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Adstract

Some time ago, the writer had determined the orientation of the crystals in tungsten
wire by hinding the spectrom of the characteristic K-radiation of the Mo-target in
some of the ordinary Lauc-spots. Now he has improved some parts of the former
method, He utilized the convergent X-rays starting from the focus of the Mo-target
of a Codlidge tube. These convergent X-rays were made to pass through a circular
pin hole, and then to illuminate a small portion of a specimen. The photographic plate
was sct perpendicular to the line comiecting the centres of the focus and of the slit
In all photographs taken with convergent X-rays, we found that cach of many Iauc-
spots contained an intense nucleus at its centre, and that some of the spots were ac-
companicd by the spectrum lines of the K-radiation of molybdenum. As to the positions
of the spectrum lines, they did not, generally coincide with those of the corresponding
centres of the Laue-spots.  From the positions of these spectrum lines and of the intense
centres the orientation of the crystal was determinzd. Tn obtaining the exact position
of the centre of the central spot, which was impressed by the direct beam of the X~
rays, two mcthods were employed. One was to give a correction, by calculation, of its
rough position estimated provisionarily ; and the other was to usc crossed wires before
the photographic plate,

Introduction

Some time ago, the writer' had determined the orientation of the
crystals in tungsten wire by finding the characteristic K-radiation in
some of the ordinary Laue-spots.

1 I Tojiwara, Mazda-Ienkyu-Jiho, 1, No. 2, (1926)
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At that time the X-rays passing through the slits of two pin-holes
were used, the specimen and the photographic plate were generally
placed perpendicular to the beam of the X-rays. Recently the same
method has been improved in certain pariiculars by the writer and is
described in the following pages.

General Idea of using Convergent X-Rays

If a crystal be placed in a position satisfying the following Bragg’s
equation in the path of monochromatic X-rays of wave length A, it

will reflect them according to
mv=2d sind,......... e (1)

where d is the grating constant of the crystal, and § is the angle
between the atomic plane of the crystal and the incident ray, and n is
an integer which determines the order of the spectrum. DBut if a crystal
be placed in the path of the “white” X-rays, it will reflect some of
them at any position of the atomic plane, as there will be some X-
rays of a certain wave length in the incident X-rays, which will satisfy
equation (1). The diffractioin pattern thus taken is so-called T.aue-spots.

Therefore if the “White” X-rays containing a characteristic radi-
ation of strong intensity strike the crystal plane in such a position that
the wave length of the characteristic radiation satisfies equation (1),
the spectrum line of that radiation will be found in the ordinary Iaue—
spots.

Now let convergent “white” X-rays accompanying a characteristic
radiation of strong intensity strike a crystal plane and produce a ILaue
diffraction pattern on the photographic plate in the manner shown in
Fig. 1. In this figure CKIL is convergent rays starting from a

Fig. 1
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circular focus KFL(G, E is the centre of it, and the plane POB is the
photographic plate which is placed perpendicularly to the line EC,

Now we assume any characteristic radiation AC which is contained
in the plane ECN and is reflected by an atomic plane of the crystal in
the direction CP. CN is the normal to the atomic plane, y the angle
between the ray and the normal to the plane, and P the image on the
photographic plate which is impressed by the reflected characteristic
radiation. Then, in addition to the ordinary I.aue—spot, the same charac-
teristic radiation which strikes the crystal at the same glancing angle
as the former one, will also be reflected by the same atomic plane, and
the characteristic radiations whose paths are the gencrators of the cone
CFAGE” will be reflected by the plane and will make a spectrum  line
G'PI in the ordinary Taue-spot. The vertex of the cone CFAGIE” is
C, its axis CN and the semivertical angle 7.

