Short Term 2009: PHY 203: Physics of Light
Summary- GeometricaDptics

A Thesize of object®f our daily life( > cm) are much larger than
the wavelengths of light (500 nm) with which we obseham.

A The spatial resolution of our eye, in resolving images or
boundaries between light and shadow is also much coarser tr
the wavelengths of visible light

A This separation of scale leads to a number of simplifications,
described byseometricaDptics

A This is not true of sound waves in our daily lives.
I Speed of sound = 340 m/s
I ConcertA, f=440Hz, A=v/f=(340m/s)/(440/s)=0.77 m
I Hence, wecan hear around corndrat wecannot see around!



PhysicallWave) Optics

A Wave Optics is about whdight strikes objects whossze
(Dimension)is only a little bigger than the wavelength of
light used to observe them.

A Single and multiple slit diffraction causes light to bend
around corners, the samesasind as will be demonstrated.

A We start with Geometrical Optics.



Geometrical Optics

In describing the propagation of
light as a wave we need to
understand two ideas:

wavefronts a surface passing <‘
through points of a wave that
have the same phase

rays:a ray describes the direction

Rays

of wave propagation. Aray is a EZQT

vector perpendicular to the ff{
wavefront




Wavefronts

A We can chose to associate the
wavefrontswith the
Instantaneous surfaces where
the wave Is at its maximum

A Wavefrontsravel outward
from the source at the speed
of light: c.

A Wavefrontspropagate :
perpendicular to the local
wavefrontsurface.

Direction of
propagation



Light Rays

A The propagation of the
wavefrontscan be described |

Wave
L L

l\_‘\J } “U“la\“‘\ )

by lightrays when a small
section near the optical axis is
considered. Rays

A And infree space, the light ;‘;ZQM
rayscan be thought of as they fg

travelin straight lines,

perpendicular to the M&Zji—

wavefronts




Shadows

A In geometrical opticsgpertures (small holeshst sharp
shadows

Light rays from

point sourc screen




Image formation with a Pinhole camera

Light source
// Dark room = Camerabscura

d, = distance from object to pinhole
d = distance from pinhole to image
h, = height of object

h, = height ofimage

m = magnification

Image is fuzzy if pinhole is larger
Image is sharper if pinhole is smaller
Image is dimmer is pinhole is smaller
T Image height _ hy d;

objectheight h, dg




Fuzziness of image from size of pinhole

Light source

A A larger pinhole brings in more light, but
produces a fuzzy image.



Fuzzy Image,
from finite aperture




Reflection and Refraction

When a light ray travels from one medium to another, part of th
Incident light isreflectedand part of the light isansmittecat the

boundary between the two medi&.ay attention to the angles of
Incidence, reflection, and refraction .

The transmitted part is said to kedractedin the second medium.

Incident ray reflected ray

w

Air Aar
Water Glass

refracted ray



Two Typesof Reflections

If the surface off which the light is

reflected is smooth, then the light
undergoespeculareflection

(parallel rays will all be reflected

in the same directions). (a) Specular reflection

If, on the other hand, the surface
IS rough, then the light will
undergodiffuse reflection

(parallel rays will be reflected in a

variety of directions) i
1 se reriecaon



The Law of Reflection

For speculareflection thencident angled; equals the
reflected angl®,.

Normal

The angles are measured Incidg
relative to thenormal to the wave
surfaceshown here as a

dotted line.
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Forming Images with a Plane Mirror

A mirror is an object that reflects light. flane mirrons simply

a flat mirror.

Consider ambjectplaced at point P in front of a plane mirror.
An imagewill be formed at point Poehind the mirror.

d, = distance from object to mirror
d = distance from image to mirror
h, = height of object
h, = height of image

For a plane mirror:

d,=-d m=-1,andh,=h,

Image is behind mirrod; < 0



Images

An image Is formed at the point where the rays of light leaving a

single point on an object eithactually intersector where they
appearto originatefrom.

If the light rays actually do intersect, then the imageresaa
iImage. If the light only appears to be coming from a point, but is
not physically there, then the image siaual image

Themagnification m, of an images:

. image height h di
objectheight h, o

If mis negative, the image is inverted (upside down).



PlaneMirrors

A plane mirror image has the following properties

A The imagalistance di) equals the objectistance (d) ( in magnitude)

A The image isinmagnified \é
-+ Image height _ h  d P
objectheigt h,  d, [obect "= | image
A The image is virtual: % 2 X
A negative image distance do d
A di<O0

A m>Q The image is ndtiverted (i.e. erect).



