
F
I
T

 F
O

R
 F

L
Y

I
N

G

FIT

FOR

FLYING



PROVIDEDBY
CIVILAIRPATROLNATIONALHEADQUARTERS

EDUCATIONALPROGRAMSDIRECTORATE
Jim Mallett, Director

CHIEF,DRUGDEMANDREDUCTIONPROGRAM
Michael Simpkins 

AUTHOR
Ben Millspaugh, CSMEL

MEDICALADVISORYTEAM
Robert Sancetta, MD, Scott Hompland, DO, Jeff Cain, MD

AVIATIONPROFESSIONALADVISORYTEAM
John Desmarais, Interim Director, Missions, CAP NHQ,
Cory Von Pinnon, AvantAir, Capt., Rick Vigil, Netjets, 

Lt Col Ron Gendron, USAF, Maj Tom Janisko, MD WG,
FO Adam Wright, Atlantic Southeast Airlines

EDITORIALADVISORYTEAM
Lt Col Jett Mayhew, CAP National DDR Team Leader, 
Col Sharon Taylor, Commander, Nat CC Reserve Unit,

Gretchen Clayson, NHQ DDR Administrator,
Susan Mallett, CAP NHQ, 

Maj. Charles Sellers, CO WG, 
Cadets Dan Eckard, Caitie Graham, Travis Graham, Michael Kay, 

Steven Mulligan and Hannah Schuele 

LAYOUT&DESIGN
Barb Pribulick

PHOTOGRAPHY
Avantair, John Parker, 

Sam Wang, Fred Seggi, Ken Graham, Adam Wright, Alex McMahon

PUBLICDOMAINIMAGES&TEXT
Federal Aviation Administration:

Laura Shepherd Madsen, Carla Housten

2010PRINTING
Davis Direct

Montgomery,AL



The DDR Message

Throughoutthisbook,thereaderwillseemanyreferences
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National Academic Standard Alignment 

National Science Standards: (National Research Council – 
(http://www.nap.edu/openbook.php?record_id=4962) :
Content Standard B: Physical Science

• Motions and forces
Content Standard C: Life Science

• Diversity and adaptations of organisms
Content Standard E: Science and Technology

• Abilities of technological design
• Understandings about science and technology

Content Standard F: Science in Personal and Social Perspectives
• Personal health
• Natural hazards
• Risks and benefits
• Science and technology in society

Content Standard G: History and Nature of Science
• Science as a human endeavor
• History of science

Unifying Concepts and Processes
• Form and function

National Physical Education Standards: (National Association for Sport and Physical Education – 
(http://www.aahperd.org/naspe/standards/nationalStandards/PEstandards.cfm)
Standard 5: Exhibits responsible personal and social behavior that respects self and others in physi-

cal activity settings.
Standard 6: Values physical activity for health, enjoyment, challenge, self-expression, and/or social in-

teraction.

National Character Education Standards: (Character Education Partnership – 
(http://www.character.org/qualitystandards)
Principle #1: Effective character education promotes core ethical values as well as supportive per-

formance values as the foundation of good character.
Principle #2: Effective character education defines “character” comprehensively to include thinking,

feeling, and behavior.
Principle #3: Effective character education uses a comprehensive, intentional, and proactive ap-

proach to character development.
Principle #5: Effective character education provides students with opportunities for moral action.
Principle #6: Effective character education includes a meaningful and challenging academic curricu-

lum that respects all learners, develops their character, and helps them succeed.
Principle #7: Effective character education strives to develop studentsʼ self-motivation.
Principle #8: Effective character education engages the school staff as a learning and moral commu-

nity that shares 
responsibility for character education and attempts to adhere to the same core values
that guide the education of students.

Principle #9: Effective character education fosters leadership and long-range support of the character
education initiative.

National Health Education Standards: (American Cancer Society –
(http://www.cancer.org/Healthy/MoreWaysACS HelpsYouStayWell/SchoolHealth/national-health-edu-
cation-standards-2007?sitearea=PED)
Standard 4: Students will demonstrate the ability to use interpersonal communication skills to en-

hance health and avoid or reduce health risks.
Standard 5: Students will demonstrate the ability to use decision-making skills to enhance health.
Standard 6: Students will demonstrate the ability to use goal-setting skills to enhance health.
Standard 7: Students will demonstrate the ability to practice health-enhancing behaviors and avoid or

reduce health risks.
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National Career Development Guidelines: (National Occupational Information Coordinating Com-
mittee commissioned by the US Department of Educationʼs Office of Vocational and Adult Education - 
http://www.hollandcodes.com/national_career_development_guidelines.html)
Domains affected by this publication are:
Personal Social Development Domain

• Develop understanding of yourself to build and maintain a positive self-concept
• Develop positive interpersonal skills including respect for diversity
• Integrate personal growth and change into your career development

Educational Achievement and Lifelong Learning Domain
• Attain educational achievement and performance levels needed to reach your personal and

career goals
• Participate in ongoing, lifelong learning experiences to enhance your ability to function effec-

tively in a diverse and changing economy
Career Management Domain

• Use a process of decision-making as one component of career development
• Use accurate, current, and unbiased career information during career planning and manage-

ment
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Introduction

FIT FOR FLYING hasbeenwrittenasacooperativeeffortbetween
theCivilAirPatrolDrugDemandReductionProgram,acomponentof
CadetPrograms,andtheAerospaceEducationandMissionsDivisions.
Thisbookprovidesyoungpeople,aswellas,entry-levelandexperienced
pilots,withinformationconcerningtheprimaryimportanceofFAA
medicalcertificationtobefitforflying.Throughouttheaviationcom-
munity,itisawell-knownfactthatthemedicalcertificateisequaltoa
pilot’slicense,nowalsocalledacertificate.Withoutmedicalcertification,
apilotsimplycannotlegallyfly.

Theactualin-flightoperationofanaircraftrequireshighperformance
flyingskillsor“airmanship.”ThefirstunitofFIT FOR FLYING,iscalled
“HumanAirworthiness.”Thisentirepublicationdetailshowtomaintain
allairworthinessskillswithgoodhealthandadedicationtoaclean,drug-
freelifestyle.Thereaderisalsomadeawareofotherissuesthathavethe
potentialofcompromisinghumanperformance.Theseincludealtitude
problemswithintheflightenvironment,over-the-counterdrugs,andim-
properdiet,justtomentionafew.

InthefirstDDRpublication,LET’S GO FLYING,therewasafasci-
natingandinformative“behind-the-scenes”overviewofcommercial,
general,andmilitaryaviation.Therewasalsoaclearmessageaboutthe
aviationworld’szerotolerancetowarddrugandalcoholabuse.Profes-
sionalpilotsfrombusiness,commercial,andmilitaryaviationwereinter-
viewed.Theirpersonalaccountsgavethereaderacomprehensivelook
attheimportanceofdevelopingandmaintainingabodythatneedsto
be“airworthy”throughouttheentirecareerofapilot.Inessence,the
LET’S GO FLYING bookpreparedtheyoungeraviationenthusiast,who
hadafascinationforflight,fortherealityofwhatittakestobecomean
aviationprofessional.

SpecialrecognitionmustbegiventothousandsofCAPpilotsandob-
serverswhoputtheirlivesonthelineeverytimetheyvolunteertopartic-
ipateinamissionfortheEmergencyServicesprogram.Therearetwo
individualswhomademajorcontributionstothispublicationandde-
serveaveryspecialrecognition.ThefirstisgiventoCAPColSharon
Taylorforhertirelessefforttopromoteahealthylifestyleandlayingthe
foundationforprogramssuchas“healthwalks”atCAPfunctions.Sec-
ondly,aspecialrecognitiongoestoDr.RobertSancetta,M.D.,who
madeitpossibleforthousandsofpilotstoovercome“theimpossible,”
andreturntoactiveflightstatus.HeistrulyoneofAmerica’sfinestAvia-
tionMedicalExaminers.Thisbookisdedicatedtobothoftheseout-
standingprofessionals.
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1.1 Captain Cory Von Pinnon has maintained a lifestyle of physical fitness, constant

study and a dedication to his career as a corporate pilot for AvantAir. 

(Picture courtesy of Capt. Cory Von Pinnon) 

Setting the stage: Advice about fitness and flying

Anairworthylifestyleisthekeytobecomingapilot.Captain
CoryVonPinnon,acorporatepilotforAvantAir,explainsthiscon-
cept.“Thehumanbodyisfragileandwhenwefly,weareworkingin
anenvironmentforwhichourbodiesweren’tdesigned.Tocombat
that,Istaywellhydrated,sincemostpressurizedairplanesarequite
dry.Ieathealthyandhitthegymafewtimesaweekjusttokeepmy
bodystrong.Aspilots,weroutinelyflyinthe30,000 to40,000foot
rangewherealossofpressurizationgivesahealthypilotlessthan30
secondsofusefulconsciousness.Thebodyishighlysuseptibleto
oxygendeprivationduetolowairpressureintheupperatmosphere.
Thissuseptibilityishigherforthosewhosmoke.Iusedtosmoke,
butIstoppedinordertostayphysicallyfittobeapilot.Itakemy
healthseriously.Asaprofessionalpilot,Imustgetanaviationphysi-
caleveryyear.If,forsomereason,Icouldnotpassmyphysical,I
wouldbeunabletofly.I’veworkedtoolongandtoohardtorun
thatrisk.It’sanincrediblecareerandIdon’twanttobegrounded
duetoafailedmedicalexam.”
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What does a physical 
examination have to do with taking flying lessons? 

Fastforwardtoascenethattakesplaceatanairportlocatedon
theoutskirtsofamid-sizedAmericancity. Tyler,a16 year-oldboy,
andhisparentsarevisitingaflightschoolandareaskedtobeseated
intheflightmanager’soffice.Justastheboytakesoneofthechairs,
thedooropensandamaninhismidfortieswalksintotheroom.He
introduceshimselfasDaveBolling,themanageroftheflightschool.
Tyler’sfather,Randy,introduceshimself;hiswife,Karen;andhis

1.2 Captain Cory Von Pinnon flies the stunning Piaggio Avanti II over Lake Tahoe. 

(Image courtesy of AvantAir and air-to-air photography was done by John Parker) 

1.3 Captain Von Pinnon’s

“office” is the instrument

panel of the Piaggio P180

Avanti. The aircraft has two

Pratt & Whitney PT6A turbo-

prop engines putting out 850

shaft horsepower (SHP) each. 

The aircraft has a maximum

speed of 455 mph (395 knots)

and a service ceiling of 

41,000 feet. The P180 has 

a two-pilot crew and seats 

up to nine passengers.

(Photo from AvantAir)
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son. Randy expressestheinteresthissonhashadinflyingsincehe
wassixyearsold.Heexplainsthatheandhiswifehavetriedtosup-
porthimasmuchastheycould;startingfouryearsearlierputting
moneyasideforflighttraining.Theyarenowreadytogettheirson
startedonrealizinghisdream.

TheflightmanagerasksTylerifheisingoodphysicalhealth.He
tellsTylerthatthefirstthinghewillhavetodoistogetaflight
physical.Tyler’sfatheristakenbysurpriseandaskswhataphysical
examinationhastodowithtakingflyinglessons.Theflightschool
managersaysthatallpilotsmustbephysicallyfittoflyanairplane,
andthatbothamedicalcertificateandapilot’scertificateareneeded
tofly.Tyler’sfatherstatesthathissonplayslacrosseandhashadno
problempassingtheathleticphysicalseachyear.Heaskstheflight
managerifthestandardsfortheaviationmedicalexamareanydiffer-
ent.

FlightManagerBollingsaysthatifTylerisingoodphysicalshape,
heshouldprobablynothaveaproblemmeetingthemedicalexam
requirements.Hefurtherstatesthathetalkstoalotofpeoplewho
areinterestedinbecomingpilotsandwanttoknowhowfittheyhave
tobetoflyandwhodetermineswhatsisacceptablehealth.Bolling
statesthattheFederalAviationAdministration(FAA)setsthestan-
dardsforpilots.HesaysthatthehistoryoftheFAA goesbackto
1926.Overtheyears,thisU.S.governmentalagencyhasdeveloped

1.4 The airplane of choice for many flight schools is the Cessna 172 Skyhawk. 

It is easy to fly, handles well on the ground, and is very “pilot-friendly” in the air.

(Photography is by Adam Wright, Flight Officer for Atlantic Southeast Airlines) 
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thehigheststandardsforflighttraining,medicalevaluation,andair
trafficcontrol.Asaresult,BollingstatesthattheUnitedStateshas
thesafestairwaysystemintheworld.

NOTE: Since the beginning of the 20th Century, the formal docu-
ment stating that a person is a trained aviator was known as a
pilot’s “license.” In the latter part of the 20th century, the FAA
changed the designation to “certificate.” The medical document is
also called a “certificate.” To a beginner, this can be confusing. It is
going to take awhile before the public stops referring to pilot certifi-
cation as a “license,” but in this book the correct term of certificate
will be used for both the pilot and medical certificates. 

BollingcontinuestosaythatafterTylerpassesandreceiveshis
medicalcertificate,hewillthenstartoutbeingtaughtthebasicsof
aviationandflight.Then,atsomepointalongtheway,usuallywithin
thefirst10-20hoursofflighttrainingwiththeinstructor,hewillbe
giventheopportunitytotaketheairplaneupwithouttheinstructor
forhissoloflight.BollingtellsTylerandhisparentsthatultimatelyit
isnottheflightinstructorortheFAAadministratorwhoissuesthe
firstpilot’scertificate.Itisamedicaldoctor.

BollingsaysthatTylerwillberequiredtogetaThirdClassmed-
icalexaminationforhisstudentpilotcertificate.Thisistheentry
levelofthethreeclassesoftheFAA’smedicalexaminations.

AThird Class Medical Certificate isvalidforfiveyears,unless
theindividualisover40yearsold,whereinthemedicalcertificateis
validforonlytwoyears.ASecond Class Medical Certificate isvalid

1.5 Cessna has entered the light sport aircraft market with its new “Skycatcher.”

(Images courtesy of Cessna Aircraft Company)
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foroneyear,regardlessofage. AFirst Class Medical Certificate is
validforoneyear,unlesstheapplicantisover40yearsold,thenthe
durationissixmonths.

AstudentpilotstartsbygettingaThirdClassMedicalexamina-
tion.Studentswhohavephysicallimitations,suchasimpairedvision
orhearingproblems,orevenlossorlimiteduseofalimb,maybeis-
suedamedicalcertificatevalidfor“studentpilotprivilegesonly”
whiletheyarelearningtofly.Somedisabilitiesmayrequirespecial
equipmentinstalledintheairplane,suchashandcontrolsforpilots
withparaplegia.Inspecialdisabilitycases,whenalltheknowledge,
experience,andproficiency requirementshavebeenmetandastu-
dentcandemonstrateanabilitytooperatetheairplanewithanormal
levelofsafety,aStatementofDemonstratedAbility(SODA)canbe
issuedbytheFAA. TheSODAisawaiverthatisvalidaslongasthe
pilot’sphysicalconditionsremainthesame. BollingtellsTylerthat
sincehedoesn’thaveanyrecognizableproblems,heshouldpasshis
ThirdClassMedicalexaminationwithoutanyproblems.

BollingemphasizesthatifTylerissure he wantstofly,whether
justforfunorasaprofessional, hewillhavetoaccepttherealitythat
hemuststayhealthyenoughtoregularlypassaphysicalexamination
aslongasheflies.Thepilot’scertificateandthemedicalcertificate
mustbeconsideredwiththesameimportance.FederalAviationReg-
ulationsstatethatapilotmustcarryacurrentmedicalcertificateto
actasthepilot-in-commandofanairplane.

Theflightschool managersaysthatifTylerwantstobecomea
pilot,hehastomakeacommitmentrightfromthebeginningtostay
intopphysicalconditionfortherestofhislife.Everytimeheclimbs
intothecockpitofanairplane,hehastobeinthesame,orbetter,
condition thanhewaswhenhe tookhislastmedicalexam.Thisalso
meanshe shouldn’tabusedrugsandalcoholifhewantstobeapilot.

Tylerandhisparentsknowthattheirsonnowhasareasonfor
stayingfit,stayingawayfromdrugs,andstayingawayfromalcohol.
Afterhearingthisexplanation,RandylooksatTyler’smotherand
statesthatthisisthebestanti-drugmessagehe’severheard.Alcohol
anddrugabusecandirectlyaffecttheoutcomeofaphysicalexam
andfailingthemedicaltestcouldendapilot’scareergoalinlife.

As theinterviewcomestoanend,DaveBollingsaysthathehas
anexcellentinstructorthatTylerwouldlike.Hesaysthathecould
getTylerscheduledforflighttrainingthatweek andthathecanget
thepaperworkandalistofdoctorswhocanadministertheFAA
physicalimmediately. Thedreambegins!

Randygiveshissonanudgeonhisshoulderandsays,“Hey,who
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knows? Sometimeinthefuture,wemayhearaspecialannouncement
saying,‘Goodmorningladiesandgentlemen.ThisisCaptainTyler
Ammonsanditlookslikewe’regoingtohaveblueskiesalltheway
toOrlandoandSeaWorld.’”

The FAA’s aeromedical responsibilities

Themedicaldivisionisanextremelyimportantcomponentofthe
FAA.ItiscalledtheCivilAerospaceMedicalInstitute(CAMI)andit
islocatedinOklahomaCity,Oklahoma.Thisfacilityservesover
600,000pilotsinacalendaryear:

•receivingmorethan435,000airmanexaminationsannually,
•processingmorethan1,800applicationsperday,
•processingmorethan30,000specialcaseexamsannually,
•processingmorethan175,000telephonecallsannually,
•generatingmorethan75,000individualletterstoairmen,
•issuingduplicatemedicalcertificatesand
•reviewingmedicalrecordsforthepurposeofissuingan“Au-

thorizationforSpecialIssuance.”
CAMI’sobjectiveis “toensurethatonlythosepilotswhoare

physicallyandmentallyfitwillbeauthorizedtooperateaircraft,
therebyenhancingaviationsafetybyeliminatingthemedicalfactoras
acauseofaircraftaccidents.”

1.6 Passengers take for granted that their crew is in top physical condition as they soar

through the skies to their next destination for business or for pleasure. 

(Photo by Ben Wang; released by Airliners.net)
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What is the definition of “airworthy?”

“Airworthy”bydefinition,means“fittofly”fromahumanper-
formanceorphysiologicalstandpoint. So,whodeterminesthemean-
ingof“fit?”Theansweris,ofcourse,theFederalAviation
Administration.ThephysiciansatCAMIhavedevelopedatestthat
the3,927civilianAviationMedicalExaminers(AMEs)useasthein-
strumenttodeterminewhoisfitforflying.Thetestisadministered
onwhatisknownasForm8500-8.(Youwillreadmoreaboutthe
Form8500-8throughoutthistext.)AccordingtotheFAA,passing
thisexamination willgivemedicalauthorities areasonableprediction
thatwithinthedurationofthemedicalcertificate’svalidityasudden,
incapacitatingmedicaleventshouldnotbeaprobability.

1.7 Dr. Warren Silberman

is the manager of the FAA

CAMI facility in Okla-

homa City. His decisions

affect the lives of thou-

sands of pilots.

Throughout the Fit for Flying text, 

the reader will see the word 

(REDLINE).

This indicates a very important 

word or statement and 

needs special attention.
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Meet the Civil Air Patrol’s medical advisor, 

Robert Sancetta, MD

TheCivilAirPatrol
hasbeengiventhe
privilegeofhavingone
oftheforemostAvia-
tionMedicalExamin-
ers(AMEs)inthe
UnitedStatesadvise
andhelpCAPunder-
standwhatitmeansto
beapilotwhois
healthyandphysiolog-
icallysafe.Notonlyis
heapracticingphysi-
cian,butDr.Sancetta
alsohasanAirline
TransportPilotCer-
tificate,and,untilre-
cently,wasaDC-10
Captain.Heisalsoa
certificatedFlightIn-
structorInstrument
(CFII).Thishighly
qualifiedAMEhas

agreedtohelpCAPmembersbetterunderstandwhatitmeanstobe
“fitforflying”byusinganFAAphysicalexaminationtestinstrument
knownasthe8500-8.

Dr.Sancettawasaskedtofirstgivereadersanoverviewofhis
background. Hesaid, “Icame fromafamilyofItalianimmigrants
whomovedtoAmericasomyfathercouldbecomeanAmerican-
traineddoctor.Myfather workedasasurgeonfortheUnitedStates
militaryinVAhospitalshereinthestates.Aftercompletionofhis
militarycommitment,wesettledinNewYorkandheestablisheda
privatemedicalpractice.Mymotherraisedthechildrenandthenhad
asuccessfulcareerasatalentagent.She,likemyfather,wasagreat
rolemodelforme.

Asakid,Ialwayshadaloveofairplanes, butitneveroccurredto
methatIcouldbecomeapilot.Everytimethefamilygottogether,
theytoldme,‘you’regoingtobeadoctorjustlikeyourfather.’

1.8 Dr. Robert Sancetta holding a scale model of the 

DC-10 he flew for Gemini Air Cargo. He holds the 

following titles: Medical Doctor (MD), Aviation Medical

Examiner (AME), Airline Transport Pilot (ATP), and

Certified Flight Instructor, Instrument rating (CFII).
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Whenthetimecame,Ielectedtogotocollegeandtakemypre-
medicaltrainingattheUniversityofColoradoinBoulder.

OnthetripouttoColorado,thedaybeforemyfreshmanorienta-
tion,IdecidedtostaythenightinLincoln,Nebraska.Theairport
wasclosebythemotel, and,justonawhim,Iwentoverandtooka
flightinaCessna150.That‘discoveryflight’foreverchangedmy
life.ImadethedecisionthenandtherethatIwasgoingtolearn
howtofly.Overthenextseveral years,Ihadmyregularscheduleof
pre-medcoursework,andIsupplementedtheexpenseofmyflying
lessonsbycuttinglawnsandbeingabusboyinarestaurant.

OnceIgraduatedfromtheUniversityofColorado,Icontinued
workingongettingthecertificatesandratingsnecessarytobecomea
professionalpilot.Thiswasbackinthe1970sand1980s,andeven-
tuallyIwashiredbyFrontierAirlines.Itwasthebestoftimes. Iwas
30yearsold,livinginColorado,andflying737s.

ThenabidtocombineFrontierwithUnitedAirlinesfailed,and
Denver-basedFrontierwentoutofbusiness.Mostofthepilots,me
included,wereabsorbed byContinentalAirlines.Theywereanex-
cellentandfinancially-strongcompany;however,theDenverbase
waseventuallyclosed.I‘commuted’forawhile,butitdidn’ttake
longformetofigureoutthatIdidn’twanttoleaveBoulder.That’s
whenthedreamofbecomingadoctorcamebacktolife.

Iappliedfor,andwasacceptedby,theUniversityofColorado
MedicalSchool.Ifinishedtherigoroustrainingandelectedtotake
therouteofbeingafamilyphysician;however,theloveofaviation
stillhadagreatinfluenceonmylife,andIbecameanAviationMed-
icalExaminer(AME)whileIwasstillaresidentphysician.

In1997,Ifoundthathelpingpilotswhohadbeengrounded be-
cameveryimportanttome.IdecidedthatIcoulddoFAAmedicalex-
aminationsfulltimeandstillhavetimetobeapilot.Various
opportunitiescameupformetoflyprofessionally, and, byworkingthe
examsaroundflightscheduling,Iwasabletodoboth.Iworkedhard
tomaintainahighdegreeofphysicalfitness(runningmarathonsand
hikingthetrailswestofBoulder) andwasabletokeepthepacegoing
formanyyears.Iwasfortunatetobeabletoflyseveralwonderfulair-
planes.TheseincludedtheBeechcraftKing Air,theHawker800, and
aGulfstreamG-4.Finally,Ireachedthepinnacleofmyflyingcareer
whenIwashiredbyGeminiAirCargo,eventuallybecoming Captain
ontheir DC-10s. Justrecently,thecompanywentoutofbusinessandI
decidedtodevoteallofmytimeandeffortstoFAAmedicalexamina-
tionsandhelpingpilotswhohadbeengrounded.

Alongwithmyfull-timeAMEpractice,Ialsohaveaninterna-
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tionalconsultingserviceforpilotswithspecialmedicalconditions.In
somecases,Ihavebeendoingspecialissuanceprotocolsforpilots
I’venevermet.(A “Special issuance” is a waiver for a disqualifying
condition.)Ontheaverage,Iseebetween80-100pilotspermonth
inmyoffice.Ialsohavequitealargenumberofcasesrequiringa
specialissuancedisposition(whereadecisionhastobemaderegard-
ingwhetherornotthepilot canreturntoflightstatus)afterasignifi-
cantillnessormedicalprocedure.Mypracticeistime-consumingbut
alsoveryrewarding.Itistrulyalaborofloveanddedication.”

The FAA medical examination – Form 8500-8

TheForm8500-8 FAAmedicalexaminationisavailabletothe
publiconline.TheAirplaneOwnersandPilotsAssociation(AOPA)
hasthisformandmanyotherFAApublicationsonitsexcellentweb
site,http://www.aopa.org/members/files/medical/8500-8.pdf.
Duetospaceconstrictions,reducedcopiesofbothpagesoftheForm
8500-8areusedinthistext.Page1ofthe8500-8formcanbefilled
outbythepiloteitherbyhandattheAME’soffice,oron-lineinad-
vanceviathenewFAAMedXpresssystem.Page2isthephysician’s
examinationreport;allexamdatamustnowbetransmittedelectroni-

1.9 DC-10 Captain Robert Sancetta, Gemini Air Cargo
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callybytheAMEtotheFAA.TheCivilAirPatrolwouldliketo
thanktheFAAformakingthisandmanyotherpilotsafetyand
aeromedicalpublicationsavailabletotheaviationcommunity.

Details of the FAA’s standard for being an airworthy pilot
SothateveryonefullyunderstandswhattheFAAconsidersthe

standardsofbeing fitforflying,Dr.Sancettawillgivein-depthde-

1.10a Example of the FAA Form 8500-8 Medical Examination, Page 1
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tailscoveringthe pilot’spersonalhistorysectiononPageOneofthe
8500-8.

ForthoseinterestedinwhattheAviationMedicalExaminerwill
testfor,anonlinesearchatwww.faa.govwillbeuseful.Lookforthe
GuideforAviationMedicalExaminersDecisionConsiderations
where57detailedexplanationsarefoundunderAerospaceMedical
Dispositions.

1.10b The FAA Form 8500-8 Medical Examination, Page 2
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A synopsis of the FAA medical standards 

Medical Certificate First-Class Airline Second-Class Third-Class
Pilot Type Transport Pilot Commercial Pilot Private Pilot

DistantVision 20/20orbetterineacheye 20/40or
separately,withorwithout betterineach
correction,usingthestandardSnellen eyeseparately,
EyeChart(orotherFAAapproved withorwithout
visiontestingdevices). correction

NearVision 20/40orbetterineacheyeseparately, 20/40or
withorwithoutcorrection,asmeasured betterineach
at16inches eyeseparately,

withorwithout
correction

IntermediateVision 20/40orbetterineacheyeseparately, No
withorwithoutcorrectionatage50 requirement
andover,asmeasuredat32inches

ColorVision Abilitytoperceivethosecolors
necessaryforsafeperformanceof
airmanduties

1.11 CAP Cadet Hannah

Schuele received her Third

Class Medical examination

in preparation for a summer

flight encampment in the

Colorado Wing. Dr. Sancetta

was her Aviation Medical

Examiner. (Photo courtesy of

Hanna Schuele)
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Medical Certificate First-Class Airline Second-Class Third-Class
Pilot Type Transport Pilot Commercial Pilot Private Pilot

Hearing Demonstratehearingofanaverageconversationalvoicein
aquietroom,usingbothearsat6feet,withtheback
turnedtotheexaminerorpassoneoftheaudiometric
testsbelow

Audiology Audiometricspeechdiscriminationtest:scoreatleast70%
(requiredonlyif receptioninoneear
theapplicantfails Puretoneaudiometrictest:Unaided,withthresholdsno
thebasichearingtest) worsethan:

500 Hz 1000 Hz 2000 Hz 3000 Hz
BetterEar 35dB 30dB 30dB 40dB
WorstEar 35dB 50dB 50dB 60dB

Ear,Nose,Throat Noeardiseaseorconditionmanifestedby,orthatmay
reasonablybeexpectedtobemaintainedby,vertigoora
disturbanceofspeechorequilibrium

Pulse Notdisqualifyingperse;usedtodeterminecardiacsystem
statusandresponsiveness(mustexplainiflessthan50or
greaterthan100).

