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reflection
Twotypes
specularreflection

i reflectiveray raythatbouncesoffthereflectivesurface

afor
Oi I or
deny
ray rayapproaching µ re surface

Q theangleofincidence Oi g 900
Ortheangleofreflection Or Or 900

adefiningpropertyofspecularreflection OiOf Oi Or
Example Reflection of a mountain on a lakebeingobservedbyan observerstandingon a cliff

Bag in
norotdaa 0oil

Diffusereflection
Involveslightreflectingoffan unsmoothesurface
Examples

Lightthatisn'treflectedbythemirror
Anobserverobservinglightreflecteddirectlybythemountain

Themoleculesthat comprise an unsmoothe surfacedovariousthingsto light
specificallyarereflectedrayvariesforthesameincidenceray
neg a

meth
v

Importantly specularreflection preserves the image ofthelightfromthe incidenceraywhilediffusereflection
losesthisinfo
Asidewhite theentirespectrumoflight
Anythingthat is whitee.gsnoworpaperabsorbstheentirespectrumoflight
Anything wicolore.g greenleaves on atree absorbseveryotherfrequencyoflightexceptgreenandthenreflects
thegreenbacktothe observer
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mealis

exampleof specularand diffusereflectionoccuringsimultaneouslyLightshiningon anapple
The shinypointiswherespecularreflectionoccurs

1 The restof theappleis wherediffusereflectionoccurs
v

AGE I EaBEEBE v

If wemovetheappleor theobservermoves toanotherpartof theroomtheshinypointii e pointw high
specularreflection ontheapplewill move aswell relativetothe observer
specificallytheregionwihighspecularreflectionrelativetotheobserverwillbelocateds t theangleofincidenceis
approximatelyperpendiculartothesurfaceofthereflectivesurface ii e theapple
NoteEachpoint ontheappleisassociatedwisomeamountofspecularreflectionandsomeamountof diffuse
reflection

Thediffusereflections are scatteredinmanydifferentdirectionsthroughouttheentiresurface
regardless ofwheretheobserverobserverstheappleheishe will see a similarimageexcludinghowthe
shapeofthe2bprojectionoftheapplechangesdependingonwhereyouview itfrom

Thesize1regionwherespecularreflectionoccurswill bemostpronounced
this is bic each pair of observer specularreflectionpoints is associatedat amuchnarrower bandwidth
ofspecularreflectivelight interacting witheobserver'seyes



Refraction and Snell’s law
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cast twovideos
specularreflectionoccurswhenlightbouncesoff a smoothe surface ag a mirror

incidentray arefractedray
a iorOi I or

Q theanglebtwnmeaxis perpendicular tothereflectivesurfaceandtheincidentray
or theanglebtwntheaxisperpendiculartothereflectivesurfaceandthereflectiveray

Definingproperty ofspecularreflection Oi or
refraction occurswhenlighttravelsthrough a mediumratherthanbouncing off a surface
Exampleconsider a scenariowherelightis emittedonto a glassmediumCoranymediumwherelighttravels
moreslowly in a room that is a raccooneverywhereelse
Diagram

aHereO incicenceangleincidence
ray o l g refractionangle

ioz
refractedray

AsideDepending on thecontexttherearedifferentwaysto treat lighte.g a rayvs a photon
Forrefraction ithelpstothinkoflightas a cartravellingalong anewlypavedroadthatturnsinto a bumpydirtroad
TheincidenceraytravellingthroughthevaccumCatmaxspeedy c 3.108mis correspondswi the cartravelling
alongthenewlypavedroad
Therefractiveraytravellingthroughtheglassmedium at ahinderedspeed ycc corresponds wi the car travelling
alongthebumpydirtroad
Diagram ANoteThis isNOTthe actualmechanics

underlying the bendingof light

v

Atthepointwherethe car firstencountersthedirtroadthefrontpassengertirewillbethefirstto roil over
me dirt1bumproad
atthispointthefrontpassengertire willslowdownrelativeto the otherthreewheels
driver'ssideof the car will betravellingwi a highervelocityrelativeto thepassenger'ssideuntilthe
car hascompletelycrossedover to theothersideof theroadand thewheels resynchronize
duringthisshortperiodoftimethecar will start to turnabouttheslowerCie passenger side

wecancontinueusingour caranalogytodescribethe casewheretheincidencerayisemittedinsideourglass
mediumCormoregenerallyanyothermediumandtherefractiveraybouncesofftheglasssurfaceintothevaccum

f this corresponds w our car travellingNE froma bumpy dirt roadonto a
o newlypavedroad
me

µ Here thedriver'ssideistravelingfasterthanthe
ot passenger'sside thecar will turnaboutthe
i

passengerCie slower side






























































































Theanalogybtwn a cartravelingalongbumpy1pavedroadsandrefractiongivessomeintentionbehindSnell's law
Diagramoflightemittedfroma sourceinto a vacuumandthrougha glassmediumfrombeginningof thevideo

i
v l Let v hiI c 3108msbethespeedoftheincident ray travellingthroughincidence i

ray o 1 a vaccum maxspeedi
4 4 1 1cc be thespeedoftherefractedraytravellingthroughthe
1 glassmedium

refractedray 0 betheangleofincidence Recallpurevaccumregionw
2 Ozbetheangleofrefraction NOTHINGnoteven a single

atom in it
Snell'sLaw I 4

sing sin0

Aside Indexof Refraction or refractiveIndex
Anumbernassignedtomaterialss t

n f where c 3iosmisspeedoflightin a vaccum
v speedoflightin a mediummadeofthematerial

