PhET Tips for Teachers Resonance sim for advanced harmonic motion concepts

Tips for controls:

e The word “resonator” means a particular mass-spring system. Number of Resonators
H e
e If there is more than one resonator, a pull-down menu of preset _
combinations appears in the control panel on the right. =P roedmanax |~}
e The Resonator panel displays information about a particular
« s . . > Hesonato
selected” resonator. To select a resonator, either click on the blue
mass or enter the resonator number in the text box next to the word —p—
“Resonator”. kg
e You can change the mass and spring constant of the selected spring constant
- - - Al
resonator with the sliders in the Resonator panel. If you change any oo nim
of the masses or springs, the pull-down menu box changes to “Select _
frequency = 2.000 Hz

Preset”. The “mixed m and k” choice is the default combination.
e There are two different frequencies displayed on the screen at anym
The frequency in the Resonator panel is the natural frequency of the ;
selected resonator. The frequency on rotary control on the gray driver box T
is the driving frequency. ,
e The frequency dial can be turned through more than 360°. The reason for oojie
this is to allow the user more precision in setting the exact frequency.
e You can Pause the sim and then use Step to incrementally see the motion.
e The Ruler, which is grabbable, comes with horizontal
reference lines which are also grabbable.
e To see the effects of varying the frequency and
amplitude of the driver, it may be more instructive to use several
resonators.
e To view in full screen, “F11” works on most Windows browsers. Check out FAQ’s for
more ideas: http://phet.colorado.edu/en/troubleshooting
e If you are doing a lecture demonstration, set your screen resolution to 1024x768 so the
simulation will fill the screen and be seen easily.
Ocobennocmu ynpaenenus:
* Cnoso "pezonamop” o3navwaem onpedeneHHYO cucmemy epy3-npyscumda.
° Hpu HAJIUYUU HECKOJIbKUX pe30HAMOPO6 HA naneiu ynpaeieHusd cnpaea noAsjisiemcs
svinadaroujee MeHio nPedyCmarHOB1eHHbIX KOMOUHAYULL.
* Ha nanenu "pezonamop “ omoobpasicaemcs unghopmayusi 0 KOHKPEmHoOM 8blOPAHHOM
pe3zoHamope. Ymobul 6b16pams pe3oHamop, b0 Haxcmume Ha 0OUH U3 CUHUX 2PY308, TUOO
86eoume HomMep Pe30HAMopa 8 MeKCmMosoe noje psooM Co Clo8oM “‘pezonamop’”.
* Bol Mooiceme UsMeHUmb MAaccy 2py3a u JHcECmKOCmb NPYIHCUHBL BbLOPAHHO20 PE30HAMOPA C
NOMOWbIO NOJIZYHKO6 HA NAHRENIU pe3oHamopa. Ecnu 6vt usmenume Jll06yl0 Uz macc uiu npystCuH,
gvinadaroujee Menro uzmeHumcs Ha “‘Bvliopams npedycmanosky’. Beibop "cmewannvie m u k"
Aensemcs KOM6MHCZZ/;M€ZZ no YyMOJAHYAHUIO.
* B noboe 8pemMsi Ha JKpaHe 0m06pa9fcaiom0}1 Oeepasvzuqule yacmomul. Yacmoma 6 nauenu
pesoramopa - 3nmo cobcmeennas yacmoma 6‘bl6paHH020 pesonamopa. Yacmoma Ha PyuKe
Ynpasnenus Ha cepoll kopooke Jlpatisepa - 3mo 4acmoma 8blHYHCOEHHA.
* Pyuxa wacmomul modicem 6vimov nogepruyma 6onee uem na 360°. Ilpuuuna smoeo 3axnouaemcs
6 Mmom, ymoobbvl NO360.1UMb NOJL308amMeNio bolee MoYHO ycmaHoeunib 4acmomy.
* Buvi moorceme npuocmanosums CUMYJIAMop, d samem UCnojllb3o6anitb nowazoewlil pestcum,
umoovl Yeudems 08UdNCEHUE 8 3AMEDIeHHOM pedicuMme.
* .HUHQZZKG, KOmMOpYro MOJMCHO 3axeamuntb MleKOZZ, BKJllouaem copu3OHmallbHble ONOpHble

Can be Moved N
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JIUHUU, KOMOPbLE MAKHCE MOIHCHO NEPEemacKU8amby.

