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Frontispiece:

THE TITAN ROCKET WAS USED TO IAUNCH MANY OF THE GEMINI

FLIGHTS., IN THIS ILLUSTRATION , THE NATIONAL AERONAUTICS

AND SPACE ADMINISTRATION IS TAUNCIIING THE GEMINI V

SPACECRAFT FROM PAD 19 AT 9 A.M, (EST) AUGUST 21, 1965 ON

A PIANNED EIGHT-DAY ORBITAL MISSION,

Photo, Courtesy National Aeronautics
and Space Administration
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FOREWORD

This study is a part of a NASA investigation of the effect of space
flight on bone demineralization. It was sponsored by NASA Manned
Spacecra ft Center under Contract NAS{—3687, with Dr, Paul A, IaChance
of the Biomedical Specialties Branch of the Biomedical Research Office

serving as the Manned Spacecraft Center Investigator.

This study was conducted in the Nelda Childers Stark laboratory
for Human Nutrition Research, a component part of the Texas Woman's

University Research Institute. The following constituted the investigators:

Research Team:

Pauline Beery Mack, Ph.D., Principal Investigator
Texas Woman's University Research Institute

Fred B. Vogt, M.D.
University of Texas School of Biomedical Sciences
and Texas Woman's University

George P, Vose, M.S.
Texas Woman's University

Technical Assistants:

B. J. Stover, X-Ray Technologist

Weldon Grady Dozier, Densitometer Technologist
Statisticians:

Jessie Thomas Ashby

Reba lester Fry

lenoir Norwood O 'Rear

Marshall Tyson




INTRODUCTION

It long has been known that immobilization or extended bed rest
induces a general decrease in bone mass in the skeletal system. Does
the prolonged weightlessness of space flight induce an even greater bone
mass decrease? Experiment M-6 was designed to determine the extent
of bone mass loss experienced during space flight and the rate of re~
covery of bone mass postflight. The method employed in these investi-
gatioﬁs consisted of radicgraphic bone densitometry, with the crew
members of Gemini flights IV, V, and VII serving as subjects (1) (2) (3) (4).
Calibrated and standardized radiographs were made at various times both
preflight and postrlight. By radiographing anatomical sites with a lim-
ited amount of soft tissue, the x-ray image of the bone was maximized.
The radiographs were analyzed by a special analog computer to determine
x-ray absorbency; and the data were reported in terms of changes in x-ray
equivalent calibration wedge mass which could b2 converted to changes
in calcium hydroxyapatite, the chief component of skeletal mineral. De-
creases in x-ray absorbency indicated a decrease in bone mass; increases

indicated bone mass recovery.
METHODS

EVALUATION OF BONE MASS CHANGES
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The radiographic bone densitometric technique used in these

-

studies was that developed by Mack and colleagues, reported first in




1938 and 1939 (5) (6). The instrumentation and basic methodology em-
ployed in measuring bone mass in this investigation have been described
by Mack (7) (8), by Mack, Vose, and Nelson (9), and by Vogt, Mack,

Beasley, Spencer, Cardus, and Valbonna (10).

Calibration of exposed films is effectuated by placing an aluminum
alloy reference wedge on each film adjacaent to the bone to be evaluated,
The alloy in the wedge was selected because it exhibited an x-ray ab-
sorption coefficient similar to that of bone. The wedge serves as a means
of correcting any bone scan which is traced, by first correcting the trace
of the wedge for deviations resulting from slight differences in film char-

acteristics or development techniques.

Bone mass is determined first as wedge mass equivalency. The
wedge has been calibrated in terms of calcium hydroxyapatite ECa 3(PO4)2 .
Ca (OHE by x-raying the wedge on the same films with a series of quan-
tities of the hydroxyapatite encased in thin walled leucite containers. .In
this way the values obtained from scanning certain sections of bone can
be equated in terms of mass of calcium hydroxyapatite, the major mineral

component of bone by means of a conversion factor.

The changes in bone mass given in this report de not denote
changes in calcium alone, but of the chief mineral complex of bone, to-

gether with water-organic components of the bone itself as well as of
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over- and under-lying soft tissue. In the major anatomical sites chosen
for the x-ray measurements, soft tissue has only a slight effect upon the
results because conditions of exposure are chosen so as to minimize the

effect of organic materials and to maximize that of the mineral components .

Under the conditions of exposure used in this study, the mass
absorption coefficients for calcium hydroxyapatite and soft tissue, re-
spectively, have been measured as 0.70and 0.17, with the soft tissue
effect reduced further by the comparatively small amount present. In all
evaluations made in this study the thickness of under- and over-lying
soft tissue did not change, as shown by radiographs made at right angles
to the films used for evaluations of density. Therefore, the changes re-

ported are regarded as representing the bone sections scaniad.

STANDARDIZATION OF X-RAY MACHINES

When more than one x-ray machine is used in taking serial radio-
graphs that are to be used quantitatively for comparative purposes, the
x-ray units and procedures must be standardized. This is the case-with
the astronauts who are filmed at Cape Kennedy three to four times over
a 10-déy period before their orbital flight, on the aircraft carrier immedi-
ately after recovery from a flight, usually a second time on thé carrier,

and later at the NASA Manned Spacecraft Center in Houston until they re-

jain any lost skeletal mineral.




The methods used for the standardization of radiogra phs made on
more than one x-ray unit are as follows: (a) a Victoreen roentgen meter
is used immediately befcre making a radiograph to determine the cali-
brated kilovoltage which would produce identical x-ray beam qualities
with all x-ray units used; and (b) at each testing period a phantom com-
posed of a simulated os calcis made of calcium hydroxyapatite in an or-
ganic matrix is radiographed before and after each series of radiographs
made at any one time, For the os calcis, for example, milliamperes,
kilovolts, and time are set in such a way as to give an exposure level of

167 £ 2 milliroentgens for each radiograph which is made.

ANATOMIC SITES INVESTIGATED

The radiographs made on the astronauts have consisted of expo-
sures of the hand in posterior-anterior aspect, and of the foot in lateral
projection. For purposes of comparison of bone mass losses during or-
bital flight and during bed rest, the same anatomical sites were x-rayed
in both series of tests, and scans were made by means of the densitome-

ter assembly in the same location.

The anatomic sites at which bone sections were scanned included
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a single section of the central os calcis (Figure 1), multiple parailel scans
covering approximately 60 per cent of the os calcis (Figure 2), a single

section across the talus (Figure 1), parallel crosswise sections covering

hand phalanges 4-2 and 5-2 (Figure 3), a section across the distal end




of the radius, and a single diagonal section across the capilate among

tlie wrist carpals (Figure 3).

Figure 4 shows a cross-section of the os calcis at the position

at which the "conventional" segment is scanned.

Cancellous or trabecular tissue is represented in a major area of
the os calcis and in the central portion of hand phalanx 4-2 and phalanx
5-2. Cutical o’ compact tissue is present in the perimeter of all of the
individual bones, aqd is f~und in yenerous amounts in the distal end of 1

the os calcis.

Central Qs Calcis Section. - The tracing path across the left
os calcis ran diagonally between conspicuous posterior and anterior land-
marks. By superimposing successive radiographs, this path was repro-
duced accurately in serial films of the same individual. This single path
(1.3 millimeters in width) is known as the "conventional scan." It is a
revealing site for measuring bone mass changes, as it is a highly trabecu-

lar area with a periphery of cortical bone (Figures 1 and 4).

Multiple Parallel Os Calcis Evaluations. - Approximately 60 per
cent of the total os calcis mass was evaluated in the parallel path sys-
tem, as noted. After the conventional scan was made, the parallel paths

were scanned, 1.0 millimeter apart from center of scan to center of scan.

These began 1 millimeter above the conventional path and continued to




the lowest portion of the bone. The total number of paths scanned was
proportional to the size of the bone and therefore varied with the individu-
al. Figure 3 illustrates the alignment of parallel paths through the os

calcis.

Sections of Hand Phalanges 4-2 and 5-2. - The second phalanx
of the fourth and the fifth finger of the left hand were scanned by parallel
cross-sectional paths 1 millimeter from center of scan to center of scan.
These paths were aligned tangentially with the longitudinal axis, cover-

ing the entire bone area (Figure 3).

Distal End of Radjus. = A single scanning path was made through

the diaphysis of the left radius parallel to the distal surface (Figure 3).

Section of Talus. - A single scanning path was made through the
talus of the left foot originuting at the inferior surface and projecting

anteriorly to the conspicuous landmark shown in Figure 1.

Section of Capitate. - A section the width of the scanning beam
was traced across the wrist carpél capitate., It followed a diagonal line

from a point above the capitate~hamate joint on the left to a point at the

lower right which avoided the scaphoid (Figure 3).




j Figure 1. - Reproduction of positive of the lateral radiograph
of the Gemini V command pilot indicating conventional

scanning paths of os calcis and talus.




Figure 2. = This illustrates the alignment of parallel paths
through the position of the os calcis examined for

the pilot of Gemini V covering approximately 60 per

cent of this bone.




Figure 3. - Positive of hand radiograph of the Command Pilot
of Gemini VII in posierior-anterior projection, showing
position of parallel {races on phalanges 5-2 and 4-2 and
the scanning path on the caﬁitate. The edges"of the scans
slightly overlap each other and cover the entire bone in

each phalanx.
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Figure 4. - Cross-section of os calcis at the position

at which the "conventional" scgment is scanned
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SCHEDULE OF GEMINI RADIOGRAPHS

In the three units of the study completed to date, a series of
roentgenograms was made of the left foot in lateral projection and of the
left hand in posteroanterior projection of each astronaut preflight and

postflight according to the following time schedule:

Gemini IV - preflight at 9 days and 3 days before lift off, re-
spectively, at Cape Kennedy and on the morning of lift off
also at the Cape; postflight immediately after recovery cn
the aircraft carrier U.S.S. Wasp and at Manned Spacecraft
Center, Houston, 16 days and again 50 days following re-

covery. The length of this orbital flight was 4 days.

. Gemini V - preflight at 10 days, 4 days, and 2 days before lift
off , and on the morning of lift off at Cape Kennedy; post-
flight immediately after recovery and again 24 hours later on
the aircraft carrier U.S.S. Lake Champlain, and at Manned
Spacecraft Center, Houston, at 10 days and 66 days follow-
ing termination of the flight. The length of this orbital flight

was 8 days.

Gemini VII - preflight at 10 days and 3 days and on the day of

sl

launch at Cape Xennedy; postflight immediately after recov-

ery and again 24 hours later on the aircraft carrier U.S.S.
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Wasp, and at Manned Spacecraft Center, Houston, 11 days
and 47 days following recovery. The length of this space

flight was 14 days.
RESULTS
GENERAL COMPARATIVE FINDINGS

Representative data obtained from the three units of the investi-
gation of bone demineralization during space flight are given in Summaries
A, B, and C. Summary A gives the per cent change in the sections which
were evaluated at the different anatomic sites for the crew members of
the Gemini IV, Gemini V, and Gemini VII missions, respeEtively. Sum-
mary B shows the magnitude of the changes in the various multiple sec-
tions of the os calcis, with Summary C also giving the same findings for
the parallel sections of hand phalanx 5-2 for the three groups of astro-

nauts.

COMPARISON OF SKELETAL MASS LOSSES
IN DIFFERENT ANATOMIC SIE.&.

Summary A shows that two men on the same orbital flight exhibited
individual differences in skeletal density changes, although certain
trends are found between the flights themselves. The astronauts of the
Gemini VII space flight experienced far lower over-all bone mass losses,

for example, than did the men of the other two groups, &lthough theirs

was the longest orbital flight.
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When the losses in all of the anatomic locations which were
tested were pooled for each astronaut, those on the three missions

ranked in this order:

Rank 1. Lowest negative bone mass changes, crew of Gemini VII
(14 days).

Rank 2. Intermediate negative bone mass changes, crew of
Gemini IV (4 days).

Rank 3. Highest negative bone mass changes, crew of Gemini V

(8 days).

When the skeletal sites of the feet were evaluated, the rank order
of per cent loss in bone mass was the same as that for all of the sites

combined. The same rank was found for the bones of the hand.

Central Os Calcis Section. The scanning path across the left os
calcis in lateral projection runs diagonally between cons picuous. posterior
and anterior landmarks which, by superimposing successive roentgeno-
grams over the first film of a series can be reproduced accurately in serial
films of the same individual. This single path (1.3 mm. in width), called
the "conventional scan" sustained losses in bone mass (in terms of cali-
bratior. wedge mass equivalency) in this section of 7.80 and 1‘0.27 per
cent for the command pilot and the pilot, respectively, for the astronauts

of the Gemini IV mission; 15.10 and 8.78 for those of Gemini V; and 2.91

and 2,84 for those of Cemini VII. By setting the computer to scan the
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sections in 10 subdivisions across the entire path of this section in each
case, it was found that the losseé were not uniform throughout the entire
central os calcis section from the posterior to the anterior end, This is

understandable when the illustration of the cross-section of this bone at

the position of this scan is examined in Figure 4,

Multiple Parallel Os Calcis Sections. Approximately 60 per cent
of the total os ~alcis mass is evaluated in the parallel path system, as
noted. After making the "conventional" scan, a series of parallel paths |
1.0 millimeter from center-to-center of the scans were traced, beginning 1
one millimeter above the conventional path and continuing to the lowest
portion of the bone. The total number of paths scanned depends upon the
size of the bone which, of course, has individual variations. Summary B
shows that the number of individual scans required to cover the desired
space varied from 35 for the command pilot of Gemini V to 41 for the pilot

of Gemini VII.

There was variance not only in the segments of the sections evalu-
ated across the os calcis, but between the over-all changes in the differ-
ent sections of the 60 per cent of the os calcis which was covered by the
scans. Losses in these sections varied from one to another, which is
understandable in view of the high proportion of trabecular tissue in this
bone which is shown in roentgenographic studies to be highly dynamic..

Summary B shows a wide range of changes between the multiple sections

of the os calcis for each astronaut in this study.
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SUMMARY B
COMPARISON QF PER CENT CHANGES IN THE MULTIPLE PARALLEL
SECTIONS OF THE OS CALCIS OF THE ASTRONAUTS OF GEMINI IV,

GEMINI V, AND GEMINT VII MISSTONS

P— — = — ~~—

T >

Gemini IV Gemini V GeminiVII
Position of Per Cent Change in 4 days | Per Cent Change in 8 days | Per Cent Change in 14 days
Tracing '
Command . Command | . Command .
Pilot Pilot Pilot I Pilot Pilot Pilot
1 mm. above —-7.09 -9.% —14.10 -8.70 -3.99 -3.13
Conventional | —=.% -10.27 —15.10 -8.7 —2.91 -2.84
tmm. below | —7.26 -10.30 —11.04 —~7.00 ~3.00 -2.81
2 mm. below —-5.47 —9.04 —10.0§ -7.97 -3.50 -2.08
3 mm. below —6.91 -10.27 —11.10 -8.17 -3.09 —-2.43
4 mm. below —7.91 —10.9§ —11.49 —8.66 -2.99 -3.88
§ mm. below —6.42 -12.29 -13.81 —8.51 -2.87 —2.64
6 mm. below —5.05 -10.98 . —14.68 -7.90 -3.04 -1.13
5 mm. below —-8.14 —10.54 —13.94 -8.53 -3.85 -1.79
8 mm. below -2.84 —10.43 —129.52 —10.48 -§.17 —2.0t
9 mim. below —2+72 —8.99 —17.4§ -8.49 -3.82 -1.93
10 mm. below —9.18 -13.12 —21.64 —9.60 —2.84 —3.34
11t mm. below —7.09 —11.92 —120.84 -9.03 -3.97 -=3.35
12 mm. below | —7-93 -9.36 —12.77 -8.62 -~3.55 -2.33
13 mm. below -8.35 -8.52 -12.26 -9.26 =3.10 =2.33
14 mm. below —8.27 —10.29 -8.13 —g.11 —1.4§ —2.5
15 mm. below —3.04 —11.18 —-4.83 —8.65 —2.06 —1.0t
16 mm. below —35.19 —11.82 —4.34 -9.99 -1.53 -2.10
17 mm. below | —6.69 —13.42 -7.94 —8.03 —2.58 —4.3%8
18 mm. below —=.21 —11.65 —3.63 —9.96 -1.57 —=.66
tgmm. below | —6.48 ~g.5h -9.86 —9.81 ~-1.90 - 4.0l
20 mm. helow : _g.gg -9'65 -8.20 : ..”.7(, -1.82 -Q.27
2t mm. below =5 4= ! —9.80 ! —R.42 l -8, 47 —1.18 i —0.56
22 mm. bedow + —g.7 ‘ —38.45 ' —92.05 | =I13.23 -0.51 -1.01
a3mm. below | —6.53 -8.c8 —g.21 —13.42 -0.49 +1.39
n 24 mm. below | —g.04 -10.33 ! -3.85 —-12.36 —o0.%6 —0.638
2g mm. helow © —A.7y ~8.31 | 4216 | =10.% -0.96 -2.05
A6 mm. below =3:5¢ ‘ —7.0h .09 | =—l0.0} —1.34 -4.77
27 mm. below i —de 34 : —4.26 | +3.53 —8.07 —-1.10 X —j.()‘)
5 2% mm. below | —2.34 | -6.16 ‘ +2.65 —R.o8 =153 | =32
29 mm. helow | —.X.Cf‘ et T8 . -1.05 +90.53 i -1.72 : -2.09
o mm, below -1.50 =08 -1.25 —h.q4 | —t.72 | -1.43
1, below —3.87 | =eh L =53 1 -7, =C.g5 | =2.3j
_L AT, —c.a) —3.a0 ! =66 1 =dig i =gt | =452
33mm. below [ —s.15 —4.55 -12.56 -8.21 -0.§4 -1.30
34 mm. below | —6.24 ~2.63 —10.69 —6.21 —1.48 -3.81
3§ mm. below | —8.81 —12.80 X —12.69 -1.97 —2.44
36 mm. below ‘ X —e$7 X X ~2.96 -5.63
37 mm. below | X —10.82 X x X -3.96
38 mm. below X —10.18 X X X —a.51
39 mm. below l X X X X X —a.00
40 mm. below . o X X X X +8.22
Mean Change : -6.82 —9.2§ —10.23 -9.10 -2.46 —-2.54
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Talus Section. A single scanning path was made through the talus
of the left foot originating at the inferior surface and projecting anterioily
to the conspicuous landmark shown in Figure 1, The section of the talus
that was evaluated, consisting of cancellous skeletal tissue ci'liefly,
experienced losses in bone mass which generally were somewhat hicgher

than was found. in the central section of the os calcis.

Hand Phalanges 4-2 and S-2. The second phalanx of the left hand

in the fourth and fifth fingers was scanned by parallel cross-sectional
paths 1.0 millimeter from center of scan to center of scan, aligned tan-
gentially with the longitudinal axis and covering the entire bone area in
each case., Both bones exhibited wide ranges of skeletal mass loss in

the different sections.

The losses in each of the parallel sections of hand phalanx 5-2

are shown in Summary C.

Capitate Section. In the diagonal section of the capitate which

was evaluated in the site shown in Figure 3, losses were greatest in the

astronauts of the Gemini V mission and least in those in Gemini VII.

LT TR
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Positioning a subject for making a radiograph of the os calcis in
lateral projection of the foot. The subject is protected by

plastic vinyl coverings impregnated with a lead compound.




GEMINI 1V DETAILED FINDINGS

Comparative results from the three orbital flights covered in this
report (Gemini 1V, V, and VII, missions) have been shown in Summaries
A, B, and C in the Introduction. This and the two following sections
give more details of the bone densitometric findings from the three mis-

sions. .

Central Section of the Os Calcis, Gemini IV. The x-ray absorp-

tion values (in terms of calibration wedge mass equivalency) obtained
from the central os calcis section (the "conventional" segment of this |
bone) throughout the Gemini IV study are shown in Table I, Parts Aand B
(Appendix) and in Figure 5. Table I (Appendix) includes the data as read
from the computer in integrator counts, with the results converted to cal-
ibration wedge mass equivalency in grams in the last column of each part

of the table.

Based on the immediate preflight and the immediate postflight ra-
diographs, the command pilot showed a -7.80 per cent change in bone

density. The corresponding value for the pilot was -10.27 per cent.

o st
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Multiple Sections o_fmg_gg Calcis, Gemini IV. On each of the
os calcis films of the command pilot, 37 parallel scans were made, and
on the os calcis series of the pilot, 40 scans were made on each film, as
noted. In the series of multiple os calcis scans of both astronauts, all
values determined 1mmediatelly postflight were lower than the preflight

values.

In all 37 parallel os calcis segments of the command pilot series
there was a decrease in calibration wedge mass equivalency when the
first postflight film was compared to the last prefligﬁt film, These seg-
ments showed a range of change from -1.50 to =9.73 per cent. Of the
40 parallel scans of the os calcis radiograph of the pilot, the changes in
calibraticn wedge mass equivalency ranged from -2,08 to -13.42 per
cent. The bone mass values and the changes in values were not uniform
because of the differences in the tissues which the segments penetrated.
All positions of scans in the os calcis radiographs of each astronaut
which demonstrated the greatest percentage change were found in cross-

sectional areas of highly trabecular tissue.

Tables IT and III, each with Parts A - E (Appendix) contain the full
data on the multiple scans of the os calcis radiographs of both men, given

in terms of integrator counts as read from the computer. Figure 6 shows

the overall values for the multiple scans of both astronauts.
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Eour Groups of Comparative Os Calcis Sections, Gomini IV. In
order to compare different areas of the os calcis for changes in wedge
mass equivalency during flight, the multiple scans were divided into four
groups, with the sums of the values for each group compared before and
after flight. See Figures 7 and 8 for the graphs of the highest and lowest
quarterly bands of the multiple os calcis sections of the respective astro-

nauts of this mission.

For the Command Pilot of the Gemini IV flight, the following per-
centage changes between the last radiograph before lift-off and the first
film after recovery for the four groups of sections:

!

Proximal Section (Segments 1 millimeter above the cénventional
scan through Segment 7 below), per cent change in wedge

equivalency of the group of bone sections . vvvevves =7.15

Second Section (Segments 8 through 16 millimeters below
conventional scan), per cent change in calibration wedge

equivalency ..I.0.0l.l..l..-..l...l.l‘.!l.ll.l.. -7023

Third Section (Segments 17 through 25 millimeters below con-
ventional scan), per cent change in wedge equivi-

lenCY 0. 0 00 0 00 90 0 PP P NP OL N OO PO L RN EELLELEODS -7065

Distal Section (Segments 26 to bottom of bone), per cent

change in wedge mass equivalency ...eeeeeeecens . -4,03




25

The changes in the four os calcis sections of the Pilot, measured
from the radiograph taken immediately before in coniparison with that

which was taken immediately after the orbital flight, were the following:

Proximal Section (Segments 1 millimeter above the conventional
scan through Segment 8 below), per cent change in wedge

equivalencyooc.'ooollonoon---o--uoloocooobo-c -11-00

Second Section (Segments 9 through 18 below the conveational

scan), per cent change in wedge equivalency ..... -10.99

Third Section (Segments 19 through 27 below conventional

scan), per cent change in wedge equivalency ..... =-8.53

Distal Section (Segments 28 to bottom of bone), per cent

change in wedge equivalenCy «c.eeeeesevesecsses =3.87

It will be noted from the data given above that the per cent
change in the group of the multiple sections at the distal end of the os
calcis in the case of each astronaut is lower than that of any of the three
higher quarter bands. It should be noted thét these sections run across
a cortical area near the bottom of this bone. The change in this cortical

tissue, therefore, has been far less than that in the trabecular tissue

higher up in the bone.

bt

B i
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Figures 7 and 8 also show the differences in negative slope during
flight of the tissue near the proximal part of the os calcis in comparison
with that of the lowest quarter of the traces, which falls chiefly in cor-

tical tissue.

Section of Talus, Gemini IV. Summary A shows that the section
of the talus which was scanned experienced a loss of 10,69 per cent for
the Command Pilot and 12.61 per cent for the Pilot. These losses can
be attributed to the high proportion of trabecular and the low amount of

cortical tissue in this bone.

Bones of the Hand, Gemini IV. It is remarkable that the phalanx
of the fifth digit, which was evaluated for bone mass in cross=-sectional
segments, experienced losses in bone mass in only four days. The mean
changés and the range of changes in hand phalanges 5-2 and 4-2 are
shown in Summary A. The entire series of changes in bone mass in the

crosswise sections covering 5-2 in the astronauts of this mission are

given in Summary C.

The central wrist carpal, the capitate, lost 4.48 per cent in the
Command Pilot and 17.64 per cent in the Pilot of Gemini IV. The indi-
vidual differences in the two astronauts is difficult to explain, although

the results indicate the need for further study of changes in bone mass

of the hand during weightlessness is evident.
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Astronauts Edward H. White, Jr., Pilot (left) and James A. McDivitt,
Command Pilot (right) are shown entering the Gemini Simulator to

prepare for their Gemini-Titan 1V Four-Day Orbital Mission




GEMINI V DETAILED FINDINGS

Central Qs Caleis Section, Gemini V. The bone mass values (in

terms both of integrator counts and of calibration wedge mass equiva-
lency in grams) obtained from the central os calcis section during the
Gemini V study arc shown in Table IV and in Figure 9. Based on the im-
mediate postflight radiograph as compared with that made immediately
preflight, the Corimand Pilot showed a -=15.1 per cent change. The
carespending value for the pilot was -8.9 per cent. Recovery of the
loss in this bone site approached completion in both astronauts on the
twenty-eighth day of the experiment (10 days postflight). Full recovery

had occurred by the fifty-eighth day postflight.

Table IV consists of two sections, both giving the data obtained
by scanning the central section of the os calcis. Part A provides the
data concerning this anatomical site for the Command Pilot and Part B
_for the Pilot of the Gemini V mission. The tables give the results both
in terms of integrator counts and of calibration wedge mass equivalency
in grams, as has been noted, The latter is a factor derived mathemati-
cally from the integrator counts obtained from the densitometer as ex-
plained in cited references (9) (10). Figﬁre 9 is based on calibration

wedge mass equivalency. Percentage change from one radiograph to

another is the same regardless of which of these factors is used,
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Multiple Sections of the Os Calcis, Gemini V. On each os calcis

radiograph of the command pilot of Gemini V, 37 scans parallel with the
central os calcis section and including this section were needed to cover
approximately 60 per cent of this bone. The same number also was needed
for the pilot. Tables Vand VI give the complete data for these sections

in terms of integrator counts and of calibration wedge mass equivalency

for the seven radiographs of both astronauts of the Gemini V mission.

Part C of these two tables includes the percentage changes in
the os calcis central section bone density from the immediate preflight
to the immediate postflight radiographs of these men. The total value
for the command pilot was 10.3 per cent lower immediately after flight
than immediately preflight, with 8.9 per cent the corresponding value for
the pilot. The greatest loss in the entire series of sections across this
bone was 29.52 per cent for the command pilot and 13.76 per cent for the

pilot. -

A graphic summarization of the overall findings from the multiple
os calcis scans is presented in Figure 10. In this figure the total values

for each of the os calcis radiographs for each astronaut are summarized.

The command pilot continued to lose some bone mass during the

first 12 hours after flight, whereas the pilot began to recain lost bone

S — P

mass during this period. By the time that the radiographs were made 10

days postflight, the command pilot had come back to his immediate
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preflight overall os calcis bone density status, with some increase be-
fore this mission closed. The pilot had regained the level of the last

preflight bone mass of the overall os calcis evaluations ., with no further

change.

Astronauts L. Gordon Cooper, Jr., Command Pilot (left),
and Charles Conrad, Pilot (right), prime crew of the

Gemini V Mission




NOISSIN A ININID JHIL JO
SLOVNOYLSY FHI JO HOvVI 4O SIOTVD SO dHL JO SNVOS TITTWIVd JO SITdIS
TIVYIAO JHL 4O ADNITVAINOT SSVA IDAIM NOILWEITYD NI SIONVHD ‘01 TuNOId

SAVA NI INIL

9L VYL 2L OL Cc €2 92 $2 22 02 21 91 ¥ 21 0l 8 8 ¥ 2 O 0
0 T T I ] I

T T T T [\ ( T T T T T T I ]

O
(

A ININIO

SUolidag m_U_.OU mo :Ou®>o

pybr 4

b
Y
™M

!
~
o)

13€
L e el e L O

1y

1y

1071d ANVAWNOD 6 ]

(sunug)

ADNITIVAINOI SSVIA

dM NOILVYYEITVD

19d




In an effort to determine which regions of the os calcis were the
most sensitive reflectors of changes in bone mass, the multiple scans
made on this bone were divided into four groups, as shown below, based
on the data compiled from the immediate preflight and immediate post-
flight radiographs. In all four comparisons, the bone density values
were lower imrﬁediatcly postflight than they had been immediately pre-

flight.

