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I. INTRODUCTION 

In 1862 a Swiss botanist N;\GELI assumed that the materials 
which compose vegetable fibre, starch, silk etc., are constituted from 
ultra microscopic crystaline molecular complexes called "micelle". 

This hypothesis served to expbin wen some features of the 
nature of the construction of plants. Of the X-ray study of vegetable 
fibre, Prof. S. NISHIKAWA is the pioneer, and in 1913 he proved 
scienti~cally that the plant fibre is composed of microcrystals. 

Later H. AMDRONN showed that the plant fibre has the nature 
of double reflection. Since then many scholars, such as SCHERRER, 
HERZOG, POLANYI, JANCKE, MARK ;ll1d MEYER etc., have engaged 
in the X-ray study of fibre. ~,'1.AI~K concluded that the micelle 
crystals of the plant fibre belong to the monoclinic system. 

Almost all of the researchers mentioned above confined their 
investigations mainly to substances whose chemical constructions 
were rather genuine. 

In the present paper, the author presents' the results of studies 
by the X-ray method in the construction nature of wood, the 
aggregates of many chemical compounds, as a whole. 
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II. DIRECT X·RAY RESULTS ON THE CRYSTAL 
STRUCTURE OF WOOD 

Over two hundred X·ray photographs of wood have been taken, 
using copper K, radiation and iron K, radiation. (The former was 
filtered off the K .• line by nickel foil about 1/100 mm. thick. The 
latter was filtered off the K, line by a thin layer of mangan 
peroxide attached to cellophane). The slit was a circular aperture 
whose diameter is 0.1 mm. The scattered rays from which were 
screen·~d off in the usual manner by a secondary slit. With this 
arrangement, SHEARER tube, and an unrectified transformer, 
photographs of small piece of wood of 1.0-0.5 mm. thick may be 
obtained in about 30 hours exposure by a current of 5-8 milli 
amperes and 40-50 KV. in tension. 

An interpretation of the spacings of the DEBYE-SCHERRER rings, 
the indexing of planes corresponding to the intensity maxima of 
the fibre pattern, a straight forward measurement of the identity 
period along the fibre axis from the position of the layer line 
hyperbolas, and a careful analysis of intensities, have led MARK 
and MEYER to an analysis of crystalline cellulose which is now 
generally considered to be correct. There may be some differences 
still as to the complete model of cellulose constructed upon the 
experimental data. 

For wood, the author confirmed these data independently. First 
of all, therefore, the spacial unit, or unit crystal cell which has the 
fundamental properties of cellulose was selected by X-ray. Of 
these points, the results attained were as follows. 

From the data obtained from the sample "Sugi" (Cryptomeria 
japonica, DON), assuming the crystal system to be monoclinic, the 
following quadratic equation was obtained; 

- 4 sifti = 0.0147 h'+ 0.0095 k'+ 0.010512 -1- 0.0033 hi 
k 

where i. is the wave length of the X-ray employed, expressed by 
A. V., and h, k, I are the indices of the atomic planes, and H is 
the glancing angle of X-ray, by taking the dimension of an unit 
cell of wood fibre as 

a = 8.31 A.V., b = 10.29 A.V., C = 7.79 A.V., f! = 84°. 

The values of 

in Table 1. 

4 sin"O 
;.~ calculated and observed are tabulated 
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Table I 

-----=--1 -1 
sin~ 0 - -, ,-

Spots Indices -----_._-- Intensities 
Calculated Observed 

-----;--_.- ----

100 0.0147 0.0150 \V_ 

A, 001 0.0166 0.0170 w. 

A, 101 O.OZ8U 0.0286 st. 

A; 101 0.0346 0.0348 st. 

A, 

I 

OO::! 0.OGE4 0.0668 v.st. 

A, 004 0.2656 0.2670 m_ 
I 
, -- ----1------

11 i 310 0.1417 0.1420 m. 

I, 
I 

213 0.1978 0.1950 , w. 
-------

II, 021 0.0542 0.0544 st. 

II, 221 0.1064 0.1080 st. 

II, 221 0.1196 o.I~I __ st. 
---------'---1 III, 031 0.1012 0.1010 m. 

Ill, 131 I 0.1126 0.1180 m. 

Ill, 230 0.1434 0.1480 ffi. st_ 

IIIl 1::)2 O.l72:l 0.1740 \V. 

Ill, 232 0.2230 0.2290 \V. 

In.; 331 0.2434 0.2510 \V. 

I 

------

IV! 040 0.1504 0.1530 m. st. 

IV, 141 0.1784 0.1750 w. 

IV;; 240 0.2092 0.2100 st. 

IV. 143 0301" __ 1 

0.2970 w. 

V, 051 O.2SHi 0.2580 \V. 

V 2 251 0.3038 0.3200 \V. 
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The observed values given in the fourth column are those 
obtained by the author. 

By assuming the form and the size of the unit cell of wood 
cellulose to be as stated above, the author calculated the number 
of the (C6HloOe)-groups contained in an unit cell. The volume of 
an unit cell is equal to 

Vc= a.h.c. sin 84° 

8.31 x 10.29 x 7_79 x 10-24 x 0.9945 cc. 

= 662.45 x 10-" ce. 

Again assuming the net density of wood cellulose to be equal 
to that of the native cellulose, which is 1.614, the mass of an unit 
cell becomes 

M,=pV 

= 1.614 x 662.45 x 10-22 gr. 

= 10.69 x 10 22 gr.. 

As the mass of a (C,H"O,)-group is equal to 

162 
Mm= 6.06>< [o-"gr. 

= 2.67 x 10-22 gr., 

the number of the (C,HlI,O,)-groups contained 111 an unit cell 
becomes 

10.69 x 10- n 
2.67"-20 2! 

= 4.004. 

This number is, approximately equal to four. 