* YUmoobul yeuoems s¢hghexmul uzmenenus vacmomol U amnaumyont /[paiieepa, modixcem Obimo
Oolee noyyUmenbHO UCNONIBL308AMb HECKObKO PE30HAMOPOS.

* /{11 npocmompa 6 noaHosKkpanuom pexcume knonka “F11” pabomaem 6 6onvuuncmee
opayzepos Windows. [Iposepbme uacmo 3aoagaemvle 60npocsyl 01 NOLYUEHUs. OONOTHUMENbHBIX
uoel: http://phet.colorado.edu/en/troubleshooting

* Ecniu bl npogooume 0eMOHCMpayuro Ha JeKYuu, yCmanosume paspeuieHue SKpana Ha
1024x768, umobbl cumynssmop 3anoIHulIa 8eCo IKPAH U Obll J1e2KO UOEH.

Important modeling notes / simplifications:
e The frequency shown is real-time, if the Sim Speed slider is set to “normal”.
e The natural frequency of a resonator shown in the Resonator panel is given by the

formulaV — —

e This sim assumes a frictional force of the form , where v is the velocity,

and b is the “damping constant” displayed in the control panel. All resonators use the

same damping constant that is selected.
Baotcnuvie npumevanusa k mooenu/ oonyujeHus:
* Yacmoma omoopasxicaemcs 8 pexcume peaibHo20 6PEMEHU, eClu NOJI3YHOK CKOPOCU
CUMYTIIMOPA YCMAHOBIEH 8 NoJlodcenue "Hopmanvuoii”.
* Cobcmeennas uacmoma pe3oHamopa, NOKA3aHHAsl Had NAHeNU Pe30HAmopa, 3a0aencsl
dopmynoi .
* Ima modensv npednonazaem cuny mpenus euoa bv?, 20e v-ckopocms, a b - "nocmosunasi
oemnghuposanus”, omobpaxcaemasn Ha nanenu ynpasienus. Bce pezonamopul ucnoniv3yiom ooHy
U my gice 8blOPAHHYIO KOHCMAHM) 0eMNPUPOBAHUSL.

Student difficulties:
e Some students wonder why the masses can pass through the driver platform, rather than
collide with it. The reason for this is that this sim is designed to demonstrate driven,
damped simple harmonic motion. Collisions with the platform would break the model.

e Some students have difficulty understanding the term “Damping” in this complex sim. It
might be useful to have them explore Waves on a String or Masses & Springs (but
damping is called “friction” in this sim because the audience is lower lever).

e |If the damping constant is very low, and the amplitude is high, it takes a long time for the
transient behavior to settle out and the steady-state behavior to become evident. This
correct behavior is designed to teach higher-level learning goals.

e For the first three presets (same k, same m, mixed m&Kk), the parameters are such that the
resonant frequencies are 1.0 Hz, 1.5 Hz, 2.0 Hz, 2.5 Hz etc. Some students are puzzled
that the frequencies don’t change when the preset is changed.

e Students turned the frequency dial so fast that they didn’t really see the resonance move down the
line of resonators. The lesson might include a prompt to use the frequency dial slowly.

Hexomopuie mpyonocmu é pabome yueHUKOE:

* Hexomopbie yueHuxu 3a0aromces 60NpOCoM, NoYemMy 2py3vl MO2Yn NPOX0OUms yepes
nramghopmy Jpaiigepa, a He cmankusamuvcs ¢ Heul. Ilpuyuna 3mozo ¢ mom, ymo 3mom
CUMYTIAIMOP NPEOHA3HAYeH Ol OeMOHCMPAYUU YNPasisnemo2o, 3amyxanoue2o npocmo2o
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2apmoHuueckoeo osudxcenus. CmoakHoseHue ¢ niam@opmou pazpyuiuno ot Mooeb.

