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)sin(θ n  )sin(θ n 2211 

tot internal ref

Geometric Optics

• parallel to axis – through f 

• through center un-deviated

Ray tracing

Telescopes

microscope

Thin lens formula
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Light- E-M waves

light rays- straight line motion – bent/reflected at surfaces

Wave optics (Next Lect.) 

needed when  ~size of optic element  

Geometrical optics 

 << size of optic element  

7-1



Reflection

i ri= r

of interest to us

Same but local curvature 

varied randomly.

7-1a



7-1b

d0 di1

2

3

A

h

4




mirror

image
object

124 =  324
h = h

 142 =  342= 90o

90o

124= 324

 d0= di

image in flat mirror

image and object at =

distance from mirror
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n

AIR 1.000293

ICE 1.309

WATER 1.333

GLASS 1.523

DIAMOND 2.419

Q: What is the speed of 

light in water?

n= 1.33 water

8

8

m
3(10)

c sv= =
n 1.33

m
v=2.3(10)

s

75% of that in vac.

Refraction = bending of light between media with different light v

n= refractive index=c/v

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

link prob
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http://stwww.weizmann.ac.il/Lasers/laserweb/Java/Twoangles2.htm

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

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=49

7-3.1

http://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html



http://interactagram.com/physics/optics/refraction/

7-3.2



water n=1.33

glass n=1.53

)sin(θ n  )sin(θ n 2211 

bigger
smaller

60o

1
θ 

2
θ

7-3.3



water n=1.33

glass n=1.53

)sin(θ n  )sin(θ n 2211 

bigger
smaller

2
θ

2
(1.33) sin(60)  1.53 sin(θ )

60o

1
θ 

869 866 7525
2

(1.33) sin(60)
sin(θ ) . (. ) .

1.53
  

7525-1 o

2
θ sin (. )=48.8

7-3.31
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data

1

12

1

12

glass

air

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

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=49



water n=1.33

glass n=1.53
c

θ

c
(1.33) sin(90)  1.53 sin(θ )

90o

1
θ 

869 1 869
c

(1.33) sin(90)
sin(θ ) . ( ) .

1.53
  

869-1 o

2
θ sin (. )=60.3

7-5a

6536
c

(1.) sin(90)
sin(θ ') .

1.53
 

air n=1

glass n=1.53

c
θ '

90o

1
θ 

6536-1 o

2
θ sin (. )=40.8

no exit

no exit
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converging lens

• parallel to axis – through f 

• through center un-deviated

focuses parallel rays

to f

parallel rays diverge from f

diverging lens



7-12

focusfocus

7-6a



7-7



Diverging lens

object

image

image

object

7-7a
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1 1 1
= +

f i o

1 1 1
= +

1.5 i 4.65

1 1 1
= - =0.66-0.21=0.45

i 1.5 4.65

1
i = = 2.2 cm

0.45

- i -2.2
m= = =-0.47

o 4.65

Converging lens formula example

o=4.65 cm

f
o

f =1.5 cm

f

Thin lens formula
(Derivation see Appendix)

i=?
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1 1 1
= +

f i o

Diverging lens formula example

4.65 cm

f
o

1.5 cm
+

- # !!

1 1 1
= -

i f o
1 1 1

= -
i ( -1.5) ( 4.65)

1
=-0.66-0.21=-0.87

i

i=-1.15 cm
- i -( -1.15)

m= = =0.247
o 4.65

o=4.65 cm

o

f =-1.5 cm

1 1 1
= +

f i of f

-# !!

+ Diverging lens formula example

1 1 1
= -

i ( -1.5) ( 4.65)
1

=-0.66-0.21=-.87
i

i=-1.15 cm
- i -( -1.15)

m= = =0.247
o 4.65

7-8a

i=?



7-9

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

telescope



telescope

2 lenses

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

1st lens 

forms nearby image of distant object

2nd lens 

magnifies image from 1st lens

7-9a



microscope
2 lenses

••

1st lens 

forms magnified image of object

2nd lens 

further magnifies image from 1st lens

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

7-9b



object

image

Converging mirrors

object

image

center un-deviated (lenses)

center angle incidence=reflected

(mirror)

7-9c

http://www.mtholyoke.edu/~mpeterso/classes/phys301/geomopti/twolenses.html
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http://micro.magnet.fsu.edu/primer/java/scienceopticsu/eyeball/index.html
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7-14

In his youthful enthusiasm/imagination our Calvin (see previous page) 

has made two physics (geometrical optics) errors. 

Pick all the correct answers from the following.   

a.) The focal length of the primary lens in a refracting telescope must be

shorter than the length of the telescope. Therefore Calvin should not 

have blasted into space but should have hovered ~ 10-20m above

his school to have a chance of incinerating it.  

b.) Any 200 in. telescope must be a reflecting telescope (not a refractor)

therefore the primary light gathering optical element must be a 

parabolic mirror at the base not a lens mounted on the end. No one 

could possibly manage to fabricate a precision lens that big let alone 

support it on the end of a tube and keep gravity from distorting it

differently at every angle of elevation.



With a little bit of algebra

o o
 -1    

o-f o-f

m (1+m)
=  

(i-f) i

o o (i f)
1

(o f) (o f) i

fi= o(i-f)


 

 

fi + fo = oi

oi
f=

i+o

1 i o

f oi

1 1 1

f i o




 

(i-f)
m=(1+m) 

i

7-15

Appendix


