
Understanding           How Birds Fly

© Hunter Bird Observers Club 2021
Developed by EM Date-Huxtable
Photo credit: Lene Parashou



Photo credit: Lene Parashou

Birds have been flying for millions of years. Every flying bird learns 

to fly by using its body to maneuverin the air. Flight might not be 

ǇƻǎǎƛōƭŜ ƛŦ ǘƘŜ ŀƛǊ ƛƴ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ǿŀǎ ƭŜǎǎ ŘŜƴǎŜΦ .ƛǊŘǎ Ƴǳǎǘ 

instantaneously apply enough force with their wings to lift 

themselves into the air and to produce enough forward movement 

to keep themselves in the air!



¦ƴŘŜǊǎǘŀƴŘƛƴƎ Iƻǿ ŀ YƛǘŜ ΨCƭƛŜǎΩ

Think about when you last 
flew a kite:
Å What key environmental 

factor enabled you to 
ΨŦƭȅΩ ƛǘΚ 

Å What does the kite 
usually do when you 
launch it into the air? 

Å What happens when 
ǘƘŜǊŜ ƛǎƴΩǘ ŜƴƻǳƎƘ ƻŦ ǘƘƛǎ 
key factor?

Image credit: cocoparisienneCC0



9ȄǇƭŀƛƴƛƴƎ Iƻǿ ŀ YƛǘŜ ΨCƭƛŜǎΩ
!ǎ ŀƛǊ ƳƻǾŜǎ όƛΦŜΦΣ ǿƛƴŘύ ŀǊƻǳƴŘ ŀƴ ƻōƧŜŎǘΣ ǎǳŎƘ ŀǎ ŀ ƪƛǘŜ ǘƘŀǘΩǎ ƛƴ ǘƘŜ ŀƛǊΣ ƛǘ ŎǊŜŀǘŜǎ 

different pressures on that object. The air moving across the lower surface is 

slowed down by the kite being tilted towards the air flow, so it moves more slowly 

than the air moving across the upper surface. Faster air means less pressure on the 

upper surface of the kite. Slower air means more pressure on the lower surface. 

¢Ƙƛǎ ŎǊŜŀǘŜǎ ŀ ŦƻǊŎŜ ŎŀƭƭŜŘ ΨƭƛŦǘΩΣ ǿƘƛŎƘ ƳŀƪŜǎ ǘƘŜ ƪƛǘŜ Ŧƭƻŀǘ ǳǇǿŀǊŘǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ 

key to flight is creating pressure upwards on the kite to keep it in the air. This is 

ŎŀƭƭŜŘ .ŜǊƴƻǳƭƭƛΩǎ tǊƛƴŎƛǇƭŜ ŀŦǘŜǊ 5ŀƴƛŜƭ .ŜǊƴƻǳƭƭƛ ǿƘƻ ǇǳōƭƛǎƘŜŘ ƛǘ ƛƴ Ƙƛǎ ōƻƻƪ 

Hydrodynamicaƛƴ мтоуΦ  ¢ƘŜ ǇǊƛƴŎƛǇƭŜ ƛǎ ōŀǎƛŎŀƭƭȅ ǎƛƳƛƭŀǊ ŦƻǊ ŀ ōƛǊŘΩǎ ǿƛƴƎǎΦ 

Image credit: cocparisienneCC0



¦ƴŘŜǊǎǘŀƴŘƛƴƎ Iƻǿ ŀ DƭƛŘŜǊ ΨCƭƛŜǎΩ

Learning Outcomes: 

¶¢ƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ŎƘŀƴƎƛƴƎ ǘƘŜ ƭŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ƻŦ ǘƘŜ ƎƭƛŘŜǊΩǎ 