BloodPressure Nospecifiedvaluesstatedinthestandards.Thecurrent
guidelinemaximumvalueis155/95

Electrocardiogram Atage35andannuallyafterage Notroutinelyrequired.
(ECG) 40(first-classonly) (second-and

third-class)

Mental Nodiagnosisofpsychosis,orbipolardisorder,orsevere
personalitydisorders

Substance Adiagnosisormedicalhistoryofsubstancedependence
Dependenceand isdisqualifyingunlessthereisestablishedclinicalevidence,
SubstanceAbuse satisfactorytotheFederalAirSurgeon,ofrecovery,in-

cludingsustainedtotalabstinencefromthesubstance(s)
fornotlessthanthepreceding2years.Ahistoryofsub-
stanceabusewithinthepreceding2yearsisdisqualifying.
Substancesincludealcoholandotherdrugs(i.e.,PCP,
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sedativesandhypnotics,anxiolytics,marijuana,cocaine,
opioids,amphetamines,hallucinogens,andotherpsy-
choactivedrugsorchemicals).

Disqualifying UnlessotherwisedirectedbytheFAA,theexaminer
Conditions mustdenyordeferiftheapplicanthasahistoryof:(1)di-

abetesmellitusrequiringhypoglycemicmedication;(2)
anginapectoris;(3)coronaryheartdiseasethathasbeen
treatedor,ifuntreated,thathasbeensymptomaticorclin-
icallysignificant;(4)myocardialinfarction;(5)cardiac
valvereplacement;(6)permanentcardiacpacemaker;(7)
heartreplacement;(8)psychosis;(9)bipolardisorder;
(10)personalitydisorderthatissevereenoughtohavere-
peatedlymanifesteditselfbyovertacts;(11)substancede-
pendence;(12)substanceabuse;(13)epilepsy;(14)
disturbanceofconsciousnessandwithoutsatisfactoryex-
planationofcause,and(15)transientlossofcontrolof
nervoussystemfunction(s)withoutsatisfactoryexplana-
tionofcause.

Dr. Sancetta’s discussion of his professional philosophy
concerning the FAA medical examination 

and its impact upon a pilot’s career

“ManypilotshaveagreatdealofapprehensionabouttheFAA
medicalexamination; andsomegosofarastowithholdinformation
infearofbeinggrounded.Otherswithholdthetruthbecausethey
‘don’twanttoopenanothercanofworms.’Pilotsrealizethatthe
AMEisgoingtohavetomakea‘judgmentcall,’orasubjectivedeci-
sion,ononeormoreoftheparametersofthe8500-8.Thiscanbea
concernforboththephysicianandthepilot.MostAMEdoctorsgo
togreatlengthstobefairandsupportiveoftheirpilotapplicants.

Firstofall,Ifeelthatpilotsshouldbeveryhonestwiththem-
selvesandtheFAAabouttheirownpersonalmedicalconditions.I
tellmypilotsthataslongastheyarealive,Icanusuallyhelpthem.
Inthevastmajorityofcaseswherepilotsaregroundedandlosetheir
medicalcertificate,Icanusuallyhelpthemgetitback.

Mygoalisnottojustbeapilotmedicalexaminerbutalsotohelp
thepilotswith‘healthmaintenance.’Idon’twanttojusthandpilotsa
medicalcertificate; moreover,IwouldliketothinkthatIamhanding
themthenext20medicalcertificates,becauseIwanttomakethem
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awareofhowtostayhealthysothattheywillhavealongandsuccess-
fulflyingexperience.WhilethepurposeoftheFAAmedicalexamis
nottrulytobeahealthmaintenanceexam,thoseofuswhoarededi-
catedtoourpilotsare,infact, interestedintheirlong-termhealth.

(REDLINE) The FAA’s goal is to predict, as best they can,
the concept of a pilot’s risk for sudden incapacitation in the
cockpit. Their mandate is to only do that for the duration of the
certificate. Inotherwords,they’renottryingtomakeanylongterm
predictionastothehealthofthepilot.It’snottheircharge;how-
ever,alongthesamephilosophythatIhave,theFederalAirSurgeon,
FredTilton,MD, discussesinanissueoftheFederal Air Surgeon’s
Bulletin howtheAMEcaninteractwiththepilotsasaservice.The
FAAreallydoeswantustopromotehealthmaintenance.

Manytimesinconferencepresentationswhentheaudiencegets
anopportunitytoparticipateina‘Q&A,’thequestionisasked,
‘Doesthepilothavetobeinthesamephysicalconditionthroughout
thedurationofthemedicalcertificatetobelegaltofly?’(RED-
LINE) Theoretically, it’s the pilot’s responsibility to determine
whether or not they are safe to fly. If there have been significant
health changes within the duration of the medical certificate, it’s
up to the pilot to determine whether or not an issue threatens
the pilot’s safe performance. Theprocessbywhichthisdetermina-
tionhastobemadeiscoveredunderFederalAirRegulation(FAR)
61.53.TheFAAconsidersthissoimportantthat referencetoitis
printedontheflip-sideofeverycertificate.Itbasicallysaysthatifa
pre-existingconditionworsens,or, ifanewconditiondevelops,or a
newmedicationisinusethatsignificantlyaffectsthesafeperform-
anceofapilot;thenitisthepilot’sresponsibilitytogetappropriate
treatmenttotakecareoftheproblembeforecontinuingtoexercise
theprivilegesoftheissuedcertificates.

FAR § 61.53 Prohibition on 
operations during medical deficiency 

(a) Operations that require a medical certificate. Except as pro-
vided for in paragraph (b) of this section, a person who holds a
current medical certificate issued under part 67 of this chapter
shall not act as pilot in command, or in any other capacity as a
required pilot flight crew member, while that person:

(1) Knows or has reason to know of any medical condition that
would make the person unable to meet the requirements for
the medical certificate necessary for the pilot operation, or
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(2) Is taking medication or receiving other treatment for a 
medical condition that results in the person being unable to
meet the requirements for the medical certificate necessary
for the pilot operation.

(b) Operations that do not require a medical certificate. For 
operations provided for in §61.23(b) of this part, a person shall
not act as pilot in command, or in any other capacity as a 
required pilot flight crewmember, while that person knows or 
has reason to know, of any medical condition that would make
the person unable to operate the aircraft in a safe manner.

Obviouslyforsomethingsimplelikehavingtheflu, oncethepilot
isfeelingbacktonormaltheycanresumeflightstatuswithoutany
formalapprovalfromtheFAA.Ontheotherhand,forexample,ifa
kidneystonehaspassedorifthepilothasdevelopedheartdisease,
thenit’sthepilot’sresponsibilitytobringthistotheattentionof
theirAMEforadviceonhowtobestseekmedicalreinstatementwith
theFAA.Whenitcomesdowntoissuesthatwouldimmediately
groundapilot,theFAAclearlystates15oftheseintheFARs(found
onpage16).Now,therearemechanismsthroughtheSpecialIs-
suanceprogramtoultimatelygetmanyofthesepilotsflyingagain.

1.12 Because of her age and outstanding health, Dr. Sancetta was actually able to give

Hannah a First-Class Medical Certificate that has a duration of 5 years. 

(See pages 20-21 for discussion of certificate validity periods.)
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UltimatelyFAR61.53 (REDLINE) places the responsibility
directly on the pilot to determine whether or not he/she is safe
to fly. Howdoesthepilotgoaboutdoingthis?Thepilothastouse
his/her ownjudgment; andthenpossibly:

•seekcounselfromareputableAMEwhomtheytrust;
•contacttheAircraftOwnersandPilotsAssociation(AOPA);

whichhasanexcellentmedicaldepartment;
•contacthis/herairline’sconsultingmedicaldoctors;or
•contacttheFAAdirectly.
Inmanyinteractionswithpilots,whetheritisinseminarsor

roundtablediscussions,thequestionoftensurfaces,‘Whydowehave
allofthesemedicalstandards?Wearen’trequiredtohaveamedical
examinationtooperateacar.’Theanswerissafety.It’ssafetyforthe
pilot,thepassengers,andpeopleontheground.Thisalsoincludes
propertyonthegroundorotheraircraftintheair.Itisalsoapublic-
ityissue. Anytimethereisasignificantaircraftcrash,ofcourse,it’s
nationalnews. Itwouldn’t lookgoodifairplanescrashedduetoun-
treatedmedical problemswiththepilots.Wedon’texpectallpilots
tobeOlympicmarathonrunners;however,wedowantthemtobe
healthy,stable,andsafeenoughthattheyareatlowrisktoexperi-
ence‘suddenincapacitation’whileinflightduringthedurationof
theirmedicalcertificate.

Anotherquestionthatoftencomesupwithpilotsis,‘Justhow
oftendoesanaccidentoccurbecauseapilothasamedicalproblem?’
Theansweris‘veryinfrequently.’Well, ofcourse,thisgeneratesthe
response,‘Why, then, doweneedallofthesemedicalrestrictions
andregulations?’Theansweristhatpilotsareforcedtotakecareof
conditionsthattheymightnottakecareofotherwisetomaintain
theirspecialissuanceauthorization.Thisisoneofthereasonswhy
thereareveryfewcrashesduetomedicalconditions.Anotherreason
isthatitreinforceswhatweweresayingaboutahealthylifestyle.Ifa
pilottakesbettercareofpersonalfitness,theywilllivelongerand
haveasafeflyingexperience.

Wehavenowdeterminedthattherearerules.Theserulesare
basedontheCodeofFederalRegulations(CFR)Part67,which
outlinesthebasicmedicalstandards.TheFAAalsohasthemandate
toruleonanyissuethattheyfeelrequirestheirdecision,andthisin-
cludesallofthe15disqualifyingconditionslisted.

Pilotswillask,‘IfIpassmyFAAexam,willitthenbenecessaryto
seemyregularprimarycarephysician?’Theansweris‘yes.’One
mustrememberthattheitemsontheFAAexamaretailoredtoper-
formanceskillsrelatedtoflyinganairplane.Thisdoesnotmeanthat
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pilotsshouldnotseeaprimarycarephysicianwhowillhelpthem
withtheircompletetotalhealthmaintenance.

Regardingthemedicalclasses,aFirst-ClassCertificateisrequired
forallpilotsoperatinganaircraftaspilotincommandunderFAR
Part121andsomePart135operations.Thisincludesallairlinecap-
tains(andalsotheco-pilotsincertaininternationaloperations).
Somecharteroperationsarealsoincludedinthisrequirement. These
areveryoftenperformedusingaircraftthathaveperformancecapa-
bilitiesequaltothoseofscheduledairliners.Oneexampleisanair-
craftthatI’veflownknownastheGulfstreamIV.Theseairplanesare
quitecapableofinternationaloperationsandthepilotsareoftenre-
quiredtohaveandmaintainaFirst-ClassMedicalCertificate.

Underachangeinrulesadoptedin2008,theFirst-ClassMedical
Certificatehasadurationofoneyearifthepilotisunderage40at
thetimeofissuance.Atage40,thingschange.Forapilotincom-
mandofoperationswhichrequireaFirst-ClassMedicalCertificate,
afterage40thedurationbecomesevery6months.Onemustre-
memberthatforoperationswhereonlyaPrivatePilotCertificateis
required;thepilotcangetaFirst-ClassMedicalCertificateanditwill
bevalidforasmuchas5yearsiftheindividualisunder40yearsold,
and2yearsforpilotsage40orolderatthetimeofissuance.

TheSecond-ClassMedicalCertificateisgoodforoneyearregard-
lessofage.Itisoftenusedfornon-pilot-in-commandinPart121

1.13 The flight crews of the elegant Gulfstream IV are sometimes required to have a First-

Class Medical Certificate, much the same as airline pilots operating under FAR Part 121.

(Image by Adam Wright)
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operations.Anexamplewouldbeco-pilotsforanairlinewhichpri-
marilyfliesdomestically.Ifapersonfliesahighperformanceaircraft
liketheGulfstream,manyinsurancecompaniesaregoingto require
thatthepilothasaFirst-ClassMedicalCertificate,eveniftheFARs
don’t(forthetypicaloperationsofthataircraft).TheSecond-Class
MedicalCertificateisusedmosttypicallyforcommercialoperations,
suchascropdusting,towinggliders,and,asnoted,somecharterand
airlineoperations.Inreality,Dr.Sancettastatesthatheissuesmany
moreFirst-ClassMedicalCertificatesthanSecond-Class.Thispro-
videsthepilotwithmanymorepotentialflightoperationoptions.

TheThird-ClassMedicalCertificateisprimarilyusedfornoncom-
mercial,privateprivileges.Underage40,thedurationisnow5
years.Forthose40orolder,itisvalidfor2 years.

AninterpretationthattheFAAcameoutwithinthe1990swas
thataflightinstructorcanactuallyteach,aspilot-in-command
(PIC),forcompensation,withonlyaThird-ClassMedicalCertifi-
cate.Thisallowssomepilotswithamedicalconditionthatlimits
themtoaThird-Classtocontinueinstructing.The‘StudentPilot
Certificate’isvalidforamaximumof2years,regardlessofanytheo-
reticaldurationoftheaccompanyingmedicalcertificate.

Interestingly,whenapilotreceivinginstructioncanactuallybe
consideredtobethepilot-in-command, theflightinstructorwould
notevenhavetohaveamedicalcertificatetobeflying.Forexample,
let’ssayapilotownshisownBonanzaairplaneandneedsrecurrent
trainingtogethis(biennial)flightreview.Inthiscase,theowneris
thepilot-in-commandandtheflightinstructorcangowithhimand
belegaltoinstructevenwithoutamedicalcertificate.

Ifthequestioncameup,‘Howolddoyouhavetobetogeta
medicalcertificate?’Theanswerwouldbethatthereisnoage
requirementtogetamedicalcertificate.Thereis,however,amini-
mumagerequirementtogetaStudentPilotCertificate,andthat,of
course,is16.Sinceapilotmaywanttosoloontheir16th birthday,
he/shemayactuallygoinduringthemonthpriortothatdateand
getamedicalcertificatewiththerestrictionthatitisnotvaliduntil
theactualbirthdate.

Togetamedicalcertificate,thepilot’sfirstinteractionwiththe
FAAisForm8500-8,astandardthree-partgovernmentformthata
pilotfillsoutattheAME’soffice.Justrecently,theFAAhasintro-
ducedanewsystemwhereinapilotcanfilloutthe8500-8 online
calledtheMedXpresssystem.TheFAAMedXPresssystemallows
anyonerequiringFAAmedicalcertificateorAirmanMedicaland
StudentPilotMedicalCertificatetoelectronicallycompletetheFAA
Form8500-8.InformationenteredintoMedXPresswillbetransmit-
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tedtotheFAAandwillbeavailable fortheAMEtoreviewatthe
timeofthemedicalexamination.”

REDLINE: Since many Civil Air Patrol cadets plan on be-
coming professional pilots someday, this should give them a
good idea of how important it is to maintain good health
throughout their life. They must understand that drugs and al-
cohol can destroy a career. Fitness and good health are critical to
a long and successful flying career. 

The importance of an applicant’s medical history

Dr.Sancettacontinueshisdiscussiononexplainingtheimpor-
tanceofanapplicant’smedicalhistory.“Itisimportantthatanappli-
cantforamedicalcertificateanswereachsectionoftheapplication
honestly.Knowingallhealth-relatedissuesandassociatedmedica-
tionsusedwillenabletheAMEtoaccuratelydeterminetheairwor-
thinessoftheapplicant.Athoroughexplanationofeachsectionof
themedicalhistoryapplicationfollows.

1.Application For – Asastudentpilot,theselectionwouldbe
“AirmanMedicalandStudentPilotCertificate.”

2.Class Of Medical Certificate Applied For
3.Last name      First Name       Middle Name
4.Social Security Number – NOLONGERISREQUIRED.

Wecannowgeneratepseudo-socialsecuritynumbers.Irecom-
mendthiswhenastudentpilotenterstheFAA‘system.’In
thatway,theactualSSNwillneverbeinthesystem.Thepilot
canalsorequestthattheSSNisnotprintedonthe certificate.
Typicallythepseudo-numbersusedforthemedical andpilot
certificateswillbedifferent.

5.Address Telephone Number
6.Number/Street
7.Date Of Birth
8.Color Of Hair
9.Color Of Eyes
10.Sex 
11.Type Of Airman Certificate You Hold
12.Occupation               Employer
13. Any Denied, Suspended, Or Revocation Of Your FAA

Airman Medical Certificate – Itisrecommendedthatany
pilotcandidatebecompletelyhonestonthisquestion.The
FAAsystemissupposedtoautomaticallydisplaythisinforma-
tiontotheAMEwhenenteringanexam.Thisdoesn’talways
work,however,sohonestyisimportant.Apriordenialmight
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haveanimpactastowhethertheAMEcanissueanewcertifi-
cateatthetimeoftheexam.

14. Total Pilot Time (Civilian Only) –Thequestionhascome
up,‘WhydoestheFAAhavetoknowthis?’Theansweristhat
thisisthemostfrequentwaythattheFAAhastomakecon-
tactwitheverypilotinthesystem.TheFAAusesthisinfor-
mationprimarilyfordemographicresearch.

17.Current Use Of Any Medication: Prescription Or Non-
prescription – ThemostimportantmedicationsthattheFAA
wantstoknowaboutarethosewhichmighthaveaneffecton
thesafetyandperformanceofapilot.Oneveryimportantex-
ampleofwhyitisnecessarytodisclosemedicationsistheuse
ofbloodpressuremedicationsknownas‘betablockers.’Beta
blockersareapprovedforusebytheFAAforbloodpressure
elevation.Ontheotherhand,betablockersarealsousedfor
thecontrolofintractablemigraineheadachesandpanicat-
tacks,andthosemedicalconditionsaremoreofaconcern
thanthemedicationitself.Forreasons,suchasthis,thepilot
shouldlettheFAAknowpreciselywhichmedicationsare
beingtaken,andforwhatreasons.
Thepilotmayask,‘Whyarenonprescriptionmedicationsof
anyconcerntotheFAA?’TherearemanyOTCs (over-the-
countermedications)thatcanimpactaviationsafety.Some
maycausedrowsiness,suchasantihistaminesusedforaller-
gies.Infact,antihistaminesarealsousedinOTC sleepmed-
icationsbecauseofitsdrowsinesssideeffect.

17b.Use Near Vision Contact Lenses While Flying – n Yes
n No

18.Medical History – Any Life Diagnosis Either Past Or
Present Of The Following –

n Frequent Or Severe Headaches –TheFAA’sgreatestconcern
isforpeoplewhohaveahistoryofintractablemigraine
headaches;headachesthataresevereenoughtorequirenar-
coticmedicationstoalleviatethem,especiallyiftheyarefre-
quent.Thesearelikelytobedisqualifying;however,thereare
pilotswithinfrequent andnon-incapacitatingmigraineswhodo
qualifyforamedicalcertificate.Obviously,minortension
headachesthatarenotincapacitatingwillnotbedisqualifying.

n Dizziness Or Fainting Spells –Syncopalepisodesneedtobe
carefullyevaluated.Ahistoryoffaintingduringablooddraw
orwhendehydratedafteraprotractedillnesswillnotbedis-
qualifying.Thesearenotlikelytorecurwhenflying,sothey
aren’taproblemforFAAmedicalcertification;however,repet-
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itivefaintingepisodes,especiallyiftheyhavesomeneurological
orcardiovascularcause,mightverywellbedisqualifying.If
thereisariskofarecurrentfaintingepisodeinflight,thepilot
won’tqualifyforamedicalcertificate.

n Unconsciousness For Any Reason –Whenreviewingahis-
toryofunconsciousness,theFAAisconcernedaboutwhether
thereisachanceofrecurrenceand/orwhetherornotthe
causeoftheunconsciousnessitselfhasledtobraindamagethat
mightimpactsafety.Forexample,aminorconcussionwhen
playingsportsmanyyearsago(iftherewerenolong-term
problemsthereafter)isnotlikelytodisqualifyapilot;however,
iftheunconsciousnesswasduetoarecenthighspeedaccident
(suchasonamountainbikeorsnowboardingfall);andthere
wasasignificantbraininjurythatmayhaveincludedintracra-
nial(insidetheskull)bleeding,thenthatpilotmaybedisquali-
fiedfortwoyearsormore.TheFAAmustassessfortheriskof
post-traumaticseizureswhicharepossiblewhenthebrainis
healingfromsuchanevent.Additionally,iftherehavebeenany
cognitive(basicthoughtprocesses)deficitsfromtheaccident,
thosemustberesolvedcompletelybeforethepilotcanregaina
medicalcertificate.

n Eye Or Vision Trouble, Except Glasses –Thisdoesn’tapply
toroutineeyeexamsforscreeningpurposesortoupdateapre-
scriptionchange.Thissectionmainlyappliesforeyepathology,
suchascataracts,retinaldetachment,monocularity,orsignifi-
cantvisualfielddeficitsduetotraumaorillness.Fortunately,
mosteyepathologythatiswelltreatedandstablewillnotdis-
qualifyapilot.Evenpilotswhohavevisioninonlyoneeyecan
obtainamedicalcertificate(viathewaiverprocess).Forany
potentiallyprogressiveeyeproblems,formalevaluations,and
sometimesvisualfieldassessments,mustbeperiodicallypro-
videdtotheFAA.Obviously,atleastoneeyemustmeetthevi-
sionstandardsforapilottoobtainamedicalcertificate.

n Hay Fever Or Allergy –Peoplewhohavesevereallergiesare
alsoatriskforpossiblesinusblockages.Thiscouldbeapossible
incapacitatingissue.Pilotsareaskedwhetherornottheyare
takingallergymedications,and, ofcourse,theconcernis
whetherornotthis medicationcancausesdrowsiness.Ifso,
thisisasafetyissue.Thereareseveralallergymedicationsap-
provedforpilotsincludingsomedesensitizationshots.

Mildseasonalallergiesarenotdisqualifying.Severe
allergies,however,cancause significantsymptomsthatmight
affectflightsafety.Thisincludesexcessivetearing,whichcan
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causeblurredvision,andpossiblyevensinusblockages, which
canbetrulyincapacitating.Someallergymedicationscancause
drowsiness.Fortunately,thereareseveralallergymedications
approvedforusebypilots,astheytypicallydonotcause
drowsinessorotherconcerningsideeffects.

n Asthma Or Lung Disease –Asthmathatismildisusuallyap-
provable.Therearepilotsflyingwhorequireasthmamedica-
tions,including inhalers.Weareconcernedaboutpilotswho
havefrequentexacerbationswiththeirasthmathatmaycause
themtohaveseverebreathingdifficultiesandpossiblyendup
intheemergencyroom.Note:‘Exacerbation’meansaworsen-
ingofthesymptomsorasthmaconditions.Itcouldbewhatis
calleda‘flareup.’(Thisappliesinthe discussionofanyillness.)
Chroniclungdiseasecansometimesdecrease functiontowhere
apilotisatriskforhypoxiaataltitude.Fortunately,pilotswith
mildlungdiseaseorasthma,whentheyaredeterminedtobeof
minimalrisk whenflying,cangetcertified.

n Heart Or Vascular Trouble –Themostobviousconditions
hereareheartattack,bypasssurgery,stentplacement,andvalve
replacement.Thoseclearlyneedtobeevaluatedandmustbe
lookedatwithlong-termfollow-up. Therehavebeenpilots
whohaveactuallyhadaheartattackwhileflyinganairplane
andtheywereluckyenoughtolivethroughitandgettheair-
planedownsafely.Thewonderfulthingaboutthespecialis-
suanceprogramisthatafteralife-threateningincident,itforces
pilotstocompletelychangetheirhealthmaintenancelifestyleto
getbackflyingagain.Theyquitsmoking;theyexerciselike
fiends;theylimittheiralcoholintake;theyloseweight; and
theymakeaseriousefforttolowertheriskofanotherevent.In
themajorityofcases,theyaresomeofoursafestpilots.You
wouldimaginethattheFAAcouldjustsay,‘You’reoutthe
door;’however, aircraftaccidentstatisticshaveshownthat
older,moreexperiencedpilotsaretypicallysaferpilots.Itisac-
tuallyintheFAA’sbestinteresttokeeptheseindividualsflying.
Iftheyhavehadsuccessfultreatmentandthepredictionthatis
theseindividualshavesubstantiallyloweredtheriskofanother
event,thenwedoeverythingwecantogetthemflyingagain.

n High Or Low Blood Pressure –Lowbloodpressureisusually
notamajorconcern;however, consistentlyhighbloodpressure
raisestheriskofastroke,heartattack, andkidneydisease.If
thepilotcanbeputonanapprovedtreatmentmedication,it
notonlylowerstheriskforstroke(orothercomplications)but
alsolowerstheriskformanyyearsdowntheroad.
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n Stomach, Liver, Or Intestinal Trouble –Oneofthegreatest
concernsisstomachulcers.Ulcerscanbleed,andthelossof
bloodputsthepilotatahigherriskforhypoxia.Withintestinal
issues, thegreatestconcerniscancer,especiallycoloncancer.
Otherconditionsofconcernincludehepatitisandthevarious
versionsofinflammatoryboweldisease.Onceagain,whenal-
mostanyofthese conditionshavestabilized,thepilotcanget
recertified.

n Kidney Stone Or Blood In Urine –Akidneystonecanbe
quiteincapacitating.Ihaveoneairlinepilotwhosekidneystone
hitjustafterhelandedtheairplane.Hecouldnottaxitheair-
crafttothegateduetoexcruciatingpain.Theyhadtoshutit
downontherampandgettheparamedicstotakehimoffthe
airplane.Kidneystonescanbetrulyincapacitating.However,if
the stone(s)havecleared,andtherearenoresidual(potentially
incapacitating)stones,andanymetaboliccontributionhasbeen
corrected,aswell,thenpilotscanresumeflyingviathe special
issuanceprocess.

n Diabetes –Thisdiagnosisisnumberoneonthelistofthe15
FAR Part67 disqualifiers.Diabetesisaproblemwiththeme-
tabolismofbloodsugar.Thebloodsugargetswaytoohigh,ei-
therbecauseofdecreasedproductionofthehormoneinsulin
ortheinabilityofthebodytoutilizeit.Diabeteshasbeen
called‘starvationinthemidstofplenty.’Whathappensisthe
bloodsugarishigh,butthebody’sorgansandtissuescan’tuse
allofitfortheenergyneedsofthebody.Inthelongrun,it
causesproblemswiththeheart,eyes,andkidneys.Intheshort
term,thebloodsugarcangetsohighthatthepersoncanpass
out.Ifthepersonistakingmedication,suchasinsulininjec-
tions,andthebloodsugargetstoolow,thepersoncanpass
out,also.Typically,diabeticpilotsareverymotivatedtomain-
taintheirdiet,toexercise,andtoliveahealthylifestyle.Awell-
controlleddiabetichasaminimalriskofincapacitationinflight.
Therefore,theSpecialIssuanceProgramhasbeenverysuccess-
fulforpilotswithdiabetes.

n Neurological Disorders: Epilepsy, Seizures, Stroke, Paraly-
sis, Etc. –Peoplewhohaveseizuredisorders(orseizurescon-
trolledwithmedications) usuallywon’t qualifyforamedical
certificate.Thisdoesn’tmeanthatpeoplewhohavehada
seizuresometimeinthedistantpastwon’teverfly.Thereare
someinstanceswhereayoungchildhashadanillnesswitha
veryhighfeverandasubsequentseizure(febrileseizure).Usu-
allythisdoesnotcreateanissueastheybecomeadults.Basi-
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cally,pilotswhohavehadaseizure(orevenchildhood
epilepsy)alongtimeago,withoutrecurrence,haveagood
chanceofgettingtheirmedicalcertificateifitcanbedeter-
minedthattheyarelikelyatlowriskforanewevent. Anadult
whostillhasaseizuredisorder(regardlessofwhetheritcanbe
controlledwithanti-seizuremedication)willnotgetamedical
certificate.Pilotswhohavehadstrokes,haverecoveredwell,
andhavehadtheirriskfactorscorrected standagoodchanceof
obtainingamedicalcertificate.

n Mental Disorders Of Any Sort, Depression, Anxiety, Etc. –
Depressionthatis‘situational’(suchasafteradivorceordeath
inthefamily)andhasbeenresolved,usuallydoesnotpreventa
pilotfromgettingamedical certificate. Eveniftreatmentwith
antidepressantmedicationwasrequired,ifthe pilotisdoing
welland offmedicationsforatleast90days,thenhe/shecan
getthe medicalreinstated.Whataboutpilotsstilltakingantide-
pressantmedications?InApril2010theFAAissuedapolicyto
permitsomepilotstoflywhiletakingantidepressantmedica-
tions.Previously,nouseofantidepressantmedicationswhile
flyingwaspermitted,regardlessofthereasonwhythepilotwas
takingthem(antidepressantmedicationscanbeusedforahost
ofmedicalconditionsbeyondsimplydepression).

