P';Er Geometric Optics (TeomeTpryeckast onTvka

In Geometric Optics, students discover how an image is formed by a lens or mirror using ray diagrams.

C nomoLLpblo 3TOro CMMyNATOpa yyalumecs y3HatoT, kak ndobpaxxeHve opMnpyeTcs nnMH3amm Unm
3epKanom, Ucrnonb3ys Xo4 fnyyen B onTU4ecknx npnbopax.
Lens Screen (QkpaH «JInH3bI») Determine how radius of curvature and index of refraction affect
the focal length of a lens. Create real and virtual images and experiment with a spotlight.

OnpepenuTe, kak paanyc KPUBM3HBI U NoKa3aTenb NpeioMneHns BAUSIOT Ha (hoKyCHOe paccTosHue nuH3bl. CosaasanTe
pearnbHble U BUPTYarbHble M30BpaXeHUs 1 SKCNEPUMEHTUPYITE C NPOXEKTOPOM.
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Geometric Optics

Mirror Screen (9KkpaH «3epKano»)

Explore spherical and flat mirrors. Adjust the radius of curvature and diameter of the mirror and observethe effects on the image position,
magnification, and brightness. Uccnepynte cdepryeckue n nnockne 3epkana. OTperynupynTte paguyc KpUBU3HbI U AnamMeTp 3epkana
1 NoHabnioganTe 3a BNUSHUEM Ha NOoNoXKeHne N30bpaxkeHns, yBenmieHe n SpkocTb.
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Complex Controls

= The Preferences menu can be used to change the focal length controls and enable the
2F Points checkbox.

= The light propagation toggle button which hides the rays/image/light spot and can be 2>
used for predictions or triggering the ray tracing animation. "j /

= To constrain the movement of the object to horizontal motion only, use the lock & G - a
button next to the object selection menu.

« The Guides feature can be enabled using the addGuidesCheckbox query
parameter. The Guides indicate the extent to which light refracts through a lens, and
the angle between the guide arms is proportional to the focal length. The Guides
may be useful when predicting the location of the image, or can be used to
emphasize the way light is focused. The Guides will align to the Marginal Rays when
the object distance is twice the focal length.

CnoXHble 3f1eMeHTbl ynpaBreHus

* MeHI0 HaCTpoeKk MOXXHO MCMONb30BaTh A1t UBMEHEHWS NAapaMeTPOB (YOKYCHOMO pacCTOsHUS 1 BKIOYeHUS chnaxka 2F

TOYeK.

* KHonka nepekntoyeHns pacnpocTpaHeHusi CBETa, KOTopasi CKpbIBaeT Ny4n/n3obpaxeHne/CBETOBOE NATHO 1 MOXET
MCMONb30BaTLCA AN NPOTHO3MPOBAHNS UK 3anycka aHUMaLMK TPACCUPOBKY NyYen.

* YT00bI OrpaHnumnTh nepemelLeHne 06bekTa TOMbKO rOpU3oHTamNbHLIM ABXKXEHUEM, UCNONb3YIATE KHOMKY BNIOKMPOBKM
PSJOM C MeHH0 Bbibopa obbekTa.

* QyHKUMIO HANPaBNSHOLLMX MOXHO BKITOYNTBL C MOMOLLbHO NapameTpa 3anpoca drnaxka «[obaButb Hanpaenstowme».
Hanpasnstowye ykasbliBatoT yrof NpenoMieHns CBeTa Yepes OnnH3y, a yron Mexay HUMKU MponopLmoHaneH okycHoMy
paccTosHuio. HanpaensitoLme MoryT BbiTb NOME3HbI NPY NPOrHO3MPOBaHUI MECTOMOMOXEHMS M30BPaXEHNS UM MOryT
MCNoMNb30BaTLCA A4/19 BblgeneHus crnocoba okycupoBku ceeTa. Hanpasnsiowme GyayT BbIPOBHEHbI NO KPAEBLIM Nyyam,
Koraa paccTosiHue 4o o6bekTa B 4Ba pasa NpeBbillaeT POKYCHOE pacCTosHME..

Insights into Student Use

= Students may experiment with placing the object at the focal point. However, this is not possible for all
optics, as the minimum object distance is 40 cm.

= Students may need scaffolding to interpret the image brightness when the image is smaller than the
object. When |M|<1 the light forming the image is more intense, so changes in object distance and
optic diameter will appear to have less of an effect on image brightness.

PekomeHgauMm no UCNonb30BaHUIO yYalMMUCA

* Yyalumecs MOryT NoaKCnepuMeHTMpoBaTh C pa3MelleHnemM obbekTa B dookanbHom Touke. OaHako 3T1o
BO3MOXXHO He OISl BCEX ONTMYECKMX CUCTEM, NMOCKOSbKY MMHUMAaNbHOE paccTosiHne Ao obbekTa coctaBnsieT 40
CM.

* YyalummMesa MoxeT NoHagobuTbCst NOMOLLb ANst UHTepnpeTaumm SpKOCTU M300paKeHust, Koraa n3obpaxeHue
MeHbLue obbekTa. Korga |M|<1, ceT, hopmupytomim nsobpaxeHue, 6onee MHTEHCUBEH, NO3ITOMY U3MEHEHNS
paccTosiHNS 40 0OBbEKTa N ONTUYECKOro LEeHTpa, No-BUAMMOMY, OKa3blBalOT MEHbLUEE BIIUSIHNE Ha APKOCTb
n3o0paxeHus.

