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7:52am - Charles Lindbergh takes off from Roosevelt Field, Long Island, New 

York. The heavy plane, loaded with 450 gallons of fuel, clears telephone wires 

at the end of the runway by only 20 feet.  

5:22pm - The Spirit of St. Louis touches down at the Le Bourget Aerodrome, 

Paris, France. Local time: 10:22pm. Total flight time: 33 hours, 30 minutes, 

29.8 seconds. Charles Lindbergh had not slept in 55 hours  



Lindbergh's fight to keep his eyelids open continues.  

 

To keep warm, Lindbergh considers closing the 

airplane's windows, but then decides that he needs 

the cold, fresh air to help stay awake.  

15 hrs After Take Off 



“My mind clicks on and off...  
 

I try letting one eyelid close at a time when I prop the 

other open with my will.  
 

But the effort's too much.  
 

Sleep is winning.  
 

My whole body argues dully that nothing, nothing life 

can attain is quite so desirable as sleep. My mind is 

losing resolution and control.” 



Daylight!  Because Lindbergh has travelled through 

several time zones, dawn comes earlier.  

 

The light revives the pilot for a while, but then 

drowsiness returns.  

 

He even falls asleep, but only for a moment.  

19 hrs After Take Off 



Flying in the fog.  

 

Lindbergh continually falls asleep with his eyes open, 

then awakens seconds, possibly minutes, later.  

 

The pilot also begins to hallucinate.  

 

Finally, after flying for hours in or above the fog, the 

skies begin to clear.  

21 hrs After Take Off 



“The nose is down, the wing low, the plane is 

diving and turning.  

 

I've been asleep with open eyes... I kick left rudder 

and pull the stick back...  

 

“My eyes jump to the altimeter...I'm at 1600 feet.  

 

The turn-indicator leans over the left -the airspeed 

drops -the ball rolls quickly to the side...My plane 

is getting out of control!” 



“I’ve got to find some way to keep alert.  

 

There’s no alternative but death and failure.” 



Fatigue is Responsible 

for Aviation Incidents 

and Accidents 



Sleeping Pilots? 

NTSB Opens Investigation Into Go! Airline Flight 

























CAUSES OF FATIGUE

Sleep Loss Circadian Rhythms

Flight Crew Fatigue

Effects of Flight Operations on 
Sleep and Circadian Physiology





Individual Factors 
Physiologic 

SLEEP 

 A period of rest of the body and mind during which 
volition and consciousness are in partial or complete 
abeyance and the bodily functions partially 
suspended 

 

 During sleep the brain and the body alternate periods 
of extreme activity and quiet but are never “Shut Off” 



Individual Factors 
Physiologic 

SLEEP 

 Sleepiness occurs when body temperature decreases and 
awakening when the temperature increases 

 

 There are two periods of normal increased sleepiness during a 
usual 24-hr day:  3-5 am y 3-5 pm 

 

 With increased age (starting at age 50) sleep becomes less 
deep, more disrupted, and shorter in total duration 

 

 8 hrs of disrupted/fragmented sleep have the same effects as 
not sleeping enough time  





Individual Factors 
Physiologic 

Sleep Loss 

 Sleep loss is cumulative (sleep debt) and cannot 
be corrected by subsequently sleeping the 
additional number of hours previously lost 
(example) 

 

 Following sleep deprivation recovery sleep is 
deeper (more NREM stages 3 & 4), rather than 
significantly longer 

 

 Sleep loss leads to increased waking sleepiness 





Individual Factors 
Physiologic 

Consequences of Sleepiness/Fatigue: 

 Decreased physical, psychomotor, and mental 
performance  

 

 Decreased positive and increased negative mood 
 

 Increased vulnerability to performance decrements 
 

 The average individual in the U.S. has a sleep debt 
of 1-1.5 hrs every night (7.5 hrs per work week) 



Consequences of Sleepiness/Fatigue: 

 There were 200,000 motor vehicle accidents in the 
U.S. in 1990 due to falling asleep at the wheel 

 

 1/3 of all fatal-to-the-driver heavy trucking accidents 
is due to sleeping at the wheel 

 

 Fatigue-related impairment of judgment and 
performance was a causal factor in disasters such 
as Exxon Valdez, Bhopal, Challenger, Chernobyl, 
and Three Mile Island 





How Long Can Humans  

Stay Awake? 