Withoutbelaboringthespecificsoftheactualprotocol,this
policypermitspilotstakingasingleantidepressantmedication
formildtomoderatedepressiontoapplyforamedicalcertifi-
cate.Thepilotwillhavetobestable(bothinregardtoany
medicationsideeffectsandthedepressiveillnessitself)forape-
riodoftime,andwillhavetoundergoextensiveformalpsychi-
atricandneuropsychologicalevaluationspriortoapproval.
Onceapproved,periodicretestingandadditionalevaluations
willalsoberequired.

Whilethispolicyisinitsinfancyatthistime,itishopedthat
eventually(ifwecandemonstratecontinuedsafetyofflightin
thispilotpopulation)itwillbeamendedtoincludemoreantide-
pressantmedicationoptionsandpossiblybecomeaccessiblefor
morepilotsthanwillqualifybasedontheinitialprotocol.This
willcertainlybeaworkinprogressfortheforeseeablefuture.

Thatsaid,pleasealsounderstandthatforsafetyreasonsthe
FAAiscurrentlynotplanningtoapproveanypilotwhoneeds
multipleantidepressantmedications.Furtherthereareno
planstoincludeapprovalforotherpsychiatricconditionsthat
areclearlyanobviousthreattothesafetyofflight,regardlessof
howstablethatconditionappearsundermedicaltherapy.Such
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conditionsincludeanyhistoryofpsychosis,mania,orsignifi-
cantpersonalitydisorders.

Probablythebiggestcontroversialconditionisahistoryof
AttentionDeficitHyperactivityDisorder(ADHD).Inmymany
yearsasanAME,theFAAinternalpoliciesonhowtodeal with
thisconditionhavebeeninacontinuousflux. (NoADHDmed-
icationsareapprovedinpilots.)Clearly,apilotwithsignificant
ADHD shouldn’tbeflying,asimportanttaskmanagement
strategiesmightbe compromisedduringthestressofanemer-
gency.Achildwhohadmild ADHDinschoolandisnowdoing
wellandisoffmedicationsasayoungadult,‘might’(emphasis
on‘might,’astheFAAseemstogobackandforthonthissitua-
tion)eventuallyqualifyforamedical certificate.Theinitialpsy-
chiatricandpsychologicaltestingtodeterminethisisexpensive
andtime-consuming,withnoguaranteesbeingstatedastothe
FAA’spolicyon thisinthefuture.

n Substance Dependence Or Failed A Drug Test Ever; Or
Substance Abuse Or Use Of Illegal Substance In The Last
2 Years –Inviewofthemessagethatthisbookistryingto
convey,itishighlyrecommendedthatdrugsandalcoholbe
avoidedfromtheverybeginning.TheFAAhasasuccessful
programtogetpilotsbackflyingafteraperiodofdrugabuse
andrehabilitation.Themajorityofthesepilotsarehighlymoti-
vatedandmanyreturntoasuccessfulcareerofflying.

n Alcohol Dependence Or Abuse –Thisisoneofthemostseri-
ousproblemsthatpilotsface.Whileithasbeenstatedabove
thatthereisaverysuccessfulprogramto getalcoholicpilots
backintothecockpit; itcan’tbeoverstatedwhatatremen-
dously expensiveandemotionallydifficultchallengethisisfor
thepilot.(Thedetailsofthe programarebeyondthescopeof
thisbook,asitishopedthatthisproblemwill beavoidedinthe
firstplace.)Alcoholismisoneofthemostdifficultproblems
facingsocietyasawhole,causingallkindsofmedicalproblems
forthepilot,aswellaspersonalandfamilyproblems.Once
again,theadviceistosimplyavoidalcoholanddrugs.Now,I
amnotnaiveandIdorealizethatsomefuturepilotswillulti-
matelyusealcoholonasocialbasis;however,whowantsto
taketherisk thatheorsheistheonewhowillwindupwitha
problemwhichnotonly interfereswiththepotentialcareerasa
pilotbutalsoimpactstheirentirelives?
(REDLINE) A word to the wise—everyone can survive with-
out alcohol or drugs, but they may not survive with them.
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n Suicide Attempt –Thisgoesalongwithdepressionandanxi-
ety.Wedohavepilotswhodidattemptsuicideinthedistant
past,butaslongastheemotional problemsareresolvedtothe
pointwherethepilotisnolongeratrisktomake anotherat-
tempt,thenthatpilotcanregainFAAmedicalcertification.
Clearly,any psychiatricproblemthatiscurrentlysevereenough
tocausethepilottoconsider suicideprecludesanFAAmedical
certification.

n Motion Sickness Requiring Medication –Manypilotshave
experiencedsomeformofmotionsickness, especiallyearlyin
theirtraining.Themedicationsformotionsicknessusually
causedrowsinessandshouldnotbetakenwhenthepersonis
actingaspilot-in-command.Fortunately,mostpilotseventually
getoveranymotionsickness problems.Thepointis, ifyou
havegottentothepointwhereyounolongerhavemotion
sicknesseventsasapilot-in-command,youcangetamedical
certificate.

n Military Medical Discharge –Ifthisisanissue,ithastobe
evaluatedonanindividualbasis.TheFAAissimplyaskingthis
tohelpuncoveranyothermedical conditionsthatmayhave
otherwisebeenoverlookedorforgotten.

n Medical Rejection By Military Service –Iftheconditionhas
stabilizedorhasbeenresolvedandtheFAAissatisfiedthatthe
pilotissafe,thenhe/shestandsagoodchanceofgettinga
medicalcertificateasaciviliancandidate.

n Rejection For Health Insurance –Sameasabove.
n Admission To Hospital –Thisisdesignedtoaddressissues

thatarenotincludedintheotherhistoryitemsoftheindivid-
ualalreadynotedonthe8500-8 form.

1.14 Another corporate jet in Dr. Sancetta’s logbook is the Hawker 800.

(Image is by Adam Wright)
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n History Of Non-Traffic Conviction(s) (Misdemeanors Or
Felonies)

n Other Illness, Disability, Or Surgery –Onceagain,thisisto
amplifyonitemsthatmightnothavebeenspecificallyasked
andansweredelsewhereonthe8500-8form.Simpleorthope-
dic,appendix,andherniasurgeriesarenotdisqualifying.(Usu-
allypilotsmayresumeflyingassoonastheirphysicianreleases
thembacktonormalactivities.)Otherconditions, suchasthy-
roiddisorders,shouldbereportedhere.Theyaretypicallyap-
provedwhenstable.

n Medical Disability Benefits –Whilethisquestionwillnottypi-
callyimpactayoungpilot,theFAArecentlyaddedittothe
8500-8 form.PleaseunderstandthattheFAAhasnoproblem
withprofessionalpilotswhoappropriatelyreceiveddisabilitypay-
mentswhilegroundedandawaitingaspecialissuanceauthoriza-
tion(fortheirrecentlytreatedheartdiseaseordiabetes,for
example).Thisquestionisaresultofaresearchstudydoneby
theFAA.Theyfoundmanypilotswhowerereceivingsignificant
disabilitypaymentsfromgovernmentorganizations(forexam-
ple,afterinjuryorillnesssufferedduringmilitaryduties)were
alsoholdingFirstClassMedicalCertificates.Inobtainingthe
FAAmedicalcertificate,theywerenotdisclosingthemedical
condition(s)thatwereclaimedforthedisabilitypayments.So,
weretheybeinguntruthfulinobtainingthedisabilitypayments,
or,totheFAAinobtainingtheirmedicalcertificates?Thesewere
classiccasesoffraudulent‘doubledipping,’sotospeak.”

An honor system and the doctor’s final thoughts
Dr.Sancettaoffersclosingthoughtsonbeinganhonestandethi-

calpilotcandidate.“Whetherit’sintheAME’sofficeorusingthe
newMedXPressonline,itisthehonorsystemthatleadstosafepi-
lots.TheFAAdoesn’twanttoplay‘detective,’nordoesithavethe
resourcestoplay‘detective.’TheFAAdependsuponthepilotsto
providehonestinformationabouttheirmedicalhistory.Inthevast
majorityofmedicalconditionsthatwehavediscussedhere,ifthey
areproperlytreated,thepilotcanobtainamedicalcertificate.

Thenextquestionisveryimportantbecauseitasksaboutarrests
and/or convictionsinvolvingdrugoralcohol.Bysigningthisform,
itallowstheFAAtoaccesstheNationalDriverRegister,andthey
will checktheNDRoneverypilot.Tolieonthisquestionisaseri-
ousissuewiththeFAA. Whetheritisadrivingundertheinfluence
(DUI)ordrivingwhileabilityimpaired(DWAI), itneedstobere-
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portedtotheSecurityDivisionoftheFAAwithin60daysofthatac-
tion.Therefore,thisactionnotonlyhastobereportedonthe8500-
8,itmustbereportedtotheSecurityDivisionoftheFAA.Inthe
past,asingleDUIdidnotcomplicatetheissuanceofamedicalcer-
tificate(aslongastheAMEwascomfortabletherewasnoongoing
alcoholabuse).Latein2009,however,thissituationchangeddra-
matically.Thereportinganddocumentationrequiredafterevena
single/firstDUIisnowoftenquiteextensive(especiallyincases
wherethebloodalcoholconcentrationwashighatthetimeofar-
rest).Insuchcases,thepilotmayverywellberequiredtoobtaina
formalSubstanceAbuseEvaluation,whichmaythenleadtoveryex-
pensiveadditionalpsychologicalandpsychiatricconsultations.Ifthe
resultsofthistestingraisesconcernforalcoholism,thenthepilotis
referredforformaltreatment(andcanthenplanonalongandcom-
plicatedprocessofongoingmonitoringofhis/hersobrietypriorto
regainingFAAmedicalcertification).

TheFAAisunderstandablyconcernedastowhetherapilot’sal-
coholusagemightpotentiallyaffecthisperformanceadversely,thus
compromisingsafety.Thisispartofthe“Zero Tolerance”policy
referredtoelsewhereinthistext.

Whilesometimes apilotwithasingleDUImight beabletoobtain
amedicalcertificatewithouttoomuchdifficulty,clearlyincasesof
multipleDUI’sboththehealthofthepilotandhisaviationcareer
mightbeinjeopardy.Itisthereforeveryimportanttoavoidusing
drugsandalcoholfromthestart,thusensuringthatthepilothasa
betterchanceofalongandsuccessfulflyingcareer.

Intheitemwhereitasksaboutnontrafficmisdemeanors,or
felonies,onemayask,‘Whydotheywanttoknowthat?’Ifaperson
has3arrestsfordomesticviolenceand 2 arrestsforDUI,thenthe
FAAmayhaveconcernsthatthispersonhaspsychologicalissuesora
personalitydisorderthatwouldprecludethemfrombeingasafe
pilot.Belowthehistoryitemstobecheckedyes or no,thepilotis
givenanareatogivebriefexplanationsfortheseconditions. Froma
reviewoftheseexplanations,theAMEcan bestdetermineifthepilot
canbeissuedamedicalcertificateatthetimeoftheexam, and, ifso,
whatcommentsshouldbemaderegardingthat issuance.

Whenapilotsignsthisform,thisistheendofthepilot’sreport-
ingresponsibilitywiththeFAA(unlesstheFAAlaterrequestsaddi-
tionaldataorclarifications).ItalsogivestheFAApermissionto
contacttheNationalDriverRegisterandservesas adisclaimerthat
theinformationgivenistrue.Itremindsthecandidatethatthereare
significantpenaltiesfordishonesty.IftheFAAfindsoutthatthecan-
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didatehasbeendishonest,heorshecannotonlylosetheirmedical
certificate,butrisksrevocationofallpilotcertificatestoo.Asaworst-
casescenario,especiallyintheeventofanaccident,litigationis al-
mostalwaysinvolved.Inthevastmajorityofcases,honestywillend
upbeinginthepilot’sfavor, sincemedicalrecordsarealmostalways
subpoenaedafteranaccident.

OncetheAMEhasreviewedthe8500-8 formandhasfoundno
disqualifyinghistoryitems,thenafullhead-to-toeexamisadministered.

Elsewhereinthisbookisa‘Synopsis’ofthebasicmeasurable
standards.Theseinclude:vision,heartrate,bloodpressure,hearing,
etc.Fortunately,inagenerallyhealthyyoungpilot,rarelyarethere
examfindingssoconcerningthattheypermanentlyprecludeissuance
ofamedicalcertificate.Mostabnormalfindingscanultimatelybe
corrected(e.g.,bloodpressure)orevaluated(e.g.,heartmurmur)
sufficientlytodeterminethattheydonotplacethepilotatundue
risk.Ifthepilotdoesnothaveanydisqualifyinghistoryorexamfind-
ings,thenamedicalcertificatecanbeissued‘onthespot’bythe
AME.

Whathappensifapilotdoesnotmeetthenormalmedicalstan-
dards?Asmentionedpreviously,thereisawaiverprocessthatcan
oftengetsuchapilotbackintheair.Therearetwotypesofwaivers:

SODA (Statement of Demonstrated Ability) – Theseareissued
for“static”defectsthatarenotlikelytochangeinthefuture.Typi-
cally, aone-timeevaluationisallthatisneededfortheseconditions.
SomeofthemostcommonconditionsthatrequireaSODAare:de-
fectivecolorvision,monocularity,poorvisioninoneeye(suchas
fromamblyopia,orlazyeye,asachild),andlimbamputation.Inad-
ditiontoanyrequiredmedicalevaluations,apilotmayadditionally
needtoundergoamedicalflighttesttoobtaintheSODA.Thisre-
quiresthatthepilotmeetwithanFAAinspector.Fordefectivecolor
vision,allthatmightbenecessarycouldbetohavethecontroltower
shinethelightsignalstothepilot(whoissimplystandingonthe
rampwiththeFAAinspector).Ifthepilotcorrectlyidentifiesthe
colors,aSODAcanbeissued.(Note;whiledefectivecolorvision
technicallystillrequiresaSODA,recentlytheFAAhassimplybeen
sendingeligibilitylettersonthisconditionwithoutrequiringafor-
malSODA.)Formostotherconditions,thepilotwillhaveto
demonstratehis/herabilitiesinflightwiththeFAAinspector.

Special Issuance Authorization – Thesearetypicallyissuedfor
conditionsthatwillrequireongoingmonitoring.Themostcommon
examplesare:diabetes,heartdisease,cardiacpacemaker,andfollow-
upaftertreatmentfordrugoralcoholabuse,tonameafew.There
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areotherconditionsthatarenotformalFARPart67disqualifiers,
buttheFAAhasdecidedtoplacethemunderthespecialissuance
program.Thisincludesconditionssuchasprostate,breast,orcolon
cancer,kidneystones,andthyroiddisease,tonamesomecommon
examples.

Remember,atalltimesbetweenrequiredFAAexams,FAR61.53
applies.Thisruleputstheresponsibilityonthepilottoselfassesson
anongoingbasisastohis/herfitnesstofly.Theentirepurposeof
theaviationmedicineFARs,FAAmedicalexams,andFAR61.53 is
tohopefullyprevent‘suddenincapacitation’inflight.

Althoughwecangetmanypilotscertifiedtoflyevenaftersignifi-
cantmedicalillness,itbehoovesallpilotstomaintainahealthy
lifestyle.Ifwecouldeliminateobesity,smoking,anddrugoralcohol
abuse,wewouldlikelypreventahighpercentageofthemedicalill-
nessesthatplagueoursociety.Certainly,someluckandgeneticsplay
aroleinthis,buttheresponsibilityisontheindividualtodohis/her
besttostayhealthy.Thismeanstoeatproperly,maintainahealthy
weight,getmoderateexercise,andneversmokeorabusedrugsand
alcohol.

1.15 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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Manypilotstellmetheyare‘toobusy’toexercise.Thatissimply
notthecase.Whilecertainlytherewillbeanoccasionaldaywhena
schedulewillnotallowforexercise,inrealitythereistimetoexercise
onmoredaysthannot,regardlessofthekindofjobsomeonehas.
Throughoutcollege,medicalschool,residency,andjugglingtwo
jobs(includingabusyinternationalflightschedule)Ihaveexercised
mostdayssincechildhood.Infact,Ihaverunalmosteverydaysince
1969.Iknowyoucandoit.Exerciseisasgoodforthemindasitis
forthebody.

And,finally,ifamedicalproblemdoesrequireevaluation,don’t
shyawayfromobtainingappropriatecareoverthefearof‘opening
theproverbialcanofworms’withtheFAA.Aswithmanymechani-
calproblems,thesoonerwecantreatamedicalproblemthemore
likelywearetopreventmajorcomplications.Remember,it’seasier
formetokeepyouflyingifyouarestillalive.”



PART 

TWO
— The Flying Environment — 

2.1 This is home base, “Space

Ship Earth,” as seen from Apollo

10 on May 1969.
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Mother Earth is actually a space ship

Wecallthis“spaceship”homeandweexistwithinjustafewfeet
ofitssurface. Asahabitatforhumans,it’sreallyquiteagoodone.
Theairwebreatheisapproximately78-79%nitrogenand19-21%
oxygenplusa2%mixtureofothergasses.Webreatheoxygeninand
breathecarbondioxideout.

Thelandsurfaceofourhabitatismadeupof:
•Oxygen 46.6%
•Silicon 27.8%
•Aluminum 8.1%
•Iron 5%
•Calcium 3.6%
•Potassium 2.6%
•Magnesium 2%
•Traceelements 1.6%

Becausethesurfaceoftheearthis75%waterand25%land,
thelivingconditionsonthisplanetarerelativelystable.In
Hawaii, forexample,theyear-rounddaytimetemperatureinHon-
oluluaverages85ºFandtheaveragenight-timetemperatureis
75ºF.Waterhasastabilizingeffectontheatmosphereandhelps
tokeepthisplanetmildcomparedtootherplaces,likethemoon.
Themoonhasanaveragedaytimetemperatureof225ºFand,at
night,it“dips”to-243ºF.Theaveragetemperaturehereonthe
earthisabalmy59oF.

Conquering the air

OnDecember17,1903,OrvilleandWilburWrightperformed
thefamousfirstcontrolled,powered,andsustainedflight. Thenext
daynewspapershailedtheWrightswithheadlinesthatsaidtheyhad
“conqueredtheair.”BeforetheWrights,manyotherbravesouls
triedtofly,andafewevenmade“hops”onlytosettlebacktothe
earth’ssurfaceduetotheever-presentforceofgravity.Inorderto
“conquer”theair,threerequirementshadtobemet.First,a flying
machinehadtobecontrolled.Otherwise,itwouldbenomorethan
akitewithoutastring.Second,to keepitupintheair,italsohadto
bepowered.Third,theflightofthevehiclehadtobesustained.
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Afterextensivetesting,OrvilleandWilburWrightbuiltamachine
thatmetallthreeoftheserequirements.Thefactssurroundingthe
firstflightcanmoreeasilyberememberedbythenumber12. The
aircraftremainedintheairfor12 seconds,thealtitudeachievedwas
12 feet,andthelittleaircraftwent120 feetinforwardflight.

Forcenturies,ourancestorsthoughtthatweneededwingsthat
flapped;however, theWrightsprovedthatdidn’twork.Mantriedto
flaphisarms,buthequicklylearnedthatfixed-wingsworkedmuch
better.LeonardoDaVinci(1452-1519)envisionednumerousflying
devices,butthetechnologyofhistimewouldn’tallowhimtobuilda
machinestrongenoughtobetested.

Englishman, SirGeorgeCayley,consideredbymanyaviationhis-
torianstobethefirsttrueaeronauticalengineer,developedseveral
machinesthathadflyingpotential.Heisgivencreditforinventing
thefirstcambered(orcurved)airfoil,whichprovideslift.Healso
recognizedthefourvectoredforcesoflift,drag,thrust,andgravity
astheyarerelatedtoanaircraft.Hewrotealandmarkbookcalled
On Aerial Navigation in1809,almost100yearsbeforetheWright
brothers’firstflight.OncetheWrightbrothersconqueredtheair,
aviationliterally“tookoff.”

2.2 The Wright “Flyer” flew a distance of 120 feet forward. It rose to an altitude 

of 12 feet and the event took 12 seconds. The Wright brothers had achieved controlled,

powered, and sustained flight. The Wright brothers did their flying close to the Atlantic

Ocean and most of their flight trials took place near the town of Kittyhawk, North 

Carolina. (Image courtesy of the National Air & Space Museum)
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Man in the atmosphere — aviation physiology 

When,intheearlypartofthe20th century, pioneering aviators
wereconstantlytryingtogohigherandhigherinanefforttobreak
previousaltituderecords,itwassoondiscoveredthatahuman could-
n’tbreathe verywell“upthere.” Duringearlyaltituderecordat-
tempts, thesymptomsofhypoxia wererecognized.Hypoxiaisa
conditionthatoccurswhenthebodyisdeprivedofanadequateoxy-
gensupply.Hypoxiavarieswiththeindividualandtosomedegree
thecircumstances,butitisgenerallyfoundthatmanstartshaving
problemsataltitudesabove10,000feet.Symptomsinclude
headache,fatigue,euphoria,andevenunconsciousness.

Breathingisoneofthemostautomaticthingswedo—over
20,000timesadaytobeexact.Eachbreathdoestwothingsfor
ourbody.First,itexpelscarbondioxidewhenweexhale,and,
second,itbringsinoxygenwhenweinhale.Thus,hypoxiacanbea

2.3 These pilots are preparing for a “flight” in a high altitude chamber. A flight 

physiology technician briefs them on the oxygen equipment and the symptoms of hypoxia.
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realprobleminhighaltitudeflight.
Althoughthepercentage ofoxygencontainedintheairat18,000

feetisidenticaltothatatsealevel,theamountofairourlungstake
inwitheachbreathcontainshalftheoxygenfoundatsealevel.
Breathingfasterormoredeeplydoesn’thelp.Infact, becauseyou’re
consciouslyover-ridingasystemthatisnormallyautomatic,you’llbe
compoundingtheproblembyexhalingtoomuchcarbondioxide.

Forthemajorityofpilots,theanswertohypoxiaissimple—use
supplementaloxygen.(FederalAirRegulation)FAR91.21specifiesa
30-minute limitbeforeoxygenisrequiredonflightsbetween12,500
feetand14,000feetandimmediatelyuponexposuretocabinpres-
suresabove14,000feet.TheFAArecommendsthatyougoonsup-
plementaloxygenabove10,000feet.

Atnight,becausevisionisparticularlysensitivetodiminishedoxy-
gen,aprudentruleistousesupplementaloxygenwhenflyingabove
6,000 feet.Sowhenflyingathighaltitudes,supplementaloxygenis
theonlysolutionbecauseitsatisfiesthetwinpurposesofhaving
enoughoxygentomeetthebody’sdemandsandalsomaintaininga
breathingratethatexcretestherightamountofcarbondioxide.

REDLINE: Unfortunately, our bodies do not give us a reli-
able signal at the onset of oxygen starvation. Unless you have
received special training to recognize the symptoms, you may
not even know it is happening to you. The brain is the first part
of the body to reflect a diminished oxygen supply and the evi-
dence of that is usually a loss of judgment.

Incontrolled chambertests,wherehigh-altitudeflightconditions
canbeduplicated,ithasbeenshownthatsomepeopleinanoxygen-
deficientenvironmentactuallyexperienceasenseofwell-beingor
euphoria.Whenhypoxiareachesacertainstage,manysubjectspar-
ticipatinginaltitudechambertraining, can’tevenwritetheirown
namesintelligibly.

As we venture higher into the sky, 
it becomes more threatening!

Itisascientificfactthatairatsealevelhasanaveragepressureof
14.7poundspersquareinch.Theterm“meansea level”iscom-
monlyreferredtoas“MSL.”

Sincetheoceancoversmostoftheearth,atleast75%ormoreof
theearth’ssurfaceisat“sealevel.”Becausesomuchofwhatwedo
inaviationinvolvespressurechanges,thestartingpointforastudyof
thisphenomenonisrightatthebeach(sealevel)ona59°F(standard
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world-wide)day.
Anaverageadult

hasapproximately
3,000squareinchesof
skinsurfacearea.At
sealevel,with14.7
poundspersquare
inchofairpushing
downonourbodies,
that’satotalof
44,100poundsof
pressure.Youdon’t
reallyfeeluncomfort-
ablebecauseyour
bodyisdesignedso
thatitpushesback
withapressureequal
totheweightofair.

Youmayhaveheardgrandmothersorgrandfatherssay,“The
weatherisgoingtochange.”Howcouldtheyknow?Whencoldor
warmfrontsmove,thepressureaheadofthefront changesdramati-
cally.Afast-movingcoldfrontisespeciallysignificantbecausethe
barometricpressurecandropan inchormoreinjustafewhours.If
thepressureontheoutsideskinofagrandfather’skneesdrops,he
willfeelit,especiallyinjointsandareaswhereit’stender.

WhenyoulookatIllustration2.4,thebluetubeisoneinchon
eachside,but(forexplanationpurposesonly)it’smorethan60
mileslong.Sciencedemonstratesthere’sasampleofairtrappedin-
sideatube,anditweighs14.7pounds.Overtheyears,scientists
havetaken thousandsofreadingsaroundthetheplanetandthat’s
howtheyeventuallydeterminedthe averageweightofair.

Itisgenerallyacceptedthatahealthyhumancanbecomfortable
anywherebetweensealeveland6,000feet,butaformofaltitude
sicknesscanoccureveninacitylikeDenver,whichisatanaverage
altitudeof5,280feet.Itiscommonforpeoplefromlowerelevation

2.4 This is a one-inch,

square tube that is more

than 100 miles tall. In-

side the tube would be a

sample of air weighing

14.7 pounds. 

Area = 1

Square inch
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citiestoexperienceheadacheswhentheyvisitplaceslikeColorado
Springs(6,035 feet), MexicoCity(7,347 feet), Aspen (7,890 feet),
orLeadville,Colorado(10,152feet)abovesealevel.

