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OVERVIEW

GROUND BASED PREFLIGHT STUDIES AT UTMB RELATED TO COSMOS FLIGHT 2229

(BION 10)

11/1/92 - 8/22/92

Established stereotaxic coordinates for medial vestibular nucleus, abducens
nucleus and vestibular nerve then redesigned the head ring platform and
microelectrodes to permit recordings from these deep neural structures.

Completed development of surgical procedures to chronically implant
orthodromic stimulation electrodes. Implanted two control rhesus monkeys at
UTMB

Completed evaluation of eye movement measurement using ISCAN. Installed
the ISCAN camera on the multi-axis rotator

Completed development of a system to permit active and passive head motion
testing. Installed components on the multi-axis rotator.

Participated in the development of the flight amplifier used to process neural
signals during space flight.

Evaluated several technologies used to produce a multiple microelectrode array.
Developed and tested thin microelectrodes that were implanted as a bundle
muitiple microelectrode array in several flight candidates.

Continued to develop computer programs in anticipation of recording from
rectifying neurons (vestibular nuclei neurons).

GROUND BASED PREFLIGHT STUDIES AT THE INSTITUTE OF BIOMEDICAL PROBLEMS
(IBP) IN MOSCOW RELATED TO COSMOS FLIGHT 2229 (BION 10)

8/22/92 - 9/6/92

8/29/92 - 9/13/92

9/29/92 - 10/4/92

10/3/92 - 10/29/92

11/11/92 - 11/21/92

J. David Dickman (JDD), Ph.D. and Manning J. Correia {MJC), Ph.D. implanted
microelectrode guide tube carrier platforms stereotaxically in 12 monkey flight
candidates.

Adrian A. Perachio (AAP), Ph.D., Denise Helwig and Samantha Edmonds
implanted orthodromic stimulating electrodes in the bony labyrinths of 7 monkey
flight candidates.

AAP and JDD implanted 5 flight monkey candidates with orthodromic stimulating
electrodes.

MJC x-rayed all 12 flight candidates. MJC, AAP and JDD conducted
electrophysiological studies to determine the stereotaxic coordinates of the
vestibular nerve, the medial vestibular nucleus and the abducens nucleus.



] Studies were carried out to obtain preflight data from each of the flight monkey
candidates. Recordings were obtained from monkeys 803, 775,151, 907, 1401,
and 856. From these monkeys, recordings were obtained from 35 horizontal
canal afferents, 8 medial vestibular nucleus type Il neurons, 8 medial vestibular
nucleus type | neurons, 3 untyped medial vestibular nucleus neurons and one
vertical medial vestibular nucleus neuron.

11/29/92 - 12/12/92

. Indwelling microelectrodes were implanted in several of the leading flight

candidates.

GROUND BASED PREFLIGHT STUDIES AT THE INSTITUTE OF BIOMEDICAL PROBLEMS
(I1BP) REMOTE FACILITY IN PLESETZ RELATED TO FLIGHT 2229 (BION 10)

12/18/92 - 12/23/92

. Indwelling flight microelectrodes were implanted by JDD and AAP in other flight
candidates. The location and number of Implants are summarized in the table
below

Flight Candidate Microelectrode Implants (Dec.1992)
Monkey Location
Nerve Nuclei Cerebellum

803 multiple electrode (3) multiple electrode 2 single electrode (1)
907 single electrode (1) single electrode (1) single electrode (1)
151 single electrode (1) single electrodes(4) none

775 single electrode (1) single electrode (1) none

906 single electrode (1) single electrodes(6) single electrode (1)
892 multiple electrode (2) multiple electrode <)) single electrode (1)

single electrodes(2)
476 none single electrodes(3) single electrode (1)

INFLIGHT STUDIES RELATED TO COSMOS FLIGHT 2229 (BION 10)

12/26/92 - 12/23/92
. Studies were carried out in which recordings were made from the vestibular

nerve and the vestibular nuclei in the two cosmonaut monkeys, 151 and 906.

GROUND BASED POSTFLIGHT STUDIES AT THE INSTITUTE OF BIOMEDICAL
PROBLEMS (IBP) IN MOSCOW RELATED TO COSMOS FLIGHT 2229 (BION 10)

1/5/92 - 1/23/93
. Synchronous control studies were made on flight candidate monkeys 803 & 907.

Recordings were obtained from 11 horizontal canal afferents from these
monkeys (See Appendix 1).



. Postflight studies were carried out in which recordings were made from the
vestibular nerve of the two cosmonaut monkeys, 151 and 906 as well as the
vestibular nerve and vestibular nucleus of control monkeys 803, 907, 1401, 892
(See Appendix 1). Recovery was on 1/10/93. First recordings were made on:
1/11/93-13 horizontal afferents recorded from monkey 906 and 5 afferents
recorded from monkey 151; 1/12/93-5 afferents recorded from monkey 906 and
13 afferents recorded from monkey 151; 1/14/93-2 afferents recorded from
monkey 906 and 10 afferents recorded from monkey 151; and on 1/21/93-10
afferents recorded from monkey 906 and 0 afferents recorded from monkey 151.
During postflight tests on the control monkeys listed above, 12 horizontal canal
afferents and 6 medial vestibular nucleus type | neurons were studied.

1/23/93 - 1/27/93
) Laboratory packed with the exception of the monkey multi-axis rotator.

5/3/93 - 5/7/93
) The monkey multi-axis rotator was disassembled, reassembled and packed for

shipment to UTMB.

1/23/93 - 11/14/93
Derived usable data from preflight , post flight and synchronous control tests.

The results of those analyses are summarized in Tables 1 -31 on pages T1-T12
in Appendix 2. Graphical summary of these data are presented throughout the
text that follows.
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ABSTRACT

During the past year, pre-, in- and postflight studies were conducted in association with the Axon
project for Bion 10 (Cosmos 2229). Recordings were made during pre- and postflight studies,
from 118 horizontal semicircular canal afferents and 27 vestibular nucleus neurons in 7 rhesus
monkeys; 137 pulse rotation protocols alone were executed (548 acceleration and deceleration
responses were curve fit). Usable data was obtained from 127 horizontal afferents conceming
their spontaneous discharge. Curve fits and analysis was made of sinusoidal and sum of



sinusoidal responses from 42 and 35 horizontal afferemts, respectively. Also recordings were
made from neurons inflight from the two flight animals. The mean spontaneous rate varied from
128 spikes/sec. during preflight to 92 spikes/sec during postflight (day 5) - a change of 28%. In
direct contrast to the results of Cosmos 2044, the best fitted neural adaptation operator (k) and
the gain of the pulse response were decreased during post flight when compared to preflight.
Surprisingly, the best fitted gain and k values for the sum of sines were slightly elevated during
post flight tests. The gain and phase of single sine responses were compared for pre- and post
flight tests and compared to a larger population of afferents (Miles and Braitman, 1980). In
contrast to Cosmos 2044 results where on the first day of post flight testing the gains of the best
fitted sine response were skewed toward the higher values of the Miles and Braitman distribution,
the gain of the best fitted sine responses during the first day of post flight testing (day 2) during
Cosmos 2229 were exactly on the mode of the Miles and Braitman distribution. Thus, at least for
the periodic stimuli, (pulses and sine waves) we found no change in gain and neural adaptation
during post flight testing following Cosmos 2229. This conclusion is different from the one
derived following the Cosmos 2044 flight (Correia et. al., 1992). Cosmos flight 2229 differed
from Cosmos flight 2044 in several significant ways: For example, during preflight;, (1) The
animals preflight training was different (less well trained on the gaze task) and (2) the animals
were exposed to more experimental manipulations (surgical and rotational). Inflight, (1) the
animals were required to make a pointing gesture (motor response) in association with eye
movements to obtain reward, (2) the inflight diet was different (more balanced), (3) the feeder for
one of the animals clogged following 9 days of flight resulting in evident dehydration and
probably less head motion exposure in that monkey and (4) there was limited video taping of the
monkeys in space. During postflight, (1) we were unable to test the flight animals until 26 hours
postflight as compared to 14.5 hours during Cosmos 2044, (2) the animals received significantly
more exposure to motion stimuli during postflight testing than during Cosmos 2044. These
differences in the vestibular environment will require analysis of several parameters other than
just neural and eye movement responses. For example, computer programs will have to be
written and used to recover and quantitate the number of head movements made by each
animal during flight. This activity is critical to the production of neural adaptation and increased
gain.

METHODS AND RESULTS

Differences from Cosmos 2044 (Correia et al. 1992)

A summary of the neural recordings and stimulation protocols carried out on five control and
two flight monkeys during preflight and postflight tests associated with Cosmos Flight 2229
are presented in Appendix 1. Because of time restrictions, two types of neurons were
studied in association with this flight. These two types of neurons were horizontal (lateral)
semicircular canal afferents and type | or type Il vestibular nuclei neurons found in the
medial vestibular nucleus. Rotation protocols used for study of the horizontal semicircular
canal afferents where similar to those used during Cosmos Flight 2044 (Correia et al., 1992)
except that the number of protocols were abbreviated to include: test of spontaneous
discharge, pulse rotation test, sum of signs tests (bandwidth from 0.2 hertz to 1.0 hertz) and
sinewave test (0.2 hertz). Rotation protocols for the vestibular nuclei neurons included:
spontaneous sinusoidal discharge test, oscillations at 0.2 heriz, 0.5 hertz, 1.0 hertz; a pulse
of constant velocity of 60 degrees per second and a sum of sines stimulus covering the band
width from 0.02 hertz to 1.0 hertz.

Neurons in the vestibular nuclei and semicircular canal afferents were identified and
functionally characterized by their responses to natural vestibular stimulation and to electrical
stimulation of the vestibular nerve. The technique for the latter test required that a method be
developed for chronic implantation of electrodes for stimulation across the bony labyrinth of



awake rhesus monkeys. In a single monkey, the implantation technique used by Broussard et al
(1992) was attempted. This technique requires dissection through the mastoid bone to locate the
superior semicircular canal. An opening is made in the canal wall near the ampullae for the
placement of one of a pair of stimulating electrodes. The reference electrode is placed near the
posterior wall of the ear canal. The technique also involves exposure of the dura overlying the
lateral tip of the dorsal paraflocculus. The technique was judge to be too difficult for our
application and carried the added risk that vertical canal function might be compromised during
the course of the entire project. Dr. Lisberger informed us that cathodal stimulation, such as
would be used in our studies, might lead to bone growth and to the eventual occlusion of the
implanted canal.

The approach we finally used was derived from a method reported by Minor and
Goldberg (1891) for galvanic stimulation of the squirrel monkey labyrinth. This involves a
placement of a single electrode into a hole drilled into the promontory near the round window.
The tip of the electrode seals an opening made into the perilymphatic space. The electrode
consists of a platinum plated, teflon insulated silver wire (250 micron uncoated diameter) with a
1.0 mm exposed tip. The reference electrode is of similar material but with a longer tip exposure
(3.0 mm). That electrode is placed into a hole drilled deep into the posterior attachment of the
zygomatic arch.

Surgery was performed under general anesthesia and sterile conditions. In our facilities
at UTMB, we successfully implanted three rhesus monkeys, two unilaterally and one bilaterally.
The post auricular incision was made and the platyzma divided. The remaining underlying soft
tissue of the ear canal was dissected to expose the extemnal bony auditory meatus and the
Zygomatic arch. Two self-tapping, stainless steel Screws were placed near the ear canal into the
parietal bone, dorsal to the parietal-occipital ridge. The soft tissue was carefully dissected along
the posterior wall of the meatus to level of the annulus. The tympanic membrane was incised
inferiorly and posteriorly to gain entrance to the middle ear. In immature rhesus monkeys, the
external meatus is so oriented as to allow direct visualization of the round window via this
approach. In more mature animals, the canal is rotated forward relative to the basal skull, thus
obscuring the promintory and the long process of the malleus, requiring further dissection.

Exposure of the round window in mature rhesus monkeys is achieved by drilling away
the deepest most posterior wall of the external auditory meatus. This is best achieved with a
diamond coated drill so as to minimize danger to the underlying facial nerve and middle ear
ossicles. In a series of eleven unilaterally implanted rhesus monkeys, facial nerve damage
occurred in only one animal. Following further exposure, the long process of the malleus and the
facial nerve are visualized. The site of implantation of the stimulating electrode is posterior to
the malleus. The facial nerve is displaced rostrally to protect it during implantation. The ossicles
are not this disarticulated. The surface of the promontory is scraped to remove the periosteum
and thinned with a diamond tipped round bur. A hole is then drilled in the center of the resulting
concavity and the electrode tip is inserted, seated firmly at the shoulder formed by the teflon
insulation. The wire is pushed against the posterior wall of the meatus and formed against the
drilled surface. The external portion of the wire is wound around one of the skull screws and
cemented to it with dental acrylic. The reference electrode is placed into the hole in the
Zygomatic arch, wound around the second screw and cemented in place. The two leads are then
passed under the temporalis muscle and exteriorized at the head restraint implant with a curve
needle. The wound is closed in layers with absorbable suture and the skin closed with silk suture
material. Antibiotics are routinely administered perioperatively.

The animals implanted in Moscow generally recovered from surgery with no sequelae.
One monkey, that was diagnosed as having meningitis at the time of surgery, was found to have
a positional nystagmus postoperatively. Since this animal was tested only during the
postoperative period, it was not possible to definitively assess the relationship of those
symptoms to the implant. Another monkey was reported to have an ipsilateral head tilt and was
acutely ataxic. Those symptoms resoived quickly. No vestibulo-ocular abnormalities were
reported by other investigators in that animal. Afferent activity and vestibular nuclear responses
were comparable to those of the remaining animals.
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Figure 1. Entrained action potentials from a horizontal semicircular canal afferent. The orthodromic
stimulation produced entrained action potentials with latencies less than 0.5 msec. Also observed at the
right of the figure is a spontaneously occurring action potential.

Recordings were made from 86 neurons in control animals and 59 neurons in the flight
animais. Thus 145 neurons were Studied in total during pre- and postflight ground base
tests. Neurons studied during flight have not yet been analyzed. The procedures for

semicircular canals have been published elsewhere (Correia et al.,, 1981, Cormeia et al.,
1982). Briefly, this analysis can be stated as follows: puise response analysis-using
nonlinear curve fitting techniques, one model was (the adaptation model - Correia et al.,
1892) was fit to each of the four pulse responses that occur during a given rotation pulse
protocol. In some cases the responses were so noisy that the data was rejected. These
responses are denoted by *** in the Tables in Appendix 2. If the protocols were repeated,
the protocol that yielded the histogram with the least noise was chosen. Data from repeated
protocols was not included. That is, only one set of parameters from the four pulses is
included for each neuron. For each sinusoidal rotation, curve fit techniques were used to

compare the parameters. This will be the next step. However, descriptive first order
statistics have been completed and they are presented in Appendix 2 and in the graphs that
follow.



