PhET ..o Masses and Springs

Intro Screen
Play with one or two mass-spring systems and discover which variables (such as mass, gravity, spring
constant, spring length) affect the period.

BeedeHue
[Mouepaltime ¢ 00HOU unu 08yMsi cucmemamu rpPyXXUuH U 8bISCHUMe, Kakue nepemMeHHble (makue Kak
macca, epasumauusi, XECmKocmb MPYXXUHbI, ONIUHa MPYXUHbI) erustom Ha nepuod KonebaHud.
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Vectors Screen
View the net force or component forces in the system, and explore how the velocity and acceleration
change throughout the oscillation.

Bmopoli akpaH. Bekmopbi
lMocmMompume Ha pagHodelcmeayrouwyro cusy uu cocmasrnsrowue cursl 8 cucmeme u uccredytime, Kak
CKOpPOCMb U YCKOPEHUE U3MEHSIIOMCS Ha MPOMSsiXXeHuUU 8ce20 KornebaHus.
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Energy Screen

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

Tpemutl 3kpaH. QHepaus

Uccrnedylume aHepauto 8 cucmeme 8 pexxume peasibHo20 8peMeHU U omkpoume 05151 cebsi coxpaHeHue

MexaHu4eckou 3Hepeuu.
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Collect data and determine the value of the mystery mass or g on Planet X.

YeTBEpPTbIN 3KpaH. JlabopaTtopusa
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CobepuTe HeobxoanMble faHHbIe U onpeaenuTe 3HayeHne HeNn3BeCTHOM Macchl Unn g Ha MnaHete X.
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Complex Controls

~u

- Theremove heatbutton in the Energy Graph will instantaneously remove the thermal energy from |
the system. If damping is on, the thermal energy will still continue to accumulate.

= The zero-point of the gravitational potential energy is indicated by the
dashed line at the bottom of the screen. GPE will be zero when the bottom of the mass is at this line.

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

OcobeHHOCMU ynpaesieHust

* KHonika « Ternnoeasi sHepausi» Ha epaghuke sHepauu MeHOB8EHHO CKpoem rioka3s epaghuka mernsiosol
3Hepauu cucmemebl. Ecriu demngbuposaHue 8KM0YeHO, mernsiosasi 3Hepausi ce pasHo bydem
npodosmKkame HakaraueamaCs.

* Hyneeasi moyka epagumauyUoHHOU rnomeHyuasnbHoU sHepauu 0603Havyaemcsi nyHKmMupHouU fiuHued 8
HUXHel Yacmu aKkpaHa. lNomeHyuanbHas aHepausi bydem pasHa Hysto, Ko20a HUXHSS Yacmb MaccChl
Haxooumcs Ha 3mou fTUHUU.

» Koeda aHepausi 3awkanueaem, Hal rosocol Ha epachuke aHepauu rosigrissemcsi cmpesika. Ymobsi
usmeHuUmb mMacwmab epaghuka, ymeHbwatime macumab 0o mex riop, rioka CmMpersiKu He UCYe3Hym.

Insights into Student Use

- When setting up an experiment, it may be helpful to first pause the sim.

« Students may notice that the displacement vector is asymmetric about the natural length. You can ask
students to find a way to make this displacement equal (g = 0) or ask them to instead compare the
displacement about the Mass Equilibrium (always symmetric).

lMoHumaHue ucnosnb308aHuUs1 yHauuMucsi

* [lpu Hacmpolike akcrnepuMmeHma mMoxem 6bimb MOe3HO CHavyasna npuocmaHo8uUmMe CUMYSMop.

* Yuawuecs mozym 3amemums, 4mo 8eKmop CMew,eHusi acCuMMempu4yeH OmHoCcuUmMesibHO
ecmecmeeHHoU OnuHbl. Bbl moxeme roripocums cmydeHmoeg Halmu criocob cdesiamb 3mo
cmeuwjeHue pasHbiM Hymo (g = 0) unu nonpocume UX 8MeCMo 3Moe20 CpasHUMb CMeWeHUe
OMHOCUMEIIbHO MOYKU paBHO8ECUSI Macchl (6cea2da CUMMEMPUYHOE).

