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Chapter 2 - Analysis of two dimensional linear systems

Definition of two-dimensional Fourier transform
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Definitions of functions
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Some transform pairs
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Superposition integral:

B(%:¥:) = [ @& (%, yi&,m)dédn (2-21)



Chapter 3 - Scalar Diffraction Theory

Monochromatic wave U(P)=U(P)e (®
Wave equation (V?+k?)U =0 where k = 277[ = Zn%
Hemholtz-Kirchoff integral theorem

gl ol

This expresses the field at point P, in terms of the boundary conditions of the wave on any
closed surface surrounding P, assuming a spherical wave expanding about P..

Kirchoff diffraction by a plane screen

j krol

where G =

r.Ol

jkR
Evaluated on S: a(; (jk—ﬁ)%—JkG if R>>1

As R— o theintegral should vanish.

OR) = [ {3 6-0%jes
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The Sommerfeld radiation condition says the integral over S, vanishes.
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Kirchoff boundary conditi onson diffraction:

l. across Y, U and aa—LnJ are exactly the same as if no screen were present

A

. over § lying in the shadow of the screen U and aa—LnJ are zero.

)= {60 s

Fresnel-Kirchoff diffraction formula:
A ejkrol

. G .
l. if r,>Athen — = jkiier
ol an J o ol .
jkray

. spherical waveillumination U(R)= A

jk(ra+ror) = o = _ Refl
U(F%):%J e norolznor21 S
J S Foal21

The trouble with the Kirchoff boundary conditions is that they mathematically cause U(PO) to
identically vanish over all space.

at aperture
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Chapter 4 - Fresnel and Fraunhofer diffraction
(Diffraction of monochromatic light by afinite aperture Y, in an infinite opaque screen.)

Huyghens-Fresnel principle
U (%, ¥o) = [[ (o0 Yo X0 V1)U (%, )bl
s

jkrog
cos(fier,)

where h(X,, Y, %, ¥,) = —

A Ty
Simplifying assumptions:
(1) z>> characteristic size of Y,
(2) confineinterest near axis, i.e., paraxial assumption gives cos(ﬁ o Fol) =1 and

1 jKr,
h(Xq: Yoi % 1) = Mze'k“

Fresnel approximations:

=2 500+ ) =2 (75 o (%%)

z
The Fresnel approximationisthat r, = 1+1(u) += (y" yl)
2\ z 20 z
X (xo=x)*+(vo-10)]

. 1
Thisgives h(x_,y.:X,, = eloglz
g ( 0 yO Xl yl) J),,Z
spherical wave by a quadratic surface.

which is an approximation of the

Interpretiation of the Fresnel approximations:
L U0 Ye) = [N(%s Yor X Y1) #U (% 11)]

~ K2,y 2] alke 2y,
1. U(Xo,yo)zejzz[o yo]i—zﬁ[ (%, yl)*ezz[ " ]}

(f f) el - jmAz( 12 +17)

Fraunhofer approximation
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Chapter 5 - Fourier Transforming and Imaging Properties of Lenses

A thin lens may be modeled as a transmissivity of the form
t((x, y) = elioglk(n-DA(xy)
where A, isthe maximum thickness of the lensand A(x,y) is the thickness of the lens.

If x and y are small in comparison to the radii of the surfaces of the lens (paraxial assumption)
then

i)

eltog "2

t(xy)=

i.e., the spherical surfaces of the lens have been approximated by parabolic surfaces. Thesign
of " f" determines whether the lens produces a convergent or divergent spherical wave.

Pupil function - accounts for the finite size of the lens.

Fourier transforming - transmittance in front of the lens at a distance d from the lenbs
F(f.f,)=3{at}

Incident on lensis F,(f,, f,)=3{U,}

General propagation using Fresnel approximations:

Fg(fx,fy) (f f ) —md( 2412)

General response of the lensis given by

(% +vE)
e’ Xi Ye
U X, Y )] =————F
(xeye) =" (/lf i
where fx—ﬁ and f :ﬁ.
Af i

Thisgives U, (x;,y;) =

ej%(l_d%)(x%ﬂ/%) F (Xf Yf

. which becomes an exact Fourier
A Af

transformif d, = f.

