4
Ph HTipsforTeachers Projectile Motion

Intro Screen
Investigate the the factors that affect a projectile’s trajectory, such as angle, height, initial speed,
and air resistance.

BBegenne

Uccnegyvite @akTopel, B/IMSIOLNE HA TPAEKTOPUIO 10/1€Ta CHaPSAa, Takue KaK yrosi, BbICOTa,
HAYasIbHasi CKOPOCTb M COMPOTUBIIEHNE BO3LAYXaA.
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Vectors Screen
View the drag and gravitational forces in a free-body diagram, and explore how the velocity and
acceleration are affected by air resistance.

Bekropbl. [TocMOTpUTE Ha CONMPOTUB/IEHNE BO3AYXE U TPEBUTALMOHHBIE CH/IbI HA ANATPaMME LBMKEHMS
T€/1a M UCCTIEQYUTE, KaK CKOPOCTb U YCKOPEHNE 3aBUCAT OT COMPOTUB/IEHNS BO3AYXA.
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Drag Screen

Determine the factors that affect the drag force, and observe the relationship between the drag

force and thevelocity.
lMonér

Onpegenre @QaKTopsl, B/IMSIOLNE HA CHITY COMPOTUB/IEHNS, U MPOCIEANTE B3aUMOCBS3b MEXAY CH/ION

COlMpOTUB/IEHNSA U CKOPOCTHIO.
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Projectile Motion

Lab Screen
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Explore the effects of adjusting the projectile’s parameters, and investigate the influence of gravity.

Jlaboparopuns

Uccnegyvite 3¢phekTbl KOPPEKTUPOBKU apaMeTPOB CHaPSAa M UCCIIEAYITE BJINSIHUE TPaBUTALIMA.

MepeTawure
MULLIEHb B
HY>KHOE MeTpO
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Projectile Motion

Model Simplifications

Initial Values
Height: 0 m
Angle: 78"
Speed: 18 m/s

)|

( Human [v)

Mass 70kg
0 200

Al gp—2®
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— 0.4 15
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@ —4—
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e The cannon has crosshairs to mark the initial location of the projectile.
e Changes in air resistance, altitude, and gravity apply immediately and will affect all projectiles

mid-flight.
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e Vectors are drawn from the center of the image, which may deviate slightly from the center of
mass. For better visibility, the vectors do not scale with the zoom level.
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e The drag force is modeled used quadratic drag (Fdrag oc V2) which is valid in the high Reynold’s
number limit appropriate for macroscopic objects like baseballs. Linear drag (Stoke's Law) is only
valid in the very low Reynold's number limit (like micron-sized droplets in air).

e The drag coefficient depends on the Reynolds number, which we have assumed to be a constant.

e The drag coefficient also depends on the geometry of the object, so benchmark projectiles (e.g.
baseball, car) do not have an adjustable drag coefficient.

e The cross-sectional area of the projectiles is approximated to be a circle, and its area is
determined by thediameter.

o Items that stay tangent to the trajectory while in motion (e.g. football, tank shell) are assumed to
have the appropriate aerodynamics or weight distribution that leads to this behavior.

HAonywenns, npuHaTeie B Mogem

* [lyiwka nMEET rnepeKpecTne, YTobbl OTMETUTL HaYa/lbHOE MECTOIMOJIOKEHNE CHAP[Aa.

* YI3MeHeHus1 COrpOTUBIIEHNS] BO3/YXa, BbICOTbI M CHJIbI TSIKECTU MPUMEHSIIOTCS HEMEL/IEHHO U B/TUSIIOT
Ha BCE CHapSsAbl B CEPEAMNHE 10/1ETA.

* BEKTOPbI PUCYIOTCS U3 LUEHTPA U300PAXEHMS, KOTOPBIVI MOXXET HEMHOIO OTK/IMYATbCS OT LJEHTPA MACC.
15 7yyLest BUMMOCTH BEKTOPbLI HE MACLLTAOUPYIOTCS BMECTE C yPOBHEM MACLLTAOMPOBAHMS.