• Pete Tripp – 201 hrs (8.1 days) 
 

• Randy Gardner – 264 hrs (11 days) 
 

• Toimi Soini - 276 hours (11.5 days) 
 

• Maureen Weston - 449 hours (18.7 days)   



Sleep Deprivation Effects 

• aching muscles  

• blurred vision  

• depression  

• drowsiness  

• loss of concentration  

• weak immune system  

• dizziness  

• fainting  

• confusion  

• hallucinations  

• symptoms of drunkenness  

• tremors  

• headaches  

• hyperactivity  

• impatience  

• irritability  

• memory loss  

• psychosis  

• slow reaction times  

• slurred speech  

• weight loss or gain  

• constant yawning  



Physiological vs Psychological Fatigue 

The worst person to ask if he is fatigued or sleepy is 

the person that  you are worried about! 



Individual Factors 
Physiologic 

Physiological Sleepiness 

 Vital biological function like hunger or thirst 

 A sleep deprived brain causes sleepiness 

 The only solution is to sleep 

 

Psychological Sleepiness 

 Varies from person to person 

 Can be masked by ambient stimulation, 
physical activity, use of caffeine 





Individual Factors 
Physiologic 

Factors Affecting Sleepiness: 

 Medical conditions  
 Circadian rhythms 

 Prior sleep/wakefulness 

 Age and physical fitness 

 Alcohol, drugs, medications 

 Environmental conditions (noise, 
temperature, illumination, etc.) 



Combined Effects or Fatigue and Alcohol Use 



Sleep Habits by Level of Command 



Sleep Habits by Rank 



Sleep Disorders 

 40 million Americans have chronic sleep disorders 

 

 95% are undiagnosed and untreated 

 

 20-30 million Americans have intermittent sleep-
related problems 

 

 Obstructive sleep apnea is more prevalent than 
asthma 



 

 

 

Circadian Rhythms 



Circadian Rhythms: 

 In an isolated environment without timing 
information the body's biological day is about 25 
hrs (circa = about; dies = day) 

 All body functions are controlled by the circadian 
clock which is located in the suprachiasmatic 
nucleus of the hypothalamus 

Individual Factors 
Physiologic 





Circadian Rhythms are Influenced by: 

 Day and night cycle (bright light >2,500 lux) 
 

 Ambient temperature 
 

 Meal consumption, physical activity, social activities 
 

 Work-rest schedules 

Individual Factors 
Physiologic 



Individual Factors 
Physiologic 

Manifestations of an Incomplete Adaptation: 

 Problems falling asleep 

 Problems staying asleep 

 Increased daytime sleepiness 

 Impaired physical and mental performance 

 More negative/bad mood 

 Gastrointestinal problems 



Individual Factors 
Personal Habits 

 Inadequate physical condition 
 

Use of alcohol, drugs, and tobacco 
 

 Inadequate nutrition 
 

 Inadequate use of resting time (off duty) 
 

Overweight and obesity 
 

Excessive use of caffeine 
 

Use of sleeping and stay-awake drugs 



Individual Factors 
Health Status 

Acute upper respiratory infections 
 

Acute gastrointestinal problems 
 

Other debilitating illnesses 
 

Cumulative fatigue (inadequate sleeping) 
 

Emotional problems (family, financial, work) 



Transmeridian 

Flights 



Operational Factors 

Transmeridian Flights: 

 Crossing of geographic meridians (time zones) 
involves a change to a new local time different from 
the time of origin 

 
 The rapid crossing of time zones makes the 

circadian clock be out of step with the environment: 
 "Circadian Desynchronization 
 "Transmeridian Desynchronization“ 
 "Desynchronization/Desynchronosis“ 
 "Jet Lag Syndrome“ 
 "Jet Lag" 



Operational Factors 

Transmeridian Flights: 

 Eastward flights (shorten the day) produce a more 

severe desynchronization than westward flights  

(lengthen the day) 
 

 Resynchronization to a new time zone takes longer 

after an eastward flight than a westward flight 
 

 The severity of the desynchronization is related to the 

number of time zones crossed (at least 3) 



