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Plan of lecture

Introduction
What's the light?
Reflection, refraction, diffraction and scattering
Geometrical optics
Properties of light rays
Snell’s laws
Fresnel formulas
» Physical optics
Huygens-Fresnel principle
Phase of ray and interference
Summary
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Introduction
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Introduction
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Introduction
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Introduction
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Geometrical Optics: Properties of light rays

> Four properties of a geometrical ray: GO + PO

o

Rainbow:

- Direction

- Amplitude
- Phase

- polarization

* Direction: reflection & refraction . '

 Amplitude: reflection & refraction

What difference between the
near field and the far field?

......
1 -

. L
.

—
—. 1- two-ray zone ga\‘i\\s' - L
&0 R\
g 04 e four-ray zone 3

~oR
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Rainbow:

- Direction

- Amplitude

- Phase

- Polarization

- Curvature of
wavefront

* Phase
* Polarization
* Curvature of wavefront

RUNIVERSITE . .
DF ROUEN All these phenomenas will be explored later in the cours.
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Geometrical Optics: Snell's laws

> Snell’s laws - direction RN

The plane of incidence is defined by incident ray ,‘ e'ie E v
and the normal of the diopter. LS B\
m O _
I. The reflection law: ’ | ¢
1. The reflected ray is in the plane of incidence. |
2. The reflection angle is equal to the incident |
angle _
9, =9, € Demonstration N
II. The refraction law: Phase match: OD=BC r N8
1. The refracted ray is in the plane of incidence. > % 5
2. The refraction angle 0, is related to the S =
.. . y  E.o L
incident angle 6,- by € Demonstration N\ \
Mg Sin6; = my, sin 6,  pPhase match: m,0E=m,BC E\\

where m, and m,, are the refractive indices in
the incident and refracted media.
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Geometrical Optics: Snell's laws

» Formation of image (plane surface)

* Perpendicular position
Hi -0
d = Hgl — HIQT

meo; =m' 6, |
H} HIE

Refraction

Perceived
location

Actual
- < ,Df@ location
-

=

H_ H
S50—=—
m

!

X Image
1 | Object

m

)
 Arbitrary position y 4.
Geometry :
dcos 8, = 0A'd0,., dcosB; = 0AdO;
Refraction law:

m, cos 8; d8; = m, cos 0,. d6,

m,cos26;0A" = m,co0s20,0A
Eample: §;=60°, —= = 1.333, 6,, = 40.5°:

1
0A'=3.08 04 : :
T The image is very far, |
DE ROUEN the aberration will be discussed later.
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Geometrical Optics: Fresnel formulas

» Fresnel formulas — amplitude and polarization

1 E\  mgcost; —m,cosb, Perpendicular case:
L= = N
EY mgcosb; + my,cosb, m — 1
r 2mg cos 0, L -
[ = E,— _ 2mg cos 0, 1
£ my cos ; + my, cos 0, 9
1 ‘
[ _
E | m,, cos t; — my cos 0, m 4+ 1
T = — = ~
| |z| m,, cos f; + mgq cos b, o= m — 1
m + 1
/ ET 2mg cos 0; 5
| — Ez’. — - - _ —
m,, cos 8; + mgcosf, by = :
” P i 0 T ” m _I_ J_
Attention:

- reference direction of field E.
-T#t*> but T=1-r’=1-R
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Geometrical Optics: Fresnel formulas

Ei _ mgcost; —my,cosb,

EY7  mgcost; 4+ mycos b,
Ly m,, cos t; — mgcost,

T =

> Fresnel formulas

- - o=
REﬂECthlty . " ﬁ my, cos ; + mg cos 0,
l.(}_l [ — i [ —— i [ — i I B B R O T L LI f At i i Bt ol 3
: A|r to water B Waterto air
- - . T limit angle
B o—o pexpendn,u] ar /] - | e—= perpendicular ; ; N
0.6 A allel q: 0.6 - =—= parallel

Reflection ratios
Reflection ratios

H
B, !
|

—EII-E-IF;_.J_I.L.-E{(III:IIII:II

‘____-:L.d : o—er® :

0 20 40 0 80 0 20 40 60 80
\: Incident angle Incident angle
n |

n>n i‘Forbidden zone Brewster angle .
| =>» Calculate the three angles. \
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Geometrical Optics: applications

TV . T
We can explain what we see in
the near field and the far field.

o

- Air to water i

T T T T [ T T 1T T ] 1T e seses

Water to air

oo
T 17T
I

(=]

o0

é e—e perpendicular z e—eo perpendicular
Z0.6 I =—a parallel aE .6 |-+ =—= parallel

2 0.4 [ Zoa

2 I [ 1&

I T Y B Y RO B

0.2 0.2
: 7 ] /
0_07\ mmica ﬁ‘ﬁ:ﬁ’gﬁ_‘wﬁfﬁ‘mafﬁ L U()'Méﬂ(ﬁ\ TR S N B N S|
0 20 40 60 80 o 20 40 60 80
Incident angle Incident angle
Also, there is less light under water.
E'  mgcosb; —m,cosb, r| = Ej _ My cosb; —mg cos O,
T = — = T i
EY mgcosb; +mycosb, || p COS 0; 4+ mg cos 0,
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Geometrical Optics: Fresnel formulas

