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Lecture — 32
Electro-optic Effect (Contd.)

So, in the last occasion we discussed the electro optic effect in isotropic medium,;
particularly we chose the gallium arsenide. We will take a break and we will going to the
some basics of the modulation properties light modulation properties as far as this

electro-optic crystals are concerned.
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So, we will be discussing these topics understanding the electro optic light modulation
faithfully start with the phase modulation for longitudinal and transverse configurations.
Then we will be talking about the experimental setup and the principles of the amplitude

modulation and polarization modulation.
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So, we divide this under two categories that is longitudinal configuration and transverse
configuration, for this phase modulation amplitude modulation and polarization

modulation. There are three very important properties of electromagnetic waves, which



can be modulated to develop various kinds of measurement instrument sensors and

several other technologies phase modulation.
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So, let us try to understand what phase modulation is and you know we will first consider
a simple case very simple case of a plane wave z propagating plane electromagnetic

wave.
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A plane wave

Consider a z propagating plane EM wave
Also assume that E is along x -direction

E = %E, sin(wt - kz)

e

= XE exp {i(wt — kz)}
\ N
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pularis;tion . phase
amplitude
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And let us assume that this electric field vector is oriented along the x direction. So, in

that case we can write down this plane wave equation in the form of sinusoidal equation,



it could be we represented as an exponential phase equation as well. So, look at this x
cap indicates the polarization, E naught is the amplitude and this is a phase vector. Now,
these are the three things which can be modulated; polarization, the amplitude and the

phase.

Amplitude modulation is relatively are simpler to understand it can happen just by
blocking the electromagnetic wave, with a frequency with the characteristic frequency of
the modulating wave. There are, but in this case we will apply some electro optic method
to modulate the amplitude. But phase modulation and polarization modulation they are
slightly different to understand in this context. So, we will first talk about the phase

modulation then polarization modulation.
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In general
for a plane EM wave passing through a medium
the input and output waves can be described as

Eout = a B(X)E, exp {l¢'1 (X)}

£ = (Ey Ey)e
« : attenuation/ transmittance by medium
B :polarisation properties of the medium
¢,:phase contribution due to the medium
X :indicates properties due to the medium
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So, in general we started with a simple plane electromagnetic wave which is propagating

along the z direction, and the polarization is along x look at the phase amplitude at
polarization. But, in general for a plane wave passing through a medium of certain length
that is a travel length is a finite, then in that case the input and output waves can be
described in this form. E out equal to alpha, B of XE input exponential i this phase factor

which is also the property of the medium.

So, alpha is the attenuation or it could be the transmittance by the medium B is the
polarization properties of the medium, phase contribution due to the medium is described

by phi 1, this is the contribution of the phase due to the medium and x indicates the



properties which are related to the medium. So, there would be some sort of influence of
the medium, which will be appearing in this plane wave equation in the form of the

polarization, the phase and the amplitude.
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Phase Modulation
¥ consider a non-birefringent system, i.e.,B = I
v also take the medium transmittance as a = 1

therefore

Eout = Ein Bxp{i'(ﬁl(X)}
v the phase retardation depends on [ and 1 as
1 = kyn(X)!

¥ Modulation of phase may occur through n(X)
v whenthel and A( i e., kq) remains the same
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So, for phase modulation let us consider look at this equation lets considered that the

medium is non birefringent; that means, B is equal to unitary I. So, this B term does not
appear here and also considered that the medium transmittance is alpha equal to 1 that is
there is no attenuation and then this previous equation this can be represented as E out
equal to E in and this exponential of X factor phi 1. The phase retardation that depends

on | and n; so, this is the very basic point to understand the phase modulation.

So, this is the phase, which is which is the function of the medium dependent refractive
index that is seen by the propagating electromagnetic wave, and the length of the travel.
So, put together this is a phase; now if you can modulate this length is 1 anyway is fixed
and lambda if you choose a certain monochromatic wave of wavelength lambda. So, this
n this 1 and lambda their phase and it is only the refractive index that can be that if we
can modulate, which will intern result in the modulation of the phase phi and we will see
how we can implement this phase modulation scheme in the case of electro optic

modulators.
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Polarisation Modulation

Linear birefringence:
two specific states of polarisation
(two eigen states) as

Circular birefringence:
medium induced changes in polarisation
azimuth given as

L
e 1
E out = Ei’n
0

cos gy —sing

0
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Birefringence ¢, = ko (n; — nj)l Rotatlon by angle ¢s
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For polarization modulation, for polarization modulation if we considered the linear
birefringence then there will be two specific states of polarization the two ideal states
and we can describe this polarization eigen matrix by this, where this phi 2 is the
birefringence the phase retardation slow access, fast access refractive indices. And this is

the length | over which the two polarization states are travelling.

