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I. INTRODUCTION

In 1862 a Swiss botanist NAGELI assumed that the materials
which compose vegetable fibre, starch, silk ete., are constituted from
ultra microscopic crystaline molecular complexes called “ micelle”.
nature of the construction of plants. Of the X-ray study of vegetable
fibre, Prof. 8. NisHiKAwA i3 the pioneer, and in 1613 he proved
scientifically that the plant fibre is composed of microcrystals.

Later H. AMproNN showed that the plant fibre has the nature
of double reflection. Since then many scholars, such as SCHERRER,
HEerzoG, PoLANYI, JANCKE, Marxk and MEYER ete., have engaged
in the Xray study of fibre. Marx 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 heen taken,
using copper K, radiation and iron K, radiation, (The former was
filtered off the K. line hy nickel foil about 1/100 mm. thick. The
latter was filtered off the K. line by a thin laver of mangan
peroxide attached to cellophane). The slit was a circular aperture
whose diameter 15 0.1 mm. The scattered ravs from which were
screenad off in the usual manner by a secondary sht., 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-oray. OfF
these points, the results attained were as follows.

From the data obtained from the sample “ Sugi’ (Cryplomeria
Japonica, DON}Y, assunning the crystal system to he monoclinic, the
following quadratic equation was obtained ;

-45%2” — 0.0147 A2+ 0.0065 &+ 0.01652 - 0.0033 4/

where 4 is the wave length of the X-ray employed, expressed by
A U, and h, %, I are the indices of the atomic planes, and # is
the glancing angle of X-ray, by taking the dimension of an unit
cell of wood fibre as

a=831AU, b=1029AU, ¢=779AU, 2=384°
The values of %Sil,lﬁ
in Table L

calculated and observed are tabulated
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Table 1
‘ - ;12 sin?l !
Spots : Indices ‘ Intensities
Calculated Observed
‘ 100 L 00147 0.0150 W,
A 00l 0.0166 0.0170 w.
B 101 0.0280 0.0286 st.
A, ? 101 ! 0.0346 0.0348 st.
A, 002 0.0664 0.0668 v. st.
A, 004 0.2656 0.2670 m.
I 310 3 0.1417 01420 m.
I, 213 . 0.1978 0.1950 w.
- , -
I, 021 00542 . 0.0644 st.
It 221 0.1064 ' 0.1080 st.
11, | 221 0.1196 0.1230 i st.
\
1il, 031 0.1012 0.1010 m.
11f, 131 ! 0.1126 0.1189 m.
1, 230 01434 0.1480 m. st.
11, 132 0.1723 0.1740 w.
I, 232 0.2230 0.2290 w.
113, 331 | 0.2434 02510 | w.
| S
=
1v, 040 ! 0.1504 0.1530 m. st.
v, 141 0.1784 | 0.1750 w.
v, 240 L0092 . 02100 st.
1v, 143 ' 0.3015 0.2970 w.
R R . | e
v, 051 ‘ 0.2516 0.2380 ‘. w.
v, 251 03038 03200 i w.
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The observed walues 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 (CeHjOs)-groups contained in an unit cell. The volume of
an unit cell 18 equal to

V.= a.b.c.sin 84°
= 8.31 x 10.26 x 7.79 x 10~ x 0.9945 cc.
= 662.45 x 10 *ce,

Again assuming the net density of wood celiulose 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 66245 = 10~ gr.
=1069 x 10-*gr,.

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

- 352
= %06 % 102 5

= 267 % 10"#gr,,

M.,

the number of the (CH,O.-groups contained in an unit cell
becomes :

N= ‘*M:

_ 1069 x 102
2.67 % 20 =
= 4,004.

This number is approximately equal to {our.

ITI. EXPLANATION OF THE VARIOUS PATTERNS OF
DIFFRACTION FIGURES OF THE WO0OD FIBRES

It has been indirectly wverified that wood fibre micelles are
laid down spirally in the cell wall. FREUDENBERG has suggested

that the wood micelles are arranged in only one common direclion
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. CrLark
considered the patterns to be such as pl. 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 uncompreésed state, this type has been scen.

