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*Mood Rings

Are you anxious or calm? Find out by gauging 

Your mood with a mood ring.
*Adapted from Product Brochure,

Davis Liquid Crystals Inc., San Leandro, CA.

3.1.0 Application of LC to mass psycology
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3.1.1. Application of LC to Medicine

The main application to Medicine is relevant to Cholesteric 

Liquid Crystals (CLC) as Thermometer and for Thermography

The key is the 

Bragg-like reflection 

and refraction 

occurring to an 

impinging non 

polarized light beam
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x
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y

Right-handed helix Left-handed helix 

With respect to a right-handed frame of reference

h+ h-

each with its handedness h
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Electric field of a linear 

polarized light beam

Electric field rough 

representation of a 

circular polarized

light beam
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Having a “cell” made by two flexible transparent polyester 

(Mylar) sheets, packed at distance d = 10 µm from each 

other, treated in order to favour planar alignment, filled by 

CLC

If a non polarized white light beam is impinging onto 

the “sheet-cell”, it meets a reflecting and refracting 

structure 
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The reflected 

beam is 

circularly 

polarized with 

the same 

handedness hr

(right-) as CLC 

(h)

The transmitted 

beam too, but 

with reverse 

handedness ht

(left-)

hr

ht

h
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Let us suppose that the structure 

is like this (where the structure 

pitch po at room temperature is 

shown):

x

z

y
2po

Increasing temperature, the 

twist increases, thus the pitch 

shortens!

x

z

y2p

p < po



9

This means that the sheet “cell” is sensitive to 

temperature variations

Putting the sheet at contact with a small part of a body, the 

sheet works as a thermometer

tF tC

94,6 34,8

96,6 35,9

98,6 37,0

100,6 38,1

102,6 39,2

104,6 40,3
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If there are surfaces presenting areas with different temperature, 

it is possible to have temperature mapping

Of course, the range of mesophase must be the proper one 

(in the previous case, from t = 34.8°C to 40.3°C), and the 

down sheet in contact with the skin must be black painted, 

since the CLC is semitransparent, and we have to observe 

the reflection by CLC, not by the patient skin!

But the most interesting application is for Thermography

But materials have to be initially in thermodynamical 

equilibrium, not presenting beautiful schlieren texture:
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The selected reflection beam is red at lower t, is blue at 

higher t in the mesophase range

cooler warmer
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Chemical structure of cholesteryl pelargonate

A good CLC is a blend of cholesteryl

oleyl carbonate (COC) and cholesteryl 

pelargonate (CP)
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Example:

Blood 

pulse at 

inner wrist
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Encapsulated CLC

But it is more efficient for Thermography to pack CLC in 

small spheres covered by surfactants

and to insert them in a 

polymer band, or layer, 

or even more practical, to 

create an ink of balls, to 

be used for painting the 

skin
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CLC Material ‐‐‐‐Types

DEncapsulated —the liquid crystal material is encapsulated in a 

5‐10 micron sphere suspended in a water based binder 

material‐provides excellent protection. 

The micro‐‐‐‐encapsulation process offers chemical 

contaminant resistance and radiation protection.

Unencapsulated —the material is in its native 

form‐susceptible to contamination, however, once 

applied, produces brilliant colours.

The liquid crystals can be: 

narrow band ‐1 or 2oC 

wide band ‐5 to 30oC.

A colour/temperature response of a typical liquid crystal chemical 

make up helps in selecting the liquid crystal composition for a 

particular application.
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Thermography is suggesting diagnosis and allowing 

screening of diseases, since in most cases illnesses 

exhibit hot areas where the tissues are misworking

In other cases, a bad blood circulation provides cold 

areas in the body
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This is a landscape of 

CLC encapsulated 

droplets
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This is a more 

interesting application
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Every person is 

different
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Also hands are different
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The photographs in Figure show a student’s 

hand that was coated with black paint

containing a temperature sensitive

cholesteric liquid crystal. 

His fingers 

initially warm and 

reflecting in the 

blue, were due

to good blood 

circulation. 

His circulation

was degraded by 

nicotine from 

smoking one

cigarette, and his 

fingers cooled.
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3.1.2. Application to Quality Control

Turbine and compressor blades in Aeronautics; 

the presence of surface cracks or of surface 

tensions  can be tested by thermal mapping. 

Printed circuit boards in Electronics can be 

tested: misworking elements are much hotter 

than planned, and their condition can be 

checked when in operation.