ǿƛƴƎǎ ŎƘŀƴƎŜǎ ƛǘǎ ΨŦƭƛƎƘǘ ǇŜǊŦƻǊƳŀƴŎŜΩ

¶¢ƻ ŜȄǇƭŀƛƴ ǘƘŜ ŦƻǊŎŜǎ ŀŎǘƛƴƎ ƻƴ ǘƘŜ ƎƭƛŘŜǊ ǿƘŜƴ ƛǘ ƛǎ ΨŦƭȅƛƴƎΩ



ΨCƭƛƎƘǘΩ 9ȄǇŜǊƛƳŜƴǘ

You will use a toy glider 
ŀǎ ŀ ǎƛƳǇƭŜ ΨōƛǊŘΩΦ CƛǊǎǘƭȅΣ 
observe the shape of the 
ƎƭƛŘŜǊΩǎ ǿƛƴƎǎ ŀƴŘ ǘŀƛƭΦ



Experiment: Materials
1.Toy foam glider purchased from a toy or department store

2.Discarded styrofoampackaging, eg.from a new fridge or washing 

machine

3.Sharp knife for cutting and paring the styrofoam

4.Discarded cardboard, eg.cereal and pizza boxes

5.Scissors and sticky tape

6.Digital scales that measure in tenths of a gram

7.25m measuring tape

8.Small fan with several (at least 3) speed settings



Experiment: 
Methods

1. Assemble the glider by 
following the instructions 
ƻƴ ǘƘŜ ōƻȄΦ ΨTŜǎǘ ŦƭȅΩ ƛǘ 
and observe how far and 
high it glides when you 
launch it with different 
ŦƻǊŎŜ ƻǊ ΨǘƘǊǳǎǘΩΦ bƻǿ 
observe what happens 
when you launch the toy 
glider after you change 
the size and shape of its 
wings.



Experiment: Methods

2. Ask a parent or teacher 
to help you cut and pare 
the styrofoamto make 
two wings, each the same 
width as the originals but 
twice as long (see below); 
shape the styrofoamso 
that the lower surface 
remains relatively flat and 
the upper surface is 
curved like an airfoil (see 
diagram of cross-section). Image credit: Michael PaetzoldCC BY-SA 3.0



Experiment: Methods
3. Launch the glider and measure with 25m tape how far it glides 
όǘƘǊƻǿ ΨƧŀǾŜƭƛƴ-ǎǘȅƭŜΩύΤ ǊŜǇŜŀǘ мл ǘƛƳŜǎ ŦǊƻƳ ǘƘŜ ǎŀƳŜ Ǉƻƛƴǘ ŀƴŘ 
ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƳŜŀƴ ŘƛǎǘŀƴŎŜ ƛǘ ΨŦƭƛŜǎΩΦ

4. Suspend the glider so 
that the belly just touches 
the ground, point the fan 
at its nose and switch it on 
to the lowest speed, then 
the next fastest and so on, 
and record what happens 
to the glider.



Experiment: Methods
5. Trace the 2D shape of the 
Styrofoam wings on to cardboard, 
Ŏǳǘ ǘƘŜ ŎŀǊŘōƻŀǊŘ ΨǿƛƴƎ 
ŜȄǘŜƴǎƛƻƴǎΩ ƻǳǘ ŀƴŘ ŀǘǘŀŎƘ ǘƘŜƳ 
with sticky tape to the back edge 
of the Styrofoam, use the scales to 
decide how to adjust the weight of 
the wings so that they are 
approximately equal (within 1g 
difference) by adding a strip of 
cardboard to the lighter wing along 
the back edge of the Styrofoam on 
the upper surface.

6. Repeat steps 3. & 4.

7. What difference did you observe 
ƛƴ ǘƘŜ ƎƭƛŘŜǊΩǎ ŦƭƛƎƘǘ ǇŀǘƘ ōŜǘǿŜŜƴ 
the two modifications? 



Experiment: Methods
8. Try making some tail modifications (see below) and test fly/glide 
again; repeat steps 3. & 4.