Take,forexample,aSanDiegocouplewhodecidestogoonava-
cationskiinginWinterPark, Colorado. Whenthecoupleboardsone
ofthemoreadvancedchairlifts,theywillbestartingatan elevation
ofmorethan9,000feetandwill thenspendaportionoftheirday
skiingonterrainthatisnearlytwomileshigh,10,560feet.When
theyleftSanDiego,thebarometricpressurewas probablycloseto
thesea-levelstandardof29.92inches.Since,forevery1,000feetof
altitudegained,thebarometricpressuredropsbyaboutoneinch.
Thestandardpressureat10,000feetwillnowbe20.58incheswitha
standardtemperatureof23.4ºF.

Ifwedon’thaveasmuchairpushingdownonusfromtheout-
sideandwestillhavefluidspressingfromtheinside,thismightcause
headachesandotherproblemsnotnormallyexperiencedatsea-level.
TheairinWinterParkisverydryandbecausetheSanDiegocouple
tendstobreathealittlebitfaster,theymayalsoexperiencedehydra-
tion.Thesesymptomsmaybethecause of whatiscalled“altitude
sickness.”

Altitude sickness

SometimescalledAcute
MountainSickness,or
AMS,altitudesicknessoc-
curswhensomeonefeels
sickathighaltitudes.Med-
icalscienceisnotexactly
surewhatcausesthis,butit
seemstobemostprevalent
inhealthyhumanbeingsat
altitudesstartingaround
6,500feet. Symptomsgen-
erallyincludeheadache,fa-
tigue,nausea,andsome
dizziness.Altitudesickness
canalsofollowarapid
climbandresearchershave

2.5 The atmosphere has the 

same percentage of these elements 

all the way to the top. 

(Image courtesy of the FAA)
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foundthatonewaytoreducetheproblemistoascendmoreslowly
togivethebodytimeto“acclimatize.”

Sincethebodytendstodehydratewithagaininaltitude,physi-
ciansrecommendthatclimbers,skiers,flightcrews,andpassengers
drinkplentyofwater.Alcoholtendstodehydratethehumanbody
andpeoplewhoaregoingtoworkorplayathigheraltitudesshould
avoidalcoholicconsumption24hourspriortoaction. Ifthesymp-
tomsofAMSoccur,medicalprofessionalsadvisegoingtoalowerel-
evationand, ifsymptomscontinue,seekingmedicalattention.The
symptomsinclude:

•Headaches
•Drowsiness
•Malaise(feeling“outofsorts”oruneasy)
•Dizziness
•Light-headedness
•Fatigue
•Shortnessofbreath
•Higherthannormal,orrapid, pulserate

Foranyofthefollowingsymptoms,thesituationmaybemorese-
riousandyoushouldseekmedicalhelpimmediately:

•Fever
•Persistentdrycoughing
•Headachethatdoesnotrespondtopainmedication

Atveryhighaltitudes,humanscanexperienceaconditionknown
as“HighAltitudePulmonaryEdema”(HAPE),andalthoughthe
exactcauseisunknown,itisaseriousthreat.Anotherthreatis“High
AltitudeCerebralEdema” (HACE).HACEisararebutlife-threat-
eningconditioninvolvingthebrainthatcanleadtoacomaordeath.
Symptomsincludeheadache,fatigue,visualimpairment,bladderand
boweldysfunction,andlossofcoordination.Thepersonexperienc-
inganyorallofthesesymptomsmustgettoaloweraltitudeimme-
diatelyandseekmedicalattention.Supplementaloxygengiven
immediatelycanbealife-savingsolution.

Adapting to the higher altitude environment

Therearetwomajorproblemsfacinghumansathigheraltitudes:
(1)theextremesoftemperaturecancauseanincreaseinstress;and
(2)thelowerhumidityandpressurecancauserapiddehydration.At
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sealevel,oxygencaneasilypassthroughthelung’smembranesand
intothebloodstream.Thebodywillreactwithanincreaseinbreath-
ingandheartrate.Bloodpressurealsoincreasesastheheartworks
hardertogetoxygentothecells.

Ifahumanstaysathigherelevations,overtime,aresponseshould
occurintheformof“acclimatization.” Moreredbloodcellsarepro-
ducedresultinginmoreoxygentothetissues,andthereisalsoanin-
creaseinthevascularnetworkwhichenhancesthetransferofgases.

Somecivilizationshavebeenabletoliveataltitudesuparound
13,000feet.ThosecivilizationsareinthemountainsofPeru,Bo-
livia,TibetandNepal.Thepeople developedtheabilitytosurvive
wherethepressureislessandtheoxygenisdiminished.Theyhavea
highernumberofredbloodcellstogetmoreoxygentothetissues,
andtheyalsobreathefaster.

Intheworldofathleticcompetition,numerousOlympictraining
centersarelocatedinmountainousareastotakeadvantageofthe
changesthatoccurinathleteswhohavespentweeksormonthsliv-
ingatthehigherelevations.Althoughthebodywilleventuallyreturn
toitsoriginalfitnessstateatsealevel,thereisashort-termadvantage
thatgivesathletesahigherlevelofperformancehavingtrainedinthe
mountains.

The atmosphere is a mixture of gases

Theatmosphereisamixtureofgasesthatsurroundtheearth.
Airisathinlayerofgasesthatisheaviest(mostdense)closetothe
surface.Forpilots,theearth’stropospheremaybeconsidereda
“secondhome;”however,highperformanceaircraft,suchasfight-
ersorairliners,operateinalayerknownasthestratosphere.This
blanketofgasesprovidesprotectionfromultravioletrays,aswellas
supportingallanimalandplantlife, includinghumans.Nitrogen
accountsfor78-79%ofthegasesandoxygenmakesup19-21%.
Carbondioxide,argon,andothertraceelementsmakeupthere-
mainingpercentages.

Withinthisenvelopeofgases,thereareseverallayersdefined, not
onlybyaltitude,butalsobydifferentcharacteristics.Thefirstlayeris
knownasthetroposphere. Itextendsfromsealevelupto20,000feet
overthepolesandgoesuptoashighas49,000feetabovetheequa-
tor.Themajorityofourweather,clouds,stormsandtemperature
occurwithinthislayer.Insidethetroposphere,thetemperaturede-
creasesatarateof2º(approxately3.5ºF)every1,000feetofaltitude.
Thepressuredecreasesatarateofoneinchper1,000feetgained.

Atthetopofthetropospherethereexistsaboundarylayerknown
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asthetropopause.Thealtitudeofthislayervarieswiththelatitude
andwiththeseasonoftheyear.Ifthetropopausecouldbeviewed
fromspace,theshapewouldlookelliptical.Itiscommonlyassoci-
atedwiththelocationofthejetstreamandclear-airturbulence.

Theatmosphericlevelabovethetropopauseisthestratosphere
whichextendsfromthetropopausetoaheightofabout160,000
feet.Verylittleweatherexistsinthislayerandtheairisreasonably
stable.Atthetopofthestratosphereisanotherboundaryknownas
thestratopause.Directlyabovethisisthemesosphere,whichextends
tothemesopauseboundaryatabout280,000feet.Thetemperature
inthemesospheredecreasesdramaticallywithanincreaseinaltitude
andcanbe-90ºbelowzero.Thenextlayeristhethermosphere.It
startsabovethemesosphereandgraduallyfadesintospace.

Partial pressure at higher altitudes

Atsealevel,atmosphericpressureisgreatenoughtosupportnor-
malgrowth,activity,andlife.At18,000feet,however,thepressure
ofoxygenissignificantlyreducedtothepointthatitadverselyaffects
thenormalactivitiesandfunctioningofthehumanbody.Thisis
knownas“thepartialpressureofagas.”

Thephysiologicalreactionstooxygendeprivationareinsidious
andaffectpeopleindifferentways.Thesesymptomsrangefrommild
disorientationtototalincapacitationdependingonbodytolerance
andaltitude.Byusingsupplementaloxygenorcabinpressurization
systems,pilotscanflyathigheraltitudesandovercomethe adverse
effectsofoxygendeprivation.

2.6 In the old days, they called it “CAVU.” This meant it was 

“Clear And Visibility Unlimited.” (CAP photo)
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Measuring atmospheric pressure

Theatmosphericpressureismeasuredwithanapparatususingthe
elementmercury.Understandardconditions,mercuryisaliquid
metalandhasachemicalsymbolofHg.Themeasuringdeviceis
knownasaTorricelliBarometer. Thewordbaro meanspressureand
meter meanstomeasure.TheTorricelliBarometerisacolumnof
mercuryinsideaglasstubethatissealedatoneendandopenatthe
other.Inastandardizedlaboratorysettingwhenthetubeisinverted
andallowedtopouroutintoabowl(oropencontainerlikeasmall
beaker),themercurywilldrainoutandthenstopwhenavacuum
developsinsidethetube.Understandardconditionsatsealevel,this
columnofmercurywillstabilizeat29.92inchesabovethesurfaceof
themercuryinthebowl.Thiskindofbarometerisnotveryeasyto
workwithanditisdifficulttoread.But,itwasabeginninginthe
fieldofpressuremeasurement.

Thereisanalternativetothemercuryapparatuscalledthe
AneroidBarometerwhichcontainsaclosedcellthatisshapedlikea
bellows.Becauseofitsshapeandtheairtrappedinsideitwhenthe

outsidepressure
changes, thebellows
willexpandorcon-
tract.Asmall
pointerisplacedon
thecenterofthecell
andtheattached
mechanismallows
theobservertosee
changesinthebel-
lows.Althoughnot

2.7 This is an example of

a Mercurial or Torricelli

Barometer. The black fluid

is mercury and the open

end, shown by the dashed

white line, has been in-

serted into the container.

A vacuum exists above the

mercury and that is the

light blue area in the

closed end of the tube.

(Illustration is courtesy 

of the FAA)
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2.8 This is an Aneroid Barometer. The sealed “aneroid cell” is like a bellows.

It can expand or contract. When the outside air pressure is greater, it pushes down 

on the cell. This causes the reading to be higher. The opposite happens when the pressure

becomes less. This allows the cell to expand and the reading becomes lower.

(Illustration is courtesy of the FAA)

2.9 This is a cutaway of an altimeter. Notice the “aneroid cell” inside. As the airplane

goes higher, there is less pressure on the cell and therefore it expands. This causes the

pointers to change, indicating to the pilot that there has been an increase in altitude.

(Illustration is courtesy of the FAA)
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quiteasaccurateastheMercurialBarometer,theAneroidBarometer
mechanismismuchmoremobileandcanbeusedinthefield.

Asyougohigherintheatmosphere,boththeairpressureand
density decrease. IfyouweretotakeaMercurialBarometerand
carefullyhike upalocalmountainthatwas1,000feetaboveyour

2.10 This table shows the amount of drop there is with 

temperature and pressure up to 100,000 feet. 
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sea-levellaboratory,youwouldfindthatthemercuryinsidewould
dropapproximatelyoneinch.

BecausetheAneroidBarometerisreasonablyaccuratethroughout
awiderangeofpressurechangesandbecauseitiscompact,itbecame
thebasisofanairplane’saltimeter.Pressurechangesareconvertedto
incrementsofaltitude.Whenapilotgoesthroughaprestartchecklist,
oneoftherequiredtasksistosetthecurrentbarometricpressureinto
thealtimeter.Thissettingrecalibratestheaneroidbarometer,and, as-
sumingthecurrentpressureiscorrect,the altimeterwillreadthe
exactelevationoftheaircraftabovesealevel.Thisrecalibration
processalsooccursinflightsothatthepilotcantakeintoaccount
changesinbarometricpressurealongtheflightroute.

Density altitude

Thehigherwegointotheatmosphere,thegreaterthedecreasein
pressureatapredictablerate. Thedensity oftheairalsodecreases.
Densityisdefinedas“massperunitvolume.”

Asanaircraftclimbshigherandhigherawayfromtheearth,the
surroundingairbecomeslessdense.Asthedensitydecreases,theair-
plane’sliftingperformancewillalsobecomeless.Anexampleofthis
isaloadedairlinertakingofffromNewOrleansonacalmspringtime
daywhereit’s59°F.Undertheseconditions,theaircraftwillmost
likelybeoffin5,000 to6,000 feet.Ifit’sahot,humiddayinDen-
verthataircraftmaytakeasmuchas 8,500feettobecomeairborne.

2.11 On hot days at high altitude airports, airplanes don’t get off the ground as 

quickly because the air density is less. Although the actual airport altitude may be 

5,431 feet, the airplane is performing like it would at 8,000 feet or higher.

This is known as high density altitude. (Photo by Adam Wright)
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Becauseofthisdecreaseinthedensityoftheair,thescienceofavia-
tioncallsitdensityaltitude.

Instructorslikecatchyphrasestohelppilotsrememberthreaten-
ingconditions.Inthiscase,itis“high,hot,andhumid,”threeper-
formancefactorsthatcanhaveanegativeeffectnotonlyonclimb
performancebutalsoonengineoutputandpropellereffectiveness.

Aircraftperformanceinvolvesmanyfactors:takeoffandlanding
distance,rateofclimb,ceiling,payload,range,andfueleconomy,
justtomentionafew.Someofthesefactorsinvolvecompromises
suchashighspeedversuslandingdistance,longrangeversuspay-
load,andtherateofclimbversusfueleconomy.

Pilot performance is also involved in this equation so an indi-
vidual has to be in top physical condition to effectively operate a
high-performance aircraft.

AsthehumanmovesawayfromthesurfaceoftheEarth,lessoxy-

2.12 High-performance pilot; high-performance crew chief; high-performance aircraft. The

pilot and crew chief stay in top physical condition by working out and running at least four

times per week. The F-16 constantly gets quality control checks to make sure that it is capa-

ble of entering a combat environment with every possible component functioning at its

peak. The Air Force requires that their flight and ground personnel be in exactly the same or

better physical condition than they were at their last physical examination.

(Image is courtesy of Lt. Col. Patrick Hanlon, 

USAF Air National Guard Director of Operations, 120th Fighter Squardron 

140th Wing, Buckley Air Force Base in Colorado)
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genisavailableandthereisadecreasein pressure.Withadecreasein
bothoxygenandpressure,stepsmustbetakentomaintainwhatthe
body,mostnotablythebrain,needstomaximizeoperationalskill
andefficiency.Thehumanbodyislikeamachine,sophysicalcondi-
tioning isafactorinthebody’sperformance.

Theairplaneandthehumanbecome oneinperformanceterms.If
theaircraftisbeingusedinacapacitywherehighspeedandhighal-
titudearepartoftherequirements,thenahighperformancepilotis
requiredtogetthemachinetoperformatitsexpectedpotential.
ThatisoneofthereasonswhytheFAArequiresaphysicalexamina-
tionforallcertificatedpilotsthroughoutalloftheirflyingexperi-
ence.

Atmospheric temperature changes

Somethingelseentersthepictureanditiscalleddifferential
heating.Thissimplymeansthattheheatdropsastheaircraft
climbsordescendshigher.Forinstance,theoutsideairtempera-
ture(OAT)gaugeonahigh-flyingjetshowsthatitgetscolder
andcolderoutsidethehigherweclimb.Thenatanaltitudeup
around10milesabovetheearth,somethingdramaticallychanges.
Thetemperaturebeginstogetwarmer.Aswegohigher toalti-
tudesabove50,000feet(asBurtRutan’sSpace Ship One did
whenitbroketherecordforthefirstprivate-ventureflightinto
space– illustrationonpage51),itstartstogetcoldagainandup
near80,000feetthetemperaturedropsto-80°F.At90,000feet,
itonceagaingetswarmer.

Why,youask?Theairabovetheearthisheatedbythesun. The
raysfromthesunstriketheearthataverylowangleatthepolesand
almostverticallyattheequator.Thesun’sradiationheatstheairand
this, subsequently, heatstheairatadifferentrateabovetheearth’s
surface.

Moreheatisradiatedintotheairattheequatorthanatthe
polescausingtheairtorisehigher.Allthespheredivisionshave
theirowncharacteristics.Thetropospheregoesfromsealevelto
50,000feet highattheequator.Ithasvariabletemperatures,water
vapor,turbulentstorms,weatherandtemperaturelapserates.The
stratosphereoccursnear50mileshigh.Ithasarelativelyconstant
temperature,whichisaround-55C;verylittlewatervapor;jet
streams;andnotmuchturbulence.Theionosphereexistsbetween
50-90mileshigh.ItprovidesprotectionfromUVraysandgetsits
namefromtheionizedgaseswithin.Thethermosphereexistsbe-
tween90-120mileshighabovetheequator.Duetotheintense
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solarradiationandlackofgaseousmolecules,thetemperaturein
thislayercansoartoover1,000°C.Thetoplayeriscalledtheexos-
phereandisfoundbetween120and1,000mileshighabovethe
equator.Ithasaverylowpressureanddensitybecausemolecules
thererarelycollide.And,finally,at1,000milesabovetheEarththe
moleculesarealmostnonexistent.

2.13 The first private flight into space was by SpaceShipOne. 

A pilot earns his/her astronaut wings for flying into space at 53 nm/100 km. 

(Image is courtesy of Scaled Composites of Mojave Aerospace Ventures, LLC)
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Divisions of the atmosphere 

Compareillustrations2.14and2.15.Thisanexcellentvisual
overviewoftheatmosphereandthedangersoneencountersthe
higherwefly.Itisstronglyrecommendedthatpilotstakeadvantage
oftheFAA’saviationphysiologycourseswheretheycanexperience
someofthesethreatsinacontrolledaltitudechambersetting.

2.14 The Physical Divisions of the Atmosphere. (FAA Illustration)
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The earth’s atmosphere is awesome to behold—
yet can be incredibly dangerous

WithouttheatmospheretherewouldbenolifeonEarth.Theat-
mosphereprovidesprotectionfromharmfulultravioletrays,cosmic
rays,andmeteorites,aswellasextremetemperaturevariations.It
supportsanimalandplantlifethroughitsgaseouscontentandpro-
videsraintogrowcrops.Itprotectsusfromallsortsofdangers.And
ithelpsussustainlifewithitsoxygenandnitrogencontent.Itisan
incrediblybeautifulplanetbut,liketheocean,theairsurroundingit
canbedeadly.

2.15 These divisions clearly show how dangerous it is in the upper reaches of the 

atmosphere. Without protection and supplemental oxygen, the human has only 

seconds to live at the beginning of the “Space Equivalent Zone.” (FAA Illustration)
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2.16 It is highly recommended that all pilots take one of the FAA’s aviation 

physiology courses. They are usually held at Air Force bases that have high 

altitude chambers like the one pictured from Peterson AFB. The cost is minimal 

and the experience is “priceless.”



PART 

THREE

— Aerophysiology — 



56 |FIT FOR FLYING

Aeromedical and aerophysiologyn

Whenthe“spaceage”was
introducedbySputnik,theSo-
vietUnion’ssatellitebackin
thelate1950s,someone
coinedthenewtermaerospace.
Thiswasacombinationofthe
wordaero, whichmeanswithin
ouratmosphere,andspace,

whichmeanstherealmbeyond
ouratmosphere.

Aeromedical isthescienceofmedicineasitrelatestohuman
flightwithinouratmosphere.Aswelearnedinthe“FlightEnviron-
ment” section,20th centuryhumanflighthasbeenextendedintothe
stratosphere.SpaceShipOne, theprivatespaceventureofBurtRutan
andtheScaledCompositescrew,flewtoanaltitudeof100kilome-
tersor62mileshigh.Thishasbeendesignatedastheofficialbegin-
ningofspace.Thus,aeromedialistakingonanewdimensionasman
travelsfartherbeyondtheEarth’satmosphere.

Aerophysiology isallabouttheaircraftbecominganextensionof
thehuman.Inasense,thehumanisaverycomplexcomputerthat
controlstheflyingmachine.Whenoperatinganaircraft,itisex-
tremelyimportantthatthishumancomputer beathis/herpeakper-

3.1 Aerophysiology is the human element

in the flight of an aircraft.  Air Force

Captain Scott Kotowoski hooks up his

oxygen equipment in preparation 

for a flight in an F-16. (USAF image is

by Sgt. Jack Braden)

3.2 SpaceShipOne (Image courtesy of the Experimental Aircraft Association)
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formanceasitworksintheflightenviroment.It’sanenvironment
withlessoxygen,lessnitrogen,andlesspressure,nottomention
volatileweatherandextremesintemperature.Safetyiscriticalinavi-
ationanditishighlyrecommendedthatpilots,fromLightSportAir-
crafttothemostsophisticatedinternationaltransports,continually
studythescienceofaerophysiology.

Inthissection,thetermaerophysiology coverssomeofthebasicsof
humanphysiologyasitrelatestoflying,mostlywithinthetroposphere.

Highly publicized events involving aerophysiology

Recently,acharterpilotwentintoadiabeticcomaandoneofhis
passengers,astudentpilot,landedtheairplane.Aninvestigation
foundthatthepilotdidnotdisclosehisdiabeticconditiontothe
FAAonapreviousmedicalexamination,and,afteratrial,losthisfly-
ingprivilegesandalsoreceivedajailsentence.

Anotherhigh-profileevent,involvingaerophysiologywasthe
deathofthe1999U.S.OpenChampion,PayneStewart.Thisvery
popularworld-classgolferdiedinthecrashofacorporatejet.Onthe
25th ofOctober1999,Stewart,thepilots,andthreeassociateswere
onatripfromFloridatoTexas.AfterdepartingfromOrlandoair-
port,AirTrafficControllostvoicecontactwiththeflightcrew.A
USAFF-16scrambledtotryandmakevisualcontactwiththeLear
35.Uponarrival,theF-16pilotreportedthatthewindowsofthe
Learwereobscuredbyfrostandcondensation.Attimes,alongthe
finalrouteofflight,itwasreportedthattheLearwasflyingabove
flightlevel460,whichis46,000feet.Shortlythereaftertheaircraft
crashednearAberdeen,SouthDakota.Inalaterreport,National
TransportationSafetyBoard(NTSB)investigatorsconcludedthatall

3.3 The troposphere is

the white layer just

above the surface. 

The light blue layer

just above that is the

stratosphere. 

(FAA Illustration)
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onboarddiedofhypoxia.Adelayofconsciousnessforonlyafew
seconds,coupledwithcognitiveandmotorskillimpairment,may
haveresultedinthedeathoftheflightcrew.

(REDLINE) It is a known aerophysiological fact that the
time of useful consciousness at 45,000 feet is between 9-15 sec-
onds. At times, it was estimated the Lear was flying at or above
46,000 feet and experts concluded that everyone on that flight
most likely lost consciousness and died almost immediately. 

Astechnologysurgesforwardbyleapsandbounds,airplaneswith
muchhigherperformanceandaltitudecapabilityarebecomingmore
affordabletothepublic.Ithasbecomeahighpriorityeducational
missionfortheFAAtomakeallpilotsmoreawareoffactors,suchas
hypoxia,hyperventilation,spatialdisorientation,carbonmonoxide

3.4 This chart clearly

shows that the crew

and passengers of

Payne Stewart’s Lear

35 had between 9-15

seconds before they

lost consciousness.  It

was reported that

their aircraft was, at

times, above 45,000

feet. (FAA illustration)

3.5 This is a Sport Jet II. This aircraft brings corporate jet performance to the world of

home-built aviation. At 380 knots, it easily cruises at 28,000 feet for 900 miles. It does

not require two pilots and will carry four in a luxury cabin. The cost is less than a million

dollars to build and fly.  (Image is courtesy of Excel Jet)
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poisoning,stress,andfatigue,justto
mentionafew.

InanefforttosupporttheFAAand
theiraeromedicalsafetyeducationforpi-
lots,Fit For Flying hasbeencreatedtobe
aneasy-to-read,comprehensiveoverview
ofthehumanelementinaviation.For
morein-depthinformation,thereaderis
directedtoreadtheoutstandingbook,
Basic Flight Physiology, byDr.RichardO.
ReinhartMD(ISBN978-0-07-149488-
5).Dr.ReinhartisnotonlyaSeniorAvi-
ationMedicalExaminer,butalsoan
instrument-ratedpilot.Hehassincere-
tired,butservedasanAirNational
GuardFlightSurgeon.

Basic Hypoxia 

Ashasbeenbrieflydiscussed,hypoxiameansreducedoxygen.Itis
dividedintofourmajorgroupsbasedonindividualcauses:(1)hy-
poxichypoxia,(2)hypemichypoxia,(3)stagnanthypoxia,and(4)
histotoxichypoxia.

(REDLINE) Living tissue will die if deprived of oxygen long
enough. Where humans are concerned, the highest priority is
getting enough oxygen to the brain. Since the brain is particu-
larly vulnerable to oxygen deprivation, any reduction while fly-
ing may casue mental disfunction and can result in a
life-threatening situation.

Hypoxiacanbecausedbyanyofseveralfactorsincludingadimin-
ishedsupplyofoxygen,inadequatetransportationofoxygen,orthe
inabilityofhumanbodytissuestousetheoxygenthatisavailable.

Hypoxic hypoxia

Thisphenomenonisaresultofnotenoughoxygenavailableto
thelungs.Ablockedairwayisoneexampleofhowthelungscan
bedeprivedofoxygen.Thereductioninpartialpressureofoxygen
athighaltitudeisalsoanexamplewhichiscommontopilots.Al-
thoughthepercentageofoxygenintheatmosphereisconstant,its
partialpressuredecreasesproportionatelyasatmosphericpressure
decreases.

(REDLINE) As the airplane climbs, the percentage of each

3.6 This book provides more in-

depth research and is an excel-

lent book for any pilot’s library.
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gas in the atmosphere remains the same, but there are fewer
molecules available as the pressure required for them to pass be-
tween the membranes decreases within the respiratory system.
This decrease of oxygen molecules can lead to hypoxic hypoxia. 

Hypemic hypoxia

Whenthebloodisnotabletotakeupandtransportasufficient
amountofoxygentothecellsofthebody,hypemichypoxiaoccurs.
Thistypeofhypoxiaisaresultofoxygendeficiencyintheblood
ratherthanalackofinhaledoxygenandcanbecausedbyavarietyof
factors.Itmaybebecausethereisnotenoughbloodvolume(suchas
severebleeding)oritmayresultfromcertainblooddiseases(suchas
anemia).Moreoften,itisbecausehemoglobin,theactualblood
moleculethatcarriesoxygentothecells,ischemicallyunabletobind
oxygenmolecules.The most common form of hypemic hypoxia is

carbon monoxide poisoning.

Hypemichypoxiacanalsobecausedbythelossofbloodfroma
blooddonation.Bloodcantakeseveralweekstoreturntonormal
followingadonation.Althoughtheeffectsofthebloodlossare
slight,thereareriskswhenflyingduringthistimeperiod.

3.7 Throughout the flight profile, there are dramatic changes in pressure,

from 29.92 inches at sea level to 5.3 inches at 40,000 feet, and back again.  

(Image is courtesy of Ben Wang and Airliners.net)
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Stagnant hypoxia

Stagnantmeansnotflowing,andstagnanthypoxiaresultswhen
theoxygen-richbloodinthelungsisn’tmovingtothetissuesthat
needit.Anarmoralegthat“goestosleep”becausethebloodflow
hasaccidentallybeenshutoffcanbeanexampleofstagnanthypoxia.
Thiskindofhypoxiacanalsoresultfromshock.Anexampleofthis
mightbewhentheheartfailstopumpbloodeffectivelyorwhen
thereisaconstrictedartery.Duringflight,stagnanthypoxiacanoccur
whenpullingexcessivepositiveGforce(exceedingthefroceofgrav-
ity).Coldtemperaturescanalsoreducecirculationanddecreasethe
bloodsuppliedtotheextremities.

Histotoxic hypoxia

Theinabilityofthecellstoeffectivelyuseoxygenisdefinedashis-
totoxichypoxia.Histomeanstissueorcells,whiletoxicmeanspoi-
son.Inthiscase,oxygenisbeingtransportedtothecellsthatneedit,
buttheyareunabletouseitduetotheoxygenbeingcontaminated
bydrugs,tobacco,oralcohol.

