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An application of the method wherein the ¢- and
x- methods. are combined for the determination
of the grating constant. Part 1.

Swami Jnanananda, Praha.

(Received February 14, 1936.)

The method, wherein the ¢- and the x-methods are combined for the
precise measurement of the grating constants of crystals, is applied. Here,
in this work, only the glancing angle hsave been directly measured and
the differential glancing angle x» has been derived from the measured
glancing angles. In this case the errors due to vertical displacement are
neither diminished nor eliminated.

The individual fictive grating constants of zinc sulphide (ZnS) cry-
stals, whose reflecting Bragg’s planes do not agree with the cut surface,
as found by Ad. Némejcova, are given. The mentioned method is used
also for the measurements of the grating constants from two different
orders of the same wave-length (Kunzl-Képpel method) and it has been

found that the said application is very important if short wave-lengths,
such as Mo K-series, are used.

The influence of the impurities on the values of the grating constant
of the two used zinc sulphide crystals is found to be in the limits of 0,2 X. U.

In this article, I wish to give the results obtained by using
different kinds of zinc sulphide (ZnS)crystals measuring with the
method described in the preceding article.!) This method has
enabled us to derive precisely the grating constants of the crystals
whose surfaces are not perfect. The other known precise methods
require perfect crystals for the measurement of the grating con-
stant. Many crystals, which have a good reflecting power and
a large dispersion cannot be split perfectly. As for example zinc
sulphide crystal, as found by Ad. Né&mejcové?) from her X-ray
investigations and established by prof. F. Ulrich with his crystalo-
graphical measurements, is one of such a type of crystals.

As an application of the valuable advantages of the men-
tioned method I give here my measurements of the individual
fictive grating constants of zinc sulphide crystals to prove the ex-

1) V. Dolejéek-Swami Jnanananda, Casopis 65 (1936), 97.
) Ad. Némejcova: The work in the press. -
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istence of the changes of the grating constant of the zinc sulphide
crystals caused by the presence of impurites. The determination
of the individual fictive grating constants and the said study
of the changes in the grating constant of crystals naturally de-
mand the elimination of all other possible errors due to the
mentioned defects of the crystals which can cover up or falsify
the results.

If we compare the results of the measurements of the grating
constant of zinc sulphide crystal given with different methods
by the former authors, we find that there are great divergences
in the values. On looking at the results given in the Table 1, we
note that this divergence varying from d =1907 X. U. to 1928, 5
X. U, can be explained as a result of the difference between
the reflecting plane and the cut surface of the crystal. The differ-
ences between the values of the grating constant have been
attributed to the presence of different quantities of impurities
in different crystals. The said presence of the different quantities
of impurities in different crystals has been judged after the
colours. There are, as shown in the Table 1, crystals either with

Table 1.
‘;‘ﬁi"gl e Author Quality and kind of crystal
i t t powd
1907 Gerlach (1922) Very B s powdered
1915,5 Goldschmidt (1927) Chemically pure
1929,5 Rinne (1924) Black
1928 Rotatory crystal method Dark brown
1928 Mo Koy, g B ¥ Light brown
1927 . Light yellow
1922, 5 4+ 1,56 Lehmann (1924)
1909, 5 4+ 3 | Hartwig (1926) For controlling a certain
method

black, or brown, or yellow colour. In the case of the measurements
of Rinne who has measured four different kinds of zinc sulphide
crystals, it can be seen that there is only a difference of nearely

2 X. U. between the grating constants of the light yellow and
the black zinc sulphide crystals when measured with Mo K-series
with rotatory powdered crystal method. These results however
differ very much from those of the other authors given in the-
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said Table 1 and also from the value which I obtained with Prof.
V. Dolejsek for zinc sulphide crystal. Our value of the grating
constant of zinc sulphide crystal is

d, — 1908,96 X. U.

The crystal which we used was slightly dark brown and this
value of the grating constant is obtained as the corrected one
after the elimination of the possible errors due to all other defects
of the crystals. I will show in this work that this value is correct.
In this connection, from the former work, I wish to mention that
with the said crystal we have obtained in one case in which the
crystal had a great displacement (4 = 0,401 mm) 1914,8 X. U.
when calculated with the glancing angle ¢, of Cu K, and 1923, 5
X. U. when calculated with the glancing angle ¢, of Mo Ko,
as the grating constant of the crystal. In the other case when
the displacement is reduced, both these values have approached
the value of the grating constant 1908,96 X. U. which has been
derived from the corrected differential glancing angle » and
which has practically remained the same in either case.

