an equally likely

addition of +1 or —1 to randomly chosen symbols (arbitrarily, it was

assumed that the addition of +1 to 7 and subtraction of — 1 from 0

left the symbols undisturbed). A recall of 40 symbols was allowed before

the initial prediction was required. The following table indicates the

percent correct of the first 81 predictions as a function of the percent

of the symbols left undisturbed. It should be noted that, when every

symbol of the signal was disturbed, the prediction score increased to

70.4 percent, i.e., the evolved predictor-machine had a characteristic

cycle which was almost identical with the probabilistic boundaries of

the original signal.

Level of corruption

None

Single

Double

Triple

50%

100%

Percent of symbols left undisturbed

100

82.5

69.6

60.4

56.2

0

Percent correct of first 81 predictions

100

59.3

39.5

23.5

22.2

70.4

Any finite-state machine can be viewed as representing the periodicity

or the most probable transitions within the logic which underlies the

environment. In the latter regard, the evolutionary program demon-

strated prediction of zeroth-order and first-order Markov environments
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until a preset criterion has been reached. Since the predictive-fit score 
may reflect any expression of a goal, rather than beingjust a determina­
tion of whether it is right or wrong, the sequence of retained machines 
actually becomes a reflection of the given goal. In other words, the 
evolutionary program produces a succession of predictive logics which 
generally tend toward increasing suitability over a wide variety of 
environments and goals, each prediction being based on whatever evi­
dence is available and apparently found to be worthwhile within the 
allowed computation. Comparing the results of predicting the same 
environment with respect to various loss functions permits a sensitivity 
analysis, i.e., the extent to which the predictions depend upon the 
specified goal. 

Initially, evolutionary programming was restricted to a two-symbol 
alphabet. However, when the feasibility of the program had been 
demonstrated, the alphabet was increased to eight, and then to 64. 
symbols. Throughout its development, this research program has re­
ceived the encouragement and support of the Information Systems 
Branch, Office of Naval Research. Portions of the progress reported 
below were accomplished under the additional sponsorship of the 
Air Force Cambridge Research Laboratory and the Langley Research 
Center, NASA. 

One series of experiments required the prediction of each next sym­
bol in an arbitrary eight-symbol cyclic environment which was cor­
rupted by increasing levels of noise in the form of an equally likely 
addition of + 1 or -1 to randomly chosen symbols (arbitrarily, it was 
assumed that the addition of + 1 to 7 and subtraction of -1 from 0 
left the symbols undisturbed). A recall of 40 symbols was allowed before 
the initial prediqion was required. The following table indicates the 
percent correct of the first 81 predictions as a function of the percent 
of the symbols left undisturbed. It should be noted that, when every 
symbol of the signal was disturbed, the prediction score increased to 
70.4 percent, i.e., the evolved predictor-machine had a characteristic 
cycle which was almost identical with the probabilistic boundaries of 
the original signal. 

Level of corruption None Single Double Triple 50% 100% 

Percent of symbols left undisturbed 100 82 .5 69.6 60.4 56.2 0 

Percent correct of first 81 predictions 100 59.3 39.5 23.5 22.2 70.4 

Any finite-state machine can be viewed as representing the periodicity 
or the most probable transitions within the logic which underlies the 
environment. In the latter regard, the evolutionary program demon­
strated prediction of zeroth-order and first-order Markov environments 
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in a manner which rapidly approached the optimal asymptote. It should be

noted that such a predictor extracts only relevant information —the modal

transitions. It was also shown that higher-ordered Markov environments could

be similarly addressed, provided the memory of the evolving organism is ex-

tended by changing the alphabet to include all sequences of appropriate length.

Various nonstationary environments were predicted with considerable suc-

cess. For example, a deterministic environment was created by taking the

successive residues of the increasing powers of two and three after these

powers were rank-ordered, and reduced modulo seven. Of the first 216 pre-

dictions of this environment,

56.6 percent were correct (78

percent of the last 50 predictions

were correct). Certainly this was

far better than chance; to illus-

trate, prediction of the most

frequent symbol at each point in

time yields a score of only 8.5

percent.

Decision-Making and

Modeling

As indicated above, intelligent

behavior also requires the selec-

tion of a suitable response in the

light of the prediction. The evo-

lutionary program can be used

in this regard simply by substi-

tuting an appropriate loss func-

tion, and expressing both this

function and the output alpha-

bet of the finite-state machines

over the set of alternative re-

sponse symbols. Such optimiza-

tion is performed without the

necessity of any overt considera-

tion for prediction of the en-

vironment. If the environment

is continuous, quantization may

be accomplished by imposing

arbitrary class intervals on the

amplitude or in any other

unique manner. Similarly, a

continuous range of response

must be described within a finite

alphabet of mutually exclusive

alternatives.

Figure 2 — Top: An arbitrary transducer in the form

of a finite-state machine. Center: The evolved pre-

dictor-machine. Bottom: Representation of the trans-

ducer as derived from the predictive logic.
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in a manner which rapidly approached the optimal asymptote. It should be 
noted that such a predictor extracts only relevant information - the modal 
transitions. It was also shown that higher-ordered Markov environments could 
be similarly addressed, provided the memory of the e olving organism is ex­
tended by changing the alphabet to include all sequence of appropriate length. 

Various nonstationary environments were predicted with considerable suc­
cess. For example, a deterministic environment was created by taking the 
successive residues of the increasing powers of two and three after these 
powers were rank-ordered, and reduced modulo seven. Of the first 216 pre­

1/0 

0/2 0/1 0/3 

1/1 

1 /0 

Figure 2 - Top: An arbitrary transducer in the form 
of a finit,e-state machine. Center: The evolved pre­
dictor-machine. Bottom: Representation of the trans­
ducer as derived from the predictive wgic. 
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dictions of this environment, 
56.6 percent were correct (78 
percent of the last 50 predictions 
were correct). Certainly this was 
far better than chance; to illus­
trate, prediction of the most 
frequent symbol at each point in 
time yields a score of only 8.5 
percent. 

Decision-Making and 
Modeling 

As indicated above, intelligent 
behavior also requires the selec­
tion of a suitable response in the 
light of the prediction. The evo­
lutionary program can be used 
in this regard simply by substi­
tuting an appropriate loss func­
tion, and expressing both this 
function and the output alpha­
bet of the finite-state machines 
over the set of alternative re­
sponse symbols. Such optimiza­
tion is performed without the 
necessity of any overt considera­
tion for prediction of the e,1-
vironment. If the environment 
is continuous, quantization may 
be accomplished by imposing 
arbitrary class intervals on the 
amplitude or in any other 
unique manner. Similarly, a 
continuous range of response 
must be described within a finite 
alphabet of mutually exclusive 
alternatives. 
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As indicated previously, the evolutionary program makes decisions by

developing successive models of the logic which underlies the observed

environment. The program can also be used in an inverse way; i.e.,

successive models of the relationship among sensed variables can be

developed in a manner which reflects the nature of the investigator's

goal. To illustrate, the finite-state machine shown at the top of figure 2

was driven by a binary random variable having equal likelihood for both

values. The evolutionary program was required to predict each next

output on the basis of the preceding input and output symbols. After

160 predictions, the predictor-machine shown in the center had evolved.

Translating this offspring into a representation of the unknown logic

results in the finite-state machine shown at the bottom of figure 2. There

is a distinct similarity between this machine and the actual logic, the

primary difference being the extra state "3"' which presumably would

be lost at some further point in the evolution.

Consider the related problem of developing a mathematical repre-

sentation for the human operator in flight control. As a first step in

this regard, it was necessary to develop a finite-state machine repre-

sentation for an unknown deterministic model of the man, a nonlinear

(phase-plane switching) transducer which served as the forward element

in a closed-loop system. The left-hand side of figure 3 indicates the

degree to which the output of the transducer corresponds to the output

of the developed finite-state machine, with both being driven by the

same input invariable and expressed in the same 64-symbol alphabet.

The right-hand side of the figure illustrates the result of a similar

experiment performed on data taken from the human operator. The

man is more difficult to model, primarily because of his statistical

variability.

Figure 3 — Left: The outputs of the nonlinear transducer, the finite-state machine model, and the

difference-error. Right: The outputs of the human operator, the finite-state machine model, and the

difference-error.
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As indicated previously, the evolutionary program makes decisions by 
developing successive models of the logic which underlies the observed 
environment. The program can also be used in an inverse way; i.e., 
successive models of the relationship among sensed variables can be 
developed in a manner which reflects the nature of the investigator's 
goal. To illustrate, the finite-state machine shown at the top of figure 2 
was driven by a binary random variable having equal likelihood for both 
values. The evolutionary program was required to predict each next 
output on the basis of the preceding input and output symbols. After 
160 predictions, the predictor-machine shown in the center had evolved. 
Translating this offspring into a representation of the unknown logic 
results in the finite-state machine shown at the bottom of figure 2. There 
is a distinct similarity between this machine and the actual logic, the 
primary difference being the extra state "3'" which presumably would 
be lost at some further point in the evolution. 

Consider the related problem of developing a mathematical repre­
sentation for the human operator in flight control. As a first step in 
this regard, it was necessary to develop a finite-state machine repre­
sentation for an unknown deterministic model of the man, a nonlinear 
(phase-plane switching) transducer which served as the forward element 
in a closed-loop system. The left-hand side of figure 3 indicates the 
degree to which the output of the transducer corresponds to the output 
of the developed finite-state machine, with both being driven by the 
same input invariable and expressed in the same 64-symbol alphabet. 
The right-hand side of the figure illustrates the result of a similar 
experiment performed on data taken from the human operator. The 
man 1s more difficult to model, primarily because of his statistical 
variability. 

Figure 3 - Left: The outputs of the nonlinear transducer, the finite-state machine model, and the 
difference-error. R ight: The outputs of the huirnan operator, the finite-state machine model, and the 
difference-error. 
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Having an ability to model an unknown transducer opens the door to

the control of that transducer. At each point in time, the evolved rep-

resentation is examined to reveal that transition which will minimize

the cost of tracking error with the machine being in its present state.

Thus, the reference symbol is translated into that input symbol which

will presumably cause the desired transition.

A number of experiments were conducted in which unknown plants

were required to track a uniformly distributed reference signal ran-

domly generated on eight symbols, the goal being to minimize the

magnitude of the error. To illustrate, figure 4 indicates a completely

controllable five-state machine which served as the unknown plant.

Twenty of the first 50 control decisions were correct; 16 were incorrect

by only a single symbol. The last evolved machine had 23 of its 40 out-

put symbols in common with the plant.

4/4,0/6

3/4

1/0

1/4

4

\ 7/6 /

1 5

\ \0/0

3/6,0/5

2/7

3/5

7/1

2/7

5/2

2/5

A>/5

5/0

5/1

2/2

1/7,

6/1

1/5

1/3

sP/7

7/6

3/4

6/2

7/7.4/1-3/3

2/4,3/2

7/0,6/6

Figure 4 — Logic of the five-state plant

If this plant had been driven directly by the reference signal, the

output variable would have tracked correctly only 20 percent of the

time and would have fallen within a single symbol of the reference

variable 24 percent of the time. In other words, system control through

evolutionary programming, although it was accomplished on the basis

of a limited experience where none of the evolved models had yet

reached a truly superior representation of the plant, provided an im-

provement of 100 percent in correct tracking of the random reference

signal.
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Having an ability to model an unknown transducer opens the door to 
the control of that transducer. At each point in time, the evolved rep­
resentation is examined to reveal that transition which will minimize 
the cost of tracking error with the machine being in its present state. 
Thus, the reference symbol is translated into that input symbol which 
will presumably cause the desired transition. 

A number of experiments were conducted in which unknown plants 
were required to track a uniformly distributed reference signal ran­
domly generated on eight symbols, the goal being to minimize the 
magnitude of the error. To illustrate, figure 4 indicates a completely 
controllable five-state machine which served as the unknown plant. 
Twenty of the first 50 control decisions were correct; 16 were incorrect 
by only a single symbol. The last evolved machine had 23 of its 40 out­
put symbols in common with the plant. 

Figure 4 - Logic of the five-state plant 

If this plant had been driven directly by the ref ere nee signal, the 
output variable would have tracked correctly only 20 percent of the 
time and would have fallen within a single symbol of the reference 
variable 24 percent of the time. In other words, system control through 
evolutionary programming, although it was accomplished on the basis 
of a limited experience where none of the evolved models had yet 
reached a truly superior representation of the plant, provided an im­
provement of 100 percent in correct tracking of the random reference 
signal. 
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It is not necessary for the plant to be time-invariant, as long as the

sampling rate is sufficient in terms of the rate at which the logic of the

plant changes. In fact, the plant might take the form of an intelligent

adversary, i.e., a transducer anxious to remain uncontrolled. In this

case the evolutionary program then proceeds to develop a succession of

models of the logic of the opponent without concern for whether that

opponent is active, passive, antagonistic, acquiescent, or cooperative.

According to game theory, the minimax strategy is optimal in a two-

person zero-sum game. If, however, the opponent deviates from mini-

max in any orderly manner, there should be some better strategy than

minimax —a strategy which takes advantage of these particular devia-

tions. Unfortunately, game theory fails to indicate how such a strategy

can be found. In contrast, the evolutionary program tends to overcome

this difficulty when applied as described previously in the control experi-

ment. Any consistent behavior of the opponent is modeled, and this

model is referenced in the selection of each next move. In experiments

with two-person nonzero-sum games of the prisoner's dilemma type

where both players take the form of an evolutionary program, both

players evolved finite-state machines which corresponded to an equilib-

rium position of the game. Also, a variety of tactical pursuit-evasion

games were simulated where one player referenced the evolutionary

program as the basis for his decision-making. This actually gave him a

significant advantage.

Playing a game might well modify the range of alternatives open on

successive moves. It is, therefore, of interest for the player to develop

models of his own stimulus —response behavior as well as his opponent's,

using both of these to minimize the error with respect to the given goal.

However, such self-referencing introduces new difficulties in the sense

that "The cat can never taste its own tongue." Similarly, the evolu-

tionary program can never be completely "self-aware." However,

experiments in this regard still appear to be worthwhile since it is this

particular ability which forms the prerequisite to consciousness, i.e.,

the ability to selectively manipulate alternative models of self, referenc-

ing only the most suitable model at each point in time.

Evolutionary programming appears particularly appropriate in this

regard. Simply stated, it manipulates alternative logics in such a way

as to preserve for further use only those logics found to be of greatest

worth. If these include models of the self, it may well provide a founda-

tion for reaching higher levels of artificial intelligence. In fact, reten-

tion, mutation, and recombination of only those models which were

found to bear upon survival constitutes a replication of evolution within

the organism. Here is artificial intelligence: inanimate intellect achieved

through simulated evolution.
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It is not necessary for the plant to be time-invariant, as long as the 
sampling rate is sufficient in terms of the rate at which the logic of the 
plant changes. In fact, the plant might take the form of an intelligent 
adversary, i.e., a transducer anxious to remain uncontrolled. In this 
case the evolutionary program then proceeds to develop a succession of 
models of the logic of the opponent without concern for whether that 
opponent is active, passive, antagonistic, acquiescent, or cooperative. 

According to game theory, the minimax strategy is optimal in a two­
person zero-sum game. If, however, the opponent deviates from mini­
max in any orderly manner, there should be some better strategy than 
minimax-a strategy which takes advantage of these particular devia­
tions. Unfortunately, game theory fails to indicate how such a strategy 
can be found. In contrast, the evolutionary program tends to overcome 
this difficulty when applied as described previously in the control experi­
ment. Any consistent behavior of the opponent is modeled, and this 
model is referenced in the selection of each next move. In experiments 
with two-person nonzero-sum games of the prisoner's dilemma type 
where both players take the form of an evolutionary program, both 
players evolved finite-state machines which corresponded to an equilib­
rium position of the game. Also, a variety of tactical pursuit-evasion 
games were simulated where one player referenced the evolutionary 
program as the basis for his decision-making. This actually gave him a 
significant advantage. 

Playing a game might well modify the range of alternatives open on 
successive moves. It is, therefore, of interest for the player to develop 
models of his own stimulus- response behavior as well as his opponent's, 
using both of these to minimize the error with respect to the given goal. 
However, such self-referencing introduces new difficulties in the sense 
that "The cat can never taste its own tongue." Similarly, the evolu­
tionary program can never be completely "self-aware." However, 
experiments in this regard still appear to be worthwhile since it is this 
particular ability which forms the prerequisite to consciousness, i.e., 
the ability to selectively manipulate alternative models of self, referenc­
ing only the most suitable model at each point in time. 

Evolutionary programming appears particularly appropriate in this 
regard. Simply stated, it manipulates alternative logics in such a way 
as to preserve for further use only those logics found to be of greatest 
worth. If these include models of the self, it may well provide a founda­
tion for reaching higher levels of artificial intelligence. In fact, reten­
tion, mutation, and recombination of only those models which were 
found to bear upon survival constitutes a replication of evolu"tion within 
the organism. Here is artificial intelligence: inanimate intellect achieved 
through simulated evolution. 
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Conclusion

The versatility of true intellect results from an ability to generate

new and useful models within the organism. At a rudimentary level,

this is accomplished through the random mutation of models; at higher

levels, through the random combination of selected models into new

logics which hopefully bear upon the immediate situation. Here is

creativity through the preservation of those aspects of randomness

which appear worthwhile to the organism. Here, in generic form, is

the scientific method —induction being performed through a non-

deterministic manipulation of the data base (comprised of previous

observations of consistencies, including observations called "facts,"

and of consistent relationships among these facts called "models")

into models of the environment and of the self to serve the survival

of the organism. The evolutionary process borne within the organism

replicates the scientific method. Its overt expression by man has yielded

the technology which has become the fabric of civilization.

Although modern technology has been widely used to extend human

sensory and motor capabilities, relatively little attention has been

devoted to enhancing the decision-making process by which man

translates sensed information into selected response. The advent of

high-speed computing equipment makes it possible to relieve man of

the drudgery of routine decision-making. As progress is made toward

the realization of artificial intelligence, greater responsibility for

decision-making can be allocated to the machine.

Recognition that the scientific method is an evolutionary process

that can be simulated opens the possibility of finding new techniques

for the solution of problems which have long remained unresolved.

Such evolutionary programming constitutes the useful use of un-

certainty in the modeling of the environment —and the self as part of

that environment. When this is demonstrated, it becomes possible to

seriously consider programs that might provide machines with self-

awareness and, ultimately, with an ability to generate their own goals.

With any advance of technology, there comes the danger of its misuse.

The automation of intellect can pose a significant threat to society —

directly, through the removal of the challenge required to maintain

human intellect in the face of continuing biological evolution and,

indirectly, in the form of societies which tend to preserve their structure

in spite of the changing goals of their members. In essence, any inter-

communicating network of organisms is a machine.

The evolution of artificial intelligence began with the creation of

society. We now witness the major impact of technology. Society is being

restructured through the use of transportation which, in turn, is being

displaced by the availability of communication. Communication itself

is being replaced by high-speed computation —the manipulation and

integration of information. Here is an important extension of natural

evolution —an extension which promises to have a profound effect

upon mankind in the years to come.
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Conclusion 

The ver atilit of true intellect result from an ability to generate 
new and useful model within the organi m. t a rudimentary level, 
thi i accomplished through the random mutation of models; at higher 
le els, through the random combination of selected models into new 
logic which hopeful) bear upon the immediate situation. Here is 
creat1v1t through the pre er ation of those aspects of randomness 
which appear worthwhile to the organi m. Here, in generic form, is 
the scientific method- induction being performed through a non­
deterministic manipulation of the data base (comprised of previous 
ob ervations of consistencie , in luding observation called "facts," 
and of consistent relationships among these facts called "models") 
into model of the en ironment and of the self to serve the survival 
of the organism. The evolutionary proce s borne within the organism 
replicates the scientific method. Its overt expression by man has yielded 
the technology which has become the fabric of civilization. 

lthough modern technology has been widely used to extend human 
sensory and motor capabilities, relatively little attention has been 
devoted to enhancing the decision-making process by which man 
translates sensed information into selected response. The advent of 
high-speed computing equipment makes it possible to relieve man of 
the drudgery of routine decision-making. As progress is made toward 
the realization of artificial intelligence, greater responsibility for 
decision-making can be allocated to the machine. 

Recognition that the scientific method is an evolutionary process 
that can be simulated opens the possibility of finding new techniques 
for the solution of problems which have long remained unresolved. 
Such evolutionary programming constitutes the useful use of un­
certainty in the modeling of the environment-and the self as part of 
that environment. When this is demonstrated, it becomes possible to 
seriously consider programs that might provide machines with self­
awareness and, ultimately, with an ability to generate their own goals. 

With any advance of technology, there comes the danger of its misuse. 
The automation of intellect can pose a significant threat to society­
directly, through the removal of the challenge required to maintain 
human intellect in the face of continuing biological evolution and, 
indirectly, in the form of societies which tend to preserve their structure 
in spite of the changing goals of their members. In essence, any inter­
communicating network of organisms is a machine. 

The evolution of artificial intelligence began with the creation of 
society. We now witness the major impact of technology. Society is being 
restructured through the use of transportation which, in turn, is being 
displaced by the availability of communication. Communication itself 
is being replaced by high-speed computation-the manipulation and 
integration of information. Here is an important extension of natural 
evolution -an extension which promises to have a profound effect 
upon mankind in the years to come. 
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The Navy as a Catalyst in

Biomedical Engineering*

Richard Trumbull

Research Director

Office of Naval Research

Roger D. Reidf

Director, Biological Sciences Division

Office of Naval Research

The Navy's interest in biomedical engineering has been amply

demonstrated by the long list of contributions made in this field, both

through its own laboratories and through other research institutions

supported by the Office of Naval Research. The broad range of this

interest meets requirements for operations in many different media.

It meets obligations for protection, maintenance, and medical care of

personnel in unique environments and unusual circumstances. It

addresses itself to biological problems ranging from micro implants

to macro merry-go-rounds for biomedical research. This article de-

scribes some of the Navy's accomplishments in this field. However, many

remaining problems may be potentially soluble through biomedical

engineering approaches.

High-intensity noise from aircraft and engine rooms demanded that

consideration be given to its effects on hearing and that something

be done about it. Although this problem is shared by all the military

services, it is especially critical on aircraft carriers where, as Joe Lewis

said about the boxing ring, "There's no place to hide." As a result of

Navy efforts, a "noise cumulator" was developed which records fre-

quencies and durations of noise fields. This device, which can be worn

by a person during his normal duty hours, provides a history of his

exposure to noise. By analyzing the data obtained by this device, the

jointly supported Committee on Hearing and Bio-Acoustics was able to

establish, for the first time, standards for audiometers and audiometry.

