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:t·.ioat of the labor invtilTed 1n tlw exper1rnental work 

i.n the o.f the charts. be . eebanis·· t .o 

handle the chE..rts was already set up-, and the -tra.ns. rent 

of ware on t e metal. frames which 

&r& ra.eked up a:nd do m at the dif-. el:'en111al speeds by the 

tt\1ned. to choose a s-c le, scratch the required number of 

curves on the: shee'ta of callul·oid .• and t _ en make the adJust­

ments . 

On the gla.es plate {the zero chart) the sealG: tor ·t-he 

axial ratio -{ wa& taken from zero to eight and a half, al­

low:1 three cant1m.eters to t-he un t; the same scale applied 

to the infinity chart (the top oat eell.ulold shset}. The 

scale of tihe t- f\l.'nct1.on wa·s t-aken from log l to .about los 30 

( de . ending upon the width of the ·chart--the meta.l oo 

-carrying t'lLe celluloid sheets era placed one within the 

other}, allowing thr-ee can:timeters to a. tenth o'f a • 

. he charts were ao arranged in the that 

the aeb1ne had been cranked aa rar a.s. O·SS1ble, raising all 

the charts up (except- the st:&t ionary glaas _.lat-e}. all the 

bottom ·edges were t .. o-gethar . The crank was t-han reversed 

until the ras.t-ea:t ,chart,. t .he 9•Clu\rt., .. struck ·the l.ilnlt1ng 

ba.s.e. In this position the 11na ·-1 = .l \Yam taken on a ll. the 

charts, (exce t the 1nt1n1ty chart) at about 
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up frot...a tb.e bot .. to u ad e o.f t · .e 9- e..l-lart. . -11eh be.d trave1ett. 

ab:attt 21 ee11.ti -aters 1n 1ts deaeent, to th.e llm.1t1ng. base 

position. 

he line f .~ · l-og l on the ~ :scnl.ce was c .. .. B:el\ about t :wQ 

o.entimeters 'to the r .ight. of the len upr1gl'lt .of the -small,$S't 

t-rwne lying within all the: ra, a1ning f1\r.e- As ·aaob frame 

ttt s removed from the mecbian1 .. s..l11 :r tb&se 'tw-o l.in.esiJ i' ::: 1 and 

F :; o • fl:ere aora~~che on 'th·a )celluloid. 

row a larQa p1eoe of :S ootht wl'ut-e cardb.oard we-a ttfted 

as the background upon wb:tch to lay off t;he gra. -bins lines . 

This .. ran from i = ....;.7 to -t x i'?, lcinea being laid off at­

every unit , and fro - F = log 1 to F = l og 30., 11nes be-ing 

erected at t lw la al:*·1tl11!iS of the 1n~egral value-s. When tJle 

eux-vas 'had been aerate! ed on the large1.0~ s:he'(~rtr,• t he grapll1ng 

eardboard waa au~ clo'Jn t-o fit mto the naltt L.vge,st frame. 

an·d so t1n . .Plates of glass, cut. t o f1t tightly, wer,e used 

t o f'orm a :fl.rE 'baek~oun.d ... Gn wh1-ch to lay the ca:_Nbo-a:rd 

and t o p:reas 1t a r a1nst, the un ar tt1Q.e of the ce·lltiloid 

sh~t $tretohed over ts metal trams . 

~rext a templ:et of al uni:nu! was rasll1oned. Since. it 

was obse·rved, the curve· ¢bta1n.ad by plotting i against log i . 

eould ~ used,, 1:t appro rtately a.hif"'ted, to fit t he eurve 

of i p lo't'tad a.ga1nitt lo :· ( A -.. B'f), where· A and :a were ·con­

flJtants.. it ras necessary to make onl y one :>a~t ·ern by wh.1eh 

t o tra<le all the eurve,a . In three overle._ pin aeetc1orus a 

cardboard te. plet v1as ~caPefu.lly cut o t along tl1.e curve 



ix = lo , #'y for v-aluea of -ty tror.i 0 .. 1 . o 5~, a 

t o trace-a th-e a~ta n three la.te.a o't a.lum·· num~ vhi-c J; were 

than SJ oot" '. y f1lad down to th.; ra&rk . ... "l:lrtber~ the· points 

.se .,..._ · the p l ott-ing were u r ad e..l ng · e,!ga of t -be e~:t-

mlnum. .~e .... la-t: to be uaed in the accurate ·- lacing of t . _e tem• 

let fo th-- ~.;.Wiru~ of the curves. 

