
resulting degree of coherence is shown in Figure 2a. The 
reconstruction of the source shape, shown in Figure 2b, 
was obtained by an inverse Fourier transformation of 
the complex degree of coherence (Fig. 2a). 

In conclusion, we have developed a formalism and a 
method for reconstructing a 3-D source distr ibut ion 
from coherence data obtained in the paraxial far zone. 
The system has a synthetic aperture and the imaging is 
based on the well-known Fourier transform. These two 
properties give our method an advantage in the sense of 
resolution, computat ional simplici ty, and low recon
struction error. 
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N ot long ago it was shown that it is possible to deter
mine spatial coherence properties of radiation from 

the analysis of spectra. 1 - 2 Because coherence properties 
o f a rad iated f ie ld con ta in i n f o r m a t i o n about the 
sources of the field, a fact which is of basic importance 
in radio astronomy, for example, these results suggest 
that it might be possible to develop a new technique for 
remote sensing based on analysis of spectra. 

Figure l a illustrates the principle of one such possi
ble application of this technique: Light from two distant 
spatially incoherent sources, e.g., f rom a double star, 
reaches a detector located at a point P, after first passing 
through a small opening, at a point P1 say. It can also 
pass through two small openings, at P1 and P 2 . In each 
case the spectrum of the field is measured at the detec
tor located in the neighborhood of a point P. If S(1)(P,ω) 
and S(P,ω) are the spectra measured at the detector in 
these two experiments, theory predicts that their ratio 
wi l l show strong modulation as a function of frequency. 
This fact is i l lustrated in Figure l b . One can readily 
identify two different sources of modulat ion resulting 
from the angular size of the source and the angular sep
aration of the two sources. The theoretical predictions 
have been tested by laboratory experiments 3 which con
f i rm the correctness of the theoret ical pred ic t ions. 
Instead of applying this method to optical fields, one 
could, of course, also use it with radio waves, with the 
pinholes being replaced by antennas. 

These prel iminary results show that this new tech
nique, which may be called spatial-coherence spectroscopy, 
offers a completely new way of obtaining information 
about distant objects from spectroscopic measurements. 
The possibil ity of some applications of this type have 
been confirmed by recent experiments. 4 - 6 In particular, 
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intensity distribution across sources and their size have 
been determined from spectral measurements. 

Figure 1. (a) Configuration illustrating the principle of the method for 
determining angular separat ion of two s o u r c e s f rom spec t roscop ic 
m e a s u r e m e n t s . (b) The spec t rum of light produced by superpos ing 
two b e a m s at a point P (a) when the angular radius of e a c h s o u r c e is 
a = 3 x 1 0 - 8 , the angular separat ion of the two s o u r c e s is 

σ = 3 x 1 0 - 7 , the path length di f ference R 2 ≠ R1 = 1 0 µm and the 
base l ine d = 5 m . 2 

T he quantum cascade (QC) laser 1 is a new optical 
source in which one type of carrier, typically elec

trons, cascading down an electronic staircase, make 
transitions between energy levels created by quantum 
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