The Navy is also concerned with the radiation problem. In this regard,

photographic film badges which monitor levels of radiation have been

developed for shipboard and research personnel. In recent months,

a new thermoluminescent dosimeter was developed at NRL which dis-

closes the effective energy level as well as the amount of x or gamma

radiation to which a person has been exposed.

*Based on a paper presented by Dr. Trumbull at the San Diego Biomedic al Engineering Symposium,

June 13, 1967

tSince this paper was written Dr. Reid has retired from federal service. He is now serving as Pro-

fessor of Biology, University of West Florida. Pensacola.
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The Navy as a Catalyst in 
Biomedical 18:ngineering* 

Richard Trumbull 
Research Director 

Office of Naval Research 

Roger D. Reidt 
Director, Biologi,cal Sciences Division 

Office of Naval Research 

The Navy's interest in biomedical engineering has been amply 
demonstrated by the long list of contributions made in this field, both 
through its own laboratories and through other research institutions 
supported by the Office of Naval Research. The broad range of this 
interest meets requirements for operations in many different media. 
It meets obligations for protection :, maintenance, and medical care of 
personnel in unique environments and unusual circumstances. It 
addresses itself to biological problems ranging from micro implants 
to macro merry-go-rounds for biomedical research. This article de­
scribes some of the Navy's accomplishments in this field. However, many 
remaining problems may be potentially soluble through biomedical 
engineering approaches. 

High-intensity noise from aircraft and engine rooms demanded that 
consideration be given to its effects on hearing and that something 
be done about it. Although this problem is shared by all the military 
services, it is especially critical on aircraft carriers where, as Joe Lewis 
said about the boxing ring, "There's no place to hide." As a result of 
Navy efforts, a "noise cumulator" was developed which records fre­
quencies and durations of noise fiellds. This device, which can be worn 
by a person during his normal duty hours, provides a history of his 
exposure to noise. By analyzing the data obtained by this device, the 
jointly supported Committee on Hearing and Bio-Acoustics was able to 
establish, for the first time, standards for audiometers and audiometry. 

The avy is also concerned with the radiation problem. In this regard, 
photographic film badges which monitor levels of radiation have been 
developed for shipboard and research personnel. In recent months, 
a new thermoluminescent dosimeter was developed at NRL which dis­
closes the effective energy level as well as the amount of x or gamma 
radiation to which a person has been exposed. 

*Based on a paper presented by Dr. Trumbull at llhe San Diego Biomedical Enginee ring S mposium, 
June 13, 1967 

tSince this paper wa w1itten Dr. Reid has retired from fede ral service. He is now serving as Pro­
fessor of Biology, niver it of West Flor ida, Pe nsacola. 
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The portable heart-lung machine developed at MIT

Naval personnel are often subject to prolonged submergence. Since

conditions encountered during submergence are comparable to those

encountered during long-term space missions, both the Navy and

NASA will continue to support research to develop sensing devices

capable of detecting small concentrations of radiation over long periods

of time. This, in turn, will lead to air monitoring for other purposes and,

ultimately, to scrubbing and regeneration. The Naval Research Lab-

oratory has played a major role in this area by pursuing the results

of contamination generation in Polaris-type submarines by paints, wire

coatings, and personnel practices.

When the Navy turned to Sealab studies, with their new air mixtures

and pressures, it was found that other equipment had to be modified.

Biotelemetry in hospitals is not the same as biotelemetry on the ocean

floor. Contacts placed on the body cannot be allowed to interfere with

operations or interact with body secretions or atmosphere. Also, they

must be powerful enough to transmit a signal through water and still

allow for processing. The Naval Medical Research Institute has taken

a first step in modifying this equipment by producing a six-pound sys-

tem which can transmit EEG, EKG, respiration, and temperature data

for periods up to 100 hours. Although this device has been used under

pressure suits in flight tests, it has not yet been in the Sealab environ-

ment.

In order to provide and maintain an axenic or "sterile" environment

in which to rear and maintain germ-free animals at the Laboratories

20

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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

The portable heart-lung machine developed at MIT 

Naval personnel are often subject to prolonged submergence. Since 
conditions encountered during submergence are comparable to those 
encountered during long-term space missions, both the Navy and 
NASA will continue to support research to develop sensing devices 
capable of detecting small concentrations of radiation over long periods 
of time. This, in turn, will lead to air monitoring for other purposes and, 
ultimately, to scrubbing and regeneration. The Na val Research Lab­
oratory has played a major role in this area by pursuing the results 
of contamination generation in Polaris-type submarines by paints, wire 
coatings, and personnel practices. 

When the Navy turned to Sealab studies, with their new air mixtures 
and pressures, it was found that other equipment had to be modified. 
Biotelemetry in hospitals is not the same as biotelemetry on the ocean 
floor. Contacts placed on the body cannot be allowed to interfere with 
operations or interact with body secretions or atmosphere. Also, they 
must be powerful enough to transmit a signal through water and still 
allow for processing. The Naval Medical Research Institute has taken 
a first step in modifying this equipment by producing a six-pound sys­
tem which can transmit EEG, EKG, respiration, and temperature data 
for periods up to 100 hours. Although this device has been used under 
pressure suits in flight tests, it has not yet been in the Sealab environ­
ment. 

In order to provide and maintain an axenic or "sterile" environment 
in which to rear and maintain germ-free animals at the Laboratories 
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of Bacteriology, University of Notre Dame (LOBUND), many bioengi-

neering problems had to be overcome. Environmental control is also

an aspect of the Navy's blood preservation program, a long-range pro-

ject where the constant search for blood preservatives, expanders,

and substitutes led to the development and application of cryobiological

techniques. Determining the correct rate of freezing, the optimum

preservative, and the final rate of thaw required to reconstitute a useful

product has been and continues to be a challenging venture. When

current problems have been resolved, miniaturized, power-inde-

pendent field or shipboard units will be installed. (See Naval Research

Reviews issue of May-June 1967, "Research on Biomedical Problems.")

The easily operated pump-oxygenator or heart-lung machine, which

was developed by the Massachusetts Institute of Technology under

ONR sponsorship, is particularly suitable for use aboard naval ships

and at small field hospitals. This completely portable unit, which

weighs only 50 pounds and occupies only 1.5 cubic feet, is sturdy and

can be handled by one person. Also, since logistics is of primary concern,

the fact that it has a one-liter priming volume as opposed to previous

requirements for five or six liters is important. (See Naval Research

Reviews issue of October 1963, "A New Heart-Lung Machine.")

Another item with much potential is the color-translating ultraviolet

microscope which allows analysis of unstained tissue and enhances

anatomical detail through differential absorption of ultraviolet wave-

lengths by the chemical compounds in biological tissues. A counterpart

to this device is found in holography, an extension of laser applications

which provides not only three-dimensional aspects but also accurate

representation of rapidly moving bodies through the pulsing light

energy. (See Naval Research Reviews issue of March 1967, "Holography

and the Third Dimension.")

A technique for obliterating brain aneurysms —bubble-like deformi-

ties that appear at weakened points in artery walls —was developed

by Dr. J. Gallagher, Georgetown University, under a contract with

ONR. An airgun, called a "pilojector," which was devised by Mr. H.

The airgun or "pilojector" developed at NRL
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of Bacteriology, University of Notre Dame (LOBUND), many bioengi­
neering problems had to be overcome. Environmental control is also 
an aspect of the Navy's blood preservation program, a long-range pro­
ject where the constant search for blood preservatives, expanders, 
and substitutes led to the development and application of cryobiological 
techniques. Determining the correct rate of freezing, the optimum 
preservative, and the final rate of thaw required to reconstitute a useful 
product has been and continues to be a challenging venture. When 
currcmt problems have been resolved, miniaturized, power-inde­
pendent field or shipboard units will be installed. (See Naval Research 
Reviews issue of May-June 1967, "Research on Biomedical Problems.") 

The easily operated pump-oxygenator or heart-lung machine, which 
was developed by the Massachusetts Institute of Technology under 
ONR sponsorship, is particularly suitable for use aboard naval ships 
and at small field hospitals. This completely portable unit, which 
weighs only 50 pounds and occupies only 1.5 cubic feet, is sturdy and 
can be handled by one person. Also, since logistics is of primary concern, 
the fact that it has a one-liter priming volume as opposed to previous 
requirements for five or six liters is important. (See Naval Research 
Reviews issue of October 1963, "A New Heart-Lung Machine.") 

Another item with much potential is the color-translating ultraviolet 
microscope which allows analysis of unstained tissue and enhances 
anatomical detail through differential absorption of ultraviolet wave­
lengths by the chemical compounds in biological tissues. A counterpart 
to this device is found in holography, an extension of laser applications 
which provides not only three-dimensional aspects but also accurate 
representation of rapidly moving ·bodies through the pulsing light 
energy. (See Naval Research Reviews issue of March 1967, "Holography 
and the Third Dimension.") 

A technique for obliterating brain aneurysms - bubble-like deformi­
ties that appear at weakened points in artery walls - was developed 
by Dr. J. Gallagher, Georgetown University, under a contract with 
ONR. An airgun, called a "pilojector," which was devised by Mr. H. 

The airgun or "-pilojector" developed at NRL 

21 

Digitized by 

Origi11al from 

UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 



Sealab II aquanaut wearing

a battery-operated, electrically-

heated suit which was evaluated

by the Navy in the Sealab II

experiment

Hagemeyer at the Naval Research Laboratory, propels a shaft of mam-

malian hair into the aneurysm, causing the blood in the interior to

clot and permanently close the opening. This development was a happy

merger of the talents of a contractor and a Navy laboratory. (See Naval

Research Reviews issue of August 1962, "A New Method for Obliterating

Dangerous Aneurysms of the Brain.")

In the field of vision, various types of goggles and binoculars have

been developed for protection against and compensation for environ-

mental conditions at sea and in the antarctic. In this regard, perhaps

the best protection against snow glare is the goggle designed in con-

nection with Project Deep Freeze.

Contact lenses were an early product of research sponsored by the

Navy. However, since they have a tendency to pop at high altitudes

and permit sediment and salt water easy access to the eye, they are not

adaptable for Navy use. There is still a need for better eye protection

and vision enhancement in underwater operations. However, vision

has profited from a plastic cornea, designed to replace corneal loss

through surgery or trauma, which has been developed under ONR

sponsorship (see Naval Research Reviews issue of May 1962, "The

Future of Tissue Transplantation").

Present efforts to develop visors for protection against intense flash

illumination draw upon optics, materials, and light sensors with ex-

tremely short response or reaction times. In this research, advantage

is being taken of crystal structure and polarization, thermopane con-

cepts, and other techniques. (See Naval Research Reviews of August 1965,

"Flash Blindness.")

22

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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

Sealab I I aquanaul wearing 
a battery-operated, electrically­
heated suit which was evaluated 
by the Navy in the Sealab II 
experiment 

Hagemeyer at the Naval Research Laboratory, propels a shaft of mam­
malian hair into the aneurysm, causing the blood in the interior to 
clot and permanently close the opening. This development was a happy 
merger of the talents of a contractor and a N a vy laboratory. (See Naval 
Research Reviews issue of August 1962, "A New Method for Obliterating 
Dangerous Aneurysms of the Brain.") 

In the field of vision , various types of goggles and binoculars have 
been developed for protection against and compensation for environ­
mental conditions at sea and in the antarctic. In this regard, perhaps 
the best protection against snow glare is the goggle designed in con­
nection with Project Deep Freeze. 

Contact lenses were an early product of research sponsored by the 
Navy. However, since they have a tendency to pop at high altitudes 
and permit sediment and salt water easy access to the eye, they are not 
adaptable for Navy use. There is still a need for better eye protection 
and vision enhancement in underwater operations. However, vision 
has profited from a plastic cornea, designed to replace corneal luss 
through surgery or trauma, which has been developed under ONR 
sponsorship (see Naval Research Reviews issue of May 1962, "The 
Future of Tissue Transplantation"). 

Present efforts to develop visors for protection against intense flash 
illumination draw upon optics, materials, and light sensors with ex­
tremely short response or reaction times. In this research, advantage 
is being taken of crystal structure and polarization, thermopane con­
cepts, and other techniques. (See Naval Research Reviews of August 1965, 
"Flash Blindness.") 
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Optimum garments for use in oceanographic projects such as the

Sealab experiments still need to be developed. There are two problems

here: determining the type of protection required and reducing the

length of time it takes to don the gear. The Navy has come a long way

in both of these areas, e.g., experimental thermally heated suits were

evaluated during Sealab II. However, much needs to be done before

Navy divers can enjoy relative comfort and confidence while living on

the ocean floor.

Cooking on the ocean bottom under increased pressure with a high

level of helium introduces problems concerning acceptable types of

food and food preservation and preparation. In this regard, plans are

being made to include an infra-red oven in the Sealab III experiment,

now planned for late 1967. This 4 X 21 X 16 inch oven will speed the

preparation of meals in the habitat: frozen prepackaged meals will be

cooked, ready-to-serve, in ten to 12 minutes. Other problems in the

man-in-the-sea program include closed loop systems of appropriate

gas mixtures and decompression techniques.

Many other contributions to bioengineering have arisen from re-

search interests that were not so Navy-oriented. For example, the Navy

has been interested in determining how the EEG is affected by the

various states of alertness or vigilance. Current research being con-

ducted at the Naval Hospital, San Diego, and a major symposium held

on sleep and sleep loss last May have provided new stimuli to this area

(see Naval Research Reviews issue of August 1967, "Sleep and Sleep

Loss-Their Effect on Performance"). There is evidence that the phasing

of sensory input in relation to the Alpha wave can result in different

responses. Thus, the gross state of alertness and the finer phase of

Alpha demand improved techniques for determining fatigue levels in

addition to the development of either a closed-loop compensation or

a read-out warning. Such a system might evolve from extending the

work mentioned above, from improved biochemical on-line assay, or

from some other direction.

A similar need, though at a different level, concerns chronic brain-

stem implants aimed at imparting phasing in hopes of dealing with

thalamic pain. The major purpose of this work is an attempt to under-

stand the output and potential avenues of input for the cortical system.

The development of such implants for picking signals from the brain

and intercepting them, as it were, for amplification, translation, or other

processing has many operational implications. Further, the development

of implants for picking up and telemetering signals, e.g., small button

transmitters which can be implanted under the skin, is of interest

to the Navy since they provide a means for improving the general level

of output from animal research.
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Optimum garments for use in oceanographic projects such a the 
Sealab experiments still need to be developed. There are two problems 
here: determining the type of protection required and reducing the 
length of time it takes to don the gear. The avy has come a long way 
in both of these areas, e.g., experimental thermally heated uits were 
evaluated during Sealab II. However, much needs to be done before 
Navy divers can enjoy relative comfort and confidence while living on 
the ocean floor. 

Cooking on the ocean bottom under increased pres ure with a high 
level of helium introduces problems concerning acceptable types of 
food and food preservation and preparation. In this regard, plans are 
being made to include an infra-red oven in the Sealab III experiment, 
now planned for late 1967. This 4 X 21 X 16 inch oven will speed the 
preparation of meals in the habitat: frozen prepackaged meals will be 
cooked, ready-to-serve, in ten to 12 minutes. Other problems in the 
man-in-the-sea program include closed loop systems of appropriate 
gas mixtures and decompression technique . 

Many other contributions to bioengineering have arisen from re­
search interests that were not so Navy-oriented. For example, the avy 
has been interested in determining how the EEG is affected by the 
various states of alertness or vigilance. Current research being con­
ducted at the Naval Hospital, San Diego, and a major symposium held 
on sleep and sleep loss last May have provided new stimuli to this area 
(see Naval Research Revuws issue of August 1967, "Sleep and Sleep 
Loss-Their Effect on Performance"). There is evidence that the phasing 
of sensory input in relation to the Alpha wave can result in different 
responses. Thus, the gross state of alertness and the finer phase of 
Alpha demand improved techniques for determining fatigue levels in 
addition to the development of either a closed-loop compensation or 
a read-out warning. Such a system might evolve from extending the 
work mentioned above, from improved biochemical on-line assay, or 
from some other direction. 

A similar need, though at a different level, concerns chronic brain­
stem implants aimed at imparting phasing in hopes of dealing with 
thalamic pain. The major purpose of this work is an attempt to under­
stand the output and potential avenues of input for the cortical system. 
The development of such implants for picking signals from the brain 
and intercepting them, as it were, for amplification, translation, or other 
processing has many operational implications. Further, the development 
of implants for picking up and telemetering signals, e.g., small button 
transmitters which can be implanted under the skin, is of interest 
to the Navy since they provide a means for improving the general level 
of output from animal research. 
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A suggestive area of such cortical influence might be the pituitary. It

has been demonstrated that the elimination of the pituitary function

allows rats to withstand accelerations three to four times greater than

normal, due to the change in distribution of available oxygen. Once

the site involved is understood, there is reason to believe that extirpation

can be replaced by stimulation. This same basic hypothesis should be

tested as other control areas are discerned.

The Navy has also been involved in controlling animals though this

avenue, e.g., providing support to Delgado for his work with bulls. These

animals, even when they are in full charge, can be stopped or turned

by transmitting a signal to the appropriate implant.

The military has long been in the forefront of merging bioelectronics

with controls. For example, an ONR contractor developed an extremely

strong but flexible electrode which could be implanted into eye muscles.

This implant permitted the appraisal of coordination, excursion, and

other parameters of optic control while the subject was reading or

performing other visual functions. Since it indicated quantitative pick-

off eye position, a function of particular interest in tracking, this

device is of major value to ophthalmology.

Many other research projects which concern full utilization of the

visual system are being supported by the Navy. These include a head-

mounted camera which measures eye movements under various condi-

tions and displays the results in real time; a special TV camera/optical

system which records eye position during visual search tasks and

"Hardiman" combines man's

dexterity, brainpower, and all-

around versatility with a ma-

chine's strength, size, and rugged-

ness
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A suggestive area of such cortical influence might be the pituitary. It 
has been demonstrated that the elimination of the pituitary function 
allows rats to withstand accelerations three to four times greater than 
normal, due to the change in distribution of available oxygen. Once 
the site involved is understood, there is reason to believe that extirpation 
can be replaced by stimulation. This same basic hypothesis should be 
tested as other control areas are discerned. 

The Navy has also been involved in controlling animals though this 
avenue, e.g., providing support to Delgado for his work with bulls. These 
animals, even when they are in full charge, can be stopped or turned 
by transmitting a signal to the appropriate implant. 

The military has long been in the forefront of merging bioelectronics 
with controls. For example, an ONR contractor developed an extremely 
strong but flexible electrode which could be implanted into eye muscles. 
This implant permitted the appraisal of coordination , excursion, and 
other parameters of optic control while the subject was reading or 
performing other visual functions. Since it indicated quantitative pick­
off eye position , a function of particular interest in tracking, this 
device is of major value to ophthalmology. 

Many other research projects which concern full utilization of the 
visual system are being supported by the Navy. These include a head­
mounted camera which measures eye movements under various condi­
tions and displays the results in real time; a special TV camera/optical 
system which records eye position during visual search tasks and 
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displays the results on a map, TV monitor, or other display, thus en-

abling the experimenter to see where the eye is looking; and a head-

mounted cathode-ray-tube display capable of presenting TV, radar,

or sonar data to an observer while, at the same time, permitting him to

move freely instead of being tied down to a particular display location.

The exoskeleton or "Hardiman" bioelectronic control system, the

development of which is being jointly sponsored by the Army and the

Navy, is due for prototype production later this year. The limits of this

system will be determined only by the imagination of the engineering

world. After years of studying the normal muscle and joint functioning

of man's arms and legs and determining the degrees of freedom neces-

sary to reproduce the majority of movements, man is being employed

as the feed or input to a system rigid enough to support heavy loads

over long periods and rough terrain. By simply following man's normal

movements, the "hands" are positioned for picking up and holding ob-

jects weighing in excess of 1000 pounds. The lifting and holding are ac-

complished by booster systems which are activated by muscle groups.

This device was originally designed to meet military needs for handling

large and heavy objects in limited space areas; however, the basic tech-

niques of control through muscle group coordination and input have

many implications for heavy machinery control. (See Naval Research Re-

views issue of July 1967, "ONR's Role in Human Factors Engineering.")

The Navy, because of its unique competence in certain areas, has also

turned its attention to solving problems of primary concern to other

government agencies. For example, disorientation, of prime concern

to NASA, is usually associated with the Naval Aerospace Medical

Center at Pensacola. Here, a human disorientation device, looking like

a giant cement mixer, is used to rotate man through three degrees of

freedom around one plane of his vestibular apparatus. At the same

time, it records as much physiological data as possible. All of this is

done with an accuracy of placement and control that is phenomenal.

Also, there is a circular room at NAMC that starts, accelerates, rotates,

and stops at imperceptible speeds. Finally, a "moon-room" where the

magnetic environment is controlled to a level of one thousandth of

that on earth is used to test the influence of that variable upon per-

formance.

To retrogress a bit, the Navy had no idea, when first faced with the

problem of protecting personnel from jet noise, that it would eventually

measure the sound levels or decide the standards for audiometers.

The same problem exists in developing polygraphs for stress measure-

ments, for which no specifications or standards exist. The Navy, in

cooperation with the Bureau of Standards, is currently developing those

standards while, at the same time, continuing to seek better techniques

for appraising the bodily state. This is parallel to the vigilance aspect

of cortical activity.
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displays the results on a map, TV monitor, or other display, thus en­
abling the experimenter to see where the eye is looking; and a head­
mounted cathode-ray-tube display capable of presenting TV, radar, 
or sonar data to an observer while, at the same time, permitting him to 
move freely instead of being tied down to a particular display location. 

The exoskeleton or "Hardiman" bioelectronic control system, the 
development of which is being jointly sponsored by the Army and the 
Navy, is due for prototype production later this year. The limits of this 
system will be determined only by the imagination of the engineering 
world. After years of studying the normal muscle and joint functioning 
of man's arms and legs and determining the degrees of freedom neces­
sary to reproduce the majority of movements, man is being employed 
as the feed or input to a system rigid enough to support heavy loads 
over long periods and rough terrain. By simply following man's normal 
movements, the "hands" are positioned for picking up and holding ob-
jects weighing in excess of I 000 pounds. The lifting and holding are ac­
complished by booster systems which are activated by muscle groups. 
This device was originally designed to meet military needs for handling 
large and heavy objects in limited space areas; however, the basic tech­
niques of control through muscle group coordination and input have 
many implications for heavy machinery control. (See Naval Research Re­
views issue of July 1967, "ONR's Role in Human Factors Engineering.") 

