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23 October 1964

Dr. Sherman P, Vinograd

Chief, Medical Science & Technology

Space Medicine

Office of Manned Space Flight :
National Aeronautics and Space Administration l‘-;
Washington, D. C. 20546

Dear Sherm:

Thank you very much for arranging an invitation to the NASA C.N e3%
and C.V, Data Symposium. It was very nice of you to go to so much trouble
for me. | have discussed this with Dr. Graybiel and while he feels that it
would be very nice for me to attend, he feels it would be wrong for me to miss
the opportunity of recording zero gravity ECG*s this week at Wright=Pat. This
is especially true since there may be difficulty on the first fwo days and the
only days | can count on are the 29th and 30th,

Thank you againe | really appreciate it and as you know | would love
to hear the latest on computer analysis of cardiovascular data, Please drop
me a line when you get a chance to come down.

Sincerely yours,

St
NEWTON W, ALLEBACH
CAPT, MC, USN

Copy to:

Dr. Fo Bs Voris, NASA

Dr. W, Jones, NASA

Dro Lo Do Proctor, General Chairman
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SIMULATTON

AN ADDRESS BY
DR. E. J. MCLAUGHLIN, PH.D.
28 October 1964
at

GEORGE WASHINGTON UNIVERSITY

Frasier ( ) states, "The art of simulation is neither new nor

is it confirmed to the design and use of complex electromagnetic devices

intended for training and research purposes. In fact, in its broadest

sense 1t has existed since man drew his first picture in the sand, or made

his first model out of clay, and it has developed thwough the skills of

the artist, the actor, the set-designer, the illusionist, and more recently

the information theorist, the psychologist, the mathematician, and the

engineer."

In a search for a working definition, we can begin with the most

general and simple expression taken from Webster of Webster Dictionary:

"Simulate: To assume the appearance of without the reality"

Focusing on the particular application of simulation to Man-Machine



elements of a space system, we find three definitions, each pertinent

and each with a different focus of attention. (Slide #1) Redgrave ( )
presents a broad definition of simulation as a representation, or technigue,
which transforms, either iconically (as a representation or symbol) or by
abstraction, selected aspects of the real world out of their resident
framework into a form more convenient for the purpose of the analyst. A
second and somewhat more specific definition is offered by Ruby et al ( )
as the representation of the characterists of a system for the purpose of
evaluating the performance of that system under various conditions.

A third definition, presented by Westbrook ( ) states that simulators are
facilities which allow an analog representation of a particular control
element, combinatioﬁ of control elements, or a complete flight-control-
airframe- pilot system. Fraser's consolidation of these ideas into the

following definition appears reasonable, " Simulation is the art and science

of representing the essential elements of a system out of their normal setting

in such a manner that the representation is a valid analog of the system

under study." Representation is the element which is herein stressed ;




however, the purposes and uses of simulation are not limited by the
description. So when we talk about simulation, we speak of something

which represents the real situation. (Slide #2) Here is a statement which

expresses the purpose of simulation.

Theory involved in Man-Machine Simulation:

In man-machine simulation we are concerned with the integration of the

man with the machine and an evaluation of some sort regarding that integration.
I use "integration" here in an extremely broad sense. The simulation

model, the representation of the real world elements, chosen for such an
gppraisal may be abstract, as a mathematical representation of the human
response to impact, acceleration, etc., or it may be concrete, as it would

be in the mock-up of & cabin design. The model may be static, as in the

case of a display panel or a food compaltment mock-up, or it may be dynamic,

as would be seen for example with the human centrifuge or six-degree-of-freedom

integrated motion simulator.

Obviously, it is not difficult to conduct a static-type study as would

be the case in presenting a mock-up of a display panel to determine the




optimum positioning of specific displays. The problems become increasingly
complex as more and more dynamic characteristics are included in the
simulation model. A series of fairly elaborate mathematical equations are
generally adequate to express the dynamic responses characteristic of the
machine. (Slide #3) (Slide #4) This slide demonstrates the flow of movement
of a complext, integrated piloted flight simulator: A task is presented

to the pilot. The pilot executes a control action and this action is then
reflected, by means of computers, in the dynemics of the control system ,

the vehicle dynamics and the flight instruments. The resultant vehicle
response mey modify the pilot environment, eg in the case of acceleration,
and further imparts both motion cues and external visual field information.
The data from all of these sources are availeble to the pilot, thus providing
him with feedback “information on the effects of his response. Depending
upon the criteria established, and his knowledge of them, he can then judge
the adequacy of his response in relatiown to the task presented to him. To
reflect desired degrees of information to the operator (pilot) requires that

the simulator be equipped to display and reproduce data of varying degrees,

such as operative displeys and controls, a realistic physical environment,




and even degrees of motion. Tt is critical to realize therefore, that,

as stated, by MeNally ( ) that an operation can be simulated only

to the extent that it can be defined in a manner suitable for programing,

and also that the simulation equipment has its own characteristics which are
further imposed upon those of the operations simulated. Both of these

points are critical. If the first cannot be met, this type of simulation cannot
be done. 1In regard to the second element, if the characteristics of the
equipment used are not representative of the actual equipment, the simulation
loses some of its value. SIMULATE ONLY WHEN PERTINENT.

Classes of Simulations:

(Slide #5) This chart displays various types of simulators which may
be utilized to study the variety of the problems with which we are faced.
We shall not attempt to discuss all of them, but rather focus on some of
them to illustrate their use in the space program. All of these uses can
be categorized into one or more of the following: Development of Operational

Procedures, Systems Checkout, Training, Human Response to Altered Environmental

Conditions, and Prediction of Human Response to the Space Environment.




Simulators may be modified flight vehicles or they may be ground-
located facilities. The modified flight wvehicles consist of aircraft
whose aerodynamic characteriests, controls or instrumentation may be
varied to represent the situation found in the vehicle under investigation,
or whose operational techniques are controlled to produce a desired effect
such as zero g with the Keplerian trajectory.

The grouﬁdbased facilities may be considered primerily as having fixed-base
or moving-base characteristics. Among the fixed-base simulators are computers,
such as can be and are used in design studies (thermal cooling in suit),
and procedﬁres trainers as were used in Project Mercury and are being used
in Project Gemini (Slide #6). (Slide#’?) I stated that I used the term
"man-machine integration" in the broadest sense. I did this primarily
because of this item - environmental simulators. The degree of man's control
function with this type of simulator can vary significantly, beginning at a
level of zero g - or none at all- and extend to a considerable degree. This

type of facility can be used for evaluation of materials and their response

to environmental conditions and such an instance man may not - or need not




be & part of the simulation. This type of simulator can and is used
extensively in psychophysiological research. Some of you are familiar with
the program which was designed to validate the Physiological acceptability
of the 100% oxygen, 5 psi atmosphere for Gemini and Apollo. A series of
14 day studies were completed with the Air Force, Navy and industry using
human subjects. Man did not contribute to any control function of simulstor
or chamber itself; however, his ability to conduct flight type functions such
as tracking, monitoring, ete., was evaluated. In addition, a rather
extensive series of physiological measurements were made on the subjects to
evaluate their ability to tolerate this environment. During one phase of the
total program, accelerative forces, comparsble with those of G and A profiles
were applied to each of the subjects. This was added to evaluate a parameter
additional to those available through the use of the environmental chamber
alone.

An illustration here is one study which was conducted Jointly by NASA/MSC

and the Air Force with Ames Research Center involved a combination of sustained

acceleration, imparted by a centrifuge, and vibration to the Gondola, effected




by a piston arrangement to evaluate the pilot's capacity to perform

dial reading and certain control functions in the face of this combined
stress. I'm certain last Monday you heard discussions by Dr. Von Gierke,
Col. Stapp and Mr. Pesman on the use of translation simulators in our
impact program.

The Multi-Axis Trainer (Slide #8) has been used for both evaluation and
for training in respect to roll pitch and 7.@ . This is capable of all three.
The Centrifuge at ACEL-Johnsville has been used extensively for astronaut
familiarization, training and evaluation in respect to the Mercury, Gemini
and Apollo launch and reentry profiles.

These mission simulators listed here under moving base seem to include
some which could be categorized under fixed base as well. Either they do not
move or the movement is minimal to a point which, once imparted to the subject
it is held for a majority of the simulation time. Some rendezvous and docking
simulators have both a fixed based and moving base component. NASA is also

working on a lunar landing simulator which I suppose could more properly be

identified as a flight simulator rather than one under the '"Moving Base"

grouping.




