PhET Tips for Teachers Photoelectric Effect

Non-obvious controls:

e Select Show photons in the Options menu to show the light beam as composed of
individual photons.

e Select Control photon number instead of intensity in the Options menu to change
the Intensity slider to a Number of photons slider.

e Use the camera icon ( 'jﬂ) to take a snapshot of the graphs so that you can compare
graphs for different settings.

e You can Pause the sim and then use Step to incrementally analyze.

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.

Important modeling notes / simplifications:

e Electrons are emitted with a range of energies because photons can eject electrons
with a range of binding energies. If more of a photon’s energy is used to release an
electron, the emitted electron will have less kinetic energy. Note that this behavior is
different from the simplified model used by some textbooks, in which all electrons
are emitted with the same Kinetic energy. If you want to use this simplified model,
you can check the “show only highest energy electrons” option. This option does not
change the graphs because current is still calculated based on all the electrons.

e Not every photon emits an electron, even if the photons have enough energy to emit
electrons. If a photon is absorbed by an electron with binding energy greater than the
photon energy, the electron will not be released. Photons with higher energies are
more likely to release electrons because a greater proportion of the electrons in the
metal have binding energy less than the photon energy. Therefore, as you increase
the frequency, the number of emitted electrons (and therefore the current) will
increase until all photons are emitting electrons. Note that this behavior is different
from the simplified model used by many textbooks, in which every photon with
frequency greater than the threshold frequency releases an electron, so the current is
constant above the threshold frequency.

e Inthe default setting, since the intensity of light is proportional to the number of
photons times the frequency, if you increase the frequency while holding the intensity
constant, the number of photons will decrease. Therefore, if you increase the
frequency past the point where all photons are emitting electrons (see previous
bullet), the number of emitted electrons (and therefore the current) will start to
decrease. Note that this is different from the simplified model used by many
textbooks, in which current is constant above the threshold frequency. If you want to
be able to change the frequency without changing the number of photons, select
“Control photon number instead of intensity” in the Options menu.

e We assume that all electrons are ejected perpendicular to the plate for computational
simplicity. In a real experiment, photons are ejected in all directions. Students often
ask whether the electrons actually come off at different angles, and are generally
willing to accept that this is just a simplification of the simulation.

e We ignore advanced issues such as contact potential, thermionic emission, and
reverse current.

Insights into student use / thinking:
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Research® shows that students often have difficulty understanding the basic circuit
involved in the photoelectric effect. For example, students may think that the voltage
rather than the light makes the electrons come off the plate, or attempt to apply V =
IR. It is worth spending some time addressing such student difficulties.

Many students have difficulty understanding the relationship between current and
electron speed. Our students often have heated debates about whether increasing the
speed of the electrons leads to an increase in current. The simulation is a critical tool
in resolving these debates, because students can see upon close inspection that
increasing the speed of the electrons does not increase the number arriving per second
on the plate, and therefore does not increase the current.

In interviews, we found that even students with no science background were able to
figure out how the photoelectric effect experiment works by playing with this
simulation, but they needed further guidance to understand the implications of the
experiment for the photon model of light.

Suggestions for sim use:

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

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

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

We recommend using a guiding inquiry activity to help students “discover” the model
of light that explains the behavior seen in the simulation.

Give students a table of work functions for different materials, and ask them to use

You can demonstrate the concept of stopping potential very dramatically by showing
that if you set the battery voltage just below the stopping potential, the electrons just
make it to the opposite plate and turn around. This often elicits laughter from
students the first time they see it.

Ask students to figure out a way to use the simulation to determine Planck’s constant.
Ask students how the graph of current vs. voltage would change if the simplification
of electrons being ejected only perpendicular to the plate were not made. (It would
level off at some positive voltage, rather than at 0 volts, because more of the electrons
flying off at sharp angles would be attracted back to the positive plate.)

For more information about the use of this simulation in a modern physics class, see:
S. B. McKagan, W. Handley, K. K. Perkins, and C. E. Wieman, “A Research-Based
Curriculum for Teaching the Photoelectric Effect,” American Journal of Physics 77,
87 (2009): http://per.colorado.edu/papers/McKagan_etal/photoelectric.pdf