III. EXPLANATION OF 'i'HE VARIOUS PATTERNS OF 
DIFFRACTION FIGURES OF THE WOOD FIBRES 

It has been indirectly verified that wood fibre micelles are 
laid down spirally in the cell wall. FREUDENBERG has suggested 
that the wood micelles are arranged in only one comlllon direction 
in the fibre. 
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PIENKOWSKIE estimated the degree of orientation of micelles 
from the extent of arcs in the equator along the DEBYE rings. He 
insisted that the arcs are caused by a broad deviation of the 
micelles from the axis of the wood cell. But he said nothing 

about the micelles being oriented spirally in the cell wall. CLARK 

considered the patterns to be such as pI. 6, fig. 2 are produced 
only by natural (i.e. leaning side of trunks and under side of 
boughs) or artificial compression. But in our experiment, even 
in the uncompre'ssed state, this type has been seen. 

Of the more than two hundred LAUE photographs which were 
taken, the typical forms are reproduced and shown at the end of 
this report. 

The writer's opinion upon the causes of the diffraction patterns 
is as follows: 

When the X-ray beam passes through parallel to the long axis 
of the wood fibres, there appear only DEBYE rings, which shows 
that there is no preferred orientation of the cellulose micelles. As 
to the diffraction patterns of the tangential and radial cross sections, 
the orientations of the micelles are generally perfect, and the 
degrees of the orientation of the both sections arc nearly similar, 
so, in the present investigation only tangential sections are used, 
as representative of such orientation. 

A 

A 

c~ B 

B c 

A 
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The most typical patterns are shown schematically in text­
fig. 1. In this figure, two DEEYE rings with eight intensity maxima 
are seen. Among the intensity maxima, aa are the most striking. 
Th is pattern is produced by the fibres in which the micelles are 
arranged in the direction parallel to the long axis of the cell. The 
photograph of this type is to be seen in the pI. 6, fig. 1. Text­
fig. 2 shows diagrammatically position of planes in cellulose crystals 
which produced text-fig. 1. AA is fibre axis. The micelles which 
are oriented parallel to the long axis of the cell produce maxima 
aa in text-fig. 1. BB and CC are crystal planes which produce 
maxima bc in text-fig. 1. The second diffraction pattern of the 
pI. 6, fig. 2 appears when the micelles arc oriented parallel to 
each other, but lying in a spiral inclined at an angle to the 
longitudinal axis of the wood fibre. The third pattern (pI. 6, 
fig. 3.) is explained by the fact that the cellulose micelles orienta­
tion varies somewhat from the parallel arrangement, since the fibrils 
lie in a spiral. The slope of the fibrils can be measured by the 
angles sub tended by the more intense arcs. Lastly, the fourth 
pattern (pI. 6. fig. 4) is that in which only the DEEYE rings are 
visible. This is due to the random orientation of micelles as in 
the cross scction, but this type is very scarcc. As to the relation 
of the wood fibre structure to the different species, the high density 
species usually reveal morc nearly perfect orientation than those 
of lower density. In the diffraction patterns of spring and summer 
wood, DERYE rings are in general much more nearly perfect in 
the summer varieties. This is, of course, due to the microscopic 
structure and the difference in the thickness of the cell walls. 

The breadth of the diffraction spots shows that the size of 
colloidal particles are important. In some spEcies, the breadth of 
spot is greater than in others. This mean3 a smaller micellar size 
which would indicate a shorter cellulose primary valence chain and 
fewer chains in a bundle. 

This fact suggests a sure marking point concerning the iden­
tification of wood; minute conclusions are to be expected in the 
future. 

The influence of lignin upon diffraction figure is considered 
to be negative. The sample "Kokutan" (Diospyros peregrina 
GORKE) has been used as having one of the highest known lignin 
contents. The photograph obtained shows a cellulose pattern, 
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but the intensity is insignificant, for all its compactness_ (See 
pL 6" fig. 20). 

In the diffraction figures of the wood blocks which are obtained 
from the same cross section of the same tree, there are differences 
in the crystalline qualities. In general, the orientation of the 
micelles in the inner side of the tree (near to the centre of the 
year ring) is more perfect than that on the outer side (near to 
the bark) of the tree. 

From the X-ray studies mentioned above, it is inferred that 
the diffraction figures of wood are attributable to the cellulose 
alone. 

IV. DIFFRACTION FIGURES AND THE STRENGTH OF WOOD 

(1) DEBYE-SCHERRER Rings and the Strength of Wood 

As mentioned in II!, there are many variation in the diffraction 
patterns. Tn general the more the orientation of the micelles 
approaches perfection, the more the compactness of the wood in­
creases. 

Now by means of CLARK and SISSON'S method, the intensity 
distribution along (002) ring on the diffraction figure may be known. 
In the first, the middle point of the equator of the diffraction 
figure is fixed on the film sliding rail of the microphotometer (the 
rail and drum are held in the state of motionless), then the intensity 
of the point of greatest strength on the (002) ring is read off 
directly on the galvanometer scale, and then the film is turned by 
6 degrees around the fixed centre and the intensity of that point 
is reael. Thus readings may be made every 6 degrees on the ring 
from the one end of the equator to the other, and a curve of 
intensity distribution on the (002) ring may be plotted. In this 
way, such a curve is obtained to each sample whose strength is 
previously measured. With these curves, the breadths of the 
diffraction line at the points of half maximum intensity are mea­
sured. ·then the curve of the diffraction breadth against the 
strengths of the samples are plotted as shown in the text-fig. 3. 

From above experiment, it can be concluded that the narrower 
the diffraction breadth, the more the strength increases. 

This method of strength measurement may be applied when 
the sample is not fitted for the testing machine measurement, '1S 
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when the sample is very small or its shape is not good for ordinary 
test. In such cases, the LAUE photographs of the samples are first 
taken, then the intensity curve along (002) ring is drawn by the 

15 '0 
x 

x 
x 
x 

'------7,0~-------tO 

Text·rig: :~. 

'0 

method above mentioned and the diffraction breadth is measured, 
finally the strength is determined from the curve previously ob­
tained. 

