PhET ..o States of Matter: Basics

States Screen
Heat or cool atoms and molecules and watch as they change between solid, liquid and gas phases.
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States

Phase Changes Screen
Explore how the system behaves as the atoms and molecules are heated, cooled, compressed, or more

particles are added.
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Phase Changes
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Customization Options

= The simulation colors can be changed for better contrast when projecting by clicking on the PhET
menu and selecting Options > Projector Mode. Alternatively, append >colorProfile=projector
to the end of the simulation URL.
lMapamempsbl Hacmpolku
* L{eem ¢boHa MOXXHO usmeHUMb 0715 /iy4wea0 KoHmpacma rpu rnpoeyuposaHuU, Haxxag Ha MEeHHo
PhET u ebibpas onyuu > pexum rnpoekmopa. Kpome moezo, dobasbsme ?colorProfile=projector 8 koHey,
URL-adpeca cumynsamopa.

Model Simplifications

= The model works best when there are at least (roughly) 15 particles in the container. It is possible to
create situations where there are only a few particles in the container and, in these situations, students
may observe some odd behaviors. One example is occasional visible changes to the velocity of
individual particles. If students observe such things, they should be told that this is due to the
limitations of the model, and doesn't represent "real world" phenomena.

= The number of particles that can be pumped into the systemis limited. The indicator bars on the
bicycle pump display how many additional particles can be pumped into the system.

= This simulationisintended for studying equilibrium states. As such, adding/removing heat, adjusting
the volume, and pumping in additional particles is purposely kept slow so that the system can
generally equilibrate as the changes are made. (Faster changes to the system, if allowed, would
produce a greater variety of system states.)

= Latent heat is not addressed or supported by the model in this simulation.

= The temperature of the system s calculated from the velocities of the particles, and may change as
more particles are pumped into the system.

= The pressure in the systemis derived from the momentum transfers between the particles and the
container walls. As a result, the pressure at 0 K will be zero.

= Itis possible to reach absolute zero in the simulation, but the rate of temperature change slows down
substantially as 0 K is approached. This is intentional, since it is very difficult to make a system of
molecules this cold. True absolute zero is impossible to achieve, so this should be thought of as
rounding down from anything below 0.5 K.

= For solid water, we wanted to show that there is space between the molecules. The correct structure
of solid water requires a 3D view, but with minor compromises, we were able to show the situation
gualitatively in 2D. Additionally, the solid water particles vibrate more than expected. A resource for the
most common visual for ice structure can be found here.

= Some amount of gravity is simulated, but it is minimal - just enough to keep the solid forms of the
substances on the floor of the container. For this reason, substances in their liquid form don’t always
spread out along the bottom of the container, like water does in a glass. The liquid phase is still visually
distinct from the other phases in terms of inter-molecular spacing and velocity.

= While plasma is a state of matter, we have deliberately chosen not to model it in this simulation.

= For younger students, it may be important to explain that the hand and the container are not at all to
scale, since in the real world they too are made of atoms and molecules.

JdonyweHna, npuHATbIE B MOAENN

* Mogenb paboTaeT nydlle BCero, korga B cocyae HaxoauTcs He MeHee (npumepHo) 15 yacTtuu,.
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MoXHO co3gaBaTb CUTyaLUK, KOraa B COCYAe BCEro HECKOMbKO YacTul, U B 3TUX CUTyaLMsX yvalmecs
MoryT HabntogaTb HEKOTOpble CTpaHHble hopmbl noBeaeHus. OanH U3 NPUMEPOB - Cry4varHble
BUOUMbIE U3MEHEHUS CKOPOCTU OTAENbHbIX YacTul. Ecnu cTyaeHTsbl HabnogaoT Takme Bewm, v
crnefyeT ckasaTb, YTO 3TO NPOUCXOAUT MU3-3a OrPaAHNYEHMI MOAENN N HE OTpaXkaeT siBNeHUs
peanbHOro mupa.