The Navy, because of its unique competence in certain areas, has also 
turned its attention to solving problems of primary concern to other 
government agencies. For example, disorientation, of prime concern 
to NASA, is usually associated with the Naval Aerospace Medical 
Center at Pensacola. Here, a human disorientation de_vice, looking like 
a giant cement mixer, is used to rotate man through three degrees of 
freedom around one plane of his vestibular apparatus. At the same 
time, it records as much physiological data as possible. All of this is 
done with an accuracy of placement and control that is phenomenal. 
Also, there is a circular room at NAMC that starts, accelerates, rotates, 
and stops at imperceptible speeds. Finally, a "moon-room" where the 
magnetic environment is controlled to a level of one thousandth of 
that on earth is used to test the influence of that variable upon per­
formance. 

To retrogress a bit, the Navy had no idea, when first faced with the 
problem of protecting personnel from jet noise, that it would eventually 
measure the sound levels or decide the standards for audiometers. 
The same problem exists in developing polygraphs for stress measure­
ments, for which no specifications or standards exist. The Navy, in 
cooperation with the Bureau of Standards, is currently developing those 
standards while, at the same time, continuing to seek better techniques 
for appraising the bodily state. This is parallel to the vigilance aspect 
of cortical activity. 
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In this regard, many people feel that a means for recording and

weighting physiological functions must be developed in order to pro-

vide an index of fatigue. This index would be of value in deciding crew

replacement or allocating critical decision-making functions. In the

meantime, those indices which have been obtained during periods

of stress, during group interactions, and in clinical settings' where

nature has short-circuited a system are being studied. Also, the bodily

centers that control temperature and other functions are being sought.

It is possible that man's normal homeostatic capability may be ex-

tended by using implanted, microminiaturized sensing and feedback

devices. If so, he may be able to adapt to a much wider range of environ-

mental stresses. The concept of a cell-sized, self-contained biosensor

arranged to elicit an autonomic response from a stimulating or regu-

lating mechanism could make the human body an in-line element in

man-machine or man-computer complexes. The potential for im-

proving on nature, either through the extension of normal capa-

bilities or correction of pathological states, well illustrates the type of

benefits which can be expected to accrue from the interaction of bio-

logical sciences with nonbiological technology.

Coast Guard Conducting Search

for Torpedoed WWII Tanker

The U.S. Coast Guard is currently conducting at-sea operations in search of the tanker

S.S. GULFTRADE, which was torpedoed off the New Jersey Coast in 1942. If the hulk

can be found, divers will descend in an attempt to obtain samples of the ship's hull plating,

fittings, and oil cargo. These samples will be analyzed in an attempt to determine if the

nearly 100 tankers sunk off the American shores during World War II are a potential oil

threat to United States coasts.

Although some of the oil cargo has undoubtedly leaked from the tanks of the sunken

ships, it is felt that a considerable amount of oil is still trapped in these containers. The

undersea examination, which is being conducted in response to President Johnson's

order for a water pollution study, is expected to determine the extent of potential pol-

lution from the trapped oil.

The Coast Guard ship SWEETGUM is being used as the operations platform for the

project. A decompression chamber and diving boxes were put aboard the SWEETGUM

at its home port in Mayport, Florida and additional equipment, including fathometers

and sonar gear, was installed at the St. George Coast Guard Base, Staten Island, New York.

GUl.FTRADE's position is approximately 12 miles offshore, some 38 miles northeast

of Atlantic City, New Jersey. Once the hulk is found, SWEETGUM will moor directly

overhead and act as a work platform for the divers. After scuba divers have assured

the identity of the hulk, "hard-hat" divers will descend to obtain samples to be used for

analysis. Underwater television cameras will be used to monitor the scene on the ocean

floor, and a tape recorder will be used to maintain a continuous recording of the findings

as described by the divers.

The Coast Guard hopes to complete the at-sea operations before the annual hurricane

season begins. Any further activity in connection with sunken hulks will be determined

after samples taken from GULFTRADE have been analyzed.
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In this regard, many people feel that a means for recording and 
weighting physiological functions must be developed in order to pro­
vide an index of fatigue. This index would be of value in deciding crew 
replacement or allocating critical decision-making functions. In the 
meantime, those indices which have been obtained during periods 
of stress, during group interactions, and in clinical settings' where 
nature has short-circuited a system are being studied. Also, the bodily 
centers that control temperature and other functions are being sought. 

It is possible that man's normal homeostatic capability may be ex­
tended by using implanted, microminiaturized sensing and feedback 
devices. If so, he may be able to adapt to a much wider range of environ­
mental stresses. The concept of a cell-sized, self-contained biosensor 
arranged to elicit an autonomic response from a stimulating or regu­
lating mechanism could make the human body an in-line element in 
man-machine or man-computer complexes. The potential for im­
proving on nature, either through the extension of normal capa­
bilities or correction of pathological states, well illustrates the type of 
benefits which can be expected to accrue from the interaction of bio­
logical sciences with nonbiological technology. 

Coast Guard Conducting Search 
for Torpedoed WWII Tanker 

The U.S. Coast Guard is currently conducting at-sea operations in search of the tanker 
S.S. GULFTRADE, which was torpedoed off the New Jersey Coast in 1942. If the hulk 
can be found , divers will descend in an attempt to obtain samples of the ship's hull plating, 
fittings, and oil cargo. These samples will be analyzed in an attempt to determine if the 
nearly l 00 tankers sunk off the American shores during World War II are a potential oil 
threat to United States coasts. 

Although some of the oil cargo has undoubtedly leaked from the tanks of the sunken 
ships , it is felt that a considerable amount of oil is still trapped in these containers. The 
undersea examination, which is being conducted in response to President Johnson's 
order for a water pollution study, is expected to determine the extent of potential pol­
lution from the trapped oil. 

The Coast Guard ship SWEETGUM is being used as the operations platform for the 
project. A decompression chamber and diving boxes were put aboard the SWEETGUM 
at its home port in Mayport, Florida and additional equipment, including fathometers 
and sonar gear, was installed at the St. George Coast Guard Base, Staten Island, New York. 

GULFTRADE's position is approximately 12 miles offshore , some 38 miles northeast 
of Atlantic City, New Jersey. Once the hulk is found, SWEETGUM will moor directly 
overhead and act as a work platform for the divers. After scuba divers have assured 
the identity of the hulk, "hard-hat" divers will descend to obtain samples to be used for 
analysis. Underwater television cameras will be used to monitor the scene on the ocean 
floor, and a tape recorder will be used to maintain a continuous recording of the findings 
as described by the divers. 

The Coast Guard hopes to complete the at-sea operations before the annual hurricane 
season begins. Any further activity in connection with sunken hulks will be determined 
after samples taken from GULFTRADE have been analyzed. 
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Research Notes

New X-Ray Sources Discovered

Dr. Herbert Friedman, Chief Scientist of NRL's E. O. Hulburt Center for Space Re-

search, recently disclosed three significant findings from a recent x-ray astronomy ex-

periment: the identification of quasars as producers of great masses of x-rays, the detection

of three x-ray sources not coincident with any known quasar or radio galaxy, and the

confirmation of the existence of a smooth background of x-rays which is believed to be

isotropic over the entire sky. The findings, which are the result of measurements by

instruments carried aloft by an Aerobee rocket launched from White Sands, New Mexico

on May 17, give new support to the theory that the entire universe is bathed in a virtual

sea of background x-rays.

Quasars (quasi-stellar radio sources) are star-like objects. However, they seem to emit

visible light at a greater rate than a whole galaxy. Also, they emit radio waves at rates

comparable to the strongest radio galaxies.

X-ray emissions were detected from four sources during the rocket flight. The quasar

3C-273, which consists of a stellar core of the 13th magnitude and a jet which spans about

130,000 light years, is the most powerful x-ray emitter thus far observed. Its x-ray lumi-

nosity is about 50 times that of its radio luminosity and about twice its visible luminosity.

It is possible that continuing explosive activity in this quasar, which is about 1.5 billion

light years from earth, repeatedly produces clouds of relativistic electrons in periods rang-

ing from a few days to many years.

The signals from the other three x-ray sources, comparable in flux to 3C-273, suggest

that these emitters are extragalactic.

Airglow Research at NRL

Orbiting vehicles have greatly increased the opportunities for research into the nature

of the upper atmosphere. One such opportunity is the study of the night airglow layer,
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Research Notes 

New X-Ray Sources Discovered 

Dr. Herbert Friedman, Chief Scientist of NRL's E. 0. Hulburt Center for Space Re­
search, recently disclosed three significant findings from a recent x-ray astronomy ex­
periment: the identification of quasars as producers of great masses of x-rays, the detection 
of three x-ray sources not coincident with any known quasar or radio galaxy, and the 
confirmation of the existence of a smooth background of x-rays which is believed to be 
isotropic over the entire sky. The findings, which are the result of measurements by 
instruments carried aloft by an Aerobee rocket launched from White Sands, New Mexico 
on May_ 17, give new support to the theory that the entire universe is bathed in a virtual 
sea of background x-rays. 

Quasars (quasi-stellar radio sources) are star-like objects. However, they seem to emit 
visible light at a greater rate than a whole galaxy. Also, they emit radio waves at rates 
comparable to the strongest radio galaxies. 

X-ray emissions were detected from four sources during the rocket flight. The quasar 
3C-273, which consists of a stellar core of the 13th magnitude and a jet which spans about 
130,000 light years, is the most powerful x-ray emitter thus far observed. Its x-ray lumi­
nosity is about 50 times that of its radio luminosity and about twice its visible luminosity. 
It is possible that continuing explosive activity in this quasar, which is about 1.5 billion 
light years from earth, repeatedly produces clouds of relativistic electrons in periods rang­
ing from a few days to many years. 

The signals from the other three x-ray sources, comparable in flux to 3C-273, suggest 
that these emitters are extragalactic. 

Airglow Research at NRL 

Orbiting vehicles have greatly increased the opportunities for research-into the nature 
of the upper atmosphere. One such opportunity is the study of the night airglow layer, 
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which emits a faint light from several atmospheric constituents at an altitude of approxi-

mately 60 miles. The layer can be observed "edge on" from orbiting altitudes and, for the

first time, can be studied on a truly global scale.

A major difficulty in photographing the layer has been its dimness. Very fast photo-

graphic systems and exposures of one minute or more were required when color filters

were used on the camera to isolate specific emissions. One solution to this problem is

using a low-light-level television system developed by GE for the Naval Air Development

Center, Johnsville, Pa. It was successfully used with short exposure times to record the

airglow from Gemini XI last September in a joint experiment by the University of Min-

nesota and Dudley Observatory.

Direct photography of the layer has been successful in airglow experiments designed

for the Mercury and the Gemini orbiting vehicles by the University of Minnesota and

the Naval Research Laboratory, respectively. A new and more compact tool for night air-

glow study was successfully used by NRL in an Aerobee rocket flight from White Sands

Missile Range on June 19. The equipment consisted of a conventional (f/2.8) camera

•and film with an image intensifier tube interposed between. Narrow band interference

filters were used to isolate both the oxygen green emission and the sodium yellow emission

on the film. Small altitude and intensity differences between the two emissions were easily

measurable from a four-second exposure. The photographs also verified the presence

of peculiarities in the layer, such as an apparent splitting into a double layer. This had

been indicated in earlier photographs, but was doubted because of the long exposures and

consequent blurring involved.

With the present easy availability of high aperture lenses (f/\.0) and fast film, the image

intensifier will allow "snapshot" exposures of the airglow to be made from orbiting

vehicles with hand-held cameras. This should greatly simplify global airglow studies

from manned spacecraft.

Navy Announces Establishment of

Maury Center for Ocean Science

The Navy recently announced the establishment of the Maury Center for Ocean Science

at the Naval Research Laboratory, Washington, D.C., to bring together a number of

ocean science activities under a single director. The Center is named for CDR Matthew

Fontaine Maury, USN, pioneer Navy oceanographer, whose book, Physical Geography of

the Sea, published in 1855, was the first textbook in modern oceanography.

The Oceanographer of the Navy, RADM O. D. Waters, said the purpose of the center

is to achieve maximum use of available resources; increase interaction between Navy

contract and internal programs; improve information exchanges; and provide a broader

basis for definition, review and assessment of the total Navy ocean science program,

its response to Navy needs, and relationship to other national programs.

The Maury Center is under the jurisdiction of RADM Thomas B. Owen, Assistant

Oceanographer of the Navy for Ocean Science. The director is Dr. J. Brackett Hersey,

Deputy Assistant Oceanographer for Ocean Science. Prior to August 1966, Dr. Hersey

was Chairman of the Geophysics Department, Woods Hole Oceanographic Institution,

Woods Hole, Massachusetts.

The nucleus of the Center, which is primarily a coordinating facility, is made up of

four groups now at the Naval Research Laboratory. They are the Ocean Science and

Technology Group, Office of Naval Research; elements of the Ocean Science and Engi-

neering Division, Naval Research Laboratory; the Research and Development Depart-

ment, Naval Oceanographic Office; and the Undersea Surveillance Oceanographic Center,

Naval Oceanographic Office. Each group will remain under the administrative and

management control of its parent organization.
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which emits a faint light from several atmospheric constituent at an altitude of approxi­
mately 60 miles. The layer can be observed "edge on" from orbiting altitudes and, for the 
first time, can be studied on a truly global scale. 

A major difficulty in photographing the layer has been its dimness. Very fast photo­
graphic systems and exposures of one minute or more were required when color filters 
were used on the camera to isolate specific emissions. One solution to this problem is 
using a low-light-level television system developed by GE for the aval Air Development 
Center, Johnsville, Pa. It was successfully used with short exposure times to record the 
airglow from Gemini XI last September in a joint experiment by the University of Min­
nesota and Dudley Observatory. 

Direct photography of the layer has been successful in airglow experiments designed 
for the Mercury and the Gemini orbiting vehicles by the University of Minnesota and 
the Naval Research Laboratory, respectively. A new and more compact tool for night air­
glow study was successfully used by NR~ in an Aerobee rocket flight from White Sands 
Missile Range on June 19. The equipment consisted of a conventional (j/2.8) camera 

-and film with an image intensifier tube interposed between. Narrow band interference 
filters were used to isolate both the oxygen green emission and the sodium yellow emission 
on the film. Small altitude and intensity differences between the two emissions were easily 
measurable from a four-second exposure. The photographs also verified the presence 
of peculiarities in the layer, such as an apparent splitting into a double layer. This had 
been indicated in earlier photographs, but was doubted because of the long exposures and 
consequent blurring involved. 

With the present easy availability of high aperture lenses (f/1.0) and fast film, the image 
intensifier will allow "snapshot" exposures of the airglow to be made from orbiting 
vehicles with hand-held cameras. This should greatly simplify global airglow studies 
from manned spacecraft. 

Navy Announces Establishment of 
Maury Center for Ocean Science 

The avy recently announced the establishment of the Maury Center for Ocean Science 
at the aval Research Laboratory, Washington, D.C., to bring together a number of 
ocean science activities under a single director. The Center is named for CDR Matthew 
Fontaine Maur , US , pioneer avy oceanographer, whose book, Physical Geography of 

the Sea, published in 1855, was the first textbook in modern oceanography. 
The Oceanographer of the Navy, RADM 0. D. Waters, said the purpose of the center 

i to achieve maximum use of available resources; increase interaction between Navy 
contract and internal programs; improve information exchanges; and provide a broader 
basis for definition, review and assessment of the total avy ocean science program, 
its response to avy needs, and relationship to other national programs. 

The Maury Center is under the jurisdiction of RADM Thomas B. Owen, Assistant 
Oceanographer of the Navy for Ocean Science. The director is Dr. J. Brackett Hersey, 
Deputy Assistant Oceanographer for Ocean Science. Prior to August 1966, Dr. Hersey 
was Chairman of the Geophysic Department, Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts. 

The nucleus of the Center, which is primarily a coordinating facility, is made up of 
four groups now at the aval Research Laboratory. They are the Ocean Science and 
Technology Group, Office of ava l Research; elements of the Ocean Science and Engi­
neering Division, Naval Research Laboratory; the Research and Development Depart­
ment, Naval Oceanographic Office; and the Undersea Surveillance Oceanographic Center, 
Naval Oceanographic Office. Each group will remain under the administrative and 
management control of its parent organization. 
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Other organizations involved with the Navy's ocean science programs will be associated

with the Center. A coordinating council will be set up, headed by the director of the

Center. Its members will be directors of participating groups and representatives of the

Navy's Systems Commands and Offices.

Swordfish Attacks ALVIN

The day began normally

enough. It was Thursday, July

6, 1967. Skies were clear; the

sea, calm. ALVIN, the Navy's

unique underwater research sub-

marine, was launched from its

catamaran and began its 202nd

dive. Pilots Marvin McCamis and

Valentine Wilson and Observer

Edward Zarudski, a geologist

from the Woods Hole Oceano-

graphic Institution, made up the

crew.

Once on the bottom —a depth

of 1985 feet —the crew held

ALVIN in a stationary position

while various scientific measure-

ments were taken and recorded.

McCamis had the conn; Wilson

stood near the starboard window.

Suddenly Wilson observed what

looked like a six-foot-long black

rock 30 or 40 feet away. When, a

few minutes later, the pilots lifted ALVIN off the bottom to an altitude of about five feet,

the black "rock" came to life. As the dark shape charged the submarine at high speed,

the crew could see that it was no rock but a swordfish, apparently angered at ALVIN for

disturbing its habitat. The fish closed in on the offending submarine, striking it in the

joint between the forebody and afterbody immediately forward of the starboard window.

Indeed, the force was so great that the fish's sword was driven in up to the hilt, about

two and one half feet. As a result, the fish was securely wedged in the submarine. It was

stunned for several minutes and then violently tried to withdraw.

When the crew saw what had happened, they checked out all systems to determine

whether any damage had occurred. The only abnormal indication was a slight inter-

mittent leak detector indication. With the concurrence of Observer Zarudski and the

surface controller, the pilots decided to terminate the dive immediately.

When ALVIN broke the surface, the swordfish was still securely trapped. However,

in its efforts to free itself, the fish had nearly broken its sword through. Swimmers passed

a line over its tail, thence to ALVIN's sail, and hoisted submarine, fish, and all aboard

the catamaran.

After a complete inspection and postdive checkout, it was determined that ALVIN had

not been damaged; there were only a few scratches in its fiberglas skin. The sea denizen's

attack had nothing to do with the slight leak detector indication.

The swordfish was removed; succulent steaks were enjoyed by all. ALVIN, shaken

but unharmed, returned to the sea.
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Other organizations involved with the Navy's ocean science programs will be associated 
with the Center. A coordinating council will be set up, headed by the director of the 
Center. Its members will be directors of participating groups and representatives of the 
Navy's Systems Commands and Offices. 

Swordfish Attacks AL VIN 

The day began normally 
enough. It was Thursday, July 
6, 1967. Skies were clear; the 
sea, calm. ALVI , the Navy's 
unique underwater research sub­
marine, was launched from its 
catamaran and began its 202nd 
dive. Pilots Marvin McCamis and 
Valentine Wilson and Observer 
Edward Zarudski, a geologist 
from the Woods Hole Oceano­
graphic Institution, made up the 
crew. 

Once on the bottom - a depth 
of 1985 feet- the crew held 
AL VI in a stationary position 
while various scientific measure­
ments were taken and recorded. 
McCamis had the conn; Wilson 
stood near the starboard window. 
Suddenly Wilson observed what 
looked like a six-foot-long black 
rock 30 or 40 feet away. When, a 
few minutes later, the pilots lifted ALVIN off the bottom to an altitude of about five feet, 
the black "rock" came to life. As the dark shape charged the submarine at high speed, 
the crew could see that it was no rock but a swordfish , apparently angered at AL VI for 
disturbing its habitat. The fish closed in on the offending submarine, striking it in the 
joint between the forebody and afterbody immediately forward of the starboard window. 
Indeed, the force was so great that the fish's sword was driven in up to the hilt, about 
two and one half feet. As a result, the fish was securely wedged in the submarine. It was 
stunned for several minutes and then violently tried to withdraw. 

When the crew saw what had happened, they checked out all systems to determine 
whether any damage had occurred. The only abnormal indication was a slight inter­
mittent leak detector indication. With the concurrence of Observer Zarudski and the 
surface controller, the pilots decided to terminate the dive immediately. 

When ALVI broke the surface, the swordfish was still securely trapped. However, 
in its efforts to free itself, the fish had nearly broken its sword through. Swimmers passed 
a line over its tail, thence to ALVIN's sail, and hoisted submarine, fish , and all aboard 
the catamaran. 

After a complete inspection and postdive checkout, it was determined that ALVIN had 
not been damaged; there were only a few scratches in its fiberglas skin. The sea denizen's 
attack had nothing to do with the slight leak detector indication. 

The swordfish was removed; succulent steaks wern enjoyed by all. ALVIN, shaken 
but unharmed, returned to the sea. 
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On the Naval Research Reserve

Roster of Research Reserve Companies

There are 97 Research Reserve companies located throughout the United States.

These companies are listed below by Naval Districts. The time and place of meeting,

address, and name of the commanding officer are included.

FIRST NAVAL DISTRICT

NRRC 1-1

1930, 1st & 3rd Mondays; Room 4-270,

M.I.T., 77 Massachusetts Ave., Cambridge,

Mass. 02138. (CDR Paul St. George, USNR,

58 Elmhurst Road, Newton, Mass. 02158)

NRRC 1-2

1930, 1st & 3rd Wednesdays; U.S. Naval

& Marine Corps Reserve Training Center,

Fields Point, Providence, R.I. 02905.

(LT Raymond B. Larter, USNR, 147

Harbor Road, So. Swansea, Mass. 02777.)

NRRC 1-3

1930, 1st & 3rd Tuesdays. (No meetings

during July and August.) Room 214, Dick-

inson Hall, University of Massachusetts,

Amherst, Mass. 02103. (LT Edward A.

Walsh, USNR, 194 Notch Road, North

Adams, Mass. 01247.)

NRRC 1-5

1930, 1st & 3rd Mondays. (No meetings

during July and August.) Higgins Library,

Seminar Room, Worcester Polytechnic In-

stitute, Worcester, Mass. 01609. (LCDR

Joseph C. Curtis, USNR, Putnam Road,

Holden, Mass. 01520.)

NRRC 1-7

2000, 1st & 3rd Tuesdays. (No drills sched-

uled First Quarter.) Dartmouth Medical

School, Room 524, Hanover, N.H. 03755.

(LT Paul W. Chapman, USNR, RD #1,

Box 494-B, Springfield, Vt. 05156.)

THIRD NAVAL DISTRICT

NRRC 3-1

1830, 1st & 3rd Thursdays; 820 United

Nations Plaza, New York, N.Y. 10017.

(CDR Martin A. Rizack, USNR, 318 War-

wick Ave., Teaneck, N.J. 07666.)

NRRC 3-2

1930, 2nd & 4th Mondays; U.S. Merchant

Marine Academy, Kings Point, N.Y. 11024.

(LT Ralph F. Ghetti, USNR, 311 Andrews

Road, Mineola, N.Y. 11501.)

