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OVERVIEW

 Introduction (2h)

« Electrical and optical properties of materials (6h)
 Liquid crystal properties (10h)

« Display applications (6h)

« Photonic applications (6h)
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LIQUID CRYSTALS
Introduction: the fourth state of matter
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OVERVIEW

Liquid Crystals
o

and Photonics
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materials

electrical
& optical
properties
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applications:
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OVERVIEW FOR NEXT LECTURES

Electrical and optical properties of materials (6h)

Polarizability of dielectric materials
Conductors and semiconductors

Light propagation
457 Light propagation in anisotropic media
and Photonics Polarized light

Spontaneous and stimulated emission
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LIGHT MATTER INTERACTION

“Changing the properties of light”

iIn vacuum light behaves according
to the laws of Maxwell: no manipulation possible
(homogeneous equations, superposition)

Liquid Crystals
o

materials are influenced by light
light is influenced by materials
study of optical materials

and Photonics
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MAXWELL'S EQUATIONS

Maxwell’s Equations with charges and currents

1 source terms (a : all)
L [E =— _
£, P Charge density O
OB=0
Liquid Crystals R a E
W OxE=-—
and Photonics a z—
_ - oL -
UxXB=puJ, +& U, m Current density J
l- a
E%TNT https://en.wikipedia.org/wiki/Maxwell’s _equations
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MAXWELL'S EQUATIONS

total charge density P,=PTP,
- separate charges: g
P ®

- couples of opposite charges forming a dipole

electrons, ions

id Crystts -electron around an atom —q q
o
_ -polar molecule - 7
and Photonics
, , '0 p O [ 4
-displaced ion )

dipole moment | p = gd
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MAXWELL'S EQUATIONS

Liquid Crystals
o

and Photonics
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current density J =J+J,+J,

- current of single charges: j
electrons, atoms, ions

- variation of dipoles: ]p

rotation, stretching, displacement

—

- magnetization current: JM

magnetic moment m, spin & orbit
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MAXWELL'S EQUATIONS
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Maxwell’s Equations

Rearranging the source terms in Maxwell’s equations

D@:i(p—D@) D[G£0E+P):p
g —
. 0B =0
B =0 ~
“ 5 . __0B
Liquid Crystals _ aB |:| XE __Ub
® (X F =——
and Photonics at at — —
. -~ 0P - K B _ . O0|g,E+P
UXB =y, J+—P+DXM +go'uO_E [ x E_M =]+ ( 0 )
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MAXWELL'S EQUATIONS REVISITED

substitution of source terms p,, J,

Liquid Crystals

UNIVERSITY

Dm%E+ﬁ)

0
0)

0B

5

introduction of D and H fields:
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CONSTITUTIVE EQUATIONS

Liquid Crystals
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and Photonics
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Laws of Maxwell

y 2.

charges electric field
currents magnetic field
o,P,J.M E,B

I L

Constitutive equations
electrical properties, optical properties, absorption
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MICROSCOPIC THEORY OF LINEAR ISOTROPIC MATERIALS

Microscopic Theory for Dielectrics

—

origin of electric susceptibility? P= EXE

Static Electronic Polarization
shape of the electron cloud in a material
- IS Influenced by the electric field
mass m, (9.11 x 1031 kg)
charge e (1.602 x 10-'° C)

UNIVERSITY Kristiaan Neyts
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STATIC ELECTRONIC POLARIZATION

force on the electron due to electric field
F, =—ek
force on the electron due to potential well U,
dU

_a - - _ —_
Up(x)—zx F (x)= L =—ax

dx

UNIVERSITY Kristiaan Neyts

15



STATIC ELECTRONIC POLARIZATION

static: equilibrium of forces: F,,,=0

and Photonics
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F.=-¢E
F (x) =—ax
p=ac,E
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polarizability
of an atom with Z e
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DYNAMIC ELECTRONIC POLARIZATION

differential equation of motion: m.a=2F

d’x dx

m,— =—eE—ax—2m)y—

dt l 1 l dt

E-field damping force
restoring force
Liquid Crystals ag -4
N resonance frequency: m,
periodic regime oE
0 X =

