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Introduction

What is the light?

» When there is the light, there is the universe:

= Since Pangu broke the dark, there is the light, there are the sky and the earth, the ying and
yang, the men and the women

* God said, Let there be light, and there was light. Then, Adam and Eve, and human being.

= Other cultures ... ...
» Light is a very rich topics in literature, arts, philosophy, science, ...
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Introduction

What is the light? Scientific models
» Ray model: geometric optics (ancient phenomenological description)
» Wave theory: Light is only a very narrow band of EM waves
Visible light wavelength: 400-800 nm, about 1/100th of the diameter of a hair.
» Corpuscular (particle) model: The light is a wind of particles.
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Introduction

What is the light? Its roles in human life
Light is the motor in the development of human thought
* Two clouds of physics at the end of the 19th century gave rise to two new disciplines.

» Michelson—Morley experiment: speed of light is constant — relativity__
Relativistic view of space-time, general relativity, origin of the universe

A radical deep influence

The speed of real signal is limited.
» Black-body radiation — ultraviolet catastrophe — quantum mechanics " on our view of the world.

—

Quantum theory, photon entanglement, quantum communication, ...
The matter cannot be divided infinitely.

* The understanding of the nature by light continues:
dark matter, dark energy; entangled state and teleportation,

The velocity of a body on the orbit of radius r: gl WEELED
GM However, the real matter density is not sufficient. 3 [ \“x..hﬁred,%d

v = %—— ( Tl A
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Introduction

» What is the light? Its applications in science and technology
* Lighting:
» Efficiency - from fire, electric lamps, LED, ...
» Arts: colors, forms, design, ...

» Computer graphics: generating images, core technology
In photography, film, video games, cell phone and computer displays

« Communications:
Visual light Communication
Optical fibers for telecommunication

>,

v

>

v

> Quantumlcammunication * Based on different principles:
» Imaging: microscopes, telescope,
ALY / > Scattering: rainbow refractometry, radar, ...
* Measurement tools > Interferometry,

» Industry: many kind of detectors / sensors, ... » Holography,
> ...

» Research: very sensible, fast, precise, ...
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» Applications to multiphase flow measurements

We will limited to

> Elastic scattering
x Non-elastic scattering

v' Simple scattering

Multiple scattering
Cohérente scattering

Different measurement techniques:

= LDV, PDA EI M(feasuremer;t t_el():hnlques
= Imaging technigues : Re rjclcto.metr.yo rainbow
= Ref ¢ Particle imaging
Refractometry * interferometric laser imaging for droplet sizing (ILIDS)
= Extinction spectrometry « Digital Holography (DH)
= Dvnamic scatterin * Interferometric particle imaging (IPI)
Y ® * Light field particle image velocimetry
M MUNIVERSITE
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Fundamentals of optics

> Ray optics

U Refractive index m and wavelength I:

m=-< A=
v m
c = 299792 458 = 3 x 108 m/s: speed of light in the

vacuum

v: speed of light in the medium.
Examples:
In the vacuum (air): c= 3x108 m-s1, A=0.6328 um
Myaer=1.33  Vyaer=2.26x108 M5, A, =0.4758 pm

Mylass=1.50  Vgass=2.00x108 m-st, A,=0.4219 um

msm’ y=v' A=A’
m&m’ —— V17 ASA
— rrlg>ml
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We have ared lamp in
the hall of swimming pool.

A\

What color will you see under
water?
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Fundamentals of optics

U Refractive index m and optical path L, :

In first medium A
C L mL L N
m =< T===C2=20 L, = mL
v v c c
* The time T for the light to propagate a real distance L
in a medium of reftactive index m is equivalent to that < Ly >

in the vacuum for a distance L. B
In second medium A,

* L, is invariable relative to the medium,
called optical path (length).
* Examples in the figures:

» The wavelengths A are different,
L different also.

| ’ /\5/ P

» Always 5 wavelengths, i s \ In the vacuum -

so 5 periods: L, = 54,. |

» When refracted on a surface, the wavefront
(ray) changes the direction.
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Fundamentals of optics

[ Snell’s laws ~

The plane of incidence is defined by the incident ray \wx 2 p. 7

and the normal of the diopter. . g T S~

S S N . x\Z -

I. The reflection law: my Q:\/ r o

1. The reflected ray is in the plane of incidence. Iy O} c

2. The reflection angle is equal to the incident angle |

Hi — 91 i

Il. The refraction law:
1. The refracted ray is in the plane of incidence.
2. The refraction angle 8, is related to the incident angle 6; by
Mg sin 6; = my, sin 6,
where m, and m,, are the refractive indices in the incident and
refracted media.

