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Talk Outline

o Overview of SUSI

o Diffraction Theories

r The Fresnel Approximation

o Visibility Loss Calculation
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Diffraction Theories

o Electromagnetic (Vector)

o Scalar

Kirchhoff

Rayleigh-Sommerfeld

o Geometric Theory of Diffraction (GTD)
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Practical Considerations

o Description of relevant features of wave

propagation and diffraction effect.

o Relative ease of calculatioll.

o Possible need to incorporate vignetting from
cascaded apertlrres.

o Would it be possible to incorporate an

atmospherically distorted wavefront?
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Fermat's Principle for Edge Dtffracted Rays

Optical Axis



I

The Fresnel Approximation

rr
I- z2 + (r - apsin 0)2 + (a - ap cos q2

.l

rr(P\u\r )- -!2^' r 3+ 1) ds
\ l'/
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Apply Fresnel Apptoximation

(r - ap sin 0)2 + (opcos q2
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U(P) _ iA"i(r,*u.9)t Ut(I-l,1r) - iUz@,r)l

where the Lommel functions are defined as

un(u,u) - A(-l)t (;) 
n*2P 

Jn+zp,)

Intensity is simply expressed as

)

d@,u)- kz *;+;-ta'-l (

I (u,, u)

and Phase b

- (r?(u,,u) + ulet,u)) ro

v

LIz(zt, u)

Lf t(rt, u) ).;
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Along the shadow boundary

I (u, u) (r

U"(u, u) -
V"(u, u) -

TT / \u1[u,U ) - stn Vt(u, u)

TT / \u2\u,u) - - cos * VoQt, u)

+

lYlt

{,1)"*\u/
rutn*
t-t
\zt I

?\u-l
2")

,")
- ,")

At the shadow boundary (wherc r-t, - u)

U{u,u)-

Uz(u, u) -

COS rt*

cos tr, )
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Iig. 8.41. fsophobes [conbour lines of the intensiby I(u, u)] in a mericlional plane near
focus of a converging sphelical w&ve diffracted at a circular aperture. Th; intensiby
is normalized to unity at focus. The d.obted lines ropresent ths bounclary of th!
goornetrical shadou'. When the figure is rotatod about tho zr-axis, tho minirna on tho

u-axis genorato the Arny dark rings.
(Adapbed from E. H. Lrxroor and E.'Wor,r, Proc. phys,,Soc., B,69 (lgb6), g23.)

ie-

r



tt

h
+,
U)

a.)
P

d-tva
m

r{

2

Distance along Optical Axis, Z

46
(in aperture radius units)



tg

Exact Axial Solutions

rNQ):1 (ffi*t) cos(*r

1( z 12r--l r1l'4WW'-)

Axial Comparisons

€N
z3

{7+ a, - r))

Number of axial maxima is given by a,l^

n

sin2 (I)
. , (7ra2\

s'In-l','*)

kaa

Fresnel Axial Solutio

I (u,0) - 4
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Improving the Approximation
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Contours of constant U and V
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Preferred Calculation Scheme

u(P)- f mp1 A@,g,4"-ik(ar*oild,ad,P

a- sin0

P - cos rft

0 and tft are angles with aperture normal

Ao @, P) - H" & u (*, a,0) "ik(ar+pa) 
d,rd,a
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