RN Steinberg, G. E. Oberem, and L. C. McDermott, “Development of a computer-based tutorial on the
photoelectric effect,” American Journal of Physics 64, 1370 (1996).
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HeoueBuaHblie 3JieMeHTHI YIIPABJICHHSA .
* Beibepure «Iloka3aTs pOTOHBI» B MEHIO OMILMI, YTOOBI MOKA3aTh CBETOBOH Ty, KaK
COCTOSIIHMH U3 OTACIBHBIX (DOTOHOB.
* BriGepure B MeHto onmuii "Ypasienue unciiom GpotoHoB" BMecTo "MHTEHCUBHOCTH",
4TOOBI M3MEHUTH M0JI3YHOK "MHTeHCHBHOCTL" Ha noasyHok "Koanvectso GpoToHOB".
* lcrionp3yiiTe 3HA4OK KaMepbl (_ﬁ“ ), 9TOOBI CIeNIaTh CHUMOK IpaduKOB, YTOOBI BBI
MOTJIM CPAaBHUTH I'paUKu I pa3HbIX HACTPOEK.
* Bbl MOXeTe MPHOCTAaHOBUTH CUMYJISITOD, @ 3aTeM MCIIOIb30BaTh «Step» st
IOILIar0BOT0 aHaJIN3a.
* Ecnu BBl IpoBOAMTE AEMOHCTPALIMIO JIEKIIUH, YCTAHOBUTE Pa3pellIeHHe dKpaHa Ha
1024x768, yT0o0OBI UMUTAITUS 3aMIOTHIIA BECh IKPaH M ObUIA JIETKO BUHA.

Basknble 3aMevaHus 110 MO/IEJIMPOBAHUIO / YIIPOLIECHUSA .
* DJIEKTPOHBI UCITYCKAIOTCS B HEKOTOPOM Juaria3oHe sHepruid. Ecnu ans
BBICBOOO0K/IEHUS AJIEKTPOHA UCTIOJIb3YeTcs 00Jible 3HEepruu (POTOHA, TO
HCIyCKaeMbIH AJIEKTPOH OyJeT 00sagaTh MEHbIIEH KNHETUYECKON SHEPTUeH.
OOpaTuTe BHUMaHHE, YTO TaKOE MOBEACHNUE OTINYAETCS OT YIPOILEHHOI MOJeNnH,
UCIO0JIb3YeMOM B HEKOTOPBIX y4eOHUKAX, B KOTOPOM BCE AJIEKTPOHBI UCITYCKAIOTCS
C OJIMHAKOBOW KMHETUYECKOM HHEpruei. Ecii BB XOTUTE HUCIIOIB30BATh ITY
YIPOIIEHHYIO MOJIENb, Bbl MOKETE YCTAHOBUTH (DIA’KOK “NOKAa3bIBaTh TOJIBKO
AJIEKTPOHBI C HAUBBICHIEH dHEpruei”. DTOT napaMeTp He U3MEHsET rpaduKu,
MTOCKOJIbKY TOK MO-TIPEXHEMY PACCUMTHIBAETCS HA OCHOBE BCEX AJIEKTPOHOB.
* He xaxapiii poTOH BEIOMBAET 3JIEKTPOH, AaKe eciu (POTOHBI 00Ia/1at0T
JOCTATOYHOM DHEpPrUeH A1 BRIOMBaHM dJIeKTpoHOB. Eciu poToH moriomaercs
AIIEKTPOHOM C SHEPIHel CBSA3M, OOJbIICH, YeM dHeprusi (OTOHA, SJIEKTPOH He
OyneT BbIcBOOOXKIeH. DOTOHBI ¢ 00JIee BEICOKUMH YHEPTUSIMH C OOJIbIIICH
BEPOSITHOCTHIO BEIOWBAIOT 3JIEKTPOHBI, TOTOMY YTO OOJIbINIAs YacTh 3JEKTPOHOB B
MeTajljie UMEET SHEPrUio CBSA3H, MEHBIIIYIO, 4eM 3Heprus GoTtoHa. CienoBaTeNbHO,
0 Mepe YBEJIMYEHHUS YaCTOThI KOJIMUECTBO UCITYCKAEMbIX IEKTPOHOB (U,
ClIeIOBaTeNIbHO, TOK) OyJIET YBETUUUBATHCS 10 TEX MOP, ITOKa BCe POTOHBI HE
OyayT BbIOUBAThH 31eKTpOoHBL. OOpaTUTE BHUMAHUE, YTO TAKOE TIOBEICHUE
OTJIMYAETCS OT YIPOILEHHOIN MOJENU, UCTIOIb3yeMON BO MHOTUX YUeOHUKAX, B
KOTOPOM KaKIbIi (DOTOH C YaCTOTOM, IPEBBIIAIONIEH KPACHYIO TPaHUILY,
BBIOMBAET 3JIEKTPOH, [IOATOMY TOK MOCTOSIHEH BBIIIE IIOPOrOBOM YaCTOTHI.
* B HacTpoiikax 1o yMOJ4aHUIO, IOCKOJIbKY HHTEHCUBHOCTh CBETa
MPOMOPLHUOHAIBHA KOJIMYECTBY (DOTOHOB, YMHO)KEHHOMY Ha YacCTOTY, €CJIH BBI
YBEJIMYUTE YACTOTY, COXPaHss HHTEHCUBHOCTh MOCTOSIHHOM, KOJTM4eCTBO (DOTOHOB
ymeHbpuTCs. Clie10BaTeNbHO, €CIU Bbl YBEIMUHUTE YACTOTY MIOCJE TOUYKH, T/I€ BCE
(OTOHBI BBIOMBAIOT AJIEKTPOHBI (CM. TIPEIBIAYIIHNI pa3/ien), KOJIUYECTBO
HCITyCKaeMbIX JIEKTPOHOB (U, CIeIOBATENIbHO, TOK) HAYHET yMeHbIIaThCs. Ecnu
BbI XOTHUTE UMETh BO3MOKHOCTh U3MEHSITh YaCTOTy 0€3 U3BMEHEHHUS KOJIMYeCTBa
($oTOHOB, BEIOEpUTE “YTIPaBIATH KOJUYECTBOM (POTOHOB BMECTO HHTEHCUBHOCTHU
B MEHIO OILUH.
* [Tyt IpOCTOTHI BEIYMCIIEHUH MBI IPEATIOIAraeM, 4To BCE AIEKTPOHBI
BbIOpachIBaOTCS MEPIEHANKYISIPHO TUIACTHHE. B peabHOM SKCiepuMeHTe
(OTOHBI BBIOPACHIBAIOTCS BO BCEX HAINPABJIEHUSX. DTO BCETO JIUILb YIPOIIEHUE
MOJEIUPOBAHUS.
* MBI HITHOPUPYEM CIIOKHBIE TPOOIEMBI, TAaKHME KaK KOHTAKTHBINM MOTEHIIUAT,
TEPMODJICKTPOHHAS! IMUCCHUS U OOPATHBIN TOK.

