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1. 2.4-8
Generally, #(x,y) = exp(—j nk, d)

In this case, #(x,y) =exp(—jknd)exp(—jk n d)---exp(— jk y ¢)=exp(- jokZ, N

i nd, = J.jn(r)ds = d = optical path length
27X
2 d(x )= d, 14T
(x.y) = eXP(—J knd x »)-exp(— JA( d— d 3 ))
= exp(- ]k”— d)exp(- ka dﬂ(—)) exp(~ ﬂé Adexp( J}f ﬂl(z”—x»

27X

—exp(——11<(n+ 1)%>exp(—— JK 1) =)

Let, h, = exp(——j kK n+1) d)) then

1(3,3) = hyexp(= K1) aw(z”—x)) S ¢ expl 27 qx/ Al

oo
Generally Fourier coefficient is given by

&, =[] F@expi=ik gndi=— in (ysin((n-1) k)

Plane wave after t(x,y) Aexp(—jk 24 x ))= Ah Z ¢ exp[—jk z+ Rm gv A]

=
tan9=2ﬂ—qi:q£, if A< A then 6 zqi

A 2rx A A
|E,|= 4sin c(%) sin((n - )k, %)

3. Farfield diffraction pattern = FT[t(x,y)]

FT«x, y)] = FTIA( )] =sin &(&)=sin 3(%)

I(x)=sin c“(i)

4, FT[6(x+ﬁ)+6(x—ﬁ)] =2cos(mal) = 2COS(7Z'ai)
2 2 Az

I(x) = 4cos*(ra-2)
Az
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5. (a)
F(x)*exp(—jmx’ | Ad) — (f; f(x")exp(—2 Z ) exp(—j2v,x ]exp(_{l 7; a
= e I e = g sexptja 2
(b)

Let f(x)be the image before lens and g(x) be the image after lens.

2

f(x) propagated by distance f, f(x)* A, exp(— ]Z;x )

. 2 . 2
upon crossing the lens multiply by lens phase factor ( S (x)*hy exp( Jl T;x )]exp( J Z-; )

again propagate a distance of f,

(f(x)*h exp(— f" )]exp(fgﬁ ) exp(‘fjf

2

)

Then using (a),

g(x) = [f(X)  hy exp(—L ’jj‘

xhe
)]GXP( f) exp(— f)

f X exp(—2 f X exp(LZ o )}*exp(‘ﬁ’ij“)

= hFT FT] f( 9exp(— /1 )] exp(—L=— /l =)

f f f

= A\FTFI f]*FTIeXp( f )]]*FTTeXp( f )]}e p(—2 f

= hy{[f (x)exp(—L=— f )1* FTL , exp(—2 lf )]} exp( Afz)

2

fx % H, exp( f>}exp< f>

= Iy H, FT]f(x)exp(—L2 T )exp(j;sf =, OFI—] mﬁ]

= {FT] f(x) exp(~

)] p(/1

2

=)

= [ () exp(—L

6. p(x,y)= 2 O0(x—ma)
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F1T1 p(x, y)] = P(En) =%(1+§cos(ma§)),§ - X
rmzcos(m 208 = \/;—E(Hngcos(mme))

Aperture function p(x,y)is multiplied by an oblique ray exp(—jkz)exp(— j B, 3,0, = tan(6,)

FTT p(x, y)exp(—j 16, 3] = Ré,n)*5(—%,0)= R§+%,n>

2

I <

0)6
P(g +7:’7)

8. Fresnel diffraction(see 4.1-17 & 4.1-20)

N2 02
g(x’y) :hOJ'J‘_wp(xv’yV)eXp[_jn_ ()C X) ;d(y y) ]dxvdyv

=H, [ [ PO, exp(mAd(v,” +v,2))exp(—j27(v,x+v,y))dv,dv,

Fraunhofer diffraction with aperture function p(x,y)exp(—,jm xz;dyz )
x4y
g(x,y)=hFT(p(x, y)exp(-jr b )
xRy
(ﬂ ﬂ._) *H, eXp(]ﬂ(—d + —))

(x—

x) L -y D' dy

=] PGy /ld)eXp(ﬂ( Ad Ad

=H exp(]ﬂ'(—d —))JJ (ﬁ l—)exp(ﬂtﬂd(v”+v' ) exp(— —J2r(v', x+v', y))dx'dy'

2 2
y
2 v 2 Y)W~
exp(ﬂ[(ld " Ad )

=H, [ [ PO, exp(mAd(v,” +v,2))exp(—j27(v,x+v,y))dv,dv,