D ~11 .. 11 tt't:&:Ci-ns of t h E> ourv s it waA3 obs:e:r'vet1: tha~ 

the ter. rf 1 e - · l.!\ld bae:n ve~"" l:1el1 made, b-ecattse irhen it v;as 

laid. Ao .. on .1:-e a :t1ing oardbo&r . in t .:. ~ 1: s1t1o · req-· 1~ed 

by -a ce~ain -curv'& 1 the e · a of the tam ... let nastl d t .. 

all t s t eeesston o-:r o1nts alo_ the curve . 

F·o:r- t:>bs- celluloid a .eharp-,;·o1nted ste .• l . point · ~a uffed 

to ate_ t he c · rve,.. 1~ t'lin coat f d1 :ttte a 1 :>r·old s.olllt1on 

was .;; ... l e t · tb. glass plate. and 'this .r1as aer ·tolLed ith 

the stee~ noin~ . . n a 1ni o.f l f"for·ent -1nts \Va.a then run 

1n.t th:e ~ - o ves t~ith a drs. . .tns pen. Blact{ 1aa us-ad to in,.. 

d1ea:tie simple la'ttt1c0~: · -.ed YTas used t i ic.at.e face-center- . 

e is~ttiee, bro¥m for body-centered, and blue for 'fao~ and 

bo ~-r-ee11.tere - lattices occ~in s:iJ' ultaneously . The rule 

u.sed :n the deter ination o.f tbe t~ype czrt lattice was based 

on ·the val e-s of Tthe .Miller 1nd1eea ( hkl ) : If' , k , and 1 

are .a .. ll eve-n or all .. . ~d, the· .lattice 1s f ce-cezrte~; if 

the s· of" h , , and l . 1ves an even value, 1e ·le.tt.ice 1s 

body~cen.tered:; t ·or a.ll ot, e;r comb1na:tlone of ~. - ~ k , and l 

t -~e latt:J.c.e is a1mple·. 

~ _ E1n a -curve had be$1 trac-ed, it- v:.a · numbere 't it..'tl the 
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Miller indiee--a wn1e:11 were usyo. in )1attins ~ M a1n~ ·i ~ 

log h~ _+ lt~ + -1 2 i ) • 'lh'$ curves wh1eh V:~l~e drawn on aa:eh 

c:tmrrt 'Ytttr-e a_s. f ¢l.lews "listing by ·~ iller lndioaal ; . 

100 
200 
,.. ~0 
·400 

0 .10. 
020 
030 
04o 
050 

012 
024 

011 
022 
033 
044 

021. 
Q4a 

..,., t lt;. ._- l a a v "!.:at e., or the 2H~ro ~~t : 

001 101 201 301 401 
002 102 20 2 }02 402 
003 103 20~ 303 40.,. _ :J 
.004 104 2'0-4 304 

·on th-e t o ·.oat ee.lluloid aheet.1 or. ~nt1nity chart ·: 

110 
12.0 
130 
1~ 

113 

111 
122 
l- ~_-'"Z .;.l:J· 

121 
142 

212 
224 

211 
'222 
23:5 

310 
}20 
330 
340 

313 

312 
324 

321 
342 

4·10 
l.f20 
l{SO 

411 
1}22 

421 

500 
510 

511 

..:.-n t l"e ottom eel.luloid sheet ( on t op t l"I:O g l aes !Jla:t-e.) , 
the 9.,..,onart: 

131 231. 33l 431 
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As .a l""eferanaa line, the cm~va 100 ;vas J.la()ad on all 

the ehans . 

