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H’f  S i& lril^E  jfc.itit.wt*4j<ai n l̂F- *fc*t.*«B>«»*l ’*#«,* 4lMtiptote6. Mtemkjini&k,‘PW’Iflt *  ̂W(r:fllP̂SW'W; tfift̂ h' TW'̂ plP̂WIWW'̂ ff̂ P' -afF̂WwAv WŴSŜHPnffWwSHy ŴPî BŜW'; ̂ l|PwWKifr ■̂ PCTpWhlW f̂tw.lS'
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a# p m p m tim  off %lm ram mwWm mm •* stvildtael?
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.'fa 1 kl̂ hma&h m aajaŝ itr o f tbs sws #syth# msf I#
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Is lilt sufftaissi far measuring ih m lr ®mmm$m&&mm W km  m m m l 
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mXmmnis pm m m t in . m mmitt aats&a* this IsMmttloii m s  iis#€ in gm» 
faring standard «a»$i*» M r  narfe*

ftm »aih#4* using tbs iMBf' ifmtflwgrftffe a»t grating epeclrograph 
•vs. iMtiUr* weospt that thft Mwar •p*#tv$gt'*$h us#© &#*«4i*tt«ni t*
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aaspl# mo vaporised with 10 lailligjroeno of pwro graphite# Ih io  

f ilm ! assoimt of graphite giva# th» ©as# M saat of ©arbon vapor* 

in  a l l  tho 0©»ldm irtg th# &tav* foots In to n e iti**

of tho linoo mm' and ife® poreent fo r the®*
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a logarithsio  paper to obtain a working
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diffraction work -"®«i of tlx© ssomssit® ©an^a ooai&ip pb©«ph^t»© of

©©ritti ft.se l&nth- t o ,  wit! ** II and mrytisg; a* ouftta of 3 1 0 2 * "nv
0*0* fariod ctwouata of ©orlusi oftldo* lanthamax «ldo# -and ihorloa m%4®

W N  «bw« la a mt*XS ®f 910a, **2°5» °m  °*° W  8****i«C **** a Marts*
s.nd p«»tl6* tb© following &n»ly©«0 of th© »t-ryt&rd f* 1 mi m m  &<m»

p ttta d frofii tli® w#tgl»4 anouMtft ugod to jwpop&r© th©' trap Ian*

Standard © I# nss&bor

M L

S#wl

3*$

S-p,

S-6

OMrltMi
( g «  ©sat)

15*75

X 3 * »

25*73

10*00

,39*aa

U #£ >

l& fitlm a i«  ok1<!« 
($w>r c©sri)

5*00

15*55

6*6$

4o*oq

20*1/0

9*00

rhor3 urn ©tfl<S*
(p^r mn%)

15*70

1?*50

8*90

6*86

1*175

5*00

Hi© wm l^m ntltatlip© woUc m© 6©a© by ft thro* rm t&r Baird «p©etro**

Uraph (Baird* 6 t h  oonf*)* OtMr aooftodori©© iinei .-or# th» ©cm a# 
in th© QualitytlY© work by tb© gr&tlng spectrograph ©Jse©pi tha t a 
mmpimm of filters Mfta uuod to ©tit d-ra tint Ifttorusltlos of tb© lino© 
am! thus pors&lt vmlyol© of both high -and low p©rc©n* of th© 
olo&oni© prm tm nt in  th» mooasalt© sand*#

f@5tt iftllligras ©£m-plo« isdUcod with 10 of SP**2 grad#
powdorod grephlt# woro mforii«4 in carefully BKiehined tiodormri 
©lootrodos* 5b© ©locirodo© woro burnt at a eonotant bsl^ht of 9 
mtlliftotor* immn to th© notoh* 5h© 'aftor being ea$o6©d» w*»
prooogaod and, th® doaoitio© of ih© linos wore #v&2uat©6 by t**t Appltod 
fttooaroh liberator!#© ©<*sp^rato©Ml©n»ltc««t©r (Sowyor* 24* «d* pp* 2 63*2 6 5)-



Hie foiled**?; condition® m w» maintained throughout th® seist**
quantitative work by th® grating spectrograph*

