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Intro Screen
Play with one or two pendulums and discover which variables (such as length, mass, gravity, or angle)
affect the period.

BeedeHue

[Mouepalime ¢ 00HUM unu 08yMs1 MasimHUKaMU U 8bISICHUMeE, Kakue rnepeMeHHble (Hanpumep, OruHa,
macca 2py3sa, cusia msxecmu unu y2os OMKIOHEHUS]) 8IUSIOM Ha rnepuoo.
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Energy Screen

Explore the energy in the system in real-time and discover the conservation of mechanical energy.
OHepeus

Uccnedylme aHepauto 8 cucmeme 8 pexxume peasibHo20 8peMeHU U omkpolme 05151 cebsi coxpaHeHue
MexaHu4YeckoU aHepauu.
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Lab Screen

Measure the period precisely and view the velocity and acceleration throughout the pendulum’s swing.

Jlabopamopusi

TouHo usmepbme nepuo@ u riocmMompume Ha CKopoCmsb U YCKOpPeHue 80 8pemMs KonebaHul MasimHuka.
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Complex Controls
- Theremove heatbuttonin the Energy Graph will instantaneously remove the thermal ﬁ] e
energy from the system. If friction is on, the thermal energy will still continue to

accumulate.

- When the energy is off-scale, an arrow will appear above the barin the Energy Graph. Tore-
scale the graph, zoom out until the arrows are no longer visible

OcobeHHOCMU ynpaeneHusi
* KHorka « Tennoeasi aHepausi» Ha epachuke aHepauu M2HOBEHHO CKPOem rioka3 mersioeoll 3Hepeuu Ha

epagpuke. Ecriu mpeHue eKno4YeHo, meniogasi IHepaus ece pasHo bydem rpodosmkame
HakarnueamacCs.

» Koeda aHepaus 3awkanueaem, Hao rosiocol Ha epacbuke sHepauu rnosisnsiemcsi cmpesnka. Ymobbi
usMeHUmMb Macumab epachuka, ymeHbuwaltme macwmab 00 mex rnop, rnoka cCmpesiku He Uc4e3Hym

Insights into Student Use

» Students may try to use the formula for the period of a pendulum, T = 2776[15, which is only valid in
the small-angle regime. Students can experiment using Jupiter or the Moadn to discover what “small”
means or they might be able to conduct a literature search. Note that there is no absolutely clear
answer to this question — it depends on the level of precision maintained.

« When experimenting, it may be helpful to first pause the sim and then set up the experiment.
» The purpose of the ruler is to set the scale. Students generally use the ruler to verify that the length is
measured to the pendulum’s center of mass.

3ameyaHunsa y4eHUKoB
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* Yyawmecs MmoryT nonpo6oBaTb MCnosb3oBaTb OpMyny Ans nepyoaa masitHuka T = 211\[; , KoTopas

*

*

crnpaBeasivBa TOMbKO ANS ManbIX YrioB. YYEHUKN MOryT NO3KCNepuMeHTMpoBaThb, ucnonsb3ysa Konutep
nnu JlyHy, 4TOoObl BbISICHUTb, YTO 3HAYUT “ManeHbKnin”, U1 OHWM MOTYT NPOBECTM MOUCK NTepaTypbl Mo
3TOMY BOMNpocy. 3aMeTuM, YTO Ha 3TOT BOMPOC HET abCOMNOTHO YETKOro OTBETa — BCE 3aBUCUT OT
YPOBHS nogaepXnsaemMon TO4YHOCTH.

Mpn akcnepnMeHTUPOBaHUN MOXET BbITb NOSIE3HO CHa4vana NPUOCTaHOBUTbL CUMYMATOP, a 3aTeM
HaCTPOUTb AKCMEPUMEHT.

Llenb nuHenku - ycTaHoBUTL WKany. Yyauwmeca 06bI4HO NCMOMb3YT NIMHENKY, YTOBbI NPOBEPUTL, YTO

OInnHa naMepaeTcda Ao LUeHTpa MacC MadTHUKA.

Model Simplifications

- As you move the pendulum, the angles are constrained to be an exact integer number of degrees.

- The potential energy is relative to the resting point of the mass, so pendulums with differentlengths will
have different zero-points.

- The Period Timer operates as a triggered mechanism (photogate), which starts when the pendulum
crosses the vertical dotted line. The period will be displayed after one cycle.

