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OUR COVER 1 
for this "Life Sciences" issue presents 

ketches of some of the natural- sciences phe- 
iomena that have become of great interest to 
he physical sciences: upper left, a DNA mole- 

le and, just below, the temperature destruc- 
lon of protein secondary structure. Spaced 
cross the page are some more -familiar natural 
pecies, ending at lower right with a fly's eye, 
tnd at upper right with an organic carbon 
Aolecule chain. The interplay of physical and 
to tural science is seen in many interdiscipli- 
lary fields such as bionics, biomedical elec- 
ronics, life support, space biology, etc. One of 
hese (bionics) is illustrated in the bottom 
hoto: M. Herscher (left) and T. B. Martin 
right) of DEP Applied Research, Camden, 

¡.J., and a portion of experimental speech 
cognition equipment (six rocks in all), which 

{ implemented with analog threshold logic 
letworks of DC neurons. (Cover art direction 

Parvin. Bottom photo, R. Allen.) 

Electronics and the Life Sciences 
The use of electronics to study, to monitor, to reinforce or to repair the mental and 
physical processes of human beings represents an important and growing humani- 
tarian competence within our industry -one filled with hope for the future health 
and well -being of the individual. This competence has produced the electrocardio- 
graph and the electron microscope, the radio pill, the heart-pacer and the electron- 
ically controlled artificial limb, the laser "knife ", and the possibility of medical 
diagnoses by computer, to name a few. 

Important as these are, however, they constitute only one facet of the complex 
interplay between electronics and biology. Another, which, in my opinion, is of 

even greater significance for RCA is the relationship between biology and the future 
course of our traditional business of information handling. 

As a company, we were born out of the possibility of using electronics to remove 
the limitations of time and distance from human communications. Our growth has 
depended on the recognition that through electronic and electromechanical systems 
it is possible to give a much greater scope to many of man's physical and mental 
skills. Our future, in turn, will depend on the continued expansion of the inter- 
action between electronics and man's skills. Only by understanding the bases of 

life and thought will we be able to design the machines and machine systems which 
will continually increase man's capability to meet the soaring economic, social, 
educational, and technological demands of the coming decades. 

I am pleased, therefore, that the RCA ENGINEER has devoted this issue to the 
vital interplay between electronics and the life sciences and the part we are playing 
in the effort to realize the great promise of that interplay. 

/ 
Dr. James Hillier 

Vice President, RCA Laboratories 
Research and Engineering 

Radio Corporation of America 
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This review of biomedical engineering and its growing 

importance emphasizes the challenges facing the elec- 

tronics engineer in understanding the almost limitless and 

elusive variables of the phenomena of life, and stresses the 

present and future role of sophisticated electronic devices 

to aid in studying and sustaining life. In addition to intro- 

ducing biomedical engineering, much basic terminology 

of this complex, interdisciplinary field is discussed, thereby 

providing a background for understanding more -detailed 

papers and specific biomedical topics. Widespread inter- 

est in this field is evidenced by the 1,200 electronics engi- 

neers, physical scientists, physicians and other life scientists 

who attended the 1964 IEEE Conference on Engineering, 

Medicine, and Biology. 

The Engineer and the Corporation 

BIOMEDICAL ENGINEERING 
DR. ALFRED N. GOLDSMITH 

Hon. Vice President and Senior Technical Consultant 
Radio Corporation of America 

New York City, N. Y. 

BIOMEDICAL engineering is among the most recent addi- 
tions to the technological professions. It is a "cross - 

disciplinary" branch of engineering, applying the skills and 
capabilities of modern electronics to the fields of biology, 
medicine, and surgery. Its broad scope will tax the resources 
of the multi -disciplinary training of its practitioners. But it 
will offer corresponding rewards through the many benefits to 
the health of the inhabitants of this globe. 

The worker in biomedical engineering should have a natural 
taste for the study of broader, more generalized, and more 
complex relationships than those found in most technologies. 
The training of the biomedical engineer will resemble that 
of the patent attorney who is both engineer and lawyer. At 
first, biology may seem strange to the engineering mind. 
Many biological phenomena are highly changeable, auto - 
dynamic, only approximately uniform, and only broadly con- 
trollable. They may also be inherently complex in their 
interrelationships; basic theories of biology only partially 
parallel those of the physical sciences. 

On the practical side, the biomedical engineer needs close 
contacts with the user of biomedical equipment as well as 
knowledge of medical and surgical problems; the biomedical 
engineer must be thoroughly at home in the fields of medical 
practice and biological procedures. 

One nonexclusive way of studying man is through biology, 
medicine, and engineering. To oversimplify, man (or any 

Final manuscript received October 19, 1964 
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man -like extraterrestrial life form) is an organism sensitive 
toward his surroundings and reacting to them; enjoying 
spontaneous movement and the feedbacks necessary for such 
effective reaction to environment; possessing a selective in- 
formation storage and retrieval system; and capable of 
communicating comprehensive information or requests for 
information to its fellow men or like life forms. Man therefore 
poses a vast field for biological engineering study. 

It is natural that biological engineering in its present early 
stage resembles more a group of oases than a large intensively 
cultivated area. Its divisions are only beginning to be clearly 
defined and some of its areas are not only expanding but 
overlapping. In such a fluid field, the opportunities for 
accomplishment are many and diverse. 

Since this paper is inherently a brief summary of the sub- 
ject, credits for individual devices or methods are not listed. 
Only broad principles are presented, generally without details, 
to show the scope, diversity, and capability of available 
apparatus. Some of the methods and equipment herein cited 
are in the research stage; others are in development; and 
some are fully operational. 

INSTRUMENTATION 

Measuring instruments form the solid basis of most scientific 
developments. The phenomena of biology are often encour- 
agingly amenable to study, measurement, and orderly classi- 
fication by methods recently developed in the electrical and 
electronics field. Available, for example, are control sensors, 
networks, feedback, circuit simulation of biological processes, 
telemetry, information sensors, and miniaturization. The 
impedance changes of parts of the body yield significant 
information. Thus a high- frequency current may be passed 
through the thorax and the respiratory rate and depth of 
inhalation related to recordings of the current variation. 

The heart beat, or cardiac cycle, generates systematic 
blood -pressure changes, and related voltages that may be 
recorded by connection to electrodes in conductive contract 
with selected sections of the body (chest and legs). Such 
records are known as electrocardiograms (EKG). Detectable 
magnetic fields also accompany the cardiac cycle, making 
possible more remote study of the cardiac cycle. Heart beats 
can also be detected and measured by placing the subject on 
a freely movable platform and measuring the exerted mus- 
cular forces, thus enabling study of the training of athletes 
and the cause of such handicaps as limps. 

Blood flow may be measured electromagnetically; it can 
also be determined by an ultrasonic meter operated by 
comparisons of ultrasonic pulses transmitted up- and down- 
stream. Electronic counters of the number and size of 
particles in the blood stream (sanguinometers) give cor- 
responding information on the blood corpuscles. The 
location of internal intestinal bleeding can be found by 
Geiger counters placed at intervals along a "swallow tube" 
ingested into the intestinal tract after "labelling" the red 
blood cells with a harmless, short -life radioisotope. 

Blood velocity can be measured by applying an alternating 
voltage to two coils on opposite sides of a probe in one of 
the heart blood vessels (the aorta) . 

Voltages derived from other body activities can be re- 
corded. These include encephalograms (EEG, or brain -wave 
records), and electromyelograms (EMG, or muscle- activity 
waves ) . Electromyelograms, directly viewed on a kinescope, 
assist in the study of muscular and nervous disorders. 
Encephalograms assist in diagnosing brain lesions and areas 
involved in epilepsy, and are said to be useful in psychiatry. 
Records of potentials in the brain cortex (outer shell of the 
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brain) are available through direct probes and are termed 
electrocorticograms. 

Pressures in body cavities or on the body surface are 
measurable through tonometry. A piezoelectric transducer 
(e.g., a quartz crystal) is pressed against the sensitive area, 
and suitable electronic measurements enable derivation of 
the internal pressure. Strain gauges attached to the finger 
tip are known as plethysmographs. 

Respiration rates and the carbon -dioxide cycle in breath- 
ing can be measured and electronically studied using analog 
computers. Stomachic activity (including peristaltic or 
digestive motion) can be registered even on the body sur- 
face using specialized amplifiers. Thus electrogastrography 
permits systematic investigations of digestion. 

Various types of eye movement can be recorded by elec- 
trooculography (EoG). The functioning of the normal and 
impaired eye motor system is thus recorded for diagnosis; 
often without any ocular restraint. Minute photoelectric or 
magnetic contacts to the eye are used. 

Internal body structures (including intrusions such as 
calculi, or stones are visualized by ultrasonic means. A 
source of ultrasonic energy is focussed through "sound 
optics" on the region to be examined. The reflected ultra- 
sonic waves give an echo pattern permitting, for example, 
study of heart -valve movements, blood clots (thromboses), 
tumors in the heart, and heart -valve constrictions. 

Among the most powerful and useful electronic devices 
for biomedical applications are the electron microscope and 
the image amplifier. The electron microscope vastly expands 
the available magnification range (up to 200,000 times 
magnification or more with a resolution of 10 angstroms or 
better). It has been invaluable in the study of bacteria, cell 
structures, and viruses. The chromosomes (bodies in the cell 
nucleus carrying hereditary information) are made up of 
the basic flat or threadlike assemblies (genes) which contain 
orderly assemblies of the so- called nucleic acids and other 
chemical components. It is hoped that the electron -optical 
qualities of the electron microscope can be improved to the 
point where these sequences of nucleic acids can be seen, 
classified, and their significance visually decoded. 

A convenient adjunct in biological temperature measure- 
ment is the thermistor whose stability, sensitivity, and 
thermal conductivity are obviously advantageous. 

Thermoelectric modules can be used for cooling in such 
procedures as surgical or dental probings and microscopic 
examination of tissue. 

Considerable experimentation and mathematical develop- 
ment have gone into producing electrical networks which 
simulate the neuron (nerve) system. Efforts, in considerable 
measure successful, have gone into developing a readily 
adjustable, low- power, compact, and inexpensive positive or 
negative pulse generator simulating the action and inhibition 
nerve impulses. 

The techniques and apparatus of modern engineering, 
suitably modified, seem appropriate and largely adaptable to 
the needs of the biological arts. Further miniaturization, 
greater versatility, increased reliability, simplicity of opera- 
tion, improved means of telemetering or carrying indications 
from inside the body, and reduced cost would be helpful. 

LASER APPLICATIONS 

The utility of the laser for biological purposes stems from 
its peculiar capabilities and limitations. Though operating 
at very low energy efficiency, it can produce coherent light of 
an output peak power up to the range of 1 to 1,000 mega- 
watts in very brief pulses; power densities from 10'- to 10'' 
watts per square centimeter; and correspondingly high opti- 

DR. ALFRED N. GOLDSMITH received 
his BS from the City College of New 
York in 1907, and studied under a fel- 
lowship there from 1907 -1910. He 
received his PhD from Columbia Uni- 
versity in 1911. (He also holds an 

honorary ScD from Lawrence College, 
1935.) He taught at CCNY from 1910 

through 1923, becoming an Associated 
Professor of EE. He was Director of the 
RCA Research Department from 1919- 

1922, Chief Broadcast Engineer of RCA 
from 1922 -23, and Vice President and 
General Engineer of RCA from 1927- 

1933. He is now an Honorary Vice 
President of RCA, and has been a con- 
sulting engineer to RCA since 1933. 

Dr. Goldsmith has been honored many 
times for his extensive activities in 

electronics engineering by industrial 
and professional societies and organiza- 
tions too numerous to include here 
completely. Among these have been: Modern Pioneer's Award, NAM, 1940; 

Harris Medal, 1942; RCA Laboratories Achievement Award 1950; Fellow, IRE; 

Feilow, British IEE; Associate Fellow, AAS, 1958; Hon. Fellow, International 
College of Surgeons, 1955; Eminent Member, Eta Kappa Nu, 1955; Assoc. Fel- 
low, AIAA, 1964; Benjamin Franklin Fellow, Royal Society of Arts, London, 
1958. He is also a Member of many other professional societies and organiza- 
tions here and abroad. Dr. Goldsmith's professional interests have ranged 
widely throughout his career, and have included study of and cont-ibutions 
to radio telegraphy and telephony, motion picture engineering, precision elec- 
tronic measurements, color televisions, and electronics applications to medicine 
and the biological sciences. Dr. Goldsmith served as Editor of the Proceedings 
of the IRE from 1912 to 1954, and is now Editor Emeritus and a Director Emeritus 
of the successor Society, IEEE. He served as Secretary of IRE in 1918, and its 
President in 1927; he received the IRE Founders Award in 1954. He is also 
on the Board of Editors of the RCA Review. 

cal field strengths. It can be used in place of the usual 
spark or arc excitation for vaporizing materials in solid 
samples over 50 microns in diameter, thus enabling spectro- 
metric analysis. 

So powerful a source may produce biological, therapeutic, 
or even genetic effects. It can be used to treat detached 
retinas (within the eye), or to extirpate intraocular tumors. 
The retinal exposure time to the prefocused laser beam is 
about 500 microseconds. If tissue portions are stained with 
a dark dye, the laser beam energy will be selectively 
absorbed and the chosen tissue portion will be destroyed. 
The laser may ultimately be used in submicroscopic surgery 
or even, conceivably, for cellular dissection. 

Monofrequency laser beams passing through certain 
organic liquids emerge as multifrequency light thus pointing 
the way to chemical analytic methods of use in biology. 

COMMUNICATION 

Communication from within the body to local or distant 
points is another challenge. Data on physiological, chemical, 
or physical conditions in the tissues or cavities of the body 
can sometimes be secured from implanted or applied sensors, 
or by ingested combinations of sensors and signal- trans- 
mitting units (either inductive or radio "sondes "). 

Sometimes measurable by sondes are pressure, chloride - 
ion concentration, bioelectric potentials, partial pressures 
of gases (such as oxygen or carbon dioxide), ionizing- radia- 
tion intensity, motility, bleeding, respiration rate and fetal 
(embryonic) heart beat records. 

In the "radio pill" placed in the intestinal tract, frequency - 
or pulse -modulation of a carrier in the 100 kc to 10 Mc 
range is used. Internal mercury battery sources may be 
employed, and signal transmission can be initiated or halted 
from outside the body. 

Signals from within the body can be processed by known 
electronic methods for extraction of the signal from super- 
imposed noise, signal recording, analysis of waveforms, 
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record retrieval, and transmission to remote points over wire 
lines. The general practitioner may even run such tests from 
portable equipment in the patient's home under normal con- 
ditions, and send the signals by telephone line to a central 
collating, analyzing, and diagnosing station. 

Some less usual applications of the sonde include telem- 
etry of the condition of astronauts (e.g.. blood pressure, 
body temperatures. respiration rate. and cardiographic data). 
An industrial application of telemetry is the determination 
or recording of physiological or psychological changes occur- 
ring in the worker on a specific job. Sophisticated methods 
of electrocardiography also enable early study of the devel- 
oping heart beat in the fetus sometimes enabling avoidance 
or alleviation of later difficulties. 

As microminiaturization and improved signal- identification 
methods are developed in the electronics field, they will find 
ready and useful application to the biological sonde equip- 
ment and techniques. 

INFORMATION DISSEMINATION 

The individual biologist, physician, specialist, or clinician 
will in growing measure require a modernized and com- 
prehensive information -retrieval system to meet his current 
needs speedily and effectively. The corresponding concept 
of a "World Biomedical Information Center ", while appeal- 
ing. is perhaps too ambitious for complete and immediate 
realization; but local centers for the dissemination of re- 
quested information are frequently and hopefully proposed. 

The individual physician, hospital. clinic, or biological 
investigator could call such an information center (by tele- 
phone or data circuit) requesting specific information and, 
through computerized techniques, receive a speedy answer. 

While such information centers could not replace the 
lengthy experience and trained judgment of the scientist, 
they would be useful and dependable adjuncts or aids. 

Diagnostic information thus provided would he based not 
only on comprehensive statistical data but also on modern 
diagnostic methods (e.g., the use of electrical analogues of 
the human cardiovascular system) . Prognoses would become 
more dependable if based in part on an analog study of the 
various relevant parameters and their effects. 

HOSPITALIZED AND AMBULATORY PATIENT SUPERVISION 

In the 7.000 American hospitals. 1,400,000 patients receive 
care every day, and about 24,000,000 are hospitalized each 
year. The annual operating cost is $8 billion, about two - 
thirds of which goes for labor. Although labor costs are not 

inherently high, they are increasing about $500 million per 
year. Obviously, devices for reducing routine labor are ur- 
gently required. 

Hospitals need elaborate data on patients, including 
identification. present illness, general history, results of 
examination and tests, data resulting from consultations, 
x -ray studies, tissue data, provisional diagnosis (including 
indicated medication or surgical intervention), progress of 
the patient under treatment, later or more definite diagnosis, 
and biopsy or autopsy results. Certain necessary data such 
as electrocardiograms may be electrically and continuously 
or intermittently sent and recorded at central monitoring 
stations which, in turn, may be provided with automatic 
alarm systems responsive to unfavorable developments. 

Analogous recording systems have been devised for psy- 
chiatric cases, based to some extent on the patient's answers 
to a lengthy and largely standardized series of questions. 
It is attempted to elicit, record, and analyze (largely using 
electronic means) á complete history of the patient, his 
life and environment, and relevant data on his family. 

PROSTHETICS 

Prosthetics primarily includes the temporary substitution 
of organs of the human body in emergencies or during 
operations. as well as longer -term replacement of essential 
organs. Biomedical engineering is called on to provide 
machines (generally electromechanical) to take over the 
organ's functions temporarily or permanently. 

When heart action stops, the "cardiac pacemaker" applies 
timed electric impulses to stimulate heart action until it is 
restored to normal. More radical measures are required for 
some heart operations where a "dry heart" or "open heart" 
condition is needed by the surgeon for fairly prolonged 
activities. Unless the heart were by- passed during this period 
by means of an external artificial heart, the patient would 
die. It is hoped that a permanently implantable electro- 
mechanical heart will ultimately become available, or that 
replacement of heart valves or arteries by cardiovascular 
prostheses will become practicable. 

Cryobiology (the use of extreme cold to deep - freeze tissues 
and, hopefully, to kill bacteria, viruses, or damaged cells) 
is under early study and shows some promise. 

Under intensive development, and with considerable suc- 
cess, are artificial lungs and kidneys. A long series of 
important accomplishments in these and similar fields may 
be anticipated. 

War -inflicted injuries and their repair greatly stimulated 

Fig. 1 - Laboratory model of an electrocardiogram transmitter. 
Patient dips finger into a conducting solution, and cardiogram 
is displayed on- oscilloscope. 

Fig. 2 - RCA closed- circuit TV at Johns Hopkins Hospital displays 
moving X -ray images. Examining room camera is linked to RCA TV tope 
recorder in adjacent room, permitting later playback and study. 

EDITOR'S NOTE : Credit is due to National Institute of Health for photos in 
Figs. 3 and 5; to that Institute and International Science and Technology for 
Figs. 6 and 8; and to New York University for Fig. 9. 
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Fig. 3 - Complex open -heart surgery can no, be performed that 
was too risky a few years ago. A patient's heart and lungs can 
now be by- passed for 6 hours without irreversible damage to the 
brain or other organs through 'he use of pump -oxygenator heart - 
lung machine at right. 

/ : / 

l..I 

: ;," , 
Fig. 4 -left: patient with diagram superimposed to show sub- 
cutaneously implanted pacemaker, an instrument that can stimu- 
late failing heart action with electric impulses un "il normal action 
resumes. Right: X -ray of implanted pacemaker. 
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Fig. 6- Metabolic chamber of National Institute of Arthritis and Metabolic 
Diseases helps studies of life processes. Expired air collected under mask is 

collected by continuous -stream gas analyzers. 

Fig. 7 -At University of Pennsylvania's School of Dentistry, an RCA closed - 
circuit TV system carries the pictures and the instructor's commentary to students 
at 16 monitoring locations. 

SKULL 

BRAiN 

f E Fig. 8 -Subminiature hy- 
draulic lift that controls pre- 
cise penetration of electrode 
into brain of a hibernating 
squirrel during studies of 
life processes. 

Fig. 9 - Totograph system records data 
about on amputee's walk across an instru- 
mented platform in studies of artificial 
limbs. Pattern of walk is recorded by inter- 
rupted -'fight photographs of the amputee's 
artificio leg. 

Fig. 1D -T. P. Kelley (left) and M. Herscher, and the functional electronic 
model of the frog's retina built by DEP Applied Research, RCA, Camden, N. J. 
This kind of simu ation illustrates how biological processes are studied so that 
electronics can learn more about the processes of complex information handling. 
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the development of prosthesis of limbs and hands. Some- 
thing of the attained refinement of operation can be gained 
from a listing of the capabilities of an artificial arm which is 
electronically controlled, uses external power, is prepro- 
grammed including storage of a number of programmed 
motions as well as patient selection between them or their 
modifications, and which has five degrees of freedom. Auto- 
matic hands provide a wide variety of chosen movements, 
either automatic action or voluntary control, and reasonable 
simplicity of construction and acceptable cost. Clenching of 
the hand and adjustable grasping with the fingertips are 
available. Some highly sophisticated pressure -sensitive con- 
trols, and also feedback at appropriate parts of movements 
for avoiding excessive pressures, are provided. 

Various electronic aids for the blind are in an early stage 
of practical development. In one guidance equipment, an 
ultrasonic airwave generator produces a highly directional 
narrow beam, which is reflected by the target or obstacle and 
picked up by a receiver and earphone. Such devices are 
somewhat rudimentary and not as yet adequately satisfying 
to the user. Means have been developed for permitting the 
blind to operate a telephone switchboard, for example. Talk- 
ing typewriters are also planned to enable typing by the 
blind. 

Aids for the deaf and dumb also show promise. An "arti- 
ficial ear" under development calls for the design and con- 
struction of assemblies of suitable electronic components 
reasonably closely simulating the normal ear and its asso- 
ciated processing structures and nerves. 

The artificial larynx enables persons whose physical speak- 
ing capability has been lost to develop speech sounds of 
intelligible nature. It involves the resonant modulation, con- 
trolled by the user, of a buzzing sound generated by the 
device. 

Stammer sufferers have been helped by the controlled 
production of a low- frequency masking tone which, when 
desired, prevents the patient from hearing his own voice. 

COMPUTER APPLICATIONS 

In modern physical research, interest is largely centered on 
the submicroscopic elements of matter -that is, the atomic 
nucleus, and the so- called "elementary particles," their ar- 
rangements and interactions, and their internal and external 
effects. In biomedical research, there is growing emphasis 
and great potential utility to be derived in the study of the 
submicroscopic elements of living matter -that is, the cell 
nucleus, the chromosomes and genes, their component amino 
acids and porphyrins, their arrangements and controls, the 
enzymes which are their "messengers," and the resulting life 
forms, bodily characteristics, and behaviors. 

In view of the many and complex mathematical calcula- 
tions which may be required in biomedical research, recourse 
is had to the electronic computer. For example, in a thor- 
ough statistical analysis of 300 cardiac patients, values of 60 
separate clinical parameters were required for each patient. 
Fortunately, computers can supply huge memories and 
random -access retrieval of stored information. 

Such organs as the lungs, muscles, blood vessels, and 
even the skin produce variable and informative electric fields. 
A properly programmed computer can assimilate, analyze, 
and systematically help to interpret such field variations. 
Heart activity, as measured on the surface of the body, is 
usually shown in a somewhat distorted form due to interfer- 
ing field forms. Computer techniques enable the detection. 
evaluation, and effective annulment of such unwanted arti- 
facts and thus give the physician a correct record of heart 
action. 

Using advanced pattern recognition techniques, electro- 
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cardiograms can be systematically classified and analyzed 
thus providing a useful aid in hospital administration. 

Computers, in the psychological realm, can simulate the 
interactions between members of groups in which reward or 
punishment result from the response of the remaining group 
members to the proposals or responses of a particular mem- 
ber of the group. It seems to be within the scope of com- 
puters to study human behavior, through a model, as a 
function of its payoffs. 

GENETIC STUDIES AND SELECTIVE BREEDING 

The biological inheritance of each human being is carried 
in detail, and later effectively developed, by complex chemi- 
cal systems. Information governing the characteristics of 
the next generation is found in rather stable chemical con- 
figurations (genes, or heredity determinants) . The genes are 
found as portions of larger threadlike structures (chromo- 
somes ) located within the nucleus of almost all living cells. 
When cell division (mitosis) occurs, the genes also replicate 
(duplicate) without change. Information from the genes is 
carried unidirectionally by "message- carrying" materials to 
the point where the final and desired chemical reaction and 
conformation occurs. These and other cellular reactions are 
thus apparently initiated and guided by enzymes. 

The basic or chief material within the genes, called DNA 

(deoxyribonucleic acid ) is a highly polymerized giant - 
molecular substance of peculiar double- intertwined -helical 
structure. Certain specific items of hereditary information 
with corresponding genes have been located within the 
chromosome of the fruit fly. Yet it is clear that the decoding 
of the full information within DNA genes, and chromosomes 
is a truly colossal task for the biochemist, biologist, and the 
computer expert. Further discussion of this unfinished task 
is beyond the scope of this paper. It should be mentioned, 
however, that when the computer has successfully contrib- 
uted to the solution of the decoding problems involved, 
important medical results will follow such as understanding 
of the reasons for hereditary susceptibility to certain diseases 
such as cancer and hemophilia (uncontrollable bleeding), 
the action of carcinogenic (cancer -producing) chemicals and 
chemotherapeutic methods of controlling cancer, as well as 
the role of viruses, cell mutations, and enzymes in diseases. 

BIOMEDICAL INSTRUCTION 

The role of electronics and other aids in the instruction of 
biological and medical students is partly established and 
steadily growing. Even so, the advantages of biomedical - 
electronic education are as yet not fully recognized. Less 
than 50% of queried college deans and hospital administra- 
tors answered a questionnaire on this subject, although of 
those returning the questionnaire almost 80% were largely 
favorably disposed toward the field. About one -half of the 
queried medical school deans and one -third of the engineer- 
ing school deans believed that biomedical -electronic instruc- 
tion should be at postgraduate level. 

Television is an obviously desirable agency for medical 
instruction in general. Images can be shown to large groups. 
Inaccessible locations within the body can be displayed via 
the endoscope (an optical probe, sometimes using flexible 
fiber optics). Infrared or ultraviolet illumination can be 
used to produce a visible television picture. The television 
camera can peer through a microscope and thus show greatly 
enlarged images. Desired degrees of contrast and color can 
be adjustably secured. Textual and graphic material can 
be displayed on a large screen. And medical, surgical, or 
psychiatric patients can be viewed in one room while the 
physician or lecturer shows the images, and addresses the 
students in another room. 
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On the teaching side, it is necessary that the equipment 
and operation be of high technical quality, convenient and 
flexible in operation, and capable of growth even into the 
postgraduate field. Available statistics indicate that, of the 
86 medical schools in the United States, 40 use television 
with a corresponding investment of about $3,000,000 in tele- 
vision and associated gear. Similarly 30 of the 48 United 
States dental schools use television. 

In a parallel field, hospitals have found television useful 
in general administration, patient monitoring, radiology, 
surgical teaching, inventory control (including pilferage 
detection), as well as in various associated activities such as 
diagnosis and treatment. 

Color television offers added and sometimes essential ad- 
vantages. In diagnosis by a group of physicians, color tele- 
vision is a most helpful aid. Operations, e.g., on the eye or 
ear, become most definitive and instructive in color. Micro- 
scope views can be shown effectively on large screens with 
the added color information. Instruction to nurses, refresher 
courses or timely information to practitioners, and even 
examinations of students are facilitated by the use of color 
television. 

A highly ingenious method for creating informative arti- 
ficially colored pictures has been invented and realized in 
practice wherein television images taken by illumination at 
three different ultraviolet frequencies are reproduced, for 
example, in a conventional three -color television system. The 
color pictures thus displayed are often highly instructive in 
relation to tissue composition and structure even though they 
are specialized artifacts. 

CONTRIBUTIONS OF BIOLOGY TO ENGINEERING 

Study of the physical (and psychological) behavior of ani- 
mals has led to the formulation of rules or procedures that 
enable approximate engineering analogs of animal per- 
formance and controls to be devised. A new field has thus 
come into being called "cybernetics." In a narrow sense, 
cybernetics deals with physical or chemical feedback control 
in man and other animals. In a broader sense, this field 
(also termed "bionics ") deals with methods existent in 
nature for the control and functioning of biological processes 
and their possible adaptation and application in man -made 
systems or artifacts. 

The negative feedback referred to above has as its element 
the initiation of a movement, the sensing of the magnitude 
of the error in the movement, a feedback correction of the 
error, and repetitions of the preceding processes with the aim 
of minimizing the error in the final step. 

One obvious contribution which biology makes to engineer- 
ing is that it shows that certain difficult problems can be 
solved (though often by methods based on, but differing 
radically from, those found in nature). As examples, the 
soaring flight of seagulls or condors showed that heavier - 
than -air flight was possible. The humming bird demonstrates 
that hovering flight as well as vertical or short take -off and 
landing are possible and that the ornithopter (flapping - 
wing) principle merits study. The bat shows that a highly 
precise and sophisticated "radar" or "sonar" system (using 
supersonic airwaves) is operative, thus indicating the feasi- 
bility of radar location and its further development. The 
retina and optic nerve system of man, and his cochlea and 
aural nerve system show respectively that (at least in con- 
junction with the brain) image recognition and speech 
understanding are possible. Scotopic vision (in dim light) 
and phototopic vision (under normal illumination) show that 
wide ranges of illumination are feasible in producing useful 
luminous response. 

Sensory systems of many animals have been intensively 

studied with possibly helpful or useful results in some cases. 
Among the animals in question are cats, cockroaches, 
dolphins, fruit flies, frogs, porpoises, and sea lions. It is also 
found that on occasion nature even provides alternative 
methods of achieving desirable results. For example, studies 
of the retinal structures of the frog and of the fly show 
methods of visual image -production, and probably of per- 
ception as well. differing widely from those of man. 

Modern cybernetics leans heavily on information theory, 
automation theory and practice, artificial and natural neural - 
network structures, communication theory, and methods for 
increasing reliability of operation using partly unreliable 
components. Further, the world of living organisms operate 
with dependence on so many variables interacting in such 
complex fashion that the usual mathematical theories of 
statistics and probability do not always hold for living 
systems. 

Much interest has been aroused recently in the possibility 
of extraterrestrial life; on the environmental factors helpful 
or prejudicial to such life; and even on the requisite tests 
and supplies required to sustain life in space. 

Survival of man in space may depend on use of shielding 
against high magnetic fields, various types of electromagnetic 
radiation including x- radiation, meteorite impact, proton 
bombardment, and other injurious factors. Absence of usual 
gravitational fields may well prove to be so damaging after 
prolonged exposure, that artificial gravity (centrifugal force) 
may be necessary in spacecraft. 

Of necessity, such matters as artificial atmosphere, food 
supply, water supply, and re -use of waste exhalations and 
secretions must be considered. Available supply systems 
seem fairly complex. Their present rather rudimentary stage 
of development may well be a precursor of workable and 
viable ecological systems. 

CONCLUSION 

Considering the wide scope, and major value to humanity of 
biomedical engineering, it may fairly be said that in this era 
of often affluent scientific endeavor, engineering in the life 
fields has been a somewhat meager beneficiary. Its rela- 
tively limited (and far from large -scale) support contrasts 
sharply with the highly favorable opinion held by many 
thoughtful scientific analysts of its high relative and absolute 
importance to our present and future civilization. 

The field is, however, a difficult one in one fairly obvious 
respect. To "explain" a biological phenomenon implies its 
qualitative and quantitative understanding and the capability 
of its reasonably accurate prediction. It is true that many 
biological processes and their results can be measured with 
acceptable accuracy and sufficiency of interpretation by 
instrumentation based on presently known physical and 
chemical laws. Yet we cannot presently exclude the possi- 
bility that some principles and methods outside of present 
day scientific knowledge are necessary for a satisfying ex- 
planation and a logical understanding of many basic biologi- 
cal phenomena (e.g., genetic structure and mitotic (cell - 
divisional) growth) . 

Whether new branches of science or other disciplines will 
be required for the desired broadened knowledge in the 
biological field, and needed for its engineering congener, 
only time will tell. Clearly the field presents challenging 
vistas of potential major advances. It is already certain that 
the rational thinker and original investigator will have ample 
opportunity for rewarding accomplishments in biomedical 
engineering. This is indeed a domain for the ingenious, the 
creative, the determined and the tenacious. And its fruition 
bids fair to give much to humanity at large and to each of 
us in particular. 
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Heart and Blood Vessels (Bioelectric Potentials) 

Electrocardiography 
Phonocardiography 
Cardiac output recorders 
Ca rd iotachography 
Cine X -ray heart profile recorders 
Blood- pressure gauges 
Flowmeters 
Pacemakers 
"Defibrillators" 
Heart valve prostheses 
Blood vessel prostheses 

Respiratory System 

Respiration rate 
Oxygen consumption gauges 
Inhaled gas analyzers 
Hyperbaric chambers 
Respiratory aid apparatus 
Diaphragm -nerve stimulators 

Central Nervous System 

Electroencephalography 
Ultrasonic encephalography 
Brain, nerve stimulators 
Implanted electrode techniques 
Ivi croelectrodes 
Nerve impulse recorders 
Integrators 
Cryosurgery 

Special Sense Systems- Hearing 

Acoustic stimulation 
Hearing prostheses 

TABLE I- Current Medical Instrumentation 

Spettial Sense Systems- Speaking 

Voice analyzers 
Larynx prostheses 

Special Sense Systems -Seeing 

Optometry 
Electroetinography 
Intra- ocular tension recorders 
Eye movement gauges 
Nystagmus recorder' 
Retinoplastic, thermic and laser beam surgery 
Protheses for the blind 

Dentistry & Surgery 

Radiography 
Telemetry 
Focussed ultrasonic surgery 
Cryosurgery 
Electra- cauterization, coagulation 
Suturing instruments 

Other Clinical Specialties 

Devices to see inside body 
Surface, depth thermometers 
Skin voltage, resistance gauges 
Telemetry gear to measure temperature, pH, study 

dynamics of stomach, intestines, uterus, etc. 
Infrared recorders 

Clinical Laboratory Specialties 

Blood and other cell counters, differentiators 
Blood color analyzers 
Flame photometry 
Liquid, gas phase chromatography 

Sample collectors 
Microchemistry apparatus 

Radiology, Radioisotopes 

X -ray apparatus 
Radiation detectors, dosimeters, spectrometers 
Scintillation counters 
Image intensifiers, TV systems 
Synchronizers 
Radiotherapy equipment 
Particle accelerators 
High energy isotope therapy 

Muscles and Skeleton 

Nerve impulse recorders 
Electromyography 
Nerve, muscle stimulators 
Bone, limb and articulation prostheses 

Anesthesiology, Reanimation 

Gas analyzers 
On saturation photoelectric meters 
Monitoring systems 
Oxygen tents, equipment 
Anesthetic gas apparatus 
Breathing apparatus 
Pump oxygenators 
Dialyzers 
Servo- anesthesia systems 

Psychology, Psychiatry 

Behavior monitor systems 
Programming apparatus 
Electro- narcosis equipment 
Electro- convulsive treatment equipment 

Note: This data was gathered and categorically listed by Dr. John F. Davis, Director, 
International Institute for Medical Electronics and Biological Engineering, Paris. 

Life 
Sciences 

BIOMEDICAL 
ELECTRONICS 

ELECTRONICS TECHNOLOGY IN MEDICINE 

A State of the Art Review 

L. E. FLORY* 

Astro- Electronics Applied Research Laboratory, Astro- Electronics Division, DEP, Princeton, N. J. 

Electronic techniques and devices are used in medical research, diagnosis, ther- 
apy, monitoring, and analysis. Ailments are discovered with ultrasonics and 
isotopes, lasers weld retinas, color TV monitors sophisticated heart surgery, and 
computers assist in medical information processing and analysis. Reviewed 
herein is the present state -of- the -art of medical electronics, including the tech- 
niques and instruments now in use in areas of medicine that can be classified as 

heart engineering, nerve- system engineering, physiological monitoring, prosthetic 
devices, and medical repairs. In addition to present capability, some current 
problems and limitations are pointed out that need the attention of electronics 
engineers. A reference Bibliography to some of the extensive literature in the 
field is included. 

THE two applied sciences of medicine 
and engineering have been searching 

over the past decade for a common 
ground. It has been the feeling in engi- 
neering circles that medicine and biol- 
ogy could greatly benefit by the appli- 
cation of the principles of the more 
exact physical sciences.1 The doctor, on 
the other hand, is just as anxious to 
bring to bear on his problems the most 
up -to -date technology. The two groups 
have been held apart to a certain extent 

Final manu.,cript received January 21, 1065 

* Mr. Flory is a Fellow, RCA Laboratories 
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by a lack of understanding. Each dis- 
cipline has its own history and its own 
character and in many cases neither is 
too sympathetic with the other's mode of 
expression. 

Living systems are difficult to analyze 
in the terms of the physical sciences, so 
the engineering approach has been made 
through many isolated cases rather than 
through a systematic development of the 
interdisciplinary area. Many of the first 
contacts have been made as the result of 
doctors asking assistance in the opera- 
tion of new instruments. In the process, 

the engineer begins to appreciate the 
problems of dealing with a device as 
complex and unpredictable as the 
human system. The doctor, on the other 
hand, learns something of the limitations 
as well as the capabilities of engineer- 
ing methods. Many of the leaders in bio- 
medical engineering today have come 
from such contacts. The doctors have 
sought more training in engineering sci- 
ences and the engineers in physiology, 
biophysics, etc. As a result, we are on 
the threshold of the development of bio- 
medical engineering as a full fledged 
discipline in its own right. Numerous 
schools are now offering both under- 
graduate and graduate courses in bio- 
medical engineering and several are al- 
ready offering advanced degrees. When 
this new generation of scientists begins 
to make its influence felt, the real prog- 
ress will have begun. 

Accomplishments to date have not 
been insignificant and the informal, if 
somewhat uncorrelated, merging of 
engineering techniques with medical 
and biological practice has already paid 
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Fig. 4- Implantable Cardiac Pacemaker. (cour- 
tesy of Mennen- Greatbatch Electronics, Inc.) 

Fig. 3 -This doctor is injecting a dye -indi- 
cator into the left side of his patient's heart 
to detect a suspected abnormal hole inside 
the heart. To do this, he inserted a catheter 
in a leg vein and threaded it into the Left 

heart chamber, o catheterization technique 
developed at the National Heart Institute 
called "transseptal catheterization." (courtesy 
of National Institutes of Health). 

Fig. 2- Contrast enhance- 
ment by television tech- 
niques. The top photo is 

the original X -ray while 
the lower is the same X -ray 
after contrast enhancement. 

Fig. 5-This principle of vectorcardiography 
provides a three -dimensional perspective view 
of heart activity by modulating brightness 
and size of scope trace. (courtesy of Inter- 
national Science and Technology) 
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Fig. 6- Physiological parameters are recorded 
continuously and displayed digitally and as 
waveforms within a surgical team's glance 
(courtesy of Notional Institutes of Health). 

Fig. 1 -The author, L. E. Flory, ana a color TV system used to display images 
from a light microscope. 

Fig 8-- Complex open -heart surgery can now 
be performed that was on impossible risk a 

few years ago; a patient's heart and lungs 
con now be by- passed for up to 6 hours with- 
out irreversible damage to the brain or other 
organs through the use of pump -oxygenator, 
heart -lung machine shown at right and 
plugged into floor pedestal. (courtesy of 
National Institutes of Health). 

Fig. 7 -The use of color television in the 
operating room during major heart surgery. 

LESLIE E. FLORY received his BSEE at the University 
of Kansas in 1930. From 1930 to 1942 he was a mem- 
ber of the research division of RCA Manufacturing 
Company in Camden, N.J. During that time he was 

engaged in research on television pickup tubes and 
related electronic problems, particularly in the 
development of the iconoscope. In 1942, he was 

transferred to RCA Laboratories Division, Prince- 
ton, N. J., continuing to work on electronic tubes 
and special circuit problems, including electronic 
computers,. infrared image tubes and sensory de- 
vices. From 1949 to 1953, he was in charge of 
work on storage tubes and industrial television at 
RCA Laboratories. Since 1953, he has continued in 

charge of work on industrial television with empha- 
sis on transistor circuitry and has supervised the 
work on Electronic Vehicle Control and Medical 
Electronics. Mr. Flory, a Fellow of the Technical 
Staff, RCA Laboratories is now affiliated with Astro 
Electronics Division. He has published numerous 
articles in the fields of Television and Medical 
Electronics. Mr. Flory is a member of Sigma Xi; 
a Fellow of the IEEE; a Member of the SMPTE; and 
is Secretary General of the International Federation 
for Medical Electronics and Biological Engineer- 
ing. Forty U.S. Patents have been issued in his 

name. 
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off handsomely in accomplishments as 
we can see by looking in detail at a few 
of the engineering techniques that are 
being applied to medical problems. We 
in the electronic field are so interested 
in the application of electronic tech- 
niques to medicine that we created the 
term medical electronics to describe the 
field. It soon became apparent, however, 
that possible applications go far beyond 
electronics into every branch of engi- 
neering, i.e., mechanical, hydraulic, 
chemical, nuclear, etc. 

INSTRUMENTATION 

However, because instrumentation plays 
such an important role in most every 
case, electronics is perhaps the most uni- 
versally applied branch of engineering 
in medicine. 

Classified according to the use to 
which engineering techniques and de- 
vices are put, they may be used in re- 
search, diagnosis, therapy or monitoring 
with perhaps another justifiable classi- 
fication, analysis. It was natural that 
engineering techniques were first ap- 
plied in the research area in order to 
gain more insight into the operation of 
the human machine. As more knowl- 
edge is obtained, the techniques are then 
applied in diagnosis or therapy. (See 
Table I, which includes a fairly exten- 
sive list of examples of current medical 
instrumentation.) 

VISUALIZATION TECHNIQUES 

Visualization techniques very often play 
an important part in medicine. 1'he old- 
est electronic visualization technique is 
the x -ray itself which needs no more 
than a mention at this point. However, 
a number of electronic devices are now 
in use as auxiliaries to the conventional 
x -ray. Some of these are concerned with 
ways of increasing the brightness of a 
fluoroscopic image in order to reduce 
the dosage to which the patient is ex- 
posed and at the same time protect the 
technician from excessive exposure. An 
image intensifier tube may be used to 
achieve a high degree of intensification. 
The intensified image may be viewed 
directly or for greater convenience may 
be viewed by a television camera. Some 
television pickup tubes with proper opti- 
cal systems are more sensitive than the 
human eye and may be used to view a 
fluoroscope screen directly. 

In addition to intensification, elec- 
tronics can be of help in the study of 
x -ray images. Because of the flexibility 
of electronic amplification it is possible 
to alter the contrast range of an x -ray 
photograph, selecting and expanding 
certain contrast ranges at will. Fig. 2 

illustrates this contrast enhancement 
technique. 
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Television and other scanning tech- 
niques find many other uses in medi- 
cine.2s3 The most obvious, of course, is 
direct observation where the ability of 
television to transmit visual information 
to a remote point is used in surgery 
(Figs. 1, 7 , dentistry, medical schools 
and to provide visual communication 
between hospital patients and visitors. 

The use of television scanning in vari- 
ous analytical processes is very impor- 
tant.4 The most familiar use is direct 
observation with the light microscope 
where the ability of the television system 
to enlarge and reproduce a microscope 
image either in monochrome or color, or 
translate an image in ultraviolet or in- 
frared into a visible one, can be of great 
convenience!' Television microscopy 
also permits electronic particle counting 
and in vivo study of cell metabolism. 

HEART ENGINEERING 

As another example of an area in which 
important progress has already been 
made but which offers a fertile field for 
further accomplishments, consider the 
heart. The heart is without a doubt the 
most important organ in the body. From 
an engineering viewpoint, it is a mechan- 
ically operated hydraulic pump con- 
trolled by electricity. The most impor- 
tant measure of performance of the 
heart is the cardiac output -the quan- 
tity and pressure of the blood put into 
circulation with each stroke of the 
pump. This would be easy to measure 
if we could insert a meter in the aorta, 
but it cannot be measured very well in 
the intact human, so it is necessary to 
resort to indirect methods. For exam- 
ple, by aiming a beam of ultrasonic 
energy along the axis of the aorta as it 
leaves the heart, a doppler measure of 
blood velocity is obtained. Also, the 
diameter of the aorta can be measured 
by injecting a dye and observing it by 
x-ray ; from these measurements the 
cardiac output can be obtained (Fig. 
3). 

The pumping energy comes from the 
contraction of the heart muscle. This 
action is closely related to and controlled 
by an electrical discharge. Every action 
of the heart muscles and the valves re- 
sults in or results from a change in the 
electrical activity. 

We would like to measure this elec- 
trical activity deep within the heart. 
However, we cannot place our electrodes 
in the right place except during an oper- 
ation. So. we must usually be content 
to measure electrical potentials on the 
surface of the body and deduce from 
these measurements what actually goes 
on inside the heart. Electrically, the 
body acts as a quasi -cylindrical con- 

tainer of salt water, and a lot of research 
has gone into a determination of what 
happens to heart potentials as they find 
their way to the surface of this odd 
shaped volume -this is electrocardiog- 
raphy and is one of the oldest of the 
applications of medical electronics. By 
a combination of basic research and 
empirical correlation, it has long since 
emerged from the research laboratory 
and is used in everyday clinical diag- 
nosis. This is not to say that it is com- 
pletely understood or that all of the 
information carried by the electrocar- 
diogram can yet be interpreted. In re- 
cent years, three -dimensional vector 
cardiography (Fig. 5) has been studied 
using twelve or more electrodes and 
sophisticated stereo -type displays in 
order to learn more about the way in 
which the heart operates. Relatively 
simple techniques for inserting elec- 
trodes, pressure transducers, or minia- 
ture microphones directly into the heart 
by means of catheters inserted through 
a vein in the arm have been worked out 
and are daily contributing new informa- 
tion. 

Open heart surgery to correct congen- 
ital defects or heart difficulty due to 
accident or disease has become almost 
as commonplace as any other major 
surgery. It is hard to realize that many 
of these operations could not have been 
attempted even a decade ago. They have 
been made possible largely by the heart - 
lung machine which is a combination 
pump and oxygenator which is tempo- 
rarily used to by -pass the heart and 
lungs so that the natural organs can be 
repaired (Fig. 8). When the heart is 
again connected into the system, it must 
often be coaxed into normal operation 
in a manner which will best be under- 
stood after a brief explanation of the 
manner in which the heart muscle is 
triggered or stimulated. 

The main heart muscle, the ventricu- 
lar muscle, if left unexcited, will norm- 
ally contract rhythmically at 10 to 20 
beats per minute. In the right auricular 
region, there is a small bundle of spe- 
cialized tissue called the sino- auricular 
node which generates an impulse at 
the normal heart rate of the order of 60 
to 80 beats per minute. This impulse is 
conducted over a bundle of nerve fibres 
to the ventricles and acts as a synchro- 
nizing pulse to stimulate the ventricular 
contraction. After the shock of heart 
surgery, regions of the muscular tissue 
may rhythmically contract, but in a ran- 
dom and uncoordinated manner called 
fibrillation. In this case, a strong elec- 
tric shock may stop the fibrillation and 
cause the entire muscle to contract to- 
gether. In the past, such defibrillators 
have been as crude as two flat, paddle- 
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shaped electrodes connected to a plug 
which was momentarily inserted into a 
wall outlet by an assistant to the sur- 
geon. This procedure has since been re- 
fined. In spite of defibrillation, the 
heart may not start normal contraction 
after surgery. It is often necessary to 
apply an artificial stimulating pulse to 
the heart from an external pacemaker. 
This is satisfactory in cases where ex- 
ternal stimulation is needed only for a 
short time until the natural pacemaker 
regains control. In cases of heart dam- 
age where the natural pacemaker is no 
longer effective, an external pacemaker 
is not satisfactory because the body 
tends to reject foreign materials and an 
infection invariably results at the point 
of entry of wires. 

In these cases, a permanently im- 
planted pacemaker is indicated.° Such 
devices have been built with projected 
battery life of 5 years. There are now 
an estimated 5,000 patients leading rela- 
tively normal lives with their hearts 
continuously stimulated by implanted 
pacemakers (Fig. 41. 

The heart -lung machine is in reality 
an artificial organ. Another device now 
saving lives is the artificial kidney,' 
which substitutes for the natural kidney 
but in its present form requires weekly 
hospital visits by the patient. It appears 
only a matter of time until the techniques 
in these areas will be combined to pro- 
duce completely implanted artificial 
organs including the hearts and kidneys. 

Surgeons today frequently install syn- 
thetic "spare parts" in the cardiovascu- 
lar system. Artificial heart valves made 
of teflon have been installed, and it is 
relatively common to correct even large 
aneurysms by replacing a section of 
blood vessel with one made of woven 
dacron. 

NERVE- SYSTEM ENGINEERING 

As with the heart and almost any other 
active tissue of the body, the activity of 
the brain and nerve tissue is accom- 
panied by an electrical phenomenon. 
The nerve signals pass from cell to cell 
as an electrochemical action which in- 
volves a delay which appears as a 
transit time. The electrical potentials 
generated in the process carry informa- 
tion regarding the activity in the brain 
or nerve cells. As with the heart, it is 
difficult to record from the surface of 
the skull in the intact human the activ- 
ity of individual cells deep within the 
brain because every cell is surrounded 
by millions of others, all generating 
electrical potentials. What we do ob- 
serve on the surface is a pattern of 
voltages varying in time which can be 
recorded in a recognizable manner. 
Rhythmatic variations are found which 

can be associated with mental activity, 
relaxation, sleep and wakefulness. The 
patterns observed during such abnor- 
mal activity as an epileptic seizure are 
clearly differentiated from normal waves. 
To learn more of what goes on in the 
depths of the brain without inserting 
electrodes, the main problem is that of 
signal -to- noise. When the signal to be 
studied is a rhythmic one or, as often 
the case. a response to a stimulus, the 
wanted signal can be lifted above the 
noise by integration. Special purpose 
computers are available for this purpose. 

The relationship between the brain's 
functions and the voltages observed 
helps the doctor diagnose troubles and 
leads him to therapeutic measures. In 
brain surgery, the electroencephalo - 
graphic waves (EEC) can he observed as 
the surgeon probes the brain to determine 
where it is safe to cut to avoid damage 
to vital nerve fibres which may affect the 
operation of parts of the brain remote 
from that being operated on. In the case 
of Parkinson's disease,° it is known that 
a tiny volume of brain tissue deep inside 
must be deactivated to relieve the symp- 
toms. The brain is well mapped so the 
surgeon knows pretty well where the 
offending cells are located. With very 
precisely engineered mechanical de- 
vices, EEC electrodes are inserted and 
moved about to find the exact area. 
Once this is done, the same instrument 
permits the insertion of another elec- 
trode which can provide an electrical 
shock. A mild shock is applied and if 
the precise area has been located, the 
symptoms cease for a few seconds or so. 
In this case, a greater shock can be ap- 
plied which permanently destroys the 
offending tissue. Alternatively, the de- 
struction can be carried out by a cryo- 
genic process or by a drop of chemical. 

PHYSIOLOGICAL MONITORING 

Monitoring the physiological variables 
(Fig. 6) of a patient during an opera- 
tion or in intensive care requires a 
formidable array of equipment.10 To 
maintain control of a patient's reaction 
to anesthetics and to the surgery, the 
anesthetist needs to monitor not only 
the usual variables of heart rate, tem- 
perature, blood pressure and respira- 
tion, but may also need to know the rate 
of blood flow in a transfusion, the oxy- 
gen in the blood as indicated by an 
oximeter and the partial pressure of 
gases in the inhaled and exhaled air. 
Help in sorting, correlating, and ana- 
lyzing this information would be wel- 
come. 

Physiological monitoring is being ex- 
tended into post- operative wards, in- 
tensive care areas and in some cases 
where only routine nursing care is re- 

quired. Certainly, techniques are avail- 
able to instrument this function even 
though the experience to date has not 
been overwhelmingly successful. More 
study and experience is needed before 
it can be determined how completely a 
patient can be instrumented before the 
system becomes too cumbersome to be 
practical» 

Monitoring of less- routine parameters 
is now being carried out by means of 
tiny self -transmitting radio telemetry de- 
vices which are attached to the body, 
ingested into the intestinal tract. or im- 
planted in the body. Present develop- 
ments in integrated circuits and other 
miniaturization techniques are contrib- 
uting rapidly to these areas. One prob- 
lem common to all active implanted 
devices is that of supplying the power, 
although the demand may be small, for 
long periods. In the pacemaker, for 
example, 90% of the weight is in the 
batteries necessary to operate the device 
over a satisfactorily long operating life. 
To overcome this limitation, several ap- 
proaches are being investigated -such 
as secondary cells recharged by induct- 
ive coupling from outside the body, bio- 
logically powered devices operated by 
muscular action, or spring operated de- 
vices that are wound magnetically. 

Numerous ingested and implanted 
monitoring devices have been developed 
and used, some powered by internal 
batteries and others externally powered 
by various means.12,13,14 

PROSTHETIC DEVICES 

Various engineering devices have been 
devised to relieve the handicapped. 
Guidance devices as well as reading aids 
have been made to aid blind subjects. 
None have been very successful, perhaps 
because we do not yet know enough 
about the information processing sys- 
tem of the brain to be able to feed the 
information to the subject in the proper 
manner. 

Prostheses for limbs has been given 
considerable research attention.l An 
electrical muscle stimulator operated 
by a switch on the heel of the shoe facili- 
tates walking by patients who have been 
deprived of normal control of leg mus- 
cles. Artificial hands operating by means 
of sensors and feedback systems are 
being produced in some quantities in 
Yugoslavia." Buttons on the arm are 
depressed by the other hand to program 
the hand. A variation of this method 
uses the voluntary twitching of muscles 
in the intact part of the arm to operate 
the controls. 

A further development in this direc- 
tion makes use of biological potentials 
for control. Potentials generated by 
muscular activity appear on the surface 

11 
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of the skin where they can be sensed and 
coupled into the control circuits of a 
prosthetic limb. Quite- sophisticated cir- 
cuits for analysis and recognition of 
patterns in these myographic potentials 
are possible and with modern micro- 
circuitry techniques can be quite prac- 
tical. The problem of supplying power 
for artificial limbs (which can require 
considerable power for lifting) is diffi- 
cult and needs further investigation. 

MEDICAL REPAIRS 

Repairing parts of the body damaged in 
accidents, reconstructive surgery (al- 
ready mentioned in connection with the 
artificial heart and kidney but actually 
much more extensive), substitution of 
live tissue from other parts of the body 
or from a "bank" and many other repair 
jobs from simple broken bones to trans- 
planting of complete muscles, involve 
many engineering techniques. Any organ 
replacement or transplantation or re- 
placing a severed limb requires the join- 
ing of literally hundreds of blood ves- 
sels. The more complete the union down 
to the smallest vessel, the more chance 
the operation has of success. An impor- 
tant contribution of mechanical engi- 
neering has been the development here 
and abroad of stapling devices11 which 
can, in a single stroke, completely join 
the two ends of a vessel. Time is of the 
utmost importance in these cases, and 
the greater speed with which vessels may 
be joined and circulation restored con- 
tributes greatly to the patient's chances. 
More recently work has been done to 
improve techniques of electro- coagula- 
tion of tissue for suturing blood vessels. 
This involves the adaptation of RF die- 
lectric heating techniques to coagulate 
the tissue to exactly the proper extent to 
provide maximum adhesion. It is felt 
that natural healing occurs most rapidly 
with this type of bonding. 

Other special tools for retrieving 
swallowed objects or for performing 
other manipulatory or even surgical 
procedures in inaccessible places has 
drawn heavily on the ingenuity of engi- 
neers with remarkable results. 

Even the designer of submarines has 
been called upon to apply his knowledge 
to provide practical hyperbaric cham- 
bers18 in order that the advantages of 
high pressure (2 to 4 atmospheres) and 
high concentrations of oxygen can be 
made available to patients suffering 
from oxygen deficiency due to heart in- 
sufficiency, carbon monoxide, or other 
poisoning which destroys the oxygen 
carrying capacity of blood cells, or 
gangrenous infections which are often 
miraculously cleared up by high oxygen 
pressure. 

12 

INFORMATION PROCESSING 
AND ANALYSIS 

Information of a recurrent nature such 
as EKG or EEG and that recorded on a 
time basis in response to a stimulus car- 
ries a great amount of information 
which must be extracted by some sort of 
analytical process. In the simplest case 
the doctor visually studies the EKG and 
looks for abnormalities in the height, 
shape, or position of some anticipated 
elements of the waveform or for unex- 
pected artifacts which may indicate mal- 
function. To search for more subtle 
correlations or to analyze waveforms as 
complicated as those in vector cardiog- 
raphy or electroencephalography re- 
quires a degree of analysis beyond that 
which one can expect to accomplish by 
visual examination. Computer analysis 
of these waveforms is being actively in- 
vestigated19,20 and promises to extract 
many unsuspected correlations from 
rather routine waveforms. Pattern rec- 
ognition in waveforms or by scanning 
two -dimensional plots of information, 
particle sizing, counting and selection 
and many other time -consuming tasks, 
many of them beyond human capacity, 
are now being undertaken by com- 
puters. 

Medical diagnosis requires a special 
type of pattern recognition, a search for 
correlations in pathological features. 
The problem in this case is not hard- 
ware, because computers exist which 
have enormous memories and the imme- 
diate access necessary. Rather, the 
problem is in the organization of the 
data. More thought is needed by doc- 
tors on the logic and the process of 
making a diagnosis and how to feed the 
medical information into the computer 
so that it can use the data the way the 
doctor does in making a diagnosis. Of 
course, as more is learned about how 
the information can be handled by the 
computer, completely new logic steps 
may be developed to assist the doctor in 
making more accurate diagnoses. At 
the very least. once the medical informa- 
tion can be written in computer terms, 
the doctor will be provided with a mem- 
ory and retrieval system which will far 
outstrip his own both for capacity and 
accuracy and permit him to expend his 
energies in more fruitful endeavors. 

CONCLUSIONS 

While I have indicated numerous exam- 
ples of engineering and instruments 
being used, the medical field is by no 
means receiving all of the technical help 
it can use. Many of the devices are still 
experimental and costly and many of 
them are far too complicated and tem- 
peramental to receive wide- spread use. 

The developments so far have served to 
point up possible applications as well as 
some of the problem areas. The real an- 
swers to the challenges to engineering 
in medicine are still around the corner. 
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MICROCIRCUIT- MICROWATT 

DESIGN TECHNIQUES FOR 

NEW INTERNAL MEDICAL SENSORS 

Until recently, internal medical sensors have been limited to those transducers 
that were not only small enough, but also extremely sensitive in response. Now, 
with modern miniature semiconductor devices and integrated circuits, it is 

becoming practical to combine a relatively insensitive transducer with some 

electronic gain inside the body to achieve the needed overall system sensitivity 
with reduced size. Work on such microcircuit- microwatt sensors is reviewed 
herein. 

F. L. HATKE and L. E. FLORY* 

Astro- Electronics Applied Research Laboratory 

Astro- Electronics Division, DEP, Princeton, N. J. 

SENSORS for measuring physiological 
functions have been with us for 

many years. The measurements have, 
in general, been mechanical or acousti- 
cal and relied upon the senses of the 
doctor for their detection and interpre- 
tation -for example, the stethoscope. 
Today, with modern electronics, such 
basic medical information may be ob- 
tained not only with much better fidel- 
ity but in many cases directly from the 
source. Small microphones' can be 
(and are) inserted into arteries and 
veins, floated into the heart, and used 
for listening for valve and other defects. 

But such devices obviously must be 
extremely small and very sensitive. As 
might be expected, doctors anxious to 
use such sensors often want from de- 
signers twice the sensitivity, half the 
size, or both. In the past, most of the 
effort has been concentrated on devising 
transducers with high sensitivity and 
small size. But with up -to -date transis- 
tors and integrated circuits, it is now 

Final manuscript received January 18, 1965. 
*Mr. Flory is a Fellow RCA Laboratories 

sometimes possible to use the combina- 
tion of a small but relatively insensitive 
transducer with some electronic gain to 
produce the required sensitivity to- 
gether with reduced size. Examples of 
completely electronic transducers only 
recently available are: sensitive tunnel - 
diode pressure transducers,' thermis- 
tors, varactor diodes, and semiconductor 
strain gauges. By adding thermocou- 
ples, variable -reluctance inductors, and 
temperature- sensitive capacitors to these 
standards, there are a variety of ways 
in which the job could be done. 

TELEMETRY FROM WITHIN THE BODY 

RCA Laboratories work in this field has 
concentrated on obtaining physiological 
information from within the human 
body without any connecting wires. The 
pioneering work in this field occurred 
almost simultaneously in the U.S.' and 
in Europe'-5 where investigators, spurred 
on by the invention of the transistor, 
developed active (battery -powered) tele- 
metering capsules. These units broad- 
cast pressure, temperature, etc. from 

Fig. 1 -A completely transistorized passive 
Tvstem including transmitter and receiver. 
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the alimentary tract. Unfortunately, the 
experiments were limited to a few days 
or weeks by the capacity of the battery. 
Many new and more interesting experi- 
ments became apparent if the capsule 
could be made smaller and its life, 
inside the body, could be made infinite. 

With these additional requirements, 
a second,'" or passive system, was 
devised incorporating more complexity 
on the outside of the body and less on 
the inside. This system, with but two 
passive electrical components inside the 
body, made it possible to reduce the 
capsule volume approximately 50 %. 

PASSIVE TELEMETERING SYSTEM 

In the passive system, energy is sup- 
plied to the capsule from the outside, 
which energizes the circuit of the cap- 
sule, which in turn returns a portion of 
the energy to the outside equipment, 
together with the telemetered informa- 
tion. The capsule itself consists of an 
inductance and a capacitor, each of 
which may also be the transducer, de- 
pending on the required information. 
The variable inductance has been found 
useful for the measurement of pressure 
and a temperature- sensitive capacitor 
for temperature. In either case, bursts 
of energy with a frequency at, or near, 
the resonant frequency of the capsule 
are supplied from the outside antenna. 
Some of this energy is absorbed by the 
capsule during this transmitting time. 
When the transmitter is turned off, the 
capsule dissipates this energy at its 
own resonant frequency. Some fraction 
of this energy, modulated by measured 
parameters, is received by the same 
outside antenna. All that is required 
is to measure the frequency of this 
returned energy -this will be a direct 
measure of the internal physiological 
phenomena. To facilitate the transfer 
of energy both into and out of the cap- 
sule, the Q of its resonant circuit should 
be as high as practical. Even with 
optimum conditions, the ratio of the 
transmitted to received energy may be 
in the order of 100 db. Considerable 
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FRED L. HATKE received a BEE and MEE at New 
York University in 1950 and 1951. From 1951 to 1955, 

he worked as a development engineer at NBC in 

New York. During that time he contributed to the 

development of electronic masking techniques and 
the introduction of vidicon cameras to the broad- 
casting business. In 1955, he ¡owed the Staff of the 
Medical Electronics Center of The Rockefeller Insti- 
tute in New York. While working here he contrib- 
uted to the design of the Active Endoradiosonde 
System which was used by Dr. J. T. Farrar for 
gastrointestinal studies at the Veterans Administra- 
tion Hospital in New York. He later was respon- 
sible for the design of the ultraviolet color trans- 
lating TV microscope. Mr. Hatke joined the Staff 
of the RCA Laboratories in 1958 where he was con- 
tinued his work in medical electronics. He is pres- 
ently carrying on work in the design of passive 
endoradiosonde systems and microminiature sensor 
transmitters. He has also been very active in the 
design of color TV microscopy systems and other 
applications of TV to medical problems. A mem- 

effort has been expended to keep the 
capsule Q high and, at the same time, 
reduce the size to an even smaller 
volume. 

Recently, a completely transistorized 
passive system based on earlier work 
has been designed, (Fig. 1) . This pas- 
sive telemetering system is divided into 
three essentially separate sections; the 
transmitter; the capsule; and the re- 
ceiver. All three are loosely tied 
together by the antenna system and 
the timing system. Fig. 2 shows the 
overall system operation. 

The whole system cycle is divided 
into three almost -equal time intervals: 
transmit time; delay time; and, receive 
time. Their repetition rate and duration 
are controlled by the master blocking 
oscillator and one -shot multivibrators 
No's. 1, 2, and 3. The transmitter is 
activated by multivibrator 1 and ener- 
gizes the capsule during its on time. 
Thereafter, multivibrator 2 determines 
the length of time before an uncontami- 
nated signal is received from the cap- 

Fig. 3- Examples of the 
use of capacitance and 
inductance to form pas- 
sive temperature transmit- 
ters of high sensitivity. 

ber of the Technical Staff of RCA Laboratories, 
Mr. Hatke is now affiliated with Astro Electronics 
Division. Mr. Rage is a Senior Member of the 
IEEE and their Professional Group on Bio- Medical 
Engineering. He has three U.S. Patents issued 
in his name. 

LESLIE E. FLORY received his BSEE at the University 
of Kansas in 1930. From 1930 to 1942 he was a mem- 
ber of the research division of RCA Manufacturing 
Company in Camden, N. J. During that time he was 

engaged in research on television pickup tubes and 
related electronic problems, particularly in the 
development of the iconoscope. In 1942, he was 

transferred to RCA Laboratories Division, Prince- 
ton, N. J., continuing to work on electronic tubes 
and special circuit problems, including electronic 
computers, infrared image tubes and sensory de- 

vices. From 1949 to 1953, he was in charge of 
work on storage tubes and industrial television at 
RCA Laboratories. Since 1953, he has continued in 

charge of work on industrial television with empha- 
sis on transistor circuitry and has supervised the 
work on Electronic Vehicle Control and Medical 
Electronics. Mr. Flory, a Fellow of the Technical 
Staff, RCA Laboratories is now affiliated with Astro 
Electronics Division. He has published numerous 
articles in the fields of Television and Medical 
Electronics. Mr. Flory is a Member of Sigma Xi; 
a Fellow of the IEEE; a Member of the SMPTE; and 

is Secretary General of the International Federation 
for Medical Electronics and Biological Engineer- 
ing. Forty U.S. Patents have been issued in his 

name. 

sule, and multivibrator 3 controls the 
time at which the receiver output is 
measured to determine the capsule's 
natural resonant frequency. 

The transmitter is a self -oscillating 
power transistor delivering about 300 
volts peak -to -peak across the antenna. 
The length of time the transmitter is 
energized, as determined by multivibra- 
tor 1, controls the on -off keyer in the 
emitter of an oscillating transmitter. 

The capsule, after absorbing some of 
the energy from the transmitter, returns 
a small portion of it to the antenna at a 
frequency determined by the informa- 
tion to be telemetered. 

This combination of signals is fed into 
the receiver, which amplifies and limits 
over the 100 -db range between the trans- 
mit and the receive level. A sample of 
the combined signal is taken at the last 
limiter during the receiving time This 
sample is rectified and displayed on a 
front panel meter indicating the amount 
of energy the capsule is returning to the 
receiver. 

46- Fig. 4- Silicon tran- 
sistor used in telem- 
etry circuit for low 
level DC potentials 
using passive systems. 

The output of the limiter is also ap- 
plied to a conventional frequency dis- 
criminator. The output of the discrimi- 
nator is amplified and passed through 
an emitter follower to reduce the driving 
impedance. At this point it is sampled 
during the receiving interval. To make 
the output signal continuous instead of 
pulsed, the pulse amplitude is stored 
during the transmit and delay times and 
corrected to the new value when the 
next receive time interval occurs. 

This results in the system measuring 
the natural resonant frequency of the 
passive capsule, being independent of 
both transmitter frequency and, within 
operating limits, distance from the 
antenna. 