(REDLINE) The impairment of cellular respiration (taking
oxygen in and moving carbon dioxide out) can be caused by al-
cohol and other drugs, such as narcotics and poisons. Research
has shown that drinking one ounce of alcohol can equate to
about an additional 2,000 feet of “physiological” altitude. It
should be noted that tobacco that is chewed, tobacco that is
smoked, and various narcotics, including prescription pain med-
ications, can impair the cellular respiration process. 

Symptoms of hypoxia

Highaltitudeflyingcanplaceapilotindangerofbecominghypoxic.
Oxygenstarvationcausesthebrainandothervitalorganstobecomeim-
paired.Withincreasedoxygenstarvation,theextremitiesbecomelessre-
sponsiveandflyingskillsdeteriorate.Thesymptomsofhypoxiavary
withtheindividual,butthemostcommonsymptomsinclude:

•bluefingernailsandlips,
•headache,
•decreasedreactiontime,
•impairedjudgment,
•euphoria,
•drowsiness,
•lightheadedordizziness,
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•tinglinginthefingersandtoes,and
•numbness.
Ashypoxiaworsens,thefieldofvisionbeginstonarrowandin-

strumentinterpretationcanbecomedifficult.Evenwithallthese
symptoms,theeffectsofhypoxiacancauseapilottobelievethat
everythingisnormal.Thetreatmentforhypoxiaincludesflyingat
loweraltitudesand/orusingsupplementaloxygen.

Sincepilotsaresusceptibletotheeffectsofoxygenstarvation,re-
gardlessofphysicalconditionoracclimatization,theFAArequires
thatpilotsflyingtheiraircraftabove12,500feetfor30minutesor
longerorat14,000feetoraboveduringtheentireflightmustuse
supplementaloxygen.Theamountrequiredis1literofoxygenper
minuteforevery10,000feet.Forexample,at18,000feetthere
shouldbeaflowof1.8litersperminuteofoxygenavailableviaa
standardbreathingdevice.TheFAArequiresthereshouldbeade-
viceattachedtoeachbreathingdevicethatvisuallyshowstheflowof
oxygen.

(REDLINE)When flying at high altitudes, it is important
that oxygen be used to avoid the effects of hypoxia. Even when
flying at 25,000 feet, without supplemental oxygen, a pilot has
less than five minutes to maintain control; make rational, life-
saving decisions; and continue a safe flight. As altitude increases
above 10,000 feet, the symptoms of hypoxia increase in severity
and the time of useful consciousness rapidly decreases. 

(Referbacktoillustration3.3onpage58.)

The issue of medical certification 

•Referringtothe8500-8medicalcertificationtest,doyouthink
thathavingoneounceofalcoholinyourbloodstreamwouldaf-
fectanyoftheoutcomesofyourtest?

•Doyouthinkthathavingtobaccoinyourbloodstreamduring
thetestmightaffecttheresultsofyourmedicalcertificate?

•Doyouthinkthathavingadrug,suchasamedicallyprescribed
pain-killer,mightaffecttheresultsofyourmedicalcertification
examination?

Carbon monoxide poisoning 

CarbonMonoxide(CO)isacolorless,odorless,andpoisionous
gasproducedbyallinternalcombustionengines.

Whenbreathedintothehumanbody,itcantakeupto48hours
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forthebodytodisposeofthepoisionousCO.IftheCOpoisoningis
severeenough,deathcanresult.Aircraftheateranddefrostvents
mayprovideCOapassagewayintothecockpitandintothecabin.If
thereisastrongodorofexhaustgases,itshouldbeassumedthatCO
ispresent.However,COmaybepresentindangerousamountseven
ifnoexhaustodorisdetected.Disposable,inexpensiveCOdetectors
arewidelyavailable.InthepresenceofCO,thesedetectorschange
colortoalertthepilotofthepresenceofit.Someeffectsofcarbon
monoxidepoisoningare:

•headache,
•blurredvision,
•dizziness,
•drowsiness,and
•lossofmusclepower.
Anytimeapilotsmellsexhaustodor,oratanytimeduringflightif

anyoftheabovesymptomsareexperienced,immediate,corrective
actionshouldbetaken.Theseactionsinclude:

•turningofftheheater,
•openingfreshairvents,
•openingoneormorewindows,and
•goingonsupplementaloxygen,ifavailable.
(REDLINE) Since CO attaches itself to the hemoglobin in

the blood about 200 times more easily than oxygen, carbon
monoxide prevents the hemoglobin from carrying oxygen to the
cells, resulting in hypemic hypoxia.

Hyperventilation

Carbondioxidedisposalisapartofthenormalmetabolicprocess
ofbreathing;buthastoremainataconstantleveltoworkproperly.
Whenweexperienceemotionalstress,intensefear,pain,oranxiety,
ourbreathingacceleratesandthecarbondioxidelevelisreduced.
Thiscausesaproblem,calledhyperventilation,whichcaneventually
leadtounconsciousness.Thisisduetotherespiratorysystem’sover-
ridingmechanismtoregaincontrolofbreathing.

Pilotsencounteringanunexpectedstressfulsituationmayuncon-
sciouslyincreasetheirbreathingrate.Whenflyingathigheraltitudes,
eitherwithorwithoutsupplementaloxygen,apilotmaybreathe
morerapidlythannormalandthismayleadtohyperventilation.

(REDLINE) Since many of the symptoms of hyperventilation
are similar to those of hypoxia, it is important to correctly diag-
nose the condition. When using supplemental oxygen, a pilot
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should check the equipment and flow rate to ensure the symp-
toms are not hypoxia-related. 

Commonsymptomsrelatedtohyperventilationare:
•headache,
•decreasedreactiontime,
•impairedjudgment,
•euphoria,
•visualimpairment,
•drowsiness,
•lightheadedordizzysensations,
•tinglinginthefingersandtoes,
•numbness,
•musclespasms,and
•paleappearance.

Thetreatmentforhyperventilationinvolvesrestoringtheproper
carbondioxidelevelinthebody.Breathingnormallyisboththebest
preventionandthebestcureforhyperventilation.Inadditionto
slowingthebreathingrate,breathingintoapaperbagortalking
aloudhelpstoovercomehyperventilation.Recoveryisusuallyrapid
oncethebreathingrateisreturnedtonormal.

Middle ear and sinus problems

Climbinganddescendinginanaircraftcansometimescauseear
orsinuspainandatemporaryreductioninone’sabilitytohear.The
physiologicalexplanationforthisdiscomfortisadifferencebetween
thepressureoftheairoutsidethebodyandthatoftheairinsidethe
middleearandnasalsinuses.Evenaslightdifferencebetweenexter-
nalpressureandmiddleearpressurecancausediscomfort.Themid-
dleearisasmallcavitylocatedinthebonesoftheskull.Itisclosed
offfromtheexternalearcanalbytheeardrum.Normally,pressure
differencesbetweenthemiddleearandtheoutsideworldareequal-
izedbytheEustachiantubeswhichleadfrominsideeacheartothe
backofthethroat.Whenthesetubesbecomeclosed,itcanbe
openedbychewing,yawning,orswallowing,thusequalizingthe
pressure.

Duringaclimb,middle-earpressuremayexceedthepressureof
theairintheexternalearcanalcausingtheeardrumtobulgeout-
ward.Pilotsbecomeawareofthepressurechangewhentheyexperi-
encealternatesensationsof“fullness”and“clearing.”During
descent,theoppositehappens.Whilethepressureoftheairinthe
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externalearcanalincreases,themiddleearcavity,equalizedwiththe
lowerpressureataltitude,isatlowerpressurethantheexternalear
canal.Thisresultsinhigheroutsidepressure,causingtheeardrumto
bulgeinward.

Thisconditioncanbemoredifficulttorelieveduetothefactthat
thepartialvacuumtendstoconstrictthewallsoftheEustachian
tube.Toremedythis,onecanpinchthenostrilsshut,closethe
mouthandlips,andblowslowlyandgentlyinthemouthandnose.
ThisiscalledtheValsalvamaneuver.

TheValsalvamaneuver,namedafterphysicianAntonioMariaVal-
salva,forcesairthroughtheEustachiantubeintothemiddleear.It
maynotbepossibletoequalizethepressureintheearsifapilothas
acold,anearinfection,orasorethroat.Aflightinthiscondition
canbeextremelypainful,aswellashavethepossibilityofdamaging
theeardrums.Ifthepilotisexperiencingminorcongestion,nasal
dropsorspraymayreducethechanceofapainfulearblockage.Be-
foreusingamedication,itisadvisedthatthepilotseeanaviation
medicalexaminertoensurethatitwillnotaffecthisorherabilityto
fly.

Inasimilarway,airpressureinthesinusesequalizeswiththepres-
sureinthecockpitthroughasmallopeningthatconnectsthesinuses
tothenasalpassages.Anupperrespiratoryinfection,suchasacold
orsinusitis,oranasalallergiccondition,canproduceenoughcon-
gestionaroundthesmallopeningtoslowequalization.Asthediffer-

3.8 The Eustachian tube allows air pressure to equalize. (FAA Illustration)
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enceinpressurebetweenthesinusandthecockpitincreases,conges-
tionmayplugtheopening.This“sinusblock”occursmostfre-
quentlyduringdescent.Slowdescentratescanreducetheassociated
pain.Asinusblockcanoccurinthefrontalsinuses,locatedabove
eacheyebrow,orinthemaxillarysinuses,locatedineachupper
cheek.Itwillusuallyproduceexcruciatingpainofthesinusarea.A
maxillarysinusblockcanalsomaketheupperteethache.Bloody
mucusmayevendischargefromthenasalpassages.Ifasinusblock
doesnotclearshortlyafterlanding,aphysicianshouldbeconsulted.

Asinusblockcanbeavoidedbynotflyingwithanupperrespira-
toryinfectionoranasalallergiccondition.Adequateprotectionis
usuallynotprovidedbydecongestantspraysordropstoreducecon-
gestionaroundthesinusopenings.Oraldecongestantshaveside-ef-
fectsthatcanimpairpilotperformance.

Spatial disorientation

Spatialdisorientationspecificallyreferstothelackoforientation
withregardtotheposition,altitude,ormovementoftheairplane.
Thebodyusesthree,integratedsystemsworkingtogethertoascer-
tainorientationandmovementinspace.Visualsensoryinformation
fromtheeyeis,byfar,thelargestsourceofinformation.Kinesthesia
referstothesensationofposition,movement,andtensionsperceived
throughthenerves,muscles,andtendons,calledproprioceptive
senses.Thevestibularsystemisaverysensitivemotion-sensingsys-
temlocatedintheinnerears,reportingheadposition,orientation,
andmovementinthethreedimensionsofflight.

Allthisinformationcomestogetherinthebrain,andmostofthe
time,thethreestreamsofinformationagree,givingaclearideaof
whereandhowthebodyismoving.Flyingcansometimescause
thesesystemstosupplyconflictinginformationtothebrainwhich
canleadtodisorientation.Duringflightinvisualmeteorological
conditions,theeyesarethemajororientationcourseandusuallypre-
vailoverfalsesensationsfromothersensorysystems.Whenthesevi-
sualcuesaretakenaway,suchaswhenflyinginrealIFR(Instrument
FlightRules),falsesensationscancauseapilottoquicklybecome
disoriented.

Thevestibularsystemintheinnerearallowsthepilottosense
movementanddetermineorientationinthesurroundingenviron-
ment.Inboththeleftandrightinnerears,threesemicircularcanals
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arepositionedatapproximaterightanglestoeachother.Eachcanal
isfilledwithfluidandhasasectionfulloffinehairs.Accelerationof
theinnerearinanydirectioncausesthetinyhairstodeflect,which,
inturn,stimulatesnerveimpulses,sendingmessagestothebrain.
Thevestibularnervetransmitstheimpulsesfromtheutricle,saccule,
andsemicircularcanalstothebraintointerpretmotion.

They call it “flying by the seat of your pants”

Theposturalcontrolsystemcoordinatesthesensory,skeletal,
muscular,andcentralnervoussystemsandsendssignalstothebrain
fromtheskin,joints,andmusclesthatareinterpretedinrelationto
theearth’sgravitationalpull.Thesesignalsdetermineposture.Inputs
fromeachmovementupdatethebody’spositiontothebrainona
constantbasis.Asintheoldexpression,“flyingbytheseatofyour
pants,”thepilotdependsonthesesignals.Usedinconjunctionwith
visualandvestibularclues,thesesensationscanbefairlyreliable;
however,thebodycannotdistinguishbetweenaccelerationdueto
gravityandthoseresultingfrommaneuveringtheaircraft.Thiscan
leadtosensoryillusionsandfalseimpressionsoftheairplane’sorien-
tationandmovement.

Undernormalflightconditions,whenthereisavisualreference
tothehorizonandtotheground,thesensorysystemintheinnerear
helpstoidentifythepitch,roll,andyawmovementsoftheairplane.

(REDLINE) When visual contact with the horizon is lost, the

vestibular system becomes unreliable. Without visual references

outside the airplane, there are many situations where combina-

3.9 The semicircular canals lie in three planes and sense the roll, pitch, and yaw motions.

(FAA Illustration)
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tions of normal motions and forces can create convincing illu-

sions that are difficult to overcome. In a classic example, a pilot

may believe the airplane is in level flight when, in reality, it is in

a gradual turn. 

If the airspeed increases, the pilot may experience a postural

sensation of a level dive and pull back on the stick, which tightens

the turn and creates increasing g-loads.Ifrecoveryisnotinitiated,a
steepspiralwilldevelop.Thisiscalledthe“graveyardspiral”because,
ifthepilotfailstorecognizethattheairplaneisinaspiralandfailsto
recovertheaircrafttoawings-levelflight,theairplanewilleventually
crash.Ifthehorizonbecomesvisibleagain,thepilotwillhaveanop-
portunitytoreturntheairplanetostraight-and-levelflight,andcon-
tinuedvisualcontactwiththehorizonwillallowthepilottomaintain
acontrolledandsustainedflightattheproperattitude.

Ifcontactwiththehorizonislostagain,theinnerearmayfool
thepilotintothinkingtheairplanehasstartedabankintheotherdi-
rectioncausingthegraveyardspiraltobeginalloveragain.

(REDLINE) Prevention is usually the best remedy for spatial

disorientation. Unless a pilot has many hours of training in the

3.10 The ear examination is an important component of the FAA 8500-8 examination. Dr.

Sancetta is shown checking the condition of Hannah Schuele’s ears. 

(Photo by Ben Millspaugh)
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use of instruments, flight in reduced visibility, or at night when

the horizon is not visible, should be avoided altogether. A pilot

can reduce susceptibility to disorienting illusions through train-

ing and awareness, thus learning to rely totally on flight instru-

ments.

Besidesthesensoryillusionsduetomisleadinginputstothe
vestibularsystem,apilotmayalsoencountervariousvisualillusions
duringflight.Illusionsrankamongthemostcommonfactorscitedas
contributingtofatalairplaneaccidents.Slopingcloudformations,an
obscuredhorizon,adarkscenespreadwithgroundlightsandstars,
andcertaingeometricpatternsofgroundlightcancreateillusionsof
notbeingalignedcorrectlywiththeactualhorizon.

Varioussurfacefeaturesandatmosphericconditionsencounteredin
landingcancreateillusionsofbeingonthewrongapproachpath.
Landingerrorsfromtheseillusionscanbepreventedbyanticipating
themduringapproaches,inspectingunfamiliarairportsbeforelanding,
usingelectronicglideslopeorvisualapproachslopeindicator(VASI)
systems(lightsthathelppilotsknowiftheyareontherightdescent
pathinfinalapproachandlanding)whenavailable,andmaintaininga
proficiencyinlandingprocedures.

Note: you might want to inquire of your leader about the

NASA Barany Chair activity found in the Instructor’s Guide for

a good disorientation demonstration. 

Motion sickness

Sometimescalledairsickness,motionsicknessiscausedbythe
brainreceivingconflictingmessagesaboutthestateofthebody.A
pilotmayexperiencemotionsicknessduringinitialflighttraining,
butthisgenerallygoesawaywithinafewmorelessons.(ChuckYea-
gerexplainedthisinhisbook,Yeager, andhowhebecamephysically
illonhisfirstrideinanairplane.)

Anxiety,acrophobia,andstress,whichmaybeexperiencedatthe
beginningofflighttraining,cancontributetomotionsickness.Mo-
tionsicknesssymptomsarequitewellknownandinclude:

•discomfort,
•nausea,
•dizziness,
•palecolor,
•sweating,and
•vomiting.
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Itisimportanttorememberthatexperiencingairsicknessisnore-
flectiononone’snaturalabilityasapilot.Ifpronetomotionsickness,
apilot-traineeshouldlettheinstructorknowastherearetechniques
thatcanbeusedtoovercomethisproblem.Onewaytoovercomethe
problemistoavoidflight-traininglessonsinturbulentconditionsdur-
ingtheearlystagesoftraining.Anothertechniqueistostartwith
shortertrainingflightsandthengraduallyincreasethelengthatalater
stage.Ifmotionsicknessisexperiencedduringalesson,instructors
havefoundthatopeningfreshairventstendstohelpdecreasethein-
tensityofthesymptoms.Otheroptionsincludehavingstudentsfocus
onobjectsoutsideoftheairplaneandmakeslowerheadmovements.

(REDLINE) Dramamine should not be used since it is
known to also cause drowsiness. It is not recommended as a
remedy as this medication may impair pilot performance.

Tobacco as a source of carbon monoxide 

Fewpeoplerealizethatoneofthegreatdangersofsmokingisthe
ingestionofcarbonmonoxide.Smokingcanraisethecarbon
monoxideconcentrationinthebloodandcanresultinaphysiologi-
caleffectsimilartoflyingathighaltitudes.Besideshypoxia,tobacco
isadirectcauseofotherphysiologicalproblemsthatcanmedically

3.11 Dramamine is great for passengers, but not pilots. (Photo by Ben Millspaugh)
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affectpilotperformance.

Stress 

Stressisdefinedasthebody’sresponsetophysicalandpsycholog-
icaldemandsplaceduponit.Thebody’sreactiontostressincludes
releasingchemicalhormonesintothebloodstream(suchasadrena-
line)andincreasingmetabolismtoprovidemoreenergytothemus-
cles.Stresscancauseanincreasein:

•bloodsugar,
•heartrate,
•respiration,
•bloodpressure,and
•perspiration.

Anelementthatcausesapersontoexperiencestressiscalleda
“stressor.”Examplesofthisare:

•physicalstress,suchasnoiseorvibration,
•physiologicalstress,suchasfatigue,and
•psychologicalstress,suchasdifficultworksituations,relation-

shipproblems(suchaspersonal,familyordaily-livinginterac-
tions),environmentalproblems,suchastraffic,worksite
problems,andevenspiritualproblems(right/wrongdecisions
basedonabeliefsystem).

Stressfallsintotwobroadcategoriesofacuteshort-termand
chroniclong-termstress.

(REDLINE) Acute stress involves an immediate threat that is
perceived as danger and triggers the “fight or flight” response in
an individual, whether the threat is real or imagined. Normally,
a healthy person can cope with acute stress and prevent stress
“overload.” However, on-going acute stress can develop into
chronic stress.

Chronicstresscanbedefinedasalevelofstressthatpresentsan
intolerableburden,exceedstheabilityofanindividualtocope,and
causesindividualperformancetofallsharply.Unrelentingpressures,
suchasloneliness,financialworries,relationships,andpsychological
problemscanproduceacumulativelevelofstressthatexceedsaper-
son’sabilitytocopewiththesituation.Whenstressreachestheselev-
els,performancefallsoffrapidly.Pilotsexperiencingthislevelof
stressarenotsafeandshouldnotbeflying.Pilotswhosuspectthey
aresufferingfromchronicstressshouldconsultaphysician.
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Fatigue

Fatigueisanexpectedaspectoflife.Causesoffatiguecanrange
fromboredomtocircadianrhythmdisruptiontoheavyphysicalexer-
tion.Inlayterms,fatiguecansimplybedefinedasweariness.Forthe
averageindividual,fatiguepresentsaminorinconvenience,usually
resolvedbyrest;however,ifthatpersonisinvolvedinsafety-related
activities,suchasoperatingamotorvehicleorpilotinganaircraft,
theconsequencesoffatiguecanbedisastrous.

Bydefinition,fatigue isaconditioncharacterizedbyincreaseddis-
comfortwithlessenedcapacityforwork,reducedefficiencyofac-
complishment,lossofpowerorcapacitytorespondtostimulation,
andisusuallyaccompaniedbyafeelingofwearinessandtiredness.

Obtainingadequatesleepisthebestwaytopreventorresolvefa-
tigue.Sleepprovidesthebodywithaperiodofrestandrecuperation.
Insufficientsleepwillresultinsignificantphysicalandpsychological
problems.Onaverage,ahealthyadultdoesbestwitheighthoursof
uninterruptedsleep;however,significantpersonalvariationsdo
occur.Avarietyofconditionscaninfluencethequalityandduration

3.12 These are a few of the incredibly popular energy drinks (Photo by Ben Millspaugh)
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ofsleeppatterns.Someexamplesaresleepapnea,restlesslegsyn-
drome,certainmedications,depression,stress,insomnia,andchronic
pain.

Someoftoday’smorecommonsocialorbehavioralissuesthataf-
fectsleeparelate-nightactivities,excessivealcoholorcaffeineuse,
travel,interpersonalstrife,uncomfortableorunfamiliarsurroundings
(likeatemporaryworksite,trailer,RV,orhotelroom),andshift
work.

Consider the possible risks in energy drinks

Nooneisimmunetofatigue.Yetinoursocietythereseemstobe
amindsetthatsays,“Takesomethingthatwillgetyougoing,”apill,
adrink,orwhatever.Thisisevidentintheincredibleriseinthepop-
ularityandconsumptionofenergydrinks.Thereisalargepercentage
oftheworldpopulationnowconsumingenergydrinksonaregular
basis.Students,constructionworkers,nine-to-fivepeopleinthe
everydaybusinessworld,truckdrivers,and,yes,evenpilotsgeta
short-term“buzz”fromdrinkingenergydrinks.Someoftheingre-
dientsinonepopularbrandare:

•330calories,
•240mgofsodium,
•85gramsofsugar,
•144mgofcaffeine,
•1gramofprotein,
•carbonatedwater,
•highfructosecornsyrup,
•citricacid,
•792mgtaurine,
•sodiumcitrate,
•266mgginsengextract,
•acacia,
•43mgcarnitinefumarate,
•glycerolesterofwoodrosin,
•niacinamide,
•vitaminB6,
•vitaminB12,
•niacin,and
•2mgguarana.

Beforeusingsuchproducts,researchtheinternetregardingunfa-
miliaringredientstoensurenoadversehealthproblemsareassoci-
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atedwithingestion.Insteadof“immediateandshort-termfixes,”
suchasenergydrinks,oneshouldconsiderotheroptions,suchasex-
ercise,adequatesleep,andhealthyfoods.

Tobacco and cigarettes

Inthepast,itwasverycommonforflightcrewstosmokeciga-
rettes.Asmokebreakduringaflightwassomethingpilotslooked
forwardtoforafewmomentsofpleasure.Yearslater,itwasfound
thatsmokingwasveryharmfultoone’shealthanditwaseventually
linkedtocancer.Researchersalsofoundthatsmokingaddedmore
than1000feetof“altitude”tothehumanoxygen/carbondioxide
respirationcycle.Thatmeansthatwhenoneissmokingandflyingat
10,000feet,thebodyisphysiologicallyoperatingat11,000or
12,000feet.Smokinghasputthepersoninthedangerzone,and
thereisapossibilitythathe/shemaystarttoexperiencethesymp-
tomsofhypoxia.Asstatedearlier,hypoxiadirectlyaffectspilotper-
formance.

Inthefirstsixdecadesofthe20th century,smokingwasverycom-
monandoftenencouragedinsociety.Everyonethoughtthatitwasa
harmlesshabitthatwaspartofourwayoflife.Finally,inthe80sand
90s,moreandmoreevidencewasfoundthatlinkedtobaccotoseri-
oushealthissuesandthetrutheventuallycausedsmokingtobe
bannedonallformsoftransportation,inrestaurants,andinbusi-
nesses.

Dehydration

Dehydration isthetermgiventoacriticallossofwaterfromthe
body.Thefirstnoticeableeffectofdehydrationisfatigue,which,in
turn,makestopphysicalandmentalperformancedifficult,ifnotim-
possible.Asapilot,flyingforlongperiodsoftimeinhot,summer
temperaturesorathighaltitudesincreasesthesusceptibilityofdehy-
dration.Thedryairathigheraltitudestendstoincreasetherateof
waterlossfromthebody.Ifthisfluidisnotreplaced,fatiguecan
progresstodizziness,weakness,nausea,tinglingofhandsandfeet,
abdominalcramps,andextremethirst.

Heat stroke

Topreventheatstroke,itisrecommendedthatanamplesupply
ofwaterbecarriedandconsumedatfrequentintervalsonanylong
flightwhetheryouarethirstyornot.Iftheairplanehasacanopyor
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roofwindow,wearinglight-colored,porousclothingandahatwill
helpprovideprotectionfromthesun.Keepingthecockpitwellven-
tilatedhelpstodissipateexcessiveheat.

Pilot vision 

Visionisapilot’smostimportantsensetoobtainreferenceinfor-
mationneededduringflight.Mostpilotsarefamiliarwiththeoptical
aspectsoftheeye.Evenbeforepilotsclimbintothecockpit,they
knowiftheyhavenormal,uncorrectedvision,whethertheyarefar-
sightedornearsighted,oriftheyhaveothervisualproblems.Most
pilotswhohaveprescriptionlenses,suchascontactsoreyeglasses,
havelearnedtocarryanextrasetofglassesorcontactswiththem
whenflying,justasabackup.

Visioninflightisfarmorethanalessoninbasicoptics.Seeingin-
volvesthetransmissionoflightenergy(images)fromtheexterior
surfaceofthecorneatotheinteriorsurfaceoftheretina(insidethe
eye)andthetransferenceofthesesignalstothebrain.Withthatin
mind,let’stakealookattheanatomy(components)ofthiswonder-
fulmechanismofvision.

The eye and how it works

Lightbouncesoffanobject,enterstheeyethroughthecornea,
andthencontinuesthroughthepupil.Thedilationandconstriction
ofthepupiliscontrolledbytheiris,thecoloredpartoftheeye.The

3.13 This is a

cutaway view

of the human

eye.  (Image

courtesy of 

the FAA)
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functionofthepupilissimilartothediaphragmofacamera;i.e.,it
controlstheamountoflight.Thelensislocatedbehindthepupil
anditsfunctionistofocuslightonthesurfaceoftheretina.The
retinaistheinnerlayeroftheeyeballthatcontainsphotosensitive
cellscalledtherodsandcones.Theretinarecordstheimagemuch
likeamemorycardorarolloffilm.

Theconesarelocatedinhigherconcentrationthanrodsinthe
centralareaoftheretinaknownasthemaculathatmeasuresapproxi-
mately4.5mmindiameter.Theexactcenterofthemaculahasa
verysmalldepressioncalledthefoveathatcontainsconesonly.The
conesareusedforfinedetailandcolorinhigh-intensitylightvision.
Theyareinvolvedwithcentralvisiontodetectdetail,perceivecolor,
andidentifyfar-awayobjects.