Superior Section (1 mm. above conventional scan through

Segment 7 below)

Astronaut
Command Pilot

Pilot

Per Cent Chanae
-12.84 per cent

- 8.25 per cent

Second Section (Segments 8 through 16 mm. below con-

ventional scan)
Command Pilot

Pilot

-13.44 per cent

- 9,28 per cent

Third Section (Segments 17 through 25 mm. below conven-

tional scan)
Command Pilot

Pilot

= 7.13 per cent

-11.46 per cent
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Fourth Secw.on (Inferior section, including segments 26
Lireugh 34 below conventional scan for the command
poilot ané segments 26 through 35 below conventional

scarn for the pilot)

Astronaut Per Cent Change
Command Pilot = 2.47 per cent
Pilot = 7.64 per cent

It is apparent from these data that the bone mass decreased
somewhat more in the superior sections than in the inferior sections in
both astronauts. This effect may be attributed to the gre,aater proportion
of cancellous or trabecular tissue to cortical bone in the superior regions
than in the inferior regions of the os calcis, explaining the fact that
changes of greater magnitude often are seen in the conventional scan-—

ning path than in total multiple scans of the entire bone.

Section of Talus, Gemini V. The x-ray calibration wedge mass

equivalencies at the talus scaqning site made immediately postflight was
13.2 pe1 :cent lower than the firal preflight value in the command pilot,
and 9.8 per cent lower in the pilot. By the twenty-eighth day of the ex-
periment, 10 days after the close of the orbital flight, both astronauts
approached full recovery in this anatomical site, with full recovery to
the preflight status accomplished by the close of the experimeat, 58 days

postflight.
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Figure 1) consists of a graph of the data on the talus site as
shown from measurements of the series of radiographs; and Table VII
(Parts A and B) gives the full data derived from the measurements made

in the talus site.,

Hand Phalanges 5-2 and 4-2, Gemini V. The data for the values

obtained from the series of radiographs made of hand phalanx 5-2 of the

command pilot are given in Table VIII. The comparable data on the pilot
are given in Table IX. In Ta! 2s X and XI, the basic data on phalanx 4-2
for the two astronauts are given. The data on the twc hand phalanges of
the command pilot are shown graphically in Fipxre 12, The companion

graph for the pilot is found in Figure 13.

Decreases in wedge mass equivalency after the eight-day orbital
flight occurred in hand phalanx 5-2 of both astronauts. The changes in
the 18 parallel traces for phalanx 5-2 of the command pilot ranged from
-19.6 to -26.1 per cent when the immediate postflight radiograph was
compared with that made immediately before the flight. The overall mean
change between the segments traced in the immediate preflight aﬁd post-

flight films of this astronaut was -23.0 per cent.

The changes in the parallel segments in phalanx 5-2 in the radio-
graphs of the pilot made immediately postflight compared with the last
preflight film ranged from -0.4 to -22.1 per cent, with an overall mean

average of -17.0 per cent. See Part C of Tables X and XI.

e
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Changes in hand phalanx 4-2 were smaller than thos¢ in phalanx
5-2 in both astronauts. The data on the charges in the 4-2 hand phelanx
are summarized in Table XVI. The changes in the 22 parallel traces for
phalanx 4-2 of the command pilot ranged from -6.0 to -13.1 per cent
when the immediate preflight and immediate postflight values were com-

pared. The overall mean change was -9.8 per cent.

The changes in the parallel segments in phalanx 4-2 of the pilot
from film 4 to film 5 ranged from -5.3 to =16.9 per cent, with an overall 1

mean average of -11.8 per cent.

Section near Distal End of Radius, Gemini V. The changes in

bone mass in the distal end of the radius were evaluated only in the
Gemini V st dy. During this eight-day flight, the calibration wedge mass
equivalency of the distal end of the left radius decreased by -25.3 per
cent in the command pilot and by =-23.5 in the pilot, when the last radi

graph before lift-off and the firs: preflight radiograph were compared.

See Table XVII and Figure 14.
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Astronauts James A. Lovell, Jv., Pilot (left) and Frank Borman,

Command Pilot (right), prime crew of the Gemini-Titan VII
Mission. These astronauts also constituted the back-up

crew of the Gemini IV orbital flight,
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CZMINI VII DETAILED [ INDINGS

Central Os Calcis Section, Gemini VII. The bone mass values in
terms of integrator counts and of calibration wedge mass equivalency which
were obtained frnm the cenual os calcis section throughout the Gemini VII
mission are given in Table XIII. Figure 15 shows the sequence of va lues
graphically for this bone section. Based on a comparison of the calibration
wedge mass equivalency of the immediate postflight radiograph with that
made immediately before the launch, this central or “"conventional” segment
of the os calcis exhibited very minor changes during the orbital flight, both
for the command pilot and pilot, with values of 2.91 and 2.84 per cent,

respectivaly.

It should be noted that some increase in bone mass of this ana-
tomical site took place during the first 24 hours following the orbital
flight in both astronauts, with a marked increase in both men during the

11-day period after the flight, the iatter more pronounced in the pilot. At
# the time of making the last radiograph of the series, 47 days postflight,
the command pilot had levelled off in calibration wedge equiva lenc.y of
this section of the os (2lcis at a value higher than any which was found

in the preflight series. The pilot, on the other hand, had a value in the

last central os calcis radiogra ph which was higher than that of any of his

previous films except the next to the last measurement. It should be
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noted that the flight ended on 18 December, 1965, and that the next 11
days thereafier included the Christmas holidays, a period during which
both men stated that they had consumad consid=rable quantities of food,

including milk.

MQ_I_U_ELQ Sections of the Os Calcis, Gemini VII. Table XIV gives
the values for each of the 38 parallel scans needed to cover 60 per cent
of the os calcis for each of the seven radiographs taken of the command
pilot of Gemini VII throughout this mission. Table XV gives the comparable
data for the 42 parallel scans made on the series of radiographs of the
Gemini VII pilot. Part C of each of these tables shows the comparisons of
the overall sections r.f th2 os calcis of each astrornaut as determined from
the radiographs made immediately preflight and those made immediately

postflight.

These tables show that the changes in the overall sum of the sec-
tional values obtained from the parallel scans muade in the radiograph
taken of the command pilot on the carrier immediately after his reccvery
was only -2.,46 per cent different from that made immediately before
launch. The comparable change in values for the pilot was -2.54 per cent.
The tables show also that tﬁo greatest change during flight in bone mass
in any »f the multiple sections of the os calcis of the command piloti was

-5.17 per cer., while that of the pilot was -7.,66 per cent,
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A graph of the sums of the calibration wedge equivalency va lues
for the multiple os calcis sections for cach of the preflight and postfiight
radiogra phs is shown for both astronauts in Figure 16. A general similarity

11

between the graphs of the “conventional" section and that of the cver 11
os calcic seciions for these astronauts is seen by comparing Figures 15

and 16.

Table XIV shows that, of the 38 rarallel scans required to cover 60
per cent of the os calcis of thza conmand pilot . the bone mass changes
during he l4-de orbital flight ranged from -5.17 to -0.49 per cent. The
changes of the 42 scanc in the parallel system of the os calcis of the pilot
ranged from -7.bo v (.27 per cent (Table XV). The irregularity in the

trabulation of the os calcis is evident in T gure 14.

Section of Talus, Gemi:,» VII. Table XVIand Figure 17 show that,
during the preflight, the mass of the bone. secticn evaluated in the talus
first increased and then decreased for the command pilot. The pilot showed
a slight decrease in this site preflight. Postflight, both astronauts ex-
hibited a marked increase for 11 days, with final values not markedly dif-
ferent from the initial levels. In general this represents the same pattern
of change as that shown by ithe os calcis. The calibration wedge mass
equivalency at the talus scanning site obtained from the radiograph made

immediately postflight was 7.06 per cent lower than the final prefli ht -

value for the command pilot anc 4.00 per cent lower for the pilot.
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Hand Phalanacs 5-2 é_:yl 4-2, Gemint VII. As in the case of the
os calcis and of the hand phalanges sites scanned for the Gemini IV and
Cemini V astronauts, multiple parallel scans were made across hand pha-
langes 5-2 and 4-2 of the Gemini VII radiographs, with distances of one
mm. from the center of one scan to that of the next scan. In this manner,
the entire area of each phalanx was evaluated in posterior-anterior pro-

jection.

Hand Phalanx 5-2, Gemini VII. Tables XVII and XVIII are given to
show the data for the respective cross-sections of hand phalanx 5-2 for
each of the two astronauts of Gemini VII. These tables show in Part C the
comparison of the bone mass of the sections across hand phalanx 5-2 of
each astronaut, evaluated in each case from the radiograph made immedi-
ately before the orbital flight as well as that made 14 days later, immedi-

ately after recovery of the astronauts on the carrier after the flight ended.

From the beginning to the close of the orbital flight, the commard
pilot sustained an overall change in the 18 parallel sections of pnalanx
5-2 amounting to -6.78 per cent. In the 17 scans required to cover hand
phalanx 5-2 of the pilot, an overall change in bone mass of -7.83 per
cent was found. The greatest change in this bone for the command pilot
in any of the cross-sectional segments was -12.07 per cent, and for the

pilot, the corresponding change was -14 .83 per cent.,

Figure 18 includes a graph of the calibration wedge mass equiva-

lency data of hand phalanx 5-2 for both Gemini VII astronauts.
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Hand Phalanx 4-2, Gemini VII. Figure 19 consists of graphs of

the calibration wedge mass equivalency values for hand phalanges 4-2 for
the serial radiographs of the two Gemini. VII astronauts throughout their
mission. The graph of the command pilot shows that the value for pha-
lanx 4-2 was higher at the begin-ng of the orbital flight than the first
preflight value, with a decline by the close of the flight. This was fol-
lowed by a gradual increcase after the flight. The graph for phalanx 4-2
for the pilot shows a marked increase in bone mass during the fiist seven
days of preflight, followed by a decreasc during the last four preflight
days. Following the decrease during the flight, there was a continuous

postflight increase.

Table XIX gives the bone mass changes found in each section of
phalanx 4-2 of each astronaut, as derived from the evaluations made
{rom the radiographs taken immediately before and immediately following
the orbital flight of Gemini VII. From the time of taking the radiograph
made immediately before launch until that which was made 14 days later,
immediately after recovery on the carrier, the command pilot sustained an
overall change in the 25 scans required to cover phalanx 4-2 of his hand
of -6.53 per cent. The change in this anatomical site for the pilot during
the same period was -3.82 per cent, with 25 scans required to cover this

bone. The greatest change in any section of pralanx 4-2 was -9.11 per

cent for the command pilot and -8.54 per cent for the pilot.
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Saction across the Capitate, Gemini VII. Table XX outlines the
bone mass data for the seven radiographs which wer= made of the central
wrist carpal of each of the Gemini VII astronauts, the capitate. As in the
case of the x-rays made in some of the other anatomic sites, the astro-
nauts both increased in bone mass slightly between the first two films of
the series, and then decreased in calibration wedge mass equivalency he-
tween the second and final preflight radiographs. Between the x-ray made
immediately before the orbital flight and that made immediately after re-
covery on the carrier, the change in mass of the section of the capitate
which was evaluated was -4.31 per cent for the command pilot and -9.30

per cent for the pilot.

As in the case of most of the x-iays made of other anatomical lo-
cations, the capitate made a marked recovery in bone mass (in terms of
calibration wedge mass equivalency) during the first °* hours following
the mission in both astronauts. Then there was a mar ncrease in
mass of this bone during the next 10 days, reaching tl ast level at
this time, with this period as noted coming within the Ch* w..us holidays.
Then the bone mass decreased somewhat until the last radiograph was
taken after the orbital flight was over. The final level of mass in this
bone for both men, however, was higher in the last radiograph than in the

x~ray immediately before the flight., Figure 20 shows the capitate d.

graphically.
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CALCIUN CONSUMPTION LY THE ASTRONAUTS

DURING ORBITAL FLIGHT

Use has been made of the background information secured from
the bed rest studies concerning bone densitometry results for comparison
with the findings from the astronauts consuming §1milar levels of calcium
during space flight for an equal period of time. It should be noted that
the asironauts of Gemini IV consumed only a daily mean of 679 and 739
milligrams of calcium for the command pilot and the pilot, respectively,
during their 4-day mission, which represents a moderate level of calcium.
The corresponding mean levels of daily calcium consumption by the com-
mand pilot and the pilot of the Gemini V mission were 373 and 313 milli-
grams per day. This represented between one-third and one-fourth of the
calcium provided for them for their eight-day flight. In addition, they also
were consuming about the same proportionately low levels of energy and

of other major nutrients by eating only a moderate proportion of their total

food.

The command pilot and the pilot of Gemini VII, on the other hand,
consumed means of 945 and 921 milligrams daily of the approximately
1,200 milligrams per day available of thc;= calcium in the calciur fortified
diet provided for their 14-day mission. The three groups of astronauts,
therefore, showed the following rank. rder as to their levels of calcium

consumption:
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Rank 1, Gemini VII, command pilot 945 and pilot 921 milli-

grams of calcium daily;

Rank 2. Gemini IV, command pilot 679 and pilot 739 milligrams

of calcium daily;

Rank 3. Gemini V, command pilot 373 and pilot 313 milligrams

of calcium daily.

Comparison of Bone Density Losses
in Bed Rest Subjects during Recumbernicy
and in Astronauts during Space Flight

Bone mass losses for men at horizontal bed rest may be computed
for any number of bed rest days, since radiographs of the hand and foot
are made daily during the bed rest period. Hence comparisons may oe
made between bone mass losses in bed rest subjects and in astronauts
who have consumed similar amounts of calcium for the same pericd of
time. Losses of bone mass may be reported either in terms of calcium
hydroxyapatite mass equivalency or of calibration wedge mass equiva-
lency, since the former has been derived from the latter by multiplying

by a constant factor.

Figures 21 and 22 show graphically the bone mass changes in the
central os calcis and in hand phalanx 5-2 during the orbital flights of the

command pilot and the pilot of Gemini missions IV, V, and VII, together
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with the mean of the bone density changes in the bed rest subkjects who
consumed comparable levels of calcium daiiy for the same periods of time.
Summaries D, E, and F cover the same information as the two tables,

with additional data on the calcium intake and the per cent change in bone
mass of the two atomic sites under consideration for individual bed rest

subjects.

Figure 21 and the three summaries listed above show that the astro—
nauts of the Gemini-Titan VII mission expzerienced generally lower losses
in kone density of the ceniral section of the os calcis than were found in
the Gemini IV crew and particularly in the crew of Gemini V during flight.
The losses in this section for the Gemini VII astronauts were even lower
than were the losses found in the subjects who had been at horizontal

bed rest on a similar level of dietary calcium for the same pericd of time,

Figure 22 and the three summaries. under consideration show that,
in the hand phalanx 5-2 notably greater decreases in bone mass during
flight were shown for all astronauts than for the TWU bed rest subjects
who consumed equivalent quantities of calcium for a time period equal to
the time of the respective flights. This would indicate to the authors the

need for further study of the reasons for the differences found in these

two skeletal sites.
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SUMMARY D
CHANGE IN BONE MASS* IN THE CENTRAL QS CALCIS AND IN
THE HAND PHAIANX 5-2 OF ASTRONAUT. _F GEMINI IV, AND
IN BED REST SUBIECTS ON SIMIIAR DIETARY CALCIUM LEVELS
EOR THE SAME PERIOD OF IIME (EQUR DAYS)

Level of Daily Change in Central Os
Subjects Zalcium Intake Calcis Bone Mass*
(milligrams) (per cent)

GEMINI 1V
Command: Pl o s S s D2 s s rers ecorerems o s 8.0

Hlot OOOOOOOOOOOOOOOO 739 L I I I I I D RN R I I B B -10.30

TWU BED REST

SUBJECTS p
Subject 1 L I I I I N I 675 LI I I I I I L I I B B -2 '67
Subject 2 L I I B B IR N I I I B 659 L L I I L L I B I -4 .25
SUbject 3 LI I I B N N R I N 636 L I I O I I I I DL -3 039
SUbjeCt 4 L R I R ) m L S I R ) ) —_3_15_&
MERN: o5 ss0n onisova 00 L, L5 sisnere) oiansned ois) oTe o . 347
Level of Daily Change in Hand
Subjects Calcium Intake Phalanx 5-2
Bone Mass
(per cent)

GEMINI1 IV ~
Command Pilot ........ O79 iieeiiies as e st alers =11..85
PIISE e o on ansne sivss T3, el elein sl v el o viie -6.24

TWU BED REST

SUBJECTS
Subject L v ou isw s s D78 5 icieiae ains slelsiae =] .61
Subject 2 «i vu e v wne e D59 L eieie s gt 5ses -1.80
Sublect Jucionicssnvay 03 DI ole) 6 e s iolla sl el sl e =2.28
Subject d cevesei6aeses B30 sl einiene 13 o n hioté Lo ® +1.,61
ME8BR. ssssenassnsna B8 aecoarswiannrasns ~] .02

*In terms of calibration wedge mass equivalency (grams)



SUMMARY E

CHANGE IN BONE MASS* IN THE CENTRAL OS CALCIS AND IN

IHE HAND PHAIANX 5-2 OF ASTRONAUTS QF GEMINI V, AND

IN BED REST SUBJECTS ON SIMILAR DIETARY CALCIUM LEVELS

EOR THE SAME PERIOD OF TIME (EIGHI DAYS)

Level of Daily

Change in Central Os

Subjects Calcium Intake Calcis Bone Mass*
(milligrams) (per cent)
GEMINI V
Command Pilot ,....... 373 ..... e e crae=21-8510
PIIOt LI I I I LI I I 333 ooooooooooooooo -8 090
TWU BED REST
SUB,SCTS ’
Subject 1 .... . . L I 307 s . . . . -8 CGS
Subject 2 L L I R R I I N N I I I 292 . .0 L . . -5 .05
Suhject 3 L L L I I I R I L R 303 L I I N I I R IR I R N . _7 .89
Subject 4 LN I I I R N B R R 30& . 00 . L ] . -8 .05
e 3 W e e e S OGN BOG: s e 010 vis o 47 sgoieLs =7 <41
Level of Daily Change in Hand
Subjects Calcium Intake Phalanx 5-2
Bone Mass
(per cent)
GEMINI V
Command Pllot ..cs0 000 373 i e sessenen =23:20
HIOt OOOOOOOOOOOOOOOO 333 . g oo e ees .8 L -16 '97
TWU BED REST
SUBJECTS
SBubfect 1 i cusieans iei’s 307 AR RO =152
Subject 2 ..... RO 292 ouieimn os einelsroinieis 1006
Subfect 3 ;s eie e ite e L e T oo =165
Subject 4 ssieasvisnses 308 it =1 .67
MOEAT o st aisielels s SR 00 O R O § O O =] .19




SUMMARY F

CIIANGE IN BONE MASS* IN THE CENTRAL OF CALCIS AND IN

IHE HAND PHAIANX 5-2 OF ASTRONAUTS OF GEMINI VII, AND

IN BED REST SUBJECTS ON SIMILAR DIETARY CALCIUM LEVELS

EOR THE SAME PERIOD OF IIME (14 DAYS)

Level of Daily

Change in Central Os

Subjects Calcium Intake Calcis Bone Mass*
(miiligrams) (per cent)
GEMINI VII
Command Pilot ........ P e e S = Ak |
POt —vsn ssvsuvsvswervs 921 . e -2.84
TWU BED REST
SUBJECTS ,
Subjecr l oo ieeee e \° 1l o] e e -3.46
Bubjact 2 . ieiciaessas 1he {01 ey o S =350
Bubjeet 8 vuveweinraiens 157034 = srorisrarsmerstotsrmes =579
BUblect d o4 con v sswares 1,020 iniswss ST D b
Subject 5..... cecesvee 830 covcececnnes -3.86
MERT »vis sbmimmnci 987 6 58 & L BE TR
Level of Daily Change in Eand
Subjects Celcium Intake Phalanx 5-2
(milligrams) Bone Mass
(per cent)
GEMINI VII
Command Pilct ........ o e 4t e et oA e -6.78
Pilot ......... 4 ik 4 SR -7.83
TWU BED REST
SUBJECTS
) [T L I ] R e o s e e EoNe e =1 .47
Bubjact 2 ¢ vuvervenesos 1 ATl censmnwsmpoii =) 0B
38y og P ok R D 8 e L s U e -0.44
BUDIBEt 4 oinvwen ww wnvws L0200 e viem v snmisies -0.96
BUDIEET B viap s ors0 04 05 90 G ) O ataiale ilals mige ~1.24
Meadl svecscananans P87 conscidivsony -1.05
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Dietary Components Other than
Calcium Consumed by Astronauts

In making comparisons of bone density between the astronauts and
the Texas Wonan's University bed rest subjects, it should be noted that
calcium was the msjor dietary variable in the TWU studies conducted to
date, with an eficrt made to keep energy and other nutrients optimum,
and as nearly constant as possible. Bed rest studies of 14 days duration
have been conducted at TWU with daily levels of calcium ranging from 300
to 2,000 milligrems. During the ambulatory equilibration, the bed rest,
and the reconditicning pericds the remainder of the diet has been held at
the following levels: 2,600 calories (adjusted to fit the subjects' needs
with carbchydrate foods), 99 — 100 grams of mrotein, 280 gams of carbo-
hydrate, 120 grams of fat, 18 — 20 milligrams of iron, 10,000 International
Units of vitamin A equivalency, 400 International Units of vitamin D, 100 -
150 milligrams of ascorbic acid, and minima of 1.6 milligiams of thiamine,
1.8 milligrams of riboflavin, and 21 milligrams of niacin per déy. A min-

imum of 250 milligrams of magnesium has been supplied daily.

The diets were designed with respect to the types of foods selected
and their preparation soc as to fall within the low residue category. For
each calcium level, three or four master menus were prepared which were

rotated.
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The astronauts, on the other hand, had been provided a diet which
was regarded as adequate in energy and'in all major nutrients if all of the
food provided had been consumed. Therefore, a reduction in calcium in-
take by the astronauts was accompanied by comparable reductions in
energy and in all other nutrients. This is illustrated in Summaries G, H,
and I. The summaries include the fcod provided for the command pilot
and the pilot for each of the missions, and the quantities of certain of
the major nutrients consumed by the two respective astrenauts in each
case. The summaries include comparisons of the levels of the following
provided and consumed: energy, protein, fat, carbohydrate, calcium,
phosphorus , iron, magnesium, sodium, potassium, and chloride (as
NaCl). The diets were computerized in the Statistical Laboratories at the
Texas Woman's University, with calcium and phosphorus in specimens
identical with items placed in the space crafts analyzed chemically in the

TWU Bionutrition ILaboratories.

The Summaries confirm the statement that a reduction in calcium
intake by the astronauts was accompanied by comparable reduction in
energy and various nutrients in diets which were planned to have cverall

adequacy.
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SUMMARY G
COMPARISON OF ENERGY AND NUTRIENTS PROVIDED FOR EACH
ASTRONAUT IN THE SPACECRAFT OF GEMINI IV IN COMPARISON
WITH THAT CONSUMED BY THE COMMAND PILOT AND THE
PILOT DURING THEIR ORBITAL FLIGHT
Foqd va1ded.for Food Gonsumad
Flight for Daily Duting Flight by-
ITEMS Consumption i x:
Command . Command _
Pilot B Pilot -
Energy (calories) 2,654.0 2,635.0 2,066.0 22300
Protein (grams) 110.8 i11.4 79.8 89.2
Fat (grams) 113.0 Y12 88.8 94.8
Carbchydrate (grams) 283.4 300.6 238.8 257 .2
Calcium (milligrams) 203.0 867.0 679.0 739.0

Phosphorus (milligrams) 1,522.0 1,5506.0 1,167.0 1,308.0

Iron (milligrams) 9.4 10.4 7.0 8.6
Magnesium (milligrams) 180.5 187.3 157,72 164 .4
Sodium (milligrams) 4,356.0 4,048.0 3,146.0 3,117.0

Potassium (milligrams) 2.,042.0 2757 =0 2,098.0 2,248.0

Chloride as NaCl (grams) 10.98 10.23 8.17 7 .96
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SUMMARY H

COMPARISON OF ENERGY AND NUTRIENTS PROVIDED FOR EACH
ASTRONAUT IN THE SPACECRAFT OF GEMINI V IN COMPARISON
WITH THAT CONSU? 'sxD BY THE COMMAND PILOT AND THE
PILOT DURING THEIR ORBITAL FLIGHT

Food Provided |Fuood Consumed During Flight
ITEMS for Daily by:

Consumption Command :

during Flignt Pilot Pilot
Energy (calories) 2,755 1,075 915
Protein (grams) 96.4 41.9 35.8
Fat (grams) 116.6 38.3 30.6
Carbohydrate (grams) 330.3 140.9 124.2
Calcium (milligrams) 849 373 333
Phosphorus (milligrams) 1,555 723 556

# Iron (milligrams) 9.5 3.8 3.4

Magnesium (milligrams) 210.9 82.7 ;73.4
Sodium (milligrams) 4,949.0 2,197.0 1,845.0
Potassium (milligrams) 2.,127.0 1,007.0 914.0
Chleride as NaCl (grams) 10.29 4.70 4.06
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SUMMARY 1
COMPARISON OF ENERGY AND NUTRIENTS PROVIDED FOR EACH

ASTRONAUT IN THE SPACECRAFT OF GEMINTI VII IN COMPARISON

WITH THAT CONSUMED BY THE COMMAND PILOT AND THE

PILOT DURING THEIR ORBITAL FLIGHT

Food Provided

Food Consumed during

ITEMS ‘for Dail?z Flight by:
Consumption | Command -
during Flight Pilot Pilot

Energy (calories) 2,337.0 1,817.0 1,848.0
Protein (grams) 91.1 69.2 70.0
Fat (grams) 98.3 75,3 73.6
Carbohydrate (grams) 272%3 224.7 226.6
Command
Calcium (milligrams) Pilot 1,083.0 945.0 921.0
Pilot 1,096.0
Phosphorus (mi!_.grams) 1,617.0 1,230.0 1,216.0
Iron (milligrams) 9.5 7.8 L5
Magnesium (milligrams) 188.7 142.9 141 .4
Sodium (milligrams) 4,190.0 3,318.0 3,398.0
Potassium (milligrams) 2,307.0 1,808.0 L.,735.0
Chloride as NaCl (grams) 8.84 6.82 7.04
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BONE DENSITY VALUES OF THE BACK-UP CREWS
QF THE GEMINI IV, ¥, AND VII MISSIONS

For each of the three Gemini prime crews who have been discussed
in this report, there was a back-up crew consisting of two men for each
mission. Each member of the back-up crews was radiographed four times,
with the conventional os calcis trace evaluated for changes in comparison
with those of the command pilots and pilots who made the orbital flights.
The men of the back-up crews could not be regarded strictly as controls
for the astronauts assigned to the respective missions because they were
not kept on an assigned diet, with limited dietary records kept preflight
and none kept postflight. Nevertheless, it was considered tc be of in-
terest to find the range of change in bone density which occurred for col-
leagues engaged in ground-based activities similar to those in which the
flicht astronauts took part before their orbital flights. The radiographs
made of the back-up crews extended from the preflight to the postflight

periods of the prime astronauts.

The prime crew members of the Gemini IV mission were Astronaut
James A, McDivitt and Astronaut Edward H. White IT. The back-up crew
for this mission included Astronaut Frank Borman and Astronaut James

Lovell.

