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FOREWORD

This investigation was directed by Brig. Gen. Don Flickinger, USAF?, MCO
Command Surgeon, Air Research and Development Command. The testiago
begun on 16 February 1959 and completed on 27 March 1959, was performed
ualse,Project No. 7164,, "Physiology of Flight, " Task No., 71332, -Physiloglqcu
Criteria for Nxtended EnvIronmeats." -Col. J. P. Slapp, VUSA?- MC, Chief,
Aerospace Medical Labratory, 0 Wright Air IDevelopment Center, appointed
the necessary staff to effect this Investigatil . The testing was conducted at
the Aerospace Medical Laboratory al the Wright Air Development Center.

This project required the joint participation of many different proiesslaul
groups before, duering, and after the actual testing. Each Individual in his self-
lass and energetic manner contributed significantly toward this undlertaking.

'The Aerospace Medical Laboratory staff ezprlenced a warm association
with all ol the. candidthes. Despite the physical and mental, fatigue eogendered
by the program, the candidates demonstrated Inspiring competition and unfal-
tering equanimity. The staff wishes to express its deepest gratitude to them
for their outstanding cooperation and understanding.

Special thanks go to the following personnel of the Aerospace Medical
Laboratory: Capt. Edmund B. Weis, Jr., USA.F, MC, who critically reviewed
this entire manuscript; Miss Beverly A. Brims, who prepared weekly reports
and handled the Immense amount of correspondence diaringfand after thetein
program; and Mrs. Heather Rt. Braman, who was responsible for the editing,
typing, and layout of this entire report.

* Te Aero Medical Laboratory was redesignated Aerospace Medical Laboratory
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ABSTRACT

A battery of physiological,. psychological, and biochemical tests was per- -

formed by the Aerospsce Medical Laboratory on the candidates for the National
Aeronautics and Specw AdministrAtion's Project Mercury. These Lasts yielded
amw Information on the physiological limitations of high transverse g, methods

at rcordng nthr~omrphl n'easuveinents, effects of noise and vibration on
huamans, boyrsossto heat stress, frequency of heart m rmur daring

* hbeat stres, physiological and biochemical responses occurring during 1-hour
NC-I teogs, physIologcal, responses daring vigorous exercise, and Interpreta-
tion of psychological and psychiatric testing. Data on candidate performance
are Presented. The final candidt recommnendation nmeeting Is described.
This report describes the merthods which were used to correlate biomedical
data utatistically. A list of possibly significant correlations between various
Watests is ncluded.

In thie final canddate recomendation psychological attributes outweigb
phsological attributes. Potentilaly fruitful. areas for futture experimnntation
aediscussed.

Itr
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INTRODUCTION

C. I#. Wilson, Capt.,- USAY, MC •

The National Aeronautics and Space Administration (NASA), a U.S. Government civilian
agency, has been assigned'the task of exploring the feasibility of space travel. As a result of thor-
ough and exhaustive study, NASA has concluded that certain aspects of space travel are feasible and,
furthermore, that some will be practicable in the very near future. One profile of space travel en-
visions that a human pilot, transported in a life support system (capsule), could be thrust into orbit
by a liquid fuel rocket, maintained there for several revolutions around the earth, and successfully
and safely recovered from orbit. Project Mercury intends to realize this vision.

Among the many strategic questions to be answered is: "Who will the pilot be?" This report
describes how and why the Aerospace Medical Laboratory participated in the selection of the seven
Mercury Astronauts.

HISTORY

The Human Factors Division of the Air Research and Development Command (ARDC) has been
keenly aware of the need for clarification of the parameters of human endurance, safety, and com-
fort during periods of unusual stress. In 1952 Brig. Gen. Don Flickinger, USAF, MC, begandirecting
biomedical research toward the development of tests to-assist in selecting pilotsfor specialresearch
projects. Under his guidance Capt. T. F. McGuire, USAF, MC, of the Aerospace Medical Labora-
tory, employed a series of physiological, psychological, and biochemical tests which were Incorpo-
rated into a stress-test program. Dr. McGuire's experience extended over a 4-year period, during
which time he tested several special groups. These included USAF pilots and young volunteers from
the University of Dayton. In his final months at the Aerospace Medical Laboratory he stress-tested
12 USN underwater demolition men (frogmen) kindly loaned by the Underwater Demolition Unit I,
Little Creek, Virginia. The results of his research are presented in Stress Tolerance Studies,
Part L0-1 andTolerance to Physical Stress, Part JJ02N Part HI is being completed and will contain a
supportive bibliography. Dr. McGuire rightfully should receive credit for his work In this field
and development of early prototype crew selection profiles. Several new tests have been madeavail-
able since then and are discussed later.

Captain F. J. Leary,'USAF, MC, of the Aerospace Medical Laboratory also gained consider-
able experience in candidate evaluation. His research brought about modification of thecoldpressor
test to its present form. Previous testing utilized the immersion of one foot, then both feet. He
also studied the reproducibility of physiological response on the same subject when tested on differ-
ent days. He developed early scoring techniques based on physiological response. Modificationsof
his techniques were employed in the Mercury Candidate Evaluation Program.

Captain W. S. Augerson, USA, MC, was Immensely valuable in the development of the final
test profile. He assisted in a review of literature, experienced the actual tests, and offered valua-
ble opinions on areas where improvement was indicated.

Two assistant investi•ators during the period of 1957 to 1958 were Gardner Edwards; M.D.
(then a University of Virginia medical student on a USAF-sponsored scholarshbip, and Robert
meAdam, associate professor of physical education, Northern Illinoi University.

WADC TR 53-505 1
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APPRGACH TO THE PROBLEM OF CANDIDATE EVALUATION

The ultimate purpose of any crew recommendation development program is to devise and vail-
date tests which can be used with reliability in selecting crew members for future projects. The
Project Mercury Candidate Evaluation Program was an Important stage In this ARDC develop-
ment program. Since the actual approach to this research problem departs from the Ideal approach,
it will help to present both the Ideal and actual-methods of attack.

Ideal Approach to Problem:

1. The candidates must be medically acceptable and technically capable before they will be
considered as potential candidates.

"2. Those who are tested must be the actual project candidates. A large candidate population
will increase the reliability of the results.

3.- The test profile must simulate all aspects of the stresses anticipated during the actual pro-
ject. The simulated stresses must be combined in the same relationship and intensity as they would
occur during the project.

4. A battery of nonsimulating but relevant tests must be included in the testing program.
These tests will be used to identify significant correlations between the response to simulating and
nonsimulating tests. The ultimate goal Is to replace simulating tests with the more easily adminis-
tered, nonsimulating tests in future programs.

5. In the final recommendation of candidates, the investigators must only interpret subject
performance on the simulating tests. Nonsimulating test performance will not affect recommenda-
tion of this first group of candidates.

6. All candidates, both recommended and not recommended, must enter the project.

7. At the completion of the project all of the participants must be graded on the effectiveness
of their performances.

8. The investigators must then seek significant correlations between subject performances on
the various simulating and nonsimulating tests and successful mission performances.

9. Those nonsimulating tests bearing significant correlation with successful mission perform-
ances may then be used to select future subjects from an identical population for identical projects.
These future crew members will be highly reliable risks in successfully completing their missions.
This is the goal of all endeavors at crew selection.

Actual Approach to Problem:

Inherent errors are frequently introduced whea making a transition from an Ideal to an applied
test program due, for exmple, to time limitations, accelerated schedules, or unforeseen changes.
The actual approach to the problem is stated below, preceded by an underlined restatement of the
ideal approach:

1. The candidates must be medically acceptable and technically capable before they will be
considered as potential candidates. The candidates were medically acceptable and technically capa-
ble. They met the following requirements: a. were pilots in the Department of Defense, b. bad
received engineering degrees, c. had successfully graduated from a military test pilot nchool,
d. had achieved at least 1500 hours of total flying time, and e. epch man's height was 5'11" orless.
One hundred and ten men met the above requirements. Sixty-nine of these men were Invited to a

WADC Ti 59-505 2



NASA briefing where the detailed plans of Project Mercury were revealed. The subjects were then
asked If they desired to volunteer as competitive candidates. Fifty-live of them volunteered.

2. Those who are tested must be the actual project candidates. A br' e and, ,te population
will increase the reliability of the results. Those who were tested actually were the Project Mercury
candidates. The 55 men who were accepted were given a series of interviews and psychological
tests. On the basis of the data thus obtained, 32 were chosen for the final phase of the selection
program. The 32 candidates were sent to the Lovelace. Foundation, Albuquerque, New Mexico, for
extensive medical histories, physical examinatitms, and biochemical and physiological tests.* A
"large random candidate population was not used. If the candidate population had been larger Itwould
have been Impossible to process them in time to meet the close time schedules of the project.

" 3. The test profile must simulate all aspects of the stresses anticipated during the actualpro-
ject. It was impossible to devise a laboratory situation which exactly duplicated the stresses antici-
Wied during Project Mercury. A rational alternative approach was to list the anticipated stresses
and to use wMat laboratory tools were available.

Anticipated Stresses:

a. The men who were chosen could expect a 2- to 3-year period of intensive training
including a study of space-frame structures, propulsion; inertial guidance, systems reliability,aerodynamics, and physiology. They would actively participate in training exercises such as:
physical fitness, capsule parachute landings, ballistic trajectory flights, and underwater escape
fsom capsules. These represent a prolonged period of genuine stresses.

The best practical laboratory tools to test these areas were: (1) review theirpastaccom-
plishments, (2) extract personal histories, and (3) conduct psychiatric interviews and psychological
tests. Additional information could beiedrived from observation of these candidates during moments
of calibrated hazing such as: acceleration, pressure suit testing, immersing feet in ice water, and
Isolating the subject. The accumulated impressions of these trained observers should guarantee
highly reliable maturity in those recommended.

b. Psychological and physical stresses will exist before, during, and after each flight.
The psychological stresses will include fears and anxiety about possible accidents or death. Although
weln disguised in the mature test pilot, they will be present. The p.ychiatric evaluaton should
reveal those who are stable and reliable.

The physical stresses of blast-off and orbit will include acceleration, noise, vibration,
weightlessness, tumbling if stabilization is not achieved, and possible capsule depressurization.
Those insults of re-entry will contain deceleration, noise, vibration, and heat if the cooling system
fails. Landing will be accompanied by deceleration. Before recovery there is the possibility that
the capsule will sink. There is also the possibility of isolation• in a remote and uninhabitable cli-
mate and topography.

The physical facilities available at the Aerospace Medical Laboratory are able to dupli-
cate the important physical and psychological stresses mentioned above. These facilities Include:human centrifuge, extremely low-pressure (high-altitude) chamber, heat-controlled test rooms,
equilibrium-vibration chair, intense noise generator, aircraft (C-131B) specially modified to safely
fly Keplerlan trajectories (weightlessness), tumbling turntable, psychiatric interviewing rooms,
and anechoic chamber.

Simulating Tests:

Those tests simulating stresses anticipated during Project Mercury are: transverse g
profiles (acceleration tests) and vibration-equilibrium and intense noise profiles (biological acous-"
tical tests). Weightlessness tests were not performed on the candidates for one main reason: it

* The tests performed at the Lovelace Foundation are detailed in the Appendix.

WADC TR 5-59S 3
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would have been impossible in scheduling always to meet the minimum flying safety requirements
for each flight-each day for 6 weeks. Tumbling tests are so unpleasant and the nausea so prolorged
as to warrant its exclusion for the profile.

4. The simulated tests must be combined in the same relationship and intensity as theyfwould
occur during the project. The physical separation of test facilities rendered it higily Impracticalto
improvise superimposed stress. While a multistress facility was desirable, it was not ibandatory
for study of the candidates. In any interpretation, partial data when expertly gathered is much more
desirable than no data at all. This reasoning serves to defend the approach that was finally taken.

5. A battery of nonsfmulating but relevant tests must be included in the testing program.
These tests must be easy to administer and safe. A battery of easily administered and safe non-
simulating tests sas Incorporated into the program.. They were (physical fitness tests): Harvard
step, Flak, cold pressor, and tilt table. A battery of more complex nonsimulating tests was also
devised. The investigators believed these might correlate significantly with simulating tests. The
complex tests cannot be easily and/or safely administered. These tests are: positive g to black-
out (acceleration); extensive anthropometric and photogrammetric measurements, somatotyping
(anthropological); urinary catacholamines, plasma corticosteroids, urinary 3-methoxy-4-hydroxy-
mandelic acid (biochemical); speech intelligibility (biological acoustical); 2 hours of heat stress
(thermal); treadmill, MC-i partial pressure suit (physical fitness); all tests administered(psycho-
logical); and maximum breathing capacity, bicycle ergometer, electrical stimulation of muscles
(Lovelace Foundation)-

6. In the final recommendation of candidates the investigators must only interpret subjectper-
formance on the simulating tests. Nonsimulating test performance will not affect recommendation
of this first group olcandidates. Some of these nonsimulating tests were interpreted and did affect
the recommendation of candidates. This was intentional. The sum total of data gathered from all
of the simulating tests, although valuable, was insufficient to render candidate recommendations
with confidence. However, the investigators agreed that, if they were also allowedto interpret some
of the nonsimulating tests with which they were intimately familiar, they could then attach great con-
fidence to the final recommendations. It was unanimously agreed that each investigator-groupwould
be allowed to interpret the nonsimulating tests which they chose. The main goal of this particular
crew selection development program was to recommend outstanding cadidates. An important but
secondary goal was to discover the existence of significant correlations. It was unsound practice to
omit data or impressions which might possibly affect the success of Project Mercury. Those non-
simulating tests which were interpreted and which did affect the final candidate recommendations
were: positive g (acceleration); index of strain (thermal); Harvard step, Flack, cold pressor (only
if feet were prematurely withdrawn), treadmill, MC-1 partial pressure suit (if subject terminated
test for psychological reasons), tilt table (physical fitness tests); and all tests administered (psycho.
logical).

Those nonsimulating tests which were not used in the final candidate recommendations were:
all measurements (anthropological); all measurements (biochemical); speech intelligibility (bio-
logical acoustical); and cold pressor test development of hypertension and/or tachycardia, MC-i
test development of pre-ncope or tachl'cardia > 160, Valsalva overshoots and tilt table (physical
fitness tests).

7. All candidates both recommended and not recommended must enter the project. AU of the
candidates did not enter the project. The final selection took into consideration all of the assets of
the candidates. These assets included past training, experience, recommendations from the Love-
lace Foundation, and recommendations from the Aerospace Medical Laboratory (AMIN

S. At the completion of the project all of the Iarici!ants must be graded on the effectiveness
of their performances. The above condition n een satisfied as this report nears compleffon.
It will require seven 1 years to satisf this conditlon' .

9. The Inve tors must then seek ai- cant correlations between subject pgerformances oa n'
the various simulati and nonsimuiating tests and successM mission performances, Since on

WAIM TR 59-50S 4
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8. is not satisfied, this condition also cannot be satisfied. An alternative approach has been used.
It has been assumed that the Mercury Astronauts are the best potential group to fulfill the mission
of Project Mercury. It has also been assumed that they will carry out the mission successfully.
There is confidence that these assumptions will mature Into fact. Basedupon these assumptions a
significant correlation study'has been sought. Ideally, It Is premature. Practically, it is valuable,
since the program has demonstrated tests that should be pursued In future crew recommendation
studies.

Each chapter has been written by the appropriate principal investigator. Throughout this
report the candidates will be referred to by alphabet letters assigned to their names. There Is no
relationship between these alphabetical designations and their names or NASA numbers. It is
impossible for the reader to identify a particular subject's name or performance. This system
was designed to maintain the privileged communication due each candidate.

REFERENCES

0-1. McGuire, T. F. Stress Tolerance Studies, Part I. Unpublished Data. 1958.

0.2. McGuire, T. F. Tolerance to Physical Stress, Part 11. Unpublished Data. 1958.
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CHAPTER 1

CANDIDATE ARRIVAL, BRIEFING, AND SCHEDULING

The Project Mercury candidate& completed their extensive examinations at the Lovelace Foaun-
dation early on a Saturday morning. Their complete records accompanied them as they departed
via airlines for Dayton, Ohio.

They arrived in groups of five in Dayton at approximately midnight, reported to the airlines
office, and asked for LI. Col. Turner (their means of being identified). The administrative assist-
ant escorted them to Wright-Patterson Air Force Base, where they were all billeted in a single
house. They were advised that they would be briefed at 10:00 a.m. on Sunday morning.,

The briefing was conducted by the laboratory coordinator, the administrative assistant, the
task officer, another investigator from the Physical Fitness Test Unit, and an investigator from
the Psychology Test Unit.

Details Discussed:

I. The tests which the candidates would receive had been devised for two purposes: first,
Interpretation of pei ormance would assist In recommending those candidates who were outstanding
in the tests; second, some of the tests had been included which would not be used in the candidate
evaluation but which would be analyzed later to establish the presence or absence of significant cor-
relations between interlaboratory tests. The candidates were urged to perform to the best of their
ability and not to be discouraged if on any particular test they performed less well than they antici-
pated. It was pointed out that these tests are not easy to accomplish, and that a single poor per-
formance very rarely carries a heavy penalty in the final scoring. They were reminded that the
final selection of Mercury Astronauts would be made by NASA and that the AML's function was to
rende.r recommendations on all of the candidates. They were reassured that, although stressful,
all of the tests are safe, and that each investigator had experienced his particular stress test several
times to familiarize himself with the nature and severity of the stresses. The candidates were cau-
tioned to report any illnesses so that proper medical attention could be provided and that test
rescheduling would be accomplished when the subject was well.

2. The candidates were advised that notie of the medical, psychological, or performance
records would be included in their personal flight records unless they specifically requested that
the records be included. The main purpose of the exclusion of Project Mercury records from the
Department of Defense (DOD) pilot medical records was to guarantee that any episode of syncope
(which might occur, for example, on the human centrifuge, the MC-i test, or the tilt table test)
would not be a threat to the pilot's flying status. They were solicited for recommended changes
they believed might enhance the reliability of future programs. Finally, they were asked not to
discuss the administration of or their performances on any test with the other candidates.

3. The task officer then briefed the candidates on what tests would be given. Lantern slides
and a projector were used as an aid. The following slides were shown and very briefly discussedi

a. Psychiatric interview

b. Rorschach test

c. Positive g profile

d. Transverse g profile

WADC TR 59-505"
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e. Anthropometric studies

If. Heat test

g. Harvard step test

h. Flack and Valsalva overshoot test

L. Treadmill test

j. MC-1 partial pressure suit test

k. Tilt table test

1 1. Equilibrium chair test

m. High-energy sound test

n. Recommendation committee's meeting

The cold pressor test was not mentioned so that it would be a total surprise to all of the
candidates.

4. The medical officers on the briefing committee then reviewed the medical records which
had accompanied the candidates. When it was determined that the candidates were medicallyaccept-
"able, each man was assigned an AML number from I to 5. Then the administrative assistantbef
them on their individual schedules (see figure 1.1). When all of the questions of the candidates had
been answered, the briefing was adjourned.

¾

'T
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SUNDAY

1 I0-11 Briefing
12-2 Lunch
2-6 Psych

MONDAY TUESDAY

91 92 *3 94 5 #1 92 93 94 05

8-9 Psych Psych PT Psych PF 8-9 PF PP Psych Psych Psych
9-10 Ace Psych Psych 9-10 Ace Psych Psych
10-11 Anth Ace Psych 10-11 Anth Ace Psych
11-12 Auth Free Ac '11-12 Anth Free Acc

LUNCHEON LUNCHEON-
12:30_- PF Heat Psych Acors Psych 12:30 Psych Psych P7 Heat Ag•.s

Mc-I Iso - CBS ISo CBS MC-..
INNER - .DINNER

"7-9"30 PSYCHOLOGICAL TESTING 4:30 FREE

WEDNESDAY THURSDAY

#1 92 .3 #4 95 #1 #2 #3 #95

8-9 Psych Psych Psych PF PF 8-9 Psych PF PF Psych Psych
9-10 Psych Acc Psych 9-10 Psych Ace Psych
10-11 Acc Anth Psych 10-11 Psych Anth Acc
11-12 Free Anth Ace 11-12 Acc Anth Free

.LUNCHEON LUNCHEON
12:30 Heat PF Acous Psych Psych 12:30 Acous Psych Psych PF Heat-

MC-I CBS Iso Iso CBS MC-I
DINNER DINNER

7-9:30 PSYCHOLOGICAL TESTING 4:30 FREE

FRIDAY SATURDAY

#1 #2 #3 #4 #5 #1 #2 03 #4 #5

8-9 PF Psych Psych PF Psych 9-10:30 PSYCHOLOGICAL TESTING
9-10 Psych Psych Acc 10:30 DEBRIEFING
10-11 Psych Acc Anth
11-12 Ace Free Anth

-LUNCHEON
12-30 Psych Acous Heat Psych PF

CBS Iso MC-I
-D/INFR

7-9:30 PSYCHOLOGICAL TESTING

Ace - Acceleratioa Psych .- Psycholo
Anth - Anthropolog MC-I Partial Pressure Suit
Acou. - Biologcal Aoaustics hso Isolatioa
Beat - Heat CBS- Complex Behavloral Simuator
"PPF- Physical Fitness

Figure 1.1. Weekly Schedle Chart
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Figure 2.1. Centrifuge Test, Seated Positioji, Positive "g" Profle.
Note Tube to Mouth for Vital Capacity. Goggles Shield against Windblast.

Figure 2.2. Centrifuge Test, 126 Angle with Respect to the--

Inertial Fbrce Vectors, Positive g Profile

WADC TR 59-505 10



CHAPTER II

ACCELERATION TESTS

PART 1.

E, L. Lindberg, Capt., USAF, MC

INTRODUCTION

During the initial planning of the testing program for the Project Mercury candidates, it was
hoped that each subjects response to acceleration would be evaluated in terms of physiological tol-
erance. Until a few years ago, only headward accelerations (so-called positive acceleration) experi-
enced by subjects in a seated position (figure 2. 1) were of operational interest. The physiological
alterations which determine a man's capability during positive g take place primarily in the cardio-
vascular system. 2 - 1, 2.2, 2.3 As headward acceleration increases, the cardiovascular system
experiences difficulty in maintaining adequate blood flow to the eyes and brain, and the subject
experiences visual blackout and finally unconsciousness. It would appear that physiological tolerance
to this type of acceleration could be determined on the basis of the visual blackout level.

A recent study2 "4 pointed out the variables which affect such a determination: the rate of
onset of acceleration, the exact position of the subject in relation to the force vectors, the degree
of relaxation achieved by the subject, the intensity and color of the light, and the psychological
status of the subject at the moment of the stress. For purposes of tolerance determinations, two
of these variables could not be standardized: the degree of subject relaxation and the psychological
status of the subject. Even in the relaxed, experienced centrituge rider the day-to-day variation in
visual blackout level may be 0.5 g-units with gradual rates of onset, and purposely induced anxiety
may raise this level by as much as 1.5 g's. Use of the subjective endpoint of visual blackout as an
indication of the physiological limit, in the presence of uncontrolled variables, is unsound.

Added to these problems is the recent interest in man's ability to withstand much higher accel-
erations. Recent work2 - 5 has shown that a subject in a nylon-net, seat-restraint system, histrunk
elevated to a 12" angle with respect to the inertial force vectors (figure 2.2),can be accelerated to
16.5 g's for short periods of time without serious impairment of vision or manual dexterity. In this
case, with the subject facing the direction of acceleration, this is referred to as forward accelera-
tion. Information regarding the response of Project Mercury candidates to this type of acceleration
would certainly be desirable. In this position the physiological alterations take place, primarily, as
a result of decreased respiratory function. As the acceleration is increased it becomes more diffi-
cult to expand the chest against the inertial force, and the viscera press against the diaphragm pre-
venting movement, until finally effective respiration ceases altogether at 10 to 12 g's and hypoxia
occurs. To measure the e.xact point at w~ich respiration ceases requires special instrumentation
which is not applicable to large groups of subjects in a short period of time. A distinct endpoint
upon which to base an objective determination of physiological tolerance to forward accelerations,
is lacking. For these reasons it was decided that physiological performance would be evaluated
during both headward and forward accelerdtUon.

METHOD

The Aerospace Medical Laboratory human centrifuge was used to produce the desiredaccelera-
tions. The subject on the centrifuge was supported by a nylon-net seat which could be adjusted to
the various positions discussed below. To evaluate the decrement In respiratory function during
acceleration, the subject's vital capacity was measured at different levels of g. Large bore rubber
tubing was used to connect the subject's mouthpiece to the collecting chamber of a respirometer
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-mounted in the centrifuge cab. A switching system, incorporated into this tubing, allowed the sub-
ject to divert his breathing from room air into the respirometer. On prearranged signals the sub-
ject inhaled as deeply as possible on room air, switched to the respirometer circuit, exhaled quickly

_ and maximally, and then switched back to room air. Movement of the counterbalanced respirometer
bell was recorded electrically and a direct write-out made through a Sanborn recorder. Volumes
read from these records were accurate within 50 ml.

An electrocardiogram was continuously recorded while the subject was on the centrifuge.
Heart rates were taken from these records; and all abnormalities in cardiac rhythm were recorded.
One further evaluation of the cardiovascular system was made during headward acceleration. A
level of visual blackout was determined with the subject instructed to use any method of straining,
muscle tensing, and/or M-I maneuvers to which he was accustomed as the acceleration was
increased. This level was recorded when the subject failed to answer an intermittently triggered
light which was at eye level in the subject's control field of vision. An arbitrary limit of 9 ~s was
felt to be necessary for this test, since the margin of difference between the levels of blackout and
unconsciousness becomes small above 8 g's.

The acceleration profiles which were used are shown in figure 2.3. The subject experienced
the headward acceleration profile on one day and the two forward acceleration profiles on another.
The rate of onset for the headward acceleration was 1 g every 15 seconds to allow adequate time for
compensatory cardiovascular reflexes to have effect. At the 5-g plateau the subject's vital capacity
was recorded. Then, with the subject straining, tensing his muscles, and performing the M-i
mane,'ver, the acceleration was increased to the level of visual blackout. The rate of onset for both
forward accelerations was 1 g every 5 seconds. For the first forward acceleration exposure the
subject's back formed a 90" angle with the inertial force. The vital capacity was measured at the
5-g and 8-g plateaus. The second transverse profile had plateaus at 5 g's, 8 g's, and 12 g's for
vital capacity measurements. The back angle was elevated 12" in the direction of the acceleration
vector.

SCORING

The data obtained during acceleration was compared with that obtained during the prerun con-
trol period with the subject in the centrifuge cab in each of the respective positions. As a basis of
comparison of one subject with another, the changes in vital capacity at the different levels of accel-
exation were expressed as percents of the control value. The absolute levels of blackout and the
heart rate at 5 g's during headward acceleration were also compared.

Each of eight separate physiological responses was compared with the mean response for the
entire group. The blackout level was weighted twice in scoring, if the performance value was
greater than 1 cr above the mean, the subject was given I point. if the value fell within I a" of the
group mean, a half point was given. If any value was less than 1 below the mean, no points were
given. A sample of one group's .scoring is shown in table 2.1.

RESULTS

The average change in vital capacity at the different levels of acceleration and for different
positions is shown in tables 2.2 and 2.3. The experienced members of the Wright Air Development
Center centrifuge panel were exposed to the same acceleration profiles as the Project Mercury can-
didates to afford a baseline for comparison of the results. It has been shown that the average tdal
volume during normal respiration represents 10% to 15% of the vitalc apacity. The averagesubfects
vital capacity at 8 les was 12% to 05% of his control vital capacity, which means that his maximum
breathing effort at 8 leS is quantitatively equal to his normal tidal volume. Contrary tothe subecotive
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TABLE 2.1

RESULTS FROM ONE GROUP OF NASA PROJECT MERCURY CANDIDATES
(Scoring Points Are Shown)

Da&A1 Pulsec Rit ent1,'I cmorol VitaICpct e anni
Subject LeeI Pns.IV P PaW.~ fui!v to I am Iu~n P"Siluo Semis"pieP~tg~ T(Aal Score

--. ---rc 
r- • -

o

WV 5 VS W

-30/2 49 1! 16 1 49 15 1/21

1 .0 0 190 0 54.1/2 1441i 2 0;401/2 2 0 1 . / 2.0

80 7.531 135 1 25 0 ý 41/2 2 0 29 02 0 1 of 2.5

K .92 ý 50 1 7 Z 53 1/2 13 1/2'; 51 1 21 1 0 0 6.5

L 7 1 0 150 1 55 3/2 43 :1 0 33 0 S 1/2 2.0

- 7.6 1 200 0 68 7 .57 10

Mean 7.6 170 53 49 10 43 W 4

S..D. 0.3_ 18 __ _ _5 4 4 o 5_ 3

" Actual Value
Scoring Points

TABLE 2.2

PERCENT OF CONTROL VITAL CAPACITY MEASURED DURING ACCELERATION
(31 NASA Subjects)

5 g's 8 g's 12 g's

Piosition ;erage Range Average Range Average Range

SPositiv-e i s- 25-".691
Supine, i

(0* - 3" Back Angle) 45-1 :26--7" W;3 0;6-39-1

Semisupine
(12" Back Anglel 431 181-63i 151 0%-391 5 0%-19%

TABLE 2.3

PERCENT OF CONTROL VITAL CAPACITY MEASURED DURING ACCELERATION
(Centrifuge Panel Members)

Its S'a 5 1e 2s

PoAttOOR Average Rtange Average' Range Average ne

Positive 431 21-S691- - I i
(0" - 3' Back Atle) 3l, VIVO&-451 t? 103157,

Sa-dsupine I I
(12' Back Angle) 3!9 i.. ; l • 3%7-,i .. 0" 21461
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impressions recorded in the past, the 12" increase In back angle was not sufficient to Improve res-pirafory function In either group. At 12 g's thelaverage maximal breathing effort is equivalent toone half of the normal- tidal volume. In the future an evaluation of the diffusion ratios of oxygen atthe alveolar level will lend more Importance to these figures.

Although the mean values of the Project Mercury candidates were higher than those of the cen-trifuge panel, the differences were not statistically significant and the range of values was much the
same.

The mean visual blackout level of the NASA candidates was 7.0 g's with values ranging from5.2 g's to the arbitrary upper limit of 9 g's. As a rule, better performance was obtained from thosepilots who were more familiar with the muscle tensing and M-I procedures for antl-g protection.

The average heart rate for the NASA candidates at 5 g's during headward acceleration was 160beats per minute with values ranging from 90 to 200 beats per minute. There was no significant cor-relation between heart rate at 5 g's, or the percent change in heart rate from control levels, withthe blackout level. One of the subjects who reached the 9-g level before blackout had a heart rate of200 from the time he reached 5 g's until the test was termined at 9 g's. Another subject who had aheart rate of 200 at 5 g's was blacked out at 6.2 g's. It was concluded that the pulse rate was not anaccurate index of the effectiveness of the circulatory system, but it is generAlly thought that a heartis inefficient in maintaining cardiac output at rates above 180. .-Since the degree of inefficiency atthese higher heart rates has not been quantitated, no explanation is offered for the subject with a
heart rate of 200 and a 9-g blackpat level.

Extrasystoles were recorded during one of the profiles in 6 of the 31 subjects. None of them- -: showed any abnormalities during more than one profile. One of these six subjects had an interpo-
lated extrasystole after every third normal beat for a 20-second interval at 10 to 12 g's during for-ward acceleration. The other subjects had only occasional extrasystoles during acceleration. -There were no subjective symptoms attributed to these findings, and, immediately following theacceleration, no abnormalities ere demonstrated. Extrasystoles are frequently recorded on mem-bers of the centrifuge panel who repeatedly undergo acceleration.

SUMMARY

A method has been described by which a group of subjects was evaluated in terms of physio-logical response and performance during headward and forward acceleration. The decrement inrespiratory function was determined during both types of acceleration by measuring the vital capacity.During headward acceleration the cardiovascular system's response was determined by recordingthe level of visual blackout. Flarther information regarding the cardiovascular-system was obtainedfrom the electrocardiograms recorded during the tests. To determine if the subject's lack of famili-arity with acceleration, as experienced on the centrifuge, would affect the results, the same testswere performed on a panel of experienced centrifuge riders. The difference In results was not sta-
tistically significant.

Each subject's performance was compared with the mean values for the entire group, and ascoring system was designed to divide the subjects into average, above average, and below averagegroups. A further subdivision into an order of precedence, based on the data from these brief tests,was not felt to be warranted. It was intended that any serious physiological handicap or defect would
be demonstrated daring the selected profiles.

- WXDC TR 59-505 15
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PART 2. URINARY OUTPUT OF

3-METHOXY-4-HYDROXYMANDELIC ACID

M. -L. Berman, lst Lieutenant, USAF-
Jdlia Pettitt .

INTRODUCTION

"In order to confirm the recent finding that 3-methoxy-4-hydroxymandelic acid, a major uri-
nary catabolite of both adrenaline and noradrenaline,2-6,2-7 is correlated with the stress of accel-
eration, 2.8 estimation of this catabolite was made from urine collected from six of the NASA can-
didates. Urine samples were collected I and 3 hours after the following stress situations: forward
acceleration, isolation, heat, simulated altitude at 65,000 feet in an MC-i partial pressure suit,
and I hour after the candidates were given 4 hours of psychological tests. Because there was not
tine in the candidate's schedule to obtain urine samples during a 3- to 4-hour period when candi-
dates were not undergoing a test, the control level was determined from urine collected 3 hours
after isolation during which time candidates were probably in the most relaxed condition. This con-
trol period occurred late in the afternoon for all candidates tested. Only those candidates whose
schedule showed a 3-hour interval between each stress situation were selected for this experiment.

