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Introduction
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TheInstructor’sGuideisofferedasasupplementtotheFit For Flying text.Theguideincludes
learningoutcomes,presentationmethodology,andquestionsforanyCAPmemberorstudentin-
volvedin,orwishingtobeinvolvedin,flying.Thetestquestionsaredesignedtoevaluatethe
reader’sunderstandingofthelearningoutcomes,andareintendedtobeusedinan“open-book”
format.

AConferenceGuidefollowstheInstructor’sGuideonpage33andincludesadditionalinforma-
tionanddemonstrationactivitiesthatmayproveusefulinlargegroupsettings.

Theobjectivestobeemphasizedthroughoutareasfollows:
•Theaerospaceindustryhasazerotolerancefordrugandalcoholabuse.
•TheprivilegeofflyinganairplaneisdirectlylinkedtotheFAA’smedicalcertificate.
•Pilot’s,flightcrews,andsupportpersonnelwhoareimpairedbydrugsandalcoholendanger

thesafetyofeveryoneintheairorontheground.
•A pilot,whenoperatinganaircraft,isexpectedtobeinexcellentphysicalcondition.
•Theoperationofanaircraftinathree-dimensional,highaltitudeenvironmentrequiresanon-

goingprogramofstudy,recurrenttraining,andphysicalconditioning.toachievethislevelof
performancerequiresacommitmenttoalifestyleofphysicalandmentalconditioningwhich
enablesapilottobe“airworthy.”

1.1   The eye examination is one of the most important parts of 

determining airworthiness. (Phoot by Dr. Sancetts)
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Part One

– The Airworthy Human – 

Learning Outcomes 

UponcompletionofPartOne,thelearnershouldknow:

•TheimportanceoftheFAA-requiredphysical
examinationforpilots

•Thethreetypesofphysicalexaminations
•TheframeworkoftheForm8500-8
•What“airworthy”means
•What“AME”means
•Thetermsofitem18inthe8500-8,regarding

thehistoryofapilot’sarrestand/orconviction
regardingdrugsoralcohol

•Thedurationofthethreeclassesofmedicalcer-
tification

•WhatDr.Sancettameansby“TypeRatings”
•ThesignificanceoftheNationalDriverRegister

andtheinformationthatcanbemadeavailable
totheFAAinthefuture

•Dr.Sancetta’sphilosophystating,“Iftheyare
alive,Icanhelpthemflyagain!”

Important Terms

•License
•Certificate
•AviationMedicalExaminer
•ThirdClass
•SecondClass
•FirstClass
•Airworthy
•Debilitating
•Synopsis
•Disposition
•Foursynopsiscomponentsofvision:distant,

near,intermediate,andcolor
•Incapacitation
•Healthmaintenance
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1.2    Cadet Schuele is getting a medical examination in

preparation for a CAP glider encampment.

(Photo by Dr. Sancetta)

1.3   Dr. Sancetta points out the Personal History 

section on the 8500-8 FAA examination form.

(Photo by Dr. Sancetta)
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Presentation

Thepresentershouldfirstmaketheaudienceunderstandthatthemedicalcertificateisequallyas
importantasthepilotcertificate.Mostpilotsalreadyknowthedifference,butthegeneralpublic
doesnot.Itshouldbepointedoutthatboththepilotcertificateandthemedicalcertificatehave
equalvaluewhenitcomestoexercisingtheprivilegesofoperatinganaircraft.

Thenextstepistoclarifythemeaningofthevariousmedicalclasses.StartoutwiththeClassIII
andshowtheaudiencetheForm8500-8.ProceedbygoingoverthesignificanceofDr.Sancetta’s
professionalphilosophy.Hepointsouthowsubjectivesomeofthecertificatequestionscanbeand
whyalldetailsofapilot’sbackgroundshouldorshouldnotbeexplained.

Previewthefirstpageofthe8500-8onpage12ofthetextandencouragedialogueonthesig-
nificanceofwhytheFAAwantstoknowtheanswertoanyoralloftheseitems.Discusshowan
issueinanyoneoftheseitemscouldeventuallybeaproblemwithpilotperformance.

Inhisprofessionalphilosophy,Dr.
Sancettamadethefollowingstatement,
“TheFAA’sgoalistopredict,asbest
theycan,theconceptofapilot’ssudden
incapacitationinthecockpit,andtheir
mandateistoonlydothatduringthedu-
rationofthecertificate.”Encouragethe
audiencetodiscussthemeaningofthis
statement.

Dr.Sancettafurtherstates,“TheFAA
reallydoeswantustopromotehealth
maintenance.”Conductadialogueabout
“healthmaintenance.”Assumingsome
membersoftheaudiencearepilots,each
couldbeaskedtotellotherstheirown
personal“healthmaintenance”program.

Motivation

Ifpossible,thepresentershouldconsiderinvitingadoctorwhoisanAMEtobeaguestspeaker.
Thisdistinguishedguestcanthenanswerquestionsparticipantsmayhaveregardingitemslistedin
theFAAForm8500-8.ItmaybehelpfulthattheAMEbegiventheFit for Flying publicationprior
tothevisit.TheAMEcanalsobringtheaudienceup-to-dateonchangesregardingtheFAAmed-
icalexaminationandhowitmayaffectapilot’sfuture.AnexampleofthisisthenewSportPilot
certificate.Thistypeoflicensedoesnotrequireapilottohaveamedicalcertificateaslongasheor
shehasneverfailedaFAAexaminationandaslongasthepilotpassedhisorherpreviousmedical
examination.HavinganAMEvisitameetingorworkshopwillalsogivetheaudiencethechanceto
askquestionsregardingtheFAA’spositiononissuessuchasover-the-countersubstancesandhow
theyaffectpilotperformance.

Attheendofasession,thepresentercouldrecommendthatalloftheaudiencejointogetherfor
lunchandjustseehow“healthy”theycouldbeintheirchoiceoffooditems.Eachmembercould
beaskedtosubmit,tothepresenter,apieceofpaperthatliststheitemseachhadduringthatlunch.
Thiscouldbeanopportunitytoraiseawarenessofmaking“healthy”choices.

ThepresentershouldsharewiththeaudiencethattheFit for Flying bookisacompilationofap-
provedFAApublicationsthatarereadilyavailabletothepublic.Theyhavebeenbroughttogether
inapublicationthatwasdesignedtogivepilots,potentialpilots,andgroundsupportpersonnela
betterunderstandingofthehumanelementinaviation.

1.4   An AME is a medical doctor who specializes 

in Aviation Medical Examinations.
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Overview

ThepresentershouldpointoutthattypicallyapilotonlyviewstheForm8500-8fornolonger
thanthetimeittakestofillitout.Forthatreason,Dr.RobertSancetta,oneofAmerica’stop
AMEs,explainstheimportanceofthemedicalexaminationandthen,itembyitem,discussesthe
detailsofacandidate’spersonalhistory,asoutlinedontheform.Thepresentershouldalsopoint
outthatbysigningthe8500-8,theexamineegivestheFAApermissiontohaveaccesstohis/her
personaldrivingrecordsstartingatage16andcontinuingthroughouttheirlifetime.TheFAAis
makingaseriousefforttoeducatepilotsregardingsubstanceabuse.Thus,thepresentershouldalso
telltheaudiencethatmany“innocent”medications,likethoseusedinover-the-countersubstances,
canadverselyaffectpilotperformance,especiallywhenthereislessoxygenorpressureavailable,as
inanairplaneathighaltitudes.

Alessonplanforeachsectioncanbemadethatemphasizesthevariousbold-facedsubtitles.An
example,inPartOnewouldbethefiguressurroundingtheworkloadoftheFAA’sAeromedicalDi-
vision,knownasCAMI.ItishardtoimaginethattheFAAreceivesmorethan1,800medicalappli-
cationsperday.Anaverageof435,000airmanexaminationsareprocessedannuallyandeachis
unique.TheaudienceshouldknowthattheprimaryobjectiveoftheFAA’sAeromedicalDivisionis
toensurethatonlythosepilotswhoarephysicallyandmentallyfitwillbeauthorizedtooperatean
aircrafttherebyenhancingaviationsafetybyeliminatingthemedicalfactorasacauseofaircraftacci-
dents.Thiswilldrivehomethemessagethepresenteristryingtomake:themedicalcertificateis
equallyasimportantasthepilotcertificate.



Learning Evaluation – Multiple Choice Questions

Part One

– The Airworthy Human –

1.CaptainCoryVonPinnonfliestheAvantAirPiaggioAvantiP180.Hementionedinthetext
thatpilotsroutinelyflyat30,000to40,000feet.Whatdoesthismeanforthehumanbody?

A. Thereisnogravitationalpullonthebody.
B. Anylossofpressurizationmeanslessthan30secondsofusefulconsciousness.
C. Armsandlegsareunabletomovefreely.
D. Breathingisdifficult,eveninpressurizedenvironment.

2.Whichofthefollowingismosttrue?
A. Thepilotcertificateandmedicalcertificateareofequalvaluetoapilot.
B. Thepilotcertificatecountsmuchmorethanthemedicalcertificate.
C. Themedicalcertificatecountsmuchmorethanthepilotcertificate.
D. Noneoftheabovearetrue.

3.Whichmedicalcertificateisonlyvalidforoneyear,regardlessofage?
A.FirstClass
B.SecondClass
C. ThirdClass
D. StudentPilotCertificate

4.WhatisthenameofthemedicaldivisionoftheFAA?(CAMI)
A. CivilAerospaceMedicalInstitute
B. ClassAviationMedicalInvestigators
C. CivilianAviationMedicalIndustry
D. CommercialAviationMedicalInstitute

5.WhatistheCAMIcivilianphysiciansgroupthatdetermineswhois“fittofly?”
A. AviationMedicalAuthority(AMA)
B. AerospaceDeterminationBoard(ADB)
C. AviationMedicalExaminers(AME)
D. MedicalCertificationBoard(MCB)

6.TheFAAtestinstrumentofpilotmedicalcertificationisknownas?
A. ThirdClassMedicalCertificate
B. SecondClassMedicalCertificate
C. FirstClassMedicalCertificate
D. Form8500-8
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7.Howoldmustyoubetogetamedicalcertificate?
A. Age16
B. Age14
C. Age21
D. Thereisnominimumagerequiredtogetamedicalcertificate,butitdoesnotbecome

validuntilage16.

8.FillintheblankstothisFAAobjective:Toensurethatonlythosepilotswhoarephysicallyand
mentallyfitwillbeauthorizedtooperateaircraft,therebyenhancingaviation______byeliminat-
ingthe______factorasacauseofaircraftaccidents.

A. Reliability&hazardous
B. Safety&medical
C. Reliability&medical
D. Safety&human

9.Fromahumanphysiologicalstandpoint,_______meansfittofly.
A. Airworthy
B. Preflight
C. Checklist
D. Redline

10.PassingtheFAAmedicalexaminationwillgivetheFAA________________.
A. Allofyourpersonalidentityinformation.
B. Areasonablepredictionthatwithinthedurationofthemedicalexaminationnothingwill

happen.
C. Areasonablepredictionthatwithinthedurationofthemedicalcertificatetherewillnotbe

asuddenincapacitatingevent.
D. Areasonablepredictionthatyouwillnotusedrugsoralcohol.

11.Whatcontroversialcondition’spoliciesremaininacontinuousfluxofcertainty?
A. Migraineheadaches
B. Depression
C. Asthma
D. ADHD(AttentionDeficitHyperactivityDisorder)

12.Whatisthemostseriousproblemthatpilotsface?
A. Suicideattempts
B. Alcoholism
C. Cancer
D. MotionSickness

13.Whatcharactertraitplaysthemostimportantpartinensuringmedicalclearancesareaccurate?
A. Honesty
B. Exercising
C. Compassion
D. Responsible

14.Whichmedicalwaiverisgivenforadefectthatisnotlikelytochange(suchasdefectivecolor
visionorlossofalimb)?

A.PermanentMedicalWaiver(PMW)
B. MedicalIllnessForm(MIF)
C. StatementofDemonstratedAbility(SODA)
D. LossofHealthForm(LOHF)
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15.Non-prescriptiondrugs,commonlycalled__________,arenotevaluatedtodeterminewhether
apilotissafetoflywhiletakingthesedrugs.

A. Aspirin
B. Over-the-countermedication
C. Antihistimines
D. Non-drowsymedications

16.Whatisthecurrentguidelinemaximumvalueforapilot’sbloodpressure?
A. 170/90
B. 200/80
C. 155/95
D. 120/80

17.Whichmedicalwaiverisgivenforconditionsthatwillneedongoingmonitoring(suchasdia-
betes)?

A. MedicalMonitoringForm
B. SpecialIssuanceAuthorization
C. RecurringCheck-upDesignation
D. ConditionalMedicalWaiver

18.Whichofthefollowingisnotadisqualifyingconditionforpassingthemedicalexamination?
A. Bipolardisorder
B. Migraineheadaches
C. Substanceabuse
D. MyocardialInfarction

19.Dr.Sancettasaidthathisgoalwasnotjusttobeapilotmedicalexaminerbutalsotohelp
pilots__________.

A. Passtheirmedicalexaminationwithoutcheating
B. Withhealthissuesbeforetheydie
C. Withhealthmaintenanceforalongandsatisfyingflyingexperience
D. Withearlyretirement

20.Ultimately,FAR61.53placestheresponsibilitytodeterminewhetherornotapilotissafetofly
onwhom?