It should be noted that in all the figures that follow and in the tables in Appendix 2 that
during Cosmos 2229 during Post-flight days 6 and 7 only control animals were tested..

Figure 2 presents mean gain values derived from best fitted responses to pulse
stimulation. The numbers in the bars represent the number of afferents that comprise the mean.
It can be seen that in contrast to Cosmos 2044 the postflight mean gains are depressed relative
to preflight, synchronous and postflight controls (Post-Flight day 6).

Mean Gain Values for Cosmos 2044 and 2229
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Figure 2. Mean Gain values for pulse responses of horizontal afferents during Cosmos 2044 and
2229,

As with the mean gain values, the parameter that represents the degree of neural
adaptation (k), plotted in Figure 3 is depressed on postflight days 2, 3, and 5 when compared to
preflight and postflight controls and when compared to comparable test days following Cosmos

flight 2044.
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Figure 3. Mean neural adaptation (k) values for pulse responses of horizontal afferents during
Cosmos 2044 and 2229,

Again in contrast to the results derived from the postflight data following Cosmos 2044,
the mean long time constant of the semicircular canal deduced from best fitted functions of the



pulse histogram response and shown plotted in Figure. 4. lengthened in the flight animals when
compared to preflight, synchronous controls and postflight controls (post-flight day 6).
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Figure 4. Mean Tau (deduced long time constant of the semicircular canal) values for pulse
responses of horizontal afferents during Cosmos 2044 and 2229,

Like the data foliowing Cosmos 2044, the mean baseline of the frequency of firing
between pulses (DC level), plotted in Figure 5, was not much different during post-flight testing
when compared to control responses. The mean responses differed from 125 spikes/sec to 95
spikes/sec. These values fall around the mean firing rate determined by other investigators (e.g.
~100 spikes/sec. Mlles and Braitman,1981).
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Figure 5. Mean spontaneous values (DC level) obtained as an asymptotic response following pulse
rotations during Cosmos 2044 and 2229,

The mean spontaneous firing rate, plotted in Figure 6 was obtained from interspike
interval histograms of spontaneous discharge prior to the first pulse rotation. The mean values



showed depression during the post-flight testing but like the mean DC level values, the firing rate

was near 100 spikes/sec.
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Figure 6, Mean frequency of firings values for spontaneously discharging horizontal afferents
during Cosmos 2044 and 2229,

In the control animals the coefficient of variation (CV) for all afferents (see Table 8 in
appendix 2) ranged from 0.34 to 0.03. But the mean values for each day, (plotted in Figure 7)

ranged from 0.09 to 0.15. That is, the mean CV of the afferents across days would be classified

as regularly firing after the distribution of Louie and Kimm (1976). In this statistic our results
during flight 2229 were almost identical to the results of flight 2044,

Mean Coefficient of Variation (CV) Values for Cosmos 2044 and 2229
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Figure 7. Mean coefficient of variation of spontaneously discharging horizontal afferents during
Cosmos 2044 and 2229,
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The best fitted parameters plotted in Figures 1-5 were derived from the equation:

r(t) = (G/tk)[y"'(—k,—t/rL)e't/"L] + DC; where y*(a,t) = ((t‘a/F(a))}xa'le'x dx (1)
0
and y'(a,t) is the incomplete gamma function (which is single-valued and finite in terms of a and
t), G = gain, k = across frequency adaptation, 7| (TAU) = cupula long time constant and DC =
non stimulated (spontaneous) firing rate (Correia et al., 1981).

The Laplace transform of Eq. 1 with a term (ty/s +1), representing the response to cupula
velocity at higher frequencies (Femandez and Goldberg, 1971), is a transfer function of the form

H(s) = Gs Ktz +1)(zp +1)1 )

where G= the frequency independent gain ; k = the across frequency adaptation operator;
s=1+jo; o = 2xf; 1,, = velocity time constant and tj = the long time constant of the semicircular
canals. In the next 3 figures the parameters k, 7, and 7 are presented. These parameters
represent best fitted values of Eq. 2 to a sum of sines frequency response.

Sum of Sines
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Figure 8. Mean best fitted values of G (frequency independent gain term) of cycle histogram
response to sum of sines by horizontal afferents during Cosmos 2044 and 2229.

It is interesting that the frequency domain equivalent of the pulse response produces an
increase in gain during post flight days 2, 3, and 5 relative to the pre- and post flight controls .
The sum of sines differs from the pulse in that most of the frequency content is below 0.4 Hz and
the sum of sines is an unpredictable stimulus.

In Figure 9 (below) it can be noted that while the mean value of k increases on the
second post flight day, the increase is not nearly as dramatic as noted during Cosmos 2044
(black bars)
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Figure 9. Mean best fitted values of K (across frequency neural adaptation operator) of cycle
histogram response to sum of sines by horizontal afferents during Cosmos 2044 and 2229,

There does not appear to be a systematic change in the mean best fitted parameter
Ty-shown plotted in Figure 10 below.

Sum of Sines
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Figure 10. Mean best fitted values of Ty (across frequency neural adaptation operator) of cycle
histogram response to sum of sines by horizontal afferents during Cosmos 2044 and 2229.

During the first day of post-flight testing during Cosmos 2044, the long time constant of the

semicircular canal decreased as indicated by the black bars. During the first post-flight day of
Cosmos 2229, the parameter 7| increased.
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Figure 11. Mean best fitted values of T, (semicircular canal long time constant operator) of cycle
histogram response to sum of sines by horizontal afferents during Cosmos 2044 and 2229,

The next 2 three dimensional bar histograms display gain values calculated from the
best fitted sine function to the cycle histogram of the afferent response to a sinusoidal yaw
rotation of 30°/sec. amplitude and 0.2 Hz frequency. As a reference, the histogram of gains from
Miles and Braitman (1980) sinusoidal response to 0.2 Hz are presented. Presented in Figure 12
are the gains for the control monkeys during both Cosmos 2044 and 2229. It can be seen, for
example that the distribution of gains from post -flight controls in Cosmos 2229 are similar to
those published by Miles and Braitman (1980).

Histogram of Controls
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Figure 12. A three dimensional histogram of sinusoidal gains from control monkeys during testing
associated with Cosmos 2044 and Cosmos 2229. The data of Miles and Braitman (1980) are

presented for comparison.

Figure 13 presents the same type plot but post-flight data from different days during
Cosmos 2044 and 2229 are presented. The striking difference between the gains during
Cosmos 2044 and 2229 can be observed by comparing post-flight day 1 - Cosmos 2044 and
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post-flight day 2 - Cosmos 2229, During Cosmos 2044, the gain values are skewed toward the
higher end of the Miles and Braitman distribution; during the first post - flight test day (day 2)
during Cosmos 2229, the values are directly in line with the central tendency values of Miles and
Braitman (1980).

Histogram of Post-flight Gain Values
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Figure 13. A three dimensional histogram of sinusoidal gains from flight monkeys during post-flight
testing associated with Cosmos 2044 and Cosmos 2229. The data of Miles and Braitman (1980) are
presented for comparison.

DISCUSSION

In contrast to Cosmos 2044 results (Correia et al., 1992) where on the first day of post
flight testing the gains of the best fitted pulse, sine and sum of sine response were skewed
toward the higher values of the Miles and Braitman (1980) distribution, the gain of the best fitted
sine and pulse responses during the first day of post flight testing (post-flight day 2) during
Cosmos 2229 were exactly on the mode of the Miles and Braitman (1980) distribution. Thus, at
least for the periodic stimuli, (pulses and sine waves) we found no change in gain during post
flight testing following Cosmos 2229. Moreover, during post-flight day 1 during Cosmos 2044 we
found an increased level of neural adaptation as reflected by an increased mean k value. After
issuing the caveat that we only sampled a small number of afferents, we (Correia et al., 1992)
suggested the increased gain could result from some non-vestibular factor secondary to
spaceflight such as stress or changes in body calcium levels or some vestibular factor such as a
strategy to obtain reward without having to make large head movements by increasing the
semicircular canal gain. This latter speculation is predicated on the assumption that the
monkeys during spaceflight make numerous head movements. Increase in neural adaptation
would also logically follow from numerous head movements. Also, increased gain, increased k
and irregular firing are correlated in semicircular canal afferents. Thus, we could have simply
sampled a population of neurons with high G and k. But, most of the units we sampled were
regularly firing. Analysis of the mean sinusoidal gain data from Cosmos 2229 (summarized in
Figure 13), indicated that relative to post-flight controls, the gain and k values were depressed,
but relative to the data of Miles and Braitman (1980), the values were on the mean of their
distribution. Future statistical comparisons will be necessary to determine if the mean gain and k
values from flight 2229 and those of flight 2044 and those of Miles and Braitman (1980) are from
the some population. The gain and particularly the neural adaptation observed during Cosmos
2044 was dramatic and showed a reversible trend with time following recovery. Why couid these
data be different from those of flight 2044? Cosmos flight 2229 differed from Cosmos flight 2044
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in several significant ways: First, different monkeys were flight monkeys. Although during both
flights the microgravity exposure was similar, several differences existed. For example, during
preflight; (1) The animals' preflight training was different (the animals were less well trained on
the gaze task) and (2) the animals were exposed to more experimental manipulations (surgical
and rotational) and in flight 2229 the animals carried an indwelling electrode in one labyrinth.
Inflight, (1) the animals were required to make a pointing gesture (motor response) in association
with eye movements to obtain reward, (2) the inflight diet was different (more balanced), (3) the
feeder for one of the animals clogged following 9 days of flight resulting in evident dehydration
and probably less head motion exposure in that monkey and (4) there was limited video taping of
the monkeys in space. During postflight, (1) we were unable to test the flight animals until 26
hours postflight as compared to 14.5 hours during Cosmos 2044, (2) in the intervening interval
between recovery and testing, and on subsequent post-flight days, the animals received
significantly more exposure to linear and angular motion stimuli than during Cosmos 2044,

Since gravity acts primarily on the otolith organs, It was a surprise that the gain and neural
adaptation of the semicircular canals was increased following microgravity during Cosmos 2044.
It may ultimately turn out that with a large sample of afferent data that gain and adaptation may
not change. However, to fairly compare the results, we must prove that the angular head motion
environment in flight was the same for Cosmos 2044 and 2229. To accurately compare the
angular head motion environment will require analysis of several parameters other than just
neural and eye movement responses. For example, it must be determined that during Cosmos
flight 2229 that both monkeys made as many head movements during the gaze test as their
counterparts during Cosmos flight 2044. The number of head movements made by each animal
during both flight must be quantitated.

One inescapable conclusion that can be drawn from the results presented in Appendix 3 is that
the afferent response of the semicircular canals was statistically significantly different following
microgravity. In one case (Cosmos 2044), the gain was increased and in the other case
(Cosmos 2229) it was decreased. However, in both cases the gain was statistically significantly
DIFFERENT from the preflight/synchronous controls.
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APPENDIX 1

A summary of the pre- and post flight testing. The Table on pages T1-T7 chronicles the pre and
post-flight testing of all monkeys. The column type denotes whether the neuron was a lat.
(horizontal) afferent, a type | or type Il vestibular nuclear neuron and whether the neuron could
be further classified as a pvp type neuron. The location column denotes the anterior - posterior
and the lateral stereotaxic coordinates of the electrode tract. For example, ap0l10 means
anterior-posterior 0 and lateral 10 mm from the midline of the skull. The protocol describes the
test. The terms step and puise are used interchangeably throughout this report.



Summary of individual neurons and experimental conditions observed during pre-and post flight testing

