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2. Optical imaging systems
2.1 Complex expression of waves
— Complex amplitude, Wavefront
— Plane wave, spherical wave
2.2 Interference
— Coherence, Interferometer
2.3 Diffraction and wave propagation
— Scalar wave propagation theory
— Fresnhel diffraction, Fraunhofer diffraction
2.4 Imaging through a lens system
— Optical Fourier transform, Coherent optical filtering
— Image formation
2.5 Impulse response (PSF) and transfer function of a lens system
— Pupil function, Point spread function
— Cobherent transfer function, Optical transfer function, Modulation transfer function
2.6 Resolution of a lens system
— Diffraction limit, Rayleigh criterion, Numerical aperture
Appendix. Geometrical optics, ray-tracing, lens aberration
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2.1 Complex expression of waves
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Ur,t) =Aexp{-j(wt-¢r))}
=U(r)exp (-j ot)

U(r) : Complex amplitude  #E&IRIE
U(r) =A(r)exp{j#r)}

A(r) : Amplitude iz

) : Phase 248

I(r) : Intensity SR

I(r) = <[ U(r, 1) >=]U(r) P = A(r)?

Plane wave traveling in the z-direction

wavefront
JEmE

k: wave number

ot 27
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iU =Aexp{-j(ot-kz)}
LU =Aexp{ikz}



Plane wave traveling along wave vector k BEATRIL Wavefront

| iR E
Ur.)=An exp{-j (ot-¢r))} (Surface of equal phase)
dr)=k- r=kxx+kyy+kzz
k= (k k, k,):wave vector, - :inner product

) ) Vectors normal to the wavefront
u(r)=A(r)exp( jk-r)=A(r)exp{ j (kx+ky+kz)}

= Light-rays
AX
X-z plane .
k=k(sin & 0 cos 4) AX, Y, Zg) : Phaseat z =z,
\
z
0 z
- Complex amplitude at z =z, 7
U(x,y) = A(xy) exp { j ¢(xy) }
/ o
U(r) =Aexp{ jk(zcos 8+xsin @)} =1,
NN
Spherical wave E (1) Complex amplitude modulation #EX&IRIEZE
B.kﬁi& 20 ObJeCL—" Transmittance t(x, y)
. |
U,exp{jkr '
U(r)=—> Xpr{J ! U | o=t u
- Incident light ] I
|

Amplitude modulation

transparent 0bject  angmitted light

. Distorted wavefront
—_—

] d(X,y)=2mA(Xy)/ A
u(r) U'(r) =Aexp{j(kz,+d(xy))

—_—

Point source /

Incident light
(ex. Plane wave)

A : optical path length

r:\/(x—xo)2+(y—y0)2 +(Z_Zo)2 Phase modulation

Amplitude transmittance t(x,y) —>—  U'(x,y) = t(x, y) U(x, y) ‘




Polarization &3¢t
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2.2 Interference
2.2 JEDTFi%

 Interference of two wavefronts
U =Aexp{-j(aot-¢(r))}
Uye(r, ) =A,(r) exp {-j (o, t- ¢y(r)) }

I(1) = <[ Uy (r, 1) + Uy(r, ) 2>
= Ay(N)? + Ay(r)?
+ 2 Ay(r) Ay(r) <cos{ (@ - @,) t=(4(r) = ¢,(r)) } >

Coherence /\/\/\/\/\/\/\
aE—L VR, FibsE /\/W\/\/\/\

s ifo, 20, <cos{(v,-w,)t+¢}>=0
for the observation time >> 2n / @

(1) =A(r)2+Ayr)? W
— incoherent (temporal) — W\~
——\A/\/\/\/\/\/\Nv—_
A\

* ifo,=w,, — coherent
I(r) =<|Up(r,t) + U, (r, t)|?>
= Uy(r) + Uy(r) [

= A1) + A1 + v

AN\
2 A1) Ay(r) 008 (1) - () )|\
__.N\/\/V\/\/\,Vv___

+ (Partially coherent)

Interference of two plane waves

| = Aiz + Azz +2AA, cos{(k, —k)r—(4, —¢)}

k,r =kz, /
K,r =kxsina +kz, cos«

Constant

(k, —k)r =kxsina +kz,(1-coser) —




Interference fringe
b

| = AP + A2 +2AA, cos{kxsina — ¢, }
@, =kz,(1-cosa) — (¢, — )
Intensity of interfered light

ksina

kdsinazm%zzn — dsina=A

Michelson Interferometer

Reference
Mirror

Beam Splitter Mirror

Extended
light source Optical Path Difference (OPD)
Interference Signal

0
o . . . OPD
When white light source is used, interference signal can be observed

only when OPD ~ 0