The members of the Gemini V mission who took part in the orbital

flight were Astronaut L. Gordon Cooper, Jr. and Astronaut Charles
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Conrad, Jr. The back-up crew for this mission consisted of Astronaut

Neil A. Armstrong and Astronaut Elliott See.

The prime crew members of the Gemini VII mission were Frank Bor-
man and James Lovell. The back-up crew was composed of Astronaut

Edward H. White II and AstronAut Mike Collins.

The summary which follows gives the overall span of bone mass
values (in terms of per cent difference in calibration wedge mass equiva-
lency) from the lowest to the highest value, and the greatest percentage
span between any two successive radiographs of the members of the re-

spective back-up crews.

From this summary it is shown that the overall change from the
lowest to the highest value in four radiographs, covering approximately
three months in each case was less than the negative change in the bone
mass of the same anatomic site during orbital flight of the prime crew

members of the respective missions.

Greatest Span between
Overall Two Successi\}e
Mission Astronaut Per Cent "
S Radiographs
- - pn (per cent)
Gemini IV Borman 1.63 1.44
Lovell 1.24 ) 0.50
Gemini V Armstrong 8.70 7.09
See 8.95 4,99
Gemini VII White 2.50 153
Collins 3.00 0.75
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New Variable in Gemini VII Orbital Flight

A new variable was inserted into the Gemini VII space flight which
was believed to have had an effect on the bone densitonetric changes in
the central section of the os calcis. This consisted of a planned exercise
program used throughout this orbital flight for the first time. Dietlein and
Rapp (11) of the NASA Manned Spacecraft Center developed an inflight ex-
erciser and planned a program of isotcnic and isometric exercise which
was followed routinely by the astronauts of this mission. The purpose of
these investigators was to evaluate day-by-day the physical condition of
the flight crew with increasing time under space flight conditions. The
basis of the evaluations was the response of the cardiovascular system

’

to a calibrated work load.

The exercise device which was used for isotonic exercise in the
flight consisted of a pair of bungee cords attached to a nylon plastic
handle at one end and to a nylon foot strap at the other. A stainless-
steel stop cable limited the stretch of the bungee cords and fixed the iso-
tonic work load ot each pull. The device was used to exercise the lower
extremities by pushing the foot against the foot strap and lifting the leg
in a rigid position. Stress in other parts of the body, including the back,

was effectuated by other phases of the isotonic exercise.

A series of isometric exercises also was used in the program which

were planned in advance to include stretching of certain muscles without

changing position of any part of the body.
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It is believed by the authors that the isotonic exercise involving
pressure on the ball of the foot was a factor in the lowering of the loss
of skeletal mass of the os calcis in the Gemini VII astronauts. No as=
pect of the exercise program, on the other hand, involved pressure on
hand phalanx 5-2, which could account for the fact that bone density was

not increased in this skeletal site.

In order to find whether or not the introduction of the exercise
variable may have had an effect upen the better retention of bone mass in
the central os calcis of the Gemini VII crew during space flight, two 14-
day bed rest periods were conducted at the Texas Woman's University,
with the same two subjects in both, and with the dietary provision and all
other aspects of the units the same, except for the fact that the exercise
program was carried out only during the second bed rest trial. The same
subjects were used in the two bed rest periods, because, after an ex-
tended period of equilibration following the first bed rest, these men were

brought to a bone density level both in the os calcis and in hand phalanx

5-2 which matched their status at the beginhing of the first bed rest period

far more closely than would have been possible had other cubjects been
used as controls. The exercise program was carried out during the second
bed rest four times daily as was done by the Gemini VII astronauts, with

the same routine followed and the same exercisers used.
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The bone mass values in the central os calcis section during the
second hed rest pericd with exercise surpassed those during the first bed
rest without exercise, with the data pooled for both subjects, by a dif-
ference which was highly significant (P< 0.01). The bone density re-
sults with the os calcis were supported by the finding that the amount of
calcium excreted during the bed rest period with no exercise exceeded
that during the bed rest period with exercise by a significant difference

(P<0.05) {12).

The os calcis changes and the changes in calcium excretion with
the same subjects during bed rest with and without exercise has a coun-
terpart in an investigation carried on jointly by the Texas Institute of
Rehabilitation and Research at the Texas Medical Center, Houston, Texas,

and the Texas Woman's University (10).

~

During the two experimental bed rest trials with and without ex-
ercise, hand phalanx 5-2 lost very little bone mass (based on the sum of
all of the cross-sectional scans in each case), whether exercise was
followed or not, with no statistically significant differences in this re-
spect between the two bed rest results. The considerable difference in
the bone mass losses in the small finger during bed rest and during orbital

flight requires further study.
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STUDIES ON CHANGES IN BONE MASS

DURING RECUMBENCY

The first recumbency studics in which Texas Woman's University
personnel participated were conducted at the Texas Institute for Rechabili-
tation and Research at Houston, Texas (10). This study included seven
healthy adult males, ages 21 to 34 years of age. After the beginning of
the bed rest period, all subjects showed a marked and progressive de-
crease in bone mass, a type of response which had Qccn observed in a
three-day bed rest study done previously at TIRR, in which the TWU per-

sonnel also had taken part (13).

In independent 14-day Bed Rest studies conducted at the Texas
Woman's University, bone mass has been lowered and calcium excretion
has been increased on levels of calcium intake during the Bed Rest peri-

od ranging from 300 to 2,000 milligrams per day.

Summary J gives the mean losses in bone mass in the central os
calcis section of 14-day bed rest subjects consuming the designated daily
mean amounts of dietary calcium. The table also shows the mecan daily
urinary and fecal output of calcium, reported first in terms of milligrams,

and then as per cent of calcium intake.,

Figures 21, 22, and 23 together with related data have keen in-
cluded in a report read at a meeting at Manned Spacecraft Center, and -

later published (14).




SUMMARY J

PER CENT CHANGET IN BONE MASS OF IJIE CENTRAL OS CALCIS

SECTION DURING THE SERIES OF 14-DA/ BED REST PERIODS IN

COMPARISON WITH THL LOSS OF CALCIUM IN THE EXCRETA

.
‘1

Mean Per Cent

Mean Daily Calcium Output

(4 subjects)

Izvel of Mean Change in
Dietery Caloium! Daily Boiie Mrss* Urine and Calcium
rovided Calcium n 14 Days of Feces Output
(nilligrams) Intake Bed Ro2st (milligrams) [@s Per Cent
f3tandard Deviation of Intake
T 2
30C 307 .2.35¥0.25 724 o - By
(4 subi=cts)
500 452 -11.65 ¥ 1.29 1,029’ 227 .6
(5 subjects)
700 664 -7.67 1,72 977 147.1
(4 subjects)
800 841 -8.07 ¥1.37 998 118.7
(4 subjects)
1,000 987 -4,76 ¥ 1.33 1,061 107.5
(5 subjects)
1,500 1,446 -5.96 £ 0.87 1,620 112.0
(4 subjects)
2,000 2,012 -4,96 ¥ 0.92 2,281 113.4

*In terms of change in calibration wedge mass equivalency
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Figure 23 consists of a graph in which the bone mass loss of the
central os calcis section of each of the 30 men in the studies after 14
days of bed rest, calculated in per cent, is plotted against their mean
daily calcium intake for the 14 days. In preparing this graph, 2 third
order polynomial least square method was employed, in which the calcium
intake was taken as the independent variable and the following function

was generated:

Per cent bone mass change = f(ca Icium intake)

After computing a set of coefficients, these values served to obtain the
best fit curve for the data. A negative correlation coefficient of 0.728 was

found in the comparison of bone mass loss and mean calcium intake during

14 days.

The output of urinary and fecal calcium tended to be higher with
the higher levels of calcium intake. A statistical comrarison of daily
calcium consumption and daily urinary and fecal ¢xcretion from the dat
pooled for each of the 30 subjectvs in these bed rest studies yielded a
positive correlation coefficient of 0,934, On the other hand the mean
calcium excretion levels (urinary and fecal), calculated as per cent of the

calcium intake for each of the subjects was higher for the lower a mounts

of daily calcium consumption, and lower as the intake increased.




78

In the Bed Rest units outlined in Summary J, higher levels of die-
tary calcium were provided during the Pre-Bed Rest ambulatory equilibra -
tion periods than during the Bed Rest periods during the first three units,
when 300, 500, and 700 milligrams, respectively, were provided daily.
This was donre fer the purpose of bringing the bone mass and the calcium
balance status to an equilibrium before the Bed Rest period began in each

case.

The other four Bed Rest units were designed in each case so that
the same daily level of calcium was provided as during the subsequent
bed rest, These levels were 800, 1,000, 1,500 and 2,000 milligre ms per
day, respectively. In these cases, bone mass remained virtually the
same during the last five days of Pre-Bed Rest, with the subjects in cal-~

cium balance.

For these four Bed Rest units the calcium excretion levels of urine
alone and of urine and feces combined were compared by means of the "t"

test for the Pre-Bed Rest ambulatery and the Bed Rest periods, with the

results given in Summary K.

Summary K shows that the excretion of calcium during bed rest was

higher than that during the ambulatory period on the same calcium dietary

level, both for urinary calcium alone and for the calcium of urine and
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AND FECES COMBINED DURING THE PRE-BED REST AMBULATORY AND

IHE BED REST PERIODS WHEN THE SAME LEVELS OF DIETARY CALCIUM

WERE PROVIDED

Level of Calcium Mean Urinary "t" value Probability
Provided in the Diet Calcium Excreted
800 mg. Pre=bed rest .. 241 3.5819 P< 0.001
Bed rest ..... 310
1,009 mg. Pre-bed rest .. 239 2.5549 P<0.02
Bed rest ..... 278
1,500 mg. Pre-bed rest .. 282 2.4804 P<0.02
Bad rast- .. i 344
2,000 mg. Pre-bed rest .. 328 3.1464 P< 0.01
Bed rest ..... 393
Level of Calcium Mean Calcium Excreted "t" value Probability
ovided in the Diet ripary and fe
800 mg Pre-bed rest .. 825 18.4068 P< 0.001
Bed rest ..... 999
1,000 mg Pre-bed rest ,, 942 6.867 P<0.001
Bed rest ...1,061
1,500 mg Pre-bed rest 1,387 6.861 P< 0.001
Bed rest ...1,619
2,000 mg Pre-bed rest 1,787 15.982 P< 0.001

Bed rest

«vadyoBl
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STUDIES ON GHANGES IN BONE MASS DURING

QORBITAL FLIGHT

The data accumulated on bone mass during orbital flight is limited
in comparison with that obtained from the horizontal bed rest TWU recum-
bency studies_. Even with the relatively small amount of data which has
been obtained from six astronauts during orbital flight, however, prelimi-

nary comparisons of bone loss with dietary intake is possible.

From Summaries G, H, and I of this report, the quantities of energy
and of certain major nutrients consumed daily by the astronauts of Gemini-
Titan IV, V, and VII during flight are given. In Summary A, the per cent
chenges in bone mass in six anatomic sites during orbital flight have been
shown. Correlation coefficients were determined for bone mass changes
between each of the skeletal sites paired with energy and with each of
seven major nutrients. The nutrients featuring in the correlation coef-
ficients were the following: protein, fat, carbohydrate, calcium, phos-

phorus, magnesium and iron.

Significant correlaticns were found between the following pairs

of dietary components and bone density changes.

All Skeletal Sites Evaluated. Pooled data for all skeletal sections

which were considered were found to be significantly related to the levels

of intake of energy, carbohydrate, calcium, phosphorus , iron, and
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magnesium. Each of the skeletal sites investigated was found to have a
significant correlation coefficient when paired with calcium.

Hand Phalanges 4-2 and 5-2. The only other skeletal sections
fc;und to be significantly correlated with the dietary factors investigated
were hand phalanx 4-2 and hand phalanx 5-2. Both of these phalanges
had a statistically significant correlation with energy, protein, fat, car-

bohydrate, calcium, phosphorus, iron, and magnesium,

The calculation of a simple coefficient of correlation between a
bone site and a dietary factor mayv give a statistically significant finding
because of a relationship between two or more dietary factors. In the
case of calcium, however, the relationship of this mineral component of
bone is understandably related significantly to each skeletal section in-
vestigated. The correlation coefficients and the probabilities of signifi-
cance of the comparisons between the losses in bone mass of the various
bone sites and the levels of calcium intake by the astronauts during orkital

flight are given in Summary L.

A linear regression line showing tne first order relationshivs be-

tween dietary calcium intake and the data for all skeletal sections pooled

inear regression

—

is shown in Figure 24. Figures 25, 26, and 27 ccnsist of

"]

1 1 . . . 1

lines for calcium intake and bone density changes in the central os calcis,

-t

in the summation of the multiple sections of the os calcis, and in hand

phalanx 5-2, respectively.
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SUMMARY L

BY COMPARISON OF DIETARY CALCIUM MEAN DAILY INTAKE AND

OF GEMINI-TITAN IV, ¥, AND VII MISSTONS DURING ORBITAL FLIGHT

Pairs of Variables Correlation Probability of
Compared Coefficient Significance
Calcium Intake 0.9078 P< 0.0l
All anatomic sites pooled
Calcium Intake ' 0.8069 P< 0.02
Central os calcis
Calcium Intake
Multiple os calcis 0.8462 PL 0.01
sections
Calcium Intake 0.7085 P< 0.05
Talus
Calcium Intake
3
Hand phalanx 5-2 0.8886 P B.04
Calcium Intake e .
Hand phalanx 4-2 0.7850 P<0.05
Calcium Intake ~ _
Capitate 0.7563 P< 0,05
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DYNAMIGS QF BONE DENGITY CHANGE
Reproducibility of Rone Densitometer Tracing Techniaue

The data presented in this report show that rapid changes in bone
density measurements may appear both in bed rest studies and during
changes in environment of the astronauts. Before discussing the basis
for conﬁdence in such changes as have been shown by means of the ra-
diographic bone density technique used in the studies covered in this re-
port, the reproducibility of the bone densitometer tracing technique should
be considered., In a Chapter by Mack (8) from the Report on Progress m

Development of Methods in Bone Dansitcmetry published by the National

Aeronautics and Space Administration 'NASA SP-64), the following is

quoted:

"As a test of the reproducibility of the bone densitometer tracing
technique which has been discussed in this report, eight films of Dr. Fred
B. Vogt's heel bone were taken within a period of one-half hour. Dr. Vogt
monitored the tracing of the films and the analysis of the data which are

presented in Summary M.

"The author positioned the subject and suparvised the taking of
the x—rays, as is done for all x-rays taken in this labcratcry. The sub-

ject was required to get on and off the x-ray table and be repositioned

‘for each film taken. After being located on the table, a positive of an

Spdnss f?!#
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os calcis film was placed uncier his foot over the x-ray film, which was
encased in @ cardboard holder. The purpose of the x-ray positive was to
position the foot identically for each film and to insure that the locaticon
of the wedge with reference to the os calcis remained the same each time
an exposure was made. The positive was removed before the film was
taken. This procedure is followed in all longitudinal studies, with a sub-

ject's positive made from the first radiograph taken in a ceries.

"The position of the x—Tay tube and of the illuminated center spot
which coincides with the center of the x-ray beam was adiusted for each
film, with the center light spot made to coincide with the same place on

’

the sice of the foot with each rep=ated position.

“"The same exposure conditions were used for each film— namely,
60 kV, 100 mi, and 0.6 second. Al! films were processed in the devel-
oper at the same time. The subject was protecied during all exposures
by lead sh;;elding placed over his body, covering all areas except the

foot, with the shielding replaced for each new positioning.

"oy

The results in the summary represent the analysis of the central
section of the os calcis (See Figure 1). The section was segmented as
it was traced by interrupting the scan and taking an integrator count for

10 separate segments in each bone scan, as shown in the cross-sectional

view tirough which this scan is traced (See Figure 4).
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with the film completely repositioned in the denasitometer hefore cach

ana Iysié » and with the wedge scanned, the uncorrected wedge trace cor-
rected, and the proper section of the bone scanned independently for each
trial. The positions of the scarn on os caicis and cn the wedge were lo-
cated on each film by needle pricks at the posterior-anterior extremities
of the bone scan position, but outside of the bone. Exact locations of
the landmarks for the scans were found for the various films by super-
imposing the films one at a time on top of the initial film and locating ths
positions of the needle pricks from this first film. To give some cvalu-
ation of the range of error that can be expected for the total process of
taking the fitm, developing the film, and aralyzing the film on the den-

sitometer,.an analysis of variance was performed on the sums of the

films. The data are presented in integrator counts. The 99% confidence

interval is expressed in mean densitometer counts of 11,160, wit}

pe
2

range of counts above and below this meén approximating 2.75% of ithe
total counts. Thus it could be said that the "error" which 1s found be-
tween the films as analyzed is repreéented at the 99% confidance interval
by a span or rang2 of 0.75% above and below the mean for a total range

of 1.5%."

Summary M gives the data used in this fest.




Positioning the subject for making a radiograph of the hand in
posterior-anterior projection. The subject is protected by

a plastic vinyl covering impregnated with a lead compound.

)t
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MARY M

INTEGRATOR COUNTS MADE QF EIGHT OS CALCIS FILMS PROCESSED AND
ANALYZED THREE TIMES FQR EACH FILM, WITH THE EIGHT FILMS TAKEN
OF THE SAME SUBJECT WITHIN QONE-HALF HOUR, WITH THE SUBIECT

REPOSITIONED BETWEEN FILM EXPOSURES

C Film 1 Film 5
Segment 1_______. 496 493 506 Segment 1._____. 500 501 502
Segment 2________ 791 795 782 Segment 2_______ S04 799 800
Segment 3________ 1037 1041 1041 Segment 3._..... 1053 1038 1054
Segment 4. ... - 124 1237 1253 Segment 4..__.__ 1264 1269 1239
Segment 5. __.... 1257 1251 1302 Segment 5_.____. 1311 1314 1310
Segment 6. .. ___ 127" 1275 1294 Segment 6....._. 1305 1304 1305
Segment T_.___.__ 1232 1239 1249 Sezment Tooooooo 1241 1245 124
Scgment S... ... 1239 ==1226 1229 Segment S__._-_. 1232 1238 12+
Segment 9________ 1265 1264 1254 Segment 9______. 1263 1278 1269
Segment 10.______ 1223 1231 1225 Segment 10.._.__ 1229 1235 1249
Total._.____ 11030 11088 11126 Total_____ 11205 11242 11212
Film 2 Film 6 '
Segment 1._______ 506 502 497 504 503 505
Segment 2. _______ 87 734 787 796 799 793
Segment 3.._____. 1034 1039 1033 1043 1051 1051
‘Segment 4. _______ 1241 1236 1234 1259 1233 1263 |
Segment 5. ..___ 1250 1292 1274 15301 1230 1310 t
» Segment 6._______ 1236 1301 1231 1309 1285 1297
= ] Segment7__._.._. 1222 1222 1227 1227 1225 1245
Segment S_._______ 1234 1239 1235 1213 1210 1213 |
Segment 9______.. 271 1259 1251 127 1285 1278 |
Sezment 10_______ 1239 124 1255 1213 1241 1247 |
Totai..c.-2 111C0 11133 11074 11211 11174 11222 ¢ .
Film 3 Film 7
Secment 1. i 501 403 457 503 303 502 |
< Segment 2.______. 733 731 800 803 810 865 :
Segment 3. ______ 1045 1053 1041 1041 1045 1014
Segment 4. _______ 1254 1227 1237 1241 1244 1243
. Sezment 5._______ 12499 1233 1291 1294 1310 1302
Segment 6._._.___ 1236 1277 1239 1231 1309 1237
Segment 7_______. 1240 1242 1231 1231 1235 1233
Segment S____._.. 1237 1234 1235 1223 1233 1231
Segmeunt9.___.___ 1275 1265 1253 1274 1265 55 |
Segment 10.______ 1223 1236 1234 1244 124 2 |
f
Total____._ 11149 11116 111135 11151 1188 11165 |
Film 4 . . Film §
| Segment1._____.. 507 502 302 Sezment 1._.___. 435 393 597 |
| Segment 2_ .. ... $00 s01 04 Sezment2.____.. 797 97 71 |
Segment 3.._..._. 1041 1041 1039 Segment 3....... 1033 1029 1053 |
Segment 4.._._: - 1260 1262 1237 Segment 4....... 1236 121 1263
) Segment 5. ..... 1304 1251 1265 S2 1300 1301 1314
{ Segment Go....... 1295 1257 1331 S 1294 1311 1302
Segmens T ..... 124 124 1230 3 1230 1232 1239 {
Segment S........ 1249 240 1236 g 1249 1233 1243 |
i Segment9........ 1263 1260 1273 S 1257 1275 1275
. Segment 10....... 237 1223 1250 g 1223 1239 1252
L Total....c.: 11195 11135 11173 l Total. ... 11126 11178 11240 I




DISCUSSION

Biological Changes in Bone Densily Values. Charges in bone

density as measurci by the technique developed by staff members of
the Texas Wei.an's University Research Institute which come within
the range of 0. 75 per cent above and below the mean, with a total span
not to exceed 1.5 per cent, as discussed above, are regarded by those
associated with this radiozraphic method as the result of factors re-
lated to differences in exposure techniques, to minor film differences,
and to possible difierences in positioning a subject or exposure differ-
ences. Differences which exceed the above spans have been demon-
strated in thesc laboratories as resulting from biclogical factors, such
as changes in dielary intake, physical activity, or illness. Ceriain

other factors, such as stress, undoubtedly also are operative

Marked Reductio: ‘f Calcium during cm_.::lbencx and Weight-

lessness. Marked changes in calcivm intake le'\fcls have been shown

in the TWU bed rest series fo result in relatively rapid changes in bone
mass. The changes are more rapid, the wider the change in calcium
intake. As an example, a subject who has been at bed rest for three
days, who has had a mean daily calcium provision of 2,000 millizrams
during his pre-hed rest ambulatory equiliiration period and who aver-

aged 325 milligrams during his bed rest period of 14 days duration,

followed a more rigorous reduction in bone density cl‘an'rc than a

Lo bl .




subject who was maintained on a diet which provided 2, 000 milligrams
of calcium daily throughout his cquilibration and his bed rest periods,
all other dietary provisions being the same for both subjects through-
out. The samme has been shown in orbital {light during the Gemini mis-

shuwn, for example,in the astronauts of Gemini V and Gemini

Siability of Bone Mass during Ambulation. Many persons have

the misconception that, when a subject is ambulatory, the bone density
of the various skeletal sites is stable. I\uu ng could be more erroncou
Bone densily undergoes changes with relative rapidity, whether in re-

cumbency or ambulation depending upon various factors, iacluding die-

tary changes and changes in physical activity, as noted.

Cantarow and Schepartz (15) state that, in common with other
tissues, bone experiences continual metabolic turnover, its various
components undergoing degradation, mobilization, and replacement.
These authors state further that interchange of ions between the bone

and the extracellular fluid occurs more rapidly in newly formed tra-

becular bone than in older compact bone.




Analveis of Charos in Bone Density

by Mircrodensitometry

Ti:e cooperation of Dala Corporation in Dayton, Ohio, was
sought in ordexr 1o {ind whether or-not their scientists, who had devotec
themselves chiefly to the interpretation of optical and photographic
imagery, could apply some of their technigues o radiographic films.
It was their belief that this rould be done and this report includes the
first phase of what will be a continuing program of cooperation based
on the x-rays of astronauts and of bed rest subjects made in the TWU ‘
ication of extremely rapid changes seem de-

program for which veri

sirable.

In this first report, Data Corporation brought to hear a seri

(1]

S
of techniques which are used primarily by themselves in the analysis

and reconstruction of photographic images as obtained in reconnaissance

,v')

missions. Because of the marked changes found in bone mass of 74
cross-sections scanned in the possible anatomic sites of the command
pilot of the Gemini-Titan V orbital {flight, it seemed desirabl~ to begin
this analytical evaluation with certain of this astronaut's films, "0
accomplish the analysis, three os calcis x-rays were used: (a) the one
taken just before launch; (b) the one taken on the carrier imrx ediately

after recovery; and (c) the one taken on the carrier 24 hours after re-

covery.




Microdensitometry, The [irst step in the process of analysis
consisted of image scanning, digitizing, and recording, using a Micro-
Analyzer huilt by Data Corporation for the purpose. This instrument

is a scanning microdensitometer built by die Corporation for its own

work.

The scanning aperture projected into the image plane was a cir-
cular spot 100 microns in diameter. Both the refcrence calibration
wedge and the subject image area on the 1adiograph were scanned with

identical sample format and instrument settings. ;

A single scan was taken down the center line cf the calibration
wedge. Density measurements were made every 7% microns along the
scan, providing 25 per cent longitudinal overlap between successive
sample points. Two thousand data points were {aken over the eniire

wedge length.

The image subjects came from radiographs of the os calcis, for
which a scan line of 60 mm. was selected. As in the scanning of the
wedge, densily samples were measured at 75 micron intervals along
each scan line, giving a total of 600 data points per line. At the end of
each line, the specimen table was moved 75 mi~rons in the direction

orthogonal {e the scan line, producing an overlapping raster pattern of

density measurements. In the 375 scan lines, there was a total of
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300, 000 data points for each image studied. All data recording was

performed on magnelic tape in digital form.

Digital Data Reduclion. The dala analysis and compulation

consisted of lhréo parts: (a) recovery of calibration contrel from the
recording of the wodgo;' (b) the arrangement and storage of data points
in their proper positions within the image array; and (¢) the adjustment
of density measurements to the mass equivalence base provided by the
wedge. An IBM 360/40 was used for computing and reconstructing the
image, and the internal storage of the digital array was handled by

magnetic disk files.

The wedge information was recovered from the continuous line
scan by reference to an cdge at one end of the physical wedge. This
provided a steep gradient in the density samples, and allowed recovery
of a reference origin within an accuracy of a few microns. Each set
of wedge measurements was related to the same origin, providing an
identity equation for the correlation of equivalent wedge mass with

image density for each exposure.

Successive scans on the Micro-Analyzer were made in opposite
directions. Therefore, the primary iask in reconstructing the array
of image points was the inversion of scan coordinates for every other

line. A two dimensional array was eslablished on the disk files of the

computer, with each density data point occupying a unigque storage
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location corresponding to its measured image position. The array
size corresponded 1o the densily scanning program, having €00 by
375 elements respectively in the X and Y directions.

After the densily values were stored in their proper locations
in the array, Hu-‘v.'(-(_igzc calibration corrections corresponding to that
image were applied. No interpolations or truncations were performed,
since the wedge valves and the recorced density values were maintained

at their full precision cf 0.001 density units.

A specialized printer is attached to the Data Corporation com-
puter, having variable sized half-tone dots on the printing hammers in
place of conventional alphabetic and numeric characters. This printer
permits the sclection of any of 24 shades of gray by digital coutrol, and
any shade may be exactly recapturcd from one printing operation to

the next.

A display table was constructed mathematically to control the
printer with the control of printing dot size related to ranges of mass
equivalence. Since the original radiograph was a negative, the display
was also printed as a negative. Therefore, the lightest shades of gray

correspond to points of least exposure and darkest shades to greatest

exposure, Since exposure of the radiograph varies in an inverse

s
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manner with the mass of the material interposec in the beam, the light-

est shades of the display correspond to the more massive materials.

Because the eye can respond to only a limited number of shades

of gray, an additionai form of display was devised. This has the char-
acteristic of plotting contours of equal mass eyuivalence with a small
number of contrasting shades, then repeating the cycle as many times as
is required to cover the total range of information. The shades used for
this purpose were White, Light Gray, Dark Gray, and Black and then the
shades were repeated in the same order through a tota! of five cycles.
See Figures 17, 18, and 19 for the contour displays of the ILaunch, Re-

covery, and Post-Recovery film analyses, respentively.