Explaining Flight using Science
When air flows over an 
airfoil (wing), the air 
flows faster over the top 
of the wing and slower 
under the wing. The 
faster flowing air exerts a 
lower pressure than the 
slower moving air. The 
pressure difference 
causes an upward force 
called lift, which enables 
the bird to fly. Image credit: Michael PaetzoldCC BY-SA 3.0



Explaining Flight using Forces
There are four main forces on a bird in flight. Weight is a force produced by 
gravity in the downward direction, and every bird has toproduce lift with its 
wings to counteract weight. A wing moving through air also experiences 
drag, which slows it down, so the bird must producea forward-moving 
force, called thrust, to oppose the force of drag. These two pairs of forces 
weight and lift, drag and thrust must be roughly balanced for a bird to fly
(Tong & Schwab 2021).

LIFT

THRUST DRAG

WEIGHT
Image credit: jing.com CC0



Evaluate the Experiment:

ÅWhat was the experimental question being asked? 

ÅIdentify the variables in the experiment

ÅAfter completing the guided experiment, what can you predict about 

the effect of wing size and shape on flight performance? 

ÅDo you think the experiment was a fair test of the question? Why or 

why not?

ÅDesign and Plan your own Investigation



Bird Wing Shapes

ÅLearning Outcome: To accurately observe and describe wing 
shape and flight behaviourof some birds

Å²ŀǘŎƘ 5ŀǾƛŘ !ǘǘŜƴōƻǊƻǳƎƘΩǎ Ψ¢ƘŜ [ƛŦŜ ƻŦ .ƛǊŘǎΩΣ 9ǇƛǎƻŘŜ н Ψ¢ƘŜ 
aŀǎǘŜǊȅ ƻŦ CƭƛƎƘǘΩ

ÅObserve the different types of birds and their wing shapes:

ÅŘŜǎŎǊƛōŜ ŜŀŎƘ ōƛǊŘΩǎ ōƻŘȅ ǎƛȊŜ ŀƴŘ ǎƘŀǇŜΣ ǎǳŎƘ ŀǎ ƭƻƴƎ ŀƴŘ ǘƘƛƴΣ 
short and round, large and torpedo-shaped, jetfighter-shaped, 
etc.

Ådescribe the wing shape

Ånote the way the feathers are shaped at the outer ends of the 
wings 

Image credit: Queensland Museum CC BY-NC-ND 4.0



Bird Flight Patterns
ÅDescribe the main flying behaviour(s), such as soaring, flapping, diving with wings partly folded, 

undulating or alternately flapping and gliding, high-speed flying, hovering. How do birds use 

their body, wings and tail to adjust their flying speed and direction?

ÅhōǎŜǊǾŜ ǘƘŜ ΨŦƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘΩ ŦƻǊ ŜŀŎƘ ŘƛŦŦŜǊŜƴǘ ōƛǊŘΦ Lǎ ƛǘ ǿƛƴŘȅΚ Iƻǘ ƻǊ ŎƻƭŘ ǿŜŀǘƘŜǊΚ !ǊŜ 

there lots of obstacles in the way like trees? Do the birds appear to use the wind and thermals? 

Image credit: jing.com CC0



Bird Wing Shapes          and Flight Patterns

ÅTabulate your observations:                                                                                    Photo credit: Lene Parashou

Species Body size and 

shape

Wing shape Outer wing 

feather 

arrangement

Observed 

flight 

environment 

Observed 

flight pattern

Albatross Large, torpedo-

shaped

Long and 

narrow 

Pointed Very windy Mostly soaring

Χ Χ Χ Χ Χ Χ



Classifying Wing Shape, Predicting Flight Pattern

Area

Wingspan

Wing chord 
(width)

ÅLearning Outcome: To classify wing shape descriptively and numerically

ÅFactors that affect flight performance

üWing length

üWing width and curvature

üFeather arrangement

üBody shape and mass

Image credit: PeerJCC BY-3.0



Wing Length
¶The greater the length of the 

wing, the higher the lift 

¶Air wraps around the wings, 
leads to an inactive area on 
the tips and causes drag on 
the wing (top)