Therodsarelocatedmainlyintheperipheryoftheretina—an
areathatisabout10,000timesmoresensitivetolightthanthe
fovea.Rodsareusedforlow-lightintensityornightvisionandare
involvedwithperipheralvisiontodetectpositionreferencesinclud-
ingobjectsinshadesofgraybutcannotbeusedtodetectdetailsor
toperceivecolor.Lightenergyenterstheeyesandistransformedby
theconesandrodsintoelectricalsignalsthatarecarriedbytheoptic
nervetotheposteriorareaofthebrain(occipitallobes).Thispartof

3.14 The cones of the eyes allow us to see and appreciate all of the beauty of a sunrise at

35,000 feet. (Image courtesy of Adam Wright)
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thebraininterpretstheelectricalsignalsandcreatesamentalimage
oftheactualobjectbytheperson.

Theconesareresponsibleforallcolorvisionfromappreciatinga
glorioussunrisetodiscerningthesubtleshadesinafinepainting.
Conesarepresentthroughouttheretinabutareconcentratedto-
wardthecenterofthefieldofvisionatthebackoftheretina.There
isasmallpitcalledthefoveawherealmostallthelightsensingcells
arecones.Thisistheareawheremost“looking”occurs(thecenter
ofthevisualfieldwheredetail,colorsensitivity,andresolutionare
highest).

Whiletheconesandtheirassociatednervesarewell-suitedtode-
tectingfinedetailandcolorinhigh-lightlevels,therodsarebetter
abletodetectmovementandprovidevisionindimlight.Therods
areunabletodiscerncolorbutareverysensitiveinlow-lightlevels.
Whenalargeamountoflightoverwhelmsthemtheytakealong
timeto“reset”andadapttothedarkagain.Therearesomanycones
inthefoveathattheverycenterofthevisualfieldhardlyhasanyrods
atall.Asaresult,inlowlight,themiddleofthevisualfieldisn’tvery
sensitive;however,fartherfromthefovea,therodsaremorenumer-
ousandprovidethemajorportionofnightvision.

The anatomical blind spot

Theareawheretheopticnerveconnectstotheretinaintheback
ofeacheyeisknownastheopticdisk.Thereisatotalabsenceof
conesandrodsinthisarea,and,consequently,eacheyeiscompletely
blindinthisspot.Undernormalbinocular(relatingtotheuseof
botheyes)vision,thisisnotaproblembecauseanobjectcannotbe
intheblindspotofbotheyesatthesametime.Ontheotherhand,
wherethefieldofvisionofoneeyeisobstructedbysomething,such
asawindshieldpost,oravisualtarget,likeanotheraircraft,theitem
couldfallintotheblindspotoftheothereyeandremainundetected.

Night vision 

Itisestimatedthatoncefullyadaptedtodarkness,therodsare
10,000timesmoresensitivetolightthanthecones,makingthem
theprimaryreceptorsfornightvision.Sincetheconesareconcen-
tratednearthefovea,therodsarealsoresponsibleformuchofthe
peripheralvision.Theconcentrationofconesinthefoveacanmakea
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nightblindspotinthecenterofthefieldofvision.Toseeanobject
clearlyatnight,thepilotmustexposetherodstotheimage.This
canbedonebylooking5ºto10ºoffofthecenteroftheobjectto
beseen.Tounderstandthisconcept,indimlightinadarkened
room,lookdirectlyatanobject,anditwilldimordisappearalto-
gether.Whenlookingslightlyoffofcenter,itwillbecomeclearer
andbrighterbecausetheimageisfocusedmainlyonthefoveawhere
detailisbestseen.Atnight,theabilitytoseeanobjectinthecenter
ofthevisualfieldisreducedastheconeslosemuchoftheirvisual
acuityandtherodsbecomemoresensitive.Lookingoffcentercan
helpcompensateforthisnightblindspot.Alongwiththelossof
sharpnessandcoloratnight,depthperceptionandjudgmentofsize
maybelost.

Whiletheconesadaptrapidlytochangesinlightintensities,the
rodstakemuchlonger.Walkingfrombrightsunlightintoadark
movietheaterisanexampleofthis“darkadaptationperiod”experi-
ence.Therodscantakeapproximately30minutestofullyadaptto
thedark.Abrightlight,however,cancompletelydestroynightadap-
tation,leavingnightvisionseverelycompromisedwhiletheadapta-
tionprocessisrepeated.

3.15 By focusing on the “gun-sight” with your left eye covered, the aircraft on the right

will eventually disappear as you move closer to the image. (FAA illustration)
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(REDLINE)Several things can be done to keep the eyes

adapted to the dark. The first is obvious: avoid bright lights be-

fore and during the flight. For 30 minutes before a night flight,

avoid any bright light sources, such as headlights, landing

lights, strobe lights, or flashlights. If a bright light is encoun-

tered, close one eye to keep it light sensitive. This allows the use

of that eye to see once the light is gone.

Redcockpitlightingalsohelpstopreservenightvision,butred
lightseverelydistortssomecolorandcompletelywashesoutthe
colorred.Thismakesreadinganaeronauticalchartdifficult.Awhite
lightoracarefullydirectedflashlightcanenhancenightreadingabil-
ity.Whileflyingatnight,keeptheinstrumentpanelandinterior
lightsturnedupnohigherthannecessary.Thishelpstoseeoutside
referencesmoreeasily.Iftheeyesbecomeblurry,blinkingmorefre-
quentlyoftenhelps.

(REDLINE) Diet and general physical health have an impact

on how a pilot can see in the dark. Deficiencies in vitamins A

and C have been shown to reduce night acuity. Other factors,

such as carbon monoxide poisoning, smoking, alcohol, certain

drugs, and a lack of oxygen also can greatly decrease night vi-

sion.

Types of vision

• Photopic Vision - Duringdaytimeorhigh-intensityartificialil-
luminationofconditions,theeyesrelyoncentralvision(foveal
cones)toperceiveandinterpretsharpimagesandthecolorof
objects.

3.16 The night blind spot is approximately 5-10° in the central vision. (FAA Illustration)
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• Mesopic Vision - Occursatdawn,dusk,orunderfullmoon-
lightlevelsandischaracterizedbydecreasingvisualacuityand
colorvision.Undertheseconditions,acombinationofcentral
(fovealcones)andperipheral(rods)visionisrequiredtomain-
tainappropriatevisualperformance.

• Scotopic Vision – Duringnighttime,partialmoonlight,orlow
intensityartificialilluminationconditions,centralvision(foveal
cones)becomesineffectivetomaintainvisualacuityandcolor
perception.Undertheseconditions,ifyoulookdirectlyatan
objectformorethanafewseconds,theimageoftheobject
fadesawaycompletely(nightblindspot).Peripheralvision(off-
centerscanning)providestheonlymeansofseeingverydimob-
jectsinthedark.

3.18 This illustration shows the Area of Best Day Vision. (FAA Illustration)

3.17 This illustration shows the Normal Horizontal Visual Field. (FAA Illustration)
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Other factors affecting vision 
•Thegreatertheobjectsize,ambientillumination,contrast,

viewingtime,andatmosphericclarity,thebetterthevisibilityis
ofsuchanobject.

•Duringtheday,objectivescanbeidentifiedeasieratagreater
distancewithgooddetailresolution;however,atnight,the
identificationrangeofdimobjectsislimitedandthedetailreso-
lutionispoor.

•Surfacereferencesonthehorizonmaybecomeobscuredby
smoke,fog,smog,haze,dust,iceparticles,orotherphenom-
ena,althoughvisibilitymaybeaboveminimumsofvisualflight
rules(VFR).Thisisespeciallytrueatairportslocatedadjacent
tolargebodiesofwaterorsparselypopulatedareaswherefew,if
any,surfacereferencesareavailable.Lackofahorizonorsur-
facereferenceiscommononover-waterflights,nightflights,
andinlow-visibilityconditions.

•Excessiveambientillumination,especiallyfromlightreflected
offofthecanopy,surfacesinsidetheaircraft,clouds,water,
snow,anddesertterraincanproduceglarethatmaycauseun-
comfortablesquinting,eyetearing,andeventemporaryblind-
ness.

•Presenceofuncorrected,refractiveeyedisorders,suchasmy-
opia(nearsightedness– impairedfocusingofnearobjects),
astigmatism(farsightedness–impairedfocusingofobjectsin
differentmeridians),orpresbyopia(age-relatedimpairedfocus-
ingofnearobjects)cansignificantlyaffectclearvisualacuity.
(REDLINE) Self-imposed stresses, such as self-medication,

alcohol consumption (including hangover effects), tobacco

use, withdrawal symptoms, hypoglycemia, sleep depriva-

tion, and fatigue can all impair vision.

•In-flightexposuretolow,barometricpressurewithouttheuse
ofsupplementaloxygen(above10,000feetduringthedayand
5000feetatnight)canresultinhypoxia,whichcanimpairvi-
sualperformance.

Otherless-knownfactorscanhaveanadverseeffectonvisualper-
formance.Theseinclude:

•windscreenhaze,
•improperilluminationofthecockpit,
•improperilluminationoftheinstruments,
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•scratchedordirtyinstruments,
•inadequatecockpitcontroloftemperatureandhumidity,
•inappropriatesunglasses,
•inappropriateprescriptionglassesand/orcontactlenses,and
•sustained,visualworkload.

Focusing

Thenaturalabilitytofocusyoureyesiscriticaltoflightsafety.Itis
importanttoknowthatnormaleyesmayrequireseveralsecondsto
refocuswhenswitchingviewsbetweennearanddistantobjects.Dis-
tancefocus,withoutaspecificobjecttolookat,tendstodiminish
ratherquickly.Ifyouflyoverwaterorunderhazyconditionswith
thehorizonobscuredorbetweencloudlayersatnight,yourdistance
focusrelaxesafterabout60-80seconds.Ifthereisnothingspecific
onwhichtofocus,youreyesreverttoarelaxed,intermediatefocal
distance(10-30feet).Thismeansthatyouarelooking,withoutactu-
allyseeinganything,whichisdangerous.Tocorrectthis,youmust
conditionyoureyesfordistantvision.Focusonthemostdistantob-
jectthatyoucansee,evenifit’sjustawingtip.Dothisbeforeyou
begintoscantheskyinfrontofyou.Asyouscan,makesureyoure-
peatthisrefocusingexerciseoften.

Fatiguecanleadtoimpaired,visualfocusingwhichcausestheeyes
toovershootorundershootthetarget.Fatiguecanalsoaffectapilot’s
abilitytoquicklychangefocusbetweennear,intermediate,anddis-
tantvision.Themostcommonsymptomsofvisualfatigueinclude
blurredvision,excessivetearing,heavyeyelidsensations,frontaland
orbitalheadaches,andburning,scratchy,ordryeyesensations.

3.19 This illustration shows

the comparison of the re-

duction in night vision at

varying altitudes between

non-smokers and smokers.

(FAA illustration)
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Scanning — see and be seen

Scanningtheskyforotheraircraftisaveryimportantfactorin
avoidingmidaircollisions.Thepilotshouldscanallareasofthesky
visiblefromthecockpit.Mostpilotsareinstinctivelyalertforpoten-
tialhead-onencounterswithanotheraircraft.Surprisingly,astudyof
50midaircollisionsrevealedthatonly8%wereactuallyhead-on;42%
werecollisionsbetweenaircraftgoinginthesamedirection.So,
comparedwithopposite-directiontraffic,chancesofhavingamidair
collisionarefivetimesgreaterwithanaircraftyouareover-takingor
onethatisovertakingyou.

Itisnecessarytodevelopandpracticeatechniquethatallowsthe
efficientscanningofthesurroundingairspaceandthemonitoringof
cockpitinstrumentation,aswell.Thisisaccomplishedbyperforming
aseriesofshort,regularlyspacedeyemovementsthatbringsucces-
siveareasoftheskyintothecentral(foveal)visualfield.Beginscan-
ningatthetopofthevisualfieldinfrontofyouandthenmoveyour
eyesinwardtowardthebottom.Useastop-turn-stoptypeofeye
motion.Thedurationofeachstopshouldbeatleast1second,but
notlongerthan2-3seconds.

3.20 Not even the passengers in first class get this magnificent view that a pilot sees.

(Image by Adam Wright)
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Contact lenses

Useofcontactlenseshas
beenpermittedtosatisfythe
distant,visualacuityrequire-
mentsforpilotssince1976.

Monovisioncontact
lensesarenotacceptableby
theFAA.Thisisbecausethe
proceduremakesthepilot
alternatehis/hervision;that
is,apersonusesoneeyeata
time,suppressingtheother,
whichconsequentlyimpairs
binocularvisionanddepth
perception.Sincethisisnot
apermanentconditionfor
eithereyeinsuchpersons,
thereisnoadaptationsuch
asthatwhichoccurswith
permanentmonocularity.
Monovisionlenses,there-
fore,shouldnotbeusedby
pilotswhileflyinganaircraft.

3.22 Night vision adaptation is 

considerably different than performing the 

same task under full, daylight conditions.

(FAA Illustration)

3.21 To see and identify objects under conditions of low, ambient illumination, avoid look-

ing directly at an object for more than 2-3 seconds.  Instead, use the off-center viewing

that consists of searching movements of the eyes to locate an object. (FAA Illustration)
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Aviator sunglasses – protecting a pilot’s eyesight 

Althoughsunglassesarerarelyconsideredtobeanover-the-
counterconcern,thereisasensethattheycanbe.Thegeneralpublic
tendstobuysunglassesforcosmeticreasonsratherthanforeyepro-
tection.Itisnotatalluncommontofindsunglassesonsaleina
drugstoreforaslittleas$9.95andtheopticalqualitycanbevery
poor.“Shades,”astheyareoftencalled,helpsafeguardapilot’smost
importantsensoryasset—vision.Aqualitypairofsunglassesisessen-
tialinthecockpitenvironmenttooptimizevisualperformance.Sun-
glassesreducetheeffectsofharshsunlight,decreaseeyefatigue,and
protectoculartissuesfromexposuretoharmfulsolarradiation.Addi-
tionally,theyprotectthepilot’seyesfromimpactofflyingdebris
fromabirdstrike,suddendecompression,oraerobaticmaneuvers.
Sunglassescanalsoaidthedarkadaptationprocess,whichisdelayed
byprolongedexposuretobrightsunlight.

Radiation can be both good and bad 

Radiationfromthesuncandamageskinandeyeswhenexposure
isexcessiveortoointense.Fortunately,theearth’satmosphereshel-
tersusfromthemorehazardoussolarradiationwhichincludes
gammaandx-rays.Bothinfraredandultraviolet(UV)radiationare

3.23 The legendary, World War II Ray-Ban sunglasses created a 

“look” that is still in fashion 70 years later as aviator sunglasses. 

(Photo by Ben Millspaugh)
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presentinourenvironmentinvaryingamounts,dependentuponfac-
torssuchasthetimeofdayandyear,latitude,altitude,weathercon-
ditions,andthereflectivityofsurroundingsurfaces(suchastheflight
lineortarmac).OnedisturbingfactisthatUVradiationincreasesby
approximately5%forevery1000feetofaltitude.

Atmosphericinfraredenergyconsistsoflongwavelengthradiation
(780to1400nanometers).Thewarmthfeltfromthesunispro-
videdbyinfraredradiationandisthoughttobeharmlesstotheskin
andeyesatnormalatmosphericexposurelevels.Morehazardousto
humantissuesisshort-wavelengthUVradiation.UVisdividedinto
threebandwidths:UVA(400-315nm),UVB(315-280nm)and
UVC(<280nm).ExcessiveorchronicexposuretoUVAand,toa
greaterextent,UVB,cancausesunburnandskincancers,andisim-
plicatedintheformationofcataracts,maculardegeneration,and
othereyemaladies.TheAmericanOptometricAssociationrecom-
mendswearingsunglassesthatincorporate99-100%UVAandUVB
protection.Fortunately,UVC,themostharmfulformofUVradia-
tion,isabsorbedbytheatmosphere’sozonelayerbeforeitreaches
theearth’ssurface.Somescientistsbelieve,however,thatdepletion
oftheozonelayermayallowmoreUVradiationtopassthroughthe
atmospheremaking100%UVprotectionawisechoicewhenselect-
ingeyewear.

Sunglass science 

Thethreemostcommonlensmaterialsinusetodayareoptical
quality“crownglass,”monomerplastic(CR-39),andpolycarbonate
plastic.Lensesmadefromcrownglassprovideexcellentopticalprop-
erties.Crownglassis,however,heavierandimpact-resistant.Glass
absorbssomeUVlight,butabsorptionisimprovedbyaddingcer-
tainchemicalsduringthemanufacturingprocessorbyapplyinga
specialcoating.Glassretainscolortintsbestoveralongperiodof
time;however,forhigherrefractivecorrection,thecolormaybeless
uniform,aspartsofthelenswillbethickerthanothers.

CR-39plasticlensespossessexcellentopticalquality.Theyare
lighterandimpact-resistant.CR-39lensestinteasily.Thistypeof
plasticcanberetintedbybleachingitandthenrepeatingtheoriginal
process.

PolycarbonateplasticlensesarelighterthanCR-39andare,by
far,themostimpact-resistant.Theapplicationofanantireflective
coatingcanimproveopticalquality,particularlywhenahighlyrefrac-
tivecorrectionisrequired.Theselenseshavebuilt-inUVprotection



AEROPHYSIOLOGY |87

andaremanufacturedwithascratch-resistantcoatingthatismuch
strongerthancoatingsappliedtotheCR-39lenses.

Coatings

Specialcoatingscanbeappliedtolensmaterialsforvariouspro-
tectionneeds.Crownglassandmostplasticlensesrequireaspecific
coatingtoblockresidualUVradiation.Plasticandpolycarbonate
lensesrequireascratch-resistantcoatingtoprolongtheirusefullife.
Thescratch-resistantcoatingappliedtopolycarbonatelensesalsoab-
sorbstintsanddyes.Whileanti-reflective(AR)coatingscanimprove
opticalclarity,theyareextremelyporous,attractingwaterandoils,
makingthelensesdifficulttoclean.LenseswithARcoatingscanbe
sealedwithasmudgeandwater-repellantcoatthatextendstheuseful
lifeoftheARcoatingandmakesthelenseseasiertokeepclean.
Coatingsmustbeappliedcorrectlyandlensesmustbemeticulously
cleanedfortheprocesstobesuccessful.Coatedlensesshouldbe
handledwithcareandnotsubjectedtoexcessiveheattoavoid
delamination(modeoffailureofcompositematerials)orcrazing
(cracksinthesurface).

Tints

Thechoiceoftintsforsunglassesispracticallyinfinite.Thethree
mostcommontintsaregreen,gray-green,andbrown.Greenisa

3.24 The

Serengeti™

Driver™ aviator

sunglasses are

popular with pro-

fessional pilots. 

(Photo by Ben

Millspaugh)
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neutraldensityfilterandisrecommendedbecauseitdistortscolor
theleast.Somepilots,however,reportthatgray-greenandbrown
tintsenhancevividnessandminimizescattered(blueandviolet)
light,thusenhancingcontrastinhazyconditions.Yellow,amber,and
orangetintseliminateshort-wavelengthlightreachingthewearer’s
eyesandreportedlysharpenvision,althoughnoscientificstudies
supportthisclaim.Inaddition,thesetintsareknowntodistortcol-
ors,makingitdifficulttodistinguishthecolorofnavigationlights,
signals,color-codedmaps,andinstrumentdisplays.Forflying,sun-
glasslensesshouldscreenoutonly70-85%ofvisiblelight.Tintsthat
blockmorethan85%ofvisiblelightarenotrecommendedforflying
duetothepossibilityofreducedvisualacuity,resultingindifficulty
seeinginstrumentsandwrittenmaterialinsidethecockpit.

Polarized sunglasses not recommended

Althoughverypopularformostoutdoorsports,polarizedlenses
arenotrecommendedforuseintheaviationenvironment.While
usefulforblockingreflectedlightfromhorizontalsurfaces,suchas
waterorsnow,polarizationcanreduceoreliminatethevisibilityof
instrumentsthatincorporateantiglarefilters.Polarizedlensesmay
alsointerferewithvisibilitythroughanaircraftwindscreenbyen-
hancingstriations(ridges)inlaminatedmaterials.Theycanmaskthe
sparkleoflightthatreflectsoffshinysurfaces,suchasanotherair-
craft’swingorwindscreen.Thiscanreducethetimeapilothasto
reactina“see-and-avoid”trafficsituation.

Photochromic

Glass,photochromiclenses,suchasPhotoGrayandPhotoBrown,
andtheirplasticcounterparts,Transitions,automaticallydarken
whenexposedtoUVandbecomelighterindimlight.Mostofthe
darkeningtakesplaceinthefirst60seconds,whilelighteningmay
takeseveralminutes.Mostphotochromiclensescangetasdarkas
regularsunglasses,with20%lighttransmittanceindirectsunlight.
Warmtemperaturescanseriouslylimittheirabilitytodarkenandre-
ducedUVexposureinacockpitcanfurtherlimiteffectiveness.In
addition,thefadedstateofphotochromicglasslensesmaynotbe
clearenoughtobeusefulwhenflyingincloudcover,or,atnight.
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What about frames? 

Theselectionofsunglassframesisprobablymoreamatterofper-
sonalpreferencethanlensmaterialortint.Theframesofanaviator’s
sunglasses,however,mustbefunctionalandnotinterferewithcom-
municationheadsetsorprotectivebreathingequipment.Framestyles
thatincorporatesmalllensesmaynotbepracticalsincetheyallow
toomuchvisiblelightandUVradiationtopassaroundtheedgesof
theframe.Astrapisrecommended,especiallyforprescriptionsun-
glasses,topreventthemfromaccidentallybecomingdislodged.Pi-
lotsshouldconsultwithaneyecarespecialistforthemosteffective
alternativescurrentlyavailable,asthetechnologyisconstantlychang-
inginmaterials,designsandmanufacturingtechniques.

3.25 Captain Von Pinnon wears a quality pair of Bolle™ sunglasses while 

performing his flight duties aboard the AvantAir Piaggio 180.  

Note the recommended blue strap that holds his sunglasses in place during flight.

(Photo courtesy of Corry Von Pinnon)



PART 

FOUR

—  Not Fit to Fly — 

4.1 Hooking up the tow bar on a Civil Air Patrol Cessna.
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Compromised performance

Asthissectionbegins,beremindedoftheairworthyhumansec-
tionandtheemphasisplacedontheFAA8500-8physicalexamina-
tion.Thissectiontalksaboutnonprescriptionmedicationsinterms
ofpilotperformanceandevenhowsomeover-the-counter(OTC)
medicationscanhaveside-effectsthatcouldaltertheForm8500-8
results.Manyofthemedicationsmentionedinthissectionhavethe
potentialofcompromisinghumanperformancewhilethatpersonis
actingaspilot-in-commandofanairplaneinflight.

Pilotperformancecanbeseriouslydegradedbyprescription,non-
prescription,andreadilyavailable,OTCmedications.Manyprod-
ucts,suchassedatives,strongpain-relievers,tranquilizers,
antidepressants,andcoldandflumedicationshaveprimaryandsec-
ondaryeffectsthatmaysignificantlyimpaircognitivefunctioning,
compromisejudgment,affectmemoryalertness,disruptcoordina-
tion,diminishvision,andlowertheabilitytomakeimportantcalcu-
lations.

Otherproducts,suchasantihistamines,bloodpressuremedica-
tions,musclerelaxants,agentstocontroldiarrhea,andmedications
formotionsickness,havesideeffectsthatmayimpairthesamecriti-
calfunctions.Anymedicationthatdepressesthenervoussystemcan
makeapilotmoresusceptibletohypoxia.

Justasthepilot
doesapre-flight
safetycheckon
his/herairplane,so
shouldhe/shedoa
pre-flightsafety
checkonhis/her
physiologicalability
toflytheplane.No
issue,nomatterhow
seeminglyinsignifi-
cant,shouldbeig-
nored.Eachmedical
substanceputinthe
pilot’sbodyiscapa-
bleofcompromising
optimumflightper-
formance.

4.2 A pre-flight inspection of a Civil Air Patrol Cessna. 
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Many prescription and OTC 
medications can affect pilot skills

Intoday’ssociety,prescriptionpainmedicationsarewidelyused
andabused.Thesemedicationsareknown,inmostcases,tobe
highlyaddictiveandphysicianswarnflightcrewsnottoexercisethe
privilegeofflyinganaircraftwhiletakingthesedrugs.Painmedica-
tionsaregroupedintotwobroadcategories:analgesicsandanesthet-
ics.Analgesicsaredrugsthatreducepainwhileanestheticsaredrugs
thatdeadenpainorcausealossofconsciousness.Bothcanhavea
negativeeffectonpilotperformance.

Both OTC medications and prescription 
drugs can be a serious problem

OTCanalgesics,suchasaspirin,Tylenol(acetaminophen)and
Advil(ibuprofen),havefewsideeffectswhentakeninthecorrect
dosage.However,dependinguponthepainproblem,anAviation
MedicalExaminer(AME)shouldbeconsulted,especiallyifthepain
becomeschronic(constant).Flyingusuallyisnotrestrictedwhen
takingOTCpainmedicationsinproper,recommendeddosages.

4.3   High performance aircraft pilots require the same high performance 

skills as a race car driver.  (Image is courtesy of Alex McMahon)
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(REDLINE) Flying is always restricted when taking prescription
analgesics. This includes:

• Darvon (propoxyphene)
• Percocet, Percodan (oxycodone)
• Demerol (meperidine)
• All medications containing codeine 
• Morphine-based drugs 

Thesideeffectsofprescriptionpainmedicationsincludemental
confusion,dizziness,headaches,nausea,visionproblems,andthein-
abilitytomakequick,accuratedecisions.Mostlocalanestheticsused
forminordentalandoutpatientprocedureswearoffwithinarela-
tivelyshortperiodoftime.ItisadvisedthatanAMEbeconsultedif
thepilotfeelsthathis/herflyingskillscouldhavethepossibilityof
beingcompromisedbythemedication.

Stimulantsaredrugsthatexcitethecentralnervoussystemand
produceanincreaseinalertnessandactivity.Amphetamines,caffeine,
andnicotineareallexamplesofstimulants.Commonmedicalusesof
thesedrugsincludeappetitesuppression,fatiguereduction,and
moodelevation.Someofthesedrugsmaycauseastimulantreaction
eventhoughthisreactionisnottheirprimaryfunction.Insome
cases,stimulantscanproduceanxietyandmoodswingswhichare
dangerouswhenflying.

Depressantsaredrugsthat
reducethebody’sfunctioning
inmanyareas.Thesedrugs
lowerbloodpressure,reduce
mentalprocessing,andslow
reactionresponses.Several
typesofdrugscancauseade-
pressingeffectonthebody
suchastranquilizers,motion
sicknessmedications,some
stomachmedications,decon-
gestants,andantihistamines;
however,themostcommon
depressantisalcohol.

Dr.ScottHompland,
notedDenverdrugrehabilita-
tionspecialist,statedthisre-
gardingabuseofdrugs:

4.4 Dr. Scott Hompland, noted Denver anes-

thesiologist and drug rehabilitation specialist. 

(Photo by Ben Millspaugh)



NOT FIT TO FLY |95

“Illegaldrugsarenodifferentthanprescriptionmedicationsexcept
forthefactthatthedosagesareunknownandfrequentlyotherprob-
lematicadditivesareinvolvedwhichmakethedrugunpredictablein
itseffectandduration.Theybothhavedetrimentaleffectsonanin-
dividual’sphysicalcapabilities,reactiontime,andvisualandauditory
abilities.Theyespeciallycreatetheeffectofalteredperceptionofspa-
tialrelationsandtime.

Thesecondaryside-effectscanoccurwellaftertheprimaryeffects
ofthemedicinehavedissipatedandbecausetheyarenottheprimary
effectofthemedicine,canbeeasilyoverlooked.Thesemedications
alsopossesswhatarereferredtoas‘idiosyncraticeffects.’Theyare
uniquetotheindividualandbaseduponareviewofthemostrele-
vantmedicalliteratureassociatedwiththemedicines,arenotpre-
dictable.Havingtakenlimitedflighttraining,Icannowappreciate
howeventhemostinnocuousmedicine,especiallythosewithpoten-
tialcognitiveimpairingabilities,canaffectapilot’sperformance
withouttheindividualevenbeingawareoftheeffectsuntilitmaybe
toolate.