Test with encapsulated CLC inks or sheets:

alfredo.strigazzi@polito.it

Any piece with flat surface in Mechanical and 

Construction Industry, can be checked for 

surface cracks and not proper heat conductor 

material used 
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3.1. Conclusions

•CLC are sensitive to temperature variation: 

as high is the temperature, as short is the 

helix pitch

•They can be used as thermometers or in 

Thermography

•Thermographic maps are useful in Medicine 

and in Aeronautic, Electronic, Mechanic and 

Construction Industry
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Now it is time to have a cup of tea
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3.2. Weak anchoring 

and free energy of a NLC cell
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The 1st successful attempt of describing the free energy 

contribution of weak anchoring in a NLC cell was done by 

Rapini- Papoular in Orsay (France) in 1969

their paper had thousands of quotations
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3.2.1. Weak anchoring 

with homeotropic easy axis

y

Easy axis for homeotropic 

anchoring

θz

φ
Glass plate

x

Sn

Their idea was to treat the 

anchoring as a surface field 

trying to align the director at 

the surface       along the 

easy axis

Impossibile v isualizzare l'immagine.

where wH is the anchoring 

strength

2)(
2

1
knwF SHS ⋅−= (41)
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then

SHSHS wknwF θ22 cos
2

1
)(

2

1
−=⋅−= (42)

The “-” sign means that if θS = 0 the suface free energy 

has a minimum

Of course adding a constant to the previous value does

not change the position of the minimum. Let us add wH/2,

thus



5

which is more convenient for the calculation.

( ) SHSHS wwF θθ 22 sin
2

1
cos1

2

1
=−= (42’)
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3.2.2. Weak anchoring with unidirectional 

planar  easy axis

Easy axis for 

planar anchoring

x

z

ϑ
φ Glass plate

y

Pn

With the same 

approach, we have 

to write:

ϕϑ 22

2

coscos
2

1

)(
2

1

P

SPS

w

inwF

−=

=⋅−=

(43)
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and only if φ is constant, and particularly φ = φo = 0, it 

is possible to write as before:

ϑϑ 22 sin
2

1
)cos1(

2

1
PPS wwF =−= (43’)

Mark that in SI the strengths wH, wP are measured in J/m2
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3.2.3. Functionals of general type:

E-L eq. with weak boundary conditions
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3.2.3.1.Functionals of general type

A situation more general than the one treated with the NLC cell 

free energy presented in the 1° lecture, eq. (5), arises when the 

functional F, being the cell free energy, is not only the integral of 

the free energy density f in the cell bulk, but also depends on a 

definite function FS(θ1, θ2) set at the cell surface. 

)()(

d))('),(,()',(

2211

2

1

θθ

θθθθ

ss

z

z

FF

zzzzfF

++

+= ∫

(w1)

where )(),( 2211 zz θθθθ ≡≡ (w2)
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F(θ,θ’) , regarded as function of θ(z) and θ’(z), and of FS(θ1,θ2) is 

called a functional of general type in the Dominion z1-z2 :

θ(z) (and consequently θ’(z)) is unknown, and has to be found.

In any case  the kernel f is an esplicit continuous function 

of z, and the director  tilt angle θ as well, with its 1°

derivative. 
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θ+(z)

θ(z)

z
z2z1

O

As known, θ+(z) are curves ε-close of 0-order to θ(z) such as           

, θ’+(z) are ε-close of 1st order such as εθθ <−+ )()( zz

εθθ <−+ )(')(' zz

As usual, we are looking for it in the ensemble of the virtual

director lines θ+(z) having tangent lines θ+’(z) among which the 

actual profile θ (z) characterized by the actual θ’(z) arises, 

providing the functional F to be extreme.
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Now the boundary conditions at the border of the Dominion

provide no more fixed values: θ(z1) ≠ θ1=0 , θ(z2) ≠ θ2=0 . Our 

task is to find the eq.s that θ(z1), θ(z 2) have to satisfy at the 

cell surface. 

Let us remind that a Functional F has a relative extremal if on 

the curve θ(z) it has a value either always greater or always 

smaller  than on every curve θ+(z) ε-close to θ(z) 

This is the recipe for calculating θ(z) 
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3.2.3.2. Euler-Lagrange equation for 

extremal generalized functionals

As already done, let us define a continuous finite function η(z) 

going to zero at the dominion extremes, such as

)()()( zzz αηθθ +=+
(6)

where α<<1 is a small real number. Then 

)()( 2,12,1 zz θθ =+ (7)

at the boundary, which functions has to be determined.
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Then the free energy by substituting (6) into def.(5) is a 

function of α:

])()([])()([

d])(')(',)()(,[)(

)2(

22

)1(

11

2

1
)()( '

