PhET Tips for Teachers Lasers

Non-obvious controls:

¢ You can grab the lines of the excited states in the energy level diagram and move
them up and down.

» Be sure to try all the different tabs at the top of the simulation.

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

¢ |f 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 The purpose of the first tab is simply to help students learn about absorption and
emission. To explore lasing, it works much better to use the second tab.

¢ To get lasing, the lamp frequency should match the excitation frequency of the 2"
excited state, the lifetime of the 2" excited state should be small, the lifetime of the
1% excited state should be large, and the mirror reflectivity should be high.

e \We use the convention of labeling the ground state as “1,” the first excited state as
“2,” etc. Another common convention is labeling the ground state as “G,” the first
excited state as “1,” etc. If your textbook and/or course materials use the latter
convention, point out the discrepancy to your students. (Note that old versions ofthis
simulation used the latter convention. It was changed in May 2008.)

e When the atom transitions from the second excited state to the first excited state, it
emits an infrared photon. These photons are not shown unless you select Display
photons emitted from upper energy state.

e If you turn up the light intensity very high, you can excite an atom with one photon
and then create stimulated emission with the next photon before the atom can decay
spontaneously. In real life this process is very rare unless the system is lasing.

e Inorder to make lasing possible in such a small system, the likelihood of absorption
and stimulated emission are higher than in real life. They are set to make lasing as
easy as possible while showing that not every photon causes absorption or stimulated
emission. You can change the stimulation likelihood in the Options menu.

e For simplicity, the mirrors have the same reflectivity for all colors of light.

Insights into student use / thinking:

¢ We recommend starting with the first tab to help students learn the basic ideas with a
single atom. The second tab can be overwhelming if it is the first thing students see.

e Students sometimes have trouble relating what they see in the simulation to the parts
of a real laser. View Picture of Actual Laser should help with this.

¢ Ininterviews, we found that even students with no science background were able to
figure out the basics of how a laser works by playing with this simulation.

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

Written by Sam McKagan, last updated June 20, 2008 1


http://phet.colorado.edu/teacher_ideas/contribution-guidelines.php
http://phet.colorado.edu/teacher_ideas/classroom-use.php
http://phet.colorado.edu/phet-dist/publications/Teaching_physics_using_PhET_TPT.pdf

PhET Tips for Teachers Lasers

For activities and lesson plans written by the PhET team and other teachers, see: Teacher
Ideas & Activities

Use lasers as a context for helping students understand atomic transitions, absorption,
and spontaneous and stimulated emission.

Challenge your students to make a working laser. (They will need to maximize the
lifetime of the 1% excited state and minimize the lifetime of the 2" excited state.)
Challenge your students to make a laser so powerful that it explodes!

Challenge your students to figure out ways they could fix a broken laser.

Ask your students to explain the reasons for each of the conditions for lasing.

Ask your students to explain why three levels, and not just two, are required to make
a laser.

PhET CoBersl a5 yuntedieii. Jlazepsbl

ABtop: Com Makkaras, nociensnee ooHoBieHue 20 utons 2008 .

DJieMeHTBhI YNIPaBJIeHUsI:

Br1 MOeTe 3aXBaTUTh MBITITKON JTMHUHM BO30YKACHHBIX COCTOSIHUI Ha AHarpaMmme
SHEPTEeTUYECKUX YPOBHEH M MepeMeniaTh UX BBEPX U BHU3.

O06s3arenbHO TONPOOYHTE BCE pa3InYHbIC BKJIAIKUA B BEPXHEH YaCTH CUMYJISIINAHN.
Br1 MOXeTe TpHOCTaHOBUTH CUMYIISITOP, & 3aT€M HCITOJIB30BaTh Step st
MOIIAroBOI0 aHAJINM3a.

