Bending Light Remote Lab
This lesson is designed for a student working remotely.)
This lab uses the Bending Light simulation from PhET Interactive Simulations at University of

Colorado Boulder, under the CC-BY 4.0 license.
https://phet.colorado.edu/sims/htmi/bending-light/latest/bending-light_en.html

IIpenomienne cBera. Y ajieHHasi JjabopaTopusi.

DTOT ypoK MpeaHa3sHaueH Ul yYeHHKa, pab0TaIOMET0 yIaIeHHO.

Dta mabopaTopus UCIOJIB3yeT MOCTUpOBaHKe MpeoMicHus cBeta ot Phet Interactive Simulations B
Yuausepcurere Konopano boynaep mox nunensueit CC-BY 4.0.
https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html

Learning Goals

A. Describe what happens to light when it shines on a medium.

B. Explain light direction changes at the interface between two media and what determines the angle.
C. Describe the effect of varying wavelength on the angle of refraction.

D. Explain why a prism creates a rainbow.

E. Apply Snell’s law to a laser beam incident on the interface between media.

Hean O0yuenus

A. Onuiure, 4TO MPOUCXOTUT CO CBETOM, KOTJIa OH CBETUT HA TPaHMILY IBYX Cpel.

b. O0bsicHuTe M3MEHEeHUs HalpaBJIEHHUs CBETa Ha TPaHUIle pa3/iesia ABYX Cpel U TO, YTO OMpPEENsieT yro
MIPETOMIICHUS.

B. Onumure BausiHUE U3MEHEHUS JUTMHBI BOJIHBI HA YTOJI IPEIOMIICHHUSL.

I'. OOBsicHUTE, TOYEMY TTPU3Ma CO3/1aeT PaaAyTy.

J. Tlpumenum 3akoH CHeInyca K Ja3epHOMY Jydy, NaJaiolieMy Ha TOBEPXHOCTh pa3felia IBYX Cpe/l.

Everyday Physics in your life:
| put a chopstick in a glass of water like in the picture on the right. What do you
notice?

Try this at home with some other things like a spoon or fork. Do you observe any
different things?

( If you don’t have a clear glass, you can still see some interesting things. You might
want to use a larger container like a bathroom sink).

What ideas do you have about why things look different under water?

IToBcenneBHas1 pu3MKa B Ballei ;KU3HU:
S onyckaro nanouky AJis €pl B CTaKaH C BOJOM, KaK Ha KapTUHKE crpaBa. Uto Bbl 3aMeTuin?

ITonpoOyiiTe 3TO AOMa ¢ APYrMMH BellaMy, TAKUMH Kak JIO>KKa WK Buika. HabmromaeTe au BbI Kakue-HUOYIb
Jpyrue sSBICHUS?
( Ecnu y Bac HeT nmpo3payHOro crakaHa, Bbl BCE PAaBHO MOXKETE YBUAETh HEKOTOPbIE HHTEPECHBIE SBJICHMUS.

BOSMO)KHO, BbI 3aXOTUTC UCIOJIB30BATH COCY/I 0O0JIBIIIETO pasMepa, HalIpUMEP paKOBUHY B BaHHOI>'I).

Kakue Yy Bac €CTb UACHU O TOM, ITOUCMY 1O BOJIOM BCE€ BBITJIIUT IO -I[perMy'?
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Develop your understanding:

1. Explore the Intro screen to find some things that happen when light rays shine into water. Figure out
how to test what happens when the light rays come from underwater. Compare your ideas about why
things look different under water to how light rays appear to “bend.”.

Pa3zBuBaiiTe cBOe MOHNMMAHUE:
1. Uccnenyiite n3o0paxxeHne Ha SKpaHe, YTOObI HAMTH HEKOTOPHIE SBJICHUS, KOTOPBIE TPOUCXOIAIT,
KOoTJa JIydd CB€Ta IaJjaroT B BOAY. BI:I)ICHI/ITG, 4TO IMPOUCXOANT, KOI'Ja CBETOBLIC JIYUH IIPUXOIAT U3-TI0J
BOBI. CpaBHI/ITe CBOM IIPCACTABJICHUA O TOM, IOUCMY 110 BOZIOﬁ BCC BBIT'JIIAUT MHA4YC, TaK KaK
CBETOBBIE JIy4H MPEIOMIISIOTCS HAa IPAHMIIE IBYX cpell. KHOIIKa Ha MICTOYHUKE CBETA BKIIIOYAET €TO0.
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Bending Light

Explain your understanding:
2. Experiment in the Intro screen using the tools to observe what happens to light when it shines on water.