RESULTS

The results showed that the output of this catabolite was significantly above the control level
. (probability of chance occurrence less than 0.01) 1 hour after forward acceleration, exposure to

simulated altitude of 65,000 feet, isolation, and the psychological test period. No significant change
was observed after heat stress. The low excretion values found during this control period may be
due to diurnal variation and/or exhaustion of the catacholamine catabolite following the isolation
period. Current investigations will test the validity of the assumption that the 3-hour, late-afternoon
period after isolation is a true control period. Therefore, the data collected on the urinary output
of the catabolite for the Project Mercury candidates will be reported at a later date. -
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CHAPTER M1

ANTHROPOMETRIC STUDIES*

C. Z. Clauser

METHOD

The responsibility of the anthropometric Investigators to the candidate evaluation program was
to provide a detailed anthropometric record of each subject. This record was to be in three parts:
56 directly measured dimensions, a series of 3 standard somatotype photograp•s--picturesofsub-
jects posed In a specific, standardized manner from which numerical assessments of physique are
made (see figure 3.1), and a series of 4 stereopbotographs (see figure 3.2). The 58 dimensions
were taken to provide a metrical and proportional description of the subjects, Includinga calculatio
of lean-body weight. They were also to be used to establish workspaceand clearance dimensions to
assist engineers designing the Mercury capsule and equipment and to provide fitting Information, if
needed, for articles of personal equipment. The series of three somatotype photographs (front, left
side, and rear) were taken to allow an assessment of body typolog. Four pairs (right-side, left-
side, front, and back views) of stereophotographs were taken of each subject. These pbotograph%
form a record of the subject from which extensive data can be extracted. Figure 3.2 is a print of.
one of a pair of stereophotographs. The stippling on the body furnishes sufficient surface contrast
for the plotting of contour maps. The lines drawn on the body enable the contourer to join the four
views of the body, andthe circledcrosses atvariouspoints record the level of direct circumferential
measurements. Figures 3.3 and 3.4 are left-side and back contour maps of a subject. From such contour
maps, cross-sectional diameters, circumferences, and areas can be determined at any level, the
surface area of the total body or almost any particular part can be established, and the volume of
the body or its segments can be assessed. In addition, body arcs, contours, and any desiredlinear
dimensions can be measured. An error of 1% or less of such information &Lrived from contour
maps of the body plotted from stereophotographs has been demonstrated. 3- 1

Lean-body weight was determined using four direct dimensions - stature, lateral chest
diameter, bitrochanteric diameter, and lateral wrist diameter following a technique developed by
Capt. A. R. Behnke, Jr., USN, MC. 3 "2 Purported lean-body weight is the actual body weight
"minus the fat content with the exception of the "essential" lipids. 3 .3 Thus, lean-body weight
reveals the amoc-t of "excess fat" of the body. Lean-body mass** was independently assessed on
each subject by tne Lovelace Foundation, through a contract with the Atomic Energy Commision of
Los Alamos, New Mexico, by a sophisticated radioactive K4 0 method. 3 -3 A comparison of the data
obtained by the 2 methods has been made on 21 of the subjects. (Lean-body mass on the other sub-
jects is not available to the Aerospace Medical Laboratory at the time of publication of this report.)

The determination of the body physique or somatotype ... follows that described by Sheldon3 A

This system uses a scale of I to 7. Numerical ratings are made from an evaluation of photographs.
showing the degree to which the body exhibits three primary components: endomoiphy (softness,
roundness), mesomorphy (solidity, muscularity), and ectomorphy (linearity, delicacy). The resulting

* The author of this chapter wishes to thank Mr. H.T.E. Hertzberg, Chief of the Anthropology
Section, Biophysics Branch, of the Aerospace Medical Laboratory, for his critical review of
this chapter and his many helpful suggestions.

** For practical purposes, lean-body mass is equivalent to lean-body weight.

000 AU somatotypes were made by Dr. C.W. Nupertuis of the School of Medicine of Western
Reserve University.
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numerical expression denotes the somatotype of the Individual in degrees of endomorphy, mesomor-
phy,- and -ectomorphy, respectively. For example, the somatotype 361 indicates a body type that has
a moderate degree of endomorphy, Is predominately mesomorphic, and has a minimum of ectomor-
Phy.

RESULTS

The determination of lean-body weight from

anthropometric data has proved to be most interest- .
Ing and of significant potential use. In general, the
agreement between lean-body weight as estimated --
anthropometrically and the lean-body mass as esti-
mated by X40 Is remarkably good. A comparison
of the differences of the percent of "excess" fat as.
determined by these 2 techniques for the 21 subjects,
for which comparative data are available, showed a ..
mean difference of 2.9%. Eleven subjects were -" _,
within 0.4% to 2%, 6 subjects were within 2.4% to ..
4.6%, and the remaining 4 varied from 5.3% to ~
10.6%. Several reasons are possible to explain the '- -- _'5
larger differences. There could be an error in " ,z ,, . "A"
measuring or recording. Minor variations in the
chest, wrist, bitrochanteric, and stature dimen-
slons may significantly affect the final results. X V
Therefore, in the future, all subjects that are to -. f .
be examined as part of the continuing candidate _2._ -
evaluation study will be measured more than once

all
for these dimensions and the average measurements '"
will be used. (Remaining significant differences _a--"--•..-

between the two methods should be investigated in ." ..
order to see whether or not a better equation can be
derived.) This portion of Uhe study suggests that a
new tool may become available for the Flight Sur- J .1
geon to use routinely in assessing the conditions of .t . _ .
his personnel.

From the analysis of body type data, the main
features noted were the general uniformity of body -- '_ -z
types represented in this Project Mercury sample. -. ..
Ali 31 showed above average development of meso-
morphy or general muscular development, and the
7 selected Astronauts had still a slightly higher ... z

average for the mesomorphic component. Table _ --

3. 1 shows the means for the 3 components for a .... ,
sample of 3935 Air Force ffying personnel, the 31
Mercury candidates, and the 7 Astronauts.

"-A&
Figure 3.3 (right). Left-Side -

View Contour Map ,
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DISCUSSION

The anthropornetric Investigators did not attempt to rank or rate the Mercury candidates Mn
any fashion. At present the correlation between anthropometric data and an individual's potential
ability to perform a specific task is too low to justify a conclusion that one subject has a greater
chance than another to carry out a given mission successfully. Several past Investigations Into the
relationships between ptysique and success in military flying have had contradictory results. Some
investigators reported that successful civil and military flyers were significantly taller and heavier,
with above average development of muscularity, than the general population or a college population. 3.6
However, Army Air Force staff psychologists attemJpred to validate performance against 2nthropo-
logical and psychological data which were supposed to predictsuccess in military flying. They found
no association between anthropological data and success In military- flying or primary flight training
achievements.3-6 Damon anthropometrically and anthroposcopically (visual inspection) measured
and somatotyped 3193 flyers, 425 college students, and 57 Army Air Force soldiers. He was
attempting to determine whether significant or meaningful association between anthropometric and
morphological data and success in military flying could be established. In this instance, success
in military flying was based on airmen with superior combat records in World War H. This study
revealed from moderate to low, but statistically significant, correlations between success in military
flying and chest circumference, chest circumference and stature index, head circumference and
chest circumference index, and gynandromorphy (the degree to which males exhibit bodily characteris-
tics ordinarily associated with females). This study is interesting and significant in the search for
the confirmation or refulation of the thesis that success in flying can be predicted on the basis of
body form and proportions. However, the factors involved in ability to perform military flying suc-
cessfully are too complex to predict the superiority of one subject over another from a smallgroup
of highly proven flyers on the basis rof physique. It has not yet been established if the qualities that
make up a superior combat flyer are those desirable for pilots of advanced research vehicles.

The preliminary correlatioa study (see Appendix IV) may suggest areas of concentrated investi-
gation. It should be emphasized that the data are insufficient as a basis for significant generaliza-
tion. When the sample size of the candidate evaluation program is large enough, all items of anthro.
pological information can be assessed against data accumulated by the participating disciplines, and
promising leads revealed can be subjected to further study. Of particular interest willbe an analysis
of the type of data that can only he obtained from the stereophotographs.

A comparisoc. of the somatotypes of Air Force flying personnel, Mercury candidates, and
Astronauts is interesting, but no conclusions can be drawn (see table 3.1). There is an apparent
increase in the mean endomnrphic and mesomorphic components and a decrease in the ectomorphic
component of the groups in the following order: Air Force flying personnel, Mercury candidates,
selected Astronauts. A possible explanation for increased endomoryhy could lie in the fact that,
"while the Mercury canlidates are older than the general Air Force flying population, the Astronauts
are older than the mean Mercury candidate population.. Also, since the Mercury candidates were
limited to those 71 inches or less in stature, their mean ectomorphic rating could be expected to be
lower than that of the Air Force flying population. A comparison of the mean heights, weights, and
ages of the Air Force flying population, the Mercury candidates, and the Astronauts is presented in
table 3.2. It is interesting, but not statistically significant, that the mean stature of the Mercury
sample is less than that of the Astronauts. The smaller men did not fare so well in this sample as
medium-to-large men.

When the first man is orbited intq space, many problems similar to those encountered in pre-

paring man to fly conventional vehicles must be solved. The man and the machine will have to be an
integrated man-machine complex. The man'must fit comfortably Into the capsule and be able to
operate efficiently all necessary controls. In order to insure the most efficient design of the man-
containing capsule, an adeq*-ate description of the pilot's body size and workspace envelope is neces-
sary. Such data were obtained during the examination of the Mercury candidates and have been useful to
the engineers designing the Mercury capsule.
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TABLE 3.2

MEAN HEIGHTS, WEIGHTS, AND AGES

OF AIR FORCE FLYING PERSONNEL, MERCURY CANDIDATES, AND ASTRONAUTS .

Height Weight Age

Mean Range Mean Range Mhes Range

Air Force Flying Personnel 3" 7  69.1 59.5-77.6 163.7 104-265 27.9 18-54

"Mercury Candidates 68.7 65.7-71.0 162.6 138-190 32.8 27-38

Astronauts . 69.1 66.3-70.4 166.5 154-190 34.7 32-38

?•ich valuable information should be exttracted from the body contour maps drawn from the
stereophotographs. It would be of considerable interest, for example, to correlate total body sur-
face area of &he subjects with their heat tolerances, and the cross-sectional form of the thoracic
cavity with g-tolerances, vibration studies, and altitude chamber tests. From contour maps of the
Astronauts, furthermore, fabricators of protective garments could make a suit that would fit as a
second skin. --- -

The collection of the metrical data and photographic records of the subjects has been signifi-
cant. These data enable interested personnel to handle individual equipment and workspace prob-
lems, foreseen or unforeseen, without requiring the presence of the subject (assuming no signifi-
cant change in weight).

SUMMARY AND CONCLUSIONS

A sophisticated anthropometric record of each Project Mercury candidate has been obtained.
Some of these data have already been applied toward the design of the life- support capsule and the
Astrohaut personnel equipment. Estimates of the lean-body weight by the Behnke formula agree
very well, in general, with independent estimates of the same factor by the radioactive K40 method.
No attempt was made to rank or rate these men in terms of anthropological measures. The function
has been to describe the sample. It could assign such rating only after careful studies of the corre-
lations between anthropological measures and the 'various aspects of each person's performance.

This body of data is unique. There has been no other study in which such a diverse mass of
clinical, physiological, psvchological, and anthropological data has been collected on the same
sample. The present data, 'ith future extensions, may provide the basis for a long-term study of
the interrelationships of these disciplines. Although studies of present data are underway In a limi-
ted fashion, they can become more meaningful when a larger sampling Is available. At that time,
an illumi.ating contribution to the relationship of man's physical constitution and physiological per-
formarce must resalt.
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CHAPTER IV

BIOLOGICAL ACOUSTICAL TESTS

PART 1. INTELLIGIBILITY MEASURE

S D. J. Baker
R. G. Hansen, Capt., USAF, MC

BACKGROUND DATA

The standard method of specifying a communication system In a point-to-point transmission
network is to enmlne the various components that make up the system. Commonly, there are four
'major categories or components:

I., The speaker

2. The listener

3. The electronic system

4. The environment in which the first three operate

The demand of contiuzous investigations in the area of intelligibility measurement can be well
documented by the Increasing demands placed on the components of this system. These newdemands
can best be categorized into factors that have a tendency to reduce the probability of message recep-
tion, Including.

1. Unusual environments, especially higher noise levels than before anticipated

2. Distance requirements associated with such problems as atmospheric radio Interference

3. Additional stress on the human operator

In situations where there are requirements for verbal transmission of information, the best
components available are desirable. This is especially true of the Ihman operator in present and
future operational aircraft. The increased speed of the manned vehicle places a premium on ade-
quate intelligibility.

PROCEDURE

The present study was Initiated to determine the relative Intelligibility of a panel of experi-
enced pilots and to make recommendations as to the ratings of these individuals and their relative
ranks. The basic methodwas a standardinedprocedeve to estimate relative intelligibility of speakersa
listeners, and/or systems. This is essentlally the use of standard wordlists representative of every-
day language and balanced In frequency of occurrence of sounds to negate the effect of learning a
particular set of words. For this study the Harvard PB (phonetically balanced) wordlists were chosen.
There are four basic lists and each list may be presented at random. The plan called for each idi-
vidual to speak each of 50 words comprising a particular wordlist. The carrier phrase "The word
is..." was used as a means of maintaining a constant Intensity level at the tape recorder. The
resulting recordings were played to a panel of trained Ilsteners, the number of listeners varying
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I: .; . U '~&~ '~ u ~ ~ .:.teIgeE. 'lie' inczrvctiowos give~n to the listeners were to
~ .'*' r:N .A ~,.id*~A - 1,:pehoom.n(s;ratio wuas selected for thepresenta-

'''1." ~ ~ ~ ~ ~ ~ ~~~o -:'.'reAr li*eXtf.ie i" oees phresented at 60 dl~a reference sound
~d 'j 'J~;) &, PIA! -5 117. /ts ratio wa) ruse.d becau~se there Is less adaptation to the

*1'.fw A t w.~ p,.. &a:ru1? /it r-iti :,.,Thbe iraticsivle for presenting tbe speech al 60 dbstemmed
krci.r.~'.ctd .r'c~ ~e;.l~ag 11wordli~st,; ir which it was noted that under a "no noise condition"

ýi)'.i 'hnth anprr rv:;tn~a iiynit. vel at wttiih to aehieve 96% to 100% Intelligibility for the lists.
!It rv. IOrjg .tciff! %it~.iity of ,twr i:.ýrnkred speech level ar~d g/'n ratio was estimated to be approxi-
nat'ei; 197j ',j 1. fl,r an 'nwiragr trained 3pe~lker. Althcozgh this would reduce the average score,

.f It. fo-It ;,17t 'I:.: rvs :r!t% woz~Id Ltje more 11--crete arr eaningful in the final analysis. A constant
jr .31 -wa.- 24-le.J tee 11e re~sizttrnE score ciisairied fromi the average number of correct words from
';!I- vuitr;r O.;* in.ýrfer tfy dr-p~ct thi. a-veraga speaker inteillgibility score a~s approxlinitely 50%.

T~~~1; r2at~ Nt fti' Yal drt'a (scetabiee4.1) ve.ified the rationale of this procedure In which
l il t r-);c-d t1.at tMe avvra- fur Owth 31 suibjects was 52%. Also shown in table 4.lisa ratingof

diltca -I I '( 9F szalf, ar-., the rve r-all1 rainks of the pilo~ts. on the basis of the ranking method
t 8t Iiz P,! off 3: sAbi e zt.-i w er e a`)ove a ve rage i n int elligibilIity, 15 oiere average, and 8 were

TI-e t'iiilisv', speech unsier.v~bration was also investigated. Vertical vibration at fre-
qunce~e cl 7 and I1I c p. ý. at a fon -,arit amplitude of 1/4 inch was used. Tape recordings Under
these toc-nianswere )1Aa;iied with tlhe pflot repeating a sentence representative of norwal con-

n-c'e dieoiurse.1 ThE-Se reco~rttrn.- were played at rando)m to a panel of listeners withinsntructions
to rank the saieech :f ea-li pilot. on a I ta 7 basis with I being very good and 7 very bad.

The~ median sc~ore of 8 lister:ers responding to the standard sentence at 2 frequences, 7 and 11
c.p. S., br each Pilot was Lsezias ti--e L riterionl measure . -The results are shown in tabl 4.2. As
naled ia the table, recrig fOr subjeetsJ, It, N, and VV were not obtain~ed. Also included in the
Lahie is the ran'k in totZal for kx,ti-r the 7 c-n.s- and 11 c.p.s. vibration conditions. The correlation
nf rank berkeen the two cunditiuns was statistically significant at the 1% level of confidence. The
ncnpararnmetrie si~atistic, WiL:c(oxun Matchei Pairs, was used' to evaluate the data. The results indi-
catc a statlsltivally significant difference between the two scores for each subject. The 11 c.p.s.
appi-ar to affect inateliigibiiity riure thaa 7 c~p.s. The uistribution of these scores is shown infiguin

4.1.
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TABLE 4.1

RELATIVE INTELLIGIBILITY SCORES OF 31 SPEAKERS WITH

THE RESPECTIVE RANKINGS AND THE RELATIVE RlANKS IN TOTAL

- Score Rating Scale
Subject Percent Intelligibility Ito 9 Rank in Total

A 56 5 10
B 55 5 12.5
C 59 6 6
D 53 5 17.5

F 53 5 17.5
G 49 5 21
H 58 6 7
I 52 5 19.5
J 61 6 5
K 45 4 24.5
L 54 5 15
M 56 5 10
N 45 4 24.5
0 63 6 4
P 39 3 27.5
Q 48 5 22.5
R 66 7 3
S 54 5 15
T 54 5 15
U 39 3 27.5
V 48 5 22.5
W 67 8 1.5
X 36 1 31
Y 67 8 1.5
Z --- 37 2 30

AA 56 5 10
BB 55 5' 12.5
CC 52 5 19.5
DD 38 3 29
EE 57 6 8

In an effort to determine whether the score for either the 7 c.p.s. or 11 c.p.s. vibrations
condition showed any relationship to the rank of the speaxers on the intelligibility secuon of the pro-
gram, the scores under each of the two vibration conditions were ranked and the Spearman Rho was
used to correlate the resulting rank with the rank from the word intelligibility program. In neither
case was there a statistically significant relationship between the two scores. It would thus appear
tVats under the condition of vibration, the listeners use an entirely ditferent set of concepts in rating
the individual than they use under the word Intelligibility program. The factor of individual differ-
ences as to the effect of vibration is also Indicated. The vibration appears to partially confound the
basic intelligiblity s . Tbe resulting tremor in the voice has a deteriorating effect that shows no
direct reltonsi to the word intelligibility score.
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TABLE 4,2

MEDIAN SCORES FOR SPEAKERS UNDER TWO VIBIIAION CONDITIONS AS

JUDGED BY LISTENERS UTILIZING A I TO 7-RATING SCALE

Subject 7 c.p.s. 11 c.p.s.

A 2.0 5.0
B 5.5 4.0
C 3.0 3.0
D3.0 4.0
E 4.0 5.0
F 2.5 3.0
G 315 4.5
H 5.0 5.0
1 4.5 3.0
-J. None None
K 1.5 2.0
L 4.0 4.0
M 4.5 4.5
N None None
0 5.5 6.0
P. 5.0 5.0
Q 4.0 4.0
R None None
S 7.0 5.0
T 3.5 6.0
U 3.5 4.5
V 4.0 3.0
W None None
X 6.0 6.0
Y 4.5 6.0
Z 3.5 4.0

AA 4.5 4.0
BB 4.0 5.0
CC 4.0 4.0
DD 5.0 6.5
EE 1.0 2.o

SUMMARY

Word intelligibility scores from 31 speakers were obtained. On the basis of a I to 9 scale the
speakers' scores were ranked. Eight of the 31 subjects were above average, 15 were average, and
8 were below average. Utilizing a rating of I to 7, listeners evaluated the effect of vibration upon
the intelligibility of connected discourse. There was a statistically significant positive correlation
between the two conditions of vibration (1% level of confidence). However, there was a statistically
significant difference In the ratings with the 11 c.p.s. vibration condition having a more deteriora-
ting effect on intelligibility.
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PART .2. EFFECT O NOISE ON THE ABILITY

TO PERFORM ADDITION

J. E. Steele, Aaj., USAF, MC

INTRODUCTION

Noise Is capable of interfering with effective human activity. As sound increases to intensi-
ties thousands of times greater than those encountered in ordinary experience, it produces poten-
tially serious distracting stimuli. The present test was designed to measure the effects of high
noise levels on the performance of a simple mental task.

-- TECHNIQUE

The intense noise (145 db) was produced by a locally designed broadband siren. The subjectrs
ears were protected by muff-type protectors, Willson Sound Barrier No.' 258. Each subject was
tested individually in a small, reverberant room (figure 4.2). He was allowed 3 minutes toperform
a number of serial additions. This was done first in quiet, then In noise, and again inquiet. Equiva-
lent lists of addition problems were used. The following are examples of the addition problems
used:

35 8465372/45369

30 68 4 75/ 93 68 15 7

The subject was required to add a row of ligures until the sum equalled the underlined 2-digit num-
ber. He placed a slash-line following the last digit needed to form the sum.

SCORING

- " The performance score (S) was equal to twice the number of additions completed during noise
* (N) minus the number completed during the two quiet periods (Q1 and Qp) plus 3. Three was added

to all scores in order to center the distribution In the 0 to 9 range as required by the recording
methods. Scores outside this'range were reco.n*das 0 or 9. Thus, the formula used was:

S- 2N -(Qj+ Q2) + 3

RESULTS

A small control group of college students showed a slight average deterioration in perform-
ance in noise while the candidates showed an average Increase in rate of performance. Errors In
addition were much more common among the college students. The total number of errors for the
candidates was 22 (abiout 1% of the problems worked). Seven of these errors occurred during the
first quiet period, 5 during the noise, and 10 In the final period of quiet. * They were ignored in the
scoring because of their small number and apparently random occurrence.

The noise produced an average change in rate of addition which is approximately two lifa as
* great as the average difference In rate existing between the different subjects when adding In the
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quiet. The reliability of the test for measuring individual susceptibility to noise-induced changes
in performancfis not knomnbut Is believed tobe low. Aswore of4lIndicates no effect ofnoise on
rate of addition,. A higher score shows improved performance during noise. One fourth of the can-
didates; showed a reduced rate of performance in the noise. The extreme was a 15% reduction.
The maximum increase was 26% and the median 5%.

Noise at the leves used 4145 db broadband4 is physically harmless (exceptto, unprotectedears).
Rt has no direct effecet on any common activity except to interfere with hearing. It does subject the
body to a background of noticeable stimulation of a tactile nature due to the vibration of the body
surfaces. This vibration may irritate the trachea sufficiently to produce mild coughing. Somewhat
unpleasant resonances occur If the mouth is opened slightly or If the teeth rest together lightly.
anus discomfort che to the vibration has been noted by individuals having some pre-existing sinus
Inflammation.

The effect such stimulation produces on an individual depends on his past experiences with
noise In general and with similar noises in particular. Rapid adaptatIon is usual. Any activity
required of the individual also affects his reaction to the noise, and Individual variations show up.
The purpose of this test wsto discover such individual differences. The noise, being a diffuse
stimulns, can tend to arouse a subject increasing his alertness. This Is the type of effect which
causes Interference with sleep. The same arousal may distract a subject's attention from the per-
formance of an assigned task. Paradoxically, when the noise has become familiar, It is relatively
monotonous and may serve to shield a subject from more meaningful stimuli which might distract
him. Slubjects not assigned a task frequently appear drowsy or sleepy.

The effects observed In the present tests were not considere~d'se'rious and were given little
weight in the finl recommendations.

Figure 4.2.. Sound Generator. Cloth Hose Convoys High-Pressure Air to Slz11n.
Subject and Tester Wear Bar Defenders.
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PART 3. THE INYLUEN"E OF VIBRATION ON HOLDING THE

HORIZONTAL POSITION UTILIZING THE EQUILIBRIUM CHAIR

R. R. Coermann, Ph. D.
Z. 0. Magid, Capt., USAF, MC

Walter Wolff

INTRODUCTION

High-performance aircraft and space vehicles, particularly during the period of re-entry,
may encounter low-frequency, high-amplitude vibrations. The ability of man to perform in such
an environment for any length of time may be of vital Importance. The ability of a subject to main-
tain the horizontal position during low-frequency vibrations while counteracting pitch-and-roll dis-
turhances was tested. The subject was blindfolded so that the modulities of equilibrium, other than
vision, could be studied.

Changes in performance during vibration (when compared with static tests) are dependentupon
physiological and psychological variables. Without vision, two main integrated systems function to
maintain equilibrium. The labyrinth, an organ of special sense, detects the position of the head in
space and the relationship of the head to the neck. The other system consists of a complex of nerve
receptors distributed throughout the body. They have the general function of receiving various kinds
of physical and chemical stimuli. Vibration affects only those receptors sensitive to displacement.
They have been named "kineceptors" (Greek, kine - kinetikos, of motion) and include the receptors
of touch, pressure, proprioception, and visceral sense. Pain receptors stimulated by stretching
fall within this group. Organ displacement may be so great that not only visceral movements are
perceived, but also the pain receptors are stimulated.

TEST TECHNIQUE

A chair has been constructed which can be moved in the direction of pitch and roll by two
hydraulic cylinders (figure 4.3). These cylinders are driven by electrohydraulic valves connected
to an electrical circuit in which the output of an ultralow frequency generator is fed. Motions of the
chair produced by this random generator can be compensated for by a control stick installed on the
chair. The blindfolded pilot was strapped in the chair with a lap belt and shoulder straps. It was
his task to compensate for all motions produced by the random noise generator by using the control
stick and to hold the chair as closely as possible .to what he considered his horizontal level. The
entire chair was installed on a shake table, shaking with a constant amplitude of 1/4-inch double
amplitude In the frequency range of 0 to 15 c.p.s. (see figure 4.3). An oscillograph simultaneously
recorded the deviation of the position of the horizontal level and the output of the random noise gen-
erator.

TEST PERFORMANCE

The pilot received a 10-minute period of exercise without the blindfold and then a 10-minute
period with the blindfold, both with and without vibrations. A short test with vibrations introduced
the vibratory stress to the subject. The test profile consisted of 6 tests, each of 1-minute duration.
The vibrations were in the frequencies of 3, 5, 7, 9, 11, and 15 c.p.s. Before and between each
run a record of I minute without vibration was taken.

The pAlse rate, respiration rate, and blood pressure were taken at the beginning of each test,
immately befrer the first and Immediately after the last run with vibrations. After each run the

pi tas asked to remark on the various seMMtios he experienced.
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Figure 4.3. Equilibriumn-Vibraition.Chair. Subject Holds Conttrol Stick.
Mwedical Moinituor Holds On-Oft Control Box.
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EVALUATION OF- THE 0SCILLOGRAMs
The following six traces are recorded on the oscilIoprams (see figures 4.4 and 4.5):
I. Angle of the seat in roll (AR)
2. Program voltage to the roll control valve (Pit)
3. Acceleration of the shake table (Vibration)
4. Angle of the seat In pitclr (AP)

-5. Program voltage to the pitch control valve (PP)
6. One-second time marks
The zero lines for the anggles of pitch and roil were determined by placing the seat in the bori-

zontal position. The zero lines for the pitch and roil voltages were taken at zero voltage input-The accelerometer was calibrated statically.
In the evaluation of a subject's performance, the area above and below the zero line of eachrecord was Integrated by a plgnimeter giving the factors:
1. AR - Angle in roll: subject's deviation from his horizontal position in roll duringvibration
2. PR - Program in roll
3. AP - Angle in pitch: subject's deviation from his horizontal position in pitch duringvibration
4. PP - Program in pitch

AR APThe ratios and Pp were calculated for each record. The frequency of vibration andacceleration of the shake table were determined by the acceleration tracing and the time marks.
The analysis Of the curves gave 13 values for the quotient M and 13 values for the quotient A
Seven of these values of each group were taken without vibration AR -O and Ap 0) and six withAR AP 

PP

vibration (i, V and vV). Two seemingly appropriate methods could be used to calculate the
final score () from the above values (see table 4.3):

1. The deviation of each AR V-andA V from the previous AR 0 and 0 was calcu-ltdThavrgde - PR PP PR PP
S lated. The average deviations were expressed as numbers for roil (R) and pitch (P). The final

R+ Pscore (F) was calculated from F 2 -i P Using this method every performance was related tothe preceding performance without vibration. Thus, the skill of the subject to operate the equip-ment was compared with his performance only. The subject could choose his own mean horizontalposition after every vibration. This was important because the and values depend notUpon variations of position but also upon the mean position of the seat during. the measurpngPeriod. It Was rot the purpose of this test to investigate the ability of the subject to operate theequilibrium seat and to hold a given position. The purpose was to check the effect of vibration uponhis ability to hold what he considered the horizontal level. This method has the diomitting any resil effect just preceding the vibratory stress. However the esult o fedithatS..- of te AR owever0 vl resats showed testmany O, the subjects presented remarkable changes of the At , and Ak 0 _ a -- --e
S.... .... .. . ~~~~PR " P- , 'p a u s lert et srungs Indicating that even after I minute of recovery the subject was still quite disburbed.
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TABLE 4.3

A RATING OF THE RESULTS

BASED UPON A I (POOREIST) TO 9 (EXCELLENT) CLASSFICATION

Method I Method 2

Mean Deviation from the Mean Deviation from the
Horizontal Position Horizontal Position

Group During Vibration Rank During Vibration Bank

0.000-0.150 9 0.000-0.100 9
0.151-0.230 8 0.101-0.160 8
0.231-0.300 7 0.161-0.190 7

0.301-0.370 o 0.191-0.250 0
11 0.371-0.430 5 0.251-0.300 5

0.431-0.500 4 0.301-0.350 4

0.501-0.5700 3 0.351-0.400 3
M 0.571-0.700 2 0.401-0.500 2

0.700 1 0.500 1

AR AP

.2. Tfe average of all R 0 and A!- 0 values were calculated. Then the average of the

deviations of this value were calculated:

AR AP,
0PR PR PP,

7 7
AAR -AP

PR PR 0 pp
PR __ _ - - __ _7 7

X. -Mean angle of pitch
AR - Mean angle of ron

S. Change

= Sam

0 - Relative to test with no vibratioa

Relate the average athe AR V andA-P V valuestothe ARtO and 0!O valuestoobtain
Ph a cPR PP

the find store. Tls method eliminates theld ofthe subjskt to operate the equilibrium chair,
and it also takes the residual effect of vibration into conseldratiom.
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RESULTS

Subjective responses to the low-frequency vibration'tests are shown in table 4.4. At 7 and 9
c.p.s., 11 of the subjects experienced chest pain substernally or over the precordlum, but had no

. pain of the left upper extremity as is experienced with myocardial Ischemia. All sensations of
pain, whether In the chest or abdomen, were usually described as mild to moderate In Intensity,
of slow onset, and increAsing with crescendolike characteristics. Six of the subjects experienced
either moderate pain of the abdomer- paraumbilical in location, or a feeling of tenseness in this
region. Only one of these subjects fell within the group considered excellent. At 11 and 14 c.p.s.,
16 of the subjects experienced a moderate to exquisite urgeto urinate and/or defecate.

Seven subjects felt that the vibrations seemed to completely mask the sense of equilibrium,
* particularly at the frequencies above 7 c.p.s. These subjects generally fell within the poorer

group. Three subjects experlencedsweating and stated that they felt very warm and uncomfortable.
They appeared to be the most apprehensive, and two of them had the lowest ranking scores.

Three of the pilots, when blindfolded, turned their heads laterally approximately 15' to 20"
toward either side. When questioned they gave histories of moderate to severe otitis-media or
mastoiditis occurring during their childhood. The head was turned toward the side of the affected
ear. Interestingly though, they performed better than half the group. None of the group experi-
enced vertigo or air sickness.

One member of the group did not finish the test because he developed severe pain of the left
upper quadrant. He gave a history of malaria with splenomegaly which occurred approximately 10
years before. Upon examination, the subject did not present splenomegaly or bepatomegaly. Ten-
derness of moderate intensity was present at the area of the spleen.

Pulse rate, blood pressure, and respiratory rate showed only slight changes-after the runs.
Ranking of the subjects in accordance with their final scores is shown in table 4.5.

DISCUSSION AND CONCLUSIONS

The results suggest that the labyrinth is little affected by vibrations under the described
experimental conditions. As the frequency of vibration increased, the movements of the chair
became more masked by the vibrations due to the tremendous increase in kineceptor stimulation
and, together with the stressful conditions of pain and extreme discomfort, the pilot's ability to
perceive the horizontal plane became severely challenged.

Performance in this study was affected by mechanical alternating forces acting directly on
the head and extremities, and increased muscle tonus due to the alternating stretching of tendons
and ligaments of the skeletal musculature. At certain frequencies pain of the chest or abdomen
may be encountered and at other frequencies the urge to urinate or defecate may be experienced.
Vibration, encountered during this study, then presents the body with a multifaceted stress, testing
not only the physiological status but also psychological processes. As frequency Increased, the
subject experienced extreme discomfort, pain, and bladder and sigmoid colon urgencies. With
rapid, severe, alternating forces acting upon various body parts, associated with Increase in work
output, motivation becomes a prime factor in determining performance of equilibrium. It then
follows that these experiments cannot be assured to represent a clear-cut test of the influence of
vibration on the sense of equilibrium, per se, but rather must be taken as the individual's total
response to vibrational stress and the decrement of performance under these conditions. Only
future research can estimate the validity of this test for the selection of specific qualification.
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TABLE 4.4

SUBJFCTIVE RESPONSES TO VIBRATION TESTS

Subject 1 3 m IV V VI

AS
B9
C 31 51 a1
D St U u
E -U M
F SS
o M U
K
I U Si U
J S

L S
M 51 5
N I
O0
p

Q U St
R S
S
T U S
U
V M
w
X U S Si SL Sl-
Y St Sl
z S Si

AA M
BB 81S
Ccc St
DD Si ai
EE S

I - General Discomfort Si - slight
11 - Loss of Sense of Equilibrium M - Moderate
M - Warm with Diaphoresis S - Severe
IV' - Urge to Urinate and/orIDfecate I -Intolerable

V-Pain In Chest
VI - Discomfort andhr Muscle

Tenenss n heAbdomen
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TABLE 4.5

PERFORMANCE DATA ON VIBRATION TESTS

Method I Method 2

Subject Final Score Rank Final Score Rank

A 0.246 7 0.186 7
8 0.214 8 0.152 8
C 0.273 7 0.232 6
D 0.407 .5 0.264 5
E 0.975 1 0.517 1
F 0.243- 7 0.195 6
G - 0.330 6 0.195 6
H 0.157 5 0.121, 8
1 0.671 2 0.375 3
1 0.148 9 0.075 9
K 0.355 6 0.313 4
L 0.352 6 0.371 3
W 0.554 3 0.350 4
N 0.449 4 0.264 5
0 0.723 1 0.621 1
P 0.310 6 0.263 5
Q 0.227 8 0.198 6
R 0.646 2 0544 1
S 0.369 6 0.249 6
T 0.393 5 0.292 5
U 0.241 7 0.181 7
V 0.291 7 0.196 6
W 0.482 4 0.339 4
X 0.352 6 0.228 6
Y 0.417 5 0.160 8
Z 0.561 3 0.302 4

AA 0.726 1 0.499 2
BB 0.317 6 0.180 7
CC 0.354 6 0.362 3
DD 0.396 5 0.288 5
EE 0.223 8 O.176 7'
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CHAPTER V

HEAT TESTS-

J. Gold, Capt., USAF, MC

DITRODUCTION

SHigh-performance aircraft and space vehicles are expectedto heat to sustained high tempera-
tures, especially daring the period of re-entry. It is therefore necessary to see how man is
equipped to withstand beat, and If some men can withstand it better than others.