A. TheAviationMedicalExaminer
B. Theairplanemechanics
C. TheFAA
D. Thepilot

Answers to Part One questions:

1. B

2. A

3. B

4. A

5. C

6. D

7. D

8. B

9. A

10. C

11. D

12. B

13. A

14. C

15. B

16. C

17. B

18. B

19. C

20. D



Part Two

– The Flight Environment –
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Learning Outcomes 

UponcompletionofPartTwo,thelearnershouldknow:

•Airismostlymadeupoftwobasicelements,oxygenandnitrogen.
•TheEarthis75%waterand25%landatthesurface.
•Thestandardpressureatsealevelis14.7poundspersquareinch.
•OnDecember17,1903,OrvilleandWilburWright“conquered”theairbythefirstcon-

trolled,powered,andsustainedflightinanaircraftcalledtheFlyer.
•Thehumanelementinflightiscalledaviationphysiology.
•At10,000feetandabove,thehumanisatriskwhenflyinganairplane.
•Twomajorfactorscomeintoplayasapilotflieshigherintotheatmosphere:oxygendepriva-

tionanddehydration.
•TheFAArequiresthatallpilotsflyingtheiraircraftabove12,500feetfor30minutesorlonger

orat14,000feetoraboveduringtheentireflightmustusesupplementaloxygen.Theamount
requiredis1literofoxygenperminuteforevery10,000feet.Forexample,at18,000feet
thereshouldbeaflowof1.8litersperminuteofoxygenavailableviaastandardbreathingde-
vice.TheFAArequiresthereshouldbeadeviceattachedtoeachbreathingdevicethatvisually
showstheflowofoxygen.

•Mostprivateflyingisdoneintheatmosphericlayerknownasthetroposphere.
•Adeviceformeasuringpres-

surechangesiscalleda
barometer.

•Thephysicaldivisionsofthe
atmospherearetroposphere,
stratosphere,ionosphere,
thermosphere,andexos-
phere.

•Thephysiologicaldivisionsof
theatmospherearethephysi-
ologicalefficientzone,physi-
ologicaldeficientzone,and
thespaceequivalentzone.

2.1 It can be incredibly beautiful yet deadly in the troposphere.
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Important Terms

•Physiology
•Atmosphere
•Troposphere
•Stratosphere
•Ionosphere
•Thermosphere
•Exosphere
•MSL(MeanSeaLevel)
•AGL(AboveGroundLevel)
•PSI(PoundsPerSquareInch)
•AMS(AcuteMountainSickness)
•HAPE(HighAltitudePulmonary

Edema)
•OxygenDeprivation
•Hypoxia
•Torricelli
•Aneroid
•DensityAltitude
•AtmosphericNitrogenPercentage
•AtmosphericOxygenPercentage
•LapseRate
•HACE(HighAltitudeCerebralEdema)
•PartialPressure
•Aneroid
•StandardAtmosphere
•DifferentialHeating
•AccuteMountainSickness(AMS)symptoms
•AccuteMountainSickness(AMS)treatment

Presentation

Thisunitmaylooklikeanearthscience
textbook;however,itisbasicallyareviewof
themathematicsandscientificprinciplesof
ouratmosphere.TheFlightEnvironmentisa
lead-intothenextsection,Aerophysiology.
Thisinvolvesthehumanelementandtheop-
erationofanaircraftwithinthe“flightenvi-
ronment.”

Itisrecommendedthatthepresentertake
eachoneofthe“bullets”intheLearningOut-
comesandusingthetext,gothroughandex-
plaintheseimportantfeatures.Noticethatthe
firstfewbulletsexplainthenomenclatureof
theEarthitselfandwhatawonderfulhabitatit
isforhumanexistence;thentheairplaneis
broughtintothepictureandshowshow
mankindfinally“conquered”theair.Thepresentershouldexplainthatitwasn’tuntilthetechnol-
ogyoftheairplaneprogressedtoapointwherehighaltitudescouldbeachievedthatthedangers
becameanissue.Atanaltitudeof10,000feetperformanceofflyinganairplanebecomescompro-

2.2   Above 10,000 feet, humans may be at risk.

2.3  On days when it is hot and humid, pilots experience the 

effects of density altitude as the airplane climbs out during 

takeoff. (Image by Adam Wright)
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mised.Thefinalcomponentofyourpresentationofthisunitshouldemphasizetherisksinvolved
withflightintheupperreachesofthetroposphere.

Motivation

ItisrecommendedthatthepresentergetacopyoftheJeppesenDVD,Aviation Physiology, and
useitasamotivatorinthepresentationofthispart.ThepresentershouldhaveamonitorandDVD
playerreadyforthesession.TheJeppesenDVDexplainshowtheperformanceofapilotstartsto
declineastheairplaneclimbshigherandhigher.

ItisrecommendedthatthepresenterconsideraskinganAirForcepilottobeaguestspeaker.
USAFflightcrewsarerequiredtogothroughhigh-altitudetrainingandthespeakercantellthe
classfirst-handabouttheexperience.TheAirForcepilotcanalsotelltheaudienceaboutotherfac-
torsincludinghypoxia,disorientationinthreateningweatherconditions,andotherexperiencesen-
counteredatvariouslevelsoftheatmosphere.AswiththeAME,itisrecommendedthattheguest
speakerbegiventheFit for Flying bookpriortohis/herpresentation.Ofcourse,itwouldbegreat
ifthepresenterisabletogetanastronauttospeakatoneofthepresentations.Theexperiencesof
flightintospacearefascinatingtoanyaudience.

Overview

Thispartisaboutthebasicsofatmosphericscience.Therecommendedmethodologyisboth
lectureandaudiovisualinnature.AsstatedintheMotivationcomponentabove,usetheJeppesen
Aviation Physiology DVDtohelpthestudentsvisuallyunderstandthematerialinthetext.



Learning Evaluation – Multiple Choice Questions

Part Two

– The Flight Environment –
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1.Thepercentageofnitrogenandoxygeninouratmosphereis_________.
A. 50/50
B. 40/60
C. 79/21
D. 60/40

2.Theearthhasapproximatelyhowmuchwatercoveringitssurface?
A. 25%
B. 75%
C. 45%
D. Noneoftheabove

3.WhatistheaveragetemperatureoverthesurfaceoftheEarth?
A. 59º
B. 49º
C. 0º
D. 72º

4.TheWrightBrothershadtomeetthreegoalsbeforetheyweresaidto“conquer”theair.Those
“flight”goalsarewhichofthefollowing?

A. Higher,faster,farther
B. Upward,onward,outward
C. Controlled,sustained,powered
D. Controlled,gliding,powered

5.TheWright“Flyer”aircraftachievedwhichofthefollowing?
A. 12feetaltitude,12milesperhour,and12secondsofflight
B. 12feetaltitude,120feetdistance,and12milesperhour
C. 12feetaltitude,120milesperhour,and120feetdistance
D. 12feetaltitude,120feetdistance,and12secondsofflight

6.Thehumanelementinflightiscalledwhat?
A. Aviationtechnology
B. Aviationphysiology
C. Aviationmedicalscience
D. Aeropsychology
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7.Thepercentageofoxygeninalloftheatmosphere_______.
A. Isthesameallthewaytothetopoftheatmosphere
B. Graduallydiminishes
C. Graduallychangestothetopoftheatmosphere
D. Getswarmerathigheraltitudes

8.FAR91.21requiressupplementaloxygenatwhataltitude?
A. 10,000feetMSL
B. 12,500feetMSLafter30minutes
C. 12,500feetimmediately
D. 6,000feetMSL

9.Controlledtestswhereflightconditionscanbeduplicatedareconductedin_______________.
A. Analtitudechamber
B. Analtitudereplicator
C. Ahighaltitudecockpit
D. Hypoxiareplicationchamber

10.Whatistheaverageatmosphericpressureatsealevel?
A. 14.0poundspersquareinch
B. 15.7poundspersquareinch
C. 59poundspersquareinch
D. 14.7poundspersquareinch

11.Thebodytendsto________withagaininaltitude.
A. Sweat
B. Heatup
C. Cramp
D. Dehydrate

12.Thesymptomsofheadache,fatigue,nausea,andunconsciousnessataltitudesabove10,000feet
arethoseof___________.

A. Morningsickness
B. Motionsickness
C. Hypxia
D. Fearofflying

13.Whichofthefollowingcitiesisnotabove5,000feetabovesealevel?
A. Denver,Colorado
B. Aspen,Colorado
C. MexicoCity,Mexico
D. Theyareallabove5,000feetabovesealevel

14.HACEisalife-threateningconditioninvolvingthebrain.WhatdoesHACEstandfor?
A. HighAltitudeCerebralEdema
B. HighAltitudePulmonaryEdema
C. HighAltitudeCardiacEdema
D. Noneoftheabovearecorrect



15.Whatarethetwomajorproblemsfacingahumanathighaltitude?
A. Anincreaseinstressandrapiddehydration
B. Rapiddehydrationandheatstroke
D. Kidneystonesandmigraineheadaches
D. Noneoftheabove

16.Whatisthephysicallayerinwhichmostgeneralaviationoperationstakeplace?
A. Ionosphere
B. Stratosphere
C. Troposphere
D. Mesosphere

17.Thelayeroftheatmospherewherehigh-performanceaircraft,suchasfighterjets,operateisthe
_______.

A. Tropopause
B. Stratosphere
C. Thermosphere
D. Mesosphere

18.Anairplane’saltimeterisbasedonwhatkindofbarometer?
A. Aneroid
B. Mercury
C. Oxygen
D. Sealevel

19.Thedensityoftheairdecreasesthehigherwegointheatmosphere,thusmakingtheairplane’s
liftperformanceless.Thisconditioniscalled_______.

A. Densityaltitude
B. Highaltitudelapse
C. Atmosphericdecrease
D. Standarddensity

20.High,hot,andhumidareconditionsthataffectwhataircraftperformanceissue?
A. Hypoxia
B. Climbperformance
C. Densityaltitude
D. Diminishedperformancesyndrome

Answers to Part Two questions:

14 |FITFORFLYING

1. C

2. B

3. A

4. C

5. D

6. B

7. A

8. B

9. A

10. D

11. D

12. C

13. D

14. A

15. A

16. C

17. B

18. A

19. A

20. B



Part Three

– Aerophysiology –

Learning Outcomes 

UponcompletionofPartThree,thelearnershouldknow:

•Thedefinitionofaerophysiology
•Thelayersoftheatmosphere
•Themeaningofthephrase“timeof

usefulconsciousness”
•Thedefinitionsofandthefourmajor

groupsofhypoxia
•Thesymptomsofhypoxia
•Thehypoxiceffectoftobaccousage
•Theactionsneededtostopcarbon

monoxidepoisoning
•Theeffectsofclimbanddescentupon

thecomponentsofthehearingsystem
•Thedefinitionofspatialdisorientation
•Theeffectsofstressandfatigue
•Thecorrelationbetweenhighaltitude

anddehydration
•Theanatomyandfunctionofthehumaneye

Important Terms

• Aerophysiology
• Consciousness
• Hypoxia
• Hypemic
• Stagnant
• Histotoxic
• Symptoms
• Valsalva
• Acute
• Chronic
• Retina
• Fovea
• Cornea
• Iris
• Opticdisk

Instructor’sGuide |15

3.1  Aerophysiology is the study of the human element 

as an integral part of the flying process.

3.2  This Jeppesen Aviation Physiology DVD

is a highly recommended resource.
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• Rods
• Cones
• Peripheral
• Typesofvision:(1)Photopic;(2)Mesopic;(3)Scotopic
• Adaptation

Presentation 

Thisunitisacomprehensiveoverviewofhumanphysiologyas
itrelatestoflight.Itishighlyrecommendedthatthepresenterfirst
showtheJeppesenAviation Physiology DVDatthebeginningof
thisunit.AllparticipantswillfindtheDVDinterestingandvery
informative.Itwilladdatouchofprofessionalismtothepresen-
ter’ssessionasalmostallofthelearningoutcomesandimportant
termsareaddressedintheDVD.

Motivation

SincemostaltitudechambersarelocatedatAirForcebases
aroundtheUS,itissometimesdifficulttoaccesstheseotherthan
inapprovedFAAaviationphysiologycourses.Duringthese
courses,anactivityisusuallyfeaturedthatthepresentercanuse
forallofhisorherpresentations.It’scalledtheBaranychair.
NASAusesit;theAirForceusesit;andtheFAAusesit.Partici-
pantscaneachlearnanimportantlessonfromthisactivity.Inthe
ConferenceGuide,itshowshowtobuildthischair.Thereisanal-
ternative,anadjustableofficechaironitsown.Bycarefullypump-
inguptheelevationoftheofficechair,youcanrotateitalmost
withoutfriction.Thepersoninthechairisgivenacomfortableblindfoldandapilot’s“stick”made
fromabroomhandle.Thepresenterstartsoutbyslowlyrotatingthechairinonedirectionandthe
studentisaskedto“fly”thestickinthedirectionoftherotation.Thestudentmovesthestickright
orleft,andafteragentlerotationofabout1-2minutes,thechairisallowedtoslowtoastop.Al-
mostwithoutexception,thestudentorpilotwillsuddenlymovethesticktothefulloppositedirec-
tion.Whenthepresentercarefullyremovestheblindfold,thestudentwillbeastonishedtoseethat
he/sheissittingstill.Theothermembersofthegroupfindthistobequitehumorousandeveryone
willwanttotryit.

DuringaBaranychairdemonstrationwithaseasonedairlinecaptain,theblindfoldwasputin
placeandhewasgivenastickandinstructionstosimplymoveitinthedirectionhewas“flying.”
Afterabout2minutes,asthechairwasgentlyslowingtoahalt,thecaptainsuddenlymovedthe
stickinthefulloppositedirection.Theblindfoldwasremovedandthecaptainsaid,“No-o-o-o-o-o!
Ican’tbesittingstill!”Oneofthestudentssittingintheclasssaid,“Thechairgothim!”Theyall
learnedthemeaningofphysiologicaldisorientationexperiencedbypilotsinlongtripsusinginstru-
mentflyingrules.

