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up from the bottom edge of the 9-chart, which hed t?avslad
about 21 centimeters in 1ts descent to the limiting base
positlion.

The line for log 1 on the 7 scale wag chosen about two
centimeters to the right of the left upright of the smallest
frame lying within 21l the remaining five. As ecach frame
was removed from the mechanism, these two lines, v = 1 and
F = 0, were scratched on the celluloid.

Tow a large piece of smooth, white cardboard was used
as the background upon which to lay off the graphing lines.
This ran from y = ~7 to ¥y = 17, lines being laid off at
every unit, and from F = log 1 to ¥ = log 30, lines being
erected at the legarithms of the integral values. When the
curves had been scratched on the largest sheet, the graphing
cardboard was cut down to fit into the next largest franme,
and so on. Plates of glass, cut to fit tightly, were used
to form a firm background upon which to lay the cardboard
and to press 1t against the under side of the celluloid
sheet stretched over its metal frams.

Vext a templet of aluminum was fashioned. Since, it
was observed, the curve obtalined by plotting ¥ against log 7
could be used, if appropriately shifted, to fit the curve
of ¥y plotted against log (A + By), where A and B were con-
gstants, it was necessary to make only one pattern by which
to trace all the curves. In three overleppling sections a

cardboard templet was carefully cut out along the curve
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7% = log 7, for values of y, from 0.1 to 51, and this was used
to trace the curve on three plates of aluminum, which were
then smoothly filed down to the mark. Ffurther, the points
uged in the »lotiing were marked along the edge of the alu-
aminmam templet o be used in the accurate placing of the tem-
plet for the drawing of the curves.

During the traecing of the curves 1t was observed that
the tenplet had been very well made, because when it was
121d upon the graphing cardboard in the positlon required
by a certain curve, the edge of the templet passed through
all the succession of points along the curve.

For the celluleld a sharp-pointed steel point was used
to eteh the curve. A thin ccat of dilute ambroid solution
was applied to the glass plate, and this was seratched with
the steel point. India ink of different tints was then run
into the grooves with a drawing pen. Black was used to in~
dicate simple lattlce, red wes used to indicate fece-center-
ed lattice, brown for body-centered, and blue for face and
body-centered lattices occurring simultaneocusly. The rule
used in the determination of the type of lattlice was based
on the values of the iilller indices (hkl): If h, k, and 1
are 21l even or all odd, the lattice 1s face-centered; if
the sum of h, k, and 1 gives an even value, the lattice is
body-centered; for all other combinations of h, k, and 1
the lattice is simple.

Then & curve had been traced, it was mumbered with the
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Miller indices which were used in plotting v against 7 =
log (W + ¥°6 + 1°/). The curves which were drawn on cach
chart were as follows {listing by'ailler indices):

on the glass plate, or the zoro chart:
100 001 101 201 ' 301 401

200 002 102 202 302 402
200 003 103 203 . 203 403
400 004 04 204 304

On the topmost celluloid sheetl, or Infinity chart:
010 110 210 310 410 500
020 120 220 320 420 510
030 130 230 330 430 «
gg-g 1 240 340

on the next celluloid sheet beneath, the 1/9-chart:

013 113 G 313 413

On the next celluloid sheet beneath, the 1/4-chart:
012 112 212 312 412
024 124 224 324

On the next celluloid sheet beneath, the l-chart:

0l1 il 211 311 4311 511
022 122 222 322 422
ggg 133 233 333

on the next cellulold sheet beneath, the 4-chart:
021 121 221 321 421
pi2 142 242 342

on the bottom cellulold sheet {on top the glass plate),
the 9-chart:

031 131 231 331 431
062
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As & reference liine, the curve 100 was placed on all
the charts.

“hen the charts had been replaced in the machine and
lined up agein, everything was in readiness lor the experi-
mental verification, except for the constructlion of a scale,
or rule, marked in degrees from 2° to 40°, for the convenient
transformation from degrees, as read from the photodensi-
tometer chart, to the logarithm of the sine squared of the
angle. That 1s, when the reflection angles were read from
the photodensitometer chart, the values of these angles were
marked on a strip of paper pasted along the edge of the bar
which was graduated to give the log sin® in the same scale
a8 used for the ¥ Tunetion in plotting the charts.

The samples used in the experimental verilication were
sodium chloride (Nacl), mangenese dloxide (Inls), yellow
lead oxide (Pb0), and barium sulphate (BasSO.).

The progedure followed was slimple enough. Vhen & pho-
todensitoneter chart had been cbtained from the X-ray filnm
of the powdered sample, the reflection angles were read from
the peaks of the light track on the chart by means of a rule
calibrated to read angular meagure on the chart to tenths of
a degree. A strip of paper was pasted along the edge of the
bar {(a meter stick one of the gides of which had been planed
down and then marked off to glve the log sin® of angles from
2° to 40° to two tenths of a degree), and the angles were
marked on thls log sin® seale. The axial ratios 4 and



were calculated fron the known datea of the sample as gilven
by Wyckoff in "The Structure of Crystals,” and also the re-
flection angle from the 100 plane was determined. The ma~
chine was cranked to glve the value of 4 calculated, the
bar was shifted up or down to the line for the value of the
caleoulated 4, and the bar was shifted along its length un-
t1il a2 fit was obtained, in which position it was observed
that the calculated refllection angle firon the 100 plane cor-
responded with the line P = log 1. As & Tinishing touch,
the indices of the curves which gave the it were recorded.