What effects do progressive heat loads have on humans? The one that is of chief concern is
that, with the absorption of more and more heat, the body will graiually be thrown into the clinical
state known as beat stroke, a condition In which there Is a very high mortality. It Is characterized
by coma or extreme stupor, cessation of sweating, hot, dry, red skin, high rectal temperature
(usually over 105" F.), and high skin temperatures. The heat-dissipating mechanism of the body
are unable to keep pace with the absorption of calories from the outside, so that gra•uallythe body
absorbs more than it can handle, and incipient beat stroke develops.

The cessation of sweitingisanindispensable condition to the development of heat stroke. It
follows that sweating is the chief mechanism for dissipating heat. However, the process of
sweating is dependent on many factors-the primary hypothajamic heat-dissipating center, the
cardiovascular system, the sweat glands, relative hydration, neural endowment, acclimatization,
and many others. There are many measurements which can be made that giveapicture of the asm
total of these heat-disdipating mechanisms so that, by providing controlled heat exposures and
taking the proper measurements, it is possible to distinguish poor heat subjects from good ones.

PROCEDURE

-Environment and Length of Exposure:

Each subject was exposed to an ambient temperature of 130" F. with a relative humidity of
- 8% and an air motion of 3 to 5 m.p. h. (see figure 5.1).

Clothing.

Clothing consisted of one set of thermistor underwear (long cotton underwear coveringall four
limbs), one K-2B flying suit (a light-permeable suit), one pair of cotton sock, and one pair of
leather shoes. Total clothing is equal to approximately one clo insulation.

Other Measurements and Examinations:

1. Nude weight starting and at termination yielded a total sweat loss (total weight Ioss) accu-
rate to *10 grams.

2. Clothed weight starting and at finish yielded data for calculating the evaporative loss and,
together with 1., the ratio of evaporative loss over total weight loss (E/S ratio).

3. Heart rate was recorded simultaneously oa EKO ona cathode-ray oscIlloscope andonpaper.
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4. Blood pressure and EKG- readings were taken continuously.

5. Subject was given auscultatory heart examination before and after beat exposures.

Three calculations were made by which subjects were evaluated for their capability to with-~
stand beat:

1. Bdyflat~trag.-Boyhea stoageis a measure, in terms of calories per square
meter body sufcprwr of the heat which a body will-store when exposed to a hot environ-
ment. The equipment used to measure body heat storage is principally the set of thermistor under-
wrear. Mfultiple skin thermistors which record skin temperatures from all parts of the body are
located In this long cotton underwear. In addition, attached to this suit is a soft malleable rod,
with a thermocouple at the end. This is Inserted into the rectum to a deptht of about 10 cm.- and
thus acts as a rectal thermocouple from which deep body temperatures are read. The temperaluw.6
sensing devices feed into a Brown potentiometer whicht automatically and continuously records in
sequential fashion the temperature readings from each thermistor and/'or thermocouple. These
readings, taken every 15 minutes, are then transferred onto a printed form from which body heat
storage is calculated (wee figure 5. 2).

Body heat storage is probably the most reliable parameter for evaluating the performance of
a subject under heat stress. The better his heat dissipation Is, the lower will be his net absorbed

* caories.

2. Modified Craig Index of Strain. -The Modified Craig Index of Strain consists of three
factors: a. terminal heart rate divi~d~by 100, b. sweat rate in terms of kilogransperhour, and
e. rectal rise rate in terms of degrees centigrade per hour. These three factors are simply
added together to yield a sum, which is the index. And obviously, as the subject incurs more
strain, the index becomes higher.

3. A New Heart Index. -A new correlative Index based on hea rt rate* has beeni developed
itu expre-ss-e-sa theo-re-ti-carelationship-a ratio between -theoretical heat absorbed-' and actual
heat absorbed. The higher the index, the greater Is the strain. The Index correlates highly with
body heat storage.

SCORING

The entire group of 31 candidates was used as its own control. The data were evaluated sta-
tistically and each candidate was assigned a score in each of the three parameters: body heat
storage, Modified Craig Index of Strain, and the new heart index. The three scores which each
subject accrued were weighed equally, added, and an average was obtained. The rel~ative ranking
and rating of all candiudates were based on this average.

RESULTS

The results of this ranking are tabulated In tables Iand 5.2. Assigned statistical scores
are indicated for each of the three parameters used. Table 5.2 shows the rank and rating of each
candidate. The beat Possible score was 9.0; the worst, 0.0. The bilk of the scores ranged
between 3.0 and 6.0. Those wbomads above 6.0 were cosildered relatively superior, while those
who scored below 3.0 were conuidered poow.

0 urfthr details of this Wadx, developed by Capt. Joseph Gold# USA, MCs of the Aerospace
N edcal Laboratory, will soon be published In a WADC technical report and In the Journal of
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TABLE 5.1

FINAL SCORE TABULATION OF HAT TESTS

Assigned Statistical Score Assigned Statistical Score Asspged Staistical Score
Index of Strain Body Heat Storage Corelative Heat Index

Sibject (Modified Craig (c./m.Z/hr.) (NOW Ioux ol S

A 7.6 4.1 3.7
B 5.8 4.1 0.2
C 7.9 1.4- .6.5
D 4.8 0.0 6.9*
. 5.4 6.2 6.2
F 5.9 3.1 3.2
G 8.6 8.2 9.0

H7.5 8.4 1.4
I 1.7 9.0 7.7

3.2 2.6 4.30
K 1.3 8.1 6.5
L 4.3 5.8 6.0
K 4.5 2.6 3.2
"N 4.4 5.9 5.0
0 1.5 1.5 4.3
P 7.8 8.7 8.4
Q 8.3 7.6 7.7:
It 3.1 0.8 3.2
3 1.7 7.9 7.3
"T 0.2 3.1 0.8
u 7.7 -7.6 4.3
V 5.7 4.5 6.9
W 0.6 4.0, 0.1
X 0.5 0.8 0.0
Y 2.3 1.8 4.8
Z 5.5 0.5 6.6

AA 7.5 5.4 4.0
S4.8 6.3 3.3
CC 4.2 1.9 6.9
DD 4.9 8.2 5.8
AE 5.2 3.1 4.5

*Estimated
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TABLE 5.2

FINAL RANKING OF CANDIDATES ON HEAT TESTS

Rank Subjct gore

1 0 8.60
2 P 8.30
3 Q '1.87
4 U 6.53
5 DD 6.30
6 1 6.13
7 3 5.93
6 .B 5.77
9 V 5.70

10 AA 5.63
11 a 5.63

-12 L 5.37
13 5.30
14 C 5.27
15 A 5.13
16 N 5.10
17 BB 4.80
18 CC 4.33
19 EE 4.27
20 Z 4.20
21 F 4.07
22 D 3.90
23 31 3.43
24 B 3.37
25 3.37
26 . 2.97
27 0 2.43
28 R2.37
29 W 1.57

0T 1.37
31 0.47
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* V
DISCUSWIN

The foregoing selectionsystem yields valid Information in general, but represents a frabe-
work that can be much Improved as new techniques for measuring physiological performance
become available, The system Is extremely sensitive In picking out those who react very well to
beat and, also, those who react very poorly. For the majority which falls in between these two
groups, the system must be regarded as less sensitive. Any System of selection, unless actual
performance under expected conditions can be incorporated into it, cannot be regarded as ast
one. However, such a system negatively selects-that is, it weeds out those who would be unsuit-
able for physical or physiological reasons. This fact, combined with the fact that the system can
differentiate (but not sharply) the superlative from the average, makes an Initially effective selec-

. tion program.

AMDENDUM

Certain cardiocirculatory changes not reported previously were recorded dwringthisprogram.
They were concerned mainly with EKG and auscultatory findings.

Changes seen in respect to EKG were: I. Inversion of T-wave, 2. disapperance of
T-wave, 3. S-T segment depression, 4. occasional unifocal extrasystole, and 5. delayed
Intrinsicold deflections.

Changes seen in respect to auscultatory findings were in the development of transient systolic
, murmurs. These cardiocirculatory changes will be elaborated in a forthcoming paper by Dr. Gold.

r".
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CHAPTER VI

PHYSICAL FITNESS TESTS

C. L. Wilson, Capt., USAF, MC

APPROACH TO PROBLEM

Research has been accomplished In the following Important areas: cardlopulmonaryphysology.,
pressure breathing, autonomic and central nervous system physiology, physical fitness, physical o
conditioning, and factors Influenc!ng motivation. "

This research has extended over a 5-year period and represents the combined experiences of
Capt. T.F. McGuire, USAF, MC, Capt. F.J. Leary, USAF, MC, andCapt. C.L.WilsonUSA MC.
"Capt. McGUire 6 -1,6.2 studied previously developed stress tests and developed new ones. KcGirds
reports on this early experience indicated that this test battery would be a valuable starting place
for special project crew selection programs.

As described In the Introduction, this particular testing program had candidate recommemda-
- tion as its main goal. Identifying valuable nonspecific tests was a secondary consideration for this

particular project. The coinvestigators, with invaluable assistance from the program coordinator,
agreed that certain necessary departures would be made from the physical fitness profile recom-
mended by McGuire. These changes in McGuire's suggested tests with substantiating reasons are
described in Appendix 11.

Several additional tests were incorporated into the physical fitness test program. lbese are
discussed below:

Treadmilk

A multitude of treadmill tests has been used to study physick) Jitness, stamina, motivation,_
physiological responses and reproducibility of test results. Balke- recommended a treadmill test
profile. His work demonstrates enviable reproducibility. This test was adopted because of its ease
of administration, reliability, and the availability of previous population performance data. Anumn-
tentional, yet irrevocable error (since corrected committed by the author greatly altered the
results of this test. Bale's instructions were to raise the treadmill each minute "to such an angle
that the vertical ascent becomes 1% of the belt travel in a given time." The treadmill angle was
raised 1%of 90" or O.9" each minute. This modification is a more severe test, and it was keptcon-
stant for all candidates. It is recommended that the Balke technique be pursued In future testing
profiles.

Catacholamines Analysis:

This study was recommended by McGuire and was performed with additions.-

Mw smpldes were analy3*d by Bto-Science Laboratories as subcontractors through the Lovelace
Feuahaton, Albyerques New Mexica.
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Serum Corticosterold Analysis:

Hale et ai.A-S demonstrated a significant rise in the hydrocortisone and the cortfcosteronellke
fraction in plasma of B-52 aircrew members. This rise did not rgppesent a diurnal variation, but
rather reflected the effect of a prolonged flight. Marchbanksetal.V' noted a similar rise inurinary
ketosterofds. The cofnvestigators believed it would be valuable to document the variations Inplasma
corticosteroid rise during MC-1 tests.*

DISCUSSION OF THE PHYSICAL FITNESS TESTS

The preceding portion of this chapter has discussed why certain tests were Incorporated into
the physical fitness test portion of the Project Mercury Candidate Evaluation Program. When there
were significant departures from previous techniques, these were detailed and the reasons were
defended. The remainder of this chapter will be devoted to a detailed description of the techniques,
results, and Interpretation of each test.

Harvard Step Test (see figure 6.1):

a. Platform - 19-1/2 inches high, rubber top, nonskid type, top area 2 feet square

b. Metronome capable of 1 beat/second

c. Clock with sweep second hand

d. Counter to record number of steps climbed

Technique:

The subject dressed himself in long cotton underwear (lower torso portion only), cotton
socks, and tennis shoes. He was thoroughly briefed on how to accomplish the test. The metronome
was calibrated against an electric clock for 30 seconds-before each test. The investigator demon-
strated that the subject was to step upon the platform during the first second, step down during the
second second, step up during the third second, and continue this performance for 5 minutes. The
subject was advisedthat he might crouch forward as low as he chose when stepping up, thus negating
the necessity of coming to a full upright position on the step. Many subjects will fall-behind the
metronome if they are directed to come to an erect position on the step. The subject was further
advised that if be was unable to keep up with the metronome, he was to continue as near as possible
to a metronome pace. This last direction was a necessary modification since the close schedule of
the NASA candidates rendered it impossible to schedule each subject for more than one test. When
the subject stumbled or fell he was encouraged to continue the test if be was not injured. The metro.
nome was then started, and as soon as the subject began his first step-up the clock was started.
Du ring the test no encouragement or directions other than repetition of thoe statedabovewere given.
At the end of 5 minutes the subject immediately sat down. The Investiptorrecordedhispulse during
the folowin the time periods, the end of the test being considered tm zero: from I to 1-1/2
minutes, fromi Ito 2-1/2 minutes, and from 4 to 4-1/2 minutes. All pulses were recorded by pre-
cordial auscultation. The recording of the pulses ended the test.

B* ale and XmatchvYU of the School of Aviation Medicine, Randolph Air Force Basn, NTem, gener-
oinsy offered the assistance of their laboratory. This contribution was ratefully accepted.
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Example Record:

Pulse I to 1-1/2 Minutes after Test - 79 z 2 158 beats/minutes

Pulse 2 to 2-1/2 Minutes after Test - 73 x 2 146 beats/minutes

Pulse 3to 3-1/Z Minutes after Test - 64 x 2 128 beats/minutes

Total. ul•e- 432

Number of Steps Climbed - 111

Scoring

Two important subject responses were reflected in the scoring system which was adoptect

a. A high postexercise pulse is believed to reflect poor physical fitness.

b. A low number of step-ups reflects poor subject partlicpstlon.

The total step-up value (S) was divided by the total pulse value (P) miad multiplied by 150
to give the final Harvard step test score. (For simplicity of scoring, all final scores were pro-
grammed to fall between 0 and 100.) Thus,

z 150 score

Using above example, the final score would be:

111
M 150 =39

432 -

Results:

All candidates were able to perform for 5 minutes. Flur candidates were unable to keep
up with the metronome and executed less than 140 steps dering the test. The mean step test score
was 52.8. The standard deviation (a) was 5.3.

Narrative Example Performances:

Two separate narrative summaries of subject performances are as follows:

a. Subject performed the test with considerable difficulty. After 2 minutes, he was not
able to keep up with the metronome. He was Instructed to keep up as steady a pace as possible. He
succeeded in completing the 5 minutes, but only climbed Ill steps with a very high pulse, giving a
score of 39.

b. Subject performed this test with great ease and during the last 30 seconds increased
his pace well above metronome tempo to pick up an additional 5 steps just to see If it could be done.
His score was 58.?.

1nterpretation:

The coinvestiators Interpreted an above average sore an desirable and a crude ezpres-
sion of better than average physical finch•, Likewise, they interpreted a lower than average score
as a reflection of poorer than average pbdcal fitness an undesirable.
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Flack Test:

a. Rubber mouthpiece with connecting tubing

b. Mercury column manometer

c. Electric clock with sweep second band

Technfque:

Bubject sat on a chair in front of equipment. He was instructed as follows: "The goal of
this test is to hold the pressure as long as you can. Do not hyperventilate before the test. Place
the rubber mouthpiece into your mouth. Take in a moderate breath, then blow into the mouthpiece
In such a manner as to support the column of mercury at 40 mm. As soon as the column reaches a
height of 40 mm. the time clock will be started. You will not be able to see the clock during the
test. Do not lock the air pressure in your mouth with your vocal cords closed but let the pressure
,ontinuously come from inside your chest. You may make a tighter seal between your lips and rub-
her mouth hose by use of your hands. The mercury column may fluctuate above 40 mm. but as soon
as the height of. the column drops below 40 mm. the clock will be stopped. There will be only one
opportunity to perform this test." When the investigator was satisfied that the subject understood
the directions, the subject was instructed to begin. Ne was carefully observed to see that he was follow-
Ing directions. Facial plethort and jugular vein. distension imply a high intrathoracic pressure and
mean the subject is performing correctly.

Scoring and Results:

"The score is that elapse of time in seconds from the moment the rising mercury column
first reaches a height of 40 mm. until the subject is exhausted and unable to hold it at or above 40
mm. The mean time was 66 seconds; cr was 31 seconds.- No one performed more than minus 2 w"
from the mean. One candidate was 2.3 a, above the mean. Another candidate was 3.4 0, above the
mean. Both of these performances are outstanding. Both were chosen as Mercury Astronauts.

Narrative Example Performances:

Two separate narrative summaries are as follows:

a. This subject had the best performance of the entire group on this test, holding the
column of mercury for a total of 171 seconds.

b. The subject performed the Flack test in a substandard fashion, holding the column of
mercury for only 27 seconds.

Interpretation:

The coinvestigators Interpreted the test results to crudely represent motivation. Those
who performed longer appeared to have better than average motivation.
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Valsalva Overshoot Test (see figure 6.- 2):

Equipment:

a. Same as for Flack Test and, In addition,

b. Sphygmomanometer

C. Stethoscope

Technique:

at S~ubet siat ofrtbyo a chair. Three resting systolic blood pressures were recorded

placed the stethoscope in place over the brachial artery, and instructed the subject to blow into the
mouthpiece and support the mercury column to a height of 50 mm. for 15 seconds. As soon as the
column attalneda height of 50 mm. an assistant started the electric clock. At the end of 15 seconds
the assistant instructed the subject to breathe out normally and relax. Immediately after the breath

vra ehaldasystolic pressure was recorded utilizing the technique recommended by the American
Heat Asocatinp,-7 fte a1-minute rest, a second test identical to the first was performed. A

total of five tests was accomplished. Each time the post breath holding systolic blood pressure was-
recorded.

Example Record:

Resting Systolic Test Systolic

1. 116 mm. Hg -1. 124 mm. Rg

2. 124 mm. Bg 2. 126 mm. Ng -

3. 122 mm. Bg 3. 124 mm.HBg

4. 120Dmm. Ng

5. 116mat. Hg

Scoring:

The coinvestigators developed a simple formula to express the relative rise in systolic

pressure during the test:

-2 Si score

32Is the average test systolic value

aIs the average resting systolic 'value

Results:

The mean test score was 4.9. The a, was 9.3 One test was not performed because of
an insolvable scheduling problem. Eighty-three per cent of candidates tested 'were withini I o- fthe

*This suggests that the mercury column of the 3phygmomanometer be lowered at 3 mm ./pmzse beat
to record indirect blood pressures.
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Figure 6.2. Valsalva Overshoot Test
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mean. This is not surprIsing, since there were no great differences in the systolic pressure record-
ings during the test when compared with the resting readings. The following explanation is the
probable reason why indirect systolic pressure measurements do not show the marked rise in systoUc
pressure that is seen whin taking direct arterial pressures. After the subject releases the high
Intrathoracfc pressure, there are about 5 to 10 seconds during which the systolic pressure risesand
falls. The blood pressure cuff is pressurized to 160 mm. Hg. Assume that a simultaneous direct
arterial pressure reveals the actual highest systolic overshoot to be 140 mm. Hg 2 seconds after
the breath Is released. It will be impi.;sible to obtain this value by indirect methods, following the
American Heart Association recommendation. The pressure cuff must be reduced from 160 to 140
before the systolic pressure Is identified. TIls Is a drop of 20 mm. Hg. The pressure cuff is
reduced at a rate of 3 mm. Hg per second. In 7 seconds the cuff pressure will be approximately .
140 mm. Hg. By then the actual arterial pressure Is less than its maximum. This is the main
experimental error, and it is of sufficient magnitude to give a narrow group spread.

Interpretation:
!

The coinvestigators did not interpret the test because of the significant experimental
error.

Cold iPr'essor Test (see figure 6.3):

Equipment:

a. Electric clock with second hand

b. Sphygmomanometer

c. Stethoscope

d. Basin about -I1/2 to 5 inches deep and 12 inches in diameter filled with ice water,
average temperature of 4' C.

Technique:

The subject did not receive any pretest briefing. Three resting blood pressures and
pulses were taken at 1-minute Intervals, while the subject relaxed in a chair with his bare feet on"
the floor. Room temperature was 68" to 74" F. Immediately following the third resting blood pres-
sure, an assistant brought the prepared pan of ice water and placed It in front of the subject. The
investigator then directed the subject to plunge both of his feet into the ice water, and leave them
there for 7 minutes. The subject was advised that this was the only opportunity he would have to
perform this test and that-be would be expected to keep his feet in the ice water the entire time.
Immediately afterplunging the feet, the clock was started. A blood pressure andpulse were recorded
each minute during the test. If the subject removed his feet from the water before the elapse of 7
minutes, It was so recorded and the experiment was terminated. At the end of 7 minutes, or sooner
if there was a premature withdrawal, the subject placed his feet on a dry towel. Three posttest Wood
pressures and pulses were then recorded. The subject was instructed not to discuss this test with
any of the other candidates.
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Figure 6.3. Cold Pressor Test
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Example Record*:

- --. Blood Pressure pulse

1 min.. - 1124 .70

2min. 116/60 70

3 min.- -118/70 70'

Average 115/67 70 -

Feet In lee Water

I min. 140/70 106

*2 min. 142/76 108

3 midn. 136/84 74

4min. 132/76 s0

5 min. 138/86 so8

6min. 148/86 76

7min. 140/84 8

Average 139/80 87

- jFeetout of Ice Water

Ij min. 128/76 76

amin. -128/76 72

Averi ge 128/76 76
Aeae128/76 75

* It was desirable to reduce these many bits of raw data Into a 1fa4meaungful aumerical
score. To achieve the data redchacr the investigators jointly agreed upon the tollowlng:

*This subject v=s quiet and cooperative and offered no complaints.
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a. The average resting pulse is subtracted from the average pulse during immersion In
the cold water (termed Pl)" Using the example:

P l - 8 7 - 7 0 - 1 7. . . . . .

b. The averap resting pulse is subtracted from the average poettest pulse (termed ps).
Using the example:

P2 75 - 70-

c. "Me sum ofpl 2 1- P. Thus,

17 +5- 22

d. The same method was adapted to reduce systolic pressures to simple numbers. The
average pretest systolic pressure subtracted from the average test systolic pressure is termed a1 .
The average pretest systolic pressure subtracted from the average posttest systolic pressure is
termed s2. The sum of s, + s2 S. Thusr,.

51 - 139 - 115 - 24

_2 - 128 - 115 - 13

AS hl2 + -2r37

e- The same method was also used for the diastolic pressures. Tbe difference between
the test and resting average diastolic pressures is termed d1 . The difference between the posttest
and resting average diastolic pressures is termed d 2 . The sum of d1 + d2 - D. Thus,

dl 80-67 13

d =6 -67 9

D -13 9 -5

f. The flalscore, thesumofP + S + D, IntermedQ. Thus.

Q -22, +3T+

• o..Q - 81

Results

Three subjects withdrew their feet from the ice water before the end of the test. The
longest Immersion time of those three was 45 seconds. The mean Q value was 37. -The a, was 37.
There were ao episodes of hypotension, presyncope. or syncope.

Narrative Example Performances:

Two separate narrative mhumaries mre am folows:

a. This subject complained bitterly when preseaed with this test and stated tbat he was
aura e would be unable to beep his fet4 In the water. Whom he van finally convinced that It was

,ecessary, ha placed hIs feet Into the water, complainin bitterly an of the time. At the end of 15
aNcomds, he complaimd of severe pain and withdrew hs feet. Be made a halftbarted second try,
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but finally refused any further attempt. Vis resting blood pressure was 119/60, his resting pulse,
85. Immediately after placing his feet Into the water the first time, his blood pressure rose to
150/110.

b. This subject performed the test with very little comment and very little apprehensfiao
However, his blood pressure and pulse rose markedly during the time his feet were in the water and
he sustained a systolic elevation even after his feet were removed from the water. His score wV9l.

hnterpretation:

" The hypertension and tachyeardia were intentionally not interpreted, so that they could
be used in the correlation study. The coinvestigators interpreted withdrawal of the feet from the
ice water before the end of the test as a reflection of poor motivation.

Treadmill Test (see figure 6.4):

pment:

a. Treadmill with belt speed of 91. 5 meters/minute capable of being elevated to a maxi-
mum angle of 250.

b.' Sphygmomanometer

c. Stethoscope

Technique:

Subjetwas dressed in lower trink cotton underwear, socks, and tennis shoes. Subject
sat at rest on the treadmill while 3 resting blood pressures and pulses were recordedat 1-minute
Intervals. This was accomplished by securely placing a BP cuff and stethoscope on the left arm and
an additional stethoscope on the precordial area. The subject then stood astride the leather tread-
mill belt and received this briefing "The treadmiU motor will be switched on. It will run at a
constant speed of 91 meters/minute (3.4 miles/hour). At the end of each minute, the angle of
Inclination of the treadmill will be increased to 0.9" (1% of 90"), starting from the horizontal. Thus,
at the end of I minute the treadmill will be raised from 0 (horizontal) to a 0.90 angle. At the endof

-10 minutes, it will be raised from a 7.20 angle toan8.1I angle. The test will terminate for any of
the following reasons: f

a. If you are experiencing any unbearable discomfort

b. When your pulse" reaches 180 beats/minute and remains there at least 1 minute

c. At the discretion of the physician

You may not hold onto the support rails unless ym terminate." The treadmill was then started,
and, when the subject walked on It without holding the side supports, the test commenced.

t
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Esample Record*:

Blood Pressure Pulse

P• Resting

I min. 98/66 112,

2 min. 94/60 110

3 min. 96/66 108

Cii Moving Treadmill.

I min. 120/80 120

2 min. 110/70 152

3 min. 140/80 160

4 mrin. 120/80 164

5 min. 128/90 172

- 6 min. 126/90 176

-7 mi. 140/80 180

8 min. 140/80 186

9 min. 150/80 194

After Test

I mi. 14o/50 168

2min. 116/60 156

3 min. 118/58 142

The €oinvestigators reasoned that a lower than average test pulse reflected better than
average physical fitness. To arrive at a final score, the number of minutes (14, during vcdh the
subjedt's pulse did not exceed 180, was divided by the average test pulse (P), exldn pulsesabove

o Tt8 subjct volunteered to perform longer. stating he felt quite well. This record was Included
bcause it Is unusual. The subject has had a high resting pulse for years. his may explain his

low time aeone and identifies a weakness in the present endpoint and scoring system.
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180. The quotient multiplied by 1000 gave 0, the final treadmill test score. Thus,

- -• X 1000

Using the above example: ,

M-~ IS~P -161

Thus, the final score would be:

7 x 1000
161 *

Results:

The mean final score was 75. The a, was 15. One subject was 2.2 a- below the mean.
Another subject was 2.4 cr above the mean. All others were within 2 o, of the mean.

Narrative Example Performances:

a. The subject performed the test cooperatively, but was very clumsy. He had a wide,
"stomping" gait on the treadmill. His final score was 85.

-..... b. This subject established the record for the candidates. He performed for a total of
"16 minutes, attaining a score of 110.

Interpretation:

The coinvestigators interpreted a greater than average test time and a less than aver-
age test pulse as a reflection that the subject was in better than average physical fitness. They also
Interpreted a less than average test time anda more than average test pulse as a reflection that the
subject was In poorer than average physical condition.

Partial Pressure Suit Test (see figure 6.5):

Introductory Remarks:

The MC-I partial pressure suit, when worn In the low-pressure chamber at 42- mm. Hg
(65,000 feet barometric equivalent) for I hour, presents definite physiological and psychological
stresses. The suit only has a small anterior chest and abdominal bladder. This bladder does not
offer adequate counterpressurization on the outside of the entire torso to equalize the high intratho-
racic pressure. In effect, pressure breathing is necessary.

"The most important physiological response to the MC-I pressure suit test Isthealarming
frequency of sudden presyncope. The pattern leading up to syncope Is fairly uniform. The subject
"Is exposed to a simulated altitude of 65,000 feet. Suddenly he breaks into moderate diaphoresis on
his entire body. Be discerns this easily on his arms and legs where the sweat evaporates throughpermeable fabric. The effect Is a cold sensation such as evaporating ether. Concomtntly, there

Is a definite yipo•t.on and a relative bradycardia. True braycardia Implies the pulse is below
60 beats/mInute. However, in the MC-1 suit during the test, a sudden drop In pulse from 150 to 75
(figure 6,6) Isa relative bradycardla. The subject becomes ghostly psl and often states that his flild
of vision in coanstrctlng andthat he Is "graying-out." f another few seconds are lnadvertently&llowedto
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Figure 6.5S. MC- I Test. Checking Equipment Prior to Test
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elapse, the subject becomes unconscious and slumps forward In his Ineffectively counterpressurizing
suit. Emergency repressurization of the chamber from 65,000 to 40,000 feet will deflate the suitin 4 to 6 seconds.. Return to consciousness occurs in another 4 to 6 seconds. The pallor, clammyskin, bypotension, and bx~dycardia often persist for I to 2 hours after cessation of the test. Thelapse of time ftomn th first symptoms until syncope varies from a few seconds to 2 minutes. Assoon as the first symptoms appear, the test is immediately terminated to avoid unconsciousness.

Th. following physiological or psychological reasons for termination in 56 attempted MC-1suit tests were observed: unconsciousness, 2; presyncope, 5; tachycardia greater than 160 beats/minute, 3; claustrophobia, 1; hyperventilation with apprehenzioný 2; and inability to breathe ads-quately in suIt, 1. Thus, 14 (25'% of 56 attempted tests were termlinated for physiological orpsycho.
* logical reasn.

a. Low-pressure chamber, capable of attaining 42 mm. Hig pressure

b. NC-i partial pressure suit ensemble

c. M&-2 helmet, pressure gloves, regulator,' oxygen

d. Extremnity EKG leads

e. Oscilloscope

L. Direct. write-out EKG machine

g.. Emergency equipment: oxygen, resuscitator, bronchoscope, laryngoscope, trachealcatheters, thoracotomy set, heart defibrillator, and pace-makr machine; appropriate electrolyte
solutions to stimulate cardiac muscle

ht. Floodlights in chamber

1. Movie camera

-Starting at 0800 or 1300 hours the subject dressed In long underwear, personal socks,and shoes, sat in a comfortable chair, and denitrogented on 100% oxygen for 2 hours. Be wore anKA-2 helmet anhlfacepiece, with 8 mm. Hg positive pressure delivered from an MQ-lI console. As
soon. as he began denitrogonating he was fitted into an MC-l partial pressure suit. A choice of suitA ~size was made from the subject's stated height and weight. When dressed in the suit, the lacingswere appropriately adjusted and a final assessment of suit fit made by the physician. The same phy-I'sician conducted all of these MC-1 tests. In two cases tailoring of the arms or legs was accom-
plished. The MA-I helmets were Individually fitted by tightening the lacings. Each subject wasfitted with the appropriate size of press~ure gloves. The feet were not counterpressurlzed.Extremlty
EKG lead were applied to each subject. Blood pressure recordings were not incorporated becauseof the technical unrellability of the present strain gauge under a pressure suit. Daring the final 30minutes of deaitrogeatlon the subject experienced a battery of tests:

a. Be performed several written tests which were designed to measure a variety of pMy
chomotor functions.
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b. Following the psychological tests, 15 cc. of venous blood was drasyn from the subject.
The blood was heparinlzed and centrifuged. The plasma sample was labeled with a code number and
frozen.*

c. The subject then attempted to empty his bladder and, if successful, a sample of the
urine was placed into a polyethylene container with a preservative.*.

d. A special analysis of the pre- and post-MC-1 urine samples for 3-methoxy-4-hydroxy-
mandelic acid was accomplished on five of the NASA candidates todetermine if therewasa correlation
between it and corticosteroid and catacholamine. This latter analysis was carried out by LI. Larry
Berman.

e. The subject then entered the low-pressure chamber while breathing from a portable

02 tank. The following checks were made:

(1) Switch to chamber oxygen supply.

(2) Connect bladder and capstan and helmet hoses to. regulator hoses.

(3) Connect and check intercommunication.-

(4) Connect and check all EKG leads; check for clarity of EKG write-out.

(5) Inflate the pressure suit to insure appropriate pressures are being delivered to
the subject in the suit. -

(6) Photograph the subject.

(7) Check the suit and helmet ensemble for final time.

(8) Close the subject chamber.

f. The inside observer assumed his place in the lock.

Prior to this time there had been no detailed briefing of the subject by the physician. The phy-
sician sat at a viewing window to the left side of the subject. Before he spoke to the subject, he
obtained 3 resting pulses at 1-minute intervals. The exact time of denitrogenation was recorded,
as well as details of previous pressure suit experience. When the a~bject indicated he was prepare4 -i

the chamber was evacuated to 40,000 feet. The subject wa3 cautioned to advise the crew if gas pains
or discomfort developed. At 40,000 feet, each subject received the following briefing.

"For this test I will assume that you have never had any previous training hi pressure suits.
Following this briefing and when you say so we are going to take you to 45,000 feet. EKG and pulse
recordings will be taken. When you indicate you are prepared, we'll go to 55,000 feet, take EKG
and pulse recordings, and then, when you indicate, we'll go up to 65,000 feet. When you reach
65,000, the test will start and continue for 60.minutes unless medically contraindicated.

"Tell me if you have any of the following sensations whilebeing exposed to 65,000 feet baro-
metric equivalent:

* These frozen samples were analyzed for plasma corticosterolds by Dr. Henry B. Hale and his
staff at the Department of Physiology, School of Aviation Medicine, Randolph AFB, Texas.