Time cell time date type | side |location | monkey | protocol | tape | footage
preflight 1 precontrol | 11/14/92 | lat. aff. | left | apOi12 803 spon 1 2200
preflight 1 precontrol | 11/14/92 | lat. aff. | left | apOi12 803 step 1 2250
preflight 1 pre control | 11/14/92 | lat. aff. | left | apOi12 803 ss 1 2300
preflight 1 pre control | 11/14/92 | lat. aff. | left | apOi12 803 sine0.2 1 2460
preflight 2 | precontrol | 11/14/92 | lat. aff. | left | ap0i12 803 spon 1 2536
preflight 2 | precontrol | 11/14/92 | lat. aff. | left | ap0l12 803 step 1 2600
preflight 2 | precontrol | 11/14/92 | lat. aff. | left | apOl12 803 step-rpt 1 2662
preflight 2 pre control | 11/14/92 | lat. aff. | left | apOi12 803 sine0.2 1 2727
preflight 2 | precontrol | 11/14/92 | fat. aff. | left | apOi12 803 8S 1 2770
preflight 2 | precontrol | 11/14/92 | lat. aff. | left | apOi12 803 sine1.0 1 2855
preflight 3 | precontrol | 11/14/92 | lat. aff. | left | apOi12 803 spon 1 2887
preflight 4 | precontrol | 11/14/92| lat. aff. | left | apOi12 803 spon 1 2946
preflight 4 | precontrol | 11/14/92| lat. aff. | left | apOl2 803 step 1 2046
preflight 5 | precontrol | 11/14/92| lat. aff. | left | ap0l12 803 spon 1 2082
preflight 5 | precontrol | 11/14/92| lat. aff. | left | apOi12 803 step 1 3001
preflight 6 pre control | 11/14/92 | lat. aff. | left | apOl12 803 spon 1 3025
preflight 6 pre control | 11/14/92 | lat. aff. | left | apOi12 803 step 1 3040
preflight 6 | precontrol | 11/14/92 | lat. aff. | leR | apOi12 803 sine0.2 1 3040
preflight 7 | precontrol | 11/14/92 | fat. aff. | left | apOl12 803 spon 1 3170
preflight 7 | precontrol | 11/14/92 | lat. aff. | left | ap0i12 803 step 1 3140
preflight 7 | precontrol | 11/14/92 ] lat. aff. | left | ap0i12 803 sine0.2 1 3190
preflight 7 | precontrol | 11/14/92 | lat. aff. | left | apOi12 803 ss 1 3230
preflight 7 | precontrol | 11/14/92 | lat. aff. | left | ap0i12 803 ss-rpt 1 3305
preflight 7 | precontrol | 11/14/92 | lat.aff. | left | apOi12 803 sine1.0 1 3370
preflight 8 | precontrot | 11/14/92 | lat. aff. | left | apOi12 803 spon 1 3397
preflight 9 | precontrol | 11/15/92 | lat. aff. | left | ap0i10 775 spon 1 3399
preflight 10 | precontrol | 11/15/92 | lat. aff. | left | apOl10 775 spon 1 3466
preflight 11| precontrol | 11/15/92 | lat. aff. | left | apOl10 775 spon 1 3470
preflight | 12 | precontrol | 11/15/92 | lat. aff. | left | apQl10 775 spon 1 3489
preflight | 12 | precontrol | 11/15/92 | lat. aff. | left ap0l10 778 step 1 3566
preflight 12| precontrol | 11/15/92 | fat. aff. | left | apOi10 775 step-rpt 1 3631
preflight 12| precontrol | 11/15/92 | lat. aff. | left | apOi10 775 sine 1 3631
preflight 13| precontrol | 11/15/92 | lat. aff. | left | apOi10 775 spon 1 3697
preflight 14 | precontrol | 11/15/92 | lat. aff. | left | apOI10 775 spon 1 3791
preflight | 15[ precontrol | 11/15/92 | lat. aff. | right ap0l10 151 spon 1 3780
preflight | 15 | precontrol | 11/15/92 | lat. aff." | right apOl10 151 step 1 3810
preflight | 16 | precontrol | 11/16/92 | lat. aff. | left apOi10 907 spon 1 3880
prefight | 16 | precontrol | 11/16/92 | lat. aff. | left | apOi10 907 step 1 3900
prefight | 16 | precontrol | 11/16/92 | lat. aff. | left | ap0i10 907 sine0.2 1 3950
preflight | 16 | precontrol | 11/16/92 | lat. aff. | left ap0i10 907 88 1 3999
preflight 17 | precontrol | 11/16/92 | lat. aff. | left apOi10 907 spon 1 4058
prefight | 17 | precontrol | 11/16/92 | lat. aff. | left apOi10 907 step 1 4089
prefight | 17 | precontrol | 11/16/92 | lat. aff. | left | apOl1 (] 907 stp-rpt 1 4173
prefight | 17 | precontrol | 11/16/92 | lat. aff. left | apOi10 907 sine0.2 1 4229
preflight 17 | precontrol | 11/16/92 | lat. aff. | left | apOi10 907 spon-rpt 1 4290
prefight | 18 | precontrol | 11/16/92 | lat. aff. | left ap0l10 907 spon 1 4295
preflight | 18 | precontrol | 11/16/92 | lat aff. | left | apOi1 0 907 step 1 4313
preflight 18 | precontrol | 11/16/92 | lat. aff. | left | apOi10 907 step-rpt 1 4360
prefight | 19 | precontrol | 11/16/92 | lat. aff. | left ap0i10 907 spon 1 4392
preflight | 20 | precontrol | 11/16/92 | Iat. aff. | left ap0i10 907 spon 1 4430
preflight | 21 | precontrol | 11/16/92 | Iat. aff. | left ap0i10 907 step 1 4486
prefight | 22 [ pre control | 11/16/92 | lat. aff. left | apQl10 907 step 1 4540
prefight | 23 | precontrol | 11/16/82 | lat. aff. | left | apOI10 907 step 1 4623
prefight | 24 | precontrol | 11/16/92 | lat. aff. left { apOi10 907 step 1 4643
prefight | 25 | precontrol | 11/16/32 | lat. aff. | left ap0i10 907 step 1 4687




Summary of individual neurons and experimental conditions observed during pre-and post flight testing

preflight | 25 | precontrol | 11/16/92 | lat. aff. | lefR | apOI10 907 step-rpt 1 4739
preflight | 25 | precontrol | 11/16/92 | lat. aff. | left | apOI10 907 sine0.2 1 4780
preflight | 25 | precontrol | 11/16/92 | lat. aff. | left | apOI10 907 ss 1 4816
preflight | 26 | precontrol | 11/16/92 | lat. aff. | leR | apQI10 907 step 1 4860
preflight | 26 | precontrol | 11/16/92 | lat. aff. | left | ap0I10 907 step-rpt 1 4908
preflight | 26 | precontrol | 11/16/92 | lat. aff. | left | apOl10 907 sine0.2 1 4950
preflight | 26 | precontrol | 11/16/92 | lat. aff. | left [ apOl10 907 s$ 1 4980
preflight | 26 | precontrol | 11/16/92 | lat. aff. | left [ apOI10 907 sine1.0 1 5046
preflight | 27 | precontrol | 11/16/92 | lat. aff. | left | apOl10 907 step 1 5063
preflight | 27 | precontrol | 11/16/92 | lat. aff. | left [ ap0I10 907 ss 1 5105
preflight | 27 | precontrol | 11/16/92 | lat. aff. | left = apOi10 907 spon 1 5150
preflight 27 | precontrol | 11/16/92 | lat. aff. | left | apd10 907 sine0.2 1 5170
preflight | 27 | precontrol | 11/16/92 | lat. aff. | left [ apOl10 907 sine1.0 1 5200
preflight | 27 | precontrol | 11/16/92 | lat. aff. | left | apOI10 907 sine0.5 1 5246
preflight | 28 | precontrol | 11/16/92 | lat. aff. | left | apOI10 907 step 1 5262
preflight | 29 | precontrol | 11/16/92 | lat. aff. | left | p1110 1401 step 1 5290
preflight 20 | precontrol | 11/16/92 | lat. aff. | left | p1110 1401 sine0.2 1 5317
preflight 29 | precontrol | 11/16/92 | lat. aff. | left | p1110 1401 ss 1 5348
preflight | 29 | precontrol | 11/16/92 | lat. aff. | left | p1l10 1401 spon 1 6394
preflight | 29 | precontrot | 11/16/92 | lat. aff. | left | p1110 1401 sine1.030 | 1 5410
preflight | 20 | precontrol | 11/16/92 | lat. aff. | left | p1i10 1401 sine0.5 1 5435
preflight | 29 | precontrol | 11/16/92 | lat. aff. | left | p1110 1401 step-rpt 1 5457
preflight | 29 | precontrol | 11/16/92 | lat. aff. | left [ p1l10 1401 step-rpt 1 5500
prefiight | 30 | precontrol | 11/16/92 | lat. aff. | leR | p1l10 1401 step 1 5653
preflight | 30 | pre control | 11/16/92 | lat. aff. | left | p1110 1401 step-rpt 1 5570
preflight | 30 | precontrol | 11/16/92 | lat. aff. | left | p1l10 1401 sine0.2 1 5620
preflight | 30 | precontrol | 11/16/92 | lat. aff. | left | p1110 1401 step-rpt 1 5658
preflight | 30 | precontrol | 11/16/92 | lat. aff. | left | p1l10 1401 13 1 5696
preflight 30 | precontrol | 11/16/92 | lat.aff. | lef | p1110 1401 sine1.0 1 5743
preflight | 30 | precontrol | 11/16/92 | iat. aff. | lef | p1110 1401 sine0.5 1 5761
preflight | 31 | precontrol | 11/16/92 | fat. aff. | left | p1110 1401 step 1 8775
preflight | 31 | precontrol | 11/16/92 | lat. aff. | left | p1l10 1401 ss 1 5823
preflight | 31 | precontrol | 11/16/92 | fat. aff. | left | p1l10 1401 sine0.2 1 5867
preflight | 31 | precontrol | 11/16/92 | lat. aff. | left | p1l10 1401 sine0.5 1 5898
preflight | 32 | precontrol | 11/17/92 | mwnii left p4i2 151 sine0.2 1 5982
prefight | 33 | precontrol | 11/17/92 | mvnii | left p4i2 151 sine0.2 1 6000
preflight | 34 | precontrol | 11/18/92 | mvni left p43 856 field pot. 1 6050
preflight 34 | precontrol | 11/18/92| mvni left pdi3 856 sine0.2 1 6190
prefight | 34 | precontrol | 11/18/92| mvni left pai3 856 sine0.5 1 6220
preflight | 34 | precontrol | 11/18/92 | mvni left p43 856 sine1.0 1 6236
prefight | 34 | precontrol | 11/18/92| mvni left p4i3 856 elec. stim. | 1 6249
preflight | 35 | precontrol | 11/18/92 | mvnvert | left p4i3 856 elec. stim. 1 6340
preflight | 36 | precontrol | 11/18/92| mvni left p43 856 elec. stim. 1 6360
prefight | 36 | precontrol | 11/18/92| mvni left p4i3 856 sine0.2 1 6370
preflight | 37 | precontrol | 11/18/92| mvni left pai3 856 elec.stim. 1 6400
preflight | 37 | precontrol | 11/18/92| mvni left p4i3 856 sine0.2 1 6420
preflight | 37 | precontrol | 11/18/92 | mvni left p4i3 856 sine0.2 1 6457
preflight | 37 | precontrol | 11/18/92| mvni | left | pdi3 856 sine0.5 1 6490
preflight | 37 | precontrol | 11/18/92| mwni | left | pdi3 856 sine1.0 1 6502
preflight | 37 | precontrol | 11118/92 | mvni left p4i3 856 sine1.0 1 6512
preflight | 38 | precontrol | 11/18/82| mvnii | left pSI3 856 spon 1 6563
preflight | 39 | precontrol | 11/18/92| mvnii | left pSI3 856 spon 1 6570
preflight | 39 | precontrol | 11/18/32 | mvnii | left pSI3 856 sine0.2 1 6592
preflight | 39 | precontrol | 11/18/92 | mvnii | left pSI3 856 sine0.2 1 6613
preflight | 39 | precontrol | 11/18/92 | mvnii | left pSI3 856 sine0.5 1 6633
preflight | 39 | precontrol | 11/18/92 | mvnii | left pSI3 856 sine1.0 1 6651
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preflight 39 | precontrol | 11/18/92 | mvnii left pSI3 856 sine 1.0 1 6661
preflight 39 | precontrol | 11/18/92 | mwnii left pSIi3 856 sine0.5 1 6674
preflight | 40 [ precontrol | 11/19/92 | mvnii left p3A3 803 elec.stim 2 0
prefight | 40 | precontrol | 11/19/92 | mvnii | left p3i3 803 sine0.2 2 0
preflight 41 pre control | 11/19/92 mvn left p3I3 803 elec.stim 2 148
preflight | 42 | pre control | 11/19/92 mvn left p4i3 803 elec.stim 2 300
preflight | 42 | precontrol | 11/19/82 | mvn left p4i3 803 sine0.2 2 300
preflight | 43 | precontrol | 11/19/92 | mvni left p4i3 803 elec.stim 2 405
preflight | 43 | precontrol | 11/19/92 | mwni left p43 803 sine0.2 2 474
preflight | 44 | precontrol | 11/19/92| mvni left p4i3 907 sine0.2 2 528
preflight | 45 | precontrol | 11/19/82| mvnii | left | p4i3 907 spon 2 643
preflight | 46 | pre control | 11/19/92| mvni left p4i3 907 spon 2 654
preflight | 47 | precontrol | 11/18/92 | mwni left [ p4i3 907 spon 2 711
preflight | 48 | precontrol | 11/19/92 | wmvni left p3i3 907 | spon8elec | 2 809
preflight | 49 | pre control | 11/19/92 | mnvipvp | left p313 907 | sponSelec | 2 827
preflight | 49 [ pre control | 11/19/92 | mnvipvp | left | p313 9207 sine0.2 2 827
preflight | 49 | pre control | 11/19/92 | mnvipvp | left | p3I13 907 sine0.5 2 827
preflight | 49 | precontrol | 11/19/92 | mnvipvp | left p313 907 sine1.0 2 827
preflight | 50 | pre control | 11/19/82 mvn left p313 907 spon 2 1140
preflight | 50 | pre control | 11/19/92 mvn left p3i3 907 elec_stim 2 1140
preflight 50 | precontrol | 11/19/92 mvn left p3i3 907 sine0.2 2 1140
preflight | 51 | precontrol | 11/19/92| mwnii | left | p313 907 sine0.2 2 1304
preflight | 52 | precontrol | 11/20/92 | lataff. | left | ap0l10 | 1401 step 2 1637
preflight | 52 | precontrol | 11/20/92 | lataff. | left | ap0l10 | 1401 step 2 1625
preflight 52 | precontrol | 11/20/92 | lataff. | left | apOl10 1401 sine0.2 2 1707
preflight | 52 | precontrol | 11/20/92 | lataff. | left | apOl10 [ 1401 ss 2 1749
prefight | 52 | precontrol | 11/20/92 | lataff. | left | apOI10 | 1401 sine1.0 2 | 183
prefight | 52 | precontrol | 11/20/92 | lataff. | left | ap0I10 | 1401 spon 2 | 1844
preflight | 53 | precontrol | 11/20/92 | lat.aff. | left | ap0l10 | 1401 step 2 1866
preflight | 53 | precontrol | 11/20/92 | lat.aff. | left | ap0l10 | 1401 sine0.2 2 1925
preflight | 53 | precontrol | 11/20/92 | lataff. | left | ap0I10 | 1401 $8 2 | 1966
preflight | 53 | precontrol | 11/20/92 | lataff. | left [ ap0l10 | 1401 sinel1.0 2 2034
preflight | 53 | precontrol | 11/20/92 | lat.aff. | left | apOi10 | 1401 spon 2 2054
preflight 53 | precontrol | 11/20/92 | lataff. | left | apOi10 1401 sine0.5 2 2078
prefight | 53 | precontrol | 11/20/92 | lataff. | lef | apOi10 | 1401 step rpt 2 2103
prefight | 54 | precontrol | 11/20/92 | lat.aff. | left | apOi10 | 1401 step rpt 2 2240
preflight 54 | precontrol | 11/20/92 | lataff. | left | apQl0 1401 sine0.2 2 2298
preflight | 54 | precontrol | 11/20/92 | lataff. | left | apOl10 | 1401 ss 2 2336
prefight [ 54 | precontrol | 11/20/92 | lataff. | left | ap0i10 | 1401 sinel1.0 2 2401
preflight | 54| precontrol | 11/20/92 | lataff. | left | apOi10 | 1401 sine0.5 2 2418
preflight | 54 | precontrol | 11/20/92 | lataff. | left | apOi10 | 1401 spon 2 2442
prefight | 55| precontrol | 11/20/92 | lat.aff. | left [ apOi10 | 1401 step 2 2461
preflight | 55 | precontrol | 11/20/92 | lat.aff. | left | ap0I10 | 1401 sine0.2 2 2518
preflight | 55| precontrol | 11/20/92 | lataff. | left | apOl10 | 1401 ss 2 2558
preflight 55 | precontrol | 11/20/92 | latafl. | left | ap0I10 1401 sine1.0 2 2619
sync. cont. | 56 | sync control | 1/9/93 lat.aff. | left | apOl12 803 step 1 0
sync. cont. | 56 | sync control | 1/8/93 lat.aff. | left | apOl12 803 step rpt 1 136
sync. cont. | 56 | synccontrol | 1/9/93 | lataff. | left | apOI12 | 803 step rpt 1 404
sync. cont. | 57 | synccontrol | 1/9/93 lat.aff. | left | apOl12 803 step 1 500
sync. cont. | 58 | sync control | 1/9/93 lat.aff. | left | apOl12 803 step 1 629
sync. cont. | 59 | sync control | 1/9/93 lat.aff. | left | apOi12 803 step 1 720
sync. cont. | 59 | sync control | 1/9/93 lataff. | left | apOl12 803 step rpt 1 797
sync. cont. | 60 | sync control | 1/9/93 lat.aff. | left | apOi12 803 step 1 876
sync. cont. | 61 | sync control | 1/9/93 lat.aff. | left | apOl12 803 step 1 1209
sync. cont. | 62 | sync control | 1/9/93 lat.aff. | left | apOl12 803 step 1 1307
sync. cont. | 63 | sync control | 1/9/93 lat.aff. | left | apOi12 803 step 1 1440
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sync. cont. | 64 | sync control | 1/10/93 | lataff. | left | apQI10 907 step 1 1500
sync. cont. | 64 | synccontrol | 1/10/93 | lataff. | left | apOI10 907 step rpt 1 1600
sync. cont. | 65 | synccontrol | 1/10/93 | lataff. | left | apQI9 907 step 1 1668
sync. cont. | 65 | synccontrol | 1/10/83 | lataff. | left | apOi9 907 step rpt 1 1734
sync. cont. [ 65 | synccontrol | 1/10/93 | lataff. | left [ apOI9 907 ss 1 1792
sync. cont. [ 65 | sync control | 1/10/93 | lataff. | left [ apOI9 907 sine0.2 1 1871
sync. cont. | 65 | synccontrol | 1/10/93 | lataff. | left [ ap0i9 907 spon 1 1940
sync. cont. | 66 | sync control { 1/10/93 | lataff. | left [ ap0i9 907 S8 1 1960
sync. cont. [ 66 | sync control | 1/10/93 | lataff. | left [ apOi9 907 step 1 2046
sync. cont. [ 66 | sync control | 1/10/93 | lataff. | left [ ap0i9 907 spon 1 2106
sync. cont. | 66 | synccontrol | 1/10/93 | lataff. | left | ap0i9 907 sine0.2 1 2137
postcont | 67 | postcontrol | 1/15/93 | lataff. | left | apOi12 803 step pol | 5540
postcont | 68 | postcontrol | 1/15/93 | lataff. | left [ apOi12 803 step pol 5578
postcont | 68 | postcontrol | 1/15/93 | lataff. | left | apOi12 803 ss pol | 5620
postcont | 68 | postcontrol | 1/15/93 | lataff. | left | apOi12 803 sine0.2 | pol | 5663
postcont | 69 | postcontrol | 1/15/93 | lat.aff. | left | apOl12 803 step pot | 5689
postcont | 70 | postcontrol | 1/15/93 | lataff. | left | apOl12 803 step pot | 5713
postcont | 71 | postcontrol | 1/15/93 | lat.aff. | left | apOl12 803 step pol | 5756
postcont | 71 | postcontrol | 1/15/93 | lataff. | left | apOl12 803 steprpt | pot [ 5781
postcont | 72 | postcontrol | 1/15/92 | lataff. | left | apOi11 907 step pot | 5819
postcont | 72 | postcontrol | 1/15/92 | lat.aff. | left | apOi11 907 ] pol | 5870
postcont | 72 | postcontrol | 1/15/92 | lataff. | left | apOl11 907 sine0.2 | pot | 5913
postcont | 72 | postcontrol | 1/15/92 | lat.aff. | left | apOi11 907 spon pol | 5937
postcont | 72 | postcontrol | 1/16/92 | lataff. | left | apOl11 907 step pol | 5948
postcont | 73 | postcontrol | 1/15/92 | lataff. | left | p1l10 907 step po1 6005
postcont | 73 | postcontrol | 1/15/92 | lataff. | left [ p1110 907 step pol | 6015
postcont | 73 | postcontrol | 1/15/92 | lataff. | left | pti10 907 ss pot | 6046
postcont | 73 | postcontrol | 1/15/92 | lataff. | left | pi10 907 sine0.2 | pot | 6058
postcont | 74 | postcontrol | 1/15/92 | lataff. | left | p1i10 907 step pot [ 6113
postcont | 75 | postcontrol | 1/16/92 | lat.aff. | left [ p1l10 907 step pot | 6144
postcont | 76 | postcontrol | 1/15/92 | lataff. | left | p1110 907 step pot | 6153
postcont | 76 | postcontrol | 1/15/02 | lataff. | left | pilO 907 88 pot | 6194
postcont | 77 | postcontrol | 1/15/92 | lataff. | left | piHO 907 step pot | 6268
postcont | 77 | postcontrol | 1/15/92 | lataff. | left | p1l10 907 ss pol | 6304
postcont | 78 | postcontrol | 1/15/92 | lataff. | left | p1l10 907 88 pol | 6350
postcont | 79 | post control | 1/16/93 mwni left pSI2 892 elec stim | pot | 6500
postcont | 79 | postcontrol | 1/16/93 mvni left p5I12 892 sine0.2 | pol | 6549
postcont | 79 | postcontrol | 1/16/93 mvni left pSi2 892 sine0.5 pol | 6578
postcont | 79 | post control | 1/16/93 mvni left p5I12 892 sine1.0 | pot [ 6591
postcont | 79 [ postcontrol | 1/16/93 mvni left [+5174 892 step pot | 6609
postcont | 79 | postcontrol | 1/16/83 mwvni left p5i2 892 ss pol | 6642
postcont | 79 | postcontrol | 1/16/93 mvni left pSi2 892 steprpt | pot | 6681
postcont | 79 | postcontrol | 1/16/83 mvni left p5i2 892 step pot | 6710
postcont | 80 | postcontrol | 1/16/93 mvni | left | p3i3 1401 elec stim | pol | 6730
postcont | 80 | postcontrol | 1/16/93 mvni | left | p3i3 1401 sine0.2 | pol | 6791
postcont | 80 | post control | 1/16/93 mvni left p3i3 1401 sine0.5 po1 6817
postcont | 80 | postcontrol | 1/16/93 mvni | left | p33 1401 sine10 | pol | 6839
postcont | 80 [ postcontrol | 1/16/93 mvni | left | p3I3 1401 step pol | 6859
postcont | 80 | post control | 1/16/93 mvni left p3i3 1401 ss pol | 6892
postcont | 80 | postcontrol | 1/16/83 mvni left p3i3 1401 step pot | 6936
postcont | 81 | postcontrol | 1/16/93 mvni left p3i3 1401 elec stim | pol | 6980
postcont | 81 | postcontrol | 1/16/93 mvni left p3i3 1401 step pol | 7010
postcont | 81 | postcontrol | 1/16/93 mvni | left [ p3i3 1401 sine0.2 | pot | 7063
postcont | 81 | postcontrol | 1/16/93 mvni left p3i3 1401 sine0.5 | pol | 7088
postcont | 81 | postcontrol | 1/16/93 mvni left p3i3 1401 sine1.0 | pol | 7103
postcont 81 | post control | 1/16/93 mvni left p3i3 1401 ss po1 7119
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postcont | 81 | postcontrol | 1/16/93 mvni left p3i13 1401 elec stim | pol | 7160
postcont | 82 | postcontrol | 1/16/93 mvni left p3i3 1401 elec stim | po1 | 7185
postcont | 82 | postcontrol | 1/16/93 mvni | left | p3I3 1401 sine0.2 | pol | 7207
postcont | 83 | postcontrol | 1/16/93 mvni left p313 1401 elec stim | po1 | 7231
postcont | 83 | postcontrol | 1/16/93 mvni left p313 1401 sine0.2 | pot | 7246
postcont | 83 | post control | 1/16/93 mvni | left [ p313 1401 sine0.2 | pot