— - W

= [
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DYNAMIC ELECTRONIC POLARIZATION

atomic polarizability

g = Ze 1 Resonance
Cem W - W Fi2pw phenomenon

a,=a'-ia"
Liquid Crystals a ' A
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IONIC POLARIZATION

Liquid Crystals

UNIVERSITY

Materials with partially ionized atoms
- permanent dipole moment (at £=0)

- lons are displaced due to the local field

. Cl

P 0=0 S

H—C| /O_\ l -1 - CI—(|3_—C|
H P 9=0=0 Cl

=> Iinduced dipole moment

Kristiaan Neyts
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IONIC POLARIZATION

Liquid Crystals
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Solid state: ions move with respect to a grid

equilibrium situation:
lons at distance d

out of equilibrium
M, in phase
M_in phase
deviation u<<d

restoring force between two ions:

leads to resonance

€ > X
I.V’- M+ Iﬁ- Elocal =0
-q +q -q

M M M

g ~+q g X

| \‘ } ° .\ \

<LI_ u, u Elocal 70

Nl By

2
— q
a(w) =
(@ & l2C-Ma?)

Kristiaan Neyts

20



ABSORPTION BY THE ATMOSPHERE
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ORIENTATION POLARIZATION

Permanent dipoles in an electric field

potential energy \ ‘\ F/( \\

U=-plE, =—-plE, [Bos —__ / \
Eloc '
Lig dCr‘ysh:s
TIN Boltzmann-probability f; for the potential energy U
more dipoles align with E U plE,,, Bos8
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MICROSCOPIC THEORY OF LINEAR ISOTROPIC MATERIALS

Microscopic Theory for Dielectrics
« electronic polarization

. e
resonance in UV
* ionic polarization 9  _Eyw 9 ¢

'\ﬂ' | | N«'»* “.’! |
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GENERAL DIELECTRIC BEHAVIOR

different resonance/relaxation processes

sum of all polarizabilities per unit volume:

rotation pol lonic pol

Liquid Crystals
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/Vais N
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electronic pol
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PROPAGATION OF PLANE MONOCHROMATIC WAVES

Maxwell equations

INn vacuum

Liquid Crystals

and Photonics
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—> k’

Kristiaan Neyts

- O,UOCUZZO k =

25



LIGHT IS ELECTROMAGNETIC RADIATON

Electric field E Z
Magnetic field B

.ehactromagnetic wave dil

In vacuum
Liquid Crystals PO larization
o
propagation speed ¢
frequency f
wavelength A

= k — 2_7T
GHENT A
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LIGHT IN VACUUM

superposition of electric and magnetic fields in vacuum
“light waves, E fields and M fields do not interact”
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LIGHT SCATTERING BY A MOLECULE

incident plane wave (linearly polarized)

11104 2111, 11104
T T 7

scattered light of a particle with r << A

Liquid Crystals G.MTM.W .Tﬁﬁ. A .Tﬁ%
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backward forward
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BLUE SKY

Light and a single atom

sunlight incident on N, or O,
makes electrons oscillate
dipole antenna light emission

E
SUN ey

“Rayleigh scattering” in the atmosphere
linearly polarized

— more blue than red ~ (1/A)*

GHENT
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BLUE SKY

Light Waves Vibrating
Perpendicular
to the Highway

Light Waves
f ibratin
Paralle
to the Highway

i http://district196.org/avhs/dept/science/acc_physics/pages/polarized.html

GHENT
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LIGHT SCATTERING BY A PARTICLE

incident plane wave

Liquid Crystals
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LIGHT SCATTERING BY A PARTICLE

Mie scattering of unpolarized light by spheres ~ (”52 -

Liquid Crystals
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www.citylab.com
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Karl, the SFO fog
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LIGHT AND INDUGCED DIPOLES

Light and a layer of atoms

\ p_—
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reflection
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interference:

= of a plane wave scattering + original

GHENT results in a phase delay
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LIGHT AND INDUCED DIPOLES
Light and a volume of atoms
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Phase delay of the forward scattered light

light has:
... lower speed: ¢/n 1 2 N,
... same frequency f n= [I+—

= ... Shorter wavelength A/n =3 ZNi L
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PROPAGATION OF PLANE MONOCHROMATIC WAVES

Maxwell equations wave equation in vacuum

In a medium 20 .
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