Theeffectsofalcoholanddrugs-of-abusearealwaysdetrimental
toone’sabilitytoperformanyactionwhichrequireshand-eyecoor-
dination,spatialconsideration,judgment,andcognition.Thelong-
termeffectsofthesemedicines/drugsareunpredictableintermsof
whowillsufferpermanentlong-termimpairmentinthebrainand
psychologicalstatus.”

America’s most serious drug problem — alcohol

Alcoholimpairstheefficiencyofthehumanbody.Studieshave
proventhatdrinkingalcoholandperformancedeteriorationare
closelylinked.Pilotsmustmakehundredsofdecisionsandsomeof
themaretime-criticalduringthecourseofaflight.Thesafeoutcome
ofanyflightdependsontheabilitytomakethecorrectdecisionsand
totaketheappropriateactionsduringroutineoccurrences,aswellas
abnormalsituations.Theinfluenceofalcoholdrasticallyreducesthe
chancesofcompletingaflightwithoutincident.Eveninsmall
amounts,alcoholcanimpairjudgment,decreasethesenseofrespon-
sibility,affectcoordination,constrictvisualfield,diminishmemory,
reducereasoningpower,andlowerattentionspan.Aslittleasone
ounceofalcoholcandecreasethespeedandstrengthofmuscularre-
flexes,lessentheefficiencyofeyemovementswhilereading,andin-
creasethefrequencyoferrors.

Thealcoholconsumedinbeerandmixeddrinksisethylalcohol,
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orethanol,acentralnervoussystemdepressant.Fromamedical
pointofview,itactsonthebodymuchlikeageneralanesthetic.
Whendrinkingalcohol,theanestheticdoseisgenerallymuchlower
andmoreslowlyconsumed,butthebasiceffectsonthehumanbody
aresimilar.Alcoholiseasilyandquicklyabsorbedbythedigestive
tract.Thebloodstreamabsorbsabout80to90%ofthealcoholina
drinkwithin30minuteswheningestedonanemptystomach.
Thebodyrequiresaboutthreehourstogetridofallthealcohol
containedinonemixeddrinkoronebeer.Whileexperiencinga
hangover,apilotisessentiallystillundertheinfluenceofalcohol.Al-
thoughapilotmaythinkheorsheisfunctioningnormally,motor
andmentalresponseimpairmentisstillpresent.Considerable
amountsofalcoholcanremaininthebodyforover16hours.This
aloneshouldtellpilotsthattheyshouldbecautiousaboutflyingtoo
soonafterdrinking.

Altitudemultipliestheeffectsofalcoholonthebrain.Whencom-
binedwithaltitude,thealcoholfromtwodrinksmayhavethesame
effectasthreeorfourdrinks.Alcoholinterfereswiththebrain’sabil-
itytoutilizeoxygen,producingaformofhistotoxichypoxia.Theef-
fectsarerapidbecausealcoholpassesquicklyintothebloodstream.
Inaddition,thebrainisahighlyvascularorganthatisimmediately
sensitivetoachangeintheblood’scomposition.Forapilot,the
loweroxygenavailabilityataltitudeandthelowercapabilityofthe
braintousewhatoxygenisthere,adduptoadeadlycombination.

Intoxicationisdeterminedbytheamountofalcoholintheblood-
stream.Thisisusuallymeasuredasapercentage,byweight,inthe
blood.TheFederalAviationRegulations(FAR)(14CFRPart91)
requirethatabloodalcohollevelbelessthan.04percentandthat8
hoursshouldpassbetweendrinkingalcoholandpilotinganairplane.
Apilotwithabloodalcohollevelof.04percentorgreater,evenafter
8hours,cannotflyuntilthebloodalcohollevelfallsbelowthat
amount.Eventhoughthebloodalcoholmaybewellbelow.04per-
cent,apilotcannotflysoonerthan8hoursafterdrinkingalcohol.
AlthoughtheFARsarequitespecific,itisrecommendedbymost
AMEsthatevenmoretimebeallowed.Mostcorporateandairline
operationsrequireaminimumof12hoursbetween“bottleand
throttle.”

Alcohol, self medication, and self-imposed stress

Indefiningself-imposedstress,itisnecessaryfirsttodefinestress.
Stressisdefinedasthesumofthebiologicalreactionstoanyadverse
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stimulus(physical,mental,emotional,internal,orexternal)that
tendstodisturbtheorganism’snaturalbalance.Itisdifficultto
measurethefulleffectthatstresscanhave,butsomeofthecon-
tributingfactorsthatcanincreasetheamountofstressoneisexperi-
encinginclude:alcohol,drugs,tobacco,diet,fatigue,anddisruption
ofthesleepcycle.Indeterminingtheeffectsofeachofthesestresses,
itisalsoimportanttopointouthoweachmightaffectapilot’sper-
formance.

Weareawareofthedangeroussideeffectsthatalcoholhason
one’sdrivingability.It’snotdifficulttofigureoutthatalcohol,in
anyquantity,canadverselyaffectflyingskills,especiallywherethere
islessoxygenandalowerpressure.Oncealcoholisinthesystem,
cellmetabolismisdepressed,especiallyinthebrain.Becausecellme-
tabolisminthebrainisimpairedwhendrinking,so,also,istheuti-
lizationofoxygenthatisdeliveredtothecellsofthebody.

(REDLINE) Some of the performance issues that may be de-
graded by the use of alcohol during flight include:

• judgment,
• speed and strength of muscular reflexes,
• inhibitions,
• insight into existing capabilities,
• comprehension,
• attention to minute details,
• efficiency of eye movements,
• ability to see under dim illumination,
• hearing,
• sense of responsibility,
• memory,
• reasoning ability, and
• altered perception of a situation. 

Sinceeveryindividualisphysiologicallydifferent,thesymptoms
experiencedfromtheingestionofalcoholwillvaryinseverityandin-
tensity.Onereasonforthisistherateofalcoholabsorptionwhich
dependson:

•typeandquantityoffoodinthestomach,
•concentrationofalcoholinthebeverage,
•thehuman’sbodyweight,
•thedegreeofdehydration,and
•howfastthealcoholicbeverageisconsumed.
Anotherfactoristherateofdigestion,ormetabolism,ofthealco-

hol.Onaverage,ourliverisonlycapableofclearingapproximately
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one-thirdofanounceofpureal-
coholperhourfromthebody.
Tocreateabetterpictureofthe
timeitwouldtaketoabsorbcer-
taintypesandamountsofalco-
hol,thefollowingexamplesgive
thesizeandpercentageofalco-
holinmorepopulardrinks:

Wine 4oz 12%alcohol
LightBeer 12oz 4%alcohol
Vodka 1oz 50%alcohol
Whiskey 1.25oz 40%alcohol

Howmuchtimedoyouthinkitwouldtakeforthelivertoclear
eachamountnotedabout?

Blood alcohol concentration and resulting effects

Thefollowingshowstheprogressiveeffectsofbloodalcoholcon-
centrationonthebody:
•0.01– 0.05—Averageindividualappearsnormal
•0.03– 0.12—Mildeuphoria,talkativeness,decreasedinhibitions,

decreasedattention,impairedjudgmentandde-
creasedreactiontime

•0.09– 0.25—Emotionalinstability,lossofcriticaljudgment,im-
pairmentofmemory,impairmentofcomprehension,
decreasedsensoryresponse,andmildmuscularnon-
coordination

•0.18– 0.30—Confusion,dizziness,exaggeratedemotions,(such
asanger,fear,grief),impairedvisualperception,de-
creasedpainsensation,impairedbalance,staggering
walk,slurredspeech,andmoderatemuscularnon-
coordination

•0.27– 0.40—Apathy,impairedconsciousness,stupor,signifi-
cantlydecreasedresponsetostimulation,severe
muscularnoncoordination,inabilitytostandor
walk,vomiting,andincontinenceofurineorfeces

4.5 Everclear grain alcohol is sold as 151

proof or 75.5% alcohol and 190 proof or

95% alcohol, which would be well above an

alcohol content to be ingested prior to 8-12

hours for flight. (Photo by Ben Millspaugh)
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•0.35–0.50—Unconsciousness,depressedorabolishedreflexes,
abnormalbodytemperature,andpossibledeath
(duemostlytorespiratoryparalysis)

(REDLINE) It has been shown that each 10,000 feet of alti-
tude doubles the effects of alcohol in the body, thus flying with
a high blood alcohol concentration is very dangerous for both
pilots and passengers.

More long term subtle effects

Thereareseveralchronic(long-term)effectsofalcohol,suchasa
deficiencyinvitamins,minerals,andproteins;liverimpairment;alco-
holicpsychosis;andexcessivecarbohydratelevels.

(REDLINE) The one long-term effect that is most noticeable

and poses a serious danger to a pilot or flight crew member is a

hangover. Many experts believe that this may be even a greater

threat than mild intoxication. 

Thesymptomsofahangovermaynotbesolelyduetoalcoholin-
gestion.Manyofthesymptomsareduetotheactivitiesthataccom-
panydrinking.Largeamountsofalcohol,alongwithincreased
amountsofgastricacid,willirritatetheliningofthestomach.Blood
vesselsinthebraindilate,whichispartofthereasonforthe
headacheassociatedwithahangover.Otherfactorsthatintensifythe
hangoversymptomsaresmoking,lossofsleep,andapoordiet.

Anevenbiggerfactorfromahangoverisdehydration.Thisoc-
curswiththelossoffluidsfromthecellsofthecentralnervoussys-
temandfromthecerebralspinalfluidthatsurroundsthebrain.This
lossoffluidcausestensiononthesupportingstructureofthebrain,
resultinginaheadache.Dehydrationcanimpairjudgmentandcause
emotionalchangesthatmayseriouslyinterferewiththepilot’sability
toperformeffectively.Itcanalsoleadto,orcompound,theeffects
ofdisorientation.

Thereisabeliefthatdrinkingstrongcoffeeortakingacold
showerwillhelpapersonsoberupmorequickly.Isittrue? Thean-
swerisno.Time,andonlytime,canmakeapersonsober.

Alcohol kills more young Americans 
than all other drugs combined 

Unfortunately,alcoholisthe“recreationdrugofchoice”for
manywell-knowncelebrities,movieidols,musicstars,athletes,and
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otherrolemodels.Inthebusinessworld,thousandsofworkers,from
alllevels,drinkalcoholicbeveragesduringandaftertheworkday.

•Over50%ofallAmericanadultsconsumealcoholicbeverages.
•Onapercapitabasis,theconsumptionofalcoholisabout25

gallonsperpersonperyear.
•IntheUnitedStatesalone,over100,000deathsarecausedboth

directlyandindirectlyeveryyearbyexcessivealcoholconsumption.
Thisfigureincludesdeathsduetodrunkdrivingandliverfailure.

•Morethan50%ofadultdrinkerssaidtheyhavea“blood”rela-
tivewhowasanalcoholicorhadadrinkingproblem.

•Closeto20%ofAmericansexperiencealcoholabuseordepend-
enceatsometimeintheirlives.

•Throughoutallageranges,malesarefourtimesmorelikelyto
beheavydrinkersascomparedtofemales.

•UnderagedrinkingcoststheUnitedStatesanestimated
$58,000,000,000peryearinlegalandmedicalexpenses.

•Alcoholkills6timesmoreyouththanallotherillicit
drugscombined.

•Automotivecrashesarethegreatestsinglecauseofdeathfor
Americansbetweentheagesof6-33.Ofthis,approximately45%of
thecrashesarealcohol-related.

(REDLINE) Despite the tireless efforts of thousands of anti-
drug and alcohol advocates and warnings, impaired drivers con-
tinue to kill someone every 30 minutes or nearly 50 people a
day. That’s 18,000 people per year.

An incredible story about alcohol abuse

HereisabriefsynompysisoftheFlying Drunk book.
March8,1990:Anintoxicatedthree-mancrew,includingFlight

EngineerJosephBalzer,flyaNorthwestAirlinesBoeing727with91
passengersaboardfromFargo,NorthDakotatoMinneapolis,Min-
nesota.UponarrivalinMinneapolis,thecrewwasarrested.

July25,1990:Allthreepilotsstandtrialforflyingacommercial
airlinerwhileundertheinfluenceofalcohol;allthreeareconvicted
andsenttofederalprison.

July26,1990-present:JoeBalzerfightsforredemptionandto
regainallthathehaslost.Flying Drunk ishisstory.

Sincehewasayoungboy,JoeBalzerdreamedofflying.Hepur-
suedhisgoalwithavigorouspassionandearnedhispilotlicenses,
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pilinguphoursofflighttimewithawidevarietyofplanesandjets
withoneoverarchinggoal:toonedayflyforamajorairline.But
Joehadaproblem.Hewasanalcoholicandrefusedtoadmitto
himselfthathehadaproblem.

HisalcoholismcaughtupwithhiminMarch1990,whenJoe
wasarrestedwithtwootherpilotsforflyingacommercialairliner
whileundertheinfluenceofalcohol.Hisworldbegancrumbling
aroundhimandhisnewmarriagefacedtheultimatetest.Helost
hispromisingcareerandhisdignity.Everymajormediaoutlet,in-
cludingTheNewYorkTimes,
Newsweek,andTimeMagazine,
coveredtheshockingstoryforthe
stunnedAmericanflyingpublic.
Thetrialthatfolloweddrained
Joe'slife'ssavingsandfederal
prisonnearlybrokehim.Flying

Drunk isJoe'sbittersweetand
thoroughlychillingmemoirofhis
twistedjourneytoaFederal
courtroom,histimeinthenotori-
ousFederalpenitentiarysystemin
Atlanta,Georgia,andhisstruggle
torecaptureallthathehelddear.
CaptainBalzergivescreditforhis

4.7 “Flying Drunk” is

the compelling story of

an airline pilot who lost

everything because of al-

cohol. He then made a

miraculous comeback

and is flying again.  

(Photo by Ben

Millspaugh)

4.6 Captain Joe Balzer

was given a second

chance by some great

people with American

Airlines. (Photo by Ben

Millspaugh)



102 |FIT FOR FLYING

recovery,andprotectionwhileinprison,toGodandthethousands
ofpeoplewhoprayedforhimduringhis“darkesthour.”

Today,Joeisarecoveringalcoholic,celebratingmorethannine-
teenyearsofsobriety.Thelongroadbackfromperditionledhim
toAmericanAirlines,wheresomeveryunderstandingpeopleanda
greatorganizationrecognizedatalentedpilotwhohadcleanedup
hisactandwasreadytoflyagain,safely.Flying Drunk isthestory
ofanincrediblejourneyofthehumanspirit,fromchildhoodto
neardeath,andbackagain.

Weight loss medications and the internet

WithobesityreachingnearcrisislevelsintheUnitedStates,peo-
plearewillingtotryanythingthatwillhelpthemloseweight,espe-
ciallythosesupplementsthataremarketedas“safe,natural,and
inexpensive.”Manyvarietiesofthese“natural”weight-losssubstances
areavailablefromallaroundtheworld.

TheFoodandDrugAdministration(FDA)hasshownlittleorno
concernaboutweight-losssubstancesthatdonotcontainanything
proventobeillegalorthreatening.Theseareknownasundeclared
pharmaceuticalingredientsfoundinsidedietpills.ManyOTCap-
petitesuppressantscontainasubstanceknownassibutramine,butit
isalsoadministeredasanoraltreatmentforobesityandisillegal
withoutaprescription.Itisknowntoelevatebloodpressureand
heartrate.Scientificevidencealsolinksittoheartattacksand
strokes.

Thequestionis,“Howdoesapotentiallydangeroussubstance
suchasthismakeitswayintoa“natural”supplement?”Dietpill
manufacturersareoftenlocatedinothercountrieswherepharmaceu-
ticalregulationsarenotasstrictasthosefoundintheUnitedStates.
Dietpillscanbeordereddirectlyonlineandshippedtocustomersby
mail.Forthemostpart,orderingsubstancesontheInternetgoes
unnoticed;however,sometimesitdoesgetattention.Accordingtoa
storyfeaturedinthemedia,ashipmentfromaforeignInternetphar-
macyarrivedinLubbock,TexasonMarch17,2009.Theparcelcon-
tained1,830dietpills,allofwhichcontainedsibutramine.The
prescriptiondosageofthissubstanceintheUnitedStatesisbetween
15-20milligrams.Inthisshipment,pillswithasmuchas55mil-
ligramsofsibutraminewereseized.Theforeigndietpillswerecalled
Meizitanganddosagesashighasthosefoundinthisshipmentcould
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causeheartandothervascularproblems.Thenewsreportsaidthat
thebuyerwasresellingthepills,andthatitwasnotuncommonto
findtheseavailableatlocalfleamarkets.Thus,potentialweightloss
supplementpurchasersneedtobeware.

Society’s quick fix for everything

Unfortunately,weareasocietythatlooksforthe“quickfix”
foreverything,includingourbodychemistry.Ifyouareaflight
crewmemberandyoutakeanysubstance,whetheritisfood,vita-
mins,OTCmedications,orprescriptions,hopefullyyouknowin
advancetheeffectitwillhaveonyouandyourperformancewhile
operatinganaircraft.Somepeopleareundertheimpressionthat
ifadrugissafeenoughtobuyover-the-counterwithoutapre-
scription,thenitmustalsobesafeenoughtopilotanaircraft
whileunderitsinfluence.

Statisticsshowthatabout80%ofallmajoraircraftaccidents,both
militaryandcivilian,usuallyinvolvedhumanfactors.Sincetheeffects
ofaparticulardrugcanbeintensifiedwithaltitude,itisuptothe
pilottobeawareoftheeffectsofanymedicationthatheorshe
mightconsidertakingbeforeoperatinganaircraft.Ifthereisany
doubt,thepilotshouldconsultanAMEorlocalpharmacistandask
aboutthepossiblesideeffectsofaparticularmedication,OTCsub-
stance,vitamin,orherbalsupplement.

Self-medicatingwithOTCsubstancespresentsseveralriskstopi-
lotsandflightcrewmembers.First,OTCmedicationstendtoonly
maskconditionsandmakethepilotorcrewmemberunsafe.Second,
theresultsoftakingthedrugcanhaveundesirableeffectsonthe
pilotorcrewmember’sabilitytoperformtheircriticaltasks.Forex-
ample,ifyouweretotakeanantihistamineforsymptomsofacold,
youmayexperienceatemporaryreliefofthecoldsymptoms,but
thesesamesymptoms,orothers,mayappearduringflightandimpair
performance.

(REDLINE) The dangers of any drug taken inappropriately

are very well documented. Certain drugs can have hallucina-

tory effects that can occur days or weeks after the drug is

taken. They have no place in the cockpit or on the ground. 
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4.8   A pharmacist is a specialist in the side effects of drugs.  A pharmacist should be con-

sulted if you are taking a medication and if there is a possibility that one or more side

effects could be an issue on the 8500-8 medical examination or before flying. (Courtesy

of Pharmacist Ed Foster)

Prescription medications

Whenyourprimary-carephysicianprescribesamedicationfor
you,askifheorsheknowsofanypossiblesideeffectsthatmightbe
anissuewhenyou’reflying.Ifyouoryourdoctorhaveanyquestions
aboutyourcondition,oraprescribedmedication,itisbestthatyou
contactanAME.

Whenyourpharmacyfillsaprescription,letthepharmacistknow
thatyouareapilot.Pharmacistsareexpertsinmedicationside
effectsandcanoftenprovideadvicethatsupplementstheinforma-
tionyourphysiciangivesyou.Thepharmacistwillprovideyouwith
writteninformationaboutyourmedication.Youshouldtreatthis
justlikethelabelofanOTCmedication.Read,understand,andfol-
lowtheinstructionsthataregivenwiththemedication.Neverhesi-
tatetodiscusspossibleproblemswithyourphysician,pharmacist,or
AME.

Alsoany“maintenancemedication,”evenformildmedicalcondi-
tions,shouldbeclearedforusebyanAME.Thereasonisthatmany
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ofthesideeffectsareunknownandthereactiontothemedication
varieswiththeindividual.TheGuide for Aviation Medical Examiners

givesexcellentguidanceaboutperformingflightdutieswhileundera
doctor’scareorwhentakinganykindofmedications.

Somedrugsthatareclassifiedasneitherstimulantsnordepres-
santscanhaveadverseeffectsonflying.Forexample,someantibi-
oticscanproducedangeroussideeffectssuchasbalancedisorders,
hearingloss,nausea,andvomiting.Whilemanyantibioticsaresafe
forusewhileflying,theinfectionrequiringtheantibioticmaypro-
hibitflying.Inaddition,unlessspecificallyprescribedbyaphysi-
cian,itisrecommendedthatpilotsdonottakemorethanonedrug
atatimeandnevermixdrugswithalcoholbecausetheeffectsare
oftenunpredictable.

Itisrecommendedthatpilotsconsiderthesepoints:
•Youmaydevelopamedicalconditionthatmakesyouunsafeto

fly.TheFAAclearlystatesthattheresponsibilityforhavingasafe
flightrestsdirectlyupontheshouldersofthepilot.Asapilotyou
maywanttowaituntiltheconditioniseithergoneorsignificantly
improvedbeforeflying.

•Ifanymedicalconditionmakesyoufeeluncomfortable,seek
theadviceofanAviationMedicalExaminerbeforeflying.

Should I take this medication? 

Justlikeanyotherdecision-makingprocesswhenflying,itisal-
waysimportanttogetthefactsfirstandthendecide.Whenitcomes
totakingmedications,prescriptions,orOTCmedications,thereare
severalthingsthatyouneedtoknowandtakeunderconsideration
beforemakingadecision.Theyare:

•First,considertheunderlyingconditionthatyouaretreating.
Whatwillbetheconsequenceifthemedicationdoesn’tworkorifit
wearsoffbeforetheflightisover?Agoodgeneralruletofollowis
nottoflyifyoumustdependonthemedicationtokeeptheflight
safe.

•Second,youmustconsideryourreactiontothemedication.An
individualcanhaveauniquereactionbasedontheindividual’sbio-
logicalmake-up.Mostpeopledon’thavesuchadversereactions,but
somecanhaveunpleasantreactionswhengivennewordifferent
medications.Becauseofthis,youshouldnotflyaftertakingany
medicationforthefirsttime.Itisnotuntilafteryouhavetakenthe
medicationthatyouwillfindoutwhetheryouhaveanuncommonor
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unexpectedreactiontothemedication.Also,sideeffectscanoccurat
anytime.Evenifyou’vetakenthesamemedicationinthepastwith-
outexperiencingsideeffects,theycouldstilloccur,especiallyina
higheraltitudeandlowerpressureenvironment.

•Third,considerthepotentialforanadversereaction.Surpris-
ingly,reactionsarequitecommonandthemanufacturerofthemed-
icationliststheseonthelabel.Youmustcarefullyreadalllabeling.If
youdon’thaveaccesstothelabel,thendon’tflywhileusingthe
medication.

(REDLINE) Read the label for key words, such as lighthead-

edness, dizziness, drowsiness, or a visual disturbance. If these

side effects are listed, or if the label contains a warning about

operating motor vehicles or machinery, then it is recommended

you not fly while using this medication. 

Common side effects of 
frequently used OTC medications 

IfyoumusttakeOTCmedications,readandfollowthemanufac-
turer’slabeldirections.Ifthelabelwarnsofsignificantsideeffects,
donotflyaftertakingthemedicationuntilatleasttwodosinginter-
valshavepassed.Forexample,ifthedirectionssaythatyoushould
takethemedicationevery6hours,thenwaituntilatleast12hours
afterlastdosetofly.Rememberthatyoushouldnotflyiftheunder-
lyingconditionthatyouaretreatingwouldmakeyouunsafeifthe
medicationfailstowork.Ifyouhavequestionsordoubtsabouta

4.9 Over-the-

counter drugs are

not tested at high

altitudes and 

side-effects are 

unknown. What 

you took “down

there” may affect

your flying skills

“up here.” (Photo

by Ben Millspaugh)
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medication,askyour
pharmacistfirstandthen
anAME.

Ephedrineandpseu-
doephedrineareOTC
drugswithsideeffects
similartothehumanhor-
moneadrenalin,also
knownasepinephrine.
Ephedrine,whichisavail-
ableinbothprescription
andnonprescription
strengths,isusedtodilate
thebronchialtubesin
thelungsmakingiteasier
forpeopletobreathe.
Nonprescription
ephedrine,innosedrop
andsprayforms,isused
torelievenasalconges-
tionduetohayfeverandflu.Alloftheephedrinesarenowbehind
thepharmacycountersforthesafetyofthepublicandtolimitthe
suppliesandtheuseasaningredientinillegalmethamphetamines.
Commonephedrinesideeffectsincludenervousness,anxiety,dizzi-
ness,andlossofappetiteorsleep.Allofthesemayaffectyourability
toflysafely.

Chlorpheniramineisanantihistamineusedtorelieveseasonalal-
lergysymptomsincludingsneezing,runnynose,itching,andwatery
eyes.Itisalsousedtotreatimmediateallergicreactions.Chlorpheni-
ramineisavailableinnonprescriptionproductsaloneandincombi-
nationwithothernonprescriptiondrugstotreatsymptomsof
allergy,colds,andupperrespiratoryinfections.Chlorpheniraminehas
manypotentiallydangeroussideeffectsforpilots.Theseincludecon-
fusion,drowsiness,dizziness,blurredvision,andproblemswith
memoryandconcentration.

4.10 There are numerous books on prescription and

nonprescription drugs.  One that is a best-seller on

the subject was written by H. Winter Griffith, a 

medical doctor.  This book is recommended as a

home resource for OTC, nonprescription medica-

tions. (Photo by Ben Millspaugh)
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4.11 Most of these medications are now kept behind the counter in the pharmacy.  

That should be a warning in itself.  In the chart below, it gives some of the side 

effects these medications. (Photo by Ben Millspaugh)

4.12 Check these side effects before flying or taking the FAA test!
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Meet Jeffrey Cain, MD 

Dr.JeffreyCainisanavid“grassroots”pilotwhofliesaHatzCB1
biplaneanda1946AeroncaChamp.Hismottois“thefunstopsat
100mph.”HewasraisedinthesmalltownofSherwood,Oregon
andreceivedhisdoctoratedegreeatamedicalschoolinPortland,
Oregon.HemovedtoDenver,Coloradoforhisresidencytraining
andnowservesastheChiefofFamilyMedicineattheChildren’s

Hospital.Withalifelongpassionforthehis-
toricalaspectofflight,Dr.Cainhasbuiltand
flownhugekitereplicasoftheworksofearly
aviationpioneersincludingChanute,Langley,
andLilienthal.Severalofthesemagnificent
kitesareondisplayattheWingsOverthe
RockiesAerospaceMuseumlocatedinDen-
ver.

AttendingtheExperimentalAircraftAsso-
ciation(EAA)AirVentureFly-inforthefirst
timelitthefireforhimtofollowhisheroes
intoflight.Aftergettinghispilot’scertificate,
heboughttheHatzCB-1andflewittothe
AirVentureshowinOshkosh,Wisconsinthe
followingyear,andsincethenhehasbeenin-
volvedintheColoradoAntiqueAirplaneAs-
sociation.Hehasintroducedover500

childrentothejoysofflightaspartoftheEAAYoungEaglespro-
gramandisalsoasupporterofCAP’sDrugDemandReductionPro-
gram.Thisdoctorlostbothlegsinanairplanecrash.Hehasan
exceptionalamountofcourageandstrengthofcharacter.