PRESSURE AND TEMPERATURE SENSORS 

It became evident early in these RCA 
Laboratories investigations that meas- 
urements of temperature and pressure 
might be made using either the induct- 
ance or the capacity as the transducer. 
In the case of pressure some nominal 
mechanical power is available to move 
the variable reluctance transducer and 
cause a change of inductance in the 
tuned circuit. For temperature conver- 
sion, a ceramic condenser is available 
whose capacity is a measure of its tem- 
perature. This, when combined with a 
suitable inductance, in a resonant cir- 
cuit, forms a passive temperature trans- 
mitter of high sensitivity. An example 
of each of these types is shown in Fig. 3. 
These temperature sensors are now in 
use in the study of ovarian function. "'" 

VOLTAGE SENSOR 

In designing a potential- measuring cap- 
sule with sufficient deviation in the re- 
turned signal to make measurements in 
the 1 -mv range, some sort of electrical 
gain must be acquired inside the cap- 
sule. To do this, some of the energy 
transmitted into the capsule must be 
converted into a source of direct current. 
In addition, the voltage must be regu- 
lated so as to keep the amplifier stable 
with respect to the coupling between 
capsule and transmitter. Also, the am- 
plifier must not consume very much 
power because every drain on the tuned 
circuit is reflected in a reduction in cir- 
cuit Q, accompanied by a loss in oper- 
ating distance of the capsule from the 
transmitter. 

Recently, junction transistors became 
available which operate at extremely 
low collector currents and still exhibit 
high current gains. These transistors 
are of necessity made of silicon to keep 
leakage currents low compared to the 
signal and bias currents. Fig. 4 shows 
such a transistor incorporated into a 

circuit capable of telemetering low -level 
DC potentials using the passive system. 
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Fig. 5- Passive aiological potential capsule. 

Fig. S is a schematic diagram of the po- 
tential transducer. 

Operation of the circuit is as follows. 
During transmit time. energy is coupled 
from the transmitter into the induct- 
ance. This inductance is roughly reso- 
nated with the 440 -pf condenser and 
modulated in its resonance by the 18 -pf 
and the V39E varactor diode. A small 
part of absorbed energy is rectified by 
the 1N60- diode and regulated and fil- 

tered by the 1.0 -µf capacitor and 9 -volt 
zener diode. Transistors 2N930 and 
2N1229 form the DC voltage amplifier, 
the 2N930 being the active amplifier and 
the 2N1229 forming a synthetic load 
resistance. Proper biasing is afforded 
by the 1N461 diodes and the emitter 
resistors. The amplifier provides a gain 
of about 200. The output of the ampli- 
fier modulates the V39E varactor diode. 
This assortment of semiconductors, re- 
sistors. capacitors, and one inductance 
with no serious attempt at miniaturiza- 
tion fits into a volume of about 0.3 cubic 
inch. It is obvious that integrated cir- 
cuit techniques could reduce this vol- 
ume by a large factor. 

A simpler circuit design is possible if 
advantage is taken of the time sequence 
of the transmitter -receiver. Fig. 6 gives 
one such capsule design. In this sys- 
tem, energy is absorbed during transmit 
time and charges the storage capacitor 
C up to the full zener voltage. Since 
there is a time delay between transmit 
and receive time, the potential across C 

will decay to a value determined by the 
current load of the field effect transistor. 

The potential on the capacitor is also 

2 

-2 

22µf 

VARACTOR 
FIELD 

EFFECT 
TRANSISTOR 

Fig. 6- Simplified passive biological poten- 
tial capsule. 

the bias voltage on the varactor diode so 
that the input to the field effect transis- 
tor effectively modulates the bias on the 
varactor and, therefore. the resonant 
frequency of the ringing circuit. This 
design reduces the number of active and 
inactive elements in the capsule, thus 
enabling an additional reduction in size. 

The sensitivity of this sensor is deter- 
mined by the available gain in the field 
effect transistor at the low voltage ( -5 
volts I available across the capacitor. 
Developments in this type of transistor 
are expected to improve this parameter. 
Meanwhile, it is also practicable by 
microcircuitry techniques to provide a 
field effect transistor directly coupled 
to a junction transistor in the same as- 
sembly at very little expense in power. 
A typical input -output curve is seen in 
Fig. 7. 

NEW TECHNOLOGY 

As can be seen, the newly emerging 
microcircuit -microwatt technology is 
beginning to give the designer of im- 
plantable medical sensors the ability to 
use some electronic gain inside the body. 
In the past, only transducers sensitive 
enough to produce proper system devia- 
tion directly could be used. Since most 
electronic transducers convert informa- 
tion to electrical potential. this type of 
capsule appears to have the widest 
range of application. Some examples 
include: direct monitoring of the elec- 
trocardiogram; monitoring other inter- 
nal functional potentials; measurement 
of internal pH using glass electrodes; 
in addition to an alternative way of 

Fig. 7 -Input vs. output of various distances from antenna. 
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measuring temperature (thermistors) 
and pressure (strain gauges). 

Each of these devices is presently 
being used in an experimental manner 
in an effort to learn more about the func- 
tions of the human body. It may not be 
too long before these devices will be 
used more widely as new tools for medi- 
cal diagnosis. 
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DEVELOPMENT OF 

ELECTRON MICROSCOPY IN THE 
LIFE SCIENCES 

Every major university biology department, medical school, life sciences research 

institute, and commercial pharmaceutical company has at least one electron 
microscope -and some as many as eighteen. The life sciences are now experi- 
encing what the physical sciences did at the start of this century when instru- 

ments were first devised for studying the "ullrastructure" of the physical world. 
The outpouring of knowledge on the ultrastructures of living matter promises to 
be even greater than that which occurred in the physical sciences because of 
the greater complexity of structure and function of living matter. Thus, the 
electron microscope is a key instrument in this life sciences revolution because 

it provides information about the size, shape, and density of biological entities, 
and about their structural relationships. Reviewed here is the historical devel- 
opment of electron- microscope capabilities for the life sciences, along with 
indications of present capabilities and some future potential. 

DR. J. H. REISNER, Ldr. 

Advanced Development and Systems 
Scientific Instruments Engineering 

Broadcast and Communications Products Division 

Camden, N. J. 

rr HERE are many examples of the I changes occurring in the life sci- 
ences as a result of modern instrumen- 
tation. With the light microscope. the 
characterless material around the recog- 
nizable elements of a cell was termed 
the ground substance, or cytoplasm ; 

but now, with electron microscopy, it 

is seen to be made up of many special- 
ized functioning elements and apparatus 
of the cell. Biological agents whose 
presence and /or function was suspected 
from cytochemical and biophysical stud- 
ies have been physically identified. typi- 
fied by the classic work in photosyn- 
thesis where the seat of the primary 
photochemical process has been identi- 
fied with the chloroplast. The presence 
of virus was known prior to this cen- 
tury, and some of the larger viruses 
were detected with the light microscope. 
Now with the electron microscope 
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(Fig. 11 smallest viruses are seen and 
measured and even the major surface 
structure can be recognized. The DNA 

molecules which comprise most of their 
substance have been seen extruding 
through their enveloping walls. Viruses 
have been seen in both plant and ani- 
mal cells. Anatomists have plunged into 
the task of re- examining all anatomy at 
cellular and subcellular levels. Path- 
ology has started to make clinical use 
of the electron microscope to identify 
structural changes which characterize 
deceased cells heretofore beyond the 
range of vision. 

PROBLEMS OF APPLYING ELECTRON 

MICROSCOPY IN THE LIFE SCIENCES 

The commercial availability of RCA 
electron microscopes in the year 1940 
was hailed as a great event by pioneer- 
ing biologists who saw in its hundred- 

Fig. 2- Enhancement of contrast of bacterial flagella by metal shadow- 
ing. (Wyckoff and Williams, 1946.) 

Fig. 1 -A modern electron microscope, here 
operating with a television display system. 

fold increase in resolving power (over 
the light microscope) a means for ac- 
tually seeing structure in biological ma- 
terials - then- unseen structure, which 
they knew from experience must exist. 
However, because of the great difficul- 
ties involved in developing techniques 
for the microscopy of biological mate- 
rials. early progress seemed slow. 

The great resolving power of the elec- 
tron microscope comes only at the con- 
siderable price of imposing serious re- 
strictions on the physical properties of 
the specimen suitable for use in it. In 
the early days of electron microscopy, 
these requirements on the form of the 
specimen seemed insurmountable to 
many. The specimen must be extremely 
thin -e.g., 100 to 500 angstroms. This 

Fig. 3 -The ¢X -174 bacteriophage extruding DNA, showing the resolu- 
tion (15 angstroms) now possible with shadowing. (C. E. Hall). 

www.americanradiohistory.com

www.americanradiohistory.com


is several times thinner than the best 
microtomes could cut prior to 1948. and 
thinner than most single -cell material 
(such as bacterial. In specimens com- 
posed of the light elements. as most 
organic material, the contrast i,t the 
image is extremely low because of low 
density differences, and methods of 
"staining" must be used to give images 
of useful contrast. The specimen in the 
microscope is desiccated in the vacuum 
required, and it may even be heated and 
otherwise altered by the beam. No liv- 
ing matter, even f thin enough to avoid 
sectioning, can survive these conditions. 
Thus all specimens are dead. which 
imposes the first and probably most 
serious major difficulty on the life sci- 
entist, since his specimens are usually 
living at the outset. 

Electron microscopy of such dynamic 
subjects requires sampling representa- 
tive examples of a given biological sys- 
tem at time intervals and then studying 
the resultant micrographs for charac- 
teristic changes in order to reconstruct 
a description of its behavior. Such pro- 
cedures require much sampling and 
great numbers of micrographs to come 
out with statistically reliable answers. 
Such studies are being applied with 
excellent results to many biological 
problems including such a dynamic sub- 
ject as cell metabolism. Here relatively 
simple and fast -changing systems such 
as protozoan are used and the whole 
process of ingestion, digestion, and 
elimination of food is displayed in a 
series of time sequential "snapshots." 
The technique of sampling periodically 
is also used in the study of effect of 
aging of cells to find out what parts of 
the cell actually are involved in degen- 
eration with age. 

Most of the samples of life sciences 
deal with parts of larger systems, such 
as organs; and the cell structures take 
on characteristics specific to their func- 
tion in the larger systems. Here the 
relationships of the substructures are 
significant. However, the problems of 
producing a thin section of specimen, 
strong enough to keep its dimensions, 
chemically changing it to produce con- 
trast, yet without changing the physical 
relationships of the structure it had 
while alive, are a continual source of 
concern and difficulty to the scientists 
who use electron microscopy. 

In spite of these difficulties, most of 
the tissue that has been studied under 
the light microscope is being restudied 
under the electron microscope. How- 
ever, because of the tremendous in- 
crease in the amount of resolvable 
structure, the process will take more 
effort and give far more information 
than the earlier studies with light mi- 

croscopy. One must not have the im- 
pression that the earlier work with the 
light microscope has been set aside, but 
rather that it has been augmented at 
more basic structural levels by electron 
microscopy. Light and electron micros- 
copy are complementary techniques. 

MAJOR STEPS IN SPECIMEN PREPARATION 

The first biological materials used for 
microscopy were those that could be 
separated, or purified. and thus could 
he spread upon the electron microscope 
specimen screen. Collagen fibrils. which 
make up connective tissue. were exten- 
sively studied, and indeed were used to 
check x -ray data on structural dimen- 
sions. Viruses fell in this category also, 
but larger particles such as bacteria, 
blood cells, protozoa and sperm cells. 
etc. were not very usefully studied be- 
cause they are too thick to permit elec- 
tron penetration for imaging internal 
detail. It was not until these particles 
could be sectioned that electron micros- 
copy became truly important in their 
study. 

More recently (1953), with the ad- 
vent of routine high resolving power 
the separation of very small bio- 
logical components such as ferritin or 
DNA has become a useful technique. In 
the case of ferritin its structure is suffi- 
ciently fine and consistent enough to be 
used by some workers as a microscope 
performance standard. 

The need for enhancement of contrast 
in biological specimens was apparent 
from the first. Such thin organic mate- 
rials as the flagella of bacteria, or the 
fibrils or collagen, were barely percepti- 
ble. The first step forward came with 
the development of "shadowing" by 
Wyckoff and Williams in 1946 (Fig. 2). 
Heavy metals such as gold are evapo- 
rated obliquely across a specimen in a 

vacuum. Since the evaporated metal 
travels in line -of -sight direction. irregu- 
larities in the specimen cast shadows 
which are of very high contrast. Fig. 3 

shows this technique applied to recent 
studies of minute DNA molecules. It is 
a technique used with particulate mate- 
rials such as viruses. 

The great breakthrough for cellular 
materials came with the development of 
ultramicrotomy (1948) -the cutting of 
slices of materials (Figs. 4, 5) thin 
enough to be penetrated by the electron 
beam (e.g. less than 500 angstroms) . 

Microtomy was well known to light 
microscopy but conventional microtomes 
could not be made to cut slices thinner 
than a few thousand angstroms. The 
history of the development of ultrathin 
sectioning is worthy of an article alone. 

The contrast problem with sections 
was even more severe than with dis- 

Fig. 4- Tissue section (intestinal cells showing 
intricai.ies of structure that ore now resolved). 
(J. A. Freeman). 

f 

Fig. 5 -Top: A section of a bacterium showing 
the internal detail, in comparison with (bottom) 
a micrograph of a whole bacterium. 
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Fig. 6-One of the first micrographs using 
negative staining. Specimen is tobacco mosaic 
virus negatively stained with phosphotungstic 
acid. (C. E. Hall, EMU -3A microscope, 1953.) 

persed materials because of the large 
amount of extraneous support material 
in the section. This problem was over- 
come by the fixation of specimens with 
osmic acid and later by using other 
stains containing high atomic weight 
atoms which provide the electron scat- 
tering power necessary to show their 
presence. These staining materials ex- 
hibited preferential absorption for vari- 
ous cellular constituents and thus in- 
creased their electron optical density, 
making them "visible." 

More recently (since 1955) a similar 
technique known as negative staining 
has come into use. Just as a stain indi- 
cates an area into which it is selectively 
absorbed, so will it also delineate an 
area where it is not absorbed (Fig. 6 ) . 

This has been particularly useful in 
viral specimens. 

INSTRUMENTAL DEVELOPMENTS 

Once the commercial microscope be- 
came available, changes in the instru- 
ment have kept pace with the develop- 
ments in the art of specimen prepara- 
tion. The RCA Model EMC -1 electron 
microscope (brought out in 1944), had 
a magnification range of from 8,000 to 
20,000X. As long as specimens were 
particulate this range was adequate, but 
as soon as sections became useful it 
became important to relate the newly 
seen structure from electron microscopy 
with the familiar structures recognized 
in light microscopy. To do this, the range 
of magnification was lowered to 1.000X. 
Even today, fully half the electron micro- 
graphs taken are below 8,000X magni- 
fication. As specimen techniques im- 
proved. specimens began to show finer 
detail, and higher magnifications had 
to be achieved. This became possible 
after 1947 with the development by Dr. 
Hillier (RCA Laboratories) of objec- 
tive lens correction and a high- intensity 
self -bias electron gun. Much micros- 
copy is done today at over 100,000X 
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magnification when high resolution is 
required. 

Since many of the problems with 
specimen techniques are imposed by 
the instrumental requirements, an im- 
portant area of instrumental develop- 
ment has been and will remain in the 
area of relaxing these restrictions. 

Before sectioning became a routine 
technique and while the highest instru- 
ment voltages were still 60 kv, it was 
thought that higher accelerating voltage 
(i.e. 100 to 300 kv) would be extremely 
useful. However, it is now realized that 
the limitation on specimen thickness is 
generally the size of the structures to 
be observed (10 to 100 angstroms), and 
specimens need to be cut still thinner to 
keep from the confusion of superposi- 
tion of detail in the image of the speci- 
men. Actually, the use of the 100 -kv 
acceleration in microscopy has gradu- 
ally increased because of the reduced 
damage produced in specimens at high 
voltages. The reason it hasn't been used 
more is the reduced contrast with 
higher voltages. 

The improvement of instrumental fac- 
tors affecting image contrast has helped 
relax some of the restrictions upon the 
staining of biological specimens. The 
mechanism of contrast in the electron 
microscope is the scattering of electrons 
by the matter in the specimen, so that 
the scattered electrons are lost to the 
image, or at least do not return to 
image points corresponding to the 
points in the object where they were 
initially scattered. Instrumentally, two 
things are done: First, stray illumina- 
tion scattered on the walls and optical 
elements of the instrument can be mini- 
mized, which (strangely enough) is a 
rather difficult task. Second, as much 
as possible of the electrons scattered by 
the specimen are removed from the 
optical system by the objective aper- 
ture. Unfortunately, however, the use 
of an objective aperture is presently the 
most serious inconvenience and some- 
times a problem to the electron micros- 
copist. 

The difficulty with aperturing stems 
from the requirement that the openings 
must be very small (25 to 50 microns) . 

As a consequence, their edges are close 
to the beam and they become contami- 
nated and electrostatically charged by 
scattered electrons. The result is that 
a supposedly passive element such as a 
"stop" becomes active, generally asym- 
metrically, and becomes an extraneous 
lens with high enough anisotropic astig- 
matism to degenerate the image. Thus. 
the device to gain contrast can (and 
often does) throw away its advantage, 
by reducing resolving power. 

The first approach to this problem 

has been to accept the contamination - 
induced asymmetry, but to correct for 
it with externally adjustable stigmators 
-a system introduced by RCA in 1953. 
The latest approach is to introduce an 
aperture disk that can be kept at high 
enough temperatures (250 to 300 °C) 
that it will not contaminate -and thus 
will never become charged asymmetri- 
cally. Such a so- called permanent aper- 
ture has just been introduced by RCA. 

Another frequently suggested alter- 
native to the improvement of contrast 
is to increase both the angle of scatter- 
ing and amount of scattering by the 
specimen material. This can be done 
by decreasing the electron accelerating 
voltage. Successful microscopy has 
been done down to a few kilovolts. 
Unfortunately, instrumental problems 
such as extremely serious charging 
effects including charging of photo- 
graphic materials, susceptibility of the 
electron beam to stray fields, and speci- 
men preparation problems, have made 
operation of commercial instruments 
below 30 kv impractical. 

To accommodate the life scientists' 
need for statistical information, the 
speed of microscopy has to be in- 
creased. He was given more photo- 
graphic plate area in 1953 (increased 
from 2 x 2 inches to 31/4 x 4 inches), 
which represented a threefold increase 
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in speed for each exposure. He had 
been given fast vacuum cycling in 1944, 
with the EMU -1, so that many plates 
could be exposed in the course of a day 
and specimen change would be rapid. 
The appearance of focusing aids (1950 ) , 

with subsequent improvement from time 
to time, increased his yield of good 
exposures. A few years ago, micros- 
copists would take a series of pictures 
at fixed focal increments around visual 
focus, in hopes that one picture in this 
so- called through-locus series would be 
good. Now, most work is "single shot," 
and a trained worker can be confident 
that a large percentage of his day's out- 
put (100 to 150 exposures) will be 
useful. 

SEPARATION OF OPERATION AND 

INSTRUMENTATION 

An essential development in the design 
of the electron microscope has been the 
simplification of operation and a reduc- 
tion of operator responsibility for the 
correct operation of the instrumental 
system. This is another way of recog- 
nizing an extremely important but often 
overlooked contribution engineering has 
made to electron microscopy. Most 
modern operators' involvement with the 
instrument never concerns the electrical 
or vacuum systems further than the 
control knobs, and these are often 
merely pushbuttons which initiate auto- 
mated functions. 

During the first decade of commercial 
instruments, the microscope operator 
had to be involved in instrumentation 
to keep it going, and many of the early 
microscopists' papers on electron micros- 
copy dealt with such matters as finding 
leaks, or trouble shooting, electrical or 
optical problems. This was a responsi- 
bility that chemists and physicists were 
relatively well trained to assume. but 
which was quite foreign to the experi- 
ence and training of the majority of 
biologists. With the increased speciali- 
zation of recent years, even physicists 
and chemists are not prepared for such 
instrumentation, especially with its in- 
creased complexity. Engineering has 
provided the reliability and automation 
necessary to separate the operator from 
instrument maintenance, but even so, 
only with the help of a well trained 
field service organization. 

TRAINING FOR MICROSCOPY 

Successful microscopy requires three 
elements, an adequate specimen, an 
operating instrument, and a competent 
microscopist. The human factor has 
actually prevented an even more rapid 
development of electron microscopy. 
The microscopist's function is partially 
technical and partially scientific, and 

unfortunately, they can not be com- 
pletely separated. The scientist who is 
doing research can not divorce himself 
from the techniques of microscopy, so 
the problem of training, can not be 
solved by training technicians alone. 

Most microscopists in the life sciences 
have been trained in graduate schools 
of biology and medicine. There they 
have had some relatively elementary 
formal course work in the physical 
principles of the electron microscope, 
and actual operating experience on 
microscopes. Most of the emphasis has, 
rightly, been on specimen preparation 
and image interpretation. Thus the for- 
mal training of a biologist or patholo- 
gist, etc. for research with the electron 
microscope generally involves at least 
a year of graduate, or past doctoral 
study at an institution doing micros- 
copy. The life sciences have done a 
relatively responsible job in accepting 
a training function in most new labo- 
ratories as they became competent, but 
the process has been slow and expensive. 

In the early days, do- it- yourself was 
the only way to learn, and today some 
of this persists. Self training is still 
frequently undertaken. There is a large 
supply of literature on the techniques 
for microscopy, and a number of short 
survey courses (2 to 3 weeks) are given 
each year by educational institutions on 
instrumental and specimen techniques 
for beginners. RCA has almost from 
the beginning given a one -week course 
in instrumental techniques to its cus- 
tomers. During the year 1964, about 
120 people made use of the opportunity. 

A second, and very important train- 
ing area has been that of the laboratory 
technician, who cleans and checks the 
instrument and otherwise maintains it. 
The technician usually also does the 
photographic development and enlarge- 
ment and often phases of specimen 
preparation, and even some of the rou- 
tine microscopy. Technicians are usu- 
ally trained by on- the -job guidance by 
a qualified microscopist and receive 
help from field service personnel of the 
manufacturer who maintain the instru- 
ments. Often they also receive instruc- 
tion in the short courses mentioned 
earlier. A year of on- the -job training 
will usually be sufficient to qualify an 
individual as an electron microscope 
technician. With all the effort that is 
going into training, there is still an 
acute shortage of trained personnel. 

FUTURE DEVELOPMENTS 

The remarkable developments in speci- 
men preparation can be expected to 
continue. Techniques are improving 
rapidly and the structures they reveal 
are beginning to tax the resolving 

power of the microscope. Thinner speci- 
mens, stronger specimens and supports, 
less- disruptive processes, conducting 
imbedding materials. and "tagging" 
techniques for macromolecules are all 
subjects of research activity by the 
microscopists. 

In the area of instrumentation, the 
problems of specimen contamination is 
receiving major effort and already de- 
vices which materially reduce contami- 
nation are available. One can antici- 
pate that in the future the noncontami- 
nating microscope will be an everyday 
reality. Accessory devices and tech- 
niques presently available to the micros- 
copist, but which have as yet had little 
use, will be studied and exploited. 
These include high- and low- tempera- 
ture stages. and devices for carrying on 
chemical reactions with the specimen 
directly in the microscope. 

By far the most exciting area in in- 
strumentation is that of applying tele- 
vision techniques to the microscope 
image, as has been done recently by 
RCA (Fig. 1 ) . The first advantage is 
that of image intensification because 
it permits reduction of irradiation of the 
specimen. thus easing one of the serious 
restrictions the electron microscope puts 
on specimens -that they shall be able to 
survive alteration by action of the elec- 
tron beam. This will widen the range 
of samples that can be viewed, and the 
materials, such as imbedding media, that 
can be used in specimen preparation. 
Another advantage to specimen prepara- 
tion occurs with the use of television 
techniques to enhance contrast, thus 
providing a way to relax contrast re- 
quirements in specimens, or for per- 
mitting far more useful microscopy with 
existing specimens. 

Television techniques transform the 
instantaneous microscope image into 
time -sequential information, thus per- 
mitting several useful processing proce- 
dures. Contrast is enhanced, or even 
decreased if desired, by biassing the 
sequential signal or subjecting it to 
non -linear circuital elements. The posi- 
tive visible microscope image may be 
made negative by an electrical process 
of phase inversion. The sequential sig- 
nal may be digitalized for use in com- 
puters for particle counts, size distribu- 
tions, or size -density distributions. The 
television signal can be displayed on a 
kinescope to give a single line trace of 
any chosen element of the two dimen- 
sional microscope image; and the trace 
is easily measured for linear dimensions 
or brightness. Added to these great ad- 
vantages is perhaps the most obvious 
one. that of display of the microscope 
image on a television screen, thus per- 
mitting viewing by many observers. 
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ELUCIDATION OF ULTRASTRUCTURE 

WITH THE 

ELECTRON MICROSCOPE 

Ultrastructure is the probable three -dimensional molecular arrangement of 
bio- matter in a functional thermodynamic system. Studies in ultrastructure 
lean downward from microscopic entities to their building blocks, yet not so 

far as to the individual atoms. Ultrastructure's proper province, therefore, is 

the intermediary world of molecules, and in particular the world of molecular 
giants, or high polymers. At present, only the electron microscope can look 

directly into this realm. This is the macromolecular kingdom, where physics is 

chemistry, chemistry is biology, and biology is statistical geometry. 

Dr. J. W. COLEMAN 

Scientific Instruments Engineering 
Broadcast and Communications Products Division 

Camden, N. J. 

the world of macromolecular sys- 
tems. geometry is a synonym for deci- 

sive control. The configuration of matter 
at P, (x y z t, I becomes a necessary 
and sufficient condition for phenomenon 
Q, to occur. Phenomenon Q, may be the 
process of no change ", or it may entail 
the formation of new molecular bonds 
or the fracturing of old ones. There may 
be coiling or uncoiling, tensing or relax- 
ing, condensation or splitting. synthesis 
or catalysis, about either moving or sta- 
tionary points on either static or dy- 
namic frames of reference. Energy is 
thus freed to maintain processes, stored 
or shunted to initiate processes, or 
trapped to terminate processes. A new 
geometry may evolve, and P, may trans- 
mute to P3 to cause Q2. In such a system 
with one geometry, the run of a process 
proceeds precisely according to the order 
of monomers in a single programmer 
molecule; with an incremental change 
in a single parameter, the run of the 
process may proceed according to groups 
of monomers, may be directed by a dif- 
ferent programmer. or may stop alto- 
gether. 

Alternatively stated. in a functional 
thermodynamic system of macromole- 
cules, all physics and chemistry is ulti- 
mately topography. The characteriza- 
tion of topography is the elucidation of 
ultrastructure. Hence. the study of ul- 
trastructure is necessary to describe liv- 
ing systems quantitatively. 

Final mmnaarript received January 25. 1965 
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STUDIES OF SYSTEMIC CHANGES 

If ultrastructure observed is topography 
preserved. then a high- resolution elec- 
tron micrograph showing such detail can 
yield results about the physiochemical 
properties of a system at some time t in 
the past. At times (t - At I and 
I t + At I. the geometry was incremen- 
tally different, hence the activity was in- 
crementally different -perhaps not sig- 
nificantly so -but the point must be 
made that a specimen is unique. Many 
micrographs of similar specimens must 
usually be taken to establish a character- 
istic systemic plan. 

A single giant molecule has primary 
structure in its arrangement of constit- 
uent monomers, and perhaps even repet- 
itive primary substructure in monomer 
groups. Ultrastructure, however, is 
defined as distinctly different from in- 
tramolecular structure, and is the name 
reserved for a probable transmolecular 
or intermolecular configuration. There 
may be several levels of ultrastructure 
in one infinitesimally small -v -tern. 

A HYPOTHETICAL EXAMPLE 

For a hypothetical example, consider a 
barely visible bit of apparently amor- 
phous substance detected with the light 
microscope as a cytoplasmic inclusion 
in a living cell. Assume the substance 
is found to consist of molecular species 
A, which is a two- monomer long -chain 
carbon compound (primary structure 
A') with a repeating monomer group- 
ing ( primary substructure A,) ; and of 
molecular species B (which is an aro- 
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matic compound having primary struc- 
ture B') . The ultrastructure might be as 
follows: Species A is folded back upon 
itself and latched with bonds to give a 
twin chain (secondary structure A "). 
The twin chains are latched and en- 
twined together in groups of six to make 
fibrils (tertiary structure A "'). The 
fibrils are interlaced at regular intervals 
in an essentially two dimensional array 
about molecules of species B (quarter - 
nary structure A ', B' ) to form sheets. 
The sheets are pleated (quinternary 
structure A "', B" ), and several sheets 
are stacked with ridges interlocking 
(sestenary structure Al", B "'). The 
stack of sheets is then the apparently 
amorphous bit of substance first seen. 

A PRACTICAL OBSERVATION TOOL 

Unfortunately, ultrastructure studies 
seldom lead to models as clear as the 
plausible fiction above. The main rea- 
son for this is that usually (as of today's 
technology) information from several 
different types of research has to be cor- 
related to produce even a very simple 
model in ultrastructure. There is no 
single tool as of now which can be used 
to examine an intact functional biologi- 
cal system at the molecular level at time 
to fix the geometry, characterize the 
molecular species, assay the energy re- 
lations, account the functions, and tabu- 
late the values of the arbitrarly large 
number of other pertinent variables 
bearing upon the complete system. But 
if no such single instruments exists as 
yet, by far the closest approximation to 
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it is the electron microscope. This in- 
strument, with its resolution capability 
of a few angstroms, in principle can 
resolve macromolecular geometry even 
to the level of the primary structure. The 
problem remains, however, to bring to 
the microscope specimens with ultra - 
structure intact. 

SPECIMEN PREPARATION 

The methods of ultrastructure elucida- 
tion are at present, therefore, largely 
the methods of specimen preparation for 
electron optical studies. Notwithstand- 
ing the fixing, the drying, the electron - 
optical staining, etc., the specimen must 
remain a "geometric freeze" of the func- 
tional system at time t, if the ultrastruc- 
ture is to be resolved or if the results are 
to have meaning. With what skill and 
to what degree this is being accom- 
lished will be evident from the exam- 
ples below. It will be understood that 
detailed accounts cannot be given here, 
and only a few representative of the 
hundreds of studies currently being un- 
dertaken can be mentioned. 

CELLULAR SUBSTANCES 

One type of ultrastructure problem is 
that concerned with materials fabricated 
in great amounts by living systems, 
either extracellularly or intracellularly 
basically for mechanical reasons of sup- 
port. An example is cellulose, which 
is the basic material of plants. How 
this industrially important polymer, 
completely insoluble in water yet made 
of very soluble glucose monomers, is 
synthesized and arranged in the cell is 
of widespread interest. 

The cellulose molecule is a string of 
thousands of glucose bead -like units. 
The electron microscope has not yet 
positively resolved a single cellulose 
molecule; but bundles of about 500 
parallel glucose chains (secondary 
structure) have been resolved as micro - 
fibrils in the cell walls of some speci- 
mens. The individual molecules are 
synthesized and "spun" from granular 
material which precipitates in the cell 
cytoplasm. 

In valonia, a seaweed, the parallel 
fibrils form thin layers (tertiary struc- 
ture), stack together with fibril axes 
perpendicular in successive layers 
(quarternary structure) . This basic 
ultrastructure explains two important 
properties of cellulose: 1) the individ- 
ual molecules lying axially parallel are 
latched with hydrogen bonds through 
their hydroxyl groups, and the bonds 
(though weak) are so numerous that 
water molecules cannot interlope and 
separate the individual cellulose mole- 
cules -thus cellulose is insoluble in 
water; and 2) the energy of the bonding 
keeps cellulose from liquifying under 
heat. 

More complex cellulose ultrastruc- 
ture gives additional properties. Thus 
spiralling with different pitch, direction, 
etc. and with other similar arrangements 
gives the thousands of different timbers 
and fibers their thousands of individ- 
ual properties, largely as a result of the 
lignin- impregnated cellulose ultrastruc- 
ture. Selection of natural cellulosic 
materials for specific purposes can now 
be made on the basis of comparative 
ultrastructure. 

BIOLOGICAL MEMBRANES 

A second type of problem concerns 
biological membranes, which from the 
standpoint of physical chemistry are 
often so complex in function as to defy 
quantitative description. Recent typical 
work on membrane ultrastructure is that 
of D. Abram' with the bacterial cyto- 
plasmic membrane. She finds that the 
membrane, while smooth on one side 
is covered on the other with spheres (60 
to 80 angstroms in diameter) typically 
on stalks (30 to 20 angstroms long) 
like balloons on strings. This is a 
higher level of ultrastructure, and the 
lower levels have yet to be resolved. 
Nonetheless, work by other investigators 
has indicated that this same stringed 
balloon high -level ultrastructure may be 
the primary machinery for respiratory 
electron transport, whether it is found in 
cell membranes or in mitochondria. 

Another current example of work in 
membrane ultrastructure is that of L. 
Herman, T. Sato2, and P. Fitzgerald 
on the species characteristic ultrastruc- 
ture of pancreatic beta granules. The 
granules show progressive insulin poly- 
merization leading ultimately to the 
formation of insulin in membranous 
sacs. The periodicity of the insulin 
crystals is species specific ; thus for ex- 
ample in dog pancreas, the crystals have 
lamellae of 10 to 12 angstroms. In the 
salamander, the bands repeat at 18- 
angstrom intervals, and in the congo eel 
at 36- angstrom intervals. The species 
variable ultrastructure is attributed to 
the stereo -chemical configuration of the 
insulin A and B secondary structure, as 
well as to other environmental factors. 

PARTS OF CELLS 

A third type of ultrastructure investiga- 
tion is that concerned with specialized 
organelles such as flagella or micro- 
scopic tail -like organs. W. A. Ander- 
son3, for example, has shown the thread- 
like flagellum of one type of bacterium 
to be composed of peripheral tubules 
with clockwise assymetry, excepting one 
subtubule which is divided into a doub- 
let by a diagonally running counter- 
clockwise arm originating on a median 
diaphragm. The counterclockwise arm 
has projections extending into a basket 
shaped intraflagellar suborganelle. On 

GLOSSARY 

amino acids -Acids in which the hydrogen of 
the alkyl group has been replaced by the 
amino group NH_ 

autoengineering -In molecular biology the 
term applied to the seemingly spontaneous ar- 
rangemeut, of molecules into highly specific 
configurations for specialized functioning. 

bacteriophage- Viruses which infect bacteria 

condensation -In organic chemistry a reaction 
iavnlving union between atoms in the same 
or different molecules to form a compound of 
greater complexity and usually greater molecu- 
lar weight 

cytoplasm -The material of the cell exclusive 
of the nucleus and the cell membrane 

decisive control -In chemical kinetics and 
thermodynamics the power to determine 
whether or not a phenomenon e.g., a chemical 
reaction will go, and if it goes, to determine 
the overall rate constant K,,, n, d, d n, 
regardless of the rates k,, kb, kd, kd . 

of the constituent sulneactions a, b, c, d ... n 

fibril -A thread or fiber of microscopic di- 
mensions 

fixing -The treatment of microscopy speci- 
mens with chemicals to kill, harden, and pre- 
serve the structure, and to stain the material 
for enhanced contrast in the image 

flagellum -A microscopic whiplike append- 
age, as of a cell 

lipoprotein -A conjugated protein made up of 
a simple protein (polymer of alpha amino 
acids or their derivatives) plus an additional 
higher fatty acid group 

meiotic prophase -An early stage in nuclear 
division in germ cells 

mitochondria -suhcellular bodies in which 
the conversion of food to energy takes place. 
The resultant energy is loaded onto adeno- 
sine triphosphate (ATP) which is then anal- 
ogous to a coiled spring, ready to release its 
energy elsewhere when triggered 

monomer -A single molecule. If two unite, 
the result is a dieter. If three unite, the re- 
sult is a trimer. If n unite, the result is a 
polymer. 

nucleus -A distinct control center present in 
most living cells, being an essential agent in 
metabolism, growth, reproduction, and heredi- 
tary transmission 

organelle -A specifically functioning unit be- 
low the cell level; analogous to the organ, 
which is a specifically functioning unit below 
the body level 

peptide -A combination of amino acids in 
which the amino group of one acid is united 
with the carboxy group of the other through 
the elimination of a water molecule 

phage -see Bacteriophage 

plastids -Any of certain suhcellular bodies 
of specialized protoplasm and function lying 
in the cytoplasm of some cells 

polypeptide -A series of amino acid residues 
united through peptide linkages 

programmer molecule -A macromolecule 
which determines a stepwise sequency of 
events in its immediate neighborhood, e.g., 
the replication of itself, the synthesis of new 
molecules, a change in chemical kinetics, a 
change in chemical reactants, etc. according 
to some stepwise aspect -usually linear -of its 
own structure or configuration 

ribosomes- Subcellular bodies under nuclear 
control which are factories for manufacture 
of protein. They are often also part of a con- 
veyor system known as the endoplasmic retic- 
ulum 

splitting -In organic chemistry, depolymeriza- 
tion 

T6 particles -A specific type of bacteriophage 

taxonomy -The laws and principles of classi- 
fication of plants and animals according to 
their natural (classically macroscopic) relation- 
ships 

virus -An infectious agent 
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Fig. 1- Bacteriophage OX174, shadowed at 1:1; Magnification of original micrograph, 180,000X Fig. 2- Detached strand from heated prepara- 
tion of bacteriophage ¢X174. Magnification 
of original micrograph, 112,000X. 

NOTE: Both Figs. 1 and 2 courtesy E. ('. MacLean and C. E. Hall, "Studies in Bacteriophage 4iX174 and its DNA by Electron 
Molecular Biology 4, 173 -178, 1962. (Reproduced from halftone copy: some degradation unavoidable. -Ed.) 

the other hand, the central flagellar tu- 
bules show a double helical lower -level 
ultrastructure with 50- angstrom cross 
striations at spacings of 200 to 250 
angstroms. The ultrastructure in this 
case has been resolved even further, but 
would be of little value to describe here. 
The point to be made is that even struc- 
tures a few tens of angstroms in diam- 
eter or thickness may contain very high 
level ultrastructure. 

STUDIES OF THE TOTAL CELL 

The investigation of cell ultrastructure 
is a main effort among researchers, since 
nothing is more basic to the life sciences 
than the need to understand fully the 
functioning of the "atom" of life which 
is the cell. This is the fourth type of 
investigation and these studies are in- 
timately entwined with investigations on 
the ultrastructure of artificial protein 
systems; a living cell has thousands of 
different proteins which perform thou- 
sands of functions in exact sequences, 
the sum total of which is life. 

Protein Molecules 

The protein molecule is a tour de force 
of specificity. It is gigantic, with molec- 
ular weights ranging from hundreds to 
millions, yet all of the thousands of 
species are made of only twenty some 
monomers, the amino acids. All amino 
acids have a common atomic group, but 
each has a distinguishing side group. 
Through these side groups, the amino 
acid are linked in peptide units to form 

polypeptide chains. The polypeptide 
chains then are very intricately arranged 
in unique spatial configurations to form 
proteins, which hold their specificity 
(biological activity) only as long as the 
given spatial configuration is held 
within very narrow limits. A great 
amount of very detailed knowledge of 
protein structure is available from x -ray 
analyses of preparations. The organiza- 
tion of protein in living cells, however, 
is another matter, and what information 
there is has come from the electron 
microscope. 

Monomers and Polymers 

In cells, proteins themselves, colossal as 
they are, become monomers in still 
larger polymers, the cell parts them- 
selves; the strata of ultrastructure thus 
compound exponentially, and the task of 
peeling the levels becomes herculean. 
While the cell as a whole synthesizes 
proteins and other macromolecules as 
part of its functioning, these macro- 
molecules then autoengineer themselves 
into structures, and form subcellular 
organelles which may be either tem- 
porary or permanent. Alternatively, the 
proteins may be transported, or even 
stored. At present, only the highest 
levels of cellular ultrastructure have 
been resolved, and these in terms of the 
highly structured subcellular inclusions, 
e.g. ribosomes, mitochondria, plastids, 
etc. But if protein arrangement in the 
cytoplasm is fantastically complex, the 
arrangement of material in the cell nu- 
cleus is scarcely less so. 

Fig. 3 -Left: 16 bacteriophage particles, shadowcast with platinum to accentuate dimensionality. 
(Shadowcast specimens were not used in the diffraction experiments). Right: 16 bacteriophage 
particle specimens such as used in the diffraction experiments. 
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Nucleic Acids 

In every living cell there are two species 
of macromolecules known as nucleic 
acids: deoxyribonucleic acid or DNA, and 
ribonucleic acid or RNA. These two 
compounds are often called the blue- 
prints of life. They not only direct the 
manufacture of the building blocks 
of life (the proteins) but they also de- 
termine the architecture of life, since 
all evidence shows that they alone de- 
termine the hereditary characteristics of 
all living things. 

Both DNA and RNA are high polymers 
also, and chemically much alike. Both 
are lengthy chains of phosphate and 
sugars with side groups (bases) at- 
tached. In DNA, the sugar is deoxyri- 
bose, whereas in RNA the sugar is slightly 
different, being ribose. Both have only 
four bases; three (adenine, guanine, and 
cytosine) are common to both type 
molecules. In DNA, the fourth base is 
thymine; in RNA it is uracil. The bases 
do not follow any regular order along 
the backbone of the nucleic acid, and 
the belief that any given order in a 
molecule constitutes a set of genetic in- 
structions has been widely publicized. 

Chromosomes 

No less publicized has been the double 
helix primary structure for DNA, found 
from x -ray analysis. The DNA in the 
cell is always and only associated with 
the chromesomes and nucleus, whereas 
RNA may be found anywhere in the cell 
although mainly in protein complexes in 
the cytoplasm. The ultrastructure of 
RNA thus becomes again the ultrastruc- 
ture of the cell, while the ultrastructure 
of DNA in the cell becomes the ultra- 
structure of the nucleus. 

A typical current investigation in 
nuclear ultrastructure is that of B. 
Brinkley4 and J. Bryan4. These workers 
find that in meiotic prophase, the chro- 
mosomes in a certain type of sperm cell 
have bipartite laterial components, con- 
sisting of twin 100 -angstrom- diameter 
fibrils separated by a distance of 200 
angstroms. This probably represents 
secondary or teritary ultrastructure. 
The paired fibrils intertwine at inter- 
vals of about 375 angstroms in ultra- 
structure of a higher level. 
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STUDIES OF VIRUSES 

The major advances to date in ultra - 
structure studies are represented by in- 
vestigations of the fifth type, those con- 
cerned with viruses. In print, viruses 
have been described in many ways. from 
"the link between the animate and the 
inanimate" to "naked genes." Precisely, 
however, they are infectious agents, as 
they were so defined many years ago. 
They are particularly interesting for re- 
search in ultrastructure since, among 
many other reasons, they are natural 
and complete nucleic acid and protein 
systems which may be obtained as iso- 
lated particles. 

A typical example of a virus morphol- 
ogy study is the recent work of J. Hyde", 
L. Gafford", and C. Randall' on fowl 
pox virus. They find an external layer 
representing higher ultrastructure con- 
sisting of randomly oriented sub -unit 
knobs of 300 to 400 angstroms which 
tend to "unwind" from the main par- 
ticle. Under this lipoprotein knobby 
coat is an internal coat of tubular sub- 
units 45 angstroms in diameter by 250 
angstroms long (medium ultrastruc- 
ture), and at the center are densely 
coiled strands of DNA. 

Another example is the study of R. 
Bils" and C. E. Hall" of wound -tumor 
virus which attacks sweet clover. They 
find the virus to be an icosahedron of 
about 600 -angstrom diameter with 92 
surface subunits about 75 angstroms in 
diameter. The core (350 -angstrom di- 
ameter) consists of strands of RNA or 
RNA- protein complex. 

Bacteriophage 

Viruses which attack bacteria have 
the special name bacteriophage. These 
are the viruses which have played so 

great a role in the work on heredity and 
the genetic code through studies in mi- 
crobial genetics. The arrangement of 
viral DNA in the dormant phage particles 
has been studied by many workers, 
including the author. 

The work of E. Maclean" and C. E. 

Hall" on bacteriophage 0X174 is a re- 
cent example for studies in phage ultra - 
structure. As shown in Fig. 1, 0X174 
has twelve knobs at the vertices of an 
icosahedron. Upon heating, the virus 
extrudes strands up to 1.3 micron in 
length (Fig. 2). These strand diam- 
eters are in the range 10 to 40 ang- 
stroms, and consist of DNA coated with 
protein. Based on their results, Maclean 
and Hall have proposed a model for 
0X174 in which 80% of the phage pro- 
tein adheres to the single DNA strand 
at a regular spacing; this is in order to 
strengthen the DNA and hold it in a cer- 
tain configuration. The chain is then 
wound tightly into a ball in such a way 
that at no part of the DNA is exposed. 

The rest of the phage protein is divided 
into sixty equal parts, and in groups of 
identical units of five form the twelve 
knobs of the outer shell. 

ELECTRON DIFFRACTION 
AND ULTRASTRUCTURE 

The author has investigated the ultra - 
structure of T6 bacteriophage, using the 
electron microscope and selected area 
electron diffraction. The selected area 
diffraction technique allows the micros- 
copist to select a portion of the high - 
magnification high -resoluton image on 
the microscope fluorescent screen, then 
-by switching optical modes -to image 
the corresponding electron diffraction 
pattern if the image portion selected 
was that of a crystalline part of the 
specimen. It will be remembered the 
crystallinity implies ordered structure 
only, and that the repeating motifs 
need not be atoms as in metals, but also 
may be molecules, macromolecules, or 
even macromolecular aggregates. 

T6 phage particles are polyhedra 
(600 by 900 angstroms) with a hexag- 
onal crossection (Fig. 3). At one end 
is a long tubular tail (1,000 angstroms 
by 35- angstrom diameter) by which the 
particles attach to a bacterium. The 
polyhedral head is a protein coat for 
the DNA inside. During infection, the 
DNA (up to 90 microns in length) passes 
through the tail and into the bacterial 
host. The problem was to find the ar- 
rangement of the DNA in the intact par- 
ticle by means of electron diffraction, 
since no micrographs had shown it. 

After considerable special instrumen- 
tation and specimen preparation, long - 
spacing patterns were obtained. Mainly 
because the single T6 particle as a dif- 
fraction grating was so limiting, the 
patterns were very diffuse. Statistically 
meaningful results were eventually ob- 
tained however, and these together with 
data from other studies allowed the fol- 
lowing model to be constructed (Fig. 4). 

The double- strand DNA (23 angstroms 
in diameter) is wound into a tight coil 
76 angstroms in diameter (secondary 
ultrastructure). The secondary coil is 
then wound into conical coils (tertiary 
ultrastructure). The continuous sec- 
ondary coil is wound into eleven of the 
tertiary coils which fit like cups into 
each other. Every other conical coil of 
the eleven is wound counterclockwise 
with the intervening ones wound clock- 
wise (quartenary ultrastructure). The 
resultant packing arrangement allows 
the head to hold the known amount of 
DNA, and during infection allows the 
DNA to pass through the tail without be- 
coming entangled. 

CONCLUSION 

The above cited works show some ex- 
amples of current research in "the new 

biology," which has come to maturity 
only two decades after its heralding. 
Now chemistry and physics replace 
taxonomy and sketching, at least at the 
subcellular level ; and old generalities 
such as `Ontogeny recapitulates phylog- 
eny' are prefaced at length or abandoned 
entirely. 

By no means by chance have electron 
microscopy and biology evolved to- 
gether; their relation is in fact sym- 
biotic. And largely from this symbiosis 
has resulted a new discipline, a funda- 
mental new foundation for all life 
science. This is the "ultimate biology," 
the "biology of molecules," the "molec- 
ular biology," itself reared on the in- 
controvertible evidence that although the 
unit of life is indeed the cell, the unit 
of life control is the local molecular 
matrix, the ultrastructure, on view with 
the electron microscope. 
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Fig. 4- Postulated model for T6 bacteriophage. 
Cross section showing curved layers of the 
tertiary coil, formed by the spiraling of the 
secondary coil, and the 51- angstrom -diameter 
spiraling channel left along the phage axis. 
The arrows represent transitional spira s from 
layer to layer. In (A) and (B) are shown differ- 
ent side views of the model; (C) shows the top 
and /or bottom view; (D) shows axis of the 
secondary coil viewed in projection from top 
of the model. 
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Life 
Sciences 

BIONICS 

ADAPTATION THEORY 

A Tutorial Introduction to 
Current Research 

In 1961, RCA Laboratories initiated a program of research toward the devel- 

opment of a theory of adaptation. With this theory, the engineer will gain 

fundamental insights into the ways he can use simple feedback mechanisms to 

give adaptive properties to complex systems. Recent results center on adap- 

tive signal detection and adaptive pattern recognition. This paper introduces 

the concepts of adaptation theory, and then discusses the particular class of 

adaptive process on which RCA Laboratories work has concentrated thus far - 
that of the threshold learning process and Markov chains, the specific mathe- 

matical techniques associated with it. Included are some recent results on 

learning waves, feedback- adaptivity relationships, and learning times, as well 

as mention of some as- yet -unexplained phenomena. Some directions of future 
work are discussed, and a reference Bibliography is included. 

DR. J. SKLANSKY 

RCA Laboratories, Princeton, N. J. 

ADUCK stands on a rock at the edge 
a pond. As it stands there, it 

reaches out for a nearby grasshopper 
( the duck's goal is to have some lunch) I. 
Later the duck jumps into the pond (its 
goal is to avoid an approaching cat). 
Still later it mates with a friend (its 
goal, apparently, is to produce more 
ducks to stand on rocks) . All this time 
the rock did nothing, except to sink 
somewhat further into the pond. 

Most of the duck's actions can be 
ascribed to goals of various types. But 
the rock -to the untrained eye, at least 
-has no visible goal other than to cover 
some of the bottom of the pond. It is 
not surprising, therefore, that goal -seek- 
ing and life have been closely associated 
in men's minds for a long time. 

Goal- seeking can be viewed as the 
subjective drive behind adaptive be- 
havior. An animal adapting to its en- 
vironment often is motivated by a goal. 
The duck instinctively wants to achieve 
various specific goals. All of these goals 
contribute to the duck's capability to 
adapt to a wide variety of changing en- 
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vironments. This capability promotes 
the duck's survival, and, less directly, 
the survival of the species of which the 
duck is a member. 

Until the present century, adaptation 
was thought to separate living things 
sharply from the nonliving. Today 
adaptation no longer accomplishes this 
separation. The feedback concept, the 
servomechanism, and the electronic 
computer have made commonplace the 
appearance of complex organizations 
and goal -seeking behavior in man -made 
machines. Adaptive processes have en- 
tered the domain of serious concern to 
the engineer. 

The adaptive nature of living things 
enables them to maintain acceptable 
performance levels in the face of fluctu- 
ations in their environments and fluctu- 
ations in their internal structures. 
Taking this cue from biology, an engi- 
neer often will try to incorporate adap- 
tive behavior in a machine when he 
wants to overcome his ignorance of the 
environment and his ignorance of the 
reliability of machine parts. 

Consequently, both engineers and life 
scientists have tried to find useful theo- 
ries of adaptive processes. In recent 
years, the demonstrated ability of mod- 
ern computers to simulate certain non- 
trivial goal- seeking activities of man- 

such as theorem -proving and checker - 
playing -has added further incentive 
to the search for theories. 

Since 1961, the Computer Theory 
Group of RCA Laboratories has been 
participating in this search through its 
program of research on adaptation 
theory. The ultimate goal of this pro- 
gram is the development of a theory 
that: I ) will provide mathematical 
tools for the analysis of discrete adap- 
tive processes, such as adaptive pattern 
recognition ; 2 ) will provide a means for 
modeling these processes by simple 
feedback systems; 3) will provide a way 
of predicting the ability of feedback 
mechanisms to overcome ignorance or 
unpredictability in the environments of 
adaptive systems; 4) will provide a way 
of estimating the learning waves, i.e., the 
curves of success index versus time, of 
adaptive systems; and 5) will benefit 
the life sciences and engineering simul- 
taneously. 

SOME DEFINITIONS 

A first step in the development of a 
theory of adaptation is the refinement of 
the old concepts of "adaptation" and 
"learning." The definitions, however, 
must remain broad enough to be appli- 
cable to a wide variety of mathematical 
models. 

In the life sciences a cell, an organ, 
an organism, or a species is said to be 
adaptive if its behavior in a changing 
environment is "successful" in some 
sense. The sense to a great degree has 
been colored by each particular disci- 
pline, as well as by the individual re- 
searcher. Using "success" as an unde- 
fined primitive we have postulated two 
properties that distinguish adaptive 
machines from nonadaptive machines: 
stability and reliability. 

1) Stability -A well -known definition of 
adaptation was proposed by Ashby': 
"A form of behavior is adaptive if it 
maintains its essential variables within 
physiological limits." For example, 
the concentration of glucose in the 
blood may be disturbed by exercise or 
malnutrition. These disturbances are 
opposed by a number of mechanisms - 
such as the appetite, the adrenal 
glands, the pancreas, the kidneys, and 
the skin -which act to maintain the 
glucose concentration between 0.06 
and 0.18%. Ashby views this as an 
adaptive process, because a proper 
glucose concentration is essential to 
physiological survival and hence to 
successful performance of any desired 
task. This viewpoint gives us the first 
distinguishing property of adaptive 
machines: persistence of success in a 
changing environment. 

2) Reliability - Suppose one or more 
parts of a machine are suddenly dam- 
aged or destroyed. The "damage" may 
be severe or it may be just a temporary 
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loss of efficiency in the functioning of 
these parts. If the machine is adaptive 
in the sense of Ashby's definition, the 
effect of the damage will gradually be 
masked until the machine's perform- 
ance reaches an acceptable level. This 
viewpoint gives us the second distin- 
guishing property of adaptive ma- 
chines: overall junctional reliability in 
the face of unreliability of parts of 
the machine. 

A biological example of reliability is 
the continued functioning of the human 
brain and nervous system under the in- 
fluence of alcohol. The alcohol changes 
the thresholds at which the neurons 
fire, yet the nervous system continues to 
function adequately -with some loss of 
efficiency, but yet adequately. (This 
type of reliability has inspired engineers 
to search for ways of constructing reli- 
able systems from unreliable compo- 
nents. The Computer Theory Group has 
contributed one of the important solu- 
tions to this problem.`) 

To summarize, adaptation is defined 
as a manifestation in a machine of one 
or both of these properties: 1) persist- 
ence of success in the face of a changing 
environment, and 2) persistence of suc- 
cess in the face of failures of machine 
parts. We call the first property stabil- 
ity, and the second reliability. 

Both stability and reliability are 
forms of adaptivity. Explicitly, we de- 
fine adaptivity as the persistence of 
success in the face of a changing en- 
vironment and /or failures of machine 
parts. 

(Adaptivity is a term coined and de- 
fined by Zadeh.L Zadeh's adaptivity is 
equivalent to our stability. Thus our 
adaptivity is broader than Zadeh's. 
On the other hand, with a little imagi- 
nation, failures of machine parts can be 
viewed as changes in the environment. 
Under this condition Zadeh's and our 
adaptivity are equivalent.) 

Closely related to adaptation is the 
process of learning. We view learning 
as a favorable variation of a success 
index during unchanging environmental 
conditions. More precisely, suppose 
z ( t) is the success index of a machine 
M as a function of the time t. We say 
that M "learns" over a specified time 
interval (0, T) if the environment re- 
mains constant over (0, T) , and if z (T 
> z (0) . When we say "the environment 
is constant," we mean that certain de- 
scriptive parameters of the environment 
are constant. Other quantities of the 
environment may be time -varying even 
though the descriptive parameters are 
constant. 

A comparison of our definition of 
learning and Shannon's formulation' in 
1953 shows a similarity of viewpoint: 
"Suppose that an organism or a ma- 
chine can be placed in, or connected to, 
a class of environments, and that there 
is a measure of `success' or `adaptation' 
to the environment. Suppose further 
that this measure is comparatively local 
in time, that is, that one can measure 
the success over periods of time that are 
short compared to the life of the orga- 
nism. If this local measure of success 
tends to improve with the passage of 
time, for the class of environments in 
question, we may say that the organism 
or machine is learning to adapt to these 
environments relative to the measure of 
success chosen." 

Adaptation, a purely behavioral fea- 
ture of machines, is often seen in associ- 
ation with feedback, a purely structural 
feature. Feedback is a scheme of feed- 
ing some of the response of a physical or 
biological machine back to a point 
closer to the sensing or input elements. 
For engineers, feedback is a convenient 
way of imparting adaptation to a ma- 
chine. Life scientists, on the other hand, 
often use feedback for "reinforcement ") 
in their constructions of models that 
simulate the adaptive properties of life 
processes. 

But feedback is not essential to adap- 
tation, and vice versa. 

A machine may be adaptive without 

feedback. This is possible if an a priori 
description of the environmental or 
structural fluctuations has been antici- 
pated in the design of the machine. An 
example is an automatic control system 
in which a controller turns a motor on 
and off in response to special waveforms 
appearing on the input lines. 

A machine containing feedback may 
not be adaptive. In particular, if the 
feedback is "regenerative," it usually 
reduces the adaptivity of the machine, 
and sometimes causes a sustained oscil- 
lation. 

Thus, feedback is neither a necessary 
nor a sufficient feature of adaptive ma- 
chines -both open -loop and closed -loop 
adaptive systems are possible. Never- 
theless, feedback frequently appears in 
real adaptive machines, and in many 
cases yields important simplifications in 
the mathematical models. 

The question arises, Do special condi- 
tions exist under which feedback is 

essential for adaptive behavior? The 
answer is yes: If the fluctuations of one 
or more of the important environmental 
parameters are not observable on the 
input lines, or if the machine's internal 
structure fluctuates significantly, and if 
these fluctuations are unpredictable by 
the designer and are independent of 
the signals on the input lines, then 
adaptive compensation for the fluctua- 
tions cannot be achieved without feed- 
back, except by accidental good fortune 
in the choice of an open -loop controller. 

Adaptation theory is partly concerned 
with the relationships between feedback 
structures and adaptive behavior. It is 
also concerned with the development of 
mathematical techniques that facilitate 
the estimation of learning waves and 
various indexes of stability and reliabil- 
ity in adaptive processes. 

At RCA Laboratories, development 
of adaptation theory has, so far, re- 
stricted itself to a single class of adap- 
tive processes -the threshold learning 
process, an elementary form of adaptive 
pattern recognition. Associated with 
this process is a specific class of math- 
ematical techniques -the Marko° chain. 
The threshold learning process, the as- 
sociated Markov chains, and our reasons 
for choosing them as objects of research, 
will be discussed in the next two sec- 
tions. 

THE THRESHOLD LEARNING PROCESS 

Although intuition tells us that a unify- 
ing thread runs through all natural and 
man -made adaptive processes, experi- 
ence shows us that adaptive behavior 
takes on such a variety of forms and 
such differences in complexity that no 
single all- encompassing theory of adap- 
tation is possible. Consequently, a rea- 
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sonable approach to the development of 
such a theory is to select a class of adap- 
tive processes whose role in engineering 
and the life sciences is currently impor- 
tant, and whose behavior is not well 
understood. 

An example of such a class of proc- 
esses is trainable signal detection. An- 
other example is adaptive numerical 
integration of differential equations. 
RCA Laboratories' research on adapta- 
tion theory has centered on trainable 
signal detection. The model represent- 
ing this class of processes is called the 
threshold learning process, or TLP for 
short. 

The TLP is a "core" model which, 
upon elaboration in various directions, 
can adequately represent a wide variety 
of adaptive processes in engineering and 
the life sciences. Among the processes 
to which the TLP model has been ap- 
plied are radar communication`, psycho- 
logical models of learning', and adaptive 
pattern recognition'. A more remote ap- 
plication of the TLP appears in informa- 
tion retrieval systems'. 

The TLP (Fig. 1) consists of an in- 
formation source and an observer. The 
observer consists of a noisy channel, a 
threshold detector, and a feedback pol- 
icy. The source transmits a random 
sequence of 0's and l's through the 
channel. The observer senses an analog 
signal v at the output of the channel, 
and, comparing this observation to a 
reference i (the threshold) guesses the 
value of the transmitted signal. The 
observer "learns" by moving this thresh- 
old to a new value whenever he receives 
a "reinforcement" signal indicating 
whether or not his guess was correct. 
(We use "he" and "his" for convenience, 
even though the observer may be a ma- 
chine-or a woman.) After a training 
period of prescribed length, the TLP 
moves into a "working" phase, in which 
the observer receives no reinforcement 
signals. 

Fig. 1 -The threshold learning process. 
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Fig. 2 -An example of staircase constituent 
densities. 

This system is an elementary form of 
a trainable pattern recognizer. The 
quantity v represents an observed fea- 
ture. The 0's and l's are two categories 
into which the observed feature is classi- 
fied. In a more complex recognizer, the 
single quantity v would be replaced by 
a group of features. The recognizer in 
that case would assign each observed 
group of features to one of two cate- 
gories. In another form of recognizer 
based on the TLP, the reinforcement 
signals would not be perfect -they 
would be formed by an imperfect 
"critic ", thereby obviating the need for 
alternate cycles of "training" and 
"working ". With an imperfect critic, 
the training and working could take 
place simultaneously. (This matter is 
amplified under Concluding Remarks.) 

In the elementary TLP, the effect of 
the noisy channel on the source is de- 
scribed by a pair of "constituent" proba- 
bility densities f0(v) and f,(v). Ex- 
amples of these densities are shown in 
Fig. 2. The differential quantity f (v) 
dv is defined as the joint probability of 
transmitting u and observing a signal oc- 
cupying the interval (v, v + dv) . In other 
words, f (v) is the distribution of the v's 
caused by the o's, while f, (v) is the dis- 
tribution of the v's caused by the l's. The 
area under fo(v) is p, the probability 
of transmitting a 0; the area under 
f, (v) is 1 -p, the probability of trans- 
mitting a 1. The noise in the channel 
contributes to the obtuseness or vari- 
ance of the constituent densities; with- 
out noise fo(v) and f,(v) would be non - 
overlapping narrow spikes. To facili- 
tate analysis. the densities considered 
so far have been staircase- shaped, as in 
Fig. 2. 

A "feedback policy determines the 
new threshold after each reinforcement. 
Particular attention has been devoted 
to the following simple, yet important, 
feedback policy: The threshold has K 
possible values. The threshold is moved 
up or down by one increment in response 
to a false alarm or false rest, respec- 
tively. (A false alarm is a guess of 1 

when the source sent a 0; a false rest 
is a guess of 0 when the source sent a 
1.) The threshold remains fixed if no 
error is incurred or if a boundary thesh- 
old prevents a desired adjustment. This 
policy, the so- called simple incremen- 
tal feedback policy, frequently appears 
in the literature on trainable pattern 
recognizers. We refer to TLP's having 
this feedback policy as simple incre- 
mental TLP's. 

The feedback policy is envisioned as 
being removable or "unpluggable "; i.e., 
the feedback policy may or may not be 
in operation at any particular time. 
When the feedback policy is not oper- 
ating, the TLP is said to be in an open - 
loop mode of operation. When the feed- 
back policy is operating, the TLP is 
said to be in a closed -loop mode of 
operation. In the case of the simple 
incremental policy, open -loop operation 
means that the threshold remains fixed 
independently of the observed signals. 

The TLP was chosen as a core model 
because it seems to be the simplest model 
having all of the following properties: 

1) The untrained observer behaves prob- 
abilistically. The probabilistic behav- 
ior is a way of expressing the engineer's 
ignorance of the future environment or 
of the mechanisms inside the observer. 

2) The stimuli and responses are discrete 
in amplitude and in time. This is im- 
portant for computer applications, 
such as pattern recognition and infor- 
mation retrieval. 

3) The feedback policy is deterministic 
in nature. This reflects the engineer's 
preference for building deterministic, 
rather than probabilistic, mechanisms. 

4) The model is a good descriptor of im- 
portant adaptive processes in both 
engineering and the life sciences. 

5) The model can be elaborated to in- 
clude many of the more complex train- 
able pattern recognizers studied by 
other investigators. 

MARKOV CHAINS 

From a theoretician's point of view, one 
of the important features of a TLP is 
the ease with which its adaptive be- 
havior can be analyzed. Consider, for 
example, a TLP with a simple incre- 
mental feedback policy permitting K 
possible threshold values, and suppose 
that the 0's and l's emitted by the in- 
formation source are statistically inde- 
pendent. Under these conditions, the 
motion of the threshold is a K -state ran- 
dom walk in which each state represents 
one of the K allowed thresholds. Fig. 3 

illustrates this random walk by a state 
transition graph. In this graph, a branch 
connecting node i to node j represents 
the conditional probability p,, that the 
next state is j, given that the present 
state is i. 

www.americanradiohistory.com

www.americanradiohistory.com


PII P22 P33 

P21 P32 

PK-2,K-2 PK-1.K-I PKK 

PK-1,K-2 

Fig. 3 -The state transition groph of a K- threshold TLP. 

The success index of the TLP is de- 
fined as the probability z(n) of a cor- 
rect guess at time n. Since the random 
walk is a special form of Markov chain, 
z(n) can be found in terms of the p,t's 
by means of the well -known theory of 
Markov chains. This analysis yields the 
following result: 

z(n) = r(0) P" q (1) 

where r(0) is a K- dimensional row 
vector each of whose elements is the 
probability that the TLP will occupy 
one of the K states at time 0; P is the 
K x K matrix of p,j's; and q is the K- 
dimensional column vector each of 
whose elements is the conditional prob- 
ability of a correct guess, given that the 
TLP occupies a particular state. Actu- 
ally, Eq. 1 is not limited to simple in- 
cremental feedback, nor to statistically 
independent information sources.' (For 
the reader who would like to have a 
fuller understanding of Eq. 1, a deriva- 
tion is presented in the Appendix.) 

Eq. 1 may be interpreted as follows. 
The vector r(0) represents the initial 
distribution of threshold probabilities. 
The product r(0)P" is r(n), the distri- 
bution of the threshold probabilities at 
time n. When r4(n), the probability 
that the threshold is i at time n is mul- 
tiplied by q, (the probability of success 
at time n, given that the threshold is i 

at time n), we obtain z, (n), the joint 
probability that the threshold is i and 
that the TLP is successful at time n. 
The total success probability z(n) is 
just the sum of the z,(n)'s. This sum is 
brought about by post -multiplying the 
row vector r(0)Pe by the column vec- 
tor q. 

The p, j's can be obtained directly 
from the constituent densities. Suppose, 
for example, that the TLP has the con- 
stituent densities shown in Fig. 2. In 
Fig. 2, p represents the frequency of 0's 
emitted by the information source, and 
a is a parameter that controls the shapes 
of the distributions. A value of a close 
to 1 yields a highly spiked distribution, 
while a value of a of 1/3 or less results 
in a flat or doubly peaked distribution. 
Suppose state i represents a threshold 

PK,K-1 

occurring at v =2, and state j represents 
a threshold at v =3. Then: 

3 

Pe=f(v) dv 

2 

p(1 - a) 
2 

(2) 

Thus, in the case of Fig. 2, all the p,j's 
can be expressed as functions of p and 
a. In a similar manner, all the elements 
of q can be expressed as functions of p 

and a. 
Since p completely determines the ex- 

ternal statistics of the observer (for the 
class of densities in Fig. 2 ) , a direct 
measurement of stability requires a 
change of p alone. Similarly: since a 
determines the internal statistics of the 
observer, failures of machine parts will 
be reflected in changes of a but not in 
p; hence a direct measurement of relia- 
bility requires a change of a alone. 

As we mentioned earlier, adaptation 
theory is partly concerned with the in- 
sensitivity of success index to changes 
in environmental and machine param- 
eters-i.e., stability and reliability. In 
the case of the TLP, the tools of Markov 
chain theory provide a relatively easy 
way to find z(n) in terms of the stabil- 
ity parameter p and the reliability pa- 
rameter a. 

An example of a specific numerical re- 
sult in this study is the evaluation of the 
asymptotic success probability, z( co ) , 

as a function of a and p when the num- 
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ber of available thresholds, K, is three. 
In a TLP the asymptotic values of z(n) 
can be found with particular ease by 
converting the state transition graph of 
the Markov chain to a zero -frequency 
signal flow graph, and using some of 
the well -known techniques of signal -flow- 
graph reduction.° (Several improve- 
ments and extensions of these tech- 
niques grew out of our research.10) 
These techniques yielded the contours 
of z(x) shown in Fig. 4. 