All can be resumed as

mq sinf; = m, sin 6,

| PUNIVERSITE
"DEROUEN




University of Shanghai for Science and Technology b Tk B R AAEHEE (2022)

Fundamentals of optics

O Snell’s laws - demonstration by wavefront geometry
» Reflection:

The incident wave and the reflected wave propagate in the same medium, so,
BC = 0D. On the other hand, the wavefront OB_LBC and the wavefront DC_LOD.

The two right triangles AOBC and CDO are congruent =»~/DOC = ZBCO.
We deduce therefore

» Refraction
The incident wave and the refracted wave propagate in different media, so,
myBC = m,0FE. The wavefront 0BLBC and the wavefront EC_LOE.
In the two right triangles AOBC and ACEO,
BC OE BC OE

sin /ZBOC ~ sin ZECO ~ sin 0; sin 6,

=

We deduce therefore

mg sin6; = my, sin 6,
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Fundamentals of optics

[ Snell’s laws

» The light rays propagate straightly in a » Minimum size of a mirror.

homogeneous medium.
» The eclipse of the moon and the sun: 1). Is the minimum size of
the mirror depends on
vy its distance?
solar eclipse .

Y2 of his height

sun
2).If the mirrorisnot gy \~. | -
big enough, does the
i ol o portion we see in a .~
= mirror dependson WM ... . N . h
its distance?
NoO e'/
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Fundamentals of optics

[ Snell’s laws

* Image formation by a plane surface
» Perpendicular position

Fishes in water seem nearer to us:

Hi—>0 d=H9i=H,0r
Snell’s law:
So
o
m
H
QJJ RUNIVERSITE
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Fundamentals of optics

J Snell laws

* Image formation by a plane surface liquid
» Arbitrary position

lens camera

* Problem in real measurement system. particle

A careful consideration is necessary!

lens camera S A
liquid i A
1qul T
4 - ‘5 C Image
particle
| ,. .  Where is the image
P_' ''''''''' K Or inversely: where B of the particle?
Image - is the particle? -Aor B?
- P’ or P" or P? - or C?
- Anywhere else? - Anywhere else?
RUNIVERSITE co—=ia
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Fundamentals of optics
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U Snell laws
Ny A" S
* Image formation by a plane surface ) P Example.: object in water seen
' iti d ‘ from air:

» Arbitrary position e 7 o e

Geometry: O COS 01‘ — OA,dQT. r 'm, _- y O ’ :
dcosB; = 0AdO; X o 0A =19 0A

Refraction law: erefore

x4 = sin8; 0A = 1.01 0A’
y4 = cos; 0A = 1.61 0A’

m, cos 8; d8; = m, cos 8, dO,

m,cos20;,0A’ = m,cos26,.04

lens camera

Example: object in air seen from water:
6;=45°, 2 = 1.333,6, = 32" [t is here!

1

0A'=1904
But

Xy = 0.530 04" = 1.01 04
ya = 0.848 04’ = 1.61 0A

MUNIVERSITE
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d Snell laws

Example: object in water:
1. Seen just at the above

the object.
H' = —— = 075 H
S 1333 7
2. Atanangle _
0. = 30° We see from the side
;=

m,sing; = m,siné, is different from what

0.— 41.8° we see from above.
7/'_ L]
O Refraction / 4 ! — m_
e y o m,cos’6; o The eye see only the
) = . . . )
B = 0.556 OF rays into 1t, it can't
— ""‘oﬁ"b'mn B 1 1
: know the origin.
! MUNIVERSITE
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Fundamentals of optics

U Snell’s laws: m4 sin8; = m, sin 6,

0, = asin(m,/m,)
Forbitten region

my
m, >my Forbitten
So 0, is always region

smaller than 6,

A fish can be hidden
behind a fish bank wall.

| PUNIVERSITE
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0, = asin(m,/m,)

Total reflection

¥ m;
Total ~ i
reflection '/
So 0, is bigger than 6, |

Until m, sin6,>m,:
total reflection.