4.13 Jeffrey J. Cain, MD,

Chief of Family Medicine,

Children’s Hospital, 

Denver, Colorado

(Photo courtesy of 

Jeffery Cain, M.D.)
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4.14  Although Dr. Cain lost both his legs in a near-fatal airplane crash, he has made an

incredible recovery. His passion is for grass-roots aviation and he has flown over 500

children as part of the EAA Youth eagles program in his home built Hatz CB-1 Biplane.

(Image by Jon Youngblood)
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FIVE

—  Fitness as a Lifestyle — 

5.1 Air Force Academy Cadet Kellen

Curry makes a record-breaking run in a

major collegiate competition.  Maximum

performance requires a dedication to 

fitness and a drug-free lifestyle. 

(USAFA photo is by Mike Kaplan) 
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A better life

“Useitorloseit!”Thatoldsayingnotonlyrelatestoflyingskills;
butalsoappliestomaintainingahigh-performancehumanbody.
Musclesthataren’tusedtendtoweakenasyougetolderandit’sa
never-endingbattletostaystrongandalert.Themuscularandthe
cardiovascularsystemsmustworkatoptimumlevelsandthisde-
mandsthatbothsystemsbestimulatedandutilized.Peoplewho
carrytoomuchweightorwhoareborderingonobesity,oftenen-
countermanyhealth-relatedproblemsrangingfromchronicback-
achestoadvancedcardiovasculardisease.Beingmorephysicallyfit
willgenerallymakeyoulookandfeelbetter.Stayingintopphysical
conditionisoneofthebestwaystoassurethatyouwillalwayspass
theFAA’sflightphysicalexamination.Ahighlevelofpersonalfitness
canalsohelpyoutocopewiththevariousemotionalandphysical
stressorsthatareencounteredintheflightenvironment.

Step one—get a physical

Beforestartingaphysicalfitnessprogram,itishighlyrecom-
mendedbytheFAAaeromedicalphysiciansthatyougetathorough
physicalexamination.Makesurethatyoutellyourfamilyphysician

5.2 Many doctors recommended getting a physical examination before 

starting a physical fitness program. (Photo by Ben Millspaugh)
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ofyourintentionstostartafitnessprogram.Itisalsorecommended
that,asapilot,youconsultwithyourAMEbeforestartingafitness
programandthatyouseektheadviceofacertifiedfitnessprofes-
sionalwhohelpsathletesachievemaximumresultswithoutharmful
steroidsorotherperformance-enhancingsubstances.

A commitment to changing your lifestyle

Alwayskeepinmindthatbecomingfitrequiresalifestylechange.
Youaregoingtohavetocommittomakingchangessuchas;adjust-
ingyourdiet,eatingtheappropriatefoodswithrealisticportions,de-
cidingtowalkratherthandrive,andtakingthestairsinsteadofthe
elevator.Alltheseactivitiesrequireadifferentmindsetandachange
inyourdailyroutine.Thiscaninitiallybeastressfactor,butit’s
worthitasanendresult.Yourbodywillbetaskingmusclesandsys-
temsmorethanever.Withtheinitialmusclesorenessandfatigue,
manypeoplegetdiscouragedandgiveup.Ifyou’regoingtogetin
shape,youshouldstartoutslowlyandthenprogresstothepoint
whereyouwillactuallyfeelabitguiltyifyoudon’tsticktoyour
workout,butthistakestimeandefforttowork.Thenew“Ifeel
great”lifestylewillcome.Themainthingis…don’tquit.

5.3 The next step is to get professional guidance. Nationally-recognized fitness expert,

Curtis McCoy of Club USA, agreed to help the Dakota Ridge Cadet Squadron with a 

fitness program that will help them prepare for their glider and flight encampments.

McCoy promotes being a drug-free athlete. (Photo by Ben Millspaugh)
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Aneffectivefitnessprogramincludes:
•awarm-up,
•flexibilityandstretching,
•aerobicconditioning,
•anaerobicconditioning,and
•cool-downandstretching.

The warm-up and stretch

Thewarm-upisanessentialpartofyourworkout.Itshouldbe
adjustedtomeettheneedsofthetypeofexercisesyouplantoper-
form.Warmingyourmusclesgivesthebodyachancetodeliver
plentyofnutrient-richbloodtoareasabouttobeexercisedandit
alsolubricatesthejoints.Thewarm-upprocessshouldinclude
stretching.Itspurposeistoincreaseandmaintainmuscleflexibility
byincreasingbloodflowtothemuscles.Stretchingdecreasestherisk
ofinjuryandincreasesflexibilityandrangeofmotion,butstretching
shouldneveroverextendthemuscleorcauseittoburn.

5.4 Dakota Ridge Composite Squadron Commander and the Fitness Trainer, 

start the workout session with a series of stretching exercises.  It is highly recommended

that anyone starting a fitness program get professional help in stretching techniques.

Most fitness centers have staff fitness training specialists who can assist members with

this task. Major Sellers is a Civil Air Patrol pilot and his personal lifestyle takes him to

the gym three times a week.  (Ken Graham image)
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Aerobic conditioning

Aftergoingthroughastretchingsession,fitnessinstructorsrec-
ommendanaerobic(cardiovascular)activity.Aerobicexerciseisany
activitythatuseslargemusclegroups.Theexercisetaskstheheart

5.5 Careful stretch-

ing of the wrist is

required to handle

the weights and

machines. (Ken

Graham image)

5.6 A standing stretch gets the calf muscles ready for a workout. (Ken Graham image)
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andlungsandcauseseachtoworkharderthanwhenatrest.

Someexamplesofaerobicactivitiesare:
•cyclingeitheronabicycleorastationarybike,
•fitnesswalking,
•jumpingrope,
•runningorjogging,
•stairclimbing,
•swimming,
• sports,suchasracquetballortennis,and
•organizedsports,suchassoftball,basketball,orvolleyball.

Anaerobic conditioning

Theeffectivenessofyourworkoutwouldbegreatlydiminishedif
itdidn’tincludesometypeofananaerobicorresistancetrainingasa
basiccomponentofafitnessprogram.Thistypeoftrainingtasksa
particularmusclegrouptoincreaseitsstrengthandtone.Exercises
canbedonebyusingresistancemachines,free-weights,orresistance
bands(likeBow-Flexmachines).Whilefree-weightshavetheadvan-
tageofbeingthemosteffective,theyhavethedisadvantageofnot
beingassafeasmachines.Nomatterwhichyouchoose,itisbestto

5.7 CAP Cadet

Caitie Graham is

shown the hip

flexor stretch. 

(Ken Graham

image)
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consultwithacertifiedfitnessprofessionalforproperinstructionon
equipmentuseandcustomizinga“liftingprogram”tailoredtoyour
specificneeds.Someexamplesofthesetypesofworkoutsare:

•squat,
•benchpress,

5.8 CAP Cadet 

Dan Eckard starts his

aerobic workout on a

stair machine. 

(Ken Graham image)

5.9 CAP Cadet Travis 

Graham is shown how

to change pace in his

aerobic workout 

on a treadmill.  

(Ken Graham image)
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•dead-lift,
•bicepcurl,
•tricepsextension,
•militarypress,and
•rowing.

5.10 For anaerobic training, it is 

very important to have professional

instructor provide guidance, 

especially with free-weights.  

(Ken Graham image)

5.11 Cadet Michael Kay

is being shown the

proper techniques for

using a machine.

(Ken Graham image)
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Cool down and stretching

Thisisthefinishingtouchandaveryimportantpartofanoverall
workout.Itkeepsthebodyactive,preventsthebloodfrompooling
inyourextremities,andflushesthemusclesoflacticacid.Thecool-
downshouldbeperformedatalow-intensityofeffort,startingwith
themajormusclegroups.Similartothestartoftheworkout,the
cool-downperiodshouldalsoinvolvestretching.Agoodcool-down
withstretchingalsohelpstolimitmusclesorenesslater.

Nutritional considerations

Propernutrition,fluidintake,andrestandrecuperationareim-
portantfactorsforanyhealthylifestyle.Asyourexerciseroutinein-
creases,nutritionbecomesmoreimportantbecausethebodyneeds
adequatesuppliesofproperfoodstofunctionwell.Eatingbalanced
mealshelpstoreplenishthenutritionalneedsofmusclesandaidsin
recuperatingfromyourworkouts.Abalancedmealmeansbeing
awareofyourintake—especiallyproteins,carbohydrates,andfats.
Mostindividualsinvolvedinamoderateexerciselifestylebenefit
fromadietconsistingofmealsthatare50-55%complexcarbohy-
drates,15-20%protein,and25-35%fat;however,thecarbohydrate
andproteinintakepercentagescanchangedependingonthepur-
poseofyourexerciseprogram.

Dehydrationisaproblemformostpeople,especiallywhenthey

5.12 If you want to fly one of these, like Capt. Rick Vigil, you’re going to have 

to stay in peak physical condition throughout your flying career.  

(Image courtesy of Adam Wright)
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beginafitnesspro-
gram.Exercisers
shoulddrinkmore
waterthaneverbe-
foretoavoidfatigue
andcramping.The
averagesedentary
personneedstwoto
fourquartsofwater
every24hoursfor
normalfunctioning.
Yourwaterintakecan
increaseordecrease
dependingonyour
workout,the
weather,andyour
physicalcondition.

5.13 There’s a new club in

town — Club Veg!”

(Ken Graham image)

5.14  A healthy lifestyle is usually made up of a few less burgers and a lot more salads.



FITNESS AS A LIFESTYLE |121

The obesity problem

GlennR.Stoutt,Jr.MDisaseniorAviationMedicalExaminer
basedinLouisville,KY.HehasbeenanactiveAMEfor45yearsand
alsoholdsacommercialpilot’scertificatewithinstrument,multi-
engine,andCFIratings.Dr.StouttwritesononeofAmerica’smost
seriousmedicalproblems,obesity.Hisarticle,“JustfortheHealthof
Pilots–TheEpidemicofObesity,”locatedonthewebsite
FAA.gov/library/reports/medical/hop/media/obesity.pdf.

Dr.Stouttstates,“Theepidemicofobesityisnowacrisis.Itis
oneofthemajorpublichealthproblemsinthecountry.About
300,000deathsyearlyarearesultofcomplicationsofobesity,second
onlytosmoking,whichaccountsforabout420,000deathsyearly.

Medicalproblemsassociatedwithobesityincludeheartattack,
stroke,gout,diabetes,gallbladderdisease,arthritisofweight-bear-
ingjoints,depression,fatigue,breastanduterinecancer,hyperten-
sion,andincreasedriskoffallsandaccidents.Addtothisdecreased
self-esteem,lesssuccessintheworkplace,andevenpublicscornand
ridiculeforgrossobesity.Pilotsmaynotbeabletofitintothecock-
pit.NoFAAregulationaboutobesity…yet.

ManyarticlesusetheBodyMassIndex(BMI)toidentifyobe-
sity…Theonlyaccuratewaytodefineobesityistomeasureactual
bodyfatcontentbyimmersingtheentirebodyinatankofwaterand
thenmakingsomemathematicalcalculations…ABMIover27indi-
catesthatyouareoverweight;ifitisover30youareprobablyobese.
ABMIof25isaboutrightbutaBMIunder18isabnormal.One
problemwiththeBMIisthatmuscularpeople(muscleweighsmuch
morethanfat)mighthaveafalselyhighBMI.Therealvalueofthe
BMIistocomparepopulationweightsovertheyears. Recordsofour
weightsandheightsfrompastdecadesarereadilyavailablefromin-
surancecompaniesandhundredsofothersources.In1960,10%of
ourpopulationwasconsideredoverweight;thatfigurehasnow
reachedover32%.Wearethefattestnationintheworld.”

Dr.Stouttcontinues,“TheU.S.DepartmentofHealthand
HumanService’sfoodpyramidmaybethemostvaluableonesource
ofnutritionalinformationeverdevised.Itcontainsmostoftheinfor-
mationyouwilleverneedtoknowaboutyourdiet.Itemphasizes
foodfromthefivefoodgroups…

Everymajorhealthorganizationendorsesthefoodpyramid.Our
basicdietshouldbeabout15%protein,20-30%fat(mostlyunsatu-
rated)and55-60%carbohydrates(mostlycomplexcarbohydrates).
Thepopulardietbooksmerelyjugglethefoodpercentagesinstead
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ofjustloweringcaloriesbyshrinkingthepyramidandkeepingthe
proportionsthesame.Someofthebooksrecommenddangerously
highproportionsoffatandhighprotein.Anyonewillloseweighton
thesediets,oronjustaboutanydiet,iffollowedlongenough.Even
ifyoueathalfastickofbutterandtwohamburgerpattiesforeach
mealyouwillloseweight.Butyouwillhavewaytoomuchfatin
yourdietandwillgointoastateofketosis(metabolizingfatsinto
excessivefattyacids),whichisalsodangerousforyourbody.Noone
arguesthatrefinedsugarisbadforyou.Nooneevergotintopoor
healthbyalackofsugar.Thebottomlineistousetheproportions
recommendedbythefoodpyramidandforgetallthehype,andexer-
cise,exercise,exercise.Evenwalking30minuteseverydaywilldo
wonders.

Herearethefivefoodgroups,withsomechoicesforWorldCup
Championineachcategory:

1.Bread,cereal,rice,andpasta(themainstayofyourdiet):Bread
(especiallywhole-grainbreads),oats,rice(brownriceisbest),maca-
roni,spaghetti.Tryunsweetenedwhole-grainbreakfastcerealsand
addalittleartificialsweetener.

5.15 The Body Mass Index chart. (Courtesy of the World Health Organization.)
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2.Vegetables:ThewinnersareIrishpotato,sweetpotato,broc-
coli,spinach,carrots,squash,cauliflower,andgreenpeas.

3.Fruits:Favoritesareapples,oranges,grapefruit,bananas,water-
melon,apricots,andprunes.(Considervegetablesandfruitsinthe
samecategorynutritionally.)

4.Milk,yogurt,cheese:Bestareskimmilk,no-fatyogurt,and
loworno-fatcottagecheese.

5.Meat,poultry,fish,driedbeans,eggsandnuts:Leanmeat,
aboutthesizeofacreditcardandaboutasthickasyourfinger,once
aday;turkeyisagoodchoice.Beans:lima,kidney,navy,black,pinto
andblack-eyedpeas.Threeorfoureggsaweek.Mostnuts,ifthey
areunsalted.Salmon,cod,halibut,andtunaareexcellentfishselec-
tions.

6.Fats,Oils,andSweets:Badnews.Usesparingly.(Salt,sugar,
andfatsaretheworstthingsyoucaneat.)Thebestoilsareoliveoil
andpeanutoil,followedbycorn,safflower,soybean,andsunflower.
Skipanysaturatedoilsandfats.”

Basics of nutrition and weight control 

AccordingtoDr.Stoutt,
• “Youneed15caloriesperpoundperdaytomaintainyour

weightwithnormalactivity;youwillloseweighton10calories
perpound.Mostwomenwillsafelyloseweighton1,200calo-
riesaday,menon1,500.Consultyourphysicianoranutrition-
isttofindoutwhichdietbestsuitsyourneeds.Forinstance,the
amountsofsaltorfatmayhavetobealteredifyouhavehigh
bloodpressureorhighcholesterol.

•Aimtolosefat,notweight.Rapidweightlossismostlywater.

5.16 It’s time to 

re-think the caffeine

and the sugars!

(Photo by Ben

Millspaugh)
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Incrashdietsorprolongedlow-caloriediets(500-800calories
perday)fatislost,butsoismuscleandothervaluabletissue.
Rememberthatyourheartisamuscle.Don’ttrytoloseinone
monthwhatyouhaveputonoveryears.

•Yourbodymustburn3,500caloriestoloseonepoundoffat.
Theoptimumweightlossisabout1poundaweek.Itsounds
discouragingatfirst,butthisamountsto12-24poundsayear
ofweightthathasanexcellentchanceofstayingoff.

•Thereisnoknownfoodthatmeltsfat.
•Foreachyearover30,yourbodyburns1%fewercalories,

probablybecauseoflessmusclemass.So,atage50,youburn
20%fewercaloriesthanyoudid20yearsbefore.Nowonder
weputonthepoundsaswegetolder.Also,asweage,mostof
usarelessactiveandneeddietaryadjustmentsandaregular
exerciseprogram.

•ModernmanhasexactlythesamegeneticmakeupasEarlyMan
(about35,000yearsago).Forgetthebooksandarticlesthatsay
thereasonwearefatisbecauseEarlyMandidnoteatcereals
andsugarandsoon.EarlyMandidnothaveChevrolets,
BurgerKing,orTV,andspentaboutfourhoursadayroving
about—walkingtoforageforfoodandrunningtokeepfrom
beingeaten.Ourobesityproblemhasbecomeanepidemiconly
inthepast50years.”

On Exercise and Heart Disease

Dr.Stouttsays,“Aheartattack(myocardialinfarction)canruin
yourwholeday.Heartdiseaseistheleadingcauseofmorbidityand
mortalityintheUnitedStates,accountingfor50%ofdeathseach
year.Thisamountstoabout1.5millionheartattacksofwhich
500,000arefatal.Cardiovasculardiseaseisadiseaseoflifestyle,and
thereforelargelypreventable.

Inthepast15years,deathsfromheartattackshavebeenreduced
25%andfromstrokesby50%.Thesedramaticdecreaseshavebeen
attributedtoexercising(thefitnessmovement),reducedfatinour
diets,controlofhypertension,anddecreasedsmoking.Ourstressful,
almost-madlifestyle,unfortunately,hasnotchangedmuch.

Womenpilotsandpilots’wivestakenote:Medicalresearchinto
heartattackshasbeenmostlydirectedatmen.Weallknowthatmen
areatagreaterriskforcoronaryheartdiseasethanwomen.

Not so.Aftertheprotectiveeffectsofestrogendropafter
menopause,womenarejustaslikelyasmentohaveaheartattack.



FITNESS AS A LIFESTYLE |125

TheAmericanHeartAssociationhasstressedthatheartdiseaseisan
equal-opportunitykiller.But,studiesatemergencydepartmentshave
shownthatwomenwithchestdiscomfortwerenowhereaslikelyas
mentogetathoroughworkupforheartattack.

Also,cholesterol-loweringprogramsarelargelyneglectedin
women,althoughhighcholesterolisjustasbigadanger,maybe
moreso,forwomen.Theygetafractionofthebypasssurgeryand
angioplastiescomparedwithmen.Womenarebeginningtospeak
outaboutthis,andrightlyso.

Somegoodnewsforwomenthatcanbehelpfultomenalso:In
theApril1997Journal of the American Medical Association,anarti-
clereportedadirectrelationshipbetweenphysicalactivityandlow-
eredmortalityinpostmenopausalwomen.Translated:Womenwho
werephysicallyactivelivedlonger.And,theoneswhoexercisedmost
livedlongest.

Dozensofstudiesshowunquestionablythatexerciseisthenum-
ber-oneweapon(assumingyoudon’tsmoke)inpreventingheartdis-
ease.Thereisnoreasonto‘vaporlock’at30,40,or50ifyoucan
leadahealthful,happy,productivelifeformanymoreyears.”Dr.
Stouttsays,“Exercisegivesusthefeelingofrelaxationandwell-
being.Wefeelbetteraboutourselves.

Whatisthebestexercise?Walkingwinsasthegoldstandard.
Cost?Agoodpairofcomfortablewalkingshoes.Lesstraumato
joints.Practicallynoriskofinjuryunlessyouarebittenbyadogor
hitbyacar.Goodwaytoburncalories.Canenjoyatanyage.

Whatisabsolutelythebestpieceofexerciseequipment?Adog
thatenjoysalongwalkeveryday.Also,pattingyourdogwillreduce
yourbloodpressure(really—it’sprovenfact).

Walkingshouldbepartofanyaerobicexerciseprogram,butex-
perimentandfindanactivitythatyouenjoyandwillstaywith.Jog-
ging,hiking,swimming,bicycling,treadmill,stairclimbers,rowing
machines…younameit.‘Ifexerciseisn’tfun,itwon’tgetdone.’
HomeexerciseequipmentallowsyoutowatchTVforahalf-houror
sotoalleviateboredom.Whateverworks.Addabout10minutesa
dayofresistanceorweighttrainingtokeepyourmusclesfirmand
strong.

Sohowmuchexercisedoyoureallyneed?Pilotslikenumbers,so
hereistheconventionalwisdomfromtheexperts:

•Anabsoluteminimumof20to30minutesadayofmoderately
vigorousexercisethreetofourtimesaweek.

•Theoptimumis30to45minutesofmoderatelyvigorousexer-
ciseformostdays.Morethanthiswillnotmakeyouanyhealthier,
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livelonger,ordomoretopreventaheartattack.Youwillburnmore
calories,andyoumightneedtheextraexerciseforcompetition,but
mostpersonsmightactuallybeworseofffromthemorestrenuous
exerciseprograms.”

Dr.Stouttthinks,“Puttingmathematicsintodietorexerciseis
bothboringandfutile.Inevercountcaloriesorfatgrams.Idon’t
countmypulseafterexercising.Idon’tweighportionsoffood.Just
learnprinciplesandrulesofthumb.Afterall,thesegoodhealth
habitsshouldbecontinuedfortherestofyourlife.”

Dr.Stouttliststheseaspearlsofwisdom:
“Don’tweighyourproteinportionsofmeat,poultry,orfishto

makesureyouhavetherecommendedfourounces.Apieceof
proteinaboutthesizeofacreditcardisjustright.Forgetabout
thickness.

Caloriesandfatgrams?Justlearnwhichfoodsareloadedwithfat
andcalories(andsalt),andavoidthemasmuchasyoucan.

Identifythegoodfoodsandeatmoreofthem;identifythebad
foodsandeatlessofthem.

Inonestudy,thefollowingfigureswerederivedbasedona
woman’sweightof120poundsandaman’sweightof170pounds.
Theseareaveragedestimatesandmayvarywithageandexisting
physicalfitness.

5.17  Corporate Captain

Rick Vigil maintains a

dedicated aerobic fitness

program which includes

running his dog, Jaxson,

at least three times a

week. In his article, 

“On Exercise and Heart

Disease,” Dr. Glenn

Stoutt said, “…What is

absolutely the best piece

of exercise equipment?

The answer is a dog that

enjoys a long walk with

you every day.”

(Photo by Ben

Millspaugh)
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ACTIVITY CAL/HOURCAL/HOUR
FEMALE(120) MALE(170)

Aerobics 325 450
Basketball 325 450
Bicycle(onroad) 220 300
Bowling 160 225
Golf250 350
Hiking 325 350
Racquetball 375 550
Running 860 1300
Skiing 350 640
Soccer 350 600
StationaryBicycle 575 800
Tennis 380 550
Walking(brisk) 250 350
Weighttraining 160 280

Togetprecisenumbers,goontheInternetandkeyin“exercise
calorieburncalculator.”Youwillfindseveralhealth-relatedsitesthat
allowyoutoinsertyourexactweightandtheamountoftimeyou
spenddoingaparticularexerciseorsportsactivitytogetanexact
caloriecount.

5.18  Dr. Robert Sancetta

goes over the results of

the FAA 8500-8 physical

examination with C/MSgt

Hannah Schuele.  She

took the examination in

preparation for the Civil

Air Patrol summer flight

encampment. Passing

this physical examination

means that she has

earned the privilege of

flying for the next five

years. (Photo by Ben

Millspaugh)
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The Federal Air Surgeon’s view on health maintenance

IntheFederalAirSurgeon’sMedicalBulletin,theFederalAir
Surgeon,FredTilton,MD,MPH,saidthisinhiscolumn:“Hello,
everyone.Ihopethatthearrivalofspringhasinspiredyouto‘break
out’theclubs,orjumpontothetreadmill,orwalkacoupleofextra
milesaday,ortodosomeothertypeofphysicalactivitythathelpsto
workoffthefewextrapoundsyoumighthavegainedduringthe
winter.Ofcourse,youaremuchbetteroffifyouhaveestablishedan
exerciseprogramthatyouadhereto,regardlessoftheseason.

IhavenoticedthatifIamnotcareful,mytrousersseemtogeta
littletighterduringthewintermonths.Itisveryeasytoblamethe
drycleanerorthelaunderer,butunfortunately,thescaleusuallycon-
firmsthattheproblemistheextrapieceofbreadoranoccasional
pieceofpie,coupledwithearlydarknessanditsassociatedreduction
inadesiretogetoutsideandexercise,thathascausedmywardrobe
changes.

Thisproblemiscompoundedifyoumaintainyourweightduring
thesummer,andthenstartthewintercyclewithouthavinglostthe
extrapoundsfromtheprevioussedentaryseason.Itseemsthatbe-
foreyouknowit,youhavegained20to40extrapounds,andyou
arewondering,‘Howcouldthishavehappenedtome?’

WhilewatchingarecentseniorPGAgolfingmatchonTV,Ire-
flectedthatmanyoftheslimandtrimplayersIusedtowatchonthe
protourinthe‘70sand‘80swerenowmanypoundsoverweight.
Someofthemlookedveryuncomfortable,andtheextraweightap-
pearedtohavehadasignificantnegativeeffectontheirperformance.

Thenagain,thereistheoccasionalcompetitor,likeGaryPlayer,
whosetarecordbyplayinginhis52nd Masterstournament.Garyal-
wayshadareputationformaintainingahighleveloffitness,andthat
hasenabledhimtocompetefarbeyondanyone’sexpectations.”

Dr.TiltonremindsAMEs,“Youhavetheopportunitytodirectly
affectthehealthandlivesofthepilotsandairtrafficcontrollersyou
examine.Unfortunately,asIhaveremarkedinpasteditorials,you
maybetheonlypractitionertheyseeonaroutinebasis.Whenyou
reviewtheir8500s,besuretoconsideralloftheirvitalinformation.
Ifyouseeanynegativetrendsorifyounoticetheyhavegainedafew
poundssincetheirlastphysical,talktothemaboutit.Tellthem
aboutGaryPlayerorperhapssomeonewhohasallowedhisorher
healthtodegenerate,andremindthemaboutthe,‘ounceofpreven-
tionstory.’”

TheFederalAirSurgeon,Dr.Tilton,isrecommendingthatallof
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theAMEsinthefieldnowaddresstheissueoffitnessandgood
health. Dr.Stouttstatesinhisobesityarticle,“Afterall,goodhealth
habitsshouldbecontinuedfortherestofyourlife,”andnowthe
FAAisrecommendingadiscussionofthisissuetothedoctorswho
givethe8500-8examination.

Alifetimeofgoodhealth,goodfood,andphysicalfitnesswill
keepapilotatthepeakofhisorherperformancecapabilities.Thisis
especiallyimportantinviewoftheadvancesinhigh-performanceair-
craftandaerospacetechnology.Maintainingthehighestleveloffit-
nessrequirescommitment;and,intheworldofaviation,thismeans
azerotolerancefordrugandalcoholabuse.

Ifyouwanttherewards,youhavetomakethedecisionforlife-
longfitnessandyoumuststicktoit.Aportionofthematerialfor
thisunitcamedirectlyfromanewFAAbrochuretitledFit for Flight-
Developing a Personal Fitness Program (PublicationNo.AM-
400/09/2)andotherFAApublications.Thelasttopicinthis

5.19 A well-equipped fitness training center is a “plus” for any program. Large 

operations offer machines, free weights, running tracks, a swimming pool, and 

professionally-certified trainers for all age groups. (Photo by Ben Millspaugh)
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brochurehasexactlythesamemessagethattheCivilAirPatrolDrug
DemandReductionProgramhasforalloftheCivilAirPatrolmem-
bership:Physicalfitnessisaprovencomponentofalongandhealthy
life.Physicalfitnesscanalsoprolongyouraviationcareerbyhelping
youpassyourflightphysicals.Theballisnowinyourcourt!

5.20   Netjets Captain Rick Vigil said in an interview, “Every morning I

am excited because I actually get to go to work — I have the greatest job

in the world!” Just think, this could be you!

(Image courtesy of Netjets)
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