* Cuia ConpoTUB/IEHUS MOAE/TPYETCS KBAAPATUYHBIM COMPOTUBIEHNEM (Farag & V), KOTOpOE
CrIPaBEL/TMBO B [PELAE/IE BbICOKMX 3HAYEHMN YnCia PeriHO/IBACE, MOAXOASIYEM /151 MAKPOCKOMMYECKUX
T€/1, TAKUX KaK TEHHUCHbBIE MSYn. JTnHeriHoe conpotusrermne (3akoH CTOKa) CripaBEeEA/IMBO TOJIbKO MpH
OYEHb HU3KOM 3HAYEHMMN Y1C/Ia PeriHO/IbACA (KaK KaresibKu MUKPOHHOMO Pa3MEPa B BO34YXE).

* KosgpgmmeHT 71060B0ro CornpoTvBIEHNS 3aBUCUT OT YnC/ia PeviHO/IbACa, KOTOPOE Mbl MPUHS/IN 3@
[1OCTOSIHHY'HO BE/TNYMHY.

* KoaggumumeHT 71060B0ro CornpoTHB/IEHNS TaK)KE 3aBUCUT OT FEOMETPUN OOBEKTA, TOITOMY ITa/IOHHbIE
CHapsabl He UMEIOT PErysimpyeMoro Ko3@@uuneHTa 1060B0ro CorpoTUB/IEHNS.

* [laowane rnornepeyHoro Ce4YEHN CHapsA0B NMPpUOIIMKAETCS K KDYTY, M OHa OMNPEeAETSETCI ANAMETPOM.

* [lpegrionaraercs, Y10 MPeEAMETbl, KOTOPbhIE OCTAIOTCS KACATEIbHbIMU K TPAEKTOPUU BO BPEMS
JBWKEHUS (HarpuMep, @yTO0/IbHbIM MSY, TAHKOBbIM CHAPSA), MMEOT COOTBETCTBYIOLYIO
aspoanHamMmuKy win Pacripegesienmne Beca, YTo rpuBoaNT K UMEHHO TaKOMy MOBEAEHMIO, KaK 3a43HO B
CUMYJISTOPE.

Complex Controls

e Up to three projectiles can be queued up if fired while paused.

e The tracer tool can measure the time, range, and height of the projectile at any
dot along the path. The black dots are drawn in 0.1s intervals, and the green dot
represents the apex.

e The “"Custom” projectile on Lab screen allows users to enter precise values [(een— To)][ reeme
for the mass, diameter, gravity, altitude, and drag coefficient. The acceptable |.... Wﬁl = B
range for these values will be displayed at the top of the keypad. @

C/10)KHOCTH YripaB/IeHNs E”E“i] al 1=
poontoms (o) ) ||

e [Jo TpeX CHapsAA0B MOryT ObITb 10CTaB/IEHBI B OYEDELAL, EC/IU OHU BbITYLLEHbI BO
BpEMS 1ay3bl.

* TpaccupyroLymi MHCTPYMEHT MOXET U3MEPSITb BPEMS], Ad/IbHOCTb M BbICOTY 10/1€Ta CHapPSAa B /10604
TOYKE TPAEeKTopum. YepHble ToYku pUCyroTCa C MHTEDPBA/IOM 0,1 C, a 3€/1eHas TO4YKa rpegCcTas/isSeT
BEDLUNHY.