The shaded region in this figure rep- 
resents all the physically realizable 
values of a and p for which z(oo ) ex- 
ceeds 0.8. Thus, if 0.8 is the minimum 
acceptable value of z(oo), the area of 
the shaded region represents a combined 
measure of stability and reliability - 
i.e., a measure of adaptivity. Note that 
the reliability is large when p is close to 
0 or 1, while the stability is large when 
a is close to 1. 

A FEW RESULTS 

A study was made of TLP's embedded 
in a variety of environments and feed- 
back policies. This study yielded a num- 
ber of insights into the adaptive nature 
of the TLP and the effectiveness of spe- 
cific feedback policies in their roles as 
enhancers of adaptive behavior!'" '" 

The results of this study fall in two 
categories: theoretical (i.e., contribu- 
tions to adaptation theory) and empiri- 
cal (i.e., interesting but unexplained 
observed phenomena) . Among the sub- 
jects in the theoretical category are: 
learning waves, adaptivity. and "learn- 
ing times" (to be defined . Among the 
unexplained phenomena are certain re- 
lations among the adaptation character- 
istics and the feedback policies of 
TLP's. 

The Learning Waves 

A learning wave of an adaptive process 
is defined as a curve of success index 
plotted against time while certain pre- 
scribed parameters of the environment 
remain constant. A learning wave dis- 
plays the ability of a process to accom- 
modate a sudden change in the environ- 
ment. Consequently, adaptation theory 
is strongly concerned with understand- 
ing why certain shapes and sizes of 
learning waves occur. 

Most learning waves in psychological 
experiments are monotonic increasing 
or monotonic decreasing. A similar sit- 
uation has been observed in the TLP. 
We have demonstrated, in fact, that 
when the number of thresholds is suffi- 
ciently large and when the feedback 
policy is of the simple incremental type, 
the learning wave must have one of the 
following three forms: monotonic in- 
creasing, monotonic decreasing, or 
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single -peaked. Examples of these three 
forms are shown in Fig. 5. 

The restriction to these shapes is ex- 
plained by the fact that as training pro- 
gresses the probability distribution of 
thresholds. plotted against the threshold 
value i, moves like a traveling wave over 
a nondistortionless transmission line. At 
first the distribution is spike- shaped and 
centered over the initial threshold. As 
training progresses the distribution be- 
comes more bell- shaped. and the mean 
(roughly the axis of the bell) moves 
asymptotically toward a "learned" 
threshold. The learned threshold is 
often -but not always -quite close to 
the mathematically optimum choice. The 
traveling -wave effect is caused by the 
random walk associated with the simple 
incremental feedback policy (Fig. 3). 
(The difference equations of the state 
probabilities of a random walk are sim- 
ilar to those of the currents and voltages 
on a lumped- parameter artificial trans- 
mission line.) 

At any particular threshold i, the suc- 
cess probability is the sum of the areas 
of the appropriate truncations of /0(v) 
and f, (v) : specifically, the area under 
fo(v) to the left of the threshold and the 
area under f,(v) to the right of the 
threshold. This sum will have one of the 
three forms in Fig. 5, because: 

1) fo ( y) and f,(v) intersect at just a 
single point, so that the curve of the 
success index plotted versus the thres- 
hold i is single- peaked, and 

2) the traveling wave moves in the direc- 
tion of the learned threshold through- 
out the training period. I The motion 
of the traveling wave should be dis- 
tinguished from the motion of the 
threshold. The traveling wave is a 
probability distribution, and has a de- 
terministic, undirectional motion. The 
threshold has the biased, noisy motion 
of a random walk.) 

Adaptivity 
Of major concern to adaptation theory 
are the relations between feedback and 
adaptivity. An understanding of these 
relations could yield methods for choos- 
ing training strategies to maximize the 
adaptivity -or expected adaptivity -of 

Fig. 5- Examples of learning waves in TLP's. 
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adaptive pattern recognizers and related 
adaptive processes. 

In all TLP's, as in most psychological 
learning processes, a learning wave will 
reach a "steady- state" or "asymptotic" 
value. z( ), after a long training pe- 
riod. provided the statistics of the en- 
vironment and the internal failures re- 
main constant. Thus, z (c ( is an im- 
portant descriptive parameter of a 
TLP's learning wave. Consequently the 
adaptivity of TLP's may be partially 
understood through studying the insens- 
itivity of z (oc ) to environmental and 
structural fluctuations. 

In accordance with the traveling -wave 
effect described in the preceding sec- 
tion, the threshold of a simple incre- 
mental TLP tends to approach an opti- 
mal or near -optimal value as training 
progresses. The best achievable "opti- 
mal" value of the threshold may be 
found as follows: Compute the success 
probability z, (co ) associated with a 
threshold fixed at a specific value, i. 
Recompute z, (oc ) for every available 
value of i. The optimal success index, 
z,,,,, (oo) , is the largest of these z, ( oc )'s. 
That is: 

zon,(ao) = Max [z, ( co ) (3) 

The value of i at which z, ( cc ) equals 
z,,,,, ( oc ) is the optimal threshold. We 
denote this threshold as 

The learned threshold is approxi- 
mately io. Hence the z (co ) of a TLP 
is approximately the largest of the avail- 
able z, ( )'s. That is, the success 
probability of a fully trained TLP is 
approximately the largest of the possible 
success probabilities of an untrained 
TLP. (A fully trained TLP is a TLP 
whose learning wave has, within meas- 
uring accuracy, reached its asymptotic 
value.) This relationship is expressed 
symbolically as follows: 

z(co) = Maxrz,(co)_i (4) 

Note that each z, ( oo ) is a success 
index of an open -loop feedback policy, 
since an open -loop TLP is a TLP whose 
threshold remains fixed during the train- 
ing period. Hence, Eq. 4 provides a 
relatively convenient way to compute the 
contours of closed -loop success proba- 
bility from the contours of the open -loop 
success probabilities of fully trained 
TLP's. 

With each feedback policy is associ- 
ated an adaptivity index -an index that 
expresses the degree to which the feed- 
back policy is able to mask unpredicted 
environmental or structural fluctuations. 
A measure of adaptivity that we have 
used is the area of the ap -plane covered 

by all contours of z (oo) for which z (oo ) 
>0.8. The shaded region of Fig. 4 il- 
lustrates this method of measuring adap- 
tivity. (The value 0.8 is an arbitrary 
level of lowest acceptable performance. 
Recall that p is the frequency of trans- 
mitted 0's, and a is a number associated 
with the narrowness of the shapes of the 
constituent densities.) We have found" 
that Eq. 4 provides a convenient way of 
finding the closed -loop adaptivity from 
the contours of the open -loop z, ( )'s. 
We have used this method of computing 
adaptivity in a number of specific TLP's. 

A measure of the utility of any par- 
ticular feedback policy is the difference 
between the closed -loop adaptivity and 
the average of the open -loop adaptivi- 
ties. Let us call this measure U. Our 
initial evidence indicates that U depends 
strongly on the specific feedback policy, 
and only weakly on the amount of noise 
in the channel. This lends support to a 
conjecture that adaptivity, as we have 
defined the term, is closely tied to feed- 
back policy. 

Learning Times of Time -Varying TLP's 

The learning waves of most real adaptive 
processes are monotonic or almost mon- 
otonic. In such a learning wave, a use- 
ful descriptive quantity is the number of 
training samples required to reduce the 
transient component of the wave to one - 
tenth of the transient's initial value. We 
call this number the learning time -a 
measure of the slowness of learning. 

Because the mathematical techniques 
associated with Markov chains are 
powerful and efficient. the problem of 
estimating the learning time of a simple 
incremental TLP is relatively easy. In 
fact, the problem remains straightfor- 
ward, albeit tedious, so long as we are 
dealing with fixed- increment TLP's, i.e., 
so long as the size of the increments by 
which the feedback moves the threshold 
is constant throughout the training pe- 
riod. Thus, for example, a feedback pol- 
icy that moves the threshold a fixed 
amount in response to two successive 
false alarms or two successive false rests 
yields learning waves that can be ana- 
lyzed by a Markov chain model. 

The problem of estimating the learn- 
ing times becomes severe, however, when 
the feedback moves the threshold 
through varying increment sizes during 
the training period. These time -varying 
TLP's are often important, because in 
certain environmental conditions, the 
learned threshold automatically moves 
to the exact optimum threshold when the 
size of the threshold is steadily reduced 
as the training progresses. 

The following question arises: Is the 
learning time of a time -varying TLP 
related in some simple way to the learn- 

www.americanradiohistory.com

www.americanradiohistory.com


ing times of the constituent fixed- incre- 
ment TLP's? Suppose that at each train- 
ing sample, say the jth sample, the time - 
varying TLP rises a predetermined in- 
crement size for correcting the thresh- 
old. If this increment size were kept 
constant the learning wave would have 
the form of a fixed- increment TLP with 
a relatively easily determined learning 
time, which we denote as L,. We have 
found that the learning time X of any 
time- varying TLP is related to the Li's 
by the following approximate relation: 

(5) 

A simplified explanation of this relation 
is as follows. During the time interval 
betwen time j and time 1+1, the trans- 
ient component of the learning wave 
moves approximately 1 /Le of the dis- 
tance toward one -tenth of the transient's 
initial value. Consequently the sum of 
the 1/L ,'s over the entire learning time 
must be approximately unity. 

Thus Eq. 5 enables us to use the learn- 
ing wave of fixed -increment TLP's as 
basic elements in estimating the dy- 
namic behavior of time -varying TLP's. 

Inadequately Explained Phenomena 

A number of properties of the adaptive 
behavior of TLP's are as yet inade- 
quately explained. One such phenom- 
enon is the fact that reliability and sta- 
bility can be obtained separately but 
not together when the constituent dens- 
ities have a large overlap. In other 
words, when the noise in the channel is 
much larger than the signal, the use of 
simple incremental feedback will over- 
come fluctuations in p or fluctuations in 
a, but not fluctuations in p and a simul- 
taneously. 

Another inadequately explained phe- 
nomenon is the near -invariance of the 
asymptotic success index z (oo) with re- 
spect to changes in the sizes of the 
threshold increments in simple incre- 
mental TLP's. When the increment by 
which the feedback moves the threshold 
is changed, the effect on z(co) is usually 
small. This means that some of the 
adaptive properties of a many -threshold 
TLP can be studied by analyzing math- 
ematically simpler TLP's having only 
five or even three thresholds. 

CONCLUDING REMARKS 

A start has been made toward the de- 
velopment of a theory of adaptation, 
with emphasis on adaptive pattern rec- 
ognition as a link between engineering 
and the life sciences. The initial results 
show that quantitative estimations and 
qualitative explanations of the effects of 

feedback on the adaptive behavior of 
simple trainable systems are possible, 
even when the engineer's ignorance of 
the environment or failure laws forces 
him to work with probabilistic rather 
than deterministic models. 

Further development of the theory is 
likely to come from elaborations of the 
basic TLP model. A few expected direc- 
tions of this development are: 

1) Multidimensional Thresholds. The 
TLP's studied so far involve the ad- 
justment of a zero- dimensional thresh- 
old (a point) in a one -dimensional 
space of observed signals. Many adap- 
tive processes involve several variables 
adjusted simultaneously. In adaptive 
pattern recognizers, the adjusted vari- 
ables may be modeled by an (n -1)- 
dimensional threshold ( a hypersur- 
face) in a space of n observed 
features. Fig. 6 illustrates the thresh- 
old dynamics in a two -feature train- 
able recognizer in which the threshold 
space is one -dimensional. The coordi- 
nates x and y are features, such as the 
radius of gyration, the sum of the 
lengths of lines exceeding a prescribed 
curvature, etc. The circles and squares 
in the figure enclose points represent- 
ing observed feature pairs. The task 
of the recognizer is to separate the 
points enclosed by circles from those 
enclosed by squares. The occurrence 
of an observed feature pair below the 
threshold line results in a guess of O, 
otherwise the guess is E. Each rein- 
forcement signal causes an adjustment 
of the threshold. 

An example of the motion of the 
threshold line in response to a se- 
quence of reinforcements is displayed 
in Fig. 6. In this figure the threshold 
line's motion is traced by the point of 
intersection of the threshold line and 
the perpendicular through the origin. 
This point of intersection happens to 
be the point on the threshold line 
closest to the origin. Imagine that a 
lighted light bull) is located at this 
point The path of the threshold line's 
motion as traced by this light bulb is 
indicated by the dashed line in Fig. 6. 

Fig. 6- Example of the motion of a one- dimen- 
sional threshold in a two- feature adaptive pat- 
tern recognizer. 
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The motion of this light bulb is a 
random walk in multidimensional 
space. The present theory of single - 
dimensional TLP's will probably be 
extended to include this multidimen- 
sional process. 

2) 1lore- sophisticated feedback policies. 
In many adaptive systems, optimum or 
near -optimum performance can be ob- 
tained if all the available knowledge 
of the environment is exploited in the 
synthesis of the feedback policies. In 
certain types of environments, for ex- 
ample, optimum asymptotic perform- 
ance will occur when the size of the 
increment of the threshold adjustment 
becomes smaller with each new train- 
ing sample. Hence, greater complexity 
in the feedback policies is sure to 
appear as the theory develops. 

3) Imperfect reinforcement. A TLP in 
which the reinforcement signals con- 
tain the correct answers must of neces- 
sity undergo alternate periods of 
training and working. This is not the 
case when the reinforcement signal 
contains an imperfect estimate of the 
correct answer. The reason for this is 
that perfect answers can only be de- 
rived from a specially stored "look -up 
table." 

But imperfect answers can be de- 
rived from a special algorithm, which 
we call the critic. The critic provides 
an imperfect estimate of the correct 
answer, based on the present and past 
answers of the machine. This critic 
need not store the correct answers. It 
may compute an estimate of the size 
of the error by observing the present 
and recent past of the input and out- 
put signals, and checking the degree 
to which these signals obey certain re- 
quired constraints. An example of 
such a critic is a device which calcu- 
lates the frequency of guessed 0's over 
a finite number of recent samples and 
compares this calculation to a known 
value of p. 

Under these conditions training and 
working can take place simultane- 
ously. In computer parlance, this is 
called on -line operation. By relating 
the case of imperfect reinforcement to 
that of perfect reinforcement, adapta- 
tion theory would bring about a fuller 
understanding of the important proc- 
ess of on -line adaptive pattern recog- 
nition-in which the machine learns 
not from correct examples, but from 
scores emanating from an imperfect 
critic. 

Returning to that duck on the rock, 
we can point out where the present 
theory can help us understand his goal - 
seeking behavior, and where the theory 
falls short. Suppose the duck eats an 
insect it hasn't seen before, and sup- 
pose the new "delicacy" gives the duck 
a stomachache. Suppose the duck slowly 
learns to shun that particular insect 
after a few such unpleasant experiences. 
This process is related to the discrimi- 
nation learning processes of psychology. 
Discrimination learning has often been 
modeled' by TLP's or elaborations of 
TLP's. Consequently the present state 
of adaptation theory should be able to 
help the biologist understand the ability 
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of the duck to overcome environmental 
fluctuations - such as, for example, 
changes in the size and color of the 
insect. 

But now suppose the biologist tries to 
model the duck's adaptive behavior in 
learning the direction of approaching 
cats. In this case the biologist will find 
the present theory inadequate. Of still 
greater difficulty is the task of modeling 
adaptive strategy- formation and game - 
playing in the higher animals. 

There is hope. however, that adapta- 
tion theory will be applicable to certain 
parts of the more complex game -playing 
processes. Recent results at RCA Lab- 
oratories in the simulation of theory 
formation and theorem -proving by ma- 
chine show that probabilistic "local" de- 
cisions appear at certain nodes in the 
machine's decision tree ". The present 
theory raises the possibility of modeling 
the adaptive behavior of these local de- 
cisions, and in this way contributing 
toward an understanding of the overall 
process. 
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APPENDIX 

An Intuitive Derivation of Equation 1 

To simplify our discussion, we consider a K- threshold TLP in 
which the thresholds are incremented by no more than one incre- 
ment after each guess. ( The simple incremental feedback policy 
results in such a TLP.) 

Let r, (0) represent the probability that the ith threshold of this 
TLP is occupied at time 0. The probability that this threshold will 
he occupied at time 1 is r, W. 1. The latter probability is related to 
the probabilities that the 1 i - 1) th, the ith, and the 1 i + 11 th 
threshold will be occupied at time 0 by a weighted sum of the 
transition probabilities p,,, p,,, and p 

r,(1) = r,-,(0) Pe-r.a + r,(0) Pi, +r,_,(01 Pr_,. (All 

This relation comes about because in the TLP under discussion the 
thresholds are increased or decreased by only one increment at a 
time; hence the probability of occupying the ith threshold at time 
1 depends only on the probability of occupying the same threshold 
at time 0 and the probabilities of occupying the two immediately 
neighboring thresholds at time 0. 

Eq. Al can be summarized in vector notation as follows: 

r(1) r(0) P (A2) 

where P is a matrix of the following form: 

j- p pi, 0 0 0 0 

P_, p 0 0 0 

0 Ps_ Pia Pa 0 0 P- 0 0 Pas Paa Po 0 

P_ 

0 ,,, 

30 

0 O Pn__ n Px-1.e" Per 

(A3) 

By recursively repeating the derivation of Eq. A2 for tintes 2, 3, 

etc., we observe the general formula for r I n) : 

r(n) = r(0) P". IA4) 

Now, suppose we observe that the ith threshold is occupied at 
time n. The probability of a successful guess at time n is then just 
p , since a successful guess is associated with a return to the i1° 

threshold at time n } 1. But if we know only that the ith threshold 
at time n is occupied in a fraction r, (n) of all learning experiments, 
then the success probability at time n is a weighted sum of the 
p 's, each p weighted by the fraction r(n).- Hence, if we let q 
be a column vector representing all the p 's, the probahility of a 

correct guess at time n is: 

z(n) = Eri(n) p = r(n) q. (A5) 

Substituting Eq. A4 in Eq. A5 yields Eq. 1. 

In more- complex TLP's, Eqs. A4 and A5 continue to hold, pro- 
vided the elements of q are defined as the conditional probabilities 
of a correct guess, given that the TLP occupies a particular state. 
Hence in these complex TLP's, Eq. 1 will also hohl. 

In the more complex processes, a "state of a TLP may involve 
more than just the threshold value. An example is a two -mode 
TLP, in which the noise statistics takes on one of two sets of values 
(i.e., two modes) at random after each guess. Here, the state of 
the TLP involves the mode of the noise as well as the threshold 
value.` 
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NEURAL, THRESHOLD, MAJORITY, AND 
BOOLEAN LOGIC TECHNIQUES 

A Comparative Survey 
This paper presents the basic characteristics and relative merits of the four 
types of logic classified (in decreasing order of complexity) as neural, threshold, 
majority, and Boolean -and considers combinational switching functions, logic 
configurations and synthesis, and factors in circuit realization. Although the 
mathematics of synthesis and component choice for neural logic are not today 
as well defined as for Boolean or threshold logic, present work indicates that 
future neural network systems should be not only feasible but also competitive 
with Boolean or threshold logic. In the long run, only neural networks- because 
they strive to imitate the human brain -will prove powerful and reliable enough 
to efficiently realize the goal of adaptive (self- learning) machines and the solu- 

tion of other complex information handling problems. 

C. R. ATZENBECK and U. HAMPEL 

Systems Laboratory 
Communications Systems Division, DEP, New York City, N. Y. 

xE study of logic techniques may be I categorized into four basic types: 
1) neural, 2) threshold, 3) majority, 
and 4) conventional Boolean and -or 
logic -taken in order of decreasing 
characteristic complexity (Fig. 1 and 
Table I). Thus, neural logic is capable 
of performing threshold and majority 
logic -threshold logic is capable of per- 
forming majority logic -etc. Each logic 
method can perform the basic Boolean 
functions of and, or and not. 

The emphasis in this paper is on 
threshold and neural logic, since prob- 
ably less is known about these than 
about the others. Furthermore, any 
major change from the present logic - 
design philosophy would probably re- 
sult, at least in part, in the use of these 
more -advanced logic systems. 

BOOLEAN LOGIC 

Boolean logic (conventional and -or 
logic) is the backbone of existing data - 
processing and computing systems. The 
techniques for implementing the basic 
functions of and, or, not, nand, and nor 
are well known. A great amount of 
theory is available in the literature and 
in textbooks, under the heading of 
"Switching Theory and Logical Design ". 
The usual problem encountered in the 
design of a data -processing system is: 
Given a basic set of elements, arrange 
the elements in a configuration which 
performs the required data- processing 
function with reliability and economy. 
Usually, minimizing the number of basic 
elements provides both. This logic is well 
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known, and will be given little attention 
here aside from its use as a baseline. 

Briefly, switching theory provides the 
tools for algebraic and graphical ma- 
nipulation of truth functions to obtain a 
synthesis with a minimum of the basic 
set of elements. This solution is then 
examined for contradiction to restric- 
tions, such as fan -in and fan -out, which 
are imposed by the basic elements. The 
"goodness" of the synthesis is deter- 
mined by the number of basic elements 
required in the synthesis. 

THRESHOLD LOGIC 

Threshold logic involves the optimum 
synthesis, or composition, of a set of 
fundamental switching functions to re- 
alize a prescribed function. The basic 
elements of a threshold logic system are 
threshold gates. The threshold gate re- 
alizes a switching function by computing 
the weighted sum of binary variables, 
compares this sum to a fixed threshold 
or bias, and produces true output only 
if the threshold is equalled or exceeded. 
Fig. 2 shows the symbol for a threshold 
gate; ao is the bias, and a, are the 
weights. 

Interest has been focused on this topic 
because physical implementations of 
Boolean gates (and, or, not, nor, etc.) 
actually operate in this manner. For 
example, resistor- transistor implementa- 
tion of the four -input nand gate con- 
sists of a Kirchoff resistive adder that 
sums the four input voltages and a bias 
voltage. A transistor senses when the 
sum is above or below threshold. Other 
implementations' using the parametron, 

Life 
Sciences 

BIONICS 

magnetic core, and tunnel diode, also 
operate in this manner. 

The promise of threshold logic is that 
more -complex switching functions, as 
well as the basic and, or, and not func- 
tions can be performed by a single gate. 
This implies fewer components, hence 
higher reliability. An example of the 
reduction in gates required is shown in 
Fig. 3. The threshold method, (top of 
Fig. 3) directly synthesizes the follow- 
ing function: 

F = X, (X_ X. + X4) + X,X3X4, 
In so doing, it uses only one active gate 
with a bias, or threshold, of 3, and input 
weights of 2, 1, 1, and 1. 

A common approach in conventional 
logic synthesis utilizes nor gates. The 
synthesis of the same function, F, with 
these gates is shown next in Fig. 3. The 
output of the first stage with inputs X 
X3, and X, is X_ + X, + X4, and sim- 
ilarly with the four other nor stages. 
The total synthesis, assuming that each 
variable and its prime are available, re- 
quires five active gates. 

An alternate approach utilizing nand 

Fig. 1-Hierarchy 
of logic systems. 

TABLE I- Glossary of Terms 

conventional, conventional boalean, or boolean 
logic -That type of logic which utilizes a system 
of : 1) and, or, and not gates, or 2) nand and nor 
agates, to synthesize a given Boo.ean expression or 
f unct ion. 

threshold gate -A gate whick accepts binary 
inputs and computes a sw.tching function by com- 
puting the weighted sum 3f inp.ts and comparing 
this sum to a threshold. If and only if the 
weighted sum exceeds the thresluld, the gate out- 
put is binary 1. The sw.tching function synthe- 
sized is determined by the weigits and threshold 
chosen. 

majority gate -A subclass of ireshold gates in 
which odd numbers of b_nary irputs are applied 
to the gate. The weights on the inputs are equal, 
and the threshold is set such that the output of 
the gate is binary 1 when a majrrity of the inputs 
are binary 1, and binary O under all other condi- 
tions. 

threshold logic -That type of lcgic which utilizes 
threshold gates in the synthesis c= logical functions. 

majority logic -That type of logic which utilizes 
majority gates in the synt.tesis of logical functions. 

neuron, artificial neuron -Two terms, used inter- 
changeably, which refer to an electronic circuit 
which strives to simulate the cLaracteristics of a 
biological neuron, such as: threshold, excitatory 
inputs; inhibitory inputs refractory period; etc. 

neuristor -A device postulated primarily on the 
refractory period of the bioloçical neuron, and 
with characteristics similar to a nonlinear trans- 
mission line. 

neural logic -That type of logi employing net- 
works of neurons, and aced to perform logical 
functions. 

neuristor logic -That type of logic employing 
networks of neuristors, and usez. to perform log- 
ical functions. 

adaptive logic -That type of logic (any of the 
types already defined) wl_ich cap change its pur- 
pose or function according to a ssries of sequential 
events. 
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gates is shown last. The output of the 
top gate, with inputs X X, is., etc. 
Again, five active gates are required. 

Theoretical work has considered the 
following questions. Given a switching 
function, can it be realized by a single 
threshold gate? I f so, what are the 
weights required? I f not, how many 
threshold gates are required, and what 
are the weights? 

A switching function /(x) is a thresh- 
old function when there exist real 
weights (a., a ... as I such that the 
function can be realized by a single 
threshold gate. These functions are 
called 1- realizable. The problem of de- 
termining whether a given function is 
1- realizable or not, and if it is, what 
weights should be used, has received 
much attention. They are all unate 
functions"-they can be expressed by 
Boolean expressions in which each var- 
iable appears uniformly ; everywhere 
with negation, or everywhere without. 
The notions of monotonicity and assum- 
ability further generalize characteristics 
of threshold functions. Much literature 
has been devoted to these conditions', 
and most functions can be shown to be 
either threshold or non -threshold. More 
work is needed, however, to adapt the 
ideas more specifically to the case of 
sparse specification; that is, when there 
are many inputs but where most input 
functions don't have outputs specified. 
That is, most of the input combinations 
do not specify either 0 or 1 as outputs, 
but imply "don't care" states. 

After the test for the threshold func- 
tion comes the synthesis problem; that 
is, which weights and threshold assign- 
ments realize it. Approaches used here 
include linear programming and game 
theoretic.' These methods are not feas- 
ible when the number of arguments be- 
come large (over 20). The problem of 
network synthesis lias also been ap- 
proached algebraically and geometri- 
cally. A geometric approach can deter- 
mine whether a given function can he 
realized using just two threshold gates. 
One algebraic method leads to the con- 
straints on the threshold magnitude. 

A convenient representation for 
switching functions, when dealing with 
threshold logic. is the geometric repre- 
sentation. The truth table and Boolean 
algebraic expressions can also be used 
as in conventional logic, but the geo- 
metric display preserves some of the 
important relationships between argu- 
ment n- tuples. The geometric definition 
of a threshold function is: 

A switching function is a threshold func- 
tion, if, and only if, in its n -cube repre- 
sentation, there exists a hyperplane such 
that all solid -dot points (the 1 vertices) 
lie upon, or on one side of, the hyper- 
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plane, and all hollow -dot points lie on the 
other side of the hyperplane. 

For example, the function f (x x x3) 

= x, + x, xa is represented by the three - 
cube in Fig. 4a. To plot the function, all 
vertices which correspond to an output 
of 1 are marked with a solid dot, all 
vertices which correspond to an output 
of 0 are marked with a hollow dot. A 

hyperplane which separates the 1 and 
0 vertices is also shown; therefore, the 
function is 1- realizable, hence a thresh- 
old function. 

A four -cube representation of the 
function / = x, (x:. + x3) + x, x, x, and 
a hyperplane is shown in Fig. 4b as a 
further illustration. The right -hand 
cube represents all points for which 
x. = 1. All the vertices for both cubes 
represent the same function for the three 
other variables as indicated in Fig. 4a. 
R. O. Winder (RCA Laboratories) has 
done a considerable amount of work in 
threshold logic theory.' He has com- 
posed a table,' which determines whether 
switching functions of six or less vari- 
ables are realized by a single gate, and 
provides the weights required. 

W. A. Kautz' has studied the synthesis 
of symmetric switching functions using 
threshold gates, and derived bounds on 
the minimal number of threshold gates 
required. He has also provided a syn- 
thesis technique for symmetric switching 
functions of up to 12 variables which is 
not too cumbersome. The odd -parity 
function of n variables is synthesized 
quite directly with the general network 
configuration shown in Fig. 5. In this 
figure. all the inputs, x, x are 

applied to each of the r- threshold gates. 
The bias value r- threshold of each gate 
is ß,, as long as none of the previous 
gates R to R,- ,,,, -, have an output of 
one. Otherwise the bias values are as 
follows (depending on which previous 
gates have outputs of one:) 

bias for first threshold gate; 
RTT 

bias for second threshold gate; 
IL=. or (RT2 + P=> 

bias for third threshold gate; 
Ras or (R.+ Rsa + pad 

or (R,. + Re) 
or 1/4, +R,.) 

etc. 
For the case of seven inputs. r = 3 
threshold gates and 

R =4 
[L. =2 
Ras = 1 

012 =4 =2 
R,a = 4 

As a result, the network will have an out- 
put fp only if there are one, three, five, 
or all seven l's present. Note that the 
number of inputs is quite large (n to 
n +r -11 and the weights are also quite 
large (1 to 2'). 

The parametron, as mentioned pre- 
viously, operates as a threshold element, 
but its use has been confined to major- 
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ity -logic applications. Parametrons have 
been used with five, seven, and nine 
inputs. However, users have noted that 
nine -input parametrons must be care- 
fully selected and operate reliably only 
in small systems. Parametrons used in 
large systems may use seven inputs if 
they are selected carefully. Five -input 
parametrons require no selection. The 
number of inputs on the parametron 
gives us a restriction on the number of 
threshold functions which may be per- 
formed, since this may be interpreted as: 

n 

Ela, I < number of parametron inputs. 

i -0 
For seven inputs, all the threshold 
functions, with three arguments, as well 
as the six -argument or function may be 
computed by properly connecting the 
input windings on the parametron. 

A suggested implementation for a 
quasi -universal threshold logic element 
is shown in Fig. 6. The gate provides 
both the function and its complement 
at the output. For positive weights, the 
input is applied to the left side. Nega- 
tive weights are obtained by applying 
the input to the right side. Different 
weights are obtained by strapping the 
resistors in the summing circuit. Cross - 
coupling the gate produces a flip -flop 
configuration; therefore, shift registers 
and counters should be possible with 
suitable coupling networks. 

The number of resistors provided in 
the Kirchoff summing circuit will deter- 
mine the number of threshold functions 
which may be performed by strapping 
the resistors in the summers. 

Of course, the number of resistors in 
the summing circuit will be limited by 
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circuit element tolerances, but such an 
implementation shows much promise. 

MAJORITY LOGIC 

A special case of threshold logic is 
majority logic. This logic deals with a 
restricted class of threshold functions. 
Referring to Fig. 2, all of the weights 
aa, a, . . . a are of equal value. The 
operation of the gate is identical to the 
general threshold gate. However, now 
the threshold is exceeded when the num- 
ber of 1 inputs, m, is greater than the 
number of 0 inputs, (n -m). Methods 
have been devised for synthesizing three - 
input majority gates. In one case, a 
truth table is constructed, simplified, 
and utilized, and then an iterative 
method of circuit synthesis is applied. 
Another method is diagrammatic, which 
facilitates the selection of gates for 
maximum table reduction at each step of 
the process (the link- diagram method) . 

NEURAL LOGIC 

Neural logic is an approach to the gen- 
eral switching problem, data-process- 
ing problem, or artificial -intelligence 
problem. with the use of neurons as the 
basic building block. The electronic 
neuron strives to simulate physiological 
nerve cells with all their processes, and 
networks of these (neural nets ) simulate 
neurological patterns. 

It is possible to achieve logic opera- 
tions with the simulated neurons be- 
cause of the existence of a threshold in 
the input- output characteristics. The 
output state of a neuron indicates 
whether the summation of the input 
signals is above or below a given thresh- 
old. The neuron may function as a con- 
ventional threshold gate and applied to 
threshold logic if the output is quan- 
tized into two levels (0 and 1) . As ap- 
plied to neural logic, the output of the 
artificial neuron is an analog quantity 
(either a variable pulse rate or vari- 
able DC level ) , whose magnitude is a 
measure of the amount by which the 
inputs exceed the threshold. It is this 
feature which provides neural logic with 

the capabilities required in speech and 
pattern- recognition systems. 

Several kinds of electronic models of 
biological neurons have been built!' 
Some of them are elaborate electronic 
circuits which behave almost as real 
neurons, while others are simplified ver- 
sions with the view toward economical 
production for network design, while 
still preserving the important neuron 
characteristics. These models usually 
consist of transistor circuits (anywhere 
from two to five transistors) but many 
later versions utilize magnetic devices 
such as multi- aperture cores. A neu- 
ron's input- output characteristics' are 
shown in Fig. 7. It is seen from the top 
characteristic, without any feedback 
present, that there is no output until the 
threshold is exceeded. Then, the output 
jumps to some value and increases with 
increasing input until its saturation 
value is reached. 

The second characteristic has positive 
feedback, i.e., feedback to an excitatory 
input. The output is zero again until the 
threshold is attained on the input. Then 
it goes immediately to saturation as the 
threshold is exceeded. 

In the last characteristic (feedback to 
an inhibitory input) as the threshold is 
exceeded the input rises at a low rate 
toward saturation. One other important 
characteristic of the neuron is its refrac- 
tory period, i.e., once it has been excited 
beyond its threshold and produces an 
output, it cannot be fired again for a 

given period of time after the input has 
been withdrawn. This period begins 
only after removal of the input. 

Thus, the neuron is digital in the 
sense that the integrated sum of the in- 
puts is either above or below threshold 
and, consequently, the neuron is either 
firing or not firing. The analog prop- 
erties result from the fact that both the 
inputs and the threshold setting are ana- 
log quantities. Neural logic is capable 
of recognizing a marginal decision as a 
marginal decision, whereas binary logic 
makes no distinction between a marginal 
decision and a firm decision. In neural 
logic. noise and incidental distortions in 
the input pattern simply decrease the 
confidence level of the final decision, 
while in binary logic such pattern devi- 
ations may result in an erroneous de- 
cision. These advantages of neural logic . 

hold for sequential as well as combina- 
tional information processing. 

NEURISTORS 

H. D. Crane of Stanford Research Insti- 
tute has postulated a neuron -like com- 
puter element called the neuristor. This 
device may be used to synthesize all 
digital -logic functions, so that any digi- 
tal -logic system can be realized using 
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arrays of neuristors only. This device is 
distinguished from the lumped- neuron 
model in that multilevel signals are not 
considered, and its use in adaptive logic, 
if at all practical, would assume differ- 
ent techniques. 

A neuristor line,' a hypothetical im- 
plementation of the neuristor, is any of a 
class of nonlinear transmission lines 
wherein every point on the line is: 1) as- 
sociated with a localized energy source 
that can be caused to discharge (with 
subsequent recovery), and 2) coupled 
with adjacent points on the line in such 
a way that the discharge of the localized 
energy source at the point is sufficient 
to excite, or trigger, its coupled neigh- 
bors. The following are the two im- 
portant properties of a neuristor line: 

1) A discharge initiated at a point will 
propagate in both directions from the 
point without attenuation, and at a veloc- 
ity determined by the composition of the 
line. 

2) A point on the line, once excited, 
cannot be excited again until its local 
energy source has been replenished; thus, 
a fixed recovery time or refractory pe- 
riod) must elapse after passage of a dis- 
charge before a subsequent discharge can 
be sustained at the same point. 

Neuristors may be interconnected in two 
basically different modes: T junctions 
and R junctions. Combinations of net- 
works with these junctions can realize 
practically all digital -logic functions. 

A T- junction has the property that a 
discharge signal reaching it on any line 
triggers a discharge signal on every 
other connected line, each signal propa- 
gating away from the junction point 
with uniform velocity. A T- junction 
with three branches is shown in Fig. 8a. 
A signal appearing at A will appear at 
both B and C with energies and veloc- 
ities equal to that of A. 

An R- junction has the property that 
the refractory period following the pas- 
sage of a wave on one line is simultane- 
ously experienced by the R- connected 
line. An R- junction between two chan- 
nels is indicated in Fig. 8b. A signal 
propagating from A to B would be an- 
nihilated if there was a pulse going from 
D to C because it would render the junc- 
tion refractory. Thus, the gating pos- 
sibilities become evident -the transmis- 
sion from A to B being controlled by a 

signal at D. Many examples and appli- 
cations of are given in Ref. 5. 

NEURISTOR LASERS 

The neuristor concept is basically that 
of a one -dimensional, bi- directional 
channel transmitting a signal in the 
form of a propagating discharge. Net- 
works of these neural lines offer versa- 
tility and simplicity in the synthesis of 
neural logic systems. Depending on 
exactly what these neuristors are made 
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from. other important advantages be- 
come evident. Miniaturization, reliabil- 
ity, and power efficiency are neuristor 
design goals. The neuristor concept 
seems more suitable for these goals than 
the lumped- neuron models now em- 
ployed for neural logic. In one of the 
approaches, optical energy is to be used 
as the discharge vehicle in the neuristor 
lines." All the information and control 
signals are in the form of optical energy. 
Fiber optic elements with appropriate 
concentrations of active emissive ions 
and passive absorptive ions are the basic 
components of the system. The system 
is powered by being in a continuous - 
light environment. Among the attractive 
features of such a system are the free- 
dom from power -supply connections for 
individual circuits, the possibility of 
transmission of signals without actual 
connections between certain locations, 
and a promise of high -speed operation. 

The work to date on such neuristors 
has demonstrated that, in principle. con- 
tinuously- pumped laser components can 
provide a threshold of amplification, 
amplitude standardization, unidi- 
rectional transmission of signals, and 
inversion or inhibition of the pulse sig- 
nals. Hence, it can be concluded that an 
`all optical' continuously -pumped neu- 
ristor system should be possible, with 
optical masers as the only active com- 
ponents. As more suitable materials be- 
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come available, this form of neuristor 
should be quite feasible. 

LOGIC CONFIGURATION 

Although net, ir-tors could conceivably 
be used in any logic system, most of the 
work has been done with other neuron 
models. The following discussion of a 
neuron network" will aid in understand- 
ing neural networks in general. 

The general circuit layout is shown in 
Fig. 9. Each circular symbol represents 
an artificial neuron N, with threshold 
value o,. The two input signals A and 
B could be coming from other neurons 
in a system, and the resistors are inter- 
connecting weights. By varying these 
resistor values, and the thresholds for 
the neurons, a great number of combina- 
tions of input -output relationships may 
be realized. With a simplification of this 
network, and with appropriate weight- 
ing values, this basic network can gen- 
erate the analog equivalents of the 16 
logic functions that are possible with a 
two -input digital -logic network. Fig. l0a 
shows the output amplitude as a func- 
tion of the two inputs when the network 
is connected as an and gate. The output 
signal is proportional to the smaller of 
the two inputs. The corresponding digi- 
tal function is shown in Fig. 10b. Here, 
the output is either 1 or O. Fig. lla 
shows the output for the or gate and Fig. 1 l the corresponding digital function. 
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The neural network gives a continuous 
range of output signals throughout the 
ranges of the two input signals. In this 
case the circuit responds to the larger 
of the two input signals. When set as an 
and gate, the general neural network 
simplifies to that shown in Fig. 12a. 
The or gate is shown in Fig. 12b. 

When it is desired to enhance the 
small difference between two quantities 
A and B, a mutual inhibition connection 
(Fig. 13) can be used. If A is only 
slightly larger than B, the output A is 
much larger than B. Other comparisons 
between signals may be made by using 
different connections, thresholds, and 
weights. 

By introducing reactive impedances or 
time delays into the logic connections of 
the previously described networks, it is 
possible to extend the neural -logic sys- 
tem to respond to the dynamic changes 
in the input patterns. One transition and 
gate has an ouput only if signal A ceases 
and B begins soon afterward. The time 
of transition may be controlled by ad- 
justing the time constants constituting 
the weighting connections. 

Other dynamic neural gates are the 
simultaneous and gate and the sequence - 
detector type. Examples of these are 
discussed in Ref. 8. 

ADAPTIVE NEURAL LOGIC NETWORKS 

It was noted that the logic functions re- 
alized by the general neural network 
form a continuum. This enables the 
building of an adaptive logic system 
which will converge to the desired logic 
state as the weighting connections are 
varied by a series of successive approxi- 
mations. The main problem encoun- 
tered is that of finding a suitable vari- 
able weighting element. The memistor 
seems to be a promising approach.' An 
electrochemical device, providing resis- 
tance with memory, the memistor has a 

large, easily -controllable range. Mag- 
netic devices having nondestructive 

Fig. 12 -a) and gate, and b) or gate. 

Fig. 13- Mutual inhibition. 

readout and storage have also been used 
successfully in adaptive neural- logic.'" 

CONCLUSIONS 
Threshold Logic 
Threshold logic could conceivably prom- 
ise higher reliability than Boolean logic. 
due to its ability to perform more corn - 
plex switching functions with fewer 
gates. Most of the work in this field has 
been confined to theory. The only appli- 
cation has been in the restricted form 
known as majority logic, and primarily 
with parametrons. 

There are some tradeoffs that will 
have to be made in a threshold logic sys- 
tem. For example, it seems almost cer- 
tain that more precise and stable resis- 
tors will have to be used (as weighting 
elements), as well as better -regulated 
power supplies, than are normally em- 
ployed in conventional logic circuits. 
What overall effect these factors will 
have on the speed, cost, size, etc., of the 
threshold circuits has yet to be deter- 
mined. However, in view of the work 
done to date, it is felt that a threshold - 
logic system is not only feasible but will 
offer definite advantages in reliability. 
Furthermore, it will probably be the 
next major breakthrough from the con- 
ventional in logic design. being closer to 
realization for a general data -processing 
«7 -a cm than is neural logic. 

Neural Logic 

From the preceding discussion, it be- 
comes quite evident why neural logic is 
used for pattern recognition. The versa- 
tility provided by connections, weight- 
ing, thresholding, and differentiating of 
the analog signals in processing is im- 
mense. It lends facility to identify 
shapes and patterns acoustical or visual. 
Many systems of these types have al- 
ready performed successfully. 

But how can these devices be advan- 
tageously applied to general data -pro- 
cessing problems of the type that digital 
computers or digital -logic systems are 
now used for? First of all, many types 
of artificial neurons can be used as 
straightforward threshold gates with the 
same considerations as discussed in the 
threshold -logic section of this paper. By 
using the excitatory feedback mode of 
operation (Fig. 7), the neuron charac- 
teristic is identical to that of a threshold 
gate; if the input threshold is exceeded, 
the output goes from O to 1. Now, by 
making use of the analog output capa- 
bilities, and by using some of the tech- 
niques which were discussed, it would 
seem that much could be done in the 
way of data - processing capabilities of 
neural logic. However, a different ap- 
proach will have to be taken. Presently, 
a problem is transformed into a logical 
or Boolean expression, and after mathe- 

matical simplifications. if any, a con- 
ventional digital or threshold network is 
synthesized to solve the problem. Merely 
substituting artificial neuron gates will 
not offer much. if any, improvement in 
operation or reliability. By attacking 
the problem directly without transfor- 
mation, the neural -logic approach can 
provide many advantages. For example, 
in the pattern- recognition problem, con- 
ventional logic systems could he, and 
have been, used in the past, after a pat- 
tern has been digitized. By comparing 
these with the capabilities of any of the 
neural networks used today, the advan- 
tages become obvious. Many data -pro- 
cessing problems are of the pattern - 
recognition type, even if they do not 
involve an audio or visual pattern as 
such. It is felt that the solution of the 
many other data -processing problems 
can make effective use of neural logic, 
particularly in view of its adaptive capa- 
bilities. As of today, the mathematics 
for synthesis and component choice are 
not as well defined as for the conven- 
tional or threshold -logic approaches, but 
work is being done in both areas, and 
neural network systems seem not only 
feasible but will. in the future. compete 
with the more conventional and thresh- 
old logic. In the long run, only neural 
networks (since they at least strive to 
imitate the human brain) will prove 
powerful enough for the efficient, reli- 
able solution of the complex data -pro- 
cessing problems of the future. 
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Life 
Sciences 

BIONICS 

SPEECH RECOGNITION USING 
ARTIFICIAL NEURONS 

Studies on machine recognition of speech in DEP Applied Research utilize 
neural- network logic for both vowels and complex consonant sounds. This paper 
describes basic speech analysis techniques, and presents results for consonants 
in the fricative, liquid, semivowel, and nasal class. Also described is the acoustic 
analyzer built with analog -threshold -logic networks of direct -current neurons 
developed by Applied Research (as opposed to pulse -type neurons). While 
results correspond closely to previous speech studies, a significant deviation was in 

the features utilized for recognition of individual phonemes -primarily spectral 
regions of increasing and decreasing energy, found relatively invariant and 
machine recognizable. Future goals include recognition of continuous speech 
through higher -level neural logic based on linguistics and context. Eventual 
realization of a reliable speech- recognition system would allow voice inputs to 
computers, voice- operated typewriters and telephone dialing, and -of high 
current interest -reduction of bandwidths required for voice communications. 

M. B. HERSCHER and T. B. MARTIN 

Applied Research 
DEP, Camden, .\'..1. 

REDUCTION of the bandwidth neces- 
sary for transmission of spoken in- 

formation is the prime motivation for the 
speech recognition investigations pres- 
ently being conducted by Applied Re- 
search under Air Force sponsorship. 

A general -purpose speech recognition 
system capable of recognizing continu- 
ous speech must examine the salient 
features of the speech signal itself 
(sometimes termed acoustic analysis), 
as well as perform higher -level func- 
tions. utilizing context and linguistics. 
An acoustic analyzer can detect and 
abstract the invariant features con- 
tained in each of the speech phonemes 
(smallest individual speech units) and 
utilize these data for tentative recogni- 
tion outputs. In many cases, acoustic 
analysis is sufficient for the recognition 
of isolated speech (words individually 
spoken and separate from each other). 
However. machine recognition of con- 
tinuous speech can be achieved only 
through the inclusion of higher -level 
processes. For this latter case, the ten- 
tative outputs from the acoustic ana- 
lyzer have to be modified by the em- 
ployment of context (utilizing known 
probabilities of various combinations of 
phonemes) and language constraints. 

Acoustic analysis is a necessary 
building block for any recognition sys- 
tem, but it is the area that has pre- 
sented the greatest harrier toward the 
development of an automatic speech 
recognition machine. The system devel- 
oped by Applied Research performs 
acoustic analysis primarily, although a 
small amount of local context utilized. 

Final manuscript received January 20, 1965 
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TECHNIQUES FOR ACOUSTIC ANALYSIS 

The development of acoustic analysis 
techniques has been guided by five 
basic decisions based on anticipated 
requirements and the known character- 
istics of speech. They are: 

1) Speech recognition to be accomplished 
by the recognition of individual pho- 
nemes, the smallest units of speech 
that distinguish one utterance from 
another. I For example, hid and did 
are identical except for the initial pho- 
nemes /h/ and Idi). 

2) Methods for identifying phonemes to 
consist of isolating and recognizing a 
particular group of features charac- 
teristic of each phoneme 1 feature ab- 
straction). These features to be 
frequency -energy relationships that 
usually vary with time. Features to be 
fed to phonemic decision circuits that 
give weight to them in accordance with 
their importance in the identification 
process. This method allows for the 
fact that the features of each phoneme 
are significantly modified by the fea- 
tures of the phoneme immediately pre- 
ceding and following. 

3) Because of the dynamic nature of 
speech, recognition equipment must be 
designed to follow and to recognize 
the most rapid transients that might 
occur. 

4) System to operate in real time. 
5) Logic of the equipment to be arranged 

to perform all feature-abstraction proc- 
esses simultaneously. In addition, par- 
ticular attention to be given to estab- 
lishing the logical relationships be 
tween neighboring frequency channels 
(neighborhood logic). 

The recognition of speech by phoneme 
identification offers the best means to 
accommodate a large vocabulary. When 
recognized, the 40 phonemes in the 
English language form the basis upon 
which the other aspects of a band- 
width- compression system can be built. 

DIFFERENTIAL-STIMULUS 
ATL ELEMENTS 

SUSTAINED FEATURES: 

AIL GATES 

PREPROCESSING 
CIRCUITS 

DYNAMIC FEATURES: 

TRANSITION AND GATES 
SIMULTANEOUS AND GA 
SEDUENCE DETECTORS 

NONEAR 

LINEAR WEIGHT 

GUTPUR UNITS 

AIL NETWORKS 
FOR ABSTRACTION 

OF SPEECH 
FEATURES 

PHONEME 
DECISION 
CIRCUITS 

Fig. 1 - Speech analysis system. 

In contrast, a speech -recognition system 
based upon the identification of longer 
speech units requires additional band- 
width for speech transmission. A 
communication link for transmitting 
speech information nominally might 
require a 3,000 -cps bandwidth; the 
transmission of 40 phonemes, on the 
other hand, could be accomplished in 
less than 100 cps. 

Feature Abstraction 

The concept of feature abstraction is 
based on the realization that a group of 
simple observations, judiciously chosen, 
can convey more information toward a 
decision than a single all- encompassing 
evaluation. In this approach, the iden- 
tification of phonemes is achieved by 
recognizing a combination of several 
characteristic attributes (i.e., features) 
of each phoneme. Consequently, fea- 
ture abstraction will not permit inciden- 
tal variations of the phoneme to dilute 
the decision process. Thus, the deci- 
sions are made essentially independent 
of variations from speaker to speaker 
and from utterance to utterance. 

When it is realized that not all of the 
features comprising a particular pho- 
neme may occur with equal probability, 
it becomes desirable to perform logical 
operations that retain a measure of 
probability. Neural logic can maintain 
a quantitative measurement of probabil- 
ity throughout all logical operations. For 
example, a measurement can be made 
of the probability that a transition of 
speech energy from one frequency band 
to another has occurred within a given 
time interval. One or more such meas- 
urements make up the assurance level 

www.americanradiohistory.com

www.americanradiohistory.com


M. B. HERSCHER received a BSEE in 1953 and an 

MSEE in 1959 from Drexel Institute of Technology. 

He is presently enrolled in the PhD program at the 

University of Pennsylvania. His experience includes 

work at the Frankford Arsenal on electronic fuse 

circuitry. He joined RCA in 1953 where he worked 

on transistor circuit development and a study of 

noise in junction transistors. He spent 21 months 

as an officer in the U. S. Army Signal Corps where 

he worked on transistor circuits as applied to fre- 

quency control. He returned to RCA in 1956 and 

for four years worked on applied research in new 

semiconductor devices. Since 1961, he has been 

engaged in bionics and neural information process- 

ing. He contributed significantly to a functional 

model of the frog retina system, and presently, is 

Engineering Leader responsible for applied re- 

search in bionics, neural processing, pattern recog- 

nition, and adaptive logic. Mr. Herscher has taught 
transistor circuit courses both at RCA and at the 

Signal Corps Engineering Laboratories. During the 

summer of 1964, he taught a graduate course in 

Bionics at Drexel Institute of Technology. He has 

authored technical papers and is a co- author of the 
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of a specific feature. Depending upon 
the probability that this feature will or 
will not occur in a particular phoneme, 
a weighted connection from this feature 
is combined with other weighted feature 
measurements to make up the final 
phonemic decision. It is important to 
note that not only is the presence or 
absence of a feature indicated in the 
networks, but also related is the 
amount to which the feature is present. 
Retention of this analog measure of 
quantity has been found essential for 
separation of nearly identical phonemes 
with overlapping characteristics. 

Response to Rapid Transients 

The need to provide a recognition sys- 
tem that can respond to rapid transients 
of speech has been determined from 
speech analysis, speech synthesis, physi- 
ology, and neurology. Research in 
speech synthesis has shown that con- 
sonants are characterized by the rapid 
movement of sound energy across the 
frequency spectrum. The duration of 
this energy within any one frequency 
channel may be as short as 10 milli- 
seconds. For this reason, low -Q reso- 
nant circuits are required so that a 
rapid response to the onset and termina- 
tion of energy in a particular frequency 
band can be detected. In addition, tim- 
ing accuracies of the order of 5 milli- 
seconds between adjacent frequency 
channels must be maintained. 

Parallel Logic 

Subsequent logic operations must also 
be performed with sufficient speed to 
maintain the desired timing resolution. 
This problem is solved with parallel 

T. B. MARTIN graduated magna cum laude from 
the University of Notre Dame in 1957 with a BSEE. 

He received the MSEE in 1960 on the RCA Graduate 
Study Program at the University of Pennsylvania 
and is currently pursuing studies for the PhD at 
the University of Pennsylvania. Since joining RCA, 
he has worked on applied research in temperature 
stabilization of DC amplifiers, composite transistor 
structures, Hall -Effect devices, parametric oscilla- 
tors, semiconductor delay lines, and applications 
of the field -effect transistor. He has also con- 
tributed to a project concerned with all phases of 
a long -range communications system. In 1959 he 

began work on pattern recognition and adaptive 
machines, resulting in a system for speech recogni- 
tion with neural networks, on which he is currently 
project engineer. He has developed numerous 
neural networks for abstraction of the invariant 
features of patterns, using a universal logic element 
that he designed which makes possible parallel 
processing networks that possess both analog and 
binary properties. He has investigated numerous 
adaptive devices and adaptive decision networks. 
He recently originated an adaptive technique for 
a pitch- synchronous speech analyzer and pitch ex- 
tractor. He has authored several technical papers. 
During the summer of 1964, he taught a graduate 
course in Bionics at Drexel Institute of Technology. 
He has been awarded two patents and has several 
pending. 

logic, performing all functions simul- 
taneously. The movement of speech 
energy within the frequency spectrum 
is recognized as a progression of energy 
through adjacent filter sections. Thus, 
the output from one logic operation is 
typically determined by the output of 
one or more neighborhood logic opera- 
tions. 

Logarithmic Compression 

Another requirement for a speech - 
recognition system is derived from the 
fact that the total dynamic range of 
speech energy is as much as 62 db over 
a 200 -to- 6,000 -cps frequency spectrum. 
Therefore. a fundamental requirement 
for a speech -processing system is a 
dynamic range approaching 60 db. A 
common technique for reducing the 
dynamic range is the use of automatic 
gain control (Aux). However, this in- 
troduçes an additional time variable 
that may lead to false conclusions in a 
study having as its prime purpose the 
determination of the time -varying fea- 
tures of speech sounds. By the use of 
logarithmic compression, the Applied 
Research speech -analyzer is capable of 
abstracting speech features over the 
entire 60 -db dynamic range. An addi- 
tional advantage of this technique is 
that the subsequent neighborhood logic 
operations consist of ratios so that fea- 
tures can be abstracted independent of 
overall signal amplitude. This is fur- 
ther explained in the next section. 

IMPLEMENTATION OF TECHNIQUES 

Applied Research employed the tech- 
niques described to construct an acous- 
tic analyzer (Figs. 1, 2). 

Fig. 2 - Authors M. Herscher (left) and T. B. Martin, with 
a portion of the speech -processing equipment, which con- 
sisted of six racks in all. 

Basically, the speech spectra are di- 
vided into 19 segments by an overlap- 
ping bank of bandpass filters whose 
outputs are full -wave rectified and inte- 
grated. The filter bank is composed of 
19 low -Q (1 to 2) bandpass filters. The 
center frequencies of the filters vary 
from 260 to 7,626 cps. Fig. 3 is a plot 
of the actual response of two of the 
filters. The crossover points between 
adjacent filters occur around 2 -db. 

The rectified outputs of each filter 
are logarithmatized before the various 
features are derived. This reduces the 
dynamic range of energy at any one 
bandpass from 30 or 40 db to approxi- 
mately 20 db. An additional advantage 
is that the differences in energy between 
adjacent filters become ratios and pro- 
duce a degree of amplitude- independent 
feature abstraction. A common log - 
attenuator circuit was designed to avoid 
the difficulties which would result in 
matching 19 such attenuator circuits 
over a large dynamic range. The out- 
puts of the full -wave rectifiers are con- 
verted by a multiplexer to a pulse train 
as the input to the log circuit. A second 
bank of synchronous switches converts 
the serial pulse train emerging from 
the log- attenuator back to individual 
samples, which are then integrated 
prior to the initial levels of parallel 
processing. 

From Fig. 1, it may be seen that dif- 
ferences in energy between adjacent 
filters are then derived by 36 difference - 
taking circuits. With further process- 
ing, the envelope shape of the spectrum 
and its time variations can be obtained 
from the difference circuit outputs. Ref. 
1 contains a detailed description of the 
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Fig. 3 - Typical filter characteristics. 

networks used to abstract local energy 
maxima, local minima, positive and 
negative local slopes, and their time 
variations. 

NEURON LOGIC ELEMENT 

The logic networks are composed of 
electronic models of neurons developed 
by Applied Research. The neuron models 
( previously described ') correspond to 
Fig. 4. Outputs of this circuit are positive 
(excitatory) and negative (inhibitory) 
pulses of varying repetition rates. The 
excitatory and inhibitory inputs to a 

neuron are summed by a 5- millisecond 
time -constant integrator analogous to 
the biological synapse. 

Since the pulse duration is 0.5 milli- 
second, the pulse trains are essentially 
converted by the integrator to a oc 
voltage proportional to the repetition 
rate. It is thus possible to consider the 
resultant input to a neuron to be a oc: 

quantity. and a pulseless or Dc model 
of the neuron can be conceived. This 
neuron model would, of course. be a 

functional equivalent and not a one -to- 
one biological analog. 

The fact that the outputs of biologi- 
cal neurons appear in the form of 
pulses of uniform voltage has caused 
many investigators to emphasize the 
binary aspects of operation and employ 
Boolean algebra as a tool for a quan- 
titative treatment of the characteristics 
of the individual neuron and neural net - 
works. However, it is sufficiently evi- 
dent that a neuron sees the output of 
its neighbors only after integration at 
the synapse. That is. as far as the 
individual neuron is concerned, no 
pulses exist. Its input and output are 
voltages which continue through vary- 
ing periods of time and which are, 
within limits, continuously variable..' 
The transformation of the neuron's out- 
put voltage into frequency seems to be 
mainly an elegant method devised to 
avoid the difficulties of transmitting 
small voltages accurately through con- 
ductors of extremely high resistance. 
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Fig. 4 - Neuron model functional diagram, 
pulse -type. 
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Fig. 5 - DC neuron transfer function. 

(The internal longitudinal resistance of 
a single A -fiber going from the spinal 
cord to the foot is greater than 10" 
ohms, while for C -fibers it is larger than 
10'.` ohms.) By transforming output 
voltages into frequencies, the transmis- 
sion becomes independent of the char- 
acteristics of the amplifier stations 
along the fiber (nodes of Ranvier). 

With the premise that pulses are not 
essential for logic operations, a Dc neu- 
ron was designed for use in neural net- 
works for the abstraction of features 
from speech sounds. It was found that 
the circuitry for a Dc neuron (compared 
to a pulse -type neuron) could more 
readily meet the over -all system per- 
formance requirements. To highlight 
the characteristics of the Dc neuron and 
to distinguish this element from earlier 
neurons. the processing technique em- 
ploying Dc neurons has been named 
analog- threshold -logic (ATL) . 

The ATL element has an output that 
is linearly proportional to the net sum 
of excitatory and inhibitory inputs, pro- 
vided that this net sum is greater than 
an adjustable threshold. The discontin- 
uity in the transfer function ( Fig. 5 ) 

ensures reliable discrimination between 
quiescence and a minimum output 
value, thereby avoiding sequential am- 
plification of thermal drifts in cascaded 
networks. This transfer function is 
equivalent to the pulse -type neuron if 
the pulse firing rate is substituted for 
the input and output signals. Using net- 
works of ATL elements. both the pres- 
ence and magnitude of significant fea- 
tures can be abstracted from the speech 
signals. Both relatively sustained and 
complex dynamic spectral variations 
can be abstracted. 

Over 1.500 of these printed- circuit ATI. 

elements are being utilized in various 
applications. The acoustic analyzer (Fig. 
2 ) , containing over 600 ATL elements. can 
recognize all the important phonemes. 
Once the feature abstraction networks 
have been developed for the recognition 
of all the phonemes, the overall size of 
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Fig. 6- Idealized characteristics of the vowel 
sound in the word "bed ". 

the equipment can be materially re- 
duced. In this regard, a microelectronic 
version of the ATL element is presently 
being developed by RCA Defense Mi- 
croelectronics. Somerville. 

SOUNDS INVESTIGATED AND 
METHODS OF ANALYSIS 

Very little information is presented in 
the literature concerning the statistical 
distribution of speech parameters. Most 
of the early work on speech was con- 
cerned with vowel sounds, specifically 
the determination of the frequencies of 
the first and second formants (local 
maxima of energy . Fig. 6 shows an 
idealized representation of the vowel 
sound in the word "bed." Assuming no 
time variations, it is apparent that in 
addition to the formants (FI, F2, F3), 
the vowel is typified by local energy 
maxima, minima, and regions of positive 
and negative energy slopes (dE /dE). 
In actual context, the entire structure 
of a vowel is modified by the preceding 
and following sounds. 

Analysis of the spectral content of 
consonants requires an even greater 
capability to perform complex spectral 
analysis. Many consonants have no 
steady -state representation, but are in- 
stead composed of dynamic time varia- 
tions throughout their duration. For 
these sounds it is necessary to deter- 
mine the time variations of the local 
energy maxima, minima. and slopes. 

Although experimental investigation 
in Applied Research is being directed 
toward the development of the logic 
required for the acoustic recognition of 
both vowels and complex consonant 
sounds using noncontinuous speech sam- 
ples_ only the results obtained for con- 
sonants in the fricative, liquid, semi- 
vowel. and nasal class will be described 
here. For these sounds, recognition tests 
have been tabulated for six male speak- 
ers. The speech samples that have been 
analyzed consist of recordings of iso- 
lated consonant -vowel- consonant (cvc) 
sounds, with the investigated consonant 
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in the initial position followed by each 
of ten vowels, and with the same final 
consonant /d/ for all samples. 

The first step in the analysis and tab- 
ulation of the data was to play the 
sounds through the system and obtain 
oscillographic recordings of the pri- 
mary features- consisting of the re- 
sponses from the local maxima, minima, 
and positive- and negative -slope net- 
works. The positive- and negative -slope 
outputs indicated at any instant of time 
the regions of increasing and decreas- 
ing spectral energy. Trained investiga- 
tors familiar with the characteristics of 
speech tabulated this initial data in 
order to determine the distinguishing 
characteristics of the individual phone- 
mes. Specific feature -abstraction net- 
works were interconnected for each 
phoneme, and combinations of these 
specific networks were then used to 
develop the final recognition networks 
for each phoneme. 

Some typical examples of features 
utilized for the acoustic recognition of 
some of the fricatives and semivowels 
are presented next. A more complete 
analysis of these phonemes is given in 
Ref. 3. 

FRICATIVES 

Fricative consonants are produced by 
the passage of air through the narrow 
openings in the vocal tract or over the 
edge of the teeth. As a result, their 
energy spectra usually exhibit broad 
noise -like frequency bands, with certain 
frequency regions accentuated. The 
fricatives may be sustained in duration, 
and may vary considerably in acoustic 
power, depending both on the fricative 
and the talker. 

The fricatives that have been ana- 
lyzed here are: /s /, / //, /1/ ( "sh" as 
in should,) /h /, /v /, and /z /. Of 
these, /v/ and /z/ are voiced -that is, 
the vocal cords are in vibration at their 
fundamental frequency producing a 

large amount of low frequency energy 
-and the remaining four are classified 
as unvoiced. 

Five major classes of features have 
been derived from the speech energy 
spectra. These classes are local max- 
ima, useful for locating the familiar 
frequency formants; local minima; 
positive slopes, (dE /dF) ; negative 
slopes (- dE /dF) ; and channel energy 
intensity (E). The most prominent 
features for identifying fricative conso- 
nants were found to be displayed by 
the positive slope, the negative slope, 
and the spectrum energy distribution 
data. Many of the unvoiced fricatives 
are characterized by complete absence 
of negative slopes, however, and the 
recognition decision depends entirely 
upon the positive slope and the spec- 
trum energy distribution data. 

Voiceless Fricatives 

The spectra of unvoiced fricatives /s/ 
and /// are characterized by broad fre- 
quency noise. with a very strong energy 
component in the region above 7.6 kc. 
This characteristic is evident for /s/ 
from the positive slope oscillographs of 
Fig. 7, and agrees closely with data 
reported by Hughes and Halle," and 
Heinz and Stevens.' The continuity of 
the positive slopes and the initial onset 
suggests that the energy spectra begins 
at the uppermost frequency band and 
falls off sharply at the transition into 
the following vowel. No negative slopes 
were observed for these sounds. Con- 
siderable overlap in the positive slopes 
of /s/ and /// due to variations in 
talkers were noted, and, additional 
energy features were required to attain 
satisfactory separation of these two. 

In general, the /f/ spectrum is char- 
acterized by high energy content above 
500 cps, with a pole around 4,000 cps. 
This sound consistently exhibits contin- 
uous positive slopes in channels 1 

through 11 for all talkers investigated, 
but no negative slopes have been ob- 
served. Because of the lack of poles 
above 4,000 cps and to the absence of 
a continuous positive slope pattern in 
the upper frequency channels, /f/ was 
easily distinguished from /s/ with prac- 
tically no confusion. The response of 
the /f/ decision network to /h/ was 
the most frequent error encountered. 
But the duration of the /f/ stimuli was 
much greater than that of /h /. and this 
cue alone was sufficient for accurate 
( /f/ - /h /) discrimination. 

The fricative /h/ was found to be 
very dependent on the following vowel, 
and no single feature with only one in- 
variant set of acoustic parameters could 
be utilized in the perception of /h /. 
For this phoneme, an examination of 
the general trend of the spectral energy 
of several talkers proved useful. A 
large concentration of energy was noted 
in the region of the second formant for 
the vowels with low- frequency first 
formants, and concentrations of energy 
were observed in the region of FI and 
F2 in the vowels with low F/ and high 
F2; e.g., /ce/ and /e /. Consequently, 
/h/ was subclassified into four separate 
categories determined by grouping the 
most similar patterns in Fig 8. Feature - 
abstraction networks were developed 
for each of the four classes, and these 
in turn excited a single decision circuit, 
which responded to a stimulus from any 
of the four networks. 

Voiced Fricatives 

Spectra of voiced fricatives /z/ and /v/ 
contain a strong energy component be- 
low 500 cps or, more precisely, at Fl. 
This factor has been utilized as the 

primary cue for distinguishing between 
the voiced and unvoiced fricatives, and 
has been employed successfully for six 
talkers with nearly 100% accuracy. In 
the region above 1,000 cps, the spectra 
of voiced fricatives do not differ mark- 
edly from the spectra of many voiceless 
fricatives, as was also reported by 
Hughes and Halle." 

To separate /z/ from /v /, the posi- 
tive slope data and energy data were 
found to contain the most useful fea- 
tures. Since /z/ contains more energy 
in the frequency bands above 1.500 cps 
than /v /, this characteristic was uti- 
lized as the primary cue in distinguish- 
ing between /z/ and /v/ in the in- 
stances where the positive slopes of /v/ 
resembled those of /z /. An additional 
feature depended upon the successful 
recognition of /z /, which was per- 
formed solely through utilizing the posi- 
tive slope features of /z /, and inhibit- 
ing the /v/ decision with this response. 

LIQUIDS, SEMIVOWELS, AND NASALS 

The liquids. semivowels. and nasals 
were considered as a group because of 
their similarity. Phonemes included in 
this group are /w /, /l /, /m /, /n /, /r /, 
and /j/ ( "y" as in "you "). These 
sounds are voiced and are typified pri- 
marily by transitions, vowel -like for - 
mant structure, and lower energy than 
vowels. The frequency of the first for - 
mant for these consonants is lower than 
the first formant of eight of the ten fol- 
lowing vowels used in this study. Only 
/i, u/ (corresponding to the vowels in 
"weed" and "wooed ") have similar low - 
frequency first formants. The first for - 
mant for these consonants falls in filter 
1 (/ = 0.26 kc) of the analyzer so that 
the first four to six channels are typi- 
cally regions of decreasing energy 
(negative slopes). 