I have measured once more the grating constant of the said
crystal which was used in the measurements mentioned in the
former article, only using another position of the same surface.
The crystal is not uniformly coloured and hence I wanted to find
whether the value of the grating constant will be the same at the
two different mentioned places with two different hues of colour.
The measurements and their results are given in the Tables 2
(a, b and c) and 3. The displacement of the crystal in this
case has been 0,028 mm. The corrected value of the grating con-
stant d, = 1908,87 X. U., which can be noted from the last men-
tioned Table 3, differs from the former values obtained in
the preceeding work by 0,09 X. U. From this slight difference only in
the second decimal place of a X. U., we cannot however draw
any conclusions regarding the influence of the impurities in the
same crystal at different positions.

For further investigations into the said influence of the im-
purities on the value of the grating constant of the crystals,
I have taken another crystal and measured its grating constant.
In this connection, I wish to mention that I have adjusted this
crystal to the face of the stand of the crystal table as it can be
seen from the sketch (Fig. 1). The fore front plane surface of the
metallic crystal-stand has been adjusted to the axis of the spectro-
graph. The crystal has been slightly pressed and fixed to the sur- .
face of the crystal-stand. This way of adjustment is found to be
more advantageous than the direct adjustment of the crystal
the surface of which is not perfect as it is usual in the case of zinc
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First series with a displacement of 0,028 mm.
Crystal No. L.

Table 2a. . Cu, ¢,
2 . Aofor o mean
§z° Amm| A4 o ?, A;e’C @ 18°C ;?hlxg'oé
1319 0,139 (1’ 54,17/ 95° 2’ 13” |23° 45" 4,73"|2,85” |23° 45’ 17,58” .
320 0,147 2* 0,77/95° 27 11,56”|23° 45’ 2,70”|3,03” |23° 45" 5,73"| | &
3211 0,296 |4” 3,0” 94° 56’ 28,5”|23° 45’ 7,88”/1,60” |23° 45’ 9,48"| | &
322] 0,307 |4° 12,0”| 94° 56’ 23,5”|23° 45’ 8,87”|1,64” |23° 45’ 10,56”"| { in
3341 0,176 |2’ 24,5” 95° 2’ 49,67|23° 45’ 7,20”|3,03” |23° 45’ 9,28”| | ™
335/ 0,188 12" 34,37 95° 2’ 52” (23° 45’ 4,43”|2,65” |23° 45’ 7,07” 3
336] 0,177 2" 25,3”|95° 2’ 49,5”|23° 45" 6,05”|2,39” |23° 45’ 8,44”
Table 2b. Mo, ¢,
o ’ Agfor o mean
Ez Amm| A4 o ?; At° C @ 18°C ;’,f“}‘go"é
) by
330] 0,243 [3’ 19,5”|42° 49’ 15” |10° 41’ 28,88” 0,96” |10° 41’ 29,84"| \ &
3311 0,252 |3’ 26,8”|42° 49" 13” |10° 41’ 26,55” 1,46” |10° 41’ 28,01” 2
332] 0,279 |3” 49,0”142° 49’ 23”7 |10° 41’ 23,55” 0,757 |10° 41’ 24,30” =
333] 0,2653” 37,56”(42° 497 11,5”|10° 41’ 21,25” 1,18” |10° 41’ 22,43" o
=
Table 2c.
Dlsplacement of the crystal 4 .... = 0,028 mm
p,CuKoy ... 30 0.0 B0 0100 DK 15y ©) LG = 23°45’ 8,3”
Mo Koy .oveviiiniinn.... .. = 10°4Y 26,1”
e Cu—eoMo =12, ............. = 13° 3’42,2”
~ Table 3.

Representanon of the first series of measurements and their results
(4 ~0, 028 mm)

— 10, = 22,07

®;Cu meas. d, = @,.0u ~ to 1908,93 XU
23° 45’ 8,3” 1908,62 XU 23° 44’ 46,3” -

mean x, - d, = COIT. %, ) corr. d, =
13° 3’ 42 27 1908,93 XU 13° 37 43,8” . 1908,87 XU
¢, Mo meas. d, = . | 9:Mo ~ to 1908,93 XU
10° 41’ 26,1” 1907,85 XU _ 10° 41’ 4,17

iy EEERCNPS Y
4. meand 38 &0 =
: mm . mm . — ($6Cu —.—}ldMo)
Cu 0,029 + 1,87

21,3
Mo 0 027} 9,088 {22 8"}
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sulphide crystals whose natural cut surfaces are not quite regular.
In such cases, with the kind of adjustment mentioned above, the
displacement of the crystal amounts to only some hundredths
of a mm. The error due to such a displacement can be easily elimi-
nated with our method mentioned in the former article.l) The
measurements obtained with these crystals are given in the Tab-