So, we can represent this effect of the medium through this matrix are to relate the input
and output electromagnetic wave. For circular birefringence the medium induce changes
in the polarization azimuth is given by this equation, where this phi three is the rotation
angle which is caused by the by the medium phi 1 remains the phase that is that is the

medium dependent phase ok.
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Phase modulation

v usinga suitable cut of an electro-optic crystal
v a light wave is phase-modulated, without changing polarization or intensity

v one of the two possible ways that is needed for a crystal and its orientation:

1) crystal’s principal axes does not rotate with applied E-field
but axes undergo change uniformly

Example is LINbO, with applied field along its optical z-axis

This solution is suitable for randomly polarized laser beams
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So, for phase modulation, when can use a suitable cut of the electro optic medium
electro-optic crystal, a light wave is phase modulated without changing the polarization
or intensity; because, otherwise it will be a mixed and will be difficult to decide for the
phase modulation information. So, this phase modulation can be achieved one of the two
possible ways that, that is needed for a crystal and its orientation one is that the crystals
principal axes does not rotate with the applied electric field, but the axes undergo change

uniformly.

So, this example we will discuss in the case of lithtum niobates electro optic effect that
when you apply an electric field along the optical z axis of the of the crystal, then the
index ellipsoid does not rotate, , but the length of all the three axes three semi axes they
increase uniformly. And these results in results in the whether is know the principal axes
principal refractive indices only change its magnitude, but there is no change in the
direction. So, you can have phase modulation if you apply a modulating voltage, then the
because this delta n of x or delta n of y alone will change with the modulating voltage

and as a result the output light will be phase modulated we will see this example
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Phase modulation

2) crystal's characteristic plane perpendicular to the direction of propagation
where the plane rotates under the influence of applied E-field

input wave must be polarized along one of the new principal axes x' or y'

and the field will not alter this polarization during modulation

Example: KDP with electric field applied along its optical z-axis

D g D N -
" ' NPTEL ONLINE I.'}u.-tunu 5'[4:_11-@«11«&&11!1'

IITKHARAGPUR CERTIFICATION COURSES

Physics

So, the second way is that the crystals characteristic plane perpendicular to the direction
of propagation, where the plane rotates under the influence of the applied field. In the
case when that the plane rotates, then input wave must be polarized along one of the new
principal axes that is after the electric field after the rotation of the index ellipsoid, this x
dash or y dash the input polarization has to be along x dash or y dash that is the new

principal axes system in that.

And the field will not alter this polarization during the modulation; that means, that
electric field application of the electric field will be fixed only there will be a modulating
field, the result will be the modulation in the value of the x polarized refractive index or
y polarized refractive index the result will be reflected in the phase of the light that is
propagating through the crystal. An example of this also we will discuss we will see that
KDP that is potassium di hydrogen phosphate the electric field applied along its optical x

axis we will give rise to this effect and will see in details about this effect.
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Phase modulation

with a polarizer along x' the optical wave at the output of the crystal
exhibits a phase shift
Ap = kyAn, L

flecto-optc
aysal

Polarier
W= W
! Phase-modubited wave:
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i

Modubtion voltage ¥
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With the polarize that the second case that if you have a polarizers pass axes which is
along the new principal axis x axis, and the light is now incident. But this axis will be
active as long as the voltage will be applied in the longitudinal direction in this direction.
So, when the voltage is there this axis will be active and the value of this the value of the
refractive index will be starting from the base value that is n0 to the to the delta n value

which is proportional to the applied electric field.

So, the phase will be modulated starting from the base value corresponding to the n 0
value to the new value which is dependent on the applied electric also as a result. But
there is no change in the direction of anything it is only this polarized light and this
polarized light will be out only there will be a modulation in the phase, just because there
will be a modulation in the refractive index new refractive index starting from n 0 to the

new value n x dash.
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The electrically induced change in Rl is
3
g nxp
An A E= T rE
1 is the corresponding electro-optic coefficient