* 7 [Tonb30Bareibckmit " cHapsg B «Jlaboparopum» ro3BOJISET 10/1b30BATE/SIM BBOAUTL TOYHbIE
3HaYeHNs Macchbl, ANAMETPa, CHibl TSKECTH, BbICOTbI M KOIPGULMEHTa J/1060BOrO COMPOTUB/IEHUS.
HoryctuMbivi ananazoH /151 3TUX 3HAYEHMU OyAET OTOBPaXaTbCsl B BEDXHEN YaCTy KAaBUATYpbI.
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Insights into Student Use

¢ Students usually find all the available options in the sim without prompting, like adjusting cannon
angle, moving the target, changing the projectile parameters, and turning on vectors.

e The cannon sits on a pedestal with an adjustable height. To cue this behavior, the cannon
on the Intro screen starts at 10 m, and has arrows on the height label that will disappear
once the cannon’s height is adjusted. %""

TPyAHOCTH MCO/Ib30BaHNS yYEHNKaMH .

* YyeHuKku 06bIYHO HaxXo4saT BCE AOCTYITHbIE BAPUAHTBI YITPAB/IEHNS B CUMYJISTOPE BE3 T04CKA3KY,
HArpuMep, PEryJIMPOBKY yIJia yLLUKH, MEPEMELLYEHNE LIE/TH, U3MEHEHMNE 1aPaMETPOB CHAPSAa U
BKJTIOYEHNE BEKTOPOB.

* [lywka yCcraHoB/IeHa Ha MbEAECTAIE C PErY/IMPYEMOU BbICOTOU. YTOObI yKa3aTb Ha 3TO MOBEAEHME,
BbICOTaA YCTAHOBKM IyLLKN BO «BBEAEHMN» HAYUHAETCS C 10 M M UMEET CTPE/IKM H3 OTMETKE BbICOTH,
KOTOPbIE NCHE3HYT, KaK TOJIbKO BbICOTA I1yLLUKU 6YAET OTPErYIIMPOBAHA.

Suggestions for Use
Sample Challenge Prompts

e Choose a variable, and design an experiment to determine how it affects the projectile’s path.

e Predict how changing the initial conditions will affect the path of the projectile, and explain your
reasoning.

e Determine which factors affect the range of the projectile when air resistance is turned on, but
have no effect when air resistance is turned off.

e Describe how the behavior of the velocity and acceleration vectors over time, and how they are
affected by airresistance.

e Explain why the black dots on the projectile’s path are closer together near the top, but further
apart when close to the ground.

e Create a situation in which the projectile reaches terminal velocity.

See all published activities for Projectile Motion here.
For more tips on using PhET sims with your students, see Tips for Using PhET.

PexomeHgaymn rno rnpuMeHeHNo

[lpumMepHbie 3a4aHns

* BblbepUTE MEPEMEHHYIO U Pa3pPabOTANUTE IKCIIEPUMEHT, YTOObI ONPEAESNTL, KaK OHA B/IUSET Ha
TDAEKTOPUIO 110/1ETA CHAPSAA.

* CripOrHO3upywiTe, KaK M3MEHEHNE HAYa/TbHbIX YC/IOBUH TOB/TUSET Ha TPAEKTOPMIO 10/IETA CHAaPSAE, U
OOBSICHUTE CBOU PACCYIKAEHMS.

* OnpesenmTe, kakme @akTopbl BIIMSIOT Ha Aa/IbHOCTb [10/1€Ta CHAPSAAE IPY BKIIKOYEHHOM
COMPOTUB/IEHMN BO3AYXA, HO HE B/IUSIIOT 1PU BbIK/TIOYEHHOM COMPOTUB/IEHMN BO3AYXA.

* OrnTe, Kak M3MEHSETCS MOBELEHNE BEKTOPOB CKOPOCTU 1 YCKOPEHMS BO BPEMEHM, U KaK Ha HUX
B/IMSIET COMPOTUB/IEHNE BO3AYXA.

* OBBACHUTE, MOYEMY YEDHBIE TOYKM HA ITyTU CHapAAa 6/vKe Apyr K Apyry BO/IM3n BEPLUNHB], HO
AalblUe APYr OT 4pyra, KOr4a OH HaxoauTcs 6/IM3Ko K 3eMrie.

* Co34atb cUTyaumro, rpu KOTOPOU CHAPSA M0NafaeT B MULLIEHD.
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