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This paper reports, we believe for the first time, the possibility of optical computerized
tomography based on the optical heterodyne technique with laser beams that has high sen-
sitivity and excellent directivity to distinguish one specific direction from another in highly
scattering absorptive media. Employing an optical heterodyne system with single-frequency
He-Ne laser, we demonstrated experimentally that the Lambert-Beer’s law can establish for
directly transmitted beam even in highly scattering media such as milk-water solution and its
mixed solution with absorptive dye. Furthermore, we carried out the image detection of a
test film photographed three micro-letters of “BIO” which was placed in a strong scattering
milk-water solution using the optical heterodyne scanning microscope technique. These results
should provide an essential base for achieving computerized tomography of biological tissues
and substances incorporating highly sensitive optical heterodyne method.
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Fig. 1 Block diagram of the experimental set up used for examining the excellent
directivity of optical heterodyne detection scheme to distinguish directly transmitted
component of a laser beam in a highly scattering absorptive medium.
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Fig. 2 Intensity distribution of IF output from the optical heterodyne
system as a function of horizontal position of local oscillator beam
with respect to signal beam axis for different thickness of 25 % milk-
water solution cell. Cell thickness D: (a) zero (without cell), (b) 1.0mm,
(c) 1.2mm, (d) 1.5mm, (¢) 1.7mm and (f) 2.0mm.
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Fig. 3 Intensity distribution of IF output from the optical heterodyne
system as a function of horizontal position of local oscillator beam with
respect to signal beam axis for different oxazine dye concentration in
25% milk-water solution cell of 1mm thickness. Dye concentration N :
(a) zero (without cell), (b) 0.2g/l, (c) 0.3g/l, (d) 0.35 g/, (e) 0.4g/l

and (f) 0.45g/l.
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Fig. 4 IF output of directly transmitted laser beam detected by the optical heterodyne

system in highly scattering absorptive media as a function of (a) cell thickness of 25%
milk-water solution, and (b) oxazine dye concentration in 25% milk-water solution cell.
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Fig. 5 Block diagram of the experimental arrangement employed for image detection
of test samples immersed in highly scattering media using optical heterodyne detection
method.
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Fig. 6 (a) Original image of the sample with
three characters “BIO” obtained with a conven-
tional microscope (x400), and (b) the image of
the sample detected with the optical heterodyne
method. In this case, the sample was placed in
a cell without milk-water solution.

(a)

B!O |

(b) (c)

8:C

(d) (e)

Fig. 7 Comparison of detected images of the
sample placed in a milk-water solution cell with
different percentage of mixture using the optical
heterodyne method. (a) the image of the sample
in a 20% milk-water solution obtained with a
conventional microscope (direct detection me-
thod), and (b)-(e) the images of the sample in
20, 25, 28 and 33% solutions, respectively.
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