postcont | 83 | postcontrol | 1/16/93 mvni left p313 1401 sine0.5 | pot | 7317
postcont | 83 | postcontrol | 1/16/93 mvni left p3i3 1401 sine1.0 | pot | 7330
postcont | 83 | postcontrol | 1/16/93 mvni left p3i3 1401 step pol | 7348
postcont | 83 [ postcontrol | 1/16/93 mvni left p313 1401 8s pol | 7380
postcont | 84 | postcontrol | 1/17/93 mvni | left [ p3I3 907 elec stim | po2 0
postcont | 84 | post control | 1/17/93 mvni | left | p3i3 907 sine0.2 | po2 93
postcont | 84 [ postcontrol | 1/17/93 mvni | left | p3i13 ; 907 sine0.5 | po2 185
postcont | 84 | postcontrol | 1/17/93 mvni left p3i3 907 sine1.0 po2 237
postcont | 84 | postcontrol | 1/17/93 mvni left p3i3 907 step po2 294
postcont | 84 | post control | 1/17/93 mvni left p3I13 907 steprpt | po2 360
postflight | 1 |fit. animals 111/93 | lataff. | right| apOi11 906 1

postflight | 2 |fit. animals 1/11/93 | lataff. |right| atl11 906 step 1 0
postflight | 2 |fit. animals 1/11/93 | lataff. |right| a1l11 906 step 1 100
postflight | 2 |fit. animals 1/11/83 | lataff. |rght| atll1 906 ss 1 220
postflight | 2 |fit. animals 1/41/83 | lataff. |right| atll1 906 step rpt 1 32
postflight 2 |fit. animals 1/11/63 | lataff. |right| a1l11 906 sine0.2 1 413
postflight | 3 |fit. animals 1/11/93 | lataff. |right| atlt1 906 spon 1 481
postflight | 4 |fit. animals 1/11/83 | lataff. |right| atl11 906 step 1 523
postflight | S |fit. animals 1/11/93 | lataff. |right| atli1 906 step 1 600
postflight [ S |(fit. animals 111/83 | lat.aff. |right| atii1 906 step 1 723
postflight | S {fit. animals 111/93 | lat.aff. |right| atil1 906 88 1 796
postflight | S |fit. animals 1/11/93 | lat.aff. [right| atil1 906 sine0.2 1 890
postflight | 5 |fit. animals 1/11/93 | lataff. |right| aili1 906 spon 1 942
postflight | 6 |fit. animals 1/41/93 | lataff. |right| a1lit 906 step rpt 1 983
postflight | 6 [fit. animals 1/41/93 | lataff. |right| alli1 906 step 1 1057
postflight | 6 |fit. animals 1/11/93 | lataff. |right| allil 906 §8 1 1138
postflight | 6 [fit. animals 1/11/93 | lataff. |right| a1l{1 906 spon 1 1217
postflight 7 |fit. animals 1/11/93 | lat.aff. |right| at1l11 906 sine0.2 1 1250
postflight 8 |ft. animals 1/11/93 | lataff. |right| atllt 906 step 1 1304
postflight | 8 [fit. animals 1/11/93 | lat.aff. |right| atl11 906 step 1 1376
postflight 8 |fit. animals 1/41/93 | lat.aff. |right| allld 906 ss 1 1447
postflight 8 |fit. animals 111/93 | lat.aff. |right| aitltt 906 spon 1 1517
postflight | 9 {fit. animais 111/93 | lataff. [right| atli1 906 sine0.2 1 1544
postflight | 10 |fit. animals 1/11/93 | lat.aff. |rnight| atl11 906 step 1