NRRC 3-3

2000, alternate Mondays; Room G14A,

School of Medicine, University of Buffalo,

Buffalo, N.Y. 14214. (CDR Maurice E.

Taylor, USNR, 5363 Elm Drive, Lewiston,

N.Y. 14092.)

NRRC 3-4

2000, alternate Mondays; Bausch & Lomb

Hall, Room 106, University of Rochester,

Rochester, N.Y. 14627. (LCDR Edward R.

Schickler, USNR, 990 Pear Tree Lane,

Webster, N.Y. 14580.)

NRRC 3-5

2000, alternate Thursdays; Hartford Elec-

tric Building, Wolcott Hill Road, Wethers-

field, Conn. 06169. (LCDR Edward C.

Toops, USNR, 179 Westledge Road, West

Simsbury, Conn. 06092.)

NRRC 3-7

2000, 2nd 8c 4th Thursdays; U.S. Naval

Reserve Training Center, Scotia, N.Y.

12302. (LCDR Frederick G. Baily, USNR,

Jockey St., RD #1, Ballston Spa, N.Y.

12020.)

NRRC 3-8

1900, 2nd & 4th Tuesdays; Young &

Rubicam, Inc., 40th St., 16th Floor, 285

Madison Ave., New York, N.Y. 10017.

(LCDR Vincent J. Gentile, USNR, 100 B.

Cedar Lane, Highland Park, N.J. 08904.)

NRRC 3-9

1930, 2nd & 3rd Wednesdays; Brookhaven

National Laboratory, Upton, L.I., N.Y.

11973. (CAPT Victor P. Bond, USNR,

Cedar Lane, Setauket, L.I., N.Y. 11785.)
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On the Naval Research Reserve 
Roster of Research Reserve Companies 

There are 97 Research Reserve companies focated throughout the United States. 
These companies are listed below by Naval Districts. The time and place of meeting, 
address, and name of the commanding officer are included. 

FIRST NAVAL DISTRICT 

RRC 1-1 
1930, 1st & 3rd Mondays; Room 4-270, 
M.I.T., 77 Massachusetts Ave., Cambridge, 
Mass. 02138. (CDR Paul St. George, US R, 
58 Elmhurst Road, Newton, Mass. 02158) 

NRRC 1-2 
1930, 1st & 3rd Wednesdays; U.S. aval 
& Marine Corps Reserve Training Center, 
Fields Point, Providence, R.I. 02905. 
(LT Raymond B. Larter, USNR, 147 
Harbor Road, So. Swansea, Mass. 02777.) 

NRRC 1-3 
1930, 1st & 3rd Tuesdays. (No meetings 
during July and August.) Room 214, Dick­
inson Hall, University of Massachusetts, 
Amherst, Mass. 02103. (LT Edward A. 
Walsh, USNR, 194 otch Road, North 
Adams, Mass. 01247.) 

NRRC 1-5 
1930, I st & 3rd Mondays. (No meetings 
during July and August.) Higgins Library, 
Seminar Room, Worcester Polytechnic In­
stitute, Worcester, Mass. 01609. (LCDR 
Joseph C. Curtis, USNR, Putnam Road, 
Holden, Mass. 01520.) 

NRRC 1-7 
2000, 1st & 3rd Tuesdays. ( o drills sched­
uled First Quarter.) Dartmouth Medical 
School, Room 524, Hanover, N.H. 03755. 
(LT Paul W. Chapman, USNR, RD # 1, 
Box 494-B, Springfield, Vt. 05156.) 

THIRD NAVAL DISTRICT 

NRRC 3-1 
1830, 1st & 3rd Thursdays; 820 United 
Nations Plaza, New York, N.Y. 10017. 
(CDR Martin A. Rizack, USNR, 318 War­
wick Ave., Teaneck, N.J. 07666.) 
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NRRC 3-2 
1930, 2nd & 4th Mondays; U.S. Merchant 
Marine Academy, Kings Point, N.Y. 11024. 
(LT Ralph F. Ghetti, USNR, 311 Andrews 
Road, Mine9la, N.Y. 11501.) 

NRRC 3-3 
2000, alternate Mondays; Room G 14A, 
School of Medicine, University of Buffalo, 
Buffalo, N.Y. 14214. (CDR Maurice E. 
Taylor, USNR, 5363 Elm Drive, Lewiston, 
N.Y. 14092.) 

RRC 3-4 
2000, alternate Mondays; Bausch & Lomb 
Hall, Room 106, University of Rochester, 
Rochester, .Y. 14627. (LCDR Edward R. 
Schickler, US R, 990 Pear Tree Lane, 
Webster, N.Y. 14580.) 

NRRC 3-5 
2000, alternate Thursdays; Hartford Elec­
tric Building, Wolcott Hill Road, Wethers­
field, Conn. 06169. (LCDR Edward C. 
Toops, USNR, 179 Westledge Road , West 
Simsbury, Conn. 06092.) 

NRRC 3-7 
2000, 2nd & 4th Thursdays; U.S. aval 
Reserve Training Center, Scotia, N.Y. 
12302. (LCDR Frederick G. Baily, USNR, 
Jockey St., RD #1 , Ballston Spa, N.Y. 
12020.) 

NRRC 3-8 
1900, 2nd & 4th Tuesdays; Young & 
Rubicam, Inc. , 40th St., 16th Floor, 285 
Madison Ave. , New York , N.Y. 10017. 
(LCDR Vincent J. Gentile, USN R, I 00 B. 
Cedar Lane, Highland Park, N .J. 08904.) 

NRRC 3-9 
1930, 2nd & 3rd Wednesdays; Brookhaven 
National Laboratory, Upton, LI. , N.Y. 
11973. (CAPT Victor P. Bond, USNR, 
Cedar Lane, Setauket, L.I., N.Y. 11785.) 
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NRRC 3-14

1800, 1st & 3rd Tuesdays; U.S. Naval

Reserve Training Center, 75 Oakley St.,

Poughkeepsie, N.Y. 12601. (CDR William

W. Lang, USNR, Hornbeck Ridge, Pough-

keepsie, N.Y. 12603.)

NRRC 3-16

2000, 1st & 3rd Thursdays; Yale Univer-

sity, NROTC Unit, Hammond Laboratory,

14 Mansfield St., New Haven, Conn. 06511.

(LCDR C. Marshal] Davidson, USNR,

22 Lawrence Road, Hamden, Conn.

06514.)

NRRC 3-17

1730, alternate Tuesdays, Columbia Uni-

versity Club, 44 West 43rd St., New York,

N.Y. 10028. (LCDR Philip B. DeVries,

USNR, 3 Old Oak Road, Port Chester, N.Y.

10573.)

NRRC 3-18

1945, 1st & 3rd Mondays; Marshall Hall,

State University College of Forestry,

Syracuse University, Syracuse, N.Y. 13210.

(CDR John B. Simeone, USNR, 839 Cum-

berland Ave., Syracuse, N.Y. 13210.)

FOURTH NAVAL DISTRICT

NRRC 4-1

2000, alternate Wednesdays, 10 Cuyot Hall,

Princeton, N.J. 08540. (CAPT David M.

Jewett, USNR, 22 Sunset Boulevard, East

Brunswick, N.J. 08816.)

NRRC 4-3

2000, alternate Thursdays; U.S. Naval &

Marine Corps Reserve Training Center,

4902 Forbes St., Pittsburgh, Pa. 15213.

(LCDR Howard B. Finley, USNR, 392 Sab-

bath Drive, Pittsburgh, Pa. 15236.)

NRRC 4-4

1900, alternate Mondays; 316 Wagner

Building, Pennsylvania State University,

University Park, Pa. 16801. (LT John D.

Sink, USNR, 100 Oakmont Road, State

College, Pa. 16801.)

NRRC 4-5

2000, alternate Mondays; U.S. Naval &

Marine Corps Reserve Training Center,

3920 Kirkwood Highway, Wilmington, Del.

19808. (LCDRJames S. Linderman, USNR,

1515 Brandywine Boulevard, Wilmington,

Del. 19809.)

NRRC 4-7

1930, altei nate Thursdays. (No meetings

during August.) Battelle Memorial In-

stitute, South Conference Room, 505 King

Ave., Columbus, Ohio 43201. (LCDR

Robert D. LaRue, USNR, 3574 Paris

Boulevard, Westerville, Ohio 43081.)

NRRC 4-8

1800, alternate Mondays; U.S. Naval 8c

Marine Corps Reserve Training Center,

1089 East 9th St., Cleveland, Ohio 44114.

(LCDR Gordon D. Pred, USNR, 23401 Ef-

fingham Road, Euclid, Ohio 44117.)

NRRC 4-11

1900, alternate Tuesdays; U.S. Naval &

Marine Corps Reserve Training Center,

Gilbert Ave. at Victory Pkwy, Room 37,

Cincinnati, Ohio 45227. (LCDR William

R. Crawford, USNR, 6973 Miami Bluff

Drive, Cincinnati, Ohio 45227.)

NRRC 4-12

1930, alternate Tuesdays. (No meetings

during July and August.) Technical Train-

ing Building, U.S. Naval Air Station, Wil-

low Grove, Pa. 19090. (CDR John P.

Burich, USNR, 123 Waverly Road, Wyn-

cote, Pa. 19095.)

NRRC 4-13

1930, 1st & 3rd Mondays; Franklin Inst.,

20th St. and Parkway, Philadelphia, Pa.

19112. (LCDR William W. Dickhart,

USNR, 6613 Emlen St., Philadelphia, Pa.

19119.)

FIFTH NAVAL DISTRICT

NRRC 5-2

2000, Mondays. (No meetings during July

and August.) Room 310, Hutcheson Hall,

Virginia Polytechnic Institute, Blacksburg,

Va. 24061. (LT William P. Harrison, Jr.,

USNR, P.O. Box 747, Blacksburg, Va.

24060.)
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NRRC 3-14 
1800, 1st & 3rd Tuesdays; U.S . Naval 
Reserve Training Center, 75 Oakley St., 
Poughkeepsie, .Y. 12601. (CDR William 
W. Lang, USNR, Hornbeck Ridge, Pough­
keepsie, .Y. 12603.) 

NRRC 3-16 
2000, I st & 3rd Thursdays; Yale Univer­
sity, NROTC Unit, Hammond Laboratory, 
14 Mansfield St., ew Haven, Conn. 06511. 
(LCDR C. Marshall Davidson, US R, 
22 Lawrence Road, Hamden, Conn. 
06514.) 

NRRC 3-17 
1730, alternate Tuesdays, Columbia Uni­
versity Club, 44 West 43rd St., New York, 
N.Y. 10028. (LCDR Philip B. DeVries, 
US R, 3 Old Oak Road, Port Chester, .Y. 
10573.) 

NRRC 3-18 
1945, 1st & 3rd Mondays; Marshall Hall, 
State University College of Forestry, 
Syracuse University, Syracuse, .Y. 13210. 
(CDR John B. Simeone, US R, 839 Cum­
berland Ave., Syracuse, N.Y. 13210.) 

FOURTH NAVAL DISTRICT 

NRRC 4-1 
2000, alternate Wednesdays, 10 Guyot Hall, 
Princeton, .J. 08540. (CAPT David M. 
Jewett, USNR, 22 Sunset Boulevard, East 
Brunswick, .J. 08816.) 

RRC 4-3 
2000, alternate Thursda s; U.S . aval & 
Marine Corps Reserve Training Center, 
4902 Forbes St., Pittsburgh, Pa. 15213. 
(LCDR Howard B. Finle , R, 392 a1b­
bath Drive, Pittsburgh, Pa. 15236.) 

NRRC4-4 
1900, alternate Mondays; 316 Wagner 
Building, Pennsylvania State Un°iversi1ty, 
University Park, Pa. 16801. (LT John JD. 
Sink, US R, 100 Oakmont Road , State 
College, Pa. 16801.) 

. RRC 4-5 
2000, alternate Mondays; U.S. aval & 
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Marine Corps Reserve Training Center, 
3920 Kirkwood Highway, Wilmington, Del. 
19808. (LCDRJames S. Linderman, US R, 
1515 Brandywine Boulevard, Wilmington, 
Del. 19809.) 

NRRC 4-7 
1930, alternate Thursdays. ( o meetings 
during August.) Battelle Memorial In­
stitute, South Conference Room, 505 King 
Ave., Columbus, Ohio 43201. (LCDR 
Robert D. LaRue, USNR, 3574 Paris 
Boule ard, Westerville, Ohio 43081.) 

RRC4-8 
1800, alternate Mondays; U.S. aval & 
Marine Corps Reserve Training Center, 
1089 East 9th St., Cleveland, Ohio 44114. 
(LCDR Gordon D. Pred, USNR, 23401 Ef­
fingham Road, Euclid, Ohio 44117.) 

RRC 4-11 
1900, alternate Tuesdays; U.S. a val & 
Marine Corps Reserve Training Center, 
Gilbert Ave. at Victory Pkwy, Room 37, 
Cincinnati, Ohio 45227. (LCDR William 
R. Crawford, US R, 6973 Miami Bluff 
Drive, Cincinnati, Ohio 45227.) 

RRC 4-12 
1930, alternate Tuesdays. ( o ·meetings 
during July and August.) Technical Train­
ing Building, U.S. aval Air Station, Wil­
low Grove, Pa. 19090. (CDR John P. 
Burich, US R, 123 Waverly Road, Wyn­
cote, Pa. 19095.) 
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RRC 4-13 
1930, 1st & 3rd Mondays; Franklin Inst. , 
20th St. and Parkway, Philadelphia, Pa. 
19112. (LCDR William W. Dickhart, 
US R, 6613 Emlen t., Philadelphia, Pa. 
19119.) 

FIFTH AV AL DISTRICT 

RRC 5-2 
2000, Monday . ( o meetings during July 
and ugust.) Room 310, Hutcheson Hall, 
Virginia Polytechnic Institute, Blacksburg, 
Va. 24061. (LT William P. Harrison, Jr., 
US R, P.O. Box 747, Blacksburg, Va . 
24060.) 
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NRRC 5-3

1930, 1st & 3rd Tuesdays; Building 560,

Fort Detrick, Frederick, Md. 21701.

(LCDR Robert E. Boyle, MSG, USNR,

Route #7,Eastvie\v, Frederick, Md. 21701.)

NRRC 5-4

1945, 1st & 3rd Thursdays; Board of Edu-

cation Building, 3 East 25th St., Baltimore,

Md. 21218. (LTJohn M. Backer, USNR,

1913 Cedric Road, Baltimore, Md. 21216.)

NRRC 5-8

2000, 1st & 3rd Thursdays; National

Academy of Sciences, 2102 Constitution

Ave., N.W/, Washington, D.C. 20418. (CDR

Julian C. Nail, USNR, 4631 N. 27th St.,

Arlington, Va 22207.)

NRRC 5-9

1630, 1st 8c 3rd Fridays (except during

First Quarter, meetings are alternate

Wednesdays); U.S. Naval Research Labora-

tory, 4555 Overlook Ave., Washington,

D.C. 20390. (LCDR Herschel L. Smith, Jr.,

USNR, 6464 Hemlock Place, S.E., Temple

Hills Park, Md. 20031.)

NRRC 5-10

2000, 2nd 8c 4th Tuesdays; Naval Medical

Research Institute, National Naval Medical

Center, Bethesda, Md. 20014. (LT Alex-

ander J. Barton, USNR, 3818 N. Vernon

St., Arlington, Va. 22207.)

NRRC 5-11

2000, 2nd & 4th Tuesdays; Conference

Room, Naval Ship Research and Develop-

ment Center, Annapolis, Md. 21402.

(CDR William B. Huckenpoehler, Jr.,

1947 Fairfax Road, Annapolis, Md. 21401.)

NRRC 5-12

1900, 2nd & 4th Mondays; Building 1200,

Room A135, U.S. Naval Weapons Labora-

tory, Dahlgren, Va. 22448. (LCDR Don

J. Ammerman, USNR, P.O. Box 501,

Dahlgren, Va. 22448.)

SIXTH NAVAL DISTRICT

NRRC 6-1

1930, 1st, 2nd & 3rd Thursdays. (No meet-

ings during First Quarter.) U.S. Naval &

Marine Corps Reserve Training Center,

274 Fifth St., N.W., Atlanta, Ca. 30318.

(LT Donald A. Reddicks, USNR, 5320

Roswell Road, N.E., Apt. J-2, Atlanta,

Ga. 30305.)

NRRC 6-2

1900, 1st 8c 3rd Mondays; 204 Funchess

Hall, Auburn University, Auburn, Ala.

36830. (LT Robert E. Hammett, USNR,

P.O. Box 1069, Auburn, Ala. 36830.)

NRRC 6-3

1930, 2nd & 4th Wednesdays; U.S. Army

Reserve Armory, Elza Gate, Oak Ridge,

Tenn. 37830. (LCDR Samuel G. Campbell,

USNR, P.O. Box N, Oak Ridge, Tenn.

37830.)

NRRC 6-4

1915, 1st 8c 3rd Tuesdays; U.S. Naval Re-

serve Training Center, 1300 N.E. 8th Ave.,

Gainesville, Fla. 32601. (LCDR Harry F.

Hollien, USNR, 1000 N.W. 39th Drive,

Gainesville, Fla 32601.)

NRRC 6-5

1930, 1st, 3rd 8c 5th Mondays; U.S. Naval

& Marine Corps Reserve Training Center,

P.O. Box 1180, Broad Ave., Gulfport,

Miss. 39502. (LCDR Walter R. Congdon,

USNR, 113 Beach Drive, Pass Christian,

Miss. 39560.)

NRRC 6-6

1800, Mondays. (No meetings during First

Quarter.) NROTC Building, University of

North Carolina, Chapel Hill, N.C. 27514.

(LCDR Howard M. Harper, Jr., USNR, 718

Caswell Road, Chapel Hill, N.C. 27514.)

NRRC 6-8

1930, 1st 8c 3rd Tuesdays; U.S. Naval

Reserve Training Center, Livingston &

Parramore Sts., Orlando, Fla. 32801. (CDR

Clarence R. Bachmann, USNR, 1121 Wil-

lowbrook Trail, Maitland, Fla. 32751.)

NRRC 6-9

1900, 1st, 3rd & 4th Mondays; Smith Hall,

U.S. Navy Supply Corps School, Athens,

Ga. 30601. (CAPT William T. Chambers,
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NRRC 5-3 
I 930, 1st & 3rd Tuesdays; Building 560, 
Fort Detrick, Frederick, Md. 21701. 
(LCD.R Robert E. Boyle, MSC, US R, 
Route #7, Eastview, Frederick, Md. 21701.) 

RRC 5-4 
1945, 1 t & 3rd Thursdays; Board of Edu­
cation Building, 3 East 25th St., Baltimore, 
Md. 21218. (LT John M. Backer, S R, 
1913 Cedric Road, Baltimore , Md. 21216.) 

NRRC 5-8 
2000, 1st & 3rd Thursdays; ational 
Academy of Sciences, 2102 Constitution 
Ave., .W:, Washington, D.C. 20418. (CDR 
Julian C. all, US R, 4631 . 27th St., 
Arlington, Va 22207.) 

NRRC 5-9 
1630, 1st & 3rd Fridays (except during 
First Quarter, meetings are alternate 
Wednesdays); U.S. aval Research Labora­
tory, 4555 Overlook Ave., Washington, 
D.C. 20390. (LCDR Herschel L. Smith.Jr., 
US R 6464 Hemlock Place, S.E., Temple 
Hills Park, Md. 20031.) 

NRRC 5-10 
2000, 2nd & 4th Tuesdays; aval Medical 
Research Institute, ational Naval Medical 
Center, Bethesda, Md. 20014. (LT Alex­
ander J. Barton, US R, 3818 . Vernon 
St., Arlington, Va. 22207.) 

RRC 5-11 
2000, 2nd & 4th Tuesdays; Conference 
Room, aval Ship Research and Develop­
ment Center, nnapolis, Md. 21402. 
(CDR William B. Huckenpoehler, Jr., 
1947 Fairfax Road , Annapolis, Md. 21401.) 

RRC 5-12 
1900, 2nd & 4th Mondays; Building 1200, 
Room Al 35, U.S. Naval Weapons Labora­
tory, Dahlgren, Va. 22448. (LCDR Don 
J. Ammerman, US R, P.O. Box 501, 
Dahlgren, Va. 22448.) 

SIXTH NAVAL DISTRICT 

ings during Fir t Quarter .) U.S. aval & 
Marine Corps Re erve Training Center, 
274 Fifth St., .W., Atlanta, Ga. 30318. 
(LT Donald A. Reddicks, US R, 5320 
Roswell Road, .E., Apt. J-2, Atlanta, 
Ga. 30305.) 

RRC 6-2 
1900, I st & 3rd Mondays; 204 Funchess 
Hall, uburn University, Auburn, Ala. 
36830. (LT Robert E. H ammett, US R, 
P.O. Box 1069, Auburn, Ala. 36830.) 

NRRC 6-3 
1930, 2nd & 4th Wednesdays; U.S. Army 
Reserve Armory, Elza Gate, Oak Ridge, 
Tenn. 37830. (LCDR Samuel G. Campbell, 
US R, P.O. Box , Oak Ridge , Tenn. 
37830.) 

RRC 6-4 
1915, 1st & 3rd Tuesdays; U.S. aval Re­
serve Training Center, 1300 .E. 8th Ave., 
Gainesville, Fla. 32601. (LCDR Harry F. 
Hollien , USNR, 1000 N.W. 39th Drive, 
Gainesville, Fla 3260 I.) 

RRC 6-5 
1930, 1st, 3rd & 5th Mondays; U.S. aval 
& Marine Corps Reserve Training Center, 
P.O. Box 1180, Broad Ave., Gulfport, 
Miss. 39502. (LCDR Walter R. Congdon, 
US R, 113 Beach Ori e, Pass Christian, 
Miss. 39560.) 

NRRC 6-6 
1800, Mondays. ( o meetings during First 
Quarter.) ROTC Building, University of 

orth Carolina, Chapel Hill, .C. 27514. 
(LCDR Howard M. Harper.Jr., US R, 718 
Caswell Road, Chapel Hill, N.C. 27514.) 

RRC 6-8 
1930, 1st & 3rd Tuesdays; .S. aval 
Reserve Training Center, Livingston & 
Parramore Sts., Orlando, Fla. 32801. (CDR 
Clarence R. Bachmann, USNR, 1121 Wil­
lowbrook Trail, Maitland, Fla. 32751.) 

NRRC 6-9 
1900, 1st, 3rd & 4th Mondays; Smith Hall, 

NRRC 6-1 U.S. Navy Supply Corps School, Athens, 
1930, 1st, 2nd & 3rd Thursdays. ( o meet- Ga. 30601. (CAPT William T. Chambers, 
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SC, USNR, Cabin Lane Drive, Athens, Ga.

