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Optical coherent and incoherent systems frequency 
analyze in Cartesian coordinate 

Toadere Florin' 

Abstract-Our goal in this paper is to make a study about 
optical coherent and incoherent systems frequency 
response. We begin from the definition of an optical 
system then we define transfer function for coherent and 
incoherent systems. We find the response of this system 
to a step indices stimulus, then we generalizc for an 
image and finally we make a comparison between two 
difTerent systems. 

INTRODUCTIGN 

Generally speaking optical systems can be seen as a 
black box with an input and an output. at the input we 
have object plane and at the output image plane which 
is obtained from convolution bclween object image 
and transfer function of optical systems (the black box 
can contain one ore more optical elements). Here we 
will have a difîraction element. 

X' 
h { u , o p t i c a l system impulse response 

but system response to optical impulse is Fourier 
transform (Fraunhoffer diffraction) of diffraction 
element aperture. 

Next we will try to calculate hfu,v) for coherent and 
incoherent case. 
What do we understand by coherent and incoherent 
illumination? 
Coherent illumination is made by lasers. 
Incoherent illumination is made by diffuse source like 
sun or gaze lamp. 
For coherent illumination the system is described by 
amplitude convolution equation. 

U X u , v ) = \ \ h { u - ^ - , v - r ] ) U „ { 4 , y i ) d 4 d r i (3) 
D 

For incoherent illumination the system is described by 
intensity convolution equation. 

(4) 

AMPLITUDE TRANSFER EUNCTIONS TYPICAL 
FOR COHERiiNT CASE. 

(5) 

(7) 

We definc input and output frequcncy spectrum 

= _ y ) exp{-y2;r(/,w + f^v)}dvdu 

(6) 

VXx,y)t\^{-j2n{f^u +f^v))dvdu 

Wc define transfer function 

l i X f r J y ) 

= |j/j(M, v)exp{-y2;r(/,w + f\)}dvdu 

We appiy convolution to (3) and we obtain: 

= (8) 
This is the relation between image and object plane in 
frequency. 
But transfer function is Fourier Transform of impulse 
response system. Then we will have; 

/Iz, JJ Ăz, 

- { A X z , ) P { X z , f ^ , X z , f ^ ) (9) 

If we put / l / l z , =l then 

(10) 

As a conclusion for coherent illumination Amplitude 
Transfer Function is the aperture trough which the 
light passes and the diffraction is made. For a square 
aperture wc will have: 

P(x,y)= rect{—)rect{—) 
2w 2w 

Facultatea de Elcetronica si Telecomunicati, Departamentul Bazele 
Electronicii, str. Baritu nr.26, Cluj Napoca , tflorin@bel.utcluj.ro 

271 
BUPT

mailto:tflorin@bel.utcluj.ro


The iransfer function will he; 

2\\ 2 Vi' 

N e \ i we will study optical coherent systems response 
10 a step indices stimulus for a square aperture. We 
will s iuJ) 2D and 3D case Fig. 1 

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

400 

O O 

0.5 i 

400 
400 

200 
O O 

-1 
400 

400 
200 

400 
200 

O O 

Fig I. firsl line present 2D case: second line present 3D case, first column present step indices stimulus; 
second line present square aperture: third line present response 

OPTICAL T R A N S F E R FLrNCTlOK TYPICAL FOR We define transfer function 
I N C O H F R E N T C A S E 

W e deţine normalized frequencv spectrum 7, and / . : 

/ , ( î / , v ) e x p [ - j27i{f^u + f^y)]dxidv 

v W w J v 

7 , (u, v ) e x p [ - 7 2 , T ( / ^ ; / + fv)]dudv 

1 \u,v)diid\-

(12) 

\h{uy) ^ e \ p [ - / 2 , t ( + fv)]dudv 

j j \h{u.v)f dud\ 

(13) 
We appiy convolution to (4) and we obtain: 

(14) 

y., ^ fv ) optical transfer function 

Optical transfer function and optical amplirude 
function on their definition imply function h (optical 
system impulse response) so there is a relation 
between this rwo function. Optical transfer function is 
the normalized autocorrelation o f amplitude transfer 
function. 

272 BUPT



f / 

l\x.y)axdy 

/Ir /• 
] \ x - ' , V - " - - M 

vUxJv 
-JxJv (15) 

I his lepresenl area of superposiiion of ivso aperiuros 

ol ihc sajiie shape one at — — — - ihe oihci at 

aperujres iis in Fig. 2 
Maihematical relation o fcommoi i area is 

O 

2 w 

Az il ! 

dis'idcd al lotal area of rhe two 

^ — 

\ z 
2 lli , / , ) toT incohereni case. 

W'hcn ihis area is norniahzcd vsiih loial aiea 4vv 
lia\c 

2J: 2 / , 

w 
/ . luioIT lre«.|iienv:\ loi ^ ohcreiii ^abC 

Nexl u e \mII siud\ opiical iiicohereiu s\>lcni.s 
responsc (o a ^lep indiccs siiinulus foi a iiiangulai 
apenure W e u ill suidN 2D aiid 31) casc l-ig 3 
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Tig 3. firsi line present 2D case, second line preseni 3D case; firsl column preseni siep indices stniuiliis; second 
line preseni iriangle aperture: ihird line preseni resix)nse . 
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C O N C L l ' S I O N 

Cornparing response in Fil^ I and Fig 3 we see a 
grent dirtcrencc bctween ophcal coherent and 
incohereiu s>stern response toi a step iiuiices. So for 
optica! coherent s^•s(enl^ u e have a response \Mth 

osc;llation at the end (Gibb phenomenon) and a phase 
dift'erence horn the axe o f symmetrv. Optical 
incoherent systcms do not have oscil lation at the end 
and phase difference. Finallv to have a clear view we 
U iII put an image instead o f step indices stimiilus and 
\^ell see how acts m rhe two cases. Fig.4 
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Fig. 4 First line present coherent case. second line present incoherent case; firsl column present input image; 
second line present square apertuie and triangle apertiire; third line present oiitput image. 
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