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_ L Wave optics (Next Lect.)
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light rays- straight line motion T bent/reflected at surfaces



Reflection

of interest to us Specular reflection

Same but local curvature
varied randomly.

7/-1la (b) Diffuse reflection



Image in flat mirror

g mirror
’}w;

I 124 =] 324 , . .
h=h Y di=d Image and object at =
| 142 =] 342=90 distance from mirror
D124=D324
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Refraction = bending of light between media with different light \

n= refractive index=c/v

Snall Hdaw

r ﬂl 5.n dj = "A‘s"‘) 6;

Q: What is the speed of
light in water?

[-2

Normal
| | n=1.33 water
Refracted |
ray |
| m
6:z_l C 3(10)8 —
(o y=S=l s
Reflected /""L,. . Water () n 1 33
ray Incident
/ :91 ray m
R v=2.3(10§ —
| S
w MM
0 :
n R 75% of that in vac.
AIR 1.000293 orelse
ICE 1.309
WATER 1.333
GLASS 1.523
DIAMOND 2.419

link prob

http://arana.cabrillo.edu/~jmccullough/Applets/Flash/Optics/ReflectionRefraction.swf



http://arana.cabrillo.edu/~jmccullough/Applets/Flash/Optics/ReflectionRefraction.swf

http://stwww.weizmann.ac.il/Lasers/laserweb/Java/Twoangles2.htm
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http://arana.cabrillo.edu/~jmccullough/Applets/Flash/Optics/ReflectionRefraction.swf

Reflection and Refraction: Air to Glass

Angles are in degrees. Values are rounded to the
nearest degree. Ray intensities are as shown.

Copyright @ 2004 David M. Harrison

=>

Angle of
Incidence

6= 30

Set Index of
Refraction of the Glass

Angle of
Refraction= 19
Next Scene: [

java applet was divided into two region lower half (water) and upper half {air).
air

flat surface

wiater

Click links to switch: between water-air and air-water cases

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=49
http://stwww.weizmann.ac.il/Lasers/laserweb/Java/Twoangles2.htm

h the result. /

Mediumn2=2.0 Mediumn1 =1.5
Medium n1
nt= 1.5
<
Angle = |45.0
Medium n2
n2 = 2.0
<
Angle = |32.0

http://phet.colorado.edu/sims/geometrieoptics/geometricoptics_en.html
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http://interactagram.com/physics/optics/refraction/

HEH OB LGN 1.000292 Angle: -36.903!
Vacuum

Air
Water
Glass

Diamond

Vacuum
Air
Water
Glass

Diamond

Refractive Index: pX:S¥; Angle: -14.389
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n, sin(d,) =n, sin(d,)

water n=1.33 ; _ smaller
@ bigger
glass n=1.53
d,

7-3.3



n, sin(d,) =n, sin(d,)

water n=1.33 ; _ smaller
d, =60° bigger

glass n=1.53
q

(1.33) sin(60)=1.53 siiulf,
(1.33) sin(60)
1.53
d,=st m2f . °

sin(d, F =869 866 . =752
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Reflection & Transmission Angle (°)
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Total Internal
Reflection P

|
,F-,_w_d__/!;:.—- !
(0 sin(e) = 1'sin @) ! &
|
|

“. i 3
air Ne=1 ‘:
-_ e - . - - — -5°surface
material n>1 | g nt
(water, |  nsin(@.) =1 sin (90°) =1
glass...) | = ©. J
l Cr.tical C.on;/.'f‘e‘an
4 |
critical | ’ ”I
condition 9, 1 | $ . n e = -
s
O = Sia (‘,‘:‘j
<

http://arana.cabrillo.edu/~jmccullough/Applets/Flash/Optics/ReflectionRefraction.swf
http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=49
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water n=1.33
d, = o
_<

glass n=1.53

no exit
- d

(1.33) sin(90)= 1.53 sif

(1.33) sin(90)
1.53
d,=st89( . °

sin(d, ¥

=869 1 (=8¢
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air n=1
d, iQO’

glass n=1.53

sind (L) sin(90)

d,= st 6636 .

=653¢
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o eolfue (Ean: oh enses converging lens
focuses parallel ray

+ Focal point (f) defined by where rays paralel to axis > = - to f
converge on other side of the lens —

F - Axis

« If all rays paths are reversed a new physically realizable
situatlon arises

. Rays passing through the center of the lens are not hent

» Rays (or their extensions) passing through the focus on ome
side -are parallel to the lens axis on the other
{and vise versa}

+ Where rays from the same point on the object define the
image location

Note: Converging & Diverging Lenses

Note: Converging & Diverging Mirrors behave similarly but
light always enters and exits from same side {of course).

 parallel to axig through f parallel rays divergefrom f

{ through center wdeviated

/-6



% reflected
converging lens

A transmitted

transmitte

reflected

diverging lens \
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Diverging lens

object
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1

| = =2.2Cm
0.45

i 2.2
m= —= =-0.47
-8 o 4.65




( -1.5)( 4.65)
1 0.66-0.21=-87

L
|

1I=-1.15cm
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telescope

; N Steouol "~ 6 m‘S.'¢>
P ‘m\o# o o’:"?l‘"lf
p J 0" '7&0/.

http://www.mtholyoke.edu/~mpeterso/classes/phys301/geomopti/twolenses.html
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1stlens !
forms nearby image of distant objed

=472 1
=1.73

telescope

2 lenses

2nd lens
magnifies image from %'lens

/:/ 7'93.

S AN ) ‘mtholyoke.edu/~mpeterso/classes/phys301/geomopti/twolense:



microscope
1stlens 2 lenses

forms magnified image of object

http://www.mtholyoke.edu/~mpeterso/classes/phys301/geomopti/twolenses.h

3 —a){ e 7-9b

2nd lens
further magnifies image from 15tlens



Converging mirrors

center un-deviated (lenses)
- center angle incidence=reflected
(mirror)

object

Image

Image

http://www.mtholyoke.edu/~mpeterso/classes/phys301/geomogti/twolenses.html

7-9C



P&r.s&f’t'c

painton

e
7 {maga.
Reflecting vs. refracting telescope:
Starlight
Starlight

{a) Rellector

(t) Refractor

Problem with réfracting telescops . )

different wavelengths of light are bent by different amounts (prism effect) !l
This gives chromatic aberration -- red and blue will come to focus at different
points

To beat this Newton replaced first (collecting) lens with a parabolic mirror.

{circular doesn't work)
.~i~_ Parabalic mirror

sesmsssssmmanas i sniess

Newtonian {(Reflecting) Telescope

< _—eye-piece lens for magnification
|

flat mirror at 45 degrees
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-+ .. (@ Normal vision, distant object (b) - - Normal vision, near object
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Fur‘ /o,'uf
o A Fan . biard
(c) Nearsighted, uncorrected {d) Nearsighted, corrected JWQ
http://micro.magnet.fsu.edu/primer/java/scienceopticsu/eyeball/index.html
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reflected

L
1

» reflected
i } converging lens

_ transmitted

reflected | \ 212
diverging lens
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