** Pre- and post-MC-1 urine samples were mailed to Bio-Science Laboratories, Los Angeles,
California. The samples were analyzed for urinary catacholamines.
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a. Breaking out into perspiration (This sudden perspiration will not feel like a regular
sweat. The evaporation will feel like the coolness when ether evaporates.)

b. Nausea

c. Diminishing vision (like barrel vision) or graying out

d. Faintness, lghtheadedness, or dizziness

e. Breathing trouble or not able to take a satisfactory breath

,-be chamber crew can usually determine all of these situations long before you. This brief-
nLg is intended to insure you of the widest possible margin of safety. While you are at 65,000 feet,

we recommend that you keep your movements to a minimum. If you desire to move, you will Ad
that it is a considerable effort. Don't feel that you have to keep looking up. We can see your face
even when you look down. Talking will fatigue you and speed your pulse rate. At the end of 10 mnm-
utes at 65,000 feet you will read a speech. You may find it a bit of an effort. Ireepyourtalkingtoa
minimum except as indicated. When you are asked a question, do not hesitate or delay the answer.
You may nod your head or stick up your thumb in lieu of a verbal reply. If you do not give a prompt
reply, I will assume you are in trouble and order an emergency chamber descent.

"Do not do a Valsalva maneuver when passing gas rectally or orally as this frequently causes
dizziness and a pulse rise. Relax and the gas will pass easily. When you take in a breath and bold
it in your chest, do not close your vocal cords. This is effecting a Valsalva maneuver, too. Seep
your eyes open. f you close them, we will immediately repressurize the chamber. It takes only 4
to 7 seconds to bring the chamber to a safe altitude, so you need not be concerned about your safety.
Do you have any questions?"

When all questions had been answered and if there was no gas discomfort, the chamber was
evacuated to 45,000 feet. At 45,000 feet the capstan pressure must be at least 2.9 p.s.i. andbelmet
pressure at least 39 mm. Hg. Once the physician established that the subject was breathing without
undue difficulty, and that there were no contraindications, he then directed the chamber to be evacu-
ated to 55,000 feet. At this altitude the capstan pressure must be at least-7.0 p.s.i, and helmet
pressure at least 72 mm. Hg. After the subject became accustomed to the difficult breathing charao-
teristics and when the subject approved, the chamber was evacuated to 65,000 feet and the 1-l4a=r
test commenced. At 65,000 feet the minimum safe capstan pressure is 9.5 p.s.i. and the minimum
bladder pressure is 99 mm. Hg. During all of the 60 minutes at 65,000 feet the subject was very
cautiously observed by three experienced persons: the physician, the chamber operator, and the
inside observer (who was thoroughly briefed in emergency procedures and was at an intermediate
altitude of 25,000 feet). The pulse and suit pressures and EKG were routinely recorded at 5-minute
intervals. A battery of floodlamps were turned on at 2- to 5-minute intervals to assess the color of
the subject's face.

Causes for termination of the test were as follows:

a. If the subject requested termination. Experience has shown that psychological causes
are: anxiety, fear, apprehension, and claustrophobia.

b. If the physician ascertained that the subject's well-being was In danger. This Includes
the following: unconsciousness, presyncope, tachycardia in excess of 160, ps palins or the beads.

c. Any malunctioa of the suit or the seat-kit assembly or other strategic mechanical
tallure

* The seat-kit assembly contains the suit regulators and hoses.
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After the elapse of 10 minutes at 65,000 feet, all subjects read a specially prepared speech
entitled, "My Grandfather." This was recorded on tape for analysis of speech intelligibility in a
pressure suit. Unless an emergency developed, the subject remained at 65,000 feet for 60 minutes.

He was then given the 'opportunity to briefly experience pressure suit protection at 100,000 feet. If
he desired, the chamber was evacuated to 100,000 feet and immediately repressurized to sea level.
Taking the subjects to 100,000 feet required I to 2 minutes and was not apart of the test. It was
Intended for familiarization and experience only.

Procedure lfter the test was as follows:

' a. Subject's helmet and gloves were removedand the pressure suit was turned down at

the waist for comfort.

b. A 15-cc. venous blood sample was taken from the nonwritng arm, and the plasma
was frozen (vide supra).

c. A rel.-at psychological written test was performed.

d. A urine specimen for catacholamine and 3-methoxy-4-hyd•ymandelic acid was
taken.

The above procedure completed the MC-1 test. The entire profile required an average of 4
hours.*

-Scoring:

Several rules were established in order to score each subjects performance as fairly as
possible:

a. Any subject who terminated the test for psychological reasons automatically would
receive the poorest possible rating.

b. If a test was terminated for insolvable mechanical reasons, and if it was impossible
io reschedule the subject, then the subject would be given the full 60 minutes credit.

c. When a subject developed presyncope or syncope, and the test was terminated, the
scoring would apply only to that part of the test which occurred before the signs and symptoms of
presyncope.

d. When a subject developed a tachycardia sufficient to terminate the test (160 beats/mln.
or greater), the scoring would apply only to that part of the test whichoccurredbefore the tachycardia
reached 160/mnn.

Scoring utilized the pulse response of the subject. The average of three pulses taken
prior to chamber ascent was termed Pr- The average of all pulses taken while subject was at 65,000
feet (but not including those pulses during presyncope, syncope, or tachycardia, 160 beats/min.)
was termed Pt" The final MC-I score was termed SWC. 1 and represented the difference between
Pr and Pt.

Usingthefollowingexample: Pr 83 and Pt 144

Therefore, the final score would be: SMl - 144 - 83 - 61

"0 Thenthesubjectwas provided with a shower and 2 ounces of whiskey. The h•ibskey was not con-
sumed immediately if other tests were planned within 6 hours.
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Example Record*:

Chamber Duration Dladder Capstan .
Time Pressure# 65,000 1F. Pulse PreRsure Pressure Remarks

(mma.'irg (minutes) (per minute)

1522 730 78 6 0

1523 "730 " 4 0

1524 730 83 6 0 Denitrogention--2hr.,
20 minutes-

1527 141 .8 6 0 No previous premsre
suit experience

1533 110 92 34 3.0 Not experiencing
difficulty

1534 63 104 78 8.0 Color and EgKG
normal

1537 42 Start. 132 104 11.0 Color and fKG
normal except

1542 42 5 128 102 11.0 for tachycardla;
no complaints

1547 - 42- -10 132 100 11.0 Read "My Grand-
father" speech ind

1552 42 15 144 102 11.0 pulse rose to 144
beats/mis.; advised

1557 42 20 144 104 11.0 subject to keep
activity and talkring
to minimum.

1602 42 25 148 100 11.0 Moderate suboccipital
. . ache due to helmet

pressure
1607 42 30 152 104 11.5 Color and EKG are

unchanged since
1612 42 35 152 106 11.5 start, except for

rising tachycardia.
1617 42 40 150 104 11.0 Subject is obviously

experiencing helmet
1622 42 45 150 106 11.0 discomfort but not

complinn.

1627 42 50 152 104 11.0

1632 42 55 150 102 11.0 Subject is becoming
very pale.

1637 42 60 144 104 11.0 Helmet ache is severe,
but subject desires
to finish test.

1643 730 80 6 0 Monitor unwilling to
let subject ascend
to 100,000 feet

0 730 mm. Hg Is equivalent to ground level
141 mm. Hg is equivalent to 40.000 feet altitude
110 mm. Hg is equivalent to 45:000 feet altitude

6U nm. Hg is equivalent to 55.000 feet altitude
42 nmm. Hg is equivalent to 65.000 feet altitude

* The medical monitor was impressed with this subject's demonstration of motivation.
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Results:

a. Thirty-one MC-I tests were attempted. Twenty-two subects successfullycompleted
the 1 hour at 65,-000 feet. The causes for the nine terminations were:

(1) Presyncope (relative bradycardia, pallor, faintness) 4 subjects

(2) Psychological termination 2 subjects

(3) Tachycardia I subject .

(4) Intercommunication failure 1 subject

(5) Unable to fit subject to protect neck area properly I subject

b. The mean resting pulse was 82 beats/minute. The mean testpuise (not lncludingthose
during presyncope or tachycardia of 160) was 109 beats/minute. The mean Smc_l was 27. The *
for the Smc-I was 16. Two subjects had scores which were greater than 2 am above the mean. No
sibject had a score of less than the mean minus 2 o%.

Narrative Example Performances:

a. Subject had not had previous pressure suit experience, but performed extremelywell
by rapidly adapting to the stressful situation. He responded quickly with answers and was so much
at home in the threatening situation that he experimented and discussed In detail various breathing
cycles that he was performing as well as various motions with his arms and legs to test the mobility
of the suit.

b. The subject had had previous experience in the MC-3 pressure suit to 65,000 feet
barometric equivalent for 15 minutes. The subject's first attempt at this pressure suit test aborted
because the subject had intense gastric distress which he was unable to relieve. It was the observer's
impression that the subject tried to be fully cooperative in attempting to relieve this gas. The subject
spent an hour attempting to relieve this distress. He was unsuccessful and the run was finally aborted
by the physician. The remainder of that day was spent performing other physiological tests.

Two days later the subject again denitrogenated for 2 hours and as the blood sample
was drawn from his arm, he remarked frequently and bitterly about havingto submit to blood sampling.
He was moderately abusive to the medical observers who were drawing the blood samples and com-
plained with equal bitterness to the airmen that the MC-l was a poorand inadequate pressure suit.
Everyone who worked with him that morning was impressed that this subject was antagonistic and
moderately uncooperative. The chamber was evacuated by the carefully programmedproftle to 65,000
feet barometric equivalent. The subject experienced hyperventilation and great difficulty in breathing
adequately. The subject turned his thumb down, indicating he wished to be returned to a 40,000-foot
altitude. This was immediately accomplished. The total duration of this test at 65,000 feet was 2
minutes, 50 seconds. The subject agreed to attempt the return to 65, CO feet. This was accomplished
and this time he remained 2 minutes, 12 seconds. Again he indicated to the physician that be wished
"to return to sea level, stating: 'Tm sorry; I just can't hack it. I guess I was hyperventilating."
The physician In charge was impressed that this subject lacked motivation during this test and was
not making an effort to learn to breathe in the MC-1 suit. There were no physiological reasons for
termination of the test.

Interpretation:

a. The subjects who terminated the test for psychological reasons wre not well moU-
vated, andor were not able to conquer their apprehensions. A candidate who terminates for psycho-
logical reasons Is not, under any circumstances, suitable for recommendation by the physicalfitness
I investigators.
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b. The subjects who had an average test pulse 'rise less than the group average test
pulse rise were in better than average physical fitness. The subjects who had an average test pulse
rise greater than the group average test pulse rise were in poorer than average physical fitness.

c. No significance was attached to the occurrence of presyncope or tachycardia. It was
interpreted as representing a normal variation in physiological response to the stress of severe
positive pressure breathing. Dermksian6 -8 has reported syncope, presyncope, and cardiac arrhyth--
mias due to breath holding in normal, healthy pilots. The bradycardia is possiblydue to stimulation
of the efferent cardiacdeceleratornerves by lung stretch receptors. It is.reasonable tosuspectthat
atropine might prevent further bradycardias, as Dermnksian reported.

Tilt Table Test (see figure 6.7):

Equipment:

a. Tilt table capable of rotating from the horizontal to a 65" inclination.

b. Harvard step platform

c. Clock

d. Metronome

e. Sphygmomanometer

I. Stethoscope

Technique:

Subject wore long underwear on the lower torso and was fitted with a blood pressure cuff
"and stethoscope. Three sitting blood pressures and pulses were recorded at 1-minute intervals.
Then the subject performedthe Harvard step test for 3 minutes as described (vide supra). Immediately
upon completion of the exercise be stood upon the tilt table with his feet on a fixedplatform, previously
adjusted to the subject s comfort (figure 6.7). The head of the tilt table had been set at 65" from
horizontal. Sabject was then instructed to relax, not to move his arms, legs, or hips, and to avoid
unnecessary talking. During each minute of the 25 minutes with the tilt table at 65" the pulse and
blood pressure were recorded. If the subject was nauseated or pale it was noted. When syncope or
vomiting, was imminent, the test was terminated. If the subject did not follow di rections this was noted.
Following 25 minutes of standingon the tilt tableat 65' the subject was returned to the horizontal.
Three final blood pressures and pulses were recorded at 1-minute intervals.

E=xmple Record:

During the following example test, the subject was very cooperative. He experienced no
nausea And no pallor or marked sweating. His average pretest blood pressure was 116/70 and his
average testpulse was 138. The testsystolic was less than theaverage resting systollcby6 mm. Hg
diring minutes 14, 15, 18, 21, 22, 23, 24, and 25. The test diastolic was never less than the average
resting diastolic by>$6 mm. Hg. The total number of minutes that the systolic and/ordiastolic was
less than resting blood pressures was 8 minutes.
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Figure 6.7. Tilt Table Test
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Blood Pressure Pulse

Resting

1 rmin. 12D/70 100
2 mrin. 114/70 100
3 mrin. 114/70 96

After Exercise

1 min. .158/70 200
2 min. 1509/70 196
3 miin. 138/80 160
4 min. 134/80 140
5 min. 134/80 124
6 mrin. 128/80 132
7 mrin. 124/76 136
8 mrin. 124/80 124
9 mrin. 110/76 124

10 miin. 120/80 136
11 mrin. 12D/84 124
12 min. 118/80 132
13 min. 110/84 140
14 miin. 100/80 132
15 min. 104/80 140
16 min. 116/80 128
17 min. 110/84 136
18 mrin. 108/88 128
19 mrin. 110/86 132
20 min. 112/84 140
21 miin. 106/80 136
22 mrin. 102/80 132
23 mrin. 100/82 128
24 mrin. 100/80 128
25 miin. 98/84 132

"Subject Horizontal

1 min. 110/78 112
2 rmin. 110/70 112
3 min. 110/78 100

This arbitrary scoring system was designed to render a low final score for subjects with
bradycardI•, hypotension, and syncope. A higher than average resting blood pressure and tachy-
cardia produced a high score. A formula was developed to reflect the change of pulseandbloodpres.
sure. The average pulse value was divided by a constant (4) to keep the final score below 100.

to an The average pd l urblono the test was termed Ptt The numaver of minutes that the sysad

tolic ariT/or diastolic blood presiure was swgnieantly lower than the average resting systolic and/s
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diastolic blood pressures was 1ermed M. (If any test systolic pressure was 6 mm,. Ng or more less
than the resting 'systolic pressure, or If any test diastolic pressure was 6 mm. Hg or more less
than the resting diastolic pressure, this was considered significantly lower than the average resting
blood pressure.) The final score was termed S. The formula used for final scoring was:

P~t
S 25- M !-

Using the above example:

3t -)
4
M -8

Therefore, the final score would be:

S - 25 - 8 + 35 52

Results:

Thirty-one tilt table tests were administered. Twenty-four were uneventful. (In this
sense, uneventful means that the subject performed the test properly and/or that the subject's medi-
cal signs and symptoms were not of suffacient magnitude to terminate the test.) The other seven
tests were considered eventful due to the following:

(1) Presyncope (hypotension, pallor, lightheadedness)

causing termination of test 6 subjects

(2) Uncooperative subject; did not follow directions I subject

Two of the subjects who demonstrated presyncope were ill prior to the test. They were
inadvertently tested dairing their illnesses. Since their presyncope might well have been precipi-
tated by their illnesses, they were retested at another time when they were well. Both performed
uneventfully when retested. A third subject who was not ill, and who developed presyncope, was
also retested at his request and performed uneventfully during retesting. Therefore, there were
three remaining subjects who had developed presyncope but were not afforded a chance toattempt
to establish a higher score.

Interpretation:

There were inconsistencies in the administration of this test. Three subjects expert-
enced presyncope. They were retested and performed uneventfully. It would not be equitable to
compute a score based on the tilt table response during illness. It also would not be equitable to
score the remainder of the healthy. population, unless they were also retested and given an equal41. i~chance to attempt to establish a higher score. "
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METHOD OF RANKING CANDIDATES

The candidates who aborted the MC-I partial pressure suit test or the cold pressor test for
psychological reasons were automatically ranked lowest. The remaluingcandidates were ranked by
an analysis of their final scores on the Harvard step test, the Flack test, the treadmill test, and 'he
MC-l partial pressure suit test. Table 6.1 presents all of the performance scores of the candidates
on the physical fitness tests.

Scoring Technique:

1. . The mean score was subtracted from the score of the candidate.

2. The standard deviation was determined for each of the tests.

3. Then it was determined how greatly the subject's score differed from the mean. This dif-
ference was expressed as &" from the mean for each subject.

4. Each subject's score on each of the four tests was expressed as & from the mean.

5. The algebraic sum of a frdm the mean on these four tests was the final physical fitness
score of the candidates.

The following are examples of the scoring technique:

The Mean. Score Subtracted from The Subject's Score Expressed as a,
the Subject' s Score from the Mean Score Physical

Example Fitness
Subject Harvard Flack Treadmill MC-I* Harvard Flack Treadmill MC-l Score

K +11.1 +104.8 +34.6 +23.6 +2.10 +3.34 *2.37 +1.47 +9.28

AA" + 1.4 - 1.2 +19.6 -13.4 +0.26 -0.04 ÷1.34 -0.84 +0.72

Q -13.8 - 24.2 -21.4 - 0.4 -2.60 -0.77 -1.47 -0.30 -4.87

Harvard Mean - 52.8 Harvardo = 5.3
Flack Mean = 66.2 Flack o = 31.3
Treadmill Mean - 75.4 Treadmill a = 14.6
MC-l Mean - 26.6 MC-l Cr - 16.0

Table 6.2 is a complete list of the scores of the candidates. Table 6.3 shows the final candi-
date ranking.

Interpretation:

The candidates who had higher total scores and are at the top of the ranking list are in better
physical fitness than those candidates who had lower total scores and are at the bottom of the list.
The candidates in a better state of physical fitness are more desirable for Project Mercury.

• The mean score was subtracted from the subject's scores but and - were reversed as lowpulse
change Is more desirable.
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TABLE 6.2

FINAL SCORE TABULATION OF PHYSICAL FITNESS TESTS

(The Subject!s Score Expressed as o- from the Mean Scare)

Subject Harvard Flack Treadmill MC-1 Total

A -0.72 .0.73 -0.30 +0.66 .0.37

C -0.56 +0.12 +0.11 +0.72 .0.39

DO -0.53 -0.04 +0.0.31 +0.'54 02

G +0.59 -0.45 .0.86 .1. 41 v.2.41
H +1.75 + 0.47 -0.16 -0.03 +2.03
1 -0.49 -1.27 -0.71 -0.28 -2.75
J -0.74 0.00 -0.10 -2.15 -2.99
K +2.10 +3.34 +2.37 +1.47 .9.28
L 0.00 .0.79 .0.66 -0.28 -. 1.17

J -0.51 -0.44 -1.19 -0.09 -2.23

0 -0.51 -1.01 -1.19 .1.23 -1.48
P, -0.30 .0.92 .0.66 .-0.15 .1.13
Q -2.60 -0.77 -1.47 -0.03 -4.87
R +0.60 --0.55 .0.52 -0.34 - 0.23

.0.60 -1.09 +0.93 +0.79 .1.23
T 0.00 -1.00 +1-27 -2.46 -2.19
U -.0.70 *--0.20 -0.98 -0.96 -2.84
V .0.40 +0.86 +0.25 +0.91 +2.42
w -1.90 .- 0.20 -1.26 -0.77 -4.13
X -0.62 -0.17 -0.37 -1.46 -2.62
y .1.28 -0.04 -0.37 + 0.72 .1.59
2 +1.43 -0.58 -1.05 +1-04 .0.84

AA +0.26 -0.04 +1. 34 .~-0.84 +0.72
BB +0.90 +0.89 +0.72 .1.47 +3.98
cc -0.20 -0.42 -0.10 -1.15 -- 1.87
DD .0.23 +0.15 +1.48 -0.34 +1.52
EE +1.11 +2.32 .1.14 .0.23 +4.80

SSubjects who terminated tests for psychological reasons
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TABLE 6.3

FINAL RANKING OF CANDIDATES ON PHYSICAL FITNESS TESTS

(The Subject's Score Expressed as o% from the Mean Score)

Rank Subject Score

I K .9.28
2 KE +4.80
3 BB +3.98'
4 V +2.42
5 G +2.41
6 li +2.03
7 Y +1.59
S DOD +1.52
9 S +1.23

10 L - +1.17
11 P +1.13
12 Z +0.84
13 AA +0.72
14 C +0.39
15 A +0.37
16 E +0.28
17 R +0.23
18 0 -1.48
19 CC -1.87
20 T -2.19
21 M -2.23
22 X -2.62
23 1 -2.75
24 U -2.84
25 J -2.99
26 W -4.13
27 Q -4.:87

DO
~F•,

* Subjqcts who terminated tests
for psychological reasons

WADC '"R 59-505 79



REFERENCES
10.

6.1. McGuire, T. F. 9tress Tolerance Studies, Part I. Unpublished Data. 1958.

6.2. McGuire, T. F. Tolerance to Physical Stress, Part 11. Unpublished Data. 1958.

6.3. Balke, B. Correlation of Static and Physical Endurance. Proj. No. 21-32-004.
Air University, School of Aviation Medicine, Randolph Air Force Base, Texas. 1952.

6.4. Hale, H. B., et al. Changes in Plasma Corticosterolds and Bicarbonate as a Result
of Piloting Supersonic Aircraft. Report 59-61. Air University, School of Aviation
Medicine, Randolph Air Force Base, Texas. April 1959.

6.5. Hale,. H. B., et al. "Plasma Corticosteroid Levels In Aircrewmen after Long
Flights." J. Clin. Endocrin. and Metab. XVUI. 1440-43. December 1958;

6.6. Marchbanks, V. H., Jr., et a!: "Effect of Flying Stress on Urinary 17 Hydroxy-"
corticosteroid Levels: Observations During a 22-1/2 Hour Mission." J. Av. Med.
29. 676-682. September 1958.

6.7. Wiggers, C., et al. "Standardization of Blood Pressure Reading." Am. Heart J..
S18•95-101. July 1939.

6.8. Dermksian, G., and L. Lamb. Cardiac Arrhythmias in Enqterimental ynoe.
Report 59-16. Air University, School of Aviation Medicine, Randolph Air Force
Base, Texas. November 1958.

WADC TR 59-505 80



CHAPTER VII

PSYCHOLOGICAL TESTS'

.. E. unf, Capt., USAF, MC

INTRODUCTION

Because the emotional-demands of space flight may be severe, a variety of psychologicaltests
were included In the Project Mercury Candidate Evaluation Program. Criteria for recommenda-
tions on each candidate's psychological qualifications were based both on the mission requirements
and on a study of behavior under stress conditions analogous to those anticipated daring an orbital
flight. These requirements suggested that the following general characteristics would be desirable
in the pilot of a space vehicle:

1. He should have a high level of intelligence, with abilities to interpret instruments, perceive
mathematical relationshipand maintain spatial orientation.

2. He should demonstrate evidence of sufficient drive and creativity to Insure positive contri-
butions to the development of the vehicle and other aspects of the project as a whole.

3. He should not be overly dependent on others for the satisfaction of his needs. At the same
time, he must be able to accept dependence on others---engineers, ground crews, and the like-
when required for the success of the mission. He must be able to tolerate both close associations
and extreme isolation.

4. The pilot should be able to function when out of familiai surroundings and when usual pat-
terns of behavior are impossible.

5. He must show evidence of ability to respond predictably to foreseeable situations, without
losing the capacity to adapt flexibly to circumstances which cannot be foreseen.

6. His motivation should -depend primarilyon interest in the mission rather than on exaggera-
ted needs for personal accomplishment....

7. He should not demonstrate evidence of impulsivity. He must act whenaction is appropriate,
but refrain from action when inactivity is appropriate. He must be able to tolerate stressful situa-
tions passively without requiring motor activity to dissipate anxiety.

PSYCHOLOGICAL EVALUATION TECHNIQUE

The psychological evaluation included 30 hours of psch•latrle interviews, psychological testso
and observations of stressful tests. The information obtained was used to rate candidates In eachof
17 categories. Ratings were made on the basis of specific featuies of behavior, both as indicated
by the past history and as observed during the inter.iews and tests. The 17 categories are:

1. Drive. -An estimate of the total quantity of Instinctive energy

2. Freedom from Conflict 4 !d Andet, -A clinical evaluation of the number and severity of A
unresolT•i problem -area and o0 the extent to which they Interfere with the canddt•e's functioning.

WADC TR 59W505 81

I .1



3. Effectiveness of Defenses. -A rating of the efficiency of psychological defenses. It was
* asked, for example, whether defenses are flexible and adaptive or rigid and inappropriate.

4. Free Energy. -An evaluation &f the quantity of neutral energy. An attempt was made to
-determineiiwetherdefenses were so expensive to maintain that nothing is left for creative activity.

5. Identity .- An appraisal of how well the candidate has established a concept 1 himselfand
his relationship to the rest of the world

6. Object Relationships. -An estimate of the candidate's capacity to form gemnune relation-
ships. Can he withdraw from these when necessary? To what extent Is he Involved in Nio relation-
ships with others?

'7. Reality Testing. -An evaluation of the degree to which the subject's view of his environ-
ment Is undistorted. Iwas also determined if his life experie ices had been broad enough to allowa
sophisticated appraisal of the world and If his view of the mission represents fantasy or reality.

8. Dependency.-An estimate of how much the candidate must rely on others. .fowwelldoes
he accept dependency needs? Is separation anxiety likely to interfere with his conduct of the mis-
sion?

9. Adaptability. -A rating of how well he adapts to changing circumstances. What Is the
range of oditions under which he can function? What are the adjustments he can makhe? Can he
compromise flexibly?

10. Freedom from Impuisivity. -An evaluation of the candidate's capacity to delay gratifica-
tion of his needs. This depends partly on whether his behavior in the past has been consistent and
predictable.

11. Need for Activity.-An estimate of the minimum degree of motor activity required. Can
the candidate tolerate enforced passivity?

12. Somatization.-An estimate of the probability that the candidate will develop physical
symptoms while under stress

13. Quantity of Motivation.--An evaluation of how strongly the candidate wishes to participate
in the mission. Are there conf1 icts between motives? Are these conflicts conscionusorunconscious?
Will his motivation remain at a high level?

14. Quality of Motivation. -A rating of the effectiveness of the candidate's motivation. Ls he
motivated by a desire for personal gratification? Does he show evidence of self-destructive wishes?
Is he attempting to test adolescent fantasies of invulnerability?

15. Frustration Tolerance. -An appraisal of the probable result of failure to reach estab-
lished goals. What behavior can be expected in the face of innoyances, delays, or disappointments?

16. Social Relationships.-An evaluation of how well the subject works with a g-mp. Doeshe
have signUlcamt authority problems? Will he contribute to the success of missions for Which he is
not chosen as pilot? How well do other candidates like him?

17. Over-all Rating.-An estimate of the subject's suitability for the mission, based upon
interviewstest results, and other Information considered relevant.
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PSYCKOLOGICAL TESTS

Initial evaluations of the candidates were made by two psychiatrists, who carried out separate
inteoy.ews of each man. Ratings by the psychiatrists were compared, information was pooled, and
a combined rating was made. Areas of doubt and disagreement were recorded for subsequent inves-
tigation.

The men accepted for the final screening procedure were seen again several weeks later, after
an intensive evaluation of their physical status had been completed. Each candidate was reinter-
viewed and the following psychological tests were administered:

Personality and Motivation:

1. Rorschach Test.-By observing the nature of a subject's associations to 10 ambiguous
ink blots, the psychologtet is able to probe relatively deep levels of the personality. Important
information on emotional conflicts and defense mechanisms can be obtained by analyzing what is
seen and how it is seen.

2. Thematic Apperception Test.-The subject is asked to tell stories suggested by a series
of pictures. This test yields informsin about interpersonal relationships on a fairly deep level.

3. Draw-a-Person.-By drawing male and female human figures, the subject gives informa-
tion on his body image and feelings about his place in the world.

4. Sentence-Completion Test.-This is a series of incomplete sentences which are comple-
ted by the subject. His choice of conclusions provides further personality data.

5. Minnesota Multiphasic Personality Inventory.-An objective paper-and-pencil test which
"offers a description of personality based on responses to a 566-item questionnaire.

6. Gordon Personal Profile. -Information on 5 aspects of personality is obtained by asking
the subject to choose, from each of 17 groups of 4 statements, the one which describes him bestand
the one which describes him least.

.7. Edwards Personal Preference Schedule. -The subject must choose one statement from
each of 225 pairs of sell-descriptive statements. This yields scores representing 12 personality
dimensions.

8. Shipley Personal Inventory.--TA test involving 20 pairs of self-descriptive statements
related to psychosomatic problems

"9. Outer-Inner Preferences..-The subject chooses onestatement from eachof 52pairs of state-
Inents on feelings abou6t activities, things, and other people. This measures interest in and depend-
ency on social groups. -

10. Pensacola Z.-By choosing one statement from each of 66 pairs of statements, the subject
gives information on "authoritarian" attitudes.

11. Officer Effectiveness Inventory.-A multiple-choice, self-descriptive test of character-
istics related to successful officer performance

12. "Who Am l?"-The subject is asked to write 20 m rs to the question: "Who am I?"
This is interpreted projectively to give information on identity and perception of social roles.
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13. Peer Ratings. -Each candidate is asked to indicate -which of the other memberfs of the
group accompanying fim through the program he likes best, which one he would like to accompany
him on a two-man mission, and which one he would assign to the mission if he could not-go himself.

Intellectual Functions and Special Aptitudes:
1. Wechsler Adult Intelligence Scale.-A relatively objective measure of It verbalandper-

formance funcuons

2. Miller Analogies. -A test of Intelligence based on the ability to comprehend analogies

3. Haven Progressive Matrices. -A test of nonverbal concept formation

4. Doppelt Mathematical Reasoning Test.-A test of -mthematical aptitudes

5. Engineering Analogies .- A measure of engineering aptitudes and achievement

6. Mechanical Comprehension. -A measure of mechanical aptitudes and ability to apply
mechanical' principles

7. Air Force Officer Qualification Test.-Tbe portions used are measures of verbal and
quan~tatrve 'aptiude-s.

8. Aviatioi Qualification Test (USN).-A measure of academic achievement

9. Space Memory. -A test of memory for location of objects in space

_10. Spatial Orientation. -By testing the speed of locating details in aerial photographs and
matching photographs with maps, spatial visualization and orientation are determined.

. ... . 11. Gottschaldt Hidden Figures.-A measure of ability to locate a specifledformimbedded in
a mass of irrelevant details

12. Guilford- Zimmerman SPatial Visualization.-A test of ability to visualize movement in space

REACTIONS TO STRESS TESTS

In addition to the interviews and tests, important informationwas0obtained from the reactions
of each candidate toa series of stress experiments simulating conditions expected duringtbe mission.
Neither the design of these tests nor the physiological variables measured will be discussed. Psycho-
logical data were derived from direct observation of behavior, postexperimental interviews, and
administration before andafter each run of alternate forms of'sixtests ofperceptualandpsychomotor
functions. These procedures were:

I. Pressure Silt Test.-After dressing in a tight-fitting garment designedtoapply pressure
to the bod_ during high'-al~tudR flight, each candidate entered a chamber simulating an altitude of
65,000 feet. This produces severe physical discomfort and confinement.

2. Isolation. -Each man was confined to a dark, soundproof room for 3 hours (see figure 7..
While thisiEUliperiodin not stressful for most people, data are. obtained on the style of adaptation
to Isolation. This procedure aids in Identifying subjects who cannot tolerate enforced inactivity,
enclosure In small spaces, or absence of externalstimull.

3. Complex Behavioral Simulator. -The candidate was required to make different responses
to each of 14 2gnals which appeared in random order at increasin rates of speed (see figure 7. ).
Since the test produces a maximum of confusion and frustration, it measures ability to organize
behavior and to maintain emotional equilibrium under stress.
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Figure 7. 1. Isolation Test. Light on Subject's Face for Photographic Purposes Only

4. Acceleration. The candidates were placed on the human centrifuge in various positions
and subjected to different g-forces. This procedure leads to anxiety, disorientation, and blackout
in susceptible subjects.

5. Noise and Vibration. -Candidates were vibrated at varying frequencies and amplitudes
and subjected to high-energy sound. Efficiency is often impaired under these conditions.

6. Beat. -Each candidate spent 2 hours in a chamber maintained at 130* F. Once again,
this is an-u•ncomfortable experience during which efficiency might be impaired.

FINAL RANKING

Alter all o( the tests were completed, an evaluation of each man was made by a conference of
those who had gathered the psychological data. Final ratings were made in each category described
previously and special aptitudes were considered. Each candidate was then ranked according to the
estimate of his psychological qualifications for the mission.
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Figure 71.2. Complex Behavioral Simulator. Observer Stands behind Subject.
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CHAPTER VITT

THE CANDIDATE EVALUATIO14 COMMITTEE

The Candidate Evaluation Committee rendered professional interpretation of the biomedical data
collected at the Aerospace Medical Laboratory during testing of the candidates. The final objective
was to rank and recommend the candidates. The candidates ranked as outstanding were, in the
opinion of the Committee, the most desirable team members for Project Mercury. The candidates
not recommended were not desirable as members. The remaining candidates were ranked ashighly
recommended. This means that they were suitable for Project Mercury, but did not demonstrate
the characteristics seen in the outstanding group.

"ORGANIZATION

Chalrnun

The position of chairman was occupied by the Aerospace Medical Laboratory Project Coordi-
nator. He presided at all meetings and established rules of policy.

Secretary:

The position of secretary was filled by the Candidate Evaluation Program Task Officer. His duties
consisted of receivingfrom each principal Investigator, the raw data, mark sense cards, narrative
summaries, and other pertinent information derived from the candidates, and then dispersing this
Information to appropriate agencies for use in the selection of the Mercury Astronauts. He ai-
tained written records of each meeqn..

Principal Investigators:

Each unit was represented on the Committee by the principal investigator or his appointed
representative. The principal investigator was responsible for preparing: interpretive summaries
on each candidate, mark sense cards, and records of test performance.

Assistant Investigators:

Each unit was encouraged to setd assistant investigators to the Committee meetings where they
contributed to the information and evaluation of the candidates.