RESULTS

The caleculations and the data taken are listed for
each sanmple.
For sodium chloride, NaCl:
8 = bo = € = 5.628 A°
N = 0.710 A° (Note: X 18 taken as the average

value for the X-doublet from the
molybedun target, 0.708 and 0.712.)

S DeeWEe 2 ,
sin @ = —f— = 53k = 0.0631

eyﬂa : 3.620
s = {aa/bc)a = 1
7 = (Bo/8)® = 3

Plane Reflection Angle
111 6.25°
200 T +25°
220 10.3°
311 12.1°
222 12,65°
400 14.65°
331 16 .05°
420 16.5°
422 18.1°
333, 511 19.2°
hhdy 20.9°

For manganese dioxideé, mlg:
8, = be = 4,44 5°

G, = 2,89 A®
S o= {ae/be)3 =1
7 = (80/6.)% = (4.44/2,89)® = 2,36

o e = 22130 o
el e e ¥ J ™ Shihendiod




6.= 4.58°

Plane

110
101
200
220
002
130
112
301
202
231
500
222

330
240

For lead oxide, Pb0O:

8, =
be =
Ce =
P
¥ =

550 A°
4,72 4°
5.88 s°
(8o/Dc)? =
(B./c.)® =

Reflection Angle

6 +6°
8.5°
943°
13.2°
14.35
14.85
15.5°
%5.8°
T +2°
18.5°
18.85

<

L3

o

19.75°

20.0°
21.1°

(5.50/4.72)%
(5.50/5.88)%

sin 6.. = \/(2a,) = 0.710/(2
9loo = 3 - 70

Plane

111

002

020, 210

202

022, 212

220

113

131

311, 203
222, 130
04

0
400, 230

i

X

1.355
0.873
5.50) = 0.0645

Reflection Angle

5.46°
Te3°
8.6°
10.3°
11.1°



For barium sulphate, BasSQ, :

a, = 8.894°
b = 5.44 a°
e = T27 A°
A = (8./0.,)% = (8.89/5.44)% = 2.67
7 = (8,/6.)® = (8.89/7.17)% = 1.535
gin 6, = N(2a,) = 0.710/(2 x 8.89) = 0.03995
G,o,, = 2-30
Plane Reflection Angle
010 3.75°
011 4,7°
111 5.2°
210 5.9°
211 6 .6°
112 T
020 TsD"
212 8.3
103 8.9°
302 9.0°
122, 401 9.7°
213 10079
030 11.2°
420, 313 11.8°

In each case the it obtained was good and within the
limite of accuracy of the machine.
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DISCUSSION

The experiment, as far as was carrilied out, was a suoc-
cess. In each check of the four samples chosen the fit was
very good. It was not necessary to check more than one or
two orthorhombie lattices in. order to show.that the machine
worked. A

If time had permitted, it would have been of interest
to have taken a sample without first ascertaining its param-
eters and to have attempted a determination of the crystal
lattice, checking after the determination had been made the
knovn values. A technique could be worked out, no doubt, by
which to systematize the process of obtaining a fit.

Only six points are needed to o?tain the correct fit.
By working with the first six reflec@iona and by knowing
that these must correspond with the ;1rst few main lines on
the charts, it should not take so very long to find the fit.
Then the rest of the reflections taken from the photodensi-
tometer chart would serve as a further check.

Vhat a vast improvement this system of seven transpar-
ent charts 1s can‘only be reallzed when one has worked with
the single charts now available, charts which do not even
touch the orthorhombie. Here right at hand, combined into
one unit, are all the charts necessary to solve cubic, tei-
ragonal, hexagonal, and rhombic lattices. This much is a
decided advantage. However, it goes one step farther, mak-
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ing it possible to take care of the orthorhombic.

what 1s particularly gratifying in all this work 1s the
way in which the experimental part fits in with the theory.

Cnece  obtained, the fit is easily recognized. The author

only wishes that he had had more time in which to more fully
develop the potentialities of the machine.
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CONCLUSBION

The conclusion is that it is possible to comstruct
graphical charts by means of whish the erystal lattice of
symmetry systems of the orthorhombiec, or higher, may be de-
termined from date obtained by the X-ray powder method.

The scope of the problem presented in this thesis em-
braces the following: a mathematical study of the phenome~
non of reflection of X-rays from the lattice planes, the
construction of charts which represent graphically the re-
fleotions in terms of the parameters, the taking of data by
the X~-ray powder method, the use of a mechanism which incor-
poraiea the seven transparent char*t;s 8liding over one another
‘with speeds of set ratio, and the determination of the crys-
tal lattice from the readings indicated on the ohart.l.
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