Fig. 7- Positive slope variations due to talker 
for /s /. 
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The transitional characteristics of 
these four phonemes as reported by 
O'Connor et al.' can be summarized by 
referring to Fig. 9. This figure shows 
the four phonemes in combination with 
the vowel /E/ (as in the word "bed "). 
Each sound possesses an initial short, 
steady -state vowel -like formant struc- 
ture, or locus. The transitions from this 
initial steady state are continuous from 
the locus to the following vowel for - 
mant positions. 

Many varied characteristics have been 
presented in literature about both na- 
salization and nasal sounds 9-1': This is 
a feature which tends to vary widely 
with speaker. Nasal sounds /m, n/ 
possess a voicing bar which produces a 
maximum of energy around 250 cps. 
The most consistent feature that has 
been reported for the nasals is the 
dominating intensity of the voicing bar 
with respect to all other formants. 
These low- intensity formants are also 
characterized by broad, highly damped 
resonances. In addition to being very 
similar to one another, /m, n/ can also 
be quite similar to /l /. The higher fre- 
quency for Fl of /1/ helps to discrimi- 
nate between this sound and the nasals. 
Several investigatorse'° have mentioned 
that transitions from the nasal to the 
following vowel are the most important 
clues for separating /m/ from /n /. 
Nasal consonants have been synthesized 
with both continuous and discontinuous 
transitions from the locus of the nasal 
sounds to the formants of the following 
vowel. 

The least difficult sound to separate 
from the other five was phoneme /j /. 

Fig. 8- Spectral energy distribution for /h /. 
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Fig. 10 shows a spectrograph of the 
sound yed, and the output of the posi- 
tive and negative slope networks in re- 
sponse to this sound. This spectro- 
graph shows a good correlation with 
the formant transitions of synthesized 
(machine -generated ) , speech (Fig. 9) . 
The initial locus, or hub position, of the 
maximum for /j/ occurs about Chan- 
nel 15 or Channel 16. The transition of 
this maximum from the locus position 
down to the second formant of the fol- 
lowing vowel can extend from about 
two channels for the vowel /i/ to as 
high as ten channels for the vowel /u /. 
Networks interconnected to abstract 
the transitions of maxima would have 
to detect a wide range of transitions. 
On the other hand, a single positive 
slope transition was found to be 
suffcient to recognize phoneme /j/ 
for all ten following vowels. The 
oscillographs of the positive slopes 
consistently show a transition of onsets 
beginning at Channel 14 and conclud- 
ing with Channel 6. The duration of 
this onset transition is about 150 milli- 
seconds. This particular feature was 
found to be the most distinguishing 
characteristic of phoneme /j /. The 
most significant aspect of this feature 
is that this transition is essentially in- 
dependent of the following vowel. 

Phoneme /w/ is distinguished by its 
locus being located at the lowest fre- 
quency of the six phonemes in this 
class. Since the initial starting locus 
is located generally in the first chan- 
nel, it can be expected that the transi- 
tion for this phoneme would utilize 
negative slopes. The initial location of 
the formant is such that the only initial 
feature is one of decreasing energy 
from Channel 1 up to the higher -fre- 
quency channels. It was found that the 
only feature necessary to recognize /w/ 
was the transition of the onsets of the 
negative slopes from Channel 1 (260 
cps) through Channel 10 (1,892 cps). 

The phoneme that is most likely to be 
confused with /w/ is phoneme /r /. It 
was again found that a single feature, a 
transition of the onsets of the negative 
energy slopes, was sufficient for the 
recognition of /r /. The primary dis- 
tinction between /r/ and /w/ is the 
absence of negative slopes in the vicin- 
ity of 1,000 cps. 

Two features were found to be useful 
for separating /l/ from the nasal con- 
sonants. The first feature is the higher 
frequency of the locus of Fl for /l /, as 
previously mentioned. A second useful 
feature is the lack of transition of the 
third formant for /1 /. The locus of F3 
for the nasal consonants is below the 
third formant of the following vowel. 
Correspondingly, the initial regions of 
negative slope for the third formant 
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Fig. 9- Characteristics of synthesized /w, r, 
I, j/ with the vowel /e /. (Data based on Ref. 
8, O'Connor.) 

occur at lower frequencies for the 
nasals than for /l /. 

It is well known that the nasal conso- 
nants have similar characteristics. As 
mentioned previously, two types of fea- 
tures have been reported in the litera- 
ture that are useful for discrimination 
between the sounds. One of these fea- 
tures corresponds to a transition of the 
onsets of positive slopes from 1,600 cps 
down to 1,200 cps for /n /. This fea- 
ture does not occur for /m/ because 
the frequency of the F2 locus for /n/ 
is higher than that for /m /. The sec- 
ond useful feature is related to the 
location of the first antiformant of the 
nasal consonants. For /m /, it was 
noted that the antiformant occurs quite 
close to F2, whereas for /n/ the anti - 
formant is much closer to F3. Corre- 
spondingly, the negative slopes for /n/ 
extend over a much greater region than 
those for /m /. 

RECOGNITION SCORES 

The features summarized in the preced- 
ing discussions were abstracted with 
analog -threshold -logic recognition net- 
works. The experimental results ob- 
tained with these networks are pre- 
sented in the form of confusion matrices 
in Table I for the fricatives and in 
Table II for the vowel -like consonants. 
These results were obtained with two 
repetitions of the word lists for six male 
speakers for the fricatives and one 
repetition for the vowel -like consonants. 

Since parallel processing has been 
used throughout, an individual recogni- 
tion unit must be characterized both by 
its response to the phoneme to be recog- 
nized and by its rejection of all other 
phonemes. For example, if it is desired 
to recognize phoneme X, errors can be 
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TABLE I- Confusion Matrix for 
Fricative Consonants 

TABLE II- Confusion Matrix for 
Vowel -Like Consonants 

TABLE III -Summary of Response 
Accuracy and Rejection Score 

/1/ /s/ /I/ Ni/ /= /v/ ns/ 3'h meme lfe>IPmse 
I Arcurac} 

I:..rect ion 
re /1/ 115 11 

/s/ 11 116 
/1/ 1 112 2 

/h/ 10 119 

/2/ 117 1 

/v/ 9 103 

/to/ 59 9 4 

/r/ 2 56 7 

/j/ 59 

/1/ 5 54 10 2 

/m/ I 2 49 14 

/a/ I 3 11 53 

1/ 
h; 
s/ 

/I/ 
/ v/ 
/z/ 
/5/ 
/w/ 
/r/ 
/1/ 
/n/ 
/In/ 

96.0 
99.2 
96.7 
93.5 
86.0 
97.5 
98.4 
98.4 
93.3 
90.0 
88.3 
81.7 

1.83 
1.67 
1.83 
0.50 
1.50 
0.17 
1.67 
2.86 
3.66 
4.00 
6.67 
9.33 

Notes: 
1) Vocabulary: 60 cvc words, 10 vowels with 

each fricative. 
2) Six Talkers, 2 repetitions of the 60 words. 
3) Total number of words, 720. 

Notes: 
I) Vocabulary : 60 cvc words, 10 vowels with 

each consonant. 
2) Six Talkers, I repetition of the 60 words. 
3) Total n ber of words, 380. 

produced in two ways: lack of response 
to phoneme X and false responses to all 
other phonemes. Because of this, the 
recognition scores have been computed 
considering both the response and the 
rejection capabilities of the recognition 
units. The response accuracy is: 

response accuracy = 
No. of responses to phoneme X 

100. 
No. of X's presented 

Accordingly, the rejection scores are: 
% rejection score = 

No. of response.. to all other phonemes 
100. 

No. of all other phonemes pr eeat ' d 

These scores are presented in Table III 
for each of the phonemes tested. The 
recognition scores were obtained by 
separately testing the two groups of 
sounds in combination with 10 follow- 
ing vowels for six male speakers. No 
attempt was made to compute the rejec- 
tion scores of one class with respect to 
the other two classes of sounds. The 
main effort was spent in separating ac- 
curately the very similar sounds within 
a given class, rather than the signifi- 
cantly easier task of separating quite 
dissimilar classes of sounds from one 
another. 

CONCLUSIONS 

A significant deviation between the 
present work and past investigations 
has been the type of features utilized 
for the recognition of the individual 
phonemes. In previous investigations, 
the location in the spectrum of the for - 
mants and their movements with time 
have been considered to be the primary 
features of speech. The results of the 
present work, however, indicate that 

Fig. 10 - Characteristics of "yed" by WFM. 

the spectral regions of increasing and 
decreasing energy (positive and nega- 
tive slopes) are also highly significant 
clues for recognition. A striking exam- 
ple of the invariance of the slope fea- 
tures is the fact that a single onset 
transition of slope features was suffi- 
cient for the recognition of a semivowel 
in combination with ten following 
vowels for all six male speakers used 
in the investigation. The formants, on 
the other hand, undergo wide ranges of 
movement within the spectrum for the 
ten following vowels. The invariance 
of slope features and the ease with 
which they could be implemented for 
machine recognition are two of the most 
significant findings of the present work. 

The best recognition scores were ob- 
tained for the fricatives, reflecting the 
fact that since this was the first group 
studied, the longest period of time was 
spent on these sounds. Present data in- 
dicate that the vowel -like consonants, 
the plosives, and the vowels can be 
recognized with the level of success ob- 
tained for the fricatives. 
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The next goal is to apply these tech- 
niques to the recognition of continuous 
speech through the inclusion of such 
higher -level functiuna as linguistics and 
context. 
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The 1965 Individual Awards for 
ahtd 

H. G. Greig 

D. R. Carley 

... About the Awards 
RCA's highest technical honors, the four annual 
David Sarnoff Outstanding Achievement Awards, 
have been announced for 1965 by Dr. George H. 

Brown, Vice President, Research and Engineering. 
David Sarnoff, RCA Board Chairman, and Dr. 

Elmer W. Engstrom, RCA President, will present 
the awards, which consist of a gold medal, a 

bronze replica citation, and a cash prize for each. 
The Awards for individual accomplishment in 

science and in engineering were established in 
1956 to commemorate the fiftieth anniversary in 

radio, television, and electronics of David Sarnoff, 
RCA Board Chairman. The two awards for team 
performance were initiated in 1961. All engineer- 
ing activities of RCA divisions and subsidiary 
companies are eligible for the Engineering Awards; 
the Chief Engineers in each location present nom- 
inations annually. Members of both the RCA 

engineering and research staffs are eligible for the 
Science Awards. Final selections are made by a com- 
mittee of RCA executives, of which the Vice Presi- 

dent. Research and Engineering, servesas Chairman. 

42 

HAROLD G. GREIG, Fellow of the Technical Staff, RCA 
Laboratories, Princeton, N.J., recipient of the 1965 David 
Sarnoff Outstanding Achievement Award in Science `for 
original and significant contributions to the development of 
the Electrofax process of electrophotography." 

MR. GREIG, winner of the individual science award, has 
gained considerable recognition for his technical contribu- 
tions to the electrophotographic and graphic arts fields. He 
has been on the staff of RCA Laboratories since 1943. 
Much of his early work was concerned with the chemistry 
of high-speed electrolytic facsimile recording. Since 1950, 
he has been primarily engaged in research on the chemical 
problems of electrophotography and, in particular, the 
Electrofax process, a special form of electronic printing 
which employs a photoconductor- coated paper as part of 
its electrostatic copying process. Mr. Greig has made 
original and significant contributions to almost all the 
major areas of the Electrofax system. He has developed 
high -sensitivity dye -sensitized photocopy paper and coat- 
ing materials, processing methods, and materials and 
methods for image development for both black and white 
and color pictures. More recently, he has made important 
contributions in organic photoconductive materials and 
image recording methods for electronically produced print- 
ing plates, a development which may have a significant 
impact on future graphic communications. 

DONALD R. CARLEY, Industrial Transistor Design Activ- 
ity, RCA Electronic Components and Devices, Somerville, 
N.J., recipient of the 1965 David Sarnoff Outstanding 
Achievement Award in Engineering `for the extension of the 
frequency and power of solid -state devices by the invention and 
development of the RCA Overlay Transistor." 

MR. CARLEY, recipient of the individual engineering 
award, has been responsible for a series of devices which 
have exploited the capabilities of high -power semicon- 
ductors. Since joining RCA in 1957, he has been engaged 
almost exclusively in the design and development of silicon 
power transitors. In 1963, he developed a concept for 
interconnecting isolated emitter sites by metallized and 
diffused regions to produce the Overlay Transistor, a 
device with a very significant increase in the frequency at 
which many watts of power can be obtained from a tran- 
sistor power amplifier. This overlay transistor is unique in 
combining a major reduction in device cost with an im- 
provement in device performance. Mr. Carley was directly 
responsible for developing the necessary new technology, 
including new photoresist and photomasking techniques, 
to make the overlay transistor possible, for directing the 
pilot production of this new transistor, and for bringing it 
to full scale manufacture. More than any other individual, 
he has been responsible for achieving a clear -cut position of 
technical leadership for RCA in the field of high -power, 
high- frequency transistors for industrial and military use. 

Dr. G. D. Cody 

-=>)X0 

The 1965 

A. J. Gravel, Sr. 
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Dr. G. W. Cullen 

DR. GEORGE D. CODY, DR. GLENN W. CULLEN, and DR. 
JOSEPH J. HANAK, Materials Research Laboratory, RCA Labor- 
atories, Princeton, N.J., recipients of the 1965 David Sarnoff 
Outstanding Team Award in Science "for team performance in 
research leading to development of a novel technique for synthesizing 
superconductive niobium stannide for application in high field 
superconducting magnets;" and 

DRS. CODY, CULLEN, and HANAK, winners of the team award 
in science, have made vital individual and collective contributions 
to the development of a novel technique for preparation of the 
compound superconductor niobium stannide and its application 
to high -field superconducting magnets. Their joint research over 
four years has placed RCA in a position of leadership in a new 
technology. Early studies of Dr. Cody on the physical properties 
of niobium stannide and the need for a better method of prepara- 
tion led in 1960 to Dr. Hanak's development of a unique vapor - 
deposition process. Subsequently, Drs. Hanak and Cullen 
utilized the new technique to synthesize niobium stannide on 
both metallic and ceramic substrates in a variety of configura- 
tions, making it possible for the first time to carry out experi- 
ments on its basic properties. In all of these studies, Dr. Cody 
played a vital role not only through his direct experimental work 
but also in guiding the work of other scientists in the RCA 
research program on superconductivity. Drs. Cullen and Hanak, 
on the other hand, supplied all of the materials specimens nec- 
essary for this basic research. A most important feature of Dr. 
Hanak's vapor transport technique was its adaptability to con- 
tinuous deposition on metal wire or ribbon. This advance, sug- 
gested by Dr. Cody, led to the production of flexible niobium 
stannide ribbon and the subsequent construction early in 1964 of 
a 107,000 gauss solenoid magnet with a one -inch bore operating at 
4.2 °K, one of the most powerful such magnets ever constructed. 

Team Awards for Çejejtep..cud E&wjuwtt&wj 

MESSRS. ARTHUR J. GRAVEL, SR., JAMES J. HAWLEY, and 
ROBERT F. SCHMICKER, Astro- Electronics Division, RCA 
Defense Electronic Products, Hightstown, N.J., recipients of the 
1965 David Sarnoff Outstanding Team Award in Engineering `for 
team performance in the successful design and development of the 
television cameras, associated circuitry, and mechanical elements of 
a system for high -resolution photography of the lunar surface from 
an impacting vehicle." 

J. J. Hawley R. F. Schmicker 

MESSRS. GRAVEL, HAWLEY, and SCHMICKER, winners of the 
team award in engineering, are members of an engineering group 
at RCA's Space Center who were responsible for the design, 
development, and testing of the television camera system for 
Ranger 8, which accomplished its highly successful lunar photo- 
graphic mission on February 20, 1965. The Ranger 8 television 
subsystem, consisting of six television cameras, was designed to 
take high -resolution pictures of the lunar surface for the last ten 
minutes prior to impact. One of the problems which Messrs. 
Gravel and Hawley successfully solved was that of developing 
cameras capable of reliable performance over the wide tempera- 
ture range of the space environment and versatile enough to 
achieve both initial coverage of wide areas and increasing surface 
resolution as the Ranger shot neared the moon. One of their most 
noteworthy achievements was development of a high scanning rate 
and a rapid -erase technique for the picture- taking sequence so 
that the final picture of the sequence could be taken at minimum 
altitude. Mr. Schmicker was primarily concerned with mechanical 
elements of the system, including mounting of camera tube and 
lens in a light- weight housing. He was responsible for developing 
an electromagnetically operated shutter with 1 -5 millisecond 
exposures and capable of over 1,000,000 operations without 
failure. Another important contribution of Mr. Schmicker was 
development of camera equipment resistant to mechanical vibra- 
tion and shock. 
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Sciences 

SPACE 
BIOLOGY 

LIFE BEYOND THE ATMOSPHERE 

Origins, Detection, and Support 
This paper discusses the existence and detection of life forms in the universe 
(with emphasis on our planetary system), and the support of life in manned space 
travel. It is shown that while we have several good ideas as to the origin of life, 
much sophisticated research awaits before we arrive even at a good set of 
hypotheses of how life occurred. Likewise, while we can detect many forms of 
life chemically, much more sophisticated sensors are needed for space missions 
to help decide whether a certain observed phenomenon may constitute "life." 
Finally, although we have demonstrated short -term life- support outside the 
atmosphere, the present crude automatic control of a few gases and fluids will 
have to be refined greatly before we can, for example, establish a colony on 
the Moon. The advanced electronics for each of these pursuits offers engineers 
one of the greatest practical challenges of an already challenging technology. 

DR. A. G. HOLMES -SIEDLE 

Physical Research Groups 
Astro- Electronics Division, DEP, Princeton, N. J. 

THE usual artist's impression of the 
solar system shows a bright, colorful, 

crowded panorama of planets revolving 
about the Sun, against a backdrop filled 
with comets and star -clusters; but. by 
no fault of his own, the artist is giving a 
false impression. For the most part, the 
solar system is a very empty place, and 
very inhospitable to humans. 

Artists' pictures, of necessity, show the 
solar system as more crowded than it 
really is. This is for the simple reason 
that, if the artist were true to his scale, 
and then drew the solar system on a 
6 -inch sheet, the Sun (to scale) would be 
a dot smaller than a period, and the 
Earth would be completely invisible as 
a dot one millionth of an inch across. 
To visualize these relations at a more 
familiar level, let us imagine the Sun as 
a very large balloon on the White House 
porch: then the Earth would be a soft- 
ball on the Capitol terrace. The planet 
Venus would be another softball half- 
way down Pennsylvania Avenue and 
Mercury would be a pinhead on the pave- 
ment outside the White House. Pluto. 
the furthest planet, would be a pinhead 
way out past Baltimore, while the rest 
of the planets would turn inside Pluto 
and outside Earth. No other star or siz- 
able body would exist in the rest of the 
Americas. 

Our discussion here is on two ques- 
tions which arise out of the emptiness 
and inhospitality of the universe. First: 
How long can we support our own lives 
effectively outside the atmosphere? Sec- 
ond: Is any other planetary body any- 
where as effective as Earth in providing 
a "greenhouse" for life? Thus, it is 
useful first to recognize the universe for 

Final manuscript received January 21, 1985 

what it is -a dark, barren place on a 
scale which dwarfs humanity, very 
sparsely dotted with matter, some of it 
incandescing with nuclear reactions at 
several million degrees (in stars) - 
mostly a void occupied by a very thin 
"dust." These fragments of matter are 
commonly no larger than a grain of 
sand and frequently no larger than the 
atom and may be moving at several 
miles per second. Thus, the islands 
where life could possibly support itself 
are very few and are widely scattered. 

HABITABILITY 

If we wish to gauge which of these larger 
bodies might be habitable, we must re- 
member how radiation from light and 
heat decrease with distance. Pluto 
would see the Sun as a distant star with 
no warming effect; air on this planet 
would be cold enough to liquefy. In fact, 
the only planets above freezing point 
would be those which, on our "Washing- 
ton scale," lie in the downtown area, 
while those planets much nearer than 
the Capitol would probably be hotter 
than the boiling point of water. 

Only planets large enough to retain, 
by gravity, their thin skin of gas (0.005 
inch thick on our "softball" Earth), 
would be protected from the powerful 
particle radiation which needs consider- 
able metal shielding to stop it. Thus, 
even in the "comfortable" zone, many 
sterile pieces of rock must exist, of which 
the Moon is probably one. 

The above perspective, may lead us to 
be surprised that we are here at all; but 
it may also help us to decide where to 
look for signs of life. For example, we 
would clearly not spend much of our 
search effort on Pluto or on Mercury. 

We would, for the above and several 
other reasons, concentrate on Venus and 
Mars, our neighbors in the "comfort- 
able" downtown area. The perspective 
may also give engineers and physicists 
some feel for the problems they face in 
detecting and supporting life forms in 
this barren environment. 

LIFE SUPPORT 

When we take a man outside the atmo- 
sphere, we must reproduce as many of 
its functions as we can. We find that, 
quite apart from giving us air to breathe, 
the atmosphere serves us in many ways: 

1) It provides a cooling or a warming sys- 
tem, whichever is needed, to even out 
extremes of temperature; in other 
words, it is a transport and damping 
system for heat, cold, and moisture. 

2) It absorbs the harmful ultraviolet light 
from the Sun and the fast atomic par- 
ticles from space, only letting through 
a little of each. 

3) It acts as a "meteor bumper ", burning 
up the showers of dust and larger 
stones which cross our path at thou- 
sands of miles per hour. 

4) It acts as a diffuser, softening the Sun's 
light by scattering it ; hence, we see a 
blue and not a black sky and have 
"twilight" after sunset. 

5) The even distribution of moisture 
allows the formation of a firm soil 
which produces plants which, in turn, 
produce oxygen and food to keep ani- 
mals alive; the soil also acts as a dis- 
posal system for the husks, bones, hair 
or horns of dead animals or of the 
wastes which our bodies reject from 
food. 

Any manned spacecraft, or Moon base, 
is mainly a device which reproduces 
these functions, possibly ignoring the 
diffusion of light as unnecessary, and, 
up to now, replacing the oxygen- produc- 
ing function by tanks of oxygen, while 
wastes are, at present, stored. However, 
for a very long flight, or a long -stay base 
on the Moon, it will be very uneconomi- 
cal to import all oxygen, while the waste 
problem could become serious. Thus, 
we would do well to consider creating, 
in our Moon base. a microcosm of the 
oxygen -food cycle which occurs on 
Earth. Some of the principles for doing 
this are discussed below. 

The Oxygen -Food Cycle 
The maintenance of our atmosphere on 
Earth is done solely by means of the 
Sun's energy. At the same time as the 
Sun's energy liberates oxygen from 
plants, it causes the plant cells to build 
sugars and other food substances from 
carbon dioxide. We ingest these foods, 
extract the chemical energy as "work," 
and our bodies release chemicals of the 
type which first went into the plant. If 
these are "ploughed back" into the 
soil, the process can start all over again. 
It would be ideal if we could instate a 
cyclic process like this in a Moon base. 
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Chlorella requires only 8 cu ft, ,/ 9' 

douales its size each day, and .yam 
provides the some amount of 0, 
as the tree. 

A tree requires a growth time 
of 10 yrs and a volume of 10,000 
cu ft to provide enough 02 (600 

litres+ to support one man for 

one doy. 

Using flouresent tubes to pro- 
vide light energy allows more 

compact design. 

Fig. 1 -A rapidly growing chlorella culture can serve a man's daily 02 needs and is a thousand 
times smaller than a tree having a growth time of ten years. 

We would not have to import new atmo- 
spheric chemicals, just keep the cyclic, 
or "regenerative," process under control. 
using the Sun as driving force. The 
automatic control of such a process 
could fascinate generations of electronic 
engineers. 

As a basis for this cyclic process, 
therefore, our Moon base must contain 
plant life; however. we cannot use all 
the immense variety of plants that do the 
work on Earth, so we must choose one 
or two hardy and adaptable ones to do 
the whole job. The problem is -which 
to choose? We might choose the tree on 
the basis that it is a hardy, powerful 
plant. It is, but it is not adaptable. Fig. 
1 shows the volume of tree needed to 
keep one man supplied with oxygen; 
also, trees develop very slowly. For each 
man, a tree would have to be planted 
about ten years before he came to the 
Moon. And what to do with all the spare 
timber? It could not be used for con- 
struction; if it caught fire, it would suffo- 
cate the whole Moon base. This all 
shows how the Earth system has the ad- 
vantage of good waste disposal, a long, 
stable cycle, and a reservoir estimated 
at 10" tons of oxygen (about 200 years' 
supply 1. 

Chlorella Plants as Food 

It can soon be seen that, to give flexibil- 
ity to our Moon base, we want to choose 
a plant which packs closely, produces 
little inedible waste, tastes good, and is 
adaptable to "flow" production rather 
than "batch" handling. The hest orga- 
nism so far found is the minute, simple 
seaweed or "green slime" species, the 
algae. These are what we see in a fish- 
bowl which has stood for some time. 
In the bowl, they are doing what we 
want them to do on the Moon : they are 
growing rapidly, using the body wastes 
and carbon dioxide of the fish plus day- 
light to produce oxygen and more of 
themselves. The Chance -Vought Com- 
pany has actually kept two mice, 

"Mousetronauts" as they called them, 
alive for over two months on oxygen 
photosynthesized from chlorella, one of 
the hardier, free -floating algae. Other 
companies claim to have kept a man 
alive for several days with a similar sys- 
tem. Fig. 1 shows, conceptually, how 
the volume of chlorella culture needed 
to serve one man is about a thousand 
times smaller than that occupied by a 
tree. Furthermore, using stored sun- 
light (e.g., electricity, to light fluorescent 
tubes I as the energy source. a one -man 
supply of this plant can possibly be 
packaged in a container the size of a 

waste basket. 
The chlorella plants double their 

weight every day, contain most of the 
necessary vitamins and proteins, and are 
entirely edible. Here is the "crop" of 
food that we need; unfortunately. it is 
not very palatable. After all, who would 
want to live exclusively on green slime? 
Dr. Alain Bombard tried to cross the 
Atlantic living only on the surface plank- 
ton, a mixture of similar types of orga- 
nisms. He soon found he would rather 
starve. Hungry mice, given dried chlo- 
rella. sweep it aside and use it as bed- 
ding. It can, however, be used to fortify 
other foods, and "chlorella cookies" con- 
taining up to 20% chlorella are edible. 
On the whole, though, it would be better 
if we could find, as on Earth, an animal 
or a fish which would thrive on these 
useful little plants and then provide us 
with better fare. 

This approach, however, brings more 
problems. Most animals have a fair pro- 
portion of bone, gut, hide, or hair which 
we just cannot eat -one third in the case 
of cattle -and we at once have a real 
rubbish problem. We must seek an ani- 
mal which is all edible. The slug is one 
of the few nearly so and it is eaten in 
parts of the world, as slug jam; but 
perhaps we might prefer to forgo this 
treat and use a compromise like shrimp, 
the edible insects, or, perhaps, just 
mushrooms. I am sure there are still 

many bright suggestions in this plant - 
animal combination game which have 
not yet come to light and the author is 
tempted to propose a prize for the best 
combination suggested. The Boeing 
Company suggested the Tilapia fish, a 

South American species which enjoys 
algae, is hardy, tasty, and breeds fast. 

In a Moon base, we may find it an 
advantage not to rely on the Sun for 
photosynthetic regeneration. Nuclear 
power could supply artificial light for 
underground photosynthetic cells, solv- 
ing the problem of supporting these 
cells for the two -week Lunar night. 

Protection Against Particle Rad ation 
and Meteoric Damage 

The next most important function of the 
Earth's atmosphere is to act as a shield 
for space particle radiation. The Sun 
and other stars emit streams of charged 
atomic nuclei, some of which will pene- 
trate inches of lead. All high- energy 
particle radiation can cause damage to 
living cells, either causing death of the 
cell or causing a break or change in the 
chromosomes so that daughters of that 

DR. A. G. HOLMES -SIEDLE receivea a BA from 
Trinity College, Dublin, in 1954, and a PhD in 

Organic Chemistry from Cambridge University, 
England, in 1958. He conducted postdoctoral 
chemical research at the Cambridge University 
Chemical Laboratories from 1958 to 1960. studying 
the transfer of energy in biological and chemical 
systems. In 1960 he joined the Advanced Projects 
Group of Hawker- Siddeley Aviation as a project 
engineer cooperating in preliminary design studies 
of communication satellite systems and lunar 
venicles: in these system studies he specialized in 

the effects of environment on components and 
humans, simulation of space environment, and tele- 
metering of scientific data. In 1962, he joined the 
Physical Research Group of the Astro- Electronics 
Division where he is doing research on radiation 
damage and scientific instrumentation of satellites. 
Such work includes experimental research on radia- 
tion effects in materials, analysis of the space 
radiation environment and its effect on space sys- 

tems, irradiations of satellite components and sys- 

tems designed for NASA satellite projects, defini- 
tion of radiation effects criteria for RCA spacecraft, 
and engineering studies and research on space 
radiation detectors. Dr. Holmes- Siedle has been 
assigned as coordinator of radiation experiments 
and representative for this information at the Astro- 
Electronics Division. He is a Fellow of the British 
Interplanetary Society and a Member of the IEEE 
and IEEE Group on Nuclear Sc ence. He has pub- 
lished several research notes in chemistry, technical 
articles on space technology, and a book on the 
haem enzymes. 
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1111.4 
Fig. 2 -One of the effects of radiation on liv- 
ing tissue. The dark bundles ore chromosomes 
-cell units which control the rate and direc- 
tion of tissue growth. In healthy cells (left -hand 
photograph) the bundles pull apart into two 
lots just before the cells divide, one lot going 
to each "daughter" cell. In cells which have 
been given o dose of X -rays (right -hand photo- 
graph) the bundles do not divide cleanly and 
the cells may die or produce abnormal "daugh- 
ters." 

cell are somehow different. or "mutated." 
Fig. 2 shows how a dose of radiation 
has disorganized the right -hand group 
of cells. They are not dividing cleanly 
like the unirradiated cells on the left and 
may either die or reproduce irregularly. 
The results of several intense efforts in 
predicting solar flares. and the "storm" 
of particles which reaches the Earth 
shortly after. have given us some hope 
that inhabitants of a Moon base will 
have enough warning to get under- 
ground, or behind thick shields, before 
the "storm" arrives. 

Protection against meteoroid damage 
is one of the most difficult atmospheric 
functions to simulate. It is possible to 
build structural shielding to ward off the 
heavy rain of sand -size particles but, 
apart from building entirely under- 

Fig. 3- Organic carbon chains linked by oxy- 
gen and phosphorus bridges. The example 
here is a section of the genetic polymer DNA, 
a nucleic acid. 
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ground, there is little one can reasonably 
do to stop the very occasional brick- or 
boulder -sized meteoroid, which may ar- 
rive at a speed greater than 30.000 feet 
per second. from penetrating surface 
shelter. We have to rely on their rela- 
tive rarity and the laws of chance. 

Psychological Factors 

By no means the least important factor 
which may limit our activities in space is 

the psychological factor. We probably 
do not realize how much we rely on 
familiar sounds, light. textures, and 
companionship to keep us on an even 
keel. We must not underestimate what 
loneliness. harsh light, odd food, and 
danger may do even to the most deter- 
mined man. It may be this factor which 
will limit extensive space travel to a few 
trained astronauts rather than a com- 
muting throng. 

ORIGINS OF LIFE 

In the previous description. life appears 
to require a protective atmosphere; we 
will now consider how. if this atmo 
sphere is provided on a planetary body, 
living forms could arise from the raw 
materials of its surface and in what 
forms they might arise. 

Basic Life Requirements 

It is not easy to dehne life. but it is gen- 
erally agreed that at least three things 
are indispensable: 11 a liquid solvent, 
like water or ammonia, 2) a system of 
polymers to provide structure, and 3) 
polymers having the ability to reproduce 
themselves out of raw materials. It 
seems fairly certain that the polymers 
making up the living system must be 
carbon -based, since carbon appears to 
be by far the most efficient in producing 
extended "backbones" where organic 
carbon chains of two to six units are 
linked to one another by oxygen, phos- 
phorus. or nitrogen bridges, such as are 
shown in Fig. 3. The "backbone" com- 
monly has other chemical groupings as 
useful appendages, adapted to doing the 
necessary chemical work for the polymer 
(hence they are called "functional 
groups" I. The main classes of polymer 
used in Earth -based life are the proteins 
( such as muscle. fiber, bone, or albu- 
men 1 and polymeric sugars (such as 
cellulose, starch, or DNA, the last being 
the basic heredity carrier). 

Polymers and Temperature Effects 

In order to construct a system of poly- 
mers which reproduce themselves, it can 
be deduced that the polymers must be 
complex; moreover, they must be laid 
out in a very specific spatial pattern. 
The patterns must persist both within 
each individual polymer molecule and 
in the relation of one molecule to the 

neighboring molecule. How the poly- 
mers may achieve suitable spatial orien- 
tations to one another is dealt with later. 
Here we will deal with one important 
conclusion of the above -thermal stabil- 
ity. For a protein or polysaccharide to 
maintain its delicate, internal "secon- 
dary" structure, it must stay within a 
certain fairly narrow temperature range. 
Virtually no enzyme will stand boiling, 
and even egg white, a simple protein, 
loses its secondary structure, or "dena- 
tures," on boiling (or even by whirl- 
ing round the head in a nylon stocking). 
We can say that the heating literally 
shakes the secondary structure to pieces. 
This condition sets the upper tempera- 
ture limits for carbon -based living forms 
at well below 100 °C. 

On the other hand, if we cool down 
any chemical mixture sufficiently, we 
can virtually stop all chemical reaction. 
By Arrhenius' Law, chemical reactions 
slow by about a factor of two for every 
ten degrees fall in temperature. Because 
of this effect, we can store many biologi- 
cal materials (such as food, spermato- 
zoa, or bacterial cultures) for years in 
the deep - freeze without their changing 
appreciably, either functionally or 
chemically. The need for a minimum re- 
action rate for active life to proceed 
places the lower temperature limit 
above the freezing point (0 °C). 

Livable Zones -Ecospheres 
The mature conclusion is that if, as 
seems likely, life can only exist by em- 
ploying sensitively positioned arrays 
of carbon- oxygen and carbon -nitrogen 
chains in an ionizing solvent such as 
water, then advanced forms of life can 
only exist in a narrow range of tempera- 
ture between about 10 °C and 60 °C. This 
means that life around our Sun can only 
exist on the Earth and possibly on Mars 
and Venus. Although the MARINER flight 
has given weight to the conclusion that 
the surface of Venus is well above boil- 
ing point, balloon experiments have 
pointed to much lesser temperatures. 

Around other stars, there will also 
exist narrow livable zones, or ecospheres, 
although these are only of reasonable size 
and stability in the medium- temperature 
stars like the Sun (F, G, and K type). 
Though it is impossible to be sure, it is 
probable that stars like the Sun (smaller 
than type FS) also have planets around 
them. The nearest of these is Tau Ceti, 
which is about 5 X10' miles away. At 
the speed of our present interplanetary 
spacecraft, it would take about ten mil- 
lion years to get there. Therefore, there 
is no point in considering such stars for 
a search at present. 

On the other hand, it is worth recall - 
right plant catalyst, light can produce 

www.americanradiohistory.com

www.americanradiohistory.com


Amino acid 8 sugar 
units in solution 

A polymer is absorbed onto a rigid (possibly 
mineral) surface and acts as a "template" 
in forming a similar string of sugar and 
carbon rings. 

3 
The new polymer is expelled into the liquid. 

Fig. 4- Representation of self -reproduction of a 

ment. 

ing that there are about 10'" stars which 
fall into the above categories and so, if as 
some biologists think, life is a phenom- 
enon which is likely to arise whenever 
chance sets the conditions right, this 
number of "chances" is quite a high one. 
Thus, we might find life around other 
stars once we have vehicles which will 
get us around the galaxy in reasonable 
times. But, if we discover Mars and 
Venus to be sterile (a very likely possi- 
bility), we can resign ourselves to our 
own company for some time. It will still, 
of course, be of interest to discover 
whether Mars is colonizable. If world 
population grows, the possibility of some 
temperate real estate on Mars may be- 
come very attractive. 

It is not too difficult to deduce, as 
above, from the results of simple biolog- 
ical experiments, what conditions are re- 
quired for life to survive. It is still not 
within the scope of our knowledge to re- 
construct, in detail, how life arose on 
Earth. Intensive biochemical analysis, 
even of the simplest known living orga- 
nisms, does not yet provide a clear 
answer. 

Self- Reproducing Polymers 

The simplest self- reproducing system - 
the virus -is well known to us by its 
effects. Viruses consist of little but 
the necessary self- reproducing polymer, 
DNA (deoxyribonucleic acid) usually iso- 
lated as a colony of spherical or simply - 
shaped units. The units contain no cell 
wall or other retaining structure. Hence, 
unless conditions are exactly right, they 
cannot, like other simple cellular orga- 
nisms, collect their own raw material, 
settle back and then build it up into new 
replicas of themselves. One splash of 
water, and the colony is dispersed into 
individual molecules. Because of this, 

P j\ 
1"' 

_ t 

2 
The new polymer formet is like a "three - 
dimensional negative" of the original. 

The new polymer, if absorbed onto the rigid 
structure, can then form a polymer which is 

a replica of the original. The original can 
also form arother polymer. 

nucleic acid polymer in primitive aqueous environ- 

they only survive and multiply when they 
find themselves in a "Bost" living cell. 
Here they act as complete parasites and 
apparently usurp the cell's production 
facilities in order to replicate more of 
their kind. This behavior sounds like a 
by- product of biological evolution, not a 

likely first stage. 
The account of the virus points out one 

of the prerequisites of life -a bag, cell 
wall, or other retaining structure to iso- 
late the self -manufacturing process from 
the nonliving medium. It is not too dif- 
ficult to propose a model of how this first 
step could occur in a warm, sunlit "soup" 
of amino acids and sugar on the Earth's 
surface. As shown in Fig. 4, clay (or a 
crystalline mineral surface) could act 
as a regular structural "backbone," ab- 
sorbing, as is natural with surfaces, some 
of the organic matter onto it in a regular 
array and catalyzing its further poly- 
merization onto the surface. It has been 
shown that the correct conformation of 
nucleic acid polymer can, in fact, act as 
a "template" and build up on itself a 
string of sugar and carbon rings 
similar to itself, but a kind of "negative" 
image of the original. The negative can 
be expelled from the "mold" and then 
repeat the process, building up on itself 
an exact replica of the original nucleic 
acid polymer. It can be. seen that, given 
a supply of raw material, a spatially con- 
fined nucleic acid polymer system could 

Polymer molecules 

semi- permeable elastic 
membrane. The surface 
hardens by oxidation 
and forms a fatty layer 

Fig. 5- Polymer molecules as an elastic mem- 
brane. 

act as a perpetual factory of replicas of 
itself. As a result, a blob of thickened 
"soup" could form. Around it, a further - 
polymerized, elastic coating (or crust) 
could form perhaps by oxidation and the 
separation of fatty constituents. This 
could isolate the building process from 
the medium, allowing only some types 
of osmotic transport of the necessary raw 
materials into the "cell," but retaining 
the larger manufactured molecules. Fig. 
5 puts this simple model in visual form. 

However, we cannot say we have 
hereby solved the mystery of life; the 
"growth" of this cell is still uncontrolled. 
How the "cells" decide, as true living 
cells do, to divide and redivide, always 
retaining the right geometry and size is 
a problem no more than nibbled at by 
contemporary biochemistry, or molecu- 
lar biology as this field of study is more 
accurately called. 

Function of Light 

The kind of growth described is possible 
without oxygen or sunlight, if some other 
suitable fund of chemical energy is avail- 
able. However, a biological system re- 
quires chemical energy rapidly, and the 
best source of rapid energy is sunlight. 
As organic chemists have known for 
some time, light, especially in the ultra- 
violet wavelengths, can be used to put 
together a wide variety of organic mole- 
cules. Fig. 6 illustrates how, with the 

Fig. 6- Effect of light to produce carbon backbones in the form of sugars. 

LIGHT 

Six wooer Molecules S,x Carbon Dboeide Molecules 

CHLOROPHYLL 

O O O 
*+ pÜ 

00 00 00 00 00 0 d 00 
Si Oxygen 
Molecules 

47 

www.americanradiohistory.com

www.americanradiohistory.com


carbon backbones in the form of sugars 
by oxidizing water and reducing carbon 
dioxide -the gaseous by- product being 
oxygen. In the plant chloroplast cell, the 
chlorophyll molecule is arrayed in a 
highly organized manner which makes a 
highly efficient system for producing car- 
bon chains. 

Motion 

For an organism to become advanced in 
function, one final basic attribute is re- 
quired: it must be able to move parts 
of itself mechanically, or be motile. It 
most transduce chemical energy into 
mechanical energy. Very recent bio- 
chemical research has isolated the poly- 
mers involved in this process. The form 
of the secondary structure of a protein 
called actomyosin is normally long and 
thin; however, when a simple organic 
chemical called adenosine triphos- 
phate is added, the secondary structure 
changes very rapidly into a bunched -up, 
almost spherical form; the effect can be 
reversed by other chemicals. Given the 
right "hooks" at each end of the mole- 
cule, we could, in the laboratory, make 
one molecule do an unlimited amount of 
work by repeating this cycle indefinitely. 
Again, however, it is a long step from 
this test-tube model to the construction 
of a single animal muscle fiber. 

Prerequisites of Life Forms 

Summarizing biological evolution in a 
few words, we might say that from the 
biochemist's point of view, the prerequi- 
sites of advanced life forms are: 1) mod- 
erate temperatures, 2) an ionizing sol- 
vent, 3) self- reproducing polymers, 4) 
cell wall structure formation, 5) a 
respiratory system, and 6) an available 
photosynthetic source of raw materials. 

LIFE DETECTION 

As the discussion so far indicates, our 
main hopes for detecting extraterrestrial 
life in the near future rest on Mars, al- 
though we must not completely exclude 
the Moon and Venus. Mars would, in 
any case, be the object of intensive scien- 
tific study ; it is the only planet on which 
we can obtain a reasonably unobscured 
view of a cloudless surface. Dark pat- 
terns come and go on the surface of 
Mars, while patches looking like ice ap- 
pear at the poles in winter. Much can be 
done to study these changes from the 
surface of the Earth. Telescope observa- 
tions have been carried on for many 
years, but the obscuring effect of our 
own turbulent atmosphere has brought 
this to a limit. Very soon, balloon and 
satellite telescope observations will pro- 
duce a much clearer view of the puz- 
zling surface patterns now seen in a 
blurred fashion from Earth. 
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Concerted Effort and Analysis Needed 

Much more detailed analysis is also pos- 
sible by analyzing the spectral distribu- 
tion of the reflected sunlight, from the 
ultraviolet wavelength into the infrared. 
The light reflected or transmitted by a 
chemical compound bears a character- 
istic "fingerprint" of the chemical classes 
present in that compound. Given a small 
tube of an unknown Martian material, 
a chemist could put it into his laboratory 
absorption spectrometer and identify, or 
at least class it, in a few minutes. What 
we get from Mars in Earth -bound tele- 
scopes is a less informative reflectance 
spectrum, further obscured by the smear- 
ing effect of the atmosphere and the low 
"signal -to- noise" ratio from this weak 
source of light. Even so, one person has 
observed, from the Earth, definite reflec- 
tance peaks in the 3- micron wavelength 
region, only obtained when the telescope 
was centered on a dark blue -green region 
near the Mars equator. Such a region is 
the dark, comma -like area known as 
Syrtis Major. The reflectance peaks 
are at wavelengths characteristic of 
green plants, where they arise mainly 
from the C -OH groups in cellulose and 
sugars. However, a similar band is pres- 
ent in all alcohols; thus, this band could 
just as well arise from pools of pure 
hundred -proof spirit which, for all we 
know, wells from the ground on this 
planet! The STRATOSCOI'E II balloon 
flight also obtained somewhat noisy spec- 
tra of Mars. These indicate that there is 
little oxygen or water vapor in the atmo- 
sphere-a damper on our hopes for ad- 
vanced life forms there. 

Mars Biological Test Laboratory 
Mars will be the object of the first un- 
manned planetary landing, which may 
take place in about 1969. The major part 
of such a landing capsule will be a bio- 
logical test laboratory containing ex- 
periments to determine the existence of 
life by the most advanced methods which 
can be employed remotely, (Table I lists 
some of the possible tests being consid- 
ered by NASA) . 

The practical problems of these re- 
mote laboratories are immense. If we 
think of the diversity of Earth life, it 
would be very difficult to design a ma- 
earthworms, and germs -especially if 
the weight of the laboratory is limited to 
100 to 200 pounds. The first machines 
will thus be limited to the forms of life 
most likely to be widespread and most 
easily handled - soil microorganisms. 
Most of the tests will be of the following 
type: A clear soup (or culture medium) 
and oxygen will be provided for the 
delectation of a few pinches of Martian 
soil. The accompanying instrumentation 
will be designed to detect the smallest 

change in the composition or appearance 
of the culture medium (production of 
turbidity, production of carbon dioxide 
from the oxygen, release of new phos- 
phorus compounds, etc.). 

Great Decisions to be Made 

One cannot help feeling that some great 
issues and decisions may rest on quite 
fallible tests such as these, but it is very 
chine to detect them all- elephants, flies, 
difficult to design an infallible test of 
this type. For a beginning, we have to 
be completely sure that we have steril- 
ized our equipment so perfectly before 
launch that it will not carry any of its 
own bacteria and then detect them on 
Mars. Also, no knowledge exists of the 
culinary likes and dislikes of Martian 
organisms. Judging by Earth organisms, 
an error of a few fractions of a pH 
(acidity) unit can inhibit otherwise 
rapid bacterial or viral growth. Perhaps 
only the TV microscope or telescope will 
provide us with enough "feel" to recog- 
nize highly foreign forms of life. It is 
quite possible that all the remote instru- 
ments will remain "blind" to an existing 
form of life on the planet and that these 
forms will only be discovered when man 
arrives. 

A manned Martian landing has its 
own major problem: Mars does not 
carry enough atmosphere to slow a heavy 
capsule efficiently. Probably a large 
amount of uneconomical rocket braking 
will be required; although concepts for 
Mars capsules capable of landing (and 
employing some aerodynamic brak- 
ing and control) have recently been 
advanced. 

PROGRESS IN SPACE EXPERIMENTS 

Actual biological experiments in space 
began early in the space age with the 
flight of the Russian dog, Laika, in 
SPUTNIK II in November 1957. Of 
course, many suborbital flights by small 
animals have preceded and followed this 
flight, even outside the US and Russia. 
For example, the French have recovered 
a white rat, "Monsieur Hector," and 
several other animals from powerful 
liquid -fuelled rocket flights over the 
Sahara. 

The story of the more recent success- 
ful manned orbital flights needs little 
further description except to note that 
the feared physiological effects of weight- 
lessness, space radiation, and enclosure 
have been reassuringly mild. No other 
country yet has serious plans for such 
expensive manned orbital experiments; 
although in Britain, the concept of the 
"Aerospace Plane" is being pursued. 
This concept comprises a fully- maneu- 
verable winged craft similar to the X -15 
but made capable of longer missions by 
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the use of a ramjet in the atmosphere 
and rocket propulsion in orbit. 

The earliest unmanned orbital biolog- 
ical experiment for the US came with 
the launching, in the DISCOVERER XVII 
satellite, of a payload of living mam- 
malian and plant -cell cultures in Novem- 
ber 1960. The nose -cone of the satellite 
was then fired downwards from orbit 
after two days. The capsule re- entered 
the atmosphere and was caught in the 
air. Although a moderately large solar 
flare occurred during the mission, de- 
positing a radiation dose of about 30 rads 
of protons (about one -tenth the lethal 
dose for a man) in the samples, no 
noticeable effects of the flight were noted 
in the subsequent lifetimes of the cell 
cultures. 

Several RCA projects investigating 
physiological telemetry have been com- 
pleted. Many of the transducers used in 
ground -base clinical telemetry require 
adaptation to space use, where long -term 
discomfort cannot be tolerated and light 
weight is required. To overcome these 
deficiencies, new sensors were investi- 
gated by the Systems Support Engineer- 
ing group of the DEP Aerospace Systems 
Division. 

The first was a blood -pressure trans- 
ducer that picked up the entire pressure 
wave from the body surface. Present 
blood pressure techniques are cumber- 
some and awkward, using a pressure cuff 
and microphone to detect the high 
(systole) and low (diastole) points on 
the pressure curve. To develop a cuffless 
technique, radial vascular pressure, 
sensed by miniature strain gauges, and 
changes in tissue capacitance were in- 
vestigated. Another area of sensor devel- 
opment is with pressure and temperature 
measurements by means of endoradio- 
sondes. These miniaturized, passive de- 
vices are used currently to study tem- 
perature changes and organ potentials 
of mammals. Other sensors have been 
developed for respiration rate and vol- 
ume, blood -oxygen saturation, blood 
flow rate, deep body temperature, and 
cardiac function information. 

Weight and size reductions in circuitry 
were also achieved. For example, an 
electrocardiograph (ECc) with a total 
volume of 1.5 in has been developed 
that is capable of transmitting the ECG 

signal to a distant receiver. Similarly, 
an electroencephalograph (EEC) was 
developed that could be carried in the 
shirt pocket and will be capable of trans- 
mitting a half dozen channels.' 

A recent project within RCA's Astro- 
Electronics Division (in collaboration 
with the Marquardt Corp.), has pro- 
duced an outline design' of biosatellite 
carrying embryos of opossums.' These 
are particularly well- adapted for the 

observation of development in the 
weightless state. Several opossum fetuses 
are maintained in incubation cells in the 
satellite while rotating optics supply 
pictures from each cell to a central 
black- and -white Tv camera. Interposed 
filters give indications of color changes 
in the fetus. The polar orbit (300 nau- 
tical miles altitude) and spacecraft con- 
figurations are chosen to keep radiation 
within the compartments at a low level. 

CONCLUSIONS 

The main aim of this article has been to 
demonstrate the following: While we 
have several good handles on the prob- 
lem of the origin of life, we have a lot of 
sophisticated research to do before we 
arrive even at a good set of hypotheses of 
how life occurred. Likewise, while we 
can detect many forms chemically, we 
need much more sophisticated sensors to 

help us to decide whether a certain 
observed phenomenon may constitute 
"life." Finally, although we have dem- 
onstrated short -term life- support outside 
the atmosphere, our present crude auto- 
matic control of a few gases and fluids 
will have to be refined greatly before we 
can, for example, establish a colony on 
the Moon. The design of the advanced 
electronics required for each of these 
pursuits should offer engineers and 
scientists one of the greatest challenges 
of an already challenging technology. 
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TABLE I- Current Life Detection Instrumentation 

Instrument Physical Quantity Observed Limitations 

Multivator 

Gulliver 

Wolf Trap 

J -Bands 

Vidicon Microscope 

High -Resolution TV 

Gas Chromatograph 

Life Detection Sensors Under Develop 
Fluorescence of enzymatically 
hydrolyzed synthetic substrate. 

Mass Spectrometer 

MARBAC 

Ultraviolet Spectrometer 

Optical Rotatory Dispersion 

Protein Pyrolyzer 

Partichrome Analyzer 

Gas Chromatograph 

Spot Scanning Microspectro- 
photofluorimetry 

Polarization of Fluorescence 

Radioactive CO2 from radio- 
active sugars. 

Increase in hydrogen ion activ- 
ity and turbidity from growth 
of bacteria. 
Spectral absorption band of 
dyed bacteria. 

Displays image plane of micro- 
scope on Tv. 

Observes and displays macro- 
scopic morphlogy of planetary 
ten-sin and possible animais. 
Measure column eh mom ato- 
graphic retention times of sev- 
eral dissolved compounds. 

Molecular fragments of de- 
graded sample. 
Essentially redox potential 
measurement. 
Absorption in the far ultra- 
violet. 
Optical activity associated with 
biological materials. 

Life Detectors Under Investi 
NH;{ from pyrolysis of airborne 
particles. 

Blue (ethyl violet stainable) 
particles in the microscopic 
size range. 

Other Sensors Applicable to Life 
Lipids of bacteria. 

Fluorescence of stained parti- 
cles. 

Degree of polarized fluorescence 
from solutions of fluorescent 
dyes plus biological material. 

ment by NASA 
Substrate subject to spontaneous hydrol- 
ysis. Enzyme activity varies widely, 
hence response time is uncontrolled and 
may be the same as base -line drift. 
Result measured from a difference in 
rates of spontaneous and bacterially 
caused decarboxylation. Base line may 
drift badly over the course of a long ex- 
periment, e.g., four hours. Reliable de- 
termination is needed of the radio- active 
background on Mars. Also, the presence 
of materials that will cause oxidation of 
the sugars by non -metabolic mechanisms 
may result in a false positive response. 
"Universal" substrate required. Growth 
rate slow, and base line drift may ob- 
scure pH and /or turbidity change. 
Detects equivalent of 107 bacteria /mi. 
Substrate subject to deterioration. Inter- 
ference or false alarms from non -living 
tissue possible. 
Very wide data bandwidth needed, or 
automatic pattern recognition. Spurious 
shapes are possible. 
Transmission of Tv image necessary. 

Slight variations of retention times be- 
cause of environmental changes will alter 
analytical results. Columns require 
cleaning and renewal. 
Limited specificity because it measures 
only mass number. 
Limited specificity. 

Sensitivity low (about 106 bacteria /ml.). 

Will not detect optical rotation if equal 
quantities of optical antipodes are pres- 
ent. Sensitivity low, about loo bacteria/ 
ml. 

gation 
Non- living substances would respond 
identically with biogenically formed pro- 
tein or amino acids. Sensitivity good, 
about 104 bacteria would be detectable. 
Abiogenically formed organic particles 
should also stain. Sensitivity good, about 
30 bacteria /liter of air. Specific to or- 
ganic particles. 

Detection 
Non -living lipids would interfere. Sensi- 
tivity good, (about 104 bacteria). Other 
problems similar to those described pre- 
viously. Reagent may undergo changes. 
Similar to Partichrome Analyzer. Stain- 
ing more specific, directed at nucleic 
acids. Reagent may undergo changes. 
Non -living materials may interfere. Re- 
agent subject to changes. Sensitivity 
about 104 bacteria /ml. 
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Fig. 1- Cutaway view of biomodule pay- 
load including viewing optics. 
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The biological effects on mammalian tissue resulting from extended periods of 
weightlessness is of great interest to those concerned with life- support equipment 
and systems for space travel. This paper, based on a proposal submitted to 
the Air Force by RCA and the Marquardt Corporation, describes an experi- 
ment in which opossum embryos are orbited in a spacecraft and observed 
during development with an RCA TV- camera system. (The opossum is 

uniquely suited because of rapid maturation and the large amount of clinical 
data available on them.) This experiment is designed to establish benchmarks 
for measuring the effects of weightlessness on human tissue. 

S. H. FAIRWEATHER and J. E. MORTIMER 

Astro- Electronics Division, DEP, Princeton, N. J. 

Tms paper presents a new concept for 
exploring gross zero -g effects on 

mammalian tissue arising from possible 
anomalies at the cellular level. The 
basic idea involves the use of an opos- 
sum embryonic fetus to provide a sensi- 
tive biological indication. 

In effect, the embryonic fetus serves 
as a biological amplifier of growth irreg- 
ularities, thus providing a means for 
studying physiological development in a 
telescoped time interval. The problems 
attendant with the instrumentation re- 
quired to detect possible growth irreg- 
ularities are discussed, together with the 
proposed means for data recovery and 
evaluation. The design of a life support 
biomodule is presented, along with a 
method for television viewing of the 
embryonic fetus and a method for com- 
mand and control of the system in space. 
A technique for investigating possible 
"latent" zero -g effects is also proposed. 
The design of a lightweight longlife 
spacecraft to meet the attitude, thermal, 
power, and communication constraints 
imposed by the biomodule is summa- 
rized. The paper includes a brief de- 
scription of the monitoring station re- 
quirements and a definition of the 
necessary supporting ground "control" 
experiments. 

(Credit for the biological aspects of 
this paper are gratefully given to Dale 
Carpenter, Principal Biologist for the 
Marquardt Corp. Mr. Carpenter has had 
considerable experience in the study and 
use of the opposum embryonic fetuses 
and is, at present, using such specimens 
in drug research for the National Insti- 
tute of Health.) 

WHY AN OPOSSUM FETUS 
WAS SELECTED 

In any biological experiment, the test 
specimen should be sensitive to the phe- 
nomena being investigated and should 
display this sensitivity in a short period 
of time. In addition, specimens selected 
for study in a weightless environment 
should have simple feeding habits, mini- 
mum waste disposal problems, and an 
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uncomplicated means of free tethering 
during space flight. The opossum fetus 
uniquely satisfies all of the above re- 
quirements. 

The opossum embryo develops in an 
extra -uterine state during a major part 
of its early life in the pouch of the fe- 
male opossum. For this reason, the fetus 
is suitable for study in a confined en- 
vironment away from the mother. Dur- 
ing fetal growth, waste disposal is 
essentially non- existent and feeding is 
accomplished through simple nipple at- 
tachment to the mother. These charac- 
teristics greatly simplify a life- support 
system required for normal development 
away from the mother. During the time 
period of 10 through 90 days from birth, 
the opossum also exhibits an accelerated 
growth -cycle. The development of phys- 
iologic functions can be observed in a 
time interval in which the growth 
parameters are changing most rapidly, 
thus providing a sensitive indication of 
physiological development and possible 
growth abnormalities under zero -g con- 
ditions. An additional advantage in 
using an embryo is that the effects intro- 
duced by the emotional reactions of 
more mature animals are not present. 
The opossum also has an extensive clin- 
ical history that can be used as a basis 
of comparison during experimentation 
under zero -g conditions. 

EXPERIMENT OBJECTIVES AND 
PROPOSED PLAN 

Objectives for the overall experintent 
are: 

1) To isolate qualitative and quantitative 
effects of weightlessness on the physio- 
logical functions of the opossum fetus. 

2) To determine the biological effects of 
the combination of weightlessness and 
exposure to radiation, and to establish 
any synergistic relationships, if pres- 
ent. 

3) To determine the effects on biological 
rhythm of the removal of living or- 
ganisms from the earth's rotational 
influence. 

4) To determine possible latent effects of 
zero -g on the specimens when simu- 
lated one -g conditions are established 
after growth at zero -g. 

5 To develop hypotheses about zero -g 
mechanisms by determining at what 
point effects first are evident in the 
development cycle of the specimens. 

To accomplish the above objectives, it is 
proposed that a rapidly -maturing em- 
bryonic opossum fetus be subjected to 
the zero -g environment of space before 
it has had a chance to develop its grav- 
ity- dependent physiologic functions. The 
effects of weightlessness on the various 
functions can he differentiated, since 
these functions evolve at different, but 
known. times in the 60 to 90 -day growth 
cycle of the opossum fetus. the proposed 
duration of the orbital mission ( Figs. 
1 -5 

The effect of the zero -g environment 
can be determined by observing gross 
changes in physical appearance on high - 
resolution TV, and by measurement of 
EKG rate, body temperature, sucking 
rate, and respiration. Monitoring the re- 
sponse of the animals to controlled 
stimulations (such as electric shock, 
sound, and light) at sequential stages 
in the development cycle would indicate 
any significant departures from nor- 
mality. 

At the end of the growth cycle, the 
satellite can be made to spin at a rate 
such that an "artificial gravity" of one -g 
will exist within compartments where 
the opossums reside. This "return spin - 
up" to one -g level should provide data 
on any latent damage and function re- 
covery. Measuring recovery from an 
observed trauma during orbital flight 
introduces a new dimension into bio- 
logical testing in space. 

PLAN FOR THE OPOSSUM EXPERIMENT 

Opossum embryos are born 12 days after 
conception. Their development at birth 
compares to a human embryo in about 
the 8th week of pregnancy. The fetal 
opossums crawl into the mother's pouch, 
find a nipple, and attach themselves 
firmly. The sucking action causes the 
nipple tips to swell into an effective 
plug, sealed by oral mucus and a dry 
film of milk(Fig. 6). 

The opossum fetus measures only 10 
to 14 mm and weighs 1.3 grams at 14 
days after "birth" (entering the pouch). 
By day 40 in the pouch, they are about 
six times longer and heavier, and from 
day 40 until weaning their sensory or- 
gans develop. Since the fetus is natu- 
rally adapted to a closed ecological sys- 
tem (the marsupium) , metabolic by- 
product production and accumulation is 
minimum. 

Effects of Weightlessness 
The key factor in this experiment is that 

the specimens mature rapidly. This high 
rate of development produces a biolog- 
ical amplification of the effects of weight- 
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lessness. Although it is difficult at this 
time to relate these effects to man, a very 
good indication of possible effects and 
areas for further investigation will be 
obtained. This is especially true regard- 
ing abnormalities at the cellular level 
and in the calcium mobilization phe- 
nomena. Present knowledge indicates 
that calcium in man's skeletal sys- 
tem becomes excessively mobilized and 
excreted under zero -gravity conditions. 
Reduction of afferent stimulation in the 
vascular system may be the cause. Be- 
cause the interplay between the bones 
and the blood is more active in young 
animals, the structural deviations de- 
tected during the experimental period 
(30 to 90 days) could serve as a long - 
range indicator of possible effects of 
weightlessness on the human skeletal 
system. 

Television Monitoring 

Opossums do not develop fur until rela- 
tively late in their growth cycle. 

Fig. 5- Correlation of experiment factors (with 
mission profile). 
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Changes in skin color due to cardio- 
vascular disturbances can be monitored 
via color -interpretation TV during their 
development of vasomotor control. The 
opossum fetus, from birth to 40 days, has 
not developed the organs of equilibrium 
and accompanying sensory nervous in- 
put to the central nervous system; thus, 
gravity- sensing (kinesthetic ) capabili- 
ties would be undeveloped at the time 
the satellite was launched. Any trau- 
matic effect of the zero -gravity environ- 
ment on fetuses under 41 days of age, 
therefore, would reflect the effect of 
weightlessness at the general cellular 
(tissue) level and not at the neuromus- 
cular system level. Each fetus would 
serve as its own control for studying the 
effect of weightlessness on the ontogene- 
sis of gravity- sensing and equilibrium 
adjustment, since self- righting reflexes 
would not yet be developed. On the 40th 
day after birth, organogenic specializa- 
tion of sensory tissues develops rapidly, 
and any cumulative effects of weightless- 
ness at the cellular level would then ap- 
pear. Stimulus- response reactions from 
ground command would be used to in- 
vestigate the nature of any observed 
abnormal responses. 

Equilibrium (righting) reflexes ap- 
pear late in fetus development. If de- 
velopment of gravity- oriented capability 
has occurred under zero -gravity condi- 
tions, valuable data can be obtained 
from follow -up observation of these 
mammals. Examination of conditioned 
reflexes before, during, and after neuro- 
muscular maturation will be compared 
with ground control experiments. 

Eliciting Responses 

Fig. 7 summarizes the time displacement 
of embryo maturation and the methods 
of monitoring growth and development. 

S. H. Fairweather 

J. E. Mortimer 

By appropriate stimulation methods, 
the beginning of responses to photic 
(visual) and auditory stimuli at zero 
gravity can be recorded by the reaction 
of the fetus to both automatic and /or 
command noise signals. For example, 
mechanical stimulation of the artificial 
nipple and /or oral region would allow 
observation of any changes in the suck- 
ing or other gross body reflexes. The 
sucking reflex is established at birth, 
and variation in sucking rate could be 
an index to circadian rhythm. 

By modulated electroshock stimula- 
tion, pain and certain motor responses 
can be elicited. The early responses of 
pulse rate, respiration, and sucking to 
such stimulation are to be monitored 
through pickup leads. 

The transition of the specimens from 
the poikilothermic (cold blooded) con- 
dition to the homiothermic (warm - 
blooded) state will occur under weight- 
less conditions, and thermal responses 
can be recorded. 

Olfaction, the sense of smell. is one 
of the earliest to develop in the opossum 
embryo, allowing monitoring of gross 
motor responses to olfactory stimuli re- 
leased into the chambers during flight. 
One type of combined olfactory- tactile 
stimulus that could be attempted near 
the weaning period is a "sneeze- reflex" 
using a chemical irritant. 

INSTRUMENTATION 

Intra- animal instrumentation involving 
surgery, and extra -animal instrumenta- 
tion involving strapping or cementing, 
are not used in this experiment because 
they could injure embryonic tissues and 
lead wire attachments could create an 
entanglement problem. The embryos 
are physiologically instrumented by 
sensors attached to the artificial nipples. 
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Cardiac, sucking, and respiration rates, 
in addition to nipple temperature, can 
be determined in this manner. Physical 
well -being and growth progress will 
be determined optically through tele- 
metered television pictures of the speci- 
mens. 

Themistors are used to measure suck- 
ing and respiratory rates and nipple 
temperature. The difference in temper- 
ature between the embryo and nutrient 
supply causes variations of nipple tern - 
perature while the animal is sucking. 
Average sucking rates are computed 
from the changes in nipple temperature 
over a fixed period of time. Several 
counts are made to obtain a valid rate 
measurement. Nipple temperature is 
calculated from the absolute magnitude 
of thermistor average output. During 
a nonsucking period, thermistor read- 
ings correspond to embryo body temper- 
ature. 

A second thermistor is located in the 
vicinity of the embryo nostrils to mea- 
sure temperature oscillations in exhaled 
and inhaled air. Again, a rate is ob- 
tained by a timed count and the ambi- 
ent temperature. The electrocardiogram 
(Ecc) circuit can be instrumented in one 
of two ways: In the first method, one 
lead is placed on the nipple and fastened 
with a soluble binder. This lead is in- 
gested by the embryo and remains in the 
lower esophageal or gastric area. In 
the second method, a common posterior 
EKG could be used for all animals and 
would be placed on the supporting pad 
of each chamber. 

BIOMODULE DESIGN 

The biochamber (Figs. 3, 4) can con- 
tain up to a total of 24 compartments 
separated by sealed partitions. The in- 
ner and outer walls and the partitions 
form a frame for a quartz glass viewing 
window that seals the top of the indi- 

Fig. 6- Cutaway showing opossum on artificial 
nipple. 
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Fig. 7- Embryo maturation and monitoring methods. 

vidual compartments. Conditioned air 
and a liquid nutrient are brought in 
from common manifolds through a 
single quick- acting shutoff valve on 
each compartment. The air circulated 
through the compartment also is carried 
out through this valve to an outlet mani- 
fold. To simulate the pouch environ- 
ment, the chamber is maintained at 35.0 
r_- 1.5 °C. Relative humidity is main- 
tained between 70 and 90% . Oxygen 
content of the compartments is kept be- 
tween 15 and 20 %, and the CO_ content 
is kept between 2 and fib,. 

Chamber Optics 

A thin, metallic disc with a reflective 
coating on the bottom is located just 
above the viewing windows. The disc 
rotates with the optical prism of the 
RCA TV camera system. The disc con- 
tains a single window cutout and is used 
to reduce the radiant heat loss from the 
windows. Each compartment, in turn, is 
viewed by the camera system optics. 
Lighting is supplied by a small flash 
bulb located in the compartment. The 
light flash is synchronized with the mo- 
tion of the prism and cover disc. 

Nutrient Supply and Control 

The embryo is placed on an artificial 
nipple prior to launch and remains at- 
tached to the nipple during the entire 
period in orbit. The flexibility of the 
nipple allows the opossum to float freely 
in the absence of gravity while insuring 
that it is supplied with nutrient. The 
nutrient supply is cut off temporarily 
during launch to prevent flooding the 
compartment due to high g- forces. Nu- 
trient is resupplied immediately on 
attainment of orbit. Selected compart- 
ments can be sealed off in orbit to con- 
serve nutrient. In flight, the embryo is 

free to move between the sponge -wick 
and a nylon net suspended just below 
the viewing window. 

The nutrient milk will be specifically 
constituted to supply all needs of the 
embryos during the mission. During 
normal growth, for example, the per- 
centage fat content of natural milk 
increases with maturation of the em- 
bryo. If laboratory tests indicate that 
variations in nutrient content are sig- 
nificant to the experiment, the formula 
supplied to the artificial nipples will be 
changed during the experiment. Back 
( retrograde) contamination from the 
embryo to the primary milk supply will 
be controlled by shut -off valves, indi- 
vidual chamber isolation valves, and, if 
necessary, by small, sealed, plastic milk 
containers within the primary nutrient 
storage tank. 

