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FOREWORD 

The Skylab program was establ ished t o  determine man's a b i l i t y  t o  
l i v e  and work i u  space f o r  extended periods; t o  determine and evaluate  
m n ' s  physiological responses and ap t i tudes  in  the  space environment and 
h i s  pos t f l i gh t  adaptat ion t o  the t e r r e s t r i a l  environment; t o  extend the  
science of s o l a r  astronomy beyond the  l i m i t s  of earth-based observations; 
t o  develop improved techniques f o r  surveying e a r t h  resources from space; 
and t o  expand the knowledge i n  a va r i e ty  of other  s c i e n t i f i c  and techno- 
l og i ca l  regimes. 

The program a c t i v i t y  was planned f o r  four d i s t i n c t  phases of opera- 
t ion : 

a. The p l ~ k m e n t  of a Saturn Workshop i n t o  e a r t h  o r b i t ;  

b. The f i r s t  v i s i t ,  intended f o r  a period of 28 days; 

c. The second v i s i t ,  intended f o r  a period of 56 days, but extended 
to  59 days; and 

d. The t h i r d  v i s i t ,  a l s o  intended fo r  a period of 56 days, but ex- 
tended t o  84 days. 

This repor t  cons t i t u t e s  the Johnson Space Center 's  evaluat ion of the  
t h i r d  Skylab v i s i t .  The repor t  contains the  information ava i lab le  90 days 
a f t e r  the completion of the v i s i t .  
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1.0 INTRODUCTION 

This r e p o r t  con ta ins  an eva lua t ion  of o p e r a t i o n a l  and engineer ing 
aspec t s  of t h e  t h i r d  Skylab v i s i t .  I t  includes  t h e  performance of t h e  
command and s e r v i c e  module and t h e  experiment hardware under Johnson Space 
Center management; t h e  crew's eva lua t ion  of t h e  v i s i t ;  and o t h e r  v i s i t -  
r e l a t e d  a reas  of i n t e r e s t  such a s  biomedical observat ions .  Where contin- 
ued eva lua t ion  has r e s u l t e d  i n  t h e  modif icat ion of f ind ings  repor ted  pre- 
v iously ,  t h e  new f ind ings  a r e  included herein .  Launch v e h i c l e  perfonn- 
ance is contained i n  re fe rence  1. S c i e n t i f i c  r e s u l t s  w i l l  be  repor ted 
i n  accordance w i t h  re fe rence  2. 

I n  a reas  where app l icab le ,  a summary of system o r  experiment per- 
formance during a l l  t h r e e  v i s i t s  of t h e  Skylab x i s s i o n  is included. The 
information i n  t h e  summary s ta tements  concerning t h e  f i r s t  two v i s i t s  was 
ex t rac ted  from re fe rences  3 and 4. 

The command and s e r v i c e  module cons i s ted  of b a s i c  hardware developed 
f o r  t h e  Apollo program. A d e s c r i p t i o n  of t h e  command and s e r v i c e  module 
systems is given i n  re fe rence  5. Descr ipt ions  of items fu rn i shed  f o r  
t h e  f i r s t  time o r  which have n o t  been described previous1.y a r e  contained 
i n  appendix A of t h i s  repor t .  

The i n t e r n a t i o n a l  system of u n i t s  (SI)  is used wi th  thti except ion of 
c e r t a i n  u n i t s  used i n  phys io log ica l  measurements. Unless o therwise  speci-  
f i e d ,  time is expressed as Greenwich mean time (G.m.t.) i n  hours,  minutes, 
and seconds, o r  i n  hours and minutes. 



2.0 SUMMARY 

The t h i r d  v i s i t  space v e h i c l e  was launched a t  14:01:23 G.m.t. 
(9:01:23 a.m. e.s.t.) on November 16,  1973, from Launch Complex 39B a t  
t h e  Kennedy Space Center,  Flor ida .  The v e h i c l e  was manned by Lt. Col. 
Geraid P. Carr, Commander; D r .  Edward G, Gibson, S c i e n t i s t  P i l o t ;  and 
Col. William R. Pogue, P i l o t .  The launch was o r i g i n a l l y  scheduled f o r  
November 10, 1973; however, an i n s p e c t i o n  of t h e  launch v e h i c l e  revealed 
c racks  i n  t h e  f i r s t  s t a g e  f i n s  and t h e  dec i s ion  t o  rep lace  a l l  of t h e  f i n s  
n e c e s s i t a t e d  t h e  launch delay.  The planned dura t ion  of t h e  v i s i t  was 56 
days wi th  t h e  op t ion  of extending it t o  a maximum of 84 days, which was 
achieved. 

The space v e h i c l e  c o n s i s t e d  of a modified Apollo command and s e r v i c e  
module and a Saturn I B  launch vehic le .  A l l  launch phase even t s  were nor- 
mal and t h e  command and s e r v i c e  module was i n s e r t e d  i n t o  a 150.1- by 
227.08-kilometer o r b i t .  The rendezvous sequence was performed according 
t o  t h e  nominal t imel ine .  Sta t ionkeeping was i n i t i a t e d  about 7 112 hours 
a f t e r  i i f t - o f f  and hard docking was achieved about 30 minutes l a t e r  f o l -  
lowing two unsuccessful  docking attempts.  

O r b i t a l  Workshop a c t i v a t i o n  was accomplished dur ing v l s i t  days 2 
through 4. Included i n  t h e  a c t i v a t i o n  was t h e  r e s e r v i c i n g  of t h e  Air lock 
Module primary coa lan t  loop. 

The Commander and P i l o t  experienced symptoms resembling motion sick- 
ness  dur ing t h e  i n i t i a l  3 days of t h e  v i s i t  and t h e  f l i g h t  p lan  a c t i v -  
i t i e s  were ad jus ted  accordingiy  . Crew h e a l t h  w a s  good t h e r e a f t e r .  The 
same medical experiments conducted dur ing t h e  f i r s t  and second v i s i t s  
were continued dur ing t h e  t h i r d  v i s i t  t o  a s s e s s  t h e  e f f e c t s  of t h e  space 
v i s i t  on t h e  crewmen. However, some changes were made i n  p ro toco l s  and 
many new medical d e t a i l e d  t e s t  o b j e c t i v e s  were added. 

Ear th  Resources Experiment Package observa t ions  were conducted 
throughout t h e  v i s i t .  Thirty-nine d a t a  pzsses  were performed with  t h e  
f u l l  complement of ins t ruments  opera t ing ,  and s e v e r a l  a d d i t i o n a l  d a t a  
passes  were made f o r  s p e c i a l  purposes such as instrument c a l i b r a t i o n .  
Although t h e  d a t a  a c q u i s i t i o n  s i t e s  were mostly concentra ted i n  t h e  
United S t a t e s ,  Mexico, and South America, d a t a  were a l s o  obta ined whi le  
over  Europe, Afr ica ,  Asia, and Aus t ra l i a .  I n  a d d i t i o n  t o  t h e  Ear th  Re- 
sources  Experiment Package observa t ions ,  about 850 v i s u a l  obse rva t ions  
and more than 2000 photographs were taken by t h e  crew using hand-held 
cameras t o  document s p e c i f i c  a r e a s  of i n t e r e s t  on t h e  e a r t h .  



The Apollo Telescope Mount was operated by the crew for a total time 
of approximately 519 hours with over 337 hours of solar, stellar, and 
Comet Kohoutek data being obtained. Some of the significant accomplish- 
ments were obtaining coverage of the Comet Kohoutek, a solar eclipse, the 
brightest coronal transient observed during the Skylab Program, and two 
solar flares which included flare rise. 

Twenty-eight experiments in the fields of astrophysics, engineering, 
and technology were included in the third visit and 235 crew man-hours 
wsre devoted to their performance. More than 200 man-hours were devoted 
to Comet Kohoutek observations with six special experiments plus the 
Apolla Telescope Mount instruments. 

Orbital activities included four periods of extravehicular activity 
totaling approximately 22 114 hours. The first extravehicular activity 
was accomplished on visit day 7 and lasted 6 hours 34 minutes. The pri- 
mary purpose of the activity - installation of film magazines in the 
Apollo Telescope ?lount cameras - was accomplished satisfactorily. Other 
tasks accomplished included performing corrective maintenance on the ex- 
periment 5193 (Microwave ~adiometer/Scatterometer and Altimeter) antenna, 
deploying panels of experiment DO24 (Therml Control Coatings), deploying 
inpact detectors of experiment S149 (Particle Collection), deploying de- 
Lector modules of experiment 5228 (Trans-Uranic Cosmic Rays), and deploy- 
ing collector assemblies of experiment S230 (Magnetospheric Particle Com- 
posit ion). 

The second and third extravehicular activiti. were conducted on 
visit days 40 (Christmas Day) and 44 to allow extravehicular photography 
of the Comet Kohoutek prior to and after perihelion. The instruments for 
experiments S231 and TO25 were used for this purpose. Experiment SO20 
(X-Ray/Ultraviolet Solar Photography) was also conducted on the second 
and third extravehicular activities. Other tasks performed during the 
visit day 40 extravehicular activity consisted of replacing film maga- 
zines in the Apollo Telescope Mount caneras, pinning open the door of 
experiment S082A (Extreme Ultraviolet Spectroheliograph), manually repo- 
sitioning the filter wheel on experiment SO54 (X-Ray Spectrographic Tel- 
escope), and retrieving experiment S149 impact detectors. The duration 
of the second extravehicular activity was 6 hours 54 minutes, and the 
duration of the third extravehicular activity was 3 hours 29 minutes. 

The fourth and final extravehicular activity was performed on visit 
day 80. The major tasks accomplished consisted of retrieval of the Apollc 
Telescope Mount film, an additional performance of experiment S020, and 
performance of experiment T025. Other tasks consisted of retrieval of 
modules, panels, assemblies and samples that were to be returned to the 
ground for analysis, and deployment of cassettes and panels for potential 
retrieval in the future. The duration of the fourth extravehicular ac- 
tivity was 5 hours 13 minutes. 



The command and s e r v i c e  module was undocked from t h e  Saturn Workshop 
a t  about 10:28 G.m.t .  on February 8 ,  1974. A f lyaround inspec t ion  of t h e  
Workshop was made fol lowing undocking. P r i o r  t o  e n t r y ,  t h e  crew was ad- 
v i sed  t o  d i s a b l e  r e a c t i o n  c o n t r o l  system 2 because of a suspected propel- 
l a n t  l e a k  and the  e n t r y  was made us ing only system 1. The command mod- 
u l e  landed i n  the  P a c i f i c  Ocean a t  15:16:54 G.m. t .  on v i s i t  day 85 f o r  a 
f l i g h t  dura t ion  of 84 days 1 hour 15 minutes 31 seconds. The landing 
po in t  was 289 k i lomete rs  southwest of San Diego, C a l i f o r n i a .  The space- 
c r a f t  went i n t o  the  s t a b l e  I1 a t t i t u d e  upon landing bu t  was upr ighted 
normally and t h e  command module and crew were taken aboard t h e  recovery 
s h i p  U. S. S. New Orleans approximately 40 minutes a f t e r  landing.  

With t h i s  t h i r d  v i s i t  landing,  t h e  Skylab mission was concluded. The 
t o t a l  f l i g h t  t i m e  f o r  t h e  t h r e e  v i s i t s  was 4117 hours 14 minutes and 24 
seconds during which t h e  n ine  crewmen accrued a t o t a l  of 12 351 hours 43 
minutes and 12 seconds of f l i g h t  time. 



3.0 SCIENCE -- 

3.1 SOLAR PHYSICS AM) .ASTROPHYSICS 

Experiments SO19 (Ultraviolet Stellar P stronomy) , SO20 (X-ray/Ultra- 
violet Solar Photography), SO63 (Ultraviolet and Visible Earth Photography) 
and S201 (Extreme Ultraviolet Electronographic Camera) were performed us- 
ing the anti-solar scientific airlock. Solar exposure of experiment S149 
(Particle Collection) was achieved by extravehicular deployment during 
the visit. Experiment S230 (Magnetospheric Particle Composition) was a 
passive experiment that required extravehicular retiieval of collector 
foils during the visit. Experiment S232 (Barium Plasm Observations) was 
performed from the command and service module windows In conjunction with 
an earth-launched rocket, 

3.1.1 Experiment SO19 - Ultraviolet Stellar Astronomy 
The SO19 experiment recorded stellar spectra in the 1300 to 5000 ang- 

strom range from an objective prism spectrograph. The experiment objx- 
tives for the third visit were primarily based on obtaining spectra iron 
Milky Way star fields and Comet Kohoutek. (A discussion of Comet Kohoutek 
observations is given 1.1 sec. 3.2.1.) Experiment operations on the third 
visit resulted in 121 frames of 60 star fields. Figure 3-1 is an example 
of two star fields photographed with the SO19 experiment. Typically, a 
frame of experiment data contains one star with spectra extending to 1500 
angstroms and four stars with spectra extending to 2000 aqgstroms per 
star field. 

The replacement mirror for the articulated mirror system was installed 
on visit day 10. The crew commented that the new mirror was dustier than 
the old mirror and that three faint, narrow, white streaks were observed 
near the edge of the new mirror. A slight hand-mark smudge was inadver- 
tently made on the new mirror surface during installation. 

On visit day 11, the crew reported that the reticle light was not 
on when film canister 003 was used. The reticle light apparently was not 
turned off following the visit day 10 operations and this allowed the bat- 
tery to discharge. When film canister 002 was used on visit day 27, its 
reticle light functioned properly. 

On visit day 39, a problem was experienced with film canister 002 
when the handle could not be moved into the slide retrazt pos'tion. On 
visit day 58, the canister was believed to have been restored to service 
when extra force was applied to the handle. While off-loading the film 
after the visit a slide was found jammed at an angle in the exposure gate 
track preventing the carriage from extending. Section 16.2.3 contains a 
discussion of this anomaly. 



I.. 

a) Starf~eld !n regloll of Or~orl's belt. 

b) Starfield ~n region of Sword. 

The supergrant starsf and r Orions show very broad absorption lrnes w ~ t h  
redward emiss~on at CE A 1 5 4 8  (a) and at S1IPkA1394,  1 4 0 3 ,  (b). 
The fact that these features are strongly correlated to the lumlnoslty of 
the star is strlklngly 1l:ustrated by the spectra of maln sequence stars* 
a n d p O r ~ o n ~ s  In whlch only weak, sharp absorption at CE IS seen. 
In the g~an t  stars 8 and c Orionls the S I E  features are much weaker 
than In the supergiants and emission at CLP is significantly weaker. 

F~gure 3-1.- Lumrnosity effects rn experlrr~ent SO19 ultraviolet swctra of early-type stars. 



The a r t i c u l a t e d  mi r ro r  system t i l t  and r o t a t i o n  u n i t  counter  condi- 
t i o n  worsened dur ing t h i s  v i s i t .  On v i s i t  day 29, t h e  crew repor ted  see- 
i n g  f l a k e s  of p a i n t  f l o a t i n g  i n s i d e  t h e  r o t a t i o n  counter  housing. On 
v i s i t  day 48, while the  a r t i c u l a t e d  mirror  system was being used wi th  ex- 
periment S063, t h e  crew repor ted t h a t  t h e  r o t a t i o n  counter  hundreds and 
t e n s  b e l t  was not  funct ioning.  A malfunction procedure which enabled 
p o s i t i o n i n g  t h e  mi r ro r  t o  t h e  n e a r e s t  175 m i l l i r a d i a n s  by count ing t h e  
number o f  revo lu t ions  of t h e  r o t a t i o n  handle was used by the  crew. The 
func t ion ing  u n i t s  and t e n t h s  wheels of t h e  counter  were then  used f o r  t h e  
f i n e  s e t t i n g s .  This procedure allowed t h e  a r t i c ~ l a t e d  mirror  system t o  
remain f u n c t i o n a l  f o r  t h e  balance of t h e  v i s i t .  Sect ion 16.2.4 con ta ins  
a d i scuss ion  of t h i s  anomaly. 

On v i s i t  day 53, a problem occurred wi th  f i l m  c a n i s t e r  003 when t h e  
handle could no t  be moved i n t o  the  s l i d e  r e t r a c t  p o s i t i o n  using normal 
fo rce .  When approximately t h r e e  t imes t h e  normal f o r c e  was app l ied ,  t h e  
handle moved. When the  f i l m  was off-loaded a f t e r  t h e  v i s i t ,  a  loose  ny- 
l o n  r e t a i n e r  was found. Sect ion 16.2.3 con ta ins  a d i scuss ion  of t h i s  
anomaly. 

The output  s t a c k s  of f i l m  c a n i s t e r 3  002 and 003 contained 56 and 8 1  
t r a n s f e r r e d  s l i d e s ,  r espec t ive ly .  A pre l iminary review of t h e  experiment 
SO19 f i l m  i n d i c a t e s  t h a t  t h e  s p e c t r a  q u a l i t y  a r e  good and f u l l y  recover- 
a b l e  by spectrophotometry but  some f i l m  fogging d id  occur (about t h e  same 
l e v e l  a s  seen on t h e  second v i s i t  f i l m ) .  Visual  inspec t ion  of t h e  spec- 
tra i n d i c a t e  t h a t  the  u l t r a v i o l e t  r e f l e c t i v i t y  was improved by t h e  mi r ro r  
change. 

3.1.2 Experiment SO20 - X - ~ a y / U l t r a v i o l e t  So la r  Photography 

The SO20 experiment recorded s o l a r  s p e c t r a  i n  the  10 t o  200 angstrom 
range wi th  a grazing incidence d i f f r a c t i o n  g r a t i n g  spectrograph. The ex- 
periment was o r i g i n a l l y  planned t o  be operated from t h e  s o l a r  s c i e n t i f i c  
a i r l o c k ;  however, a f t e r  t h e  use of t h i s  a i r l o c k  was l o s t  t o  experiments 
because of t h e  pa raso l  deployment on t h e  f i r s t  v i s i t ,  t h e  experiment op- 
e r a t i o n s  were performed dur ing e x t r a v e h i c u l a r  a c t i v i t i e s .  A l l  hardware 
components functioned s a t i s f a c t o r i l y .  

Nine photographs of the  sun were taken dur ing t h r e e  of t h e  f o u r  ex- 
t r a v e h i c u l a r  a c t i v i t i e s  of t h e  t h i r d  v i s i t .  The f u n c t i o n a l  o b j e c t i v e s  
f o r  experiment SO20 a s  rev i sed  f o r  e x t r a v e h i c u l a r  opera t ion  were success- 
f u l l y  completed and one of t h e  major o r i g i n a l  o b j e c t i v e s  ( s p e c t r a  of a 
s o l a r  f l a r e )  was a l s o  obta ined dur ing one of t h e  exposures. So la r  spec- 
t r a l  d a t a  exposures were made a s  fol lows:  

a. V i s i t  day 40 - four  exposures (60, 30, 13,  and 7.5 minutes) 



b. V i s i t  day 44 - one exposure (45 minutes) 

c. V i s i t  day 80 - four  exposures (60, 30, 7.5 and 4 minutes) 

Figure 3-2 shows two of t h e  exposures from t h e  t h i r d  v i s i t  opera- 
t ions .  On each of t h e  photographs, more than 70 l i n e s  were recorded i n  
t h e  111 t o  205 angstrom range. These s p e c t r a  a r e  super io r  t o  o t h e r s  
taken of t h i s  region;  however, t h e  q u a n t i t y  of s p e c t r a l  l i n e s  is s i g n i f -  
i c a n t l y  l e s s  than expected wi th  almost no d a t a  obta ined i n  t h e  s h o r t  wave- 
l eng th  por t ion  below 110 angstroms. One exposure was l o s t  because of an 
empty s l o t  i n  a f i l m  magazine r e s u l t i n g  from human e r r o r  dur ing  p r e f l i g h t  
f i l m  loading.  

The l a c k  of s h o r t  wavelength d a t a  neccvs i t a ted  the  measurement of 
f i l t e r  t ransmiss ion a f t e r  recovery. The s h o r t  wavelength (indium) f i l t e r  
had zero t ransmiss ion below 110 angstroms , whereas the  long wavelength 
(beryll ium) f i l t e r  had only  s l i g h t  degradat ion a t  wavelengths g r e a t e r  than 
those  observed by t h i s  experiment. Spare f i l t e r s  of both  types  from t h e  
same manufactured l o t  a s  t h e  f l i g h t  f i l t e r s  showeL no degradat ion when 
t e s t e d .  The most probable cause of t h e  zero t r ansmis j ion  is  contamina- 
t ion.  

3.1.3 Experiment SO63 - U l t r a v i o l e t  and V i s i b l e  Ear th  Photography 

A t o t a l  of 497 experiment SO63 photographs were taken dur ing  t h e  
t h i r d  v i s i t .  Photographs were made wi th  t h e  motor-driven 35-mm cameras, 
us ing var ious  f i l t e r ,  l e n s  and f i l m  combinations. The experiment objec- 
t i v e s ,  which were t o  ob ta in  s p a t i a l  and s p e c t r a l  informat ion on t h e  e a r t h ' s  
airglow, upper atmospheric ozone, auroras ,  n o c t i l u c e n t  c louds  and Comet 
Kohoutek, were success fu l ly  completed. The use of t h e  experiment hard- 
ware f o r  t h e  comet observa t ions  is discussed i n  s e c t i o n  3 .2 .2 .  

Data were accrued i n  t h r e e  modes dur ing t h l s  v l s i t .  The ozone photo- 
graphic  mode was accomplished i n  t h e  normal manner a t  t h e  -2 a x i s  sc ien-  
t i f i c  a i r l o c k  and the  wardroom window. The a i rglow photoqraphic mode was 
accomplished by u t i l i z i n g  t h e  experiment S063/a r t i cu la ted  mirror  system 
adapter  and t h e  a r t i c u l a t e d  mi r ro r  system at t h e  -2 s c i e n t f f i c  a i r l o c k .  
The 35-am camera was a l s o  u t i l i z e d  i n  a hand-held mode a t  t h e  windows f o r  
n o c t i l u c e n t  cloud photography. 

During t h e  f i r s t  airglow photography on v i s i t  day 26, manual o p e r a t i o n  
of t h e  camera was required because t h e  b a t t e r y  had n o t  been placed i n  t h e  
timer dur ing experiment p repara t ions .  Another t imer problem was caused by 
a discharged b a t t e r y  on v i s i t  day 30. The problem was cor rec ted  by in- 
s t a l l i n g  a new b a t t e r y  and, a f t e r  removal, t ap ing  it t o  t h e  housing a f t e r  
each usage. 





The o p t i c a l  s i gh t  r e t i c l e  could not be i l luminated on v i s i t  day 30 
because of a discharged bat tery.  A malfunction procedure was uplinked 
which consisted of taping two C-cell b a t t e r i e s  i n  s e r i e s  with two multi- 
meter leads and plugging these i n t o  the  ba t t e ry  housing. This  allowed 
the r e t i c l e  t o  be restored on v i s i t  day 55 f o r  the remainder of the m i s -  
sion. 

A preliminary v i s u a l  review of the f i lm  ind i ca t e s  some l a rge  var ia-  
t i ons  i n  image qua l i ty ,  thus the evaluat ion of da ta  qua l i t y  and the degree 
of experiment success w i l l  r equi re  some f i lm  processing enhancements and 
microdensi tometry. 

An out-of-focus condi t ion when using camera 02 during the  v i s i t  
g r ea t l y  reduced the usefulness of the ozone photography, and v i r t u a l l y  
negated the s c i e n t i f i c  value of the airglow photography, This anomaly 
is discussed i n  s ec t i on  16.3.3. 

3.1.4 Experiment S149 - P a r t i c l e  Col lect ion 

The S149 experiment co l lec ted  micrometeorite da ta  t o  support mass 
d i s t r i bu t ion ,  composition, and morphology s tud i e s  of cosmic dust.  One 
s e t  of the experiment S149 c o l l e c t o r  ca s se t t e s  was deployed by the t h i r d  
v i s i t  crew during the f i r s t  extravehicular  a c t i v i t y  on v i s i t  day 7 and 
was re t r ieved  during the second extravehicular  a c t i v i t y  on v i s i t  day 40. 
Another set of co l l ec to r  c a s s e t t e s  was deployed during the  four th  extra- 
vehicular  a c t i v i t y  on v i s i t  day 80 fo r  r e t r i e v a l  i f  the Orb i t a l  Workshop 
is ever rev is i ted .  The func t iona l  ob jec t ives  f o r  t h i s  experiment were 
successful ly  completed. 

Generally, l i t t l e  evidence of p a r t i c u l a t e  contamination ex i s t s .  A 
s i l v e r  s l i d e  and severa l  copper s l i d e s  were oxidized, but t o  a l e s s e r  ex- 
t e n t  than on the f i r s t  s o l a r  exposure during the second v i s i t .  

A preliminary review of the  ca s se t t e s  has confirmed t h a t  a success- 
f u l  s c i e n t i f i c  exposure was obtained. These da ta  a r e  considered extremely 
valuable a s  a r e  the da ta  from previous exposures. The de t a i l ed  ana lys i s  
is i n  the  i n i t i a l  s tage  and the  f i r s t  c r a t e r  has been found. 

Figure 3-3 is an e l ec t ron  micrograph of an impact c r a t e r  found on a 
s t a i n l e s s  s t e e l  sur face  exposed during the  t h i r d  v i s i t .  The number of 
impacts found is i n  general  agreement with the second v i s i t  exposure. 
Only a very small area has been examined f o r  sub-micron events,  but even 
from t h i s  small  area,  it  is c l e a r  t h a t  l a rge  numbers of small  p a r t i c l e s  
impacted the  t h in  films. Information regarding micrometeoroid impact on 
the  command module windows w i l l  be presented i n  supplement 1. 





3.1.: Experiment S201 - Extreme U l t r a v i o l e t  Camera 

The hardware used f o r  the  S2Ol experiment was t h e  backup hardware 
f o r  the  f a r  u l t r a v i o l e t  photography of the  e a r t h  from t h e  l u n a r  surfac:> 
dur ing the  Apollo 16  mission. The equipment is descr ibed i n  ~ p p e n d i x  A. 

The experiment 5201 hardware performed well on t h e  t h i r d  v r s t .  The 
The crew comments c r i t i c i z e d  only  the  "sequencer/operating l i g h t "  on the  
c o n t r o l  box as being too  dim, and the  wing b o l t s  on the  f r o n t  cover which 
were d i f f i c u l t  t o  t i g h t e n  dur ing  t h e  ex t raveh icu la r  a c t i v i t y .  

The d a a  c o l l e c t e d  by t h i s  experiment were b a s i c a l l y  obta ined from 
t h r e e  c l a s s e s  of t a r g e t s .  These c l a s s e s  were groups and c l u s t e r s  of gal-  
a x i e s  where it  was hoped t h a t  i n t e r g a l a c t i c  hydrogen could be de tec ted ;  
i n d i v i d u a l  s t a r s  and nebulae ( f i g .  3-4 )  from :.5ich o s tudy w i l l  provide  
more informat ion about the  phys ica l  cond i t ions  of these  o b j e c t s ;  and the  
auroras  and a i rg low of t h e  e a r t h ' s  atmosphere. An a d d i t i o n a l  o b j e c t i v e  
was t o  use the  S201 ins t rument  t o  i n v e s t i g a t e  the  e f f e c t s  on t h e  upper 
atmosphere produced by t h e  passage of a rocket  launched from t h e  ground. 
Comet Kohoutek a p p l i c a t i o n s  a r e  d iscussed in s e c t i o n  3 . 2 . 3 .  

The t h r e e  processed f i l m s  show t h a t  the  f i l m  t r a n s p o r t  system, when 
warm dur ing  the  e x t r a v e h i c u l a r  a c t i v i t y ,  advanced t h e  f i b  a s  much a s  
10  cen t imete r s  between exposures,  This compares t o  a 3- t o  5-centimeter 
advance experienced i n  the  c o o l e r  environment of the  Workshop. S imi la r  
advances were experienced on the  Apollo 16 mission and they were a t t r i b -  
uted t o  a r educ t ion  in f i l m  s t i f f n e s s  and thermal changes t o  t h e  system. 
This reduced the  number of exposed frames from 185 t o  146 on t h e  second 
f i l m  loaded; the  o t h e r  two f i l m s ,  exposed e n t i r e l y  i n  the  O r b i t a l  Work- 
shop, have a l l  the  frames exposed. 

Some reduct ion in d a t a  q u a l i t y  was caused by water  t h a t  condensed 
i n s i d e  the  f i l m  t r a n s p o r t s  dur ing  the  landing phase. This water  caused 
fogging s t r e a k s  and o t h e r  i r r e g u l a r i t i e s  i n  the  processed f i lm,  degrading 
about 25 percent  of the  exposed frames. In  a d d i t i o n ,  r e s i d u a i  gas i n  the  
s c i e n t i f i c  a i r l o c k  dur ing experiment S201 opera t ion  apparen t ly  caused 
e l e c t r i c  d ischarges  a t  va r ious  t imes and these  added t o  t h e  background 
i r r e g u l a r i t i e s  on the  f i lms .  The most s e r i o u s  degradat ion was a progres-  
s i v e  l o s s  of  camera s e n s i t i v i t y  which mostly a f f e c t e d  t h e  t h i r d  f i l m  
loaded. Although the  crew allowed the  c a n i s t e r  t o  outgas  30 minutes a f -  
t e r  s c i e n t i f i c  a i r l o c k  d e p r e s s u r i z a t i o n  before  power was turned on, i t  
appears t h a t  t h e  c e n t r a l  region of the  photo-cathode was degraded by a t  
l e a s t  a f a c t o r  of 2  dur ing  t h e  f i r s t  seven o p e r a t i o n s ,  t o t a l i n g  168 min- 
u t e s  of use ,  and sus ta ined  f u r t h e r  l o s s  of s e n s i t i v i t y  dur ing t h e  remain- 
ing 1 0  opera t ions .  





3.1.6 Experiment 5230 - Magnetospheric Particle Composition 
The third visit crew returned the la~t two foil colLectors of exyer- 

iment S230 (rcf. 5). 9ne of the collectors had been left exposed at the 
end of the second visit to provide long-ten (180 days) exposure La.&rma- 
tion, This collector was found to be in good condition. The second col- 
lector, which was installed edrly in the third visit, was damaged by t!le 
air stream from the pressure equalization valve during repressurization 
of the Airlock Module after the final extravehicular activity. Two of 
the six foil strips were damaged; however, one strip can be compl?tely 
reconstructed and 60 percent of the second strip is available for recon- 
struction. This will not significantly degrade the total data available 
from this collector. 