30601.)

NRRC 6-16

1700, 1st & 3rd Tuesdays; PAFB Chapel

Annex, B St., Patrick Air Force Base, Fla.

32925. (LCDR Carroll A. Schory, USNR,

125 Eighth Ave., Indialantic, Fla. 32901.)

NRRC 6-17

1900, Tuesdays; U.S. Naval Reserve

Training Center, 203 Leeman Ferry Road,

S.W., Huntsville, Ala. (LCDR William R.

Mixon, Jr., USNR, U.S. Naval Reserve

Training Center, 203 Iceman Ferry Road,

S.W., Huntsville, Ala. 35801.)

NRRC 6-18

2000, 1st & 3rd Mondays; Room 311, S-R

Building, Peabody College, Nashville,

Tenn. 37203. (LCDR Charles W. Hawkins,

III, USNR, 904 American Trust Building,

Nashville, Tenn. 37201.)

NRRC 6-19

1930, 1st, 2nd & 3rd Thursdays; U.S.

Naval Reserve Training Center, 12

Meadow St., Chattanooga, Tenn. 37405.

(LCDR Oscar M. Wilson, Jr., USNR, 12

Fairhill Drive, Chattanooga, Tenn. 37405.)

EIGHTH NAVAL DISTRICT

NRRC 8-1

1930, alternate Tuesdays; Richardson

Memorial Building, Room 213 Tulane

University, 6823 St. Charles Ave., New

Orleans, La. 70118. (LCDR C. W. Unangst,

USNR, 1758 Pressburg St., New Orleans,

La. 70122.)

NRRC 8-3

1930, Mondays; Biological Science Bldg.,

Texas A&M College, College Station, Tex.

77843. (LT Robert M. Olson, USNR, 209

Redbud St., Bryan, Tex. 77801.)

NRRC 8-4

1930, 1st & 3rd Wednesdays; U.S. Naval

Reserve Training Center, Houston, Tex.

77025. (LCDR Gerald L. Glahn, USNR,

301 Tose Land Drive, P.O. Box 3614,

Baytown, Texas 77520.)

NRRC 8-5

1900, Mondays. Experimental Science

Bldg. 115, University of Texas, Austin,

Tex. 78712. (LT Loy E. England, USNR,

1101 Anderson Lane, Austin, Tex. 78757.)

NRRC 8-7

1930, Wednesdays; NROTC Bldg., Uni-

versity of New Mexico, Albuquerque, N.W.

87106. (LT Robert P. Baker, USNR, RR

Box 150-1, Alameda, N.M. 87112.)

NRRC 8-8

1930, 1st & 3rd Tuesdays. Post Office

Bldg., Bartlesville, Okla. 74003. (LCDR

Vernon A. Cawi, USNR, 5815 S.E. Har-

vard, Bartlesville, Okla. 74003.)

NRRC 8-9

1700, 1st & 3rd Tuesdays; Lecture Room,

Administration Bldg., Los Alamos Scien-

tific Laboratory, Los Alamos, N.M. 87544.

(LCDR Charles A. Under, USNR, 232 Dos

Brazos, Los Alamos, N.M. 87544.)

NRRC 8-12

2000, 1st & 3rd Tuesdays; Santa Fe Bldg.,

114 Commerce St., Dallas, Tex. 75202.

(CDR F. D. Colegrove, Jr., USNR, RR 5,

Box 664-A, Dallas, Tex. 75240.)

NRRC 8-13

2000, 2nd, 3rd & 4th Mondays; Room 358,

Union Bldg., Oklahoma State University,

Stillwater, Okla. 74075. (CDR Gordon L.

Nelson, USNR, 402 S. McFarland, Still-

water, Okla. 74074.)

NINTH NAVAL DISTRICT

NRRC 9-1

1900, 2nd & 4th Tuesdays; Naval Armory,

Randolph at The Lake, Chicago, 111. 60601.

(CDR Theodore C. Dunn, USNR, 415

Fulton, Geneva, 111. 60134.)

NRRC 9-2

1930, Mondays; Law Bldg., University of

Illinois, Urbana, 111. 61803. (LCDR

Frederick L. Neumann, USNR, 502 E.

Washington St., Urbana, 111. 61801.)
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SC, USNR, Cabin Lane Drive, Athens, Ca. 
30601.) 

NRRC 6-16 
1700, 1st & 3rd Tuesdays; PAFB Chapel 
Annex, B St. , Patrick Air Force Base, Fla. 
32925. (LCDR Carroll A. Schory, US R, 
125 Eighth Ave., Indialantic, Fla. 32901.) 

RRC 6-17 
1900, Tuesdays; U.S. Naval Reserve 
Training Center, 203 Leeman Ferry Road, 
S.W., Huntsville, Ala. (LCDR William R. 
Mixon, Jr., US R, U.S. Naval Reserve 
Training Center, 203 Leeman Ferry Road , 
S.W., Huntsville, Ala. 35801.) 

NRRC 6-18 
2000, 1st & 3rd Mondays; Room 311, S-R 
Building, Peabody College, Nashville, 
Tenn. 37203. (LCDR Charles W. Hawkins, 
Ill , USNR, 904 American Trust Building, 
Na hville, Tenn. 37201.) 

NRRC 6-19 
1930, 1st, 2nd & 3rd Thursdays; U.S. 

aval Reserve Training Center, 12 
Meadow St., Chattanooga, Tenn. 37405. 
(LCDR Oscar M. Wilson, Jr. , US R, 12 
Fairhill Drive, Chattanooga, Tenn. 37405.) 

EIGHTH NAVAL DISTRICT 

NRRC 8-1 
1930, alternate Tue days; Richardson 
Memorial Building, Room 213 Tulane 
University, 6823 St. Charles Ave., New 
Orleans, La. 70118. (LCDR C. W. Unangst, 
USNR, 1758 Pressburg St., New Orleans, 
La. 70122.) 

RRC 8-3 
1930, Mondays; Biological Science Bldg., 
Texas A&M College, College Station, Tex. 
77843. (LT Robert M. Olson, USNR, 209 
Redbud St. , Bryan, Tex. 77801.) 

RRC 8-4 
1930, 1st & 3rd Wednesdays; U.S. Naval 
Reserve Training Center, Houston , Tex. 
77025. (LCDR Gerald L. Glahn, USNR, 
301 Tose Land Drive, P.O. Box 3614, 
Baytown, Texas 77520.) 

Digitized by Go gle 

NRRC 8-5 
1900, Mondays. Experimental Science 
Bldg. 115, University of Texas, Austin, 
Tex. 78712. (LT Loy E. England, US R, 
1101 Anderson Lane, Austin, Tex. 78757.) 

NRRC 8-7 
1930, Wednesdays; ROTC Bldg., Uni­
versity of ew Mexico, Albuquerque, .W. 
87106. (LT Robert P. Baker, USNR, RR 
Box 150-1, Alameda, .M. 87112.) 

RRC 8-8 
1930, 1st & 3rd Tuesdays. Post Office 
Bldg., Bartlesville, Okla. 74003. (LCDR 
Vernon A. Cawi, USNR, 5815 S.E. Har­
vard, Bartlesville, Okla. 74003.) 

RRC 8-9 
1700, 1st & 3rd Tuesdays; Lecture Room, 
Administration Bldg., Los Alamos Scien­
tific Laboratory, Los Alamos, .M. 87544. 
(LCDR Charles A. Linder, US R, 232 Dos 
Brazos, Los Alamos, N.M. 87544.) 

NRRC 8-12 
2000, 1st & 3rd Tuesdays; Santa Fe Bldg., 
114 Commerce St., Dallas, Tex. 75202. 
(CDR F. D. Colegrove, Jr. , USNR, RR 5, 
Box 664-A, Dallas, Tex. 75240.) 

NRRC 8-13 
2000, 2nd, 3rd & 4th Mondays; Room 358, 
Union Bldg. , Oklahoma State University, 
Stillwater, Okla. 74075. (CDR Cordon L. 

elson, US R, 402 S. McFarland, Still­
water, Okla. 74074.) 

NI 1TH NAVAL DISTRICT 

RRC 9-1 
1900, 2nd & 4th Tuesdays; aval Armory, 
Randolph at The Lake, Chicago, Ill. 60601. 

.(CDR Theodore C. Dunn, USNR, 415 
Fulton, Geneva, Ill. 60134.) 
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RRC 9-2 
1930, Mondays; Law Bldg., University of 
Illinois, Urbana, Ill. 61803. (LCDR 
Frederick L. Neumann, US R, 502 E. 
Washington St. , Urbana, Ill. 61801.) 
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NRRC 9-3

1930, Mondays. (Varied dates July, August,

and September.) 62 N. Hall, University

of Michigan, Ann Arbor, Mich. 48104.

(LCDR Richard L. Carmon, USNR, 859

Watkins St., Birmingham, Mich. 48009.)

NRRC 9-4

2000, 2nd & 4th Tuesdays; U.S. Naval &

Marine Corps Reserve Training Center,

Milwaukee, Wis. 53207. (CAPT Robert E.

Best, USNR, 3124 N. 103rd St., Wauwatosa,

Wis. 53213.)

NRRC 9-5

1900, 1st, 2nd, & 3rd Wednesdays;

USNROTC Bldg., Iowa State College,

Ames, Iowa 50010. (LCDR Burton J.

Cleason, USNR, 4623 Dover Drive, Ames,

Iowa 50010.)

NRRC 9-6

1930, 2nd & 4th Mondays; Room 302,

Mechanical Eng. Bldg., University of

Minnesota, Minneapolis, Minn. 55414.

(LCDR Theodore E. Molitor, USNR,

1286 Burke Ave., St. Paul, Minn. 55113.)

NRRC 9-7

1900, Tuesdays; Room 1, New Heavilon

Hall, Purdue Universary, Lafayette, Ind.

47907. (CDR William J. Kay, USNR, 695

Sugar Hill Drive, W. Lafayette, Ind.

47906.)

NRRC 9-8

1900, 2nd & 4th Wednesdays; Webster

Croves Public Library, Webster Groves,

Mo. 63119. (LCDR Charles W. Blood,

USNR, 9125 Sioux Drive, Afton, Mo.

63123.)

NRRC 9-10

1800, alternate Tuesdays; Elder Hall,

Northwestern University, Evanston, 111.

60201. (CDR Benedict J. Jaskoski, USNR,

6336 Magnolia, Chicago, 111. 60626.)

NRRC 9-12

1930, Thursdays; Room 112, Agriculture

Bldg., Colorado A&M College, Fort Collins,

Colo. 80521. (LCDR Glenn L. Simpson,

USNR, P.O. Box 96, Fort Collins. Colo.

80521.)

NRRC 9-14

1930, alternate Mondays; State Lab of Hy-

giene, University of Wisconsin, Madison,

Wis. 53706. (LCDR Fred H. Koenecke,

USNR, 1640 Capital Ave., Madison,

Wis. 53705.)

NRRC 9-15

1900, 2nd & 4th Wednesdays; Midland

Community Center, Midland, Mich. 48640.

(LT William E. Pearson, USNR, 1200

Glendale St., Midland, Mich. 48640.)

NRRC 9-16

1930, Tuesdays; 221 Computing Center,

Michigan State University, E. Lansing,

Mich. 48823. (LT Thomas W. Jenkins,

USNR, 304 Wayland Ave., E. Lansing,

Mich. 48823.)

NRRC 9-19

1930, Mondays; Chemical Bldg., State

University of Iowa, Iowa City, Iowa 52240.

(LT John K. Stille, USNR, 10 Ridgewood

Lane, Iowa City, Iowa 52240.)

NRRC 9-20

1930, Tuesdays; 104 Military Science Bldg.,

University of Kansas, Lawrence, Kans.

66045. (CDR W. B. Allmon, USNR,

2010 University Drive, Lawrence, Kans.

66044.)

NRRC 9-21

2000, 1st & 3rd Thursdays; Student Union,

University of Denver, Denver, Colo. 80210.

(LT Allen L. Miller, USNR, 843 S. Vivian

St., Lakewood, Colo. 80228.)

NRRC 9-22

1930, Tuesdays; New Ag. Library, Room

11-17, University of Nebraska, Lincoln,

Nebr. 68508. (LCDR Kenneth E. Mahlin,

USNR, 1214 No. 9th St., Beatrice, Nebr.

68310.)

NRRC 9-23

1930, 2nd & 4th Wednesdays; Naval Ord-

nance Plant, 7500 West Roosevelt Road,

34
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RR 9-3 
1930, Monday. (Varied date Jul y, August, 
and eptember.) 62 . Hall, ni er ity 
of Mi higan, nn Arbor, Mich. 48104. 
(LCDR Richard L. armon, S R, 859 
Watkins St., Birn1ingham, Mich. 48009.) 

RR 9-4 
2000, 2nd & 4th Tuesday ; .S . ava l & 
Marine Corps Reserve Training Center, 
Milwaukee, Wi . 53207. (C PT Robert E. 
Best, US R, 3124 . 103rd St., Wauwato a, 
Wis. 53213.) 

RR 9-5 
1900, I t, 2nd, & 3rd Wedne da s; 

S ROTC Bldg., Iowa State College, 
Ame , Iowa 50010. (LCDR Burton J. 
Clea on, S R, 4623 Do er Ori e, mes, 
Iowa 50010.) 

RR 9-6 
1930, 2nd & 4th Monday ; Room 302, 
Mechanical Eng. Bldg. niversit of 
Minneota, Minneapolis , Minn. 554 14. 
(LCDR Theodore E. Molitor, S R, 
1286 Burke Ave., St. Paul, Minn. 55 11 3.) 

RRC 9-7 
1900, Tuesdays; Room I , ew Heavilon 
Hall, Purdue Universary, Lafayette, Ind. 
47907. (CDR William J. Ka· , US R, 695 
Sugar Hill Drive, W. Lafayette, Ind. 
47906.) 

NRRC 9-8 
1900, 2nd & 4th Wednesda ; Webster 
Grove Public Library, Webster Grove , 
Mo. 63119. (LCDR Charles W. Blood, 

S R, 9 125 Sioux Drive, Afton, Mo. 
63123.) 

RRC 9-10 
1800, alternate Tue days; Elder Hall, 

orthwestern University, Evanston, Ill 
60201. (CDR Benedi t J. J a koski, US R, 
6336 Magnolia, Chicago, Ill. 60626.) 

RRC 9-12 
1930, T hursday ; Room 112, Agriculture 
Bldg., Colorado &M College, Fort Collins, 
Colo. 80521. (LCDR Glenn L. Simpson, 

Digitized by o gle 
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S R, P.O. Box 96, Fort Collin . Colo. 
8052 1.) 

RRC 9- 14 
1930, alternate Monda s; State Lab of H -
giene, niver ity of Wi con in, Madi oh, 
Wis. 53706. (LCDR Fred H. Koenecke, 
US R, 1640 Capital ve. , Madison, 
Wi . 53705.) 

RR 9- 15 
1900, 2nd & 4th Wedne days; Midland 
Commun ity enter Midland, Mich. 48640. 
(LT William E. Pear on, S 1R, 1200 

lendale St., Midland, Mich. 4 640.) 

RRC 9-16 
1930, Tueda ; 221 Computing enter, 
Mi higan Stat niversit , E. Lan ing 
Mich. 48823. (LT Thoma W. J enkin , 

R, 304 Wa land A e., E. Lan ing, 
Mich. 48823.) 

RRC 9-19 
1930, Monda s; hemi a l Bldg., State 
Uni er it of Iowa, Iowa it Iowa 52240. 
(LT J ohn K. Stille, US R, 10 Ridgewood 
Lane, Iowa City, Iowa 52240.) 

RRC 9-20 
1930, Tuesdays; 104 Military Science Bldg., 
University of Kansas, Lawrence, Kans. 
66045. (CDR W. B. Allmon, US R, 
2010 Univer ity Drive, Lawrence, Kan . 
66044.) 

RRC 9-21 
2000, 1 t & 3rd Thursdays; Student Union, 
University of Denver, Denver, Colo. 80210. 
(LT Allen L. Miller, S R, 843 S. Vivian 
St., Lakewood, Colo. 80228.) 

NRRC 9-22 
1930, Tuesda s; ew Ag. Library, Room 
11 -17, University of ebra ka , Lincoln, 

ebr. 68508. (LCDR Kenneth E. Mahlin, 
US R, 1214 o. 9th St., Beatrice , ebr. 
68310.) 

RRC 9-23 
1930, 2nd & 4th Wednesday ; aval Ord­
nance Plant, 7500 West Roo evelt Road, 
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Forest Park, 111. 60130. (LCDR Donald J.

Keefe, USNR, 127th & Archer, Lamont,

111. 60439.)

NRRC 9-25

1930, 1st 8c 3rd Wednesdays; U.S. Naval

Reserve Training Center, Indianapolis,

Ind. 46208. (CAPT Robert O. Jackson,

USNR, 1 E. 73rd St., Indianapolis, Ind.

46240.)

NRRC 9-26

1930, Tuesdays; U.S. Naval Reserve Train-

ing Center, Colorado Springs, Colo. 80906.

(LCDR Henry W. Elkins, USNR, 1214

Mount View Lane, Colorado Springs,

Colo. 80907.)

NRRC 9-27

1930, Thursdays; Bldg. 1, Creat Lakes, 111.

60088. (CAPT Lawton H. Crosby, USNR,

303 Center Ave., Lake Bluff, 111. 60045.)

NRRC 9-28

1900, Wednesdays; NROTC Armory,

6th St. 8c Stewart Road, Columbia, Mo.

65201. (LCDR Howard W. Heding, USNR,

105 Gipson St., Columbia, Mo. 65201.)

ELEVENTH NAVAL DISTRICT

NRRC 11-2

2000, 1st 8c 3rd Thursdays; U.S. Naval 8c

Marine Corps Reserve Training Center,

Pasadena, Calif. 91107. (LCDR Thomas D.

Bair, USNR, 1240 Journey's End Drive,

La Canada, Calif. 91011.)

NRRC 11-3

2000, 1st 8c 3rd Mondays; U.C.L.A. Center

for the Health Sciences, 1st Floor Con-

ference Room (1-3-105), Los Angeles,

Calif. 90024. (LCDR George F. Forbes,

USNR, 13745 Eldridge Ave., Sylmar,

Calif. 91342.)

NRRC 11-5

1930, 2nd, 3rd, & 4th Tuesdays; U.S.

Naval Reserve Training Center, Camp

Decatur, San Diego, Calif. 92133. (LCDR

Robert E. Lawrence, USNR, 4971 Septem-

ber St., San Diego, Calif. 92110.)

NRRC 11-7

2000, 1st & 3rd Thursdays; U.S. Naval 8c

Marine Corps Reserve Training Center,

Tucson, Ariz. 85711. (CDR Douglas E.

Bryan, USNR, Route 2, Box 760T, Tucson,

Ariz. 85715.)

NRRC 11-8

1645, 2nd & 4th Wednesdays; Pacific Mis-

sile Range, Conference Room, Bldg. 1,

Point Mugu, Calif. 93041. (LCDR Robert

L. Nifong, USNR, 1340 Ivywood Drive,

Oxnard, Calif. 93030.)

NRRC 11-9

2000, 2nd 8c 4th Wednesdays; Pitzer Col-

lege Conference Room, Administration

Bldg., Claremont, Calif. 91712. (LCDR

David F. Scheets, USNR, 127 W. Rancho

Road, Corona, Calif. 91720.)

NRRC 11-11

2000, 1st & 3rd Mondays; U.S. Naval &

Marine Corps Reserve Training Center,

Santa Monica, Calif. 90405. (LCDR

Robert L. Shafer, USNR, 989 Mesa Verde

Road, Pasadena, Calif. 91103.)

TWELFTH NAVAL DISTRICT

NRRC 12-1

1930, 2nd & 4th Mondays; California

Medical Center, San Francisco, Calif.

94104. (LCDR Norman T. Allen, USNR,

515 Manzanita Ave., Corte Madera, Calif.

94925.)

NRRC 12-2

1700, 1st, 2nd, 8c 3rd Mondays; Lawrence

Radiation Laboratory, Room A, Bldg. Ill,

Livermore, Calif. 94550. (CDR Bernard G.

Olsen, USNR, 680 Mojave Ave., Livermore,

Calif. 94550.)

NRRC 12-3

1930, 1st 8c 3rd Wednesdays; Stanford

University, Room 101, Physics Lecture

Hall, Stanford, Calif. 94305. (LCDR

William P. Jones, USNR, 11721 Putter

Way, Los Altos, Calif. 94022.)
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Fore t Pa1·k, Ill. 60130. (L DR Donald J. 
Keefe, S R, 127th & Arch r, Lamont, 
Ill. 60439.) 

RR 9-25 
1930, 1 L & 3rd Wednesda a al 
Re er e Training Center, lndianapoli , 
Ind. 46208. (C PT Robert 0. Jack on, 
US R, 1 E. 73rd t., Indianapoli , Ind. 
46240.) 

RR 9-26 
1930, Tu da s; .S. aval Re erve Train­
ing enter, olorado Spring , Colo. 0906. 
(LCDR Henr W. Elkin, S R, 1214 
Mount 1ew Lane, olorado Spring , 
C lo. 80907.) 

RR 9-27 
1930, Thur da ; Bldg. 1, Great Lake , 111. 
60088. ( PT Lawton H. Cro b , U R, 
303 Center ve., Lake Bluff, Ill. 60045.) 

RRC 9-28 
1900, Wedne day ; ROT Armor , 
6th St. & Stewart Road, Columbia, Mo. 
65201. (LCDR Howard W. Heding, US R, 
105 Gip on St., Columbia, Mo. 65201.) 

ELEVE TH AV L DISTRICT 

RRC 11-2 
2000, I t & 3rd Thur da s; a al & 
Marine Corps Re erve Training Center, 
Pasadena, Calif. 91107. (LCDR Thomas D. 
Bair, US R, 1240 Journe 's End Drive, 
La Canada, Calif. 91011 .) 

RR 11-3 
2000, 1 t & 3rd Monda s; U .C.L. . Center 
for the Health Sciences, 1 t Floor Con­
fer n e Room (1-3-105), Lo ngele, 
Calif. 90024. (LCDR George F. Forbe , 
US R, 13745 Eldridge Ave., Sylmar, 
Calif. 91342.) 

RRC 11-5 
1930, 2nd, 3rd, & 4th Tuesdays; U.S. 

aval Re er e Training Center, Camp 
Decatur, San Diego, Calif. 92133. (LCDR 
Robert E. Lawrence, US R, 4971 eptem­
ber St., San Diego, Calif. 92110.) 

Digitized by o gl 

RRC 11-7 
2000, 1 t & 3rd Thur da ; U.S. aval & 
Marine Corp Re erve Training Center, 
Tue on , riz. 85711. (CDR Douglas E. 
Br an, U R, Route 2, Box 760T, Tu on, 

riz. 85715.) 

