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Recall: plane wave propagation

. . path delay increases
- linearly with x
,Ql’_\/\ """"""""""""
P , E, e)(p(i::zﬂ%Sinﬁ}i—

plane of observation
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Spatial frequency < angle of propagation?

XA

AL electric field

o) of observation
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Spatial frequency < angle of propagation?

XA

<

{ plane of observation
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Spatial frequency < angle of propagation?

The cross-section of the optical field with the optical axis
ISasinusoid of the form

sing

E, exp(iZﬂ X+ ¢Oj

i.e. It lookslike

E,expli2rux+¢,) where wu="—-

IS called the spatial frequency
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2D sinusoids

]
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2D sinusoids

corresp. phasor
E 0 COS[27Z' (Ux TVy )] {E 0 exp[i 27 (Ux TVy )ﬂ

Y

max
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2D sinusoids

corresp. phasor
EO COS[27Z' (ux TVy )] E 0 exp[i 27 (ux TVy )]

Y

max
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2D sinusoids

corresp. phasor
EO COS[27Z' (Ux TVy )] E 0 exp[i 27 (Ux TVy )]
u
tany =—
"
1

A =
\/u 5 4 V2

max
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Periodic Grating /1: vertical

(Fourier)
domain
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Periodic Grating/2: tilted
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Superposition: multiple gratings
‘-l_ . .
Space N\,

domain

Fregquency
(Fourier)
domain
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M or e super positions

domain
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z
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LL

(Fourier)
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Size of object vs freguency content

Fregquency
(Fourier)
domain

) .
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Superimposing shifted objects

Fregquency
(Fourier)

main .
doma domain
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Linear shift invariant systems
In the time domain
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Linear shift invariant systems
F(?)

=k

Q000D

W) =
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mx +bx +kx = F(t)
1

X
S
Il




Linear shift invariant systems

gi(?)

Impulse excitation

g0 g(1)=0()

t'

L S|

2o(1) ‘

shift invariance
&0t ‘ gi(1)=0(t—,)

t'

L SI

Impulseresponse

gol?) M:h(t)

[ t
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Linear shift invariant systems

2o(1) ‘

Impulseresponse

go(?) M:h(t)

[ t

gi(?)
LS
Impulse excitation
g@‘ g ()=d()
p >
LS
linearity
g@‘ ‘ g ()=t +o(1t,)
p >
LS

go(f)ﬁ go(6)=h(t)+h(t —y)

[ t
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Linear shift invariant systems

gi(1) gol)
LS| =
&t gi(n)=arbitrary S g (1=
| 4 ; t "
LS| =

8i (t): _[gi (to)5(t_to)dto ‘ go(t): jgi (to)h(t_to)dto

sifting property of the J-function convolution integral
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Linear shift invariant systems

&) &ol!)
LSl =

gi()t g,(f)=sinusoid o)t g.(1)=sinusoid

AR PAA

L SI |
s ?ﬁi{?:gy

8 (t) = dy COS(a)Ot) — go(t) = ao‘H(a)o)( COS(a)Ot - ¢(wo))

where. (o) =[H (o) explio)] \

same frequency

Y
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From timeto frequency: Fourier analysis

g1

A

Can | express an arbitrary g ()
as a superposition of si nusoi ds?

IWAWA

+

N Va s
AAVAAVERVIVAVAY

N \//\;UWWWV

!
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TheFourier integral

(akainverse Fourier transform)

¢(0)=[ Gv) e dv

N

superposition

complex weight,

Sinusol ds

expresses relative amplitude
(magnitude & phase)
of superposed sinusoids
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The Fourier transform

The complex weight coefficients G(v),
aka Fourier transform of g(¢)
are calculated from the integral

Gv)=[ glt) e a

g( l‘) Re[ e—i27rvt]
/

[ 4 AL
Re[G(vﬂ—j AT o
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Fourier transform pairs

g(t)=6() o G(v)=1

glt)=exp(i2rvt) < G)=6(v-v,)
g(t)=cos(2rvyt) G(v)=%[5(v+vo)+5(v—vo)]
o(t)=sin2zvy) G(V)zzii[_a(vwo)w(v_vo)]
g(t):rect(;j o GW)=Tsnc(Tv)

2

g(t)= exp(— th 2) o G(v)=Texpl-21%7?)
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2D Fourier transform pairs

| mage removed due to copyright concerns

(from Goodman,
Introduction to
Fourier Optics,

page 14)
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