Sunnnary of results.- All five collecto~~ from this experiment are in 
storage in Bern, Switzerland, where they will be subdfvided and analyzed 
in a ultra-high~vacuum mass spectrometer, a d . tructive analysis technique. 

Preliminary data from the first two sets of foil sections to be proc- 
essed indicate that the foils collected precipitated magncrospheric par- 
ticles as expected. The fluxes are sufficiently large to measure several 
noble gas isotopes. Sufficient ~e~ was detected relative to the ~e~ 
present in the foils to identify the majority of particles precipitating 
in the aurora to be of solar wind origin. 

3.1.7 Experiment S232 - Barium Plasma Observations 
The S232 experiment investigated the earth's magnetic field through 

visual observations and photography of a high-altituze luminescent cloud 
of ionized barium. The barium was transported to altitude by a rocket 
launched from Poker Flat, Alaska. A shaped charge was fired when the 
rocket reached an altitude of 560 kilometers and the barium was propelled 
out to several thousand kilometers. The ionized partic1c:s tended to be. 
come oriented along the magnetic field lines, thereby providing a brief 
view of the local magnetic field geometry. 

Opportunities to perform experiment S232 were limited because of 
the constraints of the requirement of good weather conditions at several 
ground viewing stations, the lighting ( d m  or twiligh~) necessary for 
viewing tho phenomena, and the Saturn Workshop's position in orbit. A 
successful rocket launch was made on visit day 12, and the Pilot observed 
and photographed the barium cloud. Approximately 25 photographs were 
taken during the dawn conditions, but visual con~act with the cloud was 
lost ae the Workshop cam into daylight end the sunlight was reflected 
off :he discone antenna. 

No further opportunities occurred during the third visit for per- 
forming the 5232 experiment, 



3.2 COMET KOHOUTEK EXPERIMENTS 

This s e c t i o n  con ta ins  those  experiments which were added s p e c i f i -  
c a l l y  t o  c o l l e c t  d a t a  on Comet Kohoutek. Since Comet Kohoutek was d i s -  
covered only a few weeks p r i o r  t o  t h e  f i r s t  v i s i t ,  a g r e a t  d e a l  of nct iv-  
i t y  was required t o  provide new hardware and develop o p e r a t i o n a l  tech- 
niques in a r e l a t i v e l y  s h o r t  time. A program of experiments was s e l e c t e d  
which would cover the  expected comet spec t ra .  

Specia l  ex t raveh icu la r  camera b racke t s ,  f i l t e r s ,  and s r e c i a l  f i l m  a r e  
examples of hardware which was developed f o r  comet observat ions .  This  
hardware, when i n t e g r a t e d  wi th  t h a t  hardware a l ready  onboard t h e  O r b i t a l  
Workshop, funcfloned very  w e l l .  

The Comet Kohoutek observa t ions  were p a r t  of a coordinated program 
which included ground observat ions;  rocket ,  bal loun,  and a i r c r a f t  opera- 
t i o n s ;  and unmanned s p a c e c r a f t  observat ions .  The prel iminary r e s u l t s  
from these  i t lves t iga t ions  was t h e  s u b j e c t  of a s p e c i a l  conference a t  t h e  
Marshall Space F l i g h t  Center conducted on June lj and i 4 ,  1474.  The pro- 
ceedings w i l l  be published s e p a r a t e l y  as a NASA r e p o r t .  Brief  descr ip-  
t i o n s  of only the  experiments managed by t h e  Johnson Space Center perti-n- 
e n t  t o  t h e  comet a r e  presented in t h i s  sec t ion .  

3.2.1 Experiment S019K - U l t r a v i o l e t  Pr ismat ic  Imaging 

0.-e of t h e  s p e c i a l  o b j e c t i v e s  on t h i s  mission was spectroscopy of 
Comet Kohoutek. The same hardware was used wi th  Comet Kohoutek observa- 
t i o n s  a s  was used wi th  experiment S019. Problems with  t h e  hardware a r e  
discussed in s e c t i o n  3.1.1. 

Usable images of the  comet were obta ined on n ine  separn te  dates .  
Several  of these  a r e  i l l u s t r a t e d  i n  f i g u r e  3-5. Although d i s p e r s i o n  is 
evident  i n  the  nucleus of t h e  comet, no d a t a  a r e  v i s i b l e  i n  t h e  wave- 
l eng ths  s h o r t e r  than 3000 angstroms. This  is due p r imar i ly  t o  t h e  less- 
than-expected b r igh tness  of t h e  comet. However, the  nuc lea r  images of 
December 1 3  and December 16, 1973, and January 7, 1974, show a d i s t i n c t  
image a t  t h e  p o s i t i o n  of hydroxyl wavelength 3090, which should y i e l d  
valuable  d a t a  on :he development of t h i s  emission band. 

3.2.5 Experiment S063K - U l t r a v i o l e t  and V i s i b l e  
: ' u l t i s p e c t r a l  Photographic Inraging 

A s p e c i a l l y  designed adap te r  was used wi th  experiment SO63 f o r  hand- 
held photography of Comet Kohoutek on two occasions.  :his adapter  allowed 
the  experiment TO25 f i l t e r  t r a y s  t o  be u t i l i z e d  f o r  c o l l e c t i o n  of S063K 
data .  



From top to bottom, the dates and exposure tmes  are: December 13 
( 2 0 0  sec), December 16 ( 2 7 0  sec), January 7 ( 4 0 0  sec), 
January 8 ( 5 0 0  sec), and January 11 ( 7 2 0  sec). Several 
stellar spectra appear on the exposure taken 011 December 16. 
The star drrectly below the comet, PI Scorp~o, was occulted 
by ;he comet five hotlts latpr. The double tm;qe of the tiucleus 
on the f ~ r s t  three dates IS probably due to ti le separat~on .~f the 
hydroxyl wavelength 3 0 9 0  maye from the rema~rider of the bl, 2-  

vtolet rad~at lor l .  

F ~ g w e  3-5.-  Obiect~ve-prtsm Images of Comet Kohoutek obtalned by Skylab expe,tmerit S 0 1 9 K .  



There were a l s o  15 per iods  of d a t a  c o l l e c t i o n  u t i l i z i n g  both  t h e  
TO25 f i l t e r  t r a y s  and c a n i s t e r  assembly (with o c c u l t i n g  d i s k  removed) 
mounted onto  the  a r t i c u l a t e d  mirror  system a t  t h e  -2 s c i e n t i f i c  a i r l o c k .  

3.2.3 Experiment S201K - Hydrogen Lyman Alpha and 
U l t r a v i o i e t  Photography 

Over 500 frames of d a t a  were taken of Comet Kohoutek wi th  t h i s  ex- 
periment. The problems discusse?. i n  s e c t i o n  3.1.5 r e s u l t e d  i n  some deg- 
r a d a t i o n  of t h e  d a t a ;  however, over  40 usable  l i t h i u m  f l u o r i d e  images 
and 40 calcium f l u o r i d e  images of Comet Kohoutek t h a t  were taken on 1 0  
s e p a r a t e  days were received.  

The photograph i n  f i g u r e  3-6 shows t h e  Comet Kohoutek hydrogen halo.  
The oxygen halo  exposure ( f i g .  3-7) taken dur ing t h e  v i s i t  day 40 ex t ra -  
v e h i c u l a r  a c t i v i t y  show a t h i n  t a i l  almost 35 m i l l i r a d i a n s  long, which 
may be t h e  d u s t  t a i l  s c a t t e r i n g  f a r  u l t r t v i o l e t  sun l igh t .  The photo- 
graphs have revealed more about t h e  comet's f a r  u l t r a v i o l e t  emission than 
any o t h e r  experiment. Thus, t h e  experiment o b j e c t i v e  t o  photograph Comet 
Kohoutek was f u l f i l l e d .  

3.2.4 Experiment T025K - U l t r a v i o l e t  and Visual  Bandpass 
Photographic Observation 

Forty exposures were obtained of Comet Kohoutek dur ing each of t h e  
ex t raveh icu la r  a c t i v i t i e s  on v i s i t  days 40 and 44. However, t h e  35-mm 
camera used was subsequently determined t o  have malfunctioned and l i t t l e  
o r  no u s e f u l  d a t a  were obtained.  This  anomaly is  discussed i n  s e c t i o n  
16.3.3. 

3.3 MEDICAL EXPERDENTS 

Medical experiments continued t o  be a major component of t h e  working 
hours f o r  Skylab throughout the  t h i r d  v i s i t .  Many new medical d e t a i l e d  
t e s t  o b j e c t i v e s  were added and a r e  discussed wi th  t h e  major assoc ia ted  
experiments. Because t h e  responses of t h e  t h i r d  v i s i t  crew d i d  n o t  indi-  
c a t e  any s i g n i f i c a n t  f l u c t u a t i o n s ,  a reduced frequency i n  performing t h e  
p ro toco l s  f o r  t h e  lower body nega t ive  p ressure  and human v e s t i b u l a r  func- 
t i o n  experiments was required i n  the  e a r l y  and mid-visit per iod.  I n  con- 
trast, e x t r a  hemoglobin and s l e e p  monitoring d a t a  were c o l l e c t e d  t o  ex- 
pand on t h e  d a t a  i n  these  ca tegor ies .  Because t h e  v i s i t  was extended t o  
84 days,  concentra ted food b a r s  rounded ou t  t h e  food i n t a k e  schedule;  t h e  
same extension forced t h e  use  of 36-hour u r i n e  sampling per iods  because 
t h e  number of sampling bags was inadequate. 



F igure 3-6 .- Hydrogen halo around Comet Kohoutek 





Figure 3-7.- Oxygen halo from Comet Kohoutek. 



3.3.1 Experiment M071 - Mineral Balance 

To extend t h e  dura t ion  of t h e  Skylab t h i r d  v i s i t  from 56 t? 84 days,  
t h e  o r i g i n a l  s e t  of menus was augmented wi th  a s e r i e s  of hibh-density 
menus, which provided roughly one-half t h e  c a l o r i e s  from high-density 
food b a r s  (see  sec .  5 .1) ,  and t h e  balance from conventionnl Skylab foods 
and Apollo beverages. The high-density menus contained more calcium and 
ni t rogen,  and l e s s  water than t h e  o r i g i n a l  Skylab menus, bu t  t h e  o t h e r  
n u t r i e n t s  remained t h e  same. The Skylab d i e t  w a s  i n s t i t u t e d  27 days p r i o r  
t o  the  f l i g h t  and a near ly  uniform excre t ion  of t h e  n u t r i e n t s  had been 
achieved by the  launch date .  High-density menus were used every 3 days 
dur ing t h e  p r e f l i g h t  and f l i g h t  phases of t h e  t h i r d  v i s i t .  

The crew adhered very  c l o s e l y  t o  t h e i r  planned menus t h a t  were aug- 
mented by t h e  calor ie-adj  ustment foods provided f o r  t h a t  purpose. Based 
on bomb-calorimetry of t h e  food, t h e  i n f l i g h t  energy i n t a k e  l e v e l s ,  shown 
i n  the  following t a b l e ,  i n d i c a t e  t h a t  energy consumption was wi th in  100 
k i l o c a l o r i e s  pe r  day of the  p r e f l i g h t  l e v e l .  Crew weight changes over 
the  durat ion of the  v i s i t  were very small a s  shown i n  f i g u r e  3-8. The 
Commander l o s t  0.05 kilogram, and t h e  S c i e n t i s t  P i l o t  and P i l o t  each l o s t  
1.4 kilograms i n  comparing t L e  weights on launch day wi th  t h e  i n f l i g h t  
mass measurement made on recovery day. 

- 

Crewman 

Commander 

S c i e n t i s t  P i l o t  

P i l o t  

Control  of t h e  d i e t a r y  i n t a k e  of n u t r i e n t s  was an adequate means of 
v a l i d a t i n g  t h e  p r e d i c t i o n s  of t h e  change i n  body composition dur ing t h e  
course af the  v i s i t .  Nitrogen i n t a k e  was wi th in  10 percent  of t h e  pre- 
f l i g h t  values  f o r  every 6-day per iod,  except t h a t  t h e  P i l o t  f e l l  20 per- 
c e n t  below t h e  p r e f l i g h t  mean l e v e l  dur ing t h e  f i r s t  i n f l i g h t  per iod,  
dur ing which time he was nauseated.  Calcium i n t a k e  was 5 t o  10 percent  
h igher  i n f l i g h t  than immediately p r e f l i g h t  mainiy because t h e  l a s t  pre- 
f l i g h t  high-density menu, which is  high in calcium, was omitted a t  crew 
request .  The use of a d d i t i o n a l  calcium-rich foods toward t h e  end of t h e  
v i s i t  r e su l t ed  in one 6-day period f o r  the  S c i e n t i s t  P i l o t  and four  6-day 
per iods  f o r  the  P i l o t  dur ing which t h e  calcium i n t a k e  w a s  more than 10 
percent  over t h e  p r e f l i g h t  mean. 

- 
I n f l i g h t  per iod,  

k i l o c a l o r i e s  

I Nominal 
menu 

3173 

P r e f l i g h t  per iod,  
k i l o c a l o r i e s  

Actual  
consumption 

3200 

Nominal 
menu 

3126 

2926 

3198 

Actual  
consumption 

3153 

3090 

3195 



Launch Land~ng 

l i m e  trum Launch,days 

F ~ g u r e  3-8.-  We~ght  chart for t h ~ r d  v ~ s ~ t  crewt:letl. 



I n f l i g h t  c o l l e c t i o n  and r e t u r n  of f e c a l  and u r i n e  samples was en- 
t i r e l y  s a t i s f a c t o r y ,  wi th  the  l o s s  of on ly  one d a t a  po in t  h e n  a  u r i n e  
bag was not  sampled b e f o r e  being emptied. Because of t h e  shor tage  of 
u r i n e  sample bags, t h e  crew made 36-hour c o l l e c t i o n s  of u r i n e  on 1 4  oc- 
cas ions  i n s t e a d  of 24-hour c o l l e c t i o n s  between v i s i t  days 52 and 79. The 
impact of t h i s  procedure on t h e  experiment was n e g l i g i b l e .  

The p r e f l i g h t  u r i n e  and f e c a l  ana lyses  have been completed, but only  
t h e  f i r s t  few i n f l i g h t  u r i n e  and f e c a l  samples have been analyzed a t  the  
time of t h i s  wr i t ing .  I n  those  i n f l i g h t  samples analyzed a  r i s e  i n  u r i -  
nary  n i t rogen  e x c r e t i o n  was noted i n  a l l  t h r e e  crewmen i n  t h e  f i r s t  few 
days,  s i m i l a r  t o  t h a t  seen on previous  v i s i t s .  In  view of t h e  minimal 
weight changes a  nega t ive  n i t rogen  balance over a  long  per iod of t h e  
v i s i t  would be unexpected. 

The o v e r a l l  conduct of t h e  minera l  balance experiment was e n t i r e l y  
s a t i s f a c t o r y  dur ing  both  the  ground-based and h f l i g h t  phases. The com- 
promised experimental  cond i t ions  t h a t  were accepted t o  permit t h e  exten- 
s i o n  of t h e  v i s i t  were more than compensated f o r  by the  s c i e n t i f i c  r e s u l t s  
from a  v i s i t  of  t h i s  dura t ion .  

Mineral balance  s t u d i e s  were performed on the  t h r e e  Skylab v i s i t s .  
Resu l t s  from t h e  f i r s t  two v i s i t s  i n d i c a t e  t h a t  the  composition of the  
body i s  changed dur ing exposure t o  we igh t l e ssness  a s  evidenced by s i g n i f -  
i c a n t  l o s s e s  of calcium, n i t r o g e n ,  and o t h e r  n u t r i e n t s .  Analys is  of  t h e  
t h i r d  v i s i t  d a t a  a r e  not  ye t  complete; however, pre l iminary  r e s u l t s  show 
t h a t  the  c a l o r i c  requirements dur ing  exposure t o  zero  g r a v i t y  a r e  near  
t h e  one-g requirements.  

Stereophotometric a n a l y s i s  of the  body form cons i s t ed  of stereomet- 
r i c  photographs taken of each crewman f o u r  times dur ing  t h e  p r e f l i g h t  
per iod and t h r e e  t imes dur ing t h e  p o s t f l i g h t  per iod,  wi th  t h e  l a s t  post-  
f l i g h t  measurement scheduled f o r  31 days a f t e r  recovery. A l l  imagery has  
been developed and is s a t i s f a c t o r y .  Analys is  has been completed on two 
of the  f o u r  p r e f l i g h t  measurements, and is cont inuing on the  remaining 
measurements. 

P r e f l i g h t  and p o s t f l i g h t  s t e r e o s c o p i c  photographs were taken of the  
Skylab crewmembers. S te reoscop ic  photographs were attempted i n  f l i g h t  on 
the  t h i r d  v i s i t .  Analys is  of t h e  photographs from t h e  f i r s t  two v i s i t s  
revealed a l o s s  of volume from t h e  body. Most of the  l o s s  occurred i n  
the  l e g s ,  and probably r e s u l t e d  from d i s u s e  atrophy of s k e l e t a l  s u s c l e s .  
The d a t a  from t h e  t h i r d  v i s i t  have no t  a s  ye t  been reduced o r  analyzed,  
al though t h e  d a t a  appears  t o  be of  good q u a l i t y  except f o r  thz  i n f l i g h t  
photographs. 



On t h e  t h i r d  v i s i t ,  a  s tandardized sk in  measurement technique was 
used i n  which the  same observer  measured t h e  th ickness  of f o l d s  of s k i n  
a t  s i x  p o i n t s  on t h e  body s u r f a c e  us ing  Lange sk in fo ld  c a l i p e r s .  Meas- 
urements of a s p e c i f i c  region of t h e  t r i c e p s ,  subscapula (under t h e  
shoulder b l a d e ) ,  and abdomen were made on both s i d e s  of t h e  body four  
times dur ing t h e  p r e f l i g h t  per iod and t h r e e  times dur ing t h e  p o s t f l i g h t  
period.  Some reduc t ion  i n  t h e  mean t r i c e p s  sk in fo ld  th ickness  w a s  noted 
on a l l  t h r e e  crewmen, but  only t h e  P i l o t  showed a s t a t i s t i c a l l y  s i g n i f i -  
cant  l o s s .  A f t e r  pooling t h e  r e s u l t s  f o r  the  t h r e e  crewmen and making 
appropr ia te  adjustments f o r  d i f f e r e n c e s  i n  sk in fo ld  th icknesses ,  the  crew, 
a s  a whole, l o s t  about 10 percent  of t h e  sk in fo ld  th ickness  cover ing t h e  
t r i c e p s .  The s i g n i f i c a n t  l o s s e s  i n  t h e  t r i c e p s  s k i n f o l d  measurements more 
l i k e l y  represen t  a reg iona l  f a t  l o s s  r a t h e r  than a genera l i zed  l o s s ,  which 
f a i l e d  t o  appear i n  t h e  o t h e r  measurements. An i n t e r e s t i n g  specu la t ion  
is t h a t  such a reg iona l  l o s s  may be connected t o  t h e  increased use of t h e  
arms in zero g rav i ty .  

3.3.2 Experiment M073 - Biochemistry of Body F lu ids  

The p r e f l i g h t  biochemistry of body f l u i d s  experiment opera t ions  were 
success fu l ly  completed wi th  minimum l o s s e s  of da ta .  Excel lent  b a s e l i n e  
va lues  of a l l  experimental  parameters were obtained f o r  each crewman. The 
f l u i d  i n t a k e s  were reasonably w e l l  maintained throughout t h e  i n f l i g h t  per- 
iod;  the  sodium con ten t  appears  t o  be s l i g h t l y  e leva ted .  

The i n f l i g h t  c o l l e c t i o n s  were s a t i s f a c t o r y ;  however, the  extension 
of t h e  v i s i t  t o  84 days r e s u l t e d  i n  a major i ty  of t h e  u r i n e  samples be- 
ing  only one-half s i z e  (approximately 50 m i l l i l i t e r s  r a t h e r  than 122 m i l -  
l i l i t e r s )  in kolume. A p r e s e r v a t i v e  o f  1 0  grams of bor ic  ac id  was added 
t o  t h e  u r i n e  pooling bags every o t h e r  day t o  prevent sample degradat ion 
i n  t h e  event the  u r i n e  f r e e z i n g  u n i t  should f a i l .  Several  bags were re- 
used because of an inadequate number of pooling bags. Also, 36-hour pools  
were i n i t i a t e d  t o  compensate f o r  t h e  shor tage of sampling bags. The d a t a  
from these  days w i l l  be grouped f o r  72-hour per iods  and t h e  mean 24-hour 
excre t ion  w i l l  be obta ined.  The f r e e z e r  temperature was maintained; how- 
ever ,  t h e  a d d i t i o n  of the  b o r i c  ac id  t o  t h e  u r i n e  pool precluded t h e  anal-  
y s i s  of s e v e r a l  compounds i n  t h e  samples t o  which t h e  b o r i c  ac id  was added. 

k prelim!.nary review of t h e  i n f l i g h t  d a t a  r e v e a l s  metabolic changes 
i n  each man, suggest ing a process  of adap ta t ion  t o  t h e  space f l i g h t  envi- 
ronment. These changes were manifested by an apparent  a ldosteronism t h a t  
r e s u l t e d  i n  some sodium conservat ion and s l i g h t  l o s s e s  of potassium. To- 
t a l  body exchangable potassium was decreased 4 t o  12 percent i n  t h e  t h r e e  
men. C o r t i s o l  was s i g n i f i c a n t l y  e leva ted  in  the  i n f l i g h t  and p o s t f l i g h t  
samples from a l l  t h r e e  men. Epinephrine and norepinephrine were aecreased 
i n  t h e  i n f l i g h t  sample and increased i n  the  p o s t f l i g h t  sample. 



Summary of resu l t s . -  The d a t a  c o l l e c t e d  compare very 
t h e  o v e r a l l  r e s u l t s  of t h e  f i r s t  two v i s i t s  wi th  t h e  main 

fsvorably  with 
d i f f e r e n c e  be- 

i n g  i n  t h e  e a r l y  phase of each v i s i t .  

3 . 3 . 3  Experiment M074 - Specimen Mass Neasurement 

Both of t h e  experiment M074 specimen mass measurement devices  were 
o p e r a t i v e  f o r  use i n  measuring food res idue  and f e c a l  masses dur ing most 
of t h e  t h i r d  v i s i t .  

On v i s i t  day 81, the  rubber specimen r e s t r a i n t  broke loose  from t h e  
frame of t h e  device  t h a t  was loca ted  i n  the  waste management compartmect; 
however, t h e  a n i t  loca ted  i n  t h e  wardroom was used success fu l ly  dur ing the  
remaining 3 days of t h e  v i s i t .  

I n f l i g h t  c a l i b r a t i o n s  were performed t h r e e  t imes on each of t h e  mass 
measurement u n i t s .  Three of t h e  four  mass measuring device  c a l i b r a t i o n  
weights were misplaced e a r l y  i n  t h e  v i s i t ,  thus  l i m i t i n g  t h e  c a l i b r a t i o n  
t o  two p o i n t s  (0 and 500 grams) on t h e  devices.  

Sunrmary of r e s u l t s , -  The specimen mass measurement device  demonstrated 
reasonably good s t a b i l i t y  throughout a l l  t h r e e  v i s i t s ,  f a r  b e t t e r  than 
t h a t  required f o r  o p e r a t i o n a l  purposes. These ins t ruments  demonstrated 
r o u t i n e  mass measurement i n  space ( f o r  the f i r s t  time) and performed ade- 
qua te ly  f o r  medical support  purposes. I n  add i t ion  t o  t h e  problems en- 
countered on the  t h i r d  v i s i t ,  an e l e c t r o n i c  package f a i l e d  dur ing t h e  
f i r s t  mnned v i s i t  and t h e  package was subsequently replaced dur ing t h e  
second Sky l a b  v i s i t .  

3 . 3 . 4  Experiment Ml72 - Body Mass Measurement 

The body mass measuring experiment was conducted d a i l y  by each crew- 
man. The device  demonstrated a c c u r a t e  and simple mass measurement of t h e  
body i n  zero g rav i ty .  For human mass measurements, r e p e a t a b i l i t y  of +50 
grams was demonstrated, whi le  t h e  a b s o l u t e  maximum e r r o r  was es t imated t o  
be +400 grams o r  l e s s .  

On v i s i t  day 78, t h e  crew repor ted t h a t  the  thumb r e l e a s e  mechanism 
was i c o p e r a t i v e ,  r e q u i r i n g  a c t u a t i o n  by use of t h e  s i d e  r e l e a s e  l e v e r .  

The body mass measuring device  was c a l i b r a t e d  t h r e e  t imes dur ing t h e  
v i s i t .  The device  had e x c e l l e n t  p e r f o r m a x e  and s t a b i l i t y ;  f o r  example, 
m i n e  samples were measured t o  an accuracy of a  few grams when adequate 
c a l i b r a t i o n  means were a v a i l a b l e .  The p r a c t i c a l i t y  of making mass mess- 
urements, o t h e r  than of t h e  human body, was demonstrated on the most d i f -  
f i c u l t  m a t e r i a l  t o  measure us ing t h i s  method, namely l i q u i d s .  Urine was 
n ~ a s u r e d  dur ing the  second v i s i t  and Coolanol f l u i d  dur ing t h e  t h i r d  
v i s i t .  



3.3.5 Experiment M078 - Bone Mineral Densitometry 

Bone mineral  measurements were performed on the  r i g h t  r a d i u s  and ulna  
(wr i s t  bones) and t h e  l e f t  o s  l s l c i s  (hee l  bone) t h r e e  t imes dur ing  the  
p r e f l i g h t  pe r iod  and a t  varying t imes dur ing t h e  p o s t f l i g h t  period.  A l l  
measurements were performed wi thout  d i f f i c u l t y  and a l l  d a t a  were obta ined 
s a t i s f a c t o r i l y .  

No bone mineral  l o s s e s  were observed i n  the  r a d i u s  and ulna  of any af 
the  t h i r d  v i s i t  crewmen. However some l o s s  of bone minera l  Zrom t h e  os  
c a l c i s  was noted in t h e  S c i e n t i s t  P i l o t  on the  f i r s t  day a f t e r  recovery 
and some l o s s  was noted i n  the  P i l o t  on both  t h e  f i r s t  and f o u r t h  day af-  
ter recovery. No l o s s  of bone minera l  was noted in t h e  o s  c a l c r s  of t h e  
Commander. 

Summary of r e s u l t s . -  I n  summary, t h e  p o s t f l i g h t  bone minera l  f i n d i n g s  
of the  t h r e e  Skylab crews suggest  t h a t  t h e  bone minera l  l o s s e s  seen i n  
weight lessness  mi r ro r  t h e  change p a t t e r n s  e s t a b l i s h e d  from bed-rest 
s t u d i e s .  No l o s s e s  were seen i n  the  r a d i u s  and ulna on any crewman on 
any of t h e  v i s i t s .  Bone minera l  l o s s  from t h e  o s  c a l c i s  was found a f t e r  
each v i s i t  a s  fo l lows : 

F i r s t  v i s i t :  S c i e n t i s t  P i l o t  - on f i r s t  day a f t e r  recovery. 

Second v i s i t :  S c i e n t i s t  P i l o t  - showed some s i g n i f i c a n t  l o s s  which 
re turned t o  the  b a s e l i n e  l e v e l s  between 60 t o  90 days a f t e r  t h e  f l i g h t .  

Third v i s i t :  P i l o t  - on f i r s t  and f o u r t h  day a f t e r  recovery. Sci- 
e n t i s t  P i l o t  - on f i r s t  day a f t e r  recovery.  

These changes do not  r ep resen t  a s i g n i f i c a n t  hazard f o r  miss ions  of 
t h e  Skylab v i s i t  dura t ions .  

3.3 .6  Experiment M092 - Lower Body Negative Pressure  

A crew-implemented plumbing modi f i ca t ion  t o  t h e  experiment vacuum 
source  was accomplished p r i o r  t o  t h e  f i r s t  usage by t h e  t h i r d  v i s i t  crew. 
The modi f i ca t ion  was made t o  o b t a i n  a  vacuum source  f o r  t h e  experiment 
whi le  precluding t h e  p ropu l s ive  ven t ing  v e h i c l e  d i s tu rbances  experienced 
on the  previous  v i s i t s .  The experiment was connected t o  t h e  vented S-IVB 
s t a g e  l iq l r id  oxygen t anks  which were being used as waste compartments. 
Operation of t h e  modified system was s a t i s f a c t o r y  throughout t h e  t h i r d  
v i s i t .  



The Connnander and S c i e n t i s t  P i l o t  each served as s u b j e c t s  22 times 
dur ing t h e  t h i r d  v i s i t  and the  P i l o t  23 times f o r  experiment M092. Pre- 
syncopal r e a c t i o n s  n e c e s s i t a t e d  terminat ion of t h e  t e s t  a f t e r  about 4 min- 
u t e s  of exposure a t  0.67 newton per  square cent imeter  negat ive  p ressure  
by the  P i l o t  on v i s i t  day 1 0  and by t h e  S c i e n t i s t  P i l o t  on v i s i t  day 14. 
On v i s i t  day 16,  t h e  Commander terminated h i s  test 2-1/2 minutes e a r l y  
because of l ightheadedness  and a r a p i d l y  f a l l i n g  blood pressure .  The 
changing of t h e  Commander's p ro toco l  from t h e  morning t o  the  af ternoon may 
have con t r ibu ted  t o  t h e  e a r l y  terminat ion.  D e f i n i t e  evidence of a vnso- 
vaga l  r e a c t i o n  was p resen t  i n  the  f i r s t  two e a r l y  t e rmina t ions ,  but was 
n o t  seen In t h e  Commander's records.  On v i s i t  day 34 and v i s i t  day 71, 
t h e  S c i e n t i s t  P i l o t  again  f e l t  i t  necessary t o  s t o p  h i s  t e s t  s h o r t  dur ing 
t h e  0.67 newton per  square cent imeter  negat ive  p ressure  phase. Inadequate 
s l e e p  and f a t l g u e  may have been con t r ibu tory  f a c t o r s .  On v i s i t  day 61, 
al though t h e  f u l l  p ro toco l  was completed, t h e  S c i e n t i s t  P i l o t  appeared t o  
be developing a presyncopal r e a c t i o n  wi th  p a l l o r ,  s l i g h t  d i z z i n e s s ,  and 
decreas ing h e a r t  r a t e  and bloo,'. pressure .  The ambient temperature wi th in  
the  Workshop a t  t h i s  t i m e  was 300' K, and t h e  S c i e n t i s t  P i l o t ' s  next t e s t  
on v i s i t  day 65 was conducted i n  t h e  morning t o  avoid the  higher  a f t e rnoon  
temperatures. 