RRC 11-
1645, 2nd & 4th Wedne days; Pacifi Mi -
ile Rang , onference Room , Bldg. 1, 

Point Mugu , Calif. 93041. {L DR Rob rt 
L. ifong, R, 1340 I vywood Drive, 
Oxnard, Calif. 93030.) 

RRC 11-9 
2000, 2nd 4th Wednesdays; Pitzer ol­
lege onference Room, dmini tration 
Bldg. , Claremont, Calif. 91712. (LCDR 
David F. h ets, U NR, 127 W. Rancho 
Road orona, Calif. 91720.) 

RRC 11-11 
2000, I t & 3rd ondays; .S. a al & 
Ma1;ne orp Re erve Training Center, 
Santa Monica, alif. 90405. (LCDR 
Robert L. Shafer, US R, 989 Me a Verde 
Road, Pasadena, Calif. 91103.) 

TWELFTH AV AL DISTRICT 

RRC 12-l 
1930, 2nd & 4th Mondays; California 
Medical Center, an Franci o, Calif. 
94104. (LCDR orman T. Allen, S R, 
515 Manzanita ve., Corte Madera, Calif. 
94925.) 

RRC 12-2 
1700, 1 t, 2nd, & 3rd Mondays; Lawrence 
Radiation Laborator , Room A, Bldg. 111, 
Livermore, alif. 94550. ( DR Bernard . 
01 en, S R, 6 0 Mojave ve., Liv rmore, 
Calif. 94550.) 

RRC 12-3 
1930, 1st & 3rd Wednesday ; Stanford 

niversit , Room l O 1, Physics Lecture 
Hall, Stanford, alif. 94305. (LCDR 
William P. Jone , R, 11721 Putter 
Way, Lo Alto , Calif. 94Q22.) 
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NRRC 12-4

2000, Wednesdays as scheduled; Room

119, Agriculture Bldg., Fresno State

College, Fresno, Calif. 93726. (LCDR

Leland R. Illingworth, USNR, 1526 W.

San Madele, Fresno, Calif. 93705.)

NRRC 12-5

1930, 2nd & 4th Wednesdays; Room 247,

Cory Hall, University of California, Berke-

ley, Calif. 94721. (CDR Gordon W. Hamil-

ton, USNR, 2637 San Benito Drive, Walnut

Creek, Calif. 94596.)

NRRC 12-6

1930, 1st, 2nd, & 4th Thursdays; Room

192, Young Hall, University of California,

Davis, Calif. 95616. (LCDR Charles L.

Alward, USNR, 5604 Greenbrae Road,

Sacramento, Calif. 95822.)

NRRC 12-8

2000, 2nd & 4th Wednesdays; Room S-136,

USN Postgraduate School, Monterey,

Calif. 93940. (CDR Sydney H. Kalmbach,

USNR, P.O. Box 727, Pebble Beach, Calif.

95670.)

NRRC 12-9

1715, Tuesdays as scheduled; Main Con-

ference Room, Bldg. 2001, Aerojet-General

Corporation, Sacramento, Calif. 95801.

(LCDR Robert B. Lynch, USNR, 10219

Malaga Way, Rancho Cordova, Calif.

95670.)

THIRTEENTH NAVAL DISTRICT

NRRC 13-1

1930, 1st, 2nd, & 3rd Mondays; U.S. Naval

Reserve Training Center, Seattle, Wash.

98111. (CDR Phillip H. Stern, USNR,

16500 S.E. 28th St., Bellevue, Wash.

98004.)

NRRC 13-3

1930, 1st, 2nd, & 4th Mondays; Todd Hall,

Room 202, Washington State University,

Pullman, Wash. 99163. (LCDR Arthur B.

Coffin, USNR, 1910 Monroe St., Pullman,

Wash. 99163.)

NRRC 13-4

2000, 2nd & 4th Tuesdays; U.S. Naval

& Marine Corps Reserve Training Center,

Swan Island, Portland, Ore. 97208. (CAPT

Edward J. Warchol, USNR, 6425 N.E. 39th

Ave., Portland, Ore. 97211.)

NRRC 13-5

1930, 2nd & 4th Mondays; USN ROTC

Armory, Oregon State University, Cor-

vallis, Ore. 97331. (LCDR Richard E.

Moffitt, USNR, 8 Mountain View Drive,

Corvallis, Ore. 97330.)

NRRC 13-6

1930, 2nd & 4th Thursdays; Reserve Cen-

ter Armory, Idaho Falls, Idaho 83401.

(CAPT Thomas J. Wadsworth, USNR, 256

Third St., Idaho Falls, Idaho 83401.)

Random Noise

Mr. Henry A. O'Neal was recently designated as Director of ONR's Ocean Science

and Technology Group. He relieves Dr. J. B. Hersey, who has been named Director of

the newly established Maury Center for Ocean Science at NRL.

CDR Robert B. Hayman was recently named NRL's Engineering Services Officer. He

relieves CDR George Maragos, who has been designated NRL's Director of Support

Services.

Dr. Maxwell E. Britton, Head, ONR Arctic Program, has been designated Acting

Director, Earth Sciences Division (Code 410).

CAPT H. E. Van Ness, USN, has assumed the position of ONR's Assistant Chief for

Research (Code 400). Dr. Richard Trumbull, who has been Assistant Chief for Research

(Acting) has resumed his fulltime position as Research Director (Code 402).
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NRRC 12-4 
2000, Wednesdays as scheduled; Room 
119, Agriculture Bldg., Fresno State 
College, Fresno, Calif. 93726. (LCDR 
Leland R. Illingworth, US R, 1526 W. 
San Madele, Fresno, Calif. 93705.) 

NRRC 12-5 
1930, 2nd & 4th Wednesdays; Room 247, 
Cory Hall, University of California, Berke­
ley, Calif. 94721. (CDR Gordon W. Hamil­
ton, USNR, 2637 San Benito Drive, Walnut 
Creek, Calif. 94596.) 

NRRC 12-6 
1930, 1st, 2nd, & 4th Thursdays; Room 
192, Young Hall, University of California, 
Davis, Calif. 95616. (LCDR Charles L. 
Alward, USNR, 5604 Greenbrae Road, 
Sacramento, Calif. 95822.) 

NRRC 12-8 
2000, 2nd & 4th Wednesdays; Room S-136, 
USN Postgraduate School, Monterey, 
Calif. 93940. (CDR Sydney H. Kalmbach, 
US R, P.O. Box 727, Pebble Beach, Calif. 
95670.) 

NRRC 12-9 
1715, Tuesdays as scheduled; Main Con­
ference Room, Bldg. 200 I, Aerojet-General 
Corporation , Sacramento, Calif. 95801. 
(LCDR Robert B. Lynch, USNR, 10219 
Malaga Way, Rancho Cordova, Calif. 
95670.) 

THIRTEE TH NAVAL DISTR1CT 

NRRC 13-1 
1930, 1st, 2nd, & 3rd Mondays; U.S. Naval 
Reserve Training Center, Seattle, Wash. 
98111. (CDR Phillip H. Stern, USNR, 
16500 S.E. 28th St., Bellevue, Wash. 
98004.) 

NRRC 13-3 
1930, 1st, 2nd, & 4th Mondays; Todd Hall, 
Room 202, Washington State University, 
Pullman, Wash. 99163. (LCDR Arthur B. 
Coffin, USNR, 1910 Monroe St., Pullman, 
Wash. 99163.) 

NRRC 13-4 
2000, 2nd & 4th Tuesdays; U.S. aval 
& Marine Corps Reserve Training Center, 
Swan Island, Portland, Ore. 97208. (CAPT 
Edward]. Warchol, USNR, 6425 N.E. 39th 
Ave., Portland, Ore. 9721 l.) 

NRRC 13-5 
1930, 2nd & 4th Mondays; US ROTC 
Armory, Oregon State University, Cor­
vallis, Ore. 97331. (LCDR Richard E. 
Moffitt, USNR, 8 Mountain View Drive, 
Corvallis, Ore. 97330.) 

NRRC 13-6 
1930, 2nd & 4th Thursdays; Reserve Cen­
ter Armory, Idaho Falls, Idaho 83401. 
(CAPT Thomas J. Wadsworth, USNR, 256 
Third St., Idaho Falls, Idaho 83401.) 

Random Noise 
Mr. Henry A. O'Neal was recently designated as Director of ONR's Ocean Science 

and Technology Group. He relieves Dr. J. B. Hersey, who has been named Director of 
the newly established Maury Center for Ocean Science at NRL. 

CDR Robert B. Hayman was recently named NRL's Engineering Services Officer. He 
relieves CDR George Maragos, who has been designated NRL's Director of Support 
Services. 

Dr. Maxwell E. Britton, Head, ONR Arctic Program, has been designated Acting 
Director, Earth Sciences Division (Code 410). 

CAPT H. E. Van Ness, USN, has assumed the position of ONR's Assistant Chief for 
Research (Code 400). Dr. Richard Trumbull, who has been Assistant Chief for Research 
(Acting) has resumed his fulltime position as Research Director (Code 402). 

Digitized by o gle 
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Selected Contract Research Reports

The contract research reports listed below have been extracted from the Technical Abstract Bulletins 67-15 and

16 of August 1 and 15, 1967. Government agencies and their contractors who are registered with the Defense Documen-

tation Center of the Defense Supply Agency may obtain free copies from the Center at Cameron Station, Alexandria,

Virginia 22314. Abstracts of the reports are found in TABs 67-15 and 16.

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

Information, Department of Commerce, Springfield, Virginia 22151.

ASTRONOMY AND ASTROPHYSICS

Are Young Galaxies Visible? The Integrated Background;

Princeton; Partridge and Peebles; AD-652 777

Solar Oblateness and General Relativity, Princeton; Dicke

and Goldenberg; AD-652 778

Accurate Positions of Selected 4C Sources; CalTech; Olsen;

AD-653 260

The East-West Structure of Radio Sources at 1425 MHz;

CalTech; Fomalont; AD-653 261

Stability of Axisymmetric Figures of Equilibrium of a Rotating

Charged Liquid Drop; Chicago U.; Rosenkilde; AD-653

395

Observations of Taurus A and the Quasi-Stellar Source

3C 273 at 1.53 Cm; Calif. U., Berkeley; Williams et al;

AD-653 437

Observations of fupiter, Saturn, and Mercury at 1.53 Cm;

Calif. U., Berkeley; Welch et al; AD-653 438

A Measurement of the Cosmic Microwave Background Tem-

perature at 1.5 Cm Wavelength; Calif. U., Berkeley; Welch

et al; AD 653 449

Suppression of the feans Instability in CollisionUss Media;

Chicago U.; l.ee; AD-653 420

Upper Limits on Liquid Water in the Venus Atmosphere;

Calif. U., Berkeley; Welch and Rea; AD-653 452

Are Young Galaxies Visible; Princeton U.; Partridge and

Peebles; AD-653 677

The Gravitational Instability of the Universe; Princeton U.;

Peebles; AD-653 678

Interplanetary Sector Structure, 1962-1966; Calif. U.,

Berkeley; Ness and Wilcox; AD-653 747

The Primeval Fireball; Princeton U.; Peebles and Wilkin-

son; AD-653 756

ATMOSPHERIC SCIENCES

Atmospheric Ozone Investigations at Barrow, Alaska, During

1965; Wash. U., Seattle; Kelly, Jr.; AD-653 745

Measurements of Radiatiiie Flux Divergence in the Arctic;

Wash. U.i Lieske and Stroschein; AD-653 808

Isotropy and Homogeneity of the Universe From Measure-

ments of the Cosmic Microwave Background; Princeton;

Partridge and Wilkinson; AD-652 779

Numerical Simulation of Cumulus Convection; Rand Corp.,

Santa Monica, Calif.; Murray; AD-652 812

An Approach to the Analysis of Sea Surface Temperature

Data for Utilization in Hurricane Forecasting in the Gulf of

Mexico; Texas A and M U., College Station; Taylor;

AD-653 269

BEHAVIORAL AND SOCIAL SCIENCES

Optimal Allocation in a Pure Capital Model With With-

drawals: Asymptotic Properties and Algorithms; Stanford;

Seelenfreund; AD-653 746

Post-Training Performance Criterion Development and

Application; Applied Psychological Services, Wayne, Pa.;

AD-653 712

The Effects of Thtazesim, lJiD-25, and Bilateral Lesions of

the Amygdalae on the Release of a Suppressed Response; Texas

V., Galveston; Barratt; AD-653 423

Pulse Rate Comparisons Between Flicker and Intermittent

Tone; Hofstra U.; Hempstead, N.Y.; Wilde; AD-653 457

A Factor Analysis of Symbolic Memory Abilities; V. of S.

Calif., Los Angeles; Tenopyr et al; AD-653 602

Influence of Source and Number of Exposures on Communica-

tion Effectiveness; Hunter Coll. of the City U. of N.Y.;

Weiss and Solomon; AD-653 744

Experimental Retrieval Systems Studies. Systems Manual for

Experimental Literature Collection and Reference Retrieval

System; l.ehigh U., Bethlehem, Pa.; Anderson et al;

AD-653 279

Experimental Retrieval Systems Studies; Lehigh U.;

Anderson et al; AD-653 280

The Evaluation of Non-Marketable Investments; Center

for Naval Analyses, Wash., D.C.; Broussalian; AD-652

821

The Cournot Equilibrium in a Nonsymmetric Oligopolistic

Market; Yale U.; Levitan and Shubik; AD-653 086

The Nonsymmetric Game: Joint Maximum, Efficient Solution

and Measures of Collusion and Welfare; Yale U.; Levitan

and Shubik; AD-653 087

A Study of Visual Search Using Eye Movement Recordings;

Honeywell, Inc., St. Paul, Minn.; Williams; AD-652 735

Algebraic, Rational and Contextfree Power-Series in Non-

Commuting Variables; Hebrew U.; Shamir; AD-653 262

The Influence of Sentence Structure on the Reading Pro-

gress; Hebrew U.; Schlesinger; AD-653 263

Transfer of Response in Visual Recognition Situations as a

Function of Frequency Variables; Stanford; Estes and

Binder, AD-652 768

Pitch of a Periodically Interrupted Tone; Ohio St. U.;

Swigart; AD-652 784

Bayesian Statistical Inference for Psychological Research;

Michigan U.; Edwards et al; AD-652 948

Cluster Analysis and the Search for Structure Underlying

Individual Differences in Psychologic Phenomena; III. U.;

Tucker; AD-652 999

Association in a Class of Growth; Weather Squadron (3rd)

Pope AFB, N.C.; Bargmann; AD-653 099

A FORTRAN II Program for Three-Mode Factor Analysis;

111. U.; Linn et al; AD-653 100

The Learning Behavior and Ergodic Property of Finite-

State Markov Chains; Ohio St. U.; Tou and Yeh; AD-653

116

Electrocutaneous Pain Thresholds in Humans to Low

Frequency Squarewave Pulses; Hofstra U., Hempstead,

N.Y.; Plutchik and Bender; AD-653 118

Frequency Analysis of Electroencephalographs Rhythms in

Humans Exposed to High Intensity Intermittent Auditory

Inputs; Hofstra U.; Plutchik; AD-653 119

Multiple Rating Scales for the Measurement of Affective

States; Hofstra U.; Plutchik; AD-653 120

Human Information Transmission With Different Encoding

Procedures for Binary Stimuli; General Dynamics Corp.,

Groton, Conn.; l.amb and Kaufman; AD-653 277

Perf ormance Goals as Determinants of Level of Performance

and Boredom; American Institutes for Research, Silver

Spring, Md.; Locke and Bryan; AD-653 328

BIOLOGICAL AND MEDICAL SCIENCES

Effects of Cortison Released Cutaneous Protease Upon the

Permeability of the Micro-Circulation; Children's Hospital,

Wash., D.C.; Lykkeet al; AD-653 230

Whole Organ Freezing and Thawing Heat Transfer and

Thermal Properties; Geoscience Ltd, La Jolla, Calif.;

Poppendiek et al; AD-653 101

Reaction Sites of Rotenone in the Respiratory Chain and in

Soluble DPNH-Coenzyme Q Reductase; Calif. U., San

Francisco; Horgan and Singer; AD-653 422

The Coenzyme Q Reductase of DPNH-Cytochrome C Re-

ductase; Calif. U., San Francisco; Biggs et al; AD-654 115
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Selected Contract Research Reports 

The conlract research reporls lisLed below have been extracted from Lhe Technical AbsLract BulleLins 67-15 and 
16 of August I and I 5, 1967. Government agencies and Lheir contracLors who are regi tered wiLh the Defense Documen­
tation Center of the Defense Supply Agenc ma y obtain free copies from the Center at ameron talion, Alexandria, 
Virginia 22314. Abstracts oflhe reports are found in TABs 67-15 and 16. 

For non-DOC users, most reports may be purchased from the leari nghouse for Federal Scientific and Technical 
Information, Department of Commerce, Springfield, Virginia 22 I 51. 

ASTRONOMY AND ASTROPHYSICS 
Are Young Galaxies Virible? The lmegrated Background; 

Princeton: Partridge and Peebles; AD-652 777 
Solar Oblatemm and General Relativity; Princeton; Dicke 

and Goldenberg; AD-652 778 
Accurate Positions of Selected 4C Sources; CalTech; Olsen; 

AD-653 260 
The East-West Structure of Radio Sources at 1425 MHz; 

CalTech; Fomalont; AD-653 261 
Stability of Axisymmetric Figures of Equilibrium of a Rotating 

Charged Liquid Drop; Chicago U.; Rosenkilde; AD-653 
395 

Observations of Taurus A and the Quasi-Stellar Source 
JC 273 at 1.53 Cm; Calif. U., Berkeley; Williams et al; 
AD-653 437 

Observations of Jupiter, Saturn, and Mercury at 1.53 Cm; 
Calif. U., Berkeley; Welch et al; AD-653 438 

A Measurement of the Cosmic Microwave Background Tem­
perature at 1.5 Cm Wavelength; Calif. U., Berkeley; Welch 

et al; AD 653 449 
Suppression of the J eans Instability in Collisionkss Media; 

Chicago U.; Lee; AD-653 420 
Upper Limits on Liquid Water in the Venus Atmosphere; 

Calif. U., Berkeley; Welch and Rea; AD-653 452 
Are Young Galaxies Visibk; Princeton U.; Partridge and 

Peebles; AD-653 677 
The Gravitational Instability of the U11iverse; Princeton U.; 

Peebles; AD-653 678 
Interplanetary Sector Structure, 1962 - 1966; Calif. U., 

Berkeley; ess and Wilcox; AD-653 747 
The Primeval Fireball; Princeton U.; Peebles and Wilkin­

son; AD-653 756 

ATMOSPHERIC SCIENCES 
Atmospheric Ozone Investigations at Barrow, Alaska, During 

1965; Wash. U., Seattle; Kelly.Jr.; AD-653 745 
Measurements of Radiative Flux Divergence in the Arctic; 

Wash. U.; Lieske and Stroschein; AD-653 808 
Isotropy and Homoge11eity of the Universe From Measure­

mems of the Cosmic Microwave Background; Princeton; 
Partridge and Wilkin on; AD-652 779 

Numerical Simulation of Cumul1is Convection; Rand Corp., 
Santa Monica, Calif.; Murray; AD-652 812 

An Approach to the Analysis of Sea Surface Temperature 
Data for Utilization in Hurricane Forecasti11g in the Gulf of 
Mexico; Texas A and M U., College Station; Taylor; 
AD-653 269 

BEHAVIORAL AND SOCIAL SCIENCES 
Optimal Allocation in a Pure Capital Model With With­

drawals: Asymptotic Properlies and Algorithms; Stanford; 
Seelenfreund; AD-653 746 

Post-Training Perfonnance Criterion Development and 
Application; Applied P chological Services, Wayne, Pa.; 
AD-653 712 

The Effects of Thiazesim, LSD-25, a11d .Bilateral lesi1ms of 
the Amygdalae on the Release of a Suppressed Response; Texas 
U., Galveston; Barratt; AD-653 423 

Pulse Rate Comparisons Between Flicker and Intermittent 
To11e; Hofstra U.; Hempstead, .Y.; Wilde; AD-653 457 

A Fador Analysis of ymbolic Memory Abilities; . of S. 
Calif., Los Angeles; Tenopyr et al; AD-653 602 

lnjlwmce of Source an4 Number of Exposures on Comnm11ica­
tion Effectiveness; Hunter Coll. of the City U. of .Y.; 
Weiss and Solomon; AD-653 744 

Digitized by Go gle 

Experimental Retrieval Systems Studies. ystems Manual for 
Experimental Literature Colledion and Reference Retrieval 
System; Lehigh U., Bethlehem, Pa.; Anderson et al; 
AD-653 279 

Experimental Retrieval Systems Studies; Lehigh U.; 
Anderson et al; AD-653 280 

The Evaluation of Non-Marketable fovestments; Cenler 
for aval Analyses, Wash., D.C.; Broussalian; AD-652 
821 

The Cournot Equilibrium in a Nonsymmetric Oligopolistic 
Market; Yale U.; Levitan and Shubik; AD-653 086 

The Non.symmetric Game: joinJ. Maximum, Efficient Solr.uion 
and Measures of Collusion and Welfare; Yale U.; Levitan 
and Shubik; AD-653 087 

A Study of Visual Search Using Eye Movement Recordings; 
Honeywell, Inc., St. Paul, Minn.; Williams; AD-652 735 

Algebraic, Rational and Commfree Power-Series in Non­
Commwing Variabks; Hebrew U.; Shamir; AD-653 262 

The Influence of Semence Structure 011 the Reading Pro­
gress; Hebrew U.; Schlesinger; AD-653 263 

Transfer of Response in Visual Recognition Situatio11s as a 
Function of Frequency Variabks; Stanford; Esles and 
Binder; AD-652 768 

Pitch of a Periodically Interrupted Tone; Ohio SL U.; 
Swigart; AD-652 784 

.Bayesian Statistical Inference for Psychological Research; 
Michigan U.; Edwards et al; AD-652 948 

Cluster Analysis and the Search for Structure Underlying 
Individual Differences in Psychologic Phenmnena; Ill . U.; 
Tucker; AD-652 999 

AssocialWn in a Class of Growth; Weather Squadron (3rd) 
Pope AFB, .C.; Bargmann; AD-653 099 

A FORTRAN II Program.for Three-Mode Factor Analysis; 
Ill. U.; Linn et al; AD-653 100 

The Leaming Behavior and Ergodic Property of Finile­
State Markov Chains; Ohio SL U.; Tou and Yeh; AD-653 
116 

Electroctdaneous Pain Thresholds in Humans to Low 
Frequency Squarewave Pulses; Hofstra U., Hempslead, 

.Y.; Plutchik and Bender; AD-653 118 
Frequency Analysis of Electroencephalographic Rhythms in 

Humans Exposed to High lmensity lmermiUent Auditory 
Inputs; Hofstra U.; Plutchik; AD-653 119 

Mullipk Rating Scales for the Measureme,u of Affective 
States; Hofstra U.; Plutchik; AD-653 120 

Human Information Transmission With Different Encoding 
Procedures for Binary Stimuli; General Dynamics Corp., 
Groton, Conn.; Lamb and Kaufman; AD-653 277 

Performance Goals as Determinants of Level of Performance 
a11d Boredom; Ameri an Institutes for Research, ilver 
Spring, Md.; Locke and Bryan; AD-653 328 

BIOLOGICAL AND MEDICAL SCIENCES 
Effects of Cortison Rekased Cutaneous Protease Upon the 

Permtabilily of the Micro-Circulation; hildren ' Hospital, 
Wash ., D.C.; Lykke et al; AD-653 230 

Whole Organ Freezfog and Thawing Heat Transfer and 
Thermal Properties; Geoscience Ltd, La Jolla, Calif.; 
Poppendieket al; AD-653 IOI 

Readion Sites of Roten.one i1I the Respiratory Chain and in 
Soluble DPNH-Coenz.yme Q Reductase; Calif. U., an 
Francis o; Horgan and inger; D-653 422 

The Coenzyme Q Reductase of DPNH-Cytochrome C Re­
ductase; alif. U., San Francisco; Biggs et al; D-654 11 5 
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Quantitative Studies of Phytohemagglutinin-Induced DNA

and RNA Synthesis in Normal and Agammaglobulinemia

Leukocytes; Walter Reed Army Inst, of Research, Wash.,

D.C.; Tormey et id; AD-654 117

Existence of an Apparent Metabolic Block in Human

Granulation Tissue; Texas U., Galveston; Hayashi et al;

AD-653 687

Mycological Studies of the Alaskan Arctic; Arctic Inst, of

North America, Wash., D.C.; Kobayasi et al; AD-653 415

Final Technical Report on Respiration; Calif. U., San

Francisco; AD-653 738

Changes in the Electrogastrogram and in Breathing Ampli-

tude as Indicators of Nausea; Indiana U., Bloomington;

Patterson; AD-653 462

CHEMISTRY

The Unstable Arsinoboron Heterocycle ((CF3)2AsBH2)3.