Overview

Thissectioncontainsmuchseriousinformationthatislearnedingroundschoolforpilots.It
needstobereadasarefreshercoursetoremindeachpilotofthethreateningphysiologicalcondi-
tionsinvolvedinflyinganaircraft.Conditionsrangingfromshortnessofbreath,dizziness,andfa-
tigueatloweraltitudestotheboilingofbodyfluidsatextremelyhighaltitudes,clearlyshowthat
flightintheupperreachesoftheatmospherecanbelifethreatening.

3.3   A homemade Barany chair.  The

Conference Guide that follows shows

how to make this educational device.

Using automotive rear axle housing, a

milk box, and an used office chair.

Once a footrest is installed, pilots sit

comfortably, blindfolded, and are

slowly rotated.  The experience is fun,

yet sobering. It’s an excellent way to

gently show the effects of vertigo and

disorientation.
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1.Whichisthemainlayeroftheatmospherewhereairplanepilotsfly?
A. Troposphere
B. Tropopause
C. Stratosphere
D. Mesosphere

2.Internationallyfamousgolfer,PayneStewart,waskilledina1999planecrash.Whatdidthe
NTSBdeterminethecauseofthetragedytobe?

A. Hypoxia
B. Diabeticcomaoftheflightcrew
C. HighAltitudeCerebralEdema
D. Oxygen-relatedexplosiononboard

3.Thetimeofusefulconsciousnessat45,000feetwithoutoxygenis:________________.
A. 30minutes
B. 3-5minutes
C. 9-15seconds
D. 5-10minutes

4.Asapilotclimbshigherandhigher,the_____ofoxygenremainsthesame,butthe____required
foroxygenmoleculestopassbetweenthemembranesoftherespiratorysystemdecreasesandthis
canbecomeathreat.

A. concentration,percentage
B. percentage,pressure
C. density,concentration
D. density,percentage

5.Hypoxia,bydefinition,meanswhat?
A. Stagnantoxygen
B. Reducedoxygen
C. Contaminatedoxygen
D. Tissue-deprivedoxygen

6.Whattypeofhypoxiaoccurswhenthebloodisnotabletotakeupandtransportasufficient
amountofoxygentothecellsofthebody?

A. Hypoxic
B. Stagnant
C. Histotoxic
D. Hypemic

Learning Evaluation – Multiple Choice Questions

Part Three

– Aerophysiology –



7.Whichofthefollowingsymptomsisnotthatofhypoxia?
A. Bluefingernailsandlips
B. Headache
C. Reddeningoftheface
D. Drowsiness

8.Ashypoxiaworsens,thefieldof______beginstonarrowand_______interpretationcanbecome
difficult.

A. Concentration,decision
B. Vision,instrument
C. Concentration,hearing
D. Vision,communications

9.Whatisadeadly,colorless,odorlessgasthatcanendangerapilot’sperformance?
A. Carbondioxide
B. Stagnantoxygen
C. Carbonmonoxide
D. Systemicnitrogen

10.Whatoccurswhenanindividualisexperiencingemotionalstress,intensefear,pain,anxiety,and
acceleratingbreathing?

A. Hypoventilation
B. Hyperventilation
C. Histotoxichypoxia
D. Unconsciousness

11.Climbinganddescendinginanairplanecansometimescausewhatphysicalissues?
A. Earorsinuspain
B. Atemporaryreductioninone’sabilitytohear
C. AcollapseoftheEustachiantube
D. ItemsAandBarebothcorrect

12.Theprocedureofpinchingone’snose,sealingthelips,andblowingiscalledwhat?
A. TheValsalvamaneuver
B. Thedecompressionmaneuver
C. Inducedhypoxia
D. Ablowout

13._________referstothelackoforientationwithregardtotheposition,attitude,ormovement
ofanairplane.

A. Disabling
B. Hyperventilation
C. Hypoxia
D. Spatialdisorientation

14.Whenvisualcontactwiththehorizonislostwhenflying,whatsystemmaybecomeunreliable?
A. Respiratory
B. Excretory
C. Vestibular
D. Auditory
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15.Ifcontactwiththehorizonislostinmorethanoneeventwhileflying,theinnerearmayfool
thepilotintothinkingtheairplanehasstartedabankintheotherdirection,thuscausinga
deadlymaneuverknownaswhat?

A. Astall
B. Agraveyardspiral
C. Aspin
D. AValsalvaspiral

16.Whenpilotssmokejustpriortoflying,morethan________feetof“altitude”isaddedtothe
body’sefforttoconducttherespirationcycle.

A. 10,000
B. 12,000
C. 4,500
D. 1,000

17.__________________istheprocessbywhichtheeyesadaptforoptimalvisualconditions
underlowambientillumination.

A. Darkadaptation
B. Oculardegeneration
C. Maculardegeneration
D. Ambientcompensation

18.Whichofthefollowingfactorsareanissuewithredcockpitlighting?
A. Negativelyaffectsnightvision
B. Makesreadingaeronauticalchartseasier
C. Washesoutthecolorofredontheinstrumentpanel
D. Hasnonegativeeffect

19.Thenightblindspotislocatedwhere?
A. 5-10ºaroundcentralvision
B. 0-20ºaroundcentralvision
C. 100ºinanarcfromcentralvision
D. About45ºfromcentralvision

20.Intheillustrationconcerningtheanatomicalblindspot,whenapilotfocusesonthe“gun
sight,”whathappens?

A. Thegunsightdisappears
B. Theairplaneintheoppositewindscreengetsbrighter
C. Theairplaneintheoppositewindscreendisappears
D. Boththegunsightandairplanesoondisappear

Answers to Part Three questions:
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1. A

2. A

3. C

4. B

5. B

6. D

7. C

8. B

9. C

10. B

11. D

12. A

13. D

14. C

15. B

16. D

17. A

18. C

19. A

20. C
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Learning Outcomes

UponcompletionofPartFour,thelearnershouldknow:

•Manyreadilyavailable,easy-to-buysubstances
cancompromisehumanperformanceinthe
capacityofflyinganairplane.

•Manyreadilyavailable,easy-to-buysubstances
canhaveanegativeeffectupontheoutcome
ofaFAAmedicalexamination.

•Pilotsandracedriversoperateatspeedsthat
arefarabovetheordinary,andtheirphysical
conditioniscriticaltotheperformanceand
safetyofracingandflying.

•Mostprescriptiondrugsarenottestedunder
theconditionsencounteredwherethereisless
oxygenandalowerpressurecommonto
flightinthetroposphere.Theside-effectsof
thesedrugsmaybeaseriousproblemwhile
flying.

•Medicaldoctorsarenottrainedinaviationmedicineandsometimescangiveadvicethatisnot
provenunderflyingconditions.

•PilotsshouldalwaysconsultanAMEwhentheyareplanningaflightwhiletakinganyprescrip-
tiondrug.

•America’smostseriousdrugproblemisalcohol.
•Ahangovercansometimeshavethesameeffectasbeingmildlyintoxicated.
•Over100,000deathsintheUScanbedirectlyorindirectlyattributedtoalcohol.
•Alcoholkillsmoreyoungpeoplethanallillicitdrugscombined.
•IntheUS,alcohol-impaireddriverskillover50peopleperday.
•Apharmacistisaspecialistinprescriptionandnonprescriptiondrugside-effects.Theyshould

beconsultedbeforeflying;howeveronemustremembermostprescriptiondrugsarenot
testedathighaltitudes.

•Manyover-the-counter(OTC)medications,suchasdecongestants,coughsuppressants,laxa-
tives,anti-diarrhealdrugs,suppressants,sleepingaids,andstimulantsareconsideredtoberisk
factorswhenflying.

Part Four

– Not Fit To Fly –

4.1 Innocent looking over-the-counter medications can

compromise a pilot’s performance.
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Important Terms

•OTC
•Self-medication
•Self-imposedstress
•Blood-alcohollevel
•Metabolism
•Euphoria
•Impairment
•Apathy
•Muscularincoordination
•Respiratoryparalysis
•Adversereaction
•Antihistamine
•Chronic
•Hangover
•Pharmaceutical
•Suppressant
•Decongestant
•Stimulant

Presentation

Thepresentershoulddiscussthedifferencesbetweenaracecardriverat200mphandanaircraft
pilot’sdutiesat200mph.Thediscussionmightinclude:

1.Proximitytoothervehicles
2.Complexityofaircraftcomparedtothecomplexityofaracecar
3.Reactiontimesintheeventofemergencies
4.Medications,drugs,andalcoholontheperformanceofbothoperators
5.Fatigueasaproblemtopilotsandracecardrivers

Fromthispoint,thepresentermightwanttodiscussover-the-countersubstances.Thediscus-
sionshouldaddressvariousphysiologicalissues,suchasexcitement,moodswings,pain,fatigue,and
anxietysuppression.Thepresentermaywanttodiscusstrendsinvariousabusedsubstances,suchas
alcohol,tobacco,steroids,orInternetdrugs.Thepresentershoulddiscusstheissueofblood-alco-
holconcentrationandtheresultingeffects.Atthispointeveryoneshouldinteractonthetopicof
“AlcoholisOneofAmerica’sGreatestKillers.”

Thetopicofillegalweight-losspillscanbediscussedhereandthiscanbecoupledwithDr.
GlennStout’sarticleinUnitFive,“TheEpidemicofObesity.”Americansareturningtopillsasa
“quickfix”forobesityandthishasgeneratedatremendousmarketforillegalforeignweight-loss
purchasesontheInternet.Theseissuesareexcellenttopicsandtheirimportanceshouldbepointed
outanddiscussed,aspertainstopilots,crewmembers,andgroundpersonnel.
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Motivation

Itisrecommendedthatthepresentertakesmallgroupsorrequesttheparticipantsgotolocal
drugstoresandhaveeachmembercompilealistofsubstancesthatmightaffecthumanperformance
intheoperationofanaircraft.Thepresentercouldlocateapharmacistordoctorwhoisalsoapilot
andwhowouldbewillingtocometospeaktothegroupregardingdrugsandside-effects,espe-
ciallyaspertainstoflying.Everypilothasastoryofhowsomething,orsomeone,wasaffectedbya
substance-abuseproblemintheirflyingcareer.

Overview

Thissectionisveryimportantbecauseover-the-countermedicationsarecommontoeveryone
andmayinvolveabusesthathappendailywithoutanyone’sknowledge,orintention.Bringingto
theforefronttheissueofthepervasivealcohol-abuseprobleminthiscountryismostimportant,as
well.
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1.Inthissectiontwohigh-performancehumansarecompared.Theyare:
A. Pilotsandgroundcrewmembers
B. Pilotsandastronauts
C. Pilotsandracecardrivers
D. PilotsandWorldWarIIAces

2.Easilyobtainednonprescriptionmedicationsatlocaldrugstoresareknownaswhat?
A. Illegaldrugs
B. Illicitdrugs
C. Substances
D. OTC(over-the-counter)drugs

3.Sedatives,pain-reliefsubstances,tranquilizers,antidepressants,andcoldandflumedicationsall
havewhatthatcouldmakethemdangerous?

A. Primaryandsecondaryeffects
B. Bloodthinners
C. Psychologicaleffects
D. Intestinaleffects

4.Ofthetwobroadcategoriesofpain-killers,whattypereducespain?
A. Anesthetics
B. Analgesics
C. Asthmatics
D. Antibiotics

5.Ofthetwobroadcategoriesofpain-killers,whattypedeadenspain?
A. Anesthetics
B. Analgesics
C. Asthmatics
D. Antibiotics

6.Theside-effectsofpainmedicationscanbe_____.
A. Mentalconfusion
B. Inabilitytomakequickandaccuratedecisions
C. Visionproblems
D. Alloftheabove

Learning Evaluation – Multiple Choice Questions

Part Four

– Not Fit To Fly –
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7.Whattypeofdrugsreducethebody’sfunctioninginmanyareas?
A. Amphetamines
B. Stimulants
C. Depressants
D. Antacids

8.Ofallthedrugproblemsintoday’ssociety,whichoneisthemostseriousaccordingtoourna-
tionalhealthauthorities?

A. Alcohol
B. Marijuana
C. Cocaine
D. Coffee

9.Whenpurchasinganyover-the-countermedication,itishighlyrecommendedthatbuyersalways
checkwhat?

A. Thecompanywhomanufacturedtheproduct
B. Thecontentslabel
C. Pricecomparisonswithgenericmedications
D. Theotherusesfortheproduct

10.Amphetamines,caffeine,andnicotineareall_______drugs.
A. Depressant
B. Hypnotic
C. Stressful
D. Stimulant

11.Therateofalcoholabsorptiondependsonwhichofthefollowingitems?
A. Concentrationofalcoholinthebeverage
B. Thehuman’sbodyweight
C. Howfastthealcoholicbeverageisconsumed
D. Alloftheabovearecorrect

12.Whattypeofalcoholismostcommonlyconsumedbyahuman?
A. Methanol
B. Ethanol
C. Isopropanol
D. Hexane

13.Atwhichlevelofbloodalcoholconcentrationistherepossibledeathduemostlytorespiratory
paralysis?

A. 0.09-0.25
B. 0.18-0.30
C. 0.35-0.50
D. Noneoftheabove-thelevelsarenothighenough

14.Manyexpertsbelievethat________maybeanevengreaterthreatthanmildintoxicationfora
pilotofflightcrewmember?

A. Ahangover
B. Onebeer
C. Analcoholicbinge
D. Drinkinghandsanitizer
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15.Whatmakesalcoholconsumptionevenmoredangerousforflyingpilotsandpassengers?
A. Otherpeople’sdiscomfort
B. Notenoughtimetoclearalcoholfromthebodyonaflight
C. Morepronetostaggerandfall
D. Highaltitude;lesspresure

16.Usingweight-lossproductscanbeespeciallydangerouswhenpurchasedwhere?
A. TheInternet
B. Localpharmacist
C. Fromfriends
D. FromCanada

17.Prescriptionsfromyourprimary-carephysicianmaybeofconcerntopilots.Why?
A. BecausetheyarenotFDAapproved
B. Becausetheymayhaveside-effectsintheflyingenvironmentunknowntothephysician
C. Becausetheyarenotonthegovernment’slistofapprovedmedications
D. Becausetheymayhavedentalside-effects

18.Whichprofessionalisanexpertindrugside-effects?
A. Dentist
B. Pharmaceuticalsalesperson
C. Pharmacist
D. Flightinstructor

19.Whichofthefollowingover-the-countermedicationismostlikelytohaveside-effectsthat
couldaffectpilotperformance?

