PhET Tips for Teachers Models of the Hydrogen Atom

Non-obvious controls:

In Experiment mode, a single Hydrogen atom is hidden behind the black box. In
Prediction mode, the atom is visible. Students should be able to discover that only
the predictions of the Schrodinger model match the results of an experiment.
Select Transitions in the Help menu to show the wavelengths needed for transitions
in the Bohr, deBroglie, and Schrodinger models. If Light is set to
Monochromatic, the wavelength slider flashes white when it is over a wavelength
that could excite the electron from the ground state.

Use the camera icon ( 'ﬂ) to take a snapshot of the Spectrometer so that you can
compare the patterns for different models.

Set the slider at the bottom to fast to build up the Spectrometer pattern quickly.
You can Pause the sim and then use Step to incrementally analyze.

If you are doing a lecture demonstration, set your screen resolution to 1024x768 so
the simulation will fill the screen and be seen easily.

Important modeling notes / simplifications:

These atoms are not to scale!

In the Schrodinger model, transitions obey the selection rules Al = +1, Am =0, £1.
Because of these selection rules, the state 2,0,0 is a metastable state from which the
electron cannot spontaneously emit a photon. If Light is set to White, whenever the
electron falls into this state, the gun will soon emit a photon of exactly the right
energy to excite it. If Light is set to Monochromatic, the electron will remain stuck
in this state unless you select a wavelength that can excite it out of this state.

In the Bohr and deBroglie models, transitions between any two levels are equally
probable. In the Schrodinger model, the probability of a transition is based on the
overlap between the wave functions, and some transitions are forbidden or highly
improbable. Thus, there are fewer spectral lines in the Schrodinger model than in the
Bohr or deBroglie model.

In the Plum Pudding model, we assume the electron can absorb any frequency of
light, but always emits light with frequency equal to its oscillation frequency.!

Insights into student use / thinking:

Students may not realize that UV photons can have different wavelengths, since they
all look the same.

If Light is set to Monochromatic, students may not realize that they need to move
the slider into the UV region to excite the atoms.

Students many have trouble identifying the red goo in the Plum Pudding model as
positive charge. In interviews, we see that some students describe the Plum Pudding
model as a cloud of negative charged filled with little specks of positive charge,
rather than the other way around. The word “cloud” suggests that they are mixing up
the Plum Pudding model with the Schrodinger model, in which the electrons are
often described as a cloud of negative charge. These students initially thought that
the electron in the simulation was a proton, but were eventually able to identify it
correctly by using the legend or by comparing it to the electrons in other models.

L A.P. French and E. F. Taylor, An Introduction to Quantum Physics (1978), p. 11.
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PhET Tips for Teachers Models of the Hydrogen Atom

HeouyeBuaHbIE 3JIeMEHTbI YIIPABJICHUS :

* B pexxuMme skcriepuMeHTa OJIMH aTOM BOJOPO/A CKPBIT 3a UEPHBIM SIIMKOM. B pexxnume
MPOTHO3UPOBAHMS ATOM BHJIEH. Y4YaIuecs: JODKHBI ObITh B COCTOSSHUU OOHAPYKUTb,
YTO TOJIbKO npejckazanusa moaenu llpenunrepa cooTBETCTBYIOT pe3ysibTaTaM
JKCIIEPUMEHTA.

* BribepuTe [lepexoapl B MEHIO CIIPABKH, YTOOBI TTOKA3aTh JJIMHBI BOJIH, HEOOXOAMMbIE
JU1s mepexoioB B Monensax bopa, ne bpoiins u penunrepa. Ecau cBeT HACTpOEH Ha
MOHOXPOMAaTHYECKHH, MOJ3YHOK JJIMHBI BOJIHBI MUTAET O€bIM, KOTJ1a OH MPEBHIIIACT
JUIMHY BOJIHBI, KOTOpPasi MOKET BBIBECTH JIEKTPOH U3 OCHOBHOI'O COCTOSIHUS.

* Mcnonb3yiiTe 3HaYOK KaMepbl (.&.‘), YTOOBI ClleNIaTh CHUMOK CITIEKTPOMETpa, YTOOBI BBI
MOTJIM CPaBHUTH 00pa3Ibl ISl pa3HbIX MOJIETIEH.

* YCTaHOBUTE NOJI3YHOK BHHU3Y B ITOJIOKEHHE "OBICTPO", 4TOOBI OBLIO JIeTYe YBUIETh BECH
CIIEKTPOMETD.

* Bbl MOXXeTe PHOCTAHOBUTD CUMYJISITOP, & 3aTEM HCIIOJIB30BaTh Step I momaroBoro
aHaJm3a.

