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Table A.1-1 Selected functions and their Fourier transforms. e 20,2

Function J(0) F(v)
Uniform | N 1 d(w)
F 0 v
Impulse (0 1 1 -
0 T 0 v
Rectangular | _rect(r) sinc (v)
~2 0 1 T
Exponential @ exp (=|7)) 2—7
_'l L { > 1 +(27v)~

~Y

Hyperbolic A sech (7r) sech ()

secant

~Y

Chirp? exp (jme2) e /™4 exp (=jm12)

Gaussian A exp (-712) exp (-m2)
T 0|
|
0 1
0

7

M=25+1 S )
Impulses | | | | R S §(t - m) sin (M7v)
- 0 ] 7 m=-s sin (7v)
o0 _’x',-
I I N I R - P I I I
> m=-nc m=-00 >
-1 0 1 Fa ~1 0 1 v

“The double-sided exponential function is shown. The Fourier transform of the single-sided exponential,
f(t) = exp(—t) with t > 0, is F(v) = 1/[1 + j2mv]. Its magnitude is 1/+/1 + (27v)2.
“The functions cos(7t?) and cos(7?) are shown. The function sin(7¢?) is shown in Fig. 4.3-6.
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Figure 4.0-2 An arbitrary function f(z,y) may be analyzed in terms of a sum of harmonic
functions of different spatial frequencies and complex amplitudes, drawn here schematically as

graded blue lines.
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in terms of a superposition of plane waves.

\ \\\X\X\XX\\ Figure 4.0-3 The principle of Fourier optics:

| 7z %\ }}}}\M\ = An arbitrary wave in free space can be analyzed
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Figure 4.0-4 The transmission of an
optical wave U(z,y, z) through an op-
tical system located between an input

g‘/’:tlgrzg plane z = 0 and an output plane z = d.

This configuration is regarded as a linear

yd system whose input and output are the
y

functions of f(z,y) = U(z,y,0) and
g(z,y) = U(x,y, d), respectively.

Input
plane z =0
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Figure B.1-1 Response of a linear shift-invariant system to impulses.

Do Sael -TRcH
FUNDARESTHLS oF Crcorlegy

VALE S 2002
e TW J/(,Q/Qe— C‘/O"V\/\r"{é%»‘k

F’L (Y\ = :F—T~ %‘@40\3}

TR G) e fhef T Fo)=FudR0)

K=

£cx = g»{h () 4, (¢-T)dr

—o

Litane o —o a6\ T = T SPutn
©uT 4, (+) (=) ™) = FT % ’%,C’(\z

Mr&, Ry R = F {&(t)}
T WC:_C)/\':HCM’E(V) C\/@)

(2my U — L ‘
'Q&M ’%A_(*BSFF;_C)’B/@ A 1R %M/E: D



e T %{&Li — TN e F(v)= H[v)ﬁﬁﬂ‘
2oy T

e Awodl % {Z(Q: ﬁfi{ﬁcyﬁ:mmacyﬁa
-~ Hey) =‘Ff-%“0“mg T St furanne b bmfertiate Q/n
W@, /0\27%2;— L alTea e v solel Bornen

A A

Input Output
System
_ N > —
t H(v) t

_ , B ShLel TBLCH
8-127“/’ H(l/) 6-127”/’ FYuDANCSTLS oF @rSTorlc Y
VALE S 2022

Figure B.1-2 Response of a linear shift-invariant system to a harmonic function.
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function f(x.y)

Figure 4.1-1 A harmonic function of spatial frequencies v, and v, at the plane z = 0 is consistent
with a plane wave traveling at angles #, = sin™" \v, and 0, = sin™! Avy.

Bo Shieh -TBioHk
TFYNDA NS THLS o F Onoorle gy
VALE S 2002

chﬁ@%ﬁ 4— H-Comi)

ONDS A O\l
Do o ll»Q/e;_ o A

46*1‘7\ =Ux MLOB

U(kl‘}/ﬂ:\ = ’{%xlkﬁ £

(&N EXN BupzerE- ARyiom\ A
U0 — UNO

IrM; W (QWLG//W i“

Al X
(L) MB-W»SG ol e Tﬁ)

—{\'{2,?:

2 VAL

Jeo I»Q-:iXKJ%“Xv )KJSL:
Mw'wl—
;ﬁ:thwzwz

! +

L\Lo.z\r(ﬂ'w'“'t—— < L



ANKUSL SteeTTRps S PAZIALR

lP/\Q—AA-‘(:-Q.M ULU.__\W,_LQ__ ‘/V,,W Q,: QAM/)/V\.XML Mwltk@-/g\o_ d& 9,\\
\{\NW 9/‘”’\’\’%{ Q,\w %j _e_ %Q'Ch‘w&__ VM
Moy e 2 e A AL o ot
W ”‘ﬁ'[xn‘g\: 5—(”1‘(%()(* ‘37) M Q@ 2=O_

e Q,\\ /evo/ M UCKL?HO\: "F(Kl%{\ ) 0&9«6;—/6[\7\,\,0(/\9\ ch/\om

2 veeodndits @@&_ WM o o
A AN e 2oce M\M Ao s 2 e seole b.x;wm,
MWD/ BH\M%N

A

k
\\\ Do Shinl TRk
TFUNDANSUTLS o F Cusorlegy
\\\\\\\\ 0, = sin-1 \vy WALE S 2002
Z

A

4>|<—

.

