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Birds have been flying for millions of years. Every flying bird learn
to fly by using its body tmaneuvenn the air. Flight might not be
L1l2aaArofsS AF OUOKS AN AY 9 NIKQ
Instantaneously apply enough force with their wings to lift
themselves into the air and to produce enough forward movemen

to keep themselves in the air!

Photo credit: Lene Parashou
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Think about when you last

flew a kite

A What key environmental
factor enabled you to
WFfEeQ AUK

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

A What happens when
UKSNBE AayQid
key factor?

Image creditcocoparisienn€CCO
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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.
¢KAa ONBIFGSa | F2NOS OFffSR WEATUQE &
key to flight is creating pressure upwards on the kite to keep it in the air. This Is
OFff SR . SNy2dzZ ftAQa t NAYOALIX S | FUSNI 51
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Image creditcocparisienneéCCO
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Learning Outcomes:

T¢2 dzy RSNAGIFI YR K2¢g OKIy3IAy3a GKS
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You will use a toy glider
Fa | aAYLI S
observe the shape of th
3f ARSNXQa g A



Experiment: Materials

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

2. Discardedstyrofoampackagingeg.from a new fridge or washing
machine

3. Sharp knife for cutting and paring tisgyrofoam ﬁf
4.Discarded cardboarag.cereal and pizza boxes 490

5. Scissors and sticky tape

6. Digital scales that measure In tenths of a gr %\§
/.25mmeasuring tape

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



Experiment:
Methods

1. Assemble the glider by
following the instructions
2y (0 KSS ao(i2 Efd
and observe how far and
high it glides when you
launch it with different
F2NOS 2N Wi K
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 teache
to help you cut and pare ' it
the styrofoamto make

two wings, each the sam

width as the originals but
twice as long (see below
shape thestyrofoamso

that the lower surface
remains relatively flat an
the upper surface is B

curved like arairfoll (see
d|ag ram Of CrOS'SGCtlon). Image credit: MichadPaetzoldCC B¥A 3.0



Experiment. Methods

3. Launch the glider and measure with 25m tape how far it glides
OUKNBg-aWelt BQMUANY NBELISI U mn UAYSa
OFt OdzAt 4GS UKS YSIFY RAauUulyOS AL

4. Suspend the gliderso ®
that the belly just touche ,,;////
the ground, pointthefan =

at its nose and switch it o
to the lowest speed, then
the next fastest and so or},
and record what happens.
to the glider. .




_ 5. Trace the 2D shape of the
Experiment: Methods  Styrofoam wings on to cardboard,
B Odzi U KS OF NROZI
~SEUSYaAzyaQ 2dzi
~_ with sticky tape to the back edge
of the Styrofoam, use the scales tc
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 alonc
the back edge of the Styrofoam or
the upper surface.

~ 6. Repeat steps 3. & 4.
© 7 7. What difference did you observe

Pay

Ay (KS 3If ARSNXa
g the two modifications?
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Explaining Flight using Science

When air flows overan | . . ; .
airfoil (wing), the air | Alrfoll Foll:pushea Hp:
flows faster over the top

of the wing and slower

under the wing. The ‘
faster flowing air exerts {2
lower pressure than the |

slower moving air. The
pressure difference
causes an upward force Flow deflected down.

called lift, which enabled
the bird to ﬂy Image creditMichaelPaetzoldCC B¥BA 3.0

-



Explaining Flight using Forces

There are four main forces on a bird in fligii¥eightis a force produced by
gravity in the downward direction, and every bhids toproducelift with its
wings to counteract weight. A wing moving through air also experiences
drag, which slows it down, so the bird mystoducea forwardmoving

force, calledhrust, 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

; ; : E; Image credit: jing.com CCO
WEIGHT




Evaluate the Experiment:

AWhat was the experimental question being asked?

A Identify the variables in the experiment

A After completing the guided experiment, what can you predict about
the effect of wing size and shape on flight performance?

A Do you think the experiment was a fair test of the question? Why or
why not?

A Design and Plan your own Investigation



Bird Wing Shapes

A Learning OutcomeTo accurately observe and describe wing
shape and flighbehaviourof some birds

A2 1 GOK 51 AR !uusyozdezaKQa
al AUSNE 2F CfAIKUQ ,

A Observe the different types of birds and their wing shapes:

ARSAONAOGS SIOK 0ANRQa o02Ré& aAlS IyR akl

short and round, large and torpeekhaped, jetfightershaped,
etc.

A describe the wing shape

A note the way the feathers are shaped at the outer ends of the |

wings
Image credit: Queensland Museum CENEXND 4.0
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Bird Flight Patterns

A Describe the main flyingehavioucs), such as soaring, flapping, diving with wings partly foldec
undulating or alternately flapping and gliding, higjpeed flying, hovering. How do birds use
their body, wings and tail to adjust their flying speed and direction?

AhoaSNIS GKS WTFEtAIKG SYDBANRBYYSYUQ F2N SI OK
there lots of obstacles in the way like trees? Do the birds appear to use the wind and therma

ez il

Image credit: jing.com CCO




Bird Wing Shape and Flight Patterns

A Tabulate your observations: | Photo credit: Lene Parashou
Species Body size and | Wing shape | Outer wing Observed Observed
shape feather flight flight pattern
arrangement |environment
Albatross Large, torpede| Long and Pointed Very windy Mostly soaring
shaped narrow

X X X X X X




Classifying Wing Shape, Predicting Flight Pattern

ALearning OutcomeTo classify wing shape descriptively and numerically

AFactors that affect flight performance Wingspan
U Wing length
U Wing width and curvature
U Feather arrangement
U Body shape and mass

Wing chord
(width)

Image creditPeerJCC B¥.0
Area



Wing Length

T The greater the length of the . {
wing, the higher the lift N

1 Air wraps around the wings,

the tips and causes drag on =
the wing (top)

{1 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 CCO, Pearson Scott Foresman CCO, Andreas PE#AGQX E



Wing Width

1 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)

A

‘ High camber
Wing chord

- No camber



Wing Curvature

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

4 ! » HIgh cambel

1 Long wide wings with de”e'p éamber Increase lift, short wide wings with

shallow camber increase agility and maneuverability-figght, narrow
wings with shallow camber increase flight speed

Image credit: Lovell and Fitzpatrick (2016)
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Feather Arrangement

- AIuIa raised,  _
91!t dzf | OWﬂ)\y'EIfSU’QUY«*UK S -

moving first digit (thumb) near “\o——~— AIuIa
0KS WgNRAREAGQ OKIN ‘ j
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: MurieGottrop CC BXSA 3.0/




Feather Arrangement

{1 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 alu
upwards and forwards, which creates a slot on the wing's leac

this gives the wing a higher angle of attack and lift without sta

a
Ing edge;
ling

Image credit: OwelCleynen CCO
Alula J . WeRIeY

angle of attack

o :

relative wind

chord line
camber line

max. thuknus
max. C: lmbu
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Angle of Attack: S i

Turbulent flow

starts here.

Is the angle between the wing and the

direction of the oncoming wind. Birds can

adjust the angle of attack of their wings. A s \\s.,i.{.,_, R

small angles of attack, the air flow stays i LS

close to the wing. At higher angles of atta

the air flow separates from the wing and & §

stops flowing smoothly, causing a large lo Ldeie

In lift. Lift iIncreases as angle of attack

Increases, but only up until a certain critic G e e
fere the wing Is

angle. At that point, stall occurs as the alr —==—— _ I 4

stops flowing smoothly over the top surfac \ I e

and instead peels away, leaving a turbule!

wake. At this

Image credit: NAS, angle ol attack,
the airflow 1s mostly turbulent,

Increase the angle of attack and the

turbwlent flow moves up on

the wing
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wing Is large it is said to have a High Aspect
Ratio €g.Wandering Albatross)

A2 KSY | 60ANRQa ¢Ay3d KlFha | [ 2¢ +alL
ratio of length to width is smalkQ.a Superb AL
Lyrebird)

Image credit: Queensland Museum CENEXND 4.0



Gliding / soaring
High aspect ratio
Pointed wing tips

Four Basic
Shapes of
Wings

Albatross

Falcon

Crow

Agile flight High speed flight
Low aspect ratio Pointed long wings
Elliptical Wings

Gliding Image credit:
Eagle Mid- aspect ratio L. Shyamal,
CCBBA 2.5

Slotted wings



High Aspect Ratio Activelgoaring Species

| albatrosses, petrels and gulls

1 Verylong and narrow wings (=High aspect ratio,.some albatrosses
have-an aspect ratio as high ag 18

1 Low camber and no slotting

1 For highspeed flight and dynamic soaring, found in soaring seabirds

1 Long and cumbersome, difficult to take off and laslaped for long
distancesoaringwith little effort

Image credit: Queensland Museum CGNEXND 4.0



A setoction of Flght shots of soo Deds and beds that 0o 10 soa

A+ASg WRASTIY . ANRaA Ay CftAIKIQ o8& |
shapes of these magnificent fliersips://birds-
australia.smugmug.com/ThenrrBalleriesBirds/Birdsin-Flight/OcearGoing
Birdsin-Flight/



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

S and birds that
alcons

gs (=Moderate to high aspect

and no slotting
uire a lot of work to keep the bird airborne

Image credit: Auckland Museum CC BY 4.0
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APeregrine Falcons can fly as fast ad\Bartailed Godwits can fly nestop
390 kph when they are hunting over 12,000 km in 11 days at 89 kph
during migration

Photo credit: Rob Palazzi
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Migrating Birds to Athrgr[fa N Flight

A+AS¢ WaAdIN)»OGAYy3T . ANRA Simple dAndzaxamik f
0KS ¢gAy3I &aKILISad 2F WGIKS Sia/MmBYS
australia.smugmug.com/Ther@alleriesBirds/Birdsin-Flight/Migrating
Birdsto-Australiain-Flight/



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

Slotted nghllf

. “\3\ ”

Irborne or to
als

Image creditContyCC 3.0
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australia.smugmug.com/Therr@alleriesBirds/Birdsin-Flight/Land
Birdsin-Flight/



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

Ellipticalwinged.Species
91 birg '
0 S

Slow speed

JSe
tu

T+AS Sa AY
https://birds-austialia:sn : 5/Birds
In-Flight/LandBirds

d

.
.
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ge credit; Queensland Museum CENEND 4.0


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

Active Soaring (left) vs Passive Soaring (right)

Watchyoutubevideo: Staying in the Ag Bird
Flight by Emma Lumley and Amy Hooper (2010),
https://www.youtube.com/watch?v=F41qG _IfDwU

Active soaring over waves, aboveAreCC B¥WC 3.0), and
Passive soaring on thermals, at righbakeCC BYC 2.5)