@ @
=N
arl

|

»_{_._

Fig. 1.

les 4 (a, b and ¢) and 6 (a, b and c). The measurements in the
Tables 6 (a,b and ¢) are made with a smaller displacement
than in the case of the measurements given in the Tables 4
(a, b and ¢). From the measurements in the Tables 4 (a, b and c).
I have calculated the displacement which is — 0,047 mm, and
I have readjusted the crystal to remove the displacement. With
this new adjustment I have made the measurements mentioned
in the Tables 6 (a, b and ¢). In the Table 7 we can see that
the displacement has diminished to an amount of 0,0145 mm.
As it can be seen from the results mentioned in the Tables 5
and 7 the value of the grating constant, after the displacement
errors are eliminated, are 1908,72 and 1908,66 X. U. respectively.
In the second series of measurements given in the Tables 6
(a, b and c) there is only a very minute amount of displacement.
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Second series with a displacement of 0,047 mm.
Crystal No. II.
Table 4a. Cu, ¢,

224 a’ dgfor 18°C | value of
gy 4 TR * e acc) ¥ v 18°C

1303} 0,235 [3” 12,97|94° 58" 51,75”|23° 45’ 31,15”|1,12” |23° 45" 32,27”
3044 0,153 |2’ 5,67|95° 3’ 52” |23° 45’ 26,60”|1,33” (23° 45’ 27,93”
305| 0,156 |2° 8,0795° 3’ 51" |23° 45’ 25,75”|1,05” |23° 45’ 26,80”
306] 0,172 |2” 21,2”|194° 59” 40,56” |23° 45’ 30,43"|1,89” |23° 45’ 32,32”
312] 0,158 |2 9,771956° 3’ 30,75”|23° 45’ 20,26”|3,29” |23° 45’ 23,55”
313} 0,192 |2” 37,6”|94° 59" 20,75”|23° 45" 29,58”|2,89” |123° 45’ 32,47

23° 45’ 29,2”

Table 4b. Mo, ¢,

2 , Apf o
a2|dmm| 4 o @, A;;;%r @ 18°C

mean
value of
@ 18°C

310] 0,215 |2’ 56,5"|42° 49’ 58,5” |10° 41’ 45,50”|0,76” |10° 41’ 46,26”
311} 0,212 |2’ 54,0”|42° 49’ 56,5” |10° 41’ 45,63”|0,82” |10° 41’ 46,45”
314} 0,200 |2’ 44,27|42° 44 7,56” {10° 41’ 42,93"11,17" |10° 41’ 44,10”
315| 0,177 |2’ 25,3”|42° 44" 5,5” |10° 41’ 37,707 1,29” |10° 41" 38,99”
316/ 0,215 |2’ 56,56”|42° 49’ 40,56” |10° 41’ 41,00”|1,19” |10° 41’ 42,19”
317} 0,190 |2’ 36,0”|42° 49’ 39,5” [10° 41’ 45,88”|0,62” |10° 41’ 46,50”

10° 417 44,1

Table 4c.

Displacement of the crystal 4 .... = 0,047 mm

PIOUKK, «oveieni e, = 23° 45’ 29,2"
PMO KO, it = 10° 41" 44,1”
pCu—oeMo =%, .....ovovun.. = 13° 345,17

Table 5.

Representation of the second series of measurements and their
results (4 = 0,047 mm).

[ 14 = 37"
@;Cu meas, . dy= [ <p10u ~ to 1908,82 XU
23° 45’ 29,2” 1908,08 XU 23° 44’ 51, 5’
mean x d, = corr. corT.
13° 3'45,1”  1908.82 XU 130 37 478" 1908,7§ XU
¢, Mo meas. d, = Mo ~ to 1908,82 XU
10° 41’ 44,17 1906,96 XU 10° 41’ 6,3”
RGN T e, TP
- 4 meanA 30 e0x =
5 011{1):10 mm 3 4 — (36Cu — }6Mo)
u v, 6, ”
Mo 0,047} 9048 {397} +:3.9
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Such an adjustment with only the said minute displacement is
possible to obtain only with perfect erystals adjusted with the
usual optical methods. Here it can be noted that there are no
considerable differences between the value of the grating constant
obtained directly from the glancing angles ¢ of Cu K, and Mo Kx,,
and the value obtained through our method. If we survey all the va-
lues of the grating constants of the zinc sulphide crystals directly de-
rived from the measured glancing angle ¢, we will not be in a po-
sition to say that there exists any difference between the values
of the grating constants of the used first and second crystals.
If we however compare our corrected values of d, obtained from
the measurements of either one of the crystals, we see that all
the corrected values obtained with the second crystal which has
been lighter in colour than the first crystal, are smaller than
those corrected values of the first one. As the mean values of
the grating constants of the first and the second crystals we obtain
the following ones:

I. crystal (ZnS) d, = 1908,93 X. U.
I, ., d, = 1908,66 X. U.

It has been our view only to see whether there exists the said
influence of impurities on the grating constants of the crystals
which was said to be amouting to the value of some X. U. The
results of our investigation with this method testify that the di-
vergences in the values of the grating constants of zinc sulphide
crystals given by the former authors (Table 1) are due to the fact
that Bragg's reflecting surface does not coincide with the cut sur-
faces of the crystal which are not regularly plane faced. It is quite
evident that even with such imperfect crystals, we can with our
method determine the precise value of the constant of crystal
grating. .

We are however not in a position to say that the difference
between the values of the grating constant of the two crystals
amounting to 0,2—0,3 X. U. is due to the influence of the im-
purities. It will be shown in the latter part of this work that the
value of the constant obtained for the first crystal, corresponds
to the fictive value d, of the second crystal, when looked from
the view of the index of refraction.

Here I should however remark that the erystals which I -
have at my disposal and which have given sharp spectral lines
are not of uniform colour. The differences in the amounts of
impurities at different places of the same crystal might have
caused differences in the values of the grating constant of one
and the same crystal if the reflection takes place at different
places of the reflecting surface. The differences in the results of
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Third series with a displacement of 0,0145 mm.
Crystal No. II.

Table 6a.

Cu, ¢,

A mm

A/

P

Agfor
at° G

@ 18°C

0,188
0,205
0,191
0,266
0,254
0,230
0,217
0,214

2’ 34,3”
2’ 48,3”
2’ 36,8”
3’ 38,3”
3’ 28,5”
3’ 8,8”
2’ 58,17
2’ 55,7"

95°
95°
95°

2’ 53,5”
31 5”
2’ 54”
95° 4’ 3"
95° 4’ 2,6”
94° 57’ 43,5”
94° 57’ 46,5”
94° 57’ 52,6”

23° 45’
23° 45’
23° 45’
23° 45" 6,18
23° 45’ 8,48”
23° 45’ 13,08”
23° 457 11,15”
23° 457 12,05”

4,827
4,18”
4,03”

1,28”
1,69”
2,50”
1,43”
0,76”
2,62”
2,71”
2,18”

23° 45’
23° 45’
23° 45’
23° 45’
23° 45’
23° 45’ 15,70”
23° 45’ 13,86”
23° 45" 14,23"

6,10”
5,87"
6,80”
7,617
9,24”

Table 6b.

Mo, ¢,

A mm

A,

Pt

Apfor
At° C

p 18°C

0,236
353 0,204
354] 0,231
355 0,216
356( 0,271
357 0,246
358| 0,238
359 0,241

313,77
2/ 47,4”
3’ 9,6”
2’ 57,3”
3 42,4
3’ 21,9”
3’ 15,4”
3’17,8”

42° 427 12,0”
42° 42" 3
42° 427 2,5”
42° 42" -9,5”
42° 48’ 53"
42° 48’ 53"
42° 48’ 56”
42° 48’ 44"

10° 417 21,42”
10° 41’ 12,60”
10° 41’ 18,03”
10° 41’ 16,70”
10° 41’ 17,93”
10° 41’ 22,72
10° 417 25,15”
10° 41’ 21,55”

0,85”
1,50”
1,17"
337"
1,20”
1,42”
1,11
1,56”

10° 41’ 22,27”
10° 417 13,10”
10° 417 19,20”
10° 417 18,07”
10° 417 19,13
10° 417 24,14
10° 41’ 26,26”
10° 417 23,11

Table 6c.

Displacement of the crystal 4 .... = 0,0145 mm

PO Kioty o oo biw s ooy s 6 7w ois s 8 = 23° 45’ 9,9”
GIMO KO wvveeeeeeennnnnnn, = 10° 41’ 20,6”
@100 — MO = 26 ... =13° 3/49,2"

Table 7.