( O Ray
. ® wave
Use both the Ray and Wave models for light.
a. Write about how each tool helps investigate the behavior of light.

b. Describe the behavior of light when it shines on water. Provide examples for a variety of incident
angles to support your description.

c. What changes if the light is underwater and the light goes into air?
d. What changes if you shine light on glass?

e. Test materials with other indexes of refraction to see if your ideas about the behavior of light
seem comprehensive.

f.  Write a summary description of what happens to light when it goes from one medium to another.
Use the following vocabulary words in your summary: index of refraction, incident angle,
reflected angle, and refracted angle.

OOBsACHUTE CBOE MHEHHE:
2. 9KCHepHMeHTprﬁTe Ha 35KpaHC MOHHUTOPA, UCTIOJIb3Yd NHCTPYMCHTEI, YTOOBI Ha6J'II-O,I[aTB, YTO IMMPOUCXOOUT
CO CBCTOM, KOIr'la OH CBCTUT HA BOAY.

I/Icnom,3y171Te KakK JIY4€BY1O0, TaK 1 BOJIHOBYIO MOJICJIN CBETA.

a) HammumuTe O TOM, KakK KaXXIbIN HHCTPYMCHT IIOMOT'aCT UCCICAOBATH IOBCACHUC CBECTA.
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0) onuIMTe MOBEICHUE CBETA, KOT/Ia OH CBETUT Ha Boxy. [IpuBeauTe npuMepsl pa3inyHbIX YIIIOB MAaACHUs s
WJUTIOCTPALIMK BaIllIEro ONMCAHMUA.

B) UTO U3MEHUTCS, €CJIM UCTOYHUK CBETa HAXOJUTCS MO/ BOJIOH, a CBET YXOJUT B BO3AyX?
T') YTO U3MEHHUTCS, €CITU BbI IOCBETUTE CBETOM HAa CTEKJIO, & HE Ha BOIY?

1) TIOAKCIIEPUMEHTUPYHTE C MaTeprajaMu C IPYrHMMH IMOKa3aTeIIIMU MPEJIOMIICHHS, YTOObI YBUICTh, KAXKYTCS
JI BaIW IIPEJICTABIICHUSI O IIOBEJCHUY CBETA NCYEPIIBIBAOIIVMH.

€) HaIUIINTE KPaTKOE OMMCAHUE TOTO, YTO MIPOUCXOIUT CO CBETOM, KOTJIa OH MEPEXO0IUT U3 OJHOU CpeJibl B
npyryto. Mcnone3yiite B cBOeM pe3toMe ClIeIYyIOLUE CIOBapHbIE CIIOBA: IIOKA3aTellb IPEIIOMIIEHUS, YOI
MaJIEHUs, YrOJI OTPAKEHUS U YTOJI IPEIOMIICHUSI.

3. Use More Tools screen to observe variation in refraction as the wavelength (color) of incident light varies.

a. The difference in refraction angles is small and difficult to detect in this simulation, so | have shown a
possible experimental setup for you to try. How much does the angle of refraction change from 380nm to
700nm when the incident angle is 80?

Run some of your own experiments to see if you can detect a difference in refracted angles at other
incident angles. Why did I choose 80 degrees?
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Bending Light

b. Use the Speed tool as you vary the wavelength to help understand why the angle of refraction varies.
Describe the results of your experiments

c. Does the color of the color of the light change during refraction or reflection?

3. Ucnonb3yiiTe 60sbl1e HHCTPYMEHTOB aHUMAIMK, 4YT0ObI HAOII01aTh U3MEHEHUE pedpakLuy 10 Mepe
M3MEHEHHMsI JUTMHBI BOJIHBI (1IBE€TA) MAJAIOIIET0 CBETA.

a) pa3HHIIa B YIiaxX MpeloMIICHUs Majla U ee TPYAHO OOHAPY)KUTh B ’TOM MOJEIHPOBAHUH, TIOITOMY s TOKa3all
BaM BO3MOXKHYIO 3KCIIEPUMEHTAIBHYIO YCTAaHOBKY, KOTOPYIO BBl MOXKeTe NonpoboBaTh. Hackoiabko uameHsiercs
yron npesomnenus ot 380 Hm 1o 700 Hm nipu yrie nagenus 80°?