Comparison of Data from the Microanalyzer with the TWU Bone

Densitometer Report. In the report to the National Aeronautics and Space

Administration, Manned Spacecraft Center, on Experiment M-6, Bone

Demineralization on Gemini V issued on January 15, 1966 by the Nelda

Childers Stark Iaboratory of the Texas Woman's University Research In-
stitute, the graph shown in Figure 20 on changes in the calibration wedge
mass equivalency of the central os calcis section for the Command Pilot

of this mission was included. Also the following data were given for

this graph (Summary N).
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SUMMARY N

CALIBRATION WEDGE MASS EQUIVALENCY FOR THE CENTRAL

OS CALCIS SECTION OF THE COMMAND PiLOT OF THE GEMINI V

MISSION TAKEN FOR EIGHT FOOT X-RAYS OF THIS SERIES

Calibration Wedge Mass

Radiograph Date Equivalency
1 8/11/65 2.10
2 8/17/65 2,08
3 8/19/65 1.97
R/21/65

4 (iaunch) 1.92
8/29/65

5 (Recovery) 1.63
8/30/85

6 (24 hours after 1.61
recovery)

7 9/8/65 1.92

8 11/3/65 2.01
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in addition, values ard graphs for each date were given for 36
oth2r sections of the os calcis, for the central section of the talus, for
18 cross-sections of hand phalanx 5-2, for 22 cross-sections of hand

phalanx 4-2, and for the distal end of the radius.

To retumn to the central section of the os calcis, the change from
launch to recovery eight days later was reported by us as -15.1 per cent,
while an additional small loss was shown during the 24 hours subsequent

to recovery.

The Data Corporation found similar values for the changes in the
central section of the os calcis during flight and a iurther minor loss
during the 24-hour post-recovery period, indicating that he kad not yet
begun to rebuild his loét skeletal minersl. With structural details of
the entire os calcis region analyvzed, other extremely valuable data were
obtaii ~d. The greatest changes occ:ured in the most highly trabecular
area , with the least negative changes located toward the base of the

bone in largely cortical tissue.

Our two laboratories look upon this cooperation as a means of
giving detail which will elaborate our findings in special cases, not as

a substitute for our technique.

The x-ray films used in these studies are standardized by the

National Bureau of Standards, with funds supplied by the Texas Woman's

University.
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EVALUATION OF THE CENTRAL OS CALCIS POSTERIOR-ANTERIOR

SECTION ("CONVENTIONAL" SCAN) FOR GEMINI IV ASTRONAUTS

PART A. COMMAND PILOT -

IHROUGHOUT THEIR MISSION

Evaluations in Terms of Integrator Evaluations
Film Counts in Terms of
Numbers : Calibration
and Evaluation EvaluAation Average ‘Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
{5/25/65) 13,569 13,479 13,493 2.429
Film 2
(6/1/65) 13,323 13,401 13,362 2.405
Film 3
(6/3/65) 13,195 12,946 13,070 2.353
(Launch)
Film 4
(6/7/65) 11,956 12,144 12,050 2.169
(Recovery)
Film 5
(6/23/65) 12,343 12,272 12,310 2.216
Film 6
(7/27/65) 12,611 12,661 12,636 2.274




TABLE 1, CONTINUED
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EVALUATION QF THE CENTRAL OS CALCIS POSTERIOR-ANTERIOR

SECTION ("CONVENTIONAL" SCAN) FOR GEMINTI IV ASTRONAUTS

PART B. PILOT
Evaluations in Terms of Integrator Evaluations
Film Counis in Terms of
Numbers Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(5/25/65) 14,041 14,213 14,127 2.543
Film 2
(6/1/65) 14,503 14,639 14,571 2.623
Film 3
(6/3/65) 15,403 15,289 15,346 2.762
(Launch) -
Film 4
(6/7/65) 13,724 13,816 13,770 2.479
(Recovery)
Film S
(6/23/65) 13,364 13,519 13,441 2.419
Film 6
(7/27/65) 14,417 14,394 14,406 2.593




TABLE II
VALUES OF-THE COMPLETE SERIES OF RADIOGRAPHS OF THE MULT

PART A. MUITIPLE SECTIONS IN TERMS OF INTEGRATOR COUNTS

FOR THE COMMAND PILOT OF THE GEMINI IV N

Mean of
Preflight Radiographs Preflight Post
Position ot Tracing Radiographs

Film 1 Film 2 Film 3 Mean of Film 4

(5/25/65) | (6/1/65) | (6/3/65) Filzsdlé 24 | (6/7/65)

ol

1 m,m, above 13,533 13,379 13,013 13,308 12,090
Cecnventional Trace 13,524 13,362 13,070 13,318 12,050
1 m.m, below 13,299 13.411 12,934 13,215 11,995
2 m,m, below 12,894 12,691 12,366 12,650 11,690
3 m,m. below 12518 | —=12-%35 12,008 12,287 11,178
4 m.m. below 122337 12,105 11,899 12,114 10,958
S m.m. below 12,266 11,988 11,740 11,998 10,986
6 m.m, below 12,200 11,832 11,798 11,943 10,966
7 m,m. below 12.025 11,492 11,661 11,726 10,712
— 8 m.m, below 11.762 211,198 11,596 11.519 10,687
9 m.m, below 11,464 10,874 |_ 11,276 1 205C 10,406
10 m.m, below 11,132 10,624 11,198 10,985 10,170
11 m,m. below 10,920 10,281 10,772 10,658 10,008
12 m.m, below 10,654 10,434 10,566 10,551 9,728
’ 13 m.m, below 10,397 10,070 10,391 10,286 g.523

14 m.m, below 10,203 9,845 10,260 10,102 9,412
15 m.m. below 9,843 9,508 9,618 9,656 9,326
16 m.m, below 9,617 9,267 9,041 9,308 8,572
17 m.m. below 8,996 8.836 8,696 8,842 8,114
18 m.m, below 8,497 8.188 8.346 _ 8,344 7.744
19 m.m, below_ 7,982 7,851 8.023 7,952 7.504
20 m.m. below 7.663 7.028 7.702 7.464 7.010

21 m.m. below_ 7.442 7.024 22312 7.259 6,751
22 m,m. below 7,012 6.901 7,020 6.978 6,337
23 m,m, below 6,862 6,739 6.638 6,746 6,188
24 m.m. below 6.818 6.310 6,582 6,570 5,987
25 m.m. below 6,430 6.694 6.380 6,501 5,950
26 m.m, below 6,403 6,540 6,147 6,362 5,850
27 m.m. below 6.253 6,526 5,973 6,251 5.714

26 m,m. below 6,041 6,373 3.852 6,090 5,686 _
29 m,m, below 5,979 6,334 5,092 6,002 5.518
30 m,.m, below 5,824 5,746 4.7 5,683 5,396
31 m,m, below 5,594 5,794 85347 5.578 5,140
32 m.m. below 5,318 5,576 8 .227 5.374 4,996
33 m.m. below 5,045 5,366 5,034 5,148 4,775
34 m.m. below 4,920 5,142 4,888 4,983 4,583

35 m.m, below 4,646 4,588 4,709 4,648 4,294 _
TOTAL 334,316 328,252 326,249 329,605 303,994




\BLE 11

OGRAPHS OF THE MULTIPLE OS CALCIS SECTIONS
QT OF THE GEMINI IV MISSION

} COUNTS
Mean of Mean of
Preflight Postflight Radiographs Postflight
Radiographs Radiographs
Mean of Film 4 Film 5 Film 6 Mean of
Films 1, 2. | (6/7/65) | (6/23/65) | (7/27/65)| Films 4. 5,
and 3 and 6
13,308 12,090 12353 12,770 12,404
13,318 12,050 12.3190 12,636 12,332
33218 11,995 12.:321 12,581 12,299
12,650 11,690 12,033 12,104 11,942
12,287 11,178 11,474 11,696 11,449
12,114 10,958 11,314 11,624 11,299
11,998 10,986 11,208 11,702 11,299
11,943 10,966 11,191 13565 ¢ 11,241
11,726 10,712 11,106 11,434 11,084
11518 10,687 11,058 11,202 10,982
11200 10,406 10,979 10,835 10,740
10,985 10,170 10,686 10,564 10,473
10,658 _ 10,008 10,378 10,300 10,229
10,551 9,728 10,156 10,128 10,004
10,286 9,523 9.886 9.,87C 9,760
10,102 9,412 9,671 9.454 9,512
9,656 9,326 9,462 9,206 9,331 |
9,308 8,572 9.107 8.780 8,820
8,842 8,114 8,746 8,292 8,384
8,344 7.744 8,292 7.972 8,003
7,952 7,504 i /Py ¥ A 7.528
7,464 7,010 7,349 7.086 7.148
7.259 6,751 7,073 6,841 6,888
6.978 6,337 6,778 6.579 6.565
6,746 6,188 6,528 6.448 6,388
6,570 5,987 6,380 6,243 6,203
6,501 5,950 6,132 6,033 6,040
6,362 5,850 5,868 5,962 5,893
B.251 5,714 5,666 5.812 5,731
6,090 5.686 5,664 5,639 5,663
6,002 5,518 5.552 5,608 S.5589
5.683 5,396 5.328 5,390 S.371
5.5178 5,140 5,245 5,242 5,209
5.374 4,996 5.092 5.068 5,052
5,148 4,775 4,946 4,965 4,895
} 4,983 1 4,583 4,753 4,724 4,687
4,648 4,294 4,645 4,589 4,509
329,605 303,994 314,484 314,275 310,916
/

Je- 73
m.?f“’_
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TABLE 1I, CONTINUE

VALUES OF IHE COMPLETE SERIES OF RADJQGRAPHS OF T
FOR THE COMMAND PIL.OT OF THE GEI

PART B. MULTIPLE SECTIQONS IN TERMS OF CALIBRATION WEDGE MASE
Mean of
Preflight Radiographs Preflight

Position of Tracing Radiographs
, Film 1 Film 2 Film 3 Mean of

(5/25/65) | (6/1/65)| (6/3/65)| Films 1.2,

and 3
1 m.m. above 2.4359 2.4082 2.3423 2,3954
Conventional Trace 2.4343 2.4052 2.3526 2.3973
lm.m.b .ow 2.3938 2.4140 2.3281 2.3786
2 m.m. below 2.3209 2.2844 2.2259 2.2770
3 m.m, below 2.2532 22203 2.1614 252116
4 m.m. below 2.2207 2.1789 2.1418 2.1804
S m.m. below 2.2079 251578 eE e ST 2.1596
at 6 m.m. below 2.1960 2,1298 2.1236 2,1498
7 m.m. below 2.1645 2.0686 2.0990 23187
8 m.m, below 21172 2.0156 2.0873 2.0733
9 m.m. below 2.0635 1.9573 2.0297 2.0168
10 m.m. below 2.0038 1.9123 2.0156 1.9772
1l m.m. below 1.9656 1.8506 1.9390 1.9184
12 m.m. below 1.9177 1.8781 1.9019 1.8992
13 m.m. below 1.8715 1.8126 1.8704 1,8515
14 m.m. below 1.8365 1.7721 1.84358 1.8184
15 m.m. below 1.7717 1,7114 2 1.7312 1.7381
16 m.m. below 1 ;7314 1.6681 1.6274 1.6755
17 m.m. below 1.6193 1.5905 .1.5653 1,5917
18 m.m. below 1.5295 1.4738 1.5023 1.5019
19 m.m, below 1.4368 1.4132 1.4443 1.4314
20 m.m, below 1.3793 1.2650 1.3864 1.3436
21 m.m. below 1.3396 1.2643 1.3162 1.3067
22 m.m, below 1.2622 1.2422 1.2636 1.2560
23 m.m. below 1 ,2352 1.2130 1.1948 1,2143
24 m,m. below 1.2272 1.1358 1.1848 | 1 1326
25 m.m,. below 1.1574 1.2049 1.1484 1,1702
26 m.m. below 1.1525 1.1772 1.1056 1.1451
27 m.m, below 1,1255 1.1747 1,0751 1.1251
28 m.m. below 1.0879 1.1471 1,0534 1,0861
29 m.m, below 1.0762 1,1401 1,0246_ | 1,0803
30 m.m. below 1,0483 1.0343 0.9860 1,0228
31 m.m. below 1.0069 1,0429 0.9625 1,0041
32 m.m. below 0.8572 1,0037 0.9409 0.9672
33 m.m. below 0.9081 0.8659 0.9061 | 0.9267
34 m.m. below 0.8856 0.9256 0,8798 | 0,8970
35 m.m. below 0.8363 0.8258 0.8476 | 0,8366
TOTAL 60.1768 59.0853 58.7249 59.3284




CONTINUED

1 APHS OF vHE NMuL TTI"-LS CALCIS SECTIONS
: - OF THE GEN U IV MISSION
WEDGE MASS EQUIVALENCY (GRAMS)
Mean of Mean of
Preflight Postflight Radiographs Postflight
ladiogra phs — Radiographs
Mean of Film 4 Fiim 5 Film 6 Mean of
Films 1, 2, 6/7/ 5 =vl-ELlms=-4,-5
/7/65)| (6/23/65)| (7/27/65)
and 3 : and 6
2.395%4 2.1762 252235 2.2986 252327
2.3973 2.1690 2.2158 22245 2.2197
2.3786 2.1591 2.2178 2.2646 2.2138
2= 2770 2.1012 2.1659 2.1787 2.1496
2.2116 2.0120 2.0653 21053 2.0608
2.1804 1.9724 2.0365 2.0923 2.0337
21596 1.9775 2.0174 2.1064 2.0327
2,1498 1.9739 2.0144 2.0817 20233
2 Bl 1.9282 1.9991 2.0581 1579951
2.0733 1.9237 1.,9904 2.0164 1.9768
2.0168 1.8731 1.9762 1.9503 1.9332
1.9772 1.8306 1.9235 1.9015 1.8852
1.9184 1.8014 1.8680 1.8540 1.8411
1.8992 1=7510 1.8281 1.8230 1.8007
1.8515 1.7141 157795 1.7766 I rSht =
1.8184 1.6942 1.7408 1.7917 1.7122
1.7381 1.6787 1.7032 1.6571 1.6796
1..6755 1.5430 1.6393 1,5804 1.5876
1.5917 1.4605 1.5743 1.4926 1.5081
1.5019 1,3939 1.49206 1.4350 1.4405
1.4314 153507 13957 =385 1.3550
1.3436 1.2618 1532728 152755 152867 =
1.3067 E7152 1.2731 1.2314 1.2399
1.2560 1.1407 1.2200 1.1842 1.1816
72143 1.1138 S50 1.1506 1.1498
1.1826 0797 1.1484 237 1.1166
JR7 02 1.0710 1.1038 1.0370 1.0873
) 1.1451 1.0530 1=0562 1.0732 1.0608 .
1.125) 1.0285 . 1.0199 1,0462 1.0315
= 1.0861 1.0235 1.019% 1.0151 1.0193
=) 1,0803 0.9932 n,9994 1.0094 1.0007
bt 10278 0.9713 0.9590 029702 = 0.9668
o= 1.0041 0.9252 | 0.9441 0.9436 0.9376
o= D997 -7 8903 |- -0 0166 |* =0 91224 0,9004
gt 00267 08505 |- { H9p3-— D293 70 882
8 =R LSS SRS .8_1".-,1.9_____Q,;QL“TD‘_*_“ 0.8303 0.843k
o D366 -0, 7420 L - Q;S3§];-l__-,;8752“_,“,;]nﬂllzwg_
19 i 59.3284 54.7189 56.6070 56.5595 55.9646
10 T8




VATUES OF PIIE COMPTMTE SERETS. OF BATIGERAPHE OF 105 MUY PR

08 CALGTS SECGTIONS LOR FME

PARLC. FPER CI'NT GHANG
AND JMMPEDIATE

::.i(*(.u‘:- tcr Counts Per Cent

Dosition of Traciae : .
Position of lTracinig ilm 2 I'ilin 4 Change

A (l Aol “_0 ; »__(}x_'f_‘:jt,j-'-'_r;v;;')_____‘ i il C
1 m..q dem;;A_*- o l% n] @ S ﬁ[l“n S, =709

Conventional 1 race | 13,070 | .._,__L?:_,J 15
s b*-_a,,- 12,93 L___ 2 11,95¢ -
_Zm.m, bolow P 12,3660 "4 - 11690 ~5.47
3 m,m. be lo Vi 12,008 | 13~ 1782 -6.91
= 4 m.m. below _j-__‘_&_]_;]_l_{’lf_‘:‘ﬂm_ 30,8588 - 5 =7.09

: S5 m. 1\ low | ] ]. 740 ___]_Q‘, Q -Sﬁ____ . - _’j_ﬁ_.f]__z‘__‘__ 4
,___.GJI;.---. chelow. 7). 11,798 10,988 . o “=-7.85 it
? e Zm.m. below | 11,66) e . 10,712 __-B8.14
|8 m.m. 1—‘%1@1\'-'-.“___J,.Lli%__w_%_“.._1.0;.6_’}_7.___.... it A1 T SRl
9 m.m. below | _31,276 - F - 16,406 Sy e,
|10 m.m. below 11,188 =H8,170 e el

11 m.m. below - =10, 772 {. - 10,008 ~7.09
12 m.m. balow ( 9,728 -7.92

13 m.m. balow
9,417 -8.27
39

9,523 =8 .35
| 14 m.m, below | SN ] 2 .
17 m.m. below 8,696 §,114 -6.69

PR SRS S < X1 1
15 m.in. below 9,618 I 9,326 = B ~3.04
16 m.m. below 9,041 8,572

e

™18 m,.;_:_t_,.,,,h.—,hm, B Y V¥ YT 2 7Y S I
19 m.m. bolow 8,024 | 7.504 -G.48

20 m.m, below 7,702 7,010 =8 .98

2] m_-_m-,b;;l'.,‘-‘ 7,312 | 6,751 =7.67
22 m.m. helow 7,020 _ 6,337 -9.73
23 m.m.below | 6,638 | 6,188 -.78
24 m.m. below | 6,582 5,987 B -9.04
__29_111_- -J:cic7:~:'m, 6,380 | 5,950 =6.74
| 26 m.m, below 6,142 _ 5.850 -4.75

27 m.m. balow 5,973 5,714 -4, 34

- _— ——— e 2 e Y

L 28 m.m.below | 5,852 | _ 5,686 w2.84
23 m.m.below | 5,692 | 5,518

| 2 o below | _5.,--‘_/_8.‘,“ —_— 5,396 %
Lobelow 1 5,347 | 5,140 7387 |

I av below L 85,227 | 4,99 6 | __-4.,42




TABLE -LLI
VALUES OF THE COMPLETE SERIES OF RANRIOGRAPHS OF THE MULTIPL
OF 1HE GEMINI IV MISS{QN

PART A, MULTIPLE SECTIONS IN TERMS OF INTEGRATOR COUNTS

Mean of
Preilight Radiographs Preflicht

Position of Tracing Radiographs
Film 1 Film 2 Film 3 Mean of =
(5/25/65) | (6/1/65) | (6/3/65)( "oy 2 e/
ana . —
1 m.m, above 14,143 14,518 L5162 14,607 N
Conventional Trace 14,127 F4=571 15,346 14,681 13
1 m.m. below 13,300 13,972 14,404 13,892 12
2 m.m. below 12,898 13,136 135452 135262 12
3.m.m. below 12,506 12,998 13,28A =2, 930 11
4 m.m, below 12,228 012,888 13,198 12,771 11
5 m.m. below 12,258 12,606 13,139 12,668 11
6 m.m, below 12,233 12,541 12,984 12,586 11
7 m.m. below 12,168 12,472 12,889 12,520 11
8 m.m. below 12,032 12,423 1756092 12,382 1,
9 m.m. below Bl iy 12,051 12,542 11,929 11
10 m.m. below F A0 Fl76F— ‘F2.104 11,762 10
1] m.m. balow 10,909 11,339 EE=h73 11,307 10
12 m.m. below 10,326 10.734 11,136 10,732 10
13 m,m. below 10,018 10,388, 10,791 - 710,399 9
14 m.m. below 9,764 10,064 10,407 | _ 10,078 9
15 m.m. below 9,598 2,762 10,266 1 = 9875 S
16 m.m. below 97852 9.430 9,961 9,601 8
17 m.m. below 9,079 9:291 9,734 9,368 8
18 m.m. below 8.964 9,220 9,562 9,249 8
19 m.m. below 8,660 8,616 9,032 8.7€9 8
20 m.m, below iz ghs, LoRbA 8,446 8,684 8.478 —_
21 m.m. below 8,217 8,266 6,358 8,280 7
22 m.m, below 7.898 7,987 8.168 8,018 7
23 m.m. below 7,804 7.83¢ S ) 7.878 7
24 m.m. below 7 .592 7 .,661 7,784 7.679 6
25 m.m. below 7,402 7,491 7,594 7,496 6
26 m.m. below 7,308 7,271 75336 7.305 6
27 m.m, below 2037 7,052 7=E38 7,076 g
28 m.m. below =761 6,884 7,046 6,897 6
29 m.ni. below 232 6,780 6,801 6,771 6
30 m.m. helow 5 6,512 6,501 6,667 6,560 €
31 m.m. below 6.426 6,375 6,583 6,462 ¢
32 m.m. below 6,416 6,261 6,508 6,395 €
33 m.m. below 6,344 6,222 65422 = 6,329 €
34 m.m. below 6,246 6,116 6,271 6213 €
35S m.m. below 6,043 5,906 6,136 6,028 :
36 m,m, below 5,712 5700 | 5,783 e
37 m.m. below 5,234 5371 5 SEZ 5,374 4
38 m.m. below 4 .984 4,872 4,923 4,926 ‘
TOTAL . | 366,151 |373,835 | 385,774 | 375,252 |35
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THE MULTIPLE OS CALCIS SECTIONS FOR THE PILGT

“GRATOR COUNTS
Mean of Mean of
3 Preflight Postilight Radiographs Postflight
Radiographs = Radiogra phs
Film 3 Mean of Film 4 Film 5 Film 6 Mean of
b/3/65) Filg;d]é 2 Ver7/65) | (6723/55) | (7/27/65) I“l§§d4é >
15,162 14,607 13,675 12,348 14,329 13,784
5,346 14,6°1 13,770 13,441 14,406 13,872
14,404 | 13,892 12,920 12,908 13,351 13,050
13,752 13,262 12,508 12,342 13,048 | 12,632
3,225 12,930 11,921 12,052 12,513 12,162
3,198 12,771 11,753 11.926 12,288 11,989
3,139 12,668 11,524 5972 12,260 11,852
2,984 12,586 11,558 11,738 12,257 11,851
2 929 12,510 11,530 11,756 12,156 11,814
2,692 12,382 11,362 11,478 11,966 11,604
2,542 11,929 i1 434 11,208 11,672 11,431
2,104 11,762 10,515 10,906 11,199 10,873
1,673 11,307 10,282 10,461 10,935 10,559
1,136 10,732 10,094 10,153 10,454 10,233
0,791 10,399 9,871 9,795 10,179 9,948
0,407 10,078 9,336 9,499 9,750 9,531
0,266 9,875 9,118 9,274 9,578 =300
9,961 9,601 8,784 9,108 9,602 9,164
9,734 5,368 8,428 8,640 9,365 8,811
¢,562 9,249 8,448 8,471 9.038 8.652
9,032 8,769 8,168 8,230 9,151 8,516
2,684 8,478 7,846 8,040 8,768 8,218
8 358 8,280 7,539 7,864 8,644 8,015
8,18 8,013 7,478 7,746 8,253 7,825
7,897 7.878 7,351 7,698 7 .832 7,627
7.784 | 7.679 6,980 7,564 7,822 7.455
7,592 7,496 6,963 7.477 7,798 7,412
7.336 7.305 6,811 _7.335 7.497 7,214
7,138 7,076 6,834 7,106 7,302 7,080
7,046 6.897 6,612 6,972 7,073 6,885
6,831 6,771 6.595 6,808 7,048 6,817
6,667 6.560 6,528 5,778 6,778 6,694
6.583 6,461 6,388 6,596 6,602 6,529
6,508 6,395 6,286 6,504 6,508 6,432
6,422 6,323 6,130 6,489 6,348 6,322
6,271 672i1 | 6,106 6,409 6,228 6,248
236 6,028 5,964 6,117 6,062 6,048
5,783 5,732 5,345 5,658 5,778 5,594
5,517 5,374 4,920 5,221 5,208 57316 =
Suiat . 4,926 - | 4420} o3t o 736 4,644
5,774 | 375,252 1350,084 | 357,661 | 371,793 | 359,827

"'}:
¢ -




VALUDS OF THE COMPLATE SERIER ()F AT OHAREZS (8

PART B. MULTIPLE SPCIEGNS IR TE4 40 OF CALIBEAT- TN WE

] i —— i —— . B A W 95 » _._.: :,_>- - ,,.:\_‘
Proflight Padicgraphs 54

Positidny of Bt inq . It e i Fad

R R vilm 2 Film 3¢ N

(c/25/65) | (6/1/65) | (673753 : e

o e SR e et TR ~ ety p ool

1 m.m. above 2 .5457 2 b‘JZ /)'J’ =4
Conventional Trage | 2.5429 | 2.6228 | -‘_ZJ_‘/_‘._')_!_,_______‘g

1 m.m. below 2.3940 1. -2.5150 .| ~2.5927 | ¢

2 m m, below 2.3216 2.3645 ? 4754 1 2

3 m.m. _below 2.8511 2,3396 7.3915=1 -7

4 m.m. below 2.2010 2.3198 23756 =

5 m.m, below 2.2064 | 2.2691_ 2.3650 | 2

| 6 m,m. below - 2.2019 2.2574 23371 _ 2

P 7 m.m, below 2221902 2.2450 2.3200 2
v 8 m.m. below 2.1658 2.2361_ | 2.2246 Y,
9 m.m, below | 2.01493 2=T592 22576 F 4

10 m.m. below _2.0558 2.1170 =378 .2

11 m.m. below 1.9636_ | 2.0410 2,1011 | 7

12 m.m. below _ 1.8537 1,9321 2,0045 4§ ]

= | .13 m.m. below 1.3032 1.3698 1.9424 -1 ]
< 14 m.m. below Y. 1575 12115 17, 3733+4 =

15 m.m. below 1.7276 1,7572 1.3479 |
16 m.m. below 1.6834 1.7082 o (s 1
17 m.m. balow 1.6342 1.6724 1:752).