Representatlon of the third series of measurements and their results
(4 ~0,0145 mm).

e Ta 16, = 11,3
®,Cu meas. Cody = @,Cu ~ to 1908,67 XU
23° 45 9,9” 1908,63 XU 23° 447 58,9”
mean d, = COIT. %, corr. d, =
13° 3 49 2”7 1908,67 XU 13° -3/ 49 7" 1908,65 XU
@; Mo meas. d, = p;Mo ~ to 1908,67 XU
10° 41’ 20,6” 1908,12 XU 10° 41" 11,9”
Ll g 11,87 |
4 meand }4 - E0n =
-0 ort(x)n;3 mm — ($6Cu — 3 6Mo)
u 0,015y 10,9” ”
Mo 0,014} 0:0145 {11,7”} + 08

162



the individual groups of measurements, as it can be seen from
their respective tables, are within the said limits of 0,2—0,3 X. U.

The measurements and their results given in the Tables 8
(a,b and ¢) and 9 and also those given in the Tables 10 (a,b
and c¢) and 11 have been taken with one and the same kind
of crystal adjustment. In these cases the vertical adjustment of
the crystal is made more precise than those of the preceding
series of measurements with the said second crystal. In this in-
vestigation a precise vertical crystal adjutment is important.
I have measured the glancing angles with the precise method of
Siegbahn. From the measured glancing angles ¢ of Cu K«, and ¢
of MoKx; I have deduced the differential glancing angles x.
I have shown in the preceding work that there is practically
no difference between the directly measured glancing angle ¢
and the differential glancing angle » derived from the measured
glancing angles. Therefore in this work I have measured only the
glancing angles ¢ from which I have deduced the angle ». In this
case through the combination of the ¢- and x-methods the error
due to the displacement in the horizontal position has been elimi-
nated just in the way shown in our preceding work.l) But the error
due to the vertical adjustment in this case is'not diminished as
in the case of the direct measurement of the differential glancing
angle ». A simple consideration makes it clear, that the errors
due to the displacements in the vertical and horizontal positions
are diminished only when the angle » is directly measured. This
fact has been shown and experimentally verified in the works
of Kunzl and Koppel®) and those of Bouchal and Dolejsek.?)
It is natural that when the angle x» is not measured but is only
derived from the measured glancing angles ¢, only the error due
to horizontal displacement is diminished, but the error due to ver-
tical displacement that enters into the value of the differential
glancing angle » remains the same as that which enters into
the value of the glancing angle. So in this direction, in so far as
there is a displacement in the vertical adjustment of the crystal,
the directly measured angles » are not equivalent to the angles »
derived from the measured glancing angles. In other words when
we directly measure the angles », the errors due to vertical and
horizontal displacements are both diminished in the values of the
grating constants. If we derive the angle x from the directly measu-
red glancing angle and calculate the grating constant with the
said angle x, the errors due to horizontal displacement is dimi-

3) V. Kunzl-J. Képpel, C. R. 198 (1933), 787; 196 (1933), 940; Casopis
63 (1934), 109; Journ. de Phys. b (1934), 145.

. 4) F. Bouchal-V. Dolejek, Casopis 66 (1935), 33; C. R. 199 (1934),
54.
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Table 8a.

Crystal No. II.

Cu, ¢, -

Fourth series with-a disp}acenient of 0,023 mm.

2 |4 mm

Plate

A’ o«

Pt

Agfor
4° ¢

@ 18°C

mean
value of
@ 18°C

403] 0,281
404/ 0,280
4071 0,172
408} 0,157
409 0,208

410| 0,212
11 0,290
0,303

3’ 50,6”
3’ 49,8”
2’ 21,2"
2'
2’ 50,7”
2’ 54,0”
3’ 58,0”
4/

2’ 40”
9’ 38”

95°
95°

94° 56’ 39”
94° 56’ 29”
94° 56” 3”
95° 247"
95° 27 49"

8,9”

8,7”

94° 56’ 41,5”

23° 44’ 42,35”
23° 44’ 42,05”
23° 44’ 45,68”
23° 44’ 41,98”
23° 44’ 49,92
23° 44’ 44,25”
23° 44’ 42,25”
23° 44’ 40,08

2,10”
2,45”
2,97"
3,20”
2,27
2,45”
2,56”
3,15

23° 44’ 44,45"
23° 44’ 44,60”
23° 44’ 48,65”
23° 44’ 45,18”
23° 44’ 52,19”
23° 44’ 46,70”
23° 44’ 44,81”
23° 44’ 43,23”

23° 44’ 46,2

Table 8b.