(2) Diffraction Figures for the Powder Patterns and 
the Strength of Wood 

Internal strain is determined by the" powder method ". The 
sample is reduced to finc powder, before and after measuring its 
tensional strength. The diffraction clepends upon the fact that in 
fine powder, the grains are arrangeu in an t:ntirely chaotic manner. 
There should be enough particles in this array, turned at just the 
r ight angle to the incident primary beam of monochromatic Fe" ray. 

X-ray to produce a strong reflection from one set of parallel 
planes , other particles turned at another angle will produce reflection 
from another set of planes (the same set with many particle co­
operating) . Thus a beam paS6ing through a powdered specimen 
wi ll fall upcn a narow film, wh ich is bent in a casette on the 
circumference of a circle, at the centre of which the sample is 
placed as a series of concentric rings, cach uniformly intense 
throughout, 
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T ext·fig. 4. Effec t of strain in broadening diffraction interferences. 
Abo\'e unstrained; below strained . 

and corresponding to one set of the planes of spacing d_ 
The powdered sample is placed in a fine capillary tube of 

glass. 
Thus internal strain also manifests itself by a broadening of 

diffraction lines. 
In other words, the interference is less sharp for distorted 

planes. . 
Broadening of the rings is also due to smallness of micelles, 

but we are not concerned with this case, since, the sizes of micelles 
are considered probably to be unchanged during the experiment. 

V. ON A NEW METHOD OF MEASURING THE INTERNAL 
STRAIN OF FIXED MATERIAL OF LARGE SIZE 

In the preceeding chapter, the X-ray methods are described to 
measure the strength of material which can be made into th in 
layers Dr fine po;vders. "But in cases where the material can not 
be treated thus, as in a bridge, a machine, a part of a building, or 
the like, the above methods are inapplicable. A method is proposed 
to measure the internal strain without breaking the material. The 
principle of this method is to use the interference ray with great 
angle, of the higher order, as opposed to the L AUE or DEBYE' 

ScHERRER method, which uses that of the lower order. 
For the sensitive character to the film, X·rays of long wave 

length such as Fe" line is used. The arrangement of the apparatus 
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is shown in text-fig. 5. In our experiment a small sample is used, 
but in an actual case, a large portion of fixed material could take 
the place of the sample. The X·rays which were made parallel by 
Pb slit, proceed to the material to be tested through a hole at the 
centre of a film which was covered by black paper, and then the 
reflected rays from the material show one or more radiation cones 
according to gittcr constants of the polycrystalline matuials and the 

~IIY Tubo 

Text·fig. 5. 

distance b2tween the film and the material, and· these cones meet­
ing the film and its cross section figure vertical to the cone axis 
for m circular rings on the film. When a material composed of cry· 
stalline substance such as wood is distorted, the atom gitter of 
the constituent is also distorted. This distortion is already proved 
by DEHLINGER and ARKEL, to be the broadening of K. doublet. In 
our case, it is represented by the broadening of the breadth of 
diffraction rings. 

Text-fig. 6. Effect of strain broadening diffraction interferences. Left strained; 
rig ht unstTained. 
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The width of the broadening is a function of the degree of 
gitter distortion. The broader the width of the rings becomes, 
the morc the degree of the distortion increases . So a sufficient 
numbol- of photographs are taken at different points of the material. 
Then the width of diffraction rings is measured, finally the distor­
tions of the material are calculated. 

\ ~. 
,--,/ 

() 

Text·fig. 7. 

The model of distribution of strain of material solely from 
X-ray diffraction patterns is shown in text-fig_ 7_ 

In this way, the di s! ribution of the internal strain of the 
material may be ascertained without breaking it. 

To compare this method with the LAUE method described in 
the last chapter (1), if the distance from the sample to the film in 
both cases is represented by s, then by the LAU~: method the radius 
r for one of the wave leng ths can be calculated by the following 
equation, 

r = s tan 211, 

where Ii is a glancing angle. 
While by the reflection method , 

r' = s Ian (ISO - ?IJ), 

where r ' is t he radins in the refl~'Ction method. 
If t he wave length of t he incident ray I . are equal to zero, 

then II = O. This means theoretically, that, in LAt:E'S diagram , all 
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the interference lines converge to zero, for a suitable small wave 
length. In other words, the interference line intersects the vertical 
axis at the origin of the coordinate system. For this, the condition 
cos (I =, cos (i is neccessary. 

If i. takes larger values, so, in the net plane, II becomes larger 
providing that i and t! satisfy BHAGG'S equation. 

Let AB be a rotating axis of the net plane of the crystal, 
which is perpendicular to the incident ray at the reflecting point, 
and ,; is an angle between the vertical axis and the radius of the 
diffraction circle on the film. 

When cos e = cos I' or cos tl = 1 and iJ = 0, there still appear a 
diffraction figure, but at a certain maximum of I"~ the interference 
figure disappears. 

A 

v 

B 

Text-fig. 8. 

When Ii> 45°, the interference figure appears only in the re­
flection method. 

In the interference figure, by means of polarcoordinates, the 
following relations are obtained. We define r as radiusvector and 

and 

therefore 

If' = 90 - a = arc sin COS(I 
cos IF' 

25 tan (/ 
r = -T--tan:T7T ' 

" cos I) cos 'f = -- ,,-, 
cos () 
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VI. X-RAY ABSORPTION OF WOOD 

The fact that the X-ray is absorbed in wood in accordance 
with a definite law is, of course, of very great practical importance. 
Differential absorption by heterogeneous matter of varying density 
is thc fundamental basis of the entire science of radiography, in 
the examination, for example, of detection of the defects which 
exist in wood. 

When a monocromatic X-ray beam having the intensity I 
traverses normally through very thin sheets of wood of a thickness 
dx, the intensity in the beam emerging from the wood is decreased 
by an amount dI, so that the following relationship holds, 

di --I =-/1.dx, 

/' depending on the wave length of the incident beam and on the 
absorber. It is seen to have the dimensions of a reciprocal length 
and hence is often referred to as the linear absorption coefficient. 