PROCEDURE

Weekly Meetings:

A meeting of the Committee was held each week. Once the Committee was assembled, .each
unit's principal investigator briefed the Committee on the results of each candidate's performance.
Prior to the Committee briefing, the Investigator and his assistants avoided discussion of the candi-
date's performance with any other Committee member except in the rare instances where it was
medically indicated. Each principal investigator performed a unit ranking of the candidates, based
on performance, and each week the unit ranking list incorporated ill of the previously tested candi-
dates. When the Committee had been thoroughly briefed on all of the candidates each week, It Jointly
ranked them.
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Final Meeting:

The final Committee meeting accomplished two tasks, First, the Committee, ranked all of
the candidates on the basis of to4al performance as It had done each previous week. Second, the
Committee rated each of the candidates as outstanding, highly recommended, or not recommended.

In an approach to final candidate recommendations, it was the unanimous opinion of the Com-
mittee that candidates, with character traits undesirable in the team effort, should not be recom-
mended. It was the opinion of the Committee that there were eight candidates who should not be
recommended for Project Mercury because they demonstrated alack of the attributes necessary in
the team effort of Project Mercury.

The remainder of the candidates (23) were divided Into outstanding or highly recommended.
Those who were chosen as outstanding candidates demonstrated excellence in maturity, inteUlience
motivation, and emotional stability. It was desirable but not mandatory that they also demonstrated
excellence in physiological performance to the stressful tests which were given throughout the Aero..
space Medical Laboratory. The candidates ranked as highly recommended performed in a highly
satisfactory manner and were seemingly adequate for Project Mercury. But on the basis of cozt-
peUtive performance they had not attained that degree of excellence which had been demonstrated by
those rated as outstanding. Seven candidates were recommended as outstanding, without reserva-
tions. Three additional candidates were recommended as outstanding with reservations. The reasons
for reservations were:

1. One candidate was not entirely sure that he desired to continue on in Project Mercury.

2. One candidate had a heart murmur of probable organic etiology.

3. One candidate had a very high index of strain as a result of his performance on the heat tes.

The purpose of the reservations was to bring these problems to the attention of the NASA selection
team.

There were 13 candidates who were highly recommended. Table 8.1 is a summary of the rank-
Ing of all of the candidates by each unit. Table 8.2lists the Committee's final recommendations.

The candidates chosen as Mercury Astronauts by the National Aeronautics and Space Adminis-
tration were: G, K, R, S, U, Z, EE. All but one of the candidates recommended as outstandingby
the Committee were chosen as Mercury Astronauts.
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TABLE 8.1

FINAL RANKING OF CANDIDATES

UNIT RANKING -

Biological Biological.
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TABLE 8.2

FINAL RECOMMENDATIONS

Outstanding Outstanding Highly Not
Without Reservations With Reservations Recommended Recommended
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CHAPTER IX

DATA PROCESSING CORRELATION STUDIES

C. L. Wilson, Capt., USAF, MC

TECHNIQUE

Whenever a test was given to a candidate, raw data were gathered. In some instances, the
performance data could be expressed as one numerical value (for example, the positive g before
blackout). More frequently, the performance data formed a lengthy list of components (forexample,
pulses, blood pressures, biochemical values, and subjective comments). Some of these components
were rendered into a final score, not always a reflection of all.of the component bits of information.

For example, the components of performance of the partial pressure suit test are:
•/ 1. Pr "83

2. Pt 1 144

3. Test abort due to presyncope

4. Test abort due to tachycardia

5. Test abort for psychological reasons

6. Duration at 65,000 feet

7. Previous pressure suit experience

8. Pretest urinary catacholamine

I9. Posttest urinary catacholamine

10. Pretest plasma steroid

S"11. Posttest plasma steroid

12. Pretest 3-methoxy-4-hydroxymandelc -acid

"13. Posttest 3-methoxy-4-hydroxymandelic acid

The final MC-I score only reflected the pulse change during the test. The score was SI. 1
Pt " Pr , 61. Thus, the final score did not reflect all of the component bits of data aWred
daring the test.

MARK SE CARD

Rt became apparent that a great portion of the component data could not conveniently be Incor-
porated into the final test score. It was desirable that these components in some way be recorded
and correlated with one another to determine the existence or nonexistence of any significant
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relationships. For e22 .ple, It wovuld be ivaluable to demonstrate If there is a significant correla-
tion between an Increasing A-P diameter of the cheqst by anthropometric measurement and an increas-
ing ability to breathe more normally at 8 forward g's. It would also be valuable to know If those
chosen as Astronauts demonstrated performance significantly different from the non-Astronauts.

It was possible to record Mflbe-Wst comphents'on a mark sense card.* Figure 9.1 shows an
example of the mark sense cards which were developed for the MC-1 partial pressure suit test. lii.
data on the example card was extracted from the ?AC-1 test example.
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The marked card is later processed in a mark sensing machine.* These cards must also be
Identified as to subject, card number, and test, This can easily be done by punch holes. When the
card is complete it will have the. subject's Identity, test, and component data,

VARIABLES FOR CORRELATION

Each testing section was queried as to what components (variables) it wished to submit for
correlation studies. Appendix TV lists those variables. There were 104 of them to be correlated.

QUESTIONS TO BE ANSWERED

Once the data had been collected, reduced, and the component information placed on punch
cards, it became feasible to program specific correlation trials which the card processor could
perform. All answers were expressed as correlation coefficients.

When a correlation coefficient is other than zero, an apparent relationship exists between the
two variables, When an apparent relationship exists between variables A and B it may mean one of
the following:

1. That there is a cause and effect relationship.

2. Tiat there is a denominator common to A and B.

"3. That there ii no actual relationshij between A and B, but that the apparent relationship

was due to chance in sampling.

The correlation coefficient is expressed as r. In sampling of 31 subjects from a universe, if
r is greater than 0.449, then one may be at least 99% confident that any relationship which appar-
ently exists Is not due to chance. If r is greater than 0.8000 then one may Infer that the relationslip
which exists is very probably real. If r is less than 0.2000 then it is highly probable that the com-
ponents are not actually related by cause and effect or a common denominator. When a minus sign
precedes r, an apparent negative correlation exists.

EXAMPLE OF INTERPRETATION

Componint 16-compared writh component 17 has a high r value of 0.8909. It appears that the
total I.Q. and the verbal I.Q. are significantly related. This Interpretation appeals to reason.

Component 16 compared with component 101 has an r value of 0.5150. While it is conceivable
that a real relationship between I.Q. and milliliters of oxygenamlse could exist, it is more reason-
able to conclude that no real significance exists, and that the apparent cause for relationship Is not
obvious.

SAppendix IV demonstrates that-there are approximately 250 r values greater than 0.449. The
reader must judge for himself which variables are significantly related. Often where there arehigh

* The data processing was accomplished through an existing contract with the University of Daytoa.
Miss Theresa A. Fricke, statistical consultant, contributed greatly to the fina data processing
and calculation of correlation coefficients.
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r values (above 0.8000), the two variables are measurements of the same or nearly the same test.
Examples are: .6 and 17, 51 and 53, 65 and 102, 73 and 83, and 94 and 95,

In addition to determining the significant correlations between various tests, It was valuable
to know if there was a difference between the performance of the Astronauts and the non-Astronauts.
This was determined by a statistical analysis (see Appendix V).

To test whether the variability of the test performance among the Astronauts Is the same as
the variability among the non-Astronauts, the ratio of the variances (S2) of the two groups is used.
This ratio is taken such that the larger S2 is in the numerator. The ratio is compared with the
critical F statistic-. f the computed ratio exceeds the critical F statistic of 3.71 (with S2 of the
numerator based on 7 observations and 52 of the denominator based on 24) or the critical F statistic
of 7.33 (with S2 of the numerator based on 24 observations, S2 of the denominator based on 7) then
the two variances are significantly different from one another at the 99% confidence level. The fol-
lowing tests show the significant differences in variability between the two groups:

Test XA XN S2 S2 F

36 39.0 37.5 24.00 302.69 12.61

86 787.1 626.1 287057.18 50943.43 5.63

94 6.0 9.3 3.33 32.25 9.68

100 191.4 176.1 1407.03 322.65 4.36

103 54.7 57.9 20.41 227.17 11,13

-A - Mean Astronaut Score S2A = Astronaut Variance
XN - Mean Non-Astronaut Score S2N = Non-Astronaut Variance

F Represents the Ratio of the Variances

To test whether the mean test result of the Astronauts is significantly different from the mean
result for non-Astronauts, the difference between these two means is examined in relation to the
variance of the means. In other. words, the difference is examined in the light of how well that dif-
ference can be reproduced. This is done by means of the t statistic (t represents the probability of
statistical difference).

at

The 99% critical value of t with variance based on 29 observations is 2.756. Only twotestsexceeded V
ths value:

Test XA S2A S;2N F t

1 7.6 6.5 0.36 0.78 2.16 3.0

22 15.7 13.8 1.08 2.69 2.49 2.8
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It may be concluded that the Astronaut performance was significantly different from the non-
Astronauts on only two tests, both psychological-I (Total Psychological Score) and 22 (Similari-
ties in WAIS, Wechsler Adult Intelligence).
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CHAPTER X

DISCUSSION AND RECOMMENDATIONS

Thirty-one highly selectedr adult males were the subjects of a crew recommendatiorn study.
Data were gathered from the performance of each subject on each test. One hundred and four per-
formance variables were correlated. The following statements represent preliminary impressions
from this Project Mercury Candidate Evaluation Program. It is recognized that the investigators
were studying a small, highlyfselected population. Therefore, it is difficult to render conclusions
on statistical significance.

1. Psychological stability is the most important consideration in evaluating a candidate. The
intelligence, maturity, and motivation of a candidate are vital areas to be assessed before render-
ing a recommendation.

2. Excellent physiological performance was a secondary consideration in the final Committee
recommendations.

3. The main value of a severely stressful physiological test was the interpretation of the
psychological response to that stress test. Wthenever a subject terminated a severe -test for psycho-
logical reasons, he was not recommended by the Committee.

4. It is possible to eliminate subjects by use of stressful tests. It is not presently possible
to select subjects withconfidence, where selection is based entirely upon their excellent phyiiological
performances.

5. No single, nonsimulating test has been identified which will be of great assistance in
recommending crew members. A large battery of tests, such as were performed, lends confidence
to the final recommendations.

6. Whenever a candidate is being considered for a special mission, it is desirable that a large
number of trained observers each have the opportunity to test him and to render an opinion before
the final recommendation.

7. This study has demonstrated that there is no statistically significant difference in the
physiological or biochemical responses of the Mercury Astronauts when compared with the remain-
der of the NASA candidates-

8. There is no-evidence to support a thesis which maintains that visual inspectio-: biochedi-
cal measurements, or physiological responses of a candidate are of principal value in renderng a
reliable recommendation of suitable candidates. These are secondary considerations.

9. While the hormones and their metabolites are valuable research tools, this study has dem-
onstrated that they were not significantly different .in the Mercury Astronauts when compared w.ith
the remaining NASA candidates. -

10. There is every reason.to suspect that safe, standardized, moderatelystresslul and severely
stressful tests (such as having the subject walk on the treadmill until he voluntarily term inates,
would be of great assistance in future crew recommendation programs, since severe stress also
tests the candidate's motivation.

11. It is believed that testing of those who did not volunteer as candidates utuld be valuable,
since the nonvolunteer group might lack the same intensity of motivation which was possed by the
volunteers.

WADC TR 59-505 99

fr~ -



APPENDIX I

ME-DICAL' EVA LUAT IONS

PERFORMED AT THE LOVELACE FOUNDATION

SCHEDULE 1. LABORATORY TESTS

Cholesterol Special Hematology Smear
Differential Blood Sugar
Hemoglobin Stool Examinations for Ova and Parasites
Leucocytes Urinalysis.
Hematocrit Gastric Analysis
Blood Grouping Electrocardiogram with Master 2-Step
RH Factor Ballistocardiogram
Serology Electroencephalogram

* Sedimentation Rate 24-flour Urinary 17-Ketosteroid Excretion
Liver Function Test (BSP) Electrolyte Studies
Sperm Count Catacholamines Urinary
Throat Culture and Smear Ure~a Clearance
Smear of Nasal Mucosa Protein Electrophoresis
Serumn Protein-Bound Iodine

SCHEDULE 11.. X-RAY EXAMINATIONS

Chest - P-A during Inspiration, P-A during Expiration, Right Lateral of Chest
Colon - Barium Enema (High kv. Technique Used for Compression Spot Films;

Image Intensifier Used for Fluoroscopy)
Sinuses
Lumbosacral Spine - A-P and Lateral (Obliques when Indicated)
Stomach and Esophagus -(image Intensifier Used for Fluoroscopy)
.Teeth

SCHEDULE 111. OPHTHALMOLOGY

History and Examination including Dilation, Visual Fields, Tonometry, Slit Lamp
* Studies, Dynamic Visual Acuity, and Depth Perception Test

Dark Room Examination
Photography of Conjunctival Vessel and Retina

SCHEDULE IV. OTOLARYNGOLOGY

Examination, Indirect Laryngioscopy, and Nasopharyngoscopy
Audiogram, and Audiogram with Background Noise
Speech Discrimination Test and Tape Recording of Voice
Labyrinthine Sensitivity Stuqis - Caloric Test
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SCHEDULE V. SPECIAL PHYSIOLOGICAL EXAMINATIONS

Bicycle Ergometer Test
Pulmonary Function Tests - Vital Capacity and Maximum Areathing Capacity
Total Body Radiation Count - Performed by Los Alarni.,s Scientific Laboratory,
K40 Method of Determination of Lean-Body Mass - Performed by Los Alamos
S- Scientific Laboratory
Specific Gravity of Whole Body
Blood Volume and Total Circulating Hemoglobin
Total Body Water Determination

SCHEDULE VT. CARDIOLOGY

Examination by Cardiologist
"Special Vectorcardiogram
Phonocardlogram

SCHEDULE VII.

Complete Medical History with Special Questions on Aviation Experience
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APPENDIX II

MODIFICATIONS OF PHYSICAL FITNESS TESTS -

Harvard Step Test:

1. All subjects will be provided with tennis shoes since testing In stocing feet iiay produce
bUsters or hematomas.

2. All subjects must try to continue to perform for 5 minutes on the Harvard step test. Even
if their pace slacks to a very slow speed, they shall be encouraged. If they voluntarily quit (none of
them did), this shall be recorded. The number of steps-up will be counted on a mechanicalcounter.
The main reason for this change Is that it would be impossible to reschedule the subject for afuture
step test. Another reason for encouraging the candidate to continue for 5 minutes is to give the
observer a chance to see and describe the subject's coordination, motivation, and physical stamina.
Such observations greatly assist the investigators in their narrative summaries.

Flack Test:

Only the length of time that the subject maintained the column of mercury at 40 mm. Hg was
recorded. Since the test is of W estionable value, it was decided to use the most promising meas-
urement. Powell and Sunahara-i1 report extensively on thistest.

Cold Pressor Test-

No changes were made in the administration of this test. These subjects did not know about
this test until the moment they were confronted with Ice water. It is very interesting and prolably
significant that the coinvestigators independently decided that all subjects should be able to keep
their feet in the ice water for the 7 minutes. Those who withdrew their feet were probably less
motivated, probably uncooperative. Having made this decision, they then read McGuire's interpre-
tationu- 2 which is identical. The coinvestigators declined further interpretation of the coldpressor
test. Here was an excellent opportunity to correlate a physiological reaction with the Mercury
Astronaut population and with other tests performed throughout the laboratory. Since the Mercury
Astronauts were chosen with no consideration for physiological responses to the cold pressor test,
there would be no previously existing relationship.

MC-1 Test:

Several changes were incorporated into this test:

1. The feet were not wrapped with ace bandage. Abundant evidence (Wilson and Zlnnfl- 3 )
shows no MC-l terminations because of foot discomfort. No NASA subject complained of foot dis-
comfort when wearing regular oxford shoes diring the test. in the past an occasional test would be
aborted because of ischemia caused by the ace bandage being too tight.

2. Blood pressures were not recorded. The errors inherent in the strain gaug method and
"the delays so frequently encountered In balancing the strain gauge rendered it Impractical. When a
reliable method is available, it will be of great value.

3. The precordial leads were not uised. Detailed analysis of previous precordial andstanurd
ERG tracings demonstrates that sufficient information for analysis is available in the atandardleada
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4. The MA-2 helmet was used In lieu of the short neckseal K-i. The purpose was twofold.
The neckseal of the KoI helmet was a frequent cause of MC-1 pressure suit test abortions. Often
the K-I neckseal leaked dangerously, lowered the bladder and helmet pressures to hypoxic levels
in 5% of McGuire's cases. Also, the K-i helmets were sufficiently uncomfortable to cause test
abortion In 7% of McGuire's cases9U-4. Since these NASA subjects were only available for one test,
and since the endpoint of testing was Intended to be either physiological or psychological, a more
reliable and comfortable helmet was chosen. The MA-2 helmet met the requirements; A secondary
reason was to determine the percent of presyncopic terminations in pilot populations wearing these
two different helmets. McGuirell- 2 reasons that at least part of the episodes of syncope or presyn-
cope (vide infra) could be due to carotid body or common carotid artery pressure. This argument
has some merit since the poor counterpressurizing neck of the helmet does cause locally higher
capillary pressure which effects a transfer of more fluid into the cells and Interstitial spaces. Wil-
son and Zinnll. 3 had described actual extra-arterial occlusion subsequent to poor counterpressuri-
zaiion. If McGulre's series of a similar pilot population wearing the K-i helmet experienced
greater frequency of presyncope or syncope than the NASA candidate population, then further evi-
dence to support the thesis that the poor neck cou.nterpressurization of the K-I helmet was in part j
responsible for- cases of syncope.

5. There were no other departures from the MC-I test profile. The program was strictly
adhered to in every case. The endpoints for termination were those recommended by a jointagree-
ment of McGuire, Leary, and Wilson (vide infra).

6. The scoring system was changed.-The coinvest or r "IthMC:ir"!fe
an average test pulsu, which is unchanged or only slightly higher than an average pretest resting
pulse, is desirable. This element was retained in the scoring. TIc coinvestigators -reasoned that
psychological terminations should be separated from physiological terminations. The coinvestiga-
tors did not recommend any candidate who terminated the MC-I test for psychological reasons.

Wilson and Zinnf-3 reported that a sizable portion of different pilot populations (13% to 21ca
have experienced presyncope or unconsciousness during the MC-i test. There is no totally rational
reason to eliminate a candidate because he becomes presyncopic during the test. In an attempt to
perform an unbiased correlation between the development of presyneope and the selectionof Mercury
Astronauts, no interpretation was made of the episode of presyncope. Tachycardia (one case) was
handled in an identical manner (vide infra).

Tilt Table Test:

Two minor variations were made In this test. Immediately after the subject terminated the
3-minute Harvard step test, he stood on the tilt table which was preset at 65". Thus, the long axis
of the subject's body was 650 above the horizontal and the head was elevated. An assistant secured
the shoulder braces while the investigator place-the blood pressure cuff on the subject's righiarin.
This took 30 seconds. Thus, it was possible to obtain a pulse and blood pressure during the first

- minute following the exercise. When the subject is directed to stand on the tilt table immediately
after exercise (rather than rest on the horizontal for 2 minutes) there Is less opportunlty to compen-
sate physiologically. lMusea. vomiting, andor hypotension sufficient to terminate were evoked in
three candidates daring the first 5 minutes of standing on the tilt table. A second modification was
the use of a transistorized transmitter* to convey pulse beats to a receiver. This ingenious radio
broadcast was used to cross-check the accuracy of auscultatory measurements of test pulses, and.
to experiment with use of the transmitter during other physical exercise tests. The technique of
scoring was modified. There are innumerable ways to express the subject's responses to this test.
The scorlng system adapted by the colivestiptors has the advantage of reflecting not only the

TThis transistorized transmitter was designed and buit by Dr. Adolph Mark of the Bloelectrnics
Secton, Aerospace Medical Laboratory.
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existence of hypotension, but also how long It remains. It also reflects a tachycardia and how
great and how long It is. It Is conceivable that even this scoring system will be proved to be Inade-
quate.

Pulse Posture Test Technique:

A test similar to this was performed at the Lovelace Clinic. R was not -necessary to duplicate
this at the Aerospace Medical Laboratory.

Valsalva EKG:

This test was not performed., It was originally hoped that an expert in the administration of
this test would be available. Expert supervision is needed since the test is potentially dangerous.
Dermksian and Lamb- 5 reported 4 cases of cardiac arrest using a similar test. A shortage
of medical specialists rendered It impossible to supply the medical staffing necessary to perform
this test.-

Mecholyl Test:

This test, although initially considered, was not performed on the NASA candidates. In a
trial Mecholyl test, the subject suffered severe hypotenslon BP (96/44, 86/34, 86/50, 88/48 at
various minutes), salivation of 500 cc., marked nausea, rhinorrhea, severe and frightening asthma,
and near collapse. There was no bradycardia. The subject alway has been In excellent health and
is presently on flying status. He never had experienced asthma and there was no familial allergic
history. The coinvestigators strongly urge that this test be dropped from consideration for crew
selection testing. More suitable tests-such as the measurement of adrenalcortical and medullary
hormones or their metabolic byproducts were substituted.

Pressure Breathing Test:

"This test was recommended by McGuire but not performed. It Is agreed that this may be a
valuable test, such as the MC-1 appears to be. The only reasons for excluding it were: it was
similar in stress to the MC-1 test and both could not be scheduled. The experience of Capt. C'.
Wilson, physical fitness tests pjncipal investigator, agrees with McGuire's that there are some
interesting physiological and psychological responses. It is recommended that this test be consid-

-• • ered for future programs. -. . .
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APPENDIX III

CODING OF VARIABLES

PSYCHOLOGICAL Rorschach Test (continuecd:

1. Over-all Rating of Candidate 40. Number of Whole Responses (W)
2. Drive . 41. Number of Blank Space Responses (S)
3.- Freedom from Conflict Anxiety 42. Weighted Score of Color Responses
4. Effective Deferse . FC + 2CF + 3C)
5. Free Energy 2
6. Identity 43. Inanimate Movement (Fm + m)
7. Object Relationships 44. Animal Movement (FM)
8. Reality Testing 45. Shade Responses (Fc + c)
9. Motivation Quantity 46. Percent Responses on Color Cards

10. Motivation Quality VUIII X -

11. Adaptability R
12. Social Relationships 47. Sexual Responses (Sex)
13. Freedom from Dependency 48. Anatomy (At.) -

14. Freedom from Need for Activity
15. Freedom from Impulsitivity

ACCELERATION
Wechsler Adult Intelligence Scale:

49. Decrease in Vital Capacity at 5 g(a. Positive
16. I.Q. Total - 50. Decrease in Vital Capacity at 5 g's Flat
-17. I.Q. Verbal 51. Decrease In Vital Capacity at 8 g's Flat
18. I.Q. Performance 52. Decrease in Vital Capacity at 5 gls Tilted
19. Information 53. Decrease in Vital Capacity at 8 g's Tilted
20. Comprehension 54. Decrease in Vital Capacity at 12 g's Tilted
21. Arithmetic 55. Blackout Level - Positive g's
22. Similarities 56. Increase in Pulse Bate during Positive g
23. Digit Span
24. Vocabulary
25. Digit Symbol ANTHPOPOMETRIC

I 26. Picture Completion
27. Block Design C57. ervi•ale Height
28. Picture Arrangement. 58. Transverse Diameter of Chest
29. Object Assembly 59. Transverse Diameter of Waist

"60. A-P Diameter of Chest
Minnesota Multiphasic Personality Inventory. 61. A-P Diameter of Waist
3 s62. Chest Circumference
30. Hysteria 63. Suprasternal Notch to the Waist.•.31. Depression 64. Cervicale to the Waist

32. Hypochondria 65. Lean-Bod Weight
33. Psychopathic Deviate 66. Sitting Height/Stature

67. Trochanteric Height/Stature
Rorsbhach Test: S. Chest Depth/Cheat Breadth
3.69. Waist Depth/Walst Breadth
34. Total Responses (R) 0. Hip Breadth/Chest Breadth
35. Percent Good Form (F + 71. Height/tw
36. Percent Pure Frm (F% 72. Somtot"
3?. Percent Animal Responses (A) 3. Present Wetig&
38. Number of Popular Responses (P) 14. Statre
39. Number of Human Movement Responses (1

* ibi8 measurement was incorrectly correlated and should be dsregarod.
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BIOLOGICAL ACOUSTICAL

75ý. Percent Intelligibility
76. Deviation Score (Amount during Pitch _

-- - -and owIly
77. Additioa Test Scores (Ql + Q2 + N)

Equals Total Addition Problems
Completed

78. Q, +Q 2 -2N+3Equal Final Noise
Score

BEAT VAlIABLES. -

79. Pal
80. Systolic Blood Pressure
81. Diastolic Blood Pressure
82. Welght Body Temperature
83. Total Body Weigh

*PHYSICAL FITNESS

84. Tilt Table Test Score
85. Harvard Step TestlScore
86. Flck Test Score
87. Valsalva. Overshoot Test Score
88. Treadmill Test Score
89. Cold Pressor Test Score
90. MC-l Partial Pressure Suit Score

. A 91. Partial Pressure Suit Run (EXG
Changes)

92. MC-l.Final Test Score
93. Catacholamine (Pre-MC-l Test)
94. Caahlile(Post-MC-1 Test)
95. CaahlileRise dwring ME-l Test
96. Conjugated Bydrocortisone Pre-MC-l.

Test
97. Conjugated Hydrocortisone Post-MC-1

V Test
98. Conjugated Hydrocortlsone Rilse during

MC-l Test

LOVELACE FOUNDATION

99. Vital Capacity
100. Alaxlmum Breathng Capacity
101. Milliliters Oxygen/Pulse
102. Lean-Body Mass-
103. Protein-Botind Iodin
104. Resting Orive Sample Catacholamine
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APPENDIX IV

TABLE OF CORRELATION COEFFICIENTS ON 104 VARIABLES

Coar, Corr. Corr. Corr, Coi.r,

Vat. Var. Coa. Vat, Var, Co:. Vat. Vat. Coef. Var. Vat. Coef. Vat. Vat. Coef.

(A) (B) (Of (A) (B) (r) (A) (B) (r) IA) (B) (r) (A) (B) (r)

a 1 10000 1 52 328 3 103 1043 2 50 123*. Z 101 3681

I Z 6328 1 53 1147 1 104 762" 2 51 761 Z 102 5120

1" 3 7796 1 54 677 2 52 640 2 103 14Z1

1 4 7999 1 55 1253 2 21 0000 Z 53 1424 2 304 3261

I 5 7636 1 56 2119* 2 3 2642 2 54 633

1 6 6353 3 57 1098 z 4 5150 Z 55 1469 3 3 30000

1 7 6436 1 58 3228 2 5 7840 z 56 16100 3 4 6445

1 8 7554 I 59 - 2648 2 6 1136 2 57 3328 3 S 5994

1 9 6670 1 60 487v 2 7 2265 2 58 3313 3 6 6813

1 30 6251 1 61 61 2 8 4650 Z -59 2472 3 7 5334

I ii 6962 I 62 2743" 2 9 6244 2 60 68 3 8 4792

1 12 6590 1 63 1263* 2 10 6430 z 61 Z6& 3 9 5159

5,13 4197 1 64 1101# 2 31 4881 2 62 2747 3 10 4491

1 14 4174 1 65 3461 2- 1Z 4851 2 63-- 325 -3 11 5072

1 15 6311 1 66 254 z 13 532 Z .2 64 331 3 12 5238

1 16 3590 1 67 1844 Z 14 595' 2 65 3688 3 13 2684

1 17 3814 1 68 33213 2 I5 3529 2 66 2086* 3 14 -4597

I 18 1955 1 69 2322' Z 16 3456 z 67 2913 3 15 5423

I7 2.7-.- 3508.--- 2 68- -. 290a---3 -~31; -- 16--

I 20 4555 1 71 2578* z 18. 2077-- 2 69 20670 3 17 138Z

1 21 1705 1 72 1965 2 19 2125 '2 70 19760 3 18 362

1 22 3030 1 73 3895 2 20 3919 2 71 45 3 19 3498*

"1 23 3014 1 74 1444 2 23 814 2 .72. 95 3 20 1921

1 24 3186 1 75 1137* 2 22 3333 2 '73 3146 3 Z1 576'

I 25 647 1 76 2Z90 2 23 3620 2 74 3270 3 222 1026

I 26 I269 1 77 1613 Z __24 1834 2 75 129 . 23 3391

1 27 510 1 78 577 2 25 2823 z 76 494 3 Z4 3160

3 28 62 1 -79 1862" z 26 737 2 77 2198 3 25 340*

1 Z9 1469 1 80 101 2 27 343* z 78 1094 3 Z6 2174*

1 30 3307' 1 81 654* 2 28 865 2 79 299* 3 27 1126

1 31 2567* 1 82 1351* 2 29 657 2 90 378' 3 28 376

1 32 3853' 1 83 4108 2 30 2303' 2 81 1139 3 29 346

1 33 833' 1 84 2520' z 31 1700 2 82 330' 3 30 3029*

1 34 1042 1 85 1498 2 32 3157' 2 83 3232 3 31 3970'

1 35 3195 1 86 28zz z 33 885g 2 84 1118' 3 32 342'

1 36 894 1 87 839 2 34 1547 2 85 2858 3. 33 318'

1 37 107 1 88 2662 2 35 116 2 86 4014 3 34 798'

1 38 586' 1 89 2500' 2 36 4464 2 87 2417 3 35 4954

1 39 1622 1 90 1648 Z 37 1051' 2 .88 3844 3 36 954

1 40 3729 1 91 1356, Z 38 2236' 2 89 1275 3 37 342

1 41 1081' 1 92 403' 2 39 1123 2 90 1509 3 38 1335'

1 42 3054 1 93 2322' 2 40 z5s6 2 91 365* 3 39 1149

1 43 385 1 94 1410' 2 41 U23' 2 92 45 3 40 744

1 44 2167 1 95 2375' Z 4Z 2433 2 93 2572' 3 '41 1528'

1 45 26 1 96 1679v 2 ' 43 430 2 94 918* " 3. 42 2990'

1 -46 874 1 97 1373' 2 44 1451 a 95 2848' 3 43 696

1 4? 741 1 98 477' 2 45 2456 a 96 1383 3 44 17"1

"1 48 2399 3 99 1662 2 46 1028 z 97 U29 3 45 1245*

1 49 2760 1 100. 1554 2 47 738' 2 98 647' 3 46 I059

"1 50 2124* 1 101 2497 2 4% 321 - "9 377' 3- 47 180?

I 51 99 1 102 4339 2 49 4007 2 IGO 2251 3 48 1494

*Designates a minus value
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Corr. Corr. Crr, CorrCorr. . Corr,
Vat. Vat. Coef. Va•. Var. Coe. Var. Var. Coe[, Var. Vat. Coef. Vat. Vat, -'Coe(,
(A) (B) (r) (A) (3) (r) -(A) (B) _r) (A) (B) (r) (A) MI) (r)

3 49 1378 3 103 147# 4 55 197 5 8 4903 5 62 3197
3 50 Z570* 3 104 1932 4 56 1715# 5 9 6374 5 63 JZIT
3 51 371 4 57 1971 5 10 6199 5 64 78
3 52 194 4 4 30000 4 58 42Z 5 11 5622 "5 65 3437
3 53 1722 -4 5 6125 4 59 4731 5 32 :159 5 66 690*
3 54 1370 4 6 7247 4 60 1086 5 13 1434 5 67 2130
3 55 1274* 4 7 6606 4 61 1374 5 14 1067 5 68 3560*
3 56 1017' 4 8 6561 4 62 4509 5 15 4832 5 69 Z375*
3 57 58 4 9 5059 4 63 321 5 16 3725 5 70 1879v
3 58 2456 4 10 6243 4 64 269' 5 17 3697 5 71 746-
3 59 2524 4 11 8297 4 65 4230 5 18 2530 5 72 769
3 60 886" 4 12 6520 .4 66 1409 5 19 429 5 73 3374
3 61 .68&.. 4 13 5224 4 67 74* 5 20 4457 5 74- Z389
3 62 1820 4 14 4761 4 68 3070* 5 23 674 5 75 666*
"3 63 1823* 4 I5 6372 .4 69 2160' 5 22 4098 5 76 789
3 64 31333 4 16 3480 4 70 376 5 23 3324 5 77 3320
3 '5 1601 4 17 3688 4 71 3153- 5 24 3420 5 78 757'
3 66 314 4 18 1878 4 72 2531 5 25 2280 5 79 z2TZ*
3 67 1140 4 19- 63* 4 73 5505 5 26 377 5 80 164
" 68 2876- 4. 20 3935 4 74 1879 5 27 3598 5 81 99w

3 69 1Z67" 4 z2 2328 4 75 1520' 5 28 2195 5 82 434_
3 70 554 4 22 1265 4 76 . 1825 5 29 550 5 83 3325
3 71 2770* 4 23 3519 4 77 i117 5 30 2570* 5 84 H1I
3 72 3439 4 24 2829 4 78 3524* 5 31 735' 5 85 1705
3 73 2426 4 25 107Z 4 79 3010* 5 32 2579* 5 86 4446
3 74 ZZ2 4 26 31" 4 80 3T76" 5 33 189" 5 87 1398
3 75 Z052 4 27 683 4 81 z72z 5 34 2032 5 88 2831
3 76 712 4 28 905" 4 82 1938' -5 35 1019 5 89 507S*
3 77 1266 4 2c 1064 4 83 5620 5 36 _1i3 5 90 2522
3 78 1207" 4 30 1509" 4 84 2012* 5 37 846 5 91 2693*
3 79 1373* 4 31 2912" 4 85 665* 5 38 l813* 5 92 1968*
3 80 302 4 3Z 841" 4 86 2896 5 39 1d25 5 93 2783*
3 81 1189" 4 33 1461- 4 87 2095 5 40 3695 5 94 .2874'
3 82 539 4 34 2150 4 88 773 5 41 218 5 95 4852'
3 83 2652 4 35 3298 4 89 2998* 5 42 1659 5 96 87*

3 84 1226" 4 36 1273- 4 90 877 5 43 t105 5 97 19zz*
3 85 431 •4 37 839" 4 91 2518'. .5 44 2386 5 98 1674w
3 86 2026 4 38 97 4 .92 1245 5 45 275Z 5 99 1656
3 87 315 " 4 39 V.15 4 -93 1270' 5 46 Z190 53 00 2198
3 88 142 4 43 3286 4 94 1484* 5 47 253 5 l03 273A
3 89 3828* 4 . 41 721 4 95 -3433* 5 48 1486 5 102 4540
3 90 1357 4 42 1820 4 96 12139 5 49 3568 53 03 1544
3 91 2009' 4 43 193* 4 97 438' 5 50 97 5 104 2358-
3 92 727' 4 44 3835 4 98 574 5 51 1510
3 93 707* 4 45 360* 4 99 1817 5 52 1771 6 6 10000

3 94 2940- 4 46 12 4 100 571 5 51 2998 6 7 680T

3 95 3142' 4 47 1787 4 101 2349 5 54 3934 6 8 5643

3 96 1888' 4 48 3730 4 302 5327 5 55 1534 6 9- 2743
3- 97 200'* 4 4Q 29l 4 103 1316" 5 56 163' 6 10 3112
3 98 670 ' 4 50 936' 4 104 388- 5 57 2649 6 13 6576

3 99 2723 4 51 465 5 58 778- 6 -12 4423

3100 *771 4' 52 132' 5 5 1000a 5 59 3305 6 13 503130 o0 4771 4 52 1768 5 6 4470 5 60 285* "6 14 6045

s 102 1973 4 54 962 5 7 41.6 5 6 22? 6115 6033
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orCoirtot Corr, Corr.