Question 1:

To save expenses, you would like to buy the
shortest mirror that will allow you to see yoL </
entire body. Should the mirrde -

object

- | iImage

(a) half your height
(b) two-thirds your height, or

(c) equal to your height?




Question 2:

To save expenses, you would like to buy the ?
shortest mirror that will allow you to see your =
entire body. Should the mirror be half your

he!ght twathirds your height, or equal to yo object i
height?

image

Does the answer depend on how far away from
the mirror you stand?

a)yes b) No




Question 3
5

To save expenses, you would like to buy the shori
mirror that will allow you to see your entire body. e

How tall should the mirror be? object ~~_ | image

Does the answer depend upon the distance from %
your eyes to the top of your head?

a) Yes b) No




Question 4

To save expenses, you would like to buy the \@ |
shortest mirror that will allow you to see your
entire body. How tall a mirror do you need? ool

object = image

Does the answer depend upon how high you =3
hang the mirror?

a) Yes b) No




SphericaMirrors

A spherical mirror has the shape of a section of a sphere. If the
outside Is mirrored, it is convex; if the inside is mirrored, it is
concave. ~




Spherical Mirrors

A spherical mirrois a
mirror whose surface

shape is spherical with T

radius of curvatur. C\ veincipelads i
f

There are two types of .. Gt Reﬂecting\},

spherical mirrors: t rface

ATITLIAT 1O [uh | 1)
UL W CLL UL S LLL LI /Il

concaveandconvex

@ Cconcave
We will always orient the

mirrors so that the
reflecting surface is on the
left. Theobjectwill be on
the left.

Principal axis c

—

Reflecting Center of
surface curvature

®) Convex



Focal Point

When parallel rays (e.g. rays from
distance source) are incident upon
spherical mirror, the reflected rays
Intersect at théocal pointF, a
distance R/2 from the mirror.
(Locally, the mirror is a flat surface,
perpendicular to the radius drawn
from C, at an anglé from the axis of
symmetry of the mirror).

For a concave mirror, the focal point
IS In front of the mirror (real).

For a convex mirror, the focal point is e

behind the mirror (virtual). - "The incident rays diverge

from the convex mirror,
but they trace back to a
virtual focal point F.



Focal Length

Thefocal lengthf is the distance
from the surface of the mirror t(g”
the focal point.

CF = FA =radius = FM

The focal length FM is half the radius of curvature of a spherical
mirror.

Sign Convention:the focal length is negative if the focal point is
behind the mirror.

For a concave mirrorf = 14R

For a convex mirrorf = —%R (R Is always positive)



Ray Tracing

It Is sufficient to use two of

four principal rays to

determine where an image

will be located.

P ray

C ray

F ray
M ray

\

~
P ray B
N
— \‘\_
e =
C ray s
/) =
& £
3
-~
//
Fray W .-

The parallel ray (P ray) reflects
through the focal point. The focal ra
(F ray) reflects parallel to the axis,
and the centeof-curvature ray (C
ray) reflects back along its incoming
path. The Mid ray (M ray) reflects
with equal angles at the axis of
symmetry of the mirror.



Ray Tracing Examples

Put film here for /
5

Sharp ima@‘e.
(a)

P ray

Real image ()



The Mirror Equation

The ray tracing technigque showsSign Conventions:

qualitatively where the image g is positive if the object is in front of th
will be located. The distance mirror (real object)

from the mirror to the imagel, ,
can be found from the mirror
equation: 1 1 1

d, is negativeif the object is in back of
the mirror (virtual object)

T d; is positive if the image is in front of th
dy di f mirror (real image)
d, = distance from object to mirror d is negativeif the image is behind the

. . _ mirror (virtual image)
d. = distance from image to mirror

f Is positive for concave mirrors
f = focal length

L f isnegative for convex mirrors
m = magnification
Magnification, m

— ﬁ L ﬂ mis negative for inverted images

ho do

mis positive for upright images



Example 1

An object is placed 30 cm in front of a concave mirroraglius10
cm. Where is the image located? Is it real or virtual? Is it uprigh
or inverted? What is the magnification of the image?