Ecnu BBI mpoBOANTE JIGKITHOHHYIO JIEMOHCTPAIMIO, YCTAHOBUTE pa3pelieHrne dKpaHa
Ha 1024x768, 9TOOBI CUMYJISIMS 3aMI0JIHAIIA BECh SKpaH U Obljia JIETKO BHJIHA.
BaxxHble 3aMeYaHUs 110 MOIEJTMPOBAHUIO / TOMYIIIEHUS:

[ens mepBO# BKIIAJIKH - TPOCTO MTOMOYb YUCHHUKAM y3HATh O TIOTJIONMIEHUH U
n3ydeHuH. J{J1s u3ydeHus TeHepaluy ropas3zao Jydlle UCIOoJIb30BaTh BTOPYIO
BKJIQJIKY.

UToOBI MOJYYUTh TEHEPAITUIO, YACTOTA JIAMIIBI I0OJDKHA COOTBETCTBOBATH YacTOTE
BO30YXICHHS 2-TO BO30YKJACHHOTO COCTOSIHHS, BpEMS KU3HHU 2-TO BO30YKICHHOTO
COCTOSIHUSI JIOJDKHO OBITh HEOOJIBIIIMM, BpeMsl )KU3HU 1-T0 BO30YXJIEHHOTO
COCTOSIHUSI IOJDKHO OBITH OOJIBIIINM, a OTpaXKaTeabHasi CIOCOOHOCTH 3epKajia -
BBICOKOH.

MBI ucnosib3yeM YCIIOBHBIE 0003HAaYEHUsI OCHOBHOT'O COCTOSTHUSA Kak “1”, mepBoro
BO30Y)KJICHHOTO COCTOSIHUA Kak “2” u T. 1. J[pyro# pacnpocTpaHeHHOM
YCIIOBHOCTBIO SIBJIIETCS MAPKUPOBKA OCHOBHOI'O COCTOSIHUSA Kak “G", mepBoe
BO30YXKIeHHOE cocTosiHUE Kak “1 " u T. 1. Ecnu Bam yueOHUK W/uin yueOHbIe
MaTepHalbl UCIONB3YIOT JaHHOE 0003HAUYEHUE, YKAKUTE HA HECOOTBETCTBUE CBOUM
yueHukaM. (OOpaTuTe BHUMaHUE, YTO CTapble BEPCUU ITOTO MOJCIUPOBAHUS
HCIIOJIb30BaJIM TIocieiHee o0o3HaueHune. OHo ObL10 m3MeHeHo B Mae 2008 roxa.)
Korpaa atom nepexoaut u3 BTOpOTo BO30YKJIEHHOTO COCTOSIHUSA B MIEPBOE, OH
ucnyckaet uHppakpacHsiit GoToH. ITH POTOHBI HE OTOOPAXKAIOTCS, €CITU BBl HE
BbIOEpeTe om0 OToOpaxkarh (GOTOHBI, HCITyCKaeMbIe U3 BEPXHETO
SHEPreTUYECKOTO COCTOSHUA.

Ecnu BBI yBeMUNUTE UHTEHCUBHOCTh CBETA OYEHb CHUJILHO, BBl MOKETE BO30YIUTH
aToM OJTHUM (DOTOHOM, a 3aTe€M CO3AaTh CTUMYIHPOBAHHOE U3ITyYEHHE CO
CIeayomuM (POTOHOM, MPEXK/IE YEM aTOM CMOXKET

CIIOHTAHHO pacrnacTtbes. B peanbHOM )KM3HU 3TOT MPOLIECC OYEHDb PEAOK, €CIU
TOJBKO CUCTEMA HE T€HEPUPYET IHEPTHUIO.

UTo0BI cAenaTh reHepaluio BO3MOXKHOW B TaKO MaJeHbKOM cucTeMe, BEpOSITHOCTh
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MOTJIONICHUS U CTUMYJIUPOBAHHOTO U3TyYEHUS BbIIIE, YEM B pealibHOM kxu3HU. OHU
HACTPOEHBI Ha TO, YTOOKI CIENaTh TCHEPAIMIO KaK MOXKHO IPOIIE, TOKA3bIBas IIPH
3TOM, YTO HE KaXKJIbI1 (DOTOH BBI3BIBACT MOTJIONIEHUE WU CTUMYJIUPOBAHHOE
u3iydeHue. Bel MOXKeTe M3MEHUTh BEPOSITHOCTh CTUMYJIALIMKU B MeHIO Oniuii.
JU1st IpOCTOTHI 3epKaja UMEIOT OJMHAKOBYIO OTPayKaTeIbHYIO CIIOCOOHOCTH /s
BCEX 1IBETOB CBETA.