Basknble 3aMe4aHus1 10 MOJIeTUPOBAHUIO / YIIPOLCHNS :

* DTH aTOMBI HE MacIITa0UpyrOTCs!

* B mozenu lllpeaunrepa nepexo/ipl NOAYMHSIOTCS NpaBuiiam Beioopa Al = £1, Am =0,
+1. W3-3a 31X npaBui BeiOopa cocrostaue 2,0,0 ABISETCS METacTaOuIbHBIM
COCTOSIHHEM, U3 KOTOPOTO 3JIEKTPOH HE MOXKET CAMOIIPOU3BOJIBHO UCITYCKATh (DOTOH.
Ecnu cBeT HacTpoeH Ha Oeblil IBET, TO BCAKUN pa3, KOrAa MEKTPOH MEPEXOAUT B ITO
COCTOSIHME, ITyIIIKAa BCKOPE UCIYCTUT (JOTOH TOYHO TAKOM 3HEPruu, 4ToObl BO30YAUTH
ero. Eciu cBeT HacTpoeH Ha MOHOXPOMATUYECKUH, 3JIEKTPOH OCTAHETCS 3aCTPSIBIIUM
B 9TOM COCTOSIHUH, €CIIM BBl HE BbIOEpETEe JJIMHY BOJIHBI, KOTOPAs M OKET BHIBECTH €T0
13 ATOr'O COCTOSIHMS.

* B Mmonensix bopa u e bpoiins nepexopl MeXIy TFOOBIMU IBYMs YPOBHSIMU
paBHOBeposTHBL. B Mmonenu llIpenunrepa BeposTHOCTh Mepexo/ia OCHOBaHAa Ha
NEPEeKPHITUN BOJHOBBIX (YHKIIHH, U HEKOTOPbIE MEPEeX0Abl 3allpellleHbl NN KpaiiHe
ManoBeposTHBL. TakuMm o6pazoMm, B Mmonenu LlpeauHrepa MeHbIIe ClIEKTPaIbHBIX
JUHUN, yeM B moaenn bopa nim e bpoitns.

* B Mozenu myauHra Mul peoaraeM, 4YTo 3JIEKTPOH MOXKET IOIIOUIATh CBET JIF000H
YaCTOTBI, HO BCET/IA U3JIy4a€eT CBET C YaCTOTOM, PABHOM YacToTe ero Konedanumii. !

TpyaHOCTH NOHUMAHUSA U UCNOJIb30BAHUS YYeHUKAMU:

* Yyaiuecss MOI'yT He J1I0raJibIBaThCsl, YTO yJIbTPa(PHOIETOBbIE (OTOHBI MOI'YT UMETh

pa3HyIo JJIMHY BOJIHBI, IOCKOJIBKY BCE OHU BBIIJISIAT OJAMHAKOBO.

* Ecniu cBeT HacTpOeH Ha MOHOXPOMATHUUECKUH, ydallecss MOTyT HE JOraJaTbCs, YTO UM

HY)KHO IEPEMECTUTh MOJI3YHOK B YIbTPa(uoIEeTOBYIO 00JIaCTh, YTOOBI BO30YIUTH ATOMBI.

* MHorue yJammecs ¢ TpyI0M HICHTUDUIUPYIOT TECTO OYJIOYKH B MOJIENH MYyJMHTa KaK
MOJIOKUTENbHBIN 3aps]l. B MHTEPBbIO MBI BUIUM, YTO HEKOTOPBIE yUALIHECs OMUCHIBAIOT
MOJIeJb MMyAMHTa KaK 00J1aK0 OTPULIATEIBHOT 0 3apsiia, HAllOJTHEHHOE MaJICHbKIUMHU
YaCTHYKaMU TOJIOKHUTEIBHOTO 3apsiia, a He Hao00poT. CioBo “001aKk0” HABOIUT Ha
MBICITb, YTO OHM CMELIMBAIOT MOJIENb MyAUHTa ¢ Mozenblo Lllpeannrepa, B KoTopoit
AJIEKTPOHBI YACTO OMHUCHIBAIOTCS KaK 00JIAKO C OTPUIATENbHBIM 3apsA oM. DTH ydaliuecs
CHauaja JyMali, YTO 3JIEKTPOH B MOJICIMPOBAHUN OBUT TPOTOHOM, HO B KOHEYHOM UTOTe
CMOTJIM MTPaBHJIBHO UAEHTH(PUIIUPOBATH €0, UCIIOJIB3YsI YCIOBHBIE 0003HAUYECHUS UITH
CPaBHUBAsI €TI0 C 3JIEKTPOHAMU B IPYTUX MOAECIAX.
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