For a longitudinal modulator

with applied electrical field E = V/L the induced phase shiftis
Mp=—ud v
lﬁ = 7 ﬂ.x: r

independent of L and linearly proportional to V
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The electrical induced change in the refractive index this is the one which I i mentioned

just now that is delta n x will be this much. But originally it was n 0 in absence of
electric field plus this will be the new refractive index. So, this is the effect which has
come from the external field. For a longitudinal case this delta phi phase in this case this
will be just this multiplied by k 0 and the length of the crystal that is E equal to V into L,
if I write V into Land V by L into L then this will give you that the phase which is this is
the phase which will be modulated over the best phase that is related to the n x not n x
dash independent this phase is independent of length Land is linearly proportional to V.
So, as you modulate V then the phase will be also modulated I hope this is very

interesting.
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The electrically induced change in Rl is
3
n
X

An,, = —TrE

1 is the corresponding electro-optic coefficient
For a transverse modulator

with applied electrical field E = V/d the induced phase shift is

T 4 L
Aq‘::jnx,rva

which is proportional to L/d
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The electrical induced phase change will be this for the case of a transverse modulator
with the applied voltage if the modulator is a transverse one, then V by d is the electric
field which will be represented by this one and as a result this will be proportional to L

by d
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Half-voltage

For a longitudinal modulator

The half voltage producing Ad = 7

For a transverse modulator

The corresponding half voltage
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So, corresponding half wave voltage for the case of longitudinal one which is delta phi
this has to be equal to pi. So, if we put that delta phi equal to pi this gives you a half

voltage half wave voltage, which is equal to this the new refractive index property and



for the transverse modulator the corresponding half wave voltage will be this. So, this
these are the voltages which are required to switch the modulator from state one to state

0 or vice versa the way we choose the convention of switching modulator.

(Refer Slide Time: 14:02)

EE BN R A I

Phase-modulation

if the applied voltage and hence the E-field is sinusoidal in time

the phase at the output changes accordingly

n 1, y r )
¢= 0 Ry = Enx;rEm sinwy,t|.L= Tn,r[. —dsinw,t

light output is phase-modulated with phase-modulation index

™ V
§=—ndrE,L=n—
nyrE, nV,,

A
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Now, in the in case of phase modulation if the applied voltage and hence the electric field
if it 1s sinusoidal in time the phase of the output can be represented by this. So, twice pi
by x the into n x dash plus additional this much of the phase. So, which can be
represented as this; so, the light output is for phase modulated with the modulation index

which is equal to this value, because this is the total phase new phase
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Bessel series and sidebands

n ;
= anrl. = dsinw,,t
the qutput wave can be developed into a Bessel function series
Bo0)=E,) u(8)cos(0+ na )
n

consisting of components of w and higher harmonic frequencies
(w4 nwy,),n=+1,12,....

energy distribution into sidebands a function of modulation-index &
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From this equation from this expression it tells you that it can be developed into a Bessel
series del phi E 0 oft can be written in the form of this equation consisting of components
of omega and higher harmonics. We will see this in the case of phase modulation for a
particular crystal, then it can be it can have the component frequency is omega and n
omega where n equal to plus minus 1, those are the sideband frequencies and will be the

modulation index delta
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Now, we will discuss the amplitude modulation and how we can make use of this
configuration of the polarizer and analyzer and the crystal in the case of longitudinal or

transverse to get the intensity of the light modulated by the external electric field.

(Refer Slide Time: 15:27)
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Amplitude modulation

The intensity of a light wave is modulated in several ways

¥ including a dynamic retarder setup with either crossed or
parallel polarizer at the output

¥ using a phase modulator configuration in one branch of a
Mach-Zehnder interferometer

v choosing a dynamic retarder with Push-Pull electrodes
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The intensity of a light wave is modulated in several ways using a dynamic retarder
setup with a cross polarizer, which is the most popular and most common technique to
implement the intensity modulation or amplitude modulation. Phase modulator
configuration is also used particularly using a Mach Zehnder setup where you have to
electrometric waves first split and then again mixed, and giving rise to the depending on
the phase of phase difference between the individual arms which will result in the phase
modulation. Then by choosing a dynamic retarder with a push pull electrodes these are
the means to implement to realize phase module amplitude modulation by external

electric field.
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Intensity modulator with crossed polarizers

“Fast” ais “Slow” axis
Hectro-optic (ltox’)  (Ntoy’)

crystal
Yields the transmission as the ~ Input 2 Output
; - . ! beam [\ beam
output to input intensity ratio (LN =4
¥

I, N,
T =— Input Quarter-wave Output
i : polarizer  Modulation plate  polarizer
(Itox)  volageV  (I'=m/2) (Htoy)
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Intensity modulator with cross polarizers this in this case you see that you have the pass
axes of the input polarizer, which is along which is along the old principal axes it could
be x or y, then the light can be thought of split into two orthogonal polarizations which
are x prime and y prime these are the new principal coordinate principal refractive in
principal axes and therefore, the little have equal share with x and y prime, which you
will travel along this length. But depending on the x prime and y prime refractive indices
there will be a phase difference, there will be a retardation, there will be a delay and then
because you have a cross polarizer. So, the output will be modulated the output will be

modulated depending on the applied voltage.