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, whick 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 are nearly similar,
80, in the present investigation only tangential sections are used,
as representative of such orientation.

Text-fig. 1L Text-fig. 2.
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The most typical patterns are shown schematically in text-
fig. 1. In this figure, two DEBYE rings with eight intensity maxima
are seen. Among the intensity maxima, aa are the most striking.
This 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 pl. 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 textfig. 1. BB and CC are crystal planes which produce
maxima bc in text-fig. 1. The second diffraction pattern of the
pl. 6, fig. 2 appcars when the micelles are oriented parallel to
cach other, but lying in a spiral inclined at an angle to the
longitudinal axis of the wood fibre. The third pattern (pl. 6,
fig. 3.} is explained by the fact that the cellulose micelles orienta-
fion varies somewhat from the parallel arrangement, since the fibrils
lie in a spiral. The slope of the fibrils can be measured by the
angles subtended by the more intense arcs. Lastly, the fourth
pattern {(pl. 6. fig. 4) is that in which only the DUBYE rings are
visible. This is due to the random orientation of micelles as in
the cross section, but this type is very scarce. As to the relation
of the wood fibre structure to the different species, the high density
species usually reveal more ncarly perfect orientation than those
of lower density. In the diffraction patterns of spring and summer
wood, DEBYE 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 hreadth of the diffraction spots shows that the size of
colloidal particles are important. In some specics, the breadth of
spot is greater than in others. This means a smaller micellar size
which would indicate a shorter cellulose primary valence chain and
fewer chains in a bundlie.

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 bhe negative. The sample “Kokutan” (Diespyros peregring
GURKE) 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 mtensity is insignificant, for all its compactness. (See
pl. & 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. TIn general, the orientation of the
micelles in the inner side of the tree (near to the centre of the
vear 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 WO0OD
(1) DEBYE-SCHERRER Rings and the Strength of Wood

As mentioned in I, there are many variation in the diffraction
patterns. In 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 $S1SsON’s method, the intensity
distribution along {(002) ring on the diffraction figure may be known.
In the first, the middie 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
directlv on the galvanometer scale, and then the film is turned by
6 degrees around the fixed centre and the intensity of that point
1s read. 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 mav 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 textfig. 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, as
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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

W

1

\n
T

s
f
Breadth of half maximum nizogiry

1
10 20 9 40 Kg. cm®
Text-fig 3.

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 7. The
sample is reduced to fine powder, before and after measuring its
tensional strength. The diffraction depends upon the fact that in
fine powder, the grains are arranged in an entirely chaotic manner.
There should be enough particles in this array, turned at just the
right 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 turncd at another angle will preduce reflection
from another set of planes (the same sct with many particle co-
operating). Thus a beam passing through a powdered specimen
will fall upon a narow film, which 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, each uniformly intense
throughout,
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Text-fig. 4. Effect of strain in broadening diffraction interferences.
Above 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 alse 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 thin
layers or fine powders. 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 methed 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 LAUE or DEBYE-

ScHERRER method, which uses that of the lower order.
For the sensitive character to the film, X-rays of long wave
Iength 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 gitter constants of the polycrystalline materials and the

¥-RAY - ommmmmre o T “._.....;/}.. S
/
LX-Ray Tube Pe plate L
“Wood “Film Sample
Text-fig. 5.

distance bztween the film and the material, and these cones meet-
ing the film and its cross section figure vertical to the cone axis
form 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 alrcady 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;
right unstrained.
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The width of the broadening i1s a function of the degree of
gitter distortion. The broader the width of the rings bhecomes,
the more the degree of the distortion increases. So a sufficient
numbe=r 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.

T e - —a
e
\
/L ny
Text-fig. 7.

The model of distribution of strain of material solely from
X-oray diffraction patterns is shown in text-fig. 7.

In this way, the distribution of the internal strain of the
material may be ascertained without breaking it.