postflight | 11 |fit. animals 1/11/93 | lat.aff. |nght| atlii 906 step 1 1650
postflight | 12 |ft. animais 1/11/93 | lataff. rnght| a1l 906 step 1 1709
postflight | 12 [fit. animals 1111/93 | lataff. |right| atlli 906 step 1 1762
postflight | 12 |fit. animals 1/11/93 | lataff. |rnght| atlll 906 ss 1 1824
postflight | 12 |fit. animals 111/93 | lataff. |rnght| a1ll1 906 step rpt 1 1893
postflight | 12 [At. animals 1/11/93 | lataff. |right| allii 906 sine0.2 1 1956
postflight | 13 |fit. animais 1/11/93 | lataff. |right| atlii 906 spon 1 1995
postflight | 14 |fit. animals 1/11/93 | lataff. [right| a219 151 step 1 2012
postflight | 14 (fit. animals 1/11/93 | lataff. |right| a29 151 step 1 2070
postflight | 14 (fit. animals 1/11/93 | lataff. |right| a2i9 151 ss 1 2127
postflight | 14 [ft. animais 1/11/93 | lataff. |right| a2I9 151 sine0.2 1 2193
postflight | 15 |fit. animals 1/11/93 | lataff. |right| a2i9 151 spon 1 2236
postflight | 15 |fit. animals 1/11/93 | lataff. |right| a2i9 151 step 1 2248
postflight | 16 |fit. animals 1/11/93 | lataff. |right| a2i9 15 ss 1 2315
postflight | 16 [fit. animals 1/11/93 | lataff. |right| a2i9 151 sine0.2 1 2385
postflight | 17 [fit. animals 111/93 | lataff. |right| a2l9 151 step 1 2386
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postflight | 18 |fit. animals 1M11/93 | lat.aff. |right| a2i9 151 step 1 2440
postflight | 19 |ft. animais 1/12/93 | lat.aff. |right| ati11 906 step 1 2475
postflight | 19 {fit. animals 1/12/93 | lataff. [right| atl11 906 step 1 2500
postflight | 19 (fit. animals 1/12/93 | lat.aff. |right| ati11 906 ss 1 2545
postflight | 20 |fit. animals 1/12/83 | lataff. |right| atl11 906 step rpt 1 2606
postflight fit. animals 1/12/93 | lataff. |right| atl11 906 step 1 2640
postflight | 21 |fit. animals 1/12/93 | lataff. |right| a1l11 906 ss 1 2723
postflight fit. animals 1/12/93 | lataff. |right| ati11 906 step 1 2785
postflight | 22 |fit. animals 1/12/93 | lat.aff. jright| atil1 906 step 1 2834
postflight | 23 |fit. animals 1/12/93 | lat.aff. | right| atl11 906 step rpt 1 2889
postflight | 24 |fit. animals 1/12/93 | lataff. [right| a2i9 151 step 1 2944
postflight | 24 |fit. animals 1/12/93 | Iataff. [right| a2i9 151 step 1 2950
postflight | 24 [fit. animals 1/12/93 | lataff. |nght| a2i9 151 ss 1 3007
postflight | 24 [fit. animals 1112/93 | lat.aff. |right| a2i9 151 step 1 3063
postflight | 25 [fit. animals 112/93 | lataff. |right| a2i9 151 sine0.2 1 3101
postflight | 25 (fit. animals 112/93 | lataff. |right! a2i9 151 step 1 3140
postflight | 25 (fit. animals 1/12/93 | lataff. |right| a2i9 151 sS 1 3185
postflight | 25 |fit. animals 112/93 | lataff. |right| a2I9 151 step rpt 1 3248
postflight | 26 |fit. animais 1/12/93 | lat.aff. |right| a2l9 151 sine0.2 1 3301
postflight | 27 |fit. animals 1/12/93 | lataff. |right! a2i9 151 step 1 3338
postflight | 27 |fit. animais 112/93 | lataff. [right| a2l9 151 step 1 3385
postflight | 27 [fit. animals 1/12/93 | lataff. |right| a29 151 13 1 3430
postflight | 28 |fit. animals 1/12/93 | lat.aff. |right| a2i9 151 sine0.2 1 3483
postflight | 28 [fit. animals 1/12/93 | Ilataff. [right| a2i9 151 step 1 3518
postflight | 28 |fit. animals 112/93 | lataff. |right| a2i9 151 step 1 3571
postflight | 28 |fit. animals 1/12/93 | lataff. |right| a2i9 151 88 1 3617
postflight | 29 |fit. animals 1/12/93 | lataff. |rnight| a2i9 151 sine0.2 1 3669
postflight | 30 |ft. animals 1/12/93 | lataff. |right| a29 151 step 1 3730
postflight | 31 |fit. animals 1/12/93 | lataff. |right| a29 151 step 1 3823
postflight | 31 [fit. animais 1/12/63 | lataff. |right! a2i9 1514 step 1 3871
postflight | 32 |fit. animals 1112/93 | lataff. |right| a2l9 151 ss 1 3912
postflight | 33 [fit. animais 1/12/93 | lataff. |right| a2i9 151 step 1 3962
postflight | 33 |fit. animals 1112/93 | lataff. |right| a2l9 151 step 1 3978
postflight | 33 |ft. animals 112/93 | lataff. |right| a2i9 151 ss 1 4018
postflight | 33 |ft. animals 1/12/93 | lataff. |right| a2i9 151 sine0.2 1 4069
postflight | 34 |fit. animals 1/12/93 | lataff. | right| a2i9 151 spon 1 4103
postflight | 35 ift. animals 1112/93 | lataff. |right| a2i9 154 step 1 117
postflight | 35 (fit. animals 1/12/93 | lataff. |right| a2i9 151 step 1 4157
postflight | 36 |fit. animals 1/12/93 | lataff. |right| a2i9 151 88 1 4200
postflight | 36 (fit. animals 1/12/93 | lat.aff. | right| a2i9 151 step 1 4256
postflight | 37 [fit. animals 112/93 | lataff. |right| a219 151 ss 1

postflight | 37 |fit. animals 1/12/93 | lat.aff. |right| a2l9 151 step 1 4331
postflight | 38 |fit. animals 1/14/93 | lataff. |right| a8 151 88 1 4374
postflight | 38 |fit. animais 1/14/93 | fataff. |right| a1i8 151 step 1 4370
postflight | 38 (fit. animals 1/14/93 | lataff. |right| a1l 151 88 1 4416
postflight | 39 |fit. animals 1/14/93 | lataff. |right! a1l 151 sine0.2 1 4463
postflight | 39 |fit. animais 114/93 | lataff. |right| a1l8 151 step 1 4511
postflight | 40 |fit. animals 114/93 | lataff. |right| a1l8 151 ss 1 4553
postflight | 40 |[ft. animails 1/114/93 | lataff. |right| a1l8 151 step 1 4590
postflight | 40 |ft. animals 1/14/93 | lataff. |right| a1i8 151 88 1 4640
postflight | 40 (fit. animals 1/14/93 | lataff. |right| a1l8 151 sine0.2 1 4683
postflight | 41 |fit. animals 1/14/93 | lataff. |right| a1l8 151 step 1 4716
postflight | 41 |fit. animals 1114/93 | lataff. |right| at1l8 151 step 1 4760
postflight | 41 |[fit. animals 114/93 | lat.aff. |right| ali8 151 ss 1 4800
postflight | 41 [fit. animals 1/14/93 | lat.aff. |right| a1i8 151 step rpy 1 4841
postflight | 42 |fit. animals 1/14/93 | lataff. |right| a1l 151 sine0.2 1 4878
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postflight | 42 [fit. animals 1114/93 | lataff. |rght|{ aill8 151 step 1 4930
postflight | 43 |fit. animals 1114/93 | lat.aff. |rght| a1l8 151 step rpt 1 4947
postflight | 44 |fit. animals 1/14/93 | lat.aff. |nght| a1l8 151 step 1 4981
postflight | 44 |fit. animals 1/14/93 | lat.aff. [right| ail8 151 step 1 4989
postflight | 44 |fit. animals 1/14/93 | lataff. [right| aii8 151 ss 1 5026
postflight | 44 [fit. animals 1/14/93 | lataff. |right| ati8 151 step rpt 1 5060
postflight | 45 |fit. animals 114/93 | lataff. |right| aill8 151 sine0.2 1 5105
postflight | 45 |fit. animals 1/14/93 | lat.aff. |right| a1l8 151 step 1 5132
postflight | 45 (fit. animals 1/14/93 | lataff. |right| ati8 151 ss 1 5173
postflight | 45 |fit. animals 1/14/93 | lat.aff. |right| ati8 151 sine0.2 1 5216
postflight | 46 [fit. animals 1/14/93 | lataff. |right| all8 151 spon 1 5240
postflight | 47 [ft. animals 1/14/93 | lataff. |right| a1l8 151 step 1 5253
postflight | 47 (fit. animals 1/14/93 | lataff. [right| ati8 151 step 1 5295
postflight | 48 [fit. animals 1/14/93 | lat.aff. |right| atl11 906 ss 1 §330
postflight | 48 |fit. animals 1114/93 | lataff. |right| atl11 906 step 1 8370
postflight | 49 |fit. animals 1114/93 | lataff. |right| alt1 906 step rpt 1 5414
postflight | 49 [fit. animals 1/14/93 | lataff. |right| atl11 906 step 1 5434
postflight | 49 |fit. animals 1/14/93 | lataff. | right| a1l11 906 S8 1 5470
postflight | 50 |fit. animals 1/21/93 | lat.aff. | right| a2i11 906 sine0.2 2 5510
postflight | SO |fit. animals 1/21/93 | lat.aff. |right| a2i11 906 ss 2
postflight | 50 |fit. animals 1/21/93 | lataff. |right| a2i11 906 step 2
postflight | 51 [fit. animals 1/21/93 | Iataff. |rnght| a2i11 906 sine0.2 2
postflight | 51 |fit. animals 1/21/93 | lataff. |rght| a2i11 906 step 2
postflight | 51 [fit. animals 1/21/93 | lataff. |right| a2iii 906 8s 2
postflight | 52 |fit. animals 1/21/93 | lat.aff. |right| a2i11 906 sine0.2 2
postflight | 53 [fit. animais 1/21/93 | lat.aff. |right| a2i11 906 step 2
postflight | 53 |fit. animals 1/21/93 | lat.aff. |right| a2i11 906 step 2
postflight | 53 |fit. animals 1/21/93 | lat.aff. |right! a2i11 906 ss 2
postflight | 54 |fit. animals 1/21/93 | lataff. |right| a2i11 906 ? 2
postflight | 54 [fit. animals 1/21/83 | lat.aff. |right{ a2i11 906 step 2
postflight | 55 |fit. animals 1/21/93 | lataff. |right| a2l11 906 ss 2
postflight | 55 |fit. animals 1/21/93 | lat.aff. |right| a2l11 906 step 2
postflight | 56 |fit. animals 1/21/93 | lat.aff. |right| a2i11 906 88 2
postflight | 57 |fit. animals 1/21/93 | lataff. |night| a2111 906 step 2
postflight | 57 |fit. animals 1/21/83 | lat.aff. |[right| a2i11 906 step 2
postflight | 58 |fit. animails 1/21/83 | lataff. |[right| a2i11 906 1] 2
postflight | 58 |fit. animals 1/21/93 | lat.aff. |right| a2it1 906 step 2
postflight | 59 [fit. animals 1721/93 | lataff. |right| a2i11 906 step 2
postflight | 59 |fit. animals 1/21/93 | lataff. |right| a2i11 906 ss 2
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APPENDIX 2

The 31 tables on pages T1-T12 summarize data for each of the test procedures. The tables are
further organized to summarize the responses to each of the test procedures (listed by afferent)
on each test day such as during the preflight tests, during the synchronous control tests and
during each of the post-flight test days when data were obtained. At the bottom of each table are
presented first order summary statistics where appropriate.
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TABLE 3

Pulse Response - Post-Fight Dey 2 (1-11-83)
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21.15
5.8583
13.477
11.074

0.1320
0.1593
0.0718
0.0824

112.0816

129.6178].

124.1607
120.7111

125.4427
91.9747
140.7837

110.8316

63.6801
114.9663
61.0000
106.87.4

-0 1997

-0.2088

" 6.2437

4.9926

1.8266
10.427
7.6198

4,2239

8.5007

9.4459

4.4541

Y
14.578
Y

0.0386

0.2287
0.0000
o3

0.0727

0.0094

LYY

0.0692

0.0154

0.1104

124.1026

108.5857

88.4754
120.0000
119.7221

120.5247

es
90.0000

107.0000

61.3223

$9.0000

.0.2563
.0.3708

-0.4056
-0.2921

-0.3763

-0.7087

-0.2605

-0.2527
-0.5905
-0.2594

6.9523
5.2922
7.5999

0.0999

0.0536

sne

0.0553
0.1847

127.0000

aae
110.1776
»en
s

118.4590
122.2796

124.1263

85.4837

107.0000

83.7192
110.2709
59.6991

0.4796

0.3149

13.537

11.939

10.619
6.6155

8.595

4.0849
"as

3.4212

7.512

0.0433

0.0124

0.0755

0.4065

120.0000
120.9043

120.0000

112.7193
see
ane

114.3209

62.0000

1
10.579

sy
LIY)

nre

04866
0.3870
R
0.3831
LA LD
0.9112
0.4959
nes

0.3021

e

6.2780
0.5496
0.2310
0.4849

10,1593

0.0718
5.0624

ST. DEV.

0.4323
0.1880

108.4836
24,8077
12
0.4151

7.1313
3.6406

10
0.1908

0.0716
0.0878

0.0260

97.8733
26.1181

0.5111

-0.3771
0.1563
10
0.0395

0.0672
0.0643

0.0254

102.621%
24.5377
10
0.4954
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0.4610
0.1975

8
0.0556

8.2905
3.6088

[}
0.2375

0.0698
0.1386

0.0465

110.8681
20.4658
8

0.5655

0.4432 :9.5054
0.1765 °2.8791

12 12
0.0352°°0.1438

732 108.85371-0.:4250
0.0722 7 -28.1528] 0.2840 3.0768
12 12f 0 11
0.0224 .- 0.4095} 0.0485 0.1605
0.4158 8.9

23]