: | 18 m.m. helow 1.6135 1.56596 1.7212
£ 19 m.m. Felow 1.5588 1.55099 | 1,258 |
- |20 m m, below 1.4947 1,5203 |} 1,5631

|
?
|

|
i
|

i )
[

]
{

11

l
|

| .21 m,m, below 1.479) | 1.4879 ) .5044
|22 m.m. below__ 1.4216 1.4377 1,4702 ]
23 m,m, betnw__ | ' .4047 1,1098 IJ_{Z}_‘_"&___;

24 m.m. bainw___V_1.,3666 1.3790
25 m.m. below 1.3324 1.3484
26 m,m, below 1,3154 1.3088

| 27 m.m. below 1

__ 22 m,m, below 1
29 m,m, below 1,7

1

1

1

2667 1,2694
2170 1.2391

118 1,2204__
20 1.,702_|

___30.m,m. below 2

31 m,.m, below 67 1,1475_ |
_.-_3_"-__11;@&!5.‘»!____. 19 1 1,1270
|33 m.m. below 1.1419 _1,1200 _

-

3im.m. below | 1.1243 | 1.1069 _

L.-.-Eimw.- below _ | _1.0877 | 1.0631
( : _36m,m. below | 1.0232 | 1,0250 § 1

37 .o, bolow _,,0_.;)_-17.,1., T 0,9668 0.9
33 m,.m,. belaw _0.8971 _[ Q _:,3 -

T ror .n,._:“"__i-ﬁé._:mu,_ .JI?N‘)-T?— R "17\?17 6
f iy




1o
£, LUONTINUED ~
. ,-!. .'..‘:‘:: ,\,‘::“-“ : =+ §s g ; l-,;.-.‘ ;-(';r,_s ;‘- ij-’ . l‘.’f’-,; i‘_’_"_‘?_{ : ;;l‘ ‘ ' ( )l

N A

JINT Iv MISSION

{ WEDGE MASS EQUINALERCY. (GBAMS)

¥ S
Mean of Mean of

reflight Postilight Radicg. v+ Fostilight
RO Dhs I = e aadeaet I adiogra i s
Mean of Film 4 Film 5 ;ilm 6 Mecan of

Flln; l, 2' t //h ) 6/23/85) "//7/' ) l.‘i.{n]:; 51’ S'
ST A AR e i e

e S ——————————————————————————— R e S L L £

2.5233 7.4615 { 2,4026 4 2.5792 | 2Z.4R11 _

2.6426 ) 2.4736 | 2,4194 | 7.5931 | 2.4970

_ 22,5008 | 2.3256 | 2.3234 | 7.4032 2.3507
2.2871 5 2514 2.2216 | 2.3486 | 2.2738 |
2.3274 2.1158 2.1694 | 11,2522 | 2.1891
2.2988 | 2.1155 2.1467 ). 2118 | _2.1580
2,280 2 0743 2.1190 2,2068 e
2.2654 2.0804 2.1128 ) 2063 2.1331
2.2517 " 9754 21161 2 1881 2.1265

2.2288 2.0162 | 2.0650 5.1539 2.0887

~2.1472 | 2.0545 2.0174 2.1010 2.0576
2.1171 1.8929 | 1.9631 | 32,0158 1.9572

2.0352 | 1.3508 | .‘3'430 1.9633 1.9007
8169 1.8275 1.3817 1.3120
S L LIRS e e A 1,7631 18822 - F - 157907

L0805 |  1.7098 | 1.7568 Fafial

“R4lZ | -1 6693 i.7240 | 1.6781 ‘

1
1

YR TG P T

l
| 15
> | 1.s811 | 1.6394 | 1.7284 | 11,6496
1.886% 1.5170 1.5552 | 1.6859 ] 1.58€0
. 3 s
ES
l

5206 1,5248 1.6268 5574

11,5785 4702 | 1.48'4 | :.5472 | 1.5329 ;

L hZE0 o1 4123 154472 - F 15FRZ =1 4792

— 13505 | 1.3570 1.4155 | 1.5559 | _1.4428 i
1.4432 1.,3460 1,393 | 3.48°5 |- 1.4086 |

_1,4130 1,323 1,3856 | _1.,4098 | 1,3729 3
1,3822 | 1,2564 | 1.3615 | 1.4080 | 1.3420

_1,3492 1.2533 Y.3459- | —1.,4036 -1 1.3343
.2260 | 1,3203 1.3495 | 1,2986
sesbl =124l 1.3

219021 - 1.2550 - Y.273) f —1,.239%1 —=

1

YR I36 )

= Yodd o4 ]

1,2188 =P e ogoy =
|
1

6 LR P ¥ | Tl

=—F 2686 }.2270

==71-.1808 ~SB7Stsp===L 15e0 200 122200 |~ 1.,2050=
- 1.3630- 11,1498 | 1.13973 | -1,1884 } 1, 1757 :
LR | 1 1797 1 13474 F--1.1529-
KSR R Ry es Tt ] e ey P4 T o SR R Ty
1.:180 | 1.0991 | 1,1536 | :.0210 | 1.1246
1,03 =l =A g h= V_l_,,l frtel== - = },0912 1.0886 :
-_._I.Jf=3'/____. 1,9521 | 1.0184 | _1.0400 u)r'us:,s_~
_0.9673 ) 0.8856 | 0,9398_ | 0,9374 | 0,%209
e ﬂ BREZ - 0.7960 |- =0,.8591 | G 85251 U :’H‘a‘) = :
|- 67.5449 1s3.0148 | cz,.s.;.:i.:.*..,_[»v»,.«w::s,,_l-.p_i AT thy

1/ O-A

- WY . - -




i
IABLE I1I, CONTINUED

VALUES OF THE COMELETE SERIES OF RADIOGRAPHS OF THE MULTIPLE
0S8 CALCIS SECTIONS FOR THE PILOT OF THL CEMINI IV MISSION

PART C. PER CENT CHANGE BETWE: N THE IMMEDIATE PREFLIGHT
. AND IMMEDIATE POSTELIGHT RADIOGRAPHS

Integrator Counts Por Cont
| Position of Tracing Film 3 Film 4 s
| 1 _(taunch)_ (Recovery) :
1 m,m. above 15,162 13,675 -9.80
Conventional Trace 15,346 ISIEIAE =L0=27
- 1 m.m.below 145404 — | 12,920 = U3
| _2m.m. below J 37282 - —=———1 205808 -9.04
3 m.m, below 13,286 11,921 -10.27
4 i, m, below 13,198 1) 753 -10,95
S m.m. below 13,139 b4 ey £
| 6m.m.below | 12,984 11,558 -10.98
¢+ m.m, bclow 12,889 11,530 -10.,54
8 m,m. below 12,692 11,368 =X0 43 —|
— 9 m.m. below 12,542 11,414 =899
10 m,m. below 12,104 10,516 =13-12
1] m,m, below ——=FE 5673 10,282 =31.92
12 m,m. below 11,136 10,094 -9 .36
13 m,m, below 10,781 9,871 =852 =
14 m.m__below 10,407 9,236 3029
15m.m. below __ | 10,2566 9,118 -11.18
m. below 9,961 8,784 =31:87
17 m.m, below 9,734 3,428 =13 02
|___18 m.m below 9,562 8,448 -11.65
19 m.m. below 9,032 8,168 ~9.56 :
20 m.m. belawy 8,684 7,846 -9.65 i
21 m.ra, below 8,358 7.539 -9.30 s
22 m,m, below 8,168 7,478 -8.45
23 m.m, below 7,997 7,351 -8.08
£ 24 m.m _below 7.784 6,980 =10=83
25 m.m. below 7.594 6,963 =831
26 m.m, below e 330 6,811 =716
27 m.m, below 7.138 6,634 -4.26
28 m.m, below = 7,046 _ — 6,637 =616
29 m.m, below — 06,80} 6,595 =3.03 i
| 30 m,m, bejow 6,667 6,528 ~2.08 ':
31 m.m. below 6,583 5,388 ~-2.96 $
32 m.m, below ___ 6,508 6,286 =3.41 5
— 83 m.m. kalow 6,422 6,130 =1 2 £
|34 m,m, bolow f=27) — ¢ 6,106 -2,63 3
| Som.m.below. | 8136 1 5,564 -2.80 .
| 3%6_m.m.kelow | 5,783 _5.345 -7.52
i/ m.m. beloy 5,517 4,920 -10.82
_ samar.below 1 4,923 | 4,422 -10,18 :
TOTAL 385,774 | 350,084 ~9.25 ;
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SECTIC

}"ili;‘:
Numbears
and
Dates

Film 1
(8/11/65)
Film 2
(8/17/65
Yilin 3
(8/19/65)

COM]

S .';.:.

PION (

N ("CONVENT

TAREE |

TONAL" SCAN) FOR GEMIN

\7
=

ENTPRAL OF§ CALCIS POSTERTOR-A}

L8

THROUGHOUT THEIR MiSSION

MAND PILOT

e

L“\,’d IL: ")‘. €

OnsS

iS5 1InN iC

Counts

Fvaluation
Number 1

11,739

11,545

10,962

Fviluation
Nu 11'1:)0!' 2

[~ ——— .

11,654

————————

rms of Int

——e - ——— e

e b ge

CGiatio!
-

112

ANTERIO)
o AT
2T RONAUTS

Evaluations
in Terins of
Calibration

Average
of Both

Fva luaticns

Wedage Mass

Equivalency

11,696

11,627

11,008

Film 4
(8/21/65)
(Launch)

10,696

Film 5
(8 "J’I: 9_/(‘ 5)
(Rv‘\l over ‘)

Film 6
(8/30765)

9,093

8,939

film 7

(9/8/65)

Film 8

10,682

”
13
£0

16,6

9,014

8,964

10,667

11,161

(11/4/65)

e ———— gt Sp———

10,675

SERTT

2.0101




113

I : e 2 STERIO ERIO] E
SEC [OX ( == } @) aF :_,_y»':,"_'vj) FOX GEMINT V A YTRO BE -

—rasiel

Evaluations in Terms of Integrator Lvaluaticie
Film

in Terms of
Numbers

Counts

— Calibration
and Evaluation Evaluation Average Wedye Mass
Dates fumbear 1 Number 2 of Both Equivalency
Evaluations (aran.s)
Film 1 9,995 9,899 9,947 1,7905

(Ei/l 1/’(1 ':')

- Film 2 16,075 10,034 10,055 1,8089
(E,’/l / f»!‘

Film 3 10,350 10,408 10,378 11,8682
(8/19/65)

Filiy 4
(8/21/65) 10,116 10,072 10,094 1.8169
(Launch) -

» G -

T e e —— S ——

B s ] e

rilm 5
(8/23/65) 8,220 9174 9,198 1.6556
(Recovery)

r——— ——————

B e ————— el ————————————————

Film € 9,310 9,268 9,289 1.6720
{8/30/65)

R e — pe— S e e ——— e e e s L S S e an e ——————

Film 7 9,945 10,014 9,979 1,7962

Film 8 10,026 10,082 10, 069 1.8160
(11/3/65)

=
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PART A

MIHIIPES

Fosition ;‘\I‘_.‘frral*-in; e
LN
T - (8/1

T s @ r——, A . § Af——

| et
W—.‘, by v —— P A~

| Conventional Trara. L 13 ol
10

- — —

"._ 9

Fa = -_;- Y‘L'
SRS T i; ’l.(n_’{;- -

i e
o Al Ui

e 0 o e
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E 994
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THE CORMPLETE SERIES OF RALIOGRAPHS O

JLIS

COMMAND

N TEVMS OF

™ e i Y | o e e M . el . S

Fre~Fiight

—

L\H(ﬁ. A

Radiograbhs

In: 1
1/65)

Film 2

{L/17/65)

e -

s -J.J\ Jn, a‘)u«* ..__.‘_._U.*i‘lu_i-

95

JaS=
0

,!* e
S0 (16

P S X

- -
e e . M A o, g et

e

;Pi) s Bt &
(6715/65)

PLLOT

‘w.‘r zi/55 i

TABLE ¥

JHE

QU THE GEMT

iy ;\] rs

r ]\;Ou i U
Iie-Fligh
Padicgrap
Acan U'
Pilms 1,

Filn 4

e et e e

o

-

(b
e

72 p ..J—- ’j

IR

_JIL888
:
31,04

q,u’ >

._....Q ..Q.L"A_. 7;..§.:_i1..- .:_- JL-
SR e G

\

. &

WEEE

IR
_*()J_{‘*ﬂf o SR

(o
7__“_,?83
o. 243

\ 8

'M;m ESSC T
10,072 ;_m 588
9,335 1 9,868
?. 94_7_5
5 B

L AE T gk ﬂo
:Q_i 9,532

o

0,446

et

19 m.m,
20 m.m,

below __ |

balow

26 m,10, 4.,

bolow 1 6,008

i#2)

L'a

36

i

N n
- |

27 m.m, helow =

71¢C

—3l-m.m mL balow

32.m.m
33

e e L‘
,__.__\ :..-rLl._-.l
35-m.m,

Total

(14~ A

r\}, S0

Rebut g =

b low | .1,

below

28 m,m, helow 1 4.

6R8__

29 m.mobelow 1 4,599
30 m "\_.,b»ﬂa"-:-'_..__._ 4.526

e !

T T .v } " '_‘_.’~'______.____ﬁ_n..] ()"0_4 4 '—‘ C ’ -!- —

.._.._:.-_0.~.‘.‘_l..._
AR —

109
VAL RS

J=iPE=

Salitep]
-
o
ot
L L, Al

")(.‘4 ')"‘-':—"‘i l--.:J -+ LN :

r 8 rnm.bRlow _fz ,_.ﬁ/‘_l,;__g.!‘ 2r 1P 304 4 9,334
1_.._:.1:&.; i be! e g L e i R pR B Lf: f:‘ 9,210
FoD nimibelws T 9,7 ) 9. 0ed Ty 60868 | R824 19,087
;.:f‘ @ Delgwr. 1o (G4 L RegRt L 8,531 3,600 | 8,729
;._._L-_-, .:; Fodoa, 175962 17 7,907 7,958 | 7,723 1 _7.889
S anm, hednwr b 9 B30 7588 7-503-1--7.604 | '7.631

T4 o, batow w1 -2.096 | 7,311 | 7,354 | 7,216 5 7,352
|- }5 o, bolaw 7,281 7GR L 7,100 " 6,939 Z 10
,,...Lifhﬂu_kii;].%w, o, 9451 —6 b3 6,922 6.629 6,865
| 17-m.m, below 6,816 | 5,232 6,683 | 6,540 i 6,693

18 m,m, balow 6,532 | 6,498 | 6,451 | 6,314 | 6,449

e Ole e b

5,632 5,924

y + 5.501 | ~5.719"

2 mem, pelowses B Sofide 1= 58 =577
| 22 m.m,below | 5.65] 5,619 | 5,601 ‘_,jdt.f:.-._T_.L:;_ =
- 23am.n. below- |- 5,401 | 5,381 15,318 | 5,318 ; 5,354
~ 24 m, r.., helow: —=F 5,212 {=-§002-] g jag | 4 3904 5 151
[ 25 m.m, below 4,992 §,045_ | 5,016 | 4,536 | 4,922
| __4.760

= 4. 8111 "4 508

4,652 | _4.418 4,622
4,609 | 4,375 4,574
4,530 | 4,382 | 4,535
4,456 | 4,374 4,447
a4 tee=1—4 3%H
4,036 ' _F.ea | 4,004
4,028 [ 3,756 | 3,976

T Y70

wres Dl cvnr e

- = A ”
e s E
$53.100Q 1245 280 ’5_'.1 822
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FPART B,

VALULS O Tl

MULTTPL

Position of Tracing

E SEGTION

1 m.m.

| Conventional Traco _

1 m,m, helow

i!l)()\__w}.____»_

(8/1

s

2 m,m, below

1{..
I’LS
28
54

7
£
&

3 m.m. below

?
2
=
§ 3
==

l
g
8
80

} COR

T S a—

2_|
3

APLETL SERIES

2, naqn Iul

Qr

N
\

h—.——-t-—t

e

7 vm . -bzlow

4 m h!v'

1

.7‘11/

(mm

=5
1

7737
7613

1

478

8 n,m,-below

1‘

xﬁ‘!’\\,

= 9 m.m

12 m,m, balow

_J_Q,x.‘..@..-.tz HoW- =
1l m.m, balow

]
1

=
1

13 m,m; balow

=

14 m,m, balow
15 m,m, below

-4 —

—

7230
26365

L

1,7133

| 2.0855 11,9719 | =

| _1,9886 | 1,8406 | ¢

L | 1.8292 | 11,7508 05 _

1.8121 1. 7417

2901 | 1.7280 | 37

1..7.&&. 1,6945 | 8

1.7573 1,6958 | 11,6490
L7435 1.6913 | 1.6384 |

TABLE

V.

RADIOGPAFIS ¢

) PILOT OF TH?

S ]M _’”"!)“"\ OF ’\T IGRATION “'\l ')L.} MA
e e e ’“,Q{f

Pre ~Flight Radlographs Pre
e i e e R
Film 1 Film 2 Film 3 Film 4 Mz
1/65) |(8/17/65) |(8/19/65) |(8/21/65)| Fil

L6080 l

F=ae i
L7711 |

f'{‘

1,67

6009 |
LW e
5937 |

|

16 m . m, balow

17 m,m, balow

1

18 m,m, below

1

19 m,m, below

1

—-—..Z_Q. m,m, __h_{‘,' ‘_.(‘.'“’

1,

|

6045 | 1.5950 | 1.8356 1 1.5496 L 1.
4341 | 1.49233 F 1.4324 | 1.3900, 1.
,4094 | 1,3653 | 1,3509 | 1.3687 | 1,
3547 1,3160 | 1,3237 | 1,238¢ =<
3108 1,2830 | °~.2780 ;1,240 1 ).
1,2503 1,2533 2460 11,1932 ¢+ 1.
2269 1,2118 22009 | AT L
Q758 | 1.1696 1 1.1612 | 1.0365 | 1,
1336 1,119 15077 1 10828 | ),
0305 : 1,0854 | 1,0332 | ).

35 m JN. }"‘1(:‘.'.'

_Total_

X

e b A8 87 80

21 m.m, below 1.0501 | 1,0465 [ 16310 | 0.,9902 & 1,
== 22 m.m, below === 199 1,0114 | 1.0082 Q=Gpnla— -
23 m,m, below 0.9722 | 0,9686 | 0,9572 | 0,9572 § 0O,
24 m,m, below 0.938% | 0,9364 | 0,9356 | 0.8982 | 0,
| 25 m.m,below | 0,986 | 0,9083 | 0,9029 | 0.8345 | 0,
| 26 m.m.below | 0,8705 | o.8717 | o.8840 | 0.81501 Q,
27 m,m, balow _0.0489 | 0O.r464 | _0,8374 0,792 0.
|28 m,m, below 0.8438 | 0 8327 | 0,8296 | 0,7875 | 0,
29 m.m.below | 0.8278 | 0.£32) | 0154 | 0,78981 0,
_30m.m, below | 08147 | 0,8266 | 0.802) | 00,7873 O,
[ 31 mum, bolow | . 7873 | 0.7790_| 0.7755 | 0,765 1 0,
__32m.m, below | 0,7542 | 0.7561 | 0.7265 | 0.7004 | 0.
| 33 m.m,. below | 0,7396_ | 0,7218 | 0,7250 | 0.6761 1 0,
34 xml‘ 1 . 0.5864 10,5720 | 0,5763 | 0.55241 ©
X
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FINURD
FHE MULTTRLE Of GALCIS SEGTIONS FOR THE

VR XTRT o O Y
VTR ‘! i\‘.;“l_l ‘\’\'

kbl

of Mean of
Hiciht “ Post-Flicht Radiographs Post=Flight
TEONS 1 seemrmemm e e e Radiqoraphs | -
- OF Film & Film 6 Film 7 Film 8 Mean of
== (8/29/65) |(8/30/65) (e,/8/53) |(11/4/65)| Films S,
Lf, R e i S _&A_Z-L_R S
0o5 | 1.6202 | L.601 |1 o192 | 1.9955 | 1.7840
S6c | 16295 L 1.611: - 11,9715 | 2.0100 | L.7e3l :
057 ___,_._1-&_‘_?.&*-.)_:,5_!-81____-.1 8187 e g7 = 700 — 3
2. L5116 | 14474 L 12 628 | 1,7656_ | 1,6068
577 A‘,_,l‘_._m5%___;_1“,_4_3535_“__1’,_6_31_3___ =01 RQU
434 |- 1,4726-1 1.43300 T e762 - 17002 ) 18730
262 a__L.‘.z_m_“J..A_l.&__ _1,6720 | 1.7068 | 1.o< 5560 —
Sre = Ao 0 = 42 | 1.6547 | 1,6315 | 15393
jp_ﬂ_?_,_f,_,.?f) 11,3936 | -1.6159 | 1. 6576 1&30
801 | 13903 | 1.3702- | L, w'_:,__l,_,,a;;e_s_,_, 1.5054
, "1 3236 | 1,3255 | i s ke 14635
es | _1,.2488 | 1.2674 ") 1.,%. Seaaias = Lle e ;
ey — LR E =T < 1_._:‘?0/_!”_1_‘_5_3_55_» e
Y2127 | 1,2236 | lxm 1 oqqn | 1.3900 -
< 1.2000 | 1.1882 | 1,37 1-&.9;21.L.L£: e
= == 117. __1_._3_1*,1__,1",_3_73_3! e : :
1912 | 1,1680 .-,_1_‘_2__5.11_____1_M_Q_§_L__,u,._z_4_ﬂ,.
1414 | 1.0663 | 1,1907 ok |k LISBL
: ~y 0838 | ).0580 | 1,1729 | 1.2134 1 ) e
160s - 1,0498 1,032 1 1336 L, 758 | 10378 —
yos__ | _0,9761 | 0,9562 | 1,083 1,1250° | 1.,0376
t:»r;r\_-«:-.__ﬂ.,q,ﬂ,&.or,.__(1_&.@5(;_.._,1”,_@2_31_,_1_,&729 | _0,9844
‘,‘.i-’._?‘j.,__,, 0,9068 | 0,8950 | 0,9G61 =a3aa=t BLORE0_—
ooos ¢ _0.nes2 | 0.8053 | 0.0720 1 1.0056 S
0g38 10,8690 | €.8554 | 0,9680 Y| 09871 | 09109 :
9271 ~ _0,8636 | 0,8458 g | 0.9 ,‘;;.__LQE.QL__O,_SE“‘
CEET = 0053 s | 0.8336 | 0.8312  0.8546 1 0,84
ean3 . 0,8402 | 08210 4 0. f168 | 0.8420-1 Q, ‘:‘:\_or\ ¢
320 __0.8235 | 0.R082 | 0,R04L | o168 1 0,8137 ]
234 ._0.8084 L C, 005 | 0,7915 | 0,8150 ( 0.8046 i
8163 .. 0,7816 | 0,267 1 0,783 | 0.7985| 0.7841 _
8077 .-0.7618 | P 7366 | J?",..uﬂ_-.,Q._l’P_'*?._ —057200
or9e . 0,7243 ¢ 0.7183 | 0,7735 L 0. 7893 | Q,7506
s AR JA: w12 | 0.7108 | 0,7376 | 0,7080
7156 L. 0.591% | 0.6783 1 0.6716 — 0.6892 | 0.325
<723 |..0.4934 | 0,4795 | 0.5410 5605 | 0,510 | }

»
EEsT e oA s STt C ===
8142 L 39,6182 L 38,9333 | 44,276 45,5963 1 42.) 1061
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TABLE vV, CONTIMMUED
VALUES OF THE COMPLETE SERIES QF RADIOGRAPHS OF THE MULTIPLE
0% CALCIS SECTIONS FOR THE COMMAND PILOT OF THE GEMINI V
MISSION

PART C. PER Ci:NT CHANGE BETWEEN THE IMMEDIATE PREFLIGHT
AND IMMEDIATE POSTILI..i11 RADRIQOGRAPHS
Integrator Counts :
Position of Tracing Film : Film 5 Per Cent Change
(1aunch) (Recovery)
1._m.m, above_ 10,478 9,001 =14 .10
Conventional Trace 10,663 9,053 -15.1C
1 m.m, below 10,072 8,960 =E=cg
2 m.m, below 9,336 8,398 <1005
3 m,m. below 9,283 8,253 =110
4 m.m. below 9,243 851k =11=44
S m.m. below 9,198 7.928 =13.81
6 m.m. below 9,161 7.816 =14 .68
7 m.m, below 9,991 5739 =394
8 m.m. below 3939 7724 =29-52
9 m.m. below 8,894 7.342 =}745
10 m.m. below 8.854 6,938 -21.64
11 m.m, belcw 8,609 6.815 -20,84
12 ni.m. below 223 6,737 =T 77
13 m.m. below 7.604 6,672 =926
14 m,m. below 7.216 6,629 =8513
15 m.m. below 6,939 6,618 =4 63
16 m.m. b=low 6,629 6,341 Vi 25
17 m,.m. below 6,540 6,021 =794
18 m.m. below 6,314 5,832 =703
19 m.m. below 6,016 | 5,423 -9.86
20 m.m. below 5.632 5= 1°70 =852
21 m.m, below 5,501 5,038 =842
22 m.m. below 5,406 4,918 =9 03
23 m.m, beiow S or e 4,828 =921
24 m.m. below 4,990 4,798 =3 85
25 m,m, below 4,636 4,736 +2.16 =
26 m.m. below 4,528 4,668 +5,09
27 m,m, below 4,418 A =Dy #3585
| 28 m.m, below = 4,375 4,491 HF=RE
29 m.m. below 4,388 1,342 =105
30 m.m, below 4,374 4,232 =3525
31l m.m, below 42255 =402 =543
32 m.m,. below 3,941 3,836 =2--66
33 m.m, below 3256 3.284 S AESG
34.m.m,. below 3,069 2,741 -10.69
. 35 m,m, below E——% - _X X
TOTAL 245,289 220,1C1




VALUES OF THE SOMPLETE SERIES OF RADIOGPAPHS OF THE MU

TABL

OF THE GEMI

E VI
| 1

NI V MISS!

PART A. MULITIPLE SECTIONS IN TERMS OF INTEGRATOR COQUNTS

).

[/

,4,7

Mean o
Pre-Flight Radiographs Pu. 1 11f:‘1
Position of Tracing Rar“-'fv a3
rilm 1 Film 2 Film 3 Film4 | Mean of
(8/11/65)| (8/17/65)|(8/19/65)|(8/21/55)| mm 1
- | ==
1 m.m, abgve | 9,978 | 10,019 | 10,273 | 10.083 | 1(‘,}‘?“_._.
Conventional Trace 9,947 | 10,055 | 10,379 | 16,094 | 10,318
1 m,m, below 9,474 9,557 9,712 9. 372 ‘g.,_i: 3 _
2 m,m, below 8,974 9,032 9,144 9,069 | 9.052
3 »,m, below 8,786 8,828 8,959 8.853 | 8,852
4 m. . balow 8,522 8,704 8,712 8,662 I ®,85)
5m.m, below 8,494 8.652 8,705 8,602 | 8,613
§ m.m., balow 8.352 8,374 2,488 8,406 | 8,405
7 m.m. oelow 8,139 8,196 8,359 8,198 i 8,221
8 m.m. halow 7.848 7.936 8,106 7,933 7. 956
9 m.x, below 7.456 ==t7 7.634 76341 7-532
10 m.m, below 7,090 7.226 7,388 7,276 | 7 .245
11 m.m, below | 6,905 6,946 7,042 7,012 | 6,875
12 m, o, below 6,504 6,818 6,938 6,888 | 6,862
13 m.m, below 6,502 6,564 6.825 6,607 | 6.625
14 m,m, below 6,332 6,403 6,548 6,468 | 6,433
15 m.ry, balow 6.128 6,218 6,387 = Eoy—— o383
16 m.m. balow 5,901 5,986 6,100 5,955 5,986
17 m,m, below e 5,919 5.652 5 745
18 m.m, below | 5,482 | 5,522 5,616 5,600 e
19 m.m, below 225 S.33%7 5.488 5,310 SSooy—
20 m,m, below 4,985 5174 5,242 5. 144 =1 ih—
21 m.m, below | 4,018 4,994 5,02 5,019 5,008
22 m.m, balow | 4,864 4,924 4,988 4,928 4,926
23 m,m, below | 4,740 4,218 4,903 4,874 13
24 m,m, balow 4,646 4 641 4717 4,692
25 m,m, below 4,22 2,44 | 4,494 4,502
26 m.m, below =4292 — ¢268 4,386 4,379 4,33
27 m.m, below | 4,164 | 4,192 4,296 4,299 4,238
28 m,m, below 3,798 ' 3,845 3,905 S gp | aEpu =
29 m.m, below’ | 3,705 3,700 3,824 3,475 Ll
30 m,m, below | 3,474 3,543 3,631 3446 2,523
31 m,m, below 3,331 3354 3,416 3 3151 3,354
22 m,m, below 3.272 3,282 | 3.341 3,272 3 207
33 m,m, below _ 3206 3,091 3,168 3,000 | 3,069
34 m,m, balow 2 .602 2,688 2 .787 2,674 | 2.685
35 m.m. below 1,742 816 |1 759 ' 1820 | 1.784
Total 219,940 1222389 1226 672 |222.574 1222,894
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T < -
I Mean of ! Mcan of
Pre-Flight Po:t-Flight Radicgraphs Fost-Flight
= —iRadiograchs} . - = Pacdiographs
n 4 Meanof | Film 5 Filin 6 film 7 Film 8 Mean of
/65)i Fiims 1, '(?,'29/55)l (8/30/65) (9/8/65)i(11/3/65) Films 5,
l____._.za.._}.a_d-,__i : e rgi oy 3 6,. 71 8
$ — e el = e
83 | 10,082 | 35,706 | ©,762 ! 3,990 ! 10,016 | 9,618
)94 ! 10,3313 ¢ 3,202 | 9.789 | 3,979 : 10,089 | 9,64)
Z-] -deoe3 1 8,706 | 8,73 -1 9.548" | o.508 |° 9,126 |
60 ' 9.0 8,328 ; 8,326 4 3,106 | 9,018 ! 8,69
| {
|

8
~B.020 | Bba2-t @gBO7 I 8B
8

' 2} 7.850 | 8,548 | 8,560 |
92 ! B2+ 7,870 7713 | 8,53 L.p.sog LR850
i :