A. Dramamine
B. Pepto-Bismol
C. Carbonatedwater
D. Aspirin

20.Whoisthepersonultimatelyresponsiblefordeterminingthepilot’sday-to-day“fitnessfor
flying?”

A. FAA
B. AME
C. Pharmacist
D. Pilot

Answers to Part Four questions:

1. C

2. D

3. A

4. B

5. A

6. D

7. C

8. A

9. B

10. D

11. D

12. B

13. C

14. A

15. D

16. A

17. B

18. C

19. A

20. D
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Learning Outcomes

UponcompletionofPartFive,thelearnershouldknow:

•Itisrecommendedthatthefirststepto
becomingfitisgettingaphysicalexami-
nation.

•Itisrecommendedthatpersonalfitness
programsbedevelopedbyprofessionally
trainedfitnessexperts.

•Alife-longfitnessprogramrequires
commitment.

•TheFAArecommendsfivebasiccom-
ponentstoafitnessprogramforpilots.

•Stretchingreducestheriskofphysical
injuryduringafitnessprogram.

•Aerobicconditioningisanoutstanding
waytokeepahealthyheart.

•Anaerobicconditioninghelpsmaintain
lifelongmusclestrength.

•Itisespeciallyimportanttogetprofessionalhelpwhenpreparingforananaerobic,weight-
trainingprogram.

•Acool-downseriesofexercisesisessentialtopreventbloodfrompoolingintheextremities
andtohelpthemusclesflushoutlacticacid.

•Dehydrationisaproblemformostpeoplewhostartafitnessprogram.
•ObesityisanationalhealthcrisiswithintheUS.
•Extensiveresearchshowsthatwomenarejustaslikelyasmentohaveaheartattack.
•Walkinghasbeenshowntobeoneofthebestexercisesforhealthandfitness.

Important Terms

•Cardiovascular
•Anaerobic
•Aerobic
•Rhythmic
•Dehydration
•Obese
•BodyMassIndex
•FoodPyramid
•Calorie
•Sedentary

Part Five

– Fitness As A Lifestyle –

5.1 A treadmill is an excellent aerobic exercise. 

(Ken Graham photo)
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Presentation

Thepresentershouldfirstpointoutthatinthemediathereareliterallythousandsofoptionsre-
gardingdiets,exercisemachines,weight-lossprograms,andwhatnottoeat.ThisbookusesFAA
recommendationsasthecornerstoneoftheFitnessasaLifestylesection.SincetheFAAhasavery
largestaffofaviation-trainedmedicaldoctors,theirrecommendationsaretailoredtopilotsandsup-
portflightoperationspersonnel.Althoughthissectionisshorterthantheothers,itdoescontain
someveryeasy-to-understandinformationforinitiatingandmaintainingahealthmaintenancepro-
gram.AlargeportionoftheinformationforFitnessasaLifestylecamedirectlyfromtheFAApubli-
cation“FitforFlight,MedicalFactsforPilots.”

Fit for Flying isbasedontheimportanceofhealthmaintenanceanditsplaceinthelivesofboth
privateandprofessionalpilots,aswellasthegeneralpublic.

Thepresentershouldemphasizethatit
hasbeenshownthatahealthy,fitness-ori-
entedpersoncanbettercopewithmanyof
life’sproblemsbymaintainingalifestyleof
exerciseandhealthydiet.Thepresenter
shouldemphasizethesepoints:

1.Beingtrim,lean,andathleticvastlyim-
provesone’sself-esteem.

2.Workingouthelpspeoplecopewith
stress.

3.Workingouthelpsthebodyproduce
endorphinswhicharenature’spain
killers.

4.Weighttraininghelpsreleaseaggression
andbuildmuscletoneandstrength.

5.Agoodlow-fat,low-caldietcanalsobe
lessexpensive.

Motivation

ItisrecommendedthatthepresenterresearchtheInternetandfindsomeveryhighprofile
celebritieswho,havingmaintainedalifetimeofphysicalfitness,andareabletocontinueplayingthe
gameintotheir“goldenyears.”Inthetext,theFederalAirSurgeoncitestheexampleofgolfer
GaryPlayer.

It’scommonknowledgeintheworldofaviationthatJohnTravoltaisanaccomplishedpilot.He
hasaprivateBoeing707thatsitsbesidehishome.HealsoholdsanATPandisacaptainwithone
internationalairline.HishomeislocatedinOcala,FloridaonGreystoneAirport.JohnTravolta,as
anavidaviationenthusiast,maintainsastrongathleticpresencebyusingadailyfitnessprogram.

AnothermovieiconisHarrisonFord,whoisbothafixed-wingandahelicopterpilot.Harrison
is66yearsoldandstillstarsinmovies,like“IndianaJones,”whichareveryactionoriented.Hehas
apersonalfitnesstrainer,JamieMilnes,whoisawell-knownphysicaltrainingexpert.Inanarticlein
aBritishpublication,hegoesintogreatdetailexplaininghowFord“…insistedondoingmanyof
hisownstunts,saying‘I’mprobablyasfit,orpossiblyfitter,thanIwas18or20yearsago.’”He
continues,“Fordisextremelystrong,veryactive,anddisciplinedaboutworkingoutregularly.”
Milnessaid,“Wecan’talllooklikeHarrisonFord,butit’sperfectlypossibletogetfitterandlook
betterbyconsistentlydoingsomeexercise.”

NASCARdriverCarlEdwardsisanoutstandingrolemodelandheisalsoasupporterofthe
CivilAirPatrol.Carlisastrongadvocateforphysicalfitnessandthepresentercangreatlyenhancea
presentationbydiscussingEdwards’sbackgroundandhisdedicationtoahealthy,drug-freelifestyle.

5.2 Free weights are an example of anaerobic exercise. 

(Ken Graham image )



28 |FITFORFLYING

Overview

Althoughthereisasizeablemovementtowarda“lifestyleoffitness,”Americaisstillthefattest
nationonearth.Estimatesarethat40%(orhigher)ofourpopulationisoverweight.Thepresenter
canaddressthisandmanyotherissuesconcerninggoodhealth,fitness,exercise,andalong,pro-
ductivelife.

Itishighlyrecommendedthatthepresenteralsouseasmanyofthepilotsafetybrochuresas
possibleinworkshopsandlearninglabs.TheFAAbrochurewillgoalongwaytovalidatingpresen-
tations,especiallytoanaudienceofpilots.(See page 34 of the follow-on Conference Guide for
details on how to order the FAA Pilot Safety Brochures.) 

5.3  A dedication to exercise, good diet, and

staying drug-free will keep this cadet ”fit

for life.” (CAP photo)
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1.TheFAArecommendsthatbeforeanyonestartsafitnessprogramhe/sheshould dowhat?
A. Findagoodhealthclub
B. Getaphysicalexamination
C. Seeafitnessprofessionaltrainer
D. Buyaqualityweighttrainingmachine

2.Oneofthefirststepsistoalsochangeyourattitudetowardalifestyle.Afterthat,themainthing
iswhat?

A. Don’tquit
B. Changeyourdiet
C. Changeyourprimarycarephysician
D. Startwarmingupbydoingtheaerobicconditioningfirst

3.Warmingupdoeswhatforyourexerciseprogram?
A. Lengthensyourmuscles
B. Givesyourbodyachancetodelivernutrient-richbloodtomusclestobeexercised
C. Lubricatesthejoints
D. BothBandCarecorrect

4.Inyourdailyroutine,theFAArecommendswhat?
A. Takethestairsinsteadofusinganelevator
B. Walkratherthandrive
C. Eatappropriatefoods
D. Alloftheabovearecorrect

5.Whichofthefollowingisnotpartofan“aerobic”conditioning?
A. Jumpingrope
B. Stairclimbing
C. Cycling
D. Liftingfreeweights

6.Aresistance-bandmachineiswhat?
A. Noteffective
B. Aformofananaerobicexercisemachine
C. BannedinEurope
D. Awaytogetridoflacticacidinthemuscles

Learning Evaluation – Multiple Choice Questions

Part Five

– Fitness as a Lifestyle –
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7.Exercisingwithfree-weights,resistance,andbandmachinesiscalledwhat?
A. Aerobicconditioning
B. Anaerobicconditioning
C. Cardiovascular
D. Noneoftheabove

8.Whichofthefollowingisoneoftheleastexpensive,yetoneofthemosteffectivemethodsof
exercising?

A. Squats
B. Dead-lifts
C. Walkingwithadog
D. Militarypress

9.Freeweightsaremoreeffective,butweighttrainingmachinesare_________.
A. Safer
B. Slower
C. Faster
D. Easier

10.The“finishingtouch”toanyworkoutiscalledwhat?
A. Burnout
B. Cooldown
C. Painful
D. Warmdown

11.Propernutrition,fluidintake,rest,andrecuperationareallimportantforwhatpurpose?
A. Passingyourflightmedicalexamination
B. Gettingaprivatepilot’scertificate
C. Becomingastudentpilot
D. Ahealthylifestyle

12.Theaveragesedentarypersonneedshowmuchwaterina24-hourperiod?
A. 16ounces
B. 2-4quarts
C. 2-4gallons
D. 2quarts

13.Dr.GlennStoutt,MD,statesinhisarticlethat_____.
A. Obesityisnotaproblem
B. Obesityisnotcurable
C. Obesityisanationalcrisis
D. Obesitywillkeepyoufrompassingyouraviationmedicalexamination

14.Dr.GlennStoutt,MD,referstotheBMItoidentifyobesity.WhatistheBMI?
A. BasalMetabolismIndex
B. BasicMassIndex
C. BodyMassIndex
D. BodyMotionIndicator
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15.AccordingtoDr.Stoutt,whatpercentageofourpopulationisnowoverweight?
A. 40%
B. 32%
C. 10%
D. 50%

16.Everymajorhealthorganizationendorsesthe_______.
A. BMC
B. TheFoodPyramid
C. TheFAAworkoutschedule
D. Ketosisfactor

17.Mostmenloseweightonhowmanycaloriesperdayinanormallifestyle?
A. 1500
B. 2000
C. 2500
D. 5000

18.Rapidweightlossdietswillusuallycauseapersontolose________insteadoffat.
A. Muscle
B. Water
C. Bonemass
D. Cholesterol

19.Isthereaknownfoodthat“meltsfat?”
A. Yes
B. No

20.AccordingtoDr.Stoutt’sarticle,“OnExerciseandHeartDisease,”cardiovasculardiseaseisadis-
easeoflifestyleandthereforelargely_______.

A. Relatedonlytomen
B. Incurable
C. Fatal
D. Preventable

Answers to unit five questions:

1. B

2. A

3. D

4. D

5. D

6. B

7. B

8. C

9. A

10. B

11. D

12. B

13. C

14. C

15. A

16. B

17. A

18. B

19. B

20. D
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5.4 To be a Civil Air Patrol pilot, you’re going to have to be “fit for flying.” 

It takes commitment to a program of good health maintenance throughout your life. 
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CONFERENCE GUIDE

FIT FOR FLYING

Getting The Word Out

TheobjectiveoftheDrugDemandReductionProgramistoeducate adultsandyouthabout
drugandalcoholuseandabuseissues.TheFit For Flying publicationwascreatedasanaviation
physiologyguideforpilots,flightcrewsandsupportpersonel.Italsocontainsinformationabout
healthmaintenanceandlivingadrug-freelifestyle.PresentersareencouragedtomaketheFit For
Flying programavailablenotonlytoCAPfunctions,buttoschoolandyouthorganizationsaswell.

The Conference Guide

ThisConference Guide willhelpthepresenterplanandpresentameaningfulFit for Flying ses-
sionthatgoesbeyondtheintimatesessionswithasmallgroupofyouth.Thepresenterdoesn’t
havetobeamedicalprofessionalorapilottomakeanexcellentpresentationtoalargergroupof
people.TheFit for Flying textandaccompanyingguideandresources werealldesignedtohelp
thepresenterimpartknowledge,suchas:

1.TheimportanceoftheFAA’smedicalcertificateandwhatthestandardsareforbeingan“air-
worthy”pilot.

2.ThecontentoftheFAA’sForm8500-8.
3.PerspectivesofAmerica’stopAviationMedicalExaminerstowardtheForm8500-8.
4.TheFAA’s15disqualifyingconditions.
5.Thefundamentalsoftheatmosphereinwhichwefly.
6.Thefundamentalsofaviationphysiology,thehumanelementinflying.
7.Someoftheriskstoapilotofover-the-countermedications.
8.SomeguidelinesforafitnessprogramsuggestedbytheFAA.
9.Theanswerstosome100questionsthatcanbeusedtoevaluatelearningoutcomes.
10.TheavailabilityofJeppesen’sAviation Physiology DVDtosupplementpresentations.
11.TheavailabilityofalistofdownloadableFAAvideosonaviationphysiology.
12.Instructionsonhowtobuilda“hands-on”aeromedicalspatialdisorientationsimulator,

knownastheBaranyChair.
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Getting Organized

ThepresentermustfirstmakearrangementswithappropriatestakeholderstopresentaFit for
Flying session.Thisshouldbedonemonthsinadvancetomakesurethatallofthedetailsareap-
proved.Onceasessionisaccepted,thepresentershouldplanthepresentationwiththefollowingin
mind:

1.Whatisthelocationofyourpresentation?Isitlocal,inanothercity,orinanotherstate?
2.Whatisthesizeoftheassemblyroom?
3.Whatwillbetheroomsetup?(Tables/chairsorjustchairsforlecturetypepresentation)
4.WilltherebeaLCDprojectorandscreenavailable?
5.Whoisthetargetaudience?Willitbecadets,students,adults,oracombination?
6.Whatisthenumberofattendeesyoucanaccommodate?
7.WilltherebeaspaceavailableforaBaranyChairdemonstration?
8.WilltherebeFit for Flying booksavailableforyouraudiencetouseduringyourpresentation?
9.Howwillyouadvertisethepresentationforoptimumattendance?
10.Howmuchtimewillyouneedfortheconceptsyouwishtopresent?
11.Willyouneedrefreshmentsforthegroup?Isthereafundforthis,ifneeded?
12.Willthedateyouselectbeinconflictwithanyothereventsgoingoninthearea?