The characteristic radiations whose paths are not lying on the
surface of the cone CFAGE”, do not satisfy equation (1), they will not
be reflected by the same atomic plane. Thus, the shape of the spectrum
line produced on the photographic plate will be, strictly speaking, a

curved line G'PF’, but as the angle y is very near to

, so the

spectrum line appears nearly as a straight line and is perpendicular to
the radial line OP,

Compared with the casc of using parallel rays, the sharpness of
the Laue-spots is of course very much destroyed by using convergent
X-rays; but the chance of obtaining the spectrum lines in the ILaue-
spots is very much increased with convergent X-rays, because the
chance of covering the focus by the conical surface CFAGEF” is greatly
increased by using a broad focus tube.

Outline of the Method

As stated above the writer has improved some parts of the former
method. He utilized convergent X-rays starting from the focus on the
Mo-target of a Coolidge tube, These convergent X-rays were made to
pass through a circular pin hole, and then to illuminate a small portion
of a specimen of a single crystal of tungsten. The photographic plate was
set perpendicular to the line connecting the centres of the focus and of
the slit. For the present purpose an X-ray tube with a broad focus
and a circular conical slit are preferable. The focus of the tube was
about g mm in diameter and the applied voltage was about 40 K.V.s.
The semivertical angle of the conical slit was about five degrees, slightly
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larger than that of the convergent X-rays, and the diameter of its
opening was about o.4 mm.

A lead screen with a circular hole of proper diamcter was placed
between the X-ray tube and the slit so as to cut off the weak X-rays
starting from any other part of the anode than the focus. DBy the use
of this lead screen the Taue-spots and the central spot impressed by
the dircct beam of the X-rays became sharper and thinner than those
obtained without a screen,

In setting the photographic plate perpendicularly to the line joining
the centres of the focus and of the slit, a fluorescent sereen  provided
with a point-mark was so placed, just at the position where the photo-
graphic plate would be placed afterward, that the line connecting the
centre of the slit and the point=mark became perpendicular to the plane
of the fluorescent screen,  Then the position of the X-ray tube was so
adjusted as to project the image of the centre of the focus at the point—
mark on the screen: and then it was replaced by the photographic
plate exactly in the same position,

The Results

With this apparatus Iaue diffraction patterns of thin tungsten
wircs composed of single crystals were taken as shown in TFigs. 1 & 3
of Plate T, and the diffraction pattern of the samc crystal taken with
the parallel X=rays is shown in IFig, 2 of Platc I, As comparison,
the Taue patterns in Figs. 1 & 2 were taken with the same tungsten
crystal inn the form of a thin wire, which was cxactly in the same posi-
tion. The potential difference applied on the X-ray tube was about
g0 K.V.s, the current about 10 milliamperes and the exposure of the
photographic plates about five hours in both cascs.

Comparing these two photographs we can sce that some more
spectrum lines of the characteristic IK—radiation of Mo appeared in
IFig. 1, and that the lines are longer in this case.  With regard to the
Lauc-spots produced by the white radiation they are larger in Tig. 1
than in Tig. 2.

By means of convergent X~rays and with a crystal of tungsten
the writer took many photographs with different X-ray tubes having
foci of different shapes; and it was observed, as a muatter of course,
that the shapes of the Laue-spots were respectively similar to those of
the corresponding central spots which are nothing but the ordinary
images of the foci obtained by the pin hole slit.  This is illustrated by
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the photographs, shown in Figs. 1, 3, 4, 55 0, 7, & 8 of Plates I.
& II. In the cases of Figs. 1, 3 & 4, Plate I, the same anode with
a nearly circular focus was used, the shape of which is shown in Tig.
7, Plate II. With Fig. 4, Plate I and Fig. 5, Plate II, the same tung-
sten crystal was used, but with the others the tungsten crystals used
were different in each instance,

In all photographs taken with convergent X-rays we can detect
that every one of the Laue-spots has an intense nucleus at the centre.
This is, of course, due to the presence of an intense nucleus at the
centre of the focus of the target; and it is very convenient in determin-
ing the position of the Taue—spot, and consequently in determining the
orientation of the crystal.  As to the position of the spectrum lines of
the K-radiation, they are not generally coincident with the correspond-
ing intense nuclel at the centres of the T.aue—spots. The glancing angle
f of the X-rays which arc responsible for the spectrum line G'PE’ in
Fig. 1 does not coincide with the half of the angle PCO, but it wil
be given by the following equation,