These part-task and whole mission simulators are generally extremely

complete mechanisms. The Gemini Simulator is capable of "flying" any

or all aspects of the Gemini program. It is complet activation, when a

switch is thrown or a thruster activated, or a control stick movement made,

the resultant effect is displayed to the operator on the control panel. I
assume that Dr. Grodsky mentioned the full Apollo mission simulation which

he conducted for NASA at the Baltimore plant. Briefly, the lunar landing
mission was simulated in its entirety, with threé types of exceptions:

Certain environmental forces such as acceleration, vibration and weightlessness,
the atmosphere and radistidon were absent; secondly, the mission sequence was
altered slightly to give each crew member a trial at an activity which would
normelly be conducted only once and by only one crewman, e.g., LEM transposition
and lunar landing; and thirdly, where certain mission elements are automatized
in Apollo, some were made menual operations to gain a greater sampling of pilot
performance. The main point of mentioning this sttdy here is to point up the

tremendous complexity of the equipment to make this simulation representative

of the lunar mission. A computer complex was necessary to display control

panel information to the crewmen. A star field apparatus with a viewing
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mechenism was necessary for the mid-course correction maneuver and an out
the window display of a star field and CM - with a shift to a representation of
the CM for finsl docking - was necessary to condudt the LEM Rendezvous and
_Docking maneuver following Iunar ascent of the LEM. Obviously, the cost
in terms of manpower, energy and money is just about relative to the complexity,
(and completeness of the simulation.).

T'd like to mention the "pseudo-weightlessness' area listed here. Any-
one who can devise a method to really simulate weightlessness or zZero g
can retire immediately. To date, we have utilized water immersion as one
"analog" of weightlessness and the very unsophisticated practice of bed rest
as another to attempt to gain baseline or control information on physiological
effects of zero g. Some of these practices and "simulators" could reasonablely
be placed under the fixed base category.

There is little, if any, argument of thg value of simulation for use in
the following areas:

1. Development of Operational Procedures

2. Systems Checkout - Including Man

3. Training - (Dr. Schwichtenberg will mention use in Selection)

e ———
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4. Human Response to Altered Environments
5. Design tool - (Industry)
There is, however, a considersble amount of discussion regarding the use

of simulation for prediction of man's response to the space flight situation.

To a large degree, this discussion appears based on two main factors~-~the
difference in the gravity situation (1. g on earth as opposed to the zero g
of space, and secondly, the difference between the emotional aspects of
similation's or lack of them) and those of space. Here, I include such signifi-
cant varisbles as danger and its meaning and effect. No matter how realistic
the simulation, the crewmen always realize that in such a situation they are
surrounded by support personnel and they can get out of the simulation by
going through a door--and the consequences, whatever they might be, probably
will be less than a catastrophe in space. Also included here is the factor of
motivation. Extremists, without attempting to define the term, state that moti-
vation is completely lacking or, in the other end of the scale, it is equivalent
to that involved in an actual flight mission. I don't accept either position;

- however, information from full 7 day mission simulations suggests that it may be




12
greater than we previously judged. This introduces the guestion which
I understand you discussed somewhat last Wednesday, namely, how long should
a simulation persist to meke predictions regarding a long duration flight?
Frasier suggests that we attack this question by examining some aspects of
the stress response. (Slide ) He states, "When the body is exposed to a
mild stimulus, it reacts to that stimulus by modifying its physiological
and psychological outputs. Where the intensity or the duration of the stimulus
is such as to exceed the body's capacity to modify its outputs at that level
of function, energy consuming compensatory changes occur in the body. Mhese
compensatory changes are manifested as measurable alterations in physiological
function and may be regarded as evidence of strain from which the existence
of a causative stress mey be inferred." With further increase in intensity
or duration, still further compensatory changesteke place until there ére no
reserves left, at which point psychological and/or physiological failure will
occur. It is to be noted that where a stressful stimulus is maintained at

the same level or for a prolonged period, & highly motivated operator will

maintain a high level of performance despite the occurence of progressive




13
compensatory changes, until just prior to his physiological failure.
(Duration of simulation ) (Slide ). Discuss - Offer - Sim - In-Flight

Meas = PRED.




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHINGTON, D.C. 20546

IN REPLY REFER TO:  MMD 21 June 1965

TO: Participants in George Washington University Course,
October 19-30, 1964

FROM: S. P. Vinograd, M.D., Director, Medical Science & Technology

SUBJECT: Forwarding of Data Book

Enclosed for your information is a copy of the Bioastronautics Data
Book. I hope you will find it useful.

T st sl .
S. P. Vinograd, M.D. | ;‘QV//

Enclosure
a/s
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WasHINGTON 25, D.C.

IN REPLY REFER TO:

T July 1964

Dear

This letter is to affirm your participation as a lecturer in the
postgraduate course "Engineering Aspects of Space Medicine" to be
given October 19 through the 30th, 1964, at George Washington
University in Washington, D.C. The purpose of the course is to
promote and advance mutual understanding between life scientists and
engineers in order to permit these two formerly rather separate dis-
ciplines to join forces more firmly and effectively in the accomplish-
ment of the highly technical task requirements of space medicine and
biology. To date. comments by reviewers have been enthusiastic. I
hope that after reading the enclosed material your impressions will be
similar.

The printing of the brochures, one of which is enclosed for your
inspection, has just been completed. They are currently being given

wide distribution throughout the country. I believe you will find the
list of your fellow participants and the course outline of particular
interest. Also enclosed is a course schedule which indicates the date

and approximate time of each lecture. Present plans call for lecturers

to remain for the entire morning or afternoon of their lecture to allow
for s half hour period of questions and answers at the end of each morning
and afternoon session. It is felt that this will serve the additional
advantage of providing panel coverage of each subject category, since for
the most part morning and afternoon sessions are generally identifiable by
subject matter. It is recognized, however, that this does not always hold,
and therefore any participant may invite questions at the end of his talk
if he so desires.

As we discussed, we plan to have a syllabus consisting of outlines of all _
lectures ready for distribution to course attendees at the beginning of the
first morning session. Outlines should be informative and rather detailed;
not simply a cataloguing of subject headings. It is estimated that they
will average approximately two to five pages in length, although there is

This letter sent to all guest lecturers
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no hard and fast rule. Considering the time required for printing
and assembling, it will be necessary for me to have these outlines
in hand by 1 September 196L.

In addition, the course material will be published as a book under the
same title. In order to accomplish this within a reasonable length of
time after the course is presented, it would be very much appreciated

if lecture narratives together with graphic material were submitted to

me by the last day of the course. Although royalties are not anticipated
to be much more than miniscule, participants employed by the government
may wish to write their contributions for publication on their own time.

I will communicate with you further with reference to travel and other
arrangements. Should there be any questions or Pproblems, please do
not hesitate to get in touch with me.

Your participation in this endeavor is greatly appreciated. I am
confident that it will be a source of pride to all of us.

Slncerexy yours,

/ ) W___ﬂ
Pﬁ Vinograd SMéngm—”
# Chlef Medical Science and Technology

Dlrectorate of Space Medicine
Office of Manned Space Flight

Phone: WOrth 2-0435

Enclosures
1. Brochure
2. Course schedule
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THE GEORGE WASHINGTON UNIVERSITY
WASHINGTON 6, D. C.

November 23, 1964

Sherman P. Vinograd, M.D.
NASA Headquarters
Washington 25, D. C.

Dear Dr. Vinograd:

On behalf of The George Washington University,
I want to thank you for your participation as Course
Instructor and Special Lecturer in "Engineering Aspects
of Space Medicine'" during the period October 19-30.

You not only demonstrated a high degree of
professional knowledge and skill, but in addition
provided the direction and guidance essential to the
success of this highly important project. You are to
be commended and congratulated upon your outstanding
accomplishment.

It was a great privilege to have you
identified with this University. I feel that you have
made a significant contribution to a most important
field of technology and to the advancement of scien-
tific knowledge which we all seek so earnestly.

Sincerely,

\ﬁLM Z@L\l&vu ‘ lg v, A

John Anthony|Brown, Jf.
Vice President and Dean
| of Faculties

JAB/dk



Novenber 9, 1964

2-5820~1-1

Office of Mammed Spsce Flight
wwmw,
Veshington, D. C.

Rocently Mr. R. A, Glaser and three other mesbers of The Boeing Company
sttended the course in "Bugineering Aspects of Space Medicine®,
Mwmmmwmwwm
Dr. @herman P. Vinogred. Mr. Glaser hes reported to me & uniform
mwmmnuuummmmwmm
contingent. The course vas vell organised, the speskers vere both
interesting and well informed, and the course fully met the objectives
originally set forth. Dr. Vinograd is especially to be complimented
for & fine job of orgenization and preseatation.