44 344 2144 344 21

44 344 214434421

z

s

z

s

z

z
zz

zzFzzF

zzzzzzfF

++

++

++++

+++= ∫

θθ

θθ

αηθαηθ

αηθαηθα

(8)

being extremal for α=0. Hence, deriving F with respect to α, we 

get

)()(

d)](')([0)('

2,1,

'

2

1

0

zFzF

zzfzfF

ss

z

z

ηη

ηηα

θθ

θθα

++

++=

++

++== ∫

(w10)
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Re-writing as done in the fixed boundary case the 1° integral 

and integrating by parts the 2° integral with differential factor

, we obtain: zz d)('η

)()(

d
d

d
)()(d)(0

2,1,

'

2

1

2

1'

2

1

zFzF

zf
z

zzfzzf

ss

z

z

z

z

z

z

ηη

ηηη

θθ

θθθ

++

+−+= ∫∫

(w11)

Mark that in (w11) the correct function θ(z) providing F-extremal

is automatically chosen. Re-combining terms we obtain:
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{ }

{ } )()()(

)()()(

d)(
d

d
0

22'2,

11'1,

2

1

'

zzfzF

zzfzF

zzf
z

f

s

s

z

z

η

η

η

θθ

θθ

θθ

++

+−+

+




 −= ∫

(w12)

Discussing eq. (w12) we recognize that the integral provides 

the already established E-L eq.:

0
d

d
' =− θθ f

z
f (13)
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But if the condition at the boundary is free, this means that 

Moreover, if the condition at the boundary is fixed,                          

identically vanish and the situation at the boundary is back to 

the previous one:  

)(),( 21 zz ηη





=

=

22

11

)(

)(

θθ
θθ

z

z
(14)

and thus the boundary conditions looking for extremals of F

become

0)(,0)( 21 ≠≠ zz ηη (w13)





=+

=−

0)()(

0)()(

2'2,

1'1,

zfzF

zfzF

s

s

θθ

θθ
(w14)
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3.2.4. Homeotropic cell with εa<0-NLC 

under Electric field 

normal to the cell plates: weak anchoring

[ ] 02sin)('
2

1

)cossin(''

2

3311

2

2

33

2

11

=+−−+

++

θεεθ

θθθ

EKK

KK

ao
(24)

We have just demonstrated that E-L eq. , being bulk eq., 

remains the same, irrespectively to the anchoring type.

Then in our case E-L eq. writes

as already obtained in 2° lecture, 2.2.2. as well.
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It shows, as we have already noted,  the presence of a 

threshold. In fact, if θ →0 also θ’ →0, then (24) reads:

0'' 2

33 =+ θεεθ EK ao
(25)

Eq. (25) becomes the pendulum canonic eq. 

as well:

where

0''
2 =+ θθ Hk (26)

E
K

k ao

H

33

εε
≡ (27)

But now�
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the boundary conditions are no more relevant to strong 

anchoring, but to weak anchoring!

This means that at the surfaces, the constraints

shall be satisfied.





=+

=−

0)()(

0)()(

2'2,

1'1,

zfzF

zfzF

s

s

θθ

θθ
(w14)
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By assuming

SHS wF θ2sin
2

1
= (42’)

for both cell plates (symmetric boundary conditions), and

[ ]θεεθθθ 222

33

2

11

2 cos)cossin('
2

1
EKKf

ao
++= (20)

like already seen  in 2.1., we get

)cossin(' 2

33

2

11' θθθθ KKf += (23)
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Thus the boundary conditions in our case write:
















≡

=++

≡

=+−

2

2

33

2

11

1

2

33

2

11

when

,0)cossin('2sin
2

1

,when

,0)cossin('2sin
2

1

θθ

θθθθ

θθ

θθθθ

KKw

KKw

H

H

(43’)
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








≡=++

≡=−−

233

)3(

2

11

133

)3(

2

11

when,0''

,when,0''

θθθθθθ

θθθθθθ

KKw

KKw

O

H

O

H

43421

48476

(43”)

Linearizing sinθ, cosθ close to the threshold: 

Simplyfing, eventually 

we obtain:

z

yxd

θ(z)

0

z1= -d/2

z2= d/2

P

E

Notice that the 2nd term is small of 3d order 

with respect to the other two
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





≡=+

≡=−

2

1

when,0'

,when,0'

zzL

zzL

H

H

θθ

θθ
(43*)

where                       . Mark that in SI we have  [LH] = N/(J/m2) 

= m H

H
w

K
L 33≡

LH is called “extrapolation length” of the NLC weak 

anchored cell: soon we will see why.
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Eq. (43*) are differential eq. with separable variables. 