Because applied voltage will make this the two orthogonal polarizations amplitude
dynamic because of the delay and this is there is a quarter wave plate which is to come to
bias this modulator this is what will call the optical biasing to shift the operating system
to the 0 position to the linear region and this also we will see. And the transmittance this

can be represented by this I 0 by I i this is I output intensity output by intensity input ok.
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Consider
«light propagating in the z-direction of a z-cut KDP

with an electric field applied along the z-direction

3 3
ny . 1L =
LR e P n,amt 5 Teakz My =1,

hence induced birefringence and retardation are

P4
Anx" y" = nn3 1"63 Ez = naz rm de and I = Tno:; rﬁ_'! V

e o e

the output nlarizationis[ ;
RUC P 0 il |Ey
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So, let us consider light propagating in the z axis with z cut KDP crystal, we will discuss
this just to give us some an idea with an electric field applied along z direction then n x
prime is equal to this and n y prime is equal to this n 0 plus this quantity, n z does not
change it remains that extraordinary refractive index that is the induced birefringence
and the retardation and the retardation are given by this equation that is delta n x which

will be the retardation.

So, n x prime difference n y prime will give you twice of this. So, that is what is
appearing here n 0 cube r 63 E z z E z if you replace by the voltage that is V by d then
the retardation that is the phase delta pi will be which is represented by tau here is for a
specific purpose that will use this matrix formulation to understand this polarization. So,
these twice pi by lambda n 0 cube r63into v this will be the phase retardation. So, the
output polarization can be represented by this matrix equation E to the power of i tau by

2E to the power of minus it au by 2 and then E 0 x dash E 0 y dash.
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the output state emerging from crystal
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So electric field affects the polarization
state of the light transmitted at output
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For a linear to have a more clear understanding to for a linear polarized linearly polarized
light at the output input, if it is represented by this 1 by under root2 11the output state
emerging from the crystal will be this which includes the effect of the medium with the

retardation that is tau, tau it appears as tau by 2.

So, the electric field affect the polarization state of the light transmitted at the output in

this way. You started with this was the input and now you get the output like this.

(Refer Slide Time: 20:40)
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For linearly polarized light at the input
= Al =il
E“‘v’_i[()] o E“‘ﬁ[o]

the output state emerging from crystal

= 1[efl2 = 1[0
ot =7\ o or E“"‘_ﬁ[e-iml

So electric field affects only the phase of input
light polarised along the principal axes

oy
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For a linearly polarized light at the input of this statel 0 or 0 1 oh this is this is by
mistake this should be 0 and1 1 0 or 0 1 we will give respectively the output state from
the crystal, which will be E to the power of i tau by 2 0 or corresponding to the this state
this will be E out will be this.

So, the electric field affects only the phase of the input light, polarized along the
principal axes. So, this is one of the principal axes one of the principal axes and the
corresponding light is only affected in its phase, here also for the other eigen state it is

affected in the phase.
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« For linearly polarized light at the input of the crystal as

- 1n
ko= vz ll]
followed by a polarizer at —45° the output state will be
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For a relative transmitted power of — = sin (-)
Py 2,
An additional birefringence of /2 is needed
to bias the output for a linearised response
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For a linearly polarized light at the input that is you have both11 and which is followed

by a polarizer at minus 45 degree, the output state will be like this. So, this is now both
of them and then 45 degree. So, you have the effect of 45 degree appearing here which
will result in this state. That is why you have sine tau by 2 appearing in the power output
to power input. So, P 0 is the input P out is the output power for a relative transmittance

transmitted power if you look at this if you take the square of this.