To compare this method with the Laur method described in
the last chapter (i), if the distance from the sample to the film in
both cases is represented by s, then by the LAUE methed the radius
r for one of the wave lengths can be calculated by the following
equation,

r =stan 2/,

where 7 is a glancing angle.
While by the reflection method,

r’= s tan (180 — 24),

where 1’ is the radius in the reflection method.
If the wave length of the incident ray 4 are egual to zero,
then # = 0. This means theorctically, that, in LAUE'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 ¢ = COs p IS neccessary.

If 7 takes larger values, so, in the net plane, # becomes larger
providing that 4 and ¢ satisfy BrRAGG'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 @ ==cosp or cos 6 =1 and ¢ =0, there still appear a
diffraction figure, but at a certain maximum of £, the interference
figure disappears.

Text-fig. &

When # 7> 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

e O} Boam . COS ¢
¢ = G } == Arc sin i
and .
Z2stanf
Tt
cos = B0,
Ccos d

therefore
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= 28001 0'g — olp
2wy — sinty

VI. X-RAY ABSORPTION OF WOOD

The fact that the X-oay is absorbed in wood in accordance
with a definite law is, of coursc, of very great practical importance.
Differential absorption by heterogeneous matter of varying density
is the 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 1
traverses normally through very thin sheets of wood of a thickness
dx, the intensity in the beam emerging from the wooed is decreased
by an amount dl, so that the following relationship holds,

d[ = — ndx,

/4 depending on the wave length of the incident beam and on the

absarber. It is seen to have the dimensions of a reciprocal length

and hence is often referred to as the linear absorption coefficient.

We 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 atom only. We
should then write

dl

I

where dn is the number of atoms in the path of the beam as it

passes through the absorber, and 2, i1s the atomic absorption co-

cfficient. If we consider a beam of 1 cin”. cross section, we see that

= J"!adn »

Inp dx
dn =~ ;
A
where p is the density of the material, A the atomic weight, and
N the AvocADRO 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

Po= M- G-

#N



250 Takeo NAGASAWA

The mass absorption coefficient, p,,, refers to the power
diverted per gram of material traversed by the beam.
In this sense, we write

dl
I

= ‘“mdm,

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

dm = pdx,
and therefore
rﬂmz ‘J't';;‘ﬂ 5 /‘!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

Koy Voo Zy weereerrenanens ,

it is tvpical of the behavior of the X-ray that a molecular absorp-
tion coefficient ., may he used which is defined by additive
relations involving the atomic absorption coefficients of the con-
stituents of the compound.

Thus

Mot = - f%q_.;l =S )b U+ 2 W), v« seses (1)
where (), i3 the atomic absorption coefficient of the atom X for
the wave length in question.

If I, is the power incident upon an absorber; and 1 is the
transmitted power, integration of the above differential expressions
gives

I = Iﬂef:i.\': Igef":"" Ptsges IUe—UutuN!_‘\_)x

where x is the thickness of the absorber in cm.

In the case of wood, the absorption coefiicients depend upon
its constituents, or cellulose, hemicellulose and lignin.

By the help of the expression (1), we can calculate the co-
efficient of ahsorption.

To this end, we must know in the ﬁrst place, the percentage
of content of C, H, O in those constituents.
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The percentage of cellulose, C, H and O content for cellulose
is as follows

C: 44¢s,
H: 69,
O: 50%.

For the hemicellulose, such as hexosane, pentosane, hexopento-
sane, and polysaccharide, the percentages of content of C, H and
Q are similar to of cellulose.

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

C: 669,
H: 6%,
O: 289,

To these constituents, there must be added a few accessary
constituents, such as turpentine, pigments, 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.

(:t )dﬁ. [(’%‘)NH.C“°"-+ (f)CLzJ @ e 2)

where ( ”-) is the calculated cellulose absorption coefficient and
cell.

i
i

(ﬂ )JW is the calculated lignin absorption coefficient. C.; and

!
Cen represent the percentages of content by weight of cellulose
and lignin 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 ¢ vary according to the species, namely,

Cy= 051,
CS: 0.57,
C”: 0.75,

and G is 1.56.
Then the values of g are as {ollows,
2= 0.32
gs= 0.36
gu= 0.84
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I%

The calculated values of "u}' and # of cellulose and lignin for

the wave length of 1.934 A are

(a ‘u

{i
Cellulose 14.89 22.34
Lignin 11.98 17.97.