Operational Factors 

Intrameridian Flights: 

 Nighttime flights require to be awake and 
active when one would normally be asleep 

 
 Combined work duties (daytime and nighttime 

flights) result in continuous circadian disruption 
 
 Shift work causes conflict between the duty 

schedule and the natural body time  



   Sleep Academic Award      81 



Unexpected delays due to: 

 Air Traffic 
 

 Ground Traffic 
 

 Bad Weather 
 

 Equipment Problems 
 

 Security Checks 
 

 Customs and Immigration Checks 

Operational Factors 



Environmental Stress: 

 Acceleration 
 

 Hypoxia 
 

 Noise and Vibration 
 

 Temperature Changes 
 

 Low Relative Humidity 
 

 Disruptive Passengers 

Operational Factors 



Clinical Manifestations of 

Fatigue 

General Discomfort 

Sleepiness  

 Irritability 

Apathy or Loss of Interest 

Decreased Concentration 

Loss of Appetite 

 Impaired Sensory Perceptions 

Mood Changes 

 Impaired Decision Making 



Task Requirements vs. Pilot 

Capabilities During Flight 



Myths About Fatigue 
“I know how tired I am” 
 

“I have lost sleep before and I did just fine” 
 

“I am motivated enough to push through it” 
 

“The solution to the problem of fatigue is simple” 
 

“8 hours of rest is the same as 8 hours of sleep” 
 

“All I need is a cup of coffee and I will be fine 



Effects of Fatigue on Flight Performance 



Impact on Safety 

 Increased Reaction Time: 

 Impaired responses in sequential tasks that 

require time synchronization 
 

 Need to increase the magnitude of sensory 

stimulation to elicit a response 



Good Reaction Time is Needed for Effective 

Responses to Unexpected Events 



Impact on Safety 

Decreased Attention: 

 Omission or displacement of individual elements in 

sequential tasks 
 

 Channelized attention to one task at the expense of 

others 
 

 Impaired audiovisual monitoring patterns 
 

 Difficulty in self-identifying performance impairment 





Impact on Safety 

 Impaired Memory: 

 Difficulty remembering recent events during flight 

 

 Tendency to forget secondary tasks 

 

 Task performance relies on "habits" acquired in 

the past (good or bad) 



Imagine a Fatigued Pilot Trying to do This 



Impact on Safety 

Conduct of Isolation: 

 Tendency to avoid interpersonal interactions 

 

 Tendency to avoid tasks that require low workload 

 

 Increased distraction due to discomfort 

 

 Emotional irritability 

 

 Indifference 





 Increased frequency of errors during the operation 

of an aircraft 
 

 Increase in the severity of the errors 

 

 Increased frequency of operational incidents 

 

 Increased risk in aviation operations 

Ultimate Consequences 



Fatigue in the Cockpit 





NASA Fatigue Countermeasures 

Program 

Objectives: 

 Develop and evaluate fatigue countermeasures 

and optimize alertness among flight personnel 
 

 Determine the effects of fatigue on flight 

performance among flight crews 
 

 Determine the severity of fatigue, sleep 

deprivation, and circadian desynchronization in 

flight operations 



Inflight 

Napping 

Study 
21 pilots flying B-747 in a 12-day transpacific route with 8 

intermediate stops 
 

Only the four intermediate flight segments were studied 
 

Two daytime flights and two nighttime flights 
 

Two eastward flights and two westward flights 
 

Average flight time per segment - 9 hrs 
 

Average layover period - 24 hrs 



Inflight Napping Study 

 Two groups:  REST and NO-REST 

 

 REST:  Nap of 40 min (sitting in the cockpit) during a low 

workload phase of flight 

 

 Measurements: EEG, EOG, EMG (non-dominant hand), 

sustained vigilance/alertness test (10 min) during the 4 

intermediate segments studied 

 

 Individual records (24 hrs): work/rest schedule, sleep duration 

and quality, mood, fatigue level, meal consumption, exercise 

level, signs and symptoms, and other comments 



Inflight Napping Study 

 Pilots in the REST group used 93% of the 
opportunities to take a nap, fell asleep in 5.6 min, 
and slept for 26 min  