Please be assured that, should sdditional courses of this gemeral

nature be contemplated, The will welcome the )
to participate once sgain. . ey

ORIGIN®L Sic™tD BY
ﬁ&mm 1
tant Division Manager
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AERO -SPACE DIVISION P.O. BOX 3707 : SEATTLE 24, WASHINGTOMN

Novenber 9, 1964

IN REPLY REFER TO

2-5820-1-1

Dr. G. E. Mueller

Office of Manned Space Flight
NASA Headquarters

801-19th Street N. W.
Washington, D. C.

Dear Dr. Mueller:

Recently Mr. R. A. Glaser and three other members of The Boeing Company
attended the course in "Engineering Aspects of Space Medicine",
presented by The George Washington University and organized by your

Dr. Sherman P. Vinograd. Mr. Glaser has reported to me a uniform

sense of satisfaction with the course from all menbers of the Boeing
contingent. The course was well organized, the speakers were both
interesting and well informed, and the course fully met the objectives
originally set forth. Dr. Vinograd is especially to be complimented
for a fine job of organization and presentation.

Please be assured that, should additional courses of this general

nature be contemplated, The Boeing Company will welcome the opportunity
to participate once again.

Very truly yours,

THE BOEING COMPANY
Aero-Space Division

George H. Stoner,

4 /’LW Vice President
[ﬁ FETION {] FoR ¢ Assistant Division Manager
_—_____———_—'_'_—_—‘.|
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H_am i Iton Sta nda rd DIVISION OF UNITED QRAFT CORPORATION

WINDSOR LOCKS, CONNECTICUT - L.S.A.

November 6, 1964

Sherman P, Vinograd, M.D,

Chief, Medical Science and Technology Branch
Space Medicine Division

NASA Office of Manned Space Flight
Washington, D, C,

Dear Sherm,

Herewith, my belated comment and recommendation,

I thought the course was excellent for my purposes, but
possibly a bit redundant for some of those who had been longer
in the field.

This prompts me to suggest that next year's course
could be improved by making it incremental in bringing people
up to date. A basic fund of knowledge would be needed and
this can be achieved by ensuring that attendees are sent, at
least two weeks prior to the course, the printed lectures given
this year,

Sincerely,

N
RBL:T R. B, Laning ,

Ass't to the Division Vice President

Nov 10 1964
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UNMANNED BIOLOGICAL FLIGHTS

Dr. Dale Jenkins
Bioscience Programs Division
Office of Space Science and Applications

Following exploratory biological experimentation in orbiting spacecraft by
Russian and American scientists preparatory to manned space flight, the
United States has developed a Biosatellite Program with a second generation
series of critical experiments. Many of these have required several years
of baseline study and engineering development. Comprehensive evaluation of
effects of dynamic flight factors was required to permit accurate analysis
of the biological effects of unique space environmental factors.

Thirty experiments have been selected for flight from 175 submitted by the

U.S. scientific community, to study the effects of weightlessness and decreased
gravity at the cellular, tissue, organ, and organism levels from 3 to 30 day
orbital periods. The experiments include a wide variety of plants and animals
from single celled organisms to higher plants and animals, including primates.

Experiments have been selected to study the effects of weightlessness com-

bined with a known source of radiation to determine if there are any antagonistic
or synergistic genetic or somatic effects on various organisms. Experiments

are included to study the effects of the unique environment of the earth-
orbiting satellite and removal from the Earth's rotation in relation to
biological rhythms of plants and animals.

Pigtail monkeys have been instrumented with deep brain probes to study weight-
lessness effects on the neorological system. A cardiovascular experiment has
been developed to measure cardiac output using a dye dilution method with
indwelling arterial and venous catheters. Metabolic and calcium loss experi-
ments have also been included. Primates and other animals, plants, and micro-
organisms have been exposed in ground tests to simulated dynamic forces of
flight profiles including acceleration, spin, and deceleration.
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ENGINEERING ASPECTS OF SPACE MEDICINE

Student Comments

1. This was a truly excellent course, completely fulfilling my expectations.
The practice of selecting speakers of prominent position and knowledge-
ability, who were also skillful speakers, made this course particularly

interesting and informative,

2. Considering the variety and concentration of material, daily sessions
ran too long for my tastes, I suggest, for next time, something like

4 QA
8:30 - 12:00, 1:00 - 4:30, with lunch time not encro#ched upon.

3. Shorter sessions could be realized, without compromising the course,
by cutting out most of the organizational, operations, facilities, and
missions lectures. These did not contribute as much to the stated purpose
of the course as the proportion of time alloted to them. The essentials
of this material were brought out in other lectures anyway. A number
of students found it useful, however, and I suggest a booklet of this

type of background material could be handed out.

4. In view of facilities available in this area, and perhaps at GW itself,
better lecture room facilities would have been a real help in view of the

lengthy, continuous course sessions., The high noise level from inside

and outside the building, uncomfortable chairs, and poor ventilation caused a :

great deal of unnecessary fatigue and strain to both students and lecturers.

John L. Hammersmith
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"ENGINEERING ASPECTS OF SPACE MEDICINE"
October 19-30, 1964
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28 October 1964

Dr., Sherman Vinograd

Chief Medical Science & Technology Branch
Office of Manned Space Flight

HQ, NASA

Washington 25, D.C.

Dear Sherm:

I appreciated very much the opportunity to talk
to your group and enclose a list of books which have
come out in the recent past. Each has its own merits.
Basic Astronautics is a good over-view. Graveline
writes in Bourne, Wood and Welch in Brown, a}Qd.muﬁGwﬁ7ng A
Geoffrey Bourne and Chambers.

Here is a list of twelve books I mentioned.

Sincerely,

i
y

James P. Henry, M.D.
Department of Physlology

JPH/br
Encl. Book list
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DEPARTMENT OF PATHOLOGY - MINNEAPOLIS, MINNESOTA 55455

Dr. S. P. Vinograd

MEDICAL SCHOOL

October 24, 1964

Director, Medical Science and Technology

Office of Space Medicine _
National Aeronautics and Space Admin,
Washington 25, D. C,

Dear Doctor Vinograd:

I wish to thank you for the opportunity to talk to your interesting
audience. At the same time let me say again that I should appre-
ciate receiving a copy of materials that you have reproduced thus

far for your course, for distribution

to students.

Finally T enclose a schedule of my expenses roughly as I gave them

over the telephone, presumably to your secretary.

able, receipts are also enclosed.

FH:jr
Enc.

Sincerely,

Franz Halberg
Professor

T,

As far as avail-




EXPENSES OF FRANZ HALBERG FOR LECTURE WITHIN THE
‘FRAMEWORK OF A COURSE ON ENGINEERING ASPECTS
OF SPACE MEDICINE

Airfare, tax exempt 106.45 +

3.90 (added fare for
jet return)

TOTAL 085

Cabs
Minneapolis from and to airport 12.00
Washington Airport to Hotel (receipt) 2.60
Same for return 2.60
Hotel to George Washington University 1.00
Insurance 2.00
Per Diem 20.00

TOTAL SWLEOEEE
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CONDITIONS OF CONTRACT

(1.) As used in this contract, “Convention” means the Convention for the Unification of Certain Rules relating
to International Carringe by Air, signed at Warsaw, October 12, 1929, or that Convention as amended by The
Hague Protocol, 1955, whichever may be applicable to carriage h der, “ticket”” means “Passenger Ticket and
Baggage Check”, “carriagesis equivalent to “transportation”, and “carrier” includes the air carrier issuing this
ticket and all air carriers that carry or undertake to carry the passenger or his baggage hereunder or perform
any other service incidental to such air carriage; “damage” includes death, injury, delay, loss or other damage of
whatsoever nature arising out of or in connection with carriage or other services performed by carrier incidental
thereto, Carriage to be performed hereunder by several successive carriers is regarded as a single operation.
(2.) (a) Carriage hereunder is subject to the rules and limitations relating to liability established by the
Convention unless such carris is not “international carriage” as defined the Convention. (See carrier’s
tariffs, conditions of carriage for such definition). Carrier’s name may be abl reviated in the ticket, the full
name its abbreviation being set forth in earrier’s tariffs, conditions of carriage, regulations or timetables;
and carrier’s address shall be the airport of departure shown opposite the first abbreviation of carrier's name
in the ticket; and for the purpose of the Convention the agreed stopping places (which may be altered by carrier
in case of necessity) are those places, except the place of doparture and tFe place of destination, set forth in this
ticket and any conjunction ticket issued herewith, or as shown in carrier’s timetables as scheduled stopping places.
on the passenger's route.