Besides the theoretical method above mentioned, by the use
of the MARTIUS's ionemeter, the absorption coefficients of many

species were measured experimentally.
The results are given in Table IL

Table I
No. Japanese name Latin name
GYMNOSPERMAE
Ginkgoaceae
1 TLiyo Ginkgo biloba 1..
CONIFERAE
Podocarpaceae
2 Inumaki Podocarpus macrophyllus D. TIoN
Taxaceae
3 Iti Taxus cuspidata S. et 7.
:1. M 7 » »n " ”
5 Kaya Torreya nucifera S. et Z.
6 n bt " LR 1 LR
Pinaceae
7 Momi Abies firma S. et Z.
8 1 2] 3 LETNEE R 1 ]
9 Aotodomatu Abies Mayriana MIVARE et KD
10 Tosirabe Abies nephrolepis MAX.
11 Bémomi Abies nobilis TINDLEY

12 '] " 2

=

3.63

4.29

3.67
3.33
4.10
5.02

4.29
3.67
2.98
3.75
3.85
3.52

5.67

6.69

h.73
5.19
6.39
7.83

6.69
5.73
4.65
5.85
6.00
5.49



13
14
15

17
18
19

20

21
22
23
24
25
26
27
28
29
30
31
32
33
34

36
37
a8
39
40
41
42
43
44
45
46
47
48
49

Todomatu
Sirahe

”
Siberia-
karamatu
Karamatu

Karahuto-
karamatu

Tyosenkaramatu

Tohi
Ezomatu

Tyosenharimomi
Beétohi

Akamatu
Tyosenmatu
Ryukyuamatu
Monticola-Matu
Himekomatu
(33yf1akamatu
Kuromatu

e e e T

Rématu
Kovamaki
Bétuga
Tuga

9
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Abies sachalinensis MAST.
Alies Veitchii LINDL.

ar " ”

Larix dahurica TURCZ.

Larix Kaenipferi SARG.

22 3 7

Larix kurilensis MAYR

Larix oluensis A. HENRY
Picea hondoensis MAYR
Picea jezoensis CARR.

: & ” E]
Picea koraiensis NaKal
Picea sitchensis CARRIERE
Pinus densiflora S. et Z.
" " »” EE 2
Pinus koraiensis S. et Z.
v 2 $ o
" » » bH ”

17 ” PIN E I } ]

Pinus luchitensis MAYR

Pinus monticola D. Don

Pinus parviflora S, et 7.
” i SRR

Pinus silvestris 1..

Pinus Thunbergii PARL,

Dsendotsiga japonica DBEIS
Pseudolsuga laxifolia Brior.

1 1 I

Sciadopitys verticillata S. et Z.

" ” L

Tsuga hetevophylla SARGENT

Tsuga Steboldii CARR.

» ” 1

3.

»

L1

3.64
3.17

10
Jal

4.81
3.65

2 Q1
.00

3.84

4.42
1.06
4.52
4.31
4.92
3.88
3.19
3.10
3.76
413
4.01
3.85
3.75
2.65
5.06
3.86
5.00
3.40
2,54
3.42
1.94
479
373
423
3.56
3.46
3.65
477
4.90
371

§]
[&]]
(I

[

N e o
(31 ' sB{n B )]
2 e o]