Chemistry of the B5H9-Assisted Trimerization of (CH3)-

2NBH2; U. of S. Cal., Log Angeles; Burgetal; AD-653 249

The Carbon-Oxygen Reaction: An Experimental Study of

the Oxidation of Suspended Carbon Spheres; Pa. St. U.;

Essenhigh and Froberg; AD-652 933

Structure of Liquids. Direct Correlation Functions of Liquid

Argon; CalTech; Mikolaj and Pings; AD-653 051

Study of Fundamental Requirements for High Briglitness

Raman Ixiser Sources; Hughes Research Labs, Malibu, Cal.;

McClung; AD-653 106

Transport Processes in Low Melting Salts: Thallous Nitrate;

Rensselaer Polytechnic Inst., Troy, N.Y.; Timidei and

Janz; AD-653 313

A New Method of Obtaining the Well Depth for Weak

Intermolecular Potentials; Midwest Research Inst., Kansas

City, Mo.; Milne and Greene; AD-653 314

Chemiluminescent Materials; American Cyanamid Co.,

Stamford, Conn.; Rauhut and Clark; AD-653 090

Anodic Dissolution of Cadmium; Mo. U., Rolla; Johnson

el al; AD-653 766

The Solid State Chemistry oj Hydrogen Compounds; Ariz.

St. U., Tempe; O'Keeffe; AD-653 891

Crystallite Size Distributions From X-Ray Powder Line

Profiles; Ga. Inst, of Tech.; Smith, Jr. and Simpson;

AD-654 051

Minimization of the Variance of Parameters Derived From

X-Ray Powder Diffractomeler Line Profiles; Ga. Tech.;

Wilson et al; AD-654 053

EARTH SCIENCES AND OCEANOGRAPHY

Physical, Chemical, and Biological Data From the Northeast

Pacific Ocean: Columbia River Effluent Area, 1965; Wash. U.;

Seattle; Fleming and Barnes; AD-654 172

The Arrangement and Dimensions of Rural Settlements of

the Northeast Coastal Zone of Tanganyika, Pangani District;

111. U.; Altschul; AD-654 152

Oceanic Research Progress Report, July 1965 to June 1966;

Scripps; AD-653 434

Preliminary Report on the Texas A awl M Eastropac Cruise,

21 fanuary to 10 April 1967; Texas A and M; Cochrane;

AD-653 737

Oceanographic Research; LsMIKMIt; AD-653 878

Sea Ice Strength; Alaska U., College; Peyton; AD-653 883

Influence of the Amazon River Outflow on the Ecology of the

Western Tropical Atlantic. Hydrography and Nutrient Chem-

istry; Woods Hole; Ryther et al; AD-652 888

Some Octocorallia of lsla de Lebos, Veracruz, Mexico; Lit.

St. U.; Chamberlain; AD-653 039

Transported Turtle Grass as a Source of Organic Enrich-

ment of Abyssal Sediments off North Carolina; Woods Hole;

Menzies et al; AD-653 370

Representation of Nearshore Distortion of Tsunamis by

Bilinear Operators; Hawaii Inst, of Geophysics, Honolulu;

Groves and Harvey; AD-652 814

Beach Changes on the Outer Banks of North Carolina;

La. St. V.; Dolan; AD-653 040

A Study of the Loop Current in the Eastern Gulf of Mexico;

Texas A and M; Hubertz; AD-653 268

Mysid Statoliths in Shelf Sediments off Northwest North

America; Northwestern L'.; Enbysk and Linger; AD-652

746

The Magnetic Stratigraphy oj a Deep Sea Core From the

North Pacific Ocean; Lamont; Dickson and Foster; AD-652

764

Paleomagnetic Stratigraphy, Rates of Deposition and

Tephrachdronology in North Pacific Deep-Sea Sediments;

l.amont; Ninkovich et al; AD-652 765

The Relationships Among Sequences With Applications to

Geological Data; Miami U.; Kemp and Eger; AD-652 766

The lsla de Lobos and Associated Reefs, Veracruz, Mexico;

La. St. V.; Rigby and Mclntire; AD-653 038

Plastic-Tube Coring Technique for Unconsolidated Wet

Sand; Yale; Shier and Oaks, Jr.; AD-653 331

Ephemeral Estuaries oj the Deltaic Environment; La. St. U.;

Morfan; AD-653 043

Origins of Estuaries; La. St. U.; Russell; AD-653 044

Recent Coastal Sedimentation: Central Louisiana Coast;

La. St. U.; Coleman; AD-653 092

Deep-Sea pH; Oregon St. U.; Park; AD-652 761

A Large Water Sampler, Rupture-Disc Triggered, for

Studies of Dissolved Organic Compounds; Woods Hole;

Clark, Jr. et al; AD-652 763

Influence of the Amazon River Outflow on the Ecology of

the Western Tropical Atlantic. Zooplankton Abundance,

Copepod Distribution, With Remarks on the Fauna of Low-

Salinity Areas; Woods Hole; Calef and Grice; AD-653 033

A One-Dimensional Model of the Seasonal Thermocline.

A Laboratory Experiment and its Interpretation; Woods Hole;

Turner and Kraus; AD-653 034

Directivity of Received Ocean Noise; Bell Telephone Labs,

Inc. Whippany, N.J.; Gilbert; AD-653 102

Synoptic Analysis of Near Surface and Subsurfiue Tempera-

tures in the Atlantic Ocean Following Hurricane Betsy; Texas

A amd M; Landis; AD-653 270

A One-Dimensional Model of the Seasonal Thermocline 11.

The General Theory and its Consequences; Woods Hole;

Kraus and Turner; AD-653 371

Water Discharge in the Colville River, Alaska, 1962;

La. St. U.; Arnborg et al; AD-653 041

Geothermal and Magnetic Survey off the Coast of Sumatra.

Presentation of Data; Scripps; Vacquier; AD-652 762

Evening Micropulsation Events With a Rising Midfrequency

Characteristic; Alaska U.; Heacock; AD-652 865

ELECTRONICS AND ELECTRICAL ENGINEERING

Design Principles for learning Systems; Battelle Memorial

Inst., Columbus, Ohio; Tou; AD-653 258

Linear Optimum Predictors; Johns Hopkins U., Baltimore,

Md.; Wolffs al; AD-653 377

Papers on Integrated Circuit Synthesis; Stanford; Newcomb

and Rao; AD-653 096

Optimum Control of a Class of Distributed-Parameter

Systems; Ohio St. U.; Yeh and Tou; AD-653 330

The Input/Output and Control System of the Moore School

Problem Solving Facility; Pa. U., Philadelphia; Morton

and Wolfberg; AD-653 465

Cryogenic Research; TRW Systems, Redondo Beach,

Calif.; Mann; AD-653 884

Circal: On-Line Circuit Design; MIT; Dertouzos; AD-654

139

MATERIALS

Chemical Physics of Surface Reactions of Metals; Westing-

house, Pittsburgh; Gulbransen and Tallman; AD-653 723

Thermal Properties of Gold-Silicon Binary Alloy Near the

Eutectic Composition; Harvard; Chen and Turnbull;

AD-654 167

Thermal Evidence of a Glass Transition in Gold—Silicon —

Germanium Alloy; Harvard; Chen and Turnbull; AD-

654 168

Composite Thermoplastic/Glass Filament Reinforcement for

Buoyant Submarine Cables RG-372 (XN-l)IU and RG-373

(XN-I)IU; Union Carbide Corp., Bound Brook, N.J.;

Hofer and Nalepa; AD-652 810
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QuanlitaJ.ive Studies of Phytohemagglutinin-lnduced D A 
and RNA Syntlusis in Nonnal and Agammaglobulinemic 
Leukocytes; Walter Reed Army Inst. of Research, Wash., 
D.C.; Tormey et al; AD-654 117 

Existence of an Apparmt Metabolic Block in Huma11 
Granulation Ti.mu; Texas U., Galveston; Ha yashi et al; 
AD-653 687 

Mycological Stut.ies of the Alaskan Arctic; ArCLic In t. of 
orth America, Wash., D . . ; Kobayasi et al; AD-653 415 
Fimil Technical Report on RespiraJ.io11; alif. ., San 

Franci o; AD-653 738 
Cha11ges i1I the Electrogastrogram and in Breathing Ampli­

tude as Indicators of Nausea; Indiana ., Bloomington; 
Patterson; AD-653 462 

CHEMISTRY 
The Unstab/,e Arsinoboron Heterocycle ((CF3)2AsBH2)3. 

Chemistry of the B5H9-Assisted Trimuiz.ation of (CHJ)-
2 BH2; U. ofS. Cal., Los Angeles; Burget al; AD-653 249 

The Carbo11-0xyge11 Reaction: An Experimental Study of 
tlu OxidaJ.ion of Suspended Carbon Spheres; Pa. t. U.; 
Essenhigh and Froberg; AD-652 933 

Structure of Liquids. Direct Correlation Fwictions of Liquid 
Argon; CalTech; Mikolaj and Pings; AD-653 051 • 

Study of Fundamental Requirements for High Brightness 
Raman Laser Sources; Hughe Resea rch Labs, Malibu, Cal.; 
McClung; AD-653 106 

Transport Processes in Low Melting Salts: Thallous itrate; 
Rensselaer Polytechnic Inst., Troy, .Y.; Timidei and 
Janz; D-653 313 

A ew Method of Obtaining the Well Depth for Weak 
lntennolecular Potmtial.s; Midwest Research Inst., Kansas 
City, Mo.; Milne and Greene; AD-653 314 

Chemiluminescmt Materials; American Cyanamid Co., 
Stamford , Conn.; Rauhut and Clark; AD-653 090 

Anodic Dissolution of Cadmium; Mo. ., Rolla; Johnson 
et al; AD-653 766 

The olid Stale Chemistry of Hydrogen Compounds; riz. 
St. U., Tempe; O'Keeffe; AD-653 891 

Crystallite Size Distributions From X-Ray Powder Line 
Profiles; a. Inst. of Tech.; Smith, Jr. and Simpson; 
AD-654 051 

Minimization of the Variance of ParamLlers Derived From 
X-Ray Powder Diffractometer Line Profiles; Ga. Tech.; 
Wilson et al; AD-654 053 

EARTH SCIENCES AND OCEANOGRAPHY 
Physical, Chemical, and Biological Dtua From the Northeast 

Pacific Ocean: Columbia River Effluent Area, 1965; Wash. U.; 
Seattle; Fleming and Barnes; AD-654 172 

The Arrangement and Dimensiom of Rural Settlements of 
the Northeast Coastal Zone of Tanganyilw, Pangani District; 
111. U.; Altschul; AD-654 152 

Oceanic Research Progress Report, July 1965 to June 1966; 
Scripps; AD-653 434 

Preliminary Rep01·t on tlu Texas A a11d M Eastropac Cruise, 
21 January lo JO April 1967; Texas A and M; Cochrane; 
AD-653 737 

Oceanographic Research; Lamont; AD-653 878 
Sea Ice Strength; Alaska U ., College; Peyton; AD-653 883 
Influence of the Amaz.on River Outflow on the Ecology of the 

Western Tropical Atlantic. Hydrography and Nutrimt Chem­
istry; Woods Hole; Ryther et al; AD-652 888 

Some Octocorallia of Isla de Lebos, Veracruz, Mexico; La. 
St. U.; Chamberlain; AD-653 039 

Transported Turtle Grass as a Source of Organic Enrich­
ment of Abyssal Sediments off North Carolina; Woods Hole; 
Menzies et al; AD-653 370 

RepresenJation of Nearshore Distortion of Tsunamis by 
Bili,iear Operators; Hawaii Inst. of Geophysics, Honolulu; 
Groves and Harvey; AD-652 814 

Beach C,hanges 011 the Outer Banks of North Carolina; 
La. St. .; Dolan; AD-653 040 

A ludy of tlu Loop Current in the Eastern Gulf of Mexico; 
Texas A and M; Hubertz; AD-653 268 
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Mysid Statoliths in helf edi,nents off orthwest orth 
America; orthwestern .; Enbysk and Linger; AD-652 
746 

The Magnetic StraJ.igraphy of a Deep Sea Core From the 
orth Pacific Ocean; Lamont; Dickson and Foster; AD-652 

764 
Pa/,eomagnetic StraJ.igraphy, Rates of Deposition mid 

Tephrachdronology in North Pacific Deep-Sea Set.immts; 
Lamont; inkovich et al; AD-652 765 

The Relationships Among Sequences With Applications to 
Geological Data; Miami U.; Kemp a nd Eger; AD-652 766 

The Isla de Lobos and AssociaJ.ed Reefs, Veracruz, Mexico; 
La. St. .; Rigby and McIntire; AD-653 038 

Plastic-Tube Coring Technique for Unco11Solidated Wet 
Sand; Yale; Shier and Oaks, Jr. ; AD-653 331 

Ephe11ural Estuaries of the Deltaic Environment; La. St. U.; 
Morfan; AD-653 043 

Origins of Estuaries; La. t. U.; Russell; AD-653 044 
Recent Coastal Sedimentation: Central Louisiana Coast; 

La. St. U.; Coleman; D-653 092 
Deep-Sea pH; Oregon St. .; Park; AD-652 761 
A Large Wal.er Sampler, Rupture-Disc Triggered, for 

Studies of Dissolved Organic Compounds; Woods Hole; 
Clark, Jr. et al; AD-652 763 

Influence of the Amaz.on R iver Outflow on the Ecology of 
the Wes/em Tropical Atlantic. Zoopla11kton Abundance, 
Copepod Distribution, With Remarks on tlu Fauna of Low­
Salini.ty Areas; Woods Hole; Calef and Grice; AD-653 033 

A One-Dimensional Model of the Seaso,wl Thermodine. 
A Laboratory Experiment and its lnterpretalio11; Woods Hole; 
Turner and Kraus; AD-653 034 

Directivity of Received Ocean oise; Bell Telephone Labs, 
Inc. Whippany, .J.; Gilbert; AD-653 102 

Synoptic Analysis of Near Surf ace and Subsurface Tempera­
tures in the Atlantic Ocean Following Hurrica11e Betsy; Texas 
A amd M; Landis; AD-653 270 

A 01u-Dimensio1ud Model of the Seasonal Thermocline II. 
The Ge,ural Theory and its Consequences; Woods Hole; 
Kraus and Turner; AD-653 371 

Wal.er Discharge in the Colvil/,e River, Alaska, 1962; 
La. St. .; Arnbqrg el al; AD-653 041 

Geothennal and Mag,utic Survey off the Coast of Sumatra. 
Presentation of Data; Scripps; Vacquier; D-652 762 

Evening Micropulsatio11 Events With a Risi11g Midfrequency 
Characteristic; Alaska U.; Heacock; AD-652 865 

ELECTRONICS AND ELECTRICAL ENGINEERING 
Desig,1 Principles for Leaming Systems; Bauelle Memorial 

Inst., Columbus, Ohio; Tou; AD-653 258 
LinearOptimumPredictors;Johns Hopkins ., Baltimore, 

Md.; Wolff et al; AD-653 377 
Papers on lntegraud Circuit Synthesis; Stanford; ewcomb 

and Rao; AD-653 096 
Optimum Co11trol of a Class of Distributed-Para"uter 

Systems; Ohio St. U.; Yeh and Tou; AD-653 330 
The Input/Output and Control System of tlu Moore School 

Problem Solving Facili.ty; Pa. U., Philadelphia; Morton 
and Wolfberg; AD-653 465 

Cryogenic Research; TRW S stems, Redondo Beach, 
Calif.; Mann; AD-653 884 

Circal: On-Li,u Circuit Desig,1; MIT; Dertouzos; AD-654 
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MATERIALS 
Chemical Physics of Surface Reactions of Metals; Westing­

house, Piusburgh; Gulbransen and Tallman; AD-653 723 
Thermal Properties of Gold-Silic011 Binary Alloy Near the 

Eutectic Co111positio11; Harvard; Chen and Turnbull; 
AD-654 167 

Thennal Evidence of a Gum Transition in Gold-Silicon­
Ger11wniu111 Alloy; Harvard; Chen and Turnbull; AD-
654 168 

Composite Thennoplastic/Glass Filame,u Reinforce11u11t for 
Buoyant Submarine Cables RG-372 (X -1)/U and RG-373 
(X -1)/U; nion Carbide Corp., Bound Brook, .J .; 
Hofer and alepa; AD-652 _810 

Origi al from 

UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 



Research and Development of Physical Metallurgy of

Titanium; IIT; Crossley; AD-652 829

Anodic Disintegration of Metals Undergoing Electrolysis

in Aqueous Salt Solutions; Mo. U., Rolla; James et al;

AD-652 912

The Microbial Corrosion of Iron; Miami U.; Oppenheimer;

AD-653 368

A Numerical Solution of the Elaslohydrodynamic Film

Thickness in an Elliptical Contact; Mechanical Technology

Inc., Latham, N.Y.; Cheng; AD-652 923

Calculation of Elastohydrodynamic Film Thickness in High

Speed Rolling and Sliding Contacts; Mechanical Technology

Inc.; Cheng; AD-652 924

MATHEMATICAL SCIENCES

E-Points of Games; Princeton; Marchi; AD-652 786

Transfer Pricing in a Decentralized Firm: A Decomposition

Algorithm for Quadratic Programming; Carnegie Inst, of

Tech.; Hass; AD-652 916

The Computation of Bounds for the Invariant Subspaces of a

General Matrix Operator; Stanford; Varah; AD-652 921

Computational Considerations Regarding the Calculation of

Chebyshev Solutions for Overdetermined Linear Equation

Systems by the Exchange Method; Stanford; Bartels and

Colub; AD-652 922

Solving Bicriterion Mathematical Programs; Cal. U., Los

Angeles; Ceoffrion; AD-653 000

A New Approach to the Theory of Monads; CalTech;

Luxemburg; AD-653 070

Reduced Powers of the Real Number System and Equivalents

of the Hahnbanach Extension Theorem; CalTech; Luxem-

burg; AD-653 071

On Some Properties of Bounded Internal Functions; Cal-

Tech; Taylor; AD-653 072

The Wiener-Hopf Solution of the Optical Fixed Point

Smoothing Problem; Northwestern U.; Meditch; AD-653

108

Computing Two-Commodity Flows; Va. U.; Rothschild

et al; AD-653 117

Robust Estimates of Linear Trend in Multivariate Time

Series; Wisconsin U.; Bhattacharyya; AD-653 267

Asymptotic Normality of Certain Functions Defined on a

Markov Process; Wisconsin U.; Roussas; AD-653 271

Nonparametric Estimation in Markov Processes; Wisconsin

U.; Roussas; AD-653 272

On Minimal Modulo 2 Sums of Products for Switching

Functions; Technion, Israel; Even et al; AD-653 311

On the Relation Between a Particular Stochastic Process and

its Two Imbedded Markm> Processes; Johns Hopkins U.;

Gastwirth and Wolff; AD-653 380

Surface-Energy Tensors for Ellipsoids; Chicago U.;

Rosenkilde; AD-653 393

Non-Discounted Denumerable Markovian Decision Models;

Stanford; Ross; AD-652 797

Strictly Concave Parametric Programming. Basic Theory.