I'Ve may, however, prefer to think in terms of the fraction of 
the beam removed by each atom which it traverses. Let us imagine 
that the material traversed consists of one kind of atofn only. Vle 
should then write 

dI I = - ,uijdn, 

where dn is the number of atoms in the path of the beam as it 
passes through the absorber, and /'.< is the atomic absorption co­
efficient. If we consider a beam of 1 cm'_ cross section, we see that 

dn = J\[~dx , 

where f' is the density of the material, A the atomic weight, and 
N the AVOGADRO number; the quotient A/N representing the mass 
of an atom in the material. By a comparison of the preceeding 
equations, it is seen that 
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The mass absorption coefficient, I'm' refers to the power 
diverted per gram of material traversed by the beam. 

In this sense, we write 

dI __ ~ " I - ,mdm, 

where dm is the number of grams m the path of the atom. But 

dm ~ ('dx, 

and therefore 

I'm = (lIp ~ I'a (N/ A). 

This expression indicates that the mass absorption coefficient 
IS simple N/ A times the atomic coefficient. 

In a compound, whose formula may be 

it is typical of the behavior of the X-ray that a molecular absorp­
tion coefficient /'",,,1 may be used which is defined by additive 
relations involving the atomic absorption coefficients of the con­
stituents of the compound. 

Thus 

(1) 

where (/'a), is the atomic absorption coefficient of the atom X for 
the wave length in question. 

If Ie is the power incident upon an absorber; and I is the 
transmitted power, integration of the above differential expressions 
gives 

where x is the thickness of the absorber in cm. 
In the case of wood, the absorption coefficients depend upon 

its constituents, or cellulose, hemicellulose and lignin. 
By the help of the expression (1), we can calculate the co­

efficient of absorption .. 
To this end, we must know in the first place, the percentage 

of contcnt of C, H, 0 in those constituents. 
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The percentage of cellulose, C, Hand 0 content for cellulose 
is as follows 

c: 44 r;,G , 

H: 6 ~~ , 

0: 50%. 

For the hemicellulose, such as hexosane, pentosane, hexopento· 
sane, and polysaccharide, the percentages o f content of C, Hand 
o are similar to of cellulose. 

For lignin, the percentages of content are assumed as follows, 

C: 66 ~.~ , 

H: 6 %, 
0: 28 ~,~. 

To these constituents, there must be added a few accessary 
constituents, such as turpentine, pigm~nts , fat, resin, nitrogen 
involving substances and mineral matters, but their quantities are 
negligible for the first approximation. 

The absorption coefficient of wood is then given by the fol· 
lowing equation. 

(.L') = [(L'_) C"u+ (1':..)C1;.n J· g ..................... (2) 
P '.vOM _ P Cf' ll. fJ 

where eL') is the calculated cellulose absorption coefficient and 
P cell . 

( ~ )/;K'" is the calculated lignin absorption coeflicienl. CedL. and 

C /;gn . represent the percentages of content by weight of cellulose 
and li gnin in the wood. 

g means the weight percentage of wood substance to the net 
density of wood, which is equal to the ratio of c/G. 

The value of c vary according to the species, namely, 

cN = 0.51, 
C, = 0.57, 
CH = 0.75, 

and G is 1.56. 

Then the values of g are as [ollows, 

g,,= 0.32 

gs = 0.36 
gH= 0.84 
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The calculated values of l' and i t of cellulose and lign in for 
o p 

the wave length of 1.934 A are 

l' l' 
!' 

Cellulose 14.89 22.34 
Lignin ll .98 17.97. 

Besides the theoretical method above mentioned, by the use 
of the M ARTIUS'S ionemetcr, the absorption coefficients of many 
species were measured experimentally. 

The results are given in Table II. 

No. Japanese name 

1 Ityi) 

2 Inumaki 

3 Itii 
4 

" 
5 Kaya 
6 

" 

7 Momi 
8 

" 
9 Aotodomalu 

10 T6sirabe 
11 Bemomi 
12 

" 

Table II 

Latin name 

GYMNOSPERMAE 

Ginkgoaceae 

Ginkgo bi/oba L. 

CONIFERAE 

Podocarpaceae 

£ 
p f' 

3.63 5.67 

PodoearplIs macrophyllus D. DON 4.29 6.69 

Taxaceae 

T(IXUS clispidaia S. et Z. 3.67 5.73 

" " " " " 
3.33 5.19 

Torreya 11uei/era S. et Z. 4.10 6.39 

" " " " 
5.02 7.83 

Pinaceae 

A hies /inna S. et Z. 4.29 6.69 

" " " " 
3.67 5.73 

Abies Mayriana MIYARE et KlJnil 2.98 4.65 
A bies nephrolepis MAX.. 3.75 5.85 
Abies nobilis LI:-lDLEY 3.85 6.00 

" " " 
3.52 5.49 



X-Ray Stud ies of Wood 253 

13 Todomatu Abies sac/wlillel1sis MAST. 3.64 5.68 
14 Sirabe A bies Veitch;; LINDL. 3.17 4.95 
15 'J 10 4.86 " " " " "" • .LL.-

16 Siberia- Larix dalmrica TURCZ. 4.81 7.50 karamatu 
17 Karamatu Larix Kaemp/eri SARG. 3.65 5.70 
18 ':1 Q 1 5.94 " " 

U.U .L 

19 Karahuto- Larix k,m"iensis MAYR 3.84 5.99 karamatu 
20 

" " " " 
4.42 6.90 

21 Tyosenka ramatu Larix o~ttens is A. HENIIY 4.06 6.33 
22 

" " " " 
4.52 7.05 

23 Tohi Picea hondoensis MAYR 4.31 6.72 
24 Ezomatu Piceo jezoensis CARR. 4.92 7.68 
25 .. " " " 

3.88 6.06 
26 

" " " " 
3.19 4.98 

27 
" " " " 