* KonnyecTBo 4YacTtuu, KoTopble MOryT GbITb 3akayaHbl B CUCTEMY, OrpaHnMyeHo. NHaMkaTopHble
MoNnoChbl Ha HAcoce NokKa3sbIBalOT, CKOSTbKO AOMOMHUTENBbHbIX YaCcTUL, MOXET ObiTb 3aKkad4aHO B CUCTEMY.
* [laHHOe MoaenupoBaHue npeaHasHadYeHo Ans n3yvyeHus paBHOBECHbLIX COCTOSHUIA. Takum ob6pasom,
pobaBneHvne/yganeHve Tenna, perynmpoBka obbema 1 3akadka AOoMOSTHUTENbHbIX YacTUL, HAMEPEHHO
3ameansaTcs, YTobbl cucTemMa Morna B LiefIoM ypaBHOBELLMBATLCSA NO Mepe BHECEHNSA N3MEHEHW.
(Bonee 6bICTpble NBMEHEHMS B CUCTEME, €CNN OHKN ByayT paspeLleHbl, NpuBeayT K 6onblemy
pa3HoOOpa3nio COCTOSAHUI CUCTEMBI. )

* TennoéMKoCTb He pacCMaTpMBaETCs U He NoAaepXKMBaETCs MOAENbIO B JAHHOM MOAENMPOBaHUN.

* TemnepaTypa CUCTEMbI paCCYNTbIBAETCSA NO CKOPOCTAM HYacTUL, U MOXET M3MEHSATLCSA MO Mepe TOro,
Kak B CUCTEMY 3aKka4ymBaeTcsa GonbLue YyacTul,.

* [laBneHne B cMCTEME onpeaenseTcsa nepegadyen umnynbca Mexagy Yactuuamm n CTeHKaMmn cocyaa.
B pesynbtate gasnexue npu 0 K 6yget paBHO Hynio.

* [pn MmogenMpoBaHMM MOXHO AOCTUYL aBCOMTHOrO HYNSA, HO CKOPOCTb M3MEHEHMUSI TeMnepaTypbl
CYLLIECTBEHHO 3amMeansieTcs no mepe npmbnmkerHns k 0 K. 3T1o caenaHo HamepeHHo, Tak Kak O4eHb
TPYAHO CMOAENUPOBaThL NOBeAEHME MOSEeKyn Npu Takon Temnepatype. ICTuHHOro abcontoTHOro Hyns
AOCTUYb HEBO3MOXHO, MO3TOMY 3TO CriedyeT paccMmaTpmBaTh kak npubnmxkeHme ot 0,5 K k 6onee
HU3KOW TemMnepaType.

[ns Boabl B TBEPAOM COCTOSIHUMM Mbl XOTENM NOKa3aTb, YTO MeXAY MOSIEKyriaMn ecTb Nyctoe
nNpocTpaHcTBO. [paBunbHasa cTpykTypa neaa Tpebyet 3D-ns3obpaxkeHunsi, HO ¢ HebonbLMMK
KOMNpoMmMccamm Mbl CMOITIN Ka4eCTBEHHO NMokasaTb cuTyauumto B 2D. Kpome Toro, yactuubl nbga
BUBPMPYIOT CUNbHEE, YeMm oxunaanock. Pecypc ana Hanbonee pacnpoCTpaHEeHHOro BU3yanbHOro
npeacTaBneHnst CTPYKTYpbl fibAa MOXHO HAnTWN 34ecCb.

* IMUTUpYyeTCS HEKOTOPOE KONMNYECTBO CUMbl TSXKECTU, HO OHAa MUHMMarbHa - Kak pa3 4oCTaTO4HO,
4YTOObI YyaepxmBaTb TBEPAbIE (POPMbI BELLECTB BHU3Y cocyaa. 1o 3Ton NpuynHe BeLECTBA B XXUAKOMN
doopme He Bcerga pasnumeBatroTca No AHY cocyaa, Kak Boda B cTakaHe. XXuakasa dpasa Bce elle
BU3yaribHO OTNMYaeTcs OT APYrnx a3 ¢ TOYKN 3pEHNS MEXMOIIEKYNSIPHOIO PacCTOSIHUS U CKOPOCTU
MOIeKy-n.

* XoTsa nnasma-ato COCTosHME MaTepPUn, Mbl CO3HATENBHO PELUNIN HE MOLENMPOBaThb €€ B 3TOM
cumynaTope.

* [Ans Mnagnx WKONbHUKOB MOXET ObiTb BaXXHO OO BACHUTL, YTO pyKa U cocya n3obpakeHbl BOBCE He
B 0OOQHOM MacLuTabe, Tak Kak B peanibHOM MUPE OHW TOXe COCTOAT M3 aTOMOB U MOSIEKYI.