E! my cos 0; — my, cos 0,
S
» Fresnel formulas - phase LT EL T mocos6; + my,cos0,
i Ly my, cos; — mgcost,
L] ™ = — =
Amplitude and phase of rays : | = B T mycost; + mocost,
T @G —Or—Or OO0 OO P —§- 45955 —84>-8-C0r 8- (959
- (a).m=1.33 I .
- - I N
£k . I . bp, = arg(ry
Tj m”?:- _______________ e—o perpendicular | II ________ _____________________________________ . Rx ‘ t"'( X )
= = o —e parallel P .
~ - | Brewter angle ]
— ' l E —
- el g 1 9(2)
rerererererered s () = ! 3
T I I I ™ I i L I i I I | I I ] P
- (b). m=0.75 ! ' .
= F _ - :
E—nfz:-- a—a perpendicular I' _________________________________ N € Attention:
é - |~ — parallel | When the incident angle
- ! is bigger than the critical
Tk | angle, the phase varies
0 30 .
Incident angle [deg.] ContIHUOUSly'
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thsical OE‘l’iCS: Huygens-Fresnel principle

> Diffraction

* Diffraction is the behavior of waves when they encounter an
obstacle.

* The effect of diffraction is significant when
» the size of the object 1s smaller or of the order of the wavelength
» the change in density/amplitude 1s abrupt (edge, border of an object ...).

N, Geometric
. N\ Line-of-Sight
3 "..\ Region

knife-aedge effect
A wave encounters an obstacle. Diffraction by a double slit.
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thsical OEﬁCS: Huygens-Fresnel principle

» Principle of Huygens-Fresnel

1) The contribution of Huygens (1678) t+ At

The wave of light propagates step by step. Each

surface element reached by it behaves as a

secondary source that emits spherical wavelets. The t
new wavefront is the envelop of the wavelets and

the amplitude of each wavelet is proportional to the

size of the element.

2) The contribution of Fresnel (1818)
The complex amplitude of the wave at one point is the
sum of the complex amplitudes of all the secondary
sources at that point. All these waves interfere to form
the wave at the considered point.

exp(ikr; L
Y(P) =) ¥,(M)Qi pi,ik ) s, »(P) :/ %(M)Q__GXP(:._T) ds
: s

—
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thsical OEﬁCS: Huygens-Fresnel principle

> Applications

* Diffraction by circular disk (sphere):

considered as a circular hole of radius r.

Because of the revolution symmetry, we can place in the plane of the disk
with the origin at the center:

J1(ksin @)

2w ~d
Y(a, = C —ikp sin 0 cos ¢ dodd = C
(a,B) jo foe pdpd¢ o

L)
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Physical Optics: applications

Rayleigh criterion: ,:,()lfl('fsiw)]
The first minimum of J,(x) is Ksing
located at x=3.832, 1.e.:

1221 K=2ma/\
="
D
Al SCreen
V
AZ

So it 1s interesting to have an large opening for a
better resolution (telescope, camera, ...)

RUNIVERSITE
DE ROUEN

uuuuuuuuu

[-18



Lecture at Xidian University i N B B R SN 53 Y AW, = TR A ey

Physical Optics: applications - GO+PO

* Double parallel plates

2
» Difference of optical paths of rays 2 and 1: i,
§ =miIEG — molH = 222 —m, - 2etanasini, i
cos QL
6 = 2mecosa €
\/

» Small angle o.: cosa =1 — a?/2
» Bright fringes: § = 2mecos o, +(A/2)=pa

1. Equal thickness interference: e = const. /u( .
0 & .

2. Equal inclination interference: o = const.

Fixed mirror
0 decreases as function of a, so the order p is
maximum near the center. We renumber the
rings with g from the center with 0<e<I.

mobile mirror

Angular radii :

A
ocfl =—(g-1+¢)
me

A
Case of Michelson: [0’ = =(g—1+¢)
e
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thsical OEﬁCS: Phase of rays and interference

—ilwt +iwt

> Time factor — time convention: e ore

* The sign of the phase depends on the time factor.

* The direction of propagation also.

The wave propagates in +z axis: E = E,e'(*2~%0 E = E et(wt=k2)
—> opposite signs before t and coordinate

While the wave propagates in -z axis: E = E,e'*?t@0) E = E e
—> same signs before t and coordinate

> Phase due to reflection

* Phase of n: The time factor has no importance.
it seems there is no “half wavelength loss” in English or French.

* But the sign of the phase shift in total reflection is important.
> Phase of optical path

* The supplementary path causes a positive phase shift A® for e
* The wave needs more time to arrive at the same p051t10n

—i(wt+kz)

—iwt

E — E el(kZ —wt) E1
EF.=F el(kz1+A(D wt) I E =
RUNIVERSTE 2 ! 2
OF ROUEN -
1
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Summag

» Geometrical optics
* Properties of rays:
» direction, amplitude, phase, polarization
* Snell’s law:
» Reflection law, refraction law (Attention: all rays are in the incident plane).
* Fresnel formulas:

» The polarization is important
» Special angles and change of phase

» The reflectivity and the transmissivity and their variation (7% %)
» Physical optics

* Principle of Huygens-Fresnel
» Condition of application
» Approximation methods
» Typical results and their physical significant.

» Geometrical + Physical optics : most common method
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