Whenalloftheseanswersaredetermined,youshouldproceedtomakeplansandbeginad-
vertisingtheevent.Solicitassistanceoffriends,co-workers,family,andfellowCAPmemberstoen-
sureallareasarecoveredtomakethisaprofessionalandworthwhileevent.

Plan Ahead To Get FAA Pilot Safety Brochures

What are the FAA Safety brochures and why get them? TheseveryprofessionalFREE
brochuresproducedbytheFederalAviationAdministrationcanbeusedasstand-alonegroupdis-
cussionitemsandassupplementstothetext.Thereare20brochuresinall,thus,ifyouplanto
haveanaudienceof50orso,thenyoushouldorder1000brochureswellinadvance.These
brochuresshouldbeextremelyvaluabletoeveryoneinattendance.Atthetimeofthispublication,
theFAAcontactpersonis:

Attn: Mr.GarySprouse(orFAASafetyBrochureSupplier)
AerospaceMedicalEducationDivision
AAM-400,P.O.Box25082
OklahomaCity,Oklahoma73125

YoucanalsogoonlineandfindthesebrochuresinaPDFformatat www.faa.gov/pilots/safety/pi-
lotsafetybrochures/.Theycanbeprintedout;however,thiscanbeverytime-consumingandexpen-
sive.Thus,planningaheadtoorderthesebrochureswouldbethebestroutetotake.Thefollowing
listofbrochuresiswhatyoushouldrequest:

AM-400-94/2 Alcohol and Flying: A Deadly Combination
AM-400-95/2 Altitude –Induced Decompression Sickness
OK05-0270 Carbon Monoxide; A Deadly Threat
AM-400-03/2 Deep Vein Thrombosis and Travel
AM-400-98/3 Hearing and Noise in Aviation
OK-06-148 Information for Pilots Considering Laser Eye Surgery
AM-400-97/1 Introduction to Human Factors in Aviation
0K-05-0005 Medications and Flying
AM-400-01/1 Physiological Training Courses for Civil Aviation Pilots
OK-06-002 Pilot Medical Certification
AM-400-98/2 Pilot Vision
AM-400-91/2 Seat Belts and Shoulder Harnesses
AM-400-95/1 Smoke!
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AM-400-00/1 Spatial Disorientation Visual Illusions
AM-400-03/1 Spatial Disorientation: Why You Shouldn’t Fly By the Seat of Your Pants
AM-400-05/1 Sunglasses for Pilots: Beyond The Image
Hypoxia
Over The Counter Medications and Flying
Fatigue in Aviation
Oxygen Equipment—Use in General Aviation Operations
Hearing & Noise in Aviation

Presentation Opening Remarks

Aerospacevehiclesandsupportequipmentmustbemanufacturedwiththefinestmaterialsand
assembledwiththegreatestprecision.Oncethisequipmentistestedandapproved,itsoperationde-
pendsontheskillofahighly-qualified,healthyteamofhumans.Thiskindofhumanperformance
requiresahighdegreeofphysicalfitness.Thus,onewhowishestoflyneedstolivealifeofbeing
drug-free,stayingfit,andlivingahealthylifestyle.
Inthepastdecades,therehasbeenabigmediapushto“JustSayNo”todrugs.Everyone’s

heardit,andfortheaverageyoungAmericanbetweentheagesof12-18,theirreactionisusually,“I
know,Iknow!”Theydoknow,yetpeerpressureisstillincrediblystrongtoexperiment.Alcoholis
aclassicexample.Withveryfewexceptions,teenagepartieswillhavealcoholavailablesomewhere.
Alcoholisadangerousdrugandratherthan“justsayno,”ayoungpersonwhowantstobeapilot
hastostaytruetothebeliefthatdrugsandalcoholareunacceptableinanindustrythathasazero
toleranceforsubstanceabuse.
InseveralinterviewswithprofessionalpilotsintheFit for Flying text,virtuallyeveryonesaid

thattheymadeacommitmentearlyintheirlivestonotabusedrugsandalcohol.Onesaid,“Flying
wasmyhigh…Ididn’tneedanythingelse!”
Every professionalpilothastotakeaveryseriousphysicalexamination,withadurationranging

from6monthstooneyear,fortherestoftheirliveswhilepursuingthemaintenanceofaclearmed-
icalcertificate. Thisonefactshouldmakeabigimpressiononthedecision-makingprocessofa
youngpersonconsideringbecomingapilot.Aviationisamagnetthathasawayofchanginglivesin
youngpeopletoamorefulfilledandpurposefullife.Onceayoungmanorwomanseestherewards
ofanaviationcareer,whetherbeingafighterpilot,flyingimportantbusinessexecutivesincorporate
jetstoexoticplacesaroundtheworld,orflyinganairlinerwithpassengersofallages,itmakesit
easiertosay“no”whenoffereddrugsoralcohol.

Showtime!

1.HavealloftheprojectionequipmentreadyandshowtheFit for Flying PowerPointPresenta-
tion.(Ifyoudonothavethis,requestitbye-mailingddr@capnhq.gov.)Or,asanoptionand
timepermitting,acquireandshowtheJeppesenDVD,Aviation Physiology. Discusseach,asis
appropriate.

2.DistributetheFAAPilotSafetybrochures.Divideingroupstoreadanddiscusstheseandthen
bringthegroupbacktogethertoshareknowledgelearned.

3.IfyoucanprepareaBaranyChair,unveilitfortheaudienceandprepareforthedemonstration,
asoutlinedbelow.TheFAAbrochuresandtheexcitementoftheBaranyChairwillmakeyour
presentationonethatyourattendeeswilllongremember.

The Science Behind The Barany Chair — A Review Of Aviation Physiology 

Thepresenceofsensoryandresponsesystemsisauniversalattributeoflifeasweknowit.Allliv-
ingorganismsonEarthhavetheabilitytosenseandrespondappropriatelytochangesintheirinter-
nalandexternalenvironment.Organisms,includinghumans,mustsenseaccuratelybeforetheycan
react,thusensuringsurvival.Ifoursensesarenotprovidinguswithreliableinformation,wemay
takeanactionwhichisinappropriateforthecircumstancesandthiscouldleadtoinjuryordeath.
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How Many Senses?

Weareallfamiliarwiththequestion,
“Howmanysensesdohumanshave?”
Theanswerwehearmostoftenisfive:
sight,taste,smell,hearing,andtouch.
Actually,therearemanyothersenses—
hunger,thirst,kinesthetic,etc.Oneof
themostpowerfuloftheothersensesis
thevestibular sense,providedbythe
vestibular system. Itisourabilitytosense
bodymovementcombinedwithour
abilitytomaintainbalance(equilib-
rium).Thehumanbodyhasaremark-
ableabilitytosenseanddeterminethe
directionandspeedinwhichitismov-
ingandmaintainappropriatebalance
forthismovement(posturalequilib-
rium).

Humanbeingshavetheabilityto
walkatightrope,dorepeatedpirouettes
inaballetperformance,combinetwists
andturnswhendiving,orperform
tripletoeloopswhileiceskating…all
(usually)withoutlosingbalanceand
whilekeepingtrackoftherelativeposi-
tionofarmsandlegswithrespecttotherestofthebody.Incredible!

Howdoesthehumanbodysenseandcontrolthemovementsoprecisely?Howdowemaintain
balancewhileputtingourselvesthroughawidevarietyofspinningandtumblingactivitiesthatare
inherently“unbalancing?”Whenweareinmotion,howdoweknowinwhatdirectionandatwhat
speedwearemoving?Howdotheseimportantbodysenseschangeoradaptwhenweflyinanair-
craftorenterthemicrogravityenvironmentoflowEarthorbit?Canthesesensoryandresponsesys-
tems,whichworksowellhereonEarth,provideuswithinaccurateandpotentiallyharmful
informationwhenweflyaspilotsorastronauts?Let’sfindout!

Maintainingpostural
equilibrium,sensing
movement,andmain-
taininganawarenessof
therelativelocationof
ourbodypartsrequires
thepreciseintegration
ofseveralofthebody’s
sensoryandresponse
systemsincludingvi-
sual,vestibular,so-
matosensory (touch,
pressure,andstretchre-
ceptorsinourskin,
muscles,andjoints),
andauditory.Acting
together,thesebody
systemsconstantly
gatherandinterpret

C-1 – This is a completed, homebuilt Barany Chair. It is essentially an of-

fice chair that is mounted on a milk box. The chair rotates on an automo-

tive axle housing and when properly installed, the chair will rotate

quietly, and with very little friction. The pilot sits blindfolded holding a

joystick. When the chair is slowly rotated, the pilot moves the joystick to

show the direction in which he/she is rotating. As the chair is allowed to

slowly come to a stop, the inner ear mechanism will tell the pilot he/she 

is still moving, but in the opposite direction. The text gives the 

construction details and explains how the disorientation occurs. This is

not a toy and the presenter should not allow it to be rotated at high speed. 

C -2 – Flying: It doesn’t get much better than this. (Image courtesy of Alex McMahon)



sensoryinformationfromalloverthebodyandusuallyallowustoactonthatinformationinanap-
propriateandhelpfulway.

Bodymovementsundertakeninoureveryday“Earth-normal”environmentusuallydonot
upsetoursenseofbalanceorbodyorientation.However,wehaveallexperienceddizzinessanddif-
ficultywalkingafterspinningaroundinacircle.Howdoestheuniquegravitationalconditionen-
counteredinspaceflightaffectanastronaut’ssenseofbodyorientation,movement,andbalance?

Astronautsexperiencesimilarsensationsofdizzinessanddisorientationduringtheirfirstfewdays
inthemicrogravityenvironmentofspace.UponreturningtoEarthafterprolongedexposuretomi-
crogravity,astronautsfrequentlyhavedifficultystandingandwalkingupright,stabilizingtheirgaze,
andwalkingorturningcornersinacoordinatedmanner.Anastronaut’ssenseofbalanceandbody
orientationtakestimetore-adapttoEarth-normalconditions.

Somethingaboutthevestibularsystemobviouslyadaptstochangingconditions,butwhat?Why?
How?Mightabetterunderstandingofthismicrogravity-inducedvestibularfunctionhelppeople
backonEarthpreventthedizziness,disorientation,andsusceptibilitytofallingthatsomeolder
peopleexperience?Answerstotheseimportantandinterestingquestionsrequireustoknowmore
abouttheanatomy(structure)andphysiology(function)ofthehumanvestibularsystemonEarth,
aswellasinspace.

Formanyyears,NASAhasbeeninvestigatingthehumanvestibularsystem’sadaptationtothe
spaceenvironment.ImportantexperimentswereperformedonSTS-40(Spacelab-1),STS-58
(Spacelab-2),andSTS-90(Neurolab).Futureflightexperimentswillhelpustobetterunderstand
thephysiologyofourvestibularsystembybuildingonwhatwehavelearnedfrompreviousmissions
andground-basedresearch.

Vestibular Anatomy and Physiology

PleaserefertoIllustrationC-3aswelearnsomeimportantandinterestingfactsandtermsabout
theearandvestibularanatomyandphysiology.Theearismadeupofseveralsmallerstructuresthat
canbeorganizedintothreedistinctanatomicalregions:anouterearwhichextendsfromoutside
thebodythroughtheearcanaltothetympanicmembrane(eardrum);amiddleear,anair-filled
cavitycontainingthreetinybones(ossicles)thattransmitandamplifysoundbetweentheeardrum
andthecochlea(wherethesenseofhearingislocated);andtheinnerear,composedofthecochlea
andthevestibularsystem.Thevestibularsystem(IllustrationC-4),whichisthekeytooursenseof
balance,motion,andbodyposition,iscomprisedofthreesemicircularcanalsconnectedtotwo
membranoussacscalledthesaccule andutricle.Thesacculeandutricleareoftenreferredtoasthe
otolith organs.Theotolithorgansallowustosensethedirectionandspeedoflinear acceleration
andtheposition(tilt)ofthehead.Thesemicircularcanalsallowustosensethedirectionandspeed
ofangular acceleration.
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C-3 – The outer, middle, and inner ear

C-4 – The vestibular systems – 

semicircular canals and otolith organs



38 |FITFORFLYING

Thesemicircularcanalsareorientedalongthree
planesofmovementwitheachplaneatrightanglesto
theothertwo.Pilotsandastronautscallthesethree
planesofrotationpitch (upanddown;noddingyour
head“yes”),roll (tumblingleftorright;movingyour
headfromyourlefttoyourrightshoulderorvice
versa),andyaw (lateralmovementleftandright;
shakingyourhead“no”).SeeIllustrationC-3.

What’sthedifferencebetweenangularandlinear
acceleration?Linearaccelerationisachangeinveloc-
ity(speedincreasingordecreasingovertime)without
achangeofdirection(straightline).Angularaccelera-
tionisachangeinbothvelocityanddirectionatthe
sametime.Forexample,imagineyouareinastopped
car.Thedriverofthecarstepsontheacceleratorand
youacceleratestraightahead.Thedriverstepsonthe
brakepedalandyoudeceleratetoastop.Thenthe
driverputsthecarinreverseandyouacceleratestraightbackwards,andthenthedriverslamsonthe
brakesonceagain.Youhavejustexperiencedlinearaccelerationanddecelerationinbothforward
andbackwarddirections.Yourmovementwasalongastraightlineandyourotolithorganshelped
yousensetheselinearaccelerationsanddecelerations.