Let us re-write them:










≡−=

≡=

2

1

when,
d

d

,when,
d

d

zz
Lz

zz
Lz

H

H

θθ

θθ

(44)

then










≡−=

≡=

2

20

1

10

when,ln

,when,ln

zz
L

z

zz
L

z

H

H

θ
θ
θ
θ

(44’)
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and the solutions finally read:











>







−=

>







=

0exp

0exp

2
202

1
101

H

H

L

z

L

z

θθ

θθ
(44*)

The anchoring does 

not succeed any 

more to keep the 

director homeotropic

at the surface

Mark that due to symmetry

θ20= θ10, θ2= θ1

z

yxd

θ(z)

0

z1= -d/2

z2= d/2

P

E
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z

θ

z1 z2O

θ1 θ2= θ1

z2+LH
z1-LH

δ δ

From (44*) it ìs easy to see that the angle δ formed by the 

geometrical sub-tangents to the exponential curves at z1

and z2 gives  

21

tan
θθ

δ HH LL
== (45)
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We can conclude that, if the hypothetical behavior  

outside the interval z1,z2=z1+d would be linear as the 

exponential geometrical tangents in z1,z2 , then the NLC 

cell with thickness d exhibiting a symmetric weak 

anchoring strength should present homeotropic 

alignment at the co-ordinates z1-LH , z2+LH , 

For this reason LH is called “H-NLC cell extrapolation 

length”
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z

θz
1

z2
O

θ1

θ2= θ1
z2+LH

z1-LH

δ

δ
z

yxd

θ(z)

0

z1= -d/2

z2= d/2

P

E

Here the conclusion is graphically reported.
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According to this conclusion, the distance (d+2LH) plays the 

role of half wavelength of the initial distortion

Hence
π)2( =+ HH Ldk (46)

and, due to (27)

E
K

k ao

H

33

εε
≡ (27)

finally obtaining the threshold
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aoH

wth

K

Ld
E

εε
33

.
2

π









+
= (47)

for the bend electric Frederiks transition with weak anchoring:

Using the NLC MBBA

K33 = 7.5*10-12N, εo= 8.85*10-12F/m, εa= -0.7

in a cell with d = 10 µm, wH = 10-5J/m2=10-5N/m,

We  get LH = 7.5*10-7m = 0.8 µm, and the threshold field 

value is obtained as Eth.w= 0.30 V/µm. Remember that with 

strong anchoring it was Eth= 0.35 V/µm: the threshold 

diminishing is 15%.

If wH = 10-6J/m2, then Eth.w= 0.14 V/µm , 53% of reducing.
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For the application to display, strong anchoring 

insures rapid switch-off; weak anchoring insures 

diminishing of the threshold voltage

There is a competition surface-field: it is necessary, 

as every time when there is a competition, to look for 

a compromise
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3.2. Conclusions

•The E-L eq. does not depend on the anchoring

•The weak anchoring affects only the boundary 

conditions

•The extrapolation length of a NLC-cell identify 

the point outside the cell where the linear 

extrapolated profile vanish if the anchoring is 

weak 

•The threshold of a Frederiks transition 

diminishes with weak anchoring
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3.3. LC Application to Display, Monitor, 

TV: Mechanism of cell switching

alfredo.strigazzi@polito.it

Alfredo Strigazzi, Senior Professor, Dept of Applied Science and 

Technology (DISAT), Politecnico di Torino, Torino, Italy

MEPhI, Moscow, 24 September 2014
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3.3.1. Unidirectional Planar NLC (= PN)
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A LC for electro-optic 

application to Display, 

Monitor and TV must not 

present any schlieren in 

each pixel, which has to be 

uniform, either in the state 

OFF or ON for what is 

concerning the 

transmission of light

Let us start considering 

NLC
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Important 

compounds for the 

birth of Display 

Industrie
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1° demand is that the range of N-mesophase shall be very large 

around room temperature. In particular, if for military use,  

they have to work from -30°C till +60°C 

2° demand is that they have to exhibit a short relaxation time 

from OFF to ON state and viceversa (this  require small 

viscosity)

3° demand is that they must possess long life

For all these reasons, if the way was open by Gray of Hull 

(GB) with the discovery of alkyl- and alkoxycyanobiphenyl 

series, the up-today working materials are mixtures of 10 

compounds
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At left, a 

picture (at 

nano-scale) 

of a mlc 

layer of 

5CB

At right, an 

ancient TN 

NLC-watch



7

The unit cell of the  1st display mode was based on Frederiks 

transition from unidirectional Planar N to a quasi-

homeotropic N (with electric field definitely greater than the 

threshold)
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Each digit of Display is made by 7 cells
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TRANSMISSION MODE