On v i s i t  day 75, t h e  crew was unable t o  o b t a i n  blood p ressure  read- 
ings  using blood-pressure cuff  011. The problem w a s  a t t r i b u t e d  t o  a 
broken l e a d  i n  the  microphone. Therefore,  a backup cuff was used dur ing 
t h e  remainder of the  v i s i t .  Sect ion 16.2.6 con ta ins  a d i scuss ion  of t h i s  
anomaly. 

I n  almost a l l  cases ,  t h e  i n f l i g h t  r e s t i n g  h e a r t  r ~ t e s  of a l l  t h r e e  
crewmen were e leva ted  s l i g h t l y  above t h e  p r e f l i g h t  ranges. This  charac- 
t e r i s t i c  was l e a s t  pronounced i n  t h e  Commander who sometimes demonstrated 
low r e s t i n g  h e a r t  r a t e s  e a r l y  i n  t h e  v i s i t .  A f t e r  6 weeks of f l i g h t ,  t h e  
Commander's r e s t i n g  and s t r e s s e d  h e a r t  r a t e s  were usua l ly  c l o s e  t o  o r  with- 
i n  p r e f l i g h t  ranges. By t h e  end of 7 weeks, t h e  P i l o t  a l s o  showed a tend- 
ency toward lowered r e s t i n g  and s t r e s s e d  hear t  r a t e s .  

Increases  i n  c a l f  volume dur ing negat ive  p ressure ,  a s  i n  t h e  f i r s t  
and second v i s i t  crewmen, were much higher than t h e  p r e f l i g h t  values .  
These inc reases .  vhich reached t o  a s  high a s  9 o r  10 percent  i n  t h e  Scien- 
tist P i l o t  and r i l o t ,  made i t  necessary  t o  r e p l a c e  t h e  re fe rence  band wi th  
a backup band a f t e r  v i s i t  day 37. The re fe rence  band was re turned t o  ver- 
i f y  t h e  a u t h e n t i c i t y  of t h e  high readings.  

The l o s s  of c a l f  g i r t h  i n  t h e  t h i r d  v i s i t  crew was smal ler  than i n  
e i t h e r  t h e  f i r s t  o r  second v i s i t  crew. Nei ther  t h e  i n i t i a l  l o s s  nor the  
subsequent downward t rend was a s  g r e a t  a s  previously  recorded,  and a f t e r  
t h e  f i r s t  6 o r  7 weeks, no c o n s i s t e n t  downward t rend occurred. 



The p o s t f l i g h t  ca rd iovascu la r  responses t o  lower body nega t ive  pres-  
s u r e  appeared t o  be q u i t e  s i m i l a r  t o  those  observed i n  t h e  sccond v i s i t  
crew. By t h e  f i f t h  day a f t e r  f l i g h t ,  the  r e s t i n g  and s t r e s s e d  h e a r t  r a t e s  
were very  c l o s e  t o  the  p r e f l i g h t  ranges. 

Spec ia l  experiment M092 t s t s  were conducted a s  d e t a i l e d  t e s t  objec- 
t ives .  P r e f l i g h t  and p o s t f l i g h t  echocardiographic s t u d i e s  were performed 
on each t h i r d  v i s i t  crewman t o  e v a l u a t e  t h e  e f f e c t s  o i  prolonged Skylab 
environment exposure on the  l e f t  v e n t r i c l e  s i z e  and performance. Applying 
b r i e f ,  low-amplitude pu l ses  of high-frequency (2.25 mHz) ul t rasound waves 
t o  the  a n t e r i o r  c h e s t  wa l l ,  and measuring the  t iming and amplitude of re-  
f l e c t e d  waves provided a s d ~ e ,  noninvasive assessment of c a r d i a c  dimen- 
s ions .  S t r i p  c h a r t  recordings  were made t o  genera te  a continuous s e r i e s  
of measurements throughout the  c a r d i a c  cycle.  The p r e f l i g h t  and post- 
f l i g h t  assessment of t h e  l e f t  v e n t r i c l e  i n t e r n a l  dimension, th ickness ,  
s t r o k e  volume, end-d ias to l i c  volume and e j e c t i o n  v e l o c i t y  were made a t  
r e s t  and dur ing lower body nega t ive  pressure .  The l a t t e r  s t u d i e s  were 
pe r fomed  t o  e v a l u a t e  t h e  i n t e r r e l a t i o n  of ca rd iac  s i z e  and ca rd iac  per- 
fomance  a t  d i f f e r e n t  c a r d i a c  volumes. The l e f t  v e n t r i c l e  s i z e  was pro- 
g r e s s i v d y  decreased in p r e r l i g h t  s t u d i e s  by lower body nega t ive  pressure .  
In  a d d i t i o n  t o  reduclng c a r d i a c  volume t r a n s i e n t l y  by lower body nega t ive  
pressure ,  a t t empts  were made i n  t h e  p o s t f l i g h t  per iod t o  i n c r e a s e  c a r d i a c  
volume by lower body p o s i t i v e  p ressure  (by i n f l a t i n g  the  crewman's coun- 
termeasure garment) and by pass ive  s t r a i g h t  l e g  r a i s i n g .  

During p r e f l i g h t  and p o s t f l i g h t  s t u d i e s ,  h igh-qual i ty  echocardio- 
grams were obta ined from t h e  Commander and the  P i l o t .  Because of a nor- 
mal v a r i a t i o n  i n  ches t  conf igura t ion ,  echocardiograms from t h e  S c i e n t i s t  
P i l o t  were of a l e s s e r  q u a l i t y ,  btlt probably s t i l l  adequate f o r  
s -asurenent .  The r e s u l t s  of echocardiographic s t u d i e ~  must await  care-  
f u l  a n a l y s i s  of  r ecords ,  inc lud ing  a d i r e c t  v i s u a l  comparison of  the  pre- 
f l i g h t  and p o s t f l i g h t  echocardiograms. Continuing echocardiographic 
s t u d i e s  a r e  planned f o r  f u r t h e r  a n a l y s i s  of changes observed i n  the  e a r l y  
p o s t f l i g h t  per iod.  

In f ra red  f a c i a l  photographs were made s i x  t imes each on the  Conunander 
and P i l o t  and f i v e  t imes on the  S c i e n t i s t  P i l o t  dur ing  the  conduct of ex- 
periment M092. 

Leg blood flow t e s t i n g  was performed seven t imes each on the  Com- 
mander and P i l o t  and s i x  t imes on the  S c i e n t i s t  P i l o t ,  a l l  a f t e r  lower 
body nega t ive  p r e s s u r e  experiment sess ions .  Leg blood flow was s t u d i e d  
by p lac ing  a blood p r e s s u r e  cuff  j u s t  above the  knee and i n f l a t i n g  i t  t o  
0.4 newton pe r  square  cen t ime te r  pressure .  This  p ressure  e f f e c t i v e l y  
blocked a l l  venous outf low from t h e  l e g  u n t i l  the  cuff  p ressure  was ex- 
ceeded, wi th  a r t e r i a l  blood inf low being r e l a t i v e l y  unchanged. This  ac- 
t i o n  produced an i n c r e a s e  i n  lower l e g  volume which w a s  measured by means 



of the l e g  volume measuring system. The i n i t i a l  r ace  of volume change 
was the  normal flow of blood i n t o  the  l ep .  Once venous runoff began, the  
outflow equaled t h e  inflow and no f u r t h e r  volume change occurred.  A t  
t h a t  p o i n t ,  the amount of blood accumulatcd oy ,he cuff p ressure  (vascu- 
l a r  compliance) was measured, Leg vascu la r  compliance ( t ,  e . ,  t he  volume 
of blood pooled a t  a given p ressure )  was found t o  inc rease  some 6 t o  7 
t imes o-rer t h e  f i r s t  10  t o  12 days of  t h e  v i s i t  i n  two of the  crewmen. 
By day 40, when the  measurements were .resumed, t h i s  had decreased s l i g h t l y  
and appeared t o  cont inue t o  decrease  s l i g h t l v  through the  remainder of the  
v i s i t ,  The Comnander showed an i n f l i g h t  inc rease  of 2 t o  3 t imes the  pre- 
f l i g h t  l e v e l ,  On r e t u r n  t o  one g ,  t h e  compliance r a p i d l y  decreased i n  a 
mat ter  of hours. 'These d a t a  i n  conju1:ction wi th  a decreas ing blood vol- 
ume c o r r e l a t e  wel l  wi th  the  observed lower body negat ive  pressure  response.  

Muscle pumping of blood from t h e  l e g s  back t o  the  h e a r t  was m e a s u r ~ d  
by placing a crewman a t  0.4 newton per  square cent imeter  negat ive  pres- 
s u r e  f o r  5 minutes t o  pool t h e  blood i n  the  1~.gs ,  followed by t h e  crewman 

1 0  isometr ic  c o n t r a c t i o n s  of the  l e g  muscles. The l e g  volume 
measuring system cuf f  recorded both t h e  amount of blood pooled i n  the  
l e g s  and the amount removed bv pumping. As was expected from the  l e g  
blood flow s t u d i e s ,  inc reas ing  amounts of blood were accumulated i n  the  
l e g s  during the  f i r s t  1 0  t o  12  days of f l i g h t  and then t h i s  l e v e l  was re-  
t a ined  f o r  the  remainder of the  f l i g h t .  P r e f l i g h t  t e s t s  showed t h a t  t h e  
muscle pumping wou;.l remove approximately one.r ialf  of t h e  blood p r e s e n t ,  
and t h i s  percentage remained r e l a t i v e l y  unchanged i n  f l i g h t ,  al though the  
abso lu te  amount of blood remaining i n  the  l e g s  was much g r e a t e r  i n  f l i g h t .  
On r e t u r n  t o  one g,  t h i s  mechanism re turned t o  n o r n d  wi th in  2 t o  3 days. 

3 . 3 . 7  Experiment M093 - Vectorcardiogram 

A t o t a l  of 21 i n f l i g h t  e x e r c i s e  vectorcardiograms was obtained on 
each crewmn (nine  us ing t h e  experiment M093 p ro toco l  and 12 us ing t h e  
metabolic a c t i v i t y  experiment p ro toco l ) .  ;b s i g n i f i c a n t  p ro toco l  v io la -  
t i o n s  occurred and 99 percent  o f  t h e  d a t a  were usable .  

The i n i t i d .  eva lua t ion  o f  p o s t f l i g h t  d a t a  i n d i c a t e s  a r a y i d  r e t u r n  
of t h e  va r ious  vectorcardiogram parameters toward p r e f l i g h t  va lue  . ln- 
f l i g h t  and p o s t f l i g h t  vectorcardiogram a l t e r a t i o n s  seem t o  follow t h e  
t r2nds  observed on the  previous two v i s i t  crews. 

3.3.8 Experiment Mil0 S e r i e s  - Blood C o l l e c t i c n  

The c o l l e c t i o n  of p r e f l i g h t  base l ine  d a t a  f o r  these  experiments be- 
gan 35 days p r i o r  t o  launch and c o n t i n 8 ~ e d  through the morning pr io r  t o  
launch i n  an o r d e r l y  fash ion .  P r e f l i g h t  base l ine  values  were es tab l  is11e:l 
f o r  each parameter. 



Blood withdrawal and c e n t r i f u g a l  s e p a r a t i o n  of plasma were accom- 
p l i shed  e i g h t  times on each crewman dur ing the  v i s i t .  The f i r s t  samples 
were c c l l e c t e d  on v i s i t  day 3 and the  l a s t  samples on v i s i t  day 82. A 
measurement of the  hemoglobin concen t ra t ions  was made of each i n f l i g h t  
biood drawing except the  l a s t .  Two add ' t ional  hemoglobin de te rmina t ions  
-xere completed us ing che f i n g e r - s t i c k  technique. lwo of t h c  24 samples 
c o l l e c t e d  were not  a s  planned i n  t h a t  one sample had on ly  one-half t h e  
normal anount, and the  o t h e r  sample was severe ly  hemolyzed. A l l  o t h e r  
samples appeared t o  be i n  s a t i s f a c t o r y  cond i t ion  and conta ined t h e  nor- 
mal amount (4.0 m i l l i m e t e r s )  of plasma. 

Upon r e t u r n ,  the  i n f l i g h t  blood samples were t r a n s f e r r e d  t o  a 203' K 
f r e e z e r  u n t i l  thawing and d i s t r i b u t i o n  of a l i q u o t s  t o  t h e  p r i n c i p a l  inves- 
t i g a t o r s  of experiments M071, M073, Ml12, K 1 3 ,  Ml14, and M11S. 

Analyses of samples aboard t h e  recovery sh ip  showed t h a t  the  red c e l l  
count,  hemoglobin concen t ra t ion ,  and hematocr i t  were s l i g h t l y  e leva ted  on 
recovery day a s  compared t o  p r e f l i g h t  l e v e l s .  These concentration-depend- 
e n t  parameters began t a  drop immediately and, by t h e  t h i r d  d&y a f t e r  re- 
ccvery,  were s i g n i f i c a n t l y  lower than both  the  p r e f l i g h t  and recovery day 
values.  Between the  t h i r d  and f i f t h  day a f t e r  recovery,  a s l i g h t  but  s ig -  
n i f i c a n t  inc rease  in the  r e t i c u l o c y t e  pe rcen t ,  a b s o l u t e  count ,  and r e t i -  
culocyte  index was evident  i n  samples from a l l  t h r e e  crewmen. The red  
c e l l  mass had dec l ined  on recovery day i n  t h i s  crew, though t h e  mean red 
c e l l  mass l o s s  of 6.8 percent  was l e s s  than t h a t  cbserved on t h e  t w o  pre- 
vious v i s i t  crews. The lymphocytes on recovery day were again  nonrespon- 
s i v e  t o  a n  i n  v i t r o  cha l l enge ,  but  had recovered t h e i r  normal response by 
the  t h i r d  and seventh day a f t e r  recovery.  

Sumary of r e s u l t s . -  The r e s u l t s  o f  the  t h i r d  v i s i t  a r e  very  s i m i l a r  
t o  those observed a f t e r  t h e  second v i s i t .  Based upon the  pre l iminary  re- 
s u l t s ,  no new f i n d i n g s  w i l l  be evidenced by t h e  i n i r e a s e d  i e n g t h  of t h i s  
v i s i t ;  and no hematological  i n d i c a t i o n s  a r e  ev iden t  t h a t  show man is  un- 
ab le  t o  su rv ive  f o r  unl imi ted pe r iods  i n  space ,  a s i d e  from some s u b t l e  
changes i n  whi te  c e l l  responsiveness  and r e g u l a t i o n  of  red  c e l l  produc- 
t i o n  and plasma volume. 

3.3.9 hixperiment M131 - Human Ves t ibu la r  Function 

I n  c o n t r a s t  t o  t h e  f i r s t  two manned v i s i t s ,  no p r e f l i g h t  v e s t i b u l a r  
hab i tua t ion  p ro toco l  was p resc r ibed  f o r  t h e  t h i r d  v i s i t  crew. The f a c t  
t h a t  no s t r u c t u r e d  procedures were recommended stemmed from two f a c t o r s .  
F i r s t ,  t h e r e  was no c l e a r  evidence t h a t  a t t empts  t o  h a b i t u a t e  t h e  f i r s t  
two crews t o  s t r e s s f u l  v e s t i b u l a r  s t i m u l a t i o n  i n  the  experiment MI31 ro- 
t a t i n g  c h a i r  had any value  in p r o t e c t i o n  aga ins t  motion s i ckness  when t h e  
crew entered weight lessness .  Second, t h e  crew expressed a ~ t r o ? ~  d e s i r e  



t o  engage i n  o t h e r  a c t i v i t i e s  which n igh t  inc rease  t h e i r  to le rance  t o  
v e s t i b u l a r  stress upon e n t e r i n g  zero  g rav i ty .  This  l a t t e r  a c t i v i t y  con- 
s i s t e d  p r imar i ly  of f l y i n g  a c r o b a t i c  maneuvers (Appendix G )  i n  high per- 
formance j e t  a i r c r a f t  (T-38) a t  pe r iod ic  i n t e r v a l s  p r i o r  t o  t h e  t h i r d  
v i s i t  launch. 

The a c r o b a t i c  maneuvers began around mid-September and soon progressed 
t o  2 t o  3  hours per  man per  week r i g h t  up t o  launch t i m e .  Var iable  maximum 
g-loadings were produced by these  maneuvers and examples of these  load ings  
a r e  shorn i n  t h e  fol lowing t a b l e .  

One o t h e r  s i g n i f i c a n t  component of t h e  maneuvers c o n s ~ s t e d  of rap id  
a i l e r o n  r o l l s  both t o  t h e  l e f t  and t o  t h e  r i g h t ,  wi th  t h e  head being main- 
t a ined  13 d i f f e r e n t  f i x e d  p o s i t i o n s  dur ing these  r o l l s .  

Maneuvers 

Loops 

Iwelmanns 

Cuban e i g h t s  

Wing overs  

P r e f l i g h t  d a t a  of s u f f i c i m t  q u a l i t y  and q u a n t i t y  were obtained on 
each of t h e  t h i r d  v i s i t  crewmen on  a l l  p o r t i o n s  of t h e  MI31 experi-nent. 
These included measurements of s e n ~ i c i r c u l a r  canal  response th resho lds  by 
means of the oculogyral  i l l u s i o n  t e s t ,  b a s i c  s u s c e p t i b i l i t y  t o  motion 
s ickness ,  and s p a t i a l  l o c a l i z a t i o n .  

S t r e s s ,  g 

4 t o  5 

4 t o  5 

4 t o  5 

3  

Twc; of t n e  crewmen experienced symptoms i n d i c a t i v e  of motion sick- 
ness  upon i n i t i a l  e n t r y  i n t o  weight lessness ,  wi th  t h e  most severe  symp- 
toms being manifested by t h e  P i l o t .  The Commander repor ted only a mild 
premeal e p i g a s t r i c  awareness. Complete recovery from t h e s e  symptoms oc- 
curred a f t e r  v i s l t  day 3  and, from t h a t  po in t  on, a l l  crewmen were dram- 
a t i c a l l y  f r e e  of symptoms as normaliy provoked by t h e  experiment MI31 mo- 
t i o n  s ickness  t e s t  protocol .  By v i s i t  day 12,  a l l  crewmen were a b l e  t o  - 
perform t h e  maximum required number of head movements (150) a t  t h e  maxi- 
mum r o t a t i n g  c h a i r  r evo lu t ions  pe r  minute (30) wi th  no symptoms. A l l  m>- 
t i o n  s ickness  t e s t i n g  was discont inued a f t e r  v i s i t  day 29, and t e s t i n g  was 
no t  resumed again u n t i l  v i s i t  day 73, a t  which time a  s p e c i a l  motion sick- 
ness  t e s t  v a s  collducted. The s p e c i a l  test required each crewman t o  f i r s t  
r o t a t e  cloc!cwise f o r  150 head mvements a t  30 revo lu t ions  pe r  minute and 
then immediately repea t  t h e  p ro toco l  wi th  t h e  d i r e c t i o n  of c h a i r  r o t a t i o n  
reversed.  Phe s p e c i a l  clockwise/counterclockwise pro toco l  was performed 
by a l l  crewmen with  no symptoms repor ted.  Five motion s ickness  tests were 



performed during the  v i s i t  by the Commander and four each were performed 
by the Sc i en t i s t  P i l o t  and P i lo t .  (The spec i a l  clo~kwise/counterclockwise 
test is  considered t o  be one t e s t . )  

The Commander's performance was very s t a b l e  on the oculogyral i11~- 
s ion  port ion of the M131 experiment and the a b i l i t y  t o  de t ec t  the  i l l u s i o n  
was s l i g h t l y  increased i n  comparison with the  p re f l i gh t  basel ine perform- 
ance. Relat ive t o  the p re f l i gh t  performance of both the  Sc i en t i s t  P i l o t  
and P i l o t ,  both crewmen demonstrated grea te r  v a r i a b i l i t y  and a decrease 
i n  t h e i r  a b i l i t y  t o  perceive the i l l u s ion .  The g rea t e s t  change was man- 
i f e s t e d  by the  P i l o t .  Each of the th ree  crewmen performed a t o t a l  of s i x  
successful  oculogyral i l l u s i o n  tests during the  v i s i t .  

Three complete s p a t i a l  l oca l i za t i on  tests were performed by each 
crewman. A preliminary ana lys i s  of these data  i nd i ca t e  s l i g h t  s h i f t s  i n  
l oca l i za t i on  and s l i g h t  changes i n  v a r i a b i l i t y  r e l a t i v e  t o  t he  p r e f l i g h t  
measurements. Hardware operat ions were normal during a l l  phases of the  
M131 experiment. 

No s i g n i f i c a n t  symptoms of motion s ickness  were experienced by the  
crew during r o t a t i n g  cha i r  pos t f l i gh t  t e s t i n g  on the f i r s t ,  second, and 
f i f t h  days a f t e r  t he  v i s i t .  The pos t f l i gh t  tests were conducted a t  a 
ro t a t i ona l  r a t e  of 30 revolut ions per minute. Neither t he  t i m e  course 
nor the completeness of t h e  crew's r e tu rn  t o  p re f l i gh t  l e v e l s  of suscep- 
t i b i l i t y  have been determined. A s  of t h i s  time, no s ign i f i can t  changes 
r e l a t i v e  t o  the p re f l i gh t  basel ines  have been noted with e i t h e r  t he  ocu- 
logyra l  i l l u s i o n  o r  s p a t i a l  l o c a l i z a t i o n  t e s t s ;  these  tests, however, 
are not coiiipkte. 

The acroba t ic  f l y ing  experience apparently had some e f f e c t  i n  in- 
creasing each crewman's p r e f l i g h t  tolerance t o  ves t i bu l a r  s t r e s s .  A l l  
of the crewmen, espec ia l ly  the  C o m n d e r  and Sc i en t i s t  P i l o t ,  had a much 
higher threshold of s u s c e p t i b i l i t y  t o  motion s ickness  a t  t he  end of the 
experiment M131 p re f l i gh t  basel ine da ta  co l l ec t i on  period than they had 
a t  the  beginning of the base l ine  period. This constant ly  chaqging base- 
l i n e  was not observed in previous crews. 

The f a c t  t h a t  the  Commander experienced mild symptoms and the P i l o t  
acquired severe symptoms very e a r l y  in the v i s i t  suggests t ha t  t he  pre- 
f l ight-acquired increased ves t i bu l a r  tolerance d id  not c ransfer  t o  the 
weightless environment. Furthermore, any va l id  conclusions about the ef- 
fect iveness  of p r e f l i gh t  ve s t i bu l a r  t r a in ing  procedures were completely 
confounded by the f a c t  t ha t  a l l  crewmen were on a mandatory schedule of 
anti-motion-sickness drug use during the  f i r s t  3 days of t he  v i s i t .  About 
10 days before launch, each crewman was subjected t o  one t e s t  a t  30 rev- 
o lu t i ons  per minute in the  experiment M131 ro t a t i ng  cha i r  t o  t e s t  the 



e f f e c t i v e n e s s  of h i s  chosen anti-motion-sickness drug i n  prevent ing synp- 
toms. A l l  crewmen completed t h e  required 150 head movements wi th  no 
symptoms repor ted,  thus  i n d i c a t i n g  t h e  e f f e c t i v e n e s s  of t h e  drug dur ing 
ground tests. 

I n  a d d i t i o n  t o  t h e  experiment Ml31 pro toco l ,  s e v e r a l  s p e c i a l  ves t ib-  
u la r - re la ted  t e s t s  were performed dur ing the  p r e f l i g h t  and p o s t f l i g h t  
pe r iods  on each of t h e  crewmen. The f i r s t  of these  s p e c i a l  tests used 
a s e r i e s  of narrow metal  r a i l =  on which t h e  crewmen were required t o  bal-  
ance both  wi th  t h e i r  eyes open and c losed.  I n  comparison wi th  t h e  pre- 
f l i g h t  b a s e l i n e  performance, none of t h e  crewmen demonstrated any d e f i c i t  
on t h i s  p o s t u r a l  equi l ibr ium t a s k  when t e s t e d  wi th  t h e i r  eyes  open c n  1, 
4 ,  and 11 days a f t e r  recovery. However, wi th  t h e  eyes c losed ,  a l l  crew- 
men showed a  very s i g n i f i c a n t  decrement 1 day a f t e r  recovery. Some im-  
provement was observed 4 days a f t e r  recovery and, by 11 days a f t e r  recov- 
e r y ,  a l l  crewnen were back t o  t h e  p r e f l i g h t  l e v e l s  of performance. 

Measurements were performed on each crewman 5 days before  launch, 
and 1 and 11 days a f t e r  recavery t o  d e t e c t  t h e  presence of p o s i t i o n a l  and 
spontaneous nystagmus, using s tandard electronystagmographic techniques.  
Data analyses  a r e  no t  complete a t  t h i s  time; however, pre l iminary evalu- 
a t i o n s  i n d i c a t e  t h a t  no unusual nystagmus occurred i n  any of t h e  crewmen 
dur ing t h e  p o s t f l i g h t  t e s t  period.  

Standard c l i n i c a l  audiometry t e s t s  were performed on each crewman 
30 days before  launch and 1 and 11 days a f t e r  recovery. No s i g n i f i c a n t  
p o s t f l i g h t  changes i n  Ilearing were o5served i n  any of t h e  crewmen. 

summary of r e s u i ~ s . -  Tilt: wsi s ign i i i ~ i r i i t  dzita j - i c l d d  fro: exqxri- 
ment MI31 was i n  t h e  a r e a  of no t ion  s ickness .  Five of t h e  n ine  Skylab 
crewmen experienced some degree of discomfort  t h a t  resembled motion sick- 
ness  dur ing the  f i r s t  s e v e r a l  days of t h e  v i s i t .  Following t h i s  i n i t i a l  
per iod of adap ta t ion ,  a l l  crewir~en became e s s e c t i a l l y  i m u n e  t o  m t i a n  
s ickness  a s  provoked by t h e  experiment MI31 protocol .  This  increased 
t o l e r a n c e  t o  v e s t i b u l a r  s t r e s s  t r a n s f e r r e d  t o  t h e  p o s t f l i g h t  period f o r  
a l l  crewmen. The f i r s t  and second v i s i t  crews d i d  no t  r e t u r n  t o  t h e i r  
b a s e l i n e  l e v e l s  of s u s c e p t i b i l i t y  u n t i l  approximately 60 days a f t e r  re- 
covery. 

No o v e r a l l  t r ends  have been de tec ted  wi th  e i t h e r  t h e  oculogyral  il- 
l u s i o n  o r  s p a t i a l  l o c a l i z a t i o n  t e s t s ;  however, d e t a i l e d  comparisons of 
d a t a  from t h e  t h r e e  v i s i t s  a r e  no t  complete. Some crewmen tended t o  see  
t h e  oculogyral  i l l u s i o n  wi th  s l i g h t l y  g r e a t e r  frequency i n f l i g h t  while 
o t h e r s  saw t h e  i l l u s i o n  wi th  equal  o r  s l i g h t l y  l e s s e r  frequency than pre- 
f l i g h t .  The important f a c t  is t h a t  a l l  crewmen could s e e  t h e  i l l u s i o n  i n  
zero g r a v i t y  and t h i s  i n d i c a t e s  t h a t  t h e  semic i rcu la r  c a n a l s  of t h e  inner  
e a r  were i n t a c t  and were func t ion ing  normally. 



No hardware anomalies occurred,  except f o r  t h e  c h a i r  r e s t r a i n t  prob- 
l e m  t h a t  was s a t i s f a c t o r i l y  resolved before  the  second v i s i t  launch. 

3.3.10 Experiment MI33 - Sleep Monitoring 

The s l e e p  monitoring experiment was performed by t h e  S c i e n t i s t  P i l o t  
t h r e e  t imes p r e f l i g h t ,  1 8  times i n f l i g h t ,  and t h r e e  times p o s t f l i g h t .  On 
17 of t h e  i n f l i g h t  s l e e p  monitoring n i g h t s ,  s a t i s f a c t o r y  real-t ime d a t a  
were obta ined.  Magnetic t ape  recordings  were made of each i n f l i g h t  per- 
formance and these  t apes  were re turned f o r  a n a l y s i s  by t h e  p r i n c i p a l  in- 
v e s t i g a t o r .  

The experiment, o r i g i n a l l y  approved f o r  only t h e  f i r s t  and second 
v i s i t s ,  was added t o  the  t h i r d  v i s i t  approximately 1 month p r i o r  t o  t h e  
launch. The experiment was o r i g i n a l l y  approved f o r  e i g h t  performances 
on t h e  t h i r d  v i s i t  because only n ine  caps were a v a i l a b l e  i n  t h e  Workshop. 
However, i n i t i a l  i n f l i g h t  t e s t s  demonstrated t h a t  t h e  caps could be re- 
used s u c c e s s f u l l y  s e v e r a l  t i m e s  i f  a d d i t i o n a l  e l e c t r o l y t e  was appl ied t o  
t h e  e lec t rodes .  A s  a r e s u l t  of t h e s e  i n f l i g h t  t e s t s ,  a d d i t i o n a l  i n f l i g h t  
experiment performances were approved. 

Analysis of t h e  f i r s t  and second v i s i t  tapes confirmed t h a t  t ape  
recorder  1 became i n o p e r a t i v e  dur ing t h e  f i r s t  v i s i t .  Therefore,  on the  
t h i r d  v i s i t ,  a l l  i n f l i g h t  d a t a  were recorded on t ape  recorder  2. Th i s  
n e c e s c i t a t e d  changing t h e  magnetic t ape  a t  t h e  midpoint of t h e  t h i r d  
v i s i t .  On v i s i t  day 51, t h e  S c i e n t i s t  P i l o t  repor ted e r r a t i c  c a l i b r a -  
t i o n  readings  when t h e  p reampl i f i e r  c a b l e  w a s  mved .  This r e s u l t e d  i n  
i i m  l u s s  ui zpprcx l i r~tc ly  75 percent cf the d a t a  f o r  t h e  preceding s leep  
per iod.  The c a b l e  w a s  replaced wi th  a spare  and opera t ion  w a s  s a t i s f a c -  
tory .  This  anomaly i s  discussed i n  s e c t i o n  16.2.2. 