Mo, ¢,

$eo

zAmm

A’ «

-

Pt

@ 18°C

372} 0,181
376 0,175
377 0,175
419] 0,164

2’ 28,6”
2’ 23,6”
2’ 23,6”
2’ 14,6”

42° 45" 47"
42° 45" 57"
42° 45’ 57"

42° 41’ 23,56”

10° 40’ 49,60
10° 40’ 53,35”
10° 40’ 53,35”
10° 40’ 54,50”

10° 40’ 50,72
10° 40" 54,52”
10° 40" 54,47”
10° 40’ 55,73”

Table 8e.

Displacement of the erystal 4 .... = 0,023 mm

PRIY ¢ T, = 23° 44’ 46,2"
OIMO Ky ooen v oisisione vusns s = 10° 40" 53,9”
¢,Cu — ¢g;Mo = », = 13° 3 52,3"

Table 9.

Bepresentatmn of the fourth series of measurements and
- . results (4 ~ 0,023 mm).
18 =179"

their

,Cu meas.
23° 44’ 46,2

mean x,
13° & 52 3”

@, Mo meas.
10° 40’ 53,9"

dy =
1908,93 XU

dl ==
1908,55 XU
. d, =
1909,43 XU
{6 = 17,9"

4 - mean 4

5 mm
Cu 0,024
Mo 0,022

164

mm
0,023 {"7 }

19,37

q)l(Ju ~ to 1908,55 XU

23° 457

4,1”

CorT. ”

13°

3 50 77

corr. d, =
1908,61 XU

¢:Mo ~ to 1908,56 XU
10° 41’ 11,8”

&8x =

+ (3dCu — §éMo)
—1,6”



nished but the error due to the vertical displacement remains the
same. In this work I have directly measured the glahcing angles ¢
and derived from them the angle ». Therefore it is essential to
regard the precision of the vertical adjustment of the crystal. In
the mentioned series of measurements given in the Tables 4 and 6,
the vertical adjustment has been made and corrected by measuring
the distances between the spectral lines at different vertical posi-
tions and by calculating from them the amount of the vertical
displacement of the crystal. In the two series of measurements
given in the Tables 8 (a, b and ¢) and 10 (a, b and ¢) a more pre-
cise vertical adjustment of the crystal has been obtained. I have"
been able to get the said precision in the vertical adjustment with
a reflecting mirror, vertically fixed on the crystal table, and with
the help of a telescope and scale by precisely readjusting the crystal
to the calculated inclined angle of the crystal in its vertical position.
In this way the crystal has been vertically adjusted quickly and
satisfactorily. The precision of the measurements and their results
given in the Tables 8 and 10 can therefore be considered to be
better than those of the former series of measurements and. their
results. As the corrected value of the grating constant derived
from the measurements given in the Table 8 (a, b and c), we
obtain d, = 1908,61 X. U. and the mean value of the grating
constant d, of all the series of measurements with the second
crystal is 1908,69 X. U. From the minute differences between the
three obtained values of the grating constant d,, we cannot however
draw any further conclusions than the afore said one.

From the series. of measurements shown in the Tables 8
and 9, I will show a further possibility of the application of the
method shown in the preceeding article for deriving the individual
fictive grating constants. In this case the vertical position of the
reflecting surface of the crystal has been very precisely parallel
to the axis of the spectrograph. The horizontal displacement
from the axis of the spectrograph has been 0,024 mm: Before
I begin to discuss the individual fictive constants, I will show
once more how far the horizontal displacement of the crystal
plays a role in the grating constant derived from the glancing
angle ¢. As it can be seen from the Table 9, the grating constant
derived from the glancing angle ¢ of Cu Ko, is 1908,93 X. U.,,
while that derived from ¢ of Mo K«, is 1909,43 X. U. Both these
values differ from the value of the grating constant derived from
the differential glancing angle x». As it can be seen from the
Table 7, where the horizontal displacement has been appro-
ximately half the displacement value in the. case of the measure-
ments shown in the Tables 8 and 9, the values of the grating
constant derived from the glancing angles have approached the
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Table 10a.

Fltth series with a displacement of 0007 mm,
Crystal No. II

Cu, @,

2
52

2{4 mm

AI

4

P4

Agfor
4t° ¢

p 18°C

mean
value of
@l18°C

385
387
388
389
390
395
396

0,625
0,460
0,604
0,602
0,648
0,331
0,344

77 10,9”
6’ 17,6”
6’ 53,7”
6’ 52,0”
7’ 29,8”
4’ 31,7
4’ 42,4"

214° 39" 14,5”
214° 39’ 15,6”
214° 39’ 19”
214° 39" 177
214° 39’ 17”7
214° 37’ 13”
214° 37" 13,6”