3.10 4.83 

28 Tyosenharimomi Picea koraiensis N/\KAI 3.76 5.86 
29 B€!t6hi Picea sitch ens is CARRIERE 4.13 6.45 
30 Akamatu Pinus dens ifiora S. et Z. 4.01 6.26 
31 

" " " " " " 
3.85 6.00 

32 Ty6senmatu Pinus koraiensis S. et Z. 3.75 5.85 
33 

" " " " " 
3.65 5.70 

34 
" " " " " 

5.06 7.89 
35 " " " " " " 

3.86 6.02 

36 Ryukyii rnatu Pinus luchuell sis MAYR 5.00 7.80 
37 Mont icola -Malu Pinlls montieola D. DON :HO 5.31 
:18 Himekomatu Pil1U." payvijloya S. et Z. 3.54 5.52 
39 

" " " " " " 
3.42 5.34 

40 
A 

Osyuakarnat u Pinus silves/"is 1.. 4.94 7.71 
41 Kurornatu PilllIs Thunberg;i PARL. 4.79 7.48 
42 Togasawara Pseudotsuga jap(Juica DEISS. ') f7C) 5.82 J.' .J 

43 Bernatu Pseudolsuga taxi/alia BmTT. 4.23 6.60 
44 

" 
3.56 5.55 

45 Koyarnaki Sciadopitys verticillata S. et Z. 3,46 5.:19 
46 

" " " " " " 
3.65 5.70 

47 BHuga T Sliga hetel'ophylia S.~RGEKT 4.77 7.44 
48 T uga T Slfga Sieboldii CARR. 4.90 7.65 
49 

" " " " 
3.71 5.76 
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50 Sugi 
51 

" 
52 Yakusugi 
53 Nikk5sugi 
54 Zindaisugi 
55 Akasugi 

56 .. 
57 Taiwansugi 
58 " 

59 Benihi 

60 

61 Behinoki 

62 
" 

63 Besawara 

64 Hinoki 
65 

" 
66 Taiwanhinoki 

67 .. 
68 Sawara 
69 

" 
70 Byakusin 
71 Nezumisasi 
72 Besugi 
73 

" 
74 Hiba 
75 
76 .. 
77 Nezuko 
78 

" 

T akeo NAGASAWA 

Taxodiaceae 

Cryptomeria japonica D. DON 

" " 
" .. 

!) " 

.. " " " 
J 1 11 

Sequoia sempervirens ENOL. 

" " " 

3.67 5.73 
4.63 7.2~ 

4.17 6.51 
3.31 5.16 
3.29 5.13 
3.62 5.64 
3.31 5.16 

Taiwania cryptomerioides HAYATA 3.67 5.73 

.. " 4.03 629 

Cupressaceae 

Chamaecyparis /ormosensis 
MATSUM. 

" " 
Chamaecyparis Lawsoniana 

PARLATORE 

" " 
Chamaecyparis nootka/ensis 

SUDwOlnH 

Chamaecyparis ob/usa S. et Z. 
,. 

" 
Chamaecyparis ob/usa jon". 

/ornwsana H.~YAT,\ 
n ,j 

Chamaecyparis jJisf/era S. et Z. 

" ,0 "" 
JlIl1ipems chinensis L. 
Juniperus rigida S. et Z. 
Thuja plicata D. DON 

" " " 
Thujop.,is dolabra/a S. et Z. 

" " " " " 

" .. ;, " H 

Thuja Standishii CARR. 

.. .. ,. 

3.52 5.49 

3.65 5.70 

3.96 6.18 

4.37 6.81 

3.73 5.82 

3.85 6.00 
3.65 5.70 

4.27 6.66 

:1.67 5.72 

3.70 5.77 
3.69 5.76 
4.42 6.80 

4.08 6.36 
4.58 7.14 
3.10 4.83 
4.18 6.52 
4.19 6.54 
2.81 :1.83 
3.83 5.98 
3.56 5.55 



79 Syonanboku 
80 

" 

81 Biro 
82 

" 
83 

84 
85 
86 
87 

Syuro 

Doroyauagi 

" 
Yamanarasi 
Bakkoyanagi 

88 Mansyllkurumi 
89 Onigurumi 
90 

" 
91 Tyosengurumi 
92 Sawagurumi 

93 Hannoki 
94 

" 
95 Yamahannoki 
96 
97 
98 

Yogusominebari 

" 
" 

99 Ono'ore 
100 Sirakanba 
101 

" 102 Kabazakura 
103 Inuside 

X·Ray Studies o[ Wood 

Lihocedrus jiJrmosana FLORIN 

" " 

MONOCOTYLEDONEAE 

Palmae 

Livistonia suhglobosa MART IUS 

" 
Trachycarpus exeelsus WENDL. 

DICOTYLEDONEAE 

Archichlamydeae 

Salicaceae 

255 

3.85 6.00 
4.23 6.60 

2.84 9.40 
3.57 8.37 
6.15 9.60 

Populus Maximowiczii A. HENRY 3.65 5.70 

" " Populus Sieboldi; MIQ. 

Salix Bakko KIMURA 

Juglandaceae 

" 

Jt/glans mandshurica MAX. 

Juglans Sieboldiana MAXIM. 

" " " 

" 
3.19 4.98 
3.67 5.73 
4.31 6.72 

4.27 6.66 
4.00 6.24 
4.81 7.50 

Juglan, regia var. sinensis c.oc. 4.73 7.38 
Plerocarya rltoifolia S. et Z. 4.22 6.59 

Betulaceae 

Alnus japollica S. ct Z. 

" " II " " 

Alnus tiuctaria SARGENT 

Betula carpini/olia S. ct Z. 

" " " " " 
" " " " JJ 

Betula Schmidtii REGEL 

Betula Tauschii KOIDZ. 

" " " Betula sp. 
Carpinus Tschonoskii MAXIM. 