 
 NAPS helped the REST group maintain 

performance during night flights, at the end of each 
flight segment, and following the four intermediate 
flight segments studied 



Inflight Napping Study 

 During the last 90 min of each 9-hr flight, the NO-
REST group showed twice the number of 
physiological events indicative of sleepiness 

 
 Pilots in the NO-REST group fell asleep 

involuntarily during flight for up to 14 min 



Inflight Napping Study 

These findings indicate that regardless of a 
pilot's training, experience, professionalism, 
and natural abilities (right stuff) to fly, extreme 
sleepiness can lead to inadvertent and 
involuntary napping in the cockpit 









Preventive Measures 







Countermeasures to Fatigue and Insomnia 
FATIGUE INSOMNIA 
Non-Pharmacological Non-pharmacological 

 Napping  Diet 

 Light Exposure  Exercise 

Pharmacological  Routine Sleep Times 

 Caffeine  Pharmacological 

 Other Stimulants  Melatonin 

 Alcohol 

 Sedatives 



Develop and practice a regular pre-sleep routine 
conducive to sleep

Use bedroom only for sleep, avoid work, worry or 
pre-sleep exercise

If hungry, eat a light snack, do not eat or drink heavily 
before going to bed

Do not drink alcohol or caffeine before going to bed

Sleep Hygiene



If necessary, use physical or mental relaxation 
techniques as needed to fall asleep

If you can't fall asleep in 30 min get out of bed

Sleep in a comfortable bed, in a dark, quiet, 
and environmentally comfortable room

Exercise regularly, but not too near bedtime

Eat a balanced diet

Sleep Hygiene



Whenever possible, take a 40 min nap prior to a long 
duration flight

Avoid naps of more that 40 min because they involve 
deep sleep

Naps help improve alertness and awareness

Taking a nap is better than not sleeping at all, but it is 
not a substitute for a normal sleep period (especially is 
there is pre-existing fatigue)

Strategic Napping



Pre-plan naps during long-duration 
flights (transmeridian or intrameridian):

During low-workload phase of cruise
Up to 40 min in duration
One crewmember at a time
Three-person non-augmented flights

Strategic Napping



Avoid pilot adaptation to a local circadian rhythm 
following transmeridian flights with short layovers

Try to keep the circadian rhythm from the place of 
origin and at the same time try to sleep longer

Use caffeine strategically during flight to counteract 
the normal psychological sleepiness (3-5 am/pm)

While in the cockpit seat engage in conversation with 
others, stretch your legs, and take regular stretch 
breaks

Other Recommendations



Try to avoid a night flight following a transmeridian 
flight, especially landings that may coincide with 
the pilots' lowest performance point in their 
circadian rhythms

Transmeridian flights should be alternated with 
intrameridian flights to enable pilots to return to 
their "normal" circadian rhythm

Other Recommendations



BRIGHT LIGHT (2,500 - 10,000 lux):

Two to three hours of bright light for three 
consecutive days may facilitate an 8 to 12-hr 
shift of the circadian clock
May also have an independent alerting effect

PHARMACOLOGICAL AGENTS:

Sleeping Medications
Stimulants
Hormones (Melatonin)

Under Current Study



PILOTS:

Try to maintain a normal sleep routine

Stay in good physical condition

Eliminate self-imposed stress

Do not fly when fatigued

Do not fly when sick

Do not use medications

Become familiar with the effects of fatigue

Responsibilities



AIRLINES:

Comply with Federal regulations on flight time and duty 
time and be flexible in their day-to-day application

Design and implement flight schedules that allow 
crewmembers to obtain enough sleep to maintain normal 
physiological and psychological performance

Avoid disciplinary actions against crewmembers that 
request a change in flight itinerary due to operational 
fatigue resulting from inadequate flight schedules

Responsibilities



Responsibilities



Cockpit Automation: Can cause boredom, complacency, 
inadequate sensory stimulation, excessive dependence 
on computers, impaired situational awareness, etc. 

New 2-Aircrew Commercial Aircraft: Offer less flexibility 
to allow strategic napping during long flights

New Hypersonic and Supersonic Aircraft: Will allow the 
crossing of multiple time zones in a shorter period of 
time