A prel iminary a n a l y s i s  of  t h e  t h i r d  v i s i t  d a t a  shows a marked de- 
c rease  i n  t o t a l  r e s t  and t o t a l  s l e e p  of t h e  S c i e n t i s t  P i l o t  dur ing t h e  
f i r s t  35 days of t h e  v i s i t .  A f t e r  35 days,  t h e  S c i e n t i s t  P i l o t  appeared 
t o  approach h i s  p r e f l i g h t  b a s e l i n e  l e v e l  and displayed an i n c r e a s e  i n  t h e  
deeper s t a g e s  of s l e e p  and a corresponding decrease  i n  l i g h t e r  s t a g e s  of 
s l eep .  The very pre l iminary a n a l y s i s  i n d i c a t e s  t h a t  t h e  changes observed 
i n  f l i g h t  on t h e  t h i r d  v i s i t  correspond t o  some e x t e n t  wi th  those  seen 
dur ing t h e  28-day f i r s t  v i s i t  ( t a b l e  3-1). The f i r s t - v i s i t  S c i e n t i s t  
P i l o t  showed a decrease i n  t o t a l  s l eep  time, a decrease  i n  s l e e p  l a t e n c y ,  
a s l i g h t  i n c r e a s e  i n  t h e  s t a g e  4 percentage s l e e p ,  and a decrease  i n  
s t a g e  2 .  The second-vis i t  S c i e n t i s t  P i l o t  showed no s i g n i f i c a n t  change 
i n  t o t a l  s l e e p  t ime or  s l e e p  l a tency ,  but  s t a g e  3 decreased s i g n i f i c a n t l y  
p o s t f l i g h t ,  and s t a g e  4 showed a s i g n i f i c a n t  decrease  dur ing and follow- 
ing t h e  v i s i t  ( t a b l e  3-1). Both t h e  f i r s t  and second v i s i t  s u b j e c t s  
showed a decrease  of t h e  rapid-eye-movement s t a g e  of s l e e p  near  t h e  t e r -  
mination of t h e i r  v i s i t s  and inc reases  of the  rapid-eye-movement s t a g e  
p o s t f l i g h t .  
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The a1 t e r a t i o n s  of the  i n f  l i g h t  s l eep ing  pa t  t e r n s  showed no adverse 
e f f e c t  upon t h e  crew performance c a p a b i l i t y .  

3.3.11 Experiment M151 - Time and Motion Study 

A l l  photography requirements were accomplished wi th  t h e  except ion of 
documenting one experiment M509 (Astronaut Maneuvering Equipment) test. 
I n  a d d i t i o n  t o  the  requirements,  f o u r  experiment M092/M093/M171 t e s t s  were 
photographed. 

Only a p a r t i a l  screening of t h e  re turned 16-mm f i l m  from t h e  t h i r d  
v i s i t  has been completed. A c o r r e l a t i o n  of t h i s  v i s i t  voice-dump d a t a  
wi th  te lemetry  i n d i c a t e s  t h a t  the  t h i r d  v i s i t  r e s u l t s  w i l l  compare favor- 
a b l y  t o  those  of f i r s t  and second v i s i t s .  

The t h i r d  v i s i t  d a t a  appear t o  support  the  theory t h a t  7 t o  14 days 
a r e  required t o  f u l l y  adapt t o  t h e  zero-gravity environment. The t i m e  
i n i t i a l l y  required depends on the  na tu re  of the  t a sk ,  and t h e  type and 
frequency of p r e f l i g h t  t r a l n i n g  accomplished. 

The t h i r d  v i s i t  crew b e t t e r e d  t h e i r  bes t  experiment M09:! p r e f l i g h t  
performance time on t h e i r  second i n f l i g h t  t e s t  which was per.'ormed on 
v i s i t  days 1 0  and 11. There was some v a r i a b i l i t y  i n  t h e  perforrna,~ce time 
u n t i l  v i s i t  day 30 when t h e  crew c o n s i s t e n t l y  began t o  improv? u n c i l  they 

T e n t .  were b e t t e r i n g  t h e i r  b e s t  p r e f l i g h t  t ime by almost 20 pe.. 

The importance t h a t  good f i d e l i t y  p r e f l i g h t  t r a i n i n g  has on e a r l y  
inf i i g h i  perf irrmance was d e ~ o n s t r s t e d  dur ing t h e  f i r s t  ex t raveh icu la r  ac- 
t i v i t y .  The t h i r d  v i s i t  crew completed the  t a s k  o r i g i n a l l y  planned f o r  
two s e p a r a t e  ex t raveh icu la r  a c t i v i t i e s  i n  one 6 112-hour ex t raveh icu la r  
a c t i v i t y .  The increased e f f i c i e n c y  is a t t r i b u t e d  t o  t h e  n e u t r a l  buoyancy 
t r a i n i n g  which allowed end-to-end t a s k  s imulat ion in t h e  same manner as 
i n  zero g r a v i t y ,  

The t h i r d  v i s i t  is s i g n i f i c a n t  i n  t h a t  the  crew continued t o  improve 
t h e i r  s k i l l  i n  working i n  zero g r a v i t y  and they re tu rned  t o  e a r t h  i n  good 
mental and phys ica l  condi t ion.  

3.3.12 Experiment M171 - Metabolic A c t i v i t y  

A l l  experiment M171 hardware functioned normally dur ing t h e  t h i r d  
v i s i t .  Twelve i n f l i g h t  experiment M171 t e s t s ,  spaced 5 t o  8 days a p a r t ,  
were obta ined on each crewman. The ergometer received a d d i t i o n a l  use a s  
a d a i l y  e x e r c i s e r  f o r  each crewman. Crew i n f l i g h t  phys io log ica l  responses 
t o  e x e r c i s e  were e s s e n t i a l l y  wi th in  t h e  p r e f l i g h t  b a s e l i n e  ranges through- 
o u t  t h e  v i s i t .  A decreased v i t a l  capac i ty  was observed i n f l i g h t  i n  a l l  



t h e  crewmen, but  t h e  decrease  d i d  no t  appear t o  i n t e r f e r e  wi th  t h e i r  a b i l -  
i t y  t o  exerc i se .  Evaluat ion of t h e  p o s t f l i g h t  pulmonary func t ion  tests 
i n d i c a t e s  no s i g n i f i c a n t  d i f f e r e n c e s  from va lues  obta ined p r e f l i g h t ,  in- 
c luding v i t a l  capaci ty .  Immediately p o s t f l i g h t ,  however, a l l  crewmen ex- 
h i b i t e d  a s i g n i f i c a n t  decrement i n  t h e i r  response t o  t h e  experiment exer- 
c i s e  p ro toco l  a s  compared t o  t h e  p r e f l i g h t  o r  i n f l i g h t  responses. The 
most obvious i n d i c a t i o n s  of t h i s  were i n  e leva ted  h e a r t  r a t e s  and de- 
creased a c a r d i a c  output  f o r  t h e  same workload and oxygen consumption. 
A s i g n i f i c a n t l y  decreased p o s t f l i g h t  s t r o k e  volume was observed only i n  
t h e  Commander. A l l  of the  changes were of t h e  same o r d e r  of magnitude a s  
noted i n  t h e  previous Skylab crews, but  t h e  t h i r d  v i s i t  crew re ta rned  t o  
normal more rap id ly .  P r e f l i g h t  b a s e l i n e  range va lues  f o r  most parameters 
were a t t a i n e d  4 days a f t e r  recovery. 

3.3.13 Experiment SO15 - Zero Gravi ty  E f f e c t s  on Human C e l l s  

The hardware f o r  experiment SO15 w a s  flown only on t h e  second Skylab 
v i s i t .  The fol lowing d a t a  a r e  i n  a d d i t i o n  t o  t h e  d a t a  previously  repor ted 
i n  re fe rence  4. 

The experiment SO15 hardware operated normally. The 20-power and 
40-power time-lapse 16-mm photomicrographs produced f i l m s  of e x c e l l e n t  
qua l i ty .  The l i v e  c e l l  specimens i n  growth curve module 2 were re turned 
v i a b l e  and have been subsequently subcui tured and bankad us ing deep f r e e z e  
techniques  t o  mak? them a v a i l a b l e  f o r  f u t u r e  resedrch.  Few l i v e  c e l l s  re- 
mained i n  growth curve module 1. There was no d i s c e r n i b l e  evidence t o  in- 
d i c a t e  a reason f o r  t h e  l a c k  of more l i v e  c e l l s  i n  growth curve nodule 1. 
The number of l i v e  c e l l s  returned by growth curve module 2 f u l f i l l e d  t h e  
requirements of t h i s  experiment. 

Summary of r e s u l t s . -  A t  t h i s  t i m e ,  no change is ind ica ted  i n  t h e  
zero g r a v i t y  growth r a t e ,  c e l l  cyc le ,  o r  g ross  c e l l u l a r  morphology. Fur- 
t h e r  d e t a i l e d  a n a l y s i s  is being conducted i n  t h e  fol lowing a reas :  

a. Elect ron microscopy 

b. Scanning electron microscopy 

c. Microspectrophotometry 

d. Phase microscopy 

e. I n t e r f e r e n c e  microscopy 

f .  Anoptral-phase microscopy 

g. Karyotyping 



h. Chromosome banding 

i. Motion p i c t u r e  a n a l y s i s  

1. Rate  of c e l l  movement 

2. S i z e ,  l o c a t i o n  and d i s t r i b u t i o n  of c e l l  o r g a n e l l e s  

3.  M i t o s i s  

4. P i n o c y t o s i s  

3.3.14 V i s u a l  L igh t  F l a sh  Phenomena 

The l i g h t  f l a s h e s  observed on t h e  Apollo mis s ions  have been g e n e r a l l y  
a t t r i b u t e d  t o  t h e  passage  of  heavy cosmic n u c l e i  (atomic no. 5 6) through 
t h e  r e t i n a .  Cerenkov r a d i a t i o n  from r e l a t i v i s t i c  p a r t i c l e s  is  be l i eved  
t o  be r e s p o m i b l e  f o r  some f l a s h e s .  A s  such ,  t h e  f l a s h  r a t e  is s t r o n g l y  
l a t i t u d e  dependent f o r  a n  o b s e r v e r  i n  e a r t h  o r b i t .  T h i s  e f f e c t  is a  con- 
sequence of gaomagnetic c u t o f f  and t h e  s t e e p  energy  spectrum of cosmic 
r a y  f l u x e s .  I n  o t h e r  words, on! y cosmic p a r t i c l e s  w i t h  very  h igh  energy  
can reach  o r b i t a l  a l t i t u d e s  n e a r  t h e  e q u a t o r ,  wh i l e  p a r t i c l e s  w i t h  lower 
e n e r g i e s  can  be i n c i d e n t  nea r  t h e  magnetic  po le s .  The re fo re ,  p o l a r  cos- 
mic r a y  f l u x e s  a r e  much l a r g e r  t han  e q u a t o r i a l  f l u x e s .  The dependence 
o f  t h e  l i g h t  f l a s h  f requency on l a t i t u d e  was v e r i f i e d  by d a t a  c o l l e c t e d  
on t h e  Skylab t h i r d  v i s i t .  

I n  a d d i t i o n  t o  p rov id ing  t h i s  impor tant  v e r i f i c a t i o n ,  t h e  expe r i -  
ment provided ext remely  i n t e r e s t i n g  d a t a  r e l a t i v e  t o  l i g h t  f l a s h e s  i n  t h e  
South A t l a n t i c  Anomaly a r e a  ( f i g .  3-9) .  The observed  l i g h t  f l a s h  f r e -  
quency i n c r e a s e d  d r a m a t i c a l l y  when t h e  Workshop passed  through t h e  South 
A t l a n t i c  Anomaly a r e a .  S ince  t h i s  is  i n  a  r e g i o n  of  r e l a t i v e l y  h igh  geu- 
magnetic  c u t o f f ,  t r apped  r a d i a t i o n ,  r a t1  . r  t han  primary cosmic r a y s ,  i s  
assumed t o  have caused  most of t h e  f l a s h e s  observed  i n  t h i s  a r e a .  Many 
of  t h e s e  f l a s h e s  have t h e  same c h a r a c t e r i s t i c s  a s  rhose  observed  i n  low 
c u t o f f  r e g i o n s  and on t h e  Apollo mis s ions ,  so i t  is p l a u s i b l e  t h a t  t h e  
same types  of heavy cosmic p a r t i c l e s  are r e s p o n s i b l e .  Alpha p a r t i c l e s  
and h e a v i e r  n u c l e i  have been observed a s  components of  t h e  o u t e r  r a d i a -  
t i o n  b e l t ,  b u t  no known o b s e r v a t i o n  h a s  been made of heavy n u c l e i  i n  t h e  
i n n e r  b e l t .  I f  heavy p a r t i c l e s  a r e  t h e  cause ,  t h e  t h i r d  v i s i t  d a t a  a r e  
t h e  f i r s t  i n d i c a t i o n  of  t h e  p re sence  of  s w h  n u c l e i  i n  t h e  i n n e r  zone of  
t rapped r a d i a t i o n .  

F u r t h e r  measurements o f  p a r t i c l e c  i n  t h e  South A t l a n t i c  Anomaly a r e a  
must be made t o  d e f i n i t e l y  de termine  whether  the f l a s h e s  observcd there 
a r e  due t o  t r apped  p ro tons  o r  t o  h e a v i e r  n u c l e i .  F u r t h e r  e x p l o r a t i o n  of 





the  l i g h t  f l a s h  phenomena i s  planned a s  p a r t  of the  Apollo-Soyuz Test  
P r o j e c t ,  Data from t h a t  mission should a i d  in t h e  i n t e r p r e t a t i o n  of the  
Skylab f ind ings ,  Data from t h i s  experiment, however, provides a sound 
b a s i s  f o r  t h e  premise t h a t  t h e  v i s u a l  l i g h t  f l a s h e s  a r e  caused by cosmic 
rays .  Supplement 2 w i l l  provide an o v e r a l l  eva lua t ion  and a n a l y s i s  of 
t h e  d a t a  obtained from t h i s  experiment. 

3.3.15 Tes t ing  and Prese rva t ion  of Muscle Function 

The l o s s  of muscle func t ion ,  including s t r e n g t h ,  coordinat ion,  and 
endurance is of m j o r  importance under weight lessness .  V i r t u a l l y  no 
spontaneous l e g  e x e r c i s e  e x i s t s  i n  zero g rav i ty .  The maictenance of t h e  
l e g  and back func t ion  is  most c r i t i c a l  f o r  s e v e r a l  reasons.  Thf. a b i l i t y  
t o  walk must be maintained and c e r t a i n  vascu la r  func t ions  cf tk- l e g  must 
be preserved.  Loss of arm s t r e n g t h  would cause r e l a t i v e l y  l i t t l e  d i s -  
a b i l i t y  on r e t u r n  t o  t h e  one-g environment. 

The p r e f l i g h t  and p o s t f l i g h t  muscle func t ion  t e s t i n g  on t h e  crewmen 
from a l l  v i s i t s  was accomplished wi th  Cybex equipment, a constant  v e l o c i t y  
device  which can absorb and record maximum muscular f o r c e s  through a com- 
p l e t e  range of motion. Ten r e p e t i t i o n s  of elbow f l e x i o n s  and ex tens ioas  
and knee-hip f l ex ion /ex tens ions  a t  765 m i l l i r a d i - n s  per  second allowed 
good determinat ions  of the  maximum f o r c e s  and t h e  f a t i g u e  decrement, 

The l o s s  of muscle func t ion  and mass of the  Skylab f i r s t  v i s i t  crew- 
men i n  28 days was r a t h e r  s t r i k i n g .  Not only  were t h e r e  complaints of 
soro  muscles and j o i n t s ,  and p a r e s t h e s i a s  ( h y p e r s e n s i t i v i t y )  of the  f e e t ,  
but  t h e r e  were l o s s e s  of l e g  ext .  nsor  (muscles requ i red  i n  s t and ing)  
f o r c e s  of up t o  30 percen t ,  even i n  the  Commander who performed reasonable  
amounts of e x e r c i s e  on t h e  b i c y c l e  ergometer. 

Two e x e r c i s e  devices  t h a t  allowed reasonably good arm e x e r c i s e  and 
some inc rease  i n  l e g  e x e r c i s e  were used on the  second v i s i t .  P o s t f l i g h t  
examinations revealed good arm func t ion  p rese rva t ion  bu t ,  a s  expected,  a 
l a r g e  l o s s  of l e g  func t ion ,  though r e l a t i v e l y  less than on t h e  Skylab 
f i r s t  v i s i t .  P o s t f l i g h t  j o i n t  and muscle complaints continued a s  we l l  a s  
some unsteadiness  i n  walking. 

A t r e a d m i l l  device  capable of supplying necessary  f o r c e s  t o  maintain 
one-g muscle func t ion  was developed f o r  t h e  t h i r d  v i s i t  and is descr ibed 
i n  appendix A. Metabolic measurements i n d i c a t e  t h a t  the  t r e a d m i l l  re- 
quired approximately a one-third maximum e f f o r t  a s  determined by t h e  
b i c y c l e  ergometer. The t h i r d  v i s i t  crew made t h e  t r e a d m i l l  a p a r t  of 
t h e i r  s tandard d a i l y  e x e r c i s e  p ro toco l  by walking f o r  up t o  10 minutes 
o r  jogging f o r  s e v e r a l  minutes. I n  a d d i t i o n ,  t h e  crew devised o t h e r  ex- 
e r c i s e s  such a s  l e a p s  a g a i n s t  bungee s t r a p s  and t o e  rises a g a i n s t  bungee 
shock cords.  



The t h i r d  v i s i t  crew had less obvious d i f f i c u l t y  i n  walking, stand- 
ing,  and s t a b i l i t y  upon l and ing  than t h e  two previous  crews, i n  s p i t e  of 
t h e  longer  s t ay .  The complaints about s o r e  j o i n t s  and m u ~ c l e s  were mini- 
mal and no p a r e s t h e s i a s  were noted.  Q u a n t i t a t i v e  t e s t i n g  confirms these  
f ind ings  and al though f i n a l  r e s u l t s  have not been compiled, l i t t l e  o r  no 
decrement i n  l e g  muscle f u n c t i o n  is  evident .  

Summary of r e su l t s . -  This i n v e s t i g a t i o n  produced t h e  fo l lowing two 
f ind ings  of fundamental importance. F i r s t ,  a b r i e f  t i m e  of weight less-  
ness  produces a rap id  and s e r i o u s  decrement i n  muscle func t ion  pa r t i cu -  
l a r l y  i n  the  g r a v i t y  opposing muscles of  t h e  leg .  Second, t h e s e  decre- 
ments can be avo-.led by r e l a t i v e l y  b r i e f  pe r iods  of p roper ly  designed 
exerc i se .  

3.3.16 Anthropometry 

Anthropometric s t u d i e s  were designed t o  follow changes i n  body shave,  
composition, and e s p e c i a l l y  the  s h i f t s  i n  body f l u i d s  under zero-g and 
one-g condi t ions .  Srudies  designed t o  follow the  changes cons i s t ed  of 
the  following i n t e r r e l a t e d  measurements. 

a .  n i r e c t  measurements of he igh t  a s  we l l  a s  a s e r i e s  of t runk g i r t h  
measurements and arm and l e g  g i r t h  measurements were taken a t  3 centime- 
t e r  increments us ing c a l i b r a t e d  t apes .  T h ~ s c  measurements allowed over- 
a l l  changes t o  be documented and, i n  a d d i t i o n ,  allowed documentation of 
changes i n  l e g  volume secondary t o  f l u i d  s h i f t s .  

b. Center of gravi ty /mass  measurements were made p r e f l i g h t ,  i n f l i g h t  
and p o s t f l i g h t  t o  a l low f u r t h e r  conf i rmat ion of  s h i f t s  of f l u i d  and of 
o t h e r  mass. P r e f l i g h t  and post f ! ight  center-of-gravi ty  d e t e r n i n a t i o n s  
were made by balancing each crewman on a t e e t e r  board. I n f l i g h t ,  t h e  
c e n t e r  of mass was measured d i r e c t l y  by applying an a c c e l e r a t i n g  fo rce  
a t  r i g h t  ang les  t o  the  long body a x i s  and f i n d i n g  the  n u l l  po in t .  

c .  Photographs of t h e  crewmen were taken a t  r egu la r  i n t e r v a l s  dur- 
ing  the  v i s i t .  Front,  s i d e ,  and r e a r  exposures were made wit;] the  crew- 
men i n  t h e  s t andard  anatomical  p o s i t i o n ,  and a g a i n s t  t h e  "f loor"  g r i d  t o  
al low f u r t h e r  eva lua t ion  of body conf igura t ion  changes. A companion se- 
r i e s  of f r o n t  and s i d e  views c f  the  crewmen f l o a t i n g  f r e e l y  i n  a re laxed 
p o s i t i o n  were made t o  document p o s t u r a l  changes caused by weight lessness .  
An infrared-augmented c o l o r  f i l m  was used t o  enhance t h e  s u p e r f i c i a l  ve- 
nous p a t t e r n  and t o  a l low f u r t h e r  documentation of f l ~ i d  s h i f t s .  

d .  Limited yre-exerc ise  and post -exerc ise  arm and l e g  g i r t h  measure- 
ments were made i n f l i g h t  t o  compare wi th  t h e  normally expected inc rease  
i n  muscle s i z e  wi th  exerc i se .  
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Since a l l  of the  measurements were i n t e r r e l a t e d ,  the  r e s u l t s  a r e  de- 
s c r i b e d  c o l l e c t i v e ? y .  Anthropometric measurements made on two crewmen on 
v i s i t  day 3 provided,  f o r  t h e  f i r s t  time, d i r e c t  evidence of the  probable 
cause of the  major i ty  of t h e  s i g n i f i c a n t  ca rd iovascu la r  changes t h a t  have 
been observed i n  space f l i g h t .  This  evidence is t h e  very l a r g e  s h i f t  of 
blood and t i s s u e  f l u i d s  from the  l e g s  jn to  the  upper p o r t i o n s  of the  bc 'y 
and t h i s  amounted t o  some 2 t o  2.5 l i t e r s  i n  each s u b j e c t  by t h e  t h i r d  
day ok the  v i s i t .  Although continued body conf igura t ion  changes were 
noted dur ing  the  v i s i t ,  t he  changes were i n s i g n i f i c a n t  when compared t o  
the  i n i t i a l  s h i f t .  Fur the r  documentation of t h e  flu:d s h i f t s  by the  cen- 
t e r  of mass measurements was unfor tuna te ly  delayed. However, when per- 
formed, the  c e n t e r  of mass measurements confirmed two f a c t s :  

a .  Making an accura te  measurement, apparen t ly  t o  wi th in  a few m i l l i -  
meters,  w a s  easy and p r a c t i c a l .  

h. The expected f l u i d  s h i f t  had, i n  f a c t ,  occurred.  

Film process ing is incomplete,  but  a c-rsory examination of some of 
the  f i l m  shows t h a t  s e v e r a l  t e c h n i c a l  d i f f i c u l t i e s  e x i s t .  The f i r s t ,  in- 
adequate r e s o l u t i o n ,  was a n t i c i p a t e d  p r e f l i g h t  when the  35-mm camera was 
s u b s t i t u t e d  f o r  t h e  70-mm camera. Fur the r ,  t h e r e  appears  t o  have been 
exposure and l e n s  o r  focus d i f f i c u l t i e s .  I n  s p i t e  of t h e  d i f f i c u l t i e s ,  
p u f f i n e s s  and marked venous d i s t e n s i o n  a r e  evidence t h a t  t h e  f l u i d  and 
blood s h i f t s  r e s u l t e d  i n  a hypervolemic s t a t e  f o r  the  upper ve ins  and 
t i s s u e s .  

* 
Simple t h i r d  v i s i t  measurements documented the  changes i n  t h e  body 

under we igh t l e ssness  caused by t h e  removal of one g from t h e  cardiovascu- 
l a r  system and on the  gravity-opposing muscles f o r  t h e  f i r s t  time. These 
changes might account f o r  a number of  t h e  e f f e c t s  noted i n  space f l i g h t  
inc lud ing  head f u l l n e s s ,  n a s a l  s t u f f i n e s s ,  i n j e c t e d  conjunct ive ,  decreased 
t o l e r a n c e  t o  nega t ive  p r e s s u r e  and g-loads, and reduced blood volume and 
red c e l l  miss. 

The probable exp lana t ion  of the  reduced blood volume and red blood 
c e l l  mass (see  sec .  3.3.8) dur ing  p o s t f l i g h t  measurements is the  body's 
a t tempt  t o  produce a blood volume/cell  mass compatible wi th  t h e  e f fec -  
t i v e l y  reduced vascu la r  space. The -educed blood volume and r e s u l t i n g  
a n e m i ~  nqy, i n  t u r n ,  exp la in  t h e  reduced work t o l e r a n c e  and o r t h o s t a t i c  
t o l e r a n c e  seen upon r e t u r n  t o  one g. Impl ica t ions  f o r  t h e  lower body neg- 
a t i v e  p r e s s u r e  ( see  sec .  3.3.6) reduccd t o l e r a n c e s  seen i n  f l i g h t  a r e  a l s o  
evideri t . 

Other i n t e r e s t i n g  bu t  l e s s  s i g n i f i c a n t  changes were t h e  inc rease  i n  
he igh t  and the  reduc t ion  i n  abdoininal and ches t  circumferences,  both  of 
which r a p i d l y  reversed upon r e t u r n  t o  one g. The l a t t e r ,  p l u s  s h i f t i n g  



blood volume, is a p o s s i b l e  exp lana t ion  f o r  the  reduced v i t a l  c a p a c i t i e s  
(maximum brea th  volumes) seen wi th  t!~e metabolic experiment (see  sec .  
3.3.12). 

Also of n o t e  a r e  changes i n  pos tu re  caused by t h e  un1oadir.l; of var- 
ious  opposing muscle groups. Such changes i n  f o r c e  r e s u l t  i n  hyperexten- 
s i o n  (bending backward) of head and neck, a s  we l l  a s  a v a r i e t y  of o t h e r  
changes a t  the  beginning of f l i g h t .  A s e r i e s  of f i l m s  were taken t o  doc- 
ument these  changes, but  axe not  y e t  a v a i l a b l e  f o r  a n a l y s i s .  

3.3.17 Muscular Electromechanical A c t i v i t y  

The d u r a t i o n  of the  Ach i l l e s  (ankle)  r e f l e x e s  and a s s o c i a t e d  gas t ro -  
cnemius ( c a l f )  muscle e l e c t r i c a l  a c t i v i t y  of the  t h i r d  v i s i t  crew was re- 
corded p r e f l i g h t  and p o s t f l i g h t .  P l a n t a r  movement was measured by means 
of a displacement t r ansducer  and t h e  muscle e l e c t r i c a l  a c t i v i t y  was rc- 
corded by means of su r face  e l  ec t rodec . I n  a d d i t i o n ,  e l  ectromyographic 
records  were obta ined on the  r i g h t  gastrocnemius muscle dur ing  a r i g h t  
toe  s t and ,  f i r s t  suppor t ing the  t o t a l  body weight and then repeated whi le  
holding a 18.1 kilogram weight i n  t h e  r i g h t  hand. P o s t f l i g h t  d a t a  were 
compared t o  t h e  p r e f l i g h t  b a s e l i n e  values .  

The following t a b l e  summarizes t h e  p o s t f l i g h t  t r e n d s  of the  deep ten- 
don r e f l e x e s  on each of the  t h i r d  v i s i t  crewmen. 

P o s t f l i g h t  
measurement 

Recovery day 

Recovery p l u s  1 day 

Recovery p l u s  5 days 

Recovery p lus  11 days 
-- 

Dur 

Commander 

, t i o n ,  mi l l i seconds  

Sumary of r e s u l t s . -  The observed t r ends  a r e  s i m i l a r  t o  those  ob- 
t a i n e d  from the  second v i s i t  crew; however, the  t h i r d  v i s i t  Cormander 
and S c i e n t i s t  P i l o t  r e tu rned  t o  t h e  p r e f i i g h t  values  e a r l i e r  than t h e  
P i l o t  o r  any of t h e  second v i s i t  crew. 

The mst p l a u s i b l e  exp lana t ion  nov seems t o  be t h e  a l t e r e d  r e a c t i v -  
i t y  of t h e  autonomic system toge the r  wi th  the  imbalance of t h e  g r a v i t )  
and a n t i g r a v i t y  muscular systems. Also, t h e  e f f e c t  of changes i n  t h e  
hormonal s e c r e t i o n  p a t t e r n  arid calcium metabolism cannot be ru led  ou t .  



Electromyographic r ecords  a r e  s t i l l  t o  be  analyzed f o r  any pss t -  
f l i g h t  a l t e r a t i o n  of muscle e l e c t r i c a l  a c t i v i t y .  

3.3.18 T a s t e  and Aroma 

Tests were i n i t i a t e d  on the  t h i r d  v i s i t  t o  determine i f  t a s t e  and 
aroma th resho lds  a r e  s u b j e c t  t o  change i n  zero  g r a v i t y  a s  a r e s u l t  of 
comments from t h e  f i r s t  two v i s i t  crews t h a t  t h z  food t a s t e d  more bland 
than on e a r t h .  F igure  3-10 shows t h e  packaging arrangement f o r  t h e  t a s t e  
test and f i g u r e  3-11 shows the  packaging used f o r  t h e  aroma test .  

These f i n d i n g s  suppor t  t h e  requirement f o r  i n f l i g h t  condiments so  
t h a t  i n d i v i d u a l s  can season t h e  food t o  t h e i r  t a s t e  p re fe rences .  

The r e s u l t 3  of t h e  t a s t e  test r e v e a l  a  s h i f t  i.1 t h r e s h o l d  l e v e l s  f o r  
t h e  d e t e c t i o n  of c e r t a i n  t a s t e  sensa t ions .  The s h i f t s  v a r i e d  h igh ly  wi th  
each crewman. This  v a r i a t i o n  i n  r e a c t i o n  i s ,  perhaps,  t h e  most s i g n i f i -  
can t  f i n d i n g  because i t  was unexpected. The r e s u l t s  a r e  presented  i n  
t a b l e  3-11. The r e s u l t s  of the  aroma tests,  s o  f a r ,  g ive  no evidence 
t h a t  t h e r e  is any change in  the  a b i l i t y  of any crewmen t o  i d e n t i f y  aromas. 
The r e s u l t s  of :he aroma tests a r e  shown i n  t a b l e  3-111. 

The Commander had no change i n  h i s  t h r e s h o l d  t o  t h e  four  b a s i c  f l a -  
v o r s  (sweet, sour ,  salt ,  and b i t t e r ) .  However, t h e  Commander's a b i l i t y  
t o  d e t e c t  t h e  aromat ic  orange f l a v o r  was s i g n i f i c a n t l y  inc reased ,  bu t  
h i s  th resho ld  f o r  the  aromatic onion f l a v o r  remained unchanged. These 
d a t a  sugges t  t h a t  t h e  Commander would exper ience  no o v e r a l l  dramat ic  
change i n  f l a v o r  response t o  foods when comparing i n f l i g h t  t o  p r e f l i g h t  
responses.  