Very useful phenomena:
- Optical fiber,
- Detector of liquid level,




University of Shanghai for Science and Technology L& T K5 E ISR (2022)

Fundamentals of optics

T
U Snell’s laws: m4 sin 8; = m, sin 0,
 Optical fiber-based liquid level sensor
» A-ray arriving perpendicularly to the prism
1. Is there total reflection if no liquid ?
1.5 sin 45° =1.5x0.707>1, so total reflection
2. What is the maximum m to be measured? liquid
: o . (gﬂ quht Detector
1.5sin 45° = m, ref. index m Scbrce (igh evel (Low level)
som = 1.5 sin45° = 1.061 ; f
» Explain why we observe the three images as follows v
when we look from the above. Veriem|?
Gas \/
;.iii—:r::jui:ﬁa liquid level sensor with a prism attached 10
two optical fibers.
I MUNIVERSITE
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Fundamentals of optics

U Snell’s laws  When do we observe this phenomena?

* How to explain the reflection on the road?
* The reflection in a stratified medium:

nj_1sinf;_; = n;jsinf; = C
Reflection on the road and in the field n; v and 6; M, until 90°, total reflection occurs.

grad 7 grad n

The eye see only the rays into it,
it can’t know the origin.
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Fundamentals of optics

U Fresnel formulas
* The reflection ratio varies as function of the

incident angle.
* State of polarization = electric field vector:
E 1N the incident plane = parallel polarization ' & o
E 1 to the incident plane = perpendicular polarization s e e ——————

parallel perpendiéulaﬁ
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Fundamentals of optics

U Fresnel formulas (transparent media)

* Amplitude ratios:

E;;, m;cosB; —m, cos0,

r, = =
+ T E;,  m;cosO; + m, cosO,
_ Ey my cos®; —m; cos O,
' E;; T m, cos6; + m; cos 6,
E,, 2m; cos 0; _ .
t, =——= —— First observation:
E;;, m;cos6; + m, cos0, o If m>1
E 2m: COS 0. At normal incidence 6=0: . .
£y ==l = MR E e r is negative!
" E;;, m,cos0; +m;cosO, m—1
* Intensity ratios
m,. cos 0
R=1Irl>, T=——-]tI?
m; cos 0;

AUNIVERSITE
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Fundamentals of optics

U Fresnel formulas (transparent media)

Brewster angle:
when m,. cos 8; = m; cos 6,

r =20
the reflected amplitude is zero. This angle is
called Brewster angle.
Combined with Snell’s law:

m; sin 8; = m,. sin 6,

We find tan §; = tan 6, i.e. 6; + 6,, =90°

mT
Op = atan | —
m;

Critical angle (m,.< m,):

. mT'
O, = asin | —
m;

MUNIVERSITE
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E;, m;cosB; —m, cosO, Ey m, cos0; —m;cosO,

= = Ty = =
E;, m;cos0; + m,cos0,’ | E;; m, cos0; + m;cosO,

Whenm, < m; and 6; = 6,
The total reflection occurs:

rl =[nl=1

In any other cases

|T'J_| < 1, |7"||| <1

The intensity ratios:

.2
R, =1y,
2
Ry =1y,
TJ_ = Tf :)t th_,

1-22
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Fundamentals of optics

U Fresnel formulas (transparent media)
* Reflectivity :

1.0

(IR, SEE——

Reflection ratios

Lt T K3 ERAESE (2022)