7
Figure 4.1-2 A thin element whose complex amplitude transmittance is a harmonic function of
spatial frequency v, (period A, = 1/v,) bends a plane wave of wavelength A by an angle 6, =
sin™' A\v, = sin”!(\/A,). The dark blue and white stripes are used to indicate that the element is a
phase grating (changing only the phase of the wave).
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Figure 4.1-10 Propagation of light between two planes is regarded as a linear system whose input
and output are the complex amplitudes of the wave in the two planes.
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Figure 4.1-11 Magnitude and phase of the transfer function H(v,, 1) for free-space propagation
between two planes separated by a distance d.
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Figure 4.1-12 The transfer function of free-space propagation for low spatial frequencies (much
less than 1/ cycles/mm) has a constant magnitude and a quadratic phase.

AQASFE Rl MEAMO  VBLLo  SPAELW VusTo

Do gA’VT:u B
TFUNDANSTHLS oF @dsorlegy
WALE S 2021

£

oM, a (M e ina W(%MWJ
&>\ (ﬁ»ﬂ_ A '\\/\/Q_/ijv\& r

= a L
@W ol Mf—@"q:ééi ,\31: = g
Le Xd

NuMepo <0
FAESr EL




M% *“’k (N«\XW PRSP o [L‘\‘/V”/{""}J)

/5 7‘{[(&,&3\ ——V?CVx/l)a,) (M,,\/\/QMTV o,v.,)_)@)/‘M M e’\/\.ﬂ(x M
W Oa %CKP}()

:F(Vx ;1)01: Jj FP(,x,Lp @LZLT (e e ?ij JX\%/

R I e R i
/ewv»‘wfwa@\ 0\7%/7-/&:»* ﬁCx/\ﬂ)
Q/QQ(M/’C\{\@_
) HE )
4o
— 2 (Ve x +y)
%/CXl‘a\: f/(,{))x /Va) F[%;,%D@ Jnyb)B/

—

8ol o ppcnisnitoon 1 Tl

e

(T (Vi V;J —r[ IV (VX +74Y)
Py = f S il

& V?j € y) JJ/XJV}

P,

RISPOSTA IMPULS | VA OLLio S¥AZXLo VUOTDO

‘KN‘W C’waj X o M wdlw«&w (qo)

Tl Ll R gHm%)@ L ek




(« <=9t

_ (T (\/,}44’ 7’) 21
bixey) = Fm 1%%06 W §s I

(Wr J\A—-Jt') o ﬂ\ _ { /@—L[(J_ (@
o >—\-&

( . . .
\/ka/( W\/\AWM A/\ Fx\)s/\.v—bé,_ |
}’W-\ sda \P’Q/M(""/ oV %As»—\)bz_ ol [,V&_/\,Q/Qr(&“uék dons
st~ W\M)/y"‘”/\u/ el s 2P0 prmefe




PRuciPlo DU Buycess FrRESMEL
Ol L vee M& da glwia st eude
")"{%N:CQI ) U \Mm/awr A,\ We_ ")/awv—i»%—cz— OCZ‘L:«yCL

Y SR B ast

A W@MM&LM
Méﬁmﬁﬂ@ﬂv& Mens “7\‘:““ [
WM /\&»V\AW = < = €

— (YW N
@CXWO} oL jkf e r = \S x "+ +4t

h(z,y) o %exr)(—jk’r), r=1/22+y2+d*. (4.1-21)

,/’? Figure 4.1-13 The Huygens— o Stiel Toct
“ Fresnel principle. Each point on  “FuudAncumpls oF @rsorled

a wavefront generates a spherical wiLe ) 2025
wave.

y Wavefront

Wavefront ./

—ixf&z_‘rf)
0 MQM | Q/I\V\W/w%\f\»ﬂ— MV&, Q\Cx“a] v Q,g& d

TRASTORMATA DI FooyE R OTUICA

Pl AMV\%WFW\A{G S\\VM;W“L&’—/O’“(L

1.0 0 e ¢ o Dot La
CXI ’_D (/\fé))(l/\./was- $\\ UV T‘M?‘Qﬂe,, AR s
§L @ WM F(vx,vg) £ {lcx,ﬂ = tmh:m’(; A0<q) =

. MLKL Vmw N w»e»:m_ MM M:‘_A‘

NN MA{#W»«KA ,ax Svx 6= ewcni My = 4 W‘ : W@.

freg. opamall iy nee fo) = TR



: . ' uL' < M\‘w MMM
Yohlone Lo torpoond & Forien & {0nry) e
Lv%wt:- / Wbrwii " Dwvv/ M/M e W S At
%&«' MO\/t\: D SRRV Mw/?oo_, %‘Q\M M/
w W V\QM‘ Wr “M —

£ T A GRAMIE WSTALEA (FAR FLELY)

e%AWL'WMMMWQL‘M&aM
éﬂj) e 4 & %&M W@Nﬁw_ v Lo

O, > 2% x¥ o ByTFA f%/ il =

(o

CXL‘T) Qe R Lo Mo oo Mt’ L4 STy

"‘>< 2 =
K K Ky = EK e St F O ) o B Y )%

Casn

Bl Shieh TREH
UNDARENTHLS oF @hSOMcgY
VALES 2021

Figure 4.2-1 When the distance d is sufficiently long, the complex amplitude at point (z,y) in
the z = d plane is proportional to the complex amplitude of the plane-wave component with angles
0, ~ z/d = A\, and 0, = y/d =~ Ay, i.e., to the Fourier transform F(v,,v,) of f(xz,y), with
v, = x/Ad and v, = y/\d.
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