Phase Diagrams

The simis not designed to be used as a comprehensive tool for learning about phase diagrams, instead
the focus is on phases of matter. The phase diagram axes do not have scales, but are meant to give
students a general idea about understanding phase diagrams. The small number of particles shown and
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the simplicity of the underlying models makes it difficult to map accurately the exact phase to the correct
regions of the phase diagram. However, we felt there would be some benefit to students being exposed
to a simplified phase diagram. (Phase diagrams for water, neon, and argon are illustrated below.) In the
sim, the diagram marker remains on the coexistence line between liquid/gas or solid/gas (and is
extrapolated into the critical region). If this approximation does not fit your specific learning goals, and
you are concerned this might cause confusion, you can encourage your students to keep the phase
diagram closed.
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Legend Tm = melting point P3 = triple point Pc = critical point
Tb = boiling point T3 =triple point Tc = critical point

O603Ha4YeHUs1: Tm = TemnepaTypa nnasnenus; P3 = TpoitHasa Touka; ; Pc = kpUTudeckas Touka;
Tb = TemnepaTypa kunenus; T3 = TpoHasd Touka TC = KpUTMYECKas TouKa.

®a3zoebie [JuacpamMMbi

Cumynsamop He npedHa3Ha4YeH 0115 UCM0/Ib308aHUSs 8 Ka4ecmee KOMIMIIEKCHO20 UHCmMpyMeHma 0Orisi
u3y4eHusi ¢hasosebix duazpaMmM, 8MeCmo 3Mo20 OCHOBHOE 8HUMaHUe yoesrisiemcsi cha3zamMm Mamepuu.
Ocu gbazosbix QuaspamMm He umetrom macumabos, Ho npedHasHa4YyeHbl 0r1isi mo2o, Ymobbl 0amb
y4eHuKkam obuiee npedcmasrieHue o NoHUMaHuuU ¢ha3oebix Ouazpamm. Hebornbwoe Konu4ecmeo
yacmuy, rnokasaHo u rpocmoma 6a308bix Modesniel 3ampyOHsiem moYyHoe corocmasrsieHue ¢hasbl ¢
npasunbHbIMU obriacmsamu ¢ha3zoeoli OuaspaMmbl. TeM He MeHee, Mbl Yyecmeoeariu, Ymo bydem
Hekomopasi nosib3a 015 y4eHUKO8, 3HaKOMSILUUXCS C yrpoweHHoU ¢gha3ogol duazpamme. (Pa3oebie
Ouaepammebl 01151 800bl, HEOHA U apa20Ha roKasaHbl HUXe.) B cumynsmope mapkep duazpammbl
ocmaemcsi Ha JlUHUU COCyWecmeosaHusi Mex0y XUOKOCMbIo/2a30M Usiu meepObiM mesiom/2a3om (U
aKcmpanosnupyemcs 8 Kpumudeckyto obriacms). Ecriu amo npubnuxeHue He coomeemcmeayem
8alWUM KOHKPEeMHbIM YesisiM 0by4deHusi, U 8bl 06eCrioKoeHbl meM, 4mo 3mo Moxem rnpusecmu K
rnymaHuue, 8bl MOXeme Mornpocums C80UX y4EeHUKO8 Oepxamb hal3osyto duazpaMmy 3aKpbimodu.

Suggestions for Use

Sample Challenge Prompts

= Draw a picture of each substance as a solid, liquid, and gas. Describe the differences and similarities
between each state.

= Explore how you can change the state of matter of the substance in the container.

= Describe the difference in the movement of the particles in a solid, liquid, or gas.

« Predict what happens to the substance when it is heated or cooled.

» Describe a method to stop the atoms or molecules from moving.
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= Explain why some molecules begin sticking together when you add in more molecules.

See all published activities for States of Matter: Basics here.
For more tips on using PhET sims with your students, see Tips for Using PhET.

PekomeHOauuu rno npumMeHeHUuro

lMpumepHbie 3adaHusi

* Hapucylime KkapmuHy pacriofiox)XeHUs MOJIeKysn Kaxx9o020 sewiecmesa 8 meepoM, XUOKM U
2a3o006bpasHom cocmosiHuu. Onuwume pasnuyus u cxoocmea Mex0y KaxXObIM PUCYHKOM.

* Uccrniedyltime, Kak MOXHO USMEHUMb COCMOSsIHUE seujecmeaa 8 cocyoe.

* Onuwume pa3Huyy 8 08UXeHUU Yacmuly 8 meepdoM, XUOKOM uslu 2a3006pa3HOM COCMOSHUU.
* [pedcka3zamb, 4MO rpou3oldem ¢ 8eUECMBOM MpU HazpesaHUU Uu OXraxoeHuu.

* Onuwume Memo0O 0CmMaHO8KU O8UXXEHUST amoMO8 UslUu MOJIEKY/1.

* O6bsicHUMe, MoYyemMy HeKomopbie MOJIEKY bl Ha4YUHam cunamscs, ko2zda ebl dobassnseme
6orbuwiee Yucro MoseKysl.
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