The P i l o t  e x h i b i t e d  an increased s e n s i t i v i t y  t o  s a l t  and a very  dim- 
in i shed  s e n s i t i v i t y  t o  both  of the  aromat ic  f l a v o r s  t e s t e d  (orange and 
onion) .  The o t h e r  f l a v o r s  ( b i t t e r ,  sour ,  and sweet)  remained e s s e n t i a l l y  
unchanged. These t e s t s  sugges t  t h a t  foods would t a s t e  d i f f e  e n t l y  t o  t h e  
P i l o t  dur ing the  i n f l i g h t  test a s  compared t o  the  p r e f l i g h t  r e s u l t s .  

The S c i e n t i s t  P i l o t  showed 3 marked enhancement i n  t h e  a b i l i t y  t o  
d e t e c t  sweet f l a v o r  and a cotcomitant  l o s s  i n  t h e  a b i l i t y  t o  d e t e c t  b i t t e r  
f l a v o r .  Th i s  was coupled w i t h  an enhanced a b i l i t y  t o  d e t e c t  orange f l a v o r .  
S e n s i t i v i t y  t o  o t h e r  f l a v o r s  remained unchanged. These r e s u l t s  sugges t  
t h a t  foods might t a s t e  sweeter  t o  t h e  S c i e n t i s t  P i l o t  i n f l i g h t  a s  compared 
t o  the p r e f l i g h t  t e s t ,  
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3.3.19 Gypsy Moth Eggs Experiment 

The primary purpose o f  t h e  gypsy moth eggs experiment was t o  ascer-  
t a i n  whether prolonged exposure t o  zero g r a v i t y  would prenraturely termin- 
a t e  t h e  diapause of embryonated moth eggs. I f  success fu l ,  t h e  r e s u l t s  
could l ead  t o  an improved l abora to ry  technique i n  r e a r i n g  l a r g e  numbers 
of gypsy m t h s  f o r  a p p l i c a t i o n  i n  t h e  s t e r i l e  male technique of a i d i n g  
i n  t h e  c o n t r o l  of propagation of t h i s  i n s e c t .  

Five hundred wi ld  gypsy moth eggs were placed i n  one v i a l  and 500 
tame moth eggs in a secona v i a l .  The v i a l s  were then t r a n s f e r r e d  from 
t h e  comand module t o  t h e  O r b i t a l  Workshop as soon as p o s s i b l e  a f t e r  Work- 
shop a c t i v a t i o n  and were taped t o  t h e  i n f l i g h t  medical support  system 
locker  a t  t h e  wardroom entrance.  The S c i e n t i s t  P i l o t  made d a i l y  obser- 
v a t i o n s  of t h e  egg demonstration v i a l  assembly t o  a s c e r t a i n  i f  t h e  eggs 
were hatching.  

On v i s i t  day 30, f i v e  o r  s i x  wi ld  eggs had hatched. This  number in- 
creased t o  a t o t a l  of 10 t o  1 2  by v i s i t  day 3 3 .  Again on v i s i t  day 55, 
two more wi ld  eggs hatched f o r  a t o t a l  of 12 t o  14 hatchings.  I n  c o n t r a s t  
t o  t h e  repor ted numbers of hatched l a r v a e ,  only seven empty wild egg s h e l l s  
were found i n  t h e  v i a l .  One p a r a s i t e  l a r v a  w a s  a l s o  found i n  t h i s  group 
and i d e n t i f i e d  a s  a t i n y  wasp. No evidence of hatching was observed i n  
t h e  tame gypsy moth eggs o r  i n  t h e  ground-based con t ro l s .  The prelimin- 
a r y  r e s u l t s  i n d i c a t e  t h a t  t h e  we igh t less  environment d i d  cause an e a r l y  
terminat ion of diapause i n  t h e  gypsy moth eggs. The f u l l  s i g n i f i c a n c e  
of these  r e s u l t s  w i l l  n o t  be known u n t i l  t h e  recovered eggs a r e  f u l l y  in- 
cubated and t h e  t o t a l  numbers and time sequence of a l l  of t h e  hatchings  
a r e  known. 

3 . 4  EARTH OBSERVATIONS 

Ear th  Resources Experiment Package d a t a  from t h e  Skylab f i r s t  and 
second manned v i s i t s  a s  w e l l  a s  d a t a  generated dur ing t h e  t h i r d  v i s i t  a r e  
being used by 137 p r i n c i p a l  i n v e s t i g a t o r s  i n  32 s t a t e s  and 19 f o r e i g n  
coun t r i es .  The d i s c i p l i n e s  i n  which i n v e s t i g a t i o n s  a r e  prr eeding in- 
clude: agriculture/range/forestry, geo log ica l  a p p l i c a t i o n s ,  c o n t i n e n t a l  
water  s t u d i e s ,  ocean s t u d i e s ,  atmospheric s t u d i e s ,  c o a s t a l  zone/shoal/  
bay s t u d i e s ,  r eg iona l  planning and development, cartography, and remote 
sensing techniques development. The Ear th  Resources Experiment Package 
sensors  gathered d a t a  over t h e  48 contiguous s t a t e s  of t h e  United S t a t e s  
and 41 f o r e i g n  coun t r i es .  Data were a l s o  gathered over key s e c t i o n s  of 
t h e  A t l a n t i c  and P a c i f i c  Oceans; t h e  Bay of Biscay; t h e  Gulfs of Aden, 
S t .  Lawrence, and Mexico; t h e  Great  Lakes; the  Sea of Japan; and t h e  Med- 
i t e r r a n e a n  and Caribbean Seas. Table 11-111 and f i g u r e  11-1 i n  t h e  t r a -  
j e c t o r y  s e c t i o n  of t h i s  r e p o r t  provide a d d i t i o n a l  informaticn an t h e  lo- 
c a t i o n s  and t i m e s  of t h e  Ear th  Resources Experiment Package passes.  



Most of t h e  i n v e s t i g a t i o n s  w i l l  r e q u i r e  from 1 t o  2 years  t o  complete 
because of t h e  l a r g e  amounts of d a t a  involved. Several  yea rs  w i l l  be re- 
quired f o r  a l l  of  t h e  s c i e n t i f i c  b e n e f i t s  of t h e  Skylab e a r t h  resources  
program t o  be r e a l i z e d .  However, some i n i t i a l  r e s u l t s  have been i d e n t i f -  
i e d  by t h e  Ear th  Resources Experiment Package i n v e s t i g a t o r s .  A p o t e n t i a l  
mineral  depos i t  has  been i d e n t i f i e d  near  Ely, Nevada; c i t r u s  f r u i t f l y  in- 
f e s t a t i o n s  have been i d e n t i f i e d  on t h e  Mexican s i d e  of t h e  Rio Grande 
r i v e r ;  new urban iza t ion  p a t t e r n s  have been i d e n t i f i e d ;  t h e  use of Ear th  
Bedources Experiment Package imagery f o r  inventory of vege ta t ion  p a t t e r n s  
has  been demonstrated; s i l t  and p o s s i b l e  man-made p o l l u t i o n  have been 
i d e n t i f i e d  o f f  t h e  i s l a n d  of Puer to  Rico; and s t u d i e s  of photographs of 
t h e  Su l l ivan ,  Indiana,  mining d i s t r i c t  have i d e n t i f i e d  s u r f a c e  f r a c t u r e s  
a s s o c i a t e d  wi th  mine subsidence and suspected mine a c i d  drainage.  Ear th  
Resources Experiment Package altimeter measurements over  t h e  Puer to  Rico 
t rench  have confirmed a previously  i n f e r r e d  depress ion of t h e  ocean sur-  
face.  The d a t a  show t h e  depress ion t o  be approximately 20 meters below 
t h e  mean sea l e v e l .  

The performance of t h e  Ear th  Resources Experiment Package hardware 
dur ing t h e  t h i r d  manqed v i s i t  i s  descr ibed i n  t h i s  r epor t .  Thirty-eight 
Ear th  Resources Experiment Package d a t a  passes  using t h e  complete i n s t r u -  
ment package were performed wi th  t h e  s p a c e c r a f t  i n  t h e  Z-axis l o c a l  ver- 
t i c a l  a t t i t u d e  and one pass  was performed with  the  s p a c e c r a f t  i n  t h e  
s o l a r  i n e r t i a l  a t t i t u d e .  I n  add i t ion ,  t h r e e  l u n a r  c a l i b r a t i o n s ,  t h r e e  
earth-l imb passes ,  two experiment S191 (Vis ib le  and I n f r a r e d  Spectrom- 
e t e r )  c a l i b r a t i o n s ,  one s p e c i a l  experiment S192 (Mul t i spec t ra l  Scanner) 
s o l a r  i n e r t i a l  pass ,  and t h r e e  s o l a r  i n e r t i a l  passes  us ing only t h e  ex- 
periment S190B e a r t h  t e r r a i n  camera were performed. Though mostly con- 
c e n t r a t e d  over  t h e  United S t a t e s ,  Mexico, and South America, d a t a  were 
a l s o  obta ined over  Europe, Af r ica ,  Asia, and Aus t ra l i a .  The Ear th  Re- 
sources  Experiment Package d iagnos t i c  downlink u n i t  was used on e i g h t  
occasions  t o  provide te lemetry  d a t a  f o r  real-t ime a n a l y s i s  and t rouble-  
shoot ing . 

3.4.1 Experiment S190A - Mul t i spec t ra l  Photographic F a c i l i t y  

The experiment S190A photography is being used by var ious  p r i n c i p a l  
i n v e s t i g a t o r s  t o  perform land use inven tor ies ,  s t u d i e s  of s o i l  eros ion,  
t imber l ine  l o c a t i o n ,  snow e x t e n t  and water  equivalency,  plankton produc- 
t i o n ,  f i s h i n g  p roduc t iv i ty ,  and Afr ican drouth  areas .  Oceanic c i r c u l a -  
t i o n  p a t t e r n s  and energy-momentum d i s t r i b u t i o n s  a r e  being determined from 
a s tudy of t h e  experiment S190A photographs. The photographs a r e  a l s o  
being used t o  i d e n t i f y  s o i l  types  and t o  l o c a t e  poss ib le  a r e a s  f o r  f u t u r e  
c u l t i v a t i o n ,  and t o  determine the  eco log ica l  e f f e c t s  of s t r i p  mining by 
a s s e s s i n g  a c i d  mine dra inage,  sediment load ing  of streams, and r e s u l t i n g  
sedimentation.  The photographs a r e  being used t o  a i d  i n  highway engineer- 
i n g  and t o  l o c a t e  p o t e n t i a l  l and  and f o r e s t  rec lamat ion areas .  Ex i s t ing  



maps of South and Cent ra l  America, a s  w e l l  a s  t h e  United S t a t e s ,  w i l l  be 
updated wl th  informat ion obta ined from these  photographic da ta .  I n  addi- 
t i o n  t o  t h e  many uses  descr ibed,  t h e  photographs w i l l  be used t o  map gla- 
c i a l  f e a t u r e s  f o r  t h e  l o c a t i o n  and p r o t e c t i o n  of ground water m u r c e s  
and f o r  t h e  mapping of geologic s t r u c t u r e  and a c t i v e  f a u l t  zones. The 
d a t a  w i l l  be used t o  provide a b e t t e r  understanding of t h e  r e l a t i o n s h i p  
of volcanoes and geothermal f e a t u r e s  t o  reg iona l  geologic s t r u c t u r e s  and 
a c t i v e  f a u l t s .  Two examples of black-and-whire photographs from experi-  
ment XSSh m e  t h e  Mobile Bay a r e a  shown i n  f i g u r e  3-12 and t h e  San Fran- 
c i s c o  Bay a r e a  shown i n  f i g u r e  3-13. 

Approximately 2750 frames of photography were taken from each of t h e  
s i x  M u l t i s p e c t r a l  Photographic F a c i l i t y  cameras dur ing t h e  ch i rd  v i s i t  
f o r  a r e s u l t a n t  t o t a l  of approximately 16 500 photographs. The co lo r  
f i l m  image q u a l i t y ,  i n  terms of r e s o l u t i o n  and a c u i t y ,  was s i g n i f i c a n t l y  
b e t t e r  than t h a t  obtained wi th  t h i s  f i l m  on t h e  previous v i s i t s ,  How- 
ever ,  t h e  imagery from t h e  black-and-white i n f r a r e d ,  c o l o r  i n f r a r e d ,  and 
black-and-white panchromatic f i lms  does no t  appear t o  he  as good a s  t h a t  
of t h e  two preceding v i s i t s .  Five r o l l s  of black-and-white i n f r a r e d  f i l m  
had base fog wi th  two of these  being s o  severe  a s  t o  nuke image i d e n t i f i -  
c a t i o n  extremely d i f f i c u l t .  The increased base 2ensFty was general  
throughout t h e  r o l l s  and d id  no t  appear t o  be r e l a t e d  t o  camera funct ions .  
The experiment S190A performance was normal, except f o r  s e v e r a l  func t iona l  
and procedural  problems. The more s i g n i f i c a n t  problems a r e  discussed i n  
t h e  following paragraphs. 

The camera-stat ion reseau-pla te  c l e a n l i n e s s  was no t  a s  good a s  on 
t h e  previous  v i s i t s .  The photographs from some s t a t i o n s  showed t h e  same 
p a r t i c u l a t e  p a t t e r n  f o r  many Ear th  Resources Experiment Package passes ;  
i n  some cases ,  f o r  two o r  more s e t s  of f i lm.  More f requent  c lean ing  of 
t h e  reseau p l a t e s  would have removed much of t h i s  material. 

During checkout of t h e  Ear th  Resources Experiment Package, the  ex- 
periment S190A f a c i l i t y  would no t  respond t o  opera te  commands from the  
Ear th  Resources Experiment Package c o n t r o l  and d i sp lay  panel  when t h e  
mode switch w a s  placed i n  auto-sequence pos i t ion .  However, t h e  camera 
d i d  respond t o  s i n g l e  exposure commands from t h e  c o n t r o l  and d i s p l a y  
panel.  Subsequent camera checks ind ica ted  t h a t  t h e  experiment was oper- 
a t i n g  normally i n  l o c a l  c o n t r o l  and t h a t  t h e  c o n t r o l  and d i s p l a y  panel 
mode switch was f a u l t y .  Repeated cyc l ing  of t h e  mode switch r e s t o r e d  
normal operat ion.  Sect ion 16.2.J con ta ins  a d i scuss ion  of t h i s  anomaly. 

The camera f i l t e r s  were n o t  i n s t a l l e d  f o r  t h e  f i r s t  t e n  Ear th  Re- 
sources  Package passes  because of crew overs igh t .  The c o l o r  f i l m  has  
been processed,  but  t h e  f i l m  from t h e  o t h e r  f i v e  camera s t a t i o n s  is be- 
i n g  he ld  i n  cold s t o r a g e  pending r e s u l t s  of t r i a l .  process ing techniques  
f o r  recover ing t h e  synopt ic  imagery. The degradat ion of t h e  co lo r  i m -  
agery was s l i g h t  because no co lo r  c o r r e c t i o n  f i l t e r  w a s  r equ i red  f o r  t h i s  







f i lm;  however, the  f i l m  from f i v e  o t h e r  cameras, where t h e  f i l t e r s  were 
required f o r  proper s p e c t r a l  response,  i s  probably of l i t t l e  use. 

Experiment S190A experienced a l o s s  of power a f t e r  exposing 4 of 54 
frames scheduled f o r  Ear th  Resources Experiment Package pass  10. Subse- 
quent t roubleshoot ing i n d i c a t e d  t h a t  the  experiment S190A c i r c u i t  b reakers  
on panel  202 (Airlock Module) were open, though these  b reakers  appeared 
t o  be closed.  Recycling of a l l  t h r e e  c i r c u i t  b reakers  r e s t o r e d  power t o  
the  camera. The crew a l s o  noted t h a t  dur ing  Ear th  Resources Experiment 
Package pass 46, t h e  camera s h u t t e r s  slowed down on one occas ion and then 
re turned t o  a normal speed. Simultaneous wi th  t h e  slowing, malfunction 
l i g h t s  f o r  cameras 1, 4,  and 5 i l lumina ted ;  however, a l l  cameras concin- 
ued t o  opera te .  Inspec t ion  of t h e  f i l m  f o r  t h e  per iod of slow opera t ion  
showed t h a t  t h e  f i l m  t r a n s p o r t  opera t ion  had stopped a t  a l l  camera s t a -  
t i o n s  and t h a t  i d e n t i c a l  frames had been double exposed. This was indic-  
a t i v e  of a momentary drop i n  bus vo l t age ,  probably t o  l e s s  than 24 Vdc. 
The experiment again  experienced a l o s s  of power dur ing  Ear th  Resources 
Experiment Package pass 47. The fol lowtng day, power was r e s t o r e d  t o  the  
experiment by recyc l ing  t h e  exper immt S190A c i r c u i t  breakers.  The prob- 
lems were most l i k e l y  due t o  a d e f e c t i v e  c i r c u i t  breaker ,  

The c o n t r o l  and d i s p l a y  panel  malfunction l i g h t  f o r  t h e  s t a t i o n  6 
camera i l luminated dur ing  p repara t ion  f o r  Ear th  Resources Experiment Pack- 
age pass  30. Malfunction procedures demonstrated t h a t  t h e  s t a t i o n  was 
advancing f i l m  and t h a t  the  f i l m  motion sens ing  magnetic pickup i n  the  
magazine d r i v e  assembly, which is e x t e r n a l  t o  the  magazine, was funct ion-  
ing  normally. The conclus ion,  based on t h i s  t roub leshoo t ing ,  was t h a t  
e i t h e r  the  f i l m  end was detached from t h e  spool  core  o r  t h a t  t h e  mechani- 
c a l  l inkage  between t h e  supply-spool s p i n d l e  and the  film-motion sensor  
was disengaged. The photography was i n  no way a f f e c t e d .  Th i s  anomaly is  
discussed i n  s e c t i o n  16.2.5. 

The s t a t i o n  6 camera advanced an e x t r a  frame of f i l m  on two occas ions  I 
! 

dur ing the  second v i s i t .  The f i l m  metering magnetic sensor  i n  the  f i l m  
magazine d r i v e  assembly was probably the  cause of t h e  spur ious  f i l m  frame 
advances. The problem became worse dur ing  the  t h i r d  v i s i t  i n  t h a t  crew 
r e p o r t s  of the  s t a t i o n  6 camera frame counter  readings  d i s c l o s e d  t h a t  t h i s  
camera was using more f i l m  than t h e  o t h e r  cameras. The crew replaced the  
magazine d r i v e  assembly. P o s t f l i g h t  i n s p e c t i o n  of t h e  l a s t  s e t  of f i l m  
used be fore  the  *mgazine d r i v e  replacement showed t h a t  26 e x t r a  (b lank)  
frames had been advanced on the  s t a t i o n  6 camera r o l l .  The four  s e t s  of 
f i l m  used a f t e r  the  d r i v e  assembly replacement had no e x t r a  frames ad- 
vanced. 



3 . 4 . 2  Experiment S190B - Earth  T e r r a i n  Camera 

The experiment S190B (Earth T e r r a i n  C -mera) photography i s  being used 
i n  conjunct ion wi th  experiment S190A d a t a  cl,~d o t h e r  sensor  ou tpu t s  i n  t h e  
v a r i o u s  s tu ,  :s d i scussed  f o r  experiment S190A. Addi t iona l  s t u d i e s  t h a t  
a r e  being performed wi th  t h e  experiment S190B photography inc lude  surface-  
dra inage p a t t e r n s  and s t ream network a n a l y s i s  f o r  improved f lood predic-  
t i o n ,  f i s h i n g  i n d u s t r y  f o r e c a s t s ,  and e f f e c t s  of  heated d i scharges  from 
power p l a n t s  i n t o  in land  s e a s  and e s t u a r i e s .  Three experiment S190B 
s o l a r - i n e r t i a l  a t t i t u d e  passes  were accomplished over  Faraguay. The pho- 
tographs  from these  o b l i q u e  passes  can be coupled wi th  those  from t h e  nor- 
mal Z-axis l o c a l - v e r t i c a l  a t t i t u d e  passes  t o  provide t h e  convergent geom- 
e t r y  needed t o  perform topographic mapping a c t i v i t i e s  wi th in  Paraguay. 
P o r t i o n s  of Paraguay have j u s t  r e c e n t l y  been mapped and d a t a  f o r  these  
a r e a s  w i l l  provide  a c a l i b r a t i o n  f o r  Ear th  Resources Experiment Package 
mapping c a p a b i l i t y .  The Ear th  Resources Experiment Package d a t a  w i l l  have 
a mapping a p p l i c a t i o n  f o r  o t h e r  a r e a s  where maps do not e x i s t .  The high- 
s p a t i a l - r e s o l u t i o n  photography provided by experiment S190B is par t i cu -  
l a r l y  a p p l i c a b l e  t o  r eg iona l  planning and land-use s t u d i e s  i n  urbanized 
a reas .  Photographs of  the  Baltimore-Washington a r e a  and 12 o t h e r  c i t i e s  
a r e  being used by the  Department of the  I n t e r i o r  t o  t e s t  t h e  use of space 
imagery f o r  updating t h e  1976 d a t a  on popula t ion p a t t e r n s .  Figure 3-14 
shows t h e  Mobile, Alabama, a r e a  a s  photographed by t h e  S190B experiment. 

To improve t h e  accuracy of the  time recorded on the  photographic i m -  
ages ,  a new c lock  was i n s t a l l e d  i n  t h e  camera p r i o r  t o  t h e  f i r s t  photo- 
graphic  pass  of t h e  t h i r d  v i s i t .  A t  the  same time, a new c lock  knob was 
i n s t a l l e d  because t h e  o r i g i n a l  knob was l o s t  dur ing t h e  second v i s i t .  On 
v i s i t  day 30, a new vacuum s e a l  was i n s t a l l e d  on the  spa re  magazine assem- 
b l y  t o  maintain proper  vacuum i n t e g r i t y  f c r  f i l m  f l a t t e n i n g .  

The e a r t h  ~ e r r a i n  camera performed very w e l l  throughout t h e  t h i r d  
v i s i t .  A t o t a l  of 2476 photographs was exposed, with no repor ted  equip- 
ment anomalies o r  major problems. Because of the  camera's high r e s o l u t i o n  
c a p a b i l i t y ,  and ease  of se tup  and opera t ion ,  the  camera was used f o r  r e a l -  
time p5otographic passes  i n  a d d i t i o n  t o  t h e  s tandard Ear th  Resources Ex- 
periment Package requirements. 

3 . 4 . 3  Experiment S191 - V i s i b l e  and I n f r a r e d  Spectrometer 

Data obta ined by t h e  experiment S191 spect rometer  a r e  being used f o r  
many s t u d i e s  which inc lude  a s tudy  t o  improve s t r a t o s p h e r i c  s t r u c t u r e  
models t h a t  may be u s e f u l  f o r  improved weather fo recas t ing .  Also, d a t a  
c o l l e c t e d  over  je t -s t ream c i r r u s  cloud format.ions a r e  being used t o  eval-  
u a t e  the  dynamics of upper a i r  flow. Since ;he atmosphere a t t e n u a t e s  and 
absorbs p o r t i o n s  of t h e  r e f l e c t e d  and emi t t ec  e a r t h  r a d i a t i o n ,  a knowledge 





of t h e s e  e f f e c t s  is important f o r  t h e  effective use of t h e  Ear th  Resouices 
Experiment Package d a t a ,  The spectrometer was aimed by i ts  crew-operated 
viewfinder t r ack ing  systen; t o  l o c a t e  small, ind iv idua l ,  homogenous arear. 
conta ining a g r i c u l t u r e  f i e l d s ,  f o r e s t s ,  l akes ,  rock outcroppings,  culture*: 
f e a t u r e s ,  e t  c e t e r a ,  By c o m p a r i n ~  s i m i l a r  measurements obtained a t  o r  
near  ground l e v e l s  wi th  the  Skylab measurements, t h e  atmospheric a t tenu-  
a t i o n  e f f e c t s  can be determined. 

Experiment S191 performance was normal throughout most 02 the  t h i r d  
v i e i t .  The d a t a  reviewed were wi th in  expected l i m i t s  and were i n  good 
agreement wi th  d a t a  from t h e  previous  v i s i t s .  

The long-wavelength d e t e c t o r  t npera tu re  was high dur ing t h e  l a s t  
Ear th  Resourccs Experiment Package pass. A s  a r e s u l t ,  t h e  long-wavelength 
d e t e c t o r  d a t a  were degraded but a r e  s t i l l  usable.  

P i c t u r e s  obtained wi th  t h e  16-m d o t s  a c q u i s i t i o n  camera through the  
viewfinder  t r ack ing  system were of lower q u a l i t y  than those  from the  sec- 
ond v i s i t .  Much o f  t h e  imagery was underexposed; ho! a r ,  t h e  q u a l i t y  is 
s u f f i c i e n t  f o r  performing t h e  required t a r g e t  t d e n t i f  L a t i o n  t asks .  The 
camera was m u n t e d  a t  a r i g h t  angle t o  the  proper p o s i t i o n  f o r  t h e  f i r s t  
few passes ,  and s e v e r a l  anomalous gimbal angle  and Creenwic . I  meal1 time 
d i sp lays  were noted, However, these  d i sc repanc ies  have no e f f e c t  on the  
usefulness  of the  f i l m  f o r  t a r g e t  i d e n t i f i c a t i o n .  

3 . 4 . 4  Experiment S192 - Mul t i spec t ra l  Scanner 

Imagery from experiment S192 is being used f o r  mapping f a u l t  zones, 
determining snow cover, me.pping of land use,  s t u d i e s  of t h e  African 
drouth  ar.?a, and f o r  geothermal, water,  and mineral  exp lora t ion .  The 
d a t a  w i l l  a l s o  be used f o r  s t u d i e s  of near-shore c u r r e n t s ,  sedinent  t rans-  
p o r t ,  thermal p o l l u t i o n ,  and f o r  environmental s t u d i e s  of proposed dam 
s i t e s  i n  I l l i n o i s .  I n  a d d i t i o n  t o  these  and a n y  o t h e r  s t u d i e s ,  experi-  
ment S192 d a t a  w i l l  be used f o r  improving s t r a t o s p h e r i c  s t r u c t u r a l  models 
necessary f o r  improved weather f o r e c a s ~ i n g ,  and f o r  ue tezn in ing  water 
co lo r  and thermal v a r i a t i o n s  r e l a t e d  t o  oceaz cur ren t  i n t e r f a c e s  i n  sup- 
p o r t  of improved f o r e c a s t i n g  of f i s h  l o c a t i o n s ,  

The performance of experiment S192 dur inz  the  t h i r d  v i s i t  was q u i t e  
good. However, some of the  d a t a  was l o s t  during one Ear th  Resources Ex- 
periment Package pass because t h e  experiment S192 alignment switch was 
inadver ten t ly  l e f t  on. 

Near t h e  end of t h e  t h i r d  v i s i t ,  the  d e t e c t o r  assembly was replaced 
wi th  a new assembly con ta in ing  a 1  improved thermal de tec to r .  I~nagery 
from t h e  new d e t e c t o r  evide-ced very l i t t l e  of t h e  banding ( l o r f r e q u e n c y  



noise)  t h a t  had previously  degraded t h e  thermal d a t a  ( r e f s .  3 and 4).  
Resolution i n  terms of noise  equivalent  temperature d i f f e r e n c e  is  0.8' K 
a s  compared wi th  2.0' K f o r  the  previous d e t e c t o r .  Extensive ana lyses  
and ground t e s t s  subsequent t o  t h e  f i r s t  v i s i t  had shown t h e  low-frequency 
noise  t o  be t h e  l / f  noise  (noise  amplitude i n v e r s e l y  p ropor t iona l  t o  f re -  
quency) inheren t  i n  semi-condwtor de tec to rs .  An ex tens ive  d e t e c t o r  de- 
velopment program culminated i n  a modified thermal d e t e c t o r  des ign which 
was incorporated i n t o  t h e  d e t e c t o r  assembly t h a t  was launched on t h e  
t h i r d  v i s i t .  However, s e v e r a l  changes of t h e  new d e t e c t o r  assembly were 
known t o  be i n f e r i o r  t o  those  of t h e  o r i g i n a l  assembly; consequently,  t h e  
change-out was delayed u n t i l  l a t e  i n  t h e  t h i r d  v i s i t .  

A new a t t e n u a t o r ,  designed t o  opt imize  dynamic range f o r  s p e c t r a l  
bands 4,  5, 7, and 8 and reduce high-frequency no i se  i n  t h e s e  bands, was 
used throughout t h e  t h i r d  v i s i t .  Although t h e  improvement i n  dynamic 
range was r e a l i z e d ,  t h e  no i se  (approximately 20 kHz) w a s  no t  s i g n i f i -  
c a n t l y  reduced. 

3.4.5 Experiment S193 - Microwave Radiometerlscatterometer 
and Al t imeter  

Experiment S193 d a t a  a r e  being used f o r  s t u d i e s  of means and methods 
t o  improve remote sensing techniques.  Storm system s t u d i e s  and s t u d i e s  
of the  dynamics of upper a i r  flow a r e  being made t o  improve weather fore- 
cas t ing  . Sea-s ta te  s t u d i e s ,  wind-f i e l d  s t u d i e s ,  and determinat ion of sea 
:irface b r igh tness  temperatures a r e  being conducted. The experiment d a t a  
a r e  being used t o  assist i n  snow moisture content  s t u d i e s .  Cloud d a t a  
t.aken o f f shore  are being s tud ied  i n  an e f f o r t  t o  improve land-based 
weather radar  techniques and weather s a t e l l i t e  i n t e r p r e t a t i o n .  Near t h e  
end of t h e  t h i r d  v i s i t ,  an "around-the-world" a l t i m e t e r  d a t a  pass  was ac- 
complished t o  provide here to fore  cnava i lab le  d a t a  on t h e  ea r th .  