So, this will be equal to tau by 2 by i 2. So, this will give you that P out by P 0 equal to
sine square tau by 2 and additional birefringence of pi by 2 is the needed because of this

factor to bias the output for a linearised response.
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Intensity modulator with crossed polarisers

I .
T = I—" = the transmission as the ratio of output to input intensity
i

T(V) = sin’ (g) = %(1 - cosI) = %[1 - cos (FU i rryl)

n
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Now, intensity modulator with cross polarizer you have this t equal to I o by I input I
output by I input is equal to the transmission as the ratio of the input to the output
intensity. So, this you have seen that this is equal to sine square tau by 2 you can rewrite
this asIminus cosine tau and you can further rewrite this as because tau phase retardation
will be equal to tau 0 the birefringence without the field and this is due to the field which
is proportional to the field V pi this is the half voltage half wave voltage and V is the
applied voltage. So, this will appear in this form, we will see this expression later also for

the specific kind of crystals at a given orientation when we will be discussing about that.
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[ T(V) = sin? (E) = (1-cosT) = ;|1 - cos (I‘D +rrV£)

For linear modulation around the 50% transmission point

a fixed bias of A¢pg = m/2 be introduced

v' by placing an additional phase retarder
a quarter-wave plate at the crystal output

v or by applying fixed bias voltage of Vm/2

v In case of natural birefringence the values
have to be changed accordingly
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So, you have this expression that this transmittance is equal to half of 1 minus cosine tau
0 plus pi V by pi. For linear modulation around50 percent transmission point a fixed bias
of del phi 0 equal to pi by 2 has to be introduced here. By this is done by placing an
additional phase retarder, this I think we have shown earlier an additional phase retarder
by placing this quarter wave plate it can be done by applying an additional voltage,, but

we say that the disadvantage is it requires very high voltage.

So, this can be achieved by putting an additional phase retarder in the form of a quarter
wave plate or by applying a fixed bias voltage which is equal to V pi by 2 in the case of
natural birefringence the values have to be changed accordingly. These values have to be

changed depending on the natural the magnitude of the natural birefringence.
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For sinusoidal modulation of V

retardation at the output including bias is
A = §+ A, sin @t

where the amplitude modulation index is

App = Hh
Va
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For sinusoidal modulation of the voltage the retardation at the output including the bias
is given by this pi by 2 plus del phi sine omega t, then this del phi m is the amplitude
modulation index because this is a depth of modulation the strength of modulation
amplitude modulation index which is equal to this you will see that this del phi m is

equal to pi V. m by V pi is the modulating voltage V m or it could be V 0 also.
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For sinusojdal modulation of V

when V,, « 1:then transmission becomes

T(V) = %(1 +Adsinw,t)

linearly proportional to modulation voltage
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For sinusoidal modulation of V when V m is much much less than 1 that is for a very
weak signal very small modulating signal, the transmission becomes this you can write
equal to this and you can see that it is proportional to the modulating voltage, because it
appears in the form of this modulating voltage linearly proportional to the modulating

voltage.
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Polarisation modulation
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Now, we will quickly, is it through the polarization modulation.
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Polarization modulation
(dynamic retardation)

v involves the coherent addition of two orthogonal waves

v results in a change of input polarization state at the output

v the crystal and applied field are configured to produce dynamically
fast and slow axes in the crystal cross-section

v the polarizer is positioned such that the input light is decomposed
equally into 2 orthogonal linear eigenpolarizations along these axes
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This is again this polarization modulation requires a dynamic retardation and it involves
the coherence addition of two orthogonal waves. The thing that is required to understand
that; in case of polarization modulation there is no change in the intensity or there is no
change in the direction of polarization. The polarization axes will be same, but only the
state of polarization will change at the output and to do that and you know that the state
of polarization can be varied from linear polarization to elliptical polarization or circular

polarization and back to linear polarization, this variation will be the modulated output.

So, the result it results in a change of the input polarization state at the output. So, the
state of polarization will change, but the direction of polarization. So, the crystal and the
applied field are configured in such a way that there will be a dynamic fast and slow
axes, excited in the crystal across the cross section. The polarization polarizer is
positioned such that the input light is decomposed into two orthogonal linear

polarizations along these axes along these two orthogonal eigen axes.
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Polarization modulation
(dynamic retardation)
Bectro-optic
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A
Input 7 !
S &
polarizer .

P W Q@ 4
'~ NPTEL ONLINE Jartha ‘:Kc!}k}lﬂudﬂul!l‘

IITKHARAGPUR CERTIFICATION COURSES

Physics

And let us see this setup you have an input polarizer which has this pass axes along the
old principal axes of the system, old by saying old I want mean that in absence of any
voltage this is the principal axes system principal axis x and principal axis y and any how
principal axis z does not change, but once I apply the voltage, the principal axes the new
principal axes are x dash and y dash. So, I launch the light input polarization with which

is halfway between the x prime and y prime that is along the x polarization axis.