Biochamber Environment 

A balloon -like elastic membrane will be 
used to cushion the 25 -mm, 10- day -old 
embryo. The membrane will be inflated 
just prior to launch, will support the 
top and back sides of the embryo during 
the period of high loads, and will be 
deflated in orbit. In addition, the entire 
experimental package will be mounted 
on the spacecraft structure with flexible 
supports to isolate vibrational loads. 

Thermal control of the compartments 
is coarsely obtained through the thermal 
design of heat paths between the experi- 
ment and the spacecraft structures; fine 
thermal control is obtained by elec- 
trically heating the circulating air. In 
the animal compartments, a small frac- 
tion of the circulating air is diverted 
over the embryos to prevent carbon di- 
oxide stratification and fogging. 

The embryo rests on a sponge -like 
couch which serves as an axial -load ab- 
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sorber and a wick for water removal. 
Heated air at a relative humidity lower 
than the chamber is circulated in baffled 
air passages below the sponge. A wire 
mesh screen supports the couch above 
the baffled air passage. The atmosphere 
in the chamber is maintained at the 
proper conditions by an environmental 
control system. 

Composition control involves main- 
taining total air pressure and partial 
pressures of carbon dioxide and oxygen 
within the prescribed limits. The system 
proposed uses an oxygen and nitrogen 
supply that bleeds into the system with 
air being vented to space to maintain 
the prescribed tolerances. This system, 
compared to a completely closed sys- 
tem, offers minimum cost, minimum 
development time, and maximum relia- 
bility. The environment air is effectively 
changed about 400 times during the 
mission. This eliminates the problem of 
absorption of trace gases which other- 
wise could be harmful to the experi- 
ment. The vented system more nearly 
corresponds to the natural conditions 
found in the pouch of the mother 
opossum. 

Mechanical Layout 

The mechanical arrangement of the bio- 
module (including the top- mounted tele- 
vision system) is shown in cut -away 
perspective in Fig. 1. This configuration 
minimizes the volume occupied by the 
experiment and places the nutrient tank 
(with its changing mass distribution) 
near the center of gravity of the space- 
craft. The modified toroidal biochamber 
design permits compartment geometry 
suitable for embryo growth from 25 to 
over 70 mm during the mission, and also 
provides a central volume for nutrient 
and air control for the 24 compartments. 

SPACECRAFT DESIGN 

Spacecraft design is based on meeting 
the special requirements of the biologi- 
cal experiment. The following goals 
were established for the vehicle: 

1) Effective gravitational forces less than 
10 -`' g in orbit. 

2) Thermal control of the biological 
chamber to 35 ± 1.5 °C. 

3) Capability to spin -up to 1 g on ground 
command. 

4) High -resolution TV monitoring of the 
payload. 

5) Adequate data storage over prolonged 
time periods. 

6) Convenience of data handling and 
transmission methods. 

7) High flexibility in the command and 
control system, and 

8) High over -all reliability of the space- 
craft in orbit. 

The first two considerations suggest the 
use of a slow spin in conjunction with 
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position control with respect to sun - 
angle (to provide proper thermal bal- 
ance) . These constraints are satisfied 
by the use of an inertia -wheel that pro- 
vides angular momentum to keep the 
vehicle's momentum stabilized. The ve- 
hicle itself is de -spun to limit centrifugal 
accelerations to less than 10' g. A mag- 
netic torquing capability ensures that, 
if unpredicted temperature or vehicle - 
misalignment problems arise, the space- 
craft can be reoriented from the ground. 
Spin -up rockets are used in conjunction 
with the inertia wheel to trim final spin 
rate. Since the spin rate of the space- 
craft with respect to the inertia wheel 
can be controlled, the 1 -g environment 
can be simulated. 

A conservatively -rated solar -power 
system has been designed to meet the 
power demands of the experiment and 
vehicle subsystems. Additional solar 
cell area is available around the skirt of 
the vehicle should future power require- 
ments increase. 

Mechanical Design 

The spacecraft is of a baseplate- solar- 
array hat configuration (Fig. 4) . The 
hat is a twelve -sided honeycomb panel 
forming a right polyhedron 30 inches in 
diameter and approximately 27 inches 
high. The total weight of the proposed 
spacecraft is 188 pounds, including an 
allowance of 5 pounds for radiation 
shielding. 

To minimize ground -loading time, 
three vee -type quick- disconnect clamps 
are used to 1) separate the top hat from 
the baseplate to expose the camera and 
experimental package assembly, 2) 
separate the camera experimental pack- 
age assembly from the baseplate, and 
3) separate the camera from the ex- 
perimental package. 

The camera assembly and prism - 
mirror viewing system is rigidly attached 
to the top of the experimental package 
by means of another vee -clamp. This 
permits simple and accurate alignment 
of the cameras with the experimental 
package, and precludes possible mis- 
alignment that might develop from 
launch loads if the units were mounted 
separately. 

Television Viewing 

The video subsystem, built with space - 
proven RCA hardware, is capable of 
scanning any one of the 24 animals in 
10 seconds. 

The camera system (Fig. 2) is de- 
signed to take pictures of each indi- 
vidual nursery cell in the biological 
experiment. During contact with the 
ground station, the camera can be in- 
dexed to photograph a particular cell, 

or the series of 24 cells can be scanned 
automatically. The field of view at the 
cell will provide 0.11 -mm- per -TV -line 
resolution on the specimen. Depth of 
field will be 1 inch in the 2 -by -3 -inch 
field of view. The optical path of the 
camera is switched from cell to cell by 
rotating a mirror in the optical path. 
Color interpretation can be obtained by 
placing a wheel with three color filters 
in the optical path. Each picture will 
require 4 seconds for readout. Four 
additional seconds are required to pre- 
pare for the next exposure. Each cell 
will be illuminated by a flashbulb to 
freeze the motion of the subject during 
exposure. 

Command and Control 

A digital command and control system 
has been designed for use with an analog 
tone system. The use of the Spacecraft 
Control Facility, which has an eight - 
tone, seven -command capability, is rec- 
ommended. Two commands would be 
used for 1 and 0 bits. 

A seven -bit serial digital command 
system provides 128 individually coded 
commands. This allows: 

1) Individual stimulation of any animal 
with one of five available types of 
stimuli. 

2) Shut -off of any one of the 24 compart- 
ments. 

3) Selection of any set of animal param- 
eters for continuous monitoring in 
parallel with the main over -all data 
system. 

4) Control of housekeeping and vehicle - 
control requirements. 

5) Provision for backup capability, and 
6) Capacity for spare commands. 

Data Storage 

Two data storage units will be used for 
the experiment data. Each is capable of 
storing all the data acquired between 
ground readouts. One data store will be 
sequenced through all of the 24 payload 
experiment positions and will store, as 
a 7 -bit binary code, the data acquired 
from each experiment station. This will 
be repeated until the memory is filled. 
The other data store will provide con- 
tinuous storage for all data acquired 
from any one selected experiment posi- 
tion. Each memory will have total stor- 
age capacity of approximately 6,000 bits. 

The data -storage system can record 
for approximately 12 hours, and all re- 
corded data can be telemetered to a 
ground station in 1 minute. Adequate 
time for the transmission of the 24 high - 
resolution television pictures is available 
during the shortest possible pass over 
the ground station. On a typical pass, 
72 pictures with color interpretation on 
each of the 24 specimens can be obtained. 
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SYSTEM OPERATION 

Visual observation of the developing 
opossums is provided by the high -reso- 
lution television system in the space- 
craft. Three color filters on a coded 
color -wheel are employed as a means of 
inferring color by multiple observation 
of a single specimen. The video data 
will be telemetered to the ground station 
upon command. Television and "house- 
keeping" data telemetered from the 
spacecraft will be immediately avail- 
able for analysis. One hundred chan- 
nels of experimental data on EKG rate, 
respiration rate, sucking rate, and tem- 
perature will be stored as digital data 
in magnetic cores. This data also will 
be telemetered to the ground station 
upon command. The digital data will be 
reduced by a general -purpose computer 
and presented for analysis. Five direct 
commands and 128 coded commands 
will be available for housekeeping and 
controlled stimulation of the individual 
animals. 

Storage of biomodule data will com- 
mence prior to launch, and continue 
through the launch phase for total mis- 
sion life. The initial data obtained dur- 
ing launch will be read out to the ground 
station on the first pass. The initial de- 
spin to 8 rpm is provided by a set of 
detachable yo- yo's -a set of weights at- 
tached to long cables which are wrapped 
about the satellite. When these weights 
are released, they extend to the full 
length of the cables, decreasing the satel- 
lite moment of inertia and reducing spin 
rate; the cables are then released, re- 
storing the satellite moment of inertia 
to almost its original value. The motor - 
driven flywheel is used to further de -spin 
and stabilize the vehicle at a spin -rate 
that results in less than 10-" g. At the end 
of the planned mission, the vehicle will 
be spun -up to produce approximately 
one -g centrifugal acceleration on the 
remaining animals. This will be accom- 
plished by an inertia wheel and Ttaos- 
type spin -up rockets. 

Ground -Control Experiment 
Real -time "control experiments" will be 
performed at normal gravity gradient 
on embryos within ground biomodules. 
The same patterns of chamber environ- 
ment and the same sequence of corn - 
mands experienced by the orbiting ani- 
mals will be duplicated. 

In addition to the real -time ground 
control experiments, pre- and post -flight 
experiments will be designed to dupli- 
cate as nearly as possible the accelera- 
tion and vibration stresses incurred 
during launch. These stressed control 
animals also will be subjected to the 
same sequence of command stimulations 
and environmental chamber variations. 

Radiation Effects 

Although the spacecraft's 300- nautical- 
mile orbit is below the region of most 
intense radiation, sufficient shielding has 
been incorporated to reduce the inte- 
grated dosage to less than 5 rads for a 
90 -day mission. The Marquardt Corpo- 
ration has conducted tests which demon- 
strated that flash exposures to Co' of 
up to 25 rads produced no deleterious 
effect on opossum embryos. It is felt, 
therefore, that five rads will not "inter- 
fere" with the experiment. A radiation 
dosimeter should be incorporated, how- 
ever, to cross -check the daily radiation 
dosage absorbed by the animals. To 
determine the combined effect of zero -g 
and radiation, shielding may be removed 
from half of the specimens. 

Pictures and Data 

The pictures are recorded on the ground 
by means of a 35 -mm film camera. The 
video also can be recorded on magnetic 
tape for backup. Direct black- and -white 
pictures will be observed on a TV moni- 
tor and polaroid photographs will be 
obtained. The pictures will be analyzed 
by the experimenters and compared 
with those taken of the ground -based 
animals. 

Analysis of data received on each 
orbital read -out will be the basis for 
ground -command decisions. Decisions 
will be made on the basis of the over -all 
read -out, supported by the video obser- 
vations, and commands will be given for 
stimulation of each animal during the 
next orbit. Analysis of the concurrent 
ground -control experiments will support 
analysis of the orbital data. 

Recovery 

The proposed experiment is considered 
to be Phase I of a fundamental investi- 
gation of zero -g effects on living or- 
ganisms. Basically a survey type of 
experiment, the present effort may de- 
termine what gross physiologic prob- 
lems and biological mechanisms are 
involved. Based on the results of this 
experiment, key stages in the develop- 
ment cycle of the opossum fetus can be 
selected for future tests. Recovery and 
pathological examination is anticipated. 
Chemical fixation of cells may be indi- 
cated and recovery of animals at spe- 
cific stages of maturation may be nec- 
essary. 

Recovery is an expensive operation. 
however, and is not a "sure thing." In 
this case, data must be collected that 
substantiates the need for recovery. 
With specific data to backup the need, 
recovery may be more firmly justified. 

One possible recovery mode is to use 
the present "man in space" program. 

Future flights of APOLLO and GEMINI 
involve an orbital rendezvous exercise 
and extra -vehicular tasks. One of these 
tasks could be the orbital rendezvous 
and recovery of a biological module. 
The proposed spacecraft altitude and 
beacon capability should be compatible 
with such an operation. Further, the 
quick disconnect features of the solar - 
cell hat and the biomodule chamber 
also are adaptable to manipulation in 
space. 

CONCLUSION 

The opportunity to observe sequential 
physiologic development under zero -g 
conditions is without parallel in our 
space program. Compression of the 
time -scale for such an investigation 
should be of singular advantage in 
rapidly acquiring more knowledge 
about zero -g effects. In consideration of 
the unknowns involved, the proposed 
experiment is designed on a quick - 
reaction, non -recovery basis. However, 
these present exploratory investigations 
will establish future needs and problem 
areas in which detailed experimentation 
will be most fruitful to the present man - 
in -space program. 
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Fig. 1- Thermal balance in a spacecraft. 
The temperature will change until the 
heat radiated by the spacecraft is equal 
to heat absorbed by the sun. 
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An understanding of the thermal environment within a spacecraft and the meth- 
ods for its efficient control under widely varying conditions in space is vital to the 
success of manned (and unmanned) space missions. In addition, for manned mis- 
sions the design of protective "space suits" for astronauts must consider proper 
thermal control. This paper describes the important basic thermal parameters in 
space, and discusses some of the techniques for thermal control. It is shown that 
relatively simple thermal control is adequate for a variety of space missions. 

Dr. G. D. GORDON 

Product Engineering* 
Research and Engineering 

Camden, N. J. 

N earth, the temperature environ- 
ment can be specified in terms of 

the temperature of the air or of the sur- 
rounding walls. In space, the molecules 
may have temperatures (average kinetic 
energy) of thousands of degrees, but 
these molecules are so few and far be- 
tween that their effect is negligible; any 
heat transfer by conduction or convec- 
tion can therefore be neglected in the 
high vacuum of space. 

The only heat transfer of any signifi- 
cance is the heat radiated by the sun and 
earth to the spacecraft, and the heat 
radiated from the spacecraft into space. 
The basic heat balance is illustrated in 
Fig. 1. Radiant heat transfer is gov- 
erned by the Stefan -Boltzmann Law, 
which states that the quantity of heat 
radiated is proportional to the fourth 
power of the absolute temperature. 
While this fourth power complicates the 
mathematics, in many cases the theo- 
retical analysis is easier (but less famil- 
iar ) than the analysis of thermal con- 
vection on earth. 

A few basic problems will be pre- 
sented to illustrate the concepts involved 
in spacecraft temperatures, such as the 
effects of spacecraft shape, mass, sur- 

Final manuscript received January 29, 1965 
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face properties, and internal power dis- 
sipation. The first examples will be of 
unmanned spacecraft, since most of an 
astronaut's time will be spent inside a 
relatively large spacecraft, and the phys- 
cal concepts are basically the same 
whether it is manned or unmanned. 

PASSIVE AND ACTIVE 
THERMAL CONTROL SYSTEMS 

An understanding of passive thermal 
control (no moving parts) , which is 
basically the same whether the space- 
craft is manned or unmanned, is neces- 
sary even when an active system is used: 
by reducing the load on the active sys- 
tem, the latter is made more efficient, 
and the reliability of the entire thermal 
control is increased. For example, it 
would be pointless to have a shiny cop- 
per exterior to a spacecraft, which we 
shall see heats up the spacecraft exces- 
sively, and then require an active system 
to continuously remove this excess heat. 
When passive thermal control is possi- 
ble, it has the advantage of being light- 
weight, inexpensive, simple, and reli- 
able. 

An active thermal control system re- 
quires a temperature sensor, an actuator 
to produce the necessary motion, and 
moving vanes to change the radiative 
properties of some surfaces. A variety 

of active controls that regulate the 
amount of heat transfer have been built, 
tested, and flown. The ABLE satellite 
had bimetallic- actuated discs, TELSTAR 

has a gas- actuated radiation cover, 
RELAY has gas- actuated circular discs, 
NIMBUS has gas- actuated movable lou- 
vers, and Oco has bimetallic -actuated 
movable louvers. The choice of the ac- 
tual system may have depended more on 
personal preferences of the designer, 
rather than any actual difference in 
spacecraft requirements. More -complex 
active thermal control systems have also 
been built, using forced convection of 
air or a fluid to transfer the heat. In all 
systems, however, a good passive system 
is the first step, and, therefore, this 
paper will now concentrate on these 
fundamentals. 

SPHERICAL SPACECRAFT 

A simple problem is to determine the 
equilibrium temperature of an isother- 
mal, spherical spacecraft, far from the 
earth. 

The energy absorbed is equal to the 
product of the solar constant S, the 
projected spacecraft area a, and the 
absorptivity of the surface a. (Absorp- 
tivity is the fraction of radiation energy 
absorbed by a surface in a specified con- 
dition; in this paper it refers to incident 
sunlight.) 

The energy radiated by an isothermal 
sphere is equal to the product of the 
fourth power of its temperature T, the 
Stefan -Boltzmann constant e = 3.66 X 
10-" w /in'- ( °K') , the total spacecraft 
area A, and the emissivity of the sur- 
face E. (Emissivity is the ratio of the 
energy radiated by a surface to that 
radiated under the same conditions by a 
black body.) 

When the sphere reaches thermal 
equilibrium, these two quantities must 
be equal and, therefore, 

aaS = eAuT' (1) 

A sphere's total surface area (4vrr2) is 
equal to four times its projected area 
(5rr'). Therefore, the temperature of 
the sphere is a function only of the solar 
constant and the ratio of absorptivity to 
emissivity: 

oT`= á S 
E 4 

(2) 

The spacecraft temperature for various 
ratios is shown in Fig. 2. 

It may surprise some that the absorp- 
tivity a is not always equal to the emis- 
sivity e, and this ratio is not unity. Kirch- 
koff's law states that at a specific wave- 
length, the absorptivity is equal to the 
emissivity, but these surface properties 
do vary with wavelength. For spacecraft, 
the absorptivity usually refers to solar 
radiation, with wavelengths from 0.3 to 
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3 microns, whereas the emissivity refers 
to wavelengths from 5 to 50 microns 
which are emitted by the spacecraft sur- 
face at ordinary temperatures. Because 
of this large difference in wavelengths, 
many surfaces have a/e ratios which dif- 
fer from unity. Most materials have a 
ratio of a/e within the range shown in 
Fig. 2, from 0.3 to 10, but special sur- 
faces have been made with ratios as low 
as 0.1 or as high as 20. As examples of 
typical surfaces, white paints usually 
have low absorptivities and high emis- 
sivities, with a/E ratios of 0.3 to 0.5; 
black paints have high absorptivities 
and emissivities, with a/E ratios close to 
unity. Aluminum and copper have low 
emissivities due to their metallic nature; 
copper has a high absorptivity, as can be 
seen by its dark color, and hence a high 
a/E ratio of about 5, while aluminum has 
a lower absorptivity, and an a/E ratio of 
about 2. The importance of the emis- 
sivity, which was neglected in early sci- 
ence fiction stories, is emphasized by 
noticing in Fig. 2 that a spacecraft with 
an aluminum surface will be hotter than 
one painted black (150 °F vs. 50 °F), 
even though it absorbs less solar energy. 

The solar constant, for Fig. 2 and for 
most of this discussion, is assumed to be 
that measured above the earth's atmos- 
phere, in the vicinity of the earth's orbit, 
and equals 0.9 w /in2 (2 cal /cm2 -min) . 

For spacecraft which go closer to or far- 
ther from the sun, the solar constant will 
change. The temperatures of spacecraft 
at various distances from the sun are 
shown in Fig. 3. It is clear that space- 
craft closer to the sun than Mercury 
have a tendency towards very high tem- 
peratures, and special procedures must 
be used to cool the spacecraft, one of 
these being a low a/e ratio. 

CYLINDRICAL SPACECRAFT 

Many spacecraft have been spherical; 
the thermal design is easier because the 
projected area is constant. However, 
other considerations sometimes dictate 
another shape; a cylinder is a typical 
example. The radiation balance equa- 
tion is similar but the ratio of projected 
area to total surface area is no longer 
1/4. If the sun shines on the cylinder end, 
the projected area = .77r2; if the sun 
shines directly on the side, the projected 
area = 2rh. In some cases it may be 
advantageous to make these two equal, 
by having the cylinder height about one 
and a half (vr /2) times the radius. How- 
ever, the projected area is still not con- 
stant; the ratio of projected area to total 
surface area is then equal to: 

a cos B + sin B 
A - yr + 2 

(3) 

where O is the angle between the sun's 
rays and the cylinder axis. The maxi- 
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mum projected area occurs for an angle 
of 45 °, at which the ratio a/A is equal to 
0.275, which can be compared to the 
minimum ratio of 0.195. Using these 
ratios in Eq. 1, with an a/e ratio of unity, 
we find that the spacecraft temperature 
will vary from 10 °F to 60 °F. 

Over a long time, such as a year, the 
average temperature will be given ap- 
proximately by the average projected 
area. If an average is taken over all 
angles, with equal weighting for any 
direction in three dimensions, the aver- 
age projected area is equal to 1/4 of the 
total surface area, the same as that of a 
sphere. It can be shown that this is true 
for all convex solids -the average pro- 
jected area is always equal to 1/4 the 
total surface area. Therefore, the aver- 
age temperature is the same as that cal- 
culated for a sphere. 

TIME DEPENDENCE 

It has been assumed that the spacecraft 
was at thermal equilibrium. If the cylin- 
der is in one orientation, it will have one 
temperature; if it is then shifted to a 
different orientation its temperature will 
not shift instantaneously, but will grad- 
ually approach the new equilibrium 
temperature. To determine this time 
dependence the rate of change of tem- 
perature (dT /dt) times the spacecraft 
thermal mass (m0) is set equal to the 
net energy input: 

me d[ = aaS - FAaT' (4) 

Fig. 2- Average spacecraft temperature 
as a function of surface properties. 
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One solution of this differential equa- 
tion is: 

t = coth-' T 
2_ TL 

- cot-' T (5) 

Where: 

TLa eaS 
T 

mr 
eAa 4eAaTL'' 

The temperature TL is simply the steady - 
state temperature given by Eq. 1. The 
temperature drop as a function of time 
is shown in Fig. 4. The initial point is 
determined by the initial temperature, 
after which the temperature decreases 
approximately exponentially with time, 
towards its final steady -state value. 
Similar equations and curves can be cal- 
culated for temperature rises, when the 
initial temperature is below the equilib- 
rium temperature. 

The time constant -r is a useful space- 
craft characteristic. Variations of energy 
inputs during times which are short 
compared to the time constant do not 
produce corresponding temperature var- 
iations; whereas if the times are long 
compared to the time constant. then the 
satellite temperature fluctuates with the 
energy input. The time constants for 
many spacecraft range from 1 to 10 
hours. 

EFFECT OF THE EARTH 

Spacecraft in the vicinity of :he earth 
present a more complicated thermal 
problem, because of the shadow pro- 

Fig. 3 -The effect of distance to the sun 
on average spccecra't temperatures. 
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Fig. 4 -A typical spacecraft cooling curve, 
assuming the spacecraft can be considered 
as one isothermal mass, and that the external 
conditions do not change. 

duced by the earth, and the radiation 
coming from the earth. The latter can 
be a significant part of the total heat in- 
put for spacecraft less than a few thou- 
sand miles in altitude. This heat input 
from the earth must be included in any 
accurate temperature calculation, but 
will not be considered further here. 

The other effect of the earth is to cut 
off the sunlight when the spacecraft 
enters the shadow of the earth. For a 
spacecraft in an orbit around the earth, 
this eclipse produces two effects on the 
spacecraft temperature, which are shown 
in Fig. 5. The average temperature 
drops from T to TA because on the 
average there is less sunlight on the 
spacecraft. And there is a periodic fluc- 
tuation in temperature from TD to T,. 
during each orbit. 

The drop in the average temperature 
can be calculated from Eq. 1 by insert- 
ing the reduced sunlight. The ratio of 
average temperatures for two different 
orbits will therefore vary as the fourth 
root of the ratio of fractional suntimes. 
In particular, compared to the tempera- 
ture T,, in an orbit with no eclipse 
(100% suntime), the average tempera- 
ture T,, is given by: 

T. = T/! sbv° (6) 

In the particular case chosen for Fig. 5 
the fractional suntime is 0.75 and the 
steady -state temperature in the sun T is 
300 °K, so the calculated average tern - 
perature T., is 280 °K. The apparent 
motion of the sun along the ecliptic, and 
the precession of orbits caused by the 
shape of the earth, will produce a vari- 
ation in eclipse time for most spacecraft 
orbits. Over a period of months and 
years the average temperature will fluc- 
tuate, depending on the fractional sun - 
time. In the early TIROS orbits, this pro- 
duced a rise to about 90 °F for a one - 
week duration every few months. 

The drop in temperature in the actual 
eclipse is along the cooling curve shown 
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Fig. 5- Effect of solar eclipse on a spacecraft 
orbiting around a planet or a moon. The 
eclipse lowers the average temperature from 
T,r to TA, and also produces a fluctuation of 
temperature from T0 to TN each orbit. 

in Fig. 4. However, for short eclipse 
times (short compared to the time con- 
stant). it looks like, and can be approxi- 
mated by a straight line. The total tem- 
perature drop (TD - T.) is, then 

TB- TN t o r 4 /4T (7) 

For the assumed example in Fig. 4, a 
spacecraft with a time constant r of 6 
hours, a time to in eclipse of 45 minutes, 
with an average orbit temperature T.4 of 
280 °K, the calculated fluctuation each 
orbit is 8 °K (or about 14 °F). 

The above analysis is useful for the 
large mass of most spacecraft, since 
these have time constants long com- 
pared to the orbit period. For short 
time constants, such as the ECHO balloon 
or a solar cell paddle, the steady -state 
temperature will be attained during the 
sunlight portion. The temperature drop 
during eclipse can still be approximated 
by Eq. 7, but is more accurately calcu- 
lated from Eq. 5. 

SPACECRAFT COMPONENTS 

Two factors determine the temperature 
of an individual component in the space- 
craft -the temperature of the environ- 
ment, and its heat dissipation. A com- 
ponent such as a resistor may reach a 
high temperature due to internal dissipa- 
tion. With the lack of air convection, 
and air conduction the power ratings of 
components often have to be reevaluated. 
Two methods of heat dissipation remain, 
conduction in solids and radiation. 

Conduction in Solids 

The heat conducted along the wire leads 
from a component to the mounting struc- 
ture may be sufficient to cool the compo- 
nent. The heat conducted is, simply: 

q, = KA'OT /l (8) 

where K is the thermal conductivity, A' 
the cross section available, l the length 
of the leads, and AT the temperature 
difference. 

Radiation 

In other cases, the surface area of the 
component may be sufficient to radiate 
the heat. The heat radiated is then 

q, = EA (aT14 - aT24) 

EA 4aT43AT (9) 

where A is the total surface area of the 
component. For very small power dis- 
sipations, this may be the easiest calcu- 
lation to prove that no excessive temper- 
ature will occur. The power radiated 
for small temperature differences is 
shown in Fig. 6; larger internal dissipa- 
tions may result in greater temperature 
rises, which often are excessive. 

Conduction and Radiation 

A combination may occur, in which 
the heat is conducted from the compo- 
nent and then radiated to the environ- 
ment. If it is a simple wire, rod, or any 
other object with constant cross section, 
an effective length 1, is 

KA 

E p4uT.4' 

where A is the cross section and p the 
perimeter. As shown in Fig. 7, the rod 
may have a large area, but its effective- 
ness is reduced by the drop in tempera- 
ture. The effective radiating area is 
equivalent to the perimeter multiplied 
by the effective length, and the amount 
of heat dissipated is equal to that dissi- 
pated if the effective area is added to the 
component area. 

A striking example of this method of 
heat dissipation was the 50 watts dissi- 
pated by the travelling wave tube in the 
RELAY communication satellite. The 
structure was made up of struts and the 
calculated effective length of each was 
approximately 8 inches. The tubes were 
mounted so that the heat was conducted 
to a central fitting to which 12 struts are 
fastened. With a perimeter of 4 inches 
on each, an effective radiating area of 
almost 400 in' was achieved, with a 
negligible increase of weight. Neither a 
heavy heat sink nor a heavy radiator was 
necessary; in flight the tube tempera- 
tures have been well below limits. 

(10) 

MANNED SPACE FLIGHT 

The manned spacecraft will be larger 
than many unmanned spacecraft, and 
the reliability requirements will be 
higher. Larger spacecraft will have 
longer time constants, averaging out 
temperature fluctuations, and making 
the thermal design easier. In an orbit 
around the earth, the temperature drop 
during eclipse will be smaller, and less 
important. The need for reliability will 
require some redundancy in the design ; 

while active control will be used, the re- 

www.americanradiohistory.com

www.americanradiohistory.com


liability and simplicity of passive control 
will be attractive wherever used. 

Most of a man's time in space will be 
spent in relatively large spacecraft. In a 
well designed capsule or orbiting lab- 
oratory, any necessary repairs will be 
done from the inside. However. space 
suits will be available for emergencies, 
for lunar surface exploration, and possi- 
ble erection of large structures in space. 
While active cooling units may be used 
for a space suit, a passive system can be 
adequate for a wide range of conditions. 

Consider a man in a space suit explor- 
ing the dark side of the lunar surface 
(no sun) . The dark surface of the moon 
is around -250 °F, and keeping the 
astronaut warm might appear to be a 
major problem. But the lack of air pro- 
vides excellent thermal insulation, just 
as the lack of wind minimizes the effect 
of a cold day. With some additional in- 
sulation, a man may keep comfortable 
without extra sources of heat. The natu- 
ral heat from a man q is of the order of 
100 watts; the total surface area A of a 
space suit may be as high as 10,000 ins. 
With no heat inputs, a comfortable tem- 
perature of 70 °F could be achieved by 
using an effective emittance E of 0.03, 
as can be shown from the heat balance 
equation 

q = EAoT` (11) 

This effective emittance of 0.03 can be 
achieved with ordinary metallic sur- 
faces, plus the insulation of a few layers 
of aluminized mylar. Variations of natu- 
ral heat due to different physical activi- 
ties could be compensated by different 
amounts of insulation. When a man is 
working hard he could take off his 
"sweater" of aluminized mylar; when he 
lays down to sleep, he could use a 
"sleeping bag" of aluminized mylar. 
Thus in an environment of -250 °F (or 
even absolute zero) a man could be com- 
fortable without extra heaters or any 
active thermal control. 

For a man in the sunlight, the problem 
is slightly more complicated, but still 
not too difficult. Suppose a man in a 
space suit is erecting a large structure 
in space, such as an orbiting laboratory. 
If the space suit were shiny copper, the 
man would roast, but with white paint, 
the temperature could be quite cool, as 
was shown earlier in Fig. 2. With the 
proper white paint, the effect of the sun 
can be minimized, and the same space 
suit used in the shade or in the sun. A 

different approach would be to use an 
umbrella and stay in the shade all the 
time; a slightly translucent umbrella 
would ease the thermal problem, shade 
the eyes from direct glare and ultra- 
violet, and illuminate the surroundings 
with diffuse light. The fact that um- 

brellas and white coats are already used 
in the tropics is no coincidence. 

The more difficult thermal problem is 
the astronaut exploring the sunny side 
of the moon, where the surface temper- 
ature can be as high as 250 °F. This 
heat input is harder to reject than the 
sun, because all the spectral discrimina- 
tion, and much of the angular discrimi- 
nation is lost. This radiation is infrared, 
and, therefore, the absorptivity /emis- 
sivity ratio for all surfaces is practically 
unity. The radiation is coming from 
many directions, so a shield (an upside- 
down umbrella) might be awkward. 
Theoretically, it may be possible to de- 
velop surfaces that will not absorb heat 
coming from below the spaceman, but 
will emit heat in an upward direction. 
A simpler alternative would be to fol- 
low the example of desert caravans, and 
not travel at high noon; during the noon 
hours (for one earth week) the men 
would rest up in the spacecraft or in a 
cool cave, and exploring (traveling) 
would be done when the sun was closer 
to the horizon, and the lunar surface a 
more comfortable temperature. 

In a few special situations, an active 
thermal control in a space suit will be 
required, with a cooling unit, a radiator 
to dissipate excess heat, and batteries or 
solar cells to supply the power. Initi- 
ally, these may be desirable as back -up 
units. Fortunately, the time constant of 
hours allows a man some time to take 
corrective action if he finds himself get- 
ting too hot or too cold. In the long 
run. however, the method of thermal 
control will be the choice of an experi- 
enced astronaut, who will not carry 
around a cumbersome pack if simpler 
methods will suffice. The gadget that 
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he leaves behind will never give him 
any trouble! 

CONCLUSION 

The computation of accurate tempera- 
tures for a specific point on a spacecraft 
in a given orbit is considerably more 
complicated, because of the interactions 
between various parts of a spacecraft. 
However, the same basic concepts that 
have been presented must still be used, 
with the heat balance equations involv- 
ing the surface thermal properties, the 
geometry and areas of each surface, 
and the incident radiation from the sun, 
earth, and other parts of the spacecraft. 
For nonequilibrium conditions, the 
time constant determines the rate of 
change of temperature. In some cases, 
the internal heat generated is signifi- 
cant and must be included. 

For space suits, the requirements of 
the thermal design will have to be inte- 
grated with the many other requirements 
of a space suit. Active cooling units may 
be used for some space suits, but a pas- 
sive system can be adequate for a wide 
range of conditions. 
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Fig. 6 -Power that can be radiated by a com- 
ponent for a given temperature difference AT 
between the component and the surrounding 
spacecraft. Power dissipations substantially 
below the curve can usually be considered 
negligible. 

Fig. 7- Temperature distribution of an infinite 
rod, in an environment at one temperature, 
with the base of the rod held at a different 
temperature. 
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Life 
Sciences 

SPACE 
BIOLOGY 

THERMOELECTRIC 
WATER RECLAMATION FOR 
MANNED SPACE VEHICLES 

One of the life- support problems for manned satellites and rocket trips through 

space is drinking water storage and handling. Discussed herein is a practical 

method for reclamation of drinking water from urine by use of thermoelectrics, 

including both theory of operation and data from working models. 

P. E. WRIGHT, Ldr. 

Applied Research, DEP, Camden, N. J. 

ASPACE VEHICLE capable of carrying 
a three -man crew on a twelve- 

month mission requires a minimum 
amount of water for drinking and body 
hygiene of 1,500 gallons, or approxi- 
mately 12,500 pounds. This is an un- 
acceptable addition to the pay -load, 
even without a margin of safety for 
an unexpected extension of the mission 
length. The alternative to storage of 
the entire water requirement is water 
reclamation on board the space vehicle. 

The major portion of the impurities in 
urine can be removed by distillation; 
however. the high content of solids in 
the distillant can lead to particulate 
carry -over in the distillate, requiring 
supplementary treatment for removal. 

The feasibility of water recovery 
from urine by distillation has been 
studied by several investigators. The 
technique is considered to be feasible; 
however, its efficiency has been ques- 
tioned as to the potability of the water 
recovered. Ingram' presented evidence 
that about 50% of the water recovered 
from urine by distillation needs further 
treatment to make it potable. Hawkins` 
examined other techniques, such as 
freezing, electro- osmosis, and ion ex- 
change. He found that potable water 
could be obtained with each of these 
techniques - Sendroy and Collison' ex- 
amined two techniques for recycling 
potable water from urine, i.e., acid 
distillation and lyophilization (freeze - 
drying) . Potable water was recovered 
by both techniques. Acid distillation 
included adding sulfuric acid (H2SO4) 
and potassium chromate (K Cr 04) to 
the raw urine, then boiling out 85% of 
the initial volume, which was in turn 
poured over a column of moistened ac- 
tivated charcoal. Lyophilization of the 
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urine was accomplished with a methyl 
cellulose and dry ice mixture. The 
resultant frozen material was vacuum 
dried. Recovery of the sublimate 
yielded almost all of the original water 
content. Konikoff' described a technique 
that consists of vacuum distillation and 
oxidation of the vapor products in the 
presence of a catalyst at high tempera- 
tures, followed by condensation. 

Under normal conditions of health, 
urine is usually sterile; however, latent 
pathogenic organisms may be present 
in the body and these can be extracted 
in the urine. The usual process of dis- 
tillation has sufficient heat to kill these. 

Thermoelectric distillation devices 
have been investigated as a means for 
meeting the time -temperature conditions 
set by the USPHS Drinking Water 
Standards for bacteria destruction. 

THERMOELECTRIC DISTILLATION 

Recent work at RCA has demonstrated 
that thermoelectric distillation tech- 
niques have significant advantages for 

P. E. WRIGHT received his BSME from the Cali- 
fornia State Polytechnic College and his MSME 
from the University of Pennsylvania. From 1958 

to 1960, Mr. Wright participated in the RCA Gradu- 
ate Study Program. Mr. Wright joined RCA in 

1958 as a member of DEP Applied Research and 
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various assignments and responsibilities to the 
present position of Engineering Leader. His work 

has been generally in the area of thermodynamics 
with specific emphasis on direct energy conver- 
sion systems. His work with Applied Research has 

included thermoelectrics, both refrigeration and 
power generation, thermionics, fuel cells, and bat- 
tery systems. Mr. Wright was responsible for the 

development of the first thermoelectric air con- 
ditioner with a coefficient of performance of 
greater than two. He was responsible for the first 
fossil -fuel, silicon germanium thermoelectric gen- 
erator. Under Mr. Wright's direction, a mag- 
nesium- mercuric oxide battery was developed which 

exhibited an energy density of watt -hours per 

CONDENSER 

PELTaR 
COUPLES 

Fig. 1- Thermoelectric distillation 
device principle. 

application in manned space systems. 
This approach leads to high tempera- 
ture bacteria destruction, while having 
reduced weight requirements and lower 
power consumption than other systems. 
The application of thermoelectric 
theory5.E to the distillation problem is 
shown schematically in Fig. 1. 

Peltier couples are sandwiched be- 
tween a boiler and condenser. In oper- 
ation these Peltier couples absorb heat 
in the condenser from the condensing 
vapors and pump it up to a temperature 
where it will be usable in the boiling 
operation. The couples serve the same 
function as the compressor in a vapor 
compression cycle, and permit regenera- 
tion of the energy of the process so that 
the only energy that must be supplied is 
the joule heat generated in the thermo- 
elements and the heat conducted back 
through the thermoelements. 

The power P required to operate the 
thermoelectric still is a function of the 
temperature difference across the cou- 
ples AT and the figure -of -merit Z of the 

pound. Mr. Wright has directed several system 

studies in the area of direct energy conversion. 
Mr. Wright is the author of several technical 
papers on the subjects of energy conversion and 
heat transfer. 
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Fig. 2 -Power consumption of a thermoelectric 
distillation device. 

thermoelectric material. For constant 
Z and small ST's the power is: 

K + 11 

P T 1+ZT 1 
T (1) 

Where: K is a measure of the distilla- 
tion rate. Fig. 2 shows power consump- 
tion as a function of temperature dif- 
ference for various distillation rates. 

The temperature difference across the 
thermoelectric circuit is established by 
the heat flux rates and the heat transfer 
coefficients at the boiling and condens- 
ing surfaces. The temperature differ- 
ence is a function of the heat flux rate 
for water boiling and condensing on 
vertical surfaces. Since the temperature 
difference at the boiling surface is the 
largest, it limits the efficiency of the 
thermoelectric still. It has been experi- 
mentally established by RCA that 2,500 
milliliters of water per day can be dis- 
tilled at a power consumption of 20 
watts. This can be improved by thin - 
film boiling techniques, or by operation 
in a high force field. 

CREATION OF A FORCE FIELD 

The zero gravity of space or the reduced 
gravity of other planets adversely af- 
fects boiling and condensing, or phase 
separation, natural convection, and even 
forced convection. 

This problem could be attacked by 
the use of free surface energy or capil- 
lary action. The use of this mode of 
fluid transport, however, would inher- 
ently lead to a large and bulky distil- 
lation device. A more desirable solution 
to the problem is to supply an artificial 
acceleration field in which boiling and 
condensing may take place. When sup- 
plying an artificial acceleration field, 
one need not be satisfied with the 1 -g 
acceleration field found on the earth's 

surface. It can be shown, in fact, that 
improvements in the thermodynamic 
performance can be achieved by in- 
creases in the value of the acceleration 
field. This is especially true when con- 
sidering natural convection and the 
separation of a liquid and gaseous 
phase, as in boiling and condensing. 

Considering natural convection, 
McAdams" states that 

Nµ= 0.14 (GR X PR)'/' (2) 
Or: 

K= 0.14 [(L'P'11Tg\ ß , -I 1 i 

Since Q/A = hpT : 

Q/A = 0.14 

C K 
i.., E 

(4) 

In these equations, NA = Nusselt num- 
ber, h = surface coefficient of heat 
transfer, L = geometrical factor, K = 
thermal conductivity of fluid at bulk 
temperature. n = fluid density, ß = 
coefficient of volumetric expansion, g = 
viscosity, g = acceleration of gravity, 
Cp = specific heat of fluid, and Q = 
heat transfer rate. 

Therefore, Q/A is increased by the 
ratio of the acceleration fields raised to 
the 1/3 power, all other parameters 
being held constant. The acceleration 
field could be produced by an angular 
velocity acceleration in the radial direc- 
tion. The power P, required to pro- 
duce a gravity field in this way is: 

P, = K,6.R (5) 

Where: w is the angular velocity, R is 
the distance from the center of rotation 
to the center of mass of the rotating 
element, and K, is the constant of pro- 
portionality. The total power consumed 
by the space vehicle thermoelectric still 
is a linear combination of the power P 
in the thermoelectric circuit and the 
power P, required to create the gravity 
field. Simultaneous consideration of 
Eqs. 1. 4, and 5, together with a graph 
of heat flux rate vs. temperature differ- 
ence, controls the design for minimum 
total power consumption. 

POST- DISTILLATION TREATMENT 

In order to meet the USPHS Drinking 
Water Standards, the product of urine 
distillation must be treated further. In 
general, the material produced is mal- 
odorous, alkaline, and contains mate- 
rials which make it unfit for human 
consumption. The quality can be im- 
proved by chlorination, ion exchange, 
filtration, acidification, or oxidation. 
The distillate is generally turbid, 

yellow in color and has an ammonia 
odor. These impurities can be removed 
by using absorption filtration and 
mixed -bed ion exchange. Activated car- 
bon as the adsorption filtration medium 
will remove turbidity, color, and or- 
ganic matter. The mixed -bed ion 
exchange column will remove ammonia, 
chlorides, and sulfates. 

Consider the case in which the re- 
quirements are for a minimum yield of 
85% with a minimum recovery rate of 
11 pounds of potable water in 24 hours 
(1.3 gallons /24 hours) ; a minimum of 
1$ gallons of urine per 24 -hour period 
would have to be processed. If a high 
concentration of dissolved solids in the 
distillate is assumed, the size of the ion 
exchange column could be calculated. 
For example, for a 3 -day test. period, 
4.5 gallons of urine would be treated. 
If it is assumed that the distillate con. 
tains 100 ppm (Le., 6 grains per gal- 
lon) dissolved solids, then a total of 27 
grains of dissolved solids would have to 
be removed from 4.5 gallons of urine. 
A mixed -ion exchange bed consisting of 
strong -acid cation resin and a strong 
base anion resin will remove one grain 
of dissolved solids per gram of resin 
at the reasonable flow rate of 3 to 5 
gpm per square foot of surface area. 
At this exchange capacity, 27 grams of 
resin would be required and the volume 
of the resin would be about 0.002 cubic 
feet. For a 14 -day mission, 130 grams 
of resin would be required, and this 
would occupy about 0.010 cubic feet. 
Commercial ion exchange cartridges 
which claim to give the equivalent of 
triple -distilled water are available. The 
research model Illcoway ion exchange 
cartridge can process 1,500 gallons of 
water and remove 29.2 grams of solid 
waste. Its size is about 19 X 2.5 inches. 
In addition to the assembled cartridges, 
ion exchange resins are available for 
anion, cation, mixed -ion beds for solid 
particle removal. 

A filter of activated charcoal (car- 
bon) should be used in conjunction 
with the mixed -bed resin to remove 
color, turbidity, and organic matter 
from the urine distillate. The carbon 
filter would precede the resin bed to 
minimize any organic fouling of the 
resin beads. Using the volume ratio of 
2 to 1, resin to carbon, the volume of 
activated carbon required is 0.001 cubic 
feet for 3 days, or 0.005 cubic feet for 
14 days. Assuming the density of car- 
bon to be 15 lbs /cubic foot, 7 grams 
would be required for 3 days, or 35 
grams for 14 days. Therefore, the total 
volume of resin and carbon required 
for supplemental treatment of the urine 
distillate to provide potable drinking 
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water for 14 days would be 0.015 cubic 
feet, or 26 cubic inches. 

MODEL THERMOELECTRIC 
DISTILLATION DEVICE 

Applied Research has designed and 
tested a model thermoelectric distilla- 
tion device for the purification of urine 
(Fig. 31. The device has 72 thermo- 
elements, 7 mm in diameter and 3 mm 
long. It delivered 2,500 milliliters of 
water per day using 20 watts of elec- 
trical power. The model weighs 1 

pound and occupies 16 cubic inches. 
The distillate was typical of that 

usually obtained by distillation proc- 
esses. Further treatment with activated 
charcoal produced potable drinking 
water meeting USPHS Drinking Water 
Standards. Subsequent use of a mixed - 
bed ion exchange column substantially 
improved the quality of the water. 
Distillate from the thermoelectric still 
was fed into a filter of activated car- 
bon, thence into the ion exchange col- 
umn. The resultant clear, odorless fluid 
exceeded in purity the standards set by 
the USPHS. 

BATCH -TYPE THERMOELECTRIC 
DISTILLATION DEVICE 

Fig. 4 shows the design of a batch -type 
thermoelectric distillation device for 
manned space vehicles. Since it is a 
batch -type unit, some means for the 
storage of both unprocessed urine and 
potable water had to be provided. The 
receptacle for storage also had to pro- 
vide the means of fluid transport, that 
is, positive displacement. Both of these 
requirements were met by a collapsible 
bladder of the type shown in Fig. 4. 
The distillation unit itself consists of 
two concentric cylinders separated by 
a wall of thermoelectric modules. The 
two storage spaces can be isolated 
from each other by means of a valve at 
the top of the unit. The entire unit is 
rotated at 196 rpm by a small electric 
motor, providing an acceleration field 
of 2 g at the urine wall. Power for the 
unit is brought in through two slip 
rings on the outer shaft. A typical 
batch cycle would proceed as follows. 

The plunger A is in the retracted 
position. The valve block C is in the 
forward position, preventing urine from 
flowing into the condenser area. A 
bladder holding one batch load of 7.5 
pounds is connected at B and is de- 
pressed, forcing the fluid into the boiler 
cavity. A spring- loaded check valve at 
connection B prevents the escape of 
fluid. The bladder is now removed from 
connection B and the spin motor 
started, thereby causing the fluid to be 
forced against the walls of the cavity. 
Power is applied to the thermoelectric 
modules, causing the fluid in the boiler 

Fig. 3- Experimental thermoelectric distillation 
device. 

cavity to boil. When the boiling condi- 
tion is reached, valve block C is pulled 
back, allowing the vapor to diffuse to 
the cold side of the condenser chamber 
( wall E) . As soon as vapor condenses 
on this surface it will be thrown to the 
outer wall and collected there. When 
all of the fluid has vaporized, thermo- 
electric power is shut off by a tempera- 
ture sensor in the boiler cavity. 

At this time, valve block C is put in 
the forward position and a clean blad- 
der is connected at D. A hand pump is 
connected at F and the bladder in the 
condenser inflated, forcing the water 
into the receiver bladder. The inlet to 
this bladder includes a removable char- 
coal filter and an ion exchange volume 
for final processing of the water. This 
bladder can now be used for dispensing 
of the water. Another bladder is now 
connected at B and plunger A is pushed 
forward, displacing the residue. A 
fresh supply of urine is connected at B 
and the cycle repeated. 

It is estimated that a distillation unit 
of this type built to operate in a space 
environment could distill 15,000 milli- 
liters of water per day with less than 
100 watts of power consumption. Such 
a device would weigh less than 25 
pounds. These specifications substan- 
tially exceed those of any alternate 
approaches. 
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HUMAN FACTORS ENGINEERING 

More than just the "Blessing" 

May the light of MIL STAN - 
DARD 803 shine upon thee. 
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DR. H. B. MATTY, Ldr. 

Human Factors Engineering Group 
Communications Systems Division. DEP, Camden, N. J. 

IN THE Communications Systems Divi- 
Sion, the human factors group per- 

forms most of its work in three engineer 
areas: systems engineering, design engi- 
neering, and product assurance. The 
human factors engineer's performance 
in systems engineering and in design 
engineering are quite different from his 
duties in product assurance activities. 

The role of the human factors engi- 
neer in product assurance is that of a 
design evaluator. As a standing member 
of the design review board, his function 
is to provide assurance that equipment 
designs conform to human factors engi- 
neering design standards and /or mil 
specs. Program managers and design 
managers sometimes characterize this as 
having their design "blessed," and 
naturally are concerned about the cost 
related to obtaining the "blessing." 

It is hoped that this paper will show 
that human factors engineering should 
be included as an integral part of the 
systems and design engineering; when- 
ever this approach is taken, no addi- 
tional costs are introduced. Thus, the 
human engineering effort should be 
defined at the initial planning stages and 
funds allocated for such work. Since the 
human factors engineering costs are 
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comparable to those of other engineers, 
the overall contract cost is not increased. 

Since there are differences among 
nearly all contracts, not all the work to 
be described is applicable to any one 
specific contract. Nevertheless, human 
factors engineering contributions can be 
related generally to those portions of 
the engineering development cycle of 
frequent concern to CSD's engineering 
department. 

HUMAN FACTORS ENGINEERING 
TASKS IN SYSTEM ENGINEERING 

Human factors engineering tasks per- 
formed as part of systems engineering 
have to do with generating specifications 
of system requirements. At the risk of 
some oversimplification, these tasks can 
be classified as follows: 

1) Man- machine allocation of system 
functions 

2) Task -equipment analysis 
3) Operations analysis 
4) :Model and mockup analysis 
5) Environmental analysis 

The purpose of these is to define the role 
of the operator in the system, to deter- 
mine the most desirable combination of 
manual and automatic operations, to 
specify the requirements for the opera- 
tor's ambient environment, and to 
specify the system requirement for dis- 

Life 
Sciences 

HUMAN 
FACTORS 

plays, controls, and display- control 
arrangement. The human factors engi- 
neer doesn't solve these problems by 
himself. Rather, he contributes as a 
member of the systems engineering 
t earn. 

Man- Machine Allocation of 
System Functions 

This is an examination of various com- 
binations of manual and automatic func- 
tions, and selection of the preferred 
combination. Often the preferred com- 
bination is the one which minimizes cost 
without decrement in performance, but a 
variety of other parameters such as 
weight, availability, reliability, etc. also 
must be considered and traded off. 

In addition to the system's gain in 
adaptability resulting from employment 
of an operator, there are other gains. 
A system which takes full advantage of 
the operator's capability to perform sub- 
system functions manually will be simp- 
ler and less costly than one which does 
not. The obvious reason for this is that 
there will be less requirement for the 
design and fabrication of complex auto- 
matic equipment. There are two classes 
of human factors which set the limit on 
the extent to which manual operation 
can be successful. 

One class is the limitations which are 
independent of any specific system, but 
are inherent in the human. Some 
examples are the smallest visual angle 
which can be resolved; reaction time, 
i.e. lag between signal and initiation of 
action ; the unreliability of recall from 
memory of large stores of information; 
frequency response characteristics for 
both vision and audition ; and a variety 
of other limitations such as reach, loco- 
motion rates, visual field, and many 
others. 

The other class is the limitations 
which are imposed by system operating 
requirements. Put simply, the human 
can only accomplish so much within a 
given period of time or for a given length 
of time. 

These two classes of limitations on 
manual operation are not independent. 
Clearly, the amount of workload which 
an operator can handle effectively is a 
function of things we have called inher- 
ent limitations. However, for practical 
purposes, i.e. system design allocation 
of functions to man and to machine, it is 
useful to distinguish the classes in order 
to clarify the two consequent needs for 
automatic equipment. 

The first need for automatic equip- 
ment is to do things at a speed, strength, 
sensitivity, or precision, of which the 
operator is inherently incapable. The 
second is for equipment to perform sys- 
tem functions which conceivably could 
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be done manually but should not be 
because of potential operator work over- 
loads and consequent deleterious side 
effects on other system parameters. 

This allocation of system functions is 
the first step toward specification of the 
system requirement for displays and con- 
trol. But first, the functions allocated to 
man must be analyzed further. 

Task -Equipment Analysis 

This consists of listing and breaking 
down the system functions allocated to 
man, and a breakdown of those func- 
tions into logical elements or task steps. 
Each step is examined and its implica- 
tion for display design is derived from a 

statement of what information will 
enable the operator to make the required 
decision. The step's implication for con- 
trol design is derived from a statement 
of the operator motor action required to 
execute the step. 

Operations Analysis 

Problems of display- control arrangement 
or work area layout often require analy- 
ses of the operations. more dynamic than 
that of the task -equipment analysis. 
These operations analyses are made as 
needed, when the necessary arrange- 
ment is not immediately inferable from 
the task -equipment analysis. These are 
of several types, two of which are often 
done in CSD: 

1) decision diagrams are used to examine 
sequential interaction between opera- 
tor events and equipment events, and 

2) link analysis is used to study the rela- 
tionship between any two operating 
variables such as frequency of use vs. 
panel location, locomotion vs. rack 
location, or hand movements vs. eye 
movements. 

Model and Mockup Analysis 

Equipment arrangements should be tried 
before design decisions are made firm. 
For problems of environmental arrange- 
ments, locomotion traffic, and rack loca- 
tion. it is easier to work with large scale 
models because the items to be manipu- 
lated are too large to be moved around 
easily. For work area layout. such as a 
given console or rack, a mockup to actual 
scale is preferred. since the items to be 
manipulated are no larger than a single 
panel. 

Area models are used for study of the 
interaction, of the system under develop- 
ment. with other systems. These are of 
the largest scale, usually about 40:1. 
Fig. 1 shows such a model used in the 
course of synthesizing operations in an 
Army support system at a time when sys- 
tem design alternatives were still under 
study. 

The next step is to construct models 
for use in preliminary planning of equip- 
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ment packaging and work space. These 
could be as large a scale as 16:1 or as 
small as 4:1. They are usually con- 
structed as soon as operations analysis 
lias proceeded far enough to suggest a 
likely division of the required equipment 
and of the related operations. Fig. 2 

illustrates such a model. used for pre- 
liminary layout of equipment in an Air 
Force contract. 

The actual size mockups are started 
after work with the large scale models 
has led to a feasible packaging arrange- 
ment. At this stage, the area allocated 
for each display /control unit is roughly 
identified. As the task- equipment analy- 
sis is elaborated, its implications for 
equipment design are encompassed in 
the mockup by elaborating details; Fig. 
3 shows full scale mockups of the upper 
left area of rig. 2. 

Environmental Analysis 

The operator's requirements for air 
movement, light, and ambient noise con- 
trol, are quantitative. The related design 
problems are susceptible of solution by 
computation. The precision of solutions 
obtained by quantitative analysis is con- 
siderably greater than design decision 
based on off -hand opinion. It pays off in 
greater comfort and convenience for the 
operator, less operator fatigue and dis- 
traction, and consequently fewer per- 
formance errors (higher overall system 
reliability ) . Toward this end, the human 
factors engineer writes the system 
requirement. for the operator's ambient 
environment. in quanitative terms. 

In summary, the human factors engi- 
neer uses a variety of techniques to 
accomplish those system engineering 
tasks which have to do with man - 
machine relationships. However, the re- 
sults often converge to written outputs 
such as specification of the system 
display -control requirement and specifi- 
cation of the ambient operating environ- 
ment. Some of his tasks, such as task - 
equipment analysis and model and 
mockup analysis, are originated prior 

to such specification but continued 
throughout the equipment design phase. 

HUMAN FACTORS ENGINEERING 
TASKS IN DESIGN ENGINEERING 

The major human factors engineering 
tasks in design engineering are: 

i) human engineering the operable equip- 
ment 

21 human engineering the overall layout 
3) human engineering the ambient envi - 

ronment 
4) providing inputs to maintainability 

engineering 
51 generating operating procedures 

The purpose of these tasks is to con- 
tribute to the design those features which 
will make operation and maintenance of 
the equipment safe, reliable, and effec- 
tive. These tasks are accomplished in a 
face -to -face working relationship with 
the design engineer. 

Human -Engineering the 
Operable Equipment 

Displays and controls are the primary 
interface between operator and equip- 
ment. Since the requirements for these 
will have been specified previously, this 
task is to implement the details of 
display- control design. Ordinarily this 
includes consulting with the design engi- 
neer on selection of display and control 
components. and furnishing him with a 
layout which is consistent with the antic- 
ipated operating procedure. The re- 
lated packaging problem is resolved 
nu tually when further tradeoffs or com- 
promises are necessary. 

Human- Engineering the Overall Layout 

f suallc, the shelter. or room where the 
equipment is to he installed, requires a 
layout accommodating the movements 
and actions of operators and mainte- 
nance technicians. The human factors 
engineer must account for needs for 
visual surveillance, verbal communica- 
tion. locomotion traffic, storage of job 
aids. and the space requirements en- 
tailed by anthropometry. His recom- 
mendations are based on further elabora- 
tions of operations analysis and trying 

Fig. 1 -An area model (40:1) used by RCA human factors engineers for synthesizing operations in 
an Army support system. 

www.americanradiohistory.com

www.americanradiohistory.com


alternative arrangements in the large 
scale model. The approach was estab- 
lished in a pre- design phase (Fig. 2) ; 

the details are firmed up as the equip- 
ment design proceeds. 

Human -Engineering the 
Ambient Environment 

The environmental variables of concern 
are temperature. air motion, light, and 
sound. Temperature and air motion are 
interacting variables which can be con- 
trolled by proper selection of the 
heating -cooling equipment. The shelter 
lighting requires a determination of both 
luminance and location. Noise control is 
a greater problem. The primary noise 
sources in our systems are the blowers 
in the air conditioner and the equipment 
racks. Beyond noise consideration in 
the designer's choice of blower, there 
remain three techniques for noise reduc- 
tion: treating the source ( baffling 1, 

treating the path (absorption 1, and 
treating the ear (protective covering or 
insert) . The effect of each treatment is 
predictable. The human factors engi- 
neering solution is obtained from com- 
putation of available data and empirical 
measurements. 

Human Factors Inputs to 
Maintainability Engineering 
Design for maintainability is of concern 
to the human factors engineer because 
maintenance is performed by a human. 
Inputs to the maintainability engineer 
include anthropometric requirements for 
installation and removal, human lift 
capabilities, and dexterity limits. 

Generation of Operating Procedures 
Operator procedures are of interest not 
only for their impact on equipment de- 
sign, but also in their own right for inclu- 
sion in instruction manuals. These 
procedures are collected from data avail- 
able from operations analysis and task - 
equipment analysis. The procedures are 
tried out on the mockup, and a modifica- 
tion made in either design or procedure 
at each point of difficulty. The engineer- 
ing writer of instruction manuals can 

obtain all necessary information on pro- 
cedures from human factors engineering, 
thus saving an interview of each design 
engineer. 

In summary, during the design phase, 
the human factors engineer works with 
the design engineer to implement those 
system requirements related to displays 
and controls, to work area and environ- 
ment- and to procedures. 

The human factors engineer also per- 
forms a wide range of tasks not of major 
concern here. such as research, simula- 
tion, proposal writing. test and evalua- 
tion, and many others. However. the 
purpose of outlining his work in the 
areas of systems engineering and design 
engineering was to lead up to this point: 
whenever these cooperative methods 
have been followed, the design review 
for conformance to human factors stan- 
dards and mil specs, is bound to be 
favorable. 

THE TOPIC OF EXTRA COST 

When others sometimes misconceive his 
function, the human factors engineer 
sees the misunderstanding as an occupa- 
tional challenge. But, if he is experi- 
enced, he has found that such mis- 
conceptions do not yield to argument; 
usually, he must wait for the opportunity 
to demonstrate the value of his work. 

One exception to this is the topic of 
extra cost; this always provides the 
human factors engineer a golden oppor- 

DR. H. B. MATTY is a graduate of the University 
of Arizona, and holds the PhD in Psychology from 
Florida State University. From 1941 to 1947, he 

was employed by the New York Telephone Com- 
pany, and was on 'eave of absence with the U.S. 
Army during World War II. Recalled to active duty 
with the U.S. Air Force in 1948, he worked two 
years with airborne radar and two years in elec- 
tronic countermeasures. During 1952 and 1953, as 

an electronics engineer for Bell Aircraft Corpora- 
tion, he participated In R &D testing of the RASCAL 
missile's guidance system, and also established 
operating procedures for the guidance operators. 
While a Graduate Assistant at Florida State Uni- 
versity from 1954 to 1957, he taught psychology and 
conducted behavioral research. In 1957, he estab- 
lished the Psychology Laboratory in the Research 

Fig. 2 -A van model (16:1) used for preliminary layout of equipment 
in Air Force communications system. 

tunity to expound on the difference be- 
tween cost and extra cost. For example, 
it costs something to derive the system 
requirement for displays, controls, and 
display- control arrangements, and to 
write the systems specifications for them. 
But it has to be done, and some systems 
engineer must do it. The human factors 
engineer can re -apply his experiences 
and knowledge gained from other proj- 
ects; and his engineering rates are com- 
parable. Since the project engineer can 
allocate such work to the human factors 
engineers. much precious design engi- 
neering time can be directed toward the 
other phases of equipment design and 
development. 

CONCLUSION 

The solution of human factors engineer- 
ing problems in this manner. starting 
with the early system design and con- 
tinuing through the hardware design 
phases, avoids the unnecessary risk of 
having the systems and design engineers 
attack the entire problem and not solve 
the human factors problems. Such em- 
ployment of the human factors engineer 
also avoids many F :CN's that would other- 
wise be generated at the design review. 
To include the human factors engineer 
as a member of the system engineering 
team and the design engineering team 
not only saves time and money but also 
yields a better product. And that's much 
more than just the "blessing "! 

Department of the Coral Gables Hospital. Dr. 

Matty ¡oined RCA in 1960, as Systems Engineer 
and became a group leader in 1961. Currently, his 

group is responsible for all human factors engi- 
neering within his Division. He also consults 
throughout the company on man -machine problems, 
and is RCA's representative to the _IA subcom- 
mi-tee on Human Factors in Electronics. Dr. Matty 
is a Senior Member of the IEEE and a Member of 
the IEEE Groups on Engineering Management and 

on Human Factors in Electronics, a Member of the 

Eastern Psychological Association, ana of the Amer- 
ican Psychological Association (Society of Engineer- 
ing Psychologists). He is the author of numerous 

technical papers, and is listed in "American Men 

of Science." (Dr. Matty is shown in Fig. 3.) 

Fig. 3 -F. DeWitt Kay (left) and the author, Dr. Matty, use a full scale 
model for verifying compatibility of design and operating procedures. 
These racks are shown in the upper left corner of Fig. 2. 
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Life 
Sciences 

HUMAN 
FACTORS 

SELECTION OF 

LETTER SIZE AND LIGHTING FOR 

DISPLAY AND CONTROL 

PANEL LEGENDS 

Selection of proper letter size, background and illumination conditions for 

display panels is vital to good legibility. An experimental investigation of 

legibility using various letter sizes, ambient illumination conditions, viewing 

distances, and figure -background relationships is discussed herein; recom- 

mended letter heights for various viewing conditions are given in tabular form. 

A bibliography of basic works on legibility is included. 

W. R. BASKERVILLE and R. N. GILLIS 

Human Factors Engineering 
Systems Engineering, Evaluation, and Research 

DEP, Moorestown, N. J. 
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Fig. 1-Test panels used for the experiment. 

AMBIENT illumination requirements in 
monitoring and control rooms range 

from levels as low as 0.1 foot -candles 
where certain cathode -ray tube displays 
must be observed, to levels of 50 foot - 
candles or higher for other tasks. No 
matter what the ambient lighting re- 
quirements are, legends on display and 
control panels must be easily read from 
viewing distances determined by the 
operator's tasks. Well coordinated de- 
signs for displays and room illumination 
are required for efficient operation. 

LEGIBILITY 

Legibility of panel lettering is affected 
by a great many factors. For the panel 

Final manuscript received January 20, 1965 
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design, the most important of these fac- 
tors are: letter size, figure -ground con- 
trast, viewing distance and ambient illu- 
mination. Too often these factors are 
treated as if they were unrelated. Occa- 
sionally legends are not sufficiently legi- 
ble, but more often designs are more 
costly than required. For example, ex- 
pensive back -lighting is used where a 
slight increase in letter size might, in- 
stead, have provided adequate legibility. 
Or, panels are made larger than would 
have been necessary if smaller lettering, 
with proper ambient illumination, better 
figure- ground contrast or back -lighting 
had been used. Although most human 
factors handbooks recommend minimum 
letter sizes for given viewing distances 
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under "average" lighting conditions, 
similar data are not available for various 
levels of ambient illumination found in 
operations rooms. Clear -cut guidelines 
are also unavailable for determining 
under which viewing conditions panel 
legends should be back -lighted. Brief 
laboratory experiments were therefore 
conducted to fill the need for this type of 
design information. 

LEGIBILITY LAB TESTS 

Two fiberglass display panels (Fig. 1) 
with inverse figure -ground contrast rela- 
tionships were used to check legibility. 
Pigments and translucent materials for 
these test panels were the same as those 
used in the BMEWS system, but the ex- 

3/8 
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perimental results should be applicable 
to other systems as well. 

Reflec- 
Test Panels tance 

A. Opaque black letters on 2.4 
translucent white 11. 

B. Translucent white letters 
on opaque dark gray 

26.6 
6.6 

Figure 
Ground 

Contrast 
Ratio 

1 :4.6 

4:1 

Each panel had six rows of randomized 
letters with a different letter size for 
each row. Letter sizes were 1/2, 3 /g, 5/16, 

1/4, 3/56, and 1/8 inch. Adjustable lights 
in a wooden box behind the panels pro- 
vided two levels of hack illumination, a 
high value resulting in a brightness of 
23 foot -lamberts and a low level yielding 
1 foot- lambert as measured on the trans- 

3/8 7/16 1/2 

Fig. 2- Effects of ambient and back - 
illumination on legibility (black letters on 
translucent background viewed from 
10 -foot distance). 

lucent white background of Panel A. 
The panels could be moved from side -to- 
side behind a mask opening that exposed 
three letters at a time. Tests were con- 
ducted at five ambient illumination 
levels of 32, 16, 4, 1, and 0.25 foot - 
candles. Illumination and brightness 
measurements were taken with a Spectra 
Brightness Spot Meter. 

Six subjects were tested. They either 
had normal vision or their sight was cor- 
rectable by glasses. Those normally 
wearing glasses were asked to use them. 
The subjects were asked to read aloud 
five groups of three letters each, for 
every letter size starting with the largest. 
This procedure was repeated for both 
panels. Legibility was established for 

WORTHAM R. BASKERVILLE received his BA in 

Psychology from Brown University in 1958 and an 

MA degree in the same field from Temole Univer- 

sity in 1960. In 1959 he joined RCA and is now a 

member of the Human Factors Engineering activity 
in DEP's Systems Engineering, Evaluation and 

Research (SEER) organization. He has participated 
in the BMEWS, Dyna Soar, ComLogNet and 

AADS -70 programs. He specializes in the analysis 

of control and display requirements for man - 

machine systems and in the development of operat- 

ing procedures. 

ROBERT N. GILLIS holds a Bachelor of Fine Arts 

degree in Industrial Design awarded by the Phila- 

delphia Museum College of Art in 1959. The same 

year he joined RCA, Moorestown, where he is now 

a member of SEER's Human Factors Engineering 

team. He has participated in the design of display 

and control facilities and operation centers for 

BMEWS, for an Executive Coordination Center, 

The SAC Airborne Command Post, the Apollo 

Ground Ope -ational Support System and for an 

advanced mobile air defense system (AADS -70). 

each of the five room illumination levels 
and the two back -illumination levels at 
distances of ten and two feet. 