TpyaHocTH NOHUMAHHUS U UCTIOJIH30BAHUS YYEHUKOB:

Mps1 pekoMeHIyeM HavyaTh C IEPBOM BKIAAKH, YTOOBI IOMOYb YIEHUKAM U3YUUTh
OCHOBHBIE UJIEU C TTOMOIIBIO OJIHOTO aToMa. BTopas Bkiajka MOXET OIIEIOMUTbD,
€CJIM 3TO TIEPBOE, UTO BUIAT YUCHUKH.

VY4eHukHn MHOT]a UCTIBITHIBAIOT 3aTPY/AHECHHUS, CBA3BIBAS TO, YTO OHU BUIIAT B
CUMYJISILIUH, C YacTSIMH peanbHOro jiasepa. Ilpocmotp n3o0OpakeHus peaabHOTo
Ja3epa JOJIKEH IOMOYb B 3TOM.

B xo1e uHTEpBBIO MBI OOHAPYXKHUIIH, YTO Ja)KE YUCHUKH, HE UMEIOINE HAYYHOTO
OTIBITA, CMOTJIM TIOHSITH OCHOBBI PA0OTHI JIa3zepa, Urpas ¢ STON CUMYIISIUEH.
IIpenyoskenns mo NCNoJb30BAHUIO CUMYJISAITOPA:

MonenrpoBaHue YCHEIHO UCTOIb30BAIIOCH B IOMAIIHUX 33/1aHUAX, JTEKLHUAX,
3aHSTUSIX B KJIacCce WJIHM JJaOOpaTOPHBIX 3aHATHIX. Vcnomnb3yiiTe ux i B
03HAKOMHTEIILHOM IIJIaHe, U3Y4CeHUsI HOBBIX 3HAHHM, 3aKPETUICHHS

3HaHUH, B KaUECTBE HATJISAHBIX MOCOOMH /I MHTEPAKTUBHBIX JIEMOHCTPAITUN HITH C
MTOMOIIBIO0 BOIIPOCOB B KJlacce. JJonmoIHUTebHbIE CBEACHUS CM. B pa3zeie
[IpenogaBanue pusuku ¢ ucnonab3oBaHueMm MoenupoBanus PhET

PhET CoBetbl st yunreneit Jlazepsl

ABtop: Com Makkaran, nociennee ooHosienue 20 urons 2008 r.

Hcnonp3yiiTe CUMYISTOp KaKk KOHTEKCT JJIsl TOTO, YTOOBI IOMOYb YU€HHUKAaM MOHSAThH
aTOMHBIE NEePEXO0/Ibl, MOTJIOIIEHNE U CIIOHTAHHOE U CTUMYJIMPOBAHHOE U3Ty4YEHUE.
JlaiiTe 3ajane CBOUM yUYE€HHUKaM, YTOOBI cieaTh padoTatomuii gasep. (MM Hy)HO
OyZeT MaKCUMHU3UPOBATh BPEMs )KU3HH 1-T0 BO30YKJIEHHOTO COCTOSIHUS U
MUHHUMHU3HPOBATh BpeMsl )KU3HH 2 - T0 BO30YKJIEHHOTO COCTOSIHUSL.)

JlaiiTe 3a1aHue CBOMM y4€HUKaM, YTOOBI C/IeIaTh Jla3ep HACTOIBKO MOIIHBIM, YTOObI
OH B30pBeTCs!

Jaiite 3a1aHue CBOMM y4Y€HUKaM, YTOOBI BBISICHUTD, KAK OHU CMOTJIM OBl TIOYUHUTH
CIIOMaHHBIH Ja3ep.

[Tonmpocute yueHUKOB OOBSICHUTH MPUYMHBI KaXKIOTO U3 YCIOBHM reHepalnu.
[Tonmpocute cyueHUKOB 0OBACHUTH, MOYEMY ISl CO3/IaHuUs Ja3epa Tpedyercs Tpu
YPOBHS, a HE TOJIBKO JBa.
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