P’. HTipsforTeaChers GaSES Intro

Intro Screen
Pump gas molecules into a box and discover what happens as you change the volume, add or remove
heat, and more.

BeedeHue
3akayvalime Hacocom MOeKyrbl 2a3a 8 COCym U y3Halme, Ymo rpoucxodum, Kko2da 8bl MeHsieme
obbem, nepedaéme unu omHUMaeme mennso y ea3a U MHo20e Opy2aoe.
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Ideal Screen

Explore how properties of the gas vary in relation to each other, and experiment by holding one
parameter constant.

UdeanbHbIl 2a3

Uccnedylime, kak usMeHsromcsi ceolicmea 2asa, aKcriepumeHmupytme, yoepxxueas 0OUH U3
rnapamempos rnoCMOosiHHbIM.
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Complex Controls

Options...

= For better contrast when projecting the simulation, use Projector Mode found under the PhET Website...
Options menu. Crock fo Updten.
= By default the pressure gauge displays the exact pressure in the model, derived from Soeenshol

the ideal gas law. Artificial noise case be added to the pressure gauge under Options > About...
Pressure Noise. Alternatively, append »pressureNoise=t rue tothe end of the URL.

CnoxxHocmu ynpaesieHust

* [lns nyqweld KoHmMpacm+{ocmu fpu rnpoeyuposaHuu CuMynsayuu ucnonb3ytme pexum rnpoexkmopa,
pacriofioXeHHbIU 8 MeHo onyuu.

* 1o ymonyaHuro maHoMemp omobpaxaem moyHoe OasrieHue 8 MoOesiu, rosy4eHHoe U3 3aKoHa
udearsibHO20 2a3a. MickyccmeeHHbIU wyM moxem bbimb 0obasneH Kk MaHOMempy 6 pasdesie Onyuu >
wym OaerneHusi. Kpome moeo, dobasbme ?pressureNoise=true e koHely URL-adpeca.

Model Simplifications

= The particle-particle collisions are modeled as hard sphere collisions. A detailed description of the
model can be found here.
= The container depth (4 nm) and height (8.75 nm) are constant, so volume varies linearly with width.

= The light particles have a mass of 4 AMU and the heavy particles have a mass of 28 AMU. While these
masses respectively correspond to He and N2, the radii differ to optimize the visual size difference.

= The pressure in the model is derived from the ideal gas law, P = NkT The pressure will be non-zero as
soon as N >0, and remains constant until N, T, or V is changed. TYwe pressure displayed on the
pressure gauge may vary from the model value under certain circumstances.

- The pressure gauge will display zero pressure until the first particle-wall collision.

- Ifthe Pressure Noise option is on, the pressure reading will fluctuate every 0.75 ps by a maximum
of 50 kPa. The amount of pressure noise is inversely proportional to the pressure, and for T < 50K
it will linearly decrease until it becomes 0 kPa when T <5K.

= Moving the container wall will not do any work on/by the system. When the container wall is grabbed,
the simulation will pause. Upon release, the particles will instantaneously redistribute in the container,
and their speeds will remain unchanged.

= When the system temperature is below 0.5 K, the display will show 0 K. Particle motion will eventually
stop if the container is cooled further, though this may take some time.

HonyweHus, npuHsamsie 8 modesnu

* CmonkHOBeHUS Yacmuua-4acmuuya MOoOesupyromcsi Kak CmMoJIKHO8EHUSI meepObix cghep.

lNodpobHoe onucaHue Modesnu MOXHO Haumu 30ecCh.

* [nybuHa KoHmelHepa (4 HM) u ebicoma (8,756 Hm) nocmosiHHbI, Noamomy obbem u3mMeHsiemcsi

JIUHEeUHO € WupuHodu.

 [lé2kue yacmuubl obriadarom maccoll 4 aeM u msikernble Yyacmuubl obriadarom maccol 28 aem. Smu

Mmaccbl coomeemcmeayrom He u N2, paduycbl He coomeemcmeyom HamyparsibHbIM, 4mobhbl

onMuUMU3uUpo8amb 8U3yallbHYH pa3Huluy 8 pasmepax.

* [lasneHue 8 modernu 8bI800UMCS U3 3aKOHa udearnibHo20 2a3sa, P = n k T . [JasneHue 6ydem

HeHynesbiM , Kak mosibko N > 0, u ocmaHemcsi TocmosiHHbIM 0o mex rop, rnoka N, T unu V He

usmeHsimces. [pu onpedeneHHbix 0bcmosimeniscmeax 0asneHue, omobpaxxaemoe Ha MaHoOMempe,

MOXKem omJiu4amasCsi 0m 3Ha4yeHuUst Modersiu.

- MaHomemp 6ydem noka3bieamb Hyregoe OasrieHue A0 repeo2o CMOJIKHOBEHUS Yacmuy, CO

cmeHkKou.

- Ecnu onuus «LLlym OasneHusi» eKknoYeHa, rnokasaHusi 0asneHusi 6ydym konebambcs Kaxobie 0,75 nc
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makcumym Ha 50 kla. Benu4uHa wyma d0asrieHusi obpamHo rpornopyuoHasbHa 0asseHuto, u npu T <
50 K oH bydem nuHelHO yMeHbWwambcsi 00 mex rop, rnoka He cmaHem O klMa npu T < 5 K.

* [NepemeuwieHue cmeHKU KOHmMetHepa He 6ydem 8bInosiHsImb HUKakou pabomsl Had cucmemod.
Koz0a pyyka cmeHKu KoHmeutHepa 6ydem cxgadyeHa MbIWKOU, MOOesiuposaHue rnpuocmaHo8umcs.
lMocrne 8biceoboXOeHUsT Yacmuubl M2HOBEHHO niepepacrnpedeniimcs 8 KOHMeUHepe, U UX ckopocmu
ocmaHymcsi HeU3MeHHbIMU.

» Koeda memnepamypa cucmembi 6ydem Huxe 0,5 K, ducnnet nokaxem 0 K. [JeuxeHue yacmuuy 8
KOHEeYHOM umoeae rnpekpamumcs, ecnu KoHmetHep 6ydem oxnaxdambcsi 0anbwe, Xoms 3mo Moxem
3aHsimMb HEKOMOPOE 8PEMS.

Suggestions for Use

Sample Challenge Prompts

= Describe the relationship between particle-wall collisions and pressure.

= Predict how changing temperature will affect the speed of the gas molecules.

= Design an experiment to determine the relationship between two gas properties, such as pressure and
temperature.

= Identify the relationship between pressure, volume, temperature, and number of gas molecules.

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

PekomeHOauuu rno npumMeHeHUuro

lNpumepHbie 3adaHus

* Onuwume 83aUMOCB513b MEX0Y CMOJIKHOBEHUSIMU Yacmuy, CO CMeHKaMu U 0asrieHuemM.
* [Npedcka3zamsb, Kak U3MeHeHUe memrepamypbl Mo8AUsSem Ha CKOpoCMb MOJIEKY 1 2a3a.

* Paszpabomameb 3kcriepumMeHm 0Orisi orpedesieHuUs1 83aUMOCes3u Mexdy 08yMsi ceolicmeamu 2a3a,
makumMu Kak 0aerneHue u memrepamypa.

* Onpedenume 83aUuMOC8s3b MexX0y 0asrieHueM, 06bemomMm, memrepamypol U Kosiu4ecmeom
MOreKysn 2asa.
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