BACK -LIGHTING EFFECTS 

Graphs in Fig. 2 show typical effects of 
back -lighting on legibility for a panel 
with dark lettering on a translucent 
white background viewed from a dis- 
tance of 10 feet. It can be seen that, even 
with high ambient illumination, back- 
lighting of legends can reduce reading 
errors. However, for perfect legibility 
(zero reading errors ) at 32 foot- candles 
of ambient illumination, letters cannot 
be made any smaller, whether back- 
lighting is used or not. With 16 foot - 
candles ambient illumination, slightly 
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smaller letters could be accurately read 
when these were back illuminated. At 
4 foot -candles, and below. legibility was 
significantly improved through back- 
lighting. To be readable without errors 
at 4 foot -candles of ambient illumina- 
tion, letters that were not back -lit had to 
be made about 50'; larger than back -lit 
ones. At 1 foot- candle, the required dif- 
ference in size was 100", , and at 0.25 
foot -candle, it was even greater. Or, 
as the graphs show, under the 1 foot - 
candle ambient, back- lighting reduced 
reading errors for 0.25 -inch letters from 
60 %, to 0; and under 0.25 foot -candles 
of ambient illumination, back -lighting 
reduced reading errors for 0.25 -inch 
letters from 90% to 0. Thus, at 4 foot - 
candles of ambient illumination and be- 
low, back -lighting of legends is advis- 
able. However, for only moderately low 
ambient levels, economic factors may 
dictate the use of larger lettering in 
place of hack- lighting. 

BLACK -ON -WHITE VS WHITE -ON -BLACK 

Comparing the two types of panels, one 
with black letters on translucent white, 
the other with white letters on a dark 
background, also produced some inter- 
esting results. When no back -lighting 
was used, both panels were about 
equally legible with an ambient illumi- 
nation above 4 foot -candles. But at 4 
foot -candles, and below, the panel with 
white letters on a dark background was 
significantly easier to read than the 
other. When back- lighting was used. 
improvement in legibility was greater 
for the black -on -white panel than for the 
white -on -dark, with the result that both 
back -lit panels were nearly equal in 
legibility. For non -back -lit legends, with 
ambient lighting of about 4 foot -candles 
or less, it is therefore recommended that 
white letters on a dark background be 
used. The same recommendation also 
applied to back -lit panels, since bulb 
failure may require them to be read 
under existing ambient illumination. 

HIGH AND LOW BRIGHTNESS 

Comparing data for high and low bright- 
ness produced by the two levels of rear - 
illumination, the following was found: 
for the panel with dark letters on a 
translucent white background the two 
levels produced no differences in legi- 
bility. However, at low ambient levels, 
white letters on a dark background were 
harder to read with high back- illumina- 
tion than with low. The latter effect has 
been attributed to dazzle, or "blooming" 
of letters when the figure -to- ground con- 
trast becomes too severe. It is recom- 
mended that the back- illumination of 
legends to adjusted to yield a brightness 
no greater than about two to three times 
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that produced by the ambient illumina- 
tion on an ideal, diffusing reflector. 
Thus, for an ambient illumination of one 
foot -candle, brightness of a rear- illumi- 
nated legend should only be about two 
or three foot -lambert. 

RECOMMENDATIONS AND CONCLUSIONS 

Recommendations based on this study 
are summarized in Table I. Entries in 
the table also show distances, in inches, 
at which letters of the sizes listed across 
the top can be read without error. The 
table reflects the effects on legibility of: 
1 t white -on -dark lettering versus black - 
on- white. and 2) back- lighting. 

In using this information, a designer 
should consider economic factors. For 
example. as already mentioned it may 
be cheaper to increase letter size than to 
provide back- lighting. Or, the ambient 
illumination may be increased somewhat 
to allow the use of smaller characters. 
Though further investigation is required 
to provide statistical validity, the data 
presented here are conservative and can 
serve as useful guidelines for panel de- 
signers. This experiment dealt with only 
a few of the more important factors in- 
fluencing legibility of panel lettering. 

Other aspects of legibility are dis- 
cussed in the bibliography listed below. 
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TABLE I- Recommended Maximum Viewing Distances for Different Letter Sizes, 

Ambient Lighting Levels and Letter -to- Background Relationships 

Ambient Illumination 
Level (foot- candles) 

Letter to Background 
Itelati"uship' 

Max. View Distance, Inches, for 
1, 8- to 1/2 -inch Letter Heights 

1/8 3/18 1/4 5/16 3/8 1/2 

32 B/W or \\', B 60 90 120 150 180 240 

18 I1/1V or 1V/13 48 72 96 120 149 192 

4 B/\\' 40 60 80 100 120 160 

4 \V, li 48 72 96 120 144 192 

B, \V 30 45 60 75 90 120 

\Vli 40 60 80 100 120 160 

0.25 B/W 16 24 32 40 48 64 

0.25 W, It 30 45 60 75 90 120 

Back -Lit" at all 13/\V or \V /B 98 72 96 120 144 192 
Amhients of 16 ft -c 
and lower 

(latter preferred) 

B/W -black letter on white background 
W/B -white letter on black background 

Back -lit areas of the panel should he illuminated to a brightness not exceeding two to three times that 
pmdueert by the ambient on an ideal, diffusing reflector (e.g. for 1 ft -e ambient, panel brightness should 
be no greater than 2 or 3 foot -lamberts). 
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NEW APPROACH TO WRITING 
OPERATOR PROCEDURE MANUALS 

Described herein is a scheme for an easy -to -use, completely stimulus- oriented 
procedures manual. For maximum efficiency, concise instructions and pro- 
cedures closely follow the pattern in which the operator must carry out his tasks. 

T. G. WIEDMAN and Dr. F. H. IRELAND, Mgr. 
Human Factors Engineering 

Systems Engineering Evaluation and Research 
DEP, Moorestown, N. J. 

PROCEDURE manuals are intended to 

provide an operator with necessary 
guidelines for performing his functions 
as a systems component. Depending 
upon the selection and organization of 
the content, such manuals can either be 
very useful job -aids or merely added 
burdens for the operator. 

Unfortunately, many present proce- 
dures manuals are wordy and difficult to 
follow. They concentrate on how pro- 
cedures are to be performed without 
sufficient attention to the conditions 
under which they must be carried out. 
Frequently they do not give the operator 
sufficient information either on the 
meaning of the stimuli he receives or on 
the effects his actions have upon the 
system. Lacking such information a 

console operator becomes a mere autom- 
aton who cannot be expected to exercise 
proper judgment during unusual operat- 
ing conditions or emergencies. 

REQUIRED ORIENTATION 

In our opinion, a procedures manual 
should be patterned closely after the 
manner in which the operator must ac- 
tually carry out his tasks. Since most 
operational tasks are triggered by sig- 
nals or stimuli reaching the operator 
through his senses, a procedures manual 
should first answer the question: Given a 
certain stimulus such as the lighting of 
an indicator or the sounding of a buzzer, 
what specific action or actions should the 
operator perform? If more than one ac- 
tion is required, the operator should be 
told how, and in which sequence to per- 
form them. All of this should be done 
in a manner which leads the operator 
most directly, and with minimum time 
wasted in reading instructions, from the 
stimulus to the action sequence required. 

But, a good procedures manual should 
also increase the man's understanding 
of his job; it should clarify the mean- 
ings of the various indications, requests 
and commands he may receive and ex- 
plain how each of his actions affects the 
system. These explanations should be 
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associated with the listings of stimuli 
and prescribed operator actions in such 
a way that an operator can learn imme- 
diately the meaning of the stimuli or the 
effects of his actions without having to 
hunt through other sections of the man- 
ual for the information. And yet, such 
explanations should not interfere in any 
way with the simple and direct presen- 
tation of the essential stimulus- action 
sequences. This article presents a 
method of selecting and organizing ma- 
terial for procedure manuals to satisfy 
these objectives. 

ACTION ANALYSIS 

The first step in generating material for 
a procedures manual is to analyze, in 
detail, the functions an operator is to 
perform and the man -machine interac- 
tions that are involved. This analysis 
should also include the identification of 
all known stimuli that should trigger 
appropriate operator responses. Many 
stimuli are equipment generated, such 
as audible alarms or visual indications 
on console panels, wall displays, or 
printouts; some may come in the form 
of verbal commands and requests. A 
few operator actions such as the check- 
ing or adjusting of his equipment may 
be considered self -initiated. 

It is convenient to record the analysis 
results in the form of action -decision 
flow diagrams which show operator ac- 
tion sequences appropriate to specific 
stimuli and identify the feedback indi- 
cations which he can expect from the 
equipment as a result of his control ac- 
tions. Such diagrams later become very 
useful elements of the actual procedures 
manuals (Fig. 3) where they serve as 
"road maps" for operator actions. An- 
notated rectangles in these diagrams 
represent individual operator task ele- 
ments. Arrows interconnecting the rec- 
tangles indicate the proper sequences in 
which actions must be carried out. Dia- 
mond- shaped boxes identify decision 
points where yes or no judgments are 
required. The decision boxes, in turn, 
form branch -points from which alter- 

nate action paths originate. Sometimes 
these paths may lead back to the begin- 
ning of a previously executed set of steps, 
thus reiterating certain portions of the 
procedure. Or they may continue for- 
ward with new action steps. Feedback 
indications from the equipment, on the 
successful completion of actions are also 
shown in the diagrams. Let us next 
consider how the manuals themselves 
should be structured. 

STRUCTURING THE MANUAL 

Briefly the proposed scheme involves in- 
cluding in the manual, an action direc- 
tory which lists all operationally rele- 
vant stimuli and relates these to the 
specific operator actions called for. This 
directory is followed by a procedures 
section with a series of easily interpre- 
table action -decision diagrams which 
pictorially show the steps in the length- 
ier or more involved action sequences. 
All stimulus listings and action -decision 
diagrams are presented in the left-hand 
pages of the manual while concise notes 
in the right -hand pages explain the sig- 
nificance of each indicator, control or 
action. Thus, the left -hand pages are 
strictly reserved for extremely simple, 
direct, and in many cases pictorial, pre- 
sentations of stimuli, actions and proce- 
dures, while those on the right contain 
the explanations that tell an operator 
the meanings of these and the conse- 
quences of his actions. 

This organization of the material is 
apparent in Fig. 1, which shows a pro- 
cedures manual opened to a typical 
page of the Action Directory section. 
The left -hand pages contain the actual 
directory, while accompanying notes are 
presented on the facing pages. A thumb 
index permits ready access to any de- 
sired section of the manual. The major 
sections are: 1) Illustrations, 2 ) Instruc- 
tions, 3) Action Directory, 4 ) Proce- 
dures and 5) Appendices. 

Illustrations 

The thumb tab for the illustrations sec- 
tion is not visible in Fig. 1, since it is 
attached to the left -hand margin of the 
panel illustration shown unfolded to- 
ward the left. The panel illustration is 
so fastened in the manual that it can re- 
main unfolded and completely exposed 
while the operator turns to any page. 
Every panel component shown in the 
fold -out is keyed to the text by means of 
its name and location code, so that the 
operator can readily associate listed 
stimuli or actions with pertinent panel 
indicators and controls. 

Instructions 

The Instructions section of the manual 
states the functions to be performed by 
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Fig. 1- Procedures manual opened 
to the Action -Directory section. 

the operator and his equipment within 
the system context and describes the 
purpose and organization of the book. 
It also contains detailed directions for 
the proper use of the manual. 

Contents of the Action Directory and 
Procedures sections will be covered in 
greater detail below. The Appendices 
contain such auxiliary job -aids as look- 
up tables for digital codes, and homo- 
graphs or charts that have to be referred 
to occasionally. 

Action Directory 

Fig. 2 shows two pages in the Action 
Directory section of a typical manual. 
Location codes for panel indicators (op- 
erator stimuli) are shown in the first 
column. These are the same as used on 
a panel illustration such as the one 
shown folded out to the left in Fig. 3. A 
complete location code for a given panel 
component consists of a letter designa- 
tion for the functional area plus a num- 
ber for the component. An operator can 
thus readily associate a called -for action 
with the pertinent panel indicator or 
control. 

In the second column all panel indi- 
cators and controls are listed by name. 
Below each name, in parenthesis, the 
component type is indicated (e.g. PS 

push switch, RS = rotary switch, 
IND = indicator light). 

Indications calling for action (e.g. red 
illumination of an indicator light) are 
shown in the third column, while the 
actions themselves are listed in column 
four. Where only a few actions are 
needed, these are stated in the Action 
Directory. But for a lengthy action se- 
quence, especially if it involves alter- 
nate action paths, the operator is re- 
ferred to the appropriate action -decision 
diagram in the succeeding Procedures 
section of the manual. 

On the right -hand pages of the Action 
Directory, keyed directly to the stim- 
ulus- action listing on the left, are re- 
marks which explain the meaning of 
each indication and the effects which 
each panel control has on the system. 
Thus, to learn what a given panel indi- 
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cation means or how a control works, 
the operator need merely look at these 
accompanying remarks. Yet, by keep- 
ing the notes separately in the right - 
hand pages, they do not interfere with 
the terse, logical presentation of es- 
sential operating procedures. Stimuli 
which may come to the operator from 
sources other than his console panel, 
such as from printers or wall displays 
or via telephone from other persons 
are similarly listed and annotated in 
separate subsections of the Action 
Directory. 

Procedures Section 

Some action sequences are too lengthy 
or complicated to be adequately de- 
scribed in the narrow Action columns 
of the directory. For these, a notation 
in the Action column will refer the 
operator to the Procedures section of 
the manual. For example, if Item A -1, 

DR. FRED H. IRELAND received his BS (1948), MA 
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from Fordham University. From 1950 to 1952 he was 

Senior Research Associate with the human factors 
consulting firm of Dunlap and Associates where he 
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marine fire control project. He then spent two 
years as a Research Psychologist with the N.Y. State 

Psychiatric Institute. In 1955 he joined RCA. As 

Manager of the Moorestown Human Factors Engi- 

neering activity he directed the human engineering 
efforts for TALOS, for the Atlas Launch Control and 

Checkout System and for BMEWS. He also held an 

appointment of human factors consultant with the 
HQ. USAF Directorate of Installations. For an 

eighteen month period, starting early in 1962, he 

held the position of Assistant Director for Infor- 
mation and Control Systems and Human Factors in 

NASA's Office of Manned Space Flight. Since re- 
joining RCA in 1963 he has been manager of Com- 
mand Systems and Human Factors in DEP's Systems 
Engineering, Evaluation and Research (SEER) ac- 
tivity. He holds membership in IEEE, APA, and 
Sigma Xi. 

THOMAS G. WIEDMAN received the 85 in Psy- 

chology in 1954 from St. Louis University, where 
he subsequently continued with graduate studies. 
During a two year period starting 1956, he car- 
ried on psychological research for the State of 
Illinois. Subsequently, as a member of the Systems 
Development Corporation he participated in the 
design of simulation and training problems and 
defined operator information requirements for the 
Air Defense Command. At RCA since 1962, he 

the New Alarm indicator in Fig. 2 

lights, accompanied by an audible 
alarm, the operator should refer to Pro- 
cedure I -1. Fig. 3 shows the pertinent 
pages in the Procedures section of the 
manual that tell the operator how to 
perform Procedure I -1. The diagram on 
the left -hand page tells the operator 
with few words: 1) the action se- 
quence he is to perform, 2) the feed- 
back information to be expected as a 
result of each action, and 3) the deci- 
sion points in the sequence. Required 
iterations of certain action sequences, 
as well as alternate action paths, can be 
clearly identified in such a diagram. 
The, by now, familiar location codes of 
panel components referred to in the 
diagram are again included for easy 
reference. As before, notes on the right - 
hand pages explain the meanings of 
indications and operator actions. 

CONCLUSION 

The manual is thus completely stimulus 
oriented; given a certain stimulus, the 
book tells the operator specifically what 
procedure to use. The feasibility of 
structuring a procedures manual in this 
manner has been tested for the main 
console in the computerized message 
center of the AUTODIN system. While 
the scheme, thus far, has only been 
considered in connection with console 
operator procedures, it may prove 
equally useful for other personnel tasks, 
including trouble shooting and mainte- 
nance activities. 
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tions, operator monitoring and control functions 
and display information requirements for NASA's 
Integrated Mission Control Center, for a Navy 
Combat Information Center, and for a Navy Ad- 
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techniques for the Navy's Communications Auto- 
matic Processing Equipment. His current work on 
operating procedures for AUTODIN led to the 
revision of procedure manuals discussed in his 

article. He holds membership in The Human 
Factors Society, The Institute of Aeronautics and 
Astronautics, and in the Association for Computing 
Machinery. 
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Fig. 2- Typical pages in the Ac ion-Directory section. 

INDICATOR /CONTROL 
-- -- 

INDICATION 

- - - - - -- -- - - -- -- 
ACTION LOCATION LABEL /TYPE 

A -1 NEW ALARM 
(IND*) 

Red A minor 
audible 
alarm *** 

Perform Procedure I -1: Selective 
Searc'.i - New Alarms 

A -2 NEW ALARM 
(PS * * /IND) 

White 
(momentarily) 
when 
depressed) 

Part of Procedure I -1: Selective 
Searco - New Alarms. (Light incite- 
aces program acceptance of operator 
cosmand given by depressing A -2). 

A -3 OLD ALARM 
(PS /IND) 

White 
(momentarily 
when 
depressed) 

Part of Procedure III -1: Selective 
Search - Old Alarms. (Light indic- 
ates program acceptance of operator 
command given by depressing A -3). 

A -4 COS 
(PS /IND) 

White 
(momentarily 

when 
depressed) 

Part of Procedure III -3: Selective 
Search - Channels Dut of Service. 
(Light indicates program acceptance 
of orerator command given by de- 
preteing A -4). 

A -5 RESET 
ALARM 
(PS /IND) 

White 
(momentarily 
when 
depresses) 

Part of Procedures I -1 and III -1. 
(Light indicates program acceptance 
of operator command given by de- 
pressing A -5). 

A -6 DISPLAY 
KEYSET 
(PS /IND) 

White 
(momentarily 
when 
depressed) 

Part of Procedure III -4: Selective 
Search - Special Channels. (Light 
indicates program acceptance of 
operator command given by depressing 
A -6). 

A -7 CLEAR 
DISPLAY 
(PS /IND) 

White 

(momentarily 
when 
depressed) 

Part of Procedures III -3 and III -4 
(Light indicates program acceptance 
of operator command given by de- 
pressing A -7). 

* IND - Indicator 
We PS - Pushswitch 
*** Minor audible alarm (chime) 

AD-4 

I -1 

Re<or event 
in System 
Console Log 

1-1h 
In orm na 
tenon e o 

alar re- 

occurance. 

I -1 

See A tion 
Dire< ory 
for further 

procedures 
during re- 

of 

alarms A-8 

thru A -18 

P-2 

0 

o 

o 

3 

o 

o 

REMARKS 

NEW ALARM A -1 indicator illuminates red, channel pushswitch C -5 illuminates 
red and minor audible alarm sounds whenever channel error occurs. s -1 
indicator light is extinguis.ied when NEW ALARM A -2 is actuated. 

NEW ALARM A -2 pushswitch is depressed whenever NEW ALARM A -1 indicator is 

illuminated red. Actuating a -2 causes the following: A -2 illuminates white 
momentarily and is reset by program control; A -1 indicator light in extin- 
guished; identification code of faulty channel is shown on ] ESIGNATION A -22 
and NUMBER A -23 displays; alarm cause(s) are displayed on relevant indicators 
A -8 through A -18. 

OLD ALARM A -3 pushswitch is depressed in order to scan through alarmed 
channels in old alarms list. Actuating A -3 causes the following: A -3 

illuminates white momentarily and is reset by program control; identifica- 
tion code of faulty channel is shown on DESIGNATION A -22 and NUMBER A -23 dis- 

plays; alarm cause(s) are displayed on indicators A -8 through A -lf 

COS A -4 pushswitch is depressed in order to s n through channels moose 
out -of- service bit has been set. Actuating A-4 causes the follow-1g: A -4 

illuminates white momentarily and is reset by program control; Ide- tlfica- 
tfon code of faulty channel is shown on DESIGNATION A -22 and NUM; A -23 
displays; alarm cause(s) are displayed on indicators A -8 through x -18. 

RESET ALARM A -5 pushswitch Is depressed to reset alarm bits in AD3 tallies 
of channel currently being Misplayed. Actuating A -5 causes the f= lowing: 
A -5 illuminates white momentarily and is reset by program control; identi- 
fication code of faulty channel in DESIGNATION A -22 and NUMBER A -7 dis- 
plays is erased; alarm cause(s) displayed on indicators A -8 throu h A -l8 
are erased. 

DISPLAY KEYSET A -6 pushswitch is depressed, along with insertion tt a partic- 
ular channel number on keyset A -24 to determine the status of that channel. 
Actuating A -6 causes the following: A -6 illuminates white moment Lily and is 

reset by program control; identification code of faulty channel in shown on 
KEYSET DISPLAY A -21, DESIGNATION A -22 display and NUMBER A -23 disc lay; 
alarm cause(5) are displayed on indicators A -8 through A -18. 

CLEAR DISPLAY A -7 pushswitca is depressed to clear information SE . into 

e 

keyset logic and displays. Actuating A -7 causes the following: -7 illumin- 
ates white momentarily and is reset by program control; channel rmabers shown 
on the DESIGNATION A -22 and NUMBER A -23 displays are erased; slat -. cause(s) 
displayed on indicators A -8 through A -18 are erased. 

AD-5 

Fig. 3- Typical pages in the Procedures section. 

PROCEDURE I -1 SELECTIVE SEARCH -NEW ALARMS 

Procedure Feedback 

I- IA 

Depress CHANNEL 
pushswitch G -5 r - 

_ - - G -5 lit momentarily ` 
I-Ib 
Depress NEW ALARM 
pushswitch A -2 

I-lc r 
Identify channel 
and cause for 
alarm 

I-ld * 
Depress RESET 
ALARM push - 
witch A -5 

I-le 
let 

oofu this e 
channel 
alarm 

Yes 

I-lg 
Monitor or re- 

of 

same 
occurance 

alarm 

Yea 

occurance 
of same 

channel 
alarm 

I -1k V 
STOP ACTION 

N 

1-A-2 lit momentarily; NEW MARL 1 
indicator A -1 light extinguish -1 

A ed; identification code of I 

faulty channel is shown on 
DESIGNATION A -22 and NUMBER 
A -23 displays; alarm cause(e) 
are displays; alarm cause(s; I 

`indicators A -8 thee A -18. J 

I -A -S lit momentarily; ldenti- T 

I fication code of faulty 
l 

I 
channel shown on DESIGNATIOi i _ _4 A -22 and NUMBER A -23 displa7s; 

l alarm cause(s) displayed on 
l indicator(a) A -8 ehru A -18 are 

erased. _ 

o 

o 

o 

NOTES 

I -la Actuating G -5 silences audible alarm. 

I -1b Actuating A -2 extingnishes A -1 light and causes the identi-. number 
of the channel with a new alarm to be shown on DESIGNATION t-22 

and NUMBER A -23 displays; cause(s) of alarm are also presented by 

indicators A -8 throw3h A -18. 

I -lc Causes for alarm are indicated on panel as; NO SYNC A -8; REP DM 
REQ A -9; BUFFER IN A -10; BUFFER OUT A-11; BLOCK RR IN A -12. BLOCK 
RR OUT A -13; TTY ACTT A -14; ERROR DET A -15; ONE WAY IN A -1h; ONE 
WAY OUT A -17; or COS A -18 (See Action Directory for meanins of 
each). 

I -1d Depressing A -5 will reset the "alarm" and "displayed" bits in 
the ADO tallies of the channel currently being displayed. 

I -le Alarm reoccurance will be identified by illumination of NBC ALARM 
A -1 indicator and presence of minor audible alarm. 

I -1f Refer to APPENDIX B -1 for format used in recording entries in 
System Console Log. 

o 

I -1g The first o 
n 

of a channel alarm may not he critica_ since 
the error may ubeself correcting within the system. 

I -li If an alarm does not reoccur after depressing the RESET A_MiN 
A -7 pushswitch, no further operator action is requ =red; a re- 

urance of the sane alarm, however, will require additional pro- 

cedures to be followed as outlined in the Action Director, for 

alarm indications A -8 through A -18. 

I -11 Actions to be performed following r 
e 

occurence of alarm incise- 
tints A -8 through A -18 are found on pages 24 -27 of the Action 
Directory. 

P-3 
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DATA PLOTTING BY DIGITAL 

COMPUTER 

The computerized test -data system now in use in Harrison for tube production 
has been expanded to include automatic data plotting. Several fast and com- 

prehensive data -plotting programs have been written for both the RCA 301 

and 501 computers which take advantage of the computer's inherent capa- 
bilities for large- volume, high -speed handling of the basic data. This paper 
describes histograms, X -Y plots, statistical calculations, and scientific curve 

plotting, and draws some comparisons between computer -plotted curves and 

those possible with an automatic data plotter. 
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Electronic Components and Devices, Harrison, N. J. 

Fig.1- Histogram. 
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M 
ANUAL data plotting, especially of 
readings from production testing, 

has always been a favorite method of 
data reduction with engineers. Data in 
tabular form are usually difficult to in- 
terpret. but when they are presented in 
the pictorial form of a histogram or X -Y 

chart, they not only yield to ready in- 
terpretation, but make the results easier 
to explain to others. 

In January of 1961, a test -data system' 
was established using the RCA 501 com- 
puter at Harrison, New Jersey. This sys- 
tem collects test data from many loca- 
tions, system- orients this data, and then 
stores it in large volume, both on 
punched cards and on magnetic tape. 
The computer capability of fast data 
preparation and low -cost analysis re- 
placed the slower and more costly man- 
ual method of compiling and analyzing 
data from printed test -sheet files. Data 
can now be analyzed, not only in times 
of trouble, but on a continuous basis. 
The probability of improved product 
performance because of large -volume 
analysis and rapid feedback of control 
information to the production areas was 
greatly increased. 

As a next step to enhance the data 
analysis, the data -reduction technique 
of plotting histograms and X -Y charts 
from computer - prepared data was desir- 
able. At first, the possibility of plotting 
large quantities of data by means of an 
automatic data plotter was investigated. 
This plotter had the capability of plot- 
ting data from either punched cards or 
Final manuscript received October 5, 1964 

Fig. 3- Scatter diagram X -Y chart. 
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magnetic tape. Although the charts 
produced were satisfactory, it was felt 
that certain definite advantages could be 
realized if a plotting program could be 
written for the computer. The initial 
programe was written for the RCA 501 
computer and produces the following 
charts: 

1) Histogram. (Fig. 1) 
2( X -Y Charts: frequency table ( Fig. 2), 

scatter diagram (Fig. 3), and multi - 
plot (Fig. 4). 

As soon as the 501 computer data -plot- 
ting program became operational there 
was an immediate favorable response 
from engineering. Charts were requested 
not only for their value in process con- 
trol and component design, but also for 
their value as performance indicators 
that could be sent to a customer on re- 
quest. 

The speed with which a computer ac- 
cepts and plots data can result in a con- 
siderable saving in time over manual 
plotting. The time required to form and 
print a histogram or any X -Y chart for 
200 data points, using the initial pro- 
gram, is approximately 7 seconds. The 
same chart, hand -plotted, requires at 
least 30 minutes. 

Several faster and more comprehen- 
sive plotting programs for the RCA 501 
and 301 computers, all operationally 
similar. have been written since the ini- 
tial 501 program. The initial 501 pro- 
gram operates as follows: 

1) A data table is formed in the computer 
memory or on a magnetic tape from 
data that are read into the computer 
memory either on punched paper tape 
or on magnetic tape. 

R. E. SIMPKINS received the BA in Physics from 
Oberlin College in 1950 and the MS in Applied 
and Mathematical Statistics from Rutgers, the State 
University, in 1956. He joined RCA in 1951 as a 

Quality Control Engineer in the Electron Tube 
Division. His responsibilities included the estab- 
lishment and maintenance of process controls, the 
statistical design and analysis of experiments, and 
the instruction of personnel in Quality Control 
techniques. Since 1959 he has been a Senior Analyst 
Programmer for Data Systems and Services in the 
Electronic Components and Devices organization. 
His work involves the analysis and design of tech- 
nical data systems, scientific computer program- 
ming, the instruction or engineering personnel in 

problem solving by computer, and the statistical 
analysis of data from various engineering sources. 
He designed and wrote the RCA 501 and 301 plot- 
ting programs described in this paper. His most 
recent assignment Involved the systems analysis 
and programming of a high -reliability testing pro- 
gram in support of an aerospace contract for 
integrated -circuit devices. Mr. Simpkins served in 

the U. S. Navy in 1944 -45 as an Electronics Tech- 
nician. He Is a member o` the ASQC and the IEEE. 

2) Histogram and X -Y plot parameter 
messages (a message is the unit of 
information for the RCA 501 com- 
puter) are read in on punched paper 
tape. 

3) The data table is then consecutively 
searched for the data requested by 
each plot parameter message. 

4) The requested plots are formed in the 
computer memory and then either 
printed immediately on the on -line 
printer or are written onto a magnetic 
tape for later off -line printing. 

The size (i.e., the number of cells) and 
the labeling of each plot is entirely con- 
trolled by the information contained in 
each plot parameter message. Several 
charts of the same data can be plotted to 
different scales within the same plotting 
run by slight changes in the content of 
the plot parameter messages. Therefore, 

Editor's Note: Diagrams photographically reduced from full -size 
computer print -outs, with unavoidable loro of detail. 

Fig. 4 -Multi -plot X -Y chart. 

the chart most advantageous to the data 
presentation can be selected at the end 
of the run. 

In addition. because the "plotting" is 
done within the computer, an excellent 
opportunity is afforded for making sta- 
tistical calculations and comparisons at 
the time of plotting. These reduced data 
results can then become an integral part 
of the printed -out chart. 

Although the value of the histogram 
and X -Y chart are well known and can 
usually be found in elementary texts on 
statistics or quality control. a few words 
about each may serve to explain why the 
computer plotting programs were writ- 
ten and also to make the discussion 
which follows more meaningful. 

Fig. 5- Multi -plct showing average curie 
( #) together with band of individual curves. 
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THE HISTOGRAM 

Fig. 1 is a histogram of 53 plate- current 
readings for electron tube type 262A. 
This histogram presentation is typical 
for production test data, and is formed 
by dividing the spread of data into 
equally spaced cells and adding an in- 
crement of space such as occupied by an 
X (or any other convenient symbol) to 
the cell for each unit of data that falls 
within that cell. 

The histogram has "central tendency." 
The average of all the readings is a 
measure of the location of this central 
tendency. If the plotted readings repre- 
sent a random sample of all the produc- 
tion readings of the same kind, produced 
within a given period, then the histogram 
is a good estimate of the true underlying 
mathematical distribution of the variable 
being studied in the production process. 
In general, the larger the random sam- 
ple, the better the estimate will be. 

If the histogram is peaked at the cen- 
ter and trails off symmetrically to both 
sides, the mathematical curve that it esti- 
mates may be the well known "normal" 
distribution. If the histogram is skewed 
in one direction, it may be an estimate 
of the asymmetrical Poisson distribution. 

The histogram plot does not prove 
which particular curve represents the 
distribution of a given variable of the 
production process; this determination 
must be proved by mathematical analy- 
sis. This analysis can usually be per- 
formed most efficiently with the aid of 
the computer at the time of plotting, and 
the results can be recorded on the 
printed chart. 

Once it has been determined that a 
particular mathematical curve is a satis- 
factory representation of the distribution 
of a production variable, all of the sta- 
tistical theory associated with this curve 
can be confidently applied in process 
quality control, component design, statis- 
tically- designed experimentation. relia- 
bility studies, etc. With knowledge of 
the existence of a particular mathemati- 
cal curve. the error associated with an 
estimate can be determined with pre- 
dictable confidence. 

The spread or dispersion of the histo- 
gram is often compared to upper and 
lower specification limits for a particular 
test in order to estimate the amount of 
scrap that may be expected in production 
testing. The center (average) of the 
distribution may be compared to the 
"bogie" or "target value" for the charac- 
teristic being studied, and in this way 
the histogram can serve as a rapid esti- 
mator of performance. It can also serve 
to indicate when a process should be 
subjected to an extensive analysis or 
when it is better left unchanged. 
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THE X -Y PLOT 

The frequency table, Fig. 2 and the scat- 
ter diagram. Fig. 3 indicate whether or 
not two variables are related and the na- 
ture of the relationship. The closer the 
plotted points fall to a narrow path, the 
closer the relationship or correlation. If 
the data collected comprise random sam- 
ple of measurements from a production 
process, then the curve that is suggested 
by the plotted points is often a good esti- 
mate of the mathematical curve that rep- 
resents the true relationship between the 
two variables. If this relationship is 
close, then the dependent variable Y can 
he accurately estimated from the inde- 
pendent variable X. A line or curve can 
be mathematically fitted to the data at 
the time of plotting and used for estimat- 
ing. This technique can be used to elim- 
inate one of two production tests, and is 
especially useful when one test is destruc- 
tive, and the other is not. The elimina- 
tion of unnecessary testing is one of the 
major advantages of large -volume plot- 
ting. Other advantages are the setting 
of proper test limits, and the calibrating 
of test equipment. 

The frequency table, like the scatter 
diagram, is an excellent indicator of the 
relationship between two variables. In 
addition, since the frequency table indi- 
cates the number of plotted points that 
fall coincidentally, it can be used to plot 
many sets of frequencies, each represent- 
ing the frequencies for a histogram, in 
time- series sequence on the same chart. 

The multi -plot shown in Fig. 4 is an 
example of the plotting of several groups 
of data, each with a separate symbol, on 
the same chart. These groups may rep- 
resent samples from a production proc- 
ess taken at different time periods, and 
plotted to detect "out -of- control" situa- 
tions as indicated by a shifting position 
of the line or curve. The multi -plot is 
also useful in indicating the relationship 
between two variables when they are sub- 
jected to varying operating conditions. 

When a scatter diagram indicates a 
weak relationship between two variables. 
and theoretically a strong relationship is 
expected, the cause may be a strong 
third variable that has not been consid- 
ered. The plot of the independent vari- 
able X1, for example, may indicate a 
close relationship with Y, but the inde- 
pendent variable X2, even though it is 
believed to be closely correlated with Y, 
may indicate almost no relationship. The 
relationship between X2 and Y may only 
become apparent when the influence of 
X1 is removed. The technique for re- 
moving the influence of XI will not be 
discussed here' but is mentioned only as 
a warning against hastily rejecting inde- 
pendent variables that are to be sub- 

jected to multiple correlation and regres- 
sion analysis, merely because their sim- 
ple plots indicate a weak relationship 
with the dependent variable Y. 

PRODUCTION DATA PLOTTING 

The real values of the histogram and the 
X -Y chart are often overlooked. Even 
without a mathematical analysis, these 
plots can serve as indicators of the direc- 
tion that an investigation should take or 
at what point in a production operation 
the greatest effort should be spent. 

Histograms and X -1' charts often show 
surprising facts about variables.' The 
relationship that was expected by known 
principles may exist for most of the data, 
but often there are "wild" or "maverick" 
points, or groups of points, that behave 
in a strange manner. An analysis of 
these peculiarities frequently leads the 
investigator to important discoveries 
about the process being studied. Such 
an analysis should be conducted before 
the data are subjected to statistical anal- 
yses such as multiple regression or vari- 
ance. In a regression analysis, for 
example, a wild point would cause the 
line or curve to pass through the wrong 
average I unless balanced by another 
wild point ) and would produce errone- 
ous correlation parameters. Data plot- 
ting is therefore a valuable screening 
device. In addition to indicating the dis- 
tribution of variables about their aver- 
age, and the relationship between two 
variables, the histogram and X -Y plots 
are useful in detecting data irregularities 
caused by testing errors or component 
defects. It is from the investigation of 
"maverick" points that some of the most 
useful production and design informa- 
tion is obtained. For this reason, appar- 
ent wild values should be discarded only 
after careful consideration. As previously 
mentioned, the maverick point may be 
caused by a strong variable not included 
in the analysis, and therefore, indicates 
that a mathematical model other than the 
one being considered is appropriate. 

STATISTICAL CALCULATIONS 

Although the histogram and X -Y plot 
serve as valuable guides in themselves. 
they can be made even more useful when 
they include statistical calculations made 
at the time of plotting. This information 
can be conveniently generated by adding 
a scientific program, written in a scien- 
tific programming language such as 
FORTRAN, (formula translation) to the 
plotting program on the same magnetic 
tape. Calculations such as standard devi- 
ations, averages, and correlation and re- 
gression coefficients can be made at the 
time of plotting and printed on the fin- 
ished chart. Such statistics are especially 
useful for judging component perform- 
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ance. With the present emphasis on 
component reliability, especially in the 
missile field, there has been an ever in- 
creasing demand for new and more rigor- 
ous production testing. The histogram 
and X -Y charts, together with statistical 
calculations, can be used to great advan- 
tage in the making of required produc- 
tion changes and in checking the effec- 
tiveness of these changes after they have 
been made. 

SCIENTIFIC CURVE PLOTTING 

The computer is a valuable tool in the 
plotting of scientific curves. For ex- 
ample, to get the response curve for 
a solar cell, light of varying wave- 
lengths is directed at the test cell and the 
output response is measured. These 
measurements are inputs to a FORTRAN 

program which makes extensive scien- 
tific calculations and finally directs the 
curve -plotting program into the RCA 
301 computer memory, where the poly- 
nomial is plotted and printed out. The 
RCA 301 computer is especially adapt- 
able to this type of plotting because of 
its 160 -character print line capability. 

A plot of 150 calculated values re- 
quires approximately seven seconds. 
The resolution of the resulting curves 
has proved to he satisfactory for several 
engineering applications, and these 
curves are almost always useful as first 
approximations to plots requiring a 
greater degree of plotting accuracy. 

As in the multi -plot for the RCA 501 
computer, the curve -plot program for the 
RCA 301 computer can be used to plot 
two or more curves on the same chart. 
Each curve may represent a particular 
component design, perhaps designs used 
in production over a given period of time. 
An average curve shown by the symbols 
#, can be calculated and plotted on the 
chart, together with the band of individ- 
ual curves, as shown in Fig. 5. or each 
curve can be plotted individually, and 
printed with the average curve for the 
entire group. Having each individual 
curve plotted with the group average 
provides a convenient means of compar- 
ing the performance of an individual 
design with that for the overall group. 

With the capability of plotting multi- 
ple curves on the same chart, many types 
of output are possible. Consider, for 
example, a multicurvilinear equation re- 
lating the critical dimensions of a com- 
ponent as calculated with a program 
such as the Multivariate Regression An- 
alysis Program used in the RCA 501 
computer. This complex equation can 
be broken up into its constituent net re- 
gression curves and each curve can then 
be plotted together with its calculated 
confidence limits and other statistics. 

Some other applications of the com- 

puter curve- plotting program are 1) in 
time series, and 2) in control charts of 
variables for processes where consider- 
able delay time exists between the suc- 
cessive production steps. 

COMPUTER VERSUS DATA PLOTTER 

For the plotting of production data and 
simple scientific curves, the digital com- 
puter, as experienced with the RCA 501 
and 301, appears to have the following 
advantages over plotting by an automatic 
data plotter: 

1) Plotting by digital computer is faster; 
the plotting of 200 points of a histo- 
gram or an X -Y chart requires seven 
seconds on the RCA 501 computer and 
eight seconds with the RCA 301 com- 
puter. 

2) No special plotting paper is required 
by the computer and there is no need 
to pre -position the paper on a plotting 
table. 

3) Because the plotting is done on the 
computer printer, there is an excellent 
opportunity to use the computer to 
prepare data and to make scientific 
calculations at the time of plotting. 

4) There is no need for operator inter- 
vention. The size of the scales and the 
labeling of the scales and the plot are 
controlled entirely by the computer, 
from input parameter information. 

5) Computer plotting can be especially 
useful to small installations where the 
workload may not justify the expense 
of purchasing or renting an automatic 
data plotter. 

6) The quality of the plots appears to 
be entirely satisfactory for many scien- 
tific and business applications. 

CONCLUSIONS 

The introduction of computerized data 
systems requires that new and faster 
techniques of data reduction be devel- 
oped and applied if full advantage is to 
be taken of the increased speed of data 
collection and storage. Unlike manual 
plotting, which is fatiguing and error - 
prone, the digital computer has the capa- 
bility of rapid data retrieval, data edit- 
ing. and an untiring ability to make 
extensive calculations and comparisons. 
A chart that may require 45 minutes to 
be completed by hand can be supplied 
by the computer, together with calcu- 
lated parameters, in a matter of seconds. 

By reducing vast quantities of test data 
to an easily interpreted form, the com- 
puter can continuously provide informa- 
tion indicating where the concentration 
of efforts should be, where new and im- 
proved tests are needed, where unneces- 
sary tests can be eliminated, or where 
experimentation for new component de- 
signs should be conducted. Histograms 
and X -Y charts provide rapid initial anal- 
yses to production problems and are a 
valuable aid in meeting performance 
goals. The faster results can be put into 
practice -the greater the savings. 

In addition to supplying valuable pro- 
cess control information, the histogram 

and X -Y charts are excellent data - 
screening devices because they are ex- 
tremely useful in detecting data irregu- 
larities prior to running statistical pro- 
grams such as used in regression and 
correlation analyses. Groups of data 
from different sources or data obtained 
during various production periods can be 
plotted on the same chart, and shifting 
levels or other irregularities can be cor- 
rected before further analysis is made. 

The RCA 301 digital computer, be- 
cause of its 160- character print line cap- 
ability, is especially suited to the plotting 
of scientific curves. The resolution of 
the computer -plotted curves is usually 
satisfactory for many applications and 
is at least suitable for obtaining approxi- 
mations to problems requiring a greater 
degree of refinement. 

Data plotting can be used to advan- 
tage in the business as well as the scien- 
tific field. In marketing. for example, the 
histogram is a convenient form of pres- 
entation for the distribution of a product 
line by customer. The X -Y chart can be 
used in accounting to represent such 
comparisons as total expense versus ac- 
tual dollar -cost per unit. The X -Y chart 
and the scientific curve plot find ready 
applications in the field of forecasting. 

As for the future, digital-computer 
plotting promises greater control over 
manufacturing processes resulting in an 
improvement in component performance 
and cost, and rapid decision -making 
functions in all the production, scientific, 
and business fields. 

The development and application of 
digital- computer plotting programs has 
not stopped with the plotting of data to 
linear scales. Plots requiring logarith- 
mic scales have been requested and are 
being planned. 
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BRIEF TECHNICAL PAPERS OF CURRENT INTEREST 

Computer Calculation of Frame -Grid Winding Tension 

P. J. Mrsso AND T. E. DEEGAN 

Electronic Components and 
Devices, Harrison, N. J. 

Final manuscript 
received July 10, 1964 

Reduction in noise figures and increase in transconductance-to- 
plate- current ratios Igm /l,,) in many new tubes results from new 
techniques in grid design - - finer wire and closer grid -to- cathode 
spacing. On the frame grid, IFig. 1) the diameters of the side rods 
are carefully controlled, since they determine the MOD (minor out- 
side diameter) distance between lateral wires on opposite sides of 
the grid. The grid wire is helically wound on the frame with suf- 
ficient tension so that the lateral segment between the side rods lie 

in parallel planes and vibrate with minimum amplitude when 
shaken, as in testing for microphonics. If the frame did not bend, 
the tension on the lateral wires would remain constant at the ten- 
sion used to wind them. However, in actual practice, the side rods 
bend and the tension is lessened, the effect being more pronounced 
as the length of the frames increases. The slack in the lateral 
wires decreases the transconductance of the tube and increases its 
susceptibility to microphonics. Although satisfactory results had 
been obtained by using an empirical variation of winding tension to 
compensate for the side rod bending during frame winding, a more - 
scientific determination of the variations in winding tension would 
improve the characteristics of the tube appreciably. 

For simplicity in developing a mathematical model, it was as- 
sumed that: 1) all stresses involved for both the side rod and lateral 
wire are within the elastic limits of the materials; and 2) the straps 
do not deflect, and they provide point support; (the point- support 
assumption was checked experimentally and found to he approxi- 
mately correct). The desired end result was defined as: The final 
tension in all lateral wires should be equal in the finished grid. 

Fig. 1 - Typical frame grid of a 
receiving tube. 
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The method used to solve for the winding tension is based on this. 
Fig. 2a shows a uniformly- loaded beam which represents the final 

load conditions of the frame grid. By setting a value for T , the 
final tension, the final deflection at any point along the side rod can 
be determined. As the first turn is wound with a tension value T 
a deflection d, due to the first turn occurs (Fig. 2b). This deflec- 
tion, at the position of the first turn d is subtracted from the final 
deflection at the first turn. The remainder is the change in deflec- 
tion, d, that occurs as the winding process continues to completion. 
This additional deflection (d) that occurs reduces the tension at 
the first turn to a value below that used to wind it. The change in 
tension that occurs is added to the desired final tension T , to ob- 
tain the required winding tension T, for the first turn. 

For the second turn (Fig. 2c) the analysis is similar. The deflec- 
tion at the second turn, as it is wound, is the cumulative effect of 
winding the first and the second turn. Winding the second turn 
also causes an increase in side rod deflection at the first turn which 
results in a reduced tension in the first turn. Thus, the tension in 
the first turn is reduced from the winding tension and is at a value 
between the final tension T and the winding tension T,. 

In general, as shown in Fig. 2d for the third -turn condition, the 
analysis is similar for each additional turn. As any particular turn 
is being wound, the deflection of the side rod at that point is ex- 
pressed in terms of the winding tension used. This deflection, plus 
the already-present deflection at the same point due to all turns 
previously wound, is subtracted from the final deflection for that 
point. The result is the additional deflection that will occur at that 
point as the rest of the gridis wound. The loss in tension for that 
turn caused by this additional deflection at the given point is added 
to the desired final tension to yield the required winding tension for 
the current turn. 

General Solution: The general equation to express the physical 
process described above is 

=tinTE [ [T;+ - 
J 

[(1 
- C.) (xi)' 

(x1 
- !.(!;l;;) 

6 c-t 

-xi fi [T1 + (!5. - l.c)][ (1- C;) - (1 - C;)']] 

Where: ¡ = -<a; k = j when i> -j: k = i when i -<j; t1 - the 
tension due to the deflection of the side rod at section j due to the 
winding up to and including section a; a = nth section along the 
winding length of the grid; ¡ - ¡,h section along the winding length 
of the grid; K - deflection to tension conversion constant for a 
specified grid; n = number of sections that the grid is divided 
into along the winding length of the grid; T. = winding tension 
to be used at the nth section = the final tension for all sections of 
the finished grid; i = ith section along the winding length of the 
grid; TI = winding tension to be used at the ith section; t 1 = see 
definition of to; t,1 = see definition of t9; ; C, = (2i -1) /2n = 
moment arm of the ith section in proportion to the total winding 
length of the grid; z; or x5 = length to the ¡th or kth section; and 
L = length of the winding of the frame grid. 

Fig. 2 - Deflection drowings (a, b, 
c d d) of a frame grid at various 
stages of winding. 
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Fig. 3 - Winding tension curves for 
various grid designs. 
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The solution to the general equation generates as many unknown 
as the number of the turn being evaluated. For a typical frame 
grid, the average number of turns is 150. To reduce the number of 
unknown, turns were grouped to form sections along the length of 
the side rod, but it was apparent that the calculations involved, 
considering both time and accuracy could efficiently utilize a corn - 
puter. After slow- charting the solution of the general equation, it 
was decided that an algebraic compiler such as UMAC (i.e., Uni- 
versity of Miami Algebraic Compiler for the RCA 301) would be 
used in the preparation and writing of this scientific program. 
This compiler allows one not familiar with computer machine de- 
tails to write in a pseudo -language that is easily usable. 

The next step was to calculate, manually, using a desk calculator, 
a sample problem that would 1) allow the checking of the com- 
puter programmed output, 2) assure that all steps were correctly 
specified in the original step -by -step flow charting, and 3) allow the 
reduction or elimination of mathematical computations that were 
not apparent previously in the reduction of the mathematical formu- 
lae. As a result of the sample calculation, minor revisions were 
made in the logic which increased computer efficiency by eliminating 
repetitive calculations during iterative processes. 

Because of the computer memory limitations, two programs, writ- 
ten in UMAC, are used in solving this problem. The first solves 
the basic equation for the number of sections into which the grid 
is divided and sets up and writes out matrices of coefficients of un- 
knowns for each section evaluated. For example, if the number of 

sections - 10, and one is solving for successive sections, then 

Section Matrix Size Section Matrix Size 

1 2x3 6 7x8 
2 3x4 7 8x9 
3 4x5 8 9 x 10 

4 5x6 9 10 x 11 

5 6x7 
The second program solves the matrices using the Gaussian elimi- 

nation method of solving simultaneous linear equations. These re- 
sults define the winding tensions required for proper fabrication of 
frame grids. 

Conclusions: By evaluating several frame -grid designs on the 
computer, it was established that winding tension could be ex- 
pressed in percentage of the desired final tension and was inde- 
pendent of the absolute value of tension. 

In actual manufacture of the frame grid, the winding tension 
used lies between a lower limit determined by the minimum value 
necessary to keep the lateral wire from slipping, and an upper 
limit, the breaking point of the wire. The breakage of the lateral 
wire is a factor found in practice that does not appear in the calcu- 
lated results because of the assumption made in setting up the 
mathematical model. that all stresses are within elastic limits. Thus, 
for grids that mathematically require a large increase of winding 
tension, a compromise may he necessary to prevent wire breakage. 

A side benefit obtained from this study was the development of a 

rating factor, "G XL.'" which evaluates frame -grid designs in terms 
of the winding tension range required for tension corrections. The 
"give factor" g, is a measure of the tendency of the side rod to bow, 
per unit length, and can be expressed by: 

E, TPI x Dr! X 10° 

E , B X D .' 
where: TPI = turns per inch; D1, = diameter of lateral wire, mils; 
B - centerline -to- centerline of the frame side rods, inches; D , = 
diameter of the side rod, mils; E, = modulus of elasticity of lateral 
wire; E . - modulus of elasticity of the side rod; 1 = the wound 
length of the grid from strap -to- strap, inches. 

The tension range that is required to produce equal tension in all 
turns increases as the "give factor ", G, increases, as shown by 
curves 2 and 3 of Fig. 3. These factors, in turn, may lead to wind- 
ing- tension ranges which are outside lateral -wire or winding -ma- 
chine capabilities. 

Grids constructed using the calculated tension values exhibited 
improved characteristics when compared to grids wound either with 
a constant tension or with the empirical winding programs for- 
merly used. On some production machinery, a compromise was nec- 
essary to prevent lateral -wire breakage but this program also gave 
better results than the previous empirical program. 

New- Design Pressure Transducer for Cable and Pipe 
Networks -More Reliable and Economical 

C. AIERRELL, Systems Laboratory, 

Communications Systems Division, DEP, 

New York, N. Y. 

Final manuscript received February 29, 1965 

The author designed and built a feasibility model of a pressure 
transducer having advantages over the conventional bellows-poten- 
tiometer type. It is applicable to a variety of installations requir- 
ing remote, automatic monitoring of pressure. It is ideally suited 
to fixed positions, lfree from vibration) such as power plants 
or processing plants for monitoring natural gas, or steam; and 
air pressure in cable networks using air pressure for moisture - 
proofing. 

A sketch of the transducer is shown in Fig. 1. Air pressure, 
admitted at the bottom, presses up against a diaphragm, displac- 
ing mercury from the well into the column. Recause the diameter 
of the well is much larger than the diameter of the column, a 
small movement of the diaphragm results in a large change in the 
level of mercury in the column. A resistance wire is mounted in 
the column between terminals A and B. This' wire is partially 
shorted out by the mercury in the column. When pressure at the 
pressure inlet rises, the diaphragm is forced upward, the level of 
mercury in the column rises, and more of the resistance wire is 
shorted out. Thus a rise in pressure results in a drop of resistance 
measured between terminals A and B. 

A variation of the design in Fig. 1 is shown in Fig. 2, where a 
series of terminals extending into the mercury are connected by 
fixed resistors. The Fig. 2 device has step resolution compared to 
the infinite resolution of the resistance wire in the Fig. 1 device. 
However, the Fig. 2 device may be superior for physical reasons. 

An important advantage is the reliability of the new transducer, 
compared to a conventional bellows -potentiometer type of trans - 
ducer-i.e., no mechanical linkage, no problem of abrasion of the 
resistance winding, no problem of maintaining a very tine value 
of contact pressure. Movement of the diaphragm can be kept 
small, since the transition from large- diameter well to small - 
diameter column can provide whatever multiplication of motion 
is desired. 

Another advantage is reduced cost; the new design contains no 
linkage. The diaphragm should be cheaper to make (than the 
bellows of a potentiometer type of transducer), since it is intended 
for use over a very small range of deflection. And as can be 
noted in Fig. 1, it has no moving parts 1 except for the diaphragm) . 

It should cost roughly half the price of a bellows - potentiometer 
transducer of equivalent accuracy. 

A third advantage is simplicity of manufacture. 

Fig. 1- Proposed pressure transducer. Fig. 2- Voriati,n of design of Fig. 1. 
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Integrated Circuit Packaging, Design Consid- 
erations in --D. P. Schnorr I DEP -CE, Cam- 
den) Prof. Group on Prod. Eng. & Produc- 
tion, IEEE -Phila. Sect., Dec. 3, 1964 

Integrated Circuit Packaging, Designing for 
Maintainability in - -D. P. Schnorr, E. A. 
Szukalski I DEP.CE, Camden) Electronic 
Packaging and Production, Dec. 1964 

Integrated Circuit Packaging, Factors Influenc- 
ing the Use of Multilayer Wiring Boards in- 
D. P. Schnorr DEP -CE, Camden) Tech - 

ocal 
?eminar on Multilayer Circuits, Inst. 

f Printed Circuits, Chicago, Ill., Oct. 6, 1964 

CIRCUIT THEORY; ANALYSIS 

Inductorless Bandpass Filters Using a Combi- 
nation of Identical RC Coupled Amplifiers, Op- 
timum Synthesis of -J. Pearl ( Labs, Pr.) 
IEEE Trans. Circuit Theory, \ ol. CT -11, No. 
4, Dec. 1964 

Recursive Techniques in Transient Analysis - 
J. Hilinski, W. Schamigqg (DEP- AppRes, 
Camden) Thesis MSEIPE) Moore School 
of Elec. Eng., Univ. of Penna., Dec. 1964 

COMMUNICATIONS, DIGITAL 

Digital TV Bandwidth Reduction Techniques as 
Applied to Spacecraft Television -J. Whelan 

I DEP -AED, Hightstown) Lnmanned Spare - 
craft Mtg. of AIAA, Los Angeles, Calif., 
March 1, 1965 

Improved- Gray -Scale and the Coarse -Fine 
PCM Systems, Two New Digital TV Bandwidth 
Reduction Techniques -J. Whelan, W. Bisig- 
nani, G. Richards IDEP -AED, Hightstown) 
1965 IEEE International Cony., NYC, Hil- 
ton Hotel, March 22, 1965; Conte. Record 

COMMUNICATIONS SYSTEMS; THEORY 

Asynchronous Multiplex Principles -A. Mack 
DEP -CSD, Camden) Joint Mtg. Monmouth 

Subsection IEEE and Monmouth Chapter, 
IEEE -PTGCS, Little Silver, N. J., Jan. 20, 
1965 

Communications System Simulator -M. S. Cor- 
rington ( DEP- AppRes, Camden) Circuit 
Theory Group, IEEE, Phila., Pa., Sept. 15, 
1964 

Facsimile Art During 1964, Advancements in 
the - W. Bliss IDEP -AED, Hightstown) 
IEEE International Cony., NYC, Hilton Ho- 
tel, Mar. 26, 1965; Conc. Record 

Relay Communications Satellite -J. Kiesling 
IDEP -AED, Hightstown) Eta Kappa Nu 
Committee for Undergraduate Seminars, 
Purdue Univ., West Lafayette, Ind., Mar. 
15, 1965 

COMMUNICATIONS, VOICE SYSTEMS 

C -Band Radar Voice Communications -M. G. 
Herold (DEP -MSR, Mrstn.) Thesis (MSE- 
EE) Univ. of Penna., Dec. 22, 1964 

Room -Temperature GaAs Laser Voice- Commu- 
nication System -D. Karlsons, C. W. Reno, 
W. J. Hannan (DEP -AppRes, Camden) Pro- 
ceedings of the IEEE, Vol. 52, No. 11, Nov. 
1964, pp. 1354 -55 

COMPUTER CIRCUITRY; DEVICES 

High -Speed Adders and Comparators Using 
Transistors and Tunnel Diodes -J. J. Amodei 
( Labs, Pr.) IEEE Trans. on Electronic Com- 
puters, Vol. EC -13, No. 5, Oct. 1964 

Threshold Gates for Digital Systems -R. O. 
Winder, J. J. Amodei, T. R. Mayhew (Labs, 
Pr.) International Solid -State Circuits Conf., 
Phila., Feb. 17 -19, 1965; Cont. Digest 

Transistor Logic, MOS Micropower Comple- 
mentary-R. W. Ahrons, M. Mitchell, J. R. 
Burns (ECD, Som.) Solid -State Circuits 
Conf., Phila., Pa., Feb. 17 -19, 1965; Cont. 
Digest 

COMPUTER LOGIC; THEORY 

Analog Feature Abstraction Techniques, Acous- 
tic Recognition by - - -H. J. Zadell, A. L. Nel- 
son, M. B. I lerscher, T. B. Martin I DEP- 
AppRes, Camden) Symp. on Models for the 
Perception of Speech and Visual Forms, 
AFCRL, Nov. 14, 1964; Proceedings 

Analog Threshold Logic, Speech Recognition 
Using T. B. Martin, H. J. Zadell, A. L. Nel- 
son, M. B. Herscher (DEP- AppRes, Cam- 
den) 68th Mtg. Acoustical Soc. of America, 
Austin, Texas, Oct. 22, 1964 

COMPUTER PROGRAMMING 

Decision Tables as the Source Language for 
Automatic Testing, An Application of -B. H. 
Schell IDEP -ASO, Burl.) IEEE Trans. on 
Aerospace, Vol. AS3, No. 1, Feb. 65 

Decision -Table Structure as the Input Language 
for Programming Automatic Test Equipment 
Systems--B. H. Schell (DEP -ASD, Burl.) 
IEEE Trans. on Electronic Computers, Apr. 
1965 

Decision Tables in Computer Programming, Use 
of -H. W. Kirk OECD, Hr.) Communica- 
tions of the Assoc. for Computing Machin- 
ery, Jan. 1965 

COMPUTER STORAGE 

Associative Memory, Resolving Multiple Re- 
sponses in an H. S. Müller I Labs, Pr.) 
IEEE Trans. on Electronic Computers, \'ol. 
EC -13, No. 5. Nov. 1964 

Content- Addressed Memory for Dynamic Stor- 
age Allocation, Application of- -Y. Chu I DEP - 
Bethesda l RCA Review, Vol. XXVI, Mar. 
1965 

Recent Advances in Computer Memories - 
J. A. Rajchman I Labs, Pr.) Seminar on 
Automatic Computers and Their Capabil- 
ities, Univ. of Penna., Phila., Feb. 3, 1965 

A 105 -Bit High -Speed Ferrite Memory; Design 
and Operation -H. Amemiya, T. R. Mayhew, 
R. L. Pryor (DEP AppRes, Camden) 1964 
Fall Joint Computer Conf., IEEE, San 
Francisco, Oct. 27, 1964; Proceedings 

CONTROL; TIMING 

Automatic Timing Control System -D. J. Woy- 
wood ( DEP- AppRes, Camden) Thesis, 
NISEI EEI, Moore School of Elec. Eng., 
Univ. of Penna., Aug. 1964 

DISPLAYS 

Ferroelectric Transcharger- Controlled Electra- 
luminescent ent Matrix Display -B. J. Lechner 

I Labs, Pr.) 1965 International Solid -State 
Circuits Conf., Phila., Feb. 17 -19, 1965; 
Con j. Digest 

Metric Addressed Solid -State Display -G. Zin, 
L. J. Krolak (DEP AppRes, Camden) Elec- 
tron Devices Symp., \Cash., D.C., Oct. 29, 
1964 

ELECTROMAGNETIC THEORY; 
PHENOMENA 

Cerenkov Radiation, Influence of Source Sym- 
metry on -Dr. L. W. Zelby, Dr. J. Vollmer 
( DEP- AppRes, Camden) Journal of Applied 
Physics, Vol. 36, Jan. 1965 

Frequency -Diversity Waveforms, Application of 
Some Linear FM Results to -T. B. Howard 
(DEP -MSR, Mrstn.) RCA Review, Vol. 
XX\ I, Mar. 1965 

Reentry Plasma Sheaths, Electromagnetic 
Wave Penetration of -Dr. M. P. Bachynski 
(RCA Ltd., Montreal) Radio Science, Vol. 
69D, No. 2, Feb. 1965 

Wave Tilt of on Electromagnetic Wave Propa- 
gating in the Earth- Ionosphere Cavity-B. E. 
Keiser (Labs, Pr.) IEEE Trans. on Anten- 
nas and Propagation, Vol. AP -12, No. 6, Nov. 
1964 

ELECTROMAGNETISM 

Hysteresis of CdSe in the Electron Conductiv- 
ity t.. Zin (DEP -AppRes, Camden) Amer. 
Inst. of Physics, Drexel Inst., Dec. 2, 1964 

ELECTROMECHANICAL COMPONENTS 

The Crying Need -A. Siegel (DEP -CE, Cam- 
den) Electromechanical Design, p. 22, Dec. 
1964 

Early Electric Circuit Breaker -R. F. Ficcki 
(DEP -CSD, Camden) Proceedings of the 
10th International Congress on the History 
of Science, 1964 

Open Letter of Mr. Kitka -A. Siegel (DEP - 
CE, Camden) Electromechanical Design, 
Feb. 1965, p. 18 

Switch Application Checklist A. Siegel 
(DEP -CE, Camden) Electromechanical De- 

sign, Oct. 1964 

Test Procedures, A Need for -A. Siegel (DEP - 
CE, Camden) Electromechanical Design, 
Sept. 1964, p. 26 

ELECTRO -OPTIC SYSTEMS; 
TECHNIQUES 

Electron Microscope, Future Developments of 
the -Dr. J. H. Reisner (BCD, Camden) 
Burton Soc. of Electron Microscopists, To- 
ronto, Canada, Jan. 16, 1965 

Electron Microscopy, The Theory and Practice 
of Image Intensification in -Dr. J. H. Reisner 
I BCD, Camden) 1st Annual Microscopy 
Symp., New Orleans, Feb. 15-16, 1965 

GaAs Laser Inverter -W. F. Kosonocky, R. 
Comely, F. Marlowe (Labs, Pr.) 1965 In- 
ternational Solid -State Circuits Conf., Phila., 
Feb. 1965; Conf. Digest 

Infrared Detectors -G. A. Morton (ECD, Pr.) 
RCA Review, Vol. XXVI, Mar. 1965 

Light Demodulators -F. Sterzer (ECD, Pr.) 
IEEE Sect. Mtg., NYC, Jan. 13, 1965 

ENERGY CONVERSION; SOURCES 

Heterojunction Photovoltaic Cells -S. S. Perl- 
man ILabs, Pr.) Advanced Energy Conver- 
sion, Vol. 4, No. 3, Dec. 1964 

FILTERS 

Inductorless Bandpass Filters Using a Com- 
bination of Identical RC Coupled Amplifiers, 
Optimum Synthesis of -J. Pearl (Labs, Pr.) 
IEEE Trans. Circuit Theory, Vol. CT -11, No. 
4, Dec. 1964 

HUMAN ENGINEERING 

Graphic Aids for Console Designers -Dr. F. 
H. Ireland, J. L. Hanna (DEP -SEER, 
Mrstn.) Industrial Design, Feb. 1965 
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INFORMATION PROCESSING; 
RETRIEVAL 

Acoustic Recognition by Analog Feature Ab- 
straction Techniques -H. J. Zadell, A. L. Nel- 
son, M. B. Herscher, T. B. Martin (DEP - 
AppRes, Camden) Symp. on Models for the 
Perception of Speech and Visual Forms, 
AFCRL, Nov. 14, 1964; Proceedings 

Speech Recognition Using Analog Threshold 
Logic -T. B. Martin, H. J. Zadell, A. L. Nel- 
son, M. B. herscher I DEP- AppRes, Cam- 
den) 68th Mtg. Acoustical Soc. of America, 
Austin, Texas, Oct. 22, 1964 

INSTRUMENTATION; LAB EQUIPMENT 

Accelerometer Performance, Effects of Unpub- 
lished Characteristics on -B. Mangolds 
(DEP -AED, Hightstown) U.S. Navy East- 
ern Standards Lab., Washington, D.C., Feb. 
18, 1965 

Electron Microscope, Future Developments of 
the -Dr. J. H. Reisner (BCD, Camden) 
Burton Soc. of Electron Microscopists, To- 
ronto, Canada, Jan. 16, 1965 

Electron Microscopy, The Theory and Practice 
of Image Intensification in -Dr. J. H. Reisner 

BCD, Camden) 1st Annual Microscopy 
Symp., New Orleans, Feb. 15 -16, 1965 

High Temperature Differential Thermal Analy- 
sis Apparatus -M. M. Hopkins (Labs, Pr.) 
Review of Scientific Instruments, Vol. 35, 
No. 12, Dec. 1964 

Measurement of Absolute Optical Collision 
Diameters in Methane Using Tuned -Laser 
Spectroscopy --S. A. Ahmed, H. J. Gerritsen 
I Labs, Pr.) Physics Letters, VoL 13, No. 1, 
Nov. 1, 1964 

Metal -Semiconductor Barrier- Height Measure- 
ment by the Differential Capacitance Method 
-Degenerate One -Carrier System -A. M. 
Goodman, D. M. Perkins (Labs, Pr.) 
Journal of Applied Physics, Vol. 35, No. 11, 
Nov. 1964 

Microwave Dielectric Constant of Liquids, A 
Two -Impedance Method for Measuring the - 
E. Fatuzzc, P. R. Mason (Labs, Pr.) Journal 
of Scientific Instruments, Vol. 41, Nov. 1964 

Shaped Electrode Design -F. H. Edelman, R. 
W. Klopfenstein (Labs, Pr.) Journal of the 
Electrochemical Society, Vol. 112, No. 1, 

Jan. 1965 

X -Ray Secondary- Emission Spectrometer, Eval- 
uation and Application of an Improved Slit 
Probe for the -E. P. Bertin (ECD, Hr.) 
Workshop & Seminar on X -Ray Spectromet- 
ric Analysis, Stevens Inst., Hoboken, N.J., 
Feb. 2 -4, 1965 

X -Ray Spectrometric Analysis, Specimen Prepa- 
ration of; Technique of Chemical Analysis by 
X- Rays -E. P. Bertin (ECD, Hr.) Workshop 
& Seminar on X -Ray Spectrometric Analy- 
sis, Stevens Inst., Hoboken, N.J., Feb. 2 -4, 
1965 

X -Ray Spectrometric Analysis, Solution Tech- 
niques in -E. P. Bertin (ECD, Hr.) Norelco 
Reporter, Jan -Mar. 1965 

LASERS 

GaAs Laser Inverter --W. F. Kosonocky, R. 
Comely, F. Marlowe (Labs, Pr.) 1965 In- 
ternational Solid -State Circuits Conf., Phila., 
Feb. 1965; Conf. Digest 

High -Efficiency Injection Laser at Room Tem- 
perature--H. Nelson, J. Pankove, F. Hawrylo, 
G. Dousmanis, C. Reno (Labs, Pr.) Proc. 
of IEEE, Vol. 52, No. 11, Nov. 1964 

Measurement of Absolute Optical Collision 
Diameters in Methane Using Tuned -Laser Spec - 
troscopy --S. A. Ahmed, H. J. Gerritsen 

I Labs, Pr.) Physics Letters, Vol. 13, No. 1, 
Nov. 1, 1964 

Room -Temperature GaAs Laser Voice -Com- 
munication System -D. Karlsons, C. W. Rena, 
W. J. Hannan (DEP -AppRes, Camden) 
Proceedings of the IEEE, Vol. 52, No. 11, 
Nov. 1964, pp. 135455 

MANAGEMENT; BUSINESS 

Competitive Bidding, The Art and Science of 
-F. Edelman ( Labs, Pr.) Recruiting Semi- 
nar, Johns Hopkins Univ., Dec. 1, 1964 