* Hexomopbie yueHuKu ucnvimuléarom mpyoOHOCmu ¢ NOHUManuem mepmuna "demnghuposanue” 6
amom cumyasimope. BozmooicHo, 6viio 6bl none3no, ymoobvl OHU UCCLe008AU 80IHbL HA CIPYHE
WU 2PY308 U NPYICUHAX (HO OeMngpuposanue 8 3mom cumynsmope Hasvisaemcs “mpenuem”).

* Eciu noOCMosiIHHas 3amyxXanus oO4eHb Maid, a AMIIUmMY0d 6blCOKA, mpedyemcs MHO20 8peMeH,
YmooObl NepexoOHblll NPOYecc YCROKOUILCS U YCMAHO8UBUIeeCs NO8eOeHUe CINANI0 04eBUOHBIM.
Omo npasunbHoe nosedeHue npeOHasHayeHo 0 00yueHus 00yueHus boaee 8bICOKO20 YPOBHSL.

* /[ns nepswix mpex ycmanogok (mom dice k, mom sce m, cmewiannwviti m&k) napamempuol
makoewvl, Ymo pe3oHanchvie wacmomol cocmasasiom 1,0 Iy, 1,5y, 2,0 Iy, 2,5 'y u m. o.
Hexomopule yuenuku ozadauensvt mem, 4mo 4yacmomsl He MEHSIOMCSA NPU USMEHEHUU YCMAHOBOK.
Vuenuku nogopauusanu pyuxy wacmomsi max ObLcmpo, umo He 8uoeiu, KaKk MeHsenm nogeoeHue
PEe30HAmopos. Yuumenb Mo#cenm npediodHCUums 8paujams pyuKy MeoaieHHo.

Suggestions for sim use:
e This sim would be very useful for demonstration.

e For other examples of damping, use Waves on a String (damping slider) or Masses and
Springs (friction slider)

e For tips on using PhET sims with your students see:Guidelines for Inquiry
Contributions and Using PhET Sims

e The simulations have been used successfully with homework, lectures, in-class activities,
or lab activities. Use them for introduction to concepts, learning new concepts,
reinforcement of concepts, as visual aids for interactive demonstrations, or with in-class
clicker questions. To read more, see Teaching Physics using PhET Simulations

e For activities and lesson plans written by the PhET team and other teachers, see: Teacher,
I Activiti

Ilpeonoscenusn no ucnonb306aHUI0 CUMYTIAMOPA:

* Omom cumynsmop 6vi1 661 0UeHb noe3eH 0 0eMOHCMPAYULUL.

* /15 Opyeux npumepos 0emn@uposanus UCNOIb3VIMe B0IHbL HA cmpyHe (Oemnghupyrowuii
NOJIBYHOK) UL 2PY3bl U NPYHCUHBL ((DPUKYUOHHBIL NONZYHOK)

* Cogemwt no ucnovzosanuio PhET sims ¢ éawumu cmyoenmamu cm. B pazoene: Pykosoocmeo
no 6HeceHUo 3anpocos u ucnoavzosanuto PhET Sims

* Mooenuposanue ycneuHo ucnonb308a10cb NpuU 8bINOJIHEHUU OOMAUWHUX 3A0aAHUL, JIeKYU,
3aHAmMuUl 8 Kiacce ulu 1abopamopusix pabom. HMcnonwv3ytime ux 01 03HAKOMIEHUS ¢ UOesIMU,
U3Y4eHUs HOBbIX 3HAHU, 3A0KpeNnleHUs 3HaHUll, 8 Kauecmeae Ha2slOHbIX HOCOOUlL OJisl
UHMEPAKMUBHBIX OeMOHCMPAYULL UTU C NOMOUBIO BONPOCO8 8 Klacce. /JonoIHumenvHvle
ceedenus cm. B pazoene Obyuenue guzuke c ucnonrvzosanuem mooenuposanuss PhET

* O Meponpusamusx u nIaHax ypoKos, HANUCaAuHvlx komarnoou PhET u opysumu yuumensamu, cm.:
uoeu u Meponpusmus ydumeneu
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