¶Longer wings have a 
disproportionately larger 
active area which provides lift 
relative to the inactive areas 
(bottom left vs right)

Image credits: Robert W. Hines CC0, Pearson Scott Foresman CC0, Andreas Plank CC BY-SA-3.0 

Active Area

Inactive Area



Wing Width

¶The greater the width or chord of the wing, the higher the lift but the 

greater the drag (friction acting opposite to lift and thrust)
Image credit: Lovell and Fitzpatrick (2016)



Wing Curvature

¶Across its width the wing may also be curved or cambered, the greater the 

camber the higher the lift at low air speeds, the lower the camber the 

higher the frequency of flapping required for the bird to remain airborne

¶Long wide wings with deep camber increase lift, short wide wings with 

shallow camber increase agility and maneuverability mid-flight, narrow 

wings with shallow camber increase flight speed

Image credit: Lovell and Fitzpatrick (2016)



Feather Arrangement
¶!ƭǳƭŀ όΨǿƛƴƎƭŜǘΩύΣ ǘƘŜ ŦǊŜŜƭȅ 

moving first digit (thumb) near 

ǘƘŜ ΨǿǊƛǎǘΩ ǘƘŀǘ ōŜŀǊǎ о ǘƻ р 

small flight feathers 

¶Slots between the flight 

feathers at the outer end of the 

wing allow the bird to fly at 

slower speeds without stalling

Image credit: Muriel Gottrop CC BY-SA 3.0

Alula

Slots

Alula raised



Feather Arrangement
¶The alula is usually held flush against the wing, but it can be moved. 

When flying at slow speeds or landing, the bird moves the alula 

upwards and forwards, which creates a slot on the wing's leading edge;

this gives the wing a higher angle of attack and lift without stalling
Image credit: Owen Cleynen, CC0Alula

Slot



Angle of Attack:

is the angle between the wing and the 
direction of the oncoming wind. Birds can 
adjust the angle of attack of their wings. At 
small angles of attack, the air flow stays 
close to the wing. At higher angles of attack, 
the air flow separates from the wing and 
stops flowing smoothly, causing a large loss 
in lift. Lift increases as angle of attack 
increases, but only up until a certain critical 
angle. At that point, stall occurs as the air 
stops flowing smoothly over the top surface 
and instead peels away, leaving a turbulent 
wake.

Image credit: NASA



5ŜǎŎǊƛōƛƴƎ .ƛǊŘǎΩ ²ƛƴƎ {ƘŀǇŜǎ: 

Å²ƘŜƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ƭŜƴƎǘƘ ǘƻ ǿƛŘǘƘ ƻŦ ŀ ōƛǊŘΩǎ 
wing is large it is said to have a High Aspect 
Ratio (eg.Wandering Albatross)

Å²ƘŜƴ ŀ ōƛǊŘΩǎ ǿƛƴƎ Ƙŀǎ ŀ [ƻǿ !ǎǇŜŎǘ wŀǘƛƻ ǘƘŜ 
ratio of length to width is small (eg.a Superb 
Lyrebird)

Image credit: Queensland Museum CC BY-NC-ND 4.0



Four Basic 
Shapes of 
Wings 

Image credit: 

L. Shyamal, 

CC BY-SA 2.5

Low aspect ratio

Elliptical Wings

Mid-



High Aspect Ratio Actively-soaring Species

¶albatrosses, petrels and gulls

¶Very long and narrow wings (=High aspect ratio, some albatrosses 

have an aspect ratio as high as 18) 

¶Low camber and no slotting

¶For high-speed flight and dynamic soaring, found in soaring seabirds

¶Long and cumbersome, difficult to take off and land, shaped for long 

distance soaring with little effort
Image credit: Queensland Museum CC BY-NC-ND 4.0