20=20, 2= 2df,....cc.oiiiiiiiiii (2)
were 6, is the glancing angle of the intense nuclens at the centre of
the Taue-spot K/, d0 is the difference between the angles PCO=26,
and E'CO = 20,, and the double signs are to be properly selected
according to the position of the spectrum line against the point I/,
This circumstance must be taken into consideration in determining the
orientation of the crystal. )

The determination of the orientation of the axes of the crystal
with these spectra and spoats will be carricd out as follows :

At first, from the measured values of 7, and 7, which are the
distances between OE' and OP respectively, the values of the angles
E’'CO, and PCO aud their difference @0 are calculated. The glancing
angle 0 corresponding to the spectrum line is found by equation (2),
and the indices of the atomic plane of the crystal by whose reflection
the spectrum line and T.aue—spot are caused, arc determined in the
same way as in the former method. Trom the value of ¢ and the
observed value of the angle between the lines OE’ and OB which is
drawn on the photographic plate in the direction parallel to the axis
of the wire, the orientation of the crystal is determined in the ordinary
manner.,
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Table T
No. of ” Eon or 20]) o o Gl‘fl}tiﬂ;"t Davey’s Data Tndices
Fobs. Ccale) constan P ETRETTS of the
Cobs.y | ] ) d d | Indiges | tomic
spots. inmm| degree lin degree in degree |in 10=% em. 107% | fomie plane.
o [ e N o ) | Cm. | plane |
[ 189 0, | 3103078 }
l da’<l‘56 1-58 109)
| i R
J da ‘r~54 1.58 [ (100
U oa [ 16:39 | Bp | 29°379 (—2°36.1) 13°13./65 [ s | (100)y
J d3 ]1-38
! / dy g3
{ do’ | 1 73 o -
‘ da ; [.72 - o
| 72 1546 | Op2 | 27°42.73 [—3°57.2) 11°52.'6 e [T B eI
| d3 1-53 1-58 | (roo)
’ dy | 151 o
( ™ | 27551 0 | 43°2.6 ( (
—— R ‘ I
1 de’ [ 0-853 | 0.843 | 1 321)
i - -
; do .0-848 ().843 :32[)
Do 300761 0 | 40°T1/9 ) 439973 | 24°40.0 | = (321
: dl8 { 0'756
\ _— S
2 ; dy §0-742
(7,7_ A N
} da' | 0.964
J da Jo.958
" 7oz | 27477 | 012 | 43°1070 | + 135) ap03g/8 | —— _ (3213
| df ' o-855 | 0-843 | (321)
’ ' P AP
‘ dy ' 0-839
) [ 29:00 0y | 44°30.76 ’ } o
/ do! | I-14 | 1.12 ((11033 (110
3 f 7P l2521 ) Op | 40°31 |~3°506] 18°15./65 | d ’ 13 | rerz |(110)% of
k dg [ 1-01 | 0-997 | (310)| (31033
| dy | 0989 | 0997

(310,
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Table I (cont.)

0 Grating  { Davey’s Dat: i
No. of 7ol 20 e 20y | iz | Davey's Data | ndices
(obs.) Ceale.) d d in ‘"(“?\'s atomic
spots. in mm, 0 degree jin degree in degree fin 10~% em. 127 |stomic | plane
' ° e | Prane | T
7 | 2518 On [ 40°2¢
da’ | 0-g80
da [ 0974
o | 2615 ] O | 4193373 | +1%-'3| 219488 | ——— [ —- | (321);
a3 | 0-862
4 dy | 0853|0843 (321)
do! 0-;;6[
da | 0-956
72 | 26:54 | Op [41968-"55! +17zguss | 2193405 : (321)3
df |0-852 | 0:843{ (321)
dr 0837