Model Simplifications

» The thickness of the spring is used to indicate the spring constant. A spring with  coils can betreated
as identical springs (each with spring constant k) connected in series, with an effective spring
constant of keq = k/n. For springs with an unequal number of coils (unequal natural lengths) to have the

same effective spring constant, the shorter spring must have a thinner gauge. Similarly, if these two
springs have the same thickness, the shorter spring will have the greater effective spring constant.

- The mystery masses on the Intro and Vectors screens have the same density as the other masses, so
their size can be used to (roughly) determine their mass. On the Lab screen, the mystery masses have
different densities, so students will need a more sophisticated strategy to determine their value.

« Two equilibrium reference positions can be displayed in this sim: Equilibrium Position (end of spring)
and Mass Equilibrium (center of mass). The Equilibrium Position appears on the Intro screen to allow
students to discover the displacement. Vectors are drawn with respect to the center of mass, so the
Mass Equilibrium is a more useful visual reference on the later screens.

- The damping force is proportional to the velocity ( ¢ ), and the damping slider controls . For
more information about the damping or the equation of motion, see Masses and Springs Model.
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- Ifaparameter (e.g. gravity, mass) is changed mid-oscillation, the instantaneous displacement, mass,
spring constant, gravity, and velocity will be used as the new initial conditions for the equation of
motion. Frequent mid-oscillation changes can lead to hard-to-interpret (though technically still
accurate) behavior, so we recommend stopping the mass between experiments.

HonyweHrus, npuHsmsie 8 modenu

* TonwuHa npy>XuHbl Ucronb3yemcs 0715 yKa3aHUusi XXECmKOCcmuU npYXXuHbl. [IpyXXuHy ¢ sumKamu MOXHO
paccmampueamsb Kak UOeHMUYHbIE MPYXXUHbI (Kaxoasi XECMKOCMbIO MPYXUHbI k), COeOUHEHHbIe
rnocriedosameribHO, € 3ghPeKMUBHOU XECMKOCMbIO MPYXUHbI Keq = k/n. Ymobkl npyXuHbl ¢
HeOoOUHaKo8bIM YUCIIOM 8UMKO8 (HeOOUHaKosol ecmecmeeHHOU ONUHbI) uMesiu 00UHaKo8YyH
aghbbekmusHyro XEcmkocmab npyXXuHbl, 6bonee Kopomkas rnpyxuHa domkHa umems 6051ee MOHKUU
Kanubp. AHano2u4Ho, ecriu amu 08e rpyXuHbl UMetom 00UHaKo8yr MonwuHy, mo 6onee Kopomkasi
npyxuHa 6ydem umems 60s1bW Y0 3¢hPEKMUBHYIO XECMKOCMb MPYXKUHBbI.

* [py3bl HeU38€CMHOU Maccbl UMEOM My Xe 0mHOCMb, YmMo U dpyaue epy3bl, M03IMOMy UX pasmep
MOXXHO ucrnosib3o8ams (epybo) Ons orpedernieHusi ux maccol. B Jlabopamopuu Heu3gecmHble 2py3bl
uMerm pasHyr N0MHOCMb, MO3MOMy ydawumcs nompebyemcs 6ornee crioxHasi cmpameaus,
umobbi onpedenumes Ux Maccy.

* B amom cumyrnsimope MOXHO omobpa3umb 08a OMOPHbLIX MOJIOXEHUSI PaBHOBECUS: M10/I0XKeHUe
pasHoegecusi (KOHeU, MPY>XUHbI) U pagHogecue macchl (ueHmp maccel). [lonoxeHue pasHosecusi
rnosierisemcsi Ha 8600HOM 3KpaHe, Ymobbl yHauuecs Moanu obHapyXume cMeweHue. Bekmopnbl
pucyromcs omHocumersibHO UeHmpa mMacc, no3momy pasHoeecue Macc sierisiemcs bosiee rnose3HbiMm
gu3yarsibHbIM OPUEHMUPOM Ha b6oriee MO3OHUX IKpaHaXx.

* Cuna mpeHusi NpornopyuoHasbHa ckopocmu (c), a non3yHoK 0emrghuposaHusi yripasrsgem ero .