Electronics, Technological Advances in -J. M. 
Forman (ECD, Lane.) Sunday News, Feb. 
21, 1965 

Motivation, the Urge that Results from Mes- 
sages Received -G. A. Kiessling I RCA Staff, 
Camden) Engineers' Club of Phila., Educa- 
tional Committee, Mar. 10, 1965 

New Materials in the Electronics Industry- 
F. D. Rosi (Labs, Pr.) Industrial Research, 
Col. 6, No. 10, Nov. 1964 

Product Plan for the Technical Product Line, 
Establishing a -D. F. Schmit (RCA Staff, 
Camden) American Management Associa- 
tion's Briefing Session, Chicago, Feb. 24-26, 
1965 

RCA -The World's Most Broadly Based Elec- 
tronics Company -J. J. Gillespie I DEP -CSD, 
Camden) PTA, G. B. Fein School, Pennsau- 
ken, N.J., Feb. 23, 1965 

MATHEMATICS 

Application of the Negative Binomial Distribu- 
tion with Probability of Misclassification -\. 
Chew (RCA Svc. Co., MTP, Cocoa Beach) 
The Virginia Journal of Science, Vol. 15, 
No. 1, Jan. 1964 

Effects of Correlated Errors on Variate- Differ- 
ence Estimates of Error Variance-V, Chew 
(RCA Svc. Co., MTP -Cocoa Beach) Austra- 
lian Journal of Statistics, VoL 7, No. 1, Apr. 
1965 

Statistical Mechanics of Cooperative Phe- 
nomena at Temperature Above the Curie Point 
-P. J. Wojtowicz I Labs, Pr.) Physical 
Chemistry Seminar, McMaster Univ., Feb. 
18, 1965 

MECHANICAL COMPONENTS 

Ingenious Mechanisms -T. Szirles (RCA 
Ltd., Montreal) U s hinery, Feb. 1965 

Spacecraft Structures, Mechanical Impedance 
of -C. C. Osgood IDEP -AED, Ilightstown) 
34th Symp. on Shock, Vibration and Assoc. 
Environments, Monterey, Calif.. Oct. 13, 
1964; Shock and Vibration Bulletin, No. 34, 
Part 3, Dec. 1964 

MILITARY SYSTEMS 

Minuteman -A Remarkable, Reliable Weapon 
System -J. J. Gillespie DEP -CSD, Cam- 
den) Lions Club, Will,. Grove, Pa., Feb., 
4, 1965 

Minuteman -Instrument of Peace -K. K. Mil- 
ler (DEP -CSD, Camden) Beth El Syna- 
gogue, Camden, N.J., Jan. 10, 1965 

PLASMA 

Non -Convective Instabilities in Drifted Electron - 
Hole Plasmas-M. C. Steele, B. Varal (Labs, 
Pr.) American Physical Soc. Mtg., NYC, 
Jan. 27 -30, 1965 

Plasma Effects in Solids -R. Bowers, M. C. 
Steele (Labs, Pr.) Proc. IEEE, Vol- 52, No. 
10, Oct. 1964 

Possible Two -Stream Instabilities of Drifted 
Electron -Hole Plasmas in Longitudinal Mag- 
netic Fields -B. Vural, M. C. Steele (Labs, 
Pr.) Amer. Physical Soc. Mtg., NYC, Jan. 
27 -30, 1965 

Reentry Plasma Sheaths, Electromagnetic Wave 
Penetration of -Dr. M. P. Bachynski (RCA 
Ltd., Montreal) Radio Science, Vol. 69D, 
No. 2, Feb. 1965 

Solid State Plasma Waveguide in a Longi- 
tudinal Magnetic Field, Theory of a-R. 
Hirota (Labs, Pr.) Journal of the Physical 
Society of Japan, Vol. 19, No. 12, Dec. 1964 

RADAR 

C -Band Radar Voice Communications -M. G. 
Herold DEP -MSR, Mrstn.) Thesis (MSE- 
EE i 1 niv, of Penna., Dec. 22, 1964 

Surveillance and Tracking -R. P. Cheetham, 
W. W. Weinstock (DEP -MSR, Mrstn.) 
Space Aeronautic Mag. R &D Handbook, 
Oct. 1964 

RADIATION DETECTION 

Infrared Detectors -G. A. Morton )ECD, Pr.) 
RCA Review, Vol. XXVI, Mar. 1965 

RECORDING, DIGITAL 

Digital Magnetic Tape Recording: Principles 
and Computer Applications -B. Bycer (DEP - 
CSD, Camden) Book published by Hayden 
Book Co., N.Y., Mar. 1965 

RECORDING, VIDEO 

Wideband Direct Recording with High Fre- 
quency Bias W. Hendershot, III (DEP - 
AppRes, Camden) Thesis, Univ. of Penna., 
Dec. 1964 

SIMULATION 

Communications System Simulator -M. S. 
Corrington (DEP- AppRes, Camden) Cir- 
cuit Theory Group, IEEE Phila., Pa., Sept. 
15, 1964 

SOLID -STATE DEVICES; CIRCUITRY 

(Diodes): Anomalous Capacitance Effects in 
Lithium -Drifted Germanium Diodes- Experi- 
ment-P. P. Webb, R. M. Green (RCA 
Ltd., Montreal) The American Phys. So- 
ciety, Jan. 27, 1965 

Micropower Circuits -R. D. Lohman (ECD, 
Som.) Panel Discussion, Solid -State Cir- 
cuits Conf., Phila., Pa. Feb. 17.19, 1965; 
Cont. Digest 

Semiconductors: Ready fer I kw at 1 Gc -J. 
Hilibrand (ECD, Som.) Electronic Design, 
Jan. 4, 1965 

Transistor Logic, MOS Micropower Comple- 
mentary-R. W. Ahrons, M. Mitchell, J. R. 
Burns 1 ECD, Som.) Solid -State Circuits 
Conf., Phila., Pa., Feb. 17 -19, 1965; Conf. 
Digest 

(Transistors(: DC Electrical Breakdown in MOS 
Structures, on the Mechanism of -N. Klein 
(Labs, Pr.) Tech. Mtg. at Technion, Haifa, 
Israel, Feb. 1965 

(Transistors): Grown -Film Silicon Transistors 
on Sapphire -C. W. Mueller, P. H. Robin- 
son (Labs, Pr.) Proc. of IEEE, Dec. 1964, 
Vol. 52, No. 12 

Transistors, Metal- Oxide -Semiconductor Field - 
Effect -F. P. Heiman, S. R. Hofstein (Labs, 
Pr.) Electronics, VoL 37, No. 30, Nov. 30, 
1964 

Tunnel Diodes -F. Stever (ECD, Pr.) Panel 
Discussion, Solid -State Circuits Conf., Phila., 
Pa., Feb. 17 -19, 1965; Cont. Digest 

SOLID -STATE MATERIALS 

Band Structure of Bismuth Telluride -Bismuth 
Selenide- Alloys -G. Harbeke, D. L. Green- 
away I Labs, Pr.) Conf. on Solid -State Phys- 
ics, Bristol, England, Jan. 1965 

Diffusion Rise Effect in Bismuth -S. Tosima, T. 
Hattori (Labs, Pr.) Journal of the Physics 
Society of Japan, Vol. 19, No. 11, Nov. 1964 

Dislocation Etch Pits in GaAs -M. S. Abra- 
hams (Labs, Pr.) Journal of App, Phys., 
Vol. 35, No. 12, Dec. 1964 

A Double Infection Negative Resistance in p- 
Type Indium Antimonide at 77 °K -K. Ando 
(Labs, Pr.) Japanese Journal of Applied 
Physics, Vol. 3, No. 12, Dec. 1964 

Dynamics of Energy Transfer from 3d to 4f 
Electrons In LaAlO3:Cr3`Nd3' -Z. J. Kiss 
I Labs Pr.) Physical Review Letters, Vol. 
12, No. 23, Dec. 1964 

Elastic Constants of Strontium Fluoride Be- 
tween 4.2° and 300 °K -D. Gerlich (Labs, 
Pr.) Physical Review, Vol. 136, No. 5A, 
Nov. 30, 1964 

Electron and Phonon Scattering In GaAs at 
High Tempera -I, Kidman, E. F. Steig- 
meier, A. Amith (Labs, Pr.) APS Mtg,, NY, 
Jan. 27-30, 1965 

Electron Spin Resonance of and B- Cobalt 
Phthalocyanine -J. M. Assour, W. K. Kahn 
(Labs, Pr.) Journal of the American Chem- 
ical Society, Vol. 87, No. 2, Jan. 1965 

Electron Spin Resonance of Concentrated Cop- 
per Phthalocyanine Crystals -J. M. Amour, S. 
E. Harrison (Labs, Pr.) Physical Review, 
Vol. 136, No. Sa, Nov. 1961 

Ferroelectrics in the Far Infra -Red, Field De- 
pendence of the Absorption Bands of -E. 
Fatuuo (Labs, Pr.) Proc of the Inst. of 
Physics and the Physical Soc., England, 
Vol. 84, 1964 

Hysteresis of CdSe in the Electron Conduc- 
tivity-G. Zin (DEP- AppRes, Camden) 
Amer. Inst. of Physics, Drexel Inst., Dec. 
2, 1964 

A New Effect in InSb Yielding a Microwave 
Negative Resistance -L. F. Eastman (Labs, 
Pr.) Conf. on Active Microwave Effects in 
Bulk Semiconductors, NYC, Feb. 1 -5, 1965 

Near -Infrared Reflection Spectra of Heavily 
Doped Low -Mobility Semiconductors -L. A. 
Murray, J. J. Rivera, P. A. Hoes (ECD, 
Som.) Amer. Phys. Soc. Mtg Jan. 1965 

Octacoordinate Chelates of Lanthanides. Two 
Series of Compounds -H. Bauer, J. Blanc, D. 
L. Ross (Labs, Pr.) Journal of the Ameri- 
can Chemical Soc., Vol. 86, July 17, 1964 

Optical Properties of Semiconductors at Ener- 
gies Above the Fundamental Absorption Edge 
-M. Cardona (Labs, Pr.) 7° Congres In- 
ternational Physique des Semicondticteurs, 
Paris, 1964 DUNOD 

Paramagnetic Resonance Absorption in an 
Optically Exited State in CaF2:Dy2' -E. S. 
Sabisky, C. H. Anderson (Labs, Pr.) Physi- 
cal Review Letters, VoL 13, No. 25, Dec. 21, 
1964 

Phonon Broadening of Spin Resonance Ab- 
sorption Lines in CaFt(Dyt' -C. H. Anderson, 
E. S. Sabisky (Labs, Pr.) APS Mtg., NY, 
Jan. 27 -30, 1965 

Photo -Induced Chemisorptien on Insulator 
Surfaces -P. Mark (Labs, Pr.) Univ. of 
Puerto Rico, Feb. 24, 1965; Materials 
Science Coll. at MIT, Feb. 19, 1965 

Plasma Effects in Solids -R. Bowers, M. C. 
Steele ( Labs, Pr.) Proc. IEEE, Vol. 52, No. 
10, Oct. 1964 

Preparation and Properties of Niobium (Co- 
lumbium) Stannide on Insulating Substrates 
-G. W. Cullen (Labs, Pr.) Transactions of 
the Metallurgical Soc. of AIME, Vol. 230, 
Dec. 1964 

Properties of Pentacyanonitrosylferrates -E. 
F. Hockings, I. Bernal (Labs, Pt.) Journal 
of the Chemical Society, Dec. 1964 

Relationship Between Optical Second Har- 
monic Generation and the Electro -Optic Effect 
in the Molecular Crystal Hexamine -C. H. 
Heilmeier, N. Ockman, R. Braunstein, D. A. 
Kramer (Labs, Pr.) Applied Physics Let- 
ters, Vol. 5, No. 11, Dec. 1964 

Scattering of Phonons by Electrons in Ge -Si 
Alloys -E. F. Steigmeier, B. Abeles (Labs, 
Pr.) The Physical Review, Vol- 136, No. 4A, 
Nov. 1964 

Semiconductor Device Technology II -F. P. 
Heiman (Labs, Pr.) Rutgers Univ. Exten- 
sion Div., Feb. 3-26, 1965 

Single -Crystal Gallium Arsenide Layers on 
Germanium Substrates, The Growth of -J. A. 
Amick (Labs, Pr.) Proc. of a Conf. on 
Single Crystal Gallium Substrates, Blue 
Bell, Pa., May 15, 1963 (Printed in 1964) 

Switching Analysis of Gate- Controlled Space - 
Charge- Limited Emission Processes in Semi - 
conductors -R. C. Williams (Labs, Pr.) 
RCA Review, Vol. XXVI, Mar. 1965 

Ultrathin Pinhole -Free Insulation of Aluminum 
Oxide, Fabrication of -R. B. Schilling (Labs, 
Pr.) Proc. of the IEEE, Nov. 1964, Vol. 52, 
No- 11 

SOLID -STATE MICROELECTRONICS 

Integrated Circuit Packaging, Design Consider- 
ations in -D. P. Schnorr (DEP -CE, Cam- 
den) Prof. Group on Prod. Eng. & Produc- 
tion, IEEE, Phila., Sect., Dec. 3, 1964 

Integrated Circuit Packages, Factors Influenc- 
ing the Selection and Use of -D. P. Schnorr 
(DEP -CE, Camden) Electrical Design 
News, Oct. 1964; (Electronic Packaging 
Ref. Issue) 
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Integrated Circuit Packaging, Designing for 
Maintainability in-D. P. Schnorr, E. A. 
Szukulaski (DEP -CE, Camden) Electronic 
Packaging and Production, Dec. 1964 

Integrated Circuit Packaging, Factors Influenc- 
ing the Use of Multilayer Wiring Boards in- - 

D. P. Schnorr (DEP -CE, Camden) Techni- 
cal Seminar on Multila)rr Circuits, Inst. of 
Printed Circuits, Chicago, III., Oct. 6, 1964 

Integrated Circuits Incorporating Thin -Film 
Active and Passive Elements -P. W. Weimer, 
H. Borkan, G. Sadasiv, L. Meray- Horvath, 
F. V. Shallcross (Labs, Pr.) Proc. of the 
IEEE, Dec. 1964, Vol. 52, No. 12 

SPACE COMPONENTS 

Automatic Picture Transmission Systems -L. 
Saxton, P. Werenfels (DEP -AED, Flights- 
town I Unmanned Spacecraft Mtg. of AIAA, 
March 1, 1965, Los Angeles, Calif. 

Digital TV Bandwidth Reduction Techniques as 
Applied to Spacecraft Television -J. Whelan 
(DEP -AED, Hightstown) Unmanned Space- 
craft Mtg. of AIAA, Los Angeles, Calif., 
March 1, 1965 

Facsimile Art During 1964, Advancements in 
the \V. Bliss IDEP -AED, Hightstown) 
IEEE International Cony., NYC, Hilton 
Hotel, March 26, 1965; Cony. Record 

Improved- Gray -Scale and the Coarse -Fine 
PCM Systems, Two New Digital TV Bandwidth 
Reduction Techniques --J. Whelan, W. Bisig- 
nani, G. Richards (DEP -.AED, Hightstown I 

1965 IEEE International Cony., NYC, Hilton 
Ilotel, March 22, 1965; Cone. Record 

SPACE NAVIGATION; TRACKING 

Doppler Navigation Satellite Systems, Ac- 
curacy and Simplification in-N. S. Potter 
I DEP -SEER, Mrstn.) Navigation, Winter 
1961.1965 

Surveillance and Tracking -R. P. Cheetham, 
W. W. Weinstock IDEP-MSR, Mesto.) 
Space Aeronautic Slag. R &D Handbook, 
Ort. 1964 

SPACE VEHICLES; SATELLITES 

Manned Spacecraft, Electronic Equipment 
Maintenance on- H. R. Sutton (DEP -CE. 
Camden) IEEE Reliability Group, Phila., 
Nov. 24, 1964 

Relay Communications Satellite -J. Kiesling 
( DEP- AF:D. IIiihtstown) Eta Kappa Nu 
Commit!. .- i. -i l' ndergraduate Seminars, 
Purdue I ni \ ,-.t Lafayette, Ind., .Iar. 
15, 1965 

SUPERCONDUCTIVITY 

Preparation and Properties of Niobium (Co- 
lumbium) Stannide on Insulating Substrates- 
G. W. Cullen ILabs, Pr.) Transactions of 
the lletallurgical Soc. of AI.11E, \ol. 230, 
Dec. 1964 

Temperature Dependence of the Ginsburg- 
Landau Parameter k in Weak and Strong 
Coupling Superconductors B. Rosenblum, 
M. Cardona ILabs, Pr.) Physics Letters, 
\ ol. 13, No. 1, Nov. 1, 1964 

SWITCHING 

Switch Application Checklist - A. Siegel I DEP - 
CE, Camden) Electromechanical Design, 
Oct. 1964 

Switching Analysis of Gate -Controlled Space - 
Charge- Limited Emission Processes in Semi- 
conductors R. C. Williams I Labs, Pr.) 
RCA Review, Vol. XXVI, Mar. 1965 

TELEVISION BROADCASTING; 
TRANSMISSION 

Automatic Picture Transmission Systems -L. 
Saxton, P. Werenfels (DEP-AEU, Flights- 
town) Unmanned Spacecraft Mtg. of AIAA, 
Mar. 1, 1965, Los Angeles, Calif. 

so 

Digital TV Bandwidth Reduction Techniques as 
Applied to Spacecraft Television --J. Whelan 

I DEP -AED, Hightstown) Unmanned Space- 
craft Mtg. of AIAA, Los Angeles, Calif., 
Mar. 1, 1965 

Improved- Gray -Scale and the Coarse -Fine 
PCM Systems, Two New Digital TV Bandwidth 
Reduction Techniques -J. Whelan, W. Bisig- 
nani, G. Richards (DEP -AED, Hightstown) 
1965 IEEE International Cony., NYC, Hilton 
Hotel, Mar. 22, 1965; Cone. Record 

TELEVISION COMPONENTS 

Color Picture Tube, Development of the RCA 
25 -Inch 90- Degree Rectangular -A. M. Mor- 
rell, A. E. Hardy IECD, Lanc.) Corning 
Glass Co., Corning, N.Y., Jan. 11, 1965 

Sync Generator ITG-3 I , Development of - 
J. M. Walter IBCD, Camden) IEEE, Phila. 
Chapter, Group 2 ( Broadcasting) Feb. 10, 
1965 

TELEVISION RECEIVERS 

Color Controls on Color TV Receivers in a Color 
TV System Operating Perfectly, A Study of the 
Need for -C. J. Hirsch ILabs, Pr.) IEEE 
Trans. on RTR, \'ol. 10, No. 3, Nov. 1964 

The Picture on Your Television Screen -P. 
Kuznetzoff (ECD, Lanc.) Immacolata High 
School, Somerville, N.J., Jan. 21, 1965 

TUBE DESIGN; APPLICATION 

Color Picture Tube, Development of the RCA 
25 -inch 90- Degree Rectangular -A. M. Moi- 
re', A. E. Hardy I ECD, Lanc.) Corning 
Glass Co., Corning, N.Y., Jan 11, 1965 

Microwave Photomultipliers Using Transmis- 
sion Dynodes -1). Blattner, 11. Johnson, J. 
Ruedy, F. Sterzer (ECD, Pr.) RCA Review, 
Vul. XXVI, Mar. 1965 

Traveling -Wave Tubes, Helix Support Struc- 
ture for Ultra- Wide -Band E. F. Belohoubek 
IECD, Pr.) RCA Review, 1,ol. XXVI, Mar. 
1965 

AUTHOR INDEX 

Subject listed opposite each author's name in- 
dicates where complete citation to his paper 
may be found in the subject index. Where an 
author has more than one paper, his name is 

repeated for each. 

DEP AEROSPACE SYSTEMS DIV. 

Carver, O. T. checkout; maintenance 
Chu, Y. computer storage 
Scheff, B. H. checkout ; maintenance 
Scheff, B. H. checkout; maintenance 

DEP APPLIED RESEARCH 

Amewiya, H. computer storage 
Corrington, M. S. communications systems; 

theory 
Hannan, W. J. communications, voice 

systems 
Hendershot, W. recording, video 
Herscher, M. B. bionics 
Herscher, M. B. bionics 
Hilinski, J. circuit theory; analysis 
Kansans, D. communications, voice systems 
Krolak, L. J. displays 
Martin, T. B. bionics 
Mayhew, T. R. computer storage 
Nelson, A. L. computer logic; theory 
Nelson, A. L. bionics 
Pryor, R. L. computer storage 
Reno, C. W. communications, voice systems 
Scheming, W. circuit theory; analysis 
Vollmer, Dr. J. electromagnetic theory; 

phenomena 
Woywood, D. J. control; timing 
Zadell, H. J. bionics 
Zadell, H. J. computer logic, theory 
Zelby, Dr. L. W. electromagnetic theory; 

phenomena 
Zin, G. displays 
Zin, G. electromagnetism 

DEP ASTRO- ELECTRONICS DIV. 

Bisignani, W. communications, digital 
Bliss, W. communications systems; theory 
Kiesling, J. communications systems; theory 
Mangolds, B. instrumentation; 

lab equipment 
Osgood, C. C. space components 
Richards, G. communications, digital 
Saxton, L. space components 
Werenfels, P. space components 
Whelan, J. communications, digital 

DEP CENTRAL ENGINEERING 

Schnorr, D. P. circuit interconnections; 
packaging 

Schnorr, D. P. circuit interconnections; 
packaging 

Schnarr, D. P. circuit interconnections; 
packaging 

Schnarr, D. P. circuit interconnections; 
packaging 

Siegel, A. electromechanical components 
Siegel, A. electromechanical components 
Siegel, A. electromechanical components 
Siegel, A. electromechanical components 
Sutton, H. R. checkout, maintenance 
Szukalski, E. A. circuit interconnections; 

packaging 

DEP COMMUNICATIONS SYSTEMS DIV. 

Bycer, B. recording, digital 
Ficeki, R. F. electromechanical components 
Gillespie, J. J. military systems 
Gillespie, J. J. management ; business 
Mack, A. communications systems; theory 
Miller, K. K. military systems 

DEP MISSILE AND SURFACE 
RADAR DIV. 

Cheetham, R. P. radar 
Herold, M. G. communications, voice 

systems 
Howard, T. B. electromagnetic theory; 

phenomena 
Weinstock, W. W. radar 
Woodward, O. M. antennas 

DEP SEER 

Hanna, J. L. human engineering 
Ireland, Dr. F. H. human engineering 
Potter, N. S. space navigation; tracking 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIV. 

Reisner, Dr. J. H. electro -optic systems; 
techniques 

Reisner, Dr. J. H. electro -optic systems; 
techniques 

Walter, J. M. television components 

ELECTRONIC COMPONENTS AND 
DEVICES 

Ahrons, R. W. computer circuitry; devices 
Belohoubek, E. F. tube design; application 
Bertin, E. P. instrumentation; lab equipment 
Bertin, E. P. instrumentation; lab equipment 
Bertin, E. P. instrumentation; lab equipment 
Burns, J. R. computer circuitry; devices 
Blattner, D. tube design; application 
Forman, J. M. management; business 
Hardy, A. E. television components 
Hilibrand, J. solid -state devices; circuitry 
Hass, P. A. solid state materials 
Johnson, H. tube design; application 
Kirk, H. W. computer programming 
Kuznetzof, P. television receivers 
Lohman, R. D. solid -stale devices; circuitry 
Mitchell, M. computer circuitry; devices 
Morrell, A. M. television components 
Morton, G. A. electro -optic systems; 

techniques 
Murray, L. A. solid -state materials 
Rivera, J. J. solid -state materials 
Ruedy, J. tube design; application 
Sterner, F. electro-optic systems; techniques 
Sterser, F. tube design; application 
Sterser, F. solid -state devices; circuitry 

RCA LABORATORIES 

Abetes, B. solid -state materials 
Abrahams, M. S. solid -state materials 
Ahmed, S. A. instrumentation; 

lab equipment 
Amick, J. A. solid -state materials 
Amith, A. solid -state materials 
Amodei, J. J. computer circuitry; devices 

Amadei, J. J. computer circuitry; devices 
Anderson, C. H. solid -state materials 
Anderson, C. H. solid -state materials 
Ando, K. solid -state materials 
Assour, J. M. solid state materials 
Assour, J. M. solid -state materials 
Bauer, H. solid -state materials 
Bernal, I. solid -state materials 
Blanc, J. solid -state materials 
Borken, H. solid -state microelectronics 
Bowers, R. plasma 
Braunstein, R. solid -state materials 
Cardona, M. superconductivity 
Cardona, M. solid -state materials 
Comely, R. electro -optic systems; techniques 
Cullen, G. W. solid -state materials 
Dousmanis, G. lasers 
Eastman, L. F. solid -state materials 
Edelman, F. management; business 
Edelman, F. instrumentation; lab equipment 
Fatuzzo, E. solid -state materials 
Fatuzzo, E. instrumentation; lab equipment 
Gerlich, D. solid -state materials 
Gerritsen, H. J. instrumentation; 

lab equipment 
Goodman, A. M. solid -state materials 
Greenaway, D. L. solid -state materials 
Harbeke, G. solid -state materials 
Harrison, 5. E. solid -state materials 
Hattori, T. solid -state materials 
Hawrylo, F. lasers 
Heilmeier, G. H. solid -state materials 
Heiman, F. P. solid -state materials 
Heiman, F. P. solid -state devices; circuitry 
Hirota, R. plasma 
Hirsch, C. J. television receivers 
Rankings, E. F. solid -state materials 
Hofstein, S. R. solid -state devices; circuitry 
Hopkins, M. M. instrumentation; 

lab equipment 
Kahn, W. K. solid -state materials 
Keiser, B. E. antennas 
Kiss, Z. J. solid -state materials 
Klein, N. solid -state devices; circuitry 
Klein, R. atomic theory; phenomena 
Klopfenstein, R. W. instrumentation; 

lab equipment 
Kosonocky, W. F. electro -optic systems; 

techniques 
Kramer, D. A. solid -state materials 
Kudman, I. solid -state materials 
Lechner, B. J. displays 
Mark, P. solid -state materials 
Marlowe, F. electro -optic systems; 

techniques 
Mason, P. R. instrumentation; lab equipment 
Mayhew, T. R. computer circuitry ; devices 
Meray -Horvath, L. solid -state 

microelectronics 
Miiller, H. S. computer storage 
Mueller, C. W. solid -state devices; circuitry 
Nelson, H. lasers 
Ockman, N. solid -state materials 
Pankove, J. lasers 
Pearl, J. circuit theory; anaylsis 
Perkins, D. M. instrumentation; 

lab equipment 
Perlman, S. S. energy conversion; sources 
Rajchman, J. A. computer storage 
Reno, C. lasers 
Robinson, P. H. solid -state devices; circuitry 
Rosenblum, B. superconductivity 
Rosi, F. D. management; business 
Ross, D. L. solid -state materials 
Sabisky, E. S. solid -state materials 
Sabisky, E. S. solid -state materials 
Sadasiv, G. solid -state microelectronics 
Schilling, R. B. solid -state materials 
Shallcross, F. V. solid -state microelectronics 
Stares, H. antennas 
Steele, M. C. plasma 
Steele, M. C. plasma 
Steele, M. C. plasma 
Steigmeieq E. F. solid -state materials 
Steigmeier, E. F. solid -state materials 
Tosima, S. solid -state materials 
Varal, B. plasma 
Vora!, B. plasma 
Weimer, P. K. solid -state microelectronics 
Williams, R. C. solid -state materials 
Winder, R. O. computer circuitry; devices 
Wojtowicr, P. J. mathematics 

RCA SERVICE CO. 

Chew, V. mathematics 
Chew, V. mathematics 

RCA STAFF 

Kiessling, G. A. management; business 
Schmit, D. F. management; business 

RCA VICTOR LTD. 

Bachynski, Dr. M. P. electromagnetic theory; 
phenomena 

Greene, R. M. solid -state devices; circuitry 
Szirtes, T. mechanical components 
Webb, P. P. solid -state devices; circuitry 
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Patents Granted 

%TO 

RA ENGINEERS 

As REPORTED BT RCA DOMESTIC 
PATENTS, PRINCETON 

DEFENSE ELECTRONIC PRODUCTS 

3,165,697 -Automatic Tuning Circuit for a 

Transmitter Cavity Amplifier, January 12, 
1965; A. Reich and D. M. Osterman (Patent 
assigned to U. S. Government) 
3,165,737- Electronic Acquisition Electrome- 
chanical Tracking Radar System, January 12, 
1965; A. L Mintzer (Patent assigned to 
U. S. Government) 
3,166,703 -Simplified Aided Tracking and 
Coasting System, January 19, 1965; A. I. 
Mintzer (Patent assigned to U. S. Govern- 
ment 
3,168,021 -Electrostatic Printing, February 2, 
1965; M. L. Levene 
3,168,652- Monostable Tunnel Diode Circuit 
Coupled Through Tunnel Rectifier to listable 
Tunnel Diode Circuit, February 2, 1965; M. M. 
Kaufman 
3,168,700 -Sequential Pulse Generator Ens - 
playing Plurality of Cascaded Circuits Coupled 
Through Shift Gates and Having Individual 

Output Gates, February 2,1965; W. J. Gesek 
and J. H. Bragdon 
3,168,857 -Electrostatic Printing, February 
9, 1965; E. Hutto, Jr. 
3,169,061 -Electrostatic Printing, February 
9, 1965; K. C. Hudson 
3,170,980 -Optical Tunnel System, February 
23, 1965; D. E. Pritchard 
3,171,102- Mmory Assembly Employing 
Apertured Plates, February 23, 1965; W. E. 
Newman 
3,171,103 -Magnetic Plate Memory System, 
February 23, 1965; W. V. Dix and W. G. 
Rumble 
3,171,984 -High Speed Switch Utilizing Two 
Opposite Conductivity Transistors and Capaci- 
tance, March 2, 1965; C. R. Eshelman and 
C. D. Brudos 
3,173,018 -Fiber Optic Load Positionsr, 
March 9, 1965; E. D. Grim, Jr. 
3,173,021 -Negative Resistance Diode Pulse 
Amplifier, March 9, 1965; R. H. Bergman 
3,174,090 -Phase Responsive Motor Speed 
Control System, March 16, 1965; J. R. Hall 
3,175,159 -Control Systems, March 23, 
1965; J. R. Hall 

ELECTRONIC COMPONENTS 
AND DEVICES 

3,166,103 -Grid Manufacturing Apparatus, 
January 19, 1965; G. Samuels 
3,166,836 -Manufacture of Electron Tube 
Cathodes, January 26, 1965; J. M. Bigler 
3,172,001 -High Frequency High Power Elec- 
tron Discharge Device and Electrode Mount 
Therefor, March 2, 1965; 1. W. Gaylord 
3,172,002 -Cathode Mount and Method of 
Fabrication, March 2, 1965; C. T. Johnson 
and I. E. Smith 
3,172,244 -Apparatus for P ing a Plu- 
rality of Articles or Materials, March 9, 1965; 
W. F. Griffin 
3,172,433- Apparatus for Producing Series 
Wound Heaters for Plural Cathode Electron 
Tubes, March 9, 1965; J. Paull 

3,175,119 -Electrostatically Focused Travel- 
ing Ware Tube Having Periodically Spaced 
Loading Elements, March 23, 1965; E. F. 
Belohoubek 

ELECTRONIC DATA PROCESSING 

3,166,243 -Check Number Computing and 
Printing Apparatus, January 19, 1965; A. J. 
Torre 

RCA LABORATORIES 

3,166,694- Symmetrical Power Transistor, 
January 19, 1965; C. W. Mueller 
3,166,713 -Tunnel Diode Converter with For- 
ward Bias of the Diode by Rectification of 
Signal Wave, January 19, 1965; K. K. N. 
Chang and H. J. Prager 
3,167,614 -Multiplicative Stereophonic 
Sound Signalling System, January 26, 1965; 
F. R. Holt and J. Avins 
3,169,228- Transistor Amplifier with Diode 
Feedback Circuit, February 9, 1965; J. O. 
Sinniger 
3,170,040 -F.M. Stereophonic Multiplex Re- 
ceiver Having Automatic Disabling Means for 
the Subcarrier Channel, February 16, 1965; 
J. H. O'Connell 
3,171,087- Solid -State Nonreciprocal Signal 
Amplifier, February 23, 1965 ; K. K. N. Chang 

3,171,100- Punchable Memory Card Having 
Printed Circuit Thereon, February 23, 1965; 
J. A. Rajchman 
3,172,084- Superconductor Memory, March 
2, 1965; G. A. Alphonse 
3,172,085- Memory, March 2, 1965; L. L. 
Burns, Jr. and G. A. Alphonse 
3,172,086 -Memory Circuit Employing a 
Superconductive Sense Plane, March 2, 1965; 
F. S. Wendt 
3,172,954 -Acoustic Apparatus, March 9, 
1965; H. Belar and H. F. Olson 
3,175,097 -Logic Circuits Employing Tran- 
sistors and Negative Resistance Diodes, March 
23, 1965; M. If. Lewin 

Meetings 
May 5 -7, 1965: 1965 MICROWAVE THEORY 
& TECHNIQUES SYMP., IEEE, G -MTT; Jack 
Tar Harrison Hotel, Clearwater, Fla. Prog. 
In /o.: J. E. Pippin, Sperry Microwave Elec. 
Co., Box 1828, Clearwater, Fla. 

May 5.7, 1965: ELECTRONIC COMPONENTS 
CoNF. (ECC), IEEE, G- CP -EIA; Marriott 
Motor Hotel, Wash., D.C. Prog. Info.: B. 
Schwartz, IBM Components Div., Pough- 
keepsie, New York. 

May 6 -8, 1965: 6TH NATL. SYMP. ON 

HUMAN FACTORS IN ELECTRONICS, IEEE, 
G -HFE; Sheraton Hotel, Boston, Mass. 
Prog. Info.: Dr. James Degan, Mitre Corp., 
Box 208 Bedford, Mass. 

May 10 -12, 1965: NAECON (NATL. 
AEROSPACE ELECTRONICS CONF.), IEEE, G. 
ANE -AIAA, Dayton Section; Dayton, Ohio. 
Prog. Info.: IEEE Dayton Office, 1414 E. 
3rd St., Dayton, Ohio. 

May 13 -14, 1965: SYMP. ON SIGNAL 
TRANSMISSION PROCESSING, IEEE, G -CT; 
Columbia Univ., New York, N. Y. Prog. 
Info.: Dr. L. E. Franks, Bell Tel. Labs., 
No. Andover, Mass. 

May 19 -21, 1965: POWER INDUSTRY COM- 
PUTER APP. CorF. (PICA), IEEE, G -P 
& Fla. Westcoast Sect.; Jack Tar Hotel, 
Clearwater, Fla. Prog. Info.: G. W. Staff, 
American Elec. Power Serv. Corp., 2 Broad- 
way, New York 8, N. Y. 

May 24 -26, 1965: 4TH ANN. SYMP. ON 
:MICIttE1.ECTRONICS, IEEE, St. Louis Sec- 
tion; Chase Park Plaza, St. Louis, Mo. 
Frog. Info.: G. E. Dreifke, St. Louis Univ., 
In.t. of Tech., 3621 Olive St., St. Louis 8, 
M o. 

May 24 -29, 1965: IFIP CONGRESS '65, 
IEEE -IFIP; N. Y. Hilton, New York, New 
York. Prog. Info.: Dr. A. Householder, Oak 
Ridge Natl. Lab., Oak Ridge, Tenn. 

June 7.9, 1965: IST ANN. IEEE COM- 
MUNICATION (,1)N \'. INCORPORATING, GLOBE - 

COM VII, IEEE, G- ComTech., Denver, 
Boulder Section; Univ. of Colo. & NUS 
Labs., Boulder, Colo. Prog. Info.: Wm. F. 
Ulaut, NBS, Boulder, Colo. 

June 7 -9, 1965: SYMP. ON AUTOMATIC 
SI'l'l'ORT SYS. FOR ADV. MAINTAINABILITY, 
IEEE, St. Louis Section; Chase Park, Plaza 
lintel, St. Louis, Mo. Prog. Info.: Don L. 
Reed, P.O. Box 4104, St. Louis 36, Mo. 

Jane 14 -15, 1965: 1965 MmwesT SYMP. 
ON CIRCUIT THEORY, IEEE, G -CT, Colo. 
State Univ.; Colorado State Univ., Ft. 
Collins, Colo. Prog. Info.: Dr. R. M. Wain - 
right, Colo. State Univ., Ft. Collins, Colo. 

DATES and DEADLINES 
PROFESSIONAL MEETINGS AND CALLS FOR PAPERS 

ne,-,¡",;;(4- 

June 21 -24, 1965: AEROSPACETECH. CONF., 
IEEE, G -AS, Houston Sect.; Shamrock - 
Hilton Hotel, Houston, Texas. Prog. 
Thos. P. Owen, 635 -20th St., Santa Monica 
2, Calif. 

June 22 -25, 1965: 6rH JOINT AUTOMATIC 
CONTROL CONE. (JACC), ASME, IEEE, 
ISA, AIAA, AIChE; Rensselaer Polytech. 
Inst., Troy, New York. Prog. Info.: Prof. 
Jas. W. Moore, Univ. of Va., Charlottesville, 
Va. 

June 28 -30, 1965: 7TH NATL. SYMP. ON 

ELECTROMAGNETIC COMPATIBILITY, IEEE -G- 
EMC; Waldorf- Astoria, New York, N. Y. 
Prog. Info.: D. Fidelman, Electromag. 
Meas. Co., Farmingdale, N. Y. 

July 6 -8, 1965: SAN DIEGO SYMP. FOR 
BIOMEDICAL ENC., IEEE, San Diego Sec - 
lion, U. S. Naval llosp.; San Diego, Calif. 
Prog. Info.: Dean L. Franklin, Scripps 
Clinic & Res. Found., LaJolla, Calif. 

July 12 -16, 1965: ANN. IEEE Cone. ON 

NUCLEAR & SPACE RADIATION EFFECTS, 
IEEE, G -NS, et. al.; Univ. of Mich., Amt 
Arbor, Mich. Prog. Info.: S. Clay Rodgers, 
Sandia Corp., Sandia Base, Albuquerque, 
New Mexico. 

Aug. 23 -27, 1965: 6TH INTL. CONF. ON 

MEDICAL, ELEC. & BIOLOGICAL ENG,., IEEE, 
IFMEBE; Tokyo, Japan. Prog. Info.: Dr. 
L. E. Flory, RCA Labs., Princeton, N. J. 

Aug. 24 -27, 1965: WESCON; (IEEE, 
WEMA) ; Cow Palace, San Francisco, Calif. 
Prog. Info.: IEEE L. A. Office, 3600 Wil- 
shire Blvd., Los Angeles, Calif. 

Aug. 30 -Sept. 1, 1965: ANTENNAS & 

PROPAGATION INTL. SYMP., IEEE, G -AP; 
Sheraton Pk. Hotel, Wash., D.C. Prog. 
Info.: Dr. R. J. Adams, Search Radar 
Branch, Naval Res. Lab., Wash., D.C. 

Calls for Papers 
Sept. 8 -10, 1965: 13T11 ANN. INDUS. ELEC. 
& CONTROL INST. CONF., IEEE, G -IECI, 
Phila. Section; Sheraton Hotel, Phila., Pa. 
Deadline: Abstracts, approx. 5/1/65. FOR 
INFO.: Lewis Winner, 152 W. 42nd. St., 
New York 25, New York. 

Sept. 12 -17, 1965: 6TH NATL. ELEC'L. IN- 
SULATtON CIINF., IEEE, G- EI -NEMA; N. Y. 
Hilton at Rockefeller Ctr., N. Y., N. Y. 
For Deadline Info.: H. W. Marquardt, 
NEMA, 155 E. 44th St., New York 17, 
N. Y. 

Sept. 16 -17, 1965: 13TH ANN. JOINT ENG. 
MANAGEMENT CONF., IEEE -ASME, et. al.; 
Roosevelt Hotel, New York, N. Y. Dead- 
line: Abstracts, approx. 5/1/65. IEEE 
Headquarters, Box A, Lenox Hill Station, 
N. Y., N. Y. 

Sept. 19 -22, 1965: NATL. POWER CONF., 
IEEE -ASME; Sheraton -Ten Eyck Hotel, 
Albany, N. Y. Fer Deadline Info.: IEEE 
Headquarters, Box A, Lenox Hill Station, 
New York, N. Y. 

Sept. 24 -25, 1965: 13TH ANN. COMMU- 
NICATIONS CONF., IEEE Cedar Rapids Sec- 
tion; Cedar Rapids, Iowa. Deadline: Ab- 
stracts, approx. 6/1/65. IEEE Headquar- 
ters, Box A, Lenox Hill Station, New York, 
N. Y. 

Oct. 4 -6, 1965: 1965 CANADIAN ELECTRON- 
ICS CONE., IEEE Region 7; Toronto, Ont., 
Canada. For Deadline Info.: Canadian Elec. 
Cont., 1819 Yonge St., Toronto 7, Ont., 
Canada. 

3,175,198 -Superconductor Films, March 23, 
1965; L. L. Burns, Jr. 

HOME INSTRUMENTS DIVISION 
3,166,714 -Manual Tuning Control System 
for FM Radio Receivers with AFC, January 19, 
1965; V. D. Hien 
3,168,710 -Negative Resistance Amplifier 
with Oscillation Suppression Circuit, February 
2, 1965; J. B. Schultz 
3,169,207- Electromagnetic Deflection yoke 
Haring Interconnected Multifilar Strands, Feb- 
ruary 9, 1965; M. J. Obert and R. L. Barbin 
3,169,222 -Double- Emitter Transistor Circuits, 
February 9, 1965; L. M. Krugman and R. C. 
Graham 
3,172,040- A.M. /F.M. Receiver Having Auto- 
matic Gain Control, March 2, 1965; J. B. 
Schultz 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIVISION 

3,167,681 -Electrostatic Deflection Circuit, 
January 26, 1965; R. A. Dischert 
3,168,653 -Tunnel Diode Circuit with Reduced 
Recovery Time, February 2, 1965; H. Ur 
3,171,955 -Temperature Controlled and Ad- 
justable Specimen Stage for Scientific Instru- 
ments, March 2, 1965; A. J. Cardile 
3,171,956 -Variant Temperature Environment 
for Specimen Stags of Scientific Instrument, 
March 2, 1965; J. W. Coleman and A. J. 
Cardile 
3,171,957- Specimen Holder for an Electron 
Microscope with Means to Support a Specimen 
Across a Thermocouple Junction, March 2, 
1965; J. W. Coleman and A. J. Cardile 
3,171,958 -Heated Specimen Helder for the 
Electron Microscope, March 2, 1965; J. W. 
Coleman 
3,175,136- Concentric -Vane Variable Capac- 
itor with Seal, March 23, 1965; R. M. Mison 

RCA SERVICE COMPANY 
3,171,897 -FM Stereo Multiplex Test Instru- 
ment, March 2, 1965; S. Wlasuk 

Oct. 11 -13, 1965: 1965 IEEE NATCOM 
ICoMMUNICATIONS SYMr.I, IEEE C -Com- 
Tech, Mohawk Valley Section; Utica, N. Y. 

Be sure deadlines are met -consult your Technical Publications Administrator or your 

Editorial Representative for the lead time necessary to obtain RCA approvals (and 

government approvals, if applicable). Remember, abstracts and manuscripts must 

be so approved BEFORE sending them to the meeting committee. 

Deadline: Abstracts, approx. 6/1/65. 
IEEE Headquarters, Box A, Lenox Hill 
Station, New York, N. Y. 

Oct. 18 -20, 1965: 12TH NUCLEAR SCIENCE 
SYMP.; San Francisco, Calif. Deadline: 
Abstracts, 100 -300 wda., 7/1/65. TO: J. M. 
Harrer, 12th NSS Program Chairman, Ar- 
gonne Natl. Laboratory, Argonne, Ill. 

Oct. 20 -22, 1965: ALLERTON CONF. ON 
CIRCUIT & SYSTEM THEORY, IEEE, G -CF, 
Univ. of Ill.; Conf. Center, Univ. of Ill-, 
Monticello, III. For Deadline Info.: Prof. 
M. E. VanValkenburg, Dept. of EE, Univ. 
of Ill., Urbana, Ill. 

Oct. 21 -23, 1965: ELECTRON DEVICES MTc. 
IEEE, G -ED; Sheraton Park Hotel, Wash., 
D.C. Deadline: Abstracts, approx. 8/1/65. 
IEEE Headquarters, Box A, Lenox Hill 
Station, New York, N. Y. 

Oct. 25 -27, 1965: NATL. ELECTRONICS 
CONF., IEEE, et. al.; McCormick Place, 
Chicago, Ill. Deadline: Abstracts, approx. 
5/1/65. NEC Office, 228 LaSalle St., N. 
Chicago, Ill. 

Oct. 27 -29, 1965: EAST COAST CONF. ON 
AEROSPACE & NAVIG. ELECTRONICS (ECC- 
ANE), IEEE, G -ANE, Baltimore Section; 
Baltimore, Md. Deadline: Abstracts, ap- 
pros. 6/1/65. Richard Allen, Westing- 
house Elec. Corp., Molecular Elec. Div., 
Baltimore, Md. 

Nov. 2 -5, 1965: IEEE ANN. SYMP. ON 
SPACE ELECTRONICS, IEEE. G -SET; Fon- 
tainebleu Hotel, Miami Beach, Fla. Dead- 
line: Abstracts, 5/15/65. Thos. Broskie, 
NASA, Cape Kennedy Complex, Cocoa 
Beach, Fla. 

Nov. 3 -5, 1965: NEREM (NORTHEAST 
ELEC. RES. & ENG. MTG.), IEEE, Region 
1; Boston, Mass. Deadline: Abstracts, ap- 
prox. 8/1/65. NEREM, IEEE Boston Of- 
fice, 313 Washington St., Newton 58, Mass. 

Nov. 10 -12, 1965: 18TH ANN. CONF. ON 
ENG. IN hIEDICINE & BloLocY, IEEE, G- 
BME-ISA; Univ. of Penna. & Sheraton 
Hotel, Phila., Pa. Deadline: Abstracts, ap- 
prox. 8/1/65. Dr. H. Schwan, Moore 
School of EE, Univ. of Penna., Phila., Pa- 

Nov. 15 -18, 1965: 11TH ANN. CONF. ON 
MAGNETISM & MAC., IEEE-41P; Hilton 
Hotel, San Francisco, Calif. Deadline: Ab- 
stracts, 8/1/65. IEEE Headquarters, Box 
A, Lenox Hill Station, N. Y., N. Y. 

Nov. 30 -Dec. 1 -2, 1965: FALL JOINT 
COMPUTER CONF., IEEE, AFIPS (IEEE- 
ACM) ; Convention Center, Las Vegas, 
Nevada. Deadline: Abstracts, approx. 
7/1/65. IEEE Headquarters, Box A, Lenox 
Hill Station, N. Y., N. Y. 
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Engineering NEWS and HIGHLIGHTS 

A REPORT FROM DR. BROWN ON 

EUROPEAN COLOR TELEVISION 

1 :,/ r'; Note: Dr. George H. Brown, Vice Pr, -idea, ltesearct: and Engineering, was the RCA senior 
loiscni,tive at the recent. Vienna conference of the International Consultative Committee on Radio 

Communications (CCIR) and participated actively in its decisions. Dr. Brnvn has ,lust returned 
from the Vienna. conference. The following, received April 8, 1965, is his statement. on the significance 
of the voting by the participating nations on color television standards for Europe and other areas of 
the world. 

For additional background ou these European discussions, sec "S1ission to Moscow" by Dr. Brown 
in the February 1965 issue of Trepo!. For a technical background review, see "Color 'television, The 
First Ten Years" by J. W. Wentworth, in the Aug. -Sept. 1964 RCA ENGINEER. 

The most significant result of the Vienna 
meeting of the International Consultative 
Committee on Radio Communications 

I CCIR) was the emergence of a clear -cut 
preference among most major countries in 
the world for a simultaneous color television 
system based on RCA technical develop- 
ments. This was expressed in the balloting 
at the meeting, and it represented a decisive 
defeat of the strong political drive by 
France to stampede the CCIR member na- 
tions into formal adoption of the French 
SECAM system. 

Two of the three systems initially consid- 
ered at the meeting -the NTSC system devel- 
oped primarily by RCA and employed in 
the United States, and the l'AL system pro- 
posed by West Germany- represent two 
variants of the same technique. They were 
therefore considered by the conferees as a 
single basic system approach trader the 
designation QUAM I for quadrature ampli- 
tude modulation). The PAL system is, in 
fact, an offshoot of the NTSC system. Their 
consideration as alternative variants of a 
single system provides an umbrella under 
which either may be employed according to 
the preference of the country concerned. 

If the countries of Europe all decided 
upon the QI AM approach, for example, each 
could elect individually to use either the 
NTSC or PAL variant in its own territory. 
Programs could be exchanged among them 
without any technical difficulties by using 
only a small amount of extremely simple 
equipment at the terminal centers. In coun- 
tries with microwave systems not as highly 
developed as in the United States, it would 
be entirely feasible to use the l'AL variant 
for microwave transmission over networks, 
and the NTSC variant for local broadcast 
transmission. 

In the balloting that concluded the CCIR 
meeting, it is significant that the Western 
nations representing the largest portion of 
the European television industry joined 
Japan, Canada, and the United States in 
favoring the QITAM system in its NTSC or PAL 
variants. The only Western votes for SECAM, 
in addition to that of France, were cast by 
Luxembourg, Monaco, and Spain. 

The remaining votes for SECAM were cast 
by the Soviet Union and the Eastern Euro- 
pean countries, excluding Yugoslavia, and 
by former French territories in Africa, 
nearly all of which do not have any televi- 
sion industries or services. 

Votes for the QUAM concept in its NTSC 
and PAL variants were cast by Great Britain, 
West Germany, the Netherlands, Sweden, 
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Denmark, Norway, Finland, Italy, Ireland, 
Switzerland, Austria, Iceland, Brazil, New 
Zealand, Japan, Canada, and the United 
States. 

Moreover, the British announced their 
determination to proceed immediately with 
the introduction of the QUAM system in its 
NTSC variant. This will soon provide British 
viewers with the same type of service now 
offered in the United States and Japan. In 
view of the strong arguments by France for 
immediate adoption of the SECAM system, it 
is interesting to note the French admission 
that it will not he ready for service even to 
French viewers before 1969 or 1970. 

The support of the Russians for the 
French system was based on the political 
agreement announced by the two countries 
just before the opening of the N ienna meet- 
ing. When this agreement was announced, 
a team of Soviet technical experts was visit- 
ing RCA's color television production facil- 
ities in the United States. None of these 
specialists subsequently attended the Vienna 
meeting with the Soviet delegation. Mem- 
bers of the delegation who cast Russia's bal- 
lot state, in fact, that they had received no 
report from the group. 

While the French political effort has pre- 
vented unanimous agreement upon the QUAM 
system concept and its NTSC -PAL variants, 
there is every reason to believe that the 
introduction of practical color service based 
upon this approach will proceed without 
serious hindrance. This offers the prospect 
that most of the people of Europe will soon 
be able to enjoy color television based on 
standards of the type that now provide such 
excellent service to the public in North 
America and Japan. 

One final fact should not be overlooked. 
This is the basic electronic kinship among 
all of the color systems now being consid- 
ered. This was demonstrated at the CCIR 
meeting when delegates witnessed demon- 
strations of PAL, NTSC, and SECAM. The Ger- 
man PAL and American NTSC demonstrations 
employed RCA receivers; the French 
SECAM receivers employed RCA color pic- 
ture tubes. 

DR. HANAK HONORED BY ASM 
Dr. J. J. Hanak received on March 17, 1965, 
the John Roebling Award from the Dela- 
ware Valley Section of the American Soci- 
ety for Metals in honor of his work done on 
vapor deposition of niobium stannide. (The 
Sept. 1964 issue of the RCA Review fea- 
tured a series of papers on niobium stan- 
nide.)-C. W. Sall 

RCA ESTABLISHES NEW TV 
ENGINEERING ADVANCED METHODS 

CENTER AT PURDUE 

An RCA Television Engineering Advanced 
Methods Center at Purdue University's 
Industrial Research Park, West Lafayette, 
Ind. has been established. Engineers from 
the Indianapolis headquarters of the RCA 
Home Instruments Division will staff the 
Center, supplemented by the faculty and 
students of Purdue's Graduate School of 
Engineering. The Purdue facility strength- 
ens RCA's total consumer electronics devel- 
opment program, which is headquartered 
at the David Sarnoff Research Center in 
Princeton, N.J. 

Since the future of consumer electronics 
will be determined by today's engineering 
students, RCA expects to maintain a firm 
pattern of growth in the coming years as 
the consumer electronics industry moves 
into advance concepts, such as wall- screen 
television and pocket -size color television 
receivers. The RCA Center is expected to 
be in full operation by June 1965. 

FOUR SCIENTISTS WIN AWARD FOR 
PAPER ON THIN -FILM IMAGE SCANNER 

Four RCA Laboratories scientists have 
recently been honored by the 1965 Inter- 
national Solid -State Circuits Conference for 
their paper, "An Integrated Thin -Film 
Scanner," presented at the 1964 conference 
in Philadelphia. 

Dr. Paul K. Weimer, Harold Borkan, 
Lorand Meray- Horvath, and Dr. Frank V. 
Shallcross, are the co- recipients of the 
Outstanding Paper Award plaque for their 
paper describing a solid -state image panel 
made tip of integrated thin -film circuits. 
Dr. Weimer, who headed the prize -winning 
team, was the recipient last year of the 
same award for his 1963 paper on "Evapo- 
rated Circuits Incorporating a Thin -Film 
Transistor." He is the only individual who 
has ever received the ISSCC award for two 
consecutive years. 

(A similar version of the 1965 prize- 
winner on the thin -film scanner was pub- 
lished in RCA ENGINEER, 10 -3, Oct -Nov 
1963. Dr. Weimer's earlier winner appeared 
in the RCA ENGINEER, 7 -6, April -May 
1962.) 

BISCHOF NAMED SMPTE FELLOW 

Wallace F. Bischof, Project Manager for 
the Redstone Pictorial Services, RCA Serv- 
ice Co., Huntsville, Ala., has been named 
a Fellow of the Society of Motion Picture 
and Television Engineers. Mr. Bischof was 
honored for significant achievements in the 
field of motion pictures. 

HOFSTEIN AND HEIMAN WIN 
IEEE PRIZE FOR MOS PAPER 

Dr. Steven R. Hofstein and Dr. Frederic P. 
Heiman, RCA Laboratories, have been 
awarded the Browder J. Thompson Memo- 
rial Prize of the IEEE for the best technical 
paper published in 1963: "The Silicon 
Insulated -Gate Field -Effect Transistor," 
which appeared in the September 1963 
Proceedings of the IEEE. 

The Thompson Prize, established in 1945, 
is given annually to the author or joint 
authors, under thirty years of age. 

(A similar version of this prize winning 
paper appeared in RCA ENGINEER, 8 -6, 
April -May 1963.) 
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14 RCA MEN AWARDED 
DAVID SARNOFF FELLOWSHIPS 

David Sarnoff Fellowships for graduate 
study in the 1965 -66 academic year have 
been awarded to fourteen employees. The 
Fellowships range in value to as high as 
$6,500 each. Although appointments are 
for one academic year, each Fellow is eligi- 
ble for reappointment. The David Sarnoff 
Fellows are selected on the basis of aca- 
demic aptitude and promise of professional 
achievement. 

One David Sarnoff Fellow was reap- 
pointed for only the first term of a third 
year, during which he expects to complete 
his doctoral study program: 

Henry Kressel, Electronic Components and De- 
vices, Somerville, N.J.- toward a Doctorate in 
Metallurgy at the University of Pennsylvania. 

One David Sarnoff Fellow was reap- 
pointed for a third year: 

Martin L. Levene, DEP, Applied Research 
Division, Camden, N.J.- toward a Doctorate in 
ME at the University of Pennsylvania. 

Three Technical David Sarnoff Fellows 
reappointed for a second year: 

John Randall Manning, DEP, Aerospace Sys- 
tems Division, Burlington, Mass.- toward a Doc- 
torate in ME at Massachusetts Institute of Tech- 
nology. 

Joseph P. McEvoy, DEP, Applied Research 
Division, Camden, N.J.- toward a Doctorate in 
Metallurgy at Imperial College of Science and 
Technology, London, England. 

Peyton Z. Peebles, DEP, Missile and Surface 
Radar Division, Moorestown, N.J.- toward a 
Doctorate in EE at the University of Pennsyl- 
vania. 

Six Technical David Sarnoff Fellows ap- 
pointed for the first time: 

Maurice Winston Cha Fong, RCA Communica- 
tions, Inc., New York City -toward a Doctorate 
in Systems Engineering at Polytechnic Institute 
of Brooklyn. 

Geoffrey Hyde, DEP, Missile and Surface 
Radar Division, Moorestown, N.J.- toward a 
Doctorate in EE at the University of Pennsyl- 
vania. 

Raymond John Ikola, RCA Laboratories, 
Princeton, N.J. -toward a Doctorate in Electro- 
physics at Polytechnic Institute of Brooklyn. 

Chi -sheng Liu, RCA Victor Home Instruments 
Division, Indianapolis, Indiana - toward a Doc- 
torate in EE at the University of Illinois. 

Louis Sickles, DEP, Applied Research Division, 
Camden, N.J.- toward a Doctorate in EE at the 
University of Pennsylvania. 

Frank Irwin Zonis, RCA Laboratories, Prince- 
ton, New Jersey -toward a Doctorate in EE at 
either the University of Pennsylvania or Massa- 
chusetts Institute of Technology. 

One Business Administration David 
Sarnoff Fellow reappointed for a second 
year: 

J. Keith Drysdale, RCA Victor Co., Ltd., Mon- 
treal, Canada -toward a degree of MBA at 
McGill University. 

Two Business Administration David 
Sarnoff Fellows appointed for the first time: 

Richard M. Corbin, RCA Service Co., Riverton, 
New Jersey -toward MBA at the University of 
Pennsylvania. 

Edward S. Gilbert, BCD, Radiomarine Engi- 
neering, Meadow Lands, Pa.- toward an MBA. 
at University of Pittsburgh. 

RCA LABS PRESENT 
1964 ACHIEVEMENT AWARDS 

The RCA Laboratories have named the 
following as receipents of the 18th annual 
RCA Laboratories Achievement Awards. 
These 1964 awards are in recognition of 
outstanding contributions by members of 
the RCA Laboratories. 

Marvin S. Abrahams, for contributions to a 
deeper understanding of the relationship of struc- 
tural features to the electronic properties of 
sol ids. 

Frank Amoroso, for research leading to im- 
proved digital magnetic recording. 

James A. Amick, for fundamental research on 
epitasial growth of semiconductors. 

Joel E. Goldmacher, for key contribution to the 
development of stabilized MOS transistors. 

Fred Herzfeld, for resourcefulness in the con- 
ception mud development. of u special program 
for the 1tCA 301/601 computer. 

Richard E. Honig, for research leading to the 
development of novel ionization and laser sources 
for mass spectrometry of solids. 

Zoltan J. Kiss, for studies of energy transfer 
between unlike ions in crystals leading to an im- 
proved laser. 

Robert D. Larrabee, for development of an 
indium- untintonide microwave generator. 

David M. Perkins, for resourcefulness and 
ingenuity shown in the development of a sensitive 
photoangular device and a highly efficient solar 
cell. 

A. D. Robbi, for research on methods of driving 
laminated ferrite memories. 

Paul H. Robinson, for developing techniques to 
control deposition of single -crystal silicon films 
on an insulating substrate. 

William E. Rodda, for conception and develop- 
ment of equipment that detects the high - 
frequency components of speech and converts 
them to intelligible form. 

Edward R. Schrader, for research leading to the 
development of a superior high -field supercon- 
ducting magnet. 

James J. Tietjen, for devising and applying 
excellent vapor -pitase methods of synthesizing 
semiconductor and injection -laser materials in 
device form. 

Robert O. Winder, for continued contribution 
to the theory and application of threshold logic. 

Joseph A. Zenel, for contributions to the devel- 
opment of special communications sensors. 

Maurice Artzt and Milton Sowiak, for team 
performance in developing BAsaraN, a high -speed 
electromechanical printer. 

Erwin F. Belohoubek and Reynold Steinhoff, 
for team performance in the development of a 
new family of broad -band microwave delay lines. 

Harold Blotter, John Fischer, and Donald S. 
McCoy, for team performance in defining the fac- 
tors that limit the sensitivity of seismic detector 
syst ems. 

Stanley Bloom, Bayram Vural, J. M. Hammer, 
and C. P. Wen, for team performance leading to 
advances in the reduction of noise in traveling - 
wave tubes. 

George C. Dousmanis and Herbert Nelson, for 
team performance in the development and anal- 
ysis of roost- temperature injection lasers. 

Joseph Dresner and H. Peter Lanyon, for team 
performance in advancing the technology and 
understanding of thin -film photoconductors. 

N. L. Gordon, A. H. Simon, and T. M. Stiller, 
for team performance in conceiving and develop- 
ing scientific programs that enhance the flexibility 
of the RCA 301 -601 computer. 

Helmut Kiess, Liselotte Krausbauer, Emmanuel 
Kaldis, and Rudolf Nitsche, for team performance 
in the synthesis and investigation of ternary 
photoconductors. 

F. Russell Nyman, Henry C. Schindler, and 
Kurt S:rater, for team performance in the devel- 
opment of a practical vapor deposition process 
for making niobium- stannide ribbon. 

Akos G. Reves: and Karl H. Zaininger, for 
team performance and experiments and studies 
leading to a better understanding of the electrical 
properties and growth mechanisms of silicon - 
dioxide films on silicon substrates. 

DEGREES GRANTED 
E. B. Gamble, DEP -AED, Pr. MSEE, U. of Penna 
R. A. Holt, DEP -ASD, Van Nuys MSEE, U.C.L.A. 
J. Klapper, DEP -CSD, N.Y. D Sc., EE, New York U. 
J. Schwartzman, ECD, Som. BS, Fairleigh Dickinson U. 

DR. BACHYNSKI NAMED DIRECTOR 

OF MONTREAL RESEARCH LABS. 

Dr. M. P. Bachynski has been appointed 
Director of Research, Research Laborator- 
ies, RCA Victor Company, Ltd., Montreal, 
succeeding Dr. J. Rennie Whitehead, who 
is taking up an appointment as Deputy 
Director of the newly created Canadian 
Government Scientific Secretariat in 
Ottawa. 

Dr. Bachynski, who is well known for his 
outstanding work in Microwave and Plasma 
Physics, graduated in 1952 from the Uni- 
versity of Saskatchewan with a B. Eng. in 
engineering physics, obtaining his M.Sc. 
in physics the following year and a Ph.D. 
in 1955 while at the Eaton Electronics Re- 
search Laboratory, McGill University. In 
1955 he joined the newly formed RCA 
Victor Research Laboratories, becoming 
Laboratory Director, Microwave and 
Plasma Physics, in 1958. In recent years 
he has concentrated on space research con- 
cerned primarily with simulation of geo- 
physical phenomena in the laboratory, with 
satellite plasma environments and space 
vehicle induced plasma effects. 

Among the many recognitions he has re- 
ceived for his work is the David Sarnoff 
Award for Individual Achievement in Engi- 
neering in 1963. 

Under the direction of Dr. Whitehead, 
who was responsible for its inception in 
1955, the RCA Victor Research Laborato- 
ries have grown from an area of 5,300 
square feet and a staff of 4 to the present 
18,000 square feet with staff numbering 71 
with considerable further extension pend- 
ing. The scope of scientific research now 
encompasses most of the important fields 
in modern electronics and the Laboratories 
have attained a world -wide reputation. 

(Editor's Note: Dr. Bachynski has pub- 
lished three papers in the RCA ENGINEER 
on Plasma (Vol. 6 -5 and 6 -6) and micro- 
wave physics (Vol. 9 -1) . He is now advis- 
ing the RCA ENGINEER staff in the plan- 
ning of a future issue on plasma.) 

U.S. ACADEMY OF ENGINEERING 

ESTABLISHED 

A National Academy of Engineering has 
been formed under the charter of the 
National Academy of Sciences. The new 
Academy will share in the responsibility 
given the National Academy of Sciences to 
advise the Federal Government, upon re- 
quest, in all areas of science and engi- 
neering. 

Dr. Elmer W. Engstrom, RCA President, 
is one of 25 charter members of the Na- 
tional Academy of Engineering. 

LICENSED ENGINEERS 
L. R. Andros, DEP -MSR, Moorestown, 

PE- 13798, N.J. 
A. R. Campbell, DEP -AED, Pr., PE- 13821, 

N.J. 
P. G. Maser, Jr., RCA Ser. Co., Air Force 

Base, Colo., PE -62- 20925, Ill. 
S. Yates, DEP -MSR, Moorestown, PE- 

2021-E, Penna. 
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R. C. Fortin 

E. F. Breniak 

K. E. Loofbourrow 

E. K. Modeford 

I. Kalish 

D. H. Warnsley 

R. E. Winn 
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NEW RCA ENGINEER 
EDITORIAL REPRESENTATIVES 

Presented here are thirteen men who have 
recently been named as Editorial Represent- 
atives of the RCA ENGINEER. The men and 
the activities they represent are: R. C. For- 
tin, Direct Energy Conversion Dept., Special 
Electronic Components Division, ECD, Har- 
rison, N.J.; E. F. Breniak, Indnstrial Semi- 
conductor Engineering, Industrial Tube & 

Semiconductor Division ECD, Somerville, 
N.J.; K. E. Loofbourrow, Semiconductor and 
Conversion Tube Operations, Industrial 
Tube & Semiconductor Division, ECD, 
Mountaintop, Pa.; E. K. Madenford, Tele- 
vision Picture Tube Operations, Television 
Picture Tube Division, ECD, Lancaster, Pa.; 
I. Kalish, Integrated Circuit Dept., Special 
Electronic Components Division, ECD, Som- 
erville, N.J.; D. H. Wamsley, Engineering, 
Technical Programs, ECD, Harrison, N.J.; 
R. E. Winn, Broadcast Transmitter & An- 
tenna Eng., BCD, Gibbsboro, N.J.; W. J. 
Sweger, Mobile Communications Engineer- 
ing, BCD, Meadow Lands, Pa.; R. R. 
Shively, Systems Engineering, Evaluation, 
and Research, Defense Engineering, DEP, 
Moorestown, N.J.; T. L. Elliott, Jr., Missile 
Test Project, RCA Service Co., Cape Ken- 
nedy, Fla. ; L. H. Fetter, Govt. Svc. Dept., 
RCA Service Co., Cherry Hill, N.J.; B. 
Aaront, EDP Svc. Dept., RCA Service Com- 
pany, Cherry Hill, N.J.; L. A. Shotliff, RCA 
International Division, New York City, N.Y. 

Robert C. Fortin received his BSEE from the 
University of Idaho in 1942 and joined RCA as a 
receiving -tube design engineer. He became Engi- 
neering Leader in Computer and Special Tubes in 
1952, and Manager of Receiving -Tube Design in 
1953. In 1959 he joined the Data Systems and 
Services Activity as Project Manager, Product 
Performance Evaluation. In this position, he de- 
veloped a program for RCA 501 utilization in an 
integrated Quality Assurance Plan. In 1961 he 
joined the EC &D New Business Development 
group. He transferred to Thermoelectric Device 
Engineering in 1962, and assumed responsibility for 
fabrication of SNAP -10A converter rmo isle . In 
late 1963 he assumed responsibility for Reliability 
Engineering for Thermoelectric Devices, with em- 
phasis on SNAP-10A converter module fabrica- 
tion. Mr. Fortin is a member of the IEEE and 
has served for several years as the RCA repre- 
sentative on the Joint Electron Tuhe Engineering 
Council .ITC -5 Committee on small power tubes. 