‘ 7 | 21-28 | 6, |53°48.'3

do | 1+31 | 129 (211)' (211)g

doe | T30 | 1-29 | (2101)

7 | 19463 | Oy [33°938-751 —2°9'8 | 15%¢-"35 | —|—— e
dg | 116 (rioy;
3 dy | 114 102 | (110)°
do! | 1448 S
w\ da | 1.7
e (1829 | Oy | 31998 | —4%"3 | 13%3-'85 —— (211),
; dg | 1.31 | 129 | (211) '
dy [ 1-29 |I.29 | {211)
n 9:55 0, 17056"2 5
do | 2.28 |2.23 | (110)
6 r,, 955 | 6y [17°56+'2 o 8%8.71 da | 2.27 }2.23 | (110) (110)y
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From the diffraction patterns shown in Kig. 3, Platec I, the writer
determined the indices of the atomic planes by whose reflections the
specttum lines and the Laue-spots arc caused, and arc given in Table
I. In this table the spots 1, 2, 3, cte, refer respectively to those marked
in Fig. 3, Plate I. The values of 7, and 7, corresponding to the
spectrum lines and the intense nuclei at the centres of the Taue-spots
respectively were measured on the ncgative plate with Hilger’s travelling
micro-mcter and arc represented in the 3¢ column, Tor the value of
the distance between the specimen and the photographic plate a==29.50
mms. was used. The angles 26, and 26, in the 4" column correspond
respectively to the intense nucleus and the spectrum line in the same
horizontal row. The symbols dy, dy, dz & d; in the St solumn re-
present the value of d obtained by assuming that the spectrum tabulated
in the same horizontal row is due to any one of the Ko, K, Kyand K,
lines of molybdenum respectively.  Ifor the value of the wave length of
the Ko, Ko, Kg and K; lines the writer has taken A.=o.712x 107"
cm., 4,=0.708 X 107" cm., 4=0.631 X 107" cm, and 4, =0.620 X 107 cm.!
respectively.  In the roth and the 11t columns, the values of d and the
indices of the corresponding reflecting atomic plane obtained by Davey®
are represented.  The symbols (100),, (100)s, cte., in the last column
show that the corresponding line is the spectrum of the K, or K; line
causcd by the reflection from the atomic plane represented by the indices
given in the bracket, and the symbol (110)* denotes that the spectrum
line is the sccond order spectrum caused by the crystal,

Correction for the Determination of the Position
of the Centre of the Central Spot

In the former casc the photographic plate was set perpendicular to
the line connecting the centres of the nuclevs of the focus and of the
slit exactly, and the distance between the photographic plate and the
speeimen was  accurately measured.  The centre of the central spot,
which was impressed by the direct beam of the X-rays, was determined
on the negative plate by drawing two diametral lines on the central
spot. The shape of this central spot was nearly a circle and could
clearly be scen on the original plate, though it was barely visible in the
reprinted figure.

Grenerally the centre thus obtained does not coincide exactly with

I \W. Duane and Kang-Iruh-TTu: Thys. Rev., 9. 48y (1918); 14, 369 (1919).
2 AV.P ‘Davey: Phys. Rev., 28, 678 (1y25).
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the intense nucleus of the central spot, and in the former experiment
its accuracy was much less than the other factors stated above. There-
fore the writer obtained the position of the centre of the central spot,
which is more close to the real one than that obtained in the former,
by making a correction. But if we are doubtful of the accuracies of
the distance between the photographic plate and the specinien, and of
the setting of the photographic plate perpendicularly to the line connect-
ing the centres of the nucleus of the focus and of the slit, besides the
correction for the cenire of the central spot, as a matter of course, we
must consider the corrections for these factors. The correction for the
centre of the central spot was made as follows : '

Tet the real centre of the intense nucleus of the central spot which
is impressed by the direct beam of X-rays on the photograph be O,
its approximate position be (', the centre of the intense nucleus of the
reflected T.aue-spot be E', and the reflected spectrum line of a known
wave length be P'P as shown in Fig. 2, In this figure all symbols
have the same meaning as in the case of Fig, 1.