Except f o r  an  apparent reduct ion in r a d i a t e d  power and a p a r t i a l  
l o s s  of antenna r o l l  c o n t r o l ,  t h e  performance of t h e  S193 experiment was 
s i m i l a r  t o  t h a t  of t h e  previous v i s i t s .  The radiometer p o r t i o n  of t h i s  
experiment operated normally, wi th  t h e  radiometr ic  d a t a  c o r r e l a t i n g  c l o s e l y  
wi th  t h a t  from t h e  previous v i s i t s .  The performance of t h e  sca t t e romete r  
and a l t i m e t e r  p o r t i o n s  of t h e  experiment was degraded by t h e  apparent  re- 
duct ion i n  r a d i a t e d  power a d  t h e  r o l l  gimbal problem. Except f o r  mode 
5, DAS-3 operat ion,*  altimeter performance was normal over  t h e  oceans and 
a reas  of f l a t  o r  r o l l f n g  t e r r a i n ,  but was marginal  over  mountainous ter- 
r a i n .  Altimeter a b o r t s  dominated t h e  mode 5, DAS-3 opera t ions ;  however, 
t h e  pulse  compression network used i n  altimeter mode 5 continued t o  per- 
form proper ly  dur ing t h i s  v i s i t .  This  network was i n o p e r a t i v e  dur ing t h e  
f i r s t  v i s i t ,  but  began working p roper ly  dur ing t h e  second v i s i t ,  

*Mode 5 i s  t h e  pulse-compression mode of t h e  a l t i m e t e r .  DAS-3 is  
da ta -acqu is i t ion  submode 3. 
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During the second v i s i t ,  the antenna p i t ch  potentiometer became 
ehorted and a l l  control  of the experiment 5193 antenna was l o s t .  The 
p i t ch  ax i s  was disabled and pinned a t  zero p i t ch  during the  f i r s t  extra-  
vehicular  a c t i v i t y  of the t h i r d  v i s i t .  This ac t ion  cleared the short ,  
thus res tor ing  r o l l  ax i s  operation so  t h a t  radiometer and scatterometer 
da ta  could be taken i n  the cross-track modes. Pinning of the  antenna a l s o  
permitted acquis i t ion  of a l t ime te r  da ta  i n  three  of the f i v e  a l t ime te r  
modes. 

The antenna ceased scanning i n  the  pos i t i ve  r o l l  d i r ec t ion  ( l e f t  of 
the  spacecraf t )  during Earth Resources Experiment Package pass 24. The 
da ta  ind ica te  the rol l -axis  gimbal dr ive  motor was not being provided with 
the  proper current  during the pos i t i ve  r o l l  periods. A s  a r e s u l t ,  t he  
antenna scanned in the negative r o l l  d i rec t ion ,  but  radiometer and scat-  
terometer data  could not  be obtained a t  pos i t i ve  scan.angles  a f t e r  Earth 
Resources Experiment Package pass 24. This anomaly is discussed i n  sec- 
t i on  16.2.7. 

The i n t e r n a l  ca l ib ra t ion  da ta  ind ica te  t ha t  the e l ec t ron ic  sec t ion  
of the experiment S193 t ransmi t te r  and receiver  operated properly. The 
received s igna l  s t rength  during radiometer operation was normal, but the 
received s igna l  s t rength  during scatterometer and a l t imeter  operat ions 
was reduced by approximately 20 dB throughout the t h i r d  v i s i t .  Since the 
data  ind ica te  proper t ransmi t te r  output power, the  20 dB l o s s  may be the 
r e s u l t  of a problem i n  the antenna or  antenna feed assembly. The da ta  
from the  t h i r d  v i s i t  represent  the f i r s t  experiment 5193 da t a  t h a t  were 
acquired subsequent t o  the short ing of the p i tch  potentiometer during the  
second v i s i t .  The antenna o r  a l tenna feed assembly may have been damaged 
o r  misaligned when the antenna repeatedly slammed against  the l i m i t  s tops 
during the  second v i s i t .  The l o s s  i n  s igna l  s t rength  w i l l  degrade the  dy- 
namic range of the scatterometer t o  an extent  t h a t  t he  da t a  obtained a t  
the maximum scan angles may not be usable. The apparent l o s s  i n  radiated 
power explains the marginal a l t imeter  operation over mountainous regions 
and the abor t s  i n  mode 5, DAS-3. 

3.4 .6  Experiment S194 - L-Band Radiometer 

Experiment S194 da t a  a r e  being used f o r  ana lys is  of snowfields t o  
improve rad ia t ion  m d e l s  and energy t r ans fe r  processes. Data co l lec ted  
over t he  western United S ta tes  a r e  being used t o  determine s o i l  and snow- 
pack moisture content f o r  use i n  crop planning and predict ing the  e f f e c t s  
of snow melt. For several  days, experiment S194 da ta  were acquired over 
a North At lan t ic  storm which was the l a r g e s t  and most in tense  cyclonic 
 tom not of t r o p i c a l  o r i g i n  t o  occur i n  t h i s  a rea  i n  over a decade. 
Such r e p e t i t i v e  da ta  co l lec ted  ever a wide range of wind f i e l d s  and sea 
s t a t e s  w i l l  be of major importance i n  studying storm development and pro- 
gression, i n  evaluat ing a l t e r n a t i v e  numerical model configurations,  and 
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i n  analyzing sensor s igna l  var ia t ions .  
i 



The L-band radiometer, which is a microwave receiver  t h a t  senses the 
L-band electromagnetic energy being radiated by the  Earth's surf ace, per- 
formed normally during the  t h i r d  v i s i t  and, a s  on the  previous v i s i t s ,  
good qual i ty  da t a  were received. The e lec t ronics  enclosure temperature 
was always several  degrees cooler than the design temperature, requir ing 
an adjustment t o  the s c i e n t i f i c  data  during ground processing. 

A high beta  angle resu l ted  i n  a higher heat  input from the sun t o  the 
experiment S194 system during Earth Resources Experiment Package pass 29 
( v i s i t  day 60). A s  a consequence, both of the  cold reference sources were 
too warm t o  provide va l id  ca l ib ra t ion  data  and the  s c i e n t i f i c  da ta  from 
t h i s  pass a r e  not usable unless  spec i a l  processing techniques a r e  employed 
t o  u t i l i z e  a va l id  ca l ib ra t ion  from the  preceding pass. 

3.4.7 Tape Recorder 

The Earth Resources Experiment Package tape recorder system consis ted 
of two tape recorders. Tape recorder 1 (primary) was used f o r  the f i r s t  
31 Earth Resources Experiment Package passes and recorded 11 r e e l s  of tape. 
Recorder performance w a s  normal during seven of the r e e l s ,  but during four 
r ee l s ,  occasional tape motion l i g k t  f l i cke r ing  ( ind ica t ive  of e r r a t i c  tape 
ve loc i ty)  occurred f o r  shor t  i n t e r v a l s  while recording a t  the f a s t  tape 
speed (1.524 meters per  second). To preclude the  possible  l o s s  of Earth 
Resources Experiment Package data ,  tape recorder 2 (secondary) was used 
f o r  the remainder of the  v i s i t  and recorded three  r e e l s  of tape. Tape re- 
corder 2 performance was normal except f o r  a few instances of tape motion 
l i g h t  f l i cker ing ,  a s  had occurred on both previous v i s i t s .  

The qua l i t y  of the  Earth Resources Experiment Package da ta  processed 
from the tapes ind ica tes  t h a t  both recorders performed qu i t e  w e l l  during 
the t h i r d  v i s i t .  Some da ta  l o s ses  did occur, most of which coincided with 
r epo r t s  of the f l i cke r ing  tape motion l i g h t .  However, i n  a l l  cases,  the  
da t a  were redundantly recorded on another t rack  t h a t  experienced no prob- 
lem a t  t h a t  time. The da ta  on t racks  3 and 13 of tape recorder 2 were of 
marginal qua l i ty ,  a s  was the case during the  previous v i s i t s ,  but t r ack  3 
data  were noticeably improved. 

Analyses of the tape recorder system and inspect ions of the tapes 
ind ica te  t h a t  the b r i e f  data  l o s ses  were caused by accumulations of s t i cky  
tape degradation products on the recorder heads. The observed signa!. 
losses  were c h a r a c t e r i s t i c  of a gradual buildup of tape debr i s  on the 
heads followed by a budden self-cleaning action. A s  these buildups of 
contamination became thicker ,  they resu l ted  i n  recorded s igna l  l o s s  due 
t o  increased head-to-tape spacing. The heads had been cleaned a f t e r  t he  
completion of each Earth Resources Experiment Package pass and both the  
heads and the tape path had been cleaned a f t e r  removing each r ee l .  



The f l i cke r ing  tape motion l i g h t  occurrences on both tape recorders  
a r e  ind ica t ive  of e r r a t i c  f r i c t i o n  and drag in  the tape path. One source 
of drag had been previously iden t i f i ed  a s  s t icky  tape. Chemical, mech- 
an i ca l  and funct ional  t e s t s  performed on the turn-around i d l e r  removed 
from tape recorder 1 by the  t h i r d  v i s i t  crew show t h i s  i d l e r  t o  be another 
source of drag. The i d l e r  sha f t  a t  the upper jeweled bearing was found 
t o  be in an advanced s tage  of degradation. A combination of misalignment, 
excessive end play of the i d l e r  sha f t ,  and l o s s  of end jewel support was 
observed. The worsening i d l e r  condition observed in conjunction with 
s t icky  tape contaminants explains t he  onset of f l i cke r ing  motion l i g h t  
with tape recorder 1 used on the t h i r d  v i s i t .  It is qu i t e  possible  t h a t  
a s imi la r  condition ex is ted  on tape recorder 2. 

3.4.8 Visual Earth Observations Experiment 

The v i sua l  e a r t h  observations experiment was conducted on the t h i r d  
v i s i t  and w a s  designed t o  determine the tasks  t h a t  man could v i sua l ly  
perform from the Skylab space s t a t i o n  i n  accomplishing s c i e n t i f i c  study 
of ea r th  processes and phenomena. The da t a  co l lec ted  included crewmen 
observations and hand-held photographs obtained with the 70-m and 35-nrm 
cameras. More than 2000 photographs and about 850 observations were com- 
pleted on the t h i r d  v i s i t .  - + 
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Observations of major geological f a u l t  systems indica te  t h a t  low sun 
angles enhance tec tonic  s t r u c t u r a l  fea tures  and t h a t  high sun angles en- 
hance color differences.  The Alpine Faul t  in New Zealand is shown i n  f i g -  
ure  3-15. Crew discussions of the extent  and nature of the  Alpine, Ata- 
cam,  and Caucasus mountain f a u l t  systems indica te  t h a t  the  f a u l t s  a r e  
more complex than had been recorded. Information obtained on the San 
Andreas, San Jacinto,  and Agua Blanca f a u l t  systems iden t i f i ed  a reas  t h a t  
may provide new f a c t o r s  on the  age and r e l a t i v e  motion of the  f au l t s .  
Signif icant  observations and photographs were obtained of t he  erupt ing 
volcano Sakurajima (Japan), shown i n  £3 -e 3-16, and the  r e l a t i v e l y  in- 
accessible  volcanic f i e l d s  of Bolivia,  . ~ ? n t i n a ,  and Chile. The Sakura- 
jima information included the  color ,  disL-.lbution, shape, and t ex tu re  of 
the e rupt ive  clouds and associated fume pat tern.  Specif ic  new informa- 
t i on  was obtained on the s t a r  dunes i n  Algeria and on the Empty Quarter 
i n  Saudi Arabia. 

Winter in the Northern Hemisphere allowed the crew t o  record a reas  
of snow cover and snow melting on the Great P la ins  of the  United S ta tes  - 
conditions t h a t  a r e  important t o  winter wheat production. Repet i t ive  ob- 
servat ions and photographs of the  snow accumulation and melting phenomena 
of t he  mountainous regions of the western United S ta t e s  and the  Great 
P la ins  have added appreciable information t o  the  study of snow a s  a water 
resource. The snow melt r a t e  progression, as re l a t ed  t o  c u l t u r a l  fea- 
t u re s ,  suggests t h a t  c i t i e s  inf luence snow albedo and, therefore,  snow . .- 
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melt r a t e s .  Fores t  cover inc reases  t h e  d i f f i c u l t y  i n  snow mapping and 
low sun ang les  f a c i l i t a t e  t h e  d i s t i n c t i o n  of snow from clouds.  Crew ob- 
se rva t ions ,  r e l a t i v e  t o  co lo r  tone between snow and snow-free a r e a s  a i d  
d i r e c t l y  i n  the  i n t e r p r e t a t i o n  of photographic da ta .  

Croplands were determined t o  be t h e  e a s i e s t  vege ta t ion  environment 
f o r  t h e  crewmen t o  observe;  p r imar i ly  because of f i e l d  c o l o r ,  and shape 
and l i n e a r i t y  of f i e l d  boundaries. I n  t h e  Southern Hemisphere, harvest -  
i n g  and r e p l a n t i n g  of t h e  c e r e a l  crops were recorded. Crop damage was 
not  r e a d i l y  d i s c e r n i b l e ;  however, t h e  crew could r e a d i l y  reso lve  t h e  ex- 
t e n t  of f lood condi t ions .  Analysis has shown t h a t  v i s u a l  obse rva t ions  
from space a r e  u s e f u l  f o r  assess ing  t h e  rate and t iming of p l a n t  develop- 
ment and these  d a t a  may be appl ied t o  t h e  development of a g loba l  crop 
inventory system. Haze cond i t ions  apparent ly  do n o t  impair  crew obser- 
v a t i o n  c a p a b i l i t y  t o  d i s t i n g u i s h  a g r i c u l t u r a l  p a t t e r n s  al though t h e  haze 
reduces t h e  c o l o r  c o n t r a s t s  recorded i n  photographs. The b e s t  viewing 
time is  mid-day, l o c a l  t ime, and co lo r  is t h e  p r i n c i p a l  f a c t o r  used t o  
d i s t i n g u i s h  type and matur i ty  of crops,  wi th  l i g h t  c o l o r s  being t h e  mcre 
r e a d i l y  d i sce rn ib le .  

Color changes, i n d i c a t i v e  of vege ta t ion  growth, could be de tec ted  i n  
regions  of 50 percent  v e g e t a t i o n  cover bu t ,  i n  a r e a s  of sparse  v e g e t a t i o n ,  
t h e  cond i t ions  of t h e  fo rage  could no t  be resolved.  Numerous range f i r e s  
were s igh ted  i n  South America, Afr ica ,  and A u s t r a l i a ;  t h e  crew could usu- 
a l l y  determine whether g r a s s ,  shrub, f o r e s t ,  o r  croplands were burning. 
F i r e  s c a r s  were r e a d i l y  resolved;  however, damage by d i s e a s e  and i n s e c t s  
could not be determined. The recording of vege ta t ion  p a t t e r n s  and t h e  
v a r i a b i l i t y  wi th in  croplands  could be accomplished through a s  much a s  
75-percent broken cloud cover. 

The observat ion d a t a ,  supported by many e x c e l l e n t  photographs, have 
provided information on i c e  dynamics i n  t h e  Great Lakes region and i n  t h e  
Gulf of St .  Lawerence such as: rap id  v a r i a b i l i t y  i n  i c e  f e a t u r e s  dur ing  
very s h o r t  t ime i n t e r v a l s ,  morphological change as new i c e  forms and o ld  
i c e  th ickens ,  and t h e  o v e r a l l  ex ten t  and c h a r a c t e r  of t h e  i c e  shee t  from 
beginning t o  maximum coverage. The t h i r d  Skylab v i s i t  provided v i s u a l  in- 
formation f o r  determining t h e  r e l a t i o n s h i p  of weather and t h e  e x t e n t  of 
i c e ,  t h e  thermodynamic s t u d i e s  of i c e  and water,  and sh ip  rout ing.  Pho- 
tographs of icebergs  i n  t h e  South A t l a n t i c  Ocean provide new and i n t e r -  
e s t i n g  time-sequence informat ion on t h e i r  d i s t r i b u t i o n ,  s i z e ,  shape, and 
occurrence. Fur ther  s t u d i e s  w i l l  a i d  i n  c a l c u l a t i n g  t h e i r  movements and 
t h e i r  p o s s i b l e  use a s  a source  of f r e s h  water i n  the  d e s e r t  a r e a s  of Chile.  

Current boundaries were observed by c o l o r  c o n t r a s t  and t h e  presence 
of plankton bloom. Data obtained on t h e  confluence of t h e  Falkland-Brazil  
c u r r e n t s  w i l l  provide  new information on t h e  growth and s e p a r a t i o n  of me- 
anders and c u r r e n t  r ings .  The co lo r  d i f f e r e n c e s  showed t h a t  t h e  c u r r e n t s  
dc not  mix, but t r a v e l  side-by-side. 
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New data  on red plankton bloom occurrence may a id  b io log i s t s  i n  the  
study of the s p a t i a l  and temporal extent  of the bloom. Crew confirmation 
of the occurrence of cold water eddies i n  the Yucatan cur ren t  and t h e i r  
i den t i f i ca t ion  i n  o ther  major ocean cur ren ts  is an important new da ta  
source f o r  study of ocean proper t ies  and ocean atmospheric energy exchange. 
Current-generated turbulent  a reas  i n  the  l e e  of i s lands  was c l e a r l y  v i s i -  
b l e  and the crew could d is t inguish  fea tures  which were not discernable  i n  
the photographs t h a t  they obtained. Also, de t a i l ed  f ea tu re s  of a t o l l s ,  
seamounts, and shoals  t h a t  were not apparent i n  photographs were ident i -  
f i e d  and described by the crew. The apparent absences of transported 

, sediment f a r  from the  coas t a l  sources, a s  reported by the  crew, is an im- 
portant  da ta  point  in the study of ocean bottom aedirnentation. 

The c i t i e s  of the  western world stand out in sharp cont ras t  t o  the 
surrounding cu l t iva ted  regions and t h e i r  c h a r a c t e r i s t i c  photographic sig- 

i nature makes f o r  ready ident i f ica t ion .  The c i t i e s  i n  the  Morocco-Algeria 
region, however, l ack  an abundance of i n d u s t r i a l  and commercial buildings. 
Therefore, these c i t i e s  a r e  in low cont ras t  t o  the surrounding regions 
and a r e  d i f f i c u l t  t o  i den t i fy  by v i sua l  observation and by image analysis .  

Although ana lys is  of the da t a  obtained from t h i s  experiment w i l l  not 
be completed f o r  severa l  months, preliminary r e s u l t s  ind ica te  t h a t  v i sua l  
observations have contributed t o  the knowledge of many e a r t h  phenomena. 



4.0 ENGINFERING AND TECIINOLOGY EXPERIMENTS - 
4.1 ENGINEERING 

4.1.1 Experiment M487 - Habi t ab i l i t y  and Crew Quarters 

The t h i r d  v i s i t  tended t o  confirm the conclusions drawn from the  
f i r s t  and second v i s i t  r e s u l t s  i n  the  area of hab i t ab i l i t y .  A l l  sched- 
uled ob jec t ives  were accomplished. Supplemental t asks  added t o  the  or ig-  
i n a l  l i s t  of ob jec t ives  toward the end of the v i s i t  were a l s o  completed. 
The only premission objec t ive  not accomplished was t he  evaluat ion of a 
new concept i n  foo t  r e s t r a i n t s  which could not be done because command 
module stowage became c r i t i c a l  and items intended only f o r  evaluat ion 
were removed from the  stowage list i n  favor of addi t iona l  consumables. 

4.1.2 Experiment M509 - Astronaut Maneuvering Equipment 

Five experiment M509 runs were completed with a t o t a l  f l y ing  t i m e  of 
5 hours and 23 minutes, although e igh t  runs were planned. One of the  Com- 
mander's runs and two of t h e  P i l o t ' s  runs could not be scheduled i n  the  
f l i g h t  plan. Consequently, some of the planned maneuvers, many of the ex- 
ploratory maneuvers, and the  su i t ed  evaluat ion of the  hand-held mneuver- 
ing u n i t  could not  be performed. 

There were no f a i l u r e s  or  new anomalies on the t h i r d  manned v i s i t .  
Data dropouts during about 10 t o  15  percent of the  f l y ing  time was the  
only continuing problem. Suited operat ions using the  l i f e  support m b i l -  
i c a l ,  which had been s t r ipped  t o  j u s t  t he  oxygen hose, were very s a t i s f ac -  
tory.  Per turbat ions from the oxygen hose were barely not iceable  by the  
crew, although the  e f f e c t s  were observed i n  the  r a t e  data .  Both crewmen 
had some d i f f i c u l t y  i n  gripping the  ro t a t i ona l  hand con t ro l l e r  when su i ted ,  
causing long-duration yaw r o t a t i o n  conmrands t o  be very t i r i n g .  The P i l o t  
a l s o  had some d i f f i c u l t y  i n  connecting the  propel lant  tank t o  the  a i r l ock  
recharge s t a t i o n  during the  Commander's su i ted  run and t h i s  caused the 
tank and ba t t e ry  changeouts t o  be performed out of sequence. Consequently, 
the b a t t e r i e s  were depleted before a l l  of the planned maneuvers were com- 
p le ted  on t h a t  run. 

Overall  accomplishments during the th ree  v i s i t s  include 11 experi- 
ment runs,  f l i g h t s  by f i v e  d i f f e r e n t  crewmen, and about 12 112 hours of 
f l y ing  time of which s u i t s  were worn f o r  3 hours. The automatically s ta -  
b i l i z e d  maneuvering un i t  nodes were general ly  operated with t he  g rea t e s t  
precision. The spec i f i c  t a sks  flown included point-to-point t r ans fe r s ,  
dogleg and curved t r a j e c t o r i e s ,  stationkeeping, attachment/assembly oper- 
a t i ons ,  docking, cargo t r ans fe r ,  rescue, f ree- f loa t ing  object  r e t r i e v a l ,  



tracking, and tumble recovery. Six degrees of cont ro l  au thor i ty ,  auto- 
matic s t a b i l i z a t i o n ,  proportional r a t e  command, and conventional space- 
c r a f t  p i lo t ing  log ic  were v e r i f i e d  a s  necessary design requirements f o r  
fu tu re  extravehicular  maneuvering uni ts .  The cont ro l  moment gyro mode 
provided superior  cont ro l  performance, even i n  excess of the requirements 
f o r  some tasks.  The r a t e  gyro mode performance was sa t i s f ac to ry  f o r  a l l  
tasks;  however, the r a t e  and displacement deadbands were not adequate f o r  
the limb motion and umbilical disturbances experienced. The d i r e c t  mode 
performance was adequate, but required considerably more p i l o t  a t t e n t i o n  
than the s t ab i l i zed  modes, The hand-held maneuvering un i t  mode was us- 
ab le  when operating in the sh i r t s l eeve  configuration, bu t  required exces- 
s i v e  mental and physical a c t i v i t y  when operating i n  the sui ted configura- 
t i on ,  In  view of the extensive t r a in ing  required f o r  hand-held maneuver- 
ing un i t  operations,  a s  well as the  marginal control  provided by t h i s  un i t ,  
f u r the r  use of the hand-held maneuvering uni t  as an extravehicular  t oo l  
is  not planned. 

4.1.3 Experiment M516 - Crew Ac t iv i t i e s  Maintenance Study 

The t h i r d  v i s i t  supported the o r ig ina l  hypothesis t h a t  man can ac- 
complish any reasonable task  assigned during weightless space f l i g h t  pro- 
vided the proper t oo l s  and environment a r e  given. The t h i r d  v i s i t  t asks  
were predominately servicing and troubleshooting, r a the r  than rcpa i r .  
Nevertheless, the crew demonstrated many times the  unique qua l i f i ca t ions  
of man a s  a maintainer in devising so lu t ions  t o  nagging, i f  not  major, 
d i f f i c u l t i e s  which confronted the crew during the  v i s i t .  

Not as much da t a  were obtained f c r  experiment M516 as  was expected 
during the  t h i r d  v i s i t  because of scheduling d i f f i c u l t i e s  associated with 
an t ic ipa t ing  upcoming maintenance tasks  and obtaining photographic cover- 
age. Oftentimes, the problem was diagnosed and resolved by the  crew be- 
fo re  the  proper protocols  could be implemented on the ground t o  insure ex- 
periment coverage. Nevertheless, a wealth of data  was compiled t h a t  w i l l  
play a l a rge  pa r t  in assuring t h a t  maintainabi l i ty  is  considered i n  fu tu re  
designs. Supplement 3 w i l l  contain addi t iona l  information. 

4.1.4 Skylab Parasol Material  hraluat ion 

The Skylab parasol remained deployed throughout the t h i r d  v i s i t ;  
however, the parasol  did not provide m y  thermal protect ion because the 
twin-pole sun sh ie ld  was deployed over the parasol.  The remaining para- 
s o l  mater ial  samples t h a t  were deployed on the f i r s t  v i s i t  were returned 
f o r  poe t f l i gh t  analysis  and fo r  f i n a l  va l ida t ion  of the  laboratory envi- 
ronmental simulation techniques used in the evaluat ion of the parasol 
mater ial ,  



The c r i t i c a l  p roper t ies  of the mater ia l  chosen fo r  f ab r i ca t i on  of the 
parasol  were evaluated. The parasol  mater ia l  consis ted of orange nylon 
rip-stop c l o t h  which was laminated to  the Mylar s i d e  of an aluminized My- 
l a r  film. Ul t rav io le t  r ad i a t i on  degradation of the laminate was evalu- 
a ted  i n  ground tests t o  determine the expected usefu l  l i f e  of the parasol.  
The t e s t s  were conducted a t  s eve ra l  f a c i l i t i e s  with f l u x  l e v e l s  ranging 
from 1.2 t o  5.4 suns, durat ions up t o  1260 equivalent sun hours, and tem- 
peratures  ranging from 311' K t o  394' K. Following exposure t o  the u l t r a -  
v i o l e t  rad ia t ion  in a thermal/vacuum environment, a s e r i e s  of measurements 
including s o l a r  absorptance, t o t a l  emittance, breaking s t rength ,  elonga- 
t i on ,  and t e a r  s t rength  were made on the  parasol  mater ia l  and compared 
with s imi la r  measurements performed on cont ro l  samples. Scanning e l ec t ron  
microsco?e photomicrographs were taken of t he  mater ia l  i n  t he  as-received 
condition and ~ l s o  a f t e r  ultraviolet/vacuum exposure. The g rea t e s t  deg- 
radat ions were a 68-percent l o s s  i n  breaking s t rength  and a 92-percent 
l o s s  i n  elongation a f t e r  877 equivalent sun hours a t  twice t he  rad ia t ion  
i n t e n s i t y  from the  sun and an exposure temperature of 366.5' K. Tear 
s t rength  r e s u l t s  showed a 70 percent reduction a f t e r  an exposure of 500 
equivalent sun hours. No change was detected i n  t o t a l  emittance a f t e r  
sample exposure, but,  a s  expected, the  so l a r  absorptance increased moder- 
a t e l y  with u l t r a v i o l e t  exposure. 

Additionally,  two 30.5- by 30.5-centimeter specimens of the  parasol  
mater ia l  were deployed on the  second extravehicular  a c t i v i t y  of the  sec- 
ond v i s i t  and one sample was returned by the  second v i s i t  crew a f t e r  ap- 
proximately 475 sun hours i n  the space environment. A s  before,  so l a r  
absorptance, t o t a l  emittance, breaking s t rength ,  elongation, e tc . ,  were 
measured on the returned sample. A 31.-percent l o s s  i n  breaking s t rength  
and a 40-percent l o s s  in elongation compare favorably with t h e  average 
ground-based da ta  fo r  a comparable exposure time. A second 30.5- by 30.5- 
centimeter specimen was returned by the  t h i rd  v i s i t  crew a f t e r  the speci- 
men had been exposed f o r  approximately 1580 sun hours i n  t he  space envi- 
ronment. A s  expected, the s o l a r  absorptance increased t o  0.58 (from 0.49 
f o r  the second v i s i t  sample), and breaking s t rength  and elongation were 
fu r the r  decreased (54 percent l o s s  and 63 percent l o s s ,  respec t ive ly) .  

The r e s u l t s  of the evaluat ion program have shown t h a t  exposure of 
the  Skylab parasol  mater ia l  t o  u l t r a v i o l e t  rad ia t ion  i n  a thennal/vacuum 
environment causes degradation of the  parasol  mater ia l .  These e f f e c t s  
were most pronounced in the mechanical p roper t ies  and t o  a lesser degree 
in the  o p t i c a l  p roper t ies ;  however, even with these degraded proper t ies ,  
the  mater ia l  was acceptable f o r  use i n  the parasol  because of the  minimum 
loading the mater ia l  received i n  service.  The evaluat ion a l s o  showed t h a t  
t he  laboratory tests adequately simulated the e f f e c t s  of exposure i n  the 
space environment. 



4.1.5 F i r e  ~ x t i n g u i s h e r '  Discharge Test  

A d ischarge test of m e  O r b i t a l  Workshop f i r e  ex t ingu isher  was con- 
ducted t o  eva lua te  t h e  e f f e c t s  of extended exposure of t h e  ex t ingu ish ing  
agent t o  zero g r a v i t y ,  and t o  assess t h e  behavior of t h e  ex t ingu isher  when 
discharged i n  a zero-g environment. The f i r e  ex t ingu isher  is described i n  
appendix A of t h i s  r e p o r t .  

Previous exper ience wi th  t h i s  type of ex t ingu isher  has  shown t h a t  
t h e  e x t i n g u h h i n g  agent  w i l l  s t r a t i f y  dur ing one-g s t o r a g e ,  thus  reducing 
t h e  e f f e c t i v e  q u a n t i t y  and q u a l i t y  of t h e  foam ex t ingu ish ing  agent when 
discharged.  S t r a t i f i c a t i o n  was n o t  bel ieved t o  occur i n  ze ro  g r a v i t y ,  
and discharge t e s t s  of re turned f i r e  ex t ingu ishers  on t h e  f i r s t  and sec- 
ond v i s i t  spacecra f t  has ind ica ted  t h a t  s t r a t i f i c a t i o n  does no t  occur.  

The test was conducted a f t e r  t h e  f i r e  ex t ingu isher  had been exposed 
t o  zero-g cond i t ions  f o r  262 days. Complete d i scharge  of t h e  ex t ingu isher  
i n t o  a plenum s t o r a g e  bag required 30 seconds. Eased on t h e  crew's com- 
ments, t h e  ex t ingu isher  y ie lded  between 0.1 and 0.14 cubic  meter of foam. 
Only 0.07 cubic  meter o f  foam was expected, i n d i c a t i n g  t h a t  s to rage  i n  
zero g r a v i t y  does no t  advers ly  a f f e c t  t h e  ex t ingu ish ing  agen t ,  and foam 
production may be enhanced in  t h e  zero-g environment. 