1255513

109.3817

sam

884754
saw
1182295
1210009

sam

122.325%

enx
87.7419
san
sax

107.0000

saw

82.5208
110.2709
59.3488

sam

0.0703

11
0.0241
0.0687




Puise Response

TABLE 4
Pulse Reaponse - Post-Figit Dey 3 (1-12-83)
Curve 1
R [o6c1214s 0.3772 111.5303 112.0000] 10.424
m oaﬂath " and ass ,U-. "ne LA (X1 s e ane ans ass ane aaw sew LE X3 aaa AN ,tJt b L X 2.5 L e X s
R |o6c1215a 0.4904 11.088 0.1302 137.1729{-0.3238 3.2983 00761 128.5631]-0.5181 0.9505 0.1673 133.2148} 0.5420 14.763 0.2024 133.0000} Q.5112 04210
R ]06c1215e s ane nee Ty LY aes e ses see YY) see aae aas ane ans ann EX S : RS
R ]06c1218e 0.4379 14.923 0.0083 109.8733|.0.2617 11.496 0.2273 106.7153|-0.3744 15.835 0.1182 109.2550] 0.3830 13.691 0.0481 113.5597} 0.4105 0.3181 -
R {06c1217a 0.3872 14.96 0.0000 105.0854|-0.2172 8.2276 0.0000 105.7105|-0.2558 5.534 0.0000 103.8375] 0.2067 6.6703 0.0000 108.0000 y 0
R losc1217e aes was aae ane wee ans ane e aes sas e wee ves e
R losc1218a wes ase wee [ [ see ans ses ase .o e .ee aee .en
R |51c12064 [ e aer aas wes [ .re ane .se wee nes .es
R |51c1206e 0.5049  11.1 0.1230 B86.8458|.0.5222 12.77 0.0831 90.5675}-0.4705 7.5629 0.1026 85.4418] 0.5217 8.8672 0.0805
R [51c1207a 0.1282 1119 0.1912  60.0000}-0.1300 $.3517 0.0000 58.8753].0.1529 3.3888 0.0330 508.4394| 0.1550 7.7039 0.0371
A |sic1207e ane "o aen aee onn ree ane aee sae ane ees see
A |51c1208a 0.7131 14.097 0.1515  77.0818|.0.4418 23.4934 0.0269 75.8387 see o see wes s
A [51c1209a 0.7861 22.256 0.2722 68.9035|-0.7998 3.9073 0.2693  63.7725|.0.9351 24.656 0.3451  77.8924] 1.1448 14,394 0.3768
A [51c1210s 0.5503 7.8308 0.0000 96.0551]|-0.5401 1.7222 0.0559 112.7361{-0.8743 5.1445 0.0338 114.8677] 0.7636 4.0534 0.0000
A I51c1210e eee wee eee nee wee aes ase ane wes aes .se
R I51c1212a aee cee .es een ree “es .ee e e »es aes [
R |51c1213a 0.1994 15.582 0.0652 51.3553}-0.1469 11.021 0.1230 52.1476|-0.1655 6.7444 0.0000 52.1086] 0.2166 10.65 0.0714
R I51c12148 eee .o .as wes wes wes s wes sen ane
R |s1c12158 .es . .es s wes an "on aee ane vae .es Y ase
R {51c1216s 0.5615 7.2442 0.0322 99.3973]-0.5027 5.5549 0.0130 96.0157].0.5147 6.6398 0.0467 94.1453] 0.5351 4.8926 0.0000
R I51c1217a en are ane wus ase aes aes wee .ee aee Y ass .o .o
R |51c1218e 0.8513 16.845 0.0968 144.2215|-0.5950 3.3352 0.0944 145.7813]-0.7524 5.9673 155.4045] 0.7058 6.8713 0.1106
R |51c1219a 0.3509 5.8637 0.0176  70.8891]-0.2548 5.4715 0.0354  067.2858|-0.3183 6.4292 67.8813| 0.3195 6.3331 0.103%
R {51c1220a 0.4447 19.85 0.1915 101.0000]-0.3095 9.4473 0.0915 102.1764|.0.3629 8.262 102.5974] 0.4265 10.674 0.0361
0.4838 13.193 0.0916 94.3865].0.3771 7.1323 0.0851 94.1561].0.4842 8.8875 97.1823} (04928 -1 10,089 95.0723
0.2037 4.6809 0.0879  27.2265| 0.1941 4.1238 0.0835 27.5607| 0.2522 5.8357 28.9257]'0.2279 1 3.8377:0.0881 66041 0.2140 26,1039
14 1 14 14 14 14 14 14 13 13 13f . T4 14
0.0322 0.1545 0.0212 0.3727] 0.0315 0.1451 0.0206 0.3750| 0.0386 0.1826 0.4137} 0.034% " 0,1362 00212 - 03757} 0.0330 0.3787|
0.4518 95.7586
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TABLE &

Puise Response - Post-Fight Dey S (1-14-93

_ﬁs. !
v

Puise Response

TIDIIDIIIDIDDDITID

143.5036
96.3431

795173

-0.3748
'y

-0.3824

-0.1248

-0.6549

-0.3385

96.6656

79.5173

ver
Iy
"
78.7678

108.3304

55.0579

79.0000] -

121.6869] -

5.321%
8.5215

15.965

112.5027

$7.7466
0y
80.0000
86.0800
1227646

4.5766

7.8448

17.81

10.139

0.4693
0.1853
9

0.0478

TABLE 8
Prive Response - Past-Fight Dey 8 (1-15-

Curve |

10.216
8.7307
8

0.3243

L |07c1501a -0.91868 4.4045 0.0942
L lo7c1s01e aes “ee )
L |07¢1502e -1.1701  8.832 0.2957
L J07¢15038 -0.7480 3.2568 0.0235
L ]07c1505a -0.3808 4.4436 0.0087
L ]07¢1507a -0.2921 4.7628 0.0000

131.2077] 1.2352
117.5990| 1.0648
102.8084] 0.8576
106.0946| 0.3972
126.0421} 0.2750

9.4236
3.8647
5.7204
5.4608
6.4958

120.0000
113.3886

97.7981
106.1003
126.1790

1.2160
1.7323
0.6968
0.3998
0.2882

3.894 0.0412 128.4114|-1.2070

aee ane .as wen
12,536 0.5338 114.9521 bk
15.877 0.1254 103.1859 bl
6.7877 0.0787 107.4101 aee
6.9419 0.0317 126.7815|-0.2672

7.2593

0.5661 7,641 0:0513
0.3594. 14,029 0,1562

10628 58419 01587

122.6370
ans L) A v Rk
v LTATOE 88320 .0.2057
soe[i07480 3.2568 1 0.0235 -
===1.0.3908  4.4436 0.0087
126.0000} -0.2797 5,833 0,058

- 7.1963 0.0485
6.5489. :0.0314

10,195 0.1884

9.5763 0.0869

0.0072

il ane LX4 Y nes
117.5090} 1.3886 . 8,2008- 0.3408
102.00841 0.7772 10.799 0.0027
106.0948§:0,3985  6.1243 '0,0394
0.2816 0.71689.0.0159

124,2057

e
114.1704
100.4820
108.7952
126.4803

-0.7019 5.1399

ST. DEV.| 0.3672 2.1416 0.1238
N 5 5 5
SEM] 0.1212 0.2927 0.0704

12.2882] 0.4168
5 5
0.7011] 0.1291%

8.1931
2.0438

5
0.2859

0.0086
5
0.0524

112.6932
11.1923
5

0.6691

0.6027
5

0.1553

0.1622 118.1442

4.8678 0.2110  11.2891| 0.6645
5 L] 5 2
0.4413 0.0919 0.6720] 0.4076
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71.0821

0.2507 0.1022
2 2

0.2503 0.1598

124.3185] -

2.3780} 0,2087 2.0841 0.1220
2 s 5 5
0.7710} 0.1260 0.2887 0.0889

08102

1158001 0.9
A67170] 04821 18901 0.1332
8 5 5 s
o8008} 0.1403 0.275¢ 0.0730
0.7733 6.8745 0.1038

114.4187
11163

5
0.6668
116.2692



TABLE 7

Pulse Reaporee - Post-Fight Dey 11 [1-21-83)
_ns. 1

Pulse Response

06c2101s
062102
06c2103a
06c21044
06c2105e
06c2106a
06c2107s
06c2108a
06c2109a
06c2110s
08c2111a

PDIDIDNVTI DD D

0.5560
0.1637
0.2918
0.6483
0.3410
0.1475
0.3919
0.1133
0.7218
0.4256

11.929

4.999
10.539
10.644
9.1932
10.089
9.0583
7.1098

10.31
11.233

144.9696 | -

123.2332

99.0148( -
135.0000] -
129.0232] -
67.0000] -

131.9548

63.4890] -
56.0890] -
115.0000] -

145.0000
112.9866

136.3037
128.0000

129.7954

111.6070

98.9913

66.0000

83.9057
45.86386

-0.4817
-0.1728
-0.5750
-0.2209
-0.2211
-0.3783
-0.1589
-0.8349
-0.2912

147.8365] 0.6207

97.0000} 0.3055
. 138.6500] 0.607%
6.9685 0.0785 129.7718] 0.2793
15.528 0.0857 68.1612] 0.1603
14.177 0.0595 136.5542| 0.3657
15.725 0.0825  63.0000] 0.1684
0.0000  47.4698] 0.6808
11.653 0.0839 112.0170| 0.3729

147.5611
100.1172
137.9972
131.6427
89.0000
133.7008
63.0000
55.5557
112.0000

106.5573] -

32.9912

103.8253

34.2929

-0.3705
0.2249
9

0.0527

4.4265 0.0408 37.2510] 0.1959
9 9 9
0.2338 0.0224 0.8782] 0.0492
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105.6194
35.3004
9
0.6608}

146.3183
112,9806

97.9957
137.4769
128.8859

67.0806

133.1748

63,4529
46.5887
111.8120

104.5750
34.7407

SR [/
0.5694
105.1227




TABLE 8
)

01017012
0101701
0101701

0101702a

03a1401a
03a1402a
03a1402e¢
03a1404a
03a1405a
03a1406a
03a1407a

51a1501a

75a1504a
75a1504e

07a1601a
07a1602a
07a1602e
07a1803a
07a1603e
07a16806a
07a16807a
07a1608a
07a1609a
07216103
07a1610e
07a1611a
07a1611e
07a1612a
07a1613a

01aié0ta
01a1601e
0t1a1601i

01a1602a
01a1602e
01a1602i

01a1603a

01220042
0122004¢
01a2005a
01a2005¢
01a2006a
01a2008e
01a2007a

'Fﬂiﬁlmo :

stdev

Spontaneous Rate

Mean ISI (ms}

o

893
299

5.85
10.52
9.85

7.88
8.87

213

10.05
1233

$P Rata (S/5)

144.30
100.10

170.84
95.08
101.52

oo

oon

127.23
143.47

106.53

89.50
81.10

115.21
163.40
163.93
125.18
107.07
25.48

104.28
170.84
108.23
154.80
14327
141.24
12422
139.47

148.84
116.41
137.36
141.84
148.41
12053
11.23

0.17
0.16
Q.14

0.20
0.05

0.07

0.17
0.30

027
0.34
0.28
0.10
0.10
0.10
0.03

0.08
0.10
0.05

025
0.14
0.15
015
0.08

0.01

TABLE 9
N8 °

03c0901a 7.03 142.25 0.08
03c0001e 7.00 142.368 0.08
03c0001m 7.05 141.84 0.08
03c0001i 8.88 145.35 0.08
03c0902a 7.08 141.84 0.20
03c0903a 879 147.28 0.17
03c0804a 7.68 130.21 0.25
0300040 883 113.25 0.30
03c0005a 7.29 137.17 019
03c0006a 7.69 130.04 0.28
03c0008e 11.72 85.32 0.55
03c0007a 8.44 118.48 0.17
03c0008a 8.47 105.60 0.04
07c10018 7.38 135.50 0.12
07c1001e 7.35 138.05 012
07c1002a 0.64 100.60 0.02
07c1002e 9.88 101.21 0.02
07¢1003a 7.85 127.38 0.07
mean - §07 128.78 016
st dew AT 18.41 0.14
e 1800 18.00 18.00
nam @07 0.24 0.02
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Spontaneous Rate

08c1214e 110.01 0.03
08c1215a 135.50 0.08
068c1216a 8.87 11274 0.04
06c1217a .21 108.58 0.04
06c1217e 8.05 110.50 0.04
51¢1208a 12.03 83.13 0.04
51¢1206e 11.96 83.61 0.03
§1¢1207a 16.96 58.08 0.04
51c1207e 17.68 56.58 0.04
51¢1208a 13.22 75.64 [ )]
51c1209a 14.98 88.76 0.20
§1¢1210a 1012 ©8.81 0.2
51¢1213a 19.02 52.58 0.03
51c1215a 7.98 125.63 0.12
51c1216a 10.24 97.66 0.03
51¢1218a 8.60 151.52 0.08
51c1218a 1413 7077 0.03
51c1220a 10.08 29.21 0.05
mean %44 9533 0.08
stdev 383 27.60 aos
3 18.00 18.00 19.00
sem 810 0.28 0.0t
TABLE 13

03c1515a

717

Page T8

14.05 0.03
03¢1516a 17.42 57.41 0.73 : X
03c1517a 7.36 135.87 0.10 06c2104a 10.21 97.94 0.03
03¢1520 9.57 104.49 0.16 06c2105a 7.31 138.80 0.07
06c2106a 7.66 130.55 0.04
07¢1501a 7.79 128.37 0.10 06c2107a 15.25 85.57 0.03
07c1501e 7.34 138.24 0.00 06c21088 7.45 134.22 0.03
09c1502e 8.68 115.21 0.16 06c2100a 10.80 50.52 0.04
07¢1503a .77 102.35 0.08 08c21108 20.39 49.04 0.32
07¢1505a 8.25 108.11 0.03 08c21118 8.80 113.64 0.04
07¢1507a 7.85 127.39 0.03
S ean U 1008 104:43 v.o?
mean 33 108,88 (81 Cietoew: I &TS: un 0.08
stdev 329 2081 021 G 3 10,00 10.00 10.00
(3 10.00 10.00 10.00 oM 022 0.59 0.03
sem 018 052 0.05




TABLE 16
Sum of Sinea Protocols - Pre-Flight (11-14-62 1 12--92)

07a1801b
07a16810b
07a1611b
0721612p

~reoee

0121601b
01a1602b
01a1603b

~-roe

0122004b
01a2005b
0182008b
01a2007b

e

Sum of Sines

0.5100
0.3100

0.5800
0.5100

0.8300 36.2630
st - s

- voef -

| os800 7.1110] 3.3030

19.9640{ 0.5500 13.4000] 0.5800 12.1250] 4.8170

22.5190] 0.5700 18.4460] 0.8300 18.9400] 3.9880
14.2050f 03100 5.5030] 0.3100 4.3810] 2.4410

0.1030

0.1070
0.0020

9.24580 1.13E-04}

7.0890 1.94E-D4
7.8470 5.55E-05

0.5343
0.1258

0.4033| 00569 0.5385] 0.0614 08247] 0.1829

0.0430

0.0620

6.4252 2.48E-03
23087 5.30€-03

8 8
0.2632 1.21E-02)

s (1-0-83 10 1-10-93)

TABLE 17

0.0000 ©.0000{ 0.0000 0.0000§ 0.0000

Sum of Sines Protocols - Post Flight Dey 2 (1-11-83)

P ———
0.0293

51¢1101b

0.3900 33.4080

0.2500 31.7430
0.2500 327230
0.2000 35.2010

0.2100 34.6150
0.2900 47.08670

0.0000 11.4106 1.12E-04
0.0000 11.8872 7.70E-05
0.0000 10.5208 2897E-05

0.0000

]
0.0184

8.0824 121E-04
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Sum of Sines

TABLE 18
Sum of Sines Protocols - Post Flight Day 3 (1-12-83) folsl neurons = 8
0.0879 T 0.2051

51¢1206b 0.5600 14.2580

51¢1207 0.1100 32.7560| 0.1400 19.9343] 0.1600 12.5860
51¢1208b 0.3100 61.6880| 0.5300 45.7570| 0.8000 38.4280,
51¢1210b 0.4500 527780] 0.6000 32.5680| 0.7000 22.2800)
S1c1214b - - - b s hand
$1¢12160 0.4300 35.1300{ 0.5300 18.0820| 0.5900 12.0830
81c1218d 0.5200 60.9830] 0.6300 34.3380| 0.8100 23.3830

08¢c1214b 0.2800 27.2340] 02400 8.7000] 0.3300 6.5380
06c1215b 0.7500 38.6490] 0.8700 25.6400] 0.8200 20.7320

0.4013 43.5054] 0.5025 26.0882] 0.5963 18.7848
0.1884 13.1592] 02278 11.3892| 0.2422 9.8357| 0.3044 9.2099