(b) To the extent not in conflict with the foregoing, all carringe hereunder and other services performed
by each carrier. are subject to (i) applicable laws (including national laws implementing the Convention or
extending the rules of the Convention to carriage which is not ternational carriage” as defined
Convention), government lntic orders and i , (ii) provisions herein set forth, (iii) ap-
plicable tariffs, and (iv) except in transportation between a place in the United States and any place out-
side thereaf, and also between a place in Canada and any place outside thereof, conditions of carriage,
regulations and timetables (but not the time of departure and arrival therein) of such carrier, which are
made part hercof and which may be inspected at any of its offices and at airports from which it operates
regular services.

{c) Unless expressly so provided, nothing herein contained shall waive any limitation of liability of car-
rier existing under the Convention or applicable laws,

(2.) Insofar as any provision contained or referred to herein may be contrary to a law, government regu-
Jation, order or requirement, which severally cannot be waived by agreement of the parties, such provi-
sion shall remain applicable and be considered as part of the contract of carriage to the extent only that
such provision is not contrary thereto. The invalidity of any provision shall not affect any other part.

(4.) Subject to the foregoing: (a) Liability of carrier for damages shall be limited to occurrences on its
own line, except in the case of checked baggage as to which the passenger also has a right of action
against the first or last carrier. A carrier issuing a ticket or checking baggage for carriage over the lines
of others does so only as agent. (b) Carrier is not liable for damage to passenger or unchecked baggage
unless such damage is caused by the negligence of carrier. (e) Garrier is not liable for any damage di-
rectly and solely arising out of its compliance with any laws, government regulations, orders or require-
ments, or from failure of passenger to comply with same. (d) Any liability of carrier is limited to 250
French gold franes (consisting of 65% milligrams of iold with a fineness of nine hundred thousandths)
or its equivalent per kilogram in the case of checked baggage, and 5,000 such French gold francs or its

)

equivalent per passenger in the case of unchecked baggage or other property, unless a higher value is de-
clared in advance and additional charges are paid pursuant to carrier's tariffs or regulations. ~ In that
event the liability of carrier shall be limited to such higher declared value. In no case shall the carrier's
liability exceed the actual loss suffered by the passenger. All claims are subject to proof of amount of loss.
{e) Any exclusion or limitation of liability of carrier under these conditions shall applyglo agents, servants
or representatives of the carrier acting within the scope of their employment and n'lso to any person whose
aireraft is used by carrier for carriage and his agents, seryants or representatives acting within the scope
of their employment. i,
(5.) Checked baggage carried hereunder will 'be delivered
ment of all unpaid sums due carrier under carrier”
(6.) When validated, this ticket is good for carriage from the airport at the place of departure to the
airport at the place of destination via the route shown herein and for the applicable class of service ang
is valid for one year'from the date of commencement of flight except as otherwise provided in carrier
tariffs or regulations. Each i
accommodations have been reserved; when flight coupons are issued on an “open date” basis, accommoda-
tions wvll_be reserved upon application. subject to nvnirnhllil.y of space.
(7.) Carrier undertakes to use its best efforts to carry the passenger and baggage with reasonable dis-
patch, but no particular time is fixed for the commencement or completion of carringe. Subject thereto,
carrier may without notice substitute alternate carriers or aircraft and may alter or omit the stopping
places shown on the face of the ticket in case of necessity. Times shown in timetables or elsewhere are
approximate and not guaranteed, and form no part of this contract. Schedules are subject to change with-
out notice. Carrier assumes no ibili or making
(8.) The passenger shall comply with all government travel requirements, present all exit, entry,.and other
documents required by the law, and arrive at the airport by the time fixed by carrier or, if no time is
fixed, sufficiently in advance’ of rh[:}n. departure to permit completion of government formalities and de-
Erll)':.li|;'it;nprocndurcs. Carrier is not liable for loss or expense due to passenger's failure to comply with this
1'}?(: ::i:t:m::m' servant or representative of carrier has authority to alter, modify or waive any provision of
ract.
(10.) No action shall

to: the bearer of the baggage check upon pay-
s contract of carriage or tariff.

cf e in the case of damage to baggage, unless the person entitled to delivery i
ta the carrier forthwith after the discovery of the [Im%mgge. and, at lhg‘\lnmt. within saven ,aa,’-s"fr"o'g.l"x'ﬂl
date of veceipt; and in the case of delay, unless the complaint is made at the latest within 21 days from
the date on which the baggage has been placed at his disposal. Every complaint must be made in writing
and dispatched within. the times aforesaid, Where carriage is not “international carriage” as defined in
the Convention, failure to give notice shall not be a bar to suit where claimant proves that (i) it was not
rensonably possible for him to give such notice, or (ii) that notice was not given due to fraud on the part
of carrier, or (iii) the management of carrier had knowledge of damage to passenger’s baggage.

(11.) Any right to damages against carrier shall be extinguished unless an action is brought within two
years reckoned from the date of arrival at the destination, or from the date on which the aircraft ought
%o have arrived, or from the date on which the carriage stopped. The method of caleulating the period of
limitation shall be determined by the law of the court seized-of the case.

SOLD SUBJECT TO TARIFF REGULATIONS
PRICE OF THIS TICKET IS SUBJECT TO CHANGE PRIOR TO COMMENCEMENT OF TRAVEL.
ISSUED BY NORTHWEST AIRLINES, INC., ST. PAUL, MINNESOTA, 55111, U. 5. A. -

(® NORTHWEST AIRLINES, INC.

FOR ISSUING OFFICE ONLY. AIRLINE FORM

FROM/TO

PASSENGER TICKET
AND BAGGAGE CHECK
PASSENGER'S COUPON

FARE
ALCULATION

SOLD SUBJECT TO CONDITIONS OF CONTRACT ON PASSENGER'S COUPON

a counlry other than the country of departure, the
governz-and in most limits the lisbility of carriers for
3 ; 7

01220

DATE ' OF ISSUE
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A
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ight coupon will be accepted for carriage on the date and flight for whicl‘ﬁ

&

SERIAL NUMBER
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CONDITIONS OF CONTRACT

(1.) As used in this contract, “Convention” means the Convention for the Unification of Certain Rules relating
to Tnternational Carriage by Air, signed at Warsaw, October 12, 1929, or that Convention as amended by The
Hague Protocol, 1955; whichever may be applicable to carriage hereunder, “ticket” means *Passenger Ticket and
Baggage Check”, “carriage” is equivalent to “transportation”, and “carrier” includes the air carrier issuing this
ticket and sl air earriers that carry or undertake to carry the passenger or his baggage hereunder or perform
any other service incidental to such air carriage; “damage” includes death, injury, delay, loss or other damage of
whatsoever nature. arising out of or in connection with carriage or other services performed by carrier incidental
thereto, Carriage to be performed hereunder by several successive carriers is regarded as a Single operation.
(2) (a) Carringe hereunder is subject to the rules and limitations relating to liability established by
Convention unless such, carringe is not “international carriage” as defined by the Convention. (See carrier’s
tariffs, conditions of carriage for such definition). Carrier's name may be abbreviated in the ticket, the full
name and its abbreyiation being set forth in carrier's tariffs, diti of carriage, r lati or ti bles;
and eartier's address shall be the airport of departure shown opposite the first abbreviation of carrier's name
in the ticket; and for the purpose of the Convention the agreed stopping Elnml (which may be altered by earrier
in case of necessity) are lf:osc places, except the place of departure and the place of destination, sct forth in this
ticket and any conjunction ticket issued herewith, or as shown in carrier’s timetables as scheduled stopping places
on the passenger's route.

(b) To the extent not in conflict with the foregoing, all carriage hereunder and other services performed
by each carrier are subject to (i) applicable laws (including national laws implementing the Convention of
extending the rules of the Conmvention to carriage wl
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¥
hich is not “international carringe” as defined the
Convention), government regulations, orders and requirements, (ii) provisions herein set forth, (iii) ap-
plicable tariffs, and (iv) except in transportation- between a place in the United States and any place out-
side thercof, and also between a place in Canada and any Elu:n outside thereof,\ conditions of carringe,
regulations and timetables (but not the time of departure an: i

arrival therein) of ‘such earrier, which are
made parthereof and which may be inspected at any of its offices and at airports from which it operates
vegular services. y il

(c) Unless expressly so provided, mothing herély contained Shall waive any limitation of lability oft car-
rier existing under the Convention or applicable laws.

