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16423 JFHSTS15] Space Biomedical Engineering and Life Support
Neurovestibular Homework Assignment

l. On carth, before spaceflight, you rotae upright sested astronauts about an carth-
verical axis. You use sinnzoidal stimulion st the frequencies (F) shown in the table and
messire the pain and phase of the eve movement response relitive (o the stimelus s
shown in the table, The sain (dimensionless) i delined as the slow phase angular
velocity of the eve response dividead by the aneolar velocity ol the stmualus, The phse
{71 is the phase of the cye velocily response in comparison 1o the stimulus angular
velocity,
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LA, Pl the frequency response plot for these data with the fregquency data plored on
a log scale,

Linfortunatzly, vou couldn’t measure the eve responze introduced in response 10 a step

change in the angular velocity because your approved flight protecel didn't include

anything but sinusnids. Fortunately, vou remember that the angular vestibulo-ocular

reflex system i preity close 1o a linear system., IF you had performed the step test, what

would it lock like?

B, Plot a graph of the time response 1o the step of angular velocity step having an

amphitude of TO0%s. Include quantitative estimates for the amplitede and 1ime
course of the respoise.




2. Wou then perform the same experiment in space and obtain the following data,
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24, Plot the frequency response plot Tor thase data with the Trequency data plotted on
a log scale,

2B, Plat a graph of the time response 1o the step ol angular velocity swep baving an
amplitude of 100°%, Include quantitstive estimates for the amplinode and time
course of the response,

2C. What conclusions can you draw about the change in the anguelar VOR system
during spacellight from these data? (Note these data are not real, though they
may be gualitatively congislent with some microgravily invesligations. )

20, What might explain such differences between the normal 1-G response and the
response in micro-gravity. (Note: These changes are nol understood even by
the scientisis who investigate such responses. Therelore, thara is no comact
angwer 10 this question, Reasonable and thoughtful answers will he given full
consideration, )

3. In another completely different flight experiment using a previowsly unknown alicn
spacies, you maasure the horizontal angular Y OR {AYVOR) responses (o TK) “f seps of
angular velocity about an earth-vertical axis. You mewsure a response thal rises abruptly
at the tirme of the slep o a vadue of 307/ then decays back towand zero with a time
constant of 15 seconds (AVIOR = H{}f.'"w:' i

3A. What iz the wansfer function, with the angular WOR as the svetem oulput and the
angular velogity as the input, For hiz syvsiem?

AB. Assuming a perfectly linear system, what would be the gain and phase of the
response a5 @ [unciion of freguency 15 you had used sinusoidal stimulacion?

4. Agsume that there is an alien species that has semicircular canals that are perlectly
orthogenal, Furthermaore, these canals are oriented such that one canal, which we'1l call
the roll canal, measures angular velocities aboul an axis peinting forwacd {oul the nose),
A second canal, which we'll call the pitch canal, measures angular velocities about an
axis pointing out the lel ear. And a thind canal, which we'll call the yaw canal, measures
angular velocities about an axis pointing toward the top of the head. Each of these canals
has a dynamic response almost identical to that Tound in homans, The time constant of
the step response for ach of these three canals is 20 2. (For simplicity, leC's assume tha
the canal system demonsteates a gain of 1. Inother words a step of 10075 about the
sensitive axis of o canal yields o canal response having a peak amplitude of 1007/3,)



Chbier than the odd geometrical arrangement of the semicircnlar canals and the unusually
long time constant, this species is quite similar io humans,

44, Draw o simple skeich showing the arrangement of the canals in the head, Define a
right-hand Cartesian (x, v, =) coordinae system with the x-axis pointing forward, the y-
s pointing to the subject's left and the z-axis pointing toward the op of the head.

4B. The canals For this alicn species obey the right-hand-male. The pitch response (v-
response) is positive when the head pitches forwanl. The yaw response (z-response) is
positive when the head retates toward the lefi. The roll response (x-response) is posilive
when the head rotates such that the vight ear moves toward the right shoulder. Assume
that the alien is standing in a standard upright orientation relative to gravity, What are
the canal responses (oo cach of the three canals when the head rapidly picches forward
90", (Assume that the head accelerstes and decelerpies at a constant rate of 3600 sf%, The
kead will accelerate for 0.5 followed by deceleration for 0.5 5. The maximum angular
velocity will be 187500

4C, The gravitational Field on this alien’s home planet is 6,2 times greater than Eanb’s
aravitational field (6.2 G), What arc the gravitational cues measured by the oteliths along
the %, ¥, and 2 axcs?

4, Can the rtational cues be vsed to predict the otalith cues” Why or why not? Can
the ciolith cues be used to predict the canal cues? Why or why not”

4L, Assume that this alien is suddenly teleporied to Earth and makes the same rapid head
movement, Which portions of the above analvsis remain the same? Which ponions
change?

4F. Does anyithing need o change in mder 1o use the rotatonal coes 1o predict the
sravitational cues? I s, what™ How might such changes occor?
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