3.81 5.94 
4.10 6.39 
3.79 5.91 
5.15 8.04 
4.23 6.60 
3.85 6.00 
3.88 6.05 
4.31 6.72 
4.73 7.38 
4.65 7.26 
5.11 7.97 
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Fagaceae 

104 Kuri Castanea crenata S. et Z. 4.17 6.51 
105 

" " " " " " 
4.81 7.50 

106 Buna Fagus crenata BL. 4.67 7.29 
107 

" " " " 
4.80 7.49 

108 Amigasi Lithocarp1ls amygdali/olia HA YATA 3.85 6.00 
109 Akagasi Quercus aeula T HUNB. 6.23 9.72 
no 

" " " 
554 8.64 

111 Kunugi Quercus acutissima CARR. 3.90 6.09 
11.2 

" " " 
,. 5.71 8.91 

11 3 Mizunara Quercus crispula BL. 3.69 5.75 
114 

" " " " 
4.47 6.98 

115 Kasiwa Quercus denla/a THUNB. 5.45 8.50 
116 Itiigasi Quercus gilva BL. 5.19 8.10 
117 

" " " " 
5.35 8.34 

118 Mongorinara Quercus mongolica FISCH. 4.37 6.81 
119 

" " " " 
4.77 7.44 

120 Sirakasi Quercus myrsinaefolia BL. 4.73 7.38 
121 

" " " " 
5.12 7.98 

122 Siinoki Shiil! Sieboldi MAKINO 4.46 6.96 
123 

" " " " 
5.58 8.70 

Ulmaceae 

124 Mukunoki Aphanantile aspera PLANCH. 5.19 lUI> 
125 Enoki Celtis sinensis PEIIS. :3.75 5.85 

126 Harunire Ulmus Davidiano var. japol1ico :3.71 5.79 NAKAI 
127 

" 
,. 

" " " 
4.42 6.89 

128 Kobunire Ulmus Davidiana var. japonica 4.02 6.27 f. suberosa NAKAI 
129 .. " " " 

4.62 7.21 
130 Ohyonire Ulmus laciniato MA RR 4.90 7.65 
131 Keyaki Zelkowa serrato MAKINO 4 35 6.78 
132 

" " " " 
5.19 8.10 

Moraceae 

133 Gazyumaru Ficus retusa L. 4.44 6.93 
134 

• " " " .. 4.99 778 
135 Yamaguwa Moms bombycis KOlDz. 4.27 6.66 



136 Katura 
137 

138 Hantenboku 
139 
140 
141 
142 
143 

144 
145 
146 
147 

148 
149 

Honoki 
.. 

Tamusiba 
Ogatamanoki 

Kusu 

.. 
Tabu 

.. 

lsunoki 

.. 
150 Amerika-SuzLI­

kakenoki 

151 Sakura 
152 
15:, 

.. 
Sytlrizakura 

1:-,4 Tagayasan 
]55 Api tong 

156 Inuenzyu 

157 
" 

X-Ray Stud ies of Wood 

Cercidiphy llaceae 

CercidljJhyllulII japon;eum S. et Z. 4.04 6.~O 

" " 

Magnoliaccae 

L iriodcHd1'Oll tll/ijJi/era L. 
Jl.1agnolia obGvata THUNR. 

" .. " 

" " " 

Mag1wlia sa/iei/o/ia M AXIM. 

Jl..lichelia eomp1·cssa MAXIM. 

Lauraceae 

Cinnam01J!1tiH Cmnphora SIEll. 

" " " Machi!us Thunbergii S. et Z. 

" " " " " 

Hamamelidaceae 

Distylium raeemosum S. et Z. 

" " " IJ H 

Platanaccae 

Platanus occiden[a/is L. 

Rosaceae 

Pmnus sp. 

" Prunus Ssiori FR. SCHM. 

Leguminosae 

Cassia siamea LM·r. 
Dipterocarpus sp. 
Maackia a11/urellsis var. Buergeri 

SCH NEID. 

" " " 

4.02 6.28 

r::: "1 oJ. V .1- 7.82 
3.51 7.04 
4.48 6.99 
5.00 7.80 
5.07 7.91 
4.23 6.60 

4.38 
4.98 
3.92 
5.40 

6.84 
7.77 
6.12 
8.43 

4.65 7.26 
3.74 5.99 

3.29 4.13 

3.92 7.80 
2.88 5.65 
4.54 7.08 

4.7;' 5.33 
5.92 9.24 

4.50 7.02 

3.18 5.05 
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158 Sitan Pterocarpus indicu.> W ILD. 4.32 5.12 
159 Karin Plerocarpus macroca'Ypus KURZ 4.17 4.8:1 
160 Niseakasiya Robinia pseudacacia L. 4.69 7.32 

Zygophyllaceae 

161 Yusoboku Guajacum officiuale L. 4.86 5.80 

Rutaceae 

162 Yuzu Citrus AU1'fIutill11t subsp. Juuos 5.40 8 .43 MAKINO 
163 Amurukihada Pltellodelldron amureuse RUPR . 3.52 5.49 
164 Kihada Phellodendron japonicu11t MAX. 4.23 6.60 

Meliaceae 

165 S inzyu Ailanthus g landulosa DESF. 4.48 6.99 

166 Sendan Melia A zedamch var. japonica 3.71 5.79 MAKINO 
167 

" " " " " 
4.39 6.85 

Euphorbia ceae 

168 A kagi B ischoffia javanica BI.. 4.10 6.39 
169 

" " " " 
3.50 5.17 

Buxaceae 

170 T uge B u.rus japol1ica M UELL.-ARG. 5.83 9.09 
171 

" " " " 
3.42 6.03 

Anacardia ceae 

172 Urusinoki R hus vernicif/ua STOKES 5.06 7.89 
173 

" " " " 
2.95 4.77 

Aq uifo liaceae 

174 Aohada !lex macroj)oda MIQUEL 4.81 7.50 

Aceraceae 

175 Momizi A ceI' palma/um THUNB. 4.62 7.20 
176 

" " " " 
3.66 4.45 



177 Toti 
178 

" 

179 Kenponasi 

180 Amtirusinanoki 
181 Sinanoki 
182 

" 

183 Barusa 

184 Yamatubaki 

185 
" 

186 Natutubaki 
187 Mokkoku 
188 

" 

189 Tamana 
190 Hukugi 

191 Siro Lauan 
192 Aka Lauan 

"193 Harigiri 
19,1 

" 
195 

" 

196 Mizuki 
197 

X-Ray Studies oJ \\Tood 

Hippocastanaceae 

Aesculus turbinata BL. 