N ¢ A

P’

Ifig. 2
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If we put OO =¢, angle O'OA=a, OE'=7, OP=z, OE'= and
O'P’'=7',, then we have the following relations

7\
tanz0, = -
a
7
tanzfl, = al
...................................................... (3)
o
tanzf’,= L
a
7‘7
tanz2tl’, = a&
rv=r"ytccos{p’—a) o)
................................................ 4

r=r',+c ccslp’ —a),
where ', and ', are the values corresponding to the centre O, the
symbols without dash represent the values corresponding to the real
centre and ¢’ is the angle between the lines 'O’ and OA.
From the equations (3) and (4) we have

7, ¢ ,
tanz20, = PR cos(p’ —a),

i e tanz(?n—tanz(i'n——-—z% COS(P = @) errrraniiriniie e (s)

Now, at first, take the approximate position of the centre of the central
spot as O, and after finding the values ', and 40', determine the
indices of the atomic plane by whose reflection the spectrum line PP is
caused in the mauner as was stated before.  Then by using Davey’s
data, calculate the glancing angle € of the above determined spectrum
linc by equation (1). With this value of ¢ and that of &¥' which was
obtained before, the value of 8, corresponding to that spectrum  line is
calculated by the following cquation

O, = 0 F di oo e (6);

and then the value of tanz8, will be immediately obtained.
Generally  the  difference  tan28,—tanz20’, docs not vanish and it
c
takes the value e cosly’ —a).

If we could find the values of ¢ and « which satisfy equation (3)
for the various spots, we can obtain the corrected values of #, and 7,
and then the real value of @ of the spectrum line,
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Yor the purpose of obtaining the values ¢ and o, at first the rela-
tions between ¢’ and tanz@,—tanz€', for various spols are required;
and then by taking the value of tanz0,—tanz26', as the radius vector
and ¢’ as the vectorial angle these relations arc plotted for various
spots. If a circle passing approximately through the origin and the
plotted points is drawn, and the length of the diameter of this circle
which passes through the origin and the vectorial angle of this diamecter

c ) c
are taken as 0 and a respectively, then these values of e and «a

will approximately satisfy equation (5). Thus the approximate values
of ¢ and a which satisfy equation (5) can be obtained.

If we denote these approximate values of ¢ and a by ¢, and a
respectively, the real values of ¢ and « will be represented as follows

c=c,+dc A=y Aty v viiiiiiiiiiiiiins e, (7)
where dc and da are very small.
Substitnting these relations into equation (35) the following relations
are derived,

cos (@’ — ay— du)

o+ de
tanzf,—tanz0, = “T

+ d¢

=5 Z 2 cos(¢’ —ay) cos(da) + . sin(e’ —ay) sin(da).

By putting cos (da)=1, and sin (do)=da the above cquation
becomes

C . dc
tanz6, —tanz0, =" cos(¢’ —a,) + . coslo’ —ay)
a

+

—C”J;—J( (do) sin'@ —an). veriiiiiiian (8)

< C 1 ’
Since @, and ¢y are known, the values of—" cos(¢’—a,) and (¢’ —a,)
a

can be calculated for all points. By putting

{ tanz0, —tan20,’ } ——Z" COS(@ = ) = A verierii i, (9)

the following relation is obtained from equation (8)

A dc

Tcos (¢ —a) | a

-}-%(’Aa) tan(@ = @), ereeiiiineinia (10)
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Dy putting
A _ , , _ . .
—=———=y and tan (¢’ —q)=x, the values of x and y
cos ¢ —ap) -
arc calculated for all spots, and if the relation between x and y is plot-
ted on a graph it will be represented ncarly by a straight line. DBy

~

. - c .
drawing this linc properly the values of P and « can bhe obtained ;

consequently the corrected values of ¢, «, 7, 7, and ¢ will be obtained
where ¢ is the angle between the lines E'O and OA in Fig. =.