Suggestions for Use

Sample Challenge Prompts
= Sketch the formation of an image using principal rays.
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= Determine the relationship between radius of curvature, index of refraction, and focal length of a lens.
= Describe the relationship between the radius of curvature and focal length of a mirror.

= Explain the difference between a real and virtual image.

= Find all the ways to change the brightness of the image.

= Predict where an image will be formed given the object distance and optic parameters.

Customization Options

Query parameters allow for customization of the simulation, and can be added by appending a '?' to the
sim URL, and separating each query parameter with a ‘s’. The general URL pattern is:
.html?queryParameterl&queryParameter2&queryParameter3

For example, in Geometric Optics, if you only want to include the 1st screen (screens=1), with the

audio disabled (audio=disabled) use:
https://phet.colorado.edu/sims/html/geometric-optics/latest/geometric-optics_all.html?screens=1&audio=disabled

To run this in Spanish (1ocale=es), the URL would become:
https://phet.colorado.edu/sims/html/geometric-optics/latest/geometric-optics_all.html?locale=es&screens=1&audio=disabled
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@3 Indicates this customization can be accessed from the Preferences menu within the simulation.

Query Parameter and Description Example Links

& focalLengthControl - specifies how the focalLengthControl=direct
focal length is controlled, and can be either

direct (focal length slider) or indirect (radius

of curvature and index of refraction sliders). Default

IS indirect.

€ add2FPointsCheckbox - when true, adds a add2FPointsCheckbox=true
checkbox to the control panel to display the 2F
points. Default is false.

addGuidesCheckbox -when true, adds a addGuidesCheckbox=true
checkbox to the control panel to display the

Guides, see Complex Controls above. Default is

false.

screens - specifies which screens are included in screens=1
the sim and their order. Each screen should be

separated by a comma. For more information, visit ~Screens=2, 1
the Help Center.

initialScreen - opens the sim directly to the initialScreen=1
specified screen, bypassing the home screen. initialScreen=2

& locale - specify the language of the simulation 1ocale=es (Spanish)
using ISO 639-1 codes. Available locales canbe  1ocale=fr (French)
found on the simulation page on the Translations

tab. Note: this only works if the simulation URL

ends in “_all.html”.

audio - if muted, audio is muted by default. If audio=muted

disabled, all audio is permanently turned off.
audio=disabled

allowLinks -when false, disables links that allowLinks=false
take students to an external URL. Default is true.

supportsPanAndZoom - when false, disables supportsPanAndZoom=false
panning and zooming using pinch-to-zoom or
browser zoom controls. Default is true.

Model Simplifications

- The focal length, f, of the lenses is calculated using the Lens-Maker’'s Equation, assuming thin lenses

and an equal radius of curvature, , on both faces, f = R/(2(n — 1)) where is the index of
refraction. The focal length of the spherical mirror assumes the paraxial approximation, f = R /2.
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= The Focal Length and Radius of Curvature sliders control the magnitude, and (-) is appended to the
title of the control when the value is negative.

= The perspective of the picture frames implies that the observer is looking from the side. However, an
observer would only see an image from this vantage point if there was a screen at the image location.
This perspective was chosen to make the ray tracing and inversion/mirroring of the image clearer.

= For consistency, labels appear below the item. For objects, this means that the "Object" label may not
be immediately next to the origin of the point source.

= There is a singularity when an object is placed exactly at the focal point, which may result in a flash or
stutter.

= The opacity of the framed images is used to indicate its intensity, and depends on the object distance,
optic diameter, and magnification of the image. An image will appear dimmer when the object is far
from the optic, the optic diameter is small, or the magnification is large.

= In general, the intensity of the light spot on the projector screen is inversely proportional to its diameter.
However, intensity will remain constant when the diameter of the lens changes.

= Marginal Rays and Many Rays refract/reflect only at the first point of contact with the optic. For the
diverging lens, it's possible that a ray will exit through the top or bottom surface of the lens without
refracting a second time.

= Principal Rays are a model used to identify the location of an image. However, due to the size of the
object, these rays may not always physically reach the optic, so we extend the central axis of the optic
to make the ray behavior clearer.

= Many Rays consists of a 120-degree fan of rays. The number of rays will increase with the distance of
the object from the optics, so that there are always at least 2 rays incident on the optic.

= In the Light scene, rays that do not interact with the lens will not cast any light on the projection
screen, because we are not modeling ambient light.

= We do not model the physics of reflected rays and they may pass over the object (rather than being
blocked). However, framed objects are constrained to horizontal dragging above the optical axis so
that the rays forming a real image are never obscured by the object. This same restriction is not
applied to the Arrow, because it is a representation of point source, not a physical extended object.

= The 2F points can be enabled from the Preferences menu or by using the add2FPointsCheckbox
query parameter. For mirrors, this is equivalent to the center, C. However, we chose the “2F”
terminology because the feature applies to both the Lens and Mirror screens.

= For a flat mirror, the radius of curvature and focal length controls disappear, as the values are infinite.

= The flat mirror is intended for comparison purposes. Deeper exploration of flat mirrors is supported in
Geometric Optics: Basics, which has a centered mirror and allows for freely-moving objects.

See all published activities for Geometric Optics here.
For more tips on using PhET sims with your students, see Tips for Using PhET.
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