" " " 

Rhamnaceae 
Hovenia dubs THONE. 

Tiliaceae 

Tilia amllrensis KOM. 

Tilia .iaponica SINK. 

" " " 

Bombacaceae 
Ochroma boliviana ROWLEE 

Theaceae 

259 

4.38 6.84 
2.93 4.78 

4.73 7.38 

3.58 5.58 
4.73 7.38 
2.87 4.77 

1.09 1.34 

Camellia .iapauica var. spantauea 9.7? 
MAKINO 6.23 -

" " " 
Sfewartia Pseudocamellia MAXIM. 

Ternstroemia Mokol NAKAI 

" " " 
Guttiferae 

Calophyllum l110phyllum L. 
Garcinia spicata HOOK. f. 

Dipterocarpaceae 

Pcu{acme controrta M. & R. 
Shorea negrosens;s Foxw. 

Araliaceae 

Kalopanax pictum NAKAI 

" " " 
" " " 
Cornaceae 

Comus confroversa HEMSL. 

" " " 

3.4.5 4.62 
5.44 8.49 
5.45 8.50 
3.42 4.52 

4.12 6.42 
3.43 4.19 

5.04 7.86 
3.85 6.00 

5.73 5.82 
4.04 6.30 
2.97 4.36 

3.88 6.06 
3.45 4.06 .. 
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198 Aokokutan 

199 Yamagaki 

200 Kokutan 

201 
202 

203 
204 
205 
206 

207 
208 
209 
210 

Egonoki 

') 

Siozi 

" 
Toneriko 

Yatidamo 

" 
" 

Hiiragi 

211 Teak 

212 Kiri 
213 

" 

Taken NAGASAVVA 

Metachlamydeae 

Ebenaceae 

Diospyras chloroxyloll ROXB. 

Diospyros Kaki var. silvestris 
MAKIJ\O 

Diospyros peregrina Gf'RKE 

Styracacecae 

Styrax japonica S. et Z. 

" " 
Oleaceae 

Fraxinus comtnemoralis KOIDZ. 

" " " 
FraxinllS japonica BLUrvIE 

" " " 
Fraxinus mandshurica RuPH. 

" " " 
" " " 

Osmanthlts iiicijolillS STANDISH 

Verbenaceae 

Teetana grandis L. f. 

Scrophulariaceae 

Paulownia tomentasa STEtJD. 

" " " 

5.49 6.59 

4.44 6.93 

4.75 5.96 

4.02 6.27 
3.34 4.97 

3.94 6.15 
3.60 4.35 
4.23 6.60 
3.42 5.30 

4.81 7.50 
3.42 4.21 
4.38 6.84 
4.81 7.50 

4.31 6.72 

3.81 5.94 
2.56 4.88 

The comparison of calculated values from the equation (2) and 
measured values is described in the following. 

In the experiment, an X-ray of wave length 1.94 A was used, 
voltage was about 50 KV. and the current 4-8 miliamperes. 

Needle leaved 
wood Hard wood Soft wood 

Ileale. .'lobs /leale. !lob~, 

10.71 9.64 8.04 7.43 7.14 6.50 
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Table III 
... ... _-_ ... --- ._----_ ... _ --- - . 

Cellulose Lignin , i}l.) 
" " p, :t 
p . ______ i ___ ------

I 0.149 I 0224 0.\ 0.153 0.230 

0.2 0.192 0.288 I O.l 9J I 0.285 

0.3 0.231 0.347 0 .225 ! 0.338 

0.'1 0.304 0.456 i 0.284 0.426 

0.5 0.426 0.639 0.381 0.572 

0.6 0 .609 0.913 0.526 0.789 

0.7 0.866 1.299 0.783 1.175 

U.S 1.361 2.042 1.120 1.68) 

0.9 1.629 2.444 1.346 2.019 

1.0 2:~50 3.375 1.730 2.600 

1.1 2.804 4.2()i; 2.278 3.'117 

1.2 3.554 5.:131 2.922 4.383 

1.3 4.496 6.741 3.636 5.454 

1.4 5.806 8.7U9 4.656 6.9&1 

1.5 7.326 10.989 5.850 8.820 

1.6 8 .739 13.109 6.983 10.475 

1.7 )(1.27 15.41 8.24 12.36 

1.8 12.16 18.24 9.74 14_61 

1.9 14.52 21.78 10.96 16.44 

2.U 17.07 25.62 13.60 20.40 

2.1 19,65 29.48 15.65 23.48 

2.2 22.32 33.48 J.7.73 26.60 

2.3 23.85 35.78 19.40 29.10 

2.4 26.32 39.48 21.30 31.95 

2.5 30.31 45.46 24.f5 I 36.98 

.... _--- ----
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Table IV 
~~----~. 

._ -_ .. 
-------~ . -

l -=_soi~" v~~~ _l~~edl~ L~~~~ed W~Od Hard Wood 

, (Al 
I' 

I' ~' [I !.I I !), 
r " ? 