With these corrected values of #, and 7, the real value of 0 is
calculated and the indices of the atomic plane by whose reflection the
spectrum line is caused is determined and the orientation of the crystal can
be determined exactly.

According to the principle stated above, the actual corrections were
made with the data represented in Table I, and they are represented in
Tables 1T, III and IV, In these tables the data which arc reproduced
from Table I arc denoted with dashes.

Table II
No. of 20 20, mcan tan 20y, 4 x v
2dy value of 20, |—tan2b in
spots in degree (30}'241’0’,\‘ 20, in 10— | degrec|in 10~?in 10—%
%) 25° 555 |—5%12."2 3["7-’7]
1 (100) 13103271 [ 31°39 5 | —145.2 | 1° —13.2] 418
! :
Bl 23" 4/t |— 7544|3585 . :
[ _— ; —
%) 4> 30 | +0°1870] 43°20.7 :
2 (321) 43°25'7| 43°2'6 | 120.6 | 217° -+ 5402, —0:6
Bl 43> 58 |+ 2770 43031 1
_ —_— _ _ o } _ — _
3 (100f la| 360 57" |—=7°57'3' 44°54+'3 | 447543 | 44°30°6 ) 1364 | 196° £+13'1 -7
ol 43° 8-’3 +2° 8.6 40°39.'7
4 (321) 40°59+'4 [ 40°29.'0 | 1455 175° '—2qa] 43501
Bl 43° 5872 |+2%59."1) 40°59"1 :
J
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Table II (Cont.)

No. of 29 20, mean tan 29, : ¢ x v

2dy value of | 20, |-tan26): in i
spots in degree (29 F2d) 26, in 10—  degreejin ro—?fin ro—*

a| 31° 55" |—4°19.6] 36°14-6
5 (a11) 30°18.79 | 35°48+'3 | 136-2  164° |~ 45-6| +5:3
Bl 28° 22.'7 |—8° v 6 36°23."3

6 (11o) |a] 18° 153 o 18°15-'3 | 18°15-'3 | 17°56."2 | 6203 “33;0, ]—143-0—351
. _ de B _
S ggbx10Y, L=z xi0, S=141.4%107
a a a
a,=188"32' da=1"53' a=1qo 25’
Table 1II
¢=0.4I7 mm, a=190°28'
No. of o —a dec=c cos(¢ —a) e
(corrected)
spots in degree in mm, in degree
I —189° 25/ —0-41 49’
2 | 260 35 +o:37 2160 37
3 + 5 39 +o0-42 195° 53
4 —I15°> 25’ +0-40 175° 15’
5 —26> 2y’ +0:37 164° 29’
6 56> 58 +0-23 135 32/




296 Takeo Fujrwara

Table IV
No.of | # dc 7 20 0 Grating constant |Davey’s datel Indices
(cor- . _lof the
(obs.) rected)] (cale.) db d 4 in |Indices| atomic
spots {in mm.|in mm.[in mm,| in degree (cale.) in 10-Scm. =8 Lpete | plane
) 10 cm plane
| 18:19 1778 0 | 31° 477
—_ — N " — - —— e
( da’ | 1-59 [(1-56) ! 1.58 | (100)
de | 1.58 [(1-54)] 1.58 [(100)| .
I 7o | 16:39 15-98 op, 28°26.'7 | 2°38' 11294/ 35| —|— - |- (100)q
i dB | 141 [(1-38) ‘
o —0-41 ! dy | 1-39 | (1-35) \
' do’ | 159 |{1-73)
dae | 1-78 |(1.72)
712 | 15.40 15.08 2_2 27°18 | 42"y [11°29 45— |—— | ——|———
! dg | 1.58 |(1-53) [(1.58) | (100) |(100)s
: dy | 156 [(r51)
7| 2755 2792 0 [43°2574
‘ da | 0-848 |(0-853)] 0-843| (321)
| _ —
i do | 0:843 {(0-848) 0-843| (321)
7 | 3070 3113 2,1’ 40°32-"4 | 3° 7' | 24497 | (321)a
dg | 0-752 |(0-756)

