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Chapter 4
Coherence

In considering the frequency analysis of an imaging system, we will generalize to a finite band-
width (polychromatic) illumination.  Here we begin to consider coherence.  

A Brief Discussion of Temporal Coherence:   

For a moderate , we write the field amplitude as

(4.1)

Here, the field envelope is time varying.  Partial coherence or incoherence relates to random fluc-
tuations in U  in either space, time, or both.

One model for temporal coherence:  random phase jumps in time   

Consider the autocorrelation function of this field.  This is a powerful tool in analyzing coherence.
The e-field autocorrelation:

(4.2)

This could be complex.  

[Reading assignment: Goodman, Fourier Optics, Section 6.1
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let   (4.3)

Then  .  This is the power spectrum.

(4.4)

The Fourier relation between  and  tells us that the spectral bandwidth is inversely pro-
portional to the coherence time.

Spatial coherence:

(4.5)

Spatial coherence relates to the phase relationship among different space points P

(4.6)

 is a random phase that fluctuates differently at different space points.

Young’s interference experiment is the canonical example for discussing spatial coherence.  

For a coherent source (i.e., a laser), the fields at  and  are fully coherent, which means the

relative phase of the field at the two points is constant.
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A pinhole source can be spatially  coherent even if it is very broadband (temporally incoherent).
The phase fluctuations could be the same at P1  and P2  except for a constant phase shift due to
different path lengths.  This depends on the pinhole size.  The effective source size is the key to
spatial coherence.  

For an incoherent (extended) source, the fields at P1  and P2  fluctuate randomly.  The phase dif-
ference also  fluctuates randomly.  There is no interference at the screen.  In this case, the light
intensities  add, not the field amplitudes.

Back to imaging systems  

Incoherent object illumination :  The phases at all points P1 and P2 are uncorrelated (statistically
independent).  In this case, it will turn out that the imaging system is linear in intensity.

In order to correctly analyze this situation, we have to include the time dependencies in the convo-
lution integral:

(4.7)

;   scaled object coordinates (4.8)

  : the propagation delay from the object to the image points. (4.9)
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The image intensity is given by the time average:

(4.10)

(4.11)

Only  is time varying, so we have

(4.12)

At the image plane, h  is sharply peaked.   and  must be close and the time delays

 and  must be correspondingly close.

In geometric optics, all ray paths from the object to the image have exactly the same time delay
(Fermat’s principle).

Information about spatial coherence is contained in the mutual intensity, defined as

(4.13)

If the illumination is pure coherent, the field at all image points differs by a phase that is constant
in time.

(4.14)

(4.15)

∴  (4.16)

Then

(4.17)
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(4.18)

This is exactly like the monochromatic case we considered earlier.  The system is linear in ampli-
tude.

The Incoherent case

The fully incoherent case means that the amplitudes are varying in time in a statistically 
independent fashion at all points on the object.  Thus the time average of the product of the fields 
at any two points is zero.

(4.19)

Now the image intensity is:

(4.20)

(4.21)

Here, the image intensity is the convolution of the geometric optics intensity with an intensity

impulse response of 

(4.22)

The system is linear in intensity, not field amplitude, for the incoherent case.  In between the fully
coherent and fully incoherent cases, there can be some degree of correlation in phase among some
object points, leading to partially  coherent illumination.  We will deal with this more complex
situation later.
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