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"A dafining proprriy of spcvlar refleckon: 6,76, g =
*Exaspie’ Reflecton of a mountoin on o loke bring ebserved by an ebRTWr sfonding on o oxif

@ pigfuse Refiection
‘Towowes fight refiecking off on onsmone sorfoce
~ Exosmples
“lignt Hot WAt ceflected by e mircor
= An observer observing lignt reflected directly by e mourvtain
*TWe molReuls dak  compeiSe on “unsmooWne” surfoce do worous dhings do fight
Bopecifically, de refiected roy vories for #w same

~ eyq,
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# Tnportontly, speculor ceflechon “presesves” e image of W light from dne while diffuse refiection
loses #ais info.
# Aside’ White = fe eWire specivuta of fight
“Anyhing daod is wie (e.q, Snow or paper) akserks v evire specirum of fight
“hngining wl color (e.g., green Wones on o 4re2) absorbs every oer frequency of Gight except green and dnen reflects
e green bock do e cbserver



Specular and diffuse reflection 2 N2alis

# Exomple of speculas and difuse refleeton occuring simul fonRousy : Light sWining on on oppW
“The “swiny" poied is wiere eccues
~Twe rest of WQ opple @ where Jdiffuse reflection occues

“TF om v AR apple oF e doserver MRS Jo ono¥aRT port of WR roomn, Hhe sy pownt (.., poivt wl
) o e apple will "eeve" oS well (relofive 4o dne obsarver)

*Specifically, e region wl relofive 4o e dbserver will bR lwcoded St dhe is
opproximoiely perpundiculas fo We sucfotk of e reflctive surfece Gie., the apple)
“Note: Each point on #ae app\L is assecioded wl some amount of ond sowe amount of diffuse
refiection

*The diffuse refleckions are scottered n mony different dicections wougrout dal eire Surfose
= fegordiess of where MR obsarver cbservers W apple, WIS will Se2 a similar image (excluding wuw 4w
shape of 4he 20-projection of #e agple changes depending on where awv%wwh«\\
*Twe wherQ oceurs wi\ b most pronounced
=) #is 1S ble eoch “pair" of ocuserver- polnds is ossocioded wl o MUCH mesrower “bandwidin'
of ineracting wl #e cuserver's eyes



Refraction and Snell’s law sofi8

#los+ twe videos®
= Speculor reflechon= eccurs wwan ligwt boukes off o “smeeWe” surfoce (eg, o wiecor)
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S e fo. oxis perpendiculas 4o e ceflecive Surfore ond W
= ¥ We oxis perpendiculas do e refleckve Surface and e
*Oefining properiy of speculor cefiection: 6, =
# Refrockion = 0ccurs wien light drowels dwough o Medium roWwe hon euncing off o Surfoce
—Exampie: Consider o sScenosio whwre lig't 6 emivied onto o gloss medium (or, any MRAiUM  were nsm troa\s
more Slowly) In & room Mot IS o vaccum EVRFYwWWRTR NSL
'0'@3«.«\‘
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6, refraction angle
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#Aside’Depending on ¥ne conext, dere are different woys to “dreok” light (egy o roy vs. @ poron)
= For cefcaction, it Wips 40 Waw of light oS o cas iraweiting along o newly-paved rood Hhat turns IO o bumpy dick roadd
*The travelling throughh dne voccum (ot ~ox spaed, v‘=c.=3~|o“‘ls) corresponds wl ¥R car iraneiling
olong ¥he mewiy-poved rood
*The cefroctive voy drovtlling #rough 402 gloss medivm (ot o Wedased speed, V,4C) correSponds wil ¥ae car vamelling
along +we bumpy dird voad
~Disgrom: ¥R NeIR: This is NOT 4ne atiua) MECWaNiLs
underiying MR berding of light

At e point wWhRTe Mt cor first encounters MR dick cood, WL Frond- posSSROQRT Fice will be W st to rol over
e dick[bump rood
ok dnis pou, MR fronk possenger 4iwe wil\ Slouw dewn rlove 40 YL o¥eer frel winells
=D deivar's 5132 of e cor Wil b iroveiting wi o Wightr velociy rRladive 40 ¥R possenger's Side kil dae
cor WS complately eressed euar o YL oiwer SR of Wt rood and e wwels “re-synewronize”
=)dm-'¢\5 Mis shork perisd of Heme, e cor wil\ stord o tuch oout fae siower (e, pcssc.nse.r) side
RWe con coMinue. USing uE cor analogy b descrite R cose where W 1 enitred SR our qloss
radiom (or, more generally, any otner coedion) ond WL refroctive oy bounces off #e gloss surfore wio M voccum®
=TS corcesponds wi oue cox M-wo.\\ms NE from o butngy, dick rood onid o
9 iy~ poved roodt
> *HerQ, ¥ driver’'s SidL 1S Wowtling foster dnan e
possenger's side =) #Q car will turh alout $he
possenger (.., Slower) $ide




#Te onalogy bhwh o cor droveling along burpy/powed roads ond refraction giveS Sonl vurion bewind Seell's faw
“Diogqram o light antied from o Source WO o vacuum and *fouah o gloss onediven (from ugww«s of e v‘«w.o\‘-
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: ‘Lot be fe

: o voccum, - @ mox sw.qdb
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v,_=l3,_\<c. be e Speed of e refcacted roy (ivoxeiting #hrougin e

%1\ gloss M\UN\)
| Vrefrockd oy e e Xfeconn: PUre vaccum= regien wl
Y 6, be ¥ angle of refroction NOTRING (not exen o sinvgle
ofn) i W
% See\\'s Loaw* v,
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s\(\G2 = 0