Polariser
ON-STATE

NO 

Light

Polarised 

Light

Unpolarised 

Light

Unpolarised 

Light

OFF-STATE

Analyser
PN-cell

E

Light

E

Light

E
Light

E
Light

E

PN-display mechanism

Transition time ~ ms
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3.3.2. Twisted NLC cell (= TN)
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In 1911 

Maugain 

discovered that 

a 90° twisted 

structure of 

NLC turns by 

90° the 

polarization 

plane of light 

beam impinging 

onto its surface 

optic axis
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Historically, the 2nd 

mode of Display 

consists of a 

Frederiks transition 

in a Twisted N cell
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Transition time ~ ms

TN-display mechanism

Light

E

TRANSMISSION MODE

Polariser
E ON-STATE

Light OFF-STATE

NO 

Light

Polarised 

Light

Unpolarised 

Light

Unpolarised 

Light

E OFF-STATE

Light ON-STATE

AnalyserTN-cell

Light

E
Light

E

Light

E

E

Light

E
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Matrix addressing

Multiplexing

For Monitors and TV, main 

problems are: 
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Further 

developments: 

In-Plane Switching 

mode (IPS)
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This mode, known 

as VAN (=Vertical 

Aligned Nematic)

(Why “Vertical”? 

It should be 

“Homeotropic”)

Is the best for HD 

TV, obtaining a 

very large view 

angle
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Flat screen, 1 m-

diagonal
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3.3.3. CHIRAL SMECTIC C* DISPLAY

SURFACE STABILIZED FERROELECTRIC LC 

CELL (= SSFLC)

Invented by Clark (Boulder, 

Colorado) and Lagerwall (Göteborg, 

Sweden), still not in the market, but 

only as Canon prototype
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Ferroelectric 

materials 

development
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Bob Meyer, Harvard Univ,  1st understood 

that Smectic C* are Ferroelectric (1973)

C*mlc as  fishes with 

right side white and 

left side black
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Fishes side 

white or black, 

director  side 

charge plus or 

minus

And an electric 

field can act!
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Smectic C*
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Surface 

stabilization of 

Smectic C*
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Static situation at the surfaces (and in the bulk too) with either 

strong and weak anchoring 

SMECTIC C* FERROELECTRIC LC

Easy axis for 

planar 

anchoring

Φo0

x

y

z

Θ'=0
Glass 

plate

2E

0=oE

oP

1P

1E

Field 

up

Field 

down
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Dynamic of the transition Dipole up - Dipole down

Easy axis for 

planar 

anchoring

Φo= 0

x

y

z

Θ'=0
Glass 

plate

Easy axis for 

planar 

anchoring

Φo= 0

x

y

z

Θ'=0
Glass 

plate

oP

1P

1n

on

E
Starting from 

up-situation and 

applying field 

down

Transition time ~ µs : enormous advantage
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Cell from the lateral 

side parallel to 

smectic layers

Cell from above. Note the 

smectic layers (separated 

by dashed lines)

Cell from the lateral 

side perpendicular to 

smectic layers

Axonometry of the same cell

In a surface stabilized ferroelectric LC cell (SSFLC-cell) the homogeneous order in the 

whole cell is in the OFF-state is ensured by the surface. The smectic C* ideally must 

have 90o- opened cone, in order to act as light shutter. The geometry is bookshelf.

C* Ferroelectric display mechanism
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Polarizer

 1 

 

 

Light

E
 

Unpolarised 

Light 

OFF-STATE (FIELD 1) 

SSFLC-cell 

Analyser 

NO 

Light 

Polarised 

Light 
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Why Monitors and HD TV based on Smectic C* are not yet 

on the market?

There is a big problem not yet solved: the so-called 

“mechanical shock”, which Smectic C*s face very afraid: 

they are more viscous than NLC, and

if a person touches with one finger the screen, the C*material 

“glues” the two panels, and the screen is not working any more.  

But scientists are thinking, let us hope that the problem with

new materials will be solved 

alfredo.strigazzi@polito.it
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3.3. CONCLUSIONS

• LC can act as energy transducers

• They are suitable for transmitting information, in 
advanced Display, Monitor, TV technology

• Display, Monitor and flat screen TV on the 
market are based on NLC technology (Twisted 
N, In-Plane Switching, and Vertical Aligned N 
modes

• C* based HD TV large screen are very 
promising, provided the “shock problem” will be 
solved
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3.4. Application of CLC to fun

It is possible also to use CLC ink 

for body painting
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Maybe not in the Red SquareC
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Cat least in winter



36

Спасибо за внимание