511
G35 §2405 3 7.742 ¢ 7.673 B,407 | B8.,36) | -8,046
bE - o) | Jasof 7477 ey aaag loy8n
g5 7 wosE 7107 z353 | 79728 | 7.678 | 7.514
34 | 7.532 - ©5.PS4 6.842 | 7,478 | 7,445 | 7,165
76- 1 7.245  — 657 | 6766 F V6o =790 =1=6-010
12 | 6.076 . 6.379 | 6,47 | 6,981 | 6,918 | 6,694 |
8} | 6,862  6€.292 | 6,342 | 5,858 6,770 | 6,568
07 | 6.625 5_9.9_57 6,213 6,504 6,477 | 6,222
BB b A3k . 5877 6,139 6.212 6,320 ! 6,191
96 | 6,232 5,660 6,028 6,122 6,150 | s,asq
55 Daagh == 5360 5.674 5.922 s g94 | 5 7927
22 S.7£5 5.198 5.454 5,694 SoBZlesl= o070 —
00 25095 9,042 5,232 S.555 5,501 5,332
5,340 4,789 | 5,100 5.222 5,288 5.150
14 5,136 4,435 4,644 | s5.008 5,036 4.781
19 5,008 4.393 4,594 4,918 4,930 4,709
28 4,926 _4.274 4,492 4.934 | 4,868 4,637 |
4 1 4,832 4,220 | 4,364 | 4,822 | 4,772 | 4,544
D2 4,674 4,112 4,203 4,647 4,622 4,396
D2 4,461 4,016 4,026 1,392 4,411 4,211
’ 4:331 | 3,947} 3,909 | 4.335 4,294 | 4,120
) 2235 = = -3-952 3,832 | 4,23 4,242 4,064
S | - 3,878 | 3,609 3,577 3,924 3,863 3,743
/S 3;676 | 3,494 3,463 | 3,730 3.722 3,602
86| 3.523 | 3,224 | 3280 | 3,462 3,489 | 3,364
sel-3gse 1 gogs | 300 | 3o9d | 530 3.3
2 3292 waag F-m agb | —gugy i g ayp = 5y
P91 3,089 | 2762 1 3.010 [-3.008 | s0ee-] Zid6o |
4] 2,688 - | 2 508 | -2.509 | 2.602-1-2.628-L 2,579 |
o |_1.784 | _1.teq |_)1.606 1,73% 1,806 | 1,683
L 1222,004 202,311 205,736 1221.014_ 1220.920 1212.495 |

j 4

daveiin nior

R b et
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PART P. MUJTIPLE SECT

i

i oD
: ORR]

==

OF

TONS JN TERMS OF GALIBRATION WEDGE

BLE VI,

ES OF RADIOGRAPHS

THE GEMII

2

Pre=Flight

Radiographs

Position of Tracing : - —— 11
Film 1 Film 2 Film 3 Film 4
(8/11,°65}1(8/17/65)| (8/15/65)| (8/21/65)

1 m.m, 2bove 1,7¢50 | 1.8034 | 1.849: | 1.8140 |
| Gonventin=al Trace 1.7905 | 1.8099 | 1,8482 | 1.8169 |
1 = .m. belc 1.7053 | 1,7203 | 1.7512 | 1. 6870
| 2 nm,0. below 16153 | 1,6258 | 1.6460 | 1.6308 |
3m.m, belon 1,5779 1.5390 ! 1.6126 1.5935 |

4 m.n: bolo | 1.5340 1.5667 1,5682 1,55¢2
S m.=. holow | 1,5289 | 1.5574. | 1.5669 | 1.5284
6 m.m, below | 1.5034 15073 15278 1.5131
7 ., bolow | i.4650 1,4752 1.5030 JATS6 1=
8m.m, Solow | ~1.4126 | 1 4235 | 1.4501 1,4278
Q@ m, -, Salow 1.3221 | ¥.3:22- 4 7 3741 19 3561
| 10 . belaw 1.2762 | 1.3007 | 1.3298 | 11,3097
]l m,m. halyw s e e
12 m.m, talow =Y 24 ¥ 277> - T AR =1 930n
13 m.m. belaw 1,1704 | 1.1815 | 1.2285 | 1.1893
14 m,m. halgw 1,1398 | 1,3525 | 1.1786 | 1.1642
| 1S m, . bels: 1.1036-| 31,1192 | 11497 | 1 3153
| 16 m.m. helow 1,0622 | 1.,0775 | 1.0980 | 1.0719 |
17 m.m, tolnw - 1,0156 | 1,02350 | 1,0654 | 1.017¢
18 m.m. helgw 0,8558 | 0,9940 | 1,0108 | 1.0080
19 m.m. below 0.9405 | 0.9607 | 0,987¢ | 0,9558
20 m,m. balow 0.3975 0.9313 06,8436 0,9259 |
21 m.m, belsw 0,8852 | 0,8989 | 0.9184 | 0,9034
22 m.m, balnw 0,8755 | 0,8863 | 0.8978 | 0,887
| 23 m,m, bolow 0.8532 | 0.8672 | 0,8325 | 0,8773
24 m,m. below 0,8363 | 0,8351 | 0,849 0,8446
| 25 m.m._helow 90,7960 | 0,7963 | 0.8089 ! 0,8104
| 26 m.m, below 0,7725 0,7632 0.7895 0,7882
27 m,m, below 057495 0,7545 00,7733 0,7738
28 m,m, below | _0.6236_] 0.,6921 | 0,7029 | 0,7137
| 29 m.m, helow | __0.6669 | 0.6560 | 0.6883 | 0.6255
30 m,.m, beiow 0.6253 0.,.6377 €¢.6536 0.6203
1 0

0.5996 | 0.6037 | 0.6149 | 0.5967 |
i 0.5290 | 0.5908 | 0.6014 | 0,5800 1
0.5111 | 0.5564 | 0.5702 | 0.5416 |
0.4584 | 0.4838 § 0.5017 ' 0,4813 1 -
_0,3136 |_0,3269 |[_0,3166 |_0,3276 [ -
Tota) 39,5892 140,0300_[40,8010 [40,0633 | ¢

A
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1S OF THE MULTIPLE OS CALC)S SECTIONS FOR THE PILOT

h
(=)

11,0774 ! 0,9648 | 1,0213 | 1.0763 | 1.0609 1
1,0341 ' 0,9355 | 0,9817 | 1.0243 |1_1,0118 0.
! 0.999¢ ! c.s076 | 0.,9418 | 1.0004 | 0,9502 0.
: 0.9612 ! 0.8620 0.9180 0.840) 0.8518 0,
0.9246 _i_0,7985 | 0.8359 | 0.9014 | 0.9065 | .0
0.9015___ 0,7907 | 0.8269 | 0.8852 | 0.8874 0.
| 0.8866__._ 0.7693 | 0.8086 | 0,8a45 | 0.8762 0.
| 08700 @ 0,7596 | 0.7855 | 0.8622 | 0.8590 |
0.8413 ' 0,7402 | 0,7565 | 0.8365 | 0.8320 0
0.8029 ' 0,7229 | 0,7247 | 0,7905 | 0,7940 0
0,7796 I (00,7092 0.,7036 0,78023 0.7729 0
0.7628 0.7114 | 0.6898 | 0.7.15 | 0.7636 0,
0.6981 0.6496 0,6439 | 0,70 3 ] 0,6953 0,
0.6517 ' 0.6289 | 0,6233 | 0,671 _| 0,6700 0.
10,6342  0,5803 | 0.5904 | 0.523 | 0.6280 [ o
06037 . 0,5517 | 0.5764 | 0,5935 |_0.6056 0,5!
|__0,5925 | 0,5292 | 0,5661 | 0,5791 | 0.5958 SESC
1 0.5523 | 00,4972 | 0.5418 | o.5414 | 0.5502 | o0

o

Mean of Mean of
Pre=Flight Post-Flight Radiogiaphs Post=Flight
—JRadiograpas | Radiographs|

Mean ¢f Film 5 Film & Film 7 Filin 8 Mean of

5)i Films 1, | (8/29/65)((8/30/65)](9/6/65)|(11/3/65)| Films 5,
aadet — o == b=l

| _1.8158 | 1.657) | 1.6672 | ¥.7982 | 1,8029 1,7313

= 18914 - 1. 6574 1 1 .6720 | 1 7762 -1 -) .P16D 1,7304

|_1.7360 | 1.5689 | 1.5716 | 1.7185 | 1.7107 1,6424

_,_1,6205° | 1.,5008 | 1.4987 | 1,639; 1.6232 1.5654

| 1.5032 | Y.,4624 | 1,4436 | 1,5555 | 1,5p53 1,5120

=1~ 1,5570 | 1.4242 | 1.4130 | 1.5355 | 1 5408 1,4791

1.,5504 | 1.4366 1.3382 15329 1.5314 1,270 ;
1.5120 | 1.3936 | 1.3811 | 1.5133 | 1 o5 1,4482 |

== 15797 | 1 3un 1,3459 1.4633 | 1.4648 | 1 .2031

| 1.43%0 | 1.2784 | 1.2875 | 1.4263 ! 1 41e0 35

| 13560 | 12409 11 2316 | 1 .3463 | 1 /340 1,2895
=] 1308 |- 51828 |- 1-2179 | 12893 |1 2gas ) 2438

9557 Lo atg 411695 | 1 25651 19452 1,2049
LI PB5E —r 1 510 1,1416 &= 2362 1= 1.2186= | 1823
= a0 L 070 G T 107 ) 650 aen—
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2
e

o K0
e [J! O

o o
— 1
~J)
D

!

(= p]
D i N D
¥

/ (o}
e st

0 M k0 |

w b
=]

|
f

e
~N N
s

M lon KD
Tﬁg

B

(O8]

0 D
X T . s

DN
IS £
3 o =

i o

2
e
!

A
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TABLE VI, CONTINUED
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VALU..5 OF THE COMPLETE SERIES CF RADIOGRAPHS OF THE MULTIPLE
OS CALCIS SECTIONS FOR THE PILCT OF THE GEMINI V MISSION

PART.C. PER CENT CHANGE BETWEEN THE IMMEDIATE PREFLIGHT

Position of Tracing

Integrator Counts

Per Cent Change

Film 4 Film S
(Launch) (Recovery).
1 m.,m, above 10,083 9.206 -8.70
| _Conventional Trace 10,094 ~9.208 -3.78
1 m.m. below =93l 8.716 -7.00
2 m.m. below 9,060 3.338 =797
3 m.m, below 8.853 8,130 = =m B
4 m,m. below 8,662 _7.912 -5.66
Sm.m. below 8.602 _7.870 -8.51
6 m,m. below 8.406 7.742 -7.90
7 m,m. below 8,198 7.499 =T
8 m.m. below 7.933 7,102 -10.48
9 m.m,. below 7.534 6.894 -8.49
10 m,m. below 7.279 6.571 2 -9.6S
11 m.m, below 7,012 6.379 =9,03
12 m.m. below 6.888 6,294 -8.62
13 m,m. below 6,607 55995 =926
14 m.m. below 6,468 5.872 =0321
15 m.m. below 6,196 5.660 -8,65
16 m.m. below SR USS 5.360 -9,99
17 m.m. below 5,652 5,198 -8.03
18 m,m, below 5,600 5.042 -9.96
19 m,m. below 5,310 4,789 -9.81
20 m,m. below 5,144 4,436 =13-76
2] m.m, below 5.019 4,393 -12.47
22 m,m. below 4,928 4.274 =327
23 m.m. below 4,874 4,220 =13-42
24 m.m. below 4,692 4,112 -12.36
25 m.m, below 4,502 4,016 -10.80
26 m.m, below 4,379 3.949 -10,03
27 m,m. below 4,299 3,952 -8.07
28 m.m, below 3.965 3,609 -8.98
29 m.m,. below 3.475 3,494 +0.55
30 m.m, below 3,446 3,224 -6.44
31 m,m. below 3318 3.065 -7.54
32 m.m, below 3,272 2,940 =101
33 m.m. below 3,009 2,762 =872l
34 m.m, below 2.674 2.508 -6.21
35 m,m. below 1,820 1.589 -12.69
TOTAL 222,574 202,589
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TABLE VIU

EVALUATION OF A SECTION ACROSS THE TALUS FOR GEMINI V

ASTRONAUTS THROUGHOUT THEIR MISSION

PART A. COMMAND PILOT

3 Evaluations in Terms of Integrator F:va .luations
Film Counts in Terms of
Numbers Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations | (grams)
Film 1
(8/11/65) 6,720 6,742 6,731 1 2116
Film 2
(8/17/65) 6,644 6,660 6,652 1.1974
Film 3
(8/1_9/65) 6,537 6,551 6,544 1.1779
Film 4
(8/21/65) 6,522 6,532 0,527 1.1749
(Launch) -
(8/29/65) 5,656 5,670 5,663 1.0193
(Recovery)
Film 6
(8/30/65) 5% 715 SAALE : 5,709 1.0276
Film 7
(8/8/65) 6,470 6,464 6,467 1.1641
Film 8
(11/3/65) 6,472 6,456 6,464 1.1535




TABLE VII, CONTINUED

121

EVALUATION QF A SECTION ACRQSS THE TALUS FOR GEMINT V

PART B, PILOT
Evaluations in Terms of Integrator Evaluations
Film Connis in Terms of
Numbers Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Ecuivalency
Evaluations (grams)
Film 1
(8/11/65) 4.844 4,858 4,851 0.8732
Film 2
(8/17/65) 4,782 4,774 4,778 0.8600
Film 3 :
(8/19/65) 4,756 4,740 4,748 0.8546
Film 4
(8/21/65) 4,703 4,713 4,708 0.8474
(Launch) :
Film S
(8/29/65) 4,247 4,245 4,246 0.7643
(Recovery)
Film 6
(8/3C/65) 4,55C 4,540 4,545 0.8181
Film 7
(9/8/65) 4,693 4570 4,702 0.8464
Film 8
(11/3/65) 4,864 4,870 4,867 0.8761




TABLE VIII

COMPLETFE, SERIES QF THE RADIOGRAPHS OF MULTIPL: SZCTIONS

QF HAND PHALANX 5-2 OF THE COMMAND PILOT OF THE GEMINI V MISSION

PART A. MULTIPLE SECTIONS IN TERMS OF INTEGRATOR COUNTS

POS;;m” Film1 | Film2 | Fiim3 | Film4 | Films | Filmé | Film7 | Films |
e (8/11/65)] (8/17/65)| (8/19/65)|(8/21/65)| (8/29/65)| (8/30/65) | (3/8/65)| (11/4/65)
Proximal End
_of Pralanx 414 479 480 475 352 450 115 445
1 m.m. below| 328 386 389 382 291 354 353 357
2 m.m. below| 271 320 332 305 231 299 296 306
3m.m. below| 228 282 294 263 199 240 247 252
4m.m. below| 204 250 245 238 176 220, 236 238
S m.m. below| 199 242 244 231 175 218 234 231
6 m.m. below| 217 252 260 243 186 230 231 244
7m.m. below| 227 275 269 259 198 243 238 | 252
8m.m. below| 236 285 271 268 206 250 254 270
9 m.m. below| 237 286 278 271 208 252 258 269
0 m.m, below| _ 223 276 268 256|200 247 246 260
11 m.m. below| 218 259 263 249 196 232 241 254
12 m.m. below] 208 236 255 229 184 227 231 252
3m.m, below| 208 237 255 228 181 218 231 244
14 m.m. below | 204 237 253 231 178 214 221 231
15 m,m. below 208 245 257 233 183 213 224 224
16 m.m. below | 229 268 265 260 202 231 242 243
|17 m.m, below| 233 273 292 266 207 237 258 264
TOTAL 4290 5089 5170 4887 3753 4575 4686 4836




VALUES QF THE COMELETE SERIES OF THE RARIOGRAPHS OF MULTIPLE SECTIONS

IABLE

VIIL, CONTINUED

OF HAND PHAIANX 5-2. OF THE COMMAND PILOT OF THE GEMINI YV MISSION

PART B. MULTIPLE SECTIONS IN TERMS OF CALIBRATION WEDGE MASS EQUIVALENCY (GRAMS)

e Filml | Film2 | Film3 | Film4 | FilmS | Film6 | Film7 | Film8
Tetiviin (8/11/65)|(s/17/65)|(8/19765)| (8/21/65)| (6/29/65)|(8/30/65)| (9/8/65) | (11/4/65)
Proximal End
of Phalanx 0.037 | 0,043 | 0,043 | 0,043 | 0,032 | 0.040 | 0,040 | 0.040
Lm.m.below | 0,030 | 0,035 | 00035 | 0,034 | 0,026 | 0,037 | 0.032 | 0,032
2m.m. below | ©0.024 | 0.029 | 0.030 | 0.027 | 0.021 | 0.027 | 0.027 | 0.028
3m.m. below | 0,020 | 0.025 | 0.026 | 0.024 | 0.018 | 0.022 | 0.022 | 0.023
tpom o below | 0,018 | 0.023 | 0,002 | 0.021 | 0,016 | 0.020 | n.021 | 0.021
Smom helow | Q.01 | 0022 | 0.022 | 0.021 | 0,016 | 0.020 | 0.021 | 0,021
6m.m. below | 0.020 | 0,023 | 0.023 | o0.002 | 0.017 | 0.021 | 0,021 | 0.022
7m.m. below | 0.020 | 0.025 | 0.024 | 0.023 | 0.018 | 0.022 | 0.021 | 0.923
8 m.m. kelow 0.021 0.026 0.024 0.024 0.019 0.022 0,023 0,024
9 m.m. below | 0.021 | 0.026 | 0.025 | 0.024 | 0.019 | 0.023 | 0.023 | 0.024
0m.m.below | 0,020 | 0.025 | 0.024 | 0.023 | 0.018 | 0.022 | 0.022 | 0.023 |
11 m.m. below | 0,020 | 0.023 | 0.024 | o0.022 | o0.v18 | c.021 | 0.022 | 0.023
12 m.m, below | 0.019 | 0.021 | 0.023 | o0.021 | 0.007 | 0.020 | 0.021 | 0.023
13 m.m. below | 0.019 | 0,021 | 0.023 | 0,001 | o0.016 | 0,020 | 0.021 | 0,022
14 m,m, below | 0.018 | 0,021 | 0.023 | 0,021 | o0.016 | 0,019 | 0.020 | 0,021
15 m.m. below | 0.019 | 0,022 | 0.023 | 0.021 | 0.016 | 0.019 | 0.020 | 0.020
16 m.m. below | 0021 | 0,024 | 0.024 | 0,023 | 0,018 | 0.021 | c.022 | 9,022
17m.m. below | 0,021 | 0.025 | 0.026 | 0,024 | o0.,009 | 0,021 | 0,023 I 2.024
TOTAL 0.386 | 0.459 | 0.464 | 0.439 | 0.340 | 0.412 | 0.422 | 0.436
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TABLE VIII, CONTINUED

VALUES OF IHE COMPLETE SERTES OF THE RADIQGRAPHS OF MULTIPLE
SECTIONS QF HAND PHALANX 5-2 OF THE COMMAND FPILOT
OF THE GEMINI V MISSION

AND THE IMMEDIATE POSTFLIGHT RARIOGRAPHS
Integrator Counts
Position of Tracing Film 4 Film 5 Per Cent Change
(Launch) (Recovery)
Proximal End of
Phalanx 475 352 =25.9
1 m.m. below 362 291 -23.8
2 m.m. below 305 231 -24.3
3 m,m, below 263 199 =24,
4 m.m, below 238 176 26,1
S m.m. below 231 175 = 4.2
6 m.m, beiow 243 186 =23.5_
7 m.m, below 259 198 nad? 74 B3
8 m.m. below 268 206 =Z3.1
9 m.m. below 271 208 =235 8
10 m.m, below 256 200 ~21.:9
1] m,m. below 249 196 A
12 m.m, below 229 184 -19.6
13 m.m, below 228 181 208
14 m.m, below 231 178 -22.9
15 m.m, below 233 183 =21.5
16 m.m, below 260 202 =29 3
7 m.m. below 266 207 =32 .2
TOTAL 1887 3753 -23.0
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TABLE IX

COMPLETE SERIES QF IHE RADIOGRAPHS OF MULTIPLE SfECTIONS

PHAIANX 9=z QF THE PILOT OF THE GEMINI YV MISSION

PART A, MULTIPLE SECTIONS, IN TERMS OF INTEGRATOR COUNTS
POS;;“"” Film1 | Film2 | Film3 | Film4 | Pilms | Filmé | Fiim7 | Films
i (8/11/65)|(8/17/65)| (8/19/65)| (8/21/65)|(8/29/65)| (8/30/65) | (5/8/65) | (11/4/65)
Proximal End
of Ppalanx 396 450 445 455 380 _448 450 .« 443 _ |}
1 m,mbelow | 320 31 371 373 318 378 376 . 379
| 2 m.m, below | 273 328 321 268 267 326 324 322
| 3 mum. below | 256 296 302 296 250 295, 311 293
4m.m.below | 244 | 279 293 282 242 | 277 291 278
5 m.m, below | 23] 270 276 265 223 267 287 272
6 m.m. bslow | 225 259 258 260 215 257 250 264
m.m. below | 216 251 345 255 199 249 247 oy
| Rme Belew 2%t 267 271 263 216 266 255 2
9 m.m. below | 235 274 263 265 214 | 268 249 276
10 m.m. below | 224 228 262 262 214 227 |_ 248 274
1) m.m, below | 218 248 256 258 204 246 234 255
12m.m. below | 211 244 242 243 194 242 231 251
3 .. below | 222 249 249 258 201 247 254 252
14 m.m. below | 243 279 280 282 232 278 280 274
15 m,.m. below | 256 294 278 300 243 200 |29 290
16 m.m. below | 224 266 250 252 214 2641 _ 267 257
TOTAL 4225 4863 4968 4848 ! 4026 4825 4834 4916




A PHS OF MULTIPLE SSCTIONS

’

PART B. MULTIFLE SECTIONS IN TERMS OF CALIBRATION WEDGE MASS EQUIVATEIICY (GRAMS)

Position
of Film 1 Film 2 Film 3 Film 4 Film 5 Film 6 Film 7 Film 8
Tracing (8/11/65)|(8/17/65)|(8/13/65)| (8/21/65)| (8/25/65) (8/30/65)| (5/8/65)| (11/4/65)
Proximal End
of Phalanx 0,035 0,041 0.0490 0.04? _0.034 0.040 0.041 0.040
1 m.m, Zelow 0.029 0,034 0.033 0.034 0.029 0.034 G.034 | 0.034 |
| 2 m.m. below 0.024 0.030 0.029 0.024 0.024 0.029 0.029 0.029
3m.m. below 0.0923 0.027 0.027 0.027 0.022 0.026 0.028 0.026
4 m,m, below £.022 0.025 0.026 0.025 0.022 0.025 0.026 0.025
| S m.m. padow 0.021 0.024 0.025 0.024 0.020 0.024 0.025 ¢.024
S m.m. below 0.020 0.023 0,023 0.023 0.cis 0.023 0.022 0.024
7m.m. below g0.019 0.022 0.031 0.073 0.013 0.022_ 0.022 0.024
8 m.m. below 0.021 0.024 0.024 0.024 0.019 0.024 G.023 0.025
Sm.m. telow 0.021 0.025 0.024 0.024 0.019 0.024 0.022 0.925
m.m. below 0.020 0.021 0.024 0.024 0.019 0.020 0.022 0.025
m.m. belo: 0.9246 0.022 0.023 0.023 0.018 0.022 0.021 0.023
m.rm. below 0.019 0.022 0.922 0.022 0.017 0.022 0.02) 0.022
m.m. helow ¢.029 0.022 0.022 9.023 0.018 0.022 0.023 0.023
.10, below 6.022 0.025 0.925 0.025 0.021 0.025 0.025 0.025
m,m. below 0.023 0.126 0.025S n.027 0.022 0.026 0.026 0.026
m,m, below 0.620 0.024 0,022 J 0.9024 0.019 0.024 0.024 0,023 |
TOTAL 0.380 0.437 0.445 0.437 0.260 0.432 06.434 0.443
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TABLE IX, CONTINUED

VALUES OF THE COMPLETE SERIES OF THE RADIOGRAPHS OF MULTIPLE

SECTIONS OF HAMD PHALANX 5-2 OF THE PILOT
OF 1HE GEMINI V MISSION

PART C. PL CENT CIANGE BETWEEN THE IMMEDIATE PREFLIGHT
AND THE IMMEDIATE POSTFLIGHT RADIOGRAPHS

Integratcr Counts
Position of Tracing Film 4 Film S Per Cent Change
(Launch) (Recovery)
Proximal End of
Phalanx 455 380 =16.5
1 m.m. below 373 318 . =14.7
2m.m, below 268 267 - 0.4
3 m.m, below 296 250 -15.5
4 m.m. below 282 242 -14.2
Sm.m., below 265 223 -15.8
6 m.m. below 260 215 -17.3
Zm,.m. below 255 152 =~22.0
8 m.m. below 263 216 =17.9
9 m,m, below 266 214 -19.,6
10 m.m, below 262 214 =18.3
11 m.m, below 258 204 =-20.9
| 12 m.m. below 243 194 -20.2
13 m.m. below 258 201 -22,1
14 m.m, below 282 232 =17.7
15 m,m. below 300 243 =19.0
16 m.m. below 262 214 =18.3
TOTAL 4848 4026 -17.0
e —— —— ——— e
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TABLE X

QOF EAND PEAIANX 4-2 QF THE COMMAND PILOT QF TEE GEMINI V MISSION

PART A. MULTIPLE SECTIONS IN TERMS QI INTEGRATOR COUNTS
pos;;i"” Film1 | Film2 | Film3 | Film4 | Films | Filmé6 | Film7 | Films
o 8/11/65)|(8/17/65) |(8/19/65)|(8/21/65)|(8729/65) |(8/30/65) | (9/8/65)| (11/4/65)
Proximai End
of Fnalanx 564 654 638 547 562 641 650 626
1 m.m. below] 450 558 532 539 484 512 541 524
2 m.m, below | _ 425 481 470 478 437 471 287 464
| 3m.m, below| 387 453 429 239 394 2441 246 431
4m,m, below| _ 368 239 417 422 380 422 427 412
5 m.m. below | _ 341 209 391 399 347 402 399 392
6 m.m, below | 318 383 .| 354 370 331 371 377 368
7 m.m, balow | 334 394 331 386 343 383 350 | 389
8.m.m. below | 384 402 388 399 348 392 403 400
9 m,m, below | 357 405 405 116 368 410 413 410
10 m.m. below | _ 354 392 384 102 354 388 406 398
11 m.m. below | 343 399 371 383 340 375 387 386
12 m.m, below | 347 403 373 394 346 183 400 398
12 m,m, beiow | 332 386 365 370 335 363 367 372
14 m.m. below | 329 169 354 364 334 354 369 372
15 m.m, below | 32 370 355 262 340 354 372 365
16 m.m, below | _ 320 364 348 355 331 344 369 363
17 m.m, below | 318 350 343 355 331 340 369 356
18 m.m, below | 316 350 338 349 328 346 364 358
19 m.m, below | 327 364 352 364 332 362 376 366
20 m.m, below | 328 350 345 356 329 351 370 358
| 21 m.m, belgw | 302 335 322 338 306 338 146 337
TOTAL 7826 9020 £656 8687 8000 8743 9028 8845




TABLE X, CONTINUED

VALUES OF TEE COMPLETE SERIES OF RADIOGPAPHS OF THE MULTIPLL SECTIONS

R

HAND PHALANX 4-2 QF THE COMMAND PILOT QF THE GEMINI V MISSTON

PART B. MULTIPLE SECTIONS IN TERMS QF GALIBRATION WEDGE MASS EQUIVALENCY (GRAMS)
Position Film1l | Film2 | Film3 | Film4 | Films | rilmeé | Film7 | Films
of (8/11/55)|(8/17/65)|(8/19/65)| (8/21/65) | (8/29/65)| (8/30/65) | (8/8/65)| (11/4/65)