Image formation




Response of alens of focal length f to apoint source at d, in front of the lens. The response

isinthe plane d behind the lens

-k .
1 Jf(xi2+y|)
h(XI’yI’XO’yO) ﬂ,zd d e 2d|

—o0 —oo

After approximations

h(X. Y3 X5, Yo) = lzjd H P(x, Y Ha

The lenslaw states that di + dl — % =0, i.e, a the point where the image reforms

0 i

RN (Coct s

h(X,Yi: %, Y, ) = )f;d J JP (X, y)e

We can define the magnification M = % to get

oo 400 (% +Mxo ) x+(y; +Myo )y]

1
h(X,Vi: %, Y, ) = = Fdd JJny)e dxdy

which is the Fraunhofer diffraction of the lens aperture centered at  x, = —Mx, and
y, =—My,.
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Chapter 6 -Frequency Analysis of Optical Imaging Systems

Animaging system is diffraction limited if it converts an incoming spherical wave into a new,
perfectly spherical wave.

Diffraction limited coherent system
U (%:%) = [ [ B(x = %003 = 9 g (%, o), 5, = R U,

where U, (%,,¥,) is the geometric optics image and

h(x.y;)= J JP Ad %, Ad§)e 2 F I ey

Gy( T 1,) = S{Ug (%3]
G(fof,) = 3[U(x.W)]
H(f,. T,) =3[A(x.%)| = P(Ad f,,Ad f,)
G = HG,

diffraction limited incoherent system

400 400
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H iscalled the OTF (optical transfer function)
‘9—( ‘ is called the MTF (modulation transfer function)

N Ad f, Ad, f Ad T, Ad, f
JJP(§+ , Mt y)P(é— e ZV)dEjdn
H(f,f,)=== =

| | P(&m)dgdn

—o0 —o0

The numerator represents the area of overlap of two displaced pupil functions, one centered at

. Ad f ‘ Ad f
(+%,+%) and the second centered at (—%,—J

normalizes the area of overlap by the total area of the pupil.

) . The denominator simply

The OTF of adiffraction limited system extends to afrequency that is twice the cutoff of the
coherent transfer function. Coherent cutoff refers to components of image amplitude, while
incoherent cutoff refersto frequency components of image intensity.

The frequency spectrum of the image intensity

incoherent: 3[1,]=(H ® H )(G, ®G,)
coherent: 3[I,]=HG, ® HG,

where ® denotes the autocorrelation function



Chapter 7 - Spatia Filtering and Optical Information Processing
Photographic film

exposure(E) =1,
where 7 istheincident intensity and T isthe exposure time.

_ |[transmitted _at_(x,Y)]
T(X,Y)—'Oca'—a"erage[ I[incident _at_(x,y)] }
D= Iog(%)

Theintensity transmittance of the developed transparancy is

H&D curve:

oo}

A

linear region

[N
tana =y

P logE

Film in an incoherent optical system 7, =k, 77"

Film in a coherent optical system

o
The amplitude transmittanceis t, =k 7 2

Yp

t, =k,12

Noticethat if y, =2 the film acts as a square law mapping of intensity
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Chapter 8 - Holography
Reference wave A(x,y) = A(x,y)e ¥

Signdl with which A(x,y) interferesis &(x,y) = a(x,y)e ****
Ax,y) = (A+ é)(A* + é*) = A’ + & + 2Aacogy(x,y) — ¢(x,Y))

Recording medium:
1. linear mapping of intensity into amplitude transmittance, i.e.,y, = 2

2. MTF of emulsion extends high enough to record the incident spatial structure
1. assume has constant intensity across the recording surface

t(xy)=t,+B (&8 +Aa+Ad)
illuminate by areference beam B

light transmitted by atransparancy is B(X, y)t;(X,Y)

if Bis Athen At,(xy)=tA+pa A+ B A’a+  AAa" where the last two terms are the
ones of interest



Lecture 9
mode control

A.

