Lecture 22: Chapter 23, December 1 2005
The Ray Model of Light o

Light rays

Wave Model:

Direction _ .
of travel  Spreading out behind
a slit or diaphragm
a with 6~ A/a

A beam of light

e The ray model of light is valid as long as any apertures through
which the light passes (lenses, mirrors, holes, etc.) are very large
comparedto A = 6~ 0.

e A beam of light is modeled as a series of lines, rays of light, in
the direction along which light energy is flowing.



Objects

The sunis a-..,,
self-luminous "y Can be modeled
object ] '

ject. as a point source

%ted light
. -

U

Reflected light g

Can be modeled as
a parallel bundle

i

The camera “sees”
] light rays reflected
The tree is a by the tree but not
reflective object. the rays from the sun.
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(b) Apertures

These rays don’t make Aperture of
it through the hole. the hole

d

0 ) 1

The 1image 1s upside down. If the
hole 1s sufficiently small, each
point on the image corresponds to
one point on the object.

e For smaller holes the image gets sharper but weaker

e |f aperture is very small the ray model breaks due to diffraction
e Magnification: m = h,/h, = d/d,



Reflection
(a) The plane of incidence
and reflection is normal
to the Huril‘u:u.

Reflective
surface
(b) Normal

Angle of Angle of
incidence reflection

\ / Reflected ra
Inci denW d

Reflective surface
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e The incident ray and

the reflected ray are in
the same plane normal
to the surface

e The angle of reflection
IS equal to the angle of
Incidence:

6 =46

r I



Virtual Image

(¢)  Object distance Image distance

] Ld )

s © Virtual
=" b
image

W\
W
\!
W

The reflected rays all diverge from P’, which
appears to be the source of the retlected rays.
Your eye collects the bundle of diverging rays
and “sees” the light coming from P’.

For a plane mirror: s’ = s



Refraction

(b)

Angle of Normal

1n01de{ce | Weak reflected
Incident 7 ray
ray 4 Medium 1
The ray has .. Medium 2
a kink at the™ Assume n, > n,
boundary.

Refracted
ray

Angle of
refraction

e Snell’'s law of refraction: n, sing, = n, siné,



The Index of Refraction and Wave Model Interpretation

¢ [ndex of refraction:
Medium 1 Wavelets travel distance N = C / Vimedium
Wave speed v, = ¢/n; v Af in medium 1.

e Huygen’s principle:
€ As Each point on the wave
front Is a source of
secondary waves.

““Wave front

att+ A1 o The refracted wave front
Is tangent to all secondary
v,A waves fronts.
: 9,
! IAngle of refraction VlAt _ VzAt
v medium 2. Wave spend v, =cin, SO SING,

n,siné@, =n,siné,
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Total Internal Reflection

Angle of incidence increasing

Transmission getting weaker

Critical angle when 6, = 90°

Reflection getting stronger > ;

Total internal reflection
occurs when i, =10,

Application: fiber optics and Internet

e Incidence from the
medium with higher
iIndex n,

e As 6, Increases 6,
approaches 90°. The
transmitted energy
decreased.

e A critical angle is
reached when 6,=90°:

0. = sin'i(n,/n,)

For glass-air:
0, = 429



Color and Dispersion
(a) A second prism can
combine the colors

back into whlte light.
White

hght . : :
e White light is a mixture
/ of all colors.
White
A prism dlspelseq light

white light into colors.

n increases as A decreases.

1.62

1 ¢
150 Flint glass
1.58

1.56 -
1.54

1.52 4 Crown glass

1.50 T /\(nm)
300 400 500 600 700 800

e The index of refraction of a glass differs for different colors.



Thin Lenses: Ray Tracing, Rule 1

(a)

—— Lens plane

Far focal point

\

Parallel rays

f

N
>

Any ray 1nitially parallel to the optical
ax1is will refract through the focal point
on the far side of the lens.
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Thin Lenses: Ray Tracing, Rule 2

(b) —— Lens plane

Near focal point

\

\/

\/

\/

/ : Parallel rays

Any ray passing through the near focal
point emerges from the lens parallel to
the optical axis.
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Thin Lenses: Ray Tracing, Rule 3

(c)

Rays are
Center of lens not bent.

Any ray directed at the center of the lens
passes through 1n a straight line.
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Real Images

Rule 1

All the rays leaving one point in the
| Special rays Lens plane object plane (P) are refracted by the lens and

. converge to one point in the image plane (P').

Object \ — ..

I

I .

| Near focal point
I

I

I

Far focal point

=

Optical axis  Rule 2

e
— Image plane |

I
:E‘ Object plane

Magnification: M =-h'/h=-5S'/s

e Negative M indicates that the image Is inverted

e The absolute value of M is given by the size ratio of the image
and object



Virtual Images

A ray along a line through the near focal
point refracts parallel to the optical axis.

, S ; e Cases<f
p’ ek H e Upright image
G = > By definition s’ < 0
~ :“:‘ - P PY M > O
Py
¢

Virtual Object
image

f

The refracted rays are divcrg:ing.
They appear to come from point P’.

Copyright © 2004 Pearson Education, Inc.. publishing as Addison Wesley



Thin Lenses: Refraction Theory
Single spherical boundary

A line through C is A~

normal to the surface. 0

Object Image
point point
—
P L st P’
Center of
R sphere
n n

Snell's law in the small-angle approximation: n, 6, = n, 6,

Geometry: &, =a+ ¢, 0, = ¢ -
O =at ¢ =9-0 n1+n2_n2—n1

Leads to Equation: s s R




Two spherical surfaces

First surface refraction Second surface refraction
i
.'l.
The image of the first Radius R, of first ﬂurface\ #f Radius R, of second surface
s rtace 15 the wl".-_iuni'l \ / _f
for the second surface. - == ; ]
i -t e f
,_.--"'_.F e ___-—'—___ : !
S o s S Final image

fmwqu_‘*“‘"hf—h___ it
5, %, ".'_.:
1 1 1 Thin-lens equation  End of Lecture 22
> 3 /Lens maker’'s
1 1 “ 1 ) Equation Reading: Chapter 23
— = (n -1 + (See derivation in
f R, R, )the text) s HW for Chapter 22