(3.) Insofar as any provision contained or referred to herein may be contrary to a law, government regu-
Jation, order or requirement, which severally cannot be waived by agreement of the parties, such provi-
sion shall remain applicable and be considered as part of the contract of carriage to the extent only that
such provision is not contrary thereto. The invalidity of any provision shall not affect any other part.

(4.) Subject to the foregoing: (a) Liability of éarrier for damages shall be limited to occurrcnces on its
own line, except in the case of checked baggage as to which the passenger also has a right of action
against the first or last carrier. A carrier issuing a ticket or checking baggage for earriage over the lines
o% others does 5o only as agent. (b) Carrier is not liable for damage to passenger or unchecked baggage
unless such damage is caused by the negligence of carrier. (¢) Carrier is mot liable for any damage di-
Yectly and solely arising out of its compliance with any laws, government regulations, orders or require.
ments, or from failure of passenger to comply with same. (d) Any liability of earrier is limited to 250
French gold francs (consisting of 65% milligrams of gold with @ fineness of nine hundred thousandths)
or its equivalent per kilogram in the case of checked baggage, and 5,000 such French gold francs or its

equivalent per passenger in the ease of unchecked baggage or other property, unless a higher value is de-
clared in advance and additional charges are paid pursuant to carrier’s tariffs or regulations. In that
event the liability of carrier shall be limited to such higher declared value. In no case shall thevcarrier’s
liability exceed the actual loss suffered by the passenger. All claims are subject to proof of dmount of loss.
(e) Any exclusion or limitation of liability of carrier under these conditions shall apply to agents, servants
or representatives of the carrier acting within the scope of their employment and also to any person whose
aircraft is used by carrier for carriage and his agents, scrvants or representatives acting within the scope
of their employment.

(6.) Checked haggage carried hereunder will be delivered to the bearer of the baggage check upon pay-
ment-of all unpaid sums due carvier under carrier's contract of carriage or tariff.

(6.) When " validited, this ticket is good for. carringe from the airport at the place of departure to the
airport at the plice of des jon via the route shown herein and for the applicable class of service an:
is valid for one year from the date of commencement of flight except as otherwi rovided in cargier’s
tariffs or regulations. Each flight coupon will be accepted for carriage on the date and flight for which
aecommodations have been reserved; when flight coupons are issued on an “open date” basis, accommoda-
tions will be reserved upon application subject to availability of space.

(7.) Carrier undertakes to use its best efforts to carry the passenger and baggage with reasonable dis-
pateh, but no particular time is fixed for the commencement or completion of carriage. Subject thereto,
carrier may without notice substitute alternate carriers or aircraft and may alter or omit the stopping
places shown on the face of the ticket in case of necessity. Times shown in timetables or elsewherc gre
approximate and not guaranteed, and form no part of this contract. Schedules are subject to change wijh-
out notice. Carrier assumes no ibility for making t E

(8.) The passenger shall comply with all government travel requirements, present all exit, entry, and other
documents required by the law, and arrive at the airport by the time fixed by carrier or, if no time is
fixed, sufficiently in advance of flight departure to permit completion of government formalities and de-
parture procedures, Carrier is not liable for loss or expense due to passenger's failure to comply with this
provision. 3 b

(9.) No agent, servant or representative of carrier has authority to alter, modify or waive any provision of
this contraet. - % .

(10.) No nction shall Tie in the case of damage to baggage, unless the person entitled to delivery complains
to the carrier forthwith after the discovery of the damage, and, at the latest, within seven days from the
date of receipt; and in the case of delay, unless the complaint is made at the latest within 21 days from
the date on which the baggage has been placed at his disposal. Every complaint must be made in writing
and dispatched within the times nforesaid. Where carriage is not “international carriage” as defined in
the Convention, failure to give notice shall not be a bar to suit where claimant proves that (i) it was not
reasonably possible for him to give such notice, or (i) that notice was not given due to fraud on the part
of carrier, or (iii) the management of carrier had knowledge of damage to passenger’s baggage.

(11.) Any right to damages against carrier shall be extinguished unless an action is brought within two
years reckoned from the date of arrival at the destination, or from the date on which the aircraft ought
to have arrived, or from the date on which the carriage stopped. The method of calculating the period of
limitation shall be determined by the law of the court seized of the case.

SOLD SUBJECT TO TARIFF REGULATIONS
PRICE OF THIS TICKET IS SUBJECT TO CHANGE PRIOR TO COMMENCEMENT OF TRAVEL.

ISSUED BY NORTHWEST AIRLINES, INC., ST. PAUL, MINNESOTA, 55111, U. S. A.
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SENSORY AND PERCEPTUAL PROBLEMS IN
SPACE FLIGHT*

Jou~ Lort BrowN, Pu.D.

INTRODUCTION

At this stage in our space program it seems evident that the men
who man our space vehicles should play an active role in the per-
formance of their missions. Man has a variety of valuable capabil-
ities and it would be wasteful of valuable space and fuel to send
him on any mission if his capabilities were not somehow utilized.
When some of the functions which must be performed in space and
the completely automatic equipment required to perform them are
considered objectively, it is clear that man can play an important
role. Estimates of the over-all reliability of space systems, with
and without the inclusion of a man as an essential element, suggest
substantially higher reliability when man is included. The first
American orbital flight made by John Glenn provided a dra-
matic example of the way a human pilot can take over control and
successfully complete a mission when automatic equipment func-
tions improperly.

If man is to play more than a passive role in space, it is necessary
to provide him with considerably more than the essential physio-
logical requirements. His sensory and motor capabilities and the
demands which may be imposed on them must also be evaluated.
Man must be provided with the equipment required to match his

* The preparation of this chapter was supported by U. S. Public Health Service
Award No. GM-K3-15277-C2.
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capabilities to the characteristics of other elements of the system.*
He must be provided with information via his senses. This he will
evaluate in relation to other current information and his knowledge
of the mission. Then, when necessary, he will act upon that infor-
mation via his motor response capabilities.

It is the purpose of this chapter to consider the sensory and per-
ceptual capabilities of man in relation to the possible tasks which
he may be called upon to perform during space flight” Some
of the hazards to sensory processes which may be encountered are
also discussed.

VISION

Vision will be the principal available distance receptor in space
in the absence of a sound transmitting atmosphere. Its importance
in this capacity will therefore be greater than ever. It will be of
equal importance for the receipt of information from displays with-
in the space vehicle, however. Its various applications can best be
reviewed by considering them in relation to the various stages of
Space missions.

Launch

During initial stages of the launching of a space flight mission,
man may be called upon for the performance of several tasks. He
will undoubtedly be required to monitor the progress of the launch
with respect to changing velocity, altitude and flight-path angle
during successive stages of rocket firing. He may also be called
upon to monitor and possibly control vehicle attitude in roll and
yaw and to make corrections in pitch in order to achieve the de-
sired flight path angle at burnout® He could conceivably be
called upon to time initiation and termination of firing of a given
rocket stage. Such activities, if required, will probably be accom-
plished by reference to panel indicators within the space vehicle.
External references such as horizon will be of limited value by rea-
son of the high order of precision which will be required. For ex-
ample, in order to come within 6000 miles of the planet Mars, a
rocket launched from the earth may require a velocity at rocket
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burnout which is accurate to within 1 fps and a flight path angle
which is accurate to within 0.001°.*" The exact requirement will
depend upon the precise relation of the two planets at the time of
launch. Even under optimum conditions, precision requirements
will be so high at this stage, however, that man will probably per-
form only a “back-up” function in case of emergency. The nature
of space flight for some time to come will be such that all stages
of flight will be carefully pre-planned.” ** The crew of space ve-
hicles will not exercise discretion as to the course to be followed.
There will only be one correct course for a given destination, and
once the launch has been initiated the crew will be committed
either to follow this course or to “abort” the mission.

Visual problems which arise during launch will relate to the se-
lection of appropriate methods of displaying information so that it
can be interpreted rapidly and accurately. Information will in-
clude vehicle speed, altitude, attitude and flight-path angle, in ad-
dition to engineering information on the status of various compo-
nents in sub-systems of the vehicle. The crew of a rocket may also
be required to look for external indications of proper vehicle func-
tion during launch such as steam clouds which will indicate proper
function of reaction control nozzles. Deleterious effects of ac-
celeration on vision may represent a hazard during this stage of
flight. Such effects must also be considered during recovery and
landing. They are discussed further in a subsequent section.