ifile:n the· o11arft.s had bean replaced in t -he machine &.nd 

linetl up again, o.vel·ytllillS Jas ln readinG-sa fo1'). the exp m:.,.i­

uent.e..l ve'rii"1eattion. eX\lG:p·t for· t.1e -cona~ruct1on ot .. a s~1e, 

or ru~a. marked in degree's froi . 2~ to 40 ,. for ~he eonltenient 

transf'r mat1o:n fro dagr€Hl·a, a.s read fj: o· ttte· pho'todenai­

tome.t .a!' o·hart • ~o t · ~e logal""~i t1:L>fl of the sine: squared. of the. 

angle. ~rm~t l ·a ; -.l'len the l,.eflaetion a.1> ·les w re read from 

the photodeus 1 t ~met,er ohta:et,. the va.lue-s of t J:1as :e anglas were 

al"k ed on a strip of· paper a .sted along t!1e edge of t l1e· bar 

W.dicl'l vraa. graduated to give the l og ~a:ln~ in ·the eanw soa'le 

~a u·s-ea for t.be F function in .. lotting the cha.rts . 

The san l 'a .s u-eed in the, experimental 'l/arific&tiol'l W'ere 

s .odlttrn chloride (~la.Cl}, ~ llang-anese dl.oxide (f'liClt) 1 yellow 

lead oxid.a (? J , and bar-imn sul.phate ( :saso4- ) . 

'l'he pr~ae-dLtre followed was s1~. .... l e enou'":t;ll · vl 1en a. pho­

t oden.sito ·~et ,er ehal.:"'t had bean obtai:t'1ed fro the X- 1qay film 

of the p owder-ed '6-tam >Jlc, t 1e refloct1on angles were read from 

the· peaks of t he llght traok on t he ehart by .means. of a :r.~ul·e 

c..a.libratecl to read angtllar ~ e·abure on t h e clutrt t o t e tltrl;s o:f 

a degree . A strip of pap-Qr was pasted alon . t he .edge o:f the 

bar ( .a m~t-er st.icl{ one: of ~he sides 01 vrhi,eh 1Jad been planed 

down and t hen rfl&'\ked of'f t o 0 1Ve the log: S·lrt8 of angles fro .. 

2 t o 4o t o ·t\vo ~err',hs of a d-egree). and the angles were 

marlted on tr.t1S, log slney seal.e . The axial .rv&tios ~ a'lld 7' 
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.. era ·caloultl t;Jad :rr ; t : e n1<Y.- . da "'1. ,_- t ! "~ PEm:;; e as e ivan 

• t.1 rgel:off ..~..n t ~ :1e 3tr· :C tn.~e of Cr-yata1s l rt e--.:.1 a1 ·o th..., re·­

~ lee-'- 1 n ' l'lt-" e fl .. @ t : " 100 :)lane .Jaa s vePm. n .. d.,. r:1!:J.S ma~· 

., the 

l n· s oh _. rtad up or down to t e line fm~ t 1.e V'al' e of 't.h·e 

c .lc ..;l ;t· i , a·nd t : e bar a s s" ~fted along ts 1 _ot; ·t r ... un 

til a it 1 '1&.~ obta ned, 111 w~~ · ch ~ oslt::on :tor-· ¥1!!i obser"ted 

t t t he. calcul<li""ted 1-.e. ·!!"lect l,~ll angl ~o.i 't"the lOO olana eor-

resy·On =" :;~ tll the line '7 = loi 1.. e.. 1 , ni 11 l ~ t,o :teh ., 

· · e 1~1clic 
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RESULTS 

!he calculations a:nd the da-ta taken are list.ed to·r , 

each samp1e. 