E;, m;cosB; —m, cosO, Ey m, cos0; —m;cosO,

TJ_=

E;, m;cos0; + m,cos0,’ E;; m, cos0; + m;cosO,

=
I

0.6 |-

N L ],U_| I L A A A A i 'i'lcF*r"lcfal g
Air to water | ] - Water toair | ™\ j
ey 08 peeeeee1 critical angle
e—e perpendicular f S - | e—e perpendicular : : ]
=—= parallel q: 0.6 | === parallel b
? ] g5 ¢ ;
= 04
: — [ ~ .
] : H H ﬁl‘ H H :
= = ] (]()_ —Agda g | }ﬂ( L1 1 E 1 1 1 1 ; | I_
20 40 30 0 60 80

0
Incident angg\

m’>m >Nl:orbidden zone
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Fundamentals of optics

Air to water

1'0""5"'5""5""5'

O . W e
We can explain what we see in the
near field and the far field.

D ‘r"" " —

=]
=
0

e perpendicular
~| =—= parallel

o

©
I

Reflection ratios

o
9

e e ——

Sre—p— o ars Zias g | ol -h_—FlP‘E' 11 L1
0 20 40 60 80
Incident angle

o
=)

co—ia
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Fundamentals of optics

e
E;, m;cosB; —m, cosO, Ey m, cos0; —m;cosO,

U Fresnel formulas (transparent media) .=

E;, m;cos0; + m,cos0,’ E;; m, cos0; + m;cosO,

* Amplitude and phase of rays :

RE | v 3
E (a)..1=1.33 ! | i
- & = | i
E r ' ! - bp. = arg(ry
B o—o perpendicular | " ______________________________________________ & Rx : b( X )
S Tk e - parallel | -
= = ; I Btewter angle ]
B I ; A
0 i R al‘o"(.-t‘) =" . iE)
04— T4 T4 e A B . = ) m(:)
- (b). m=0.75 I' -
g 1L : € Attention:
o —m/2[ - perpendiculart...p. When the incident angle
z | 4= = parallel N ™ O . g
~F ! is bigger than the critical
= o _ e, angle, the phase varies
ki~ 30 60 continuously.
Incident angle [deg.]
1 RUNIVERSITE CO~ A
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Fundamentals of optics

» Principle of Huygens-Fresnel

* Principles t+ At

1) The contribution of Huygens (1678)
The wave of light propagates step. Each surface element reached
by it behaves as a secondary source that emits spherical wavelets. (
The 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)

r

dS

ikr;
8P = wMQEEELAS | y(p) = [ 4,000
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Fundamentals of optics

= Applications

» Diffraction by circular disk (sphere):

A circular hole of radius a : K=2ma/\

2epd o J, (ksind
‘P{a,ﬁ):c_‘.n jﬂe foame ‘”pdpdgazf' le‘Sinl.Q ) R R Ry Y LA A AP SRR A

» Principle of Huygens-Fresnel J, (ksing) T
| = 0{ 1 }

» Rayleigh criterion:
The first minimum of /; (x) islocated at x=3.832, i.e.

1227 A D

screen | / \
=75 ,J/‘ aavan

So it is interesting to have an large opening / \
for a better resolution (telescope, camera, ...) SN N

AUNIVERSITE
= 'DEROUEN




University of Shanghai for Science and Technology B T K B RS E (2022)

Summary

» Geometrical optics

* Snell’s law: m, sinf; = m, sin 6,
» Reflection law, refraction law (attentions : the incident plane).

* Fresnel formulas:
» The polarization is important T =
» Special angles and change of phase

E;;,  m;cosB; —m, coso, Ey,  m, cos0; —m,;cosO,
= n=x-_<=

E;;, m;cos0; +m,cos0,’ E;; m, cos0; + m;cosO,

» The reflectivity and the transmissivity and their variation (T t?)

> Interference A_: AL =pi or AD=2pz, p:integer

» Wave equation, Phase difference. Ay ALy =(p+1/2)1 or AD=(2p+1)z
» Physical optics

Diffraction effect important

* Principle of Huygens-Fresnel when D < A or I discontinue

» Condition of application

» Approximation methods Airy criterion: 9:1.221
» Typical results and their physical significant. D
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