Tracing

Proximal End

.033 0.030 0.033 ° 0.033 0.033
,033 0,030 | 0,032 0.033 0,033

i
of Phalanx 0,051 0.059 0.057 0.058 0.051 0,058 ; 0.058 0.056
1 m.m. below 0.041 0.050 0.048 | 0.049 0.044 0.046 ! 0.049 0.047
2 m.m. below 0.038 0.043 0.042 | 0.043 0.039 0.042 : 0.044 0.042
3 m.m. below 0.035 0.041 0.039 0.049 0.035 0.040 t 0.040 0.039
4 m.m, below 0.033 0.040 0.038 0,038 0.034 0,038 0.038 0.037
S m,m, below 0.031 0.037 0.035 0.036 0.031 0.036 __: _0.036 0.035
6 m,m., below 0.0239 0.03¢4 0.032 0.033 0.030 0.033 i 0,034 0.033
7 m.m. below 0.030 0,035 0.034 0.035 0.031 0.034 : 0.035 0.035S.
8 m.m. below 0.031 0.036 0.035 0.036 0.031 0,035 ' 0.036 0.036
9 m.m. below 0.032 0.036 0.037 0.037 0.033 0.037 'T 0.037 0.037
10 m.m. below 0.032 0.035 0.035 0,036 0.032 0.03% _L 0.037 0.036
11 m.m, below 0,031 0.036 0.033 0.034 0.031 0.034 ' 0.035 0.035
F [ 12 m.m. below 0.03] 0.036 0,034 0,035 0.031 0,034 __0.036 0.036
13 m.m. below 0.030 0.035 0,033 0
0

14 m,m, below 0,030 0,033 0,032

15 m.m, below 0,029 0,033 0.032 0.033 0,031 0,032 0.033 6.033
16 m,m. below 0.029 0,033 0.031 0.032 0.030 0.031 0,033 6.033
17 m.m. below 0.029 0.032 0.031 0.032 0.030 0.031 0,033 0.032
18 m,m, below 0.028 0.032 0,030 0,031 0.030 0.031 0.033 0.032
19 m.m. below 0.029 0.033 0.032 0.033 0,030 0.033 0.034 0.033
20 m.m. below 0.030 0.032 0.031 0,032 0.030 0.032 0.033 0.032
21 m.m. below 0.027 0.030 0.029 0.030 0.028 0.030 0.031 0.030

TOTAL 0.706 0.811 06.779 0.799 0.722 0.787 0.811 0.795

e g-m-—;’?——%’:ﬁ
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TABLE X, CONTINUED

VALUES OF THE COMPLETE SERIES OF RADIOGRAPHS OF THE MULIIPLE
SECTIONS OF HAND PHALANX 4-2 QF THE COMMAND PILOT
OF THE GEMINI V MISSION

PART C. PER CENT CHANGE BETWEEN THE IMMEDIATE PREFLIGHT
AND THE IMMEDIATE POSTFLIGHT RADIOGRAPHS
Integrator Counts
Position of Tracing Film 4 Film 5 Per Cent Change
(Iaunch) (Recoverv)
Proximal End of
Phalanx 647 562 =13.1
1 m.m. below 539 484 =10.2
2 m.m. below 478 437 - 8.6
3 m.m. below 439 394 =10.,3
4 m.m, below 422 380 - 9.9
5 m,m. below 399 347 =1 3510
6 m.m, below 370 331 =10.5
7 m,m,. below 386 343 =11 1
8 m,m. below 339 348 =12.8
9 m.m. below 416 368_ -11.5
10 m.m. below 402 354 =11.9
r 11 m.m, below 383 340 =11 .2
12 m,m, below 324 346 =12 22
13 m.m. below 379 335 = 9.5
14 m,m. below 364 334 = 8.2
15 m,m, below 362 340 = 6.1
16 m.m, below 355 331 - 6.8
17 m.m, below 355 331 =6,,8
18 m.m. below 349 328 = 6.0
19 m.m, below 364 332 = 9.6
. 20 m.m. below 356 3265 =7 6
:» 21 m.m, below 338 306 - 9.5
“ B TOTAL 8887 8000 - 9.8




|

TABLE XI

jsLUES OF THE COMPLETE SERIES OF RADIOGRAPHS QF THL MULTIPIE SCCTIONS

OF BEAND PHAIANX 4-2 GF THE PILOT OF THE GEMINI V MISSTON

PART A. MULTIPLE SECTIONS JN TERMS OF INTEGPATOR COUNTS

P°sé;i°“ Film1 | Film2 | Film3 | Film4 | FilmsS | Filmé | Film7 | Film8
Tracing (8/11/85)|(8/17/65)|(8/19/65)|(8/21/65)|(8/29/65)|(8/30/65) | (3/8/65) | (11/4/65)
Proximal End )
of Phalanx 504 513 532 548 519 547 602 548
1 m.m, helow 367 405 420 425 388 401 453 439
2m.m, below 360 380 396 413 360 382 439 403
3 m.m. below 336 354 376 389 353 356 425 388
4m,m, below 345 350 370 380 345 349 418 379
Sm.m, below | 358 362 369 382 344 347 413 330
6 m.m. bellow 339 358 360 377 333 344 409 372
7m.m, below 44 350 356 375 334 340 406 368
8 m.m, helow 351 360 356 376 336 343 417 374
9 m.m. below 335 361 351 377 338 348 419 377
10 m.m. below 347 357 344 374 332 340 416 368
11 m.m, below 328 348 328 369 327 331 403 355
12 m.m. below 330 350 332 365 325 327 391 353
13 m.m. below 313 331 327 350 317 322 381 339
14 m.m. below 301 316 315 337 296 310 368 326
15 m,m. below 305 322 309 325 283 297 358 316
16 m.m, below 287 316 313 335 280 288 349 322
7 m.m, below 252 310 315 320 269 271 343 319
18 m.m, below 275 293 299 314 261 268 335 313
19 m.m, below 280 307 301 311 259 261 339 310
20 m.m, below 278 296 306 326 277 277 346 314,
21 m.m. below 294 322 314 338 287 294 373 330
TOTAL 7269 7661 7689 8106 7174 7343 8303 7993

—————
T v ——p—




VALUES OF THE COMPLETE SERIES OF RADIOGRAPHS OF THE MULTIPLE SECTIONS

TABLE XI, CONTINUED

OF EAND PHAIANX 4-2 OF THE PILOT OF THE GEMINIYV MISSION

PART B. MULTIPLE SECTIONS IN TERMS OF CALIBRATION WEDGE MAS3 EQUIVALENCY (GRAMS)
Fosition Filml | Film2 | Film3 | Film4 | FilmS | Film€ | Film7 | Film8
rraving (8/11/65)|(8/17/65)|(8/19/65)|(8/21/65)|(8/29/65) | (8/33/65) | (9/8/65) | (11/4/65)

Proximal End

of Phalanx 0.045 0,046 0.048 0.049 0.047 0.049 0.054 0.049

1m.m, below 0.033 0.036 0.038 0,038 0.035 0.036 0,041 0.040
2 m,m, below 0.032 0.034 0.036 _0.037 0.032 0.034 0.040 0.036
3 m.m. below 0.030 0.032 0.034 0.035 0.032 0.032 0.038 0.035
4 m.m. below 0.031 0.032 0.033 0.034 0.031 0.031 0.038 0.034
Sm.m, below _0.032 0.033 0,033 0.034 0.031 0.031 0,037 0,034
6 m.m, below 0.031 0.032 0.032 0.034 0.030 0,031 0.037 0.033
7 m.m. below 0.031 0.032 0,032 0,034 0.030 0.031 0.037 0.033
8 m.m, below 0,032 0,032 0.032 0.034 0.030 0.031 0.038 0.034
9 m.m, below 0.030 0,032 0,032 0,034 0.030 0.031 0.038 0.034
10 m.m,. below 0.031 0.032 0.031 0.034 ) 0,030 0.031 0.037 0.033
11 m.m, below 0.030 0.031 0,030 0.033 0.029 0.030 0.036 0.032
2. m.m. helow 0.£30 0.032 0.030 0,033 0.029 0.029 0,035 0,032
3 m,m, below 0,028 0,030 0,029 0.032 0,029 0.029 0,034 0.031
14 m.m, below 0.027 0.028 0.028 0.030 | 0.027 0,028 0.033 !- 0,029
15 m.m, below 0,027 C.G029 0.028 0,029 0.026 0.027 0,032 0.028
16 m.m, below 0.026 0.023 0.028 0.030 0,025 0.026 0.031 0.029
17 m.m. below 0.026 0.028 0.028 0,029 0,024 0.024 0,031 0,028
8 m.m, below 0.025 0.026 0,027 0.028 0.023 0.024 | 0.030 0.028
19 m.m. below 0.025 0,028 0,027 | 0.028 0.023 0.023 0.031 0.028
20 m.m, below 0,025 0,027 0,028 0,029 0.025 0,025 0.031 0.028
21 m,m. below 0.026 0,029 0.028 0,030 0,026 0,026 0.034 0.030

TOTAL 0.653 0.689 0.6S2 0.728 0.644 0.659 0.793 0.719




TABLE XI, CONTINUED

VALUES OF TZE COMPLETE SERIES OF RADIOGRAPIIS OF THE MULTIPLE

SECTIONS OF FAND PZATANX 4-2 QF T-E PILOT

OF THE GEMINI V MISSION

PART C. PER CENT CYANGE BETWEEN TZE IMMEDIATE PREFLIGHT
AND THE IMMEDIATE POSTFLIG™T RADIOGRAPES

Integrater Counts

Position of Tracing - - Per Cent Change
Film 4 Film 5
(Launch) (Recovery)

Proximal Exad of
halanx 548 516 = 5.3

1 m.m, below 425 3883 = 8.7
2. m,m, below 413 360 -12,.8
3m.m. belo 389 353 - 9.3
4 m.m, belcw 320 3456 = 8.9
| S m.m, below 382 344 - 9.9
6m.m. below 377 333 =110153
7m,m. below 375 334 =10.9
8 m.m, balow 376 336 -10.6
9 m,n, below 377 333 =i110553
10 m.m. belov 374 332 =112
1l m.m, below 369 327 -11 4
12 m,m. below 365 325 -11.0
13 m.m, below 350 317 - 9.4
14 m,m, below 337 295 -12.2
15 m.m. kelo 325 288 -11.4
16 m.m. belo 335 280 -16.4
17 m.m. relc 320 259 =15.9
18 m.m. helow 314 76l -16.9
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PART A, COMMAND PIT.OT

_ Evaluations in Terms of Integrator Evaluations
Film c in Terms of
. ounts 3 )
Numbers Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(8/11/65) 4,088 4,096 4,092 0.7365
Film 2 ’
(8/17/65) 4,171 4,156 4,163 0.7493
Film 3
(8/19/65) 4,225 4,237 4 .231 6.761¢
Film 4
(8/21/65) 4,523 4,511 4,517 0.8131
(Launch)
Film 5
(8/29/65) 3,393 3,353 3,373 0.6071
(Recovery)
Film 6
(8/30/65) 3,688 3,700 3,694 0.6649
Film 7
(9/8/65) 4,027 4,037 4,032 0.7258
Film 8
(11/3/65) 4,281 4,295 4,289 0.7720




TARLE XI1, CONTINUED

135

EVALUATION OF A SECTIQN ACROSS THE DISTAL END OF THE RADIUS

FOR GEMINT y ASTRONAUTS THROUGHOUT THEIR MISSION

PART B. PILOT
. Evaluations in Terms of Integrator Fvalua tions
Film Counts in Terms of
Numbers ol Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(8/11/€5) 3,992 4,010 4,001 0.7202
Film 2 ‘
(8/17/€5) 3,652 3,659 3,656 0.6580
Film 3
(8/19/65) 3,908 3,896 3,902 0.7023
Film 4
(8/21/65) 4,273 4,284 4,281 0.7706
(Launch)
Film 5
(8/29/65) 3,264 3,286 3,275 0.5895
(Recovery)
Film €
(8/30/65) 3,498 3:51.2 3,505 0.6309
Film 7
(9/8/65) 3,552 3,560 31,556 0.6401
Film 8
(11/3/65) 4,246 4,230 4,238 0.7628
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TABLE XILI

EVALUATIOY OF JXE CENTRAL QS CALCIS POSTERIOR-ANTERIOR

SECTION ("CONYENTIONAL" SCAN) FOR GEMINI VII ASTRONAUTS

THROUGHOUT THEIR MISSION

PART A, COMMNAND PILOT

) Evaluations in Terms of Integrator Fva‘lua tions
Film Colints in Terms of
Numbers . Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(11/24/65) 12,012 11 .933 11,973 2 1551
Film 2
(12/1/65) 12,625 1:2.,567 12,596 22673
Film 3
(12/4/65) 12,407 12,411 12,409 2.2336
(Iaunch)
Film 4
3 (12/18/65) 11,994 12,103 12,049 2.1689
(Recovery)
Film 5
(12/19/65) 12,314 12,465 12,390 2.2302
Film 6
(12/29/65) 12,985 13,155 13,070 2.3526
Film 7
(2/3/66) 12,901 12,745 12,823 2.3081
B — T w—— —_— e ——————————— ——————




TABLE

X1II,

CONTINUED

137

EVALUATION OF THE CENTRAL OS CAICIS POSTERIOR-ANTERIOR
SECTION ("CONVENMTIONAL" SCAN) E INT VII ASTRONAUTS
THROUGHOQUT THEIR MISSION

PIRT B. PIIL.OT
r = T - Evaluations
, Evaluat:ons in Terms of Integrator ) S
Film c . in Terms of
ounts
Numbers o S Calibration
and Tva tuation svaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(11/24/65) 13,438 13,296 13,367 ¢ 2.4061
Film 2
(12/1/65) 18,253 13,243 13,24¢E 2.3846
Film 3
(12/4/65) 13,724 13,713 13,718 .5 2.4683
(Launch)
Filf-’l 4
(12/18/65) 13,305 13,351 13,328.5 2.3991
(Recovery)
Film 5
(12/19/65) 13,523 13,305 13,414 2.4145
Film 6
(12/29/65) 14,750 14,614 14,682 2.6428
Film 7
(2/3/66) 14,001 13,968 13,984 25171
- e pp———— e el




TABLE XI/

FOR THE COMMAND PILOT OF TEl

Preflight Radiog-aphs

Position of Tracing

Film 1
(11/24/65)

Film 2
(12/1/65)

Film 3
(12/47/65)

Mean of
Preflight
Radiograpnsi_
Mean of
Films 1, 2,
and 3 _(

1 m.m. aboya 11,643 12.321 12.136 12,033
Conventional Trace 11 .973 12,3596 12.409 12,326
1 m.m. below 11,024 11,733 11,468 11,408 _
2 m.m. below 10,571 11,418 11,229 11,072
3m.m. balow 10,375 11,259 10,383 10,874
4 m.m. halow 10.321 11,275 10,956 10.851
S m.m. belo 10,185 10,993 10,726 10,835 _
6 m.m. below 9,354 10,902 10,440 10,439 i
72 m.m. below 9,R78 10,723 10,232 10,244 _
8 m.m. belgw 9,667 10,550 10,2238 10,152
9 m.m, below 9,348 10,359 9,378 9,894
10 m.~, beigwr 9,031 9,332 9,690 9,574
11 m.m, belgw 8,973 9,827 9,630 9,478
12 m.m, helow 3.613% 9,471 9,294 9,125 .
13 m.m, helowy 8,423 9,184 2_958 8.860
14 m.m. Helew 8.343 8,942 K 8,659
15 m.m  below 8,201 g8.712 R.537 8,490
16 m,m, balow 7,804 8,437 8.093 8,110 .
17 m.m, below 7,324 _7.881 7.7S5 7.667
18 m.m. below 7.148 7.702 7,570 T893 i
19 m.m, below 6,991 7.533 7.470 7,331
20m.m, kalo 5,912 7.350 7.403 7.222 .
21l m.m, below 6,823 7,192 7.295 7,105
2?2 m.m. bolow 6,731 6.5410 7,221 h,964
23 m.m. delow 6,590 6.673 7,176 6.813
24 m.m, below 6,485 £,.511 7.192 6,722 |
25 m.m, balo 6,37 6305 7.172 6.616 |
2% i .nr. below 6.130 €038 7.097 6.422 1
27 m.m. balow 5,952 5,906 6,914 6,257
28 m.m. halow 5.897 5.830 6.845 8,191 I
29 m,m, below 5.830 5,446 6,301 _R.042 1
- 30 m.m, el _5.641 5.214 6.319 3,025
31l m.m, below 5,399 4 873 6.022 . 431 1
| 22 m el 5.082 ,532 5,691 5,103 1
| 33 m.m. below 4,719 4,124 4,939 1,609 |
| dmm,balow | 4,076 | 3,623 4. 418 1.049 |
- 35 m.m, b=low 3,163 3,234 3,750 3,482 |
35 m,m, belowy | 656 1 2,442 2,885 | 2 671
TOTA 290,421 304,056 311,912 302,125

TP e S —— g —




L1

PHS QF THE MULTIPLE OS CAILC'S SECTIONS
- IHE GEMINI VIT MISSION

f Mean of
t Postflight Radiographs Postflight
ohs! Rediogra phs
fz Film 4 Film 5 F:lm 6 Film 7 Fl’;”:;’; Ofs
* (12/18/65)| (312/19/65) | (12,29/65) | (2/3/66) 6“ P
6. and 7
11,652 12,172 12,753 12,609 12,296
12,049 | 12,390 15,070 12,823 12,583
11,124 11,521 12,047 | 11,895 11,647 |
10,536 11.330 | 13,672 11,449 11,322
10.648 11.097 11.491 o5l 11,122
T R ok R A [ 11.279 ].074
=i 10,218 10,983 11,244 11,185 10,957
L 10.142 10,798 11,039 | 11.024 10,748
RS T LT 10,622 10,879 10,853 10,572
) 9,709 | 10.489 10,829 10,630 10,414
9,597 10,246 10,706 10,498 10,262
MRS WL 10,083 10,375 10,146 10,005
9.248 9.8356 | 10,054 | 10,013 9,793
| 3.964 9,512 g,549 9,787 9,47
| - 8,590 9,318 ¢, 382 9,516 9,226
| © 8.568 8,979 ¢.126 9,181 8,963
=BT 8.634 £.833 8.654 8,700
0 72066 8,320 £,503 8,419 8,302
4 Tjsyg 7.883 7.907 8,036 7,851
=S 7.641 7718 7,778 7,647
L | 7.328 7.507 7.536 7,654 7.506
= 7,268 - 7-357. 7.411 7.492 7.382
7,209 7.184 7.283 7,251 7.232
" 7.184 6,946 7.111 7,057 7,074
ElEETY 6.752 £.913 6,843 6,912
[ i 7.130 6,511 €.785 6,708 6,783
| | 7.103 _6.324 €,518 6.695 6.660
| 7.002 6.146 ERd73 6.327. 6.437
6.838 6.029 £, 086 6,088 6,260
6.740 5.911 <898 5.929 6.119
1 6.581 | 5.674 < 589 5,901 5,974
| 6.210 5,255 <447 5.532 5,611
5,965 5,111 c,236 5.381 5,423
__5.608 1,796 1,790 4,980 5,043
HERYS 4,320 4.412 4,610 4,576
4,332 4,214 3,906 3,977 4,120
|__3.874 3,610 3,411 3,498 3,549
| | 2.81a 2,638 2 645 2,667 2,691
304,244 | 305,135 | 311,983 | 311,916 | 308,314
—! —
// ), ,Y " /)7
Nyl S e ——
i ; -




IABLE XIV, CON

VALUES QF THE COMPLETE SERIES OF RADIQGRAPHS !

EOR THE COMMAND PILOT OF THE

Mean of
Preflight Radiographs Preflight
Position of Tracin e oenan
71 Film1 Film 2 Film 3 Mean of
11/24/65)| (12/1/65) | (12/4/65) | Films 1, 2,
and 3
1l m.m. above 250957 252178 =2518AS 2,1660
Conventional Trace 2o iSo) 252673 = L2380 = 2,2186
l1m.m. below 1,9843 21419 2.0642 2.0534
2 m.m, below 1,9028 2205572 St el | P 1529930
3 m.m, below 1,8675 2,0266 1,9778 1,9573
4 m.m. below 1.8578 2,0295 150221 1,9531
5 m.m, below 1.8333 1,9787 1,9307 1,9142
6 m.m. below Je7921 1.9624 11,8828 158791
7 m.m, below 1.7420 1,9301 1,8598 1.8439
8 m.m. below 1.7401 1.8990 1.8428 1.8273
9 m.m, below 1.6826 1,8646 1,7961 1.7811
10 m,m, below 1.6292 1.7968 1.7442 12234
11 m.m, below 1.6162 1,7689 1,7334 1,7061
12 m.m. below 1,5500 1.7048 1.6729 1,6426
13 m.m. below 1.5170 16531 1,6142 1,5948
14 m.m, below 1,5012 1,6086 1,5649 1,5586
15 m.m. below 1.4762 1.5682 1.5403 1.5282
16 m.m. beiow 1,4047 1,5187 1.4562 1,4598
17 m.m. below 15531EB 3 1,4186 1,4031 1,3800
18 m.m. below 1.2866 1,.3864 1,3626 3452
19 m.m. below 1,2584 1,3559 1,3446 1.3196 _1
20 m,m, below 1.2442 1,3230 53325 1.,2999
2] m,m, below 1.2290 1.2946 13131 1,2789
22 m.m, below 1,2116 1,2492 1,2998 12535
23 m.m. below 1.1862 1,2011 1:.2917 1.2263
24 m.m. below s s b3 1,1720 1,2946 1205143
25 m.m, below 1.1468 A.1351 1.2910 1,1910
26 m.m, below 1,1034 1,0868 1552975 151559
27 m.m, below 11,0714 1.0631 1,2445 1, 1263.
28 m,m. below 1,0615 1,0494 15.232] 151943
29 m.m. below 1,0584 | 0,9803 ):2242 1,0876
30 m.m, below 1.0154 0,9385 1,1374 1.0304
31 m,m, below 0,9718 0.8771 1,0840 0,9776
32 m.m, below 0.9148 0.8158 1.0249 | 0.9185
33 m.m, below 0.8478 0,7427 0,8980 0.8295
| 34 m,m, below 0.7337 0,6521 0,8006 0.7288 |
35 m,m, belowv 06233 0,5821 00,6750 0,6268
36 m.m. below 0.4781 0,4432 0.5213 0.48Q9
TOTAL 52..27358 54,7302 56.1442 54,3828




DNTINUED 139
S OF THE MULTIPLE OS CALCIS SECTIONS
SS EQUIVALENCY (GRAMS)
Mean of
Postflicht Radiographs Postflight
1S Radiographs
Film 4 Film 5 Film 6 Film 7 Mean of
« [(12/18/65)| (12/19/65)| (12/29/65) | (2/3/66) | Films 4, 5,
6, and 7
2,0974 2,19]10 252955 2.2696 2,2134
20885122300 = 223526 2.,3081 =2=2649— =
2.0023 2,0738 2.168% 2141 2.0964
1.9505 2,0394 == 00 2.0608 2.0379
1.9166 159975 2,C684 2,0252 2,0019
1.9130 1,9847 2.0457 2,6302 1,9934
1.3752 1,9769 2.0239 25,0133 1,9723
=== 8567 1.9436 _1.9854 1.9843 1,9347
1.7881 1.9120 1,9582 1.9535 1,9023
1.7476 1,8880 1,9492 1.9134 1,8745
7275 1.8443 1.9271 1.8836 1,8471
1.6947 1,8149 1.8675 1.8263 i.8008
1.6646 1.7741 1.8097 1.8023 ESF5 27
156135 157122 1,7368 17617 1,7060
===l 5642 le. 6772 1.6888 =7 00— 1.,6608
1,5422 1.6162 1,6427 1,6526 1,6134
1.5086 1.5541 1.5899 1.6117 1.5661
1.4339 1.4976 155305 15,5154 1,4943
1.3640 | 1,4189 | 1.4233 | 1.4465 1,4132
1. 3412 1=87.54r 1,3892 1.4000 1,3764
¥ 1,3190 1351453 1.3565 =377 =Pa35 B
1.3082 1,3243 1,3340 1,3486 1.3288
1,2976 1,2931 1.3109 2052 =3 (107
1,2931 152503 1,2800 15:2703 1512734
1.2854 1,2154 1,2443 1,2317 1.2442
1.2834 1.1720 12213 1.2074 L2210
=1,2785 1.1383 178 2= 1 2051 1,1988
1,2604 21,1063 1..1291 1.1389 1,1587
12308 1,0852 120955 1.0958 1,1268
1.5 2:1.32 1,0640 1.0618 1.0672 ) - SHO1S5
1.2031 1.0123 1.0240 1,0622 1,0754
1.1178 0,9459 0,9805 _0.,9958 1.0100
10737 0.9200 0,9425 0,9686 0,9762
1,0094 0.8633 0.3622 0.8964 0.9078
0.8932 07776 00,7542 00,8298 0,8237
0.7888 057585 0.7031 0,.71:59 0.7416
0,6617 0.6498 0.6140 0.6296_ 0,6388
0.50R9 0.4748 0.4761 0.4801 0.4845
54,7637 54.9242 56.1569 56.1448 55.4971
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TABLE XIV, CONTINUED
QS CALCIS SECTIONS FOR THE COMMAND FiLOT QF THE GEMINI VII
MISSION

PART C. PER CENT CHFANGE BETWEEN THE IMMEDIATE PREFLIGHT
AND IMMEDIATE POST ET RADIOGRAPTS

Integrator Counts
Position of Tracing Film 4 Film 5 Per Cent Change
(Iaunch) (Recoverv)
1 m,m, above 12,136 63y =3.99
| Cconventional Trage 12.409 12,049 =29
1 m,m, below 11,468 11324 =300
2 m,m, below 11,229 10,836 <3550
3m,m, below 10,988 10,648 =3.:09
4 m.m, below 10,956 10,628 -2.99
S m.m, below 10,726 10,4318 —
6 m.m. below 10.450 10,142 -3.04
7m.m. below 10,332 9,934 -3.85
8 m,m, below 10,238 $.793 =5
9 m.m, below 9973 EARe =3.82
10 m.m, kelow 9,690 9,415 -2.84

11 m.m, below 9,630 9,248 =an a7
12 m.m. beloew 9,294 8,964 =355
13 m,m, below 3.963 8.630 =3 .40
14 m,m, below 8.6%4 8,568 =S
15 m.m, below 8,557 8.331 =2--00
16 m.m,. delow 8,090 7,266 =525
17 m.m. below 75795 AT A =2:1%
18 m.m, below -7:579 7,451 =557
19 m.m, below 7.470 7.328 =1.90
20 m.m, below 7.403 75268 =] 87
. below 72295 7.209 =4=-I'R
1. helow 7.22% Y 2ol =051
. below 196 15341 =049
m. below 7.192 75130 -0.86
below 72172 72108 =0596
. below 7.097 7.002 =1.,34
, below 6,914 6.838 =1 .10
m, below 6.845 6.740 = 1o
belovs 6,801 £, 634 =}1=72
below 6,319 62130 -1.72
below 6,022 5.9895 =0,95
belows 5.694 9,508 =151
below 4.939 4,962 -0,54
alowr 4,243 4,332 =¥=48
o loy 3,750 3,676 =i} .G 7
elo 2 895 2.816 -2 .76
1 311,912 304,244 -2.46