» Ecnu napamemp (Harnpumep, cuiia msxxecmu, Macca) uameHsiemcsi 8 cepeduHe konebaHusi, mo 8
Kayecmee HO8bIX HaqallbHbIX ycrosuu 0ris ypasHeHUs1 0suxxeHus 6ydym ucrosib308ambCs
M2HOBEHHOEe CMeweHUe, Macca, XECmKOCMb MPYXUHbI, curia msXxecmu u ckopocms. Hacmsie
usMeHeHus1 cpedHuUx KoriebaHul Moa2ym ripueecmu K mpyOHO UHmMeprnpemupyemomy (Xomsi
MexHUYEeCKU 8ce ewe moYHOMYy) rnoeedeHuro, no3amomy Mbl PEKOMeHOyeM ocmaHaeiugams
KonebaHusi Mexady aKcriepuMeHmamu.

Suggestions for Use

Sample Challenge Prompts

» Describe the Natural Length and Equilibrium Position in your own words.

- Identify all the ways to increase the displacement at equilibrium.

» Determine the relationship between the applied force and displacement.

« Explain what the period represents, and determine a method to measureit.

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

» Determine a way to give a heavier mass a shorter period than a lighter mass.

» Sketch the gravitational and spring forces at several points throughout the oscillation.

 Predict the direction and magnitude of the velocity and acceleration vectors throughout the oscillation.

- Identify where in the oscillation the kinetic energy, gravitational potential energy, and elastic potential
energy areincreasing/decreasing, and identify the locations where the energies are maximum or zero.

» Estimate the speed of the mass (e.g. max, medium, zero) or its position from the Energy Graph.

- Determine the mass of the mystery masses or the value of g on Planet X (qualitatively or quantitatively),
and explain your method(s).
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See all published activities for Masses and Springs here.
For more tips on using PhET sims with your students, see Tips for Using PhET.

PekomeHOayuu no npuMeHeHur

lNpumepHbie 3adaHusi:

* Onuwume ecmecmeeHHyo O5IUHY U 0/I0XKEHUE pasHO8ECUSI C8OUMU Crio8amul.

* Onpedenume gce criocobbl ygenu4yeHuUs CMeWw,eHUs npu pasHogecuu.

* Onpedenume coomHoweHue Mexoy rMpusioKeHHOU cusiol u nepemeuieHuUem.

* ObbsicHUme, 4ymo npedcmasnsem cobou nepuod, u onpedesiume Memod e20 U3MEePEHUS.

* Paspabomatime KOHMponupyembil aKcriepumMeHm, 4mobb! (ka4ecmeeHHO usnu
KadyecmeeHHo)onpedennums, Kak NepeMeHHass — makasi Kak Macca, cusia msixecmu, rnocmosiHHasi
MPYXXUHbI UMU CMeWeHuUe — 8usiem Ha nepuoo.

* Onpedenume criocob dams 6onbwel Macce epy3a boriee Kopomkul nepuod, Yem MeHblwel macce
epysa.

* Hapucylime epagumalyuoHHbIe U yripyaue Cuilbl 8 HECKOMIbKUX MOYKax Ha MPOMsiKeHUU 8Ce20
KonebaHus.

* [Npedckaxume HarpassieHue U 8eslu4UHy 8€KmMopOo8 CKOPOCMU U YCKOPEHUS Ha MpomsiXKeHuUU 8ceao
KosiebaHus.

* Onpedenume, 20e 8 KonnebaHuu KUHeMuU4YecKasi dHepaus, epasumayuoHHasi nomeHyuarsbHas d3Hepaus
u yrnipyeas rnomeHuyuarbHasi dHepaus yesenu4duearomcs/yMeHbuaromcs, u ornpedesiume mecma, 20e
9Hepauu MaKcumarsibHbl Uru pagHbl HyIH.

* OueHume ckopocms epy3a (Harnpumep, MakcumaribHasi, CPeOHsIS, Hyreeas) usu ee rosioxxeHue Ha
epagbuke aHepauu.

* Onpedenume maccy Heu38eCmHbIX 2py308 unu eenuvyuHy g Ha lNnaHeme X (ka4ecmeeHHo unu
Konu4yecmeeHHo) u obbsicHUme ceot Memoo(bl).
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