Å±ƛŜǿ ΨhŎŜŀƴ-ƎƻƛƴƎ .ƛǊŘǎ ƛƴ CƭƛƎƘǘΩ ōȅ !ƭǿȅƴ {ƛƳǇƭŜ ŀƴŘ ŜȄŀƳƛƴŜ ǘƘŜ ǿƛƴƎ 
shapes of these magnificent fliers: https://birds-
australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Ocean-Going-
Birds-in-Flight/

https://birds-australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Ocean-Going-Birds-in-Flight/


High Speed Species

¶Includes open-habitat birds, long-distance migrants and birds that 

feed in flight, such as swallows, swifts, falcons

¶Moderate in length and narrow wings (=Moderate to high aspect 

ratio)

¶Low camber, slender tips and no slotting 

¶Built for speed and require a lot of work to keep the bird airborne
Image credit: Auckland Museum CC BY 4.0



5ƛŘ ȅƻǳ ƪƴƻǿΧΚ
ÅPeregrine Falcons can fly as fast as 

390 kph when they are hunting
ÅBar-tailed Godwits can fly non-stop 

over 12,000 km in 11 days at 89 kph 
during migration

Photo credit: Rob PalazziPhoto credit: Gary Tong



Å±ƛŜǿ ΨaƛƎǊŀǘƛƴƎ .ƛǊŘǎ ǘƻ !ǳǎǘǊŀƭƛŀ ƛƴ CƭƛƎƘǘΩ ōȅ !ƭǿȅƴ Simple and examine 
ǘƘŜ ǿƛƴƎ ǎƘŀǇŜǎ ƻŦ ΨǘƘŜ ŜȄǘǊŜƳŜ ŀǘƘƭŜǘŜǎ ƻŦ ǘƘŜ ōƛǊŘ ǿƻǊƭŘΩΥ https://birds-
australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Migrating-
Birds-to-Australia-in-Flight/

https://birds-australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Migrating-Birds-to-Australia-in-Flight/


Slotted High-lift Passively-soaring Species 

¶hawks, eagles, swans and geese 

¶Long wide wings (=Moderate aspect ratio) 

¶Deep camber and high slotting

¶Extreme notching present on outer primary feathers, called 
emargination

¶Provide extra lift needed to keep their large bodies airborne or to 
carry heavy prey, capable of soaring on thermals 

Image credit: ContyCC 3.0



Å±ƛŜǿ ǘƘŜ ŜŀƎƭŜǎ ƛƴ Ψ[ŀƴŘ .ƛǊŘǎ ƛƴ CƭƛƎƘǘΩ ōȅ !ƭǿȅƴ {ƛƳǇƭŜΥ https://birds-
australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Land-
Birds-in-Flight/

https://birds-australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Land-Birds-in-Flight/


Elliptical-winged Species 
¶birds that live in habitats with dense vegetation

¶Short and relatively wide (=Low aspect ratio)

¶Shape creates uniform pressure distribution over the wing 

¶High degree of slotting associated with requirement of slow speed 
flight and high maneuverability

¶Use of high beat frequency, for rapid take-off, acceleration and 
turning

¶±ƛŜǿ ōƛǊŘǎ ŀŦǘŜǊ ǘƘŜ ŜŀƎƭŜǎ ƛƴ Ψ[ŀƴŘ .ƛǊŘǎ ƛƴ CƭƛƎƘǘΩ ōȅ !ƭǿȅƴ {ƛƳǇƭŜΥ 
https://birds-australia.smugmug.com/Theme-Galleries-Birds/Birds-
in-Flight/Land-Birds-in-Flight/

Image credit: Queensland Museum CC BY-NC-ND 4.0 

https://birds-australia.smugmug.com/Theme-Galleries-Birds/Birds-in-Flight/Land-Birds-in-Flight/


Active Soaring (left) vs Passive Soaring (right)

Active soaring over waves, above (TeAreCC BY-NC 3.0), and 
Passive soaring on thermals, at right (DakeCC BY-NC 2.5)

Watch youtubevideo: Staying in the Air ςBird 

Flight by Emma Lumley and Amy Hooper (2010), 

https://www.youtube.com/watch?v=F41qG_lfDwU