Orbit

On orbital missions, once the launch has been completed, the
space vehicle will be rotating about the earth at a speed such that
centrifugal force developed will balance the gravitational attrac-
tion of the earth. The altitude of an orbital flight will probably
fall within 100 and 500 miles. The minimum is determined by the
retarding effect of the earth’s atmosphere which will be en-
countered at lower altitudes. The maximum altitude is imposed
by the dangerous amounts of radiation exposure (Van Allen Belt)
which may be encountered at altitudes above 500 miles.

Reconnaissance: During orbital flight man may be called upon
to make observations of the surface of the earth. It must not be
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supposed that he will be able to observe human activities, how-
ever. The resolution capacity of the eye is such that a minimum
angular separation of between 1 and 10 min of arc can be discrimi-
nated for a wide range of illuminations. Thus, for an object to be
identified, the dimensions of its distinguishing characteristics must
be sufficiently great that they will subtend a visual angle of be-
tween 1 and 10 min of arc at the eye of an observer in orbit. The
required length in feet to meet the criterion of 10 min of arc is
equal to fifteen times the distance of the observer in miles. Thus,
at an altitude of 100 miles, the distinguishing elements of clearly
recognizable objects must have dimensions of 1500 ft. Many man-
made objects, including fairly large buildings, will be too small to
be detected. After his recent orbital flight, Glenn remarked that
an object such as a bridge could not be picked out with any cer-
tainty. A river can be seen from an altitude of 100 miles, however,
and when a spot is seen on the river there is a tendency to assume
there is a bridge.

With the aid of a telescope, objects can be magnified but there
will be a concomitant reduction in the size of the over-all field of
view and a substantial reduction in the time during which any
particular object remains in the field of view. It has been found
experimentally that the probability of detecting an object in a
stationary pattern increases appreciably with duration of viewing
for up to 12-sec.’ If relatively small objects (20 to 30 ft in
length) are magnified sufficiently to be identified, the time for
which they are visible may be reduced to 1 sec or less. Identifica-
tion will be rendered even more difficult by reason of the fact that
objects will be part of a moving, constantly changing pattern. It
may be concluded that a man with unaided vision will not be ca-
pable of performing any important reconnaissance function from
an orbital altitude of 100 miles or greater.** He will be able to dis-
criminate such things as lakes and rivers, coastlines and islands
which may enable him to localize his position, however. These
observations will provide a method of noting the time at which
various check points are reached.

Attitude Control: During orbit it will be possible for a man to
control the attitude of his craft by external visual reference. In the
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Mercury capsule, the normal attitude is such that there is a direct
view of the horizon. This provides a reference for control of roll.
A wide-angle periscope provides a view of the ground below out to
the horizon in all directions. At an altitude of 100 miles the hori-
zon is at a distance of approximately 900 miles. Thus, the visible
surface of the earth represents a circular area with a diameter of
165° of visual angle subtended at the vehicle. Inthe Mercury cap-
sule the periscope field is so positioned that vehicle attitude in
pitch and roll are correct when the earth’s visible surface is cen-
tered in the field. At 18,000 mph, at an altitude of 100 miles, the
vehicle will be traversing 5 miles on the earth’s surface every sec-
ond. If any pattern is discriminable on the earth’s surface as seen
in the periscope field, orientation of the vehicle in yaw may be ob-
served in terms of the relative motion of the pattern. If no surface
pattern is discriminable, control of yaw may be accomplished by
reference to star patterns. Outside observation will be compli-
cated during orbit by a daylight and darkness cycle of approxi-
mately 90 min. The horizon may be visible continuously,
either as a band of light or as a discontinuity between star patterns
and the blackness of the earth, but in general the earth’s surface
will only be visible during the daylight half of the cycle. Light
from population centers may be seen, and occasionally in the case
of a city located on the shore of a lake or ocean the light pattern
may have a distinctive contour.

During the dark part of the cycle the observation of stars will be
of increased importance as a basis for controlling vehicle attitude.
Continuing reference to instruments within the vehicle will also be
required, however. Thus, a system of illumination which permits
instrument visibility but at the same time does not reduce sensi-
tivity of the eye excessively is essential. This has been provided in
the Mercury capsule.** When red instrument illumination is em-
ployed, it is possible to observe stars of the fifth magnitude without
difficulty. Some precautions must be taken during the daylight
portion of orbital flight to prevent excessive light adaptation. In
the Mercury vehicle this is accomplished with the aid of a red filter
and an opaque screen which can readily be positioned over the
window.
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Detection: The possibility of detecting other space vehicles or
objects in space during an orbital flight may be considered remote,
except where contact has been specifically planned. The relative
velocity between two objects will be considerable unless they are
in similar orbits. Relative velocity will increase with increased de-
viation of orbits and the time during which an object the size of a
space vehicle would be visible will decrease commensurately.
Some of the problems associated with the detection of objects mov-
ing in space both transverse to the line of sight®® and in depth?
have been studied experimentally. Vehicles will not be placed in
orbit to search for other vehicles that are not already known to be
in a specific orbit.

Detection of objects in space will not necessarily be limited by
their size in relation to the resolution capacity of the eye. An ob-
ject will be visible as a point source of reflected light against a dark
background. The distance over which it may be detected will
therefore depend solely on the total amount of luminous energy
which is reflected or emitted. There is no minimum resolvable vis-
ual angle for a point source of light against a dark background.
Detectibility of point sources of light will be improved by the fact
that the outside atmospheric luminance of the sky background will
be only 10 per cent of the luminance of the sky on a moon-
less night.**  Results of a recent experiment suggest that detec-
tion of a light spot against a dark sky within a pattern of stars will
not be a simple matter unless it is markedly brighter than the sur-
rounding stars.*

At least one of the visibility problems which confront the pilot of
a high altitude aircraft should not exist for the occupant of a space
vehicle. That is the problem of space myopia."* ** During day-
light at altitudes between 40,000 and 60,000 ft there may be noth-
ing visible outside an aircraft other than the homogeneous sky il-
lumination. Under these circumstances, with no external cue for
distance accommodation, the eye tends to accommodate for near
objects. It is thus effectively myopic in relation to the problem of
detecting objects in space. As altitude is increased, however, and
the atmosphere becomes thinner, the ambient sky illumination is
reduced. At an orbital altitude of 100 miles, sky illumination will
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be sufficiently reduced that stars will be visible and these will pro-
vide adequate cues for distance accommodation.

Astronomical Observations: Observations of stars from an o1-
bital vehicle may be of importance for the purpose of fixing posi-
tion and controlling vehicle attitude. An orbital vehicle which is
above the earth’s atmosphere will receive approximately 30 per
cent more visible light from the stars than the amount which
reaches the earth’s surface, and observations will not be subject to
atmospheric shimmer.*' There are other factors which will mini-
mize the importance of astronomical observations for scientific pur-
poses, however. It will not be possible to include telescopes which
begin to approach the size of large terrestrial telescopes in orbiting
vehicles. The degree of stabilization required for precise astro-
nomical observation will also be difficult to achieve in a manned
orbital vehicle of moderate size.

Direct observations of stars through a window will be limited by
the transmittance of the materials from which the window is con-
structed. These will be dictated to some extent by the structural
integrity requirements of the vehicle. It will also be desirable to
attenuate ultra violet light and direct sunlight for the protection of
the man. Following his orbital flight, Glenn reported that he was
able to see fewer stars than he had expected. He tentatively at-
tributed this to the attenuation of light by the window of the
Mercury capsule. The transmittance of the window of this capsule
is between 35 and 50 per cent in the visible spectrum for a normal
viewing angle, but it is reduced to 15 or 25 per cent for a viewing
angle of 60°.%°

Rendezvous: One extremely challenging problem which will
occur in future space flight missions will be that of rendezvousing
with a vehicle which is already in orbit. It will not only be neces-
sary to achieve the same orbit, but the same point in that orbit.
The accuracy required with respect to timing, control of trajectory
and burnout velocity will be considerable.2’ Corrections will un-
doubtedly be required even under optimum conditions. Terminal
rendezvous will require a system which can assess the error be-
tween the orbit of the rendezvousing vehicle and that of its target
and compute the appropriate method of reducing the error to zero.
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Itis possible that a man, employing direct vision, might be able to
play some role in the final stages of the problem. On the other
hand, estimates of shape, size and the distance of objects are
strongly dependent on familiarity of the object and its appearance
in relation to other objects in the visual field.?* In empty space,
such estimates may be difficult to make with sufficient accuracy
for control of precise maneuvers.