Written by Sam McKagan, last updated April 14, 2011 3



PhET Tips for Teachers Photoelectric Effect

TpyaHocTH NOHUMAHKMS U UCTIOJIHL30BAHUSA / MBIILJIEHUS] YYAIIMMHUCH

» MccneioBanye’ MOKa3bIBaET, UTO ydalldecs YacTO HCIBITBIBAIOT TPYAHOCTH C
MMOHMMAaHNEM OCHOBHOM CXEMBI, y4acTBYOIIEH B (hoTo3IeKTpruecKOM 3pdekTe.
Hanpumep, ydaimuecs MOTyT oaymMaTh, UTO HaIlIPsLDKEHUE, @ HE CBET 3aCTaBIIsET
AJIEKTPOHBI OTPHIBATHCS OT TUIACTHHBI, WM MONbBITaThCs TpuMeHuTh U = IR (3akoH
Owma). CTOUT NOTPATUTh HEKOTOPOE BpEMS Ha PEIIEHUE TaKUX TPYAHOCTEH.

* MHOTrHE y4eHUKH UCTIBITHIBAIOT TPYAHOCTH C TIOHUMAHHUEM B3aUMOCBS3U MEXTY TOKOM
U CKOPOCTBIO 3JIEKTPOHOB. Y HALIUX CTYJEHTOB YacTO BO3HUKAIOT KApKHUE CIIOPHI O
TOM, IIPUBOJIUT JIM YBEITMYEHHUE CKOPOCTHU 3JIEKTPOHOB K YBEJIMYEHHIO TOKA.
MonenrpoBaHue SBISIETCS BaXKHBIM HHCTPYMEHTOM B pa3pellieHUH 3TUX CIIOPOB,
MIOTOMY YTO INpH ONM>KaNWIIEM paCCMOTPEHHUH YYal[Uecsi MOT'YT YBUJIETh, UTO
YBEJINYEHHE CKOPOCTH IEKTPOHOB HE YBEITMUMUBAET UX KOJUYECTBO, IOCTYNAIOLIEE HA
IJIACTUHY B CEKYHIY, U, CJIEZIOBATEIbHO, HE YBEIMUNBAET TOK.

* B Xxoz1e uHTEPBHIO MBI OOHAPYXKUJIU, YTO JIa)KEe HETIOTOTOBJIEHHbIE YYEHUKH, CMOTJIH
MOHSATh, KaK pabOTaET IKCIIEPUMEHT € (POTOIEKTPUIECKUM d(HPEKTOM, TOUTPaB C ITOU
CUMYJISIMEH, HO UM TpeOOBaIoCh JOMOJHUTENBHOE PYKOBOJICTBO, YTOOBI MOHSTH
MOCJIEICTBUS SKCIIEpUMEHTA /17151 GOTOHHON MOJIENH CBETA.

‘RN Steinberg, G. E. Oberem, and L. C. McDermott, “Development of a computer-based tutorial on the
photoelectric effect,” American Journal of Physics 64, 1370 (1996).
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