Imagineyourselfonarollercoaster.Youstartoutacceleratingstraightahead,justlikeinthecar.
Suddenly,thetrackdipsalmoststraightdownandyou“pitch”forward.Thenthenoseofyourcar
(andyou)comesalmoststraightup.Youhavejustexperienceddownwardandupwardpitch.The
rollercoaster,whilestayingperfectlyflatonthetrack,nowtakesasevereleftturnfollowedbya
rightturn.Youhavejust“yawed”totheleftandright.Nowcomesthereallyfunpart.Yourroller
coasterandthetrackdoacomplete360-degreeroll,firsttotheleftandthentotheright.Makes
youdizzyjustthinkingaboutit,right?Youhavejustexperiencedthethreeplanesofangularaccel-
eration;pitch,yaw,androll.Anaircraft,aspaceship,oranyvehicleoperatinginthree-dimensional
spacecanaccelerateinthesethreeplanesofrotationandoftenalongmorethanoneplaneatthe
sametime.Yoursemicircularcanalsenableyoutosensetheseangularaccelerations.Althoughthey
arebothlocatedwithinthevestibularapparatusofyourinnerear,areinterconnected,andoperate
usingsimilarphysicalprinciples,thesensorymechanismswhichallowyoutodetectlinearaccelera-
tion(otolithorgans)arestructurallyandfunc-
tionallydifferentthanthosewhichallowyouto
detectangularacceleration(semicircularcanals).

Thevestibularsystemalsohelpsyoumaintain
afixedgazeonastationaryormovingexternal
objectwhileyouareundergoingcomplexhead
andbodymovements.Lookattheclockonthe
wall.Nowmoveyourheadsidewaysorupand
down,oreveninacircle.Youreyesstayfixedon
theclock.Withslowmovement,theeyesarekept
stationarybyvisualmechanismsonly.Asthe
speedofmovementincreases,thevestibularsys-
temtakesovertheimagestabilizationprocess.
Thisreflexiveeyemovement,nystagmus, canbe
demonstratedbyusingaBarany Chair.Robert
BáránywasaNobelPrizewinningphysiologist,
recognizedforhisresearchonthevestibularsys-
tem.

C-5 – Roll, pitch, and yaw planes of motion

C-6 – Crista (cupula and ampullary crest). When movement

of the endolymph causes cupula to bend, sensory hair cells

generate nerve impulses which the brain perceives as angu-

lar acceleration.



How Structure Supports Function

Nowthatyouunderstandthelocationandoveralldesignofyourvestibularsystemanditsrolein
providingyouwithreliablesensoryinput,let’sinvestigatethestructureandfunctionsofitstwodif-
ferentcomponents.

LookatIllustrationC-4andC-6fordetailedviewsofthestructureswithinthevestibularsystem.
Youwillnoticethatallvestibularorgans(semicircularcanals,saccule,andutricle)functionallyrely
onacommontypeofreceptorcell,calledahair cell. 

The Semicircular Canals

Thesemicircularcanalsareasetofthreemembranoustubesembeddedwithinabonystructure
ofthesameshape.Thecentralcavityofeachcanalisfilledwithafluidcalledendolymph. Eachen-
dolymph-filledcanalhasanenlargedareanearitsbasecalledanampulla.

Partsofthevestibularnervepenetratethebaseofeachampullaandterminateinatuftofspecial-
izedsensoryhaircells.Thehaircellsarearrangedinamound-likestructurecalledtheampullary
crest.Risingabovetheampullarycrestisthecupula, consistingofthehair-likeextensionsofthe
haircellssurroundedbyagelatinousmaterialarrangedintoawedge-shapedstructure.Thisstruc-
tureconsistingoftheampullarycrestandthecupulaiscalledacrista.

Whentheendolymphmoves(orthecupulamovesandthefluidremainsstationary),thegelati-
noustipofthecupulaandthehaircellextensionsembeddedwithinitaredisplacedtoonesideor
theother.Whentheembeddedhaircellsbend,theysendasignalviathevestibularnervetothe
brainwheretheinformationisevaluatedandappropriateactionisinitiated.

Themechanicsofhowthesemicircularcanals
actuallyfunctionto“sense”angularacceleration
maybemoreeasilyunderstoodbyreviewingthe
physicsofinertia.TheLawofInertiastatesthat
“abodyatrestremainsatrestunlessactedupon
byanunbalancedforce.”Thisisimportantbe-
causeangularaccelerationanddecelerationprima-
rilyaffectthesemicircularcanalsandentirely
dependontherelativemovementofendolymph
withrespecttothecupula.

Thismeansthatifyouweretobeginaccelerat-
ingalongoneofthethreeplanesofrotation
(pitch,roll,oryaw),structuralcomponentsofthe
correspondingsemicircularcanalwouldbegin
movingimmediatelysincetheyareattachedtothe
restofyourhead.However,theendolymph
withinthatparticularsemicircularcanalwould
tendto“remainatrest”duetoinertia.SeeIllus-
trationC-7a.Itwouldlagbehindthestructural
components,deflectingthecupulaandgenerating
anerveimpulsetothebrain.

Initially,themembranoustubularandcellular
structuresmove,butthefluiddoesnot.Thus,
thereisrelativemovementbetweenthefluidand
therestofthesemicircularcanal.SeeIllustration
C-7b.Eventually,duetofrictionandthedragit
induces,thefluidbeginstomoveatthesame
speedasthecomponentswithinwhichitiscon-
tained.Whenthisoccurs,thecupulaisnotde-
flectedand,eventhoughyourbodyiscontinuing
toangularlyaccelerate,theaccelerationisnot
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C-7 – The effects of angular acceleration 

on the semicircular canals
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“sensed.”Youincorrectlyperceivethatyouarestationary.IllustrationC-7c.
Withoutanyjoltingorsuddendeceleration,stopyourangularacceleration.Whathappens?The

movingfluidnowhasmomentumandsoitcontinuestomoveuntilfrictionanddragbringittoa
stop.Inotherwords,fixedstructuresofyoursemicircularcanalstopimmediately(sincetheyarestill
attachedtoyourheadwhichisstillattachedtoyourbody)buttheendolymphfluidcontinuesto
moveinthedirectionofthepreviousmovement.TheLawofInertiaalsostatesthat“abodyinmo-
tionwillcontinueinmotioninastraightlineunlessacteduponbyanunbalancedforce.”Now,the
cupulaandtheembeddedhaircellsarebentintheoppositedirection.Thiscausesyoutoincor-
rectlysensethatyouareacceleratinginthedirectionoppositetoyourpreviousacceleration,even
thoughyouarecompletelystopped!SeeIllustrationC-7d.

Saccule and Utricle  

Thesacculeandutriclearereferredtocollectivelyas“theotolithorgans.”Theysenselinearac-
celerationandareaffectedbygravity.Theyalsoprovideyouwithinformationconcerningchanges
inheadposition(tilt).Becauseofthewaytheyaresituatedwithinthevestibularapparatus,thesac-
culeismoresensitivetoverticalacceleration(likeridinginanelevator)andtheutricleismoresensi-
tivetohorizontalacceleration(ridinginacar).IllustrationC-8.

Boththesacculeandtheutriclecontainathickenedpatchofspecializedcellscalledamacula

thatconsistsofsensoryhaircellsinterspersedwith“supporting”cells.Thefreehair-liketuftsex-
tendingfromthehaircellsareembeddedinagelatinousotolithicmembranewhichsupportssmall
pilesofcalciumcarbonatecrystalsonitssurface.Collectively,thesecalciumcarbonatecrystalsare
calledotoliths.Theotolithsincreasethemassoftheotolithicmembraneandgiveitmoreinertia.On
Earth,whentheheadistiltedtotheleftorright,orforwardorback,theotolithstendtomove
alongthegravitygradient(downwards).Evenaslightmovementoftheotolithicmembraneis
enoughtobendhaircellsandsendsensoryinformationtothebrain.Asimilarinertiaandgravity-
dependentprocessoccurswhenyouacceleratelinearly—upordown;forwardorbackward.

The underlyingphysiologyandfunctioningoftheotolithorgansareremarkablysimilartothose
ofthesemicircularcanals.Bothsystemsdependuponinertiaandthemechanicaldeflectionofhair
cellstoinitiatenerveimpulsesthataresenttothebrainandinterpretedasbodymovement.The
brainthenreflexivelyinitiatesappropriate“corrective”actionswithinthenervous,visual,andmus-
cularsystemstoensurethatsituationalawarenessandbalancearemaintained.

Let’sreexamineourpreviousexampleofrapidlyacceleratingstraightaheadinacar.Duringfor-
wardacceleration,inertiacausestheutricle’sotolithicmembraneanditsassociatedotolithstolag
behindtheportionoftheutriclethatisfirmlyattachedtothehead.This,inturn,causesthehair
cells,whosehair-likeexten-
sionsareembeddedwithin
theotolithmembrane,tobe
deflectedbackwards.This
backwarddeflectionstimu-
latessensorynervestofire
andthisprovidesthebrain
withinformationonthedi-
rectionandspeedofacceler-
ation.Asimilarprocess
occurswithinthesaccule
whenyouareinanelevator
anditeitherbeginstoriseor
descendrapidly.

C-8 – Otolith organ (saccule or utricle) senses linear acceleration



Vestibular Sensing

Humanssensepositionandmotioninthree-dimensionalspacethroughtheinteractionofavari-
etyofbodyproprioceptors,includingmuscles,tendons,joints,vision,touch,pressure,hearing,and
thevestibularsystem.Feedbackfromthesesystemsisinterpretedbythebrainaspositionandmo-
tiondata.Ourvestibularsystemenablesustodeterminebodyorientation,sensesthedirectionand
speedatwhichwearemoving,andhelpsusmaintainbalance.

Whenthereisnovisualinput,asiscommoninmanyflightsituations,werelymoreheavilyon
ourvestibularsenseforthisinformation.However,inflightandinspace,ourvestibularsystem,
whichisdesignedtoworkonthegroundenvironment,oftenprovidesuswitherroneousordisori-
entinginformation.

Someofthesespatialdisorientationeffectsresultinillusionsthatcanbeinducedforthepurpose
ofscientificresearch,orevenjustforfun.Filmmakersanddesignersofhigh-techamusementpark
ridesoftenusethesetechniquestopullusintotheactionandgiveusamorethrillingadventure.In
thelaboratory,scientistscanuseaspecialrotatingseat,calledaBaranyChair,tointentionallyin-
ducespatialdisorientationintheirtestsubjects.Thisallowstheresearchertostudyhowthevestibu-
larsystemadaptstoandfunctionsinvariousconditionsandsituations.Thenextsectionofthis
guidedescribesvestibularexperimentsthatcanbedoneintheconferenceandaresimilarinap-
proachtoresearchthatiscurrentlybeingconductedbyNASA.

Understandingtheworkingsofthevariousorgansthatcomprisethissystemwillleadtoimproved
adaptationstrategiesforastronautsenteringamicrogravityenvironmentandreturningtoanEarth-nor-
malenvironment.ItwillalsohelpmilitaryandcivilianpilotsandpeopleonEarthwhoareproneto
dizzinessanddisorientation.WeallbenefitfromNASA’sscientificresearchonthevestibularsystem.

The Barany Chair — Creating Vestibular Illustions 

ThefollowingactivitiesuseaBaranyChairtoisolatethevestibularsensesothatmotionisinter-
pretedsolelyonthebasisofvestibularfeedback.Fourpowerfulvestibularillusions(spatialdisorien-
tationphenomena)aredescribedhereandcanbeperformedinthepresentationsetting.The
illusionsprovideafun,hands-onopportunitytodemonstratethephysiologyofthesemicircular
canals.Intheseexperiments,howthevolunteerpositionshisorherheadwhilethechairisbeingro-
tateddetermineswhichoftheillusionsisexperienced.Amongothereffects,thetestsubjectshould
falselysensemotionwhennoneistakingplace,perceivemotioninadifferentdirectionfromthat
whichisactuallytakingplace,orfailtodetectmotionatall.

Byremovingorlesseningvisualandauditoryclues,vestibularinputsdominate.Toaidinisolat-
ingthevestibularsystem,forillusions,ablindfoldisplacedoverthevolunteer’seyesandallob-
serversremainsilent.Theseconditionsarenecessarybecausethefailuretosensemotionisa
difficultillusiontoachieve.Theillusionsareeasilyinterferedwithbyunintendedfeedbackfrom
othersensorysystems.Forexample,apersonwhisperingwillprovideauditorycuestothetestsub-
jectthatthechairisorisnotrotating.Iftheroomyouareusinghaslightanddarkareas,thevolun-
teerwillseechangesinbrightnessthroughtheeyelidsduringrotation.

Preparation

AlthoughthevestibularillusionsthatwillbedescribedworkbestwithaBaranyChair,acceptable
resultscanbeobtainedbyusinganoldofficechairthathasapumplever.Toeffectivelycreatethe
illusions,itisessentialthatthepushesusedtorotatethechairbesmoothanduniform.Whether
usingtheBaranyChairorastandardofficechair,itisrecommendedthatyoupracticepushingthe
chairandbringingittoarapid,butgentle,stop.