8 8 3 8 8 8 8 8
0.0543 04534} 00597 04218] 0.0815 0.3920] 0.0690 0.3793

TABLE 19
Sum of Sines Protocols - Post Fiight Day § (1-14-03)
F 0.0293 0.0679
R [51c1421b | 0.4500 47.6670 18.0600] 0.7200 18.8500] 50150 0.1240 00312 7.9290 5.00E-04
R o v | e el e e e e wo
R
R |s1c1a250 | 0.1700 s8.6760] 0.3000 14.4220] 0.3400 13.7400| 02000 5.4700)
R |s1c1428 | 02300 35.6620| 02700 18.3830] 03000 9.2420| 0.3100 83640
R |s1c1a200 | 0.6200 39.2880| 0.7800 23.5840| 0.9000 16.5800| 0.9900 14.8180
R |51c14310 | 02000 51.8320| 0.3800 24.1930| 04100 17.8730| 0.4500 19.9790
R 02400 34.4880| 0.3000 22.8490

0.3333 44.6018]58.5017 21.2183,
ST.DEV.] 0.1695 9.6976| mwwws 3.9601
N 8 8 L] [

SEM] 00886 0.5190] 20053 03317

TABLE 20
Sum of Sines Protocols - Post Flight Day & (1-15-93) folel neurons = 1
0.0293 0.0879

oo -
o oo
oo -
ol e

0. 13.1660] 27421 0.0823 00040 3. 6.09€-04]
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Sum of Sines

TABLE 21 .
Sum of Sines Protocols - Post Fiight Day 7 (1-16-83) folsl neurons s 1

I 0.0293 0.087%

3.0700 54.0910] 5.1600 30.1210

3.0700 54.0910] 5.1600 30.1210
ST.DEV.] 00000 0.0000] 0.0000 0.0000
N 1 1 1 1

SEM] 0.0000 0.0000{ 0.0000 0.0000

TABLE 22

Sum of Sines Protocols - Poat Flight Day 11 (1-21-83) : isl neurons = 8
0.0293 0.0879 0.2059 0.3809
o O e : g
06c2101b 0.1400 73.8120] 0.1700 19.1320] 0.2400 21.8990] 0.2200 21.6820] 0.0000 0. 00718 4.2580 1.04E-13
06c2102b 0.4000 37.2170] 0.5100 28.5430 06200 23.5580| 0.7000 23.6410f 00001 0.2140 0.0224 15.8620 1.63E-14
08¢2104b 0.2300 30.8860] 0.2700 14.3720{ 0.2900 8.7490] 0.2000 7.1110f 29420 00480 00031 10.4350 1.40E-05
06c2105b 0.4100 33.0500] 0.5300 21.0970| 0.5800 17.1940] 0.5200 15.2290] 00001 0.1340 0.0134 13.1940 1.47E-14
08c2106b 0.1600 48.9780] 0.2600 13.9430| 0.2900 13.2710] 0.3100 14.2840] 1.7730 00770 00108 6.3430 7.15E-04

06¢2108b e e - o - ove - woel oo ove o e ove

06¢2109b e woe e voe| e e v oos - oo s - woo|

0.3200 19.9780 0.0000

%

AVIVDDAIDDA

0.7859

0.2650 42.7405] 0.3433 19.5108] 0.3950 18.5018]
0.1181 16.5762| 0.1453 5.3267| 0.1631 8.5077
(] 6 ¢ el 6 s

8 ] ] L] 6|
00737 0.4108] 0.1880 0.0413 0.0266 0.3475 2.84E-03

0.0568 0.6786] 00635 0.3847] 0.0673 0.3911
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TABLE 23
Pro-Flight (11-14-82 to 12-9-92}
T b S R P
**0101702d
L j03s1401d 1.02 19.2150
L JO3a1402d 2,26 25.6480
L JO3e1407d 0.720 12.1920
L |75a1504d ree bk
L |o1a1601d b nee
L |01s1602d 0.80 21.0840
L JO181603d 0.31 -18.7600
L |01a1603h nee bk
L |07a1601d 1.64 30.8480
L |07s1602d 0.77 22.3990
L Jo7at610d 0.36 10.6120
L JoZa1611d 0.38 9.1850
L JO7a1812d 0.57 12.1480
L 01820044 1.12 25.9100
L 0182005 0.38 13.1760
L ]|01a2006d 0.81 24.8050
L ]01s2007d mes ees
0.81 186.
ST. DEV. 0.58 12.4152
N 14 14
SEM 0.05 0.2517
TABLE 24
Synchronous Control

1-9-93 to 1-10-83/

a)
t 107210034

0. 10.
1.09 18.7080

0. 14.43
055 6.0394
2 2

0.37 _1.2288§

7

0.05 0.2423

Sine Protocol
0.2051 Hz

0.3
5 5
0.11

R |51c1424d 0.52 20.8100
R |51c1425d 0.35 21.7340
R |51c1428d 0.20 11.0700
R |51c1428d 0.60 10.4580
R {06c1420d 0.34 18.7500

0. 89,2654

ST.DEV.|] 0.18 5.3325
N [} [}

SEM| 0.07__0.38489

TABLE 28

ose-Flight Dey 6 (1-15-93)
FRor TERLAAME . -F Qo s
od 0. . 24080

Page T12

14,7970

18.1610

0.5 6.4790

ST.DEV.] 0.32 23787
N 2 2

SEM|_0.28 0.7712

TABLE 30
Post-Fight Day 8 (1-17-83)

0.61 24.4030

N 2 2
SEM| _0.24 1.6366




APPENDIX 3

Histograms comparing the parameters measured for primary afferent activity for Cosmos
flight 2044 and Cosmos flight 2229. The probability values above each pair of bars result
from a statistical comparison of adjacent bars - One from flight 2044 and one from flight
2229. When a histogram is presented for each flight alone, the statistical comparisons
above each bar is referring to the preflight/synchronous controls values. In addition to the
histograms, supporting mean data are also included.



Pulse Analysis

COSMOS 2044 COSMOS 2229 Statistical Significance
piot no. no. 2044 vs. | Ctrl. vs. PFDays | Ctd. va. PFDays
order Gain SEM no. units observations Gein SEM  no. units observations 2229 Cosmos 2044 Cosmos 2229
Pre-FivSynch Ctis[ 1 05123 | 0085 4 16 0.8721 0.048 24 79 **0.0019

Days12] 2 07816 | 0.051 8 31 03855 [ 0032 12 35 **%0.0000 **0.0062 **+0.0000
Days34[ 3 00638 | 0.105 4 15 0.4407 | 00290 14 53 **°0.0000 *0.0012 *+%0.0000

Day5[ 4 05232 | 0036 1 4 0.4179 | 0034 8 28 0.1239 0.5083 **°0.0000

Post-Fitcut| 6 04238 | 0026 11 41 07668 | 0110 5 16 0.0173 0.7492 0.3815
Dayt1|_6 03638 | 0.033 9 35 **%0.0000
Pulse Protocol Mean Gain Values
|E] Cosmos 2229 B Cosmos 2044 |
no. units [no. observations]

1.2 -
g 101 P<0.01 P=00c
S 0.8 { 24(79]
< 0.6 4
()
c 0.4
3 12 (38] 14159 93]
= 0.2 -

o-o L]

Pre-Fit/Synch PF days PF days PF day PF Ctrl days PF day
Ctris 1-2 34 § 6-7-8 11
PULSE.XLS, gain Page 1 12/30/84, 1:53 PM



PULSE.XLS, gain

Pulse Analysis

Mean Gain Values
© © © ©o ©o 2 a
o N a2 o ® ©o W
L 3 A A Il A J

Pulse Protocol Mean Gain Values for Cosmos 2044
Pre-Flight/Synch Ctrl vs. Post-Flight

no. units [no. observations]

P<0.01

Pre-Fit/Synch PF days PF days PF day PF Ctrl days

Controls 1-2 34 5

11[41]

6-78

Pulse Protocol Mean Gain Values for Cosmos 2229
Pre-Flight/Synch Ctrl vs. Post-Flight

no. units [no. observations])

ol P=038

0.9 4 T g
« 0.8 24 [79) T
£0.7 4 5(16]
>0.6 4

P < 0.001
§ 0.5 - P <0.001 - P00 P <0.001
T

0.4 - T
£ 14 53] 8[28 T
20.3 4 12(35) (28} 9[35)
20.2 -

0.1 1

o.o LN 1 T T 1 1

Pre-FIt/Synch PF days PF days PF day PF Ctrl days PF day
Controls 1-2 34 5 6-78 11
Page 2 12/30/94, 1:53 PM



Puise Analysis

COSMOS 2044 COSMOS 2229 Statistical Significance
plot no. no. 2044 vs. | Cti. vs. PFDays | Ctd. vs. PFDays
order k SEM no. units observations Kk SEM  no. units observations 2229 Cosmos 2044 Cosmos 2220
Pre-FiiSynch Cris|™ 1 01167 | 0023 4 16 0.1009 | 0010 24 79 0.4009
Days1-2[ 2 01889 | 0.020 8 31 0.0793 | 0014 12 35 *+°0.0000 0.0506 0.2427
Days34f 3 0.1638 | 0.031 4 15 00772 | 0010 14 53 **0.0056 0.2517 0.1731
Days| 4 01770 | 0.047 1 4 00739 | 0008 8 28 0.0402 0.2550 0.3709
PostFitcr|[ 5 0.0705 | 0.014 11 41 0.1060 | 0.030 5 16 0.0146 0.0792 0.6458
Day11| 6 0.0526 0.009 ] 35 G **0.0077
Pulse Protocol Mean k Values
O Cosmos 2229 W Cosmos 2044

0.25 - no. units [no. observations)

0.20 - P < 0.001
$ P <0.01 P <005
w0.15
> P=0.49
L
§0.10 -

24 [79] T
0.05 12(39] 14[53) T
9 [35]
0.00
Pre-Flt/Synch PF days PF days PF day PF Ctrl days PF day
Controls 1-2 34 § 6-78 11

PULSE.XLS, k Page 3 12/30/84, 1:53 PM



PULSE.XLS, k

Pulse Analysis

Pulse Protocol Mean k Values for Cosmos 2044
Pre-Flight/'Synch Ctrl vs. Post-Flight

no. units [no. observations]

0.25 -
0.20 - P=0.05
“»
[
3
§0.15 -
L
£0.10 4
0.05 4 11 (41
0.00
T Pre-FIUSynch PF day PF Ctrl days
Controls 1-2 34 5 6-7-8
Pulse Protocol Mean k Values for Cosmos 2229
Pre-Flight/Synch Ctrl vs. Post-Flight
0.14 - no. units {no. observations]
0.12 4 I P =065
§o.1o 4 I 5[16]
3 24 [79] = -
$0.08 - 7] [P=024 JP=017 TP=037
x 1235
£0.06 Bl 141531 8 (28] 7 P <001
(]
Z0.04 9(35]
0.02 -
°c°° LJ L] T T Ll L
Pre-Fit'Synch PF days PF days PF day PF Ctrl days PF day
Controls 1.2 34 5 6-7-8 11
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Puise Analysis

COSMOS 2044 COSMOS 2229 Statistical Significance
plot no. no. 2044 vs. Pre- v. Post-Fit | Pre- vs. Post-Fit
order OC SEM  no.unils observations OC SEM  no.units observations 2229 Cosmos 2044 Cosmos 2229
Pre-FwsSynchcn| ™ 1 101.7738 | 7072 4 16 134.0860 | 2.617 24 79 00001 ¥ A 7, //////// %
Deyt-2| 2 96.1805 | 3.825 O 3 1050165 | 4.071 12 35 0.0215 0.9910
Dey3-4] 3 | 1069954 | 6.188 4 [ 952533 | 3817 14 53 0.2770 0.2517 -"o oooo
Day5| 4 | 1343414 14952 1 4 987476 | 5034 8 28 0.0143 0.1306 *+0.0000
Post-FRCHIf 5 | 105.4221 11 117.1660 | 2582 5 16 00146 azaoc ~0.0013
Dey\1| & VP 7%77 //////// V2 /////////////// 1056231 | 5.743 9 35 V7377 77 " 0.0000
Pulse Protocol Mean DC Values
l [JCosmos 2229 M Cosmos 2044 ]
no. units [no. observations]
140 - P < 0.001 P <0.05
P «<0.05
g 1207 24191 P <0.05 P=0.28 .
] 12 " 9
§ 80 ] 3] 14035] 8[28]
c 60
o
20 -
04 v
Pre-Fit/Synch PF days PF days PF day Post-Fit Ctrl PF day
Control 1-2 34 5 6-7-8 11
PULSE.XLS, OC Page 5 12/30/94. 1:53 PM



PULSE XLS, DC

Puise Analysis

Pulse Protocol Mean DC Values for COSMOS 2044

Pre-Flight/Synch Ctri vs. Post-Flight

no. units [no. observations]

P=013

11 [41)

Pre-Fit/Synch PF days PF days PF day Post-Fit Ctrl
Control 1-2 34 ] 6-7-8
Pulse Protocol Mean DC Values for COSMOS 2229
Pre-Flight/Synch Ctrl vs. Post-Flight
no. units [no. observations}
140 - - P < 0.01
5 1991 12;351 = p st 9[35]
> 80 - 14[53) 28]
8 60
e
3 40
2 39
0 T
Pre-FiUSynch PF days PF days PF day Post-Fit Ctrl PF day
Control 1-2 34 5 6-78 11
Page 6 1213094, 1:53 PM



Pulse Analysis

COSMOS 2044 COSMOS 2229 Statistical Significance
plot Teu(l, no. Tau(t) no. 2044 vs. | Ctri. vs. PFDays | Ctrl. vs. PFDays
order dec. SEM  no. units observations dec. SEM  no. units observetions 2229 Cosmos 2044 Cosmos 2220
Al Controis{_ 1 59404 | 0.555 15 27 59332_| 0.351 28 48 0.9362
Day1-2{ 2 6.0008 | 0562 8 18 93065 | 0.849 12 19 *°0.0023 0.9000 **°0.0001
Day34| 3 4.9870 | 0579 4 8 66074 | 0544 14 27 0.1073 0.4094 0.1499
Day5| 4 6.5457 | 1493 1 2 66198 | 0502 8 14 0.7508 0.6670 0.2278
Day 11 5 8.5129 0.770 9 18 T **0.0014
Pulse Protocol Mean Tau(L) Decreasing Values
OCosmos 2229 ECosmos 2044
H no. units [no. observations]
312 -
o
%10 - P <0.01
£ T
* 8 1219 =0.
g ® P =094 1ol P=0.11 P=073 5(71
6 T 14 (27]
é 29 [46) 814l
2 4
a
- 2
[
30 -
= All Controls PF days PF days PF day PF day
1-2 34 5 1