Th® ro»ult8 of swaifmntiteMw# on&lyels are shown in l&bles XV* Yf 
and VI (pp«I7*21>#

ih® Manî uantltftti** work vs® 4©» by a North American Phillip# Oo#*-, 
X#*ray SgMK*trngr&ph* Fig* 1 (fithr* 1955* F3>* 3*1) show# th® jurinolple® 
of operation and th# basic gecnetry of the astray spectrograph*

A «*2©G aeeh grmind ee&ple was subjected to an intense* short war®*# 
length* primary **r&diatton fro® a tiang&ton target* canting tho element® 
to fluereeae* ^  sKuntetlly #o&rmirsg with th® goniometer the maxlmust* 
Intensity lines for the desired #laments were located and th® time for 
*■ fixed mmhQr of ©aunt® was recorded*

th® following operating condition® were maintained ihroi^hotii 
the otei^mntltaiivs work by th® 3wray •peetregranhi

Current

C peetrograph Fmlrd three a#t#r gratify 
epectregtnph
Clreotweurrent 11*5*1-2 ampere®

F la t# Saetisan Kodak Spectrum Analysis 
Rente? 2

1C rn illtg rm M  

10 m illig ra m s

0*4$  p e rce n t tra n s m is s io n  

90 seconds 

2250-^^50 A- 
W fO m lM a A 
50 m icron®

Amount of owpl# 
^semt of graphite 
Filters
Time

•S pectra l range

Slit width

aM  M s-sss; h
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Bmlm fa c to r

flatm mtmt.
Bmlm factor
flflMI OOttfttfettt
stultlp ll#r

tm g ®  t

Oarront
foXtaga to fli* Ooigo* tuft* 
A ngi# a§

fa ta l o a m t*

r^ g a tiw

f'i3&#4 oount
16 f ®r Xanttmjaua 
14 for aorlu&
h for tlioritts

14

4 ooeondo 

0*6

Tungoton

50 fe tte r o lt t

ipoo wit*
*9 .W °  fo r  o tr lu a

54*34^ for
for tbartm

4400 (four «®n»o«uiiiro 
raadlitra of 1400 eotmio)

Tho rosy Its of ooodquantltatfr* axmlyalo fo r eorlua» lan&hunitin® 

mod thorium ojpo lints# In  ih *  Tafcloo VXII* X*. and 111 (i^ tr 2% 2§*
IM  ^ 1 )*



Wm mmltM of agmifiis ty tin* gr&tlmg
mm mhmm in M M ®  IX (Stoga 1%)* ifer $NftklMt$t %ar thi
ggatiag igtotaNqpoplL aftmi $t* y m N N m a  «f MriUM*. MmWmmm® iiMmtom® 

m M Mm*  altmlnunu# iilta| «* tl* gstef a&$«* oXMalia 
■m^ewmixm* m m 0 m m $  jtirim an saimr «4e!»nlo* ^
^s^wwiutor tiaâ tosif wmw&M®§ asS ’ wyimSSiB
ai ts*se# «l«at*ifc ftia oett̂ waftds 4#t*tfi*d tgr tho *»*■? 
analfaia at* Otaum in S&ii# III (gogt 14) and iba&r 4 m l » i  mm 

in Mklaa Xif to XII ($*&*• 5140)* H *  
mmt^M® *i*m th *  fmmmmrn of m M m  and m  ttmir p$mip$m%®®§

y b m tm  m4 iltm X m  m  ond m l& im  m i M m im m  m  tfeoir
ollimlw#* B©» of t&o d mlm® of tl* Itno* m  not mr&Hmi 
m  H m m  m m  m  d t o l m i  l ^ t o i  in tho A&TH 'oardg for oortt* oai 

lanttmaiai a# ttjodyr $ 4nsjp4sio and lan^siinwi
m m  propmmi. Im tho lofeomtwry wad ttootr 4

o**o otrig&nod Ip ill# powder aothad a« listed in  M M m  M  mM-

ill 41*42)* mm pm tim  a r i M  of **top diffrootioa In m% w p
mm&%£m m% lot* mmmm&mMmm*

M® m rn li®  ®him$.mi ormlpota fcp Vm p a ting
•pNrigwgjwpli m m  &bmm la M M m  Iff ?* and fl (p*g»o 
Dmnhi roooXto* if wwjpwwMi witfe ft® jpisofat ao»*o§o m  giroji



bf If* S* Mimