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modify at your discretion.
Grade Level: 3-4 yay

Modificationstovideo: Therehave been severa changesto thelesson plan sincethe video was made.
Thislesson planreflectsthelatest changes made asaresult of suggestionsfrom teacherswho have pre-
sented thelesson during the daytime program. Please continueto send usyour ideas!

Overall educational objective: Studentswill understand and be ableto explaintheinteractivereation-
shipsbetween theforcesof lift and gravity, thrust and drag, asthey apply to airplanesin motion. They will
know that Orvilleand Wilbur Wright produced and flew thefirst airplane based on these principles.

Associated Standar d and CORE obj ective:

Standard I11:Understand the rel ationshi p between the force applied to an object and resulting motion of
the object; Objective 1. Demonstrate how forces cause changesin speed or direction of objects.
Standar d 1'V:Understand that objects near Earth are pulled toward Earth by gravity; Objective 1-a:
Demondtratethat aforceisrequired to overcomegravity.

Materialslist:

1- Mode of modernsmall airplane 1 - Electric fan mounted on skateboard

1- Model of Wright Brothers 1903 flyer 1- Hair dryer and ping pong ball(s)

1-Windtunnel (electricfan, fabric sock, plexiglasstunnel box, Styrofoam block and airfoil onastick)
- Sample helicopter and instruction sheet 1- Extensioncord.
- Supply of paper helicoptersready to cut and fold

Six graphics.
Photo of Orvilleand Wilbur Wright Sketch of air flow over airfail
Photoof first flight Sketchof pingpongbal inair flow
Airplanewithdirectiona arrows Sketch of Wright Bros. airplanefor coloring/ copying

Teacher Provides:

. stripsof paper (approx. 2'x 8") and paper clipsfor student use
. copiesof airplane sketch for coloring (optional)

. scissorsfor cutting helicopter patterns

. paperclipsfor helicopters



Suggested Setup:
Placelong work tablefront and center asteacher work station, with spacefor studentsto accessall sides. If
disciplineissufficient to preclude student tampering, havetablearrayed with thefollowing as attention-

getters.
. Graphicsaslisted above
. Fan mounted on skateboard
. Modern modd airplane

. Hair dryer and ping pong ball
Have power cord plugged inand readily available behind table. Someitems may need to be set asideduring
thrust demonstration with fan/skateboard. Have 2'x 8" strips of paper cut and ready for quick distribution,
also paper clips. Set up wind tunnel assembly on asecond, small table nearby, arranged for student access
onbothsdes. Adjust tilt of fanfor level air stream and draw plexiglasstunnel and fan apart sofabricis
taught and straight aspossible. Thisisfor useat end of lesson.

Introduction:
Whoinvented thefirst flyableairplane? (Wright Brothers: Orvilleand Wilbur) Display graphic no. 1.

Whendidthey first fly? (On Dec. 17, 1903 they first flew 120feet at Kill Devil Hill near Kitty Hawk, North
Caraling) Display graphic no. 2, theactua photo of their first flight.

Theyear 2003 isthe 100th anniversary (centennid) of powered flight. We are hel ping celebrate by learning
what the Wright Brothershad to discover to makethefirst airplanefly.

Four Forces:
Writetheword FORCESboldly on board. (do thisin advance)
Exemplify thefour opposing forcesof gravity, lift, drag and thrust asfollows:

1. Holdabook about 12 inches above atable surface. Pretend the book isan airplanethat wewant to
fly. Ask: will the book rise up like aplanewhen rel eased? (no)

2. Demonstrate by dropping book. Ask: what force pulled the book downwhenwewanted it tofly?
(gravity)

3. Writegravity below FORCES on the board and draw adownward pointing arrow between the

two words.

Ask: what kind of forcedid the Wright Brothers need to maketheir airplanerise? (lift)

5. Write“lift” above FORCES on the board and draw upward pointing arrow between thetwo
words.

6. Identify problemno. 1: How to create“lift” force powerful enoughto overcomeforceof “ gravity.”
(write®how to create‘lift’ force” onboard)

7. Airplanemust also moveforward. What kind of forceis needed? Exemplify forward movement by
making the book dide along tabletop with athrusting push and release.

8. Ask: What kind of force madeit moveforward? (“thrust” force from muscle power)

9. Write“thrust” totheleft of FORCESand draw leftward pointing arrow between thetwo words.

10. Ask: What kind of force stopped book from diding along table? (“drag” fromfriction against table
surfaceand againgt air molecules)

11. Write“drag” to theright of FORCES; draw rightward pointing arrow between thetwo words.

>



12. Identify problem no. 2: How to create“thrust” force powerful enoughto overcome* drag” force.

(write“how to create‘ thrust’ force” on board)

13. Exhibit graphic no. 3and explainthat an airplanein flight isin acontinuoustug-of-war between

these opposing forces.

14. Holding mode of modern small airplaneaoft with demonstrating motions, help studentsdeducethat

“lift” force must exceed “gravity” force, and “thrust” force must exceed “drag” forcebeforeaplane
cantakeoff and fly. Wheninlevd flight, theforcesof “lift” and* gravity” areequal, asarethe
“thrust” and “drag” forces. Whenthe pilot shutsdown theengine, “thrust” and “lift” arereduced;
“drag” and*“ gravity” win thetug-of-war and makethe planefall.

CreatingLift Force

Stimulatecuriosity withthefollowing activity:

1.

o

Have each student pick up by oneend aprevioudy provided slip of common paper approximately
2"'x 8" insize. Pressthe end againgt the upper chin just below thelower lip so that the paper extends
forward like an extended tongue. Havethem predict how the paper will movewhenthey blow
outward along the paper’ stop surface. Then havethem blow. Most will be surprised to seethat it
moves upward towardsthe stream of air, rather than being blown farther downward.

Challenge studentsto explain why the paper rose upward.(NOT E: thisisademonstration of
Bernoulli’sprinciple, which statesthat anincreasein thevelocity of any fluidisalwaysaccompanied
by adecreasein pressure. Airisafluid (it can flow). By causing theair to moverapidly acrossthe
upper surface, the pressure on that upper surfaceismadelessthan the ambient pressure affecting
thelower surface. Therefore, the higher pressure underneath “lifts” the paper into the zone of lower
pressure above.)

Display graphic no. 4toillustrate how this happens. Thevel ocity of air moleculesflowing over the
topwing surfaceisautomatically greater than a ong the bottom surface because thetop side
curvatureforcesthemtotravel agreater distance than their companion moleculeson the bottom
side. Becausethey al must reach thewing’strailing edge together, those on top must flow faster!
Notethat thissame effect iscreated either by amoving air flow acrossanon-movingwing (airfoil),
or by thewing moving through gill air. When airplanestake off and fly into thewind, acombination
of thetwo effectsoccurs. That iswhy pilotsalwaystry to take off into thewind. It requiresless
power, lessground speed and shorter runway distanceto achievetake-off. (Exemplify thisby
holding themode airplaneinand out of theelectricfan’sair flow.)

Help students seethat thisishow the Wright Brothers solved thefirst problem (producing “lift
forceto overcomethe“gravity” force)

“Magica Suspenson” demonsgtration activity

. Connect hair dryer and turn on high speed with nozzle directed straight up.

. Gently placeping pong bal intoinvisibleair stream afew inchesabovedryer nozzle. It will
float suspended inthat position.

. Allow ball to settleasmotionlessasit will, then gently tilt hair dryer laterally sothat theair

streamisdirected at asidewaysangle. Toacertain point, theball will remain suspendedin
theinvisbleair stream, defying the expectation that gravity will causeittofal. Holdit high
for al to see. Suggestion: select astudent to hold and tilt the dryer under teacher direction.
(Teacher should practicethisoncein advanceto get afeel for how theball hangsand the
point at whichit ultimately falls.



. Challenge studentsto explain how the ball remains suspended, inlight of what wejust
learned about creating “lift” force (Bernoulli’sPrinciple).

. Clarify by exhibiting graphic no. 5. Notethat ball doesdrop just alittle, until it’slower
surfaceencounterstheinvisible planewheremoving air meetstill air. At that point, theball
encountersthe pressure difference explained above.