L
YALUES QF THE COMPLETE SERIES QF RAD
FOR THE PILOT O}
Preflight Radiographs
Position of Tracing i
Film 1 Film 2 Film 3 i
(11/24/65) | (12/1/65) | (12/4/65)
1 m.m. abcve 13,336 13,143 13,791
Conventicnal Trace NERER A 13,194 135718
l m.,m, below SREIE 12:975 A
2 m.m. balow 12,147 12,597 11,937
3 m.m. below 11,884 12,360 11,838
4 m,m, below 11.811 12,004 _ 11,928
S m.m. below 11,734 11,556 195513
6 m.m. below 11,369 11,178 1h e !
7 m,m, below 11,077 11,024 11,214
8 m.m, below 10,826 10,912 11122
9 m.m. below 10,687 10,826 10,799
10 m.m, below 10,677 10,613 10,630
1] m.m, beiow 10,376 10,247 =1'0394°
12 m.m, below 10,198 9.9238 10,126
13 m.m. below =9:913 9,691 9.790
14 m.m. below Q5754 9,402 9,536
15 m.m. below 9.576 9,233 g.,280
16 m.m, below 9,112 9,041 9,056
17 m.m, below g8.811 8.813 8,979
18 m,m, below _8.610 8.625 8,960
19 m.m. below 8.419 8,191 85222
20 m.m, below 8,004 7.845 7,452
21 m,m. below —=7:845 7.654 275331
22 m,m, below 72051 5 303 -7::241
2 23 m.m. below 7.309 7,065 6,893
24 m.m. below 7,101 6.821 6.890
25 m.m, below 6,997 6.711 6.843
26 m.m, below 6.909 6,591 6.829
27 m,m, below 6.,75Q 65530 6,645
28 m.m. below 65,693 6,475 6,451
29 m.m, below 6,627 6,313 6,312
30 m,m. below 6,569 6,298 6,218
31 m.m, below 6.516 6,174 6,090
32 m,m, below 6,397 6,041 6,033
33 m,.m. below 6,254 5,950 5.764
34 m.m, below 6,113 5,821 5,769
35 m.m. below 5.841 55732 5,452
36 m,m, below 5.496 5:5%] o 3
37 m,m, below 5924 5,.20]) 4,804
38 m.m, below 4,896 4,969 4,362
39 m,m, below _ 45212 4,852 3714
A0 m.m. below 3.876 4,712 3G 7).
T
TOTAL 360,154 L356,163 352,693
2l i

"ngr,“ —
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TABLE XV
OT QF THE GEMINI VI MISSION
OR COUNTS
Mean of Mean of
Preflight Postflight Radiogra phs Postflight
___|Radiographs Radiographs
? Pil;/i::nl :)fz, I‘;’lm 4 Film S Film 6 Film 7 Fil;/[n?:rzll ’065'
S) e (12/18/65) | (12/19/65)| (12/29/65) | (2/3/66) £ -and 9
= 13,430 13,359 = X5y Ihl 14,419 14,007 13,819
8 13,412 135329 13,503 14,511 139973 13,830
@ 12.893 12,239 13,460 13,376 13,799 135218
72 12227 11,689 12,646 137029 12,762 12531
8 12027 11,550 125391 12,811 12,256 125252
8 11,914 11,465 12,261 12,600 12,182 125127
3 11,648 11 306 12,199 125333 12,138 11,994
: 11,287 11,188 12,107 12,194 12,017 1] ,8786
4 105 = =31 013 12,051 12,046 | 12,907 11.779
2 10,953 10,898 96 7= IS idid i LTR899 11,624
9 10,771 16,591 11.823 11,619 1515732 11,441
0 10,640 10,275 11,487 11,380 11,483 11,156
4 10,339 0,048 11 155: 11,061 P62 10,856
D 10,084 9,830 10,850 10,832 10,918 10,622
0 9,798 05562 10,363 10,601 10,570 10,274
S 9,564 9,276 9,969 10,340 10,485 =0 019
D 9,363 92186 9,69S 9,919 10,210 752
5 S.07¢C 8,866 9,291 9,377 9,897 9,408
¢ 8.868 8.586 8,937 9,236 9.460 9,055
8732 8,274 8,463 8.969 9,103 8,702
. 8,277 7,892 8,159- 8,510 BS701=— 8,315
P YETATH! 7.432 7.946 8,384 85312 8.018
7.610 7,290 7.703 75921 7.979 Totied
7.398 7,168 7.481 7.610 7.611 7.467
7.089 6.989 7070 7475 o33 75228
D 6-,937 6.843 6,814 7.238 7.198 7,023
6.850 £.702 6,746 7.047 7,005 6;875"
6,776 6,503 6,610 6,910 67912 6,734
6,642 6,400 bE553s 6,865 - 6,863 6.670
6,540 6,243 6.461 B A 6,749 6,541
6,417 6.180 6867 6,668 6,632 6,462
6.362 6,128 6,192 6,608 6,457 6.3416
6.260 9,910 6,066 6.594 6.251 6.208
6157 5,748 5,812 6.491 6,018 6,017
5,989 5,631 5,667 6.407 9.959 5,916
i 9,549 5,506 6 283 5,932 5,817
e D675 5.313 2.421 5.969% 5,697 5.600
_9.466 5,088 5301 5.783 5570 5.:435:
2,110 4,614 4,992 5.542 5,314 ¢ 5,115 |
4,742 1,253 4,507 4,893 5.176 4,707
4,259 3,637 3,928 4,677 4,841 4,271
[t 3,986 3,322 3,644 4,109 4,381 3,864
3563335 343,427 363,060 377,361 374,930 364,694

VA




TIABLE |
4

VALUES OF THE COMPLETE SERIES OF RAD
FOR THE PILOT QO

PART B. MULTIPLE SECTIONS IN TERMS OF CALIBRATION WE

Preflight Radiographs
Position of Tracing Ra.
Film 1 Film 2 Film 3 ]
(11/24/65)| (12/1/65) | (12/4/65) |Fi
1 m.m. above 2.4041 2,3657 2.4824
Conventional Trace 2,3985 2.3749 2,4694
1 m.,m. below 2,3602 223355 2.2667
2 m,m, below 2,1865 2,2675 2:1487 |
3 m.m, below Za o9l 2.,2248 2.1308
4 m.m. below 2.1260 2.1607 2,1470
5 m,m, below 21120 2,0873 2.0903
6.m.m. below 2,0464 Za GEZY 2,0365
7Z m.m, below 1,9939 1,9843 2,0185
8 m.m. below 1.9487 | 1.9642 2,0020
9 m.m. below 9237 1,9487 ~1.9438
10 m.m, below 1.9219 1,9103 1,9134
11 m,m, below 1.8677 1.8445 1,870¢
12 m,m, below 28856 1,7870 158227
13 m.m, below 1,7843 1,7444 A
14 m.m, below Y So 7 1,6924 765
15 m.m, below ] 7237 ~1.6619 1,6704
16 m.m. below 1.6402 1,6274 1,6301
17 m.m. below 1,5860 1,5863 1,6162
18 m,m, below 1,5498 1'.5525 1.6128
19 m.m. below 1.5154 1.4744 1.4800
20m,m. below | 1,4407 424 1,3414
21 m.m. below 14121 3T 1,3196
22 m.m. below 153772 =] 31A'5 1,3034
23 m,m, below 1531556 1502 7257 =1-.2407
24 m,m. below 1.2782 ﬁrlJlZ78 1,2402
25 m.m, below 152595 1.2080Q S0 3 7 =
26 m.m, below 1.2436 1.,1864 152292
27 m,m, below 152350 1,1754 1,1961
28 m.m, below 1.2047 151655 = ISF6l2s
29 m.m. below 1.1929 15136 3 1,1362
30 m.m. below | 1.1824 15113138 L1192
31 m,m, below 1,1729 11513 1,0962
32 m,m, below 1= CS51S 1.0874 _ 1.0859
33 m.m, -below-— |1, ,257 1,0710 150375
34 m,m, below 1,1003 1.0478 1,0384
35. m.m, below 1 .0514 = 150318 0,9814
36 m,m, below 0,9893 0.9920 0,9704
37 m.m,. below 0,9583 0.9362 0.8647
38 m.m. below 0.8813 0,8944 0,7852
39 m.m, below 0, 7582 0.8734 _0,6685
40 m,m, below 0.6977 0,8482 055526
TOTAL 64 .828C 64.1094 63.4310 €
T o/
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£ XY, CONTINUED
YADIQGRAPHS. OF THE MULIIPLE OS CALCIS SECTIONS
[ OF THE GEMINT VII MISSION
WEDGE MASS EQUIVALENCY (GRAMS)

Mean of : Mean of
Preflight Postflight Padiographs Postflight
.1 Radiogra phs Radiographs
Mean of Film 4 Film 5 Film 6 Film 7 Mean of
Films 1, 2, |(12/18/65)|(12/19/65)|(12/28/65) | (2/3/66) |Films 4, S,
and 3 6, and 7
2.4174 2.,4046 2.4284 | 2.5954 2,5213 2,4874
2.4142 2.3992 2.4305 2.6120 2.5162 2.,4895
2.3208 2.,2030 2.,4228 2,4077 2.4838 | 2.,3793
2.2009 2.1040 2,2763 2,3452 2,2972 2.2557
2.1649 2.07390 2.2304 2.3060 2.2061 2.2054
2.1445 2,0637 2.2070 2.2680 2,1928 2,1829
2.,0965 2.0351 2,1958 2,2199 2.,184% 2.1589
2.0316 2,0135 2,1793 2.,1949 2,1631 2-1377-
1,9989 1,9823 2.1692 2.1683 ) 2,1203
1.9716 1.9516 =2 1541 2.1260 2,1280 2.0924
1,9387 1,2064 2.,1281 2.0914 2.1118 2,0594
1,9152 1.8495% 2.0677 2.,0454 2.,0669 2,0081
1,8610 1.8083 2,0079 1.9910 2,0092 1,9541
1,8151 1.7302 1.9530 1.9498 1.9652 1,9120
1.7636 1,7212 1.8653 1.9082 1.9026 1,8493
17215 1,6697 1,7944 1,8623 1.8873. 1.4034
| 1.6853 1,6535 1,7451 1.7854 | 1.,8378 1,7554
1.6326 1.5959 1,6724 1.7239 1.7815 1.6934
1.5962 1.5455 1,6087 1.6625 1.7028 1,6299
1.5717 | 1.4893 1,5233 1.6144 1.6385 1,5664
1.4899 1.4206 1,4686 1,5318 1.5662 1.4968
1.3981 1,3378 1.4303 1.5091 1.4962 1.4433
1.3698 1.3122 1.3865 1,4258 1,4362 1.3902
13317 _1.2902 1.3466 1.3638 1.3700 _1.3442
M 1.2760 1.2580 1,2735 1.34.5 1,3271 1.3010
1,2487 1,2317 1,2265 1,3028 1.2956 1,2642
1.2331 1.,2064 1,2143 1.2635 1.2609 1,2375
1,2197 1.1705 1,1898 1,2438 1,2442 Er I
1.195% 1,1520 1,1795 1.2357 1,2353 1,2006
1 Y7711} 1737 1,1630 | 1.2080 1.2148 1.1774
11,1551 1,1124 1,1461 1.2002 1,1938 21,1631
1.1451 1.1030 1,1146 1.1894 1.1623 1.1423
1,1268 1,0638 1,0919 1.1869 1,1270 11,1174
1,1083 1,0346 1.0462 1.1634 1.0832 1.0831
1,0781 1.0136 1,0201 1,1533 1.0726 1,0649
1,0622 - | 0,9938 0,9911 1,1309 1,0678 1,0472
1.0215 _0,9574 0,9758 11,0737 1.0255 1,0081
0.9839 10,9158 0,9542 1,0409 1,0026 0,9784
. 0.,9197 _0.8305 0.8986 10,9976 0,9565 | 0.9208 |
0.8536 0.7655 0.8113 0.8807 0,9317 0.8473
0.7667 0.6547 0.7070 0.8419 0.8714 0,7688
0,6995 0.5980 0,6559 0,7396 0.7886 0,6955
64,1223 61.8167 65.3511 67.9250 67.4877 65.6451
e
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IABLE XV, CONTINUED

O8 CALCIS SECTIONS FOR THE PILOT OF THE GEMINI VII MISSTON

PART C. PER CENT CHANGE BETWEEN THE IMMEDIATE PREFLIGHT
AND IMMEDIATE POSTFLIGHT RADIOGRAPHS

Integrator Counts
Position of Tracing Film 4 Film 5 Per Cent Change
(Launch) (Recovery)
1 m.m, above 13791 13,359 =313
Conventional Trace 135718 135329 -2.84
1l m.m. below 12,592 e =2a8l
2 m,m. below 151,937 11,689 -2,08
3 m,m. below 11,838 11,550 =743
4 m,m, below B=978 11,465 =3.88
Sm.m. below 1= ImESL, 11.306 -2.54
6 m.m, below J==314 11,186 =113
7 m.m. below SLls e el D13 =79
8 m.m, below e 10,898 =2-0%
9 m.m. below 10,799 10,591 =103
10 m.m, below 10,630 10275 =3.34
11 m.m, below 10,394 10,046 =3535
12 m.m. below 10,126 9,390 =30
13 m.m. below 9,790 9,562 =233
14 m.m. below 9,536 SERATAE ]
15 m.m. below 9,280 9,186 SIESO
16 m,m, below 9,056 8,866 =210
17 m.m, below 8,979 8,586 -4 .38
18 m.m. below 8.960 8,274 -7.66
19 m.m, below 8,222 7.892 — 0
- 20 m.m, below 7.452 iAW =0527
21 m.m. below 7,33 i 7.290 =0556
22 m.m. below 7 241« 7.168 =100
¢ 23 m.m, below 65,893 6,989 139
24 m.m. below 6,890 _6.843 =0.68
25 m.m, below 6,843 6,702 =2..05
26 m.m, below 6,829 6,503 =4
27 m.m, below 6,645 6,400 =369
28 m.m, below 6,451 6,243 =3.23
=29 m.m;, below 6,312 6,180 =2-509- = =
30 m.m. below LA 6,128 =]=45
31 m.m, below 6,090 S 930 =2595
32 m.m. below 6,033 5,748 =472
33 m.m., below 5,764 5631 S A l]
34 m.m. below 5.769 5.549 = 3riB
35S m.m, below 5,452 5. 319 =0 4%
| 36 m.m. below 5,391 5.0838 -3.63
37 m.m. below _ 4,804 4,014 =3:96 =
38 m.m. below 4,362 1,253 =25k
39 m.m. below 3714 35637 =2.06
40 m.m. below 3,370 .3.322 =1.42
TOTAL | 352,693 | 343,427 | -2.54

F&-—'-—vé‘ e S — vy —— T
7 <ot




TABLE XVI

PARTA. COMMAND PILOT

Evaluations in Terms of Integrator Evaluations
Film Cou in Terms of
nts
Numbers Calibration
and Eva luation Evaluation Averacge Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (crams)
Film 1
(11/24/65) 10,330 10,336 0338 1.8599
Film 2
(12/1/65) 12,158 12,166 12 =162 2.1892
Film 3
(12/4/65) 10,404 10,818 10,611 1.9100
(Launch)
Film 4
(12/18/65) 9,929 9,795 9,862 17752
(Recovery)
Film 5
(12/19/65) 10,077 10,477 10,277 1.8499
Film 6
(12/29/65) 11,836 11,498 11,667 2.1001
Film 7
(2/3/66) 4 P TS 11,108 Japesi 12 2.0002




, XVI, CONTINUED
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EVALUATION QOF A SECTION ACROSS THE TALUS FOR GEMINI VII

PART B, PILOT

STRONAUTS THROUGHOUT THEIR MISSION

- : e . Evaluations
5 Evaluations in Terms of Intcarator ==
Film Cotint in Terms of
Numbers ok Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(11/24/65) 12,694 T=750 125722 2.2900
Film 2
(12/1/65) 11,681 11,653 11,667 2.1001
Film 3
(12/4/65) 11,948 11,840 11,944 221500
(Launch)
Film 4
(12/18/65) I ETSES =537 11,466 2.0639
(Recovery)
Film 5
(12/19/65) 11,626 © 11,704 11,665 2 .0997
Film 6
(12/29/65) 12,784 12,770 12571 % 2.2999
Film 7
(2/3/66) 12,397 12,493 12,445 2.2401
m—— i S~ e A




VALUES OF THE COMPLETE SERIES OF THE RADIOGRAPHS OF MUILTIPLS SECTIONS

QF HAND PHATANX 5-2 OF THE CCMMAND PILOT OF THE GEMINT VI{ MISSION

FART A. MULTIPLE SECTIONS IN TERMS OF INTEGRATOR COUNTS

* e
Integrator Counts CObtained During Deasitomatric
Position ——Scanaing of X~Ravs
Mean of
i Film 1 Film 2 Film 3 | Pre-Flight| Film 4 Film 5 Film 6 Film 7
! (11/24/65)| (12/1/65) | (12/4/65)| Radiographs|(12/18/65) | (12/19/65) | (12/29/85)| (2/3/66)
t Tracing (Films 1,
2,and3)
Proximal End
of Tracing i 90 1167 1161 1173 1107 1118 | 1117 1141
1 m.m. balow 981 | 937 | 370 963 880 867 629 844
m.m. beiow | 7%0 | 850 | 773 804 709 7:5 683 695
m.m.below | 695 | 697 ! 708 700 34 649 633 643
m.m. below | 652 | 605 | 663 640 583 602 592 602
m.m. beiow 621 | s87 |  so2 603 561 563 551 566
m.m. below 630 | 588 | w32 607 581 58 568 576
] :
m.m. below eee- 634 690 598 611 587 589 578 586
m.m. below 558 511 538 535 520 | 532 507 508
m.m. below | 544 513 525 529 504 | 506 499 503
m.m. below | 505 | 480 493 493 472 | 475 465 467
m.m. below | 511 | 452 | 491 496 | 475 ~ 483 470 472
l f ] ; T
m. below | 533 507 506 si6 | 481 503 499 506
m.m. below | 528 514 512 si8 | 480 491 508 509
m.m. below | 533 528 | 522 528 466 433 522 531
m.m. below 536 533 | 528 532 481 495 543 543
.m. bel~wy 570 605 559 it e 517 604 609
m.m. below | 606 626 504 612 . . &p] 575 670 663
otal 11,619 11,329 | 11,362 | 11,436 10,594 10,753 10,838 |10,964
- m——— e — Vo
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of : Film
Tracing 1 2 3 1 5 6 7

Film
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of > ¢.107 } 0.105] 06,104 100} .,101! 0.101 | €0.103

1 m.m. below 0.083 | 0.084] 0.087] 0.079] 0.680| 0.675] 0.076
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i3 m,.m. below

0.048

0.043

0,043 .044 0.043] 0,042 | 0.042
), 0486 046 .043) 0,045 ] 0,045 0,046

14 m,m, below

0.048

15 m.m, below

0.048

16 m,.m., below

0,051

).049

17 m.m, helow

0,055

0.054 1 0,055 |
G.N50
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TOTAL
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OF THE GEMINI 1 MISSION

PART C. PER CENT GHANGE BETWEEN THE IMMEDIATE PREFLIGHT
: AND THE IMMEDIATE POSTFLIGHT RADIQGRAPHS

Integrator Counts

Film 4
(Recoverv)

Film 3

(Launch)

Per Cent Change

1161 1107

~-4.65

970 8§39

=928

773 709

—8.28

708 634

=10-45-

663 _9583

=12-07

802 561

=681

=3.49

-1.84

-3.34

4,72

=4.26

-3.89

~4.94

13 m,.m, below

-6.25

14 n.m. below

=10.73

15 m.m. below

=§.90

16 m,m, below

-8.41

17 m.m. below

K]

=7 X2

TOTAL

10,594

-6.76




IABLE XVIII

VALUES OF THE COMPLETE SERIES OF THE RADIOGRA *HS OF MULTIPLE SECTIONS

PART A. MULTIPLE SECTIONS IN TERMS QF INTEGRATOR COUNTS

Intearator Counts Obtained During Densitometric
Position Scanninag of X-Rays
Mean of
of Film 1 Film 2 Film 3 | Pre-Flight | Tilm4 Film 5 Film6 | Film?7
(11/24/65) | (12/1/65) | (12/4/65)|Radiographs|(12/18/65) [(12/19/65) | (12/29/65) (2/3/66)
Tracing (Films 1,
2, and 3)
Proximal End
of Tracing 1147 1309 1266 1241 1139 1173 1167 1221
1 m.m. below 876 936 9R1 941 129 889 906" 927
2 m.m. below 754 850 802 802 /18 764 807 813
3 m.m. below 682 766 721 723 645 693 849 740
4 m.m. below 711 750 702 721 616 648 910 710
S m.m. below 680 736 704 707 658 644 81l 704
& m.m. below 673 782 740 732 630 710 752 688
7 m.m. below 648 707 652 669 601 642 737 674
8 m.m. below 627 654 605 629 567 605 705 613 |
9 m.m. below 611 665 625 634 594 614 697 641 |
0 m.m. below 595 669 611 625 585 610 673 630
1 m.m. below 569 646 594 603 573 588 662 608
2 m.m. below 572 642 593 602 580 595 643 614
3m.m. below 570 638 595 601 581 598 657 618
4 m.m. below 572 674 623 623 597 617 667 630
5 m.m. below 571 661 594 609 579 602 672 613
6 m.m. below 586 673 596 618 549 624 678 BY5 -
:
Total 11,444 12,808 11,984 12,078 11,141 11,607 12,993 |11,059 }
e — — T ~




VALUES OF ITHE COMPLETE SERIES OF THE

TABLE XVIII, CONTINUED

SECGTIONS OF HAND PHATANX 5-2 OF T{HE PILOT

PART B. MULTIPLE SECTIONS IN TERMS OF CALIBRATION WEDGE

QF THE GEMINI VII MISSION

150

RADIQGRAPHS OF MULTIPLE

MASS EQUIVALENCY (GRAMS)
; "51?0“ Film | Film | Film | Film | Film | Film | Film
‘ Traocmc 1 2 3 4 5 6 7
Proximal End
of Phalanx 0,103} 0,118} 0,114 0.103] 0.106] 0.105) §,110
l m.m. below 0.079| 0.089}| C.086) 0.084| 0.072] 0.082)| 0.0833
2m.m. below] 0,068} 0,676} 0,072] 0,065} 0,069} 0,073} 0,073
3m.m, below 0.061; 0.069| 0.065] 0,058] 0.062)] 0.076] 0,067
4 m.m. below 0.064} 0.068] 0.063] 0,055} 0.058] 0.082] 0.064
Sm.m. below| C,061)] 0,066] 0,063} 0,059 0,058} 0,073] 0.063
6 m.m. below 0.061] 0.070] 0.067| 0.057 | 0.064 ] 0.068] 0.062
7Zm.m, below| 0,058) 0.064] 0,059 0,054 0,058 0.066} 0,061
8 in,m, below ] 0,056 0,059] 0.054) 0,051} 0.054! 0,063} 0,055
9m,m, below] 0,055] 0,0601 0,056] 0,053 0.055{ 0,063 0,058
10 m,m, below| 0.054| 0,060 0,055f 0,053] 0.055] 0.061{ 0,057
11 m.m, below| 0,051] 0.058] 0.053} 0,052} 0,053} 0,060{ 0,055
12 m.m, below]| 0.051] 0,058} 0,053} 0,052 0,054 0,058 0,059
13 m.m. below| 0.051] 0.057} 0.054] 0,052] 0.054| 0.059} 0.056
4m.,m, below] 0.051) 0,061] 0,056 0.054] 0,056} 0,060} 0,057
15 m.m, below 0.051) 0,059} 6.053}] 0.052] 0.054] 0.060} 0.0S5
16 m,m. below| 0.0531 0,061 0.0541 0,049 0.0561 0,061} 0.0S5
TOTAL 1.028]1.153{ 1,077} 1.003| 1.045] 1.170] 1.086
S
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TABLE XVIII, CONTINUED

VALUES OF THE COMPLETE SERIES OF THE RADTOGPAPRES OF MULTIPLE

SECTIONS OF HAND FHATANX 5-2 OF THE PILOT

QF THE GEMINI VI MISSION

PAR.C PER CENT CHANGE BETWEEN THE IMMEDIATE PREFLIGHT
AND THE IMMEDIATE POSYE TIr;UT RADIOGRAPHS
Integrator Counts
Position of Tracing Film 3 Film 4 Per Cent Change
(Launch) (Recovery)
Distal End
of Phalanx 1266 1539 -10.03
1 m.m. below 961 929 =333
2 m.m. below 802 718 -10.47
3 m.m. below 222 645 -10.54
4 m.m, below 702 616 =1 228
S5 m.m. below 704 658 =653
€ m.m. below 740 630 -14.86
7 m.m, below 652 601 e
‘ 8 m.m. below 605 567 -6.28
9 m,m, below 625 594 -4.96
10 m,m, below 611 585 =4%25
11 m.m. below 594 573 =3.54
12 m.m. below 593 580 24 L]
13 m.m. below 595 581 =235
14 m.m, below 623 597 =8N
15 m,m, below 594 i i =0 52
16 m.m, below 596 949 =7.88
= 17 m.m. below LEAT X X
TOTAL 11,984 11,141 =7403
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IABLE XIX

SECTIONS OF HAND PHALANX 4-2 OF THE COMMAND PILOT
AND PILOT OF THE GEMINI VII MISSION

Command Filot ___Pilot I
Position Per Cent Per Cent
of Integrator Counts | Change Integrator Counts | Change
Tracing from the 12/4/65 from the 12/4/65
Densitometer te Densitometer to
12/18/65 12/18/65
Distal End
of Phalanx 1526..]. ~ 1387 =0l 1673 1601 =439
1 mm below 1141 1071 Shorlad 1376 1306 =5:09
2 mm below 1010 948 -6,14 1222 1186 =2594
3 mm below 931 882 =526 1154 1093 SSRY%8
4 mm below 892 R840 =583 1100 1012 -8 .00
5 mm beiow 886 813 -8.24 1069 986 =7 /5
6 mm below 898 832 =135 1i02 1047 =4:599
7 mm below 893 834 =6561 1109 1063 =4:15
8 mm below 902 842 =0%65 1082 1064 =166
9 mm below 932 _866 =/ B 115 1113 1083 b/ Al
10 mm beicw 970 | 890 =8575 1089 936 -8,54
1 mm below 982 940 = A 1029 936 e e
12 mm below 941 820 -5.42 1032 851 =285
‘ 3 mm below 902 836 =732 927 878 =5:28
4 mm below 900 839 -6.78 899 884 =1ty
15 mm below 900 860 =4 .44 896 875 =2 .34
16 mm below 906 843 -6,95 909 879 =358
7 mm below g64 800 =faai 906 §82 =265
18 mm below 893 817 =Boi 881 897 +1,82
9 mm below B75 830 =551q" 946 905 =4 .23
20 mm below 870 809 =7.01 912 116 +0,44
| 21 mm below 832 508 -2,88 899 881 =200
22 mm below 813 748 -8.00 954 947 =0,73
23 mm below 791 738 -6.70_ 863 845 =2:508
| 24 mm below 836 789 =562 851 827 =% 8o
| 25 mm below 882 831 =0e 78 X X X
26 mm below | 808 762 =SLE6Y X X X
Average 24,976 | 23,345 s 25,993 | 25,001 SR
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EVALUATION OF A SECTION ACROSS THE CAPITATE FOR

GEMINI VII ASTRONAUTS THROQUGHOUT THEIR MISSION

PART A. COMMAND PII.OT

i

Evaluations

va luations i TS 1tegrat
Film il 1225:: R in Terms of
Numbers o Calibration
and Evaluation Evaluation Average Wedge Mass
Dates Number 1 Number 2 of Both Equivalency
Evaluations (grams)
Film 1
(11/12/65) 6,226 5,998 6,112 1.1002
Film 2
(12/1/85) 6,618 6,604 65,611 1.1900
Film 3
(12/4/65) 6,508 6,492 6,500 1.1700
(Launch)
Film 4
(12/18/65) G235 6,205 . 6,220 1,1196
(Recovery)
Film 5
(12/19/65) 6,542 6,566 6,554 1.1797
Film 6
(12/29/65) 7,181 7:153 7,167 1.2901
Film 7
(2/3/66) HarAlE 6,729 6,722 1.2100
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CONTINUED

ACROGSS THE CAPITATE FOR

GEMINT VII ASTRONAUTS THROUGHOUT THEIR MISSION

PART B. PILOT
; Evaluations in Terms of Integrator F:valua tons
Film Bkt in Terms of
Nunibers 1 Calibration
and Evaluation Eve luation Average Wedge Mass
Dates Number 1 Number 2 of Both Equiva lency
Evaluations (grams)
Film 1
(11/12/65) 6,797 6,759 6,778 1.2200
Film 2 $
(12/1/65) Tl 2 7,724 73422 1.3900
Film 3
(12/4/65) 1302 7,346 7,334 123201
(Launch)
|
Film 4
(12/12/65) 6,664 6,640 6,652 1.1974
(Recovery)
Film 5
(12/18/65) 7,210 7,234 B 222 1.3000
Film 6
(12/29/65) 7,740 7,704 7,722 1.3900
Film 7
(2/3/66) 7 504 l 7,496 7,500 15,3500
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