’
I

2 +0:37 dy | 0738 |(0-742)

B T e S ey o e e
. - } , @ 0:947 1(0:958)
sz | 2777 2814 [z 437289 | 1375 21°56"2 a3 0.845 (&;gs—);-g;é: (37217)7 (321);
i d | o820 [0830) |

*711 2900 o 2()42 €44°55'4 7 BN ——_‘ 7
B i - ;1:’ 1-12 (1714; I-12 (141;))’

3 E 11z [{1-13) 71”172 [([10)3 2
L7y | 25021 (4042 ] 25.03 [0 40° 59 |3956-4] 18°31."3 - T (110)g

R |
l'; d3 0.994 | (I-01) ’

dy | 0:976 |(0-989)
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Table TV (cont.)
No. of | # d » 20- . 0 Grating constant | Davy’s date| Indices
by | (o] (> | T T st
spots lin mm.iin mm.fin mm.| in degree (cale) in 1o~Sem. 10—3“ ';tﬁ::(:c plane
n|ess| fesssfp [asis| ’ R
S - o d 0:970 (0:989)
da ;965 (0~97Z)
71 | 20-15 26-55 ] 41°59-3 | 135 | 2173174 | — TR (321)r
ds | 0-860 {0-862)
4 +(;-40 H; ;'845 (0:853)| 0843 (321)
o A o | de| 00953 [(0-961) I
a |0 (o5 |
b2 | 26.c4 26-94 (‘p;. 42°29-'2 1°28-"4| 21°56.73 | - - S - (320)a
"dy | ©0-845 |(0-852)] 0-843) (321)
o o820 0830 |
:n 2128| ;1.7(;5 {36”6"5 T B
o B I 50, v—I—;(‘)i (1-31){ 129 | (211)
7da 1.28 |(I-31)] 1-29 |(211)
i | 19-63 20:00 G 31°8-'2 | 283 |15759-"95 a4 | vrs |16y e
5 +0.37 I 1-12 |(1-14) o
e ) dor| 15 [0a8)] |
do | 1445 |(1-47)
72 | 18-29 1866 Gpl, 32°1846 |3°57-'9'14°10.35 5; r20 (30| 1m0 |11y (211)g
dy | 1.23 {(1:20)
: 9-55 9-78 OTI 18°20.'g - - N
B B N dar ;3 (2-28) ;;; (110) -
6 d: 2.22 |(2:27)| 2.23 (110)
7p| 955 |+0-23] 978 Gp 18°20./5| o |g°10.'25 *(;; o (j; l(Ho)<Jl
[N R
dy | 1-94 | (1.99) ,1
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Now, assuming that the spectrum lines, 1, 2, 3, etc, are caused
respectively by the crystal plane shown in the last column of Table I,
the corresponding values of the glancing angle ¢ were calculated. When
the spot contains two spectrum lines the mean of two values of ¢
obtained with these two lines is tabulated. -Tor the values of the gra-
ting constants the writer has taken the Davey' data and for the wave
lengths the same values as in the case of Table I were used.”

The difference between tanz2f, and tanz26, are calculated and
given in the 8t column of Table II, and by using the observed values
of ¢ in the gt column the writer plotted the relation expressed by
equation (5) as shown in Tfig. 3. Keeping the distribution of the plotted
spots in mind the circle OO’ and the diameter OO”0Q’ which passed
through the origin were drawn. The length of this diameter and its

. Co . .
vectorial angle are denoted by = and ¢ respectively. With these

¢
values of —> and a, the writer calculated the values of y=———>—"3
a cos (¢'—am)

and x=tan (¢' —a), and plotted the relation expressed by equation (10)
in Fig. 4 for the spots 1, 2, 3, etc. These data are represented in Table
II, where all symbols represent the same meaning as in the case of

1 & 2, loc. cit.
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Table I, and the values of 240" and 20, in the 4th and 7t columns
respectively are reproduced from Table I.