Lunar and Interplanetary Flight

Vision Quitside the Vehicle: During earth-lunar and inter-
planetary flights, external visual observations of the stars and
planets may be employed to determine position and course as a
check on the stellar guidance system which probably will be used.
Such observations will require training in the recognition of celes-
tial patterns and the nature of changes in the relative positions of
planets which will occur during a specific flight. The location of a
space vehicle in its orbital path about the earth, the sun or some
target planet can be determined by simultaneous or successive ob-
servations of two or more known bodies.! ! Simultaneous, mul-
tiple observations will afford the highest precision. It will be nec-
essary to develop special techniques and devices to aid him if man
is to make such observations visually.

Orientation: For the major portion of lunar and interplanetary
flights, there will be no available horizon or ground plane such as
there is on orbital flights to provide a stable frame of reference.
Occupants of a space vehicle will therefore be more dependent on
points of reference within the vehicle. In the absence of any gravi-
tational field, certain novel problems may arise. It has been sug-
gested that the interior design of a vehicle to be used for a pro-
longed space mission should be conventional, i.e., with a floor,
walls and ceiling, and with instruments and controls arrayed
in much the same way that they would be for use in the presence
of a field of gravity.* Itis argued that a conventional environment
will be easier to work in and more compatible because of the ex-
tensive training and experience which man has had in such an en-
vironment on the earth’s surface. The use of magnetic shoes and
adhesive materials could be employed to aid in the stabilization of
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the “up” and “down” character of the interior of such a vehicle.
On the other hand, it will not be necessary for a vehicle which will
be in a condition of zero gravity for extended periods to have any
floors and ceilings as such. Occupants will be quite capable of
moving in any direction within the vehicle, and not just with ref-
erence to a specific ground plane. Restrictions as to body posi-
tions which apply at the earth’s surface will not apply. The most
efficient design of work spaces and the integration of activities of
several occupants of a compartment might lead to a design which
Is quite unique in relation to conventional terrestrial design. Sta-
tions of crew members may be oriented such that these individuals
are at unique angles with respect to one another.

It is to be expected that man’s training and experience in earthly
swrroundings will cause him some difficulty in such a novel en-
vironment. He is accustomed to a rectangular organization of the
enclosures in which he lives on the surface of the earth and even
minor deviations from such right-angle organization may result in
considerable confusion. A good example is the disorientation ex-
perienced by most newcomers to the Pentagon. As the Ames
demonstrations show very clearly* judgments of distance, size and
shape of quite familiar objects may suffer remarkable distortion
when they are observed in rooms which deviate from the usual rec-
tangular design. These disorientations and distortions are greatest
when the appearance of deviation from conventional design is
least, however. The unconventionality of the most efficient in-
terior design of a space vehicle may be sufficiently obvious that
the interference effects of prior training and experience will be
minimized. In any case, there is some evidence that man can
compensate very rapidly for novel perceptual situations®* even in
the face of excessive prior training and experience which are not
compatible.

Visual Display Problems: If a novel interior design is em-
ployed which does not provide a consistent “up,” certain instru-
ment display problems may arise as a result. The interpretation
of conventional visual displays is frequently dependent to some
extent on their orientation with respect to the environment, and
particularly with respect to the observer. The possible location
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of observers in a variety of unique positions with respect to a
visual display will require a display design such that its interpreta-
tion is not dependent on its position with respect to the back-
ground against which it appears or with respect to the observer.
Individual elements within the display must have unique, recog-
nizable characteristics which are independent of their position.
Visual coding by color and shape will be of importance.

Landing

In many circumstances, landing will be initiated from a condi-
tion of orbital flight by firing a rocket which is oriented to reduce
orbital velocity. Timing of the firing of a retro-rocket must be
carefully controlled in order to land in a desired location. Such
timing can best be controlled from ground stations where precise
fixes of orbital vehicle position can be made. Ground support
will not always be available, however. In its absence, rocket firing
may be timed by an occupant of the vehicle in relation to the
transit of some recognizable landmark on the surface below.
With fairly simple sighting equipment, man should be able to
accomplish this within an accuracy of 250 to 500 milliseconds.®
For an earth orbit at an altitude of 100 miles, this corresponds to
a variation in final landing point of 1.25 to 2.5 miles.

Landing from orbit upon a relatively unknown planet or moon
will be somewhat more difficult than landing on earth. There
won't be any recognizable landmarks. Several reconnaissance
orbits may be necessary in order to obtain some basis for select-
ing a landing sight. Visual observation will be of only limited
value in assessing the nature of the surface, however. Such ob-
servation may be aided by the use of low, off-set flares which will
illuminate the surface in such a way that surface irregularities will
cast long, discriminable shadows.

If there is a gaseous atmosphere and the landing vehicle is
capable of maneuvering within it in the fashion of a conventional
aircraft, then direct visual observation of the surface may be of
considerable importance in the selection of a landing site and
control of the vehicle during the final stages of the landing. On
the other hand, if the landing is accomplished by deceleration of
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a “high-drag” vehicle such as the Mercury capsule, although some
control of flight path will be possible by alterations of capsule at-
titude, there will be relatively little which an occupant can do to
influence the landing. Parachute release will probably be auto-
matic, but it may be timed on the basis of visual observations of
the surface. This will be difficult over water and other areas with
relatively homogeneous surfaces.

In the absence of a suitable combination of atmosphere, gravita-
tional field, and vehicle design, landing will be accomplished
with the aid of a deceleration rocket which will slow the vehicle
as it approaches the surface. The vertical component of velocity
must be reduced sufficiently at the moment of contact that there
will be no damage to the vehicle or injury to vehicle occupants.
It will be wasteful of energy to reduce it too rapidly. The satis-
factory solution of this problem will require continuous informa-
tion concerning altitude, velocity, and deceleration during descent.
It seems unlikely that it can be solved by a man on the basis of
direct visual observation of the surface, but given appropriate in-
strument information he may perform a significant role.

Hazards to Vision

High Illumination Level: 1llumination of the sun, unattenuated
by the earth’s atmosphere, is approximately 12,000 to 14,000 ft
candles in the region of the earth. ** ** % 1In the absence of any
atmospheric dispersion the brightness of the sky is lower than
that observed on the surface of the earth on a moonless night,
however (on the order of 10-° nit).** Therefore much greater con-
trast occurs between illuminated objects and their surroundings.
The range of luminances in the visual field may be expected to be
greater and frritation from glare will be greater than that which
occurs on the earth’s surface®® High contrast effects need not
necessarily be a problem within a space vehicle, however. They
can be reduced by the use of painted surfaces of high reflectance
which will scatter the light.

During observation outside a space vehicle there will be the
possibility of injury to the eyes as a result of excessive exposure
to sunlight.® Formation of an image of the sun on the retina by
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optical elements of the eye results in a concentration of visible
and infra-red energy sufficient to cause a retinal burn after less
than a minute’s observation at the earth’s surface.’® Beyond the
30 per cent attenuation of the earth’s atmosphere the required
duration will be shorter, perhaps 15 sec, and the closer the sun
is approached, the shorter will this time become. An exposure
duration of seconds represents a fairly long time, however, and
it should be possible to avert the eyes in ample time to prevent
damage if they are suddenly exposed to the sun. Of course, the
attenuation introduced by the window material of the space ve-
hicle will provide a considerable margin of safety.

Eye injuries caused by exposure to excessive illumination may
be of two kinds.** Thermal injuries may occur to any part of the
eye with excessive exposure to visible and infra-red radiation.
Non-thermal or abiotic effects may result from exposure to shorter
wavelengths (365 mp down to below 300 mp). These effects in-
clude erythema with severe itching and burning sensations of the
eyes which may last for several weeks. The retina is not affected
because virtually all the energy of these shorter wavelengths is
absorbed by cornea and lens. Effects of repeated exposures to
short wavelength radiation may be cumulative over a 24 hr period.
Fortunately, short wavelength radiation may be almost completely
absorbed by the windows of a space vehicle.

Ionizing Radiation: It has long been known that excessive
lonizing radiation can cause ocular damage” Cataracts can
readily be produced in normal eyes by irradiation with x-rays.
The younger the organism, the greater is the susceptibility. Ir-
radiation of the lens damages anterior epithelial cells, and if cells
which are capable of division are damaged, i.e., those which lie
in a ring about 1 mm in front of the lens equator, cataracts may
result.?® Cataract is actually formed when damaged cells, the
fibers of which are opaque to light, are moved back toward the
posterior pole of the lens and subsequent cell division occurs.
The effects of irradiation may be cumulative for up to four months,
which is the approximate time required for recovery from irradia-
tion effects.

e
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There will be a variety of possible sources of radiation hazard
which may be encountered in space flight. These will include the
Van Allen radiation belt, cosmic rays, auroral displays and possi-
ble solar sources* in addition to nuclear propulsion systems of the
tuture.* Structural and chemical shielding should provide ade-
quate protection of the crew of a rocket vehicle from radiation
of its own power plant. In addition, it will be necessary to plan
flights such that minimum amounts of time are spent in zones of
high radiation.