--- -CorroC rVat. Var. Coof. Vatr. Var, Co(. Va r. Var. Cow(. Vtr. Vat. Coe. Vat. Var. Coef,fA) (B) (r) (A ) (13 (r) _(A) (IS),- It) (A) (8) fr) -(A (f ) (r)
.6 16 1880 6 70 2130 7 -, 1681. 7 79 3718* o is 10866 17 2487 6 71 46560 71 26 197* 7 80 11590 a J6 349*
6 I8 283 6 72 3658 - 7 27 41* 7 81 896* . 8 37 1789*6 19 468* 6 73 4307 7 28 105 7 82 2420* A 38 4S4*6 20 1767 6 74 Z140 7 29 2203 7 83 5332 8 39 160*

.6 21 1757 * 75 1670o 7 30 1335* 7 84 2668* 8 40 48766 22 410 6 76 1936 7 51 J553* 7 85 534 8 41 ZZ*6 23 1724 6 77 1693 7 32 594 7 86 2139 5 42 Z8526 24 4432 6 78 2518* 7 33 ""164 7 87 1481 8" 43 19006 25 531* 6 79 2364* 7 34 1232 7 88 194- 8 44 1477.6 26 304* 6 80 j19i* 7 35 .1772 7 89 52913 5 45 392
6 27. 150* 6 81 3603v 7 36 948 7 90 3169 8 46 643*
6 28 . 1147* 6 82 2356v 7 37 850* 7 91 3079f; 8 47 866
6 29 661- 6 83 4347 7 38 1753 7 92 2037* 8 48 1483
6 30 2420* 6 84 .748* 7 39 Z764 7 93 1Z63- 8 49 4587
6 31 5330* 6 85 1487f 7 40 3353 7 94 4990 8 50 900*"6 32 883* 6..-86 53& 7 41 60 7 95 .1928* a_._ si .6"
6 33 1037p 6 87 66W'-7 42 433* 7 96 1282* 8 52 18586 34 348 6 88 1104- 7 43 182 7 97 2841# 8 53 2376
6 35 3010 6 89 4302:; .7 44 ZZ30 7 98 2341* 8 54 20556 36 823 6 90 1519 7 45 1091* 7 99 1575 8 55 3246 37 513* 6 91 2696* 7 46 729* 7 100 1014 8 56 705*
6 38 670 6 92 466* 7 47 4Z53 7 101. 2237 a 57 19696 39 27? 6 - 93 1109 7 48 2665 7 i02 4594 8 58 3199
6 40 195Z 6 94 1113, 7 49 ZZ08 7 103 125 3 51 32096 41 431 6 95. 2163* 7 50 348 7 104 695 .8 60 1766
6 42 99* 6 96 2828* 7 51 1145 8 61 154*
6 43 91 6 97 3404* 7 52 1054 a---8 10000 8 62 '3486
6 44 2119 6 98 16330 7 53 1644 8 9 5328 8 63 992*6 45 1323* 6 99 2950 7 54 1343 8 10 3054 8 64 999
6 46 155 6 100 144 7- 55 1057 8 11 6019 S 65 4911
6 47 2134 6 101 749 7 56 1733- 8 12 7251 8 66 250*
6 48 2205 6 102 2829 7 57 2666 8 13 3551 8 67 18406 49 3186 6 103 478 7 58 2718 8 14 4518 8 68 1637*-6 50 575* 6 104 2656 7 59 2573 8 15 5637 8 69 2785*
6 51 623 7 60 2222 8 16 4871 8 70 IZO16 52 1299 7. 7 10000 7 61 379 8 17 4260 8 71 3178*6 53 2301 7 8 5452 7 62 2647 8 18 3560 8 72 1017
6 54 1645 7 9 4970 7 .63 399 8 19 1586 8 73 49866 55 208* 7 10 4166 .7 64 130* 8 ZO 442Z 8 74 2564
6 56 467' 7 11 5744 7 65 4350 8 21 2085 8 75 134*
6 57 38 7 12 5662 7 66 1119 8 22 835 8 76 34046 58- 2516 7 13 4518 7 67 341* 8 23 3256 8 77 340
6 59 4175 7 14 4864 7 68 1021O 8 24 3444 8 78 12746 60 1541 7 35 5731 7 69 1619# 8 25 1953 8 79 1705*-6 61 2291 7 16 2902 7 70 2728 8 26 1291 8 80 7886 62 3594 '.7 17 .3614 7 71 2031* 8 27 377* 8 81 1172*- .- -. 6 63 311 7 18 878 7 72 1166 8 28 1144 8 82 336•** 6 64 468* 7 19 381 7 73 5272 8 29 1727 8 83 5094
6 65 2277 7 20 3041 7 74 2855 8 30 3383* 8 84 5Z86*6 66 1780 T 21 3835 7 75 403 .8 31 2514* 8 85 13616 67 550 .7 22 2368 7 76 4009 8 32 2067* 8 86 344
6 68 1232* 7 23 1692 7 77 552 8 33 2291* 887 88."6 69 609* 7 24-3530 ? 78 894 8 34 945S a s 2496

WA=D TR 58-505 Ul

t,.-



Corr. Corr. Corr. Corrto Corn.
Var. Var. oaf. Var. Var. Van. ra. Cf Va. Van. C01.
(A) (8) (r) (A) (0) (1) (A) (8 ,r)(r) (AP (B) (r) _A) (5) ('1
* 89 3314* 9 46 1306 9 100 1676 10 58 3230 II 17 2S54
* 90 -146- 9 47ý 196S .9 101 30S1 10 59 ~444 11 18I9s
a 91 9010 9 48 1516 9 102 5535 10 60 318- II 19 241
& S 92 633 9 49 779 9 103 460 10 61. 2818 it 20 1913
* 93 3949* -9 50 4713 9 104 25700 10 62 3823 11 21 2236

*8 94 727' 9 51 1022' 10 63 333 I! 2Z 62
8 95 1Z83* 9 52 1367 10 10 10000 10 64 13140 11. 23 3188
a .96 806* 9 53 1198 10 II 5060 .10 65 2653 11 24 1923
* 97 2151' 9 54 353 10 32 4309 10 '66 20 11 25 639
* 98 1568- 9 55 2560 10 13 2061 10 67 137F 11 26 212
S 8 99 3715 9 56 8 10 14 1822 10 68 3015 11 27 1343'
a 100 925' 9 57 4297 10 15 3503 10 69 262' 11 28 14608
& 101 3711 9 58 3336 10 16 809 10 70 43* 11 29 2055-
8 102 5498 9 59 2132 10 17 2557 10 71 2733' 11 30 1445*
8 103 Z 9 60 1176 10 18 1492* 10 72 2458 11 31 2335*

____._L.04 1519* 9 61 363' 10 19 733 10 73 4650 11 32 11060
9 62 2107 -10 20 3596 10 74 2042 11 33 1708.

9 9 10000 9 63 200' 10 ZI 1306 10 75 197* 3t 34 3621
9 -10 4734. 9 64 387* 10 22 4163 10 76 2080 11 35 1391
9 11 4198 9 65 -4538 10 23 2107 10 77 2076' 11 36 2498
9 12 5773 9 66 1465* 10 24 86* 10 78 552 11 37 663
9 13 1285 9 67 2434 10 25 797' 20 79 1076' 11 38 2348
9 14 2020 9 68 2173* 10 26 . 146* 10 80 2055 11 39 2767
9 15 3428 9 69 2185' 10 27 2392* 10 81 1502 It 40 3989
9 16 - 4618 9 70 312' 10 28 108. 10 82 1031' 11 41 1940
9 17 4547 9 71 277 10 29 1420 10 83 4912 11 42 2685
9 .18 3092 9 72 1971' 10 30 3105* 10 84 487* 11 43 1497
9 19 1910 9 73 3745 10 31 285 10 85 18 11 44 4691
9 20 5043 9 74 4216 10 32 1725k 10 86 3045 11 45 377
9 . 21 1416 9 75 1640 10 33 1327' 10 87 1555 11 46 230 -
9 22 4091 9 76 57 10 34 543 10 88 1731 - 11 47 2350
9 23 3788 9 77 3194 10 35 1842 10 89 617 11 48 4905
9 24 3045 9 78 1330 10 36 2552 10 . 90 1527 11 49 3020
9 25 1285 9 79 830' 10 37 2455' 10 91 849* 11 50 112.d
9 26 478' 9 80 1782 10 38 !1" 10 --92 201* 11 51 374
9-..2.- .7.. 424' 9 81 2136 10 39 1524 10 93 1911* 11 52 147*
9 28 4155 9 82 2200' 10 40 57* 10 94 3951' 11 53 2129
9 29 2364 9 83 3649 10 41 2482' 10 95 5015' 11 54 1139
9 30 3957* 9 84 164 10 42 162 10 96 3353* 11 55 259
9 31 960' 9 85 2028 10 43 1639' 10 97 uZ02 11 56 299'
9 32 3380' 9 86 4448 10 44 196' 10 98 743 11 57 3168
9 33 1150' 9 87 1252I * 10 45 554- .10 99 355' 11 58 4667
9 34 1344 9 88 2799 10 46 1075 '10 100 1097 "11 59 5227
9 35 2392 9 89 2126' 10 47 2952 10 101 1769 11 60 2258
9 36 191' 9 90 681 10 48 754 10 102 4415 11 61 2206
9 37 146'. 9 91 951 10 49 2679 10 103 1016 11 62 5531
9 38 641' 9 92 954* 10 50 1361o 10 104 545' 11 63 1029
9 39 1782 9 93 28Z6* 10 51 814' 11 64 2118
9 40 2182 9 94 143 10 52 409 it 11 10000 it 65 4321
4 41 143' 9 95 1288. 10 53 638 11 12 6236 11 66 968
9 4z 596* 9 96 1585 10 54 957- 11 13 4596 11 67 658
9 43 561- 9 97 631* 10 55 2773 11 14 5453 11 68 2486.
9 44 2975 9 98 2617' 10 56 2188* 11 15 5549 11 69 1536*
9 45 1270 9 99 1540 10 5? 2124 11 16 2312 11 76 158'
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Corr. Corr, Corr,, Corr. Cor,.Var. Var. Coer. Var. Var. Coat, Var. Var. Coel. -Var. Var. Coe. Var. Var. Coef.(A) (B) (r) (A) M,) (r) (B r _ , (A) " (B) (r) - (A) (B) fr)I11 71 3082* 1Z 31 2373* 12 85 t339 33 46 2640 33 100 ISOS1 7Z 2957 12 32 146 1Z 86. 974 13 47 236* 13 101 7211 73 6333 1Z 33 1277* 12 81 0 13 48 4664 13 302 39311 74 2496 12 34 325 32 88 1358 13 49 927 13 103 2553II 75 2686* IZ 35 783 12 89 ZSSl* 13 50 935 13 104 414*
I 11 76 1475 12 36 489 32 90 687 13 51 46111 77 1374 IZ 37 3844* 12 91 347* 13 52 545 14 14 1000011 78 1625. 32 38 2657* 1z 92 0 13 53 0oo* 14 15 421311 79 2729" 12 39 0 IZ 93 6371* 13 54 loSS. 14 16 201*1I 80 1073. 1Z 40 2060 IZ 94 962. 13 55. 2153* 14 17 1058"I 1 81 " 14Z* 12 41 565 12 95 1091* 13 56 2649. 14 18 2222*!1 8Z 2933* 12 42 249* 12 96 558* 13 57 1702* 14. 19 885*31 83 6378 32 .. 43 2246 12 97 837* 13 58 1823 14 Z0- 950 ,it 84 2021* 12 44 2110 12 98 405* 13 59 2606 14 21 1228S 85 Z796- 1Z 45 181 12 99 2582 13 60 .3716 14 ZZ 2117*
11 86 2638 12 46 978 12 100 612* 13 61- 3352 14 23 113231 87 1638 12 47 1887 12 101 2008 13 62 188l 14 24 1423if 88 1796 12 48 3296 12 102 4327 13 63 512- 14 25 3224.is 89 2353* .12 49 3631 12 103 1603* 13 64 1202 14 26 2331*11 90 608. 12 50 80 1z 104 4743* 13 65 286. 14 27 2997*11 91 641*12 51 1944 13 66 1724 14 28 840

- 11 92 3011 12 52 1127 13 13 10000 13 67 62* 14 29 1866*I1 93 1522* 12 53 3230 13 14 5054 13 68 387* 14 30 679*11 94 383* 12 54 1477 13 15 3132 13 *69 1794 14 31 3123*11 95 2340* IZ 55 1655* 13 16 644 13 70 534 14 32 1276-i 96 7090 12 56 15O*-13 17- 1282 13 71 3476* 14 33 189*11 97 475w 12 57 3174 13 18 753* 13 72 2005 14 34 659*11 98 97 -12 58 3081 13 19 1214* 13 73 3041 ._1•.35 - 1513....11 99 1122 12 59 2988 13 20 2489 13 74 2160* 14 36 715*11 300 820 12 60 1998 13 21 398 13 75 0 14 37 897*11 101 2100 12 61 337* 13 22 1967* 13 76 2987 14 38 126711 102 4753 12 62 2976 13 23 Z277 13 77 6S 14 39 22711 103 498 12 63 172* 13 24 1534 13 78 1182* 14 40 294911 104 2156* 12 64 1619* 13 25 1276* 13 79 2860* 14 41 889*
32 65 4868 13 26 278 13 80 476* 14 42 660

12 12 10000 12 66 1197* 13 27 635 13 81 768* 14 43 208012 13 2592 12 67 421 13. 28 2052* 13 82 1937, 14 44 170512 14 3458 12 68 1290* 13 29 1421* 13 83 2751 14 45 2983*12 15 4236 12 69 2767* 13 30 3505 13 84 3O50* 14 46 1090012 16 2830 12 70. 637 13 31 1620* 13 .85 947* 14 47 296912 47 2708 12 71 593* 13 32 2125 13 86 1088 14 48 99312 18 1592 12 . ?z Z511 &1 -1 714 131 87 1649* 14 49 48412 19 835.-. 1Z 73 4247 13 34 1966 13 88 334* 14 50 980*12 20 2789 12 74 3758 13 35 1549 13 89 2547* 14 51 126*12 - 21 2469 12 75 390- 13 36 2004 13 90 718 14 52 86.32 22 547 12 76 764 13 37 568* 13 91 1864* 14 53 78
12 23 1846 _12 77 1661 13 38 2987 13 92 1840 14 54 978*W IZ 4 Z561 la To 3648 13 39 53* 13 93 59 14 55 1485*
12 25 659 32 79 1234* 13 40 3100 13 94 730 14 $S 1866.12 Z& 1948*12 80 758 13 41 1444 13 92. 274 14 57 171632 27 1369* 32 81 774* 13 42 1848 13 96 Z823* 14 58 1798a2 28 691* 12 82 1499* 13 43 UZ 13 97 19899 14 59 320512 29 3917. 12 83 4475 13 44 2311 13 98 481 14 60 694l1 30 1846* 1U 84 23860 13 45 I358* 13 99 974 14 61 1263
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Corr. Corr. Cort. rto - Corr.
Vat. Var, Coef. Var. Vat. Coal. Yar. Var. Cool. Var. Vat, Cool, Vat. Vat. Cost.
(A) (B) (r) (A) (B) (r) JA) (B) (r) (A) (B) (r) (Ad (BI (r'

-14 62 3354 IS ZS 483 1s 79 3003* 16- 43 2086 16 97 130*
14 63 405 15 26 824 13 80 2343* 16 44 3967 16 98 1879*
14 64 310 15 27 738* 15 8U 2192* 16 45 4244 16 99 926*
14 63 1904 1S 28 1444 Is 82 47 16 46 1900 16 100 918014 66 295* IS 29 1032 15 83 4041 16 47 14515 16 101 1S50
14 67 600 15 30 2048* 15 84 3154* 16 48 2264 16 102 4435
14 68 1zz6* 15 31 14380 15 85 605 16 49 301* 16 103 2682*
14 69 956* 1,5 32 8330 15 86 1193 16 so 63 16 104 2254*
14 70 1994 15 33 1657* 15 87 942* 16 1 7900
14 71 2438* 13 34 688 15 88 663 16 52 1864 17 17 10000
14 72 2325 15 35 929 15 89 3160v 16 53 1265* -17., I8 4254

. 14 73 34z2 15 36 943 15 90 2974 16 54 1416A - 17 19 5659
14 74 1700. 15 37. 10830 15 91- 3182* I S5 11090 17 20 8097-14 75 1385 IS 38 467 15 92 340 16 56 1380 17 21 64-38
14 76 3991 IS 39 1033* 15 93 1810 16 57 1178 17 22 541014 77 k016 15 40 4194 15 94 617* 16 58 1;70 17 23 3827
14 78 2237* 15 . 41. 165* 15 95 ii44; 16 59 1681 17 24 6080
14 79 3059* 15 42 3394 15 96 16330 16 60 1102 17 ZS 1365 -
14 80 1369* 15 43. 32 Is 97 9630 16 61 - 165* 17 26 2755
14 81 1084* 15 44 1651 I5 98 592 16 62 2615 17 27 1350
14 82 1616" 15 45 804 15 99 1797 16 63 1619 17 28 2723
14 83 3678 15.: 46 118 is 100 1180 16 64 228* 17 29 561
14 84 2944* IS 47 553 is 101 3825 16 65 4629 17 30 144*
14 85 3546* 15 48 3079 IS 102 3507 16 66 1656 17 31 28*
14 86 2707* 15 49 2557 15 103 1807 16 67 90" 17 32 423*
14 87 102 15 50 3422* 15 104 2441 16 68 2180. 17 33 1094*
14 88 1633* 15 Si 1583* 16 69 1636* 17 34 3782
14 89 5344* 15 52 361 16 16 10000 16 70 350 17 35 670
14 90 Z16 I5 53 1075 16 17 8909 16 71 17960 17 36 216
14 91 514*" 15 54 505 16 18 7856 16 72 412* 17 37 1129
14 92 1885 15 55 65* 16 19 4399 16 73 3618 17 38 33
14 93 1571 i5 56 2032* 16 20 7885 16 74 1340 17 39 409
14 94 1357 15 57 1931 16 21 6302 16 75 638* 17 40 2454
14 95 1306 15 58 2302 16 22 452-16--76" "S-:11' 41> Z25 .
14 96 325* 15 59 3261 .16 23 3187 16 77 3414 17 42 1127
14 97 2176* 15 60 1630 16 24 5807 16 78 38* 17 43 219Z14 W8 1460* 15 61 83* 16 25 4713 16 79 562* 17 44 3860
14 99 1096 IS 62 2678 16 26 3308 16 80 1184* 17 45 3100
14 100 1808* IS 63 1057* 16 27 3314 16 81 1248 17 46 3447
14 101 1070k 15 64 -369 16 28 4096 16 82 2577* 17 47 2968
14 IOZ -575 Is 65 3070 16 - -- 310Z 16- 83 3133 17 48 1688
14 103 253* 15 66 "1049* 16 30 361 16 -84 1814* 17 49 959*
14 104 644 15 67 1256 16 -31 308* 16 85 2085 17 50 1088

is 68 922* 16 32 415* 16 86 2695 17 $1 754*
is 15 10000 15 69 Z650* 16 33 1958* 16" -87 798 17 SZ 1904o
15 16 1808 15 -- 1 1098 16 34 4407 16 88 1037 17 53 1633*
15 17 1001 15 71 2514* 16 35 83, 16 89 2450* 17 54 2358*
IS 18 2301 15 72 1927 16 36 770 16 90 2132 17 55 175*
15 19 8555* 15 73 3614 16 37 1035 16 91 1380 17 56 1110
15 z0 980 I5 74 1851 16 38 1260 16 92 3578* 17 57 145015 23 992 IS 75 630 16 39 408* 16 93 2036* 17 58 2901
IS 22 1733 15 76 2029 16 40 3795 16 94 751 17 59 13S1
IS 23 456 15 77 1660 16 41 3100 16 95 607* 17 60 1046
15 24 2814 15 78 340 16 42 2305 16 96 2196 17 61 1548
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Corr. Corr Coff. Corr. Coff,
Var. Vsr, Coe," Var. VAr, CCe64 Var. V ar. Coer, V r, Var. Coe[, Va . VAr. C(,*f,
(A) (5) (r) ,(A) (1H) (r) (A) (8) jr) (A) (Ih) (r) (A)- (B) , .r)
17 62" 2851 18 28 4860 18 8Z 11170 19 49 3z27 19 103 IZ76"
17 63 1273 18 29 5Z38" 18 83 1198 19 50 5943 19 104 2196"
I7 64 83s* 18 30 602 , 18 84 1041o 19 5s 2173
17 65 3822 18 31 684- 38 895 695 19 52 1513 20 20. 1000(x
17 66 1996 18 32 500S 38 86 ZOS7 19 s) 1017 20 21 4848

-. 7 67 480 18 "33 2525' 18 87 156 19 S4 1l8 20" zz 48z2
17 68 1853Y 18 34 3853 A8 88 404 19 55 1058 20 23 28ZS
17 69 600 18 is 134* 18 . 89 75,11 19 56 1414 20 24 3910"
17 70 1174 .18 36 1760 38 90 1510 19 57 z8zz 20 25 3282
17 71 19411 18 37 683 18 91 600 19 s8 z12 20 26 ills
37 72 354 '18 38 so 18 92 292V- 19 59 172* ZO 27 Z366
17 73 4007 18 39 1Z2i1' 18 93 2529v 19 60 668 20 28 2530
"37 74 1583 18 40 . 3911 18 -- 94 I15 19 61 203" 20 29 22Z
37 75 1134- 18 41 2822 .18 95 40t 19 62 221 20 30 348
17 76 2314 . 18 42 2883 38 96 Z009 19 63 656 20 31 6
17 77 2293 18 4i 637 18 97 800 19 64 3405 20 3Z 966
17 78 702.:r 18 44 2551 . 18 98 .48-4 19 65 1703 20 33 833
17 79 885ý' 18 45 4397 18 99 693* 19 66 ZJ9 20' 34 2694
17 80 1498W 18 46 297V' 18 100 001o* 19 67 319 20 35 561

"317 8a 964 18 47 871" 18 101 4444 19 68 552 20 36 352*
17 82 3023* 18 48 2014 18 ICz 3zoz 19 69 LOZ* 20 37 13304-
17 83 3602 18 49 413 18 103 424- 19 70 2029 20 38 "11731
17 84 1479* 18 50 15ZZ- 18 104 1563, 19 71 1355 20 39 793;
17 85 2458- 18 51 647- 19 72 z655* zO 40 3162
17 - 86 2706 18 Sz 1066c 19 17 10000 19 73 1717 20 41 3269
17 87 980 18 53 334W 19 ZO 3561 19 74 2065 20 42 Z117

S17 88 1342 18 54 217 19 21 3590 19 75 669 20 43 ZOZ
- 37 89 2778" 18 55 1640- 19 Z- 2-351 19 76 46 20 44 1973

17 90 2029 -18 56 1338 19 21 315;-- 19 77 602 20 45 3678
17 91 1664" 18 57 130 19 24 3356 19 78 1490 20 46 1089
37 92 3165* I8 58 2556 19 25 1* 19 79 524 20 47 787
17 93 1017* 18 59 -1426 19 26 11114 19 80 108 20 48 1487
17 94 16a I8 60 469 19 27 635* 19 81 734 20 49 96

*17 95 1382- 38 61 24Z8* I? 28 1891 19 82 3395* 20 50 553
17 -- 96-----t465 18 62 1183 39 .2? 417 19 81 1424: 20 51 858*

- ' 17 97 871* 18 A3 1370 19 30 1141" 19 84 68f- 20 52 1676v
17 98 25Q7* 18 64 599 19 31 1718 19 85 2287 20 53 ZZ191
17 99 841* 18 65 3907 17 32 3Z86" 19 86 1179 20 54 2726*
17 100 570* 18 66 -3115 19 33 1144* 19 .87 1826 20 55 327
17 101 4321 -18 67 780 Be .4 .O .8&.. 'p9 20 56- "25

,T7 .OZ 4078 18 68 2020: .19 I5 302* 19 89" 603 20 57 977
17 103 3636t 38 69 4002" 19 36 1771- U9 4f 919't zo 58 2323
117 104 2009* "18 70 804* 1? 37 193 19 91 1737 ZO 59 1983

18 71 22W33 19 38 417 19 9z 1202* 20 60 48*
18 18 10000 18 72 1373* 19 39 707* 19 93 .13284 20 61 519
i8 19 1045 18 73 1631 19 40 296 19 94 906 20 62 2244
-.8 20 4776 18 74 179 19 41 121* 19 95 1304- 20 63 1933
18 Z1 3971 18 75 393 19 4i 1622 19 96 1623 20 64 2114*
Ik-- 1 2 2289 18 76 zm45v 19 43 S5 19 97 1264* 20 65 3051
18 23 989 18 77 3354 19 44 383* 19 98 2853* 20 66 616
18 24 3062 18 78 608 19 45 242 19 99 1522 20 67 1199
18 ZS 7454 18 79 99 19 46 1680 19 100 681 20 -68 2212*
18 26 3236 18 80 363* . 19 47 Z773 19 101 3033 20 69 1041*
I8- 27 5017- 18 81 1460 19 48 671* 19 102 3110 20 70 666
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Corr. Corr. Corr. Corr. Corr.
Varn. Van. Coef. -Var. Van. X odf. Var. Vat., Coe(. Yarn. Var. Cool. Var. Van.. Coe[.
(A) L.JL A (0) ()() (B) (r) (A) (8) (r) (A) (8) (n)
20 71 1701* 21 40 3234 21 94 266t 22 64 14900*23 35 3043
20 72 832* 21 41 347* 21 *)5 p97Z 22 65 Z611 21 36 a;55
20 73 3481 21 14Z 1782 21 96 825 22 6 259- 23 37 289
20 74 12.21 4 .08* 1 97 798 22 67 1381 23 38 312*
20 75 467 21 44 2156 21 98 258 22 68 551* 23 392279
20 76 2264 21 45, 2593 21 99 16600*Z2 69 376 23 40 503w
30 77 2784 21 46 293 21 100 3216*22Z 70 3366 33 41 3666
20 78 526* 21 47 Z159 21 101 3257 22 71 77* 23 42 2824*
20 79 1055* 21 48 1576 21 102 254Iý 22 72 360* 23 43 2676
20 40 558 21 49 13791*- 21 '103 4103* Z2 73 2068 23 44 3S03
20 81 2092 21 SO 1377 21 104 434*22Z 74 2684 23 45 617
20 82 3222* 21 51 5* 22 75 614* 23 46 319

-. -20 83-.- 3234.- 21 52 16376 22 22 10000 22 76 46 23 47 140S

20 84 3641*21I 53 667* 22 23 319* 22 77 931 Z3 48 781 .
-20 85 27 1 54 766* 22 24 2472 22 78 542 23 49 1Z27
20 86 2391 21 55 170 22 25 8 22 79 1837*2Z3 50 982*
20 87 386*2 5i 6 641 22 26 3556 22 S0 12ss123 S51 232*
20 88 1340 2 1 57 360 22 27 S440 22 81 686* Z3 52 2311*
20 .89 1089* 21 I 58 3315 22 28 Z60S 22 3Z8 161* 23 53 324*
20 90 3686 2 1 59 1210 22 29 1263 22 83 2065 23 54 1071*

20 91 530* a1 60 2790 22 30 1031- Z22 84 1234 23 55 692*

20 92 4335* 21 61 728 22 31 346 22 85 3396 23 56 699

20 93 2577* 21 6Z 3696 22 3Z 1765* 22 _86 2469 23 57 30*

20 94 1062* 21 63 2294 22 33 I50* 22 87 727* Z3 58 44Z2

20 95 1874* 21 64 979* 22 34 3875 22 88 3147 -23 59 2508

20 96 -1370 21 65 4496 22 35 1436 22 89 1337* 23 60 1051
20 97 609*. 23 66 3592 22 36 1812 22 90 1839 23 61-- 3139
20 98 112 21 67 3139* 22 37 3141 22 91 134* 23 62 3678
20 99 423*- 21 68 9610 22 38 3239 22 92 2971* 23 63 115*

20 100 3591* 21 69 397* 22 39 19 22 93 597* 23 64 1532*0
20 101 3878 21 70T 1189 22 40 963 22 94 2303* 23 65, 1642
20 102 3830 21 71 2130* 22 41 1735 22 95 198 23 64 87

20 103 304* 21 72 322 22 42 1420 22 96 1752* 2 3 6? 1211
20 104 2122* 2 1 73 3908 a2 43 382 22 97 1560* 23 GA8 2849*

21 74 984 22 44 2002 22 98 435* 23 69 1559

21 21 10000 21 75- 28* 22 45 3839 22 99 1873* 23 70 1990*
21 22 2389 21 76 618 22 46 4437 22 100 133 23 71 3350*

21 23 1169* 21 77 1328* 22 47 2026 22 101 4611 23 .72 2249
21 24 3600 2 1 78 1790 22 48 946 *22 102 3634 23 73 3502

21 25 1712 21 79 6100 22 49 332* 22 303 3353* 23 74 79
2 1 26 1157 23 80 2258z* 22 s0 1525* 22 104 347* 2 3 75 1578*

21 27 1089 21 81 2671 22 51 2582* 2 3 76 2347

2 1 28 786 21 82 2971* 22 52 238* 23 Z3 10000 23 7? 277 3

21 29 2028 2 1 83 3422 22 53 1583* 2 3 Z4 1358 Z23 78 4093*

421 30 685 21 84 5899 22 54 2446* 23 25 1871 23 79 392*
Z21 31 692 Z21 85- 783* 22 S5 1793 23 26 1429 2 3 80 461*
21 32 1077 21 86 1246 22 56 145 23 27 1411 23 81 2119

21 33 2898* 21 87 2013- 22 57 2868 23 28 905 23 8Z 2186*

21 34 2159 21 88 2374* 22 S8 81 23 29 1881* 23 83 3348
59..~ 8 ~ ~ % 776 2 3 30 226 2 3 84 1538*

21 36 1I1 23 90 2860 la 60 559* zl-% 31 875* 23 85 84

21 37 942 1 91 299* 22 61l 874 23 32 273 23 86 3141

a1 38 487 a1 92 3426* 22 62 .330*. 23 31 56 23 87 1255

a1 39 1386 21 93' 430*22 63 966*23 3428&97 23 U8 1066
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Corr. Corr. Corrrr, Corr.Var. Var. Coe. Var. Var. Coe(. Var. Var. Coe. Var. Var. Cowf. Var. Var, Coef
(A) (B) fr) (A) "I) (r) (A) (B) (Jr (A) (B (Er) _A) (B) (r)
23 89 17154 24 61, 345* 2S 34 "951 25 88 400* 26 6Z 1363*
23 90 692* 24 6Z 271* 25 35 958* 25 89 625 26 63 318
23 91 3030# 24 63 369 -25 36 140 25 90 983 26 64 546*
23 92 1538 24 64 1393* 25 37 16Z8* Z5 -91 3650 26 65 394-
23 93 1588, 24 65 1864 Z5 38 2190w 25 92 1899, 26 66 '689
23 94 1599* 24 6 66 25 39 1258* 25- 93 1973- 26 67 1453
Z3 95 Z306# Z4 67 1995 Z5 40 ZZZ7 Z5 94 736 26 68 2115*-
23 96 1698 24 68 1640* ZS 41 2232 ZS 9S 305 26 69 206
23 97 876* 24 69 714* A5 4Z Z151 25 96 2099 26 70 491*23 98 3232* 24 70 1427 Z5 43 3590 25 97 3211 Z6 71 2589*
23 99 663* 24 71 682* 44 736 25.98 800 Z6 72 697
23 300 1303 24 72 137 Z5 45 4ZZ5 Z5 99 355* Z6 73 95Z*
23 101 313* 24 73 1011 25 46 3498* Z 100 5970 26 74 Z171n
Z3 102 Z690 24 74 497 Z5 47 3094* 25 101 3274" Z6 75 1978'
23 103 1850w 24 75 2361* Z5 48 631 Z5 102 3030 26 76 z454
23 104 1589* Z4 76 1589 Z5 49 Z159 ZS 103 905 Z6 77 267

24 77 304S 25 50 1349* 25 104 697* 26 78 24680
24 Z4 30000 24 78 13140 25 51 858* 26 79 698Z4 25 1930 24 79 71Z* 25 52 z058* 26 z6 10000 z26 s 1922
Z4 Z6 2338 24 80 618* Z5 53 394* 26 Z7 6Z5 26 81 4Z4*
Z4 Z7 1633 Z4 81 1634* Z5 54 694 26 28 381* '26 82 LZl
24 Z8 1279 24 8Z 199 25 SS IZ92* Z6 29 430 Z6 83 15510
24 29 111 Z4 83 771 25 56 Z73Z 26 30 1257* 26 84 8960
24 30 1010* 24 84 17SZ* Z5 57 626* 26 31 Z2S6* 26 85 461
Z4 31 2164* Z4 85 3589 Z5 58 3318 Z6 3z6 164
24 3Z 161 24 86 119. Z5 59 Z633 26 33 1338. Z6 7 1888*
24 33 631* 24 87 1184* 25 60 19Z5 26 34 4464 Z6 88 Z185
24 34 963 Z4 88 ZIZ* 25 61 34 Z6 35 5941 Z6 89 1183
Z4 35 745 24 89 3697F 25 62 3179 26 -36 3787 26 90 1063
24 36 IZS* 24 90 3930 25 63 1363 Z6 37 2809 26 91 ZOZ
Z4 37 Z304 24 91 3008* Z5 64 731* U6 38 3764 26 92 393*
Z4 38 z69 24 9Z 38413 25 65 Z600 -26 39 162z Z6 93 671*
24 39 - 1771* 24 93 895 25 66 1243 26 40 1315 A6 94 339
Z4 40 2594 24 94 ZOO Z5 67 1463 26 41 Z60Z Z6" 95 1z2
24 41 942 24 95 g25* 25 68 1361* 26 42 1863 26 96 ZST7*
Z4 42 238 24 096 544* 25 69 Z04.* Z6 43 1349 Z6 97 3267
Z4 43 Z813 24 97 369* Z5 70 2904*. z6 44 z059 Z6 98 2060
Z4 44 336z 24 98 847* Z5 71 2409* 26 45- 1646 Z6 99 ZO3Z*
24 45 554 24 99 Z038 25- 72 625* Z6 46 3100 Z6 100 Z1210
24 46 3573 Z4 100 723 25 73 ZS23 Z6 47 197 Z6 101 218
Z4 47 ZZ93 24 101 3319, Z5 74 6ZT7 26 48 863 26 102 415*. ...
24 48 1989 24 102 1424 25 75 546* 26 49 185 26 103 178
24 49 1952 -24 103 1467* Z5 76 Z979* 26 so 1910* Z6 104 603
24 50 1913 24 104 433 25 77 2798 Z6 S1 1785*
"24 51 1633 25 78 73 26 52 138* 27 Z7 10000
Z4 5Z 1658 25 Z5 10000 25 79 -85 Z6 53 109Z* Z Z 1371
24 53 1749 Z5 26 101 25 80 199* 26 54 Z691* Z7 Z9 959
24 54 1184 25 27 4420 ZS 81 3024 26 55 Z333 27 30 Z359
Z4 55 ZZS9 Z5 28 2075 Z5 82 Z365* Z6 56 834&W 27 31 184TW24 5& 560 . ZS 29 Z998 25 83 Z219 Z6 57 2626* Z? 33 1283
24 ST 620 25 30 ZOOS Z5 84 385 Z6 58 314 Z? -" 5
24 58- 2962 S 31 966 2585 a ll 2659 6190 27 34 434
24 59 31Z 25 32 640* Z5 86 120" Z24 G0 486w27 35 955
24 60 349"25 33 126S5 5 8? 1 74 Z6 61 122k 27 3 1651
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Corre Corr. Corr, Carr, Corr.
'Var;,Var. Coe( Var, Vat, Coe(. Var. Var. Coe(, Vatr, Var. Coef. Var, Vr, -CoCf.i -.