WhenusingaBaranyChairataconference,firstclearcentralareaofyourpresentationroom
largeenoughtoaccommodatethechairwithobserversinacircleseveralfeetback.Ideally,the
roomwillbewindowlessorhaveroom-darkeningshades.Placethechairinthemiddleoftheroom
andmakesureitislevel.
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Selecting Test Subjects

ThevestibularillusionscreatedbytheBaranyChaircan produce nausea in some test subjects.
Askvolunteersiftheyareabletoridespinningamusementparkrideswithoutbecomingsick.Even
thoughtheBaranyChairmovesmuchmoreslowlythantherides,itcanproducesickness.Most
peopleshouldbeabletoexperiencetheillusionswithonlymomentarydisorientation.Important
Safety Note: The presenter should remain near the chair and be ready to offer physical assis-
tance in case the “test pilot” loses balance and risks falling off the chair. ALWAYS have a
spotter as an assistant. 

Illusion 1 – Sensing Yaw Motion

Thevolunteersitsonthechairwithheaduprightandfistsonhisorherthighsinthe“two
thumbsup”position.Tellhim/hertorotatetheirwristssothatthethumbspointinthedirection
ofmovementfelt.Ifthemovementchangestoadifferentdirection,thewristsshouldberotatedso
thatthethumbspointinthatdirection.Ifthevolunteerdoesnotperceiveanymotion,thethumbs
shouldbepointedupwards.Coverthevolunteer’seyeswiththeblindfold,and,touchingonlythe
seatbackofthechair,givethechairaspin.Pushthechairhardenoughtorotateiteighttoten
times.Ifnecessary,givethechairanadditionalgentlepushtokeepitrotating.Gripthechairback
andslowittoarapidbutsmoothstop.Waitafewmomentstoobservethumbmovementsandthen
removetheblindfold.Tellthevolunteertostareatafixedpointonthewall.

Atfirst,thevolunteerwillpointthumbsinthesamedirectionthechairisrotating.Afterstop-
pingthechair,thevolunteerwillreversethedirectionofthethumbs,indicatingafeelingofmove-
mentintheoppositedirection.Uponopeninghis/hereyes,thevolunteerwillexperiencerapid
side-to-sideflickingmotionsoftheeyesthatcanbeobservedbystaringdirectlyatthevolunteer’s
face.

Therotationofthechaircausestheendolymphwithintheyawaxissemicircularcanaltobegin
moving.Atfirst,theinertiaofthefluidcausesitto
lagbehindthemotionofthesubject’sbody.This
causesthecupulaanditshaircellstobend.Now
stimulated,thehaircellssendsignalstothebrain
tellingitthatmotionhasbeeninitiatedandinwhat
speedanddirection.Whenthechairisstopped,the
momentumofthenowmovingendolymphcausesit
tocontinuemovingeventhoughthevolunteer’s
headandsemicircularcanalshavestopped.Thehair
cellsarenowbentintheexactoppositedirectionas
before.Thissendsafalsesignaltothebrainthatthe
directionofmotionhasreversed.Nystagmus,anin-
voluntaryflickingeyemovement,showsthelinkbe-
tweenthevestibularandvisualsystems.Thisreflex
occurswhenthebrainmistakenlybelievesthebodyis
stillmovinginthisillusionandinstructstheeyesto
“lookahead.”Theeyestrackobjectsthatthebrain
believesarecomingintothefieldofvisioneven
thoughtheviewisn’tchanging.

Thevolunteerwillperceivethestartofmotionby
pointinghis/herthumbsinthedirectionofrotation.
Afteranumberofrotations,thevolunteerwillpoint
thethumbsupwardeventhoughthechairisstillro-
tating.Finally,thevolunteerwillpointthumbsthe
oppositedirectionfromthefirstmovementtoindi-
catecounterrotation.

C-9 – In this illustration, the test subject

indicates the perceived direction of movement 

by pointing his or her thumbs. 



Aswiththefirstillusion,endolymphintheyawsemicircularcanalwilllagbehindtheinitialmo-
tion.Signalssenttothebrainwillbeinterpretedasbodilyrotationinaparticulardirection.Gradu-
ally,theendolymphintheyawsemicircularcanalwillcatchupwiththemotion,andstimulationof
thehaircellsinthiscanalwillstop.Thebrainwillfalselyinterpretthelackofhaircellstimulationto
meanthatthechairhascometorest.Later,whenthechairactuallydoesslowdownorstop,the
momentum oftheendolymphwillcauseittocontinuetoflowthroughtheyawcanal.Thisgener-
atesfalsesignalsandthedisorientationcreatesafalseillusiontotheindividual.

Barany Chair Construction

Theconferenceversionofthe
BaranyChairconsistsofapedestal
base,abearingmechanism,anda
chairwitharmrests.Theoneshown
inthephotographyfeaturedanof-
ficechairseatdonatedbyOffice
Depot.Anykindofofficechaircan
beused,butonewitharmrests
makesitmorecomfortable.

Theconstructionplansinthis
guidewillenableyoutoconstructa
BaranyChairusingregularpower
andbasichandtools.Mostmaterials
forthechairareavailablefromhard-
wareandgeneralhomerepairstores.

Thechairbearingisobtainable
fromanautosalvageyard.Itisa

rearaxlebearingfromafrontwheeldrivevehicle.Thebear-
ingspecifiedinthisguideisfroma1995Nissan Sentra.Any
similarbearingcanbeused,butyoumayneedtoadjustthe
diametersoftheholesatthetopofthechairpedestal.Ifyou
tellthepersonatthewreckingyardthattherearaxleassem-
blyisforaCivilAirPatrolanti-drugprogram,thereisa
goodpossibilityyoucangetitfreeormuchlessthannormal.
Ithelpsifyoutakethe Fit for Flying textalongwithyou.
Thisgivesvisualproofofwhatyou’reworkingonandwill
helpgetadiscountorafreebie!Thesameappliesforhard-
wareandhomerepairdepots.

CAPCaptainRyanKubichek,anAerospaceEducation
OfficerfromaCAP
squadron,andDr.
Millspaughbuilta
BaranyChairforan
AerospaceEducation
Dayatanairport.Thepedestalusedwasadiscardedmilk
box.Ithasworkedwellandhastakenaconsiderablebeating
bynumerousdemonstrations.Ifyoucontactalocalmilk
companythathasneighborhooddeliveryandexplainwhat
you’redoing,thereisaverygoodpossibilitythatauseable
onewill“showup”verysoon.Whencompaniesknowthat
you’retryingtoworkwithyouthonmeaningfulprojects,it’s
amazinghowmuchhelptheywillrender.
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C-10 – This is the hardware and finishing parts 

used to build the Barany Chair.

C-11 – The studs are first removed 

from the axle bearing assembly.

C-12 – A wire brush and a little solvent 

will make it “presentable.”
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The NASA Version Of The Pedestal 

Thebearingandthechairseatwillbeattachedto
apedestalmountedontopofthebase.TheNASA
versionofthepedestalconsistsofasquaresetinter-
nalframemadefrom2” x2” or2” x4” lumber.The
frameisheldtogetherwithscrewsandglue.Plywood
or3/4” clearpineboardsareusedtocovertheout-
sideoftheframe.Thisfacingprovidesadditional
strengthandimprovestheappearanceofthe
pedestal.Glueandscrewthreeofthefacingsides,
butusescrewsonlyforthefourthside.Thisleaves
youanaccessdoorsoyoucancompletetheassembly
andtightenboltsandnutswhennecessary.

ThetopoftheNASApedestalismadeoftwolay-
ersof3/4” plywoodthataregluedtogether.Before
gluing,themainholeforthebearingmechanism
mustbedrilled.Toaccommodatethebearing,usea
holesawtocuttwodifferentsizedholesintheply-
woodsheetsthatwillformthetopofthepedestal.

Thelowerplywoodboardsmusthavea2
1/2” holeandtheuppersheetmusthavea
3” hole.Thetwoholesmustbeconcentric
tofitthebearing.Ifadifferentbearingis
used,cutthemountingholestofititssize.
Drilltheboltmountingholesforthebear-
ing.Insertthebearingandboltsand
tightenthenutstoholditfirmly.

Thepedestalcanbemountedperma-
nentlytoabasewithscrewsandglue,or
maderemovable(formobility)byattaching
ittothebasewithnutsandbolts.Tee-nuts
canbeinsertedintodrilledholesfromthe
bottomoftheplatform.Theseremainin
placeevenwhenthechairisdisassembled.

Officesupplyandfurniturestoresoffera
widerangeofofficechairs.A“taskchair”
witharmsisrecommended.Beforeselect-
ingachair,checktomakesureitdoesnot
haveaseattiltadjustment.Whileachair
withtiltadjustmentwillwork,themethod
formountingthepipenippleandlocknuts
mayhavetobemodified.Taskchairswith-
outtiltadjustmentshavesimplerseat

bracketsandareeasiertomount.
Officechairseatbracketsusuallyconsistofametalplatewithaholeforinsertingthetubular

pedestalthatextendsupwardfromthelegsandcasters.Thecustom-made3/4” galvanizedpipe
nipplesubstitutesforthetubularpedestal.

Ifyoupurchaseanewchair,donotattachthepneumatictubetothebracket.Thepipenipple
willbeusedinstead.Ifusinganexistingchair,thetubehastoberemoved.Removethechairseat
andtapthebracketuntilthetubeslipsoutofthebracket.Thetubularpedestal,legs,andcastersare
notneededfortheBaranyChair.

C-13 – An old milk box worked well for the pedestal. 

The door made it easy to work with the axle 

housing and securing it to the base.

C-14 – The construction of the NASA base unit



Building The Bearing Mechanism And Attaching The Chair To The Pedestal

A3/4” pipenipplehastobespeciallymadetofitthechairandthebearing.Thenipplecanbe
cutandthreadedforamodestchargeatahardwarestore.Theexactlengthofthenipplewillde-
penduponthedesignoftheseatbracketoftheofficechairyouuse.Beforegluingthetoptogether
andassemblingtherestofthepedestal,makesurethattheautomotivebearingfitssnugly.

Threadtwo3/4” galvanizedlocknutsontothelongthreadedendofthenipple.Insertthenip-
pleintotheholeforthepneumatictubeandthreadathirdlocknutontothenippletotightenthe
nippleinplace.Besuretouseatleastonelocknutimmediatelybeneaththebracket.Thebracketis
nowattachedtotheseatbottom.

Settherigidcoupling,showninthemechanismdiagram,overthebearing.Lowerthechairover
thepedestaluntilthepipenippleslidesthroughthecouplingandintotheholeofthebearing.Hold
thenippleinplacewithanotherlocknutunderneaththebearing.Whentightenedproperly,the
chairshouldhavenowobbleandbeabletospinfreely.

Construction Notes

•Makesuretofollowallmanufacturerinstructionsforsafeoperationoftoolsanduseofmaterials
employedintheconstructionoftheBaranyChair.

•Unfinishedwoodtabletopsareavailablefromhardwareandlumberstores.
•Drillfourholesinthroughthetoptomatchtheboltholesinthepedestal.Slipteenutsintothese

holesfromthebottomofthebase.Whentheboltsfromthepedestalarescrewedintothenuts,
theflangeonthenutswilldrawthebaseandthepedestaltogethersnuggly.

•Attachrubberfeettothebottomofthepedestalaroundtherim.Feetareavailablefromhardware
storesandcomewithscrewsornailstomountthemtothebottom.

Materials List
Number Quantity Item Specifications
1 1 roundtabletop 30” diameter
2 4 tee-nuts 3/16”

3 4 lumber 8’ x2”x4”

4 4 rubberfeet screwornailtype
Tools

Electrichanddrill-3/8” or1/2”

Drillbitfortee-nutholes
Screwdriverorhammertoattachfeet

•Makesuretofollowallmanufacturerinstructionsfor
safeoperationoftoolsanduseofmaterialsemployed
intheconstructionoftheBaranyChair.

•Theinteriorsquaresetframeshouldbeconstructed
from2” x2” or2” x4” lumber.Thefinishedsizeof
thepedestalshouldbe12” wide,12” deep,and12”

to15” highdependingupontheheightofyourstu-
dents.Thelengthsoftheframepiecesyoucutwilldependuponthesizeofthewoodyouuse.

•Screwandgluethesquaresetframetogether.Besuretocountersinktheholessothatthescrew
headsareflushwiththewood.Offsetthepilotholesofintersectingscrewssothattheydonothit
eachother.

•Facetheframewith3/4” clearpineorplywood.Screwandgluethreeofthesidesbutattachthe
fourthsidewithscrewsonly.Thisbecomesanaccessdoorfortighteningbolts.

•Thetopplatformismadefromtwo3/4” plywoodpiecesgluedtogether.Beforegluing,determine
thecenterofeachboard.Drilla21/2” holewithaholesawthroughthecenterofthelower
board.Drilla3”holethroughthecenterofthetopboard.Alignthemcarefullybeforegluing.
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C-15 – The NASA round base 

(Feet can be installed on this one.)

Holes for tee-nuts to attach pedestal
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•Thisdesignshows3/16” by31/2” hexboltsusedforat-
tachingthepedestaltothebase.Theboltsextenddown-
wardfromthepedestalframeintotee-nutsinthebase.
Thispermitseasyremovalofthepedestalfromthebase.If
preferred,thepedestalcanbepermanentlyfixedtobase
withglueandscrews.

Materials List
Number Quantity Item Specifications
1 1 woodglue carpentergrade
2 2 plywood 48” x48” x3/4”

3 4 lumber 8’ x2” x4”

4 56 woodscrews #10,3” Phillips
5 4 hexbolts 3/16” x31/2”

6 4 cutwashers 3/16”

Tools
Electrichanddrill-3/8” or1/2”

Holesaws-3” and21/2” withdrillattachment
Drillbitforpilotholes
Countersinkbit
PhillipsscrewdriverorPhillipsdrillbit
Crosscuthandsaw
Ruler
Carpenter’ssquare

Barany Chair - Bearing Mechanism

•Besuretofollowallmanufacturerinstructionsforsafe
operationoftoolsanduseofmaterialsemployedintheconstructionof
theBaranyChair.

•Exceptforthebearing,allmetalpartsareavailablefromhardware
stores.