Creating Thrust Force

1. Ask: How doairplanescreatetheairflow needed to causethelift forcejust discussed? (Answer:
Enginesturn propellerswhich thrust the planesforward through the air fast enough to cause airflow
over thewings. Thisthrust force also overcomesthe drag forcewhich triesto hold the plane back.
It worksthe same asaboat propeller creating thrust against the water and moving the boat
forward.)

2. Thepropeller drivesthe planeforward by pushing theair backward. Theair, reacting to theaction
of the propeller, pushesit forward. (For every action, thereisan equal and oppositereaction -
Newton’s Third Law of Motion.) Becausethe propeller isattached to the plane, it pullsthe plane
through thefluid air very much like aboat propel ler pushesthe boat forward through thefluid water.

3. Demondtrate propeller thrust effect by operating fan-driven skate board onlong table. Likeataxiing
airplane, the propeller inthefan will drivethe skate board forward. Involve studentsasmuch as
possible. One can place and direct the skate board at the “take-off” end of table; another at
oppositeend can catchit to avoid running off the* -edge. Teacher should manage power switch and
dack indectricd cord.

4. Héep studentsconcludethat thisishow the Wright Brothers solved the second problem (producing
“thrust” forceto overcomethe*“drag” force.

5. Hands-on student experiment: makeahelicopter. (see attached pattern and instructions.) Students
candothisindividualy or inteamsof two. Explain that the helicopter rotor islikean airplane
propeller inthat itsrotating blades push against theair asthey aredriven by aforce. Onanairplane,
thedriving forceistheengine. With our paper helicopter rotors, thedriving forceisgravity. Help
studentsobserveamajor difference, however: with the plane, theforce of the engineismuch greater
than theresi stance of the standing air. Hence, the* oppositereaction” involvesair being pushed
away dramatically by the powerful propeller. With the paper rotor, the resistanceforce of standing
air isgreater than therather weak force of gravity pulling therotor down. Hence, the* opposite
reaction” hereistherotor spinning around asgravity pullsit downward against theresistant air.

Fed theTHRUST andtheLIFT

Explainthat Orvilleand Wilbur built awind tunnel to experiment with different shapesof wingsand
determinewhat shape best created lift. A stationary propeller, likeafan, wasused to createthrust inthe
tunndl. Inform studentsthat they can actually fedl what lift onanairplanewingislike by gently maneuvering
thered airfoil pieceinside our wind tunnel. Turn on tunnel fan and briefly demonstrate how. (Place onefinger
lightly beneath each end of the red wooden dowel wherethey protrude from the sides of thetunnel box.
Without grasping, smply raisethetwo endsupward together through thewind stream. The*floatingon air”
phenomenonisboth felt and seen. Notethat it ismost pronounced asthefoil approachesthetop of the box.
Restrain studentsfrom thisexperience until after thefollowing lesson conclusion.



Puttingit All Together

How did Orvilleand Wilbur Wright, in their Dayton, Ohio, bicycle shop one hundred yearsago, ever
manageto invent amachinethat could create both thrust and lift enough to overcomethedrag and gravity
and make over 900 poundsrai se of f theground and fly! (refer again to graphic 3) What do you think it
looked like? Something like our model airplane, perhaps? (no) Well let’stakealook! (Teacher present the
Wright FHlyer modd).

Atthispoint, invite studentsto rotate for hands-on experience among thewind tunnel, thethrusting
skateboard, the* magic suspension” activity, flying their helicopters, and examining the Wright Flyer modd.

Optional Activities
Copy drawing of theorigina planefrom copy master inkit; distribute to studentsfor coloring activity.

Vocabulary exercise: Defineand clarify usage of thefollowing key wordsasthey occur during the
lesson. They areitalicized throughout. Writethem on the board.

. Centennid
. Vdocity

. Thrug

. Gravity
Caution

Though students are encouraged to closely examine and even touch the Wright Flyer moddl, it must not be
handled or carried about by students. It isfor fixed display only and should be placed safely on asecure
tableor elevated platform. It isexpensiveand rather delicate, so please safeguard it well.

At end of day, please be sureall materiasarereturned in transport container. Refer to materiaslist onfirst

page.
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