(A) (B) (r -(A) (B) (r), (A) W) (r) .(A) (Bf) (r) / (A) (3) f(r)
27 37 2319 27 91 -3085* a8 67 Z79 29 44 2532 29 98 835
27 38 308 27 92 2827# Z8 68 3340 29 45 Z440 29 99 129*
27 39 893* M7 93 1123* Za '69 119Z* Z9---46 -1z82* 29 100 797
27' 40 1197 27 94 519* 28 70 68 Z9 47 .1141 29 101 2977
27 41 1303 27 95 1277* 28 -71 388 29 48 44Z1 29 IGZ 31Z1
27 42 804' 27 .96 1885 28 72 8Z3 29 49 976* 29 103 6*
27 43 843* 27 97 481 Z8 73 • 46# 29 50 7730 29 104 3501*
27 44 227 27 98 687* 28 74 791 29 51 59* 0
27 45 1468 27 99 567 28 75 3545 29 52 1009* 30 30 10000
2V 46 235 27 100 2500 28 76 224* 29 53 21Z 30 31 40Z9
27 47 3577* 27 101 1250* Z8 77 3046 29 54 1768 30 32 7470

-27 - -48 4950- 27 1OZ 919* 28 78 995 29 55 145* 30 33 5310
27 49 1010W 27 103 545 28 79 1817 .29 56 147 30 34 3400
27 50 I049 - 27 104 497* 28 80 886 '29 57 2831 30 35 720*
27 51 1966 ZR 81 1265 '29 58 429 -30 36 560
27 52 S 746* 28 28 10000 25 82 *. 179w 29 59 , 37* 30. 37 772*
27 - 53 648 28 29 351 28 83 364* 29 60 188Z 30 38 482*
27 54 2581 28 30 2761* 28 84 405 29 61 2980* 30 39 693
27 55 285"* 28 31 515* 28 85 1063* 29 62 102* 30 40 1771
27 56 1089 28 32 3492* 28 86 136" 29 63 328 30 41 5145
27 57 34910--28 33 1577* Z 87 16450 29 64 2229 30--- 42 1654
27 58 1355 28 34 286 28 "8 937* 29 65 3189 30 43 4617-
27 59 1242* 28 35- 89* 28 89 -196 29 66 2039* 30 44 1500
27 60 3129* 28 36 893 as8 90 878* -29 67 897 30 45 1796
27 61 2704* 28 37 1313 28 91 1784 29 68 839 30 '46 2615*
27 62 1852* 28 38 318* a8 92 1819* 29 69 3444* 30 47 1496*
27 63 380* 28 39 1787* 28 93 Z34* 29 70 81 30 48 3547-
27 64 2042' 28 40 122 28 94 246* 29 71 2816 30 49' 2453*27 65 125 28 41 945* 28 95 910* 29 72 2333* 30 50 903*
Z7 66 2943 28 42 300* ZR 96 1750 29 73 1519 30 51 3449*

-- 27 67 1981* 28 43 976* 28 97 3169* 29 74 2873 30 52 4614*
" 27 68 3568* 28 44 727 2W "98 3879* 29 75 971- 30 53 3887*
.27 69 2223* 28 45 1198 28 99 106* 29 76 2053* 30- 54 3555*
27 70 2652* 28 46 2555 28 100 1319* 29 - 77 818 30 55 1813*
27 71 57 28 47 1852 a8 101 1158 29 78. 4815 30 56- 61
27 72 391 28 48 2168* 28 102 1043 29 79 237' 30 57 69*
.7..73-......2125*-- -28-. 49----- 733* 28 103 1461* 29 80 61 30 58 734
27 74 3260* 28 50 838* 28 104 352* 29 81 1313* 30 59 - 169*
27 75 755 28 51 522* 29 82 635 30 60 31*
27 76 3092o* 28 52 784 29 29 10000 29 83 1450 30 61 "946*

t '7- 7 --266 -2 t 3 495* 29 30.750 29 84 494* 30 62 517
27 78 1498* 28 54 1736* 29 31 263 29 85 1017 30 63 284a
Z7 79 802 28 55 2065* 29 32 497* 29 86 2803. 30 64 731*
27 80 2547* 28 56 1287 29 33 2554* 29 87 797 30 65 291
27 81 1253 28 57 1632 *29 34 3175 29 88 2543 30 66 1163
27 82 *448 28 58 383 29 35 .287* 29 89 219* 30 67 1260*
27 83' 2187* 28 59 - 24 29 36 1528 Z9 90 342* S0 68 672*
27 84 467 28 60 68 29 37- 1421 29 91 2045 30 69 845*
27 85 1023 28 61" 996* 29 38 319 29 92 1154* 30 70 1313*
27 86 2389 28 62 - 204 29 39 1923 * 29 93 3929* 30 71 1719
27 87 2575 28 63 " 295 29 40 3201 29 94 1755 30 72 997*
27 88 16460 2a 64 2092 29 41 2821 29 95 1406 30 73 55
27-- 89- -798* 28 65 1122 29 42 1851 29 96 -1908 30L. 74 527 90 1885 28 66 252 29 43 3524 29 97 1995 30 75 980*
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Corr. Corr. Corr. Corr. Corr.
Vat. Var, Coe(, Vat, Var, Coef. Var. Var. Coe. Vat, Vat, Coe-f Var. Var. Coef.
(A) (0) (r) (A) (B) (rj (A) (B) (r) ,A) (B) (r) ,_A) (B) (r)
30 76 481f 31 55 1103 -3 35 11010 3Z 89 3392' 33 70 38

"- .30 77 421 31 56 957# 3Z 36 1409 3Z 90 4Z330 33 71 3$33
30 .78 2228* 33 57 1933 32 37 32490 3Z 91 4680* 33 72 1121*
30 79 4173* 31 58 1453 32 38 443* 32 9Z 2141* 33 73 2936*
30 80 2575* 31 59 278* 32 39 412 32 93 9380 33 74 688
30 81 258' 33 60 2001 3Z 40 1063 32 94 1326* 33 75 14040
30 82 414* 31 61 600 32 41 2810 32 95 265 13 76 .1160

-30 83 175S 31 62 1579 32 42 565. 32 96 54 33 77 2611
30 84 83* 31 63 1391 32 43 5098 32 97 383 33 78 266Z*
30 85 1097 31 64 2549 32 44 279* 3Z 98 1485 33 79 4483*

-. 30 86 798 31 65 1059 32 45 433 32 99 2230* 33 80 6480
30 87 2969 31 66 1255* 32 46 2083Z * 32 100 199* 33 81 2799*
30 88 , 487* 31 67 738* 32 47 40* 3Z 101 449 33 V 330*
30 89 1760* 31 68 ... -421 32 48 25Z5 32 IOZ 1667* 33 83 29990
30 90 2088 31 69 168 32 49 1514* 32 103 705* 33 84 927
30 91 4066.0 31 70 2222 32 50 843* 32 104 653* 33 85 3071
30 92 1166* 31 71 2655 32 5 22Z6* 33 8 97e
30 93 446 31 72 4582* 32 52 2653* 33 33 .0000 33 87 729
30 94 212 31 73 783 32 53 2825* 33 34 534* 33 86 1954
30 95 979 31 74 2045 32 54 1389* 33 35 2989 33 89 1196*
30 96 1440 31 75 878 32 55 1879* 33 36 553* 33 90 I237
30 97 794 31 76 1636= 32 56 920- 33 - 37 877* 33- 91 2597*
30 98 1016 31 77 1202I * 32 57 579* 33 38 2183. 33 92 1607*
30 99 4185* 31 78 2004 32 58 1318 33 39 582 33 93 104* "
30 100 1163 31 79 .915* 32 59 854 33 40 . 1362* 33 94 2047*
30 101 1234 31 80 298 32 60 1595* 33 41 773 33 95 2ZOO*
30 1OZ 1420* 31 81 1158 32 61 1514* 33 42 1094- 33 96 1408
30 103 737* 31 82 695* 32 62 113 33 43 3178 33 97 1258*
30 104 1662* 31 83 . 492 32 63 3481 33 44 825* 33 98 2029*

31 84 175* 32 64 2858Z * 33 45 896* 33 99 1487*
- 31 31 10000 31 85 3844 32 65- 1077 33 46 4680 33 100 1474

31 . 32 1764 31 86 4458 32 66 398 33 47 1550* 33 101 15*
31 33 1500 31 87 416 32 67 1303* 33 48 1304 33 102 1782*
31 34 1237 31 88 3755 32 68 2376* 33 49 307 33 103 1664
31 35 3657* 31- 89 2882 32 69 2319* 33 50 722* 33 104 800*
31 36 1044* 31 90 821 32 -70 47* 33 51 916*
31 37 1451* 31 91 1303' 32 71 182 33 - 52 1606* 34 34 10000
31 38 2071' 31 92 124* 32 72 539 33 53 3229* 34 35 1462*
31 39 1732 31 93 1373 32 73 26 33 54 1654'' 34 36 .5165
31 40 2024 31' 94 310 32 74 332 33 55 542* 34 37 2406
31 41 97 31 95 250 --3 75 658' 33 56 1412 34 38 4167
31 42 3668 31 96 1225 32 76 1084 33 57 1067 34 39 3668
31 43 837 31 97 1174 32 77 779* 33 58 2507* 34 40 4578
31 44 1578* 31 98 1403 32 78 2666* 33 59 3702' 34 41 7583
31 45 3062 31 99 1307* 32 79 4469* 33 60 3221* 34 42 4194
31 46 1632* 31 100 4041 32 80 186- 33 61- 2919* 34 43 3799
31 47 1618*- 31 101 4138 32 81 414* 33 62 3161* 34 44 ?120
31 48 1916 31 102 .1377 32 82 128 33 63 1834 34 45 5759
31 49 1387* 31 103 21* 32 83 23* 33 64 .53* 34 46 2652
31 50 146' 31 104 976* 32 84 2240* 33 65 Z287* 34 47 2043

-31 51 1481* 32 85 1468 33 -66 -1118* 34 48 6441
31 52 1368* 32 32 10000 32 86 95 33 6? 2224 -34 4 987 "
31 53 882* 32 33 4942 32 87 566 33 68 344* 34 50 881*
31 54 470 32 34 1746 32 88 936* 33 69 454* 34 51 1464*
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Corr. Coro, Corr. Corr.
Vat. Vai. Caef. Var. Var, Cot. Yar. Var. Coef. Var. Var. Coef. Var. Vat, Coot.

I)() () (A) -(B) (r) _(A) (13) (r) -lA; (B) (r) (A)(B (r
34 52 1505* 35 3S 10000 35 89 24540 36 73 2364 37 58 2190*
34 53 362. 35 36 SS8 35 90 25340 36 74 2059* 37 59 4071*
34 54 6430 35 37 1314 35 91 685 36 75 2410# 37 60 10410
34 SS 364" 35- 38 .- 659 35 '92 1JZ8 36 76 1410* 37 61 267*
34 56 1005 35 .39 ' 143* 35 93 213 36 77 1515* 37 62 2880*
"34 57 2398 35 40 4117* 35 94. 1703* 36 78 957* 37 63 18800
34 58 2697 35 41 663* 35 95 |SZz* 36 79 1651* 37 64 1848
34 59 3296 35 42" 4457* 35 96 858a* 36 80 3703 37 65 3256*
34 60 2699 35 43 105* 35 97 753* 36 81 1262 37 66 2102
34 61 2807 35 44 267 35 98 968* 36 82 922* 37 67 907*
3 62 3135 35 45 44630 35 99 447 36 83 2271 37 68 1004
34 63 1134 35 46 '791 35 100 1173 36 -84 609* 37 69 Z795
34 64 2077 35 47 2137 35 101 796* 36 85 2571* 37 70 349* -

34 65 3456 35 48 49* 35 i0Z 38* 36 56 2073 37 .71 2242
34 66 2512 35 49 640 35 103 1787 -36 87 1404* 37 72 716*
34 67 719" 35 50 3186* 35 104 ISO1 36 88 1139 37 73 2922*
34 68 286* 35 51 2139* 36 89 1369 37 74 2353*
34 69 692 35 SZ 2205* 36 36 10000 36 90 471* 37 75 3503*
34 70 391 35 53 2156* 36 37 280 36 91 932 37 76 347*
34 71 2076* 35 54 1741* 36 38 4142 36 9Z 1894 37 77 371
34 72 861 35 55 1303* 36 39 817 36 93 2327* 37 78 147i*
34 73 4435 35 56 1067* 36 40 1849* 36 94 3781* 37 79 2882
34 74 1624 35 57 658* 36 41 2843 36 95 2874* 37 80 2129*
34 75 2613* 35 58 1848* 36 42 812* 36 96 4824* 37 81 986*
34 76 1172* 35 59 IS67- 36 43 266 36 97 3849* 37 82 2126
34 77 3299 35 60 37680 36 44 1637 36 98 48 37 83 3269*
34 78 2854* 35 61 856* 36 45 303* 36 99 3781* 37 -84 1995 -.

34 79 2847* 35 62 2667* 36 46 1721 36 100 1415 37 85 2172*
34 80 914 35 63 2587* 36 47 2806 36 101 827 37 86 1212
34" 81 536 35 64 10331 36 48 3644 36 102 114Z 37 87 164
34 82 1120* 35 65 2352* -36 49 543" 36 103. 2343* 37. 88 435*
34 83 .3878 35 66 375 36 So SOZ5 * 36 104 1123* 37 89 622
34 84 399* 35 67 2970 .36 53 38360 37 90 3182*
34 85 594* 35 68 13133* 36 SZ 2316* 37 37 10000 37 91 1907
34 86 4656 35 69 209 36 53 2797* 37 38 3653 37 92 1424
34 87 967* 35 70 1592 36 54 2628* 37 39 1670 37 93 2789
34 88 3379 35 71 512* 36 55 10* 37 40 790 37 94 1263
34 89 321* 35 72 1293 36 56 809* 37 41 I368 37 95 189
34 90 130* 35 73 1095* 36 57. 1070* 37 .42 -371 37 96 767
34 91 1008* -35 74 1518* 36 58 1534 37 43 76 37 97 2068
34 92 1854 35 75 3197* 36 59 3163 37 44 4840 37 98 422
34- 93 1251* 35 76 780 36 60 886* 37 45 571 37 99 756*
34 94 89* 35 77 70 36 61 2466 37 46 3838 37 100 1387
34 95 1391* 35 78 2639- 36 62 1476 37 47 29 37 101 2496*
34 96 88n* 35 79 2875* 36 63 723* 37 48 1699 37 102 3279*
34. 97 305* 35 80 656. 36 64 1312 37 49 4152* 37 103 1569*
34 98 907 35 81 2486* 36 65 813 37 50 304* 37 104 292
34 " 2518* 35 82 136* 36 66 Z768 37 51 473
34 100 257 35 83 8Si* 36 67 19020 37 52 1203* 38 38 30000
34 101 -3908 35 84 328 36 68 3866* 37 53 657 38 39 829
34 102 3262 35 85 1473 36 69 380 37 54 143* 38 40 I818
34 103 2606* 35 "6 10 36 70 184 37 SS 179? 38. 41 "902
34 104 28300 35 97 1764 36 71 430Z* 37 56 1696 .38 42 1959

35 88 3634 34 72 4810 37 5? 14060 38 43 1472*
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Cor Corr, orCt•Corr.
Cat! art. Coo(. Cort Cost CtsVat. Vat, Cel Var. Varo Coef. Var. Vat. Coaf. Var. Var. Coat Vat. Var. Cost.-(A) (B) (r) (A" IS) I r) (A) (8) f') (A) (Bf (r) (A) (B) Irl38 44 2893 38 98 2226 39 85 49 40 72 27460 41 61 187338 45 18. 38 .99 94 39 86 5135 40 73 4119 41 62 198038 46 1494 35 100 90 39 87 3359 40 74 3330 .41 63 .171238 47 1800 35 301 793 39 88 3129 40 75 1212 41 64 26935 48 2202 38 10z 619 39 89 1095 40 76 1268 41 65 214i36 49 '45 35 103 1234 39 90 10180 40 77 3556 41 66 378•3: 0 3 35 104 529 39 91 193340 78 2147 818 193 4! 1 41 67- 93

39 92 1956 40 79 2716* 41 68 34538 52 2135 39 39- 10000 39 93 203 40 t0 526* 41. 69 5*38 53 2065 39 40 2153 39 94 693 40 831 999 41 .70 703*38 54 427 39 41 226 39 95 15985 40 82 1027* 41 71 56*38 55- 525U 39- *4Z 9370 39 96 455 40 83 3956 41 72 733.38 56 1735* 39 43 80* 39 97 494 4 8 3 7 7 4 * 41 73 2622.38 57 601 39 44 3725 39 99 319*- 40 85 1360 41 74 149838 5 1314 39 45 237* 39 9 163* 4W -86 2950 41 75 1268*38 59 Z369 39 46 "700* 39300 20 40 87 128* 41 76 1j2*35 60 485 39 47 3456 39 101 1441 40 88 2809 41 77. 375538 61 2884 39 45 1424 39 10Z 2754 40 89 2269 41 78 3181*38 62 104* 39 49 725* 39 103 1339* 40 90 3212 41 79 1325*38 63 .1350 39 50 1876 . 39 104 177 40 91 3720* 41 80 1027*38. 64. 3156 39 51 2051 40 92 375* 41 81 2*38 -.65 3194 39 52 30. 40 93 2430 41 82 863.38 66 2818 "3"9 53 2190 40 40 10000 40 94 2002 41 83 2454-38 67 1278* 39 54 2369 40 41 2409 40 95 934 41 84 74538 68 557* 39 55 2824 40 42 7456 40 96" 492 41 85 451*38 69 1522 39 56 1029* 40 43 3313 40 97 529 41 86 233335 70 530 39 ._$7. 2113 40 44 3712 40 98 1591 41 87 1097*38 71 2614* 39 55 2695 40 45 4344 40 99 2086 41 88 131338 72 284 39 59 304* 40 46 9710 40 100 .450 41. 89- -- 1721*38 73 2473 39 60 2071 40 47 Z2 40 101 4996 41 90 7638 74 507* 39 61 431 40 48 '4139 40 102 3701 41"" 91 1104*: . 38 75 1295* 39 62 3082 40 49 1707 40 103 1355 41 92 552"38 76 249* 39 63 539 40 50 1716 40 104 1384* 41 93 .3454*38 77 2929* 39 64 2440 40 Si 1740 41 94 758*38 78 2341* 39 65 2511 40 5Z ZI0 41 41 10000 41 95 183*38 79 3090* 39 -66 2917 40 53 332 41 42 2623 41 96 148438 80 1286 39 67 1792* 40 54 3380 41 43 5345 41 97 3335 81 56. 39 65 80Z* 40 55 79 41 44 5715 41 98 1168*38 8Z 1498* 39 69 663 40 56 79Z* 41 45 5174 43 99 2442*38 83 2302 39 70 785* 40 57 3026 41 46 1060 41 100 537.38 84 2207* 39 71 84 40 . 58 390 41 47 593* 41 101 133538 85 2772* 3 72 1635 40 59 2697 41 48 5560 41 10Z 1745.38 86 950 39 73 2737 40 60 2797 41 49 722* 41 103 1943* .38 87" 1298* 39 74 2066 40 63 645* 41 S0 1039* 41 104 360*38 88 391 39 75 2708* 40 U 3130 41 51 2293*38 89 Z690* 39 76 315 40 &3 1131 43 52 2787* 42 42 1000038 90 280* 39 77 805 40 64 2396 41 53 1769" 42 43 175138 91 345 39 78 1051* 40 65 4795 4R 54 3091* 42 44 199538 92 4529 - 39 79 2595* 40 66 731* 41 55 1125* 42 45 493238 93 1244 39 80 8* 40 67 674 41 56 2508 42 46 695.38 94 822 39 81 919 40 8 955* 43 57 1813 42 47 2395*38 95 711 39 82 15840 40 69 69 280 41 58 1752 42 48 4295.38 9 307Z2 39 53 2254 40 70 640* 41 59 2574 42 49 322538 9? 12 39 64 1030 40 73 249" 41 60 2437 42 SO 720
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Corr. Cortr, Corr. Corr. CortroVar, Vatr. Coe(, Va ro Va r. Cot. Var, Vat . Co. Vaar. Vatr. Coal. Va r. Vsar, Coe(.(A) (b) (r) (A) (B) Er) (A) (B) (i) (A) (B) Er) JA) (B) (r)
42 51 J0Z* 43 43 10000 43 97 1182* 44 89 1781* 45 82 70742 52 977 43 44 2881 43 98 889* 44 90 10020 45 83 177642 -S3 1335 43 45 2037 43 99 3Z1' 44 91 343* 45 84 880
4Z 54 1245 43 46 1032 43 100 792* 44 92 2474 45 85 12294Z 55 1714 43 47 2291 43 101 1872 44 93 734 45 86 360442 56 174 43 48 3318 43 102 280 44 94 1148 45 57 Z742*42 57 2968 43 49 .332 43" 103 1750- 44 95 133 45 88 192142 58 347 43 50 860* 43' 104 4047* 44 96 909 45 89 zs*42 59 2167 43 51 1771* . v .4 97 2027 45 90 19664z 60 2Z28 - 43 52 1911* 44 10000 44 98 928 45 91 421
42 6f 278* 43 53 3559* 44 45 3426 44 . 99 1425*. 45 9Z 1487*42 62 1771 43 54 752* 44 46 3562 44 100 977* 45 93 582*42 63 IozS 43 55 695S 44 - 47 2464 44 101 1627 45 94 338042 64 4150 43 56 2237 44 48 5750 44 102 1779 45 95 632*42 65 2486 43 57 2400 44 49 166.1* 44 103 3364* 45 96 273542 66 1767* 43 58 560 44 '50 564 44 104 1722* 45 97 191442 67 481 43 59 880 44 S1 zi 45 98 86942 68 1219 43 60 - 884* 44 52 1901* 45 45 10000 45 99 23206 42 69 1950* 43 61 3191* 44 53 6 45 46 2061 45 100 1870*42 70 253 43 62 783 44 54 1258* 45 47 2342* 45 101 1542*42 71 757 43 63 1560 44 55 2755* 45 48 4414 45 102 232042 7Z 2526*. 43 64 - 547- 44 56 2308 45 49 1273* 45 103 1870*42 73 2429 43 65 1100 44 57 2523 45 50 557 45 .104 1542*42 74 2735 43 66 2591* 44 58 1815 45 51 80642 75 1140 43 67 2708 44 59 1247 45 SZ 269* 46 46 1000042 76 235 43 68 11770 44 60 3757 45 53 1018 46 47 1999

42 77 237 43 69 1954* 44 61 :068 45 54 536 46 48 90142 78 373 43 70 163 44 62 2799 45 55 957* 46 49 2144*S42 79 1375- 43 71 1268 44 63 486* 45 56 3598 46 50 2152
'42 80 7064 43 72 317 44 64 321 45 57 2356 4651 146842 81 1441* 43 73 1118 44 65 1922 45 58 894 46 52 195942 82 434* 43 74 2608 44 66 2452 45 59 1606 46 53 55442 83 Z423 43 75 2340* 44 67 414* 45 60 3901 46 S4 1624.42 84 2502* 43 76 3269 44 . 68 1136 45 61 1640 46 55 2119*42 85 303 43 77 4725 44 "69 2532 45 '62 1529 46 56 72742 86 1158 43 78 2467* 44 70 375 45 63 1462 -46 57 418442 87 1134* 43 79 1913* 44 71 738* 45 64 299* 46 58 1088*

42 88 3048 43 80 1079 44 72 1385 45 65 2457 46 59 1530*42 89 883 43 81 2989* 44 73 3472 45 66 97* 46 60 1417*42 90 1056 43 82 230 44 74 1647 45 67 394 46 £1 154442 91 1059* 43 83 1290 44 75 40580 45 68 2265 46 62 1971042 92 1248 43- 84 2827* 44 76 68* 45 69- 658 46 63 1395*42 93 786 - 43- 85 2047 44 77 .4645 45 70 389 -46 64 235*
42 94 629 43 86 384 44 78 2453* 45 71 219 46 .65 1578*42 95 19 43 87 319* 44 79 1634* 45 72 658* 46 66 -137942 96 156 43 88 3074 44 80 1964- 45 73 2266 46 67 204*42 97. 1140 43 89 2193* 44 81 20 45 74 2416 46 68 3642 98 Z670 43 90 2527 44 82 103 45 75 291 46 69 2938
42 99 574 43 91 27680 44 83 3021 - 45 76 2994* 46 70 69542 100 240* 43 92 1658 44 84 Z53 45 77 3661 46 71 2142 101 4744 43 93 2754* 44 85 1839" 45 78 386* 46 72 Z81942 102 2820 43 94 2129' 44 86 2863 45 79 720 46 73 1710'42 103. 2214 43 95 758* 44 8a 824* 45 60 959 4 4 138
42 104 13300 43 96 790 44 88 100 45 81 362 46 75 1866I
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Cowrr,. Cotro. Corr, COr,'. Cor,Va r. Yar. Co-f. Var. Vat, Coe(, Va•. Var. Coe- Varo var. Co . Var. Var. Co*.-CM) MBL (r) -(A) (B) (r) (A) (B) (A) (A) (B) (r) (A) (HP f r,
46 76 '1120 47 71 2019O 4& 67. 387 49 64 820 so 62 7546 77 969 47 72 1471 48 68 1776 49 65 4125 50 63 Z36Z
46 78 959* 47 73 33z0 48 69 396 4966 2712, 50 64 179746 79 1571 47 74 199Z 48 70 1999 49 67 ::8 50 6 49
46 80 59 47 75 152* 48 71 329 49 68 0 50 6S 6446 11 Z087* 47 76 3697 48 72 462 49 69 3z38* So 67 147*46 82 ZZ6Z 47 77 1037 48 .73 3287 49 70 1813* 50 68 1301"-46 83. 196Z* 47 78 996* 48 74 2057 49 71 1421* 50 69 2004
46 84 1741 47 79 1810* 48 75 2847* 49 72 440* S0 70 968*46 SS 1356 47 80 2139 48 76 912- 49 73 3084 50 71 1360
46 86 5 31 4446 86 1537 47 81 984- 48 * 77 2514 49 74 358z S0 7z 2256*46 87 3094* 47 82 369* 48 78 522S" 49 75 580 50 73 18446 88 1992 4? 83 3261 48 79 2680. 49 76- 116Z 50 74 44146 89 1180 47 84 6400 48 80 379" 49 77 2733 50 _75 867
46 90 1020t 47.. 85 7490 48 81 1965* 49 78 731. -50 76- 0so
46 91 .929 47 86 986 48 8Z 459 49 " 2343* 50 77 15346 92 715 47 87. 748 48 83 2945 49 80 3933 S0 78 I15246 93 141c 47 88 1271 48 84 706* 49 81 1214* 50 79 1320
46 94 563" 47 89 719* 48 85 .435 49 82 2.212 50 80 1046*46 95 1017* 47 90 1238 48 86 4655 49 83 33ZZ 50 81 646.46 96 1872* 47 91 291 48 87 2519* 49 84 3254* -50 .82 189*46 97 283* 47 92 JZPo* 48 88 2721 49 S5 1750 50 83t 373*0 .- 47- 93 ;73& 48 8f 12* 49 86 50 84 17346 99 1997* - 47 94 858- 48 90 1020 49 87 97* 50 85 1699
.46 100 2854* 47 95 1831* 48 91 605. 49 88 2483 50! 86 84546 101 2241* 47 96 2Z60" 48 92 832 49 89 1007w .-50 87 47846 102 1997* 47 97 Z9Zlv 48 .93 724* 49 -90 1441 50- 88 .181*46 103 2854* 47 oz 973* 48 94 744* 49 91 3066* 50 89 Z7546 104 2241* 47 99 2057 48 9S 1174- 49 92 347* 50 90 545

47 100 2811* 48 96 56. * 49 93 3309* 50 91 1125*47 47 10000 47 101 326 48 97 835 49 9 196Z* 50 92 339*47 48 1137 47 1OZ 2057 48 98 2039 49 _95 1754* 50 93 263*47 49 102 47 103 2811* 48 99 -" 2331 49 96 2319* 50 94 3358
47 50 482 -47 104 326 48 100 614* 49 97 2988* 50 95 1393
47 51 92* 48 101 2292* 49 98 1236* 50 96 160847 52 131 48 48-10000 48 102 Z311 49 99 3335 50 97 137647 53 423 48 49 477* -48 103 614t 49 100 703 50 98 35
47 54 630* 48 50 1810* 48 104 2292* 49 101 3z1 50 99 444347 55 655 48 51 571* 49 102 5233 -50 100 1996*47 56 438 48 52 1687* 49 49 10000 49 103 3664 50 101 6*47 57 2840 48 53 - 212* 49 50 965 49 IC| !137* 50 IOZ 171*
47 58 187 48 54 269 49 51 .3621 50 103 1492
47 59 917 48 55 1845* 49 52 5814 50 5s 10000 50 104 1213*47 60 870 48 56 1379 49 53 4973 50 51 722
47 61 1472 48 57 2880 41 54 4665 50 52 5654 51 51 1000047 62 -1523 48 58 640 49 55 1803 50 -53 5108 51 5Z 7626_. 47 63 777* 48 59 16Z4---49- -5&--42- -- 50----54 3487---SI 53-8342 -* 47 64 543 48 60 3289 49 57 3517 50 55 1237* 51 54 725047 65 1058 48 61 1422 49 58 3480 50 56 2990 51 55 "69*47 66 880 48 62 1120 49 59 3733 50 57" 590 51 56 983
47 67 472 48 63 369 49 60. 5 50 58 653. 51 57 1489
47 68 404 48 64 740 49 61 289*50 59 481* 53 58 2547 69 1043 48 65 1537 49 6. 2059 50 60 2485. 5 s59 1298*
4? 70 4326 48 64 301* 49 63 1814 50 61 1428 51 60 1645
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•orCorr. Corr, Cc's r. Corr.
Var. Var. Coe(. .ar, Va, Coe( Var, Var, CoeC Var. Var. Co,( Var, Vatr, Co*'
IA) JB) (r) (A) (8) ... f() $A)' (11 fr) IA) in) (r) (A) (0) (r)

SI 6 65 2 61 19 5 Z 567 54 64 2109 S5 67 676e51 6Z I1'0OI* 52, U2 -120211 53 63" $Z8 S4 6S 3097 SS 68 19890
51 63 256 52 63 1610 53 64 2643 54 266 9 55 69 1906*51 64 1886 52 64 2839 53 65 2743 54 67 1099* 55 10 1oar-
53 65 963 52 65 2001 53 66 204 54" 68 724* 55 71 856
51 66 544 52 66 1620* 53 67 53 54 69 3131- 55, 72 1861*
51 67 266* 52 67 1598 53 .68 440V 54' 70 57* 55 73 21
S" 68 1328 52 68 467* '53 69 1162* 54 71 1141 55 74 1395
S1 69 - 301 S52 69 11170 53 70 30*Z 54 7Z 2197* 55 75 2045
51 70 506 52 70 340* 53 71. 67* 54 73- 880 55 '76 226951 71 1529 52 71 566 53 72 1516* 54 74 2268 55 77 718*
51 72 1360o* 52 72 1947* 53 73 1561 54 75 466 55 78 13*
51 73 - 395* 52 73 1 53 74 2287 54 76 32491 S55 79 1796
51 74 1509 52 74 2168 53 75 164 54 "7 60 55 80 1636...........51 75 300 52 75 2160 53 76 J346 4 78i. 52Z 55 81 J128
s1 76 930* 52 76 554*• 3 77 SS4 54 79 3110 55 82 1329o51 77 1416 52 77 494 53 78 436* 54 80 1284 55 83 .79751 78 975 52 78 865 53 79. 501 54 81 1299*55 34 188653 "79 1531 52 79 129 53 80 1565 54 .82 86 55 85 370
51 80 735 52 80 3695 53 81 19590 54 83 845 55 86 1853
51. 81 1849* 52 '81 2825* 53 82 879 54 84 768w 55 87 204551 82 891 52 82 890 53 83 1389 54 85 2312 55 88 3068
51 83 882*'52 83 310* 53 84 761* 54 86 3260 55 89 390851 -84 429* 52 84 584 53 85 570 54 87 .969 55 90 2551

--.... U41" 85 J-.. 8....1746---53--86- 2-263 ' 4 US 2209 - 55 91 1435*
51 86 1625 52- 86 261 5J 87 3690 54 89 507* 55 92 2491051 87 614* 52 87 2723ý 53 88 1404 54 90 206 55 93 394.
51 88 752 52 1 88 1933 53 89 890a* .54 91 3710* 55 94 2236*
51 89 6 52 89 482. '53 -90 842* 54 92 532 55 95 2601*
51 90 933* 52 - 90 515* 53- 91 2318* 54 93 1493* 55 96 867*
•5 91 853* 52 91 . 13700 53 92 .1676 54 94 1327* 55 97 1850O*
51 92 719 52 92 789 53 93 770* 54 95 Z7Z8* 55 98 1740*
51 93 2407* 52 93 1700*" 53. 94 420* 54 .96 364* 55 99 500w

51 94 322 52 94 13* 53 95 ZO77* 54 97 768* 55 100 3098
51 95S 1448* 52 95 398* S3 96 918* 54 98 28 55 101 27451 96 948 52 96 2252 S3 97. 187* 54 99 6592 55 102 _ 2465
51 97 520 52 97- 1953* 53 98 .983 54 100 4141 55 103 1591
51 98 222* 52 98 117 53 99 7149 54 101 736 55 104 457*
51 99 6966 52 99 669? 53 100 869 54 102 289151 100 146* 52 100 797* 53 101 341 54 i03 1193 56 56 3000051 301 1177* 52 101 882 53 102 2493 54 104 631 56 57 76651 102 966 52 102 1644 53 103 2027 56 58 1593*
51 103 937 52 103 3270 53 104 1207 55 55 10000 56 59 1304*51 104 573* 52 104 146 - 55 5 1051. 56 60 2196

54 54 10000 -55 SS " 507 56 60 648

52 52 10000 53 53 10000 54 SS. 1622 SS SS 215 56 6Z 181
52 53 8327 53 54 8442" 54 56 332 55 59 568* 56 63 888*52 54 6214 53 55 48 54 57 2093 55 60 2348* 56 64 1672*52 SS 287* 53 56 758* 54 58 3517 '55 61 2005* 56 65 1681*52 56 1906* 53 57 2384 54 59 918 5 6z 558 56 66 106952 57 2296 53 58 2096 54 6) 923 55 63 777m 56 67 642.
52 58 806 53 59 1975 54 61 Z136* 55 64 177 56 68 3018
52 59 1232 53 60 1926 54 62 197*- SS 65 578 56 69 1825
S2 6C 402 53 61 304 S4 63 1031* 55 66 1772* 56 To 1272
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Corr. Corr. Corr, Corr. ' CorT,
Var. Yar. CL, Var. Van. Coe(, Va. VaT. Co•f Van.. VaT. Coe, Vat. VaT. Cool.