- Ifaparameter (e.g. gravity, mass) is changed mid-swing, the instantaneous length, mass, angle, and
tangential velocity will be used as the new initial conditions for the equation of motion. As a result, the
amplitude of the swing may be affected, and will no longer correspond to the tick mark on the
protractor.

« Friction is modeled as quadratic drag (Fdrag o< v2) which is valid in the high Reynold’s number limit
appropriate for macroscopic objects. Increasing the friction will increase the value of the drag
coefficient in the model.

< For more information about the drag force or the equation of motion, see Pendulum Lab Model.

HonyweHusi, npuHssmsie e modenu

* [pu nepemewieHUU MasimHuKa yarbl 02paHu4Uu8armcs MOYHbIM UeslbiM YUC/I0M 2padyCcos.

* [lomeHyuarnbHas 3Hepausi HaxoOumMcs OMHOCUMESIbHO MOYKU MOKOS Macchbl, 103MOMy MasimHUKU C
pasHou dnuHou 6ydym umeme pa3Hble Hyr1eeble MOoYKU.

* Taumep 3aryckaemcs, Koeda MasmHUK rnepecekaem eepmukarsibHyt0 MyHKMUPHY nuHur. lNepuod
bydem omobpaxkambcs nocre 00HO20 YuKna.

» Ecniu napamemp (Hanpumep, cusia msixecmu, Macca) usMeHsiemcsi 8 cepeduHe konebaHusi, OruHa,
macca, y20/1 U maHaeHyuasnbHas ckopocmb 6yOym UCMob308ambCs 8 Ka4ecmee HOB8bIX HavaslbHbIX
ycrnosud 0115 ypaeHeHuUs1 08UXXeHUs. B pesynbmame amnnumyda konebaHusi Moxxem 6bimb USMEHEHa.
* TpeHue modernupyemcs Kak keadpamuyHoe conpomusrneHue (Fdag & V2), Komopoe cripasednuso
0n1s1 6onbwoeo Yyucna PeliHonb0ca, nodxodsuwe2o 05151 MakKpOCKONMUYECKUX 06beKkmos. YeenudeHue
mpeHus npusedem K y8erlu4eHUK0 3Ha4YeHUs KoaghgbuuyueHma 510608020 cornpomuerieHus 8 MOOEesU.

Suggestions for Use

Sample Challenge Prompts

« Explain what the period of a pendulum represents.

« Determine a method to measure the period without using the Period Timer tool.

» Designa controlled experiment to (qualitatively or qualitatively) determine how a variable — such as
length, mass, gravity, or angle — affects the period.

- Estimate the speed of the pendulum from the Energy Graph (e.g. maximum, medium, or zero).

< Predict the position of the pendulum from the Energy Graph.

- Compare the period on Planet X to Earth. Which planet has a larger gravitational acceleration

e Calculate the value of g on Planet X.
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- Predict the direction and magnitude of the velocity vector at various points along the swing.

- Determine what constitutes a “small” angle. (Note that the answer depends on the desired level of
precision.)

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

PekomeHOayuu no npuMeHeHur

lMpumepHbie 3adaHusi

* ObbsicHume, 4ymo npedcmasnssem cobou rnepuod MmasmHuka.

* Onpedeniume memo0 uamepeHus nepuoda 6e3 ucronb3o8aHUs UHCMpyMeHma maumep.

* Paspabomatime KOHMponupyemMbil aKcriepumMeHm, 4mobb! (ka4ecmeeHHO unu
KadyecmeeHHo)onpedenume, Kak nepemMeHHass — Hanpumep, O5uHa, Macca, cunia msixecmu usniu y2on
OMKIIOHEHUS1 — efiusiem Ha rnepuog.

* QueHume ckopocmb MasimHuKka rno epaghuky sHepauu (Harnpumep, MakcumarbHas, CPeOHss unu
Hyneeas).

* [pedckaxume rosroxeHue MasimH{uka rno epaghuxky sHepauu.

* CpasHume nepuod Ha lNnaHeme X ¢ nepuodom Ha 3emrne. Kakas nnaHema umeem 60rbuiee
ycKkopeHue c80600H020 rnadeHus?

* Bbiyucriume 3HadvyeHue g Ha llNMnaHeme X.

* [pedckaxume HarnpasneHue U 8eslu4UHy 8EKMopa CKOPOCMU 8 pasriuyHbIX MoYKax KonebaHusl.

* Onpedenume, ymo rnpedcmaesrisem cobol” manbit " y2on. (Obpamume eHUMaHuUe, Ymo omeem
3asucum om Xeslaemoz20 ypPO8HS MOYHOCMU.)
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