-~- -- .. _- - - - - --- - -------

0.1 0.D48 0.075 0.055 0.080 0.073 O.1I4 

0.2 0.061 0.095 0.071 0.111 0.094 0. 146 

0.3 0.07,1 0.115 0.083 0.129 0.110 0.171 

0..1 0.096 O. l !JO 0.108 0.168 0.144 0.225 

0.5 0.13:J 0.207 0.150 0.2:j4 O.ZOO 0.312 

0.6 0.190 0.296 U.213 0.33:\ 0.284 0.444 

0.7 0.292 (). ,t2·1 0.333 i OA 7Y 0.108 0.6.16 

0.8 0..14 1 0.(88 0.496 0.77,1 0.661 1.301 

0.9 0.535 0.8:35 O.6()2 0.9:39 O.8o:l 1.253 

1.0 0.982 1.532 0.737 1.149 0.982 l.G321 

l.l 0.864 1.348 0.972 1.516 1.295 2,O:W 

1.2 1.097 1.711 1.2:14 1.925 1.645 2.566 

1.3 1.312 2.0·17 1.557 2.429 2.075 3.237 

]A 1.784 2.783 2.007 3. 131 2.676 4.175 

1.5 2.218 3.160 2.495 :-t892 3 . .327 5.190 

1.6 2.68·1 ,1.187 3.020 4.711 ,1.026 ().281 

1.7 3.150 4.!H4 3.544 5.529 1.725 i·,371 

1.8 3:l~6 5.828 '1.203 6.557 5.604 8.742 

1.9 4.227 65 9-1 4.755 7..1 18 6.3/10 9.890 

2.0 5.240 8.] 7,' 5.895 9.196 7.860 12.262 

2.1 6.032 9.Hl 6.786 10.586 9.0·18 14.115 

2.2 6.8-15 10.678 7.701 12.0H 10.268 16.018 

2.3 7.603 11.861 8.55:1 13.313 11.405 17.792 

2.1 8.101 12.638 9.11 ·1 14.218 12.152 18.957 

2.5 H.OO3 2l.8-l4 10502 16.383 9.335 14.563 

.".- - --_ .. 
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For practical use, the values of ~ and I' for the vanous 
I' 

wave lengths are calculated by equation (2), and tabulated in 
Table III and IV and presented as a graph as text-fig, 9, 

The author desires to express his thanks to Prol, S, KATAYAMA 
whose kindness has made possible the completion of this work 
He wishes also to l:,hank Prol, U, YOSHIDA of the Kyoto Imperial 
University for his incessant guidance, ProL S, SUZUKI, Prol, H, NISI 
and Prof, K, NISIlIDA who have given the author valuable advices, 
and Prof, R, KANEHIRA and Pro!' M, FUZIOKA who kindly prepared 
for the author some of th2 ~amples used in the present investiga­
tion, 

The author wishes also to thank Me, K, YOSIMU.!'A who assisted 
him in the practical work of the experiments, 

The author is indebted to the Imperial Academy for a part 
of the expense of this investigation, 

VII, SUMMARY 

Five separate X-ray investigations of wood are described, 
In the jirst, the SHERRER tube is used, The gitter constants 

and dimensions o( the unit crystal are calculated, 
In the second, the causes of the various diffraction patterns of 

the wood are explained, 
In the third, the relation between the strength of woods and 

LAUE or Powder patterns of diffraction figures are discussed, 
In the fourth, a method of determining the inner strain dis­

tribution in wooden material without damaging it, is described, 
In the fifth, the absorption coefficients of many species of wood 

are measured and compared with values calculated theoretically, 
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Fig. 1. Albizzia julibrisin Bory. 

Fig. 3. Pinus Thunbergii PARL. 

Fig. 5. Thujopsis dolabraia S. et Z. 
{Radial section). 

Fig. 2. Chamaecyparis obfusa S. et Z. 

Fig. 4. Quercus cyispuia BL. 

Fig. 6. Thujopsis do/abrata S. et Z. 
(Spring wood). 
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Fig. 7. Thujf>psis ddcbrata S. et Z. 
(Tangen tial section). 

F ig. 9. Chmnaecjpar;s obi usa S. et Z. 

Fig. 11. Piuus Tlllmbergii PAKL 
(Spring wooo. I. 

Fig._ 8. Thufrpsis dc/obtata S. et Z. 
(Summer wood:' 

Fig. 10. Pinus Thu'lbergii P AR t. 
(Summer wood). 

Fig. 12. Pintls densiftora S. et Z. 
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Fig. 13. Pvdocarpus N1gi PILGER Fig. 14. Tsuga Siebcldii C."li.R 

Fig. 15. Populus Maximowiczii A. HENn Fig. 16. Kalopunax pictum I\AKA[ 

Fig. 17. Acer palmalum TI![II.JB. Fig. 18. Fagara ailanthoides E:-:GL. 
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Fig. 19. Zelkowa serrata M.\KI:-1'.! 

Fig. 21. Castanea cren~da S. et Z. 
(Summer y.."Ood). 

Fig. 23. !lex rotunda THl:Nn. 

Fig. 20. Diospyros peregrina GeRKE 

Fig. 22. Castanea crenala S. et Z. 
(Spring wood :" 

Fig. 24. QuC!rcus cris/mia BL. 
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Fig. 25. Quercus crispula BL. 
(Summ';!r wood). 

Fig. 27. FraxitltlS jajx)Iljea BL. 

(Summer woodJ. 

Fig. 2f. QUCYOIS crispula BL. 
(Spring wood ). 

Fig. 28. Fraxinus japouica BL. 
(Spring wood ). 



ERRATA 

Journal of Ag ricultu re, Ky ushu Im peria l Uni versity. 
Vol. 5, No. S. Mar 1. 1937. 

Page 237, line 10 from bot tom: For refleti on 1'Uld refraction. 

Page 238, line () : For off read of. 

Page 244-, line 9 from bottom: For Fe rcad FeK(J' 

Page 2t1-9, line 1 : 

rem} r =- __ ?_~ cos p _,' ./ si n~f COOl;: 

2 cos'? -- sin~? 

Poge 250, line 5: For atom read beam 

Page 251, formula (2), For (Jt-) Cl i ,~n . read (J:.) . Cli )<!"n 
i"' P hgn. 