Additional Theory and Computational Considerations; Cal. U.,

Los Angeles; Ceoffrion; AD-653 008

The Symmetric Assignment Problem; Cal. U., Berkeley;

Murty; AD-653 103

Likelihood Ratio Tests for Restricted Families; Cal. U.,

Berkeley; Barlow; AD-653 104

Some Bayesian Stratified Two-Phase Sampling Results;

Wisconsin U.; Diaper and Guttman; AD-653 264

Experimental Strategy; Wisconsin U.; Box; AD-653 273

Optimal Quadratures in 1,2 (EP), II; Brown U.; Bat nhill;

AD-653 713

Bounds on the Efficiency of a Classification Procedure; Stan-

ford; Chernoff; AD-653 724

Estimation in Multivariate Analysis; Harvard; Dempster;

AD-653 818

Reconstructing Patterns From Sample Data; Stanford;

Switzer; AD-653 877

On Selecting Variables for Pattern Classification; Informa-

tion Research Associates, Inc., Lexington, Mass.; Rao;

AD-654 149

Propagation of Some Systematic Errors in X-Ray Line

Profile Analysis; Ga. Tech.; Young et al; AD-654 052

Inequalities and Tolerance Limits for S-Ordered Distribu-

tions; Calif. U., Berkeley; Lawrence; AD-654 154

A New Approach to Discrete Mathematical Programming;

Calif. U., Los Angeles; Graves and Whinston; AD-654 162

Tables of Joint Probabilities Useful in Evaluating Mixed

Acceptance Sampling Plans; Rutgers, New Brunswick, N.J.;

Schilling and Dodge; AD-654 178

Supplement to Tables of Joint Probabilities; Rutgers;

Schilling and Dodge; AD-654 179

Some New Approaches to Risk; Carnegie; Byrne et al;

AD-653 727

MECHANICAL, INDUSTRIAL, CIVIL, AND

MARINE ENGINEERING

Response of Slowly Moving Ship to Propeller and Ruilder

Actions; Stevens Inst, of Tech., Hoboken, N.J.; Crane,

Jr.; AD-653 882

An Experimental Study of the Hydroelastic Instability of

Supercavitating Hydrofoils; Minn. U.; Song and Almo;

AD-654 145

University Sealab: Design and Analysis of a Saturation

Diving Facility for the National Oceanographic Community;

New Hampshire U.; Durham; AD-654 159

Application of the Lifting Foil Theory Solved by Rheoelectric

A nalogy to the Calculation and Design of Sub- and Super-

Cavitating Propellers; Bureau D'Analyse et de Recherche

Appliquees Boulogne-Billan-Court (France); AD-652 981

METHODS AND EQUIPMENT

Flexible-Membrane Fabry-Perot Interferometer; M.I.T;

Ingard and Lewenstein; AD-652 895

Some Questions Related to the Mathematical Description of

the Photographic Process; HRB-Singer Inc., State College,

Pa.; Mares; AD-653 083

A Digital Approach to Photographic Image Quality Evalua-

tion; HRB-Singer Inc., Markel and Panzl; AD-653 084

Systems Theory and the Analysis of Photo-Optical Processes;

HRB-Singer Inc.; Dutkoet al; AD-653 110

Time-of-Flight Electron Velocity Spectrometer; General

Electric, Schenectady, N.Y.; Baldwin and Friedman;

AD-653 758

NAVIGATION, COMMUNICATIONS, DETECTION

AND COUNTERMEASURES

Experimental Investigations of Man-Machine Processing of

Information; General Dynamics Corp., Groton, Conn.;

Kaufman et al; AD-653 278

Detection of a Signal With an Unknown Parameter; Bell

Telephone Labs, Inc., Whippany, N.J.; Jacobs; AD-652

808

Analysis of (Communication Schemes Using an Intermittent

Feedback Link; Stanford; Kramer; AD-652 825

Speech Research; Haskins l.abs., N.Y.; Cooper; AD-653

373

Results of the First Infrared Astronomical Rocket Flight;

Cornell; Harwit et al; AD-652 722

An Investigation of Target Enhancement Through Use of a

Multi-Phosphor Cathode-Ray Tube; Stromberg-Carlson

Corp., San Diego; French; AD-652 980

NUCLEAR SCIENCE AND TECHNOLOGY

Decay of 102Ag and Levels in 102Pd; Calif. U.; Charo-

enkwan and Richardson; AD-654 071

PHYSICS

Sound Velocity Profiles Between Bermuda and the Antilles;

Woods Hole; Payne and Beckerle; AD-654 174

Crystal Chemistry at Elevated Pressure and Moderate

Temperatures; Pa. St. U., Univ. Park; Rustum and Dachille;

AD-653 887

High Altitude Rocket Plume Structure; General Dynamics/

Convair, San Diego; Barthel et al; AD-653 769

Transient Temperature Distribution in a Solid Sphere Due to

Aerodynamic Heating; Polytechnic Inst, of Brooklyn;

Ceppolino and Nardo; AD-653 873
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Re~arch and Development of Physical Metallurgy of 
Titanium; IIT; Crossley; AO-652 829 

Anodic Dirintegration of Metals Undergoing Electrolysis 
in Aqueous Sa/J. Solwions; Mo. U., Rolla; James el al; 
AD-652 912 

The Microbial Corrosion of Iron; Miami U.; Oppenheimer; 
AD-653 368 

A Numerical Solwion of the E/astohydrodynamic Film 
Thickness in an Elliptical Contact; Mechanical Technolog 
Inc,, Latham, .Y.; Cheng; AD-652 923 

Calculation of Elastohydrodynamic Film Thickness i'II H igh 
Speed Rolling and Sliding Contacts; Mechanical Technology 
Inc.; Cheng; AO-652 924 

MATHEMATICAL SCIENCES 
£-Points of Games; Piinceton; Marchi; AO-652 786 
Transfer Pricing fo a Decentraliud Firm: A Decomposil.ion 

AlgariJ.hm for Quadratic Programming; Carnegie Inst. of 
Tech.; Hass; AO-652 916 

The Computation of Bounds for the Invariant Subspaces of a 
General Matrix Opl!Tator; Stanford; Varah; AD-652 921 

Computational Conriderations Regarding the Calculation of 
Cl,ebyshev Solutions for Ovl!T(/etermined linear Equalion 
Systems l,y the Exchange Method; Stanford; Bartels and 
Golub; AO-652 922 

Solving Bicriterion Mathematical Programs; Cal. U., Los 
Angeles; Geoffrion; AO-653 000 

A New Approach to the Theory of Monads; CalTech; 
Luxemburg; AO-653 070 

Reduud Powers of the Real Nurnber System and Equivalents 
of the Hahnbanach ExJ.ension Theorem; CalTech; Luxem­
burg; AO-653 07 J 

On Setme Propl!Ttits of Bmnded foll!Tnal Functions; Cal­
Tech; Taylor; AD-653 072 

The Wienl!T-Hopf Solution of the Optical Fixed Point 
Smoothing Problem; orthwestern U.; Meditch; AO-653 
108 

Cetmputing Two-CommodiJ.y Flows; Va. U.; Rothschild 
et al; AO-653 117 

Robust Estimates of Linear Trtnd in Mu/J.ivariate Time 
eries; Wiscon in U.; Bhauacharyya; AO-653 267 
Asymptotic Normality of Certain Functions Defined 011 a 

Markov Process; Wisconsin U.; Roussas; AD-653 271 
Nonparar,utric Estimation in Markov Processes; Wisconsin 

U.; Roussas; AD-653 272 
On Minimal Modulo 2 Sums of Products for Switching 

Functions; Technion, Israel; Even el al; AO-653 311 
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Rosenkilde; AD-653 393 

Non-Discounted Deriumerable Markovian Decisior1 Models; 
Stanford; Ross; AD-652 797 

Strictly Concave Parametric Programming. Basic Theory. 
Additional Theory and Computational C=iderati<tllS; Cal. ., 
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Mun ; AD-653 103 
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Berkele ; Barlow; AD-653 104 

Some Bayesian Stratified Two-Phase Sampling Results; 
Wisconsin U.; Draper and Guttman; AD-653 264 

Experimenlal Strategy; Wisconsin U.; Box; AD-653 273 
Optimal Quadratures i11 L2 (EP), II; Brown U.; Barnhill; 
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ford; Chernoff; 0-653 724 
Estimation in Mu/J.ivariate Analysis; Harvard; Dempster; 
0-653 818 
Reconstructing Patter11s Fretm Sample Data; Stanford; 
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Profile Analysis; Ca. Tech.; _ Young et al; AD-654 052 
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tions; Calif. U., Berkeley; Lawrence; AO-654 154 

A ew Approach to Discrete Matliematical Programming; 
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Acceptance Sampling Plans; Rutger , ew Brunswi k, .J .; 
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Supplemen1 to Tables of Joint Probabilities; Rutgers; 
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Some New Approaches to Rislt; Carnegie; Byrne et al; 
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Actions; Stevens Inst. of Te h., Hoboken , .J .; Crane, 
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An Experimental tudy of the Hydroe/astic Instability of 
Supercavitating Hylrofoils; Minn. U.; Song and Almo; 
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University Sealab: Design and Analysis of a Saturation 
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METHODS AND EQUIPMENT 
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the Plwlographic Process; HRB-Singer Inc. , Stale ollege, 
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AD-653 758 

NAVIGATION, COMMUNICATIONS, DETECTION 
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Decay of I02Ag and Levels iii 102Pd; Calif. haro-

enkwan and Richard on; AO-654 071 

~HYSICS 
ourul Velocity Profiles Between Bm11uda and the Antilles; 

Woods Hole; Payne and Be kerle; AD-654 174 
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Some Preliminary Experiments on Probe Interference in

Hypersonic Near Wakes; Polytechnic Inst.; Sforza; AD-653

875

Two-Dimensional Gravity Waves in a Stratified Ocean;

CalTech; Wu and Mei; AD-654 122

The UCLA 45-MeV Polarized Proton Beam; Calif. U., Los

Angeles; Cahill and Richardson; AD-653 762

Surface-Energy Tensors; Chicago U.; Rosenkilde; AD-653
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The Study of the Reaction d(p,2p)n at 46 Mel'; Calif. U.,

L.A.; Slaus et al; AD-653 759

A Study of the Neutron — 3He Interaction at 14.4 Met';

Calif. U., L.A.; Van Oers et al; AD-653 761

Calculation of Particle-Hole States in the 2s-Id Shell;

Mich. U.; Engeland and Ellis; AD-653 978

Phase-Shift Analysis of Elastic Nucleon-Deuteron Scat-

tering; Calif. U., L.A.; Van Oers and Brockman, Jr.;

AD-654 070

On the Decay of 106In; Calif. U., L.A.; Catura and

Richardson; AD-654 072

Energy levels in 23Na; CalTech; Dubois; AD-654 153

A Study of Levels in 23Mg; CalTech; Dubois and Ear-

waker; AD-654 155

Nuclear Energy levels of 37K; CalTech; Goosman and

Kavanagh; AD-654 156

Second-Order Elongation of Metal Tubes in Cyclic Torsion;

Columbia U.; Ron ay; AD-653 469

The Dynamic Stress-Strain Relation of Lead and its De-

pendence on Grain Structure; Brown U.; Gondusky and

DufTy; AD-653 718

Strain' and Stresses in Matrices W ith Inserts; Catholic U.,

Wash., D.C.; Durelli et al; AD-653 721

Semiconducting Glasses; Rensselaer Polytechnic Inst.;

Mackenzie; AD-653 714

Electric-Field-Induced Transitions in the Electron Para-

magnetic Resonance of Non-Kramers Doublets; Kansas U.;

Culvahoute et al; AD-653 763

Heat Transfer and Binary Diffusion With Thermodynamic

Coupling in Variable-Property Forced Convection on a Flat

Plate; Clarkson College, Potsdam, N.Y.J Gill and Zeh;

AD-654 141

Acoustical Activity and Related Phenomena in Crystals;

Pa. U.; Portigal; AD-652 935

Stimulus-Oriented Approach to Detection Re-Examined;

Texas U., Austin; Jeffress; AD-653 123

Low and High Amplitude Internal Friction Measurements

in Solids and Their Relation to Imperfection Motions; Colum-

bia U.; Mason; AD-652 793

Some Laboratory Experiments on Rossby Waves in a Rotating

Annulus; Woods Hole; Ibbetson and Phillips; AD-652 889

A Method for Generating Linear Density Profiles in Labora-

tory Tanks; M.I.T.; Clark et al; AD-653 026

Hydrodynamic Aspects of Macromolecular Solutions; Hydro-

nautics Inc., Laurel, Md.; Tulin; AD-653 097

Interaction of a Ring-Reinforced Shell and a Fluid Medium;

Polytechnic Inst, of Brooklyn; Berglund and Klosner;

AD-653 089

lnertial Ranges in Two-Dimensional Turbulence; Kraichnan

(Robert H.), Peterborough, N.H.; Kraichnan; AD-653

I I 1

Lagrangian-History Statistical Theory for Burgers' Equation;

Kraichnan (Robert H.), Peterborough, N.Y.; Kraichnan;

AD-653 112

Initial and Boundary Value Problems in Dissipative Gas

Dynamics; Brown U.; Sirovich; AD-653 121

The Post-Newtonian Effects of General Relathrity on the

Equilibrium of Uniformly Rotating Bodies. Tlie Deformed

Figures of the Jacobi Ellipsoids. The Roche Model; Chicago

U.; Chandrasekhar; AD-653 251

The Equilibrium of Slowly Rotating Configurations in the

Post-Newtonian Approximation: Corrections to Clairaut'.s

Equation: The Appearance of a Rotating Configuration as

Viewed From Infinity; Chicago U.; Krefetz; AD-653 376

Active Distortion During Ruby Laser Action; Minn. U.;

Radulovich and Collins; AD-653 060

Optical Inhomogeneities in Pumped Lasers; American

Optical Co., Southbridge, Mass.; Koester; AD-653 069

Study-Far Infrared Generator; Perkin-Elmer Corp.,

Norwalk, Conn.; Zernike; AD-652 830

A Study in ADP of Spontaneous Parametric Interaction

Tuneable From 4400A to 16000A; Cornell U.; Magde and

Mahr; AD-653 091

Absorption Model Analysis of KN to K* (H90)N Reactions;

III. V.; Donohue; AD-652 826

Rapidly Decreasing Form Factors and Infinitely Composite

Particles; III. U.; Stack; AD-652 827

Pulse-Stimulated Radiation From a Plasma Due to an Energy-

Dependent Cyrofrequency; CalTech; Kegel; AD-652 790

Dissipative Wave Propagation in Compressible Magneto-

hydrodynamics; Brown L'.; Salathe and Sirovich; AD-653

122

Scaling Parameters for Low-Density Flowing Plasmas.

Electron Beam Studies of the Gas-Surface Interaction Process;

Toronto U., (Ontario); de Leeuw and French; AD-653

366

Theory oj Positron Annihilation in Real Metals; Cornell;

Carbotte; AD-652 979

Transient Analysis in Fracturing Aluminum Plate; Wash.

U.; Kobayashi and Engstrom; AD-653 073

On Overall Buckling of Vessels Composed of (Combinations

of Cylindrical and Spherical Shells; Columbia U.; Harari;

AD-653 114

A Numerical Solution for Longitudinal Waves in a Cylin-

drical Shell; Columbia U.; Testa; AD-653 115

TransietU and Harmonic Responses of a Plate With an

Attached Viscoelastic Layer; Applied Technology Associates

Inc., Ramsey, N.J.; Jones et al; AD-653 312

The 20th Military Operations Research Symposium will be held at the Department of

State, Washington, D.C., October 24-26, 1967. Additional information on this symposium,

which is sponsored by the ONR Naval Analysis Programs, may be obtained from the

Executive Secretary, Military Operations Research Society, Landmark Towers, Room

1500, 101 Lincolnia Road, Alexandria, Va. 22304.

The 1967 ONR SKYHOOK scientific balloon program at Fort Churchill, Canada was

completed on August 1. In all, 25 launches were made, with all but five successfullv

recovered. Balloons in a variety of sizes were down.

Dr. Ceorge R. Irwin, a pioneer in the field of fracture mechanics, retired on August

11 from his position as Superintendent of the Mechanics Division at the Naval Research

Laboratory. He will join the faculty of Lehigh University.
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A M ethod for Generating Linear Density Profiles in Labora­
tory Tanks; M.1.T. ; lark et al; AD-653 026 
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The 1967 0 R SKYHOOK cientific balloon program at Fort Churchill, Canada was 
completed on ugust 1. In all, 25 launches were made, with all but five ucces fully 
recovered . Balloons in a variety of sizes were Aown. 

Dr. George R. Irwin, a pioneer in the field of fracture mechanic , retired on August 
11 from his po ition a Superintendent of the Mechanics Division at the aval Research 
Laboratory. He will join the faculty of Lehigh University. 
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Dr. Reid Receives Superior Civilian Service Award

Dr. Roger D. Reid, former Director of the ONR Biological Sciences Division, recently

received the Superior Civilian Service Award, the highest award that a bureau or office

chief can bestow upon a member of his staff. The award was presented by RADM Thomas

B. Owen, Chief of Naval Research, during a ceremony held in his office on July 28, 1967.

Dr. Reid, who served as the Director of the Biological Sciences Division from 1957 to

1967 and as Head of the Microbiology Branch from 1948 to 1957, was cited for the many

contributions he made during that period.

In 1953, Dr. Reid conceived and developed the first issue of Progress Report Abstracts

for the Microbiology Branch. These abstracts are now published regularly by all branches

of the Biological Sciences Division. They provide not only a yardstick of progress for the

benefit of both contractor and scientific officer, but also a readily available reference

manual for coordinators, negotiators, analyzers, and nontechnical personnel.

In 1963, Dr. Reid organized and conducted the first Navy-wide Workshop in the

Biological Sciences at the Naval Medical Research Institute, Bethesda. These workshops,

which are now held on an annual basis, have been eminently successful in bringing

civilian and military biologists together to discuss approaches to common problems.

Also, they have served as an avenue for military applications experts to present their

general and specific operations requirements to Navy biologists and medical personnel.

Dr. Reid is a diplomate of the American Board of Microbiology and a member of the

American Academy of Microbiology and the Governing Board of the American Institute

of Biological Sciences. In 1964, the Maryland Branch of the American Society of Micro-

biology presented him with the Barnett L. Cohen Award, citing him for his "contribu-

tions, devotion, diligence and interest in the promotion of the Science of Microbiology."

Also, he coauthored the text book entitled Microbiology, which has been adopted by over

200 universities and colleges in the United States and translated into Spanish for use in

South American countries.

Dr. Reid is currently serving as Professor of Biology at the University of West Florida,

Pensacola.
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Dr. Reid Receives Superior Civilian Service Award 

Dr. Roger D. Reid, former Director of the ONR Biological Sciences Division, recently 
received the Superior Civilian Service Award, the highest award that a bureau or office 
chief can bestow upon a member of his staff. The award was presented by RADM Thomas 
B. Owen, Chief of Naval Research, during a ceremony held in his office on July 28, 1967. 

Dr. Reid, who served as the Director of the Biological Sciences Division from 1957 to 

1967 and as Head of the Microbiology Branch from 1948 to 1957, was cited for the many 
contributions he made during that period. 

In 1953, Dr. Reid conceived and developed the first issue of Progress Report Abstracts 
for the Microbiology Branch. These abstracts are now published regularly by all branches 
of the Biological Sciences Division. They provide not only a yardstick of progress for the 
benefit of both contractor and scientific officer, but also a readily available reference 
manual for coordinators, negotiators, analyzers, and nontechnical personnel. 

In 1963, Dr. Reid organized and conducted the first Navy-wide Workshop in the 
Biological Sciences at the Naval Medical Research Institute, Bethesda. These workshops, 
which are now held on an annual basis, have been eminently successful in bringing 
civilian and military biologists together to discuss approaches to common problems. 
Also, they have served as an avenue for military applications experts to present their 
general and specific operations requirements to Navy biologists and medical personnel. 

Dr. Reid is a diplomate of the American Board of Microbiology and a member of the 
American Academy of Microbiology and the Governing Board of the American Institute 
of Biological Sciences. In 1964, the Maryland Branch of the American Society of Micro­
biology presented him with the Barnett L. Cohen Award, citing him for his "contribu­
tions, devotion, diligence and interest in the promotion of the Science of Microbiology." 
Also, he coauthored the text book entitled Microbiology, which has been adopted by over 
200 universities and colleges in the United States and translated into Spanish for use in 
South American countries. 

Dr. Reid is currently serving as Professor of Biology at the University of West Florida, 
Pensacola. 
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Time-Sharing: A Computer at Your Fingertips lewis c. clapp 1

Computer time-sharing is a powerful and challenging new tool which can make man more productive.

The United States Navy has played a key role in supporting some of the earliest research in this area.

Inanimate Intellect Through Evolution Lawrence j. fogel 9

It is now possible to program a computer so that it can discover new and different means for solving

problems — logical procedures which the programmer had thought were inappropriate. In truth, here

is artificial intelligence.

The Navy as a Catalyst

in Biomedical Engineering richard trumbull 19

ROGER D. REID

The Naxy has long been interested in biomedical engineering. This article describes some of its ac-

complishments in this field.
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NAVAL RESEARCH | REVIEWS | publishes highlights of research conducted by

Navy laboratories and contractors and describes important Naval experimental facilities. Manu-

scripts submitted for publication, correspondence concerning prospective articles, and changes

of address, should be directed to Code 109, Office of Naval Research, Washington, D.C., 20360.

The magazine is listed for sale by the Superintendent of Documents, U.S. Government Printing

Office, Washington, D.C., 20402. Subscription price: $1.50 per year in the U.S. and Canada;
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Fifteen minutes flight time is all it takes for this HC-1 helicopter to airlift the front half of an

A-4 "Skyhawk" between NAS Atsugi, Japan and the Nippi repair plant at Sugita. The Helo-^

Lift program replaces the former ferry system which usually took about 16 days. See page 8.

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

5
:2

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
7

8
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

IN THIS ISSUE VOL. XX No. 11 

Time-Sharing: A Computer at Your Filngertips ................ LEWIS c. CLAPP l 

Computer time-sharing is a powerful and challen8~ng new tool which can malt.e man more productive. 
The United States Navy has played a key role in supporting some of the earliest research in this area. 

Inanimate Intellect Through Evolution ..................... LAWRENCE J· FOGEL 9 

It is now possible to program a computer so that it can discover new and different means for solving 
problems - logical procedures which the programmer had thought were inappropriate. In truth, here 

is artificial intelligence. 

The Navy as a Catalyst 
in Biomedical Engineering ................................... RICHARD TRUMBULL 19 

ROGER D. REID 

The Navy has long been interested in biomedical engineering. This article describes some of its ac­
complishments in this field. 

Research Notes............................... .. ................................................ 27 

On the Naval Research Reserve.... .... .. ................................................ 30 

Selected Contract Research Reports.. ... .......... ...... ............................... 37 

NAVAL RESEARCH IREVIEWSI publishes highlights of research conducted by 
Navy laboratories and contractors and describes important Naval experimental facilities. Manu­
scripts submitted for publication, correspondence concerning prospective articles, and changes 
of address, should be directed to Code 109, Office of Naval Research, Washington, D.C., 20360. 
The magazine is listed for sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C., 20402. Subscription price: $1.50 per year in the U.S. and Canada; 
$2.00 per year, foreign; S0.15 per individual copy. The issuance of this periodical approved 
in accordance with Dept. of the Navy publications and printing regulations. 

Editor: BEATRJCE M. EIESLAND 

Associate Editors: 

T. B. DOWD, ONR BOSTON 

L. A. WHITE, ONR CHICAGO 

I. ROWE, ONR NEW ·YORK 

B. J· CAGLE, ONR J:'ASADENA 

E. A. EDELSACK, ONR SAN FRANCISCO 

R. T. SWIM, NAVAL RESEARCH LABORATORY 

NAVSO P-510 

Fifteen minutes flight time is all it takes for this HC-1 helicopter to airlift the front half of an. 
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