4.2 TECHNOLOGY 

4.2.1 Experiment TO25 - Coronograph Contamination Measurement 

The s p e c i a l l y  designed b racke t ,  f i l t e r  t r a y s ,  and o c c u l t i n g  d i s k  per- 
formed very s a t i s f a c t o r i l y  dur ing all extraveir icular  o p e r a t i o n s  on v i s i t  
days 7 ,  40, 44, and 80. 

During t h e  f i r s t  e x t r a v e h i c u l a r  a c t i v i t y  on v i s i t  day 7 ,  t h e  35-mm 
camera ex t raveh icu la r  a c t i v i t y  viewfinder  became loose .  Th is  prevented 
f u r t h e r  use of t h e  experiment a t  t h a t  time because t h e  shutter-speed ex- 
t e n s i o n  knob free-wheeled ( see  sec. 16.3.3). A t o t a l  of f i v e  exposures 
had been completed when t h e  problem occurred.  P-ior t o  t h e  second ex t ra -  
v e h i c u l a r  a c t i v i t y  on v i s i t  day 40, t h e  knob who r e p a i r e d  and a l l  succeed- 
ing  ex t raveh icu la r  * . c t i v i t y  opera t ions  f o r  t h i s  experiment were s a t i s f a c -  
to ry .  

4.2 .2  Experiinent TO53 - Skylab Ear th  Laser  Beacon 

Twenty-two passes  wi th  experiment TO53 were performed dur ing t.he 
t h i r d  v i s i t .  Of t h e  22 passes ,  t h e  beacon rcic s u c c e s s f u l l y  s igh ted  11 
times and photographed by the  crew. About 15 t o  20 photographs were taken.  
A l l  f u n c t i o n a l  o b j e c t i v e s  were met. 



The third visit showed that laser beacon stations can support oper- 
ational  pacec craft using existing technology, and that laser beacons are 
the brightest feature on the face of the earth. 

The crew preferred the green/yellow colors over the blue colors for 
visual acquisition tracking. The nominal operational levels of 0.5 to 
1 watt were adequate for man to sight the beacon from orbit. With power 
levels of 1 to 2 watts in the yellow, the laser beam remained visible to 
the spacecraft at slant ranges over 2592 kilometers. This corresponded 
to elevation angles of 170 to 340 milliradians relative to the teacon 
transmitter. 



5.0 FOOD AND MEDICAL OPERATLONAL EQUIPMENT 

5.1 FOOD 

The e x t e n s i o n  of t h e  t h i r d  v i s i t  t o  84 days r e q u i r e d  66.4 k i lograms 
of a d d i i i o n a l  food t o  be launched t o  suppor t  t he  v i s i t .  Because of l a ~ c n c h  
weight  r e s t r i c t i s n s ,  t h e  Skylab menus f o r  t he  28 a d d i t i o n s 1  days were mod- 
i f i e d  t o  i n c l u d e  new h igh -ca lo r i c -dens i ty  focds  and t o  make maximum use  
of t h e  foods  a v a i l a b l e  i n  t h e  O r b i t a l  Workshop. To p rov ide  a 10-day con- 
t i ngency  r e scue  c a p a b i l i t y  a t  t h e  end of t h e  v i s i t ,  9.8 k i lograms of su r -  
v i v a l  b a r s  w i t h  a  n u t r i t i o n a l  v a l u e  of  60 000 k i l o c a l o r i e s  were a l s o  
launched.  

A r e supp ly  of  sa l t  was r e q u i r e d  because of  t h e  i n c r e a s e d  r a t e  of con- 
sumption al lowed on t h e  f i r s t  and second v i s i t s .  For t h e  r e supp ly ,  c rys-  
t a l  sa l t  was packaged i n  m d i f i e d  Apol lo  beverage packages. The sal t  was 
r ehydra t ed  i n f l i g h t ,  and s y r i n g e s  f i t t e d  wi th  a s p e c i a l  nozz le  were used 
t o  d i spense  t h e  l i q u i d  s a l t  as r e q u i r e d  by t h e  crew menus and by t L  min- 
e r a l  ba l ance  experiment .  P txdered  ho r se r ,  d i s h  was provided  i n  an  Apollo 
r e h y d r a t a b l e  spoon bowl package. 

A s  a r e s u l t  o f  crew expe r i ences  w i t h  conven t i cna l  shaker  a?d b o t t l e -  
t ype  condiment d i s p e n s e r s  on t h e  second v i s i t ,  8 squee-e d i s p e n s e r  was 
s u p p l i e d  f o r  t h e  t h i r d  v i s i t .  The squeeze d i s p e n s e r ,  containing a  c o l -  
l a p s e d  i n n e r  bag, was used f o r  d i s p e n s i n g  l i q u i d  pepper,  Tabasco L luce,  
and l i q u i d  g a r l i c .  A s  t h e  l i q u i d  was e x p e l l e d  from :he d i s p e n s e r ,  t h e  
c o l l a p s e d  i n n e r  bag i n f l a t e d  w i t h  a ir .  Th i s  prevented  a i r  from becoming 
mixad w i t h  t h e  l i q u i d .  

l h e  Skylab food system and a n c i l l a r y  equipment p r? sen ted  minor prob- 
lems; however, t h e  problems d id  n o t  p reven t  t h e  use of any item. 

The r e h y d r a t a b l e  packages p re sen ted  s e v e r a l  problems. A s l i g h t  seep- 
age  occu r red  through t h e  z i p p e r  c l o s u r e  g f  t h e  spoon bowl package wheil 
kneading t h e  package. When e a t i n g  from a  spoon bowl package, i n a d v e r t e n t  
c l o s i n g  of  t h e  bag caused food p a r t i c l e s  t o  be r e l e a s e d  i n t o  t h e  atmos- 
phere.  One r e h y d r a t i o n  v a l v e  tube  s p l i t  because the  W?:CZ Sassage h ~ l e  
was e i t h e r  omi t t ed  o r  had been hea t - sea l ed  s h u t  d u r i n g  marufac ture .  

The t e n s i o n  of  t h e  bel lows (body) of t h c  c o f f e e  c o n t a i n e r  tended t o  
expand t h e  package and i n t r o d u c e  g a s  i n t o  the  beverage.  Also,  f o u r  b l a c k  
c o f f e e  i t ems  were mis l abe led  as co f fed  w i t h  suga r .  



Lid seam f a i l u r e s  were no ted  i n  one c m  of p ineapp le  and one can  of 
peanut  b u t t e r .  The s a l t  d i s p e n s e r  n o z z l e  became plugged wi th  d r i e d  s a l t ,  
c a u s h g  one s a l t  d i s p e n s e r  bag t o  s p l i t  when f o r c e  was a p p i i e d  i n  an a t -  
tempt t o  remove t h e  sa l t  s o l u t i o n  from t h e  bag, The crew p rocedures  were 
modif ied t a  p reven t  t h e  s p l i t ~ i n g  from r e c u r r i n g .  F i n J l y ,  s u r f a c e  ten-  
s i o n  caused t h e  l i q u i d  pepper  t o  c l i n g  t o  t h e  o u t s i d e  of  t h e  d i s p e n s e r  
n o z z l e  i n s t e a d  of d i sp-?z ing  i n  a  s t r e a n .  

The crew commented t h a t  t h e  c h i l i  was messy when e a t i n g .  They a l s o  
exp re s sed  a  need f o r  more ready- to-ea t ,  quick-energy t y p e  foods .  Com- 
mg-.its concern ing  t h e  condiments  were t h a t  t h e  l i q u i d  pepper  cou ld  be  used 
by d i s p e n s i n g  t h e  l i q u i d  on t h e  back of a spoon and then  s p r e a d i n g  i t  on 
t h c  food. Also ,  l i q u i d  condiments  worked b e s t  when d i spensed  from a 
syr inge- type  d e v i c e  s i m i l a r  t o  t h e  sal t  d i s p e n s e r .  

S u m r y  of performance.- The food sys tem performed r e l i a b l y .  Exclud- 
i n g  t h c  c a t s u p  package f a i l u r e s ,  which occu r r ed  i n  t h e  f i r s t  v i s i t  as a 

e s u l t  of t h e  5 igh  t empera tu re ,  t h e  f a i l u r e  r a t e  on a l l  v i . : i t s  was l e s s  
han 0.1 p e r c e n t .  

5.2 MEDICAL OPERATIONAL EQUIPMENT 

5.2.1 In f  l i g h t  Medical Support  System 

The i n f l i g h t  medica l  suppor t  s y s t e z  ;~rovidec '  a  s o u r c e  of d rugs  and 
med:.dl equipment f o r  mi sce l l aneous  problems. S e v e r a l  s e t s  of r e supp ly  
d r ~  ,s were a v a i l a b l e  aboard t h e  O r b l t a l  Workshop. S e v e ~ d  i n j e c t a b l e  
drugs  were r e s u p p l i e d  becaqlse of p o t e n t i a l  d e g r a d a t i o n  t h a t  was no ted  i n  
concu r ren t  ground-based t e s t i n g  which s imu la t ed  t h e  p l m n e d  Workshop en- 
v! ronment (except  f o r  z e r o  g r a v i t y ) .  Other  r e s u p p l i e d  i n j e c t a b l e  and non- 
i n j e c t a b l e  drugs  i nc luded  those  w i t h  p o t e n t i a l  heavy use ,  o r  d rugs  whl,.-h 
d a t a  t a d  i n d i c a t e d  ray have i n c u r r e d  f u r t h e r  d e g r a d a t i o n  subsecuen t  t o  t h e  
i n c r e a s e d  temperatu;es of t h e  Workshop postl .aunch phase.  S p e c i a l  usage 
r u l e s  were added t o  t h e  i n f l i g h t  medical  suppor t  sys tem c h e c k l i s t  and 
t h e s e  al lowed a c c e s s  to t h e  f r e s h e s t  of  t h e  many onboard drugs .  

The p r e f l i g h t  e v a l u a t i o n  of  t h e  i n f l i g h t  medica l  s u p p o r t  sys tem equip-  
ment was g e n e r a l l y  s a t i s f a c t o r y .  The i t ems  o f  q u e s t i o n a b l e  e f f i c a c y  in-  
clrtded : 

a. Tracheotome - 13adequate  sha rpnes s ,  somewhat time consumir~g t o  
use.  

b. I ~ l t r a v e n o u s  bags - P l a s t i c  t u b i n g  crushed  i n  packaging.  



c .  Endot racheal  tube  - Crushed i n  packaging. 

d. I n j e c t a b l e s  - D i f f i c u l t  t o  p u l l  cove r s  o f f  need le s .  

e. 1 t o  1 0  000 i n j e c t a b l e  Epinephr ine  (10 cc )  - Glass  c o n t a i n e r  
found broken on one sample. 

f .  C a t h e t e r i z a t i o n  k i t  - K i t  con ta ined  inadequa te ly  s i z e d  c o l l e c t i o n  
bags. 

g Head m t ~ n t e d  l i g h t  s o c r c e  - F x u a  of t h e  l i g h t  w a s  poor. 

The d i a g n o s t i c  equipment t h a t  was used inc luded  t h e  o toscope  f o r  t h e  
e v a l u a t i o n  G ;  t h e  P i l o t ' s  l e f t  e a r  f u l l n e s s  ( o c c u r r i n g  from v i s i t  day 29 
through v i s i t  day 32 ) ,  t h e  thermometer f o r  s e v e r a l  of t h e  "congest ion" 
ep i sodes ,  and t h e  h~moglobinometer  and r e f r a c t o m e t e r  as p a r t  of  r o u t i n e  
checking by t h e  crew. 

Hernoslqhjn and s p e c i f i c  g r a v i t y  h e r e  checked a t  tile time of t h e  r e p  
u l a r  blood drawings du r ing  t h e  second v i s i t .  This  same p l a n  was i n i t i a l l y  
fo l lewed by the  t h i r d  v i s i t  ~rrwuen,  b u t  t o  s ave  t ime,  t h e  s p e c i f i c  grav- 
i t y  measurements were d e l e t e d  except  f o r  c l i n i c a l  n e c e s s i t y  a f t e r  v i s i t  
day 39 and o n l y  f o u r  measurements were taken.  

The hemoglobin check cont inued t o  be performed and, because o f  low 
read ings  s t a r t k g  about  v i s i t  day 59, a d d i t i o n a l  chec!;s were made between 
t h e  r e g u l a r l y  scheduled  blood drawings by us ing  blood drawn by t h e  f i n g e r -  
s t i c k  technique .  

5.2.2 Opera t iona l  B io ins t rumen ta t ion  System 

The c p r a t i o n a l  S i o i n s t r u n l e n t d ~ i o n  was used du r ing  launch,  ex t r ave -  
h i c u l a r  a c t i v i t i e s ,  exper imect  M509 s u i t e d  runs ,  and e n t r y  w i t h  s a t i s f a c -  
t o r y  e l e c t r o c a r d i o g r a m  and impedance pnemograph d a t a  beir?g ob ta ined .  

5.2.3 E x e r c i s e r s  

A f t e r  t h e  f i r s t  Skylah v i s i t ,  a  need was recognized  fcr some exer- 
cise d e v i c e  t h a t  was capab le  of supp ly ing  f o r c e s  an o r d e r  of magnitude 
g r e a t e r  t han  p r e v i o u s l y  used t o  ma in ta in  one-g muscle f u n c t i o n .  In  addi-  
t i o n ,  t h e  e x e r c i s e r  would r e q u i r e  t h e  c o o r d i n a t i o n  o f  walking o r  running  
a s  w e l l  a s  induce  l a r g e  energy  workloads t o  minimize a d d i t i o n a l  e x e r c i s e  
t ime r e q u i r e d  f o r  c a r d i o v a s c u l a r  c o n d i t i o n i n g .  I n  view of  t h e  c r i t i c a l  
stowage r e s t r i c t i o n s  f o r  t h e  t h i r d  v i s i t  command module, a  t r e a d m i l l  was 
des igned which r e q u i r e d  ninimum stowage space  and weighed o n l y  1 .6  k i l o -  
grams. The t r e a d m i l l  is  desc r ibed  i n  appendix A .  



The t r e a d m i l l  d i d  no t  e x a c t l y  s imula te  normal walking, but  d i d  p l a c e  
heavy loads  on c a l f  musculature,  i n  p a r t i c u l a r ,  and ex tensors ,  i n  genera l .  
High Eorces were p laced on t h e  ex tensor  muscles, a s  was des i red .  No a t -  
tempt was made t o  achieve ae rob ic  e x e r c i s e ,  which was provided by t h e  
b i c y c l e  ergometer. The e x e r c i s o r  required a reasonable  degrzc  of conr- 
d ina t ion .  One measurement showed t h a t  oxygen uptake was approximately 
50 percent  inaximum whi le  us ing t h e  device.  It was t y p i c a l l y  used f o r  
10  t o  1: minutes pe r  day w i t h  walking, jogging,  and jumping-in-place ex- 
erci : .  3 .  

Tk 3 Mark I, Mark 11, and Mark 111 e x e r c i s e r s  ( r e f .  3)  and t h e  b i -  
c y c l e  ergometer ( r e f .  5) performed a s  a n t i c i p a t e d ,  but  t h e  Mark I exer-  
c i s e r  sus ta ined  t h r e e  re tu rn - spr ing  f a i l u r e s  dur ing the  t h i r d  v i s i t .  The 
f i r s t  two, on v i s i t  days 19 and 74,  were cor rec ted  by the  crew through re-  
placement of the  r e t u r n  sp r ing .  The f i n a l  s p r i n g  f a i l u r e ,  on v i s i t  day 
80, was no t  r e p a i r a b l e  anJ usage of t h e  u n i t  was discont inued f o r  t h e  re-  
maining 4 days of the  v i s  ;. 

5.3 ENVIRONMEGTW MONITORING 

Three types  of monitoring and sample techniques were used i n  t h e  
O r b i t a l  Workshop t o  a s s e s s  t h e  consumables and the  l i v a b i l i t y  of t h e  en- I 

viromnent. The atmosphere was monitored f o r  t o x i c i t y  and v o l a t i l e  con ten t .  
The po tab le  water  was sampled t o  determine q u a l i t y  and t h e  iod ine  con ten t .  

5.3.1 Atmospheric Tox ic i ty  Monitoring 

The t h i r d  v i s i t  was completed wi thout  any t o x i c o l o g i c a l  d i f f i c u l t y .  
Three carbon monoxide d e t e c t o r  tubes  were a v a i l a b l e  f o r  measuring carbon 
monoxide l e v e l s  in  t h e  O r b i t a l  Workshop work space dur ing  t h e  beginning,  
mid-portion, and f i n a l  phases of t h e  v i s i t .  No s i g n i f i c a n t  l e v e l s  of 
carbon mnoxide  were de tec ted  a t  any per iod d u r i n g  t h e  v i s i t .  

The O r b i t a l  Workshop w a l l  i n s u l a t i o n  (polyurethane) caused some con- 
ce rn  b2cause of excess ive  h e a t i n g  cond i t ions  dur ing c e r t a i n  s p a c e c r a f t  
maneuvers r equ i red  f o r  Ear th  Resources Exp3riment Package d a t a  c o l l e c t i o n .  
Laboratory t e s t s  were conducted on insu1a t i .m samples t o  determine i f  any 
t o x i c o l o g i c a l  problem could develop a s  a r e s u l t  of t h e  h e a t i n g  of t h e  
s p a c e c r a f t  wa l l .  The r e s u l t s  i n d i c a t e d  t h a t  a s a f e  environment could be 
maintained a s  long .s t h e  w a l l  was no t  heated beyond 435' R f o r  a per iod 
no t  exceeding 8 hours.  The Ear th  Resources Experiment Package maneuvers 
were completed wi thout  causing environmental d i f f i c u l t i e s .  



5.3.2 Atmospheric V o l a t i l e  Concentration 

An atmospheric v o l a t i l e  concentra t ion measurement device  was used on 
the  t h i r d  v i s i t  f o r  t h e  f i r s t  time. This  device  c o l l e c t e d  and trapped 
v o l a t i l e  organic  molecules from t h e  Workshop envircnment i n  stall tubes.  
The tubes  were subsequently capped and re turned f o r  q u a n t i t a t i v e  ana lys i s .  
Samples from t h e  beginning,  middle, and end of v i s i t  have been subjected 
t o  high-resolut ion gas-chromatographic ana lys i s .  The r e s u l t s  i n d i c a t e  t h e  
presence of a t  l e a s t  150 organic  v o l a t i l e  compounds, which a r e  def ined 
f o r  t h i s  ex,>eriment a s  those  chemicals tha: can be desorbed from t h e  por- 
ous polymer i n  the  sample tubes  and can be chromatographed d i r e c t l y  a t  
448" K. I n  essence,  the  compounds which a r e  not  gases under normal con- 
d i t i o n s  a r e  separated and assessed a t  the  p a r t s  per  b i l l i o n  l e v e l .  These 
c o n s i s t  of chemicals (aldehydes, ketones ,  a lcoho ls ,  and hydrocarbons) t h a t  
range up t o  200 i n  molecular weight. Mass spectrometr ic  a n a l y s i s  i s  con- 
t i n u i n g  t o  determine t h e  concen t ra t ion  of these  compounds. 

5.3.3 Potable  Water 

I n f l i g h t  potable  water samples were taken t o  monitor t h e  b ioc ide  con- 
c e n t r a t i o n  i n  t h e  water s t o r a g e  tanks  and t o  determine t h e  amount of ad- 
justment necessary t o  maintain an e f f e c t i v e  b ioc ide  l e v e l .  I n f l i g h t  sam- 
p l e s  were a l s o  re turned f o r  p o s t f l i g h t  v e r i f i l  a t i o n  of t h e  chemical q u a l i t y  
of the  water.  The p o s t f l i g h t  a n a l y s i s  was req.i ired so  t h a t  an assessment 
could be made of the  impact of po tab le  water chemical c o n s t i t u e n t s  on t h e  
mineral  balance and bioassay of body f l u i d s  experiments. Water usage f o r  
a l l  phases of the  t h i r d  v i s i t  was 746.3 kilograms, which i s  about 72 per- 
cen t  of the  p r e l i g h t  e s t imates .  

Summary of performance.- The water system performed s a t i s f a c t o r i l y  
throughout a l l  v i s i t s  and no s i g n i f i c a n t  problems were experienced. Water 
usage throughout the  i h i cc  v i s i t s  t o  t h c  O r h l t a l  Workshop was 1763.4 k i l o -  
grams, about 81 percent  of t h e  t o t a l  planned usage. 



6.0 COMMAND AND SERVICE MODULES 

This section contains tile performance evaluation of the command and 
service module systems for the third visit. 

6.1 STRUCTURES AND MECHANICAL 

The command and service module structural, mechanical, and earth 
landing systems performed satisfactorily, although two attempts were re- 
quired for the initial docking because of low command and service module 
closure rates. 

The third visit crew noticed a light brown film of contamination on 
the surfaces of all the command module windows upon reentering the space- 
craft for earth return. The film remained intact duriag earth entry ex- 
cept for some flaking in local areas. 

After recovery, the two rendezvous wit~dows were removed and exanined 
with a scanning electron microscope. The examination shcwed the film to 
consist of a top layer that was 0.4 micrometer thick, and a lower layer 
that was 1.3 micrometers thick. Dispersive X-ray analysis showed the 
presence of silicon in both layers. Infrared spectrochemical analyses 
showed the silicon to be present in the form of silicone chemical link- 
ages. The mass of the contaminant film ranged from 0.25 to 0.28 milli- 
grams per square centimeter. 

Although no specific contaminant sources can be identified from these 
data, the top layer of contaminant was undoubtedly collected during entry 
from outgassing of tape adhesives and thermal control paints. The bottom 
layer is hypothesized to have been deposited in orbit due to outgassing 
of S-13G thermal control paint located on the botton of the Orbital Work- 
shop solar panels as well as other areas on the cluster. Predictions of 
deposition on window surfaces, primarily due to outgassing of S-13G, had 
aeen made through the contamination mathematical model prior to any 
flights. Further analyses is continuing to specifically identify the 
source of contaminants. 

Summary of performance-. - The spacecraf L structural, mechanical, and 
earth landing systems performed satisfactorily during all three visits ex- 
cept that after the standup extravehicular activity dwing the first visit, 
eight attempts were required to achieve a hard docking with the Workshop. 
This conditjon is discussed in reference 3. 



6.2 THERMAL 

The t h i r d  v i s i t  s p a c e c r a f t  t eEpera tu res  were wi th in  accep tab le  l i r n -  
its. Table 6-1 compares t h e  s e r v i c e  module r e a c t i o n  c o n t r o l  system tem- 
p e r a t u r e  l i m i t s  t o  t h e  f l i g h t  da ta .  

The command and s e r v i c e  module thermal c o n t r o l  system conf igura t ion  
of each Skylab s p a c e c r a f t  was changed t o  meet t h e  normal v a r i a t i o n s  i n  t h e  
thermal environment f o r  each v i s i t .  The angle  between t h e  o r b i t a l  path  
and t h e  e c l i p t i c  p lane determines t h e  q u a n t i t y  of s o l a r  h e a t  inc iden t  upon 
an o r b i t i n g  s p a c e c r a f t  wi th  a f ixed  o r i e n t a t i o n .  This  ang le ,  termed t h e  
b e t a  angle,  was a func t ion  of t h e  launch d a t e  and v a r i e d  throughout each 
v i s i t  wi th  a consequent ia l  v a r i a t i o n  i n  s o l a r  hea t ing  of t h e  spacecra f t .  
Therefore,  each Skylab s p a c e c r a f t  thermal c o n t r o l  system required a custom 
design.  

The t h i r d  v i s i t  command and s e r v i c e  module thermal c o n t r o l  system 
conf igura t ion  was changed i n  t h a t  a d i f f e r e n t  thermal con t ro l  coa t ing  was 
app l ied  t o  t h e  s u r f a c e  of t h e  s e r v i c e  module cover ing t h e  o r b i t a l  b a t t e r -  
ies i n  bay T ( f i g .  6-1) t o  reduce t h e  absorbed s o l a r  heat .  The p re fe r red  
rcaximum temparature of t h e  b a t t e r i e s  i n  a dormant coad i t ion  was 302.6' K. 
Without a change i n  thermal coat ing,  t h e  temperature would have been about 
315' K. With t h e  coa t ing  change, t h e  maximum temperature was 303' K. 
The change was n e c e s s i t a t e d  by a prolonged s o l a r  hea t ing  per iod caused by 
adverse  b e t a  angles  near  t h e  end of t h e  v i s i t ,  a cond i t ion  p e c u l i a r  only 
t o  t h e  t h i r d  v i s i t .  

The quad A p r o p e l l a n t  s t o r a g e  modde  f l e x i b l e  l i n e  bracket  tempera- 
t u r e ,  a s  a func t ion  of b e t a  ang le ,  changed f o r  each Skylab v i s i t .  The e f -  
f e c t  of t h e  b e t a  ang le  changes i s  t y p i c a l  f o r  a l l  t h e  temperature measure- 
ments; however, d i f f e r e n c e s  i n  t h e  average v i s i t  temperatures a r e  somewhat 
g r e a t e r  f o r  t h i s  measurement than t h a t  of o t h e r  components, because t h i s  
measurruent is t h e  a s s t  seasitiw and I s  exposed t o  t h e  most severe  ther-  
mal environment. The temperature a t  t h i s  sensor ,  a s  w e l l  a s  surrounding 
componen-s, increased each t ime t h e  spacecra f t  r e tu rned  t o  t h e  same b e t a  
angle .  This r e s u l t e d  from degradat ion of t h e  thermal c o n t r o l  coat ing.  

Photographs taken dur ing  t h e  f o u r t h  e x t r a v e h i c u l a r  a c t i v i t y  show t h a t  
the major p o r t i o n  of t h e  command and s e r v i c e  module thermal coa t ing  changed 
c o l o r ,  t h a t  s e c t i o n s  near  quad A of t h e  s e r v i c e  module r e a c t i o n  c o n t r o l  
system had b l i s t e r e d  and peeled,  and t h a t  t h e  coa t ing  j u s t  be lzv  quad A 
was charred.  The genera l  d i s c o l o r a t i o n  of t h e  command and s e r v i c e  ,wdule  
was thought t o  be caused by deposi ted contaminants (poss ib ly  outgassed 
m a t e r i a l )  and by s o l a r  u l t r a v i o l e t  i r r a d i a t i o n .  The b l i s t e r i n g  and char- 
r i n g  was caused by t h e  r e a c t i o n  c o n t r o l  system engine plume heat ing.  The 
e f f e c t  of t h e  thermal c o n t r o l  coa t ing  depradat ion was t o  i n c r e a s e  t h e  
so la r - s ide  corapouent temperatures each t i m e  t h e  s p a c e c r a f t  re turned t o  
t h e  same b e t a  angle.  
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TABLE 6-1.- THIRD VISIT REACTION CONT2OL SYSTEM TEMPERATURE DATA 

Temperature. O K  

Limi t  

Maximum Minimum Maximum Minimum 

Quad A 

Engine package 
Ox id ize r  l i n e  
Helium t a n k  
Fuel  t a n k  

Quad B 

Engine package 
Ox id ize r  l i n e  
Helium t ank  
Fue l  Tank 

Quad C 

b g i n e  package 
O x i d i z e r  l i n e  
He1 ium t a n k  
Fue l  t ank  

Quad D 

Engine package 
Ox id ize r  l i n e  
Helium t a n k  
Fuel  t ank  





6.3 ELECTRICAL POWER, FUEL CELLS, BATTERIES, 
AND CRYOGENIC STORAGE 

6.3.1 E l e c t r i c a i  Power D i s t r i b u t i o n  

The power d i s t r i b u t i o n  system performance was s a t i s f a c t o r y .  Af te r  
docking, t h e  command and s e r v i c e  module was powered down t o  t h e  planned 
quiescent  power l e v e l .  A f t e r  d e p l e t i o n  of f u e l  c e l l  r e a c t a n t s ,  t h e  com- 
mand and s e r v i c e  module received power from t h e  Saturn Workshop power 
sources.  A l l  power t r a n s f e r s  and power l e v e l s  were normal wi th  t h e  ex- 
c e p t i o n  t h a t ,  dur ing t h e  e n t r y  minus 6 day checkout, no i n d i c a t i o n  of 
vo l t age  was p resen t  when e n t r y  b a t t e r y  A was switchzd on to  b a t t e r y  bus A. 
Repeated c y c l i n g  of t h e  bus t i e  c i r c u i t  breaker  was requ i red  t o  p lace  bat-  
t e r y  A on t h e  bus. A d i scuss ion  of t h i s  anomaly is  contained i n  s e c t i o n  
16.1.4. 

6.3.2 Fuel C e l l s  

Fuel c e l l  petformance was narmal throughout t h e  t h i r d  v i s i t .  Radi- 
a t o r  thermal t ap ing  was no t  required t o  maintain t h e  proper condenser e x i t  
and r a d i a t o r  temperatures because t n e  r a d i a t o r  a r e a  bypass va lve  was ac- 
tua ted .  The va lve  bypasses t h r e e  of t h e  e i g h t  r a d i a t o r  panels ,  t h u s  re- , 
ducing t h e  e f f e c t i v e  r a d i a t o r  area .  

The average s p a c e c r a f t  e l e c t r i c a l  load dur ing t h e  docked qu iescen t  
operat io i ls  was 43.7 amperes. The f u e l  c e l l s  were shu t  down when t h e  hy- 
drogen q u a n t i t y  approached zero  percen t ,  which occurred 1 9  days a f t e r  
l i f t - o f f  . 

The f u e l  c e l l s  provided 19 500 ampere-hours of energy a t  an  average 
bus v o l t a g e  of 29.8 v o l t s .  

6 .3 ,3  Cryogenic Storage 

The cryogenic hydrogen tnd oxygen s t o r a g e  system performance was 
normal. Oxygen tank 2 was d e l i b e r a t e l y  off loaded t o  about 80 percent  
q u a n t i t y  t o  minimize t h e  amount of i n f l i g h t  ven t ing  a f t e r  fuel  c e l l  shut-  
down. A f t e r  shutdown, t h e  hydrogen ven t  was opened and t h e  smal l  amount 
of r e s i d u a l  hydrogen was vented overboard through t h e  nonpropulsive vent .  
The remaining oxygen was managed by flowing oxygen through t h e  polychoke 
o r i f i c e  i n t o  t h e  command module. Oxygen was no t  vented overboard dur ing 
t h e  t h i r d  v i s i t ,  thereby precluding any t h r u s t i n g  t h a t  might d i s t u r b  t h e  
C r b i t a l  WorkoLop a t t i t u d e .  Oxygen and hydrogen q u a n t i t i e s  a r e  summarized 
i n  s e c t i o n  6.10.3 of t h i s  r epor t .  