o

(]
0 =3
o

=

ol N

e B I LA B S I A M B B L 52
O s ] Lo oy oo ¢
ST oD
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Taxodiaceae
50 Sugi Cryptomeria japonica D. DoN 3.67 5.73
OH1 s " " vy 463 7.23
52  Yakusugi " " y 417 6.51
53 Nikkosugi . . . 331 5.16
54 Zindaisugi .. o 3.29 513
55 Akasugi Sequoia sempervirens ENDL. 362 5.64
56 " " . . 3.31 5.16
57 Taiwansugi Taiwania cryptomerioides HAYATA 3.67 5.73
o8 » - " " 4.03 6.29
Cupressaceae
59 Benihi Chiﬂq‘es(ﬁfﬁs Jormosensis 352 549
60 " " " 365 570
61 Béhinoki Chamaesparis Lawsoniona 396 5,18
62 i W - 437 6.81
63 Beésawara Chg{%?;g%;?s nootkatensis 3.73 5.82
64 Hinoki Chamaecyparis obtusa S. et Z. 3.85 6.00
65 i - g o % 365 570
66 Taiwanhinoki C@g;ﬁfﬁgﬁ‘;”ﬁfﬁﬁfr‘f Jorm. 427 6.66
67 ” " . , 367 5H.72
68 Sawara Chamaecyparis pisifera S. et Z. 370 577
69 - » " o o 369 K76
70 Byakusin Juniperus chinensis L. 442 6.50
71 Nezumisasi Juniperus vigida S. et Z. 408 6.36
72  Bésugi Thuja plicata 1. Don 458 7.14
73 i 3 G W 3.10 4.83
74 Hiba Thujopsis dolabrata S. et 7. 418 6.52
5« o W WO 4.19 6.54
%, - 5 " uoon B 2.81 3.83
77 Nezuko Thija Standishii CARR. 3.83 5.98
78 i i 5 - 3.56 5.55



79
80

81
82
83

84

85

86
87

88
89
90
91
92

93
9
9h
96
97
98
59
100
101
102
103
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Syonanboku Libocedrus formosana FLORIN
MONOCOTYLEDONEAE
Palmae
Bird Livistonia subglobosa MARTIUS
Syuro Trachycarpus excelsits WENDL.
DICOTYLEDONEAE
Archichlamydeae
Salicaceae
Doroyanagi Populus Maximowiczit A. HENRY
Yamanarasi Populus Sieboldii Miq.
Bakkoyanagi Salix Bakko KIMURA
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The comparison of calculated values from the equation (2) and

In the experiment, an X-vay of wave length 1.94 A was used,
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Table III
Cellulose l 7Li7gm'n o
* ‘ 1 £ o,
5 E 2
0.153 \ 0.230 ’ 0.149 o224
0.192 [ 0288 | 019 0.285
0231 | 0347 0.225 0.338
0.304 0456 | 0284 0.426
0.426 0639 | 0381 0572
0.609 0913 0526 0.789
0.866 1.209 0.783 1175
1.361 2,042 1.120 1.68)
1.629 2444 1.345 2.019
2,250 3.375 1.730 2,600
2,804 4206 2.278 3.417
3.554 5.331 2922 4383
4.496 6744 | 3.636 5.454
5.806 8.709 4,656 6.981
7.326 0989 | 5860 882
8739 13100 6983 10.475
1027 15.41 8.24 12.36
12.16 18.24 9.74 14.61
1452 21.78 10.96 16.44
17.07 26.62 13.60 20.40
1965 2948 . 1565 23.48
2232 3348 | 17.73 26.60
2385 35.78 19.40 29.10
26.32 3948 | 2130 31.95
3031 4546 | 2465 36.98
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Table 1V

