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FOURIER OPTICS II
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Image formation

Perfect non-diffracted images
are calculated using the ray-
optics lens equations:

1
𝑑𝑑1

+
1
𝑑𝑑2

=
1
𝑓𝑓

,

𝑀𝑀 = −
𝑑𝑑2
𝑑𝑑1

.

For a 4-f imaging system, M = −1.  In the central, Fourier plane, however,  the spatial
spectrum can be
filtered, e.g., with
an aperture of

p(x,y) = circ 𝑥𝑥
𝑎𝑎

, 𝑦𝑦
𝑎𝑎

= �1, 𝑥𝑥2 + 𝑦𝑦2 ≤ 𝑎𝑎2
0, . . . otherwise
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Spatial filtering

𝑥𝑥 = 𝜆𝜆
Λ𝑥𝑥
𝑓𝑓 = 𝜆𝜆𝑓𝑓𝜈𝜈𝑥𝑥,

In the Fourier plane,

𝑦𝑦 = 𝜆𝜆
Λ𝑦𝑦
𝑓𝑓 = 𝜆𝜆𝑓𝑓𝜈𝜈𝑦𝑦.

With  the  aperture, the 
transfer function becomes

𝐻𝐻 𝜈𝜈𝑥𝑥, 𝜈𝜈𝑦𝑦 = 𝑝𝑝 𝜆𝜆𝑓𝑓𝜈𝜈𝑥𝑥, 𝜆𝜆𝑓𝑓𝜈𝜈𝑦𝑦

Its inverse Fourier trans-
form gives the impulse-
response function

ℎ 𝑥𝑥, 𝑦𝑦 =
1

(𝜆𝜆𝑓𝑓)2 𝑃𝑃
𝑥𝑥
𝜆𝜆𝑓𝑓 ,

𝑦𝑦
𝜆𝜆𝑓𝑓

For a circular aperture, 𝑝𝑝 𝑥𝑥, 𝑦𝑦 = circ 𝑥𝑥
𝑎𝑎

, 𝑦𝑦
𝑎𝑎

⇒ 𝑃𝑃 𝜌𝜌 = 𝑎𝑎2 𝐽𝐽1(2𝜋𝜋𝜋𝜋𝜋𝜋)
𝑎𝑎𝑎𝑎

,  where  𝜌𝜌 = 𝑥𝑥2+𝑦𝑦2

𝜆𝜆𝜆𝜆
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Low-pass, high-pass, and vertical-pass spatial filters
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Wave optics of a single-lens imaging system 

The impulse-response function h(x, y) is
the image of a point source in the object
plane:

,

⇒

where P1 is the FT of the generalized pupil function                                                                      .

Since in practice, h(x,y) is very localized, we have    ℎ 𝑥𝑥,𝑦𝑦 ≈ 1
𝜆𝜆𝑑𝑑1

1
𝜆𝜆𝑑𝑑2

𝑃𝑃 𝑥𝑥
𝜆𝜆𝑑𝑑2

, 𝑦𝑦
𝜆𝜆𝑑𝑑2

.

The image field is the convolution of the magnified object field (ray-optics image) with ℎ 𝑥𝑥,𝑦𝑦 .
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A single-lens imaging system with a circular aperture 

For a circular aperture, 𝑝𝑝 𝑥𝑥, 𝑦𝑦 = circ 𝑥𝑥
𝑎𝑎

, 𝑦𝑦
𝑎𝑎

⇒ 𝑃𝑃 𝜌𝜌 = 𝑎𝑎2 𝐽𝐽1(2𝜋𝜋𝜋𝜋𝜋𝜋)
𝑎𝑎𝑎𝑎

. 

With 𝜌𝜌 = 𝑟𝑟
𝜆𝜆𝑑𝑑2

, we have

ℎ 𝑟𝑟 ≈ 1
𝜆𝜆𝑑𝑑1

1
𝜆𝜆𝑑𝑑2

𝑎𝑎2
𝐽𝐽1

2𝜋𝜋𝜋𝜋𝜋𝜋
𝜆𝜆𝑑𝑑2
𝑎𝑎𝑎𝑎
𝜆𝜆𝑑𝑑2

= 2𝜋𝜋𝑎𝑎2

𝜆𝜆2𝑑𝑑1𝑑𝑑2

𝐽𝐽1
2𝜋𝜋𝜋𝜋𝜋𝜋
𝜆𝜆𝑑𝑑2

2𝜋𝜋𝑎𝑎𝑎𝑎
𝜆𝜆𝑑𝑑2

. ⇒ 𝑟𝑟𝑠𝑠 = 0.61 𝜆𝜆𝑑𝑑2
𝑎𝑎

.

The transfer function is FT{h(r)} ⇒ 𝐻𝐻 𝜈𝜈𝑥𝑥, 𝜈𝜈𝑦𝑦 ≈ 𝑝𝑝 𝜆𝜆𝑑𝑑2𝜈𝜈𝑥𝑥, 𝜆𝜆𝑑𝑑2𝜈𝜈𝑦𝑦 .

𝜈𝜈𝑠𝑠 = 𝑎𝑎
𝜆𝜆𝑑𝑑2

.

ℎ 𝑥𝑥,𝑦𝑦 ≈ 1
𝜆𝜆𝑑𝑑1

1
𝜆𝜆𝑑𝑑2

𝑃𝑃 𝑥𝑥
𝜆𝜆𝑑𝑑2

, 𝑦𝑦
𝜆𝜆𝑑𝑑2

.

D = 2a

νx

νy

Η (νx,νy)
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Holography

Reconstruction: Divide by 𝐼𝐼𝑟𝑟:  

Recording:

http://www.google.fi/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=WNWykH5zHPWJwM&tbnid=TLzE6e9x4UaHYM:&ved=0CAUQjRw&url=http://www.aip.org/history/cosmology/tools/tools-first-telescopes.htm&ei=-Ce4Us7qAsfC0QXb-YC4Bw&bvm=bv.58187178,d.ZG4&psig=AFQjCNFXegWSwCzZYPIFO_f9qYAhtmZ3tQ&ust=1387884956751425
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The reconstructed field components

[not uniform, ∝ I0(x,y)]

contain the phase of Ur
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The holographic apparatus

Volume holography (also white-light reconstruction)

Other options:

Transmission hologram          Reflection hologram
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