~Aside: "Tadex of Refrochion” (o, “Refroctive Tndex")
*A nuoer, 0 ossighed fo modestals sk

a= % whare €23-10°%s (sperd of Gaht in o vaccum)
VEspead of tight in o mediven mode of e moteriol
~Now® nT oS Vv
*For o vogcum, N=%c=1
*In o, N~ 1.00029
*XTn o d , N~2.42
= A more, 4ypical forem of SMW'S Loas 15 wrtiRA 0 terens of e Todex of Refraction
*Specifically, W sulstitures i v,z oy and sunpifies
*For our RoMpIL, let 1, dencte Yae
refrochive e for ¥ne moteriol dne refrochive roy drovels Yarough and et 3-10% s
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~Toke ¥ae veciprocol of ba¥n $\das*
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#Toke- Home Messoge® There ofR fwe Socons of SeW'S Lo

© |
:_=
R S\ Uses ¥ne spaeds of ¥ne & refrontive roys
® nzs'\<\91= SW\ Uses ¥ refroctive X, A=V of ¥ne respRetive Moaderials e

roys are -\vm\'mg -’&wwa\\

)0, be e

¢ refractive



Refraction in water aj20[18

# Q: Liny do dnings oppRas Yot wihen portolly sulamarged ondRS woder and viewed from ceriain angles?
~Enemp\e: A Stvows N o cup of waoder t

Povat of View 4: Pk of View 2.¢

NS.

=3 AS W duras oub, ¥wis difference 1S due refrackion =D Chonges In #e way Vight beoses oS W Qs frem
one Mmedwen o ano¥ner
*Recall® Ll knew light dvenelS slowes W\ oie Hnof i weder
~ Consider o originoding feom e botlom of Me glass ok o stight angwe*

>3 SR 1S oriented o on onq\e, e s
geing do reach e aic medivm (fasrer) before dne
LK cor cor onalogy o few VidRos ago, #iS IS going to cawse our
Yo veer 4o #w r'\sh\'

~Naw, consides o ok eriginedes from e Some peint oS dne .
~Our Wi\ alSo veer 40 e right for H Some reasons
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~Q:From YL PV of Hhe QyRlall, Wnere uil\ 41 4wo light cous opRas 4o hawe originated ?
“The egeball's brodf will pereeve e (bent) light rays #hod ore Wiing #ne eyeloall oS wnbent
*E.q., ¥he diogrom okove Shows Light roys originading of e PuUEpIL point e L SiTow will be pescieved
os ¥ e origineted from ML blue pent
= Daing s for ol poitkrs olonq Yo Submerged porfion of MW Siraws couses i 4o apRor best:

Cst.h\\



Snell’s Law example 1



Snell’s Law example 2



Total internal deflection 3/\(Q

#Lost Fouw Videos:
- Refroction’ Occurs when light propogodes from one redium e ano¥ner

= Two cases*
®'-"3"‘“ froualting from o S\ow enediumn ) L'\a\\\- h-om.\\’ma from o fost medivm
‘wo o fast wmediom 0.4 G_ it o Slow sedivmnm = O.>0,
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8,: ong\e of refroction
* Consider cose 1
= Q* 00-S HRre eXist some s+ B = 96 1 (ges‘\

*Olagrom: Ligwr doesnt "escepe’ into #ne fos+ medium for
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For » %o refracted roy propogades For , our refracied roy ends vp reflecking book into
olong e surfoce Seporating Whe two we fost medivm! = fais 1S colled wernol reflection

medioms = agrees w| 6790
'Asswm\g QXISYS, is Hwere o woy we can detecming i+ ? (gts‘. We con use SneW'Ss Lom\
~ Exomple: Detesmine for tght droveting from wader (slow wediom) into oir (Fost medium)

: Qecall: SaeMt's Law, 0 50, = N s

~ HerQ, w Wone n.~1.00 and 68_=90°

: 0,:90° ONC (n~ 1.00) ! r ’ ) v
-I *
| -
l wekes (n=133) = (100)5in(20°)=1 3350 0] => 4= 1 335in
' .-N—‘
| =1

=1 =g, = zsinn (0. (A

>|.33 SO\ S (O'ISH)

- More gemerolly, we con use Saell's Lows to write

- “‘-
AeSNI0°) = 0 sinE, = Zgin —) for light drouctieg from
\-ﬁ___ .
=1 o slaw tnediutt o o fost mediom

#No've: Fioer opHc co®\eS make use of internal refilection by emitieg “3“* coys o} an 01\3\0. greoes #nan
= reflected lighht rays "propoaqote” down o gWass tur (wstead of escoping ints e aic) S atlows info. 4o
be sent in e form of Iia\\-\ over long distances




Dispersion 39

# Se\'S Low Review

0,800, =0 sien

Slow medivvy
%
! refracied voy
# DisRrSON 0CCUrS wwan on of wwhite light separodes into individual Colors ofter Cro3Sing indo anotner
medivm

- Oicﬂfﬁl\'\:

0i¢ (Faster muivm)

woter (Slower medium)

-~ Q: What cowses dispersion’?
*The index of refraction turns out 4o be o function of the waweiengin of the EM signal for most substanceS
= The quantifies given i most tewtocoks St o Substonce'S IndeX of refrackion Met is an approimodion in e
range of visioie light
~e.g., ¥k W of refrochion of red light i woelkr 1S N " 133 while ¥ index of refroction for blue \igh
is 0, 734
—Note! Tn most moeriols, light wl hightr wovtlenging bend more when PosSing brun tnediums