1 HardWood | Soft Wopd lf\'eedle Leaved Wood

w T T ]
¢ R . [ LS S

0.1 0048 | 0075 | 0055 | 0085 | 0073 | 0114
0.2 0061 | 0095 | 0071 0110 | 0094 | 0.146
0.3 0074 | 0115 | 0082 0129 | 0110 | 0171
0.4 0096 | 0.150 0108 | 0168 | 0144 0.225
0.5 0.133 (.207 0.150 0.234 0.200) 0.312
0.6 0.190 | 0296 | 0213 038 | 0284 | 0444
0.7 0202 | o424 | 0333 o047 | 0408 | 0636
0.8 0441 | 0688 | 0495 | 0774 | 0661 1.301
0.9 0535 | o085 | 0602 | o0ue | 0803 1.253
10 0.982 1532 0737 | Llde | o082 | 1532l
1.1 0864 | 1348 | o097z | 1516 1205 | 2020
1.2 1.097 1.711 1234 | 1925 | 1615 | 2566
13 1312 | 2047 1557 | 2420 | zots | 3237
14 1784 | 2783 | 2007 | 3131 2676 | 4175
13 2218 | 3460 | 2495 | 382 | 3327 | 5190
16 268l ¢ Al | aem | 471 1026 | 6281
17 3150 | 4914 | 354 | 5520 | 4725 | 7371
13 3736 | 5828 | 4203 | 6557 | 5604 | R742
19 1227 | 6594 | 4755 | 7418 | 6340 | 9800
20 5240 | 8174 | 5805 | 9196 | 7860 | 12262
21 6.032 9411 | 678 | 10.586 9048 | 14115
2.2 6845 | 10678 | 7701 | 1zoit | 10268 | 16018
2.3 7603 | 11861 8553 | 13343 | 11405 | 17.792
2.4 8101 | 12638 | 9114 | 14218 | 12152 | 18957
25 14003 | 21844 i 10502 | 16383 | 9335 | 14563
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For practical use, the values of f;—f and 2 for the various

wave lengths are calculated by equation (2), and tabulated in
Table IIl and 1V and presented as a graph as text-fig, 9.
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VII. SUMMARY

Five separate X-ray investigations of wood are described.

In the first, the SHERRER tube is used. The gitter constants
and dimensions of the unit crystal are calculated.

In the second, the causes of the various diffraction patterns of
the wood are cxplained.

In the third, the relation between the strength of woods and
Lavur 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 coeflicients of many species of wood
are measured and compared with values calculated theoretically.
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Jour. Dept. Agric. Kyushu Imp, Univ. Vol. 5 Plate 6

Fig. 1. Albizzia julibrisin Bov. Fig. 2. Chamaecyparis obiusa S. et Z.

Fig. 3. Pinus Thunbergit Pare. Fig. 4. Quercus crispula B, -

Fig. 5. Thugopsis dolabrata 5. et Z. Fig. 6. Thujopsis dolabrata S. et Z.
(Radial section). (Spring wood).
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Fig. 7. Thujepsis dclebrata S. et Z. Fig. 8. Thujcpsis dolabraia S. et Z.
(Tangential section). (Summer wood'.

Fig. 9. Chamaecyparis obtusa S. et Z. Fig. 10. Pinus Thunbergii Parr.
(Summer wood).

Fig. 11. Pinus Thunbergii Parr, Fig. 12. Pinus densiflora S. et Z.
(Spring wood).
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Fig. 13. Podocarpus Nagi Piueer

Fig. 15. Populus Maximowiczii A. Hexzy Fig. 16. Kalopaitax pictum NAKAL

Fig. 17. Acer palmatum Tiuune. Fig. 18. Fagara ailanthoides Excr.
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Fig. 19. Zelkowa serrate Maxmin Fig. 20. Diospyros peregrina Girkr

Fig. 21. Castanea crenzia 5. et Z. - Fig. 22. Castanea crenata 5. et Z.
{Summer wood). (Spring wood.

Fig. 23. Hex rotunda Trune. Fig. 24, Quzrcus crispula Bu.
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Fig. 25. Quercus erispula BL. Fig. 26. Quercus crispula BL.
(Summer wood). (Spring wood).

Fig. 27, Fraxinus japonica Br. Fig. 28. Fraxinus japonica B,
(Summer wood). (Spring wood).

Fig. 20, Myrica rubra S. et Z. Fig. 30. Fraxinus mandschurica Rorr.



ERRATA

Journal of Agriculture, Kyushu Imperial [niversity,
Vaol. 5, No. 5. May 1. 1937,
Page 237, line 10 from bottom: For refletion read refraction.
Page 238, line §: For off read of.
Page 244, line 9 from bottom: For Fe read FeKa.
Page 249, line 1:

Forr— 23508, ol —ofp
2 w'p — s’y
_ 2Scosg 7 sin® cos’y
read T = -

2 cos® — sin’y
Page 250, line 5: For atom read beam

Page 251, formula (2), For (TL) Ciign. vead (E—;)l Ciign.
= ign.



