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Optical Imaging

“*Replica at imaging plane oF

N
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Imaging lens

“*Microscopy: improvement in resolution
possible by tailored illumination

“*Holography: Provides 3D complex field
reconstruction

*+Optical imaging through randomness



Phase objects

* Transparent specimen
Do not absorb or scatter light
* Instead produces a phase change of light
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Quantitative Phase Imaging



Holography

Gabor’s Holography: In line Holography
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Polarization

> Polarization ellipse representation
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Interference effect:

Fully coherent case: V=1

Fully incoherent case: V=0

J Qo)1 (Qz,w)[u(Ql,Qz;w)exp{ik(&—Rz)}w(Qz,Ql;co)exp{—ik(&—Rz)}]
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v coherent light sources makes high visibility fringe

M. Born and E. Wolf, Principle of Optics



v'Intensity modulation
v'Polarization modulation

a

S, (1) = SH(r) + S2(r) + 2,/S3(r)S2(r) [S, Q.. Q)| cos{arg[5, (Q..Q,) ~k(R, ~R,)

So(Q1,Q;) =71, (Q.Q,) +7,,(Q1. Q,)
sl(Qlin) = 77xx(Q11Q2) _77yy(Q1!Q2)
S$,(Q,Q,) = 77xy(Q1’Q2) + nyx(Ql’QZ) W. (Q,.Q,)

,(Q0Q2) = 1] 7,(Qu Q) ~ 17, (@, Q)] Q)= T Qrw @)

¢ In general four kind of polarization modulation takes place

“*Only one (first one) in conventional holography

T. Setala, J. Tervo, and A. Friberg, Opt. Lett 31 (2006) 2208



Polarization Measurement

E 4 A Rotating :
y E retarder Linear

A . E
UTechnique based on polarizer A
multiple images - y 4 Detector
/ — E
\f

Ref. E. Collet, Chapter 6,Polarized Light
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K. Oka and T. Kaneko, Opt. Express 11,1510 (2003)
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Biological cells
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Light matter interaction: Jones matrix

E,
Input Output
beam beam
Eyx

Polarizing element

* Jones matrix formalism
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single shot measurment
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Jones matrix microscopy: multiplexed
hologram

Opt. Lett. 42 (2017) 5194



Recovered Jones matrix elements

Opt. Lett. 42 (2017) 5194
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Reconstruction of polarization holograms
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Coherent reconstruction Incoherent reconstruction
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; Stokes holograms

Ref. A. W. Lohman, “Reconstruction ofvectarial = =
wavefronts™ Appl. Opt. 4 (1965) 1667 Our recent contributions:

S, (r) = Sh(r) + S2(r) + 2/S5(r)SZ () [S,(Q,. Q)| cos {arg[ S, (Q,.Q,) —k(R, — R,) ]
T T Stokes Holography, Opt. Lett. 39 (2012) 966

. . . . Phase shifting holography with HBT method- Opt. Letter 45 (2020) 212; Opt. Express
imaging with 28 (2020) 8145

correlations 3. HBT with polarized light: Opt. Express 26 (2018) 10801
4. Holography with higher order Stokes correlations, Phys. Rev. A 106 (2022) 013508

Polarization



Holography with Stokes correlations
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Scattering plane Observation plane

Phys. Rev. A 106 (2022) 013508



Holography with Stokes correlation

The correlation between SPs fluctuations is
C...(Ar) =<AS AS_ >,

Coo(Ar) Co1(Ar) Cor(Ar) Co3(Ar)
Cio(Ar) Ci1(Ar) Ci(Ar)  Cyi3(Ar)
Coo(Ar)  Cp1(Ar)  Cy(Ar)  Cy3(Ar)
C3o(Ar) C31(Ar) C(3,(Ar) C33(Ar)

Using un-polarized source: W, (Ar) W, *(Ar)=0
Ca2(Ar) = Re[ Wy (Ar)W,,y, (Ar]

C32(Ar) =i Im[ Wy, (Ar) Wy, (Ar)]

C(Ar) = sz(Ar) + iC32 (AT")

Phys. Rev. A 106 (2022) 013508



Holography with Stokes correlation
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“*Polarization digital holography (PDH) is discussed and described in
the context of recovery and reconstruction of the complete wavefront
“*Few experimental designs of the PDH are discussed

“* A possible extension of the digital holography with random light is

also discussed
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