53° 38’ 0,90”
53° 38" 14,48”
53° 38" 6,43"
53° 38" 6,256"
53° 37’ 56,80”
53° 38" 10,32”
53° 38" 17,78”

8,09”
8,09”
6,117
8,09”
9,17"
8,45”
5,67”

53° 38" 8,99
53° 38" 22,67
53° 38’ 12,54”
53° 38" 14,34”
53° 38" 5,97
53° 38" 18,77
53° 38’ 13,45”

53° 38 19,2”

399| 0,663
400} 0,658
414/ 0,399

418| 0,335

7’ 42,17
7’ 38,0”
6’ 27,6”
4’ 35,0”

214° 26" 9”
214° 26° 77
214° 28" 2”7
214° 28" 1”7

53° 38’ 27,78”
53° 38’ 26,25”
53° 38’ 22,38”
53° 38" 9,00”

5,13”
8,99”
8,00”
7,37"

53° 38" 32,91”
53° 38’ 35,24”
53° 38’ 30,38”
53° 38" 16,37”

Table 10b.

y—

Mo, ¢,

mean
value of
@18°C

8

, Agpf °
22|4mm| 4 ? dec| e18cC

21° 45’ 45,69”
21° 45’ 49,29”
21° 45" 49,63”
21° 45’ 47,10”

380} 0,209
381 0,153
382| 0,155

379 0,192

2’ 51,5
2 5,6
272"
2’ 37,6

87°
87°
87°
87°

5 46”
1’ 3
l’ 2”
5 46”

21° 45” 43,63”
21° 45" 47,15”
21° 45’ 47,30”
21° 45’ 47,10”

2,06”
2,14"
2,33
2,51”

21° 45”7 47,9

Table 10c. )
3 Displacement of the crystal 4 .... = — 0,007 mm
PO Ry oo os civvas emmpio s o0 wis s 570 e = 53° 38’ 19,2”
@:Mo Ko ..... Ay = 21° 45’ 47,9"
¢0u— oMo =%, ...... oy me g e = 31° 53" 31,3”

value of the grating constant derived from the angle ». In all
these cases only a minute change appears in the values derived
from the corrected values of the angle ». In the case of the deter-
mination of the ‘individual fictive constants with the measure-
ments of the glancing angles ¢, a slight displcement of the crystal
can cause such errors in the values of the glancing angles that the
values of the individual fictive constants become erroneous. These
* errors are greater in the case of the usage of shorter wave-lengths,
than in the case of using longer wave-lengths. The fictive constant d,
derived from ¢ of Mo K, is even larger than the fictive constant
~of the second order d,, which can therefore by no means be correct.
- " In agreement with the fact, that for the greater glancing
. angles of longer wave-lengths’ the errors due to the displacement



of the crystal in the grating constant appear smaller than those
that enter into the value of the grating constant derived from the
glancing angles of shorter wave-lengths, the errors due to the
displacement have smaller influence on the grating constant in the
second order d, as can be noted from the Table 10. From the
results (Table 10) it can be noted that the values of the grating
constant derived from the glancing angles ¢, from the differential
glancing angles » and that derived from the corrected angle x
agree with one other in the limits of the possible errors of observa-
tion. These measurements have been made with the same crystal-
adjustment as in the case of the measurements given in the
Tables 8 and 9. Now from. what I have said it is evident that
in the case of my measurement of the fictive grating constant
in the second order, there is no practical value to correct the
value of the angle #, if no greater precision is available than what
I have obtained with my apparatus. The measurements of the
first and the second orders (Tables 8 and 10) have been made
with the same position of the crystal, and the amount of displace-
ment in either case therefore ought to be the same. But from
our results the amount of displacement in the second order has.
practicaly disappeared. This said disappearence of the displace-
ment could be due to errors which are withini the limits of obser-
vation. I will once more point out that in the second order, in
this case, the value obtained from Bouchal-Dolejsek’s equation®)
does not require the correction of the angle x as it has been done
in the first order.

Table 11.

Representation of the fifth series of measurements and their
results (4 ~—0,007mm).

