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Periodical Analysis of Wood Structure I

——Some trials by the optical Fourier transformation——

Minoru FuJITaA, Tetsurou KANEKO, Shigeki HATA,
Hiroshi SAIKI and Hiroshi HARADA
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Fig. 1 Image formation through a lens system illustrated by the
geomelric optics {a) and the wave optics (B).
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Fig.2 Optical equipments for the Fourier transformation arranged from left to right on a
3m bench. LS: polarized He-Ne laser source of 3mW power, 633nm wave length
and 1 mm¢. PF: polarization filter. BE: beam expander with a pin hole of 25 ymg.
C1: collimator lens of 50 mm¢ and 500 mm focal length. D: diaphragm. M : material
holder. C2: condenser lens of 50 mm¢ and 200 mm or 500 focal length. CB: camera

body with a photographic film (F).
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s: slit size
A: wave length(633nm)

spatial frequency

N: slit number
d: distance between slits

Fig.3 Fraunhofer diffractions by the single slit {A) and the multiple slits (B},
and their power spectrums. The diffraction angle ¢ and the spatial
frequency can be linked by a standard grid taken on the optical system.
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Fig.4 Power spectrum patterns from cross sections of eryptomeria normal
wood having about 100, 000 number of tracheids {4} and compression
wood having about 1000 number of tracheids (8. By means of
decoding procedures (c.f. Figs.5, 6), periodicities of annual rings
{a}, cell wall thickness (T), cell arrangement of radial (RA), tange.
ntial (TA), oblique (OA) and so on can be identified,
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original pictures—mtracing on a paper as precisely as possible

L—»modH’w’ca'm’on of shapes : tracing cell walls by thinneror
A thicker Tine reflecting cell wall thickness

—»modification of arrangements : dotting on the center of
cells or tissues ; disarrangement of cells to regular
_or random distribution

—»modification of contrast :amplifying or turning contrast
by photographic procedures ; defocussing to change the
contour 1ine from clear to obscure

L—wdisorganization : selective-tracing to earlywood or

Y latewood ; to each component such as only tracheids or
vessels 3 to directions such as only radial walls or

tangential walls

standard pictures having geometrical patters

Pig.5 Procedures for the decoding of the power spectrum pattern by
modifications and disorganizations of the original picture. The
original picture and its derivative models were offered to the trans-
formation after the photographic reduction,
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Fig.6 Examples of decoding procédure in normal wood tracheids of cryptomeria. Original
picture (4} has about 1000 number of tracheids and its power spectrum shows many
periodicities which are decoded by following procedures. Pattern like four-leaf clover
{a) is judged reflecting the cell wall thickness by comparing the patterns of B, C, D
and F. The horizontal striations (for instance on A and E) show the distinct perio-
dicity of radial cell arrangement, while spots on the equator line show the obscure
periodicity of radial of tracheid. Spots on the striations (c. f. B) suggest oblique
cell arrangement.
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Résumé

Optical Fourier transformation was applied to analyze the periodicity of wood structure
which may affect wood properties. An optical system for the Fourier transformation was
constructed by a He-Ne laser source and several optical equipments by which very wide
and uniform beam current can illuminate a material picture (Fig.2). Sections of wood
specimen prepared for the light microscopy gave peculiar power spectrum (diffraction)
patters having several striations and spots, although they were not so clear as those of
X-ray (Fig.4). On these spectrums, “Fraunhofer diffractions of the single slit” reflecting
many shapes on wood structure and “the diffraction of the multiple slits” reflecting
various arrangements of these shapes are convoluted with each other (Fig.3): Therefore,
modifications or disorganizations of the original picture of wood structure were designed
in order to decode the convolution (Fig.5, 6) and these models were transformed by the
same experimental condition with the original one. By the comparison between their
spectrum patterns, many periodicities could be identified (Fig.4, 6).





