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Why wave optics ?

Wave optics Geometrical optics
o )))) eikonal approx 4 —
\)\) » short wavelength -

lens lens

Violation of geometrical optics approximation

Supernumerary rainbow Brocken spectra Caustics

alexander's dark band

Airy (1836) | Mie scattering Brightness = 60 Envelope of rays

Ai(z) = (3”/11?)] cos(t +3/f‘zt)dt in the geometrical optics

supernumerary rainbow

alexander's dark band

These phenomena cannot be understood in geometrical optics.
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Why wave optics ?
@ Scattering in geometrical optics

Differential cross section
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MODEL of a gravitational lensing

Lens Deflection angle < 1/b
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Spherical symmetric case




Non-spherical case

Source

Small aperture

Einstein cross

by Hubble Space Telescope




Caustics & # of image

screen iImage plane

Small aperture

Pinhole camera o




Non-spherical case




Kerr BH = Non-spherical lens A ®

4+ unstable circular orbit

unstable circular orbits
No unstable circular orbits in this model

mode

Len;: (deflection angle < 1/b) caustics

/ Small aperture

1=~
1 -

LS

caustics

. ;

| 2 |
it g |
T

g 4

mode

9




Kerr BH = Non-spherical lens
+ unstable circular orbit

No unstable circular orbits in this model
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Our goal

© Wave scattering by a Kerr BH

Kerr BH

m\\ """ ) ¢ interference pattern
Ne¥, / / | />9 * Optical caustics?
e screen

image plane

unstable circular orbit

@ Imaging (Wave optics)

light source N\ ieweging system
. ) [ e
2D Fourier transform = imaging ] [I

Fourier transform
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Screen image plane
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Interference pattern Image

Black Hole Shadow (image)

Effect of the unstable circular orbit

In the scattered wave.
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Setup oo
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Partial wave expansion of G(x, x,)
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Radial equation and the phase shift
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Wave scattering by a Kerr BH

Green function
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Phase shift

Asymptotic form
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Phase shift (Kerr case) a=06M wM =30 m = +/ ﬁk‘
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Sum over the partial waves
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Interference patterns wM = 30
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Caustics by the winding mode

G = Gdirect +
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Detection of waves from unstable circular orbit
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Imaging in wave optics

Imaging = 2D Fourier transform

; G = F[G(¢, ) x WH™ (¢ 9)]

source plane )m ;
r |G| :image
MVI\ aperture an imaging system (telescope)

Hamming window function

[WHam(gb, 9) = 0.54 — 0.46 cos(2m\/ 2 + 192))




The number of image & observer’s position

a=07TM Mw =30

Rim of Black Hole Shadow






Is the interference patterns observable?

* Too short coherence time What about pulser?

* Too much large to catch We can use the motion of a source

Interference in the Power spectrum may be observable

short coherence time BE==0» interference in Fourier space

Modulation (effect of USCO)

/
: chwarzschild
Typical freq. (Schwarz ild)
Supermassive Intermediate Stellar size
mass 10° M, 10° M, 10M¢,
Aw 40Hz 40kHz 40MHz

These are sensitive to the posisions of source and obs




Summary
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