P ray

f =+R/2=+5cm — =
1,11 J TRl

dy di f | ¢ i
do +30cm Object J lmageg

1 1 1 1 1 /

d_I T do ~5cm 30cm

1 6 1 ) 1

di ~30cm 30cm  30cm  6cm

di =6cm di > 0A Real Image

m=-d,/d, = -1/5,- means inverted



Example 2

An object is placed 3 cm in front of a concave mirror of radius 20
cm. Where is the image located? Is it real or virtual? Is it uprigr
or inverted? What is the magnification of the image?

f =+R/2=+10cm

R . S, | x
G ta T '
dg =+3cm

1 1 1 1 1

d_i:?_dozlocm_3cm image
1 3 10 -7

di  30cm 30cm  30cm

di =-4.29cm

m=—d; /d, = +1.43

Virtual image sincel < 0, Magnified, sincenj| >1, notinverted sincem > 0



Example 3

An object is placed 5 cm in front of a convex mirror of focal length
10 cm. Where is the image located? Is it real or virtual? Is it
upright or inverted? What is the magnification of the image?

f =—R/2=-10cm

1 1 1

d ¢ f

do =+5cm

1 1 1 1 1
d_i:T_dO:—locm_Scm

1 -1 2 -3

di  10cm 10cm  10cm (a)
di =-3.33cm

Virtual image,d; < 0
de-Magnified |m| < 1,
not inverted. m > 0

m=—d; /d, = 0.66



Tricky Problem

A concave mirror \
produces a virtual |
image that is three !
. h d _
times as tall as the 1 =3=-——L image
" ho do
object.
d, =+22cm
(@) If the objectis 22 g = _66cm
cm in front of the 1 1 1
mirror, whatisthe % =4 "4
Image distance? 111 3 1 1
(b) (b) What is the f 22cm —66cm 66cm 66cm  33%km
focal length of this f =33cm

mirror?



The Refraction of Light

The speed of light is different in different materials. We define

theindex of refractionn, of a material to be the ratio of the speed

of light in vacuum (c)o the speed of light in thaaterial (v):
n=clv

When light travels from one medium to anothewécity and
wavelengtihchange, but itfrequency remains constant.

If a dielectric medium has dielectric constanthen
A v = 1icgopo) Y2

A ¢ = Ueopo)?

A n=1Nx

A «, &, 1Ly - are constants are tabulated for different materials.



Refraction of waves,
Marching band illustration




Snel | s Law

In general, when light enters a new material its direction will chang
Theangle of refractio®, Is related to thengle of incidencé, by

Snel |:6s Law.
sing,  sing,

W_ Vé
wherev is the velocity of lighin the medium

= constar

Snel |l 6s Law can al so b HNHormartd thet
91 :/ surfaceline

n,sing; = n, sinB,

Alr

Theanglest, and6, are
measured relative to the line Glass
normal to the surface between
the two materials.

---Q-S.--
)

Principle of least time



QuestionWhich of these rays can be the refracted ray’

water Heavy glass

n=1.3 n,SinB; = n,SsinB,




Question: Whiclway will the rays bend?
Which of these rays can be the refracted ray?

n,SiNB; = n,sinB,
n=1.6
n=1.2

d)

straight ahead
b) J



Tricky Problem

You have a semicircular disk of glass with an index of refraction=01.52.
Find the incident angle for which the beam of light in the figure will hit the
indicated point on the screen.

n;Sind; = n,sind, Q___T
et >/ 5.00 cm
=
e2 g___l
tan@©,) = 5/20 = 0.25 6 J
0,=14.036

n,Sind; = n,sino, > 20.0 m -
1.0sin(0) = 1.52sin(14.036)

sin@®) = 0.3687

0=21.6




Total Internal Reflection

When light travels from a medium with 1
n,, there is an angle, called thetical angle
6., at which all the light is reflected and
none Is transmitted. This process is known
astotal internal reflection The critical
angle occurs wheé,= 90 degrees:

Core

\

Cladding

Total internal reflection i6in9,> 1

o

(a) b} ic) (d)

The incident ray is both reflected and Total Internal Reflection
refracted.



Tricky Problem

A ray of light enters the long side of a 480 -45 prism
and undergoes two total internal reflections, as indicate

I n the figure. The resul
direction of propagation. Find the minimum value of th
pri smoés | ndea)orthebeintemélr act |

reflections to be total.

903

45° 45°




L e n S e S Converging Lenses

Light is reflected from a |
mirror. Lightis refracted L |
through a lens.