•Thebearingisavailablefromautowreckingyards.Itisafree-spin-
ningrearaxlebearingfromafront-wheeldriveautomobile.Theunder-
sideofthebearingistapered,necessitatingtwodifferentsizedholesin
theplywoodbearingplatform.(NASAversion)

•Thehorizontaldashedlinesindicatewherethemechanismisat-
tachedtotheseatbracketofthechairandtotheplywoodplatform.

•Therigidcouplingcomesfromhardwareelectricaldepartments.It
servesasaspacer.

•ThegalvanizedpipenipplehastobemadeespeciallyfortheBarany
Chair.Hardwarestoreswillcutandthreadapipeforyouforasmall
charge.Beforespecifyingthefinallengthandthreading,examinetheseat
bracketoftheofficechairyouareusing.Youmayrequireaslightly
longerorslightlyshorternipplethancalledforhere.Theupperendof
thenipplewillrequireabout4”ofthreadwhilethelowerendshouldre-
quireonlyabout1”.

C-16 – This is the NASA version of the Barany

chair.  Note the round base, the varnished fin-

ish, and the seat belt.  

C-17 – The nipple (on right)

for round base
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Number Quantity Item Specifications
1 3 locknuts 3/4” galvanized
2 1 pipenipple 6” x3/4” galvanized
3 1 rigidcoupling 1” (tofit1”conduit)
4 4 hexbolts 5/16” x21/2”

5 1 rearaxlehubbearing BCAhubbearing
#512025(1995NissanSentra)

6 4 lockwashers 5/16”
7 4 cutwashers 5/16”
8 4 hexnuts 5/16”
9 1 locknut 3/4”galvanized

Rotational Mechanism Assembly

Construction Notes:
•Besuretofollowallmanufacturerinstructionsforsafeoperationoftoolsanduseofmaterials

employedintheconstructionoftheBaranyChair.

•Removetheseatbracketfromthebottomoftheseat.

•Twisttwolocknutsontothelongthreadedendofthepipenipple.Keepthemlooseand
belowthepointwherethebracketwillrest.

•Insertthenippleintotheseatbracketholeandtwistanotherlocknutontheupperendofthe
nipple.Tightenthefirstandthesecondlocknuttothebottomofthebracket.Thetwolocknuts
workingtogetherwillresistlaterloosening.

•Reattachtheseatbrackettotheseat.

•Slidetheotherendofthepipenipplethroughthespacerandthenintotheholeofthebear-
ing.(ThebearingshouldalreadybefirmlyattachedtothewoodenpedestaloftheBaranyChair.)
Makesurethechairrotatesfreelyabovethepedestal.

•Reachthroughtheaccessdoorofthepedestalandtightentheremaininglocknutontothe
lowerendofthepipenipple.Thechairshouldnowrotatefreelywithnowobble.Closetheaccess
door.

•Attachthesafetylapbelttothebackortherearofthearmsofthechair.TheBaranyChairis
nowfinishedandreadytobeused.

C-18 – Capt. Kubichek shows how the nipple

is attached to the chair C-19 – The mounting of the chair to the base with bearing assembly
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C-23 – Cadet Joseph Spiegel prepares for his first “flight” 

in the Barany chair. Notice that Capt. Ryan added a seat belt 

to the chair. Later a footrest was also added. It’s fun and 

educational for both adults and young people. 

C-21 – The nut is tightened to secure the assembly.

C-22 – Using a little “ingenuity,” build a footrest to keep

the legs from swinging during slow rotation.  

C-20 – The rigid coupling spacer is shown 

between the chair and the axle bearing.



Materials List
Quantity Item Specifications
1 chairseat fromofficechair,non-tilt,witharmrest
1 safetylapbelt widehook-and-looptapeorwebbingandbuckles,availablefrom

anoutdoororsportinggoodsstore
Tools

Setofwrenches
Screwdriver

Aviation Physiolology – Additional Dr Supplementary Teaching Aids

Severalotherhands-onitemsmayhelpyouataconference.Theonesshownhelpparticipants
visualizetheprinciplesandconceptsofthevestibularsystem.Directionsareshownhereforbuilding
andusingthreemodelsofthesemicircularcanalfunctions.

-Threeaxiscanalmodel
-Gelatinringmoldmodel
-Semicircularcanaldemonstrationmodel

Three Axis Canal Models

Materials List
Quantity Item Specifications
1 9’vinylhose clear,1”diameter
3 plastichoseconnectors sizetofitvinylhose
1 plastictape clear
1 waterandbasin
1 glitter,~3teaspoons

1.Cutthehoseintothreeequallengths.
2.Putaboutateaspoonofglitterinalengthofhoseandimmersethehoseinwater.Removeall

airfromthehose.
3.Firmlyattachthehoseendstoaconnectortoformaloop.Becarefulnottointroduceair.
4.Removethehosefromthewaterandrepeattheprocesswiththeothertwohoses.
5.Jointhehoseringstogetherasshown

Touse:PlacethemodelontheseatoftheBaranyChairandrotate. Onlythefluidintheyaw
planecanalwillmove. Theglitterwillhelpyouraudienceseethemotion.Trydifferentorientations
ofthemodelonthechairtoseewhateffectsithasonthedifferentcanals.Comparetheseorienta-
tionstothevestibularillusions.

Gelatin Ring Mold Canal Model

1.Gluethetwowashersontherimofthemoldasshowninthediagrambelow.
2.Cutaslitthroughthesidesofthestrawatthe

midpoint.
3.Slidethestrawthroughthetwowashers.
4.Slipthecraftstickthroughtheslitsinthestraw

sothatthelowerendalmosttouchesthebottomof
themold.

5.Forballast,attachapapercliptothelowerendof
thecraftstick.

6.Placethemodelontheturntableandfillhalfway
withwater.
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C-25 – Place on turntable (Lazy Susan).

C-24 – Three axis canal model
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To use: Slowlyrotatethemold.Inertiacausesmovementofthewatertolagbehind.Thiswill
tiltthesticksothatitispointinginthedirectionofmotion.Asfrictionwiththemoldwallscauses
thewatertobegintomove,thestickwillreturntotheuprightposition.Whenthemoldisstopped,
themomentumofthewaterwillcausethesticktopointintheoppositedirection.Thisisavisual
demonstrationofwhathappensduringVestibularIllusion2.

Materials List
Quantity Item
1 gelatinringmold
2 metalwashers
1 plasticsoftdrinkstraw
1 wooden craft stick

1 hot glue gun and glue stick

1 paper clip

1 sharp knife

1 Lazy Susan turntable

water

The Semicircular Canal Model - Construction

1. Punch six small holes equally spaced around the rim of the disposable food container. 

2. Feed and knot short pieces of thread or fishing line to each hole and attach the bobbers to upper end

of each line.

3. Adjust the position of the bobbers so that their lower ends almost touch the container rim. 

4. Cement the food container to the inside center of the bottom of the large canister. Make sure no ce-

ment gets on the bobbers. 

5. Cut off the upper end of the plastic water bottle. Cement the bottom of the bottle into the center of

the storage container. Allow the cement to dry over night.

6. Set the Lazy Susan in the center of a table and place the semicircular canal model in the exact cen-

ter.

7. Fill the water bottle almost to the top and sprinkle in several drops of food color to darken the water.

This reduces visual distraction of bobbers on the opposite side of the model. 

8. Add water to the canister  until the bobbers are floating vertically. 

To use: Rotate the model at a constant speed in one direction. The bobbers will first lean in the oppo-

site direction and then return to vertical. Stop the model and the bobbers will lean to the opposite direc-

tion. Explain to your students that the space between the interior water bottle and the inside wall of the

canister represents the inside of a semicircular canal. The clear water represents endolymph fluid and the

bobbers represent hair cells. 

Quantity Item Specifications

1 clear plastic food storage canister large round, 2-4 quart

1 disposable plastic food storage container shallow round dish

1 clear plastic water or soda bottle 20-ounce or 1 liter 

6 pencil bobbers small (fishing supplies)

1 line thread or fishing line

1 waterproof cement aquarium sealant

1 scissors or sharp knife

1 paper punch

1 Lazy Susan turntable

1 water

1 food coloring green or blue
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The Semicircular Canal Model - Demonstration

Above (1):No rotational motion. Hair cells vertical.

Brain senses no motion.

Above (2): Counterclockwise rotation. Endolymph

fluid lags behind. Hair cells lean in clockwise direc-

tion. Brain senses counterclockwise motion.

Above (3): Rotation continues. Endolyph fluid

catches up. Hair cells vertical. Brain no longer

senses rotation.

Above (4): Rotation stops. Endolymph continues

moving. Hair cells lean in counterclockwise direc-

tion. Brain falsely senses clockwise rotation.

C-26 – The semicircular canal model
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Wrapping It Up

The conference presentation can be a resounding success if you plan ahead and have everything ready

when your audience is seated.  The FAA Safety Brochures are very professionally done and the Power-

Point presentation should help you go through the textbook step-by-step.  At the conclusion, the Barany

Chair will be the “star” of your show.  This program will be exciting for all participants.  You now have

the tools to do an outstanding presentation. Good luck! 



Internet Resources

Space Research - NASA’s Office of Biological & Physical Research
LatestBiologicalandPhysicalResearchnews,researchontheInternationalSpaceStation,articles
onresearchactivities,educationalresources
http://SpaceResearch.nasa.gov

Web of Life
ArticlesandinformationabouttheexperimentsandengineeringbehindNASA’sFundamental
SpaceBiologyresearch
http://weboflife.nasa.gov

Space Biology - An Educator’s Resource
Gearedtowardhighschoolandundergraduatecollegestudentsandinstructors.Topicscoverre-
search,resources,andimages
http://www.spacebio.net

Neuroscience Laboratory at the NASA Johnson Space Center
Facilitydescriptionandlatestresearchprograms
http://www.jsc.nasa.gov/sa/sd/facility/labs/Neuroscience/neuro.htm

NASA Spacelink
OneofNASA’selectronicresourcesspecificallydevelopedfortheeducationalcommunity.Spacelink
servesasanelectroniclibrarytoNASA’seducationalandscientificresources,withhundredsofsub-
jectareasarrangedinamannerfamiliartoeducators.UsingSpacelinkSearch,educatorsandstu-
dentscaneasilyfindinformationamongNASA’sthousandsofInternetresources.Specialevents,
missions,andintriguingNASAwebsitesarefeaturedinSpacelink’s“HotTopics”and“CoolPicks”
areas.
http://spacelink.nasa.gov

NASA CORE
EstablishedforthenationalandinternationaldistributionofNASA-producededucationalmaterials
inmultimediaformat.EducatorscanviewthecatalogueandordermaterialsthroughtheCentral
OperationsofResourcesforEducators(CORE)website.
http://core.nasa.gov

NASA Education Home Page
NASA’sEducationHomePageservesastheeducationportalforinformationregardingeducational
programsandservicesofferedbyNASAfortheAmericaneducationalcommunity.Thishighlevel
directoryofinformationprovidesspecificdetailsandpointsofcontactforallofNASA’seducational
efforts,FieldCenteroffices,andpointsofpresencewithineachstate
http://education.nasa.gov

NASA Life Sciences Data Archive
Spaceflightexperimentresultsandphotogallery
http://lsda.jsc.nasa.gov

National Space Biomedical Research Institute
Educationmaterials
http://www.nsbri.org/Education/index.html

Barany Chair History
http://www.nobel.se/medicine/laureates/1914/
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Glossary

Ampulla - expanded area within each semicircular canal which contains a crista; detects angular ac-

celeration

Angular acceleration – a simultaneous change in velocity and direction (as in spinning); sensed by

the semicircular canals

Barany Chair - a chair with a special bearing mechanism that rotates very smoothly; used for per-

forming tests of the vestibular system

Crista - within ampullary region of semicircular canal; name given to structure composed of am-

pullary crest (hair cells) combined with the cupula

Cupula - one component of a crista; sits atop ampullary crest and is composed of hair-like extensions

of sensory hair cells embedded within a gelatinous mass

Endolymph - fluid within semicircular canals which, when moving, deflects the cupula and initiates

the sensation of angular acceleration

Hair cells - common name given to sensory cells located within the ampullary crest of semicircular

canals and the macular region of saccule and utricle (otolith organs)

Inertia - the fundamental property of inert material tending to resist changes in its state of motion

Linear acceleration – a change in velocity without a change in direction (up and down or side to

side); sensed by the otolith organs

Macula - thickened area within saccule and utricle consisting of hair cells and supporting cells.—in

both the saccule and utricle, the macula is covered by the gelatinous otolithic membrane containing

otoliths

Momentum - tendency of a body in motion to resist a change in that motion

Nystagmus - repeated eye movement designed to stabilize gaze during head movement

Otoliths - calcium carbonate crystals adhering to and embedded within the otolithic membrane of sac-

cule and utricle (otolith organs)

Otolith Organs - comprised of the saccule and utricle; sense linear acceleration and head position

(tilt)

Pitch - rotational motion carried out along a front-to-back vertical plane

Roll - rotational motion carried out along a lateral vertical plane

Saccule - one of the two types of otolith organs of the vestibular system; senses linear acceleration and

position (tilt) of the head;  especially sensitive to vertical movement

Semicircular Canals –  three fluid-filled circular tubular structures within each inner ear which are

arranged at right angles to each other and sense angular acceleration



Somatosensory - integrated sensory system which combines individual inputs from skin, muscles,

tendons, and stretch receptors throughout the body

Utricle - one of the two types of otolith organs of the vestibular system; senses linear acceleration and

is more sensitive to horizontal movement (as in riding in a car)

Vestibular System - senses body movement and helps maintain equilibrium; comprised of the semi-

circular canals and the otolith organs which sense angular and linear acceleration

Yaw - rotational motion carried out along a horizontal plane 

ConferenceGuide |55



56 |FITFORFLYING

Notes