PULSE.XLS, Tauldec
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PULSE.XLS, Taut.dec

Pulse Analysis

Pulse Protocol Mean Tau(l) Decreasing Values
for Cosmos 2044
All Controls vs. Post-Flight Days

§1° ] no. units [no. observations)
S84 P=067
g P =090
3 15 [27]
-]
3
-
=4
b
L
=
PF days PF days PF day
All Controls 12 34 5
Pulse Protocol Mean Tau(L) Decreasing Values
for Cosmos 2229
All Controls vs. Post-Flight Days

no. units [no. observations)
12 -
+10 4 P < 0.001
> 12T19 1 P<0.01
§° rel LP=015 ; P=023 9[18)
g6 x. 14
y 25 (46] 1271 8[14]
3
@ 4
4
24
g o T T T Ll

All Controls PF days PF days PF day PF day
12 34 5 11
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Puise Analysis

COSMOS 2044 COSMOS 2229 Statistical Significance
plot no. no. 2044 vs. | Ctrl. vs. PFDays | Ctrl. vs. PFDays
oder |Tau(l)inc. SEM no.units observetions |Tau(l)inc. SEM no. units observations 2229 Cosmos 2044 Cosmos 2229
All Controts| 1 8.1548 0.570 15 30 7.2351 0.337 20 49 0.2843 7777 A 7

Day12] 2 7.1331 0.767 8 15 9.5870 | 0929 12 16 0.069 0.3602 *0.0155
Day34{ 3 55618 | 0.715 4 7 10.0820 | 0.784 14 26 **0.0048 *0.0299 *+0.0031

Day5| 4 84872 | 2405 1 2 99398 | 1.122 8 14 0.5254 0.7555 *0.0158
Day11[ 5 9.0181 0.613 [ 17 *0.0057

Pulse Protocol Mean Tau(l) Increasing Values
OCosmos 2229 mMCosmos 2044
no. units [no. observations]
[ ]
;gu 12 - P =053
210 - P =007 - [26']’ <001
@ 8[14 T
5 g - 12 [16] [(14] S117]
2 6-
g 4
& 21
c 04 T ]
g All Controls PF days PF days PF day PF day
1.2 34 5 1
PULSE.XLS, TauLinc Page 8 12/30/94, 1:53 PM



PULSE.XLS, Taulinc

Pulse Analysis

Values
-
N
3

",
o

Mean Tau (L) Increasi
N A O ®

13 [30]

Pulse Protocol Mean Tau(l) Increasing Values
for Cosmos 2044
All Controls vs. Post-Flight Days

no. units [no. observations]

P=0.76

0 4
All Controls PF days PF days PF day
12 34 5
Pulse Protocol Mean Tau(L) Increasing Values
for Cosmos 2229
All Controls vs. Post-Flight Days
% no. units {no. observations]
2 A
>go. T P<0.05 T P<001 I P<005 P <0.01
a 12 [16] 1426 8[14) I
o 8 - - 9a17]
g 4 29 [49]
4
3
e
s0 r Y T
s All Controls PF days PF days PF day PF day
1-2 34 5 1
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0.2051 Hz Sine Analysis

COSMOS 2044 COSMOS 2229 Statisticsl Significance
plot no. no. 2044 vs Ctrl. vs. PFDays | Cin. vs. PFDays
order Gain SEM___observetions Gein SEM observetions 2229 Cosmos 2044 Cosmos 2229
Pre-F/Synch Cris 0.6554 165 10 7938 0.126 17 0.3152 T
PF days 1.2 08658 | 0.187 10 3814 0.043 7 *%0.0084 0.2699 00121
PF days 34 0.9660 288 3 6120 138 5 0.4561 0.3105 0.5632
PF dey 5 0.4310_| 0.000 1 0.4450 072 ¢ 1.0000 0.7318 0.0741
PF Clis Days 678§ 0.4814 | 0.068 17 1.0700 350 3 0.0606 0.8333 0.4269
Prdey 11| 6 0.4450 165 2 0.2317
0.2051 Hz Sine Protocol Mean Gain Values
| OCosmos 2229 mCosmos 2044 |
1.6 - no. units [no. observations)
1.4
221 P=0.46
o0, Pr032 P <001 '
5 ' 3]
.8 4
%6 1707 I 1
34 515]
0.2 - 707 2[2)
0.0 Y
Pre-Fit/'Synch PF days PF days PF days PF Ctrl days PF day
antrale 1.2 4 L3 [ X ] 44
SINEXLS, GAIN
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0.2051 Hz Sine Anaslysis

0.2051 Hz Sine Protocol Mean Gain Values
for Cosmos 2044
Controls vs. Post-Flight Days

no. units [no. observations)

SINE.XLS, GAIN

1.4 -
§1.2 4
3 1.0 -
0.8 4
" 10 [10]
0.8 4
c 10 [10]
§0.4 4
0.2 4
0.0
Pre-Fit/Synch PF days PF days PF day PF Ctrl days
Controls 1-2 34 [ 6-78
0.2051 Hz Sine Protocol Mean Gain Values
for Cosmos 2229
e Controls vs. Post-Flight Days
1.4 no. units [no. observations]
§1 .2 I P=043
(]
1.0 4
‘;.os T 3[3]
S | P =058
0.6 17017) P <005 I P =007 TP=023
$ : 51(5) I -
0.4 x
02 ] 7m 816] 2(2]
0.0 y
Pre-Fit/'Synch PF days PF days PF day PF Ctrl days PF day
Controls 12 34 3 678 1
Page 2
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0.2051 Hz Sine Analysis

COSMOS 2044 COSMOS 2229 Statistical Significance
plot no. no. 2044 vs. Cinl. vs. PFDays | Cidl. vs. PFDays
order Phese _ SEM _ observetions Phese SEM observetions 2229 Cosmos 2044 Cosmos 2229
Pre-F/Synch Cirif 233989 | 2803 i 163417 | 2770 17 0.075
PF days 1-2[ 24,4969 | 3.044 10 117461 087 7 ~0.0047 0.7624 0.0607
PF days 3-4( 265103 | 7.090 3 138370 | 1922 0.1011 0.6121 04567
PFday s[4 28.0230 | 0.000 1 19.2658 XLid 0.1338 0.5271 0.5754
PFCUideys67-8] 5 | 24.4569 | 3.044 10 30.0753 874 0.0300 2 0.0502
PFaey 1|6 16.8275 576 2 V2222277777272 __0.79%5
0.2051 Hz Sine Protocol Mean Phase Values
| OCosmos 2229 mCosmos 2044 |
no. units [no. observations]
40 -
5 J
?:*0- P=0.10 P=013 P00
54 P=010 39
Lo : T
¥ 6 [6]
15 4
17017 22
810 (7] 5(5) 2
X
0 4 ]
Pre-Fit/SSynch PF days PF days PF day PF Ctrl days PF day
Controls 1-2 34 1] 678 1

SINE.XLS, PHASE
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0.2051 Hz Sine Analysis

0.2051 Hz Sine Protocol Mean Phase Values
Cosmos 2044
Controls vs. Post-Flight Days
no. units [no. observations)

P=0.53

i

P=076 P=0.61

A

10[10] 17 [17]

A A

ety

Pre-Fit/'Synch PF days PF days PF Ctrl days PF day
Controls 1-2 34 6-7-8 [

0.2051 Hz Sine Protocol Mean Phase Values
Cosmos 2229
Controls vs. Post-Flight Days

no. units [no. observations)

40 -
5
] p=00s
[J
| 3[3)
?‘ P=058
Ezo- I P =046 61[.6] Tp:mg
s, 7o x P=008 . <
$ p 707)
0 r - + v v
Pre-Fit/Synch PF days PF days PF day PF Ctrl days PF day
Controls 1-2 34 § 6-7-8 1"

SINE.XLS, PHASE Page 2 1230/94, 434 PM



Sine Data - COSMOS 2044
60 degrees/sec - 0.2051 Hz

PRE-FLIGHT CONTROLS PF Day 4 e gain __ phase
Pre-Flight ~ file gain _ phase (782)poa-01 ab2anib 084 34702
92)//24-018 agZantb 0.141 . (782)po4-02 aB2an2c 0.543 12.391
502) 112501 adzan5a  0.195  6.626 | (782)po4-11 ag2an11b 1515 32.438
(2556)7/26-018 0329 12.541 mean 0.966 265103
S : st.dev 0.4981 1228
units 3 3
sem 02876 7.08985
2
Y/ 36-06t [PF Day 6 file gain  phase
BRI (762)po5-03 ag2an3b __ 0.431 _ 28.023 |
(2556)7/26-088 aSeangb 0916 27045 mean 0431 28023
(2556)7/26-098 aS6angb 1.872 34516 st dev 0 0
(2556)7/26-10B a56an10b 0804 25.023 units 1 1
483)7/27-06A a83an6a 0.994 33.55 sem o} 0
POST-FLIGHT CONTROLS
may 6 file gain phase
(2592)p06-03 a92an3b 0313 10178
(774)po6-02 a74an02c  0.727 23.984
(774)po6-05 a74anSb 0616 25997
mean 0.6554 23.3989 (774)po6-06 a74anba 0.195 6507
st. dev 05214 917915 (774)po6-09 a74an09b  0.336 -0.107
units 10 10 (774)po6-13 a74ani3b  0.696 -34.166
sem 0.1649 2.9027 (774)po6-15 a74an15b  0.154 13.15
(774)po6-16 a74ani6b 0272 22.198
POST-FLIGHT DAYS mean 04136 8.46763]
[FF Day 1 ~ e gain __ phase st.dev 023 19.4804
(782)pot-01 af2anb01 2239 25063 units 8 8
(782)po1-03 a82anb03  1.176 34.621 sem 0.0813 6.88736
(782)po1-05 aB2anc05 0434 11.891
(782)po1-07 a82anc07  1.392 36.415 [BFC Day 7 Tie gan _ phase
(2483)po1-01 a83anb01 0824 13.398 (774)po7-01B a74ani8b 0311 9.618
(2483)po1-02 a83anb02  0.402 13.396 (774)po7-01D a74an18d 0347 9.649
(2483)po1-05C a83an5¢c 0.731 32392 (774)po7-02 a74an19b 0409 16.396
mean 1.0283 23.8823 (774)po7-05 a74an5b 0.494 10.832
st dev 0.6449 10.8771 (774)po7-06C a74an23c  0.565 27.103
units 7 7 (T74)po7-07 a74an7b 0.475 13.686
sem 02438 411117 (2592)po7-01 a92ania 1.345 13573
mean 0.5637 14.4081]
ay ) gain  phase st dev 03554 6.11983
(782)po2-02 a82anc09  0.621 34.486 units 7 7
(2483)po2-04 a83andc 0.441 23.328 sem 0.1343 231308
(2483)p02-05 a83anSb 0398 19.979
mean 0.4567 25031 [FFC Day 8 Tie gain _ phase
st. dev 0.1183 7.59572 (774)po8-04 a74andb 0597 16.057
units 3 3 (774)po8-17 a7d4an44b 0332 9956
sem 00683 4.38539 mean 0.4645 13.0065]
st.dev 0.1874 4.31406
Total Days 1, 2 mean 0.8658 24.4969 units 2 2
st.dev 0.5906 962679 sem 01325 3.0505
units 10 10
sem 0.1868 3.04426 Bost-FIt Cirl mean 0.4814 11.447
st. dev 0.2793 13.7772
units 17 17
sem 00677 3.34146
All Controls mean 05459 158741
st.dev 0.3866 13.4373
units 27 27
sem 00744 258601

SINE.XLS, 60SINE44

Page 1
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TABLE XX
Pro-FlIght (11-14-92 to 12-9-92)

0101702d

03a1401d
03a1402d
03a1407d
FhaTy

N

1.02 19.215
226 25.648
0.70 12.192

01 a1602d 060 21.084
01a1603d 0.31 -16.76%
07a1601d 164 36.848
07at602d 0.77 22.399
07a1610d 036 10.612
07a1611d 0.38 9.195
07a1612d 057 12.148

rrreece o

01a2004d 1.12 25910
01a2005d 039 13.176
01a2006d 0.81 24.805

01a2007d 073 22599

- rrrr

MEAN| 0.81 16.595
ST.DEV.| 054 12.079
N| 15 15

SEM| 0.14 3.12

TABLE XX
Synchronous Control
(1-9-93 fo 1-10-93)

07¢1002d
07¢1003d

MEAN] 0.70  14.439
ST. DEV.{ 0.55 6.039

SEM{ 0.39 4.27

MEAN]| 0.79 16.34
ST. DEV.] 0.52 11.42

SEM{ 0.13 2.77

SINE.XLS, Sine2051

Sine Protocol - 0.2051 Hz
COSMOS 2229

TABLE XX
Post-Flight Day 2 (1 13-93)

ear] FILENAM)

R 106¢1102d
R |06¢1105d
R |06c1106d
R |06¢c1108d
R |06¢c1112d

R |51¢1101d 0.28 8.80
R |51¢1103d 0.27 9.1

MEAN]| 038 11.746
ST. DEV.| 0.11 2.876

SEM| 0.04 1.09

TABLE XX
Post-FIIght Day 3 (1-12-93)

R 51c1206d 0.56 14558
R }51¢1207d 0.16 11.778
R |51¢1209d
R

51¢1210d

TABLE XX
Posr-FIIght Da 5 (1- 14-93)

R {51c1421d
R |51¢c14244d
R |S1c1425d
R |S51c1428d
R |51c1429d

R |06¢1420d 034 18.750

Page 1

TABLE XX
Post-Filight Day 6 (1-15-83)
Post-Flight Control

L |03¢c1516d

142 41766

191182194 hage::
MEAN| 1.07  30.08

ST. DEV.| 0.61 10.17
N 3 3
SEM| 035 . 587

TABLE XX
Post-Flighr Day 11 (1-21-93)
E:

MEAN| 0.45 16.828
ST.DEV.| 023 10713

SEM|0.17 7.58

All controls

MEAN| 0.84 18.40
ST. DEV.| 0.53 12.09

SEM] 0.12 2.70
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