For sodium chloride;. · acl: 

So #: bo = e~ = ~ ~628 1!0 

~ = 0 •. 710 A0 
( ,. ota: ~ is tak·en as the averarga 
value for the K-doublet f'rom the 
molybedum t .arget, 0.708 and 0 . 712 . ) 

X. 0 .710 ~--- · 0 .o. 6 .. ~_- .,_ .. aln e = 2a. · = .!2 x 5 .628 · - J.._ 

/!J - ( / bo) 2 - l 

.., - ( ao/-c~ )e ..... l 

Plane· 
lll 
200 
'220 
311 
22'2 
40'0 
~1 
420 
42.2 

R~.fleot,.~n 1o\!1Ql! 
6 .25° 

333, 511 
4lt4 

For anganese d1oxidtl, 1Jn : 

n _ .,_ 'J.., '!""' ~'•. ,J. it I'.; 0 
g.. ._ V Q - "i' •~ J:~;. 

c :: 2 . 89 A 

jJ - (ao/bce ) 9 = l 

7 •. 25° 
10 •. 3 
12.1° 
12 .65° 
14.65° 
16 .05° 
16 •. 5° 
18 •. 1 
19 . 2 {) 
20 . 9° 

-1 ::: { &o/ ·e'{) ) a = '4 . 44/2 .89 , "' : 2 •. ; .6 

s :1n9,0C> = ~Q 



Plane 
llO 
101 
aoo 
220' 
002 
130 
112 
301 
202 ' 
231 
4oO 
222 ' 
:3:50 
240 

For lea .. d o:xidef _ 'bO ·: 

a = 5 .• 50 A0 

bo. :: 4 .72 A 

o~ = 5 .88 A0 

fo = (au/bQ )a ::: (5 .50/4 .72)9 = 1 .. ~55. 

i = (&o_/oo ) 2 
::: (5 ~ 50/5-.68) 2 = 0 -873 

S1n 9-1oo = )./ (2a c ) = 0 .710/'(2 X 5 .50) ~ O.o645 

.PlEl.n-Q 
111 
002 
020, 2l.O 
202 
022 .,. 2 '12 
220 
113 
131 
311, 203 
222,, 130 
0:04 
400, 230 

Ft:~f~·ection Angle 
6 .6° 
7 •3° 
8,.6° 

lO .;:J 
11.1 
11.5° 
12.0 
12.}5° 
l2.Q('} 
l:S .-5 
14.1¢ 
14,8° 
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For barlurr sulphate, BaS04 ~ 

&o = 8 . 89A;t 

bo = 5 .44 A0 

Co = 7 .17. A<;; 

ft ·- (a.o/bo)e = (8.89/5.44.) 3 = 2.67 

-1 = ( a ,o/·eo)e = (8 .J39/7 .17) 2 = 1.535 

ein a/00 = ~/{2a.o) = 0 .710/(2 x 8.89 ) = 0 .03995 

G /Ot:> - 2 ~0 - _ ttJ 

.:?laJ1'& 
010 
Oll 
111 
2l0 
'2.11 
112 
020' 
212 
10·3 
302 
122. 401 
21:3 
030 
420, 313 
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The experiment, as far as was carried out, was a suc­
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 orthorhombic lattices in.order to show.that the machine 
worked.

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 
known values. A technique could be Worked out, no doubt, by 
which to systematise the process of obtaining a fit.

Only six points are needed to obtain the correct fit.
By working with the" first six reflections and by knowing 
that these must correspond with the first 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.

TThat a vast improvement this system of seven transpar­
ent charts is can only be realized when one has worked with 
the single charts now available, charts which do not even 
touch the orthorhombic • Here right at hand, combined into 
one unit, are all the charts necessary to solve cubic, tet­
ragonal, hexagonal, and rhombic lattices. This much is a 
decided advantage. However, it goes one step farther, mak­



ing it possible to take care of the orthorhomMe.
What is particularly gratify ing in all this work is the 

way in which the experimental part fits in with the theory. 
Once 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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Tho conclusion is that it is possible to construct 
graphical charts by means of which the crystal lattice of 
symmetry systems of the orthorhombic, or higher, may be de­
termined from data 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
flections in terms of the parameters, the taking of data by 
the x-ray powder method, the use of a mechanism which incor­
porates the seven transparent charts sliding over one another 
with speeds of set ratio, and the determination of the crys­
tal lattice from the readings indicated on the charts.
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