Now, because x prime and y prime refractive indices along these directions, this for these
polarization are different. So, they will develop a birefringence, but the polarization axis
will remain same. So, as a result depending on the depending on the applied voltage and
hence depending on the retardation between these two polarization that is x dash and y
dash, the output polarization state will be changing from linear to electrical and back to

linear.
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If light traveling along principal z-axis is polarized along x- (or y-) axis
corresponding RI’s of the fast and slow axes x" and y', respectively, are

3
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The phase difference or retardation is
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A
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Depending on in this case it will be circular if I give equal 45 degree inclination to x
prime and y prime along when the polarization is along x axis. So, if light is travelling
along the principal z axis, and is polarized along x or y x or y axis the corresponding
refractive indices of the first and slow axis will be represented by this x prime and y
prime, and these are the values associated with this refractive indices new refractive

indices which are voltage dependent electric field dependent refractive indices.

These are n x and n y are anyway 0 n 0. So, therefore, you have a birefringence which is
which is electric field dependent birefringence which can be represented by this. Now, n
xnyandryrx these are the crystals electro-optic properties and this is the general way
of looking at it depends on the specific crystal. So, delta phi is now you can see that you
have a you have a natural birefringence of the medium and this is the induced
birefringence of the medium. So, delta phi O is a natural one delta phi I is the induced

birefringence due to the applied external electric field.
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A¢ = natural retardation without field

A¢; = field-induced part of retardation

In general the output wave is elliptically polarized

Agp; = m/2 E-field vectoris circularly polarised

Ag; =m  the waveis again linearly polarised
But rotated by 90° to input direction
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In general the output wave is elliptically polarized. But if you if you are induced
birefringence say size that which is an electric field dependent property voltage
dependent property is equal to pi by 2,then the electric field vector is circularly polarized
that the output, but if it is pi then it will be linearly polarized.

So, by changing the voltage from 0 to pi you can have linear to circular linear to circular
to linear and back to circular and so on and so forth by rotated by 90 degree to the input
direction. So, this is how you can switch you can change you can continuously modulate

the polarization of the output.
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Half-voltage

For a longitudinal modulator

The half voltage producing A¢p =

A
= =g 3
YTy, + N1y

T

which is proportional to the wavelength A and
inversely proportional to relevant EQO coefficients
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And in this case the corresponding half voltage is given by this equation, which comes
from this equation that is your the voltage which is required to switch the modulator this

must be put equal to pi.

So, this is a phase that has to be equal to pi. So, that gives to V pi the half voltage that is
required for this modulators switching fromstatel to state O or so, and this is proportional
to the wave length lambda as you can see. So, this half voltage depends on the
wavelength also is linearly proportional higher the voltage higher will be the half voltage
required, and it is inversely proportional to the relevant electro optic coefficient thatisry

and r X.
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Cancelling natural birefringence

the retardation A¢ is made a multiple of 2 by

v slightly polishing the crystal to adjust its length
v or by introducing a variable compensator unit

v or more practically by applyinga bias voltage
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Now, so this canceling this, this is one important requirement that just to make this is the
birefringence is just proportional to the applied voltage we need to cancel this natural
birefringence which can be done by optical biasing or by applying a bias voltage. So, this
retardation delta phi is made a multiple of twice pi, which can be done by slightly
polishing the crystal to adjust its length. Because it is length dependent natural
birefringence is length dependent k 0 delta n x y into L.

So, this 1 and all put together if it is made equal twice phi then there is no natural bias
birefringence that is this term will not contribute or by introducing a variable
compensator unit just to compensate cancel out the effect of this delta phi 0 that can be
inserted and a more. Practical approach is to tune the applying voltage by a small bias

voltage which will just cancel the effect of delta phi 0

So, by this discussion we have tried to understand how the phase modulation amplitude
modulation or the polarization modulation work in the case of light wave, and in the in

the relevance of the electro optic modulation by applying and electric field.
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v Understanding electro-optic light modulation

v" Phase modulation- longitudinal and transverse
configuratiens

v setup and principles of amplitude modulation and

polarisation modulation
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So, you understood tried to discuss this electro optic light modulation, in terms of phase

modulation under longitudinal and transverse configurations. We also discussed the setup
for the amplitude g m modulation and polarization modulation with the basic principles

and how the phase amplitude and polarization can be modulated try to understand.

Thank you.