B.

transverse mode control using aniris

Ref. Guesic et a, "Coherent Optical Sources"

Ref. Kruger et al, "Laser Modes: Some basic Concepts"

A. Relative size of modes

B. Divergence angle and diffraction loss due to finite mirror size
Longitudinal mode control

B. Fabry-Perot etalon - Yariv Section 4.1

[1. Diffraction gratings
(1) Double dlit interference - IMA, p. 163-166, 168-171
(2) The grating equation

1. diffraction orders
2. angular dispersion
3. resolving power

(3) Types of gratings

1. Blazed gratings
2. Echelon

Lecture 10

Fiber Optics. Re: Research Toward Optical Fiber Transmission Systems
Y ariv - Guided Wave optics, Section 13 - Guided wave modes

oow»

Basic concepts - differeing index of refraction to confine the rays
A. Total internal reflection - WA p.18-19
B. Numerical aperture - WA p. 74-76
Types of fiber
A. Rectangular index profile
C. parabolic index profile
Marcatelli - "What kind of optical fiber for long distance research”
Fields and modes

Propagation constant - Di Domenico 8 =n,(bA +1)
Modes as afunction of guide diameter

Common single and multi-mode fiber types (Miller et al)
Dispersion

1 Modal

At = (2 A) L for rectangular

At = (iAZ)L for parabolic
2C
2. Chromatic

1AL ., d°n
At=="2 2=
c A dr

Losses dueto

A. bends



B.
C.
D
E

cladding losses
material absorption
Rayleigh scattering

L ecture #11 Photometry

l. Photometry

A.

Radiometric quantities

B. Photometric quantities
C. Rel ationships between systems
1. Photodetectors
A. Figures of Merit - Limperis
1. Responsivity R= Vsrus
S,RMS
2. Noise equivalent power

3. Detectivity - D,D*,D**

Begin lecture #12 here

B.

lecture #13

Noise, Yariv Chapter 10
1 Example of NEP - 10.1
2. Noise - Basic definitions and theorems

a resolution (integration time)

b. power spectral density
3. gpectral density of atrain of randomly occurring events
— 2
a Carson'stheorem - Sw) = M
Shot noise
Johnson noise - statistical derivation only
Spontaneous emission noise (discussion only)

SRS

|. The detection of optical radiation (Y ariv, chapter 11)

A.
B.

Lecture #14
C.

Optically induced transition rates - coherent "beating”

The photomultiplier

1 avalanche mechanism

2. NEP - video detection (point out high value of R if shot noise limited
and that high gain minimizes Johnson noise contribution)

3. NEP - heterodyne detection

photoconductive detectors

1 basic circuit operation
2. solid state
a energy bands (conduction and valence bands in conductors,

semiconductors and insul ators)



b. intrinsic semiconductors

C. extrinsinic semiconductors ("doping")
3. generation-recombination noise
4, heterodyne detection

lecture#15 here
D. photodiodes
1 the basic p-n junction
2. photodiode
a electron-hole production
b. p-i-n photodiode
C. frequency response
d. S/N for video detection
3. avalanche photodiode to improve S/N
a mechanism of operation
b. sensitivity
C. S/N for video detection
Lecture #16
Source: Motorola Application Notes AN-440, AN-508, AN-561
|. Phototransistor
A. photodiode base-emitter juntion

B.

equivalent circuit model

1. photocurrent source
2. frequency response
3. linearity of response
4, switching times

. How to use phototransi stors with incandescent light

A.

B.

sensitivity as afunction of color temperature (for incandescent light)
1 compute source intensity

2. compute irradiance

3. computer expected photocurrent

use of lens to increase sensitivity