E. F. Breniak received his BS in Industrial Engi- 
neering from Rutgers University in 1951 and then 
joined Westinghouse Electric Corporation, New- 
ark, New Jersey, as a manufacturing engineer. 
Later, as a project engineer, he was responsible 
for the design and installation of production sys- 
tems in a modernization of all product lines in 
relay and instrument manufacture. In 1956 he 
received his MS in Engineering at Stevens Insti- 
tute of Technology. In 1958 he joined the RCA 
Semiconductor Division. Somerville, as Adminis- 
trator of New Product Planning. He co- ordinated 
the transfer of new products from development to 
continuous production and contributed to plan- 
ning for initial production at the plant at Moun- 
taintop. In 1964, he became Project Engineer for 
Quality and Product Assistance in transistor and 
special product. development. 

Keith E. Loofbourrow received his BSEE from 
Oklahoma State University in 1950. In 1950, he 
joined the RCA Harrison Tube Division as an 
applications engineer for new electron tutees in the 
VHF and UHF. In 1953, he was assigned to Semi- 
conductor Applications as an Engineering Leader, 
responsible for developmental transistor applica- 
tion, evaluation, and test methods. In 1955, he was 
appointed Manager, Reliability and Test Engi- 
neering for the RCA Semiconductor Division. In 
July 1957 he became Manager, Industrial Transis- 
tor Applications Engineering. In 1961 he was 

W. J. Sweger R. R. Shively 

named manager of Industrial Transistor Develop- 
ment and Applications. In May 1963 he became 
Administrator, Operation Planning, for Industrial 
Transistors. He assumed his present position as 
Staff Resident Engineer in June 1964, responsible 
for the technical coordination and execution of 
new product programs as they progress from 
development tee manufacture. Mr. Loufbourrow 
has published several Application Notes and tech- 
nical papers. 

Edward K. Madenford graduated from Lehigh 
University in 1949 with a BS in Business Admin- 
istration. He was associated with Day & Zimmer- 
man, Inc. Engineers, Philadelphia, Pennsylvania 
from 1949 to 1954 as a Cost Engineer and Field 
Accountant ; joined RCA in 1954, and is presently 
Achujnistrator, Engineering Administration, Color 
Picture Tube Engineering at EC &D. Lancaster. 
He is a member of Alpha Kappa Pi. 

I. Kalish received the BSEE from the Cooper 
Union School of Engineering in 1953 and the MS 
degree in Electrical Engineering from Columbia 
University in 1956. He joined RCA in 1953 as a 
semiconductor-device engineer. He was promoted 
to Manager of Germanium Product Design in 
1961, and assumed his present position as Man- 
ager of Integrated -Circuit Design in January 1963. 
Since 1954, Nlr. Kalish has been an Adjunct In- 
structor in Physics and Electrical Engineering at 
the Cooper Union School of Engineering. 

D. H. Wamsley received his BS in Ceramic. 
Engineering from Alfred University in 1930, and 
the NIS in Ceramic Engineering from the Uni- 
versity of Illinois in 1932 while attending on a 
Research Fellowship. He joined RCA early in 
1933 as an engineer in the Chemical and Physical 
Laboratory at Harrison, N.J. He moved to Lan- 
caster in 1942 to establish and manage a Chemical 
and Physical Laboratory in a new plant for the 
production of radar and communications tubes 
for the armed forces. He became Manager of 
Engineering Services for the Lancaster plant in 
early 1954, and later that, year was assigned as 
Manager of Color Tube Engineering in the estab- 
lishment of a new color -tube manufacturing 
organization. He transferred to Somerville in 
1955, and has held a series of engineering manage- 
ment positions there. He holds a number of pat- 
ents, and has published several papers. He is a 
Senior Member of the IEEE and has served as 
Chairman of the Lancaster IEEE Subsection. He 
is also a member of the ACS and has served as 
Chairman of the Southeastern Pennsylvania ACS 
Section. He was President of the Lancaster Chap- 
ter of the SAM. He served as a member of the 
JEDEC Council from 1956 to 1960. 

Robert E. Winn graduated from the University 
of Missouri with a BSEE degree in 1957 and that 
year ,joined the Broadcast Transmitter Engineer- 
ing Group in Camden. Through the ItCA Gradu- 
ate Study Program he received an NISEE degree 
limn the University of Pennsylvania in 1964. De- 
sign activities while he was with the Transmitter 
Group include work on rae, vue and UHF television 
transmitters, UHF cavity design, and Automatic 
switching systems. Since 1964 he has been with 
the Broadcast Transmitter-Antenna Systems 
Group located in Gibbsboro, New Jersey. Mr. 
Winn is a member of Eta Kappa Nu. 

W. J. Sweger received his BA in Physics from 
Washington and Jefferson College in 1949. From 
1951 until 1955, he was with the Naval Ordnance 
Laboratory as an Electronic Engineer in radio- 
type proximity fuses for projectiles and rockets. 
From 1955 to 1956, he waa a fuse design engineer 
with the Navy Bureau of Ordnance, with respon- 
sibility for administrative direction of VT fuse R 
and D programs at the Naval Ordnance Labora- 
tory, and at BuOrd contractors. In 1956, he joined 
Curtiss -Wright Research Division's Nuclear Power 
Department. From 1958 to 1959, he was Group 
Leader of the Nuclear Instrumentation and Con- 
trols Section. In May 1960, he joined the RCA 
Broadcast and Communication Products Division 
at Meadow Lands, Pa., as a member of the Engi- 
neering Staff. He has been rsponsible for coordi- 
nating FCC Type Acceptance applications on 
Mobile Radio Transmitters and for coordinating 
the preparation of Two -Way Radio Product Line 
instruction books. 

T. L. Elliott, Jr. L. H. Fetter 

R. R. Shively received a BA in Business Admin- 
istration from Pennsylvania State University in 
1954. Fromi 1954 to 1957 he served as an Air Force 
officer with responsibilities for direction of a 
radar station and as an instructor in air -to -air 
missile -launch techniques. In 1957 he joined the 
Philco Corporation as an assistant to the Division 
Controller in Estimating and Pricing. In 1958 
Mr. Shively joined RCA as an administrator on 
the AN /FPS -16 program and in 1959 was assigned 
to the BNIE\VS Program. As a mendier of the 
DEP Systems Engineering, Evaluation, and Re- 
search Group, Mr. Shively is administratively 
responsible for that group's contracts and pro - 
posiel art inities. 

Thomas L. Elliott, Jr., received the BS in Jour- 
nalism from the University of Florida in June 
1959. After serving as Director of Public Rela- 
tions for the Orlando, Florida, Chamber of Com- 
merce for four years. he joined the RCA Service 
Company's Missile Test Project as Publications 
Administrator in June 1963. In this position, he 
is responsible for producing the location house 
magazine and for related publicity, public rela- 
tions, and publications affairs. 

Leon H. Fetter, now a member of the RCA Serv- 
ice Company Government Field Support Group, 
received his BSEE from Tri State College in 1930. 
He also studied at Drexel Institute of Technology 
and the College of South Jersey (now Camden 
branch of Rutgers). Mr. Fetter has been em- 
ployed ley RCA since 1930 having both laboratory, 
field and test engineering experience. In 1939 he 
transferred to the RCA Service Company and 
since that time has been active in Field Engineer- 
ing as related to radio, television and military 
equipment. He also has experience in technical 
publications on both commercial instruments and 
mtilitay equipment, including sonar, radar, and 
guided missiles. He was formerly Editor of RCA 
Service Company, Government Services magazine 
FEED. 

Bruce Auront received his BA in Physics and 
Nlathentatics from New York University in 1950. 
He was employed as a Research Physicist in Elec- 
tronics and Optics ley the U.S. Government until 
1953, at which time he joined RCA Service Co. as 
Manager of the Bizntac Computer Installation at 
OTAC in Detroit. In 1959 lie returned to Cherry 
Hill as Manager of Field Support Engineering for 
Electronic Data Processing Services, and was re- 
sponsible for installation of the first ten RCA 501 
oouiput ers. He served in this position and in 
subsequent positions as Manager of Project Con- 
trol, EDPS, ami Manager of Operation Support 
Planning instil 1964, when he assumed his present 
position of Manager of Engineering for EDPS. 
Among his current duties is the Nanagement of 
the Sustaining Engineering, New Products Service 
Engineering, and Training Groups for EDPS. 

L. A. Shotliff received his BSEE in 1939 and his 
NISEE in 1940 from Washington University, St. 
Louis, Mo. He has done additional graduate 
work at Washington University, University of 
Pennsylvania, and Columbia University. He is a 
member of Tau Beta Pi, Sigma Xi, Pi Mu Epsy- 
lon, Phi Eta Sigma, and Omicron Delta Kappa. 
He is a senior member of the IEEE, a member of 
the Board of Editors of RCA Review and of the 
Board of Technical Advisors of the RCA Insti- 
tutes. He is also a licensed professional engineer 
in the State of New York. After obtaining his 
MS, lie taught EE at Washington University and 
then joined RCA in June 1941. After training, he 
was assigned to the aviation transmitter engineer- 
ing design and development group. After the war 
lie worked in communications equipment develop- 
ment and then transferred to the RCA Interna- 
tional Division in late 1945. While at RCA Inter- 
national, he lias had management positions in 
communications marketing, engineering product 
development and product planning, systems engi- 
neering, engineering products marketing and in 
1960 transferred to the Licensing Operations 
where he was Manager of Technical Aid Develop- 
ment, and presently is Manager of Technical In- 
formation and Services, and of information and 
services to existing technical aid licensees. 

B. Aaront L. A. Shotliff 
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E. R. JENNINGS NAMED ASSOCIATE 
EDITOR, RCA ENGINEER 

E. R. Jennings has been promoted to Associ- 
ate Editor of the RCA ENGINEER. Formerly 
Assistant Editor, he will continue to report 
to W. O. Hadlock, Editor. In addition to 
duties connected with all phases of the RCA 
ENGINEER, he will continue to assist Mr. 
Hadlock in staff administration of RCA 
technical papers and reports, including the 
indexing activities of RCA papers and re- 
ports. Mr. Jennings received his BS in 
Mechanical Engineering from Illinois Insti- 
tute of Technology, Chicago, Ill., in 1950 
and has taken graduate work at University 
of Chicago and University of Pennsylvania. 
After working as a design engineer, he as- 
sisted in supervision of a technical- informa- 
tion group responsible for nuclear weapons 
test reports. He joined RCA in early 1959, 
working first at the Astro- Electronics Divi- 
sion, and then becoming Assistant Editor of 
the RCA ENGINEER in mid -1959. He is a 
Member IEEE, and has served as Editor, 
IEEE Trans. on EWS. 

MIT RESEARCH DIRECTORY AVAILABLE 
As a participant in the MIT Industrial 
Liaison Program, the RCA Technical 
Libraries have copies of the 1965 MIT 
Directory of Current Research. The Direc- 
tory lists more than 1200 projects (all non- 
classified research programs). The research 
projects in the Directory usually result in 
publications available to RCA. Request for 
information concerning the research pro- 
grams and publications, as well as a num- 
ber of private symposiums to he offered for 
the benefit of specialists, should be for- 
warded through your librarian. 

INTEGRATED CIRCUITS SEMINAR 
IN SOMERVILLE 

A full -day Integrated Circuit engineering 
seminar was held in Somerville on January 
27, 1965 under the sponsorship of the Inte- 
grated Circuit Department of RCA Elec- 
tronic Components and Devices. The pur- 
pose of the Seminar was threefold: to 
impart to the RCA engineering audience of 
over 300 people the objectives of RCA's cor- 
porate program on integrated circuits ; to 
expose the attendees to the ultra- modern 
facilities for engineering and producing in- 
tegrated circuits at Somerville; and finally 
discuss those families of integrated circuits 
that are now becoming available. 

Note: The October -November RCA ENGI- 
NEER was devoted to the RCA integrated 
circuit program. In addition to the technical 
papers in that issue, four introductory arti- 
cles (by Kihn, Day, Kalish, and Aires) de- 
scribed the RCA integrated circuit program, 
the organizations responsible for the pro- 
gram and their objectives, and the engineer- 
ing- applications assistance available.] 

Correction: In the paper by Kowallek and 
NIehla, "Overload Considerations for Low - 

,-t Transistorized AM Receivers" in the 
I .b. -Mar. 1965 issue, there were several trans - 
positions of lines of type at the Iteginning of 
the Summary on page 71. The first paragraph 
of the Summary should correctly read as fol- 
lows: 

SUMMARY 
A fixed- biased amplifier operating at Maxi- 
mum stable gain will normally require an 
input signal of only a few millivolts to drive 
the stage,into clipping. The predominant en- 
velope distortion will occur as n "flattening" 
or "rounding" of the peaks of the upward 
modulation. As the quiescent current is re- 
duced, the stage gain will he reduced. Then 
for a given output signal, a greater input sig- 
nal will he required. The increased signal 
excursion will cause envelope distortion due 
to the nonlinearity of the transconductance. 

PROFESSIONAL ACTIVITIES 

DEP -CSD Systems Lab., New York City: 
William L. Clements, Project Administrator 
for the Advanced Communication Tech- 
niques Group was elected Secretary of the 
Metropolitan (New York) Engineering 
Management Group of the IEEE. -M. P. 
Rosenthal 

DEP -ASD, Van Nuys, Calif.: A Micro- 
circuit Training Program was given for 10 
consecutive weeks which began October 1, 
1964. The program was attended by ap- 
proximately 84 engineers.-5. Hersh. 

DEP -ASD, Burlington, Mass.: D. Dobson 
has been named Executive Editor of the 
new IEEE Transactions on Defense Aero- 
space and Navigational Systems. 

DEP Applied Research, Camden, N.J.: 
Dr. James Vollmer was appointed Adjunct 
Professor of Physics at Drexel Institute of 
Technology. He has completed teaching the 
first semester graduate course in Plasma 
Physics. -J. M. DiA more 

RCA Service Company, Cherry Hill, N.J.: 
The systems engineering sessions of the 
ASQC's 1965 Convention will have two par- 
ticipants from RCA Service Co. R. E. Purvis 
is preparing a paper for presentation en- 
titled "Resource Requirements as a Conse- 
quence of Reliability and Maintainability 
Tradeoffs." H. R. Barton, Jr. is the session 
organizer, and will participate in a panel 
discussion entitled "Engineering the Total 
Man- Machine Information System." Other 
panel members include H. D. Voegtlen, R. 
R. Jones, and T. H. Allen.-L. Fetter 

ECD Microwave Engineering, Harrison: 
Robert W. McMurrough, Engineering 
Leader, Traveling -Wave Tube Design has 
been elected Secretary of the New York 
Metropolitan Chapter of the Electron De- 
vices Group IEEE for 1964 -1965. In this 
capacity, Mr. McMurrough is responsible 
for committee minutes, organizing lectures, 
and handling correspondence. 

ECD Integrated Circuit Dept., Somerville, 
N.J.: R. D. Lohman discussed Semiconduc- 
tor Integrated Circuits as member of the 
panel at an IEEE Symposium on "Balls, 
Beams, and Bonds" in New York City on 
Feb. 23, 1965. -1. Kalish 

ECD Semiconductor and Conversion Tube 
Operations, Mountaintop, Pa.: Members of 
the Wilkes College Physics Club were 
guests of the RCA Mountaintop semicon- 
ductor plant for their technical meeting on 
January 6, 1965. Highlights of the meeting 
included discussions of solid state theory 
and applications conducted by several mem- 
bers of the RCA Engineering Staff and a 
tour of the semiconductor manufacturing 
facilities. -K. E. Loaf bourrow 

ECD Conversion Tube Operations, Lan- 
caster, Pa.: Engineers Harold P. Krall, 
Andy G. Nekut and John P. Sverha of 
Phototube Product Engineering, attended 
11th Nuclear Science Symposium at Phila- 
delphia. Dr. R. W. Engstrom, Manager, 
Conversion Tube Advanced Development, 
delivered a lecture entitled "Photomultipli- 
ers and Image Tubes" at the RCA Interna- 
tional Distributors Symposium in Geneva, 
Switzerland, on March 3, 1965. 

-R. Kauffman 

RCA Communications, Inc., New York 
City: J. C. Hepburn, Manager, Station Fa- 
cilities, Equipment and Systems Design, 
RCA Communications, Inc., was appointed 
Chairman, Telegraphy Subcommittee, of the 
U.S. Preparatory Committee for Study 
Group III. J. M. Walsh, Manager, Termi- 
nal Plant Engineering, has been appointed 
to the Awards Committee and reappointed 
to the Meetings Committee and the Radio 
Communication Committee of the IEEE 
Communication Technology Group. He re- 
cently attended the NEC Convention in Chi - 
cago.-C. F. Frost 

Tlissile Test Project, Cape Kennedy, Fla.: 
Charles E. Stone, Manager of the Measure- 
ment Equipment Laboratories, was featured 
on the program of the recent National Con- 
ference of Standards Laboratories in New 
York City, speaking on "A Practical Ap- 
proach to Standards Information Services." 
In addition, Stone, as a participating mem- 
ber of the Committee for Standards Labora- 
tories Information Services, also served on a 
panel that discussed methods of exchanging 
information. Serving on the executive com- 
mittee of the Second Space Congress (Cocoa 
Beach, Florida, April 5-7, 1965), were 
Joseph Q. Hilliard, Assistant General Chair- 
man; Dr. L. E. Mertens, Technical Program 
Chairman; Roy H. Tabeling, Speakers 
Chairman; and David Kovljain, Arrange- 
ments and Exhibits Chairman. The Space 
Congress is an annual undertaking of the 
Canaveral Council of Technical Societies, 
an organization of the Cape Kennedy area 
chapters of 17 professional societies. Wil- 
liam G. Wiest, Photographic Laboratory 
Engineer for the RCA Service Company's 
Missile Test Project, has been elected Chair- 
man of the Inter -Range Instrumentation 
Group's IIRIG) Photographic Laboratory 
Working Group. IRIG is an association of 
scientific personnel concerned with missile 
range activities. Formed in the mid- 1950's 
by the commanders of the country's ranges, 
its purpose is to encourage exchanges of in- 
formation between the ranges on activities 
of mutual interest. Several Missile Test 
Project personnel were installed as officers 
of their respective professional societies at 
the joint banquet of the Society of Photo - 
Optical Instrumentation Engineers (SPIE), 
the American Society of Photogrammetry 
(ASP), and the Society of Motion Picture 
and Television Engineers ( SMPTE) . Named 
to positions in SPIE -ASP, which functions 
as a single chapter in the Cape Kennedy 
area, where E. N. Bowker, Treasurer; S. L. 

Atkinson, and George H. Rosenfield, 
Board of Directors. SMPTE installed W. M. 
Sheehan, as its chairman. He succeeds 
V. D. Armstrong. Also serving SMPTE are 
R. F. Downey, Secretary- Treasurer; W. G. 
Wiest, Program Chairman; J. T. Stuart, 
Membership Chairman; and J. A. Hardos, 
Publications and Arrangements Chairman. 

-T. L. Elliott, Jr. 

RCA Labs., Princeton: Dr. Fred P. Hei- 
man is teaching a course in "Semiconductor 
Device Technology" at Rutgers University 
evening school in New Brunswick. One sec- 
tion is being taught at New Brunswick and 
one is held at the RCA Labs. Both Somer- 
ville and Princeton RCA people are partici- 
pating. S. Dierk is serving as Publicity 
Chairman of the IEEE Princeton Section. 

-C. W. Sall 
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INDEX TO RCA ENGINEER 
VOLUME 10 

This index covers Vol. 10 -1 (June -July 1964), 10 -2 Aug. -Sept. 1964), 10 -3 (Oct. - 
Nov. 1964), 10-4 (Dec. 1964 -Jan. 1965), 10 -5 (Feb. -Mar. 1965), and the present 
issue, 10-6 (April -May 1965). Since RCA ENGINEER articles are also available 
as reprints, the reprint number (PE -000) is noted throughout. 

SUBJECT INDEX 
Titles of papers are permuted where necessary 
to bring significant keyword( sl to the left for 
easier ping. Authors' division appears 
parenthetically after his name. 

AMPLIFICATION 

Electron- Beam -Plasma Amplifiers -A Future 
in Millimeter -Wave Amplification -Dr. G. A. 
Swartz (Labs., Pr.) ; 10 -4, (reprint PE- 
222) 

High -Gain, Solid -State Microwave Amplifier, 
The Possibility of a -R. D. Larrabee, W. A. 
Hicinbothem, Jr. (Labs., Pr.) ; E &R Note, 
10 -2 (reprint PE- 235 -20) 

Integrated Circuit Amplifier, Computer Analy- 
sis of an -A. G. Atwood, L. C. Drew (DEP - 

ASD, Burl.) ; 10 -3, (in reprint booklets 
RCA Integrated Circuits, PE -214, PE -216, 
PE -217, PE -218) 

Microwave Amplification in Superconductors 
-A. S. Clorfeine, R. D. Hughes (Labs., 
Pr.) ; E &R Note, 10 -3, (in reprint booklet 
Microwave Systems and Devices, PE -210) 

MIPIR Radar Receiver -A Three -Channel Re- 
mote -Tuned Parametric Amplifier -H. B. Yin 
(DEP -MSR, Mrstn.) ; 10 -4, (in reprint 
booklet Microwave Systems and Devices, 
PE -210) 

Traveling -Wave Tubes (Low- and Medium - 
Power) as Versatile Broadband Microwave 
Amplifiers-A Review -H. J. Wolkstein, 
R. W. McMurrough, G. Novak (ECD, Hr.) ; 

10 -4, (in reprint booklets Microwave Sys- 
tems and Devices, PE -210; and Microwave 
Components, PE -219, PE -215) 

Tunnel -Diode Microwave Amplifiers and Os- 
cillators- D. E. Nelson, A. Presser, E. Cas - 
terline, R. M. Minton (ECD, Pr. & Som.) ; 

10 -4, lin reprint booklets Microwave Sys- 
tems and Devices PE -210 and Microwave 
Components, PE -215, PE. -219) 

BIOMEDICAL ELECTRONICS 

Biomedical Engineering -Dr. A. N. Gold- 
smith (RCA Staff, N.Y.) ; 10 -6, (reprint 
PE-225) 

Electronics Technology in Medicine -L. E. 
Flory (DEP -AED, Pr.) ; 10 -6, (reprint PE- 
230) 

Microcircuit -Microwatt Design Techniques for 
New Internal Medico) Sensors -L. E. Flory, 
F, Hatke (DEP -AED, Pr.) ; 10 -6, (reprint 
PE -231) 

BIONICS 

Adaptation Theory-A Tutorial Introduction 
to Current Research --Dr. J. Sklansky (Labs., 
Pr.) ; 10 -6, I reprint PE-232) 

Neural, Threshold, Majority, and Boolean 
Logic Techniques -A Comparative Survey - 
C. R. Atzenbeck, D. Hampel (DEP -CSD, 
N.Y.) ; 10 -6, (in reprint booklet Life Sci- 
ences, PE -233) 

Speech Recognition Using Artificial Neurons 
-M. B. Herscher, T. B. Martin (DEP - 
AppRes, Camden) ; 10 -6, (in reprint book- 
let Life Sciences, PE-233) 

CHECKOUT; MAINTENANCE 

Computer -Controlled Automatic Testing - A 
Review- B. T. Joyce, E. M. Stockton ( DEP - 
ASD, Burl.) ; 10 -5, (in reprint booklet 
Space Electronics, PE -227) 

Predicting System Checkout Errors-W. C. 
Moon (DEP -ASD, Burl.) ; 10 -5, (in reprint 
booklet Space Electronics, PE -227) 

CIRCUIT THEORY; ANALYSIS 

Multiple Diode Theorems --R. L. Ernst (DEP. 
CSD, N.Y.) ; E &R Note, 10 -5 (reprint 
PE- 235 -38) 
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CIRCUIT INTERCONNECTIONS; 
PACKAGING 

High- Packing -Density Module Board -Me- 
chanical Aspects- -A. C. Corrado (DEP -CSD, 

235- 
Camden15) ) ; E &R Note, 10 -1 (reprint PE- 

Monolithic Silicon Integrated Circuits, Pack- 
aging of -A. Morena, H. Krautter (ECD, 
Som.) ; 10 -3, (in reprint booklets RCA In- 
tegrated Circuits, PE. -214, PE -216, PE -217, 
PE -218) 

New Packing Arrangement for Fragile Elec- 
tronic Equipment -R. E. Ilersey )DEP -CSD, 
Cambridge) ; E &R Note, 10 -1 (reprint PE- 
235-16) 

COMMUNICATIONS, DIGITAL 

DATATELEX -A New High Speed Transmission 
Service for International Data Exchange -R. 
K. Andres (RCA Comm., N.Y.) ; 10 -1 (re- 
print PE- 235 -5) 

Permutation Codes- -F. H. Fowler, Jr. (DEP- 
CSD, Camden) ; 10 -1 (reprint PE- 235 -13) 

Rnndom Access Discrete Address Communica- 
tions, An Improved Detection Technique for - 
R. C. Sommer I DEP -CSD, N.Y.) ; E &R 
Note, 10 -4, (in reprint booklet Microwave 
Systems and Devices, PE -210) 

Random Access, Discrete- Address Communica- 
tions, On the Optimization of -R. C. Sommer 
(DEP -CSD, N.Y.) ; E &R Note, 10 -2, (in 
reprint booklet Microwave Systems and De- 
vices, PE -210) 

COMMUNICATIONS SYSTEMS; 
THEORY 

Evolution of RCA's Solid -State Microwave 
Commercial Communications Equipment -H. 
S. Wilson (BCD, Camden) ; 10 -1 (reprint 
PE- 235 -11) 

Future Microwave Communications Repeaters 
for Space --A. L. Berman, J. Kiesling (DEP - 
AED, Pr.) ; 10 -4, (in reprint booklet Micro- 
wave Systems and Devices, PE -210) 

Relay Satellite Communications System -J. 
Kiesling, W. Maco, S. Goldman (DEP -AED, 
Pr.) ; 10 -4, (in reprint booklet Microwave 
Systems and Devices, PE -210) 

COMMUNICATIONS, VOICE 
SYSTEMS 

CW -60 Solid -State Microwave Relay Equip- 
ment, Design of --E. J. Forbes (BCD, Cam- 
den) ; 10 -4, (reprint PE -209; also in re- 
print booklet Microwave Systems and 
Devices, PE -210) 

Mobile Communications Repeater Require - 
ments -F. C. Hartwick (RCA Ser. Co., 
C. H.) ; 10 -1, (reprint PE -196) 

Solid -State CV -600 Frequency -Division Multi- 
plex for 600 Voice Channels- F. L. Cameron 
(BCD, Camden) ; 10 -4, (reprint PE -209) 

COMMUNICATIONS, EQUIPMENT 
COMPONENTS 

Four -Digit Differential PCM Analog -Digital 
Converter for Voice Application -E. King 
(DEP -CSD, Camden) ; 10 -4 (reprint PE- 
23.5.29 ) 

HF Receiver Figure -of -Merit Monitor - -G. E. 
Hansel(, B. A. Trevor ) DEP -CSD, Tucson) ; 

10 -1 (reprint PE- 235.7) 

Measurement of Inductor O by Ringing -Circuit 
Technique -H. E. Goldstine (DEP-CSD, 
N.Y.) ; E &R Note, 10 -4 (reprint PE- 
23530) 

Microwave Devices -A Survey of Business Po- 
tential- H. K. Jenny I ECD, Hr.) ; 10 -4, (in 
reprint booklets SIicrowove Components 
PE -215, PE-219) 

Microwave Research- Devices for the Future 
- 

-Dr. L. S. Nergaard (Labs., Pr.) ; 10 -4, 
(reprint PE.220; also in reprint booklets 
Microwave Components, PE.215, PE -219; 
and Microwave Systems and Devices, PE- 
210) 

Transient -Free Automatic Switch -Over Standby 
Power Supply -J. Lieberman I DEP.CSD, 
Camden) ; E &R Note, 10-4 (reprint PE- 
235-32) 

COMPUTER APPLICATIONS 

BUPAR -A System Providing Computer -Pre- 
pared Business Analyses and Forecasts -J. H. 
Detwiler, J. B. Saunders (DEP -CSD, Cam- 
den) ; 10 -1 (reprint PE- 235 -I) 

Computer Calculation of Frame -Grid Winding 
Tension- -P. J. \lusso, T. E. Deegen (ECD, 
Hr.) ; E &R Note, 10 -6 (reprint PE- 235.40) 

Computer -Controlled Automatic Testing - A 
Review -B. T. Joyce, E. M. Stockton ) DEP - 
ASD, Burl.) ; 10 -5, (in reprint booklet 
Space Electronics, PE -227) 

Data Plotting by Digital Computer -R. E. 
Simpkins ( ECD, Hr.) ; 10 -6 (reprint PE- 
235-39) 

Filter Design by Digital Computer -T. G. 
Marshall, Jr. (BCD, Camden) ; E &R Note, 
10 -5 (reprint PE- 235 -36) 

Integrated Circuit Amplifier, Computer Anal- 
ysis of an -A. G. Atwood, L. C. Drew (DEP - 
ASD, Burl.) ; 10 -3, (in reprint booklets 
RCA Integrated Circuits, PE -214, PE -216, 
PE -217, PE -218) 

Optimizing Square -Root Computations on o 
Digital Computer -F. H. Fowler, Jr. (DEP. 
(:SD, Camden) ; 10 -5 (reprint PE- 235.33) 

COMPUTER CIRCUITRY; DEVICES 

MOS Integrated Logic Networks -A. K. Rapp 
( Labs., Pr.) ; 10 -3, (reprint PE -207; also 
in reprint booklets RCA Integrated Circuits, 
PE -214, PE -216, PE -217, PE -218) 

Monolithic Silicon Integrated Circuits (Emit- 
ter- Coupled) for High -Speed Computers -A 
Status Report-E. E. Moore (DEP -DME, 
Som.) ; 10 -3, lin reprint booklets RCA In- 
tegrated Circuits, PE -214, PE -216, PE -217, 
PE-218) 

Monolithic Silicon Integrated Circuit NAND - 
NOR Gate, TA -5038, Design of a-G. Cohen 
( ECD, Som.) ; 10 -3, (in reprint booklets 
RCA Integrated Circuits, PE -214, PE -216, 
PE -217, PE -218) 

COMPUTER INPUT -OUTPUT 

Computer Data Communications for On -Line 
Simultaneous Processing -B. P. Silverman 
( EDP, Camden) ; 10 -5 (reprint PE- 235 -35) 

VIDEOSCAN- High -Speed Optical Reader for 
Computer Input -S. Klein, J. L. Miller 
(EDP, Camden) ; 10 -i (reprint PE- 235-8) 

COMPUTER LOGIC; THEORY 

Neural, Threshold, Majority, and Boolean 
Logic Techniques -A Comparative Survey - 
C. R. Atzenbeck, D. Hampel (DEP -CSD, 
N.Y.) ; 10 -6, in reprint booklet Life Sci- 
ences, PE -233) 

COMPUTER STORAGE 

Fixed, Associative Memory Using Evaporated 
Organic Diode Arrays -Dr. M. H. Lewin, 
H. R. Beelitz, Dr. J. A. Rajchman (Labs., 
Pr.) ; 10 -1 (reprint PE- 235 -9) 

Laminated Ferrite Memories -Dr. R. Shah - 

bender, C. Wentworth, Dr. K. Li, S. E. 
Hotchkiss, Dr. J. A. Rajchman (Labs., 
Pr.) ; 10 -3, (reprint PE -208) 

Shmoo Plot for Coincident Current Core -Mem- 
ory Operation, Analysis of the -Y. L. Yao 

DEP.CSD, Camden) ; 10 -1 (reprint PE- 
235 -141 

CONTROL; TIMING 

VE -DET, Electronic Vehicle Detector for Auto- 
mated Traffic Control -E. C. Donald I BCD, 
Plymouth) ; 10 -5, ( reprint PE -226) 

DISPLAYS 

A Completely Integrated Thin -Film Scan Gen- 
erator for Crossd -Array Image Panels -Dr. 
P. K. Weimer, H. Borkan, Dr. G. Sadasiv, 
L. Meray- Horvath, Dr. F. V. Shallcross 

( Labs., Pr.) ; 10 -3, (reprint PE -206; also 
in reprint booklets RCA Integrated Circuits, 
PE -214, PE -216, PE -217, PE -218) 

Selection of Letter Site and Lighting for Dis- 
play and Control Panel Legends -W. Basker- 
ville, R. N. Gillis )DEP -SEER, Mrstn.) ; 

10 -6, (itt reprint booklet Life Sciences, PE- 
233) 

DOCUMENTATION; WRITING 

Exportation of Technical Data, New Informa- 
tion on Legal Restraints on -C. E. Yates 
(Labs., Pr.) ; E &R Note, 10 -1, (reprint 
PE -198) 

How to Write a Technical Book and Get It 
Published -M. P. Rosenthal (DEP -CSD, 
N.Y.) ; 10 -2 (reprint PE- 235 -17) 

New Approach to Writing Operator Procedure 
Manuals - -Dr. F. H. Ireland, T. G. Wiedman 

( DEP -SEER, Mrstn.) ; 10 -6, (in reprint 
booklet Life Sciences, PE -233) 

ELECTRO -OPTIC SYSTEMS; 
TECHNIQUES 

AN /FSR -2 -An Advanced System for Photo 
Electronic Detection and Plotting Beyond 
Radar Ranges -C. B. Park ( DEP -ASD, 
Burl.) ; 10 -2, (in reprint booklets Electro- 
Optics, PE -211, PE -223) 

Electro- Optical Signal Processing -M. J. Can - 
tella, R. Kee (DEP -ASD, Burl.) ; 10 -5, (in 
reprint booklets Electro- Optics, PE -211, 
PE -223) 

Infrared Fiber Optics -L. Arlan, N. Aron 
(DEP -ASD, Burl.) ; 10 -5, (in reprint book- 
lets Electro- Optics, PE -211, PE -223) 

Optical Harmonics, Generation of -H. J. 
Okoomian (DEP -ASD, Burl.) ; 10 -1, (in 
reprint booklets Electro- Optics, PE -211, 
PE-223) 

ENERGY CONVERSION; SOURCES 

Comparison of Solar -Cell Power Supplies with 
Radioisotope -Powered Thermal Generators for 
Spacecraft -S. H. Winkler (DEP -AED, 
Pr.) ; 10 -1 (reprint PE- 235.10) 

Gallium Arsenide P -N Junction Infrared En- 
ergy Sources -M. F. Lamorte (ECD, Som.) ; 

I0 -1 (reprint PE -2356) 

Transient -Free Automatic Switch -Over Standby 
Power Supply -J. Lieberman (DEP -CSD, 

2Cam.3d5-32) 

en) ; E &R Note, 10 -4 (reprint PE- 

Thermoelectric Water Reclamation for Manned 
Space Systems -P. E. Wright (DEP -App- 
Res., Camden) ; 10 -6, (in reprint booklet 
Space Electronics, PE -227) 

FILTERS 

Filter Design by Digital Computer -T. G. 
Marshall, Jr. (BCD, Camden) ; E &R Note, 
10 -5 (reprint PE- 235 -36) 

GRAPHIC ARTS SYSTEMS; 
TECHNIQUES 

Photocomposition Machine for the Chinese 
Language -F. E. Shashoua (DEP -AppRes., 
Camden) ; 10 -3, (reprint PE -212; also in 
reprint booklets Electro- Optics, PE -211, 
PE-223) 

HUMAN ENGINEERING 

Human Factors Engineering -More Than Just 
the "Blessing " -Dr. H. B. Matty (DEP -CSD, 
Camden) ; 10 -6, (in reprint booklet Life 
Sciences, PE -233) 

New Approach to Writing Operator Procedure 
Manuals -Dr. F. H. Ireland, T. C. l5 iedman 
(DEP-SEER, Mrstn.) ; 10 -6, I in reprint 
booklet Life Sciences, PE -233) 

Selection of Letter Site and Lighting for Dis- 
play and Control Panel Legends -W. Banker - 
ville, R. N. Gillis (DEP -SEER, Mrstn.) ; 

PE -2 
10 -6, 
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INSTRUMENTATION; LAB EQUIPMENT 

Accelerometer Performance, Effect of Unpub- 
lished Characteristics and Mounting Variables 
on -B. Mangolds (DEP -AED, Pr.) ; E &R 
Note, 10 -3 (reprint PE- 235 -25) 

Electron Microscope, Elucidation of Ultrastruc- 
furs with the -Dr. J. W. Coleman (BCD, 
Camden) ; 10 -6, (in reprint booklets Life 
Sciences, PE -233, PE -234) 

Electron Microscopy in the Life Sciences, De- 
velopment of -Dr. J. H. Reisner (BCD, 
Camden) ; 10 -6, (in reprint booklets Life 
Sciences, PE -233, PE -234) 

New -Design Pressure Transducer for Cable 
and Pipe Networks -More Reliable and Eco- 
nomical-C. Merrell (DEP -CSD, N.Y.) ; 

E &R Note, 10 -6 (reprint PE- 23541) 

Reed Switch as a Laboratory Tool- -M. B. 
Knight (ECD, Hr.) ; E &R Note, 10 -3 (re- 
print PE- 235 -26) 

Supersonic Plasma Streams, A Versatile Two - 
Phase Mercury Tunnel for Generation of- 
Dr. A. I. Carswell (RCA Ltd., Montreal) ; 

10 -1, (reprint PE -194) 

LASERS 

High -Power Laser Transmitter -T. Nolan 
(DEP -ASD, Burl.) ; E &R Note, 10 -1, (in 

reprint booklets Electro- Optics, PE -211, 
PE -223) 

Off -Axis Feedback Modes in a 3- Mirror Laser 
Systetrr -A. I. Carswell, A. L. Waksberg 
(RCA Ltd., Montreal) ; E &R Note, 10 -2 
(reprint PE- 235.19) 

MANAGEMENT; BUSINESS 

BUPAR -A System Providing Computer -Pre- 
pared Business Analyses and Forecasts -J. H. 
Detwiler, J. B. Saunders (DEP -CSD, Cam- 
den) ; 10 -1 (reprint PE- 235.1) 

The DEP Microelectronics Activity -Applying 
Integrated Circuits to Military and Space 
Equipment -R. H. Aires (DEP -DME, 
Som.) ; 10 -3, (in reprint booklet RCA In- 
tegrated Circuits, PE -214) 

The ECD Integrated Circuit Organization and 
Its Objectives -L. R. Day (ECD, Hr.) ; 10 -3 
(reprint PE-235-22) 

Industrial Reactor Laboratories -A Service 
Available to RCA -Dr. J. Kurshan, Dr. D. A. 
Ross (Labs., Pr.) ; 10 -4 (reprint PE- 
235-28) 

Microwave Devices -A Survey of Business Po- 
tentiol-H. K. Jenny (ECD, Hr.) ; 10 -4, 
(in reprint booklets Microwave Compo- 
nents, PE -215, PE -219) 

New Information on Legal Restraints on Ex- 
portation of Technical Data -C. E. Yates 
(Labs., Pr.) ; E &R Note, 10 -1, (reprint 
PE -198) 

The 1965 David Sarnoff Outstanding Achieve- 
ment Awards -10 -6 

RCA's Integrated Circuit Program -H. Kihn 
(R &E Staff, Pr.) ; 10 -3 (reprint PE- 235.21) 

Report on a Visit to the Soviet Union -Dr. J. 
I. Pankove (Labs., Pr.) ; 10 -3 (reprint PE- 
235.24) 

Six RCA Men Elected IEEE Fellows -10 -5 

Total Value Concepts in the Project Definition 
Phase -S. Robinson (DEP -MSR, Mrstn.) ; 

10 -S, (in reprint booklet Space Electronics, 
PE -227) 

PLASMA 

Electron- Beam -Plasma Amplifiers -A Future 
in Millimeter -Wave Amplification -Dr. G. A. 
Swartz (Labs., Pr.) ; 10 -4, (reprint PE- 
222; also in reprint booklet Microwave 
Systems and Devices, PE -210) 

Supersonic Plasmo Streams, A Versatile Two - 
Phase Mercury Tunnel for Generation of- 
Dr. A. I. Carswell (RCA Ltd., Montreal) ; 

10 -1, (reprint PE -I94) 

RADAR 

An Airborne Four -Frequency, Frequency - 
Stabilized Coherent Radar System -N. G. 
Hamm, E. G. McCall (DEP -ASD, Burl.) ; 

10 -1 (reprint PE -235 -4) 

The 4102 -S Space Track Program -E. T. Gar- 
ner, J. Oseas (DEP -AED, Pr.) ; 10 -5, (in 
reprint booklet Space Electronics, PE -227) 

MIPIR Radar Receiver-A Three -Channel Re- 
mote -Tuned Parametric Amplifier -H. B. Yin 
(DEP -MSR,- Mrstn.); 10 -4, (in reprint 
booklet Microwave Systems and Devices, 
PE -210) 

RADIATION EFFECTS 

Industrial Reactor Laboratories -A Service 
Available to RCA -Dr. J. Kurshan, Dr. D. A. 
Ross (Labs., Pr.) ; 10 -4 (reprint PE- 
235-28) 

RADIO RECEIVERS, ENTERTAINMENT 

Design of the RC -1218 Solid -State AM -FM 
Stereo- Multiplex Hi -Fi Receiver -J. B. Schultz 
(H.I., Indpls.) ; 10 -5, (in reprint booklets 
Home Instruments, PE -228, PE -229) 

Overload Considerations for Low -Cost Tran- 
sistorized AM Receivers -D. E. Kowallek, 
M. C. Mehta (H.I., Indpls.) ; 10 -5, (in re- 
print booklets Home Instruments, PE -228, 
PE -229) 

RECORDING, AUDIO 

A High -Quality Phonograph Pickup Arm for 
Professional Use -Dr. J. G. Woodward 
(Labs., Pr.) ; E &R Note, 10 -3 (reprint PE- 
235-27) 

Transistorized Portable "Victrolas " -J. A. 
Tourtellot ( H.I., Indpls.) ; 10 -3, (in re- 
print booklets Home Instruments, PE -228, 
PE -229) 

RECORDING, VIDEO 

Photo -Tape Cameras, Recent Developments in 
-W. Poch IDEP -AED, Pr.) ; 10 -2, (in re- 
print booklets Electro -Optics, PE -211, PE- 
223) 

RELIABILITY; QUALITY CONTROL 

Microwave Devices, Test and Specification 
Engineering for -M. DeVito (ECD, Hr.) ; 

10-4, (in reprint booklets Microwave Com- 
ponents, PE -215, PE -219) 

Monolithic Silicon Integrated Circuits, Relia- 
bility Program for -J. T. Molnar, T. S. Spitz 
(ECD, Som.) ; 10 -3 (reprint PE-235-23) 

SOLID -STATE DEVICES 

Frequency Multiplier for Missiles, Miniature 
C -Band Solid -State-D. E. Nelson, J. J. Na- 
poleon, C. L. Cuccia (ECD, Pr.) ; 10 -5, 
(in reprint booklet Microwave Systems and 
Devices, PE -210; also in reprint booklets 
Microwave Components, PE -215, PE -219) 

High -Gain, Solid -State Microwave Amplifier, 
The Possibility of a-R. D. Larrabee, W. A. 
Hicinbothem, Jr. (Labs., Pr.) ; E &R Note, 
10 -2 ( reprint PE- 235 -20) 

SOLID -STATE MATERIALS 

Epitaxial Layer -A Major Contribution to De- 
vice Technology -Dr. J. S. Donal (Labs., 
Pr.) ; 10 -G (reprint PE -197) 

SOLID -STATE MICROELECTRONICS 

The DEP Microelectronics Activity- Applying 
Integrated Circuits to Military and Space 
Equipment -R. H. Aires (DEP -DME, Som.) ; 

10 -3, (in reprint booklet RCA Integrated 
Circuits, PE -214) 

Digital Integrated Circuits for Satellites -C. 
Staloff, P. J. Truscello, A. I. Aronson (DEP - 
.AED, Pr.) ; 10 -3, (in reprint booklets RCA 
Integrated Circuits, PE -214, PE -216, PE- 
217, PE -218) 

The ECD Integrated Circuit Organization and 
Its Objectives -L. R. Day (ECD, Hr.) ; 10 -3 
(reprint PE- 235 -22) 

Integrated Circuit Amplifier, Computer Anal- 
ysis of an -A. C. Atwood, L. C. Drew 
(DEP -ASD, Burl.) ; 10 -3, (in reprint book- 
lets RCA Integrated Circuits, PE -214, PE- 
216, PE -217, PE -218) 

Integrated Circuit Capability at Somerville - 
Goals and Progress -I. H. Kalish (ECD. 
Som.) ; 10 -3, (in reprint booklets RCA In- 
tegrated Circuits, PE. -214, PE -216, PE -217, 
PE -218) 

integrated Circuits, Cost Factors in -R. D. 
Lohman (ECD, Som.) ; 10 -3, I in reprint 
booklets RCA Integrated Circuits, PE -214, 
PE -216, PE -217, PE -218) 

Monolithic Silicon Integrated Circuit NAND - 
NOR Gate, TA -5038, Design of a -G. Cohen 
(ECD, Som.) ; 10 -3, I in reprint booklets 
RCA Integrated Circuits, PE -214, PE -216, 
PE -217, PE-2111) 

Monolithic Silicon Integrated Circuits (Emit- 
ter- Coupled) for High -Speed Computers -A 
Status Report -E. E. Moore (DEP -DME, 
Som.) ; 10 -3, (in reprint booklets RCA In- 
tegrated Circuits, PE -214, PE -216, PE -217, 
PE-218) 

Monolithic Silicon Integrated Circuits, Fabri- 
cation Processes for -M. S. Saunders (ECD, 
Som.) ; 10 -3, (in reprint booklets RCA In- 

PE -218) 
tegrated Circuits, PE -214, PE -216, PE -217, 

Monolithic Silicon Integrated Circuits, Integra- 
tion of Thin -Film Passive Components with - 
A. H. Medwin (ECD, Som.) ; 10 -3, (in re- 
print booklets RCA Integrated Circuits, 
PE -214, PE -216, PE -217, PE -218) 

Monolithic Silicon Integrated Circuits, Layout 
of -H. Goshgarian (ECD, Som.) ; 10 -3, 
(in reprint booklets RCA Integrated Cir- 
cuits, PE -214, PE -216, PE -217, PE -218) 

Monolithic Silicon Integrated Circuits, Pack- 
aging of --A. Morena, H. Krautter (ECD, 
Som.) ; 10 -3, lin reprint booklets RCA In- 
tPE 

-egr218 

ated 
) 

Circuits, PE -214, PE -216, PE -217, 

Monolithic Silicon Integrated Circuit, P- N -P /N- 
P-N Complementary-E. C. Conser (ECD, 
Som.) ; 10 -3, (in reprint booklets RCA In- 
tegratePE 

-218 
d 

) 

Circuits, PE -214, PE -216, PE -2I7, 

Monolithic Silicon Integrated Circuits, Relia- 
bility Program for -J. T. Molnar, T. S. Spitz 
(ECD, Som.) ; 10 -3 (reprint PE- 235 -23) 

MOS Integrated Logic Networks -A. K. Rapp 
(Labs., Pr.) ; 10 -3, (reprint PE -207; also 
in reprint booklets RCA Integrated Cir- 
cuits, PE -214, PE -216, PE -217, PE -218) 

RCA's Integrated Circuit Program -H. Kihn 

235 - 
(R &E 

21) 
Staff, Pr.) ; 10 -3 (reprint PE- 

Thin -Film Scan Generator for Crossed -Array 
Image Panels, A Completely Integrated -Dr. 
P. K. Weimer, H. Borkan, Dr. G. Sadasiv, 
L. Meray- Horvath, Dr. F. V. Shallcross 
(Labs., Pr.) ; 10 -3, (reprint PE. -206; also 

in reprint booklets RCA Integrated Cir- 
cuits, PE -214, PE -216, PE -217, PE-218) 

Thin -Film (Entirely) Integrated Circuits for 
Space Applications - -J. J. Bowe (DEP -DME, 
Som.) ; 10 -3, (in reprint booklets RCA In- 
tegrated Circuits, PE -214, PE -216, PE -217, 
PE -218 ) 

Thin -Film Microelectronics -A Review - Dr. 
W. Y. Pan (DEP -CSD, N. Y.) ; 10 -3, (in 
reprint booklets RCA Integrated Circuits, 
PE -214, PE -216, PE -217, PE -218) 

SPACE COMPONENTS 

Astronomical Image Sensors-L. E. Flory 
( DEP -AED, Pr.) ; 10 -5, (in reprint booklet 

Space Electronics, PE -227) 

Comparison of Solar -Cell Power Supplies with 
Radioisotope- Powered Thermal Generators for 
Spacecraft -S. H. Winkler (DEP -AED, 
Pr.) ; 10 -1 (reprint PE- 235 -10) 

Digital Integrated Circuits for Satellites -C. 
Staloff, P. J. Truscello, A. I. Aronson (DEP - 
AED, Pr.) ;10 -3, (in reprint booklets RCA 
Integrated Circuits, PE -214, PE -216, PE. 
217, PE. -218) 

Entirely Thin -Film Integrated Circuits for Space 
Applications -J. J. Bowe (DEP -DME, 
Som.) ; 10 -3, (in reprint booklets RCA In- 

PE -218) 
tegrated Circuits, PE -214, PE -2I6, PE -217, 

GEMINI Spacecraft PCM -FM Telemetry Trans - 
mitter-R. G. Erdmann (DEP -CSD, Cam- 
den) ; 10 -5, I in reprint booklet Space Elec- 
tronics, PE -227) 

Microwave Breakdown in Space Communi- 
cations-A Case Study of RANGER VI and 
VII- T. D. Breeden IDEP -AED, Pr.); 
10 -4, I in reprint booklet Microwave Sys- 
tems and Devices, PE -210) 

New Technique Measures Linearity to 0.1% 
in NIMBUS TV Systems -S. J. Rand (DEP - 

AED, Pr.) ; E &R Note, 10 -2, (in reprint 
booklets Electro- Optics, PE -211, PE -223) 

Photo -Tope Cameras, Recent Developments in 
-W. Poch (DEP -AEDt Pr.) ; 10-2, (in re- 
print booklets Electro- (/plies, PE -211, PE- 

Sensor Operating Parameters for Unattended 
Camera Systems, Regulation of -E. Vaere- 
wych. H. Wittlinger (DEP -AED, Pr.) ; 

EAR Note, 10 -5 (reprint PE- 235 -37) 

Stereoscopic TV Observation System for a 
Lunar Orbiter, A Proposed -F. J. Bingley 

DEP -AED, Pr.) ; 10 -5, (in reprint booklet 
Space Electronics, PE -227) 

Television for Stellar Orientation of the 
Orbiting Astronomical Observatory -W. Sen- 
senig, M. Kravitz (DEP -AED, Pr.) ; 10 -2, 
(in reprint booklets Electro- Optics, PE- 
211, PE -223) 

Thermoelectric Water Reclamation for Manned 
Space Systems -P. E. Wright .DEP-App 
Res., Camden) ; 10 -6, (in reprint booklet 
Space Electronics, PE -227) 

Traveling -Wave Tubes for Communications 
Satellites, Recent Advances in -F. E. Vac - 
caro, P. R. Wakefield, Dr. M. J. Schindler 
(ECD, Hr.) ; 10-4, (in reprint booklets 
Microwave Components, PE -215, PE -219) 

TV Camera System for the Command Module 
of the APOLLO Spaceccraft -P. M. Zuc- 
chino, J. L. Lowrance (DEP -AED, Pr.); 
10 -5, (in reprint booklet Space Electron- 
ics, PE -227) 

Vidicon Applications for Space -Borne TV 
Cameras -M. H. Mesner (DEP -AED, Jr.); 
10 -2, (in reprint booklets Electro- Optics, 
PE -211, PE -223) 

SPACE NAVIGATION; TRACKING 

AN /FSR -2 -An Advanced System for Photo - 
Electronic Detection and Plotting Beyond 
Radar Ranges -C. B. Park (DEP -ASD, 
Burl.) ; 10 -2, (in reprint booklets Electro- 
Optics, PE -211, PE -223) 

The 4102 -S Space Track Program -E. T. 
Garner, J. Oseas (DEP -AED, Pr.) 10 -5, 

( in reprint booklet Space Electronics, 
PE-227) 

Television for Stellar Orientation of the Orbit- 
ing Astronomical Observatory -W. Sensenig, 
M. Kravitz (DEP -AED, Pr.) ; 10 -2, (in 
reprint booklets Electro- Optics, PE -211, 
PE. -223) 

SPACE VEHICLES; SATELLITES 

Proposed Satellite for TV Observation of 
Zero -G Effects on Development of the Opos- 
sum Fetus S. H. Fairweather. J. E. Mor- 
timer (DEP -AED, Pr.) ; 10 -6, (in reprint 
booklet Space Electronics, PE -227) 

SERT Capsule- Testing Ion Engines in Space 
-L. E. Golden (DEP -AED, Pr.) ; 10 -5, 
(in reprint booklet Space Electronics, PE- 
227) 

Thermal Control of Spacecraft -Dr. G. D. 
Gordon (R &E Staff, Camden) ; 10 -6, (in 
reprint booklet Space Electronics, PE -227) 

SPACE SYSTEMS 

Future Microwave Communications Repeaters 
for Space -A. L. Berman, J. Kiesling ( DEP - 
AED, Pr.) ; 10 -4, (in reprint booklet Mi- 
crowave Systems and Devices, PE -210) 

Life Beyond the Atmosphere -Origins, De- 
tection, and Support -Dr. A. G. Holmes - 
Siedle (DEP -AED, Pr.) ; 10 -6, (in reprint 
booklet Space Electronics, PE -227) 

RELAY Satellite Communications System -J. 
Kiesling, W. Maco, S. Goldman (DEP - 
AED, Pr.) ; 10 -4, (in reprint booklet 
Microwave Systems and Devices, PE -210) 

SUPERCONDUCTIVITY 

High -Field Superconductors -New Develop- 
ments in Theory, Materials, aid Applications 
-J. P. McEvoy, Jr. (DEP -AppRes., Cam- 
den) ; 10 -1 (reprint PE- 235 -2) 

Microwave Amplification in Superconductors 
- -A. S. Clorfeine, R. D. Hughes (Labs., 
Pr.) ; EAR Note, 10 -3, tin reprint booklet 
Microwave Systems and Devices, PE -210) 

A New Effect in Superconductors -M. Car- 
dona, B. Rosenblum (Labs., Pr.) ; EAR 
Note, 10 -4 (reprint PE- 235 -31) 
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TELEVISION BROADCASTING; 
TRANSMISSION 

Color Television, The First Ten Years -J. W. 
Wentworth (R &E Staff, Camden); 10 -2, 
Ireprint PE -200, PE -202) 

Color TV Camera Development, A Brief Review 
of- K. Sadashige, Dr. H. N. Kozanowski 
(BCD, Camden) ; 10 -2, I reprint PE -201, 
PE -202) 

Electron Image Magnification in Broadcast TV 
Cameras Simulates Long -Focal- Length Lenses 
-F. II imclfarb INBC, N.Y.); 10 -5 (re- 
print PE- 235-34) 

Lap- Dissolve Amplifier for TV Broadcasting 
-K. W. Jorgensen ( NBC, Burbank) ; 10 -1 
Ireprint PE- 235 -12) 

The New, Transistorized TK -27 Color TV 
Film Camera -D. M. Taylor (BCD, Cam- 
den) ; 10 -5, (reprint PE -224) 

Product Design Philosophy fer New Broad- 
cast TV Camera Equipment -N. L. Hobson 
IBCD, Camden); 10 -2, (reprint PE -203) 

RCA's Newest Monochrome TV Film Camera, 
TK -22 -N. P. Kellaway (BCD, Camden); 
10 -2 (reprint PE- 23542) 

Ultra -Portable Television Camera System - 
J. Castleberroy )DEP -CSD, Camden) ; 

10 -2, (reprint PE -191, PE -205; also in 
reprint booklets Electro- Optics, PE -211, 
PE -223) 

TELEVISION COMPONENTS 

Developments in Electron Optics Produce Two 
New Lines of Vidicon Tubes -R. G. Neu - 
hauser (ECD, Lane.); 10 -2, (in reprint 
booklets Electro- Optics, PE -211, PE -223) 

TELEVISION, NON -ENTERTAINMENT 

An Experimental Low -Power Vidicon Camera 
Chain -L. A. Boyer, F. L. Hatke, L. E. 
Flory, J. M. Morgan, W. S. Pike (Labs., 
Pr.) ; E &R Note, 10 -2 Ireprint PE- 235 -18) 

Lightweight Low -Light -Level TV Camera Using 
2 -Inch Image Orthicon - -R. J. Gildea (DEP - 
ASD, Burl.) ; E &R Note, 10 -1, (in reprint 
booklets Electro- Optics, PE -211, PE -223) 

New Technique Measure Linearity to 0.1 % 
in NIMBUS TV Systems -S. J. Rand (DEP. 
AED, Pr.) ; E &R Note, 10 -2, (in reprint 
booklets Electro- Optics, PE -211, PE -223) 

Sensor Operating Parameters for Unattended 
Camera Systems, Regulation of- -E. Vaere- 
wych, H. Wittlinger ( DEP -AED, Pr.) ; 

E &R Note, 10 -5 (reprint PE- 235 -37) 

Stereoscopic TV Observation System for a 
Lunar Orbiter, A Proposed -F. J. Bingley 
(DEP -AED, Pr.) ; 10 -5, (in reprint book- 
let Space Electronics, PE -227) 

TV Camera System for the Command Module 
of the APOLLO Spacecraft -P. M. Zucchino, 
J. I.. Lowrance ( DEP -AED, Pr.) ; 10 -5, 
(in reprint booklet Space Electronics, PE- 
227) 

Vidicon Applications for Space -Borne TV 
Cameras -M. H. Mesner (DEP -AED, Pr.); 
10 -2, (in reprint booklets Electro- Optics, 
PE -211, PE -223) 

TELEVISION RECEIVERS 

Automatic Degaussing for Color TV Receivers 
-R. R. Norley (H.I., Indpls.) ; 10 -4, (re- 
print PE -213; also in reprint booklets 
Home Instruments, PE -228, PE -229) 

UHF Transistor Oscillators, Design of -L. A. 
Harwood (HA., Som.) ; 10 -1, Ireprint PE- 
192; also in reprint booklets Home Instru- 
ments, PE -228, PE -229) 

TUBE DESIGN; APPLICATION 

Computer Calculation of Frame -Grid Wind- 
ing Tension -P. J. Musso, T. E. Deegen 
(ECD, Hr.) ; E &R Note, 10 -6 (reprint PE- 

23.5-40) 

Developments in Electron Optics Produce Two 
New Lines of Vidicon Tubes -R. G. Neu - 
hauser ( ECD, Lane.) ; 10 -2, (in reprint 
booklets Electro- Optics, PE -211, PE -223) 

Microwave Devices, Test and Specification 
Engineering for --M. DeVito ( ECD, Hr.) ; 

10 -4, (in reprint booklets .Microwave Com- 
ponents. PE -21.5, PE -219) 
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Traveling -Wove Tubes, Automatic Techniques 
Used in the Development and Manufacture of 

-F. (!rich, M. Fromer, K. Karol, D. Ma- 
whinney, E. Thall ) ECD, Hr.) ; 10 -4, ( in 
reprint booklets Microwave Components, 
PE -215, PE -219) 

Traveling -Wave Tubes for Communications 
Satellites, Recent Advances in -E. E. 
Vaccaro, P. R. Wakefield, Dr. M. J. Schind- 
ler I ECD, Hr.) ; 10 -4, fin reprint booklets 
Microwave Components, PE -215, PE -219) 
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Cameron, F. L. communications, voice 
systems 

Coleman, Dr. J. W. instrumentation; 
lab equipment 

Donald, E. C. control ; timing 
Forbes, E. J. communications, voice systems 
Hobson, N. L. television broadcasting; 

transmission 
Kellaway, N. P. television broadcasting; 

transmission 
Kozanowski, Dr. H. N. television broadcast- 

ing; transmission 
Marshall, T. G., Jr. computer applications 
Reisner, Dr. J. H. instrumentation; 

lab equipment 
Sadashige, K. television broadcasting; 

transmission 
Taylor, D. M. television broadcasting; 

transmission 
Wilson, H. S. communications systems; 

theory 

ELECTRONIC COMPONENTS 
AND DEVICES 

Casterline, E. amplification 
Cohen, G. computer circuitry; devices 
Conser, E. C. solid -state microelectronics 
Cuccio, C. L. solid -state devices 
Day, L. R. management ; business 
Deegen, T. E. computer applications 
DeVito, M, reliability; quality control 
Fromer, M. tube design; application 
Goshgarian, H. solid -state microelectronics 
Jenny, H. K. communications, equipment 

components 
Kalish, I. H. solid -state microelectronics 
Karol, K. tube design; application 
Knight, M. B. instrumentation ; lab 

equipment 
Krautter, H. circuit interconnections; 

packaging 
Lamorte, M. F. energy conversion; sources 
Lohman, R. D. solid -state microelectronics 
Mawhinney, D. tube design; application 
McMurrough, R. W. amplification 
Medwin, A. H. solid -state microelectronics 
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Molnar, J. T. reliability; quality control 
Morena, A. circuit interconnections; 

packaging 
Messo, P. J. computer applications 
Napoleon, J. J. solid -state devices 
Nelson, D. E. solid -state devices 
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Neuhauser, R. G. television components 
Novak, G. amplification 
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Saunders, M. S. solid -state microelectronics 
Schindler, Dr. M. J. space components 
Schneider, R. K. tube materials; theory 
Simpkins, R. E. computer applications 
Spitz, T. S. reliability; quality control 

Ulrich, F. tube design; application 
Vaccaro, F. E. space components 
Wakefield, P. R. space components 
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ELECTRONIC DATA PROCESSING 

Klein, S. computer input -output 
Miller, J. L. computer input -output 
Silverman, B. P. computer input-output 
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Aronson, A. I. solid -state microelectronics 
Berman, A. L. communications systems; 

theory 
Bingley, F. J. space components 
Breeden, T. D. space components 
Fairweather, S. H. space vehicles; satellites 
Flory, L. E. biomedical electronics 
Flory, L. E. biomedical electronics 
Flory, L. E. space components 
Garner, E. T. radar 
Golden, L. E. space vehicles; satellites 
Goldman, S. communications systems; 

theory 
Hatke, F. biomedical electronics 
Holmes -Siedle, Dr. A. G. space systems 
Kiesling, J. communications systems; 

theory 
Kiesling, J. communications systems; 

theory 
Kravitz, M. space components 
Lowrance, J. L. space components 
Maco, W. communications systems; theory 
Mangolds, B. instrumentation; lab 

equipment 
Mesner, M. H. space components 
Mortimer, J. E. space vehicles; satellites 
Oreas, J. radar 
Poch, W. recording, video 
Rand, S. J. space components 
Sensenig, W. space components 
Staloff, C. solid -state microelectronics 
Truscello, P. J. solid -state microelectronics 
Vaerewych, E. space components 
Winkler, S. H. energy conversion ; sources 
Wittlinger, H. space components 
Zucchino, P. M. ,pace components 
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Arlan, L. electro -optic systems; techniques 
Aron, N. electro -optic systems; techniques 
Atwood, A. G. amplification 
Cantella, M. J. electro-nptic systems; 

techniques 
Drew, L. C. amplification 
Gildea, R. J. television components 
Hamm, N. G. radar 
Joyce, B. T. checkout; maintenance 
Kee, R. electro -optic systems; techniques 
McCall, E. G. radar 
Moon, W. D. checkout; maintenance 
Nolan, T. lasers 
Okoomian, H. J. electro -optic systems: 

techniques 
Park, C. B. electro -optic systems; techniques 
Stockton, E. M. checkout ; maintenance 

DEP APPLIED RESEARCH 

Herscher, M. B. bionics 
Martin, T. B. bionics 
McEvoy, J. P., Jr. superconductivity 
Shashoua, F. E. graphic arts systems; 

techniques 
Wright, P. E. energy conversion; sources 
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Aires, R. H. management; business 
Bowe, J. J. solid -state microelectronics 
Moore, E. E. computer circuitry; devices 

DEP MISSILE AND SURFACE 
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Robinson, S. management; business 
Yin, H. B. amplification 
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EVALUATION, AND RESEARCH 

Baskerville, W. displays 
Gillis, R. N. displays 
Ireland, Dr. F. H. documentation; writing 
Wiedman, T. G. doeument ation: writing 
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Atzenbeck, C. R. bionics 
Castleberry, J. testing 
Corrado, A. C. circuit interconnections: 

packaging 
Detwiler, J. H. computer applications 
Erdmann, R. G. space vehicles; satellite, 
Ernst, R. L., circuit theory; analysis 

Fowler, F. H., Jr. communications, digital 
Fowler, F. H., Jr. computer applications 
Goldstine, H. E. communications, equipment 

components 
Hempel, D. bionics 
Hansel!, G. E. communications, equipment 

components 
Hersey, R. E. circuit interconnections; 

packaging 
King, E. communications, equipment 

components 
Liebermann, J. communications, equipment 

components 
Marry, Dr. H. B. human engineering 
Merrell, C. instrumentation, lab equipment 
Rosenthal, M. P. documentation; writing 
Saunders, J. B. computer applications 
Sommer, R. C. lasers 
Sommer, R. C. communications, digital 
Trevor, B. A. communications, equipment 

components 
Pan, Dr. W. Y. solid -state microelectronics 
Tao, Y. L. computer storage 
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Harwood, L. A. television receivers 
Kowallek, D. E. radio receivers, 

entertainment 
Mehta, M. C. radio receivers, entertainment 
Morley, R. R. television receivers 
Schultz, J. B. radio receivers, entertainment 
Tourtellot, J. A. recording, audio 

NATIONAL BROADCASTING CO. 

Himelfarb, F. television broadcasting, 
transmission 

Jorgensen, K. W. television broadcasting, 
transmission 
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Andres, R. K. communications, digital 
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Beelitz, H. R. computer storage 
Bloom, Dr. S. communications, equipment 

components 
Borkan, H. displays 
Boyer, L. A. television, non -entertainment 
Cardona, M. superconductivity 
Clorfeine, A. S. amplification 
Donal, Dr. J. S. solid -state materials 
Flory, L. E. television, non -entertainment 
Hatke, F. L. television, non -entertainment 
Hicinbothem, W. A., Jr. amplification 
Hotchkiss, S. E. computer storage 
Hughes, R. D. amplification 
Kurshan, Dr. J. management; business 
Larrobee, R. D. amplification 
Lewin, Dr. M. H. computer storage 
Li, Dr. K. computer storage 
Meray -Horvath, L. displays 
Morgan, J. M. television, non -entertainment 
Nergoard, Dr. L. S. communications, equip- 

ment components 
Pankove, Dr. J. t. management; business 
Pike, W. S. television, non -entertainment 
Rapp, A. K. computer circuitry; devices 
Rajchman, Dr. J. A. computer storage 
Rejchmon, Dr. J. A. computer storage 
Rosenblum, B. superconductivity 
Ross, Dr. D. A. management ; business 
Sadasiv, Dr. G. displays 
Shahbender, Dr. R. computer storage 
Shallcross, Dr. F. V. displays 
Sklansky, Dr. J. bionics 
Swartz, Dr. G. A. amplification 
Weimer, Dr. P. K. displays 
Wentworth, C. computer storage 
Woodward, Dr. J. G. recording, audio 
Yates, C. E. documentation; writing 
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Carswell, Dr. A. I. instrumentation; lab 
equipment 

Carswell, Dr. A. I. lasers 
Waksberg, A. L. lasers 
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Hartwick, F. C. communications, voice 
systems 
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Gordon, Dr. G. D. space vehicles; satellites 
Kihn, H. management; business 
Wentworth, J. W. television broadcasting; 

transmission 
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Goldsmith, Dr. A. N. biomedical electronics 
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Defense Engineering 
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Editorial Representatives 
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C. E. HITTLE Closed Circuit TV & Film Recording Dept., 
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J. H. LIPSCOMBE Television Picture Tube Operations, 

Marion, Ind. 
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Operations, Lancaster, Pa. 

Industrial Tube & Semiconductor Division 
E. F. BRENIAK Industrial Semiconductor Engineering, 

Somerville, N. J. 
R. L. KAUFFMAN Conversion Tube Operations, Lancaster, Pa. 
K. LOOFBURROW Semiconductor and Conversion Tube 

Operations, Mountaintop, Pa. 
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Lancaster, Pa. 
H. J. WOLKSTEIN Microwave Tube Operations, Harrison, N. J. 
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