In Tigs. 3 and 4, the spots 1, 2, 3, ctc., refer respectively to those
represented in Fig. 3, Plate I, and Tables I and II. In TIig. 3 one
division corresponds to 107t and in Fig. 4 one division of the abscissa
and one of the ordinate correspond to 107 and 107! respectively. In
Tig.4 it can easily be seen that the spots lying outside of the circle
00’ in Fig. 3, are in the 1t and 2nd quadrants, and those lying
inside the circle in Fig. 3 are in the 39 and 4th quadrants. From the
position and the inclination of the line L.L’ drawn in Fig. 4 the values

de
a

c .
of ———=0I. and f:* (do)=tan LL'x were obtained, and by get-

ting the values of 4o by calculation, the corrected values of ¢ and «
are obtained and shown at the bottom of Table II.

. c '
The corrected values of dozTcos(gp'——a) and ¢ were calculated
[

for all spots and are shown in Table IIL.

With the values of dc thus corrected the writer obtained the cor-
rected values of 7, and 7, and calculated the corrected values of 6 for
all spectrum lines obtained. With these values of the glancing angle,
the grating constants of the various atomic planes were recalculated and
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compared with the Davey data in Table TV. In this table all symbols
have the same meaning as those in Table 1. Tor comparison the
uncorrected grating constants represented in Table I are reproduced in
brackets in the 12th column of the same table.

It will be easily seen from the table that the corrected values of d
are in better agreement with those obtained by Davey than those uncor-
rected. Thus we can determine more accurately the indices of the
atomic plane by whose reflection the spectrum line is caused, and also
we can determine more accurately the orientation of the crystallographic
axes of the crystal.

The Method using Crossed Wires

The method of taking the photograph was improved by the writer
so as to obtain the exact position of the centre of the intense nucleus
of the central spot which is impressed by the direct beam of the X~
rays.

Before the setting of the photographic plate, crossed metallic wires
of high atomic number were so stretched and fixed, between the speci-
men and the position where the photographic platc would be placed,
that the line connccting the centre of the slit and the crossed point of
the wires became perpendicular to the plane of the crossed wires. Then
the position of the X-ray tube was so adjusted as to project the image
of the centre of the focus at the crossed point, and then the photo-
graphic plate was placed parallel to the plane containing the crossed
wires behind it. TFor the crossed wires an unannealed tungsten wire
was used, the diameter of which was about 0.07 mm, In adjusting
the position of the X-ray tube a fluorescent screen was used at first,
and then fine adjustment was made by taking a pin hole photograph of
the focus of the target as shown in Fig. g of Plate II,

With this apparatus a l.aue diffraction pattern of thin tungsten
wire composed of a single crystal was taken and is represented in TFig.
10 of Plate II. In this photograph we caan see the shadow of the
crossed wires in the region outside the intense central spot. Though the
intensity of the central spot is too strong and the position of the crossed
point can hardly be detected in the central part of the central spot, its
position is obtained exactly and easily by elongating the detectable part
of the shadow-lines.

By setting initially the axis of the specimen parallel to onc of the
crossed wires, the direction of the axis of the specimen can be obtained
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cxactly on the photograph.

The correction before mentioned, in addition to the method men-

tioned above, will give us a more exact position of the centre of the
direct image of the focus of the target.

In conclusion, the writer wishes to express his sincere thanks to

Professor U. Yoshida, of Kyoto Imperial University for his invaluable
suggestions.

Research Ilaboratory,
Tokyo Electric Company,
Kawasaki, Kanagawa—-Ken,
Japan.
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