'___ %(5 = 5,8” §
@;Cu meas. dy = . <p,‘£u ~ to 1909,16 XU
53° 38" 19,2” 1909,11 XU 53° 38" 13,4"
mean »x, dy = COIT. g corr. dg =
31° 53 31,3” 1909,15 XU 31° 52’ 32,4” - 1909,12 XU
@:Mo meas. dy = ;Mo ~ to 1909,15 XU - G
21° 45’ 47,97 1909,07 XU .21° 456" 44,4" -
o =5 '
4 mean 4 }6 &0 =
= !(I)]mo . mm £ — ($6Cu — }8Mo)
u 0,007 ,5” R L
Mo 0,0076} 0:0074 {5,6"}. + 4

5) F. Bouchal-V. Dolejiek, Casopis 65 (1935), 33; C. R: 199 (1034),
1054. ‘ e A

\
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From the two above mentioned facts, it can be judged that
the application of the method mentioned in the preceding article
will be valuable for the precise determination of the fictive grating
constants d,,, derived from the equation of Kunzl and Koppel®)
with the differential glancing angle #x,, of the same wave-
length in two different orders, m and ». If we calculate these
values of d,,, with the angles x,, derived from our measurements
given in the Tables 9 and 11, using the said Kunzl-Koppel's

equation,
mi n\? n
Z)l—2 2
dmn = T l/(m) o CO8 Xmn + 1,

where m and n are the orders (n > m) and #mn = @n— @m, We
obtain from Cu Ka, the value d,, = 1909,19 X. U. and with
the corrected angle x,, of CuXax, the corrected value d,, =
= 1909,42 X. U. Again we obtain from x,, of Mo K«; the value
of dy,, equal to 1908,75 X. U., and with the corrected x,,, of the
same line, the value of d,q is 1909,84 X. U. If we consider the
value of dp s obtained from the angle x;, of Mo Ku,, it can be
‘seen, that though the dlspla,cement error, which enters into d
derived from the angle #,, is diminished, in comparison to the d
obtained from the glancmg angle ¢, is not entirely eliminated.
The difference between the value of d,, obtained from the value
of #,,4 of Mo K&, and the value from the same angle %9 corrected
with our mentioned method, is considerable. Hence in the case
of measuring the grating constant d4, from the angle x,,, the
application of the method of correction will be of great value.

Here I should like to point out that the aforesaid fact will
be important in the second part of the work, in which I propose
to make the use of the angle x» instead of the angle ¢ for the
measurement of the wave-lengths of X-radiations. For this pro-
posed method of measuring the wave-length it is necessary to
measure the angle x, 4 of the wave-length, which is to be measured,
in two different orders and to have the knowledge of the values
of the individual fictive constants of the grating crystal which
is used as a diffraction grating. The results regarding the individual
fictive grating constants will be discused in the second part where
the directly measured true value of the grating constant will be
given. From the results obtained in this work, it can be seen,
~ that the fictive grating constant d, has greater value than d, as
it is to be expected. The difference dy — d, = 0,61 X. U. obtained
with the corrected value of differential glancing angle x is small-
er than the difference dy—d, = 0,60 X. U. derived from the

%) V: Kunzl-J. Koppel, C. R. 196 (1933), 787; 196 (1933), 940; Casopis
88 (1934), 109; Journ. de Phys. & (1934), 146.
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value »# which is not corrected. The differences are taken only
from the laBt two series of measurements in which the vertical
adjustment hat been improved. From the preceding series of measu-
rements the value of d, is somewhat higher than the mentioned
last one. If we compare the above mentioned difference d, — d,
with that which is expected from the point of view of the theore-
tical value of the index of refraction, which, when calculated from
the value of the density of zinc sulphide given in the tables of
Landolt-Bernstein, is

é

= 52—57.10°%,

we see, that this value of 8/A% agrees better with the difference
dy —d,, if we take for d, the value of the first measured crystal,
than that measured from the second. That is why we have not
concluded that the difference between the values of the grating
constant of the first and the second crystals can be said to be
true. The decision of this problem will be given after testing the
results by the direct measurement of the true grating constant
as mentioned already.

Here I should particularly like to point out, that the applied
correction to the differential glancing angle » as is done in this
work is of special importance for smaller glancing angles (shorter
wave-lengths). In the usual cases for longer wave-lengths or for
higher orders, when the glancing angles are large enough, the use
of the angle » without correction is practically sufficient for the
precise determination. In the cases of the usage of that angle x,
where large and small glancing angles ¢ have been simultaneously
utilised as in the case of the angle x,, of the same wave-length,
the application of the method of correction of the said angle s,z
is important. As it can be noted from our results, the importance
of these corrections is increasing with the increasing wave-lengths.
Therefore in the measurement of the wave-lenghts in the proposed
method, wherein the angle x, , is utilised, the mentioned correction
of this will be of decisive advantage for the precise measurements
of the wave-lengths. ‘

This work has been done in the Spectroscopic Institute of
Prof. Dr. V. Dolejsek (Charles University, Prague), to whom
I offer my sincerest thanks for kindly putting all .the necessary
requisites at my disposal. :
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