(A) (0) (A) (11) (n) (A) (1.) (r) -(A) (, (') .A) (B) In)
56 73 532 57 76 293 58 82 4737* 59 89 2629w 60 97 257

56 72 213' P 77 3850 58 83 6485 59 90-- 818 60 98 486

S6 73 240 57 78 649 58 84 1091# 59 91 2100 60 99 .1394
56 74 333 57 79 3802* 58 85. 6390 59 92 '454 60 100 -1125*

56, '75 1919* 57 80 0OZ 58 86 4047 59 93 1J8* 60 101 2579

56 76 '9671 57 81 2956* 58 87 1912 59 94 2357* 60 10Z 3300

56 ..7 4329 57 82 268 58 88 530 59 95. 2432* 60 103 22170

56 78 " 1523* 57 83 4196 58 89 2582* .59 96 25460 60 104 1322

56 79 2647 57 84 1096* 58 90 1054 59 97 3029#
56 80 1143 57 85 1494 58 91 3526* 59 98 106 61 61 10000

56 81 1990 57 86 1933 58 92 349 59 99 264 61 62 5579

"56 82 25000 57 87 645 58 .93 1844# 59 100 26* 61 63 581*

56 83 273 57. 88 3633 58 94 578 59 101 2774 61 64 slO*
7 56 84 3266 57 89 30450 58 95 319* 59 10Z 5549 61 65 18

56 85 2067* 57 90 450. 58 96 .422k 59 103 541 61 66 3438

56" 86 12 57 91 410 58 97 1350' 59 104 629* 61 67 10770

56 87 2954* 57 - "411 . 58 98 742 61 68 2241

56 88 955* 57 93 1567# 58 99 . 307 60 60 10000 61 69 7539

56 89 1303 57 94 1387* 58 100. 1677 60 61 6058 61 To 371*

56 90 455 57 95 z1ZI1' 58 101 3701 60 62 5489 -61 71 6431*

56 91 -1049 57 96 3611 58 102 S446 60- 63 17* 61 72 4348

56 92 2321* 57 97 ý946* 58 103 22* 60 64 1976 61 73 5851
56 93 9844 57 98 .3060* 58 104 .2246* 60 6i 2367 61 74 1700*

56 94 203Z* -57 99 296 60 66, Z535 61 75 2658*

• -- S& 95-20-36'---57'-100 " 1115 59 -59 30000 60 67" 1816* 6 76 474

56 96 1792 57 101 3895 59 60 3195 60 68 5525 61 77 -1261*

56 97 86 57 102 6715 59 61 5135 60 69 4507 61 78 692*

56 98 1016* 57 103 186* 59 62 7671 60 70 1123 61 79 113*

56 99 1121 57 104 2716* 59 63 3029 60 71 27.16 61 80 857

56 100 905* 59 64 271 60 72 .345* 61 81 1882

56 101 1057* 58 58 10000 59 65 6032 60 73 6303 61 82 2279*

56 102 189* 58 59 6993 59 66 693 60 74 1710 61 83 5516

* 56 103 2441* 58 60 2376 59 67 676* 60 75 1043* 61 84 765*

* 56 104 I101* 58 61 3042 59 68 3571* 60 76 . 105l 61 85 3020*

58 62 7997 59 69 1756* 60 77 .1306 61 86 423

57 57 10000 58 63 4444 59 70 2195* '60 78 2843 61 87 2344*

57 58 1495 58 64 134* 59 71 5427# 60 79 "434* 61 88 1998*

57 59 2344 58 65 7122 59 72 264Z 60 80 937* 61 89 742*

57 60 2029 58 66 1880 59 73 7756 60 81 1629.: 61 94 1722*

57 61 941*- 58 67- 650* 59 74 ZZZ3 60 82 33790 61 91 952

57 62 1887 58 68 6756* 59 75 535 60 83 5714 61 92 3097

- 57 63 2583 58 69 1996* 59 76 1018*' 60 84 1072,-' § 93 1898

57 64 3050 58 70 6398* 59 77 658* 60 85 1443*• 61 -94 639*

57 65 6045 58 71 3972* 59 78 1438* 60 86 1592 61 - 95 556*
57 66 4851* 58 72 501 59 79 2336* . 60 87 2266* 61 96 3588*

- 57 67 3446 58 73 6673 59 80 2428 60 88 1452* 61 97 2060*

57 68 8* 58 74- 2041 59 81 2721 60 89 1302* 61 98 725

57 69 2848* 58 75 127 59 82 3504* 60 90 1167* 61 99 915*

57 70 740. 58 76 395* 59 83 7834 60.--91 439 61 100 1304*

57 71 4065 58 77- 1100' 59 - 84 2171* 60 "92 2082. 61 101 27

S? 72 2021* 58 78 1212* 59 85 2500* 60 93 949 61 102 1461

57 73 40.19 58 79 2235* 59 86 1727 60 94 2110 61 103 2282*

57. 74 9557 58 g80 799 59 87 S5ze 60 9S 932 61 104 2014

57 75 1031 58 83 3287 59 88 3SZ* 60 96 22
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Corr. Corr, Ccrr, .. t..rr. Corr.Var. Var, CoeL Var, VatP. Cof, V.r. V. r. Co,.f. Var, Varo Coef. Var. Var. Coef,
fA h (3) 4r) (A; (is) (r) W fA 1..) (r) #A) I fr) (r) fA) #1p fpr)

6z 62 |0000 63 73 140Z 64 8a 611' 6 U ZZ41 3 67' 73 550-1
6z 63 3021 6; 74 Zy7 -64 86 160o "64 91, Z;5 67 74 50706z 64 '719 63 75 6 916 64 491 - loo Iz • 63 75 536-,;
62 65 S"6 63 76 157Z 64 8& j916 65 101 5499 67 76 2548
6 66 2"595 63 77 706'; 64 89 1779 65 IOZ 8262 67 77 4143
6z 67 1630*; 63 78 190o 64 90 4670; 65 J0o 1640'; 67 7U 1ZOZ'
62 68 2670' 63 79 1048: 64 91 1740 65 104 - 2578-- 67 79 1637'62 69. 46Z 6; 80 "604 64 92 4010 67 80 283
62 70 3472" 63 83 58V- .64 9; "4)Z 66 £6 100oo 67 81 499Z:'ý
6Z 71 "288- 63 8Z 1616" 64 94 1220 66 67 6799'- 67 2 Z199
62 72 Z069 63 83 769 64 45 853-- -66 6b 367 67 83 354f,
62 7 3. 675 63 - 04 1 1782 64 46 83z 66 69 3409 67 84 832';

-62 74 2040 63 85 1265-. 64 97 " 16; 66 70 1147 67 85 .30836z 75 811' 63 86 2i 64 q8 1h63w-; 66 71 549W: 67 86 1432' -62 76 788 63 87 15'2 64 99 1749 66 72 ZZ6 67 87 4254
62 77 296 65 88 593- 64 100 i132 66 73 2186 G 67 88 421162 78 532-. 63 89 1921* 64 101 2787 66 74 5384* 67 89 14744T

"6Z 79 1760':: 63 90 057 64 IOZ 2150 66 75 3460' 67 90 1363
62 8a n 73 63_. 91 954: 64 101 23ZZ - 66 76 1601v; 67 91 2135
62 81 3486 63 92 2447- 64 104 956'; £6 77 Z307:-- 67 - 92 1719Z
62 82 5344* 63. 93 1178: 66 78 2305' 67 93 -101
62 83 8230 63. 94 1131 65 6i 10000 6o 79 3159'; 67 94 1928
62 84 1186'; 63 95 863 6i 66 508- 66 8g 793'V 67 95 2974
62 8i 2976' 63 96 2668 65 67 35 - 66 81 4310 67 96--2646"62 86 2322 63 97 Z3- 65 68 4544- 66. 92 4611' 67 97 457
62 87 1650 63 98 Il2I- 65 6" 4707- 66 83 1377 67 98 18244-
62 88 656* 63 99 1176:T 6 70 20"-6r "t -64 504 67 99 212"

z62 89 I292' 63 100 2526:- 65 71 Ins•*- 66 85 2795::: 67 100 062*
62 90 217 63 101 1565 6z; 7. 400': 66 86 1461 67 101 Z62 .
62 91 20494- 65 102 1583 66 71 6t20 66 87 1406 67 102 1968
62 92 1341 63 105 2779 65 74 6808 66 88 3015:': 67 103 4112
62 93 359' 63 104 2402'; 65" 75 1283 -66 89 256: 67 104 927*

.6z 94 86'; 65 b *8u 66 90 2466.-62. '95 1245' 64 64' 10000 66 7T 11*0 66 91 23 16'; 68 68 10000
62" 96 853v 64 65 981 6$ 78 879 66 92 2441 68 69 5419
62 97 2296' 64 66 172- 63 7" 4225: 66 93 973 68 T 70 6173
62 98 927V 64 67 647 65 80 56* 66 q4 - 11 68 71 i12462. 99 890* 64 68 1495 65 81 715 66 95 1780W f 68 72 463*
62 100 317*' 64 60 798k 65 82 3184' 66 136 3354'; 68 73 3039'
62 101 3335 64 70 32 65 8a 6796 66 "07 4413' 68 74 7390
62 102 5524 64 71 727 6L 84 a7 5:- 66 8 1 q'7 68 75 913-'ý
62 103 1825xi 64 72 2868W 65 " 85 1307 66 q9 377 68 76 10162 104 670k, 64 73 1153 65 b6 3022 66 100 733- 68 77 1800

64 74 -1500 65 87 -2107 66 101 466kz 68 78 3145
-63 63 10000 64 75 373oz 65 88 v'16 66 1o2 1503'; 68 7S 1753
63 64 1986 64 76 163!- 65 8Q 4536: 66 103 3577' 68 80 1335'*63 65 3565 64 77 698 61 O 0,44 66 104 2714 68 83 3481-
63 66 14Z8& 64 78 -1192 65 &1 214"- 66 - 82 155763 67 1788 64 79 1233'; 65 02 I58'; 67 67 30000 68 a3" 1316*63 68 1990* 64 80" W1-* 6s "1 3424- 67 68 804-- 68 84 206"63 69 3024;4 64 81 2387ý' 65 04 6,6' 67 60 761" 6a 85 541'
63 70 4448- 64 82 1959' 6S U5 1160- 67 70 1008-' 68 86 2240
63 71 1770 64 8a 586 65 06 133S 67 71 142-7 68 8 3435'*
63 ?7 a422 64 84 3705* 65 97 1i0:; 67 "72 106 1 638 " 1471.
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I~l ,.

Corr. Corr, Corr. Cotr. Corr.
Vat, Var. Coefo Var. Var, Coe(. Var. Var. Ccwf. Var, Vat. Coef. Var, V-1r, C'f,i
(A) (31) (r) (A) (15) (r) (L%) 41%) 1r) fA) (is) (r) fA4 (M) (r)

68 859 IIZ 70 70 10000 ' 71 89 .1085 73 76 1191 74 98 A0ZO0
6s 9o 187Z- 70 71 3Z44 71 90 429' 7I 77 714 74 19 *270
68 91 3466 70 7Z 1521 71 91 1;Z2 7) 78 308 74 100 796

69 9z 3429 70 73 1'I: 71 92 1706'- 73 79 41333 74 101 3597 -

68 93 Z349 70 74 1Vl 71 9ý 7b9 7I 80 1049 74 102 6837

65 94 1106 7C 75 -621:, 71 94 573 73 83 2061 74 103 4900
68 95 105- 6 70 76 1167 71 95 530 73 82 S504" 74 104 Z86Z*

68 96 Z81 70 77 1786 71 96 S410 75 81 q963
68- 97 M353 70 78 121 71 97 2738 71 84 3498-, 75 75 I0(;T O

68 98 1075 70 79 1405•' 71 98 3581'- 73 a5 1033" 75 76 .150-
68 99 891 70 80 380 71 99 102' 73 86 3105 75 77 Z7Z'

68 0OO 2257"T 70 81 1763" 71 100 1769 73 87 621 75 -78 159Z
68 101 1352* 70 8z 1374 71 101 1445x 71 88 1017 75 79 ZZ06

68 IOZ Z82* 70 83 257'- 71 IOZ "14Z4- 71- 89 37Z0* 75 80 151"
68 105 1749- 70 84 1903r' 71 303 1549 71 lo 560 75 81 1954
68 104 Z913 70 85 364 71 104 34Z7* 73 91 1810' 75 82 98Z

70 86 1780'" 71 92 1444 75 83 982"

69 69 10000 70 87 1 I17, 72 72 10000 71 q3 15413- 75 84 1261
69 70 1372 70 88 348. 72 73 1750 73 34 1081* 75 85 484e;
69 71 3180"' 70 89 IZ3 3- 72 74 2359' 73 95 z108f: 75 86 70Z-

69 7Z Z946 70 90 598 72 75 241'4 73 96 1687'- 75 87 962q'
69 73 727 70 91 3572 72 76 384 73 97 2710* 75 88. 1197'
06 74 3662': 70 92 170-: 72 77 335ý- 73 98 67v'- 75 89 632
69 75 42a8-' 70 93. 1097 72- 78 -I235I 73 99 307 75 90 2704
69 76 I261 70 94 1689'- 72 79 ZO 73 100 328 75 91 441

--. 6q 77 g3Q* 70 95 1946:.1 72 80 134ý - 73 101 5057 75 92 2351'-
69 78 Z18 70 96 1317-- 72 81 1270.: Z73 IOZ 7589 75" 93 91*
69 79 1618 70 97 861- 72 82 1982 ' 73 103 1536* 75 94 2035

* 69 80 850* 70 98 Z72 72 83 Z098 73 104 385* 75 95 2309
69 81 67 70 99 1275 72 84 174&* 75 96 2595
69 82: 08 70 100 1542' 72 85 3558" 74 74" O0OO 75 97 1646'
69 al 291 70 101 394* 7Z 86 2842'- 74 75 1820 75 98 3085'-
69 84 852 70 302 759i, 72 87 6*8 74 76 969 75 99 298
69 8a 161-; 70 103 2851. -T7 88 3141'- 74 77 3365 75 100 469 f
69 86 9134- 70 104 3392 72 89 885' 74 78 1228 75 101 1665*
-9 87 2337" 72 90 5Z6-; 74- 79 3258'- 75 10Z 61

7.6 88 2053 71 71 10000 72 91 756 74 80 12z 75 103 - 2103

69 899 1164 71 72 5304' 72 "92 1635. 74 81 2694'- 75 104 1682U'

g69 90 ZSql: 71 73 5409' 72 93 741' 74 82 439
-. 69 91 2662 71 74 4Z99 72 94 3363'- 74 83 4089 76 76 i0000

69 9Z 2316 71 75 Z147 72 95 2201" 74 84 " 1487' 76 77 992

69 93 1424 71 76 79V" 72 26 2842:: 74 85 2065 76- 78 401*
69 94 1041 71 77 1177 72 97 3285'- 74 86 -1496 76 79 472'

•. 69 95 1z28 71 '78 2424 72 98 114 3'* 74 87 878 76 80 463*
69 96 2208 71 79 1700 .72 99 2469* 74 88 3163 76 81 292Z5*

69 97 57- 71 80 1886'- 72 I00 1359* 74 89 3499* 76 82 380*

69 98 827 71 a3 3076':" 72 10o 3058* 74 90 887 76 83 1403
-699 99 1222* 71 82 4010 72 I0Z 702* 74 91 104' 76 84 3724--

"fi9 0OO 1499ý4. 71 83 5237- TZ 103 4595- 74 -92 537' 76 85 249*

69 103 2164* -71 84 2587 72 104 565 74 91 2328- 76 86 3255 ..

6W -1ai-- Z699- 71 85 2651 74 94 1410* 76 87 1303

f69 103 SP* 71 86 323 73 73 10030 74 95 1297' 76 88 459*

369 104 28 71 S7 1000 71 74 1785 74 96 1962 76 89 1812*
71 88 1549 73 75 1394t 74 97 4940 76 90 2193
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Corr. Corr. Corr. Corr. Corr.
Var. Var. Coael. Vat. Var. Cnc(. Var. Vatr Ca&. VaT, Vat. Coef, Var. Vat. Coe(
fA) ( 5) Jri (A) (13) (r) 'Af Isp ft. (L_ Ap (11) 01)- (A) (6) Of)
76 91 3zsz5 78 88 2860 Au 89 2452 82 94 8300 84 103 423
76 92 20720 78 89 5647 895 90 162" 82 95' 418 84 104 7720
76 93 1040 18 90 820" 80 91 183 82 96 1308
76 94 325" 78 91- Z969 80 92 3960 82 97 1986 85 85 10000
76 95 330 78 9Z 1098" 80 93-- 4655" 82 - 98 1267 85 86 3740
76 96 757" 78 93 3638 80 94 38Z 1- 82 99 1458* 85 87 157-
76 97 1881- 78 94 101l 8s 95 2037'; 82 00o 3Z0w 85 88 5718
76 98 1549" 78 95 1404 80 96 5619" 8Z l0o 3571* 85 .89 932"
76 99 6146 78 96 460" 80 97 3817* 82 3OZ 3581* 85 90 3488
76 100 35930 78 97 350W 80 98 1218 8Z 103 2720 85 91 3479#
76 303 134 78 98 5 80 99 1778 82 104 979 85 ---9Z 30180
76 102. " 79 78 99 309 80 100 295* 8 93 1137"
76 103 1027 78 100 264 - 80 101 1187 83 83 10000 85 94 '776"
76 104 443 78 10o 1175 80 102 1297 83 84 3733" as 95 762"

78 10z J253 PO 103 764 83 85 9700 85 96 253
77 77 10000 - 78 103 890$ 80 104 1491- 83 86 Z729 85 97 569
77 78 2447-1 78 104 1979* 83 87 750 85 98 85*
77 79 1032' 83 81 10000 83 88 1068 85 99 2517
77 80 107 79 79 10000 &1 82 4933- 83 89 3719* 85 100 3652
77 81 2265" 79 80 736 81 83 1925 83 90 995 85 101 5449
77 82 714 79 81 2237 81- 84 2249 83 91 1921* 85 102 2421
77 83 . 604 79 8Z 2810 81 85 2928" 83 92 13Z9 85 -103 .1284
77 84 4 79 83 4075' 81 86 2436 83 93 1582V 85 104 329*
77 85 1455 79 84 - .3695 '81 87 373" 83 94 1478,
77 86-.. .- 370 79 85 2869A 81 88 2865" 83 95 2201" 86 86 10000
77 87 1796* 79 _.86 1248" 81 80- 2512 83 96 1703" 86 87 253"
77 88 "-24 9 .... 79 87 2040" 81 90 624 83 97 2809" 86 88 5264
77" "89 340"- 79 88 Z899* 81 91 308 83 98 808" 86 89 1431
77 90 1655 79 89 5639 81 9Z 243 83 99 186 86 90 1756
77 91 963* 79 90 945" 81 93 304" 83. 100 676 86 91 2894*
77 92 .-1461* -79 91 4247 81 94 1009 83 101 4800 86 92 324"
77 .93 749- 79 92 1879" 81 95 276- 83 102 7711 86 93 663"
77 94 8656 79 93 866" SI 96 107- 83 103 1346* 86 94 1176"
77 95 1085" 79 94 316 82 97 1359 83 104 489" 86 95 "3762*
77 96 .2917 79 95 207 81 98 957 86 96 212
77 97 1495" 79 96 1146 81 99 2002* 84 84 10000 86 97 597"77 98 3422" 79 97 1095 81 100 1080 84 85 2365* 86 98 413
77 99 794 79 98 563" 81 101 911* 84 86 1155 86 99 1722
77 100 0I15* 79 99 613 81 102 " 51" 84 87 485" 86 100 6517
77 101 2213 79 100 1068" 83 103. 1242" 84 88 1121" 86 101 3972
77 102 2494 79 101 5463* 81 104 588* 84 89 4099 86. 102 4224
77 103 1233" 79 102 3887* 84 90 340* 86 103 541
77 104 1481* 79 103 967* 82 82 10000 84 91 1426 86 104 1685*

79 104 1614*. 82 83 5207" 84 92 2240t"
78 78 10000 82 84 598 84 93 1846 87 87 10000
78 79 2672 80 80 10000 82. 85 748 84 94 1338 87 88 555*
78 80 971 80 81 2128 82 86 16813 84 .95 707 87 89 641*
78 81 154" 80 82 1922* 82 87 .236* 84 96- 911 87 99 293*
T8 82 401 80 83 984 82 88 1026" 84 97 883 87 91 1892*
78 83 442 80 84 56" 82 89 1556 84 98 449" 87 92 374*
78 84 2007" 80 85 463 82 90 1369 "84 99 1199* 87 93 76*
78 85 2071 -80 86 985 82 91 1284 84 100 609-"8. 94 797
To 86 457" 80 87 4884* 82 92 10764 84 101 3056*- 87 95 914*
78 87 4640 80 88 2810 82 93 1684 84 192 26908 87 96 2794
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Corr. Corr. Cor, Corr.
Vat. Vat. CoeL Vart Var. Coe. Var. Var. Coe. Vat. Var'. Coef.
(A) (B) (r) (A) (8) (rj) (A) (B) (r) .A) (B) (r)
87 97 610 90 90 .10000 93 93 10000 97 97 30000
""7 98 "1546 90 91 54j4* 93 94 3168 97 98 5944

7 99 3054P 90 ?Z 7504* 93 9S Z035 97 99 499
87 go00 Z45 90 95 1329 93 96 697 97 100 1602*
-7" to- % 3Z- 90 14 387* 93 97 2040 97 101 243*
87 IfIZ 1464 90 95 3870 93- 98 1054 97 102 2592*
87 t03 308* 90 96 175k 93 99 1301* 97 103 1964
Ip 87 104 5331 90 97 279* 93 100 -1271 97 104• 71*

90 98 434 .. 93 101 411*

90 99 613* 93 302 2908* 98 98 10000
88 88 10000 . 90 100 1436 93 303 863 98 99 1430
as 89 1896 90 101 2559 93 104. 6980 98 J00 Z357P
"88 90 3Z3* 90 102. 777 98 101 1305
"88 93 33*ý 90 103 1340 94 -94 30000 98 1OZ 2931*
"88 9z 1255 43 104 894 .94 - 95 8711 98- 103 2462
88 93 2152* 94 96 3416 98 104 1685
88 94- 791j 91-- 91 10000 . 94 97 5240
"88 95 1328 91 92 2497• 94 98 1687 99 99 1O000
"88 96 238- 91 93 961) 94 99 . 296 99 100 93
88 97 299ý 91 94 2527 94 100 2287* 99 101 720
88 98 27' 91 95 3117 94 103 741 99 102 835
88 99 2505 91 96. 30Z8 94 302 2299* 99 103 2873
88 100 3310 91 . 97 1928 94 103 1918 99 104 929
88 l30 5494 91 98 1Z45• 94 104 - 613*
88 10Z 4005 91 99 Z1956 100 100 10000
88 103 2431 91 100 2817V 95 95 10000 300 101 1103
88 104 3242* 91 101 3136* 95 96 2153 100 102 2376

- -91 1OZ 1336* 95 97 4173 300 103 154
.4 93 103 1308z 95 98 1827 100 104 A9* ..

89 89 10000 91 104 1938* 95 99 163i*
89 90 752" 95 100 3399 0 10 1 301 10000

g89 91 2177 995 101 "l00t 101 102 6408
89 92 275 92 92 30000 95 102 3309* 101 '103 3124
89 93 266* 92 93 569 95 103 1366 101 104 308*
89 94 164e 92 94 930 95 104 82O*
"89 95 - I128 ' 92 95 558 102 102 10000
89 96 1314" 92 96 1025I 96 96 10000 1OZ 103 47*
89 97 " 768 92 97 1938 96 97 4247. 102 104 1406*

*.89 98 1796 92 98 2318 96" 98 3935*
-89 ---99 953* 92 99 985 96 99 1403*
"89 300 685 92 100 3644 136 100 133 103 103 10000
89 101 -1440* 92 101 1244,' - 96 '101 1131* 103 104 628
"89 102 2725* 92 102 207* 96 102 768
89 103 854 92 103 171* 96 301 68*
"89 104 1733* 92 104 153* 96 104 2371* 104 104 10000
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APPENDIX V

COMPARISON OF

ASTRONAUT AND NON-ASTRONAUT PERFORMANCE

A A N. A SN
3 7.6 6.5 .36 .78 2.16 3.0
2 7.4 7.1 .36 .34 1.05 1.2

, 3 7.0 6.3 .33 .65 1..96 2.1
4 7.4 6.8 .36 .65 1.80 . 1.8
5 7.3 6.9 .41 .47 1.14 1.4
6 7.3 6.8 .75 .52 1.44 1.5
"7 7.1 6.7 .51 .56 1.09 1.2
8 7.7 7.1 .75 .69 1.08 1.6
9 7.1., 6.8 .85. .78 1.08 .7

10 7.6 " 6.9 .36 .82 .2:27 1.9
11 7.1 6.9 .18 .. 43. 2.38 .7
12 7.4 "6.9 .36 .83 2.31 1.-4
13 7.0 7.1 . .66 .52 1.26 .3-
14 6 7 6.8 .41 .5Z 1.26 .3-
15 7.4 6.7.. .36 .56 1.55• 2.2
16 35.1 31.8 13.85 .46.00 3.32 1.2
17 36.0 31.2 - 18.33 52.91 2.88 1.6
18 29.9 28.6 z2.85 59.47 2.60 .4
19 14.4 14.8 4.03 2.65 1.52 .5-

* 20 18.6 17.1- .70 3.86 5.51 1.9
21 16.0 15.3 1.33 1.82 1.36 1.2
.22 15.7 13.8 1.08 2.69 2.49 2.8
23 15.3 15.3 5.75 5.43 1.05 0-
24 17.0 16.3 2. 00 3.73 1.86 :8

-, 25 13.7 1.3.4 3.08 5.21 1.69 .3

26 15.6 14.7 2.70 5.30 1.96 .9
27 15.0 14.8 1.33 3.47 2.60 . 2
28 12.6 13.9 2.70 4.39 1.62 1.5-
"9 13.4 13.4 3.36' 7.47 2.22. 0-
30 11.7 11.6 2.08 4.95 2.37' .1
31 15.6 - 15.0 14.36 4.86 2.95 .5

" 32 21.4 20.3 , 5.03 11.86 2.35 .7
•33 21.7 20. 8 4. 08 7.47 1.83 .8

"-34 32.0 31.0 242.66 330.65 .1.36 .1
35 90.0 86.5 77.33 69.39 1.11 .9
"36 39.0- 37.5 24.00 302.69 12.61
37' .31.7 36.5 160.41 91.21 1.75 1.0-
38 4.3 5. 3 3.41 4.82 1.41 1.0-

"39 2.9 3.2 --10,.51 3.65 2.87 .3
40 16.1 14..7 4'5.85 44.91 1.02 .4'
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xm x

41 ,.9 9 2.51 3o00 1.19 0-42 3.6 .3.1 3.70 3.65 3.01 .643 1.6 1.4 1.70 1.65 1.03 .344 4.0 4.8 6.00 11.04 1.84 .5-45 3.9 2. 5 8.51 6.08 1.39 1.246 36. 1 35. 0 64.18 60.47 1.06 . 347 0 .1 0 .08 1.0-48 J.9 1.4 2.85 1.34 2.12 .949 19.3 18.1 29.,08 22.94 1.27 .650 16. 9+ 22. 3 41.51 19.73 2.10 2. 5-51 31.1 33.8 33.18 18. 7 1.77 1.3-Sz 19.1 21. 3 44.18 14.78 2.98 1.153 30.0 32.1 39.66 30.81 1.29 .8-54 36. 1 36.0 16.85 22.47 1.33 .155 77.3 68.4 195.30 108.81 1.79 1.7*;56 57.3 54.1 673.12 278. 23 2. 42 .457 1494. 1 1490.9 1366. 18 2282.65- 1.67 1 .58 313.1 307.5 174.51 344.34 1.97 .759 289. 6 288.3 265. 03 200. 95 1.31 . z60 242.9 246.8 330.85 119.30 2.77 .761 212.9 217.4 471.85 230.69 2.04 .6-62 972.0 966.0 .. 8.66 2011.86 "2.33 .363 323.1 329.9 145.51 472.39 3.24 .. 7-64 391.7 410.9 431.08 291.78 147 2.4-65 1477.0 1410.0" 81Z4.66 11523.62 1.42 1.566 523.3 523.5 109.08 85.47 1.27 0-67 517.6 517.1 55.70 121.47 2.18 168 776.7 804.6 3921.41 2599.82 1.50 -1.2-69 "734. 9 754.7 3185.18 2266.60 1.40 ".9--70 112.9 111.8 54.85 44.82 1. ?Z .3-- 71 '123.9 125. 0 10.51 14.08 1. 33 .7-73 166.7 161.4 221.08 190.69 1.15 .874 1764.7 1749.6 1317.75 2071.13 1.57 .8- 75 49.6 52.7 106. 03 71.60 1.48 .8-76 389.6 403.2 25193.36 40558. 00 1.60 w1- .77 84.9 86.7 139.51 355.43, 2.54 -. 2-S78 10.0 10.2 19.33 19.78 1. 02 .1-79 104.7 113.0 68.12 100.00 1.47 1.7-80 124.9 '126. 1 111.27- 162.52 1.46 .2-81 53.7 57.3 235.12 - -185.66 . 1.27 .5-82 1006.3 1008.5 3.61 25. 04 6.94 1.0-83 77744.0 73480.0 6005 1512.00 4432993?. 19 1. 35 1. 384 47.4 48.0 6.70 65.69 1.04 .1-s85 571.4 516.1 2125.70 2500.65 1.17 2.6
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0?~~1 49,4 10, 7. ItoU 4.

*9 $4 #49 ~ 4 j
j~qg*9 1.14

"*m21110,40 1.3

lot 14, 4W .17 .0

21L4 nos.9 1 1.11
"41 21..s 11.14

104 1, 46 e.41 37.65 1.49

x a aean score of the No.cn-yAatrona'&ta

A
X ~ h vameansce of the Non-Astronauts

N

F a the ratio of the variances

~ t - the probability of statj_-tlcal difference
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