Exotic Fuels: Some of the constituents of the chemical fuels
which will be employed in rocket flight for some time to come
may be extremely toxic when absorbed or inhaled. Specific ef-
tects on vision may occur if precautions are not taken to protect
the occupant of the space vehicle from the fumes of such fuels.*?

Acceleration: Man may be exposed to high levels of accelera-
tion both during launch and landing of a space vehicle. When
the acceleration includes a positive component, i.e., one which
is oriented along the long axis of the body such that flow of blood
to the head is impeded, impairment of visual function may fre-
quently result. Definite subjective visual symptoms ranging from
the apparent dimming of light up to complete loss of vision are
noted in the range between 3.5 and 6.0 positive G. The level
at which these effects occur is highly variable in different indi-
viduals and in a given individual from one time to another."* Re-
action time to visual signals is prolonged by exposure to positive
acceleration® in the same levels where subjective symptoms are
observed. White and his colleagues have found increased errors
in dial reading,** decreased visual acuity,*® and an elevation of
light detection threshold*® with increases in positive acceleration.
Visual acuity showed impairment with increased level of accel-
eration, independent of the orientation of the acceleration vector.
Such impairment has been attributed to mechanical effects
of acceleration on optical elements of the eye*” Increased
errors in dial reading and elevations of visual threshold may
reflect interference with retinal circulation.’® To some extent,
impairment of visual functions can be offset by an increase in
the level of illumination provided for the performance of visual
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tasks.*” On space flight missions, visual impairment as a result
of acceleration exposure should not be a serious problem. Occu-
pants of a space vehicle will be supported by special couches
which will be oriented at right angles to the line of action of ac-
celeration. The positive acceleration component which gives
rise to the most serious visual effects will therefore be kept suffi-
ciently low that it should not cause difficulty.

HEARING

In space flight, hearing will depend almost entirely on artificial
aids. It will be a most important sensory modality, nonetheless,
in that it will provide the most important link between man in
space and the surface of the earth. The maintenance of this link
will be extremely important, not only for the exchange of infor-
mation but also for the psychological support of the man.

Normal speech sounds may be altered in a variety of ways
without becoming unintelligible, and it has been demonstrated
that information capacity of speech is dependent on a relatively
small proportion of the total band width occupied by normal
speech. Any method which can be employed to effect economies
in the power requirements for communication in space will be of
considerable importance.” A careful evaluation of the effects of
modification of speech sounds on intelligibility must accompany
the introduction of any new methods, however.

In addition to its importance for communication, hearing may
prove of considerable importance for purposes of recreation and
relaxation. For example, the ability to listen to music may as-
sume an unimagined degree of importance for the occupant of
a space vehicle on a protracted flight.

Hazards

Noise and vibration may constitute specific hazards for hear-
ing within a space vehicle. These effects can be expected to be
prominent only during launch and recovery, and can be mini-
mized during these phases of flight by appropriate engineering
design. The use of head-phones in sound-shielding mounts will
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afford additional protection. Acceleration apparently has no im-
portant specific effect on hearing and therefore does not constitute
a specific hazard.*!

VESTIBULAR SENSE

There has been much concern over the possible effects of ex-
posure to zero gravity in space flight. One basis for such concern
is the fact that the pattern of stimulation of the vestibular mech-
anism will be very different in the absence of the earth’s gravita-
tional field. The utricular system of the vestibular apparatus con-
tains otoliths, calcareous “stones” which are of a greater density
than surrounding tissue. Variations in the orientation of a gravita-
tional field results in a variation of the way in which these otoliths
are displaced with respect to the associated macula.® There is an
accompanying variation in the pattern of discharge of the afferent
neural connections of the utricles.* At zero gravity, changes in
body position will no longer be associated with the same changes
in the pattern of utricular discharge. In addition, the perceptual
results of stimulation of the semi-circular canals may be altered in
the absence of the terrestrial response patterns of the utricles.
These effects will be manifested by their influence on visual per-
ception and orientation. The stability of the visual world in spite
of head and body movements is related to vestibular signals which
effect a stabilization of visual perception.** Such stabilization is
partly the result of compensatory eye movements but it also de-
pends in part upon the integration of visual and vestibular inputs
at some more central location. The evidence available at present
indicates that although there may be individual differences, it
probably will be possible for man to adapt to a zero gravity en-
vironment fairly quickly. When vision is not impaired good ad-
justment to complete destruction of the vestibular apparatus oc-
curs rapidly.* Placing a man in a zero gravity environment rep-
resents a much less extreme situation.

The possibility of rotating a space vehicle in order to create an
artificial “gravitational field” has been considered.?* In addition
to presumed physiological advantages, certain physical reasons
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are sometimes put forward in support of this kind of system. It
has been said that liquids will be more readily manageable in a
gravitational field, that convection currents which result in circu-
lation of air will depend upon the presence of the gravitational
field, and that the physics of the circulation of the blood require
the action of a gravitational force during long term confinement.
Man has difficulty tolerating rotational rates greater than 5 or 6
rpm. Although some adaptation occurs, nausea and disorienta-
tion are frequent results of exposure to a rotating environment.'* **
lusory effects accompany any movement of the head. Unless
the radius is substantial, only a relatively low acceleration com-
ponent can be achieved by rotation at 5 or 6 rpm. Additional
problems would arise in connection with external observations
from a rotating vehicle.

The vestibular apparatus, by reason of differences in the density
of its components, can be injured or destroyed by exposure to ac-
celeration. In one experiment, subjects reported vertigo for up to
48 hr following exposure up to 15 transverse G for up to 5 sec.
Edema of the vestibular apparatus was suggested as a tentative
explanation.’ In a later experiment' in which transverse accel-
erations of nearly 12 G were investigated, one of the subjects
noted some disorientation following exposure which increased
during the course of the experiment. Disorientation and vertigo
persisted for some time after the completion of the experiment
and disorientation was precipitated by sudden head movements
for a period of several weeks. There is some evidence that dis-
orientation following exposure to transverse acceleration of as
high as 20 G may be reduced following repeated exposures.'” The
levels of acceleration required to cause irreversible damage are
relatively high, and this should not pose a problem in space flight.*

OTHER SENSES
Kinesthetic Sense

The regulation of complex motor performance such as that
which may be required by the occupants of space craft is depend-
ent to a large extent on kinesthetic feedback from the muscle
groups which are involved.* In a gravitational field the position
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of a limb, its orientation, and its component of motion in the di-
rection of action of the gravitational field all influence patterns of
tension on the musculature involved in a way which is dependent
upon the strength and line of action of the gravitational force.
It is difficult to predict the extent to which highly coordinated
motions may depend on this kind of feedback. It is possible that
certain types of motor performance may be extremely difficult
when kinesthetic cues dependent upon gravity are absent. The
problem may become particularly important in connection with
the manipulation of objects and tools in the unusual ways which
may be required for maintenance operations in space. Prelimi-
nary studies can be conducted on the surface of the earth in which
changes in motor performance capabilities are observed when or-
ganisms trained at one level of acceleration are placed in an en-
vironment at a different level of acceleration. The important
limitation of studies of this kind conducted on centrifuges lies in
the fact that accelerations of less than 1 G cannot be achieved for
any significant duration. “Weightlessness” can be achieved,
within limitations, by immersion in water, however.® Although
the weightlessness achieved in water immersion is radically dif-
ferent from that which will occur under zero gravity, water im-
mersion may nevertheless be of considerable value for training
purposes prior to actual space flight.

Tactual Sense

In recent years, tactual signal systems have received consider-
able attention. The efficiency of these systems has been demon-
strated for the receipt of information at relatively high rates.2>
Such systems may prove useful in space craft where large numbers
of non-interfering information channels will be required. On long
missions it may be desirable to make some provision for the
presentation of tactual stimulation in the form of low amplitude vi-
brations. These could be applied as a form of massage to main-
tain peripheral circulation and muscle tone.

Olfactory Sense

Man is limited in the number of senses available to him but his
integration as a component of a space vehicle system may require
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