Summary of performance.- Cryogenic s t o r a g e  system performance. was 
normal f o r  a l l  t h r e e  v i s i ~ s .  Minor problems were experienced dur ing  t h e  
f i r s t  two v i s i t s ;  however, t h e s e  were qu ick ly  remedied and d i d  no t  ad- 
v e r s e l y  impact mission oper t ions .  

6 . 3 . 4  B a t t e r i e s  

The e n t r y  and pos t l and ing  b a t t e r i e s ,  pyrotechnic  b a t t e r i e s ,  and de- 
s c e n t  b a t t e r i e s  supported s p a c e c r a f t  opera t ions  normally. 

Entry b a t t e r i e s  A and R were each charged once on t h e  launch complex 
and once a f t e r  docking wi th  t h e  O r b i t a l  Worksho? a t  t h e  beginning of t h e  
t h i r d  v i s i t .  

E a t t e r y  A could n o t  be placed on t h e  t u s  dur ing  t h e  e n t r y  minus 6 
day checkout because of a  c i r c u i t  breaker  problem. (Sec. 16.1.4 c m t a i n s  
a  d i s c u s s i o n  of t h i s  anomaly.) A s  a  r e s u l t  of t h i s  problem, more energy 
was used than  planned fx2m b a t t e r i e s  B and C (approximately 10  ampere- 
hours  each)  dur ing  t h i s  check. Consequently, both  b a t t e r i e s  were re-  
charged t o  f u l l  c a p a c i t y  p r i o r  t o  undocking. 

Pyrotechnic b a t t e r y  b %as placed on main bus A f o r  a momentary per iod 
Curing t h e  t roub leshoo t ing  of t h e  c i r c u i t  breaker  problem t o  a s s u r e  t h a t  
a  backup c a p a b i l i t y  t o  e n t r y  b a t t e r y  A e x i s t e d .  This  a p p l i c a t i o n  of a  
pyrotechnic  b a t t e r y  was t h e  f i r s t  usage i n  t h i s  type  of s i t u a t i o n .  

The s e r v i c e  module descent  b a t t e r i e s ,  dur ing  t h e  per iod from space- 
c r a f t  powerup t o  command module lservice  module s e p a r a t i o n ,  provided 715 
ampere-hours of energy f o r  a l l  s p a c e c r a f t  o p e r a t i o n s  a s  compared wi th  t h e  
planned usage of 830 ampere-hours. Ba t t e ry  1 d e l i v e r e d  375 ampere-hours 
and experienced a temperature  r i s e  from 290" K t o  372" K dur ing  t h i s  
period whi le  b a t t e r y  3 de l ive r2d  340 ampere-hours and an a t t e n d a n t  t e m -  
p e r a t u r e  rise from 284" K t o  2L8" K. Ba t t e ry  2  was no t  used. 

Entry b a t t e r y  A provided 12 ampere-hours dur ing e n t r y ,  whi le  e n t r y  
b a t t e r y  B provided 15 ampere-hours, and e n t r y  b a t t e r y  C provided 1 3  am- 
pere-hours, f o r  a t o t a l  usage of 40 of t h e  120 ampere-hours a v a i l a b l e .  

Summary of performance.- E a t t e r y  performance throughouL a l l  t h r e e  
Skylab v i s i t s  was normal w i t h  t h e  b a t t e r i e s  suppor t ing a l l  s p a c e c r a f t  
power requirements and, , in many i n s t a n c e s ,  exceading t h e  s p e c i f i c a t i o n  
o p e r a t i o n a l  requirements.  

The e c t r y  and pyrotechnic  b a t t e r i e s  from t h e  s p a c e c r a f t  used on t h e  
f i r s t  two v i s i t s  received a  r e s i d u a l  capac i ty  d i scharge  t e s t  about 2 



months after the second visit spacecraft had landed. All 10 batteries 
tested delivered, as a minimum, the specification capacity of 40 ampere- 
hours, even after extended periods of storage. 

6.4 COMMUNICATIONS AND TELEVISION 

6.4.1 Communications 

The comunications system satisfactorily supported the third visit 
operations, 

During the previous two visits, considerable effort was required to 
keep the volume controls on the speaker intercom assemblies, located 
throughout the Saturn Workshop, adjusted to prevent feedback squeal. A 
command and service module audio-center adapter was carried on the third 
visit to reduce the level of the audio signal as it was processed in the 
command and service module system. The adapter was installed after Work- 
shop activation a7d was very effective in alleviating the feedback prob- 
lem. 

A condition occurred at landing which was identical to one which had 
occurred on the second visit. Salt water collected in the docking tunnel 
connectors, shorting the keying function and causing the very-high- 
frequency transmitter to key continuously. The system was reconfigured 
in accordance wqth corrective procedures established after the second 
visit problem, and two-way communications with the recovery forces were 
established. 

Summary of performans.- Except for two unrelated updata link fail- 
ures during the first and second visits and a hand-held microphone shield 
problem, the system hardware provided relatively trouble-free reliable 
communications for the entire Skylab program. 

6.4.2 Color Television Camera 

One color television camera was resupplied for the third visit, thus 
providing two cameras for use during the visit. The color television sys- 
tem performed as expected except for the following two problems. 

a. Spots appeared on transmitted images fron at least one of the 
cameras. Similar spots were observed on previous visits and were, thus, 
somewhat expected. They did not adverseiy affect the video operation 
other than for the obvious cosmetic degradation, 



b. The crew no t i ced  a smal l  o b j e c t  apparen t ly  f l o a t i n g  i n s i d e  the  
tube of one of  t h e  mini-monitors. The monitor continued t o  opera te  nor- 
mally throughout t h e  v i s i t  and i t s  use was not  impaired. 

Summary of performance.- During the  e n t i r e  Skylab program, t h e  c o l o r  
t e l e v i s i o n  camera system performed a l l  required func t ions .  Cer ta in  prob- 
lems occurred inc lud ing  a camera f a i l u r e  (due t o  severe  overheat ing dur- 
ing  an e x t r a v e h i c u l a r  acti- it-.' , c a b l e  f a i l u r e s ,  and s p o t s  on some of the  
v ideo t r ansmiss ions ,  HoweL, . , backup unics  and t h e  resupply c a p a b i l i t y  
on t h e  second and t n i r d  v i s i t s  provided the  necessary  equipment t o  accom- 
p l i s h  a l l  of t h e  required c o l o r  t e l e v i s i o n  0 b j e c t i . e ~ .  

6.5 INSTRUMENTATION AND DISPLAYS 

A l l  command and s e r v i c e  modiile ins t rumenta t ion hardware performed 
s a t i s f a c t o r i l y  v i t h  t h e  except ion of a r e s i s t a n c e  thermometer and a d i f -  
f e r e n t i a l  p ressure  t ransducer .  The d i s p l a y s  performed s a t i s f a c t o r i l y  
throughout t h e  t h i r d  v i s i t .  

A r e s i s t a n c e  thermometer t h a t  measured t h e  s u r f a c e  temperature of a 
s e r v i c e  propuls ion system o x i d i z e r  tank ind ica ted  o f f - sca le  low on v i s i t  
day 5. This  anomaly is  discussed i n  d e t a i l  i n  s e c t i o n  16.1.1. 

The d i f f e r e n t i a l  p ressure  t r ansducer  which ind ica ted  flow r a t e  i n  
t h e  primary wa te r /g lyco l  l i n e  showed l a r g e  p e r t u r b a t i o n s  i n  t h e  indica-  
t e d  f low r a t e s ,  p ressures ,  and temoeratures of t h e  primary loop when the  
weekly t e s t  procedure was performr:d on v i s i t  day 29, A f t e r  t;.e procedure 
was conducted, the  primary loop water /g lycol  f low r a t e  i n d i c a t i o n  was ap- 
proximately 4 percent  h igher  than i t  had been before  t h e  procedure was 
performed; however, t h e  a c t u a l  f low r a t e ,  a s  calcrc tb ted  fro:n t h e  indica- 
t e d  pump pressure ,  was unchanged. 

An 8-percent inc rease  above the  normal f~ I v'?' :., was ind ica ted  
a f t e r  the  weekly t e s t  was conducted on {isit d, ' - ,  I" . -ocrJure was 
again  conducted on v i s i t  da:; 45 and 50 and, i n  -.acit 4 -  -e, the  ind i -  
ca ted  wa te r /g lyco l  flow r a t e  was reduced about 4 2 6  h!s i n d i c a t i n g  
t h e  normal va lue  a f t e r  v i s i t  day 50. Subslquent wc .. -. : ? reaul te i !  i n  
e r r a t i c  i n d i c a t i o n s ,  b o ~ n  nigher  and lower, of flok , . - s  3 f  a L ~ l , t  t h e  
same o rder  of magnitude. The c o r r e c t  f low r a t e  was i n d j c a t e d  a f t e r  the  
procedure was conducted f o r  t h e  l a s t  time on v i s i t  day ?d.  

The most probable cause  of t h e  e r r a t i c  i n d i c a t i o n  was s t i c t i o n  i n  a 
p i v o t  bea r ing  of one of the  movable components i n  the  t r a w d u c e r .  Physi- 
c a l  a n a l y s i s  of t h e  t r ansducer  is not  planned because t h e  flow r a t e  can 



be s a t i d a c t o r i l y  determined from ' he accumulator q u a n t i t y  and t h e  pump 
pressure  i n d i c a t i o n s ,  should t h e  t r r a t i c  behavior reappear dur ing another  
mission. 

6.6 GUIDANCE, NAVIGATION, AND CONTROL SYSTZMS 

The performance of t h e  guidance, navig6i t ion,  and c o n t r o l  system was 
normal, A t  t h e  completion of t h e  launch phase, t h e  o n b o a ~ d  computer in- 
d i c a t e d  t h a t  g:. 3 r b 1 +  of 153.7 by 223.5 ki lometers  had been achieved. 
Ana ly t~ i s  of h u n c h  da;.- i n d i c a t e s  i n s e r t i o n  e r r o r s  of 0.53, -0.95, and 
0.54 meter per second fn s p a c e c r a f t  X, Y ,  and Z axes ,  r espec t ive ly .  These 
compare favorably  wi th  previous  v i s i t s  and i n d i c a t e  normal performance of 
t h e  i n e r t i a l  ins t ruments  dur ing  t h e  launch phase. 

The t r a c k e r  l i g h t  o n  t h e  s p a c e c r a f t  d iep lay  console  i l iumina ted  ap- 
proximately 34 minutes a£t;r l i f t - o f f .  This a l e r t e d  t h e  crew t o  a f a i l  
ccnd i t ion  In t h e  o p t i L a l  coupling d a t a  u n i t .  Attempts t o  r e s e t  t h e  warn- 
i n g  i n d i c a t i o n  were unsuczessful  and t h e  f a i l  cond i t ion  p e r s i s t e d  f o r  ap- 
proximately 35 mtnutes be fore  it c l e a r e d  i t s e l f .  A d a t a  review whi le  t h e  
f a i l  cond i t ion  was p resen t  v e r i f i e d  t h a t  t h e  c o u p l i n ~  d a t a  u n i t  was oper- 
a t i n g  normally and t h e  cause of t h e  f a i l  cond i t ion  was probably an i n t e r -  
m i t t e n t  f a i l u r e  wi th in  t h e  F a i l u r e  d e t e c t i o n  c i r c u i t .  This f a i l u r e  would 
have had no e f f e c t  upon mission operat ions .  The o p t i c s  operated normally 
%fore  and a f t e r  t h e  t i m e  per iod when t h e  f a i l u r e  cond i t ion  ex i s ted .  A 
~ e g m e n t  wi th in  t h e  o p t i c a l  c o ~ p l i n g  d a t a  u n i t  is used t o  r o u t e  s t e e r i n g  
commends t o  the  s e r v i c e  propuls ion system engine,  and a v e r i f i c a t i o n  was 
mad, t h a t  t h i s  segment would no t  be a f f e c t e d  by t h i s  f a i l u r e .  A t  no time 
dur ing t h e  remainder of t h e  v i s i t  d i d  t h e  f a i l u r e  i n d i c a t i o n  reapptdr .  

Table 6-11 sunrmari,-.es t h e  p la t fo rm alignments and t a b l e  6-111 sum- 
marizes t h e  maneuvers performed using t h e  s e r v i c e  propuls ion system en- 
g m e  . 

The guidance, nav iga t ion  and c o n t r o l  systems opera t ions  dur ing e n t r y  
were normal. Adequate c o n t r o l  a u t h o r i t  was a v a i l a b l e  ds ing only  one r i n g  
of t h e  r e a c t i o n  c o n t r o l  systeri.. I n e  second r i n g  was i i s a b l e d  because of 
t h e  helium l e a k  discussed i n  s e c t i o n  16.1.3. 

An a t t i t u d e  c o n t r o l  problem was experienced dur ing t h e  .omnand module/ 
s e r v i c e  m d u l e  s e p a r a t i o n  sequence. A p r o c ~ d u r a l  e r r o r  r e s u l t e d  i n  four  
c i r c u i t  breakers  being opened which removed 28 v o l t s  from t h e  auto  , ? r . i c  
c o i l s  cf t h e  p i t c h  and yaw c o n t r o l  snginea,  Consequently, t h e  c r t d  had 
t o  use t h e  emergency d i r e c t  c o i l s  t o  maintain manual a t t i t u d e  c o n  r o i  i n  
p i t c h  and yaw. The rol l .  automatic c o i h  were configvyed proper ly  I.r,d -he 
d i g i t a l  a u t o p i l c t  c ~ n t r o l l e d  t h e  s p a c e c r - f t  r o l l  a t t i t u d e  through en:rj 
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and the  vehic le  w a s  guided t o  a landing at l a t i t u d e  31 degrees 18 minutes 
36 seconds north, longitude 119 degrees 46 minutes 12 seconds west, a s  
indicated by the  onboard computer. The landing w a s  about 3.5 kilometers 
from t h e  recovery ship. 

6 .7 PROPULSION 

6.7.1 Service Propulsion System 

The serv ice  propulsion system operat ions were normal throughout the  
v i s i t .  Seven maneuvers were accomplished with a t o t a l  f i r i n g  durat ion of 
41 seconds. Propellant usage da t a  a r e  shown i n  sec t ion  6.10.1. 

During the  docked period, system parameters were normal. On v i s i t  
day 3, the  oxidizer  tank outboard temperature ind ica t ion  decayed t o  a 
reading of zero and remained the re  throughout the  remainder of the v i s i t .  
The redundant measurement, oxidizer  tank inboard temperature, was used 
t o  monitor t h i s  area.  Section 16.1.1 discusses  t h i s  anomaly i n  d e t a i l .  

After  undocking and p r i o r  t o  the shaping and deorb i t  maneuvers, the  
propel lant  tank pressures  were equalized by manually ac t iva t ing  the  he- 
lium i s o l a t i o n  valves. F i r ing  times f o r  the  shaping and deorbi t  maneu- 
vers  were approximately 12.1 seconds and t seconds, respect ively.  

Photographs were taken during the  four th  extravehicular  a c t i v i t y  
showing the  command and serv ice  module between quads A and D (f ig .  6-2). 
Analysis of these photographs showed some surface d i s t o r t i o n s  on the  en- 
gine nozzle extension i n  the a rea  of t he  columbium/titanium in t e r f ace  and 
intermediate s t i f f e n e r  r i ng  ( f ig .  6-3). The coated columbium/titanium 
configuration is subject  t o  t h i s  type of d i s t o r t i o n  a s  a r e s u l t  of the  
thermal shock tha t  is  caused by the  short-duration f i r i n g  c h a r a c t e r i s t i c  
of the  Skylab mission. Similar def lec t ions  and wrinkles occurred during 
the a l t i t u d e  chamber tests ea r ly  i n  the development program of the en- 
gine. The nozzle extension design and the  physical proper t ies  of the 
a l l oys  allowed f o r  such d i s t o r t i o n  without rupture. Consequently, the  
engine performance was not affected by the surface d i s to r t i on .  

Summary of performance.- The serv ice  propulsion system performed nor- 
mally during a l l  three v i s i t s .  The bas ic  f inding during the  missions was 
the f a c t  t h a t  the modifications made t o  the Apollo serv ice  propulsion sys- 
tem t o  withstand the  e f f e c t s  of long-duration exposure t o  the propel lants  
were successf u l ,  
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Figure 6-3. - Service propulsion system engine nozzle extension. 



6.7.2 Service  Module Reaction Control  System 

The s e r v i c e  module r e a c t i o n  c o n t r o l  system performed normally from 
f i r s t  usage through t h e  docking phase and a f t e r  t h e  valve  reconf igura t ion  
f o r  t h e  quiescent  period.  P rope l lan t  from t h e  quad tanks  was used f i r s t  
t o  inc rease  t h e  u l l a g e  volumcs i n  t h e  tanks. A f t e r  about 23 kilograms of 
p rope l lan t  per  quad had been used, t h e  system was configured t o  supply 
p r o p e l l a n t s  from t h e  p r o p e l l a n t  s t o r a g e  m d u l e  tank:,. When n o t  i n  use,  
t h e  p rope l lan t  supp l ies  were i s o l a t e d  from t h e  manifold system. Propel- 
l a n t  usage d a t a  a r e  given i n  s e c t i o n  6.10.2. 

Data received a f t e r  docking, p a r t i c u l a r l y  dur ing t h e  Saturn Workshop 
t r i m  naneuvers, showed t h a t  t h e  p rope l lan t  s t o r a g e  module f u e l  manifold 
and t h e  quad B f u e l  manifold p ressures  were t r ack ing  each o t h e r  even 
though t h e  quhd B f u e l  i s o l a t i o n  va lves  were c losed.  The va lves  were 
cycled open and then c losed,  but t h e  d a t a  continued t o  i n d i c a t e  t h a t  a t  
l e a s t  one of t h e  quad B f u e l  i s o l a t i o n  va lves  was leaking.  This anomaly 
is discussed i n  s e c t i o n  16.1.2, 

During the  high b e t a  angle phase of t h e  v i s i t ,  p rope l lan t  tempera- 
t u r e s  and p ressures  approaching t h e  system high r e d l i n e  c o n s t r a i n t s  oc- 
curred i n  quads A and D. The p ressures  were r e l i e v e d  by temporari ly in- 
terconnect ing e i t h e r  quad A o r  quad D wi th  t h e  p r o p e l l a n t  s to rage  module. 

Summary of performance.- Overal l  r e a c t i o n  c o n t r o l  system performance 
was genera l ly  comparable t o  its performance dur ing t h e  Apollo program. 
The mosz s i g n i f i c a n t  d i f f e r e n c e s  were i n  thermal management and opera t ion  
dur ing t h e  second v i s i t  following two system leaks .  Excessive system tem- 
pera tu res ,  and t h e r e f o r e  p ressures ,  were prevented dur ing Apollo f l i g h t s  
by p e r i o d i c a l l y  r o l l i n g  t h e  vehic le .  High p ressures  dur ing t h e  high b e t a  
angle  phases of t h e  f i r s t  and t h i r d  v i s i t s  were r e l i e v e d  by t r a n s f e r r i n g  
p rope l lan t  from a quad wi th  high p ressures  t o  t h e  p rope l lan t  s t o r a g e  mod- 
u l e  where t h e  p ressure  was lower, System leakage i n  quads B and D dur ing 
t h e  second v i s i t  required t h a t  these  quads be used only i n  an  emergency 
s i t u a t i o n .  The use of these  two leak ing  quads was no t  required dur ing t h e  
remainder of t h e  v i s i t .  Trim maneuvers t o  a d j u s t  t h e  ground t r a c k  were 
postponed u n t f l  t h e  t h i r d  v i s i t .  

6.7.3 Command Module Reaction Control  System 

The performance of t h e  comand module r e a c t i o n  c o n t r o l  system w a s  
normal througho:it t h e  quiescent  p o r t i o n  of t h e  v i s i t .  Immediately f o l -  
lowing command moduie r e a c t i o n  c o n t r o l  system a c t i v a t i o n ,  t h e  system 2 
helium source p r e s s u r e  began dropping, i r ,d ica t ing  a leak.  Fur ther  d e t a i l s  
of t h i s  anomaly a r e  given i n  s e c t i o n  16.1.3. A normal s ingle-r ing e n t r y  



was accomplished us ing  system 1. Prope l lan t  usage d a t a  a r e  given i n  sec- 
t i o n  6.10.2. A l l  p o s t f l i g h t  a c t i v i t i e s  r e l a t i v e  t o  s a f i n g  and decontamin- 
a t i n g  t h e  command module r e a c t i o n  c o n t r o l  system were accomplished nor- 
mally. 

Summary of performance.- Overal l  r e a c t i o n  c o n t r o l  system performance 
was comparable t o  t h a t  dur ing t h e  Apollo program except f o r  t h e  pressure  
leakage dur ing t h e  t h i r d  v i s i t .  A s i g n i f i c a n t  demonstration by both t h e  
command module and s e r v i c e  module r e a c t i o n  c o n t r o l  system was t h e  long- 
term p r o p e l l a n t  compat ib i l i ty .  

6.8 ENVIRONMENTAL CONTROL SYSTEM 

The environmental c o n t r o l  system performed s a t i s f a c t o r i l y  dur ing t h e  
command and s e n i c e  module a c t i v e  and quiescent  phases of t h e  t h i r d  v i s i t .  
Only minor o p e r a t i o n a l  d i sc repanc ies  were noted and t h e s e  had no s i g n i f i -  
can t  impact on t h i r d  v i s i t  operat ions .  

The secondary coolant  loop evaporator  steam pressure  decreased from 
f u l l - s c a l e  h igh t o  t h e  lower l i m i t  of t h e  measurement dur ing t h e  launch 
phase. Since  t h e  secondary coolant  loop was i n a c t i v e  dur ing t h i s  phase, 
t h e  p ressure  should have remained a t  t h e  upper measurement l i m i t  wi th  t h e  
evaporator  back p ressure  va lve  i n  t h e  normally c losed  pos i t ion .  Attempts 
by t h e  crew a f t e r  o r b i t a l  i n s e r t i o n  t o  ob ta in  s a t i s f a c t o r y  secondary evap- 
o r a t o r  o p e r a t i o n  were unsuccessful .  However, 10 hours l a t e r ,  another  a t -  
tempt t o  a c t i v a t e  t h e  evaporator  using t h e  s tandard procedures r e s u l t e d  
i n  a  slow recovery t o  normal system operat ion.  This sequence of even t s  
i n d i c a t e s  t h a t  t h e  secondary evaporator  back p ressure  va lve  was inadver- 
t e n t l y  l e f t  i n  the  open p o s i t i o n  dur ing t h e  performance of t h e  prelaunch 
switch conf igura t ion  c h e c k l i s t ,  causing evaporator  f r e e z i n g  which r e s u l t e d  
i n  i r r e g u l a r  system operat ion.  

The primary wate r /g lyco l  flow measurement ind ica ted  an increased flow 
r a t e  a f t e r  t h e  f o u r t h  and f i f t h  7-day checks of t h e  command and s e r v i c e  
module systems. A comparison of t h e  pump d i f f e r e n t i a l  p ressure  d a t a  dur- 
i n g  these  pe r iods  wi th  t h e  ground test da ta  ind ica ted  normal system oper- 
t i o n  and erroneous flow measurement operat ion.  This  discrepancy i s  d i s -  
cussed i n  s e c t i o n  6.5. 

During t h e  quiescent  phase of t h e  v i s i t ,  when t h e  water tanks  were 
p ressur ize?  on ly  by cabin  pressure ,  t h e  ind ica ted  waste water q u a n t i t y  
showed a  very gradual  decrease  of about 6 percent.  Infrequent  h igher  and 
lower excurs ions  a l s o  were observed dur ing t h i s  t i m e  period.  These types  
of v a r i a t i o n s  have been noted on both t h e  waste and po tab le  water q u a n t i t y  



t r a n s d u c e r s  dur ing  ground tests and previous  f l i g h t s .  The e r r a t i c  opera- 
t i o n  of these  t r ansducers  was a t t r i b u t e d  t o  f i lm- l ike  d e p o s i t s  between t h e  
wiper and t h e  cermet core  element of the  potentiometer.  Complete l o s s  of 
t h e  measurement would have had no impact on t h i s  v i s i t .  Transducer opera- 
t i o n  a f t e r  r e p r e s s u r i z a t i o n  of t h e  tanks  dur ing t h e  pre-entry operations 
appeared s a t i s f a c t o r y .  

The s u i t  r e t u r n  f l a p p e r  v a l v e  i n  t h e  Commander's s u i t  f low c o n t r o l  
v a l v e  s t u c k  c losed  dur ing  a c t i v a t i o n  f o r  ent ry .  For t h i s  v i s i t ,  t h e  
s u i t  hose i n t e r c o n n e c t s  were d e l e t e d  f o r  weight savings ,  t h u s  r e q u i r i n g  
t h e  va lves  t o  be l e f t  c losed dur ing  t h e  qu iescen t  pe r iod  t o  prevent dry- 
o u t  of t h e  s u i t  hea t  exchanger wicks and t o  prevent e n t r y  of debr i s .  
This  conf igura t ion  caused t h e  e las tomer  on t h e  f l a p p e r  t o  s t i c k  t o  t h e  
s e a t ,  a  problem t h a t  has been encountered dur ing ground o p e r a t i o n s  a f t e r  
long pe r iods  wi th  the  va lve  seated.  S u f f i c i e n t  d i f f e r e n t i a l  p r e s s u r e  was 
obta ined t o  open t h e  f l a p p e r  by performing a backup procedure and us ing 
both  s u i t  compressors. The v a l v e  opera ted  normally a f t e r  t h e  f l a p p e r  was 
unstuck. 

Evaporator water r e s e r v i c i n g  p r i o r  t o  undocking was i n t e r r u p t e d  t o  
s o l v e  t h e  s t i c k i n g  s u i t  f low c o n t r o l  va lve  discussed i n  t h e  previous  para- 
graph. As a r e s u l t  of the  i n t e r r u p t i o n ,  t h e  primary evaporator  water f low 
valve  remained on f o r  about 30 minutes r a t h e r  than the  planned 3-minute 
per iod.  Data i n d i c a t e  t h a t  approximately 4.5 kilograms of water  were sup- 
p l i e d  t o  t h e  primary evaporator ,  cons ide rab ly  more than the  normal se rv ic -  
ing  requirement of about 0.5 kilogram. Primary and secondazy evaporator  
a c t i v a t i o n  a f t e r  undocking appeared e r r a t i c  wi th  both t h e  evaporator  steam 
pressures  and o u t l e t  temperatures  above normal. Addi t iona l ly ,  t h e  steam 
duc t  temperature  dropped t o  a lower than usual  l e v e l  of  about  280' K, which 
i n d i c a t e s  f r e e  water  carry-over i n t o  the  steam duc t  and f reez ing ,  as would 
be expected. This sequence a l s o  could account f o r  t h e  i c e  p a r t i c l e s  ob- 
served by t h e  crew dur ing  t h i s  period.  E r r a t i c  secondary evaporator  oper- 
a t i o n  was s t i l l  noted about 40 minutes l a t e r  (primary evaporator  was i n  
non-boiling tem2erature regime), but  d a t a  a f t e r  1 hour showed s a t i s f a c -  
t o r y  evapora t ive  c o n t r o l  i n  both  loops.  

Summary of performance.- The command and s e r v i c e  module environmental  
c o n t r o i  system operated s u c c e s s f u l l y  throughout t h e  manned Skylab v i s i t s .  
The components used i n  t h e  environmental  c o n t r o l  system f o r  t h e  f i r s t  t ime 
i n  t h e  Skylab program performed s a t i s f a c t o r i l y .  Adequate thermal c o n t r o l  
was maintained f o r  a l l  o r b i t a l  a t t i t u d e s ,  b e t a  angles ,  and command module 
hea t  loads .  Most environmental  c o n t r o l  system problems were t h e  r e s u l t  
of ins t rumenta t ion  malfunct ions ,  minor l eakages ,  and procedural  e r r o r s .  
A l l  of these  problems were minor i n  n a t u r e  and had no o v e r a l l  e f f e c t  on 
v i s i t  opera t ions .  



6.9 SPECIAL STOWAGE 

Spec ia l  command module stowaga was required to :  r e s e r v i c e  and re- 
p lace  equipment; r ep lace  i tems wi th  improved designs;  provide f o r  t h e  ex- 
tended v i s i t  dura t ion ;  provide f o r  changes i n  planned a c t i v i t i e s ;  replen- 
i s h  supp l ies  being deple ted because t h e  usage r a t e s  were g r e a t e r  than 
a n t i c i p a t e d ;  r ep lace  l o s t  i tems; provide i tems f o r  crew comfort; and pro- 
v i d e  f o r  improvements i n  communications, t e l e v i s i o n  t ransmiss i lm,  and 
photography. Also, t h e r e  were some items t h a t  were o r i g i ~ ~ a l l y  scheduled 
f o r  t h e  f i r s t  and second v i s i t  stowage l i s t s  t h a t  were held over f o r  t h e  
t h i r d  v i s i t  because of stowage p r i o r i t i e s .  Command module weight and cen- 
t e r  of g r a v i t y  f o r  launch, and weight dur ing descent  and landing a r e  shown 
i n  t h e  following t a b l e .  

Ear th  launch weight, kg , . . . . 
Launch escape v e h i c l e  Z-axis 

c e n t e r  of g r a v i t y ,  cm . . . . . 
High a l t i t u d e  a b o r t  burnout X-axis 

c e n t e r  of g r a v i t y ,  cm . . . . . 
Descent on main parachute 

weight,  kg . . . . . . . . . . 
Landing weight, kg . . . . . . . 

A l l  a v a i l a b l e  t h i r d  v i s i t  command module stowage locker  space was 
used f o r  t h e  i tems discussed i n  t h e  previous paragraph. I n  a d d i t i o n  t o  
t h e  use of t h i s  normal stowage space,  t h ~  following i t e m s  were stowed on 
top  of t h e  a f t  bulkhead lockers :  supplementary food f o r  t h e  extended v i s i t ,  
experiment TO25 e x t r a v e h i c u l a r  a c t i v i t y  bracket ,  experiment S193 t o o l  k i t ,  
experiment SO54 f i lm,  and coolant  accessor ies .  The launch stowage config- I 
u r a t i o n  is  shown i n  f i g u r e  6-4 and t h e  r e t u r n  stowage conf igura t ion  is  
shown i n  f i g u r e  6-5. The launch and e n t r y  couch s t r o k i n g  envelopes re-  
s u l t i n g  from a worst-case landing a r e  shown i n  f i g u r e s  6-6 and 6-7. . 
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