[IpoBeauTe HEKOTOPHIE U3 BAllIUX COOCTBEHHBIX SKCIIEPUMEHTOB, UTOOB! YBUJETh, MOKETE JIM BbI OOHAPYKUTh
pasHUILy B YIiax MpeJoMIICHUs MpH ApYTrux nagaoounmx yriax. [Touemy s Beiopan 80 rpamycos?
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0) ucnonb3yiite UHCTpyMEHT «CKOPOCTH» MPU U3MEHEHUH JUTMHBI BOJIHBI, YTOOBI IOHSTH, TIOYEMY U3MEHSETCS
yrou npesomiieHus. ONUIINTE pe3ybTaThl BalllUX 3KCIIEPUMEHTOB

B). HU3MCHSACTCA JIM IBET LIBCTA CBCTA IMPU IMPCIOMIICHUHN WJIN OTpa)KeHI/II/I?

4. Explore the Prisms screen to see how your understanding of refraction applies when light travels through a
medium like glass. Give specific examples and images from the simulation to explain how your understanding
applies.

Simulation tip: Remember that the Normal dashed line and protractor will help take measurements.

4. Vcionb3yiiTe BKIAAKY C IpU3MaMu, YTOObI YBUIETh, KaK Ballle IOHUMaHUE IPEJIOMIICHUS IPUMEHSIETCS,
KOI'/Ia CBET IIPOXOJMT YEPE3 CPeNy, TaKylo Kak cTekiio. [IpuBenuTe KOHKpETHbIE IPUMEPBI U U300paKEeHUS U3
MOJEIUPOBaHUs, YTOObI OOBSICHUTD, KaK Bbl IPUMEHsIETE CBOE TIOHUMAaHHUE.

CoBeT 10 MOJIEMPOBAHUIO: IEPIIEHIUKYIISAP U TPAHCHIOPTUP TOMOTYT IIPOBECTH U3MEPEHUSL.
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5. Experiment to find ways to make rainbows.

a. Insert at least one setup where light passing through a prism gives a rainbow and describe why a rainbow
is formed.

b. Explain why only some types of light will yield rainbows.

5. DxcnepuMeHTUpyiTe, 4ToOBl HAalTH CIOCOOBI MOJTYYEHUS PATYTH.
a) noGepute X0Ts Obl OJJMH UCTOYHUK CBETA, JUI1 KOTOPOT'O CBET, IPOXOSIIUI yepe3 Mpu3My, JaeT pagyry, u
OIUIINTE, T0UYeMy 00pa3yeTcs pagyra.

0) 0OBsICHUTE, TOYEMY TOJIBKO HEKOTOpBIE BUbI CBETA JTAIOT PajyTYy.

Test your understanding and self-check
Open the full Bending Light simulation

6. Show that you can use Snell’s Law ( N1sin®1 = n2sin®;) to predict the angle of reflection and angle of
refraction for several scenarios. Show your work. After you have completed the calculations, use
simulation to check your work
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For incident angle of 30 degrees light shining

from air into water

from water into air

from air into glass

from water into glass

from air into a medium with an index of 1.22

P00 o

IIpoBepbTe cBoEe MOHMMaHHNE (CAMOKOHTPOJIb)

OTKpoiiTe NOJTHOE MOACTMPOBAHNE TIPEIOMIICHUS CBETa

6. [TokaxkuTe, 4TO BB MOXKETE MCITOJIB30BaTh 3akoH CHeutryca (N1sin®1 = Nzsin®2) [uist peacKa3aHust yria
OTpaKEHHsI U yIJia MPEIIOMIICHHS UTI HECKOJbKUX crieHapueB. [lokaxku cBoro padoty. Ilocie Toro kak Bel
3aKOHYHTE PACUeThl, HCIIOJIB3YHTE MOJISITUPOBAHKE /ISl IIPOBEPKHU CBOEH pabOTHI

[Ipu yrne nanenus 30 rpagycoB CBET CBETUT

a. U3 BO3/yXa B BOILY

0. U3 BOJbI B BO3IYX

B. M3 BO3/lyXa B CTEKIIO

T. U3 BOJIBI B CTEKJIO

. M3 BO3/yXa B Cpey ¢ ToKaszaresiaeM mpeinomMicHus 1,22
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