Noten9as viv
For a vaccum n I
In air nn1.00029
In a diamond nn2.42

Amoretypicalformofsnell'slaw iswrittenintermsof theIndexofrefraction
Specifically it substitutesin y 4miand simplifies
Forourexamplelet n denotelinerefractiveindexforthethematerialthattheincidenceraytravelsthroughn bethe
refractiveindexfor thematerialtherefractiveragtravelsthroughand c 3iosmis

v In and vine
RewriteSnell'sLaw 6 f sing n

Takethereciprocalofbothsides

t sing ITsing nzsinq n.sino

TakeHomemessagethereare twoformsofSnell's Law
vz
singsino usesthespeedsof theincidence refractiverays

nsing nsin0 usestherefractiveindex n 4v ofthe respectivematerialstheincidencearefractive
raysare travelingthrough



Refraction in water
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Qwhydothingsappear bent whenpartiallysubmergedunderwaterandviewedfromcertainangles
Example A straw in acupof water

pointof view 1 pointof view 2

No
mm us myum

As it turnsout this difference is duerefraction changesin thewaylightbehavesas it goesfrom
onemediumtoanother

Recallweknowlighttravelsslowerin air thanin water
consider a rayof lightoriginatingfromthebottomoftheglassat aslightangle

sincethelightray is orientedat anangle theleftsideof the rayis
goingto reachthe airmediumfasterbeforetherightside

Y
tight foarueeafaif99uagenw

videosagothis isgoingtocauseour

Nowconsider a secondlightraythatoriginatesfromthe samepointasthefirstlightray
nm oursecondlightray willalsoveertotherightforthesamereasonstooT E thefirstlightraydide eyeball

f a

QFromthePovoftheeyeballwherewill thetwolightragsappearto haveoriginated
Theeyeball'sbrainwillpercievethe bent lightraysthat arehittingtheeyeballasunbent
Eg thediagramaboveshowslightraysoriginating at thepurplepoint on our straw will be percieved
as if theoriginatedfromthebluepoint
Doingthisfor allpointsalongthesubmergedportionofthestrawcauses it toappearbent

ru
foAo i

µm
eyeball



Snell’s Law example 1




























































































Snell’s Law example 2




























































































Total internal deflection
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LastFewvideos
Refraction occurs whenlightpropagates fromonemediumintoanother
Twocases
Lighttravellingfrom a slowmedium Lighttravellingfroma fastmedium
into a fastmedium OicOr into a slowmedium OiOr

a
Qlo ir i nFast Fast

slow slowg o
eight eight
source source

Note Qangleofincidence
Orangleofrefraction

considercase I
QDoesthereexistsome critical incidentangleQ s t Or98 yes
DiagramLightdoesn't escape into the fast mediumforOi O

I
990 Fast Fast

eight Lv slow
0 slow source Q g orOic

eight 1 i
source

ForGOitherefractedraypropagates ForOi 0 ourrefractedrayendsupreflectingbackinto
alongthesurfaceseparatingthetwo thefastmedium this iscalledinternalreflection
mediums agrees w Or900

Assuming9 exists isthere awaywe candetermineit yeswe canuseSnell'sLaw
ExampleDetermine 0 for lighttravelingfromwater slowmediuminto air fastmedium

RecallSnell'sLaw nrsinOr nisino
i nHere wehavenoneoo ni 1.33andOr900orgoo airCnn1oo

0 waterCn1.33 1oosin90011.33sinOf 1 1.33sinOii
eight 1
source a

g sinOi g sinConsia248.7535
ga48.75350

Moregenerally we canuseSnell'sLawto write

nrsincaooj n.sino 9 sin Fir criticalangleofincidence forlighttravelingfrom
1 a slowmediuminto a fastmedium

NoteFiberopticcablesmakeuseofinternalreflectionbyemittinglightraysat ananglegreater than
4 reflectedlightrays propagatedown a glasstubeinsteadof escapingintothe air allowsinfo to
besent in the formoflightoverlongdistances

Input a a output
signal signal
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Snell'sLawReview

incidence
ray o li nsing n sinofastmedium

slowmedium

refractedray

Dispersionoccurswhen anincidenceray ofwhitelightseparatesintoindividualcolorsaftercrossingintoanother
medium

Diagram
incidence iray o I

airaastermediumI1 watercsiowermedium

u u
t

Q whatcausesdispersion
theindexofrefractionturnsouttobeafunctionofthewavelengthoftheEMsignalformostsubstances
Thequantitiesgiveninmosttextbooks list a substance'sindexofrefractionthatis anapproximationin the
rangeofvisiblelight
neg theindexofrefractionof redlightinwaterisnred i33whiletheindexofrefractionforbluelight
is nowe 1.34

Note In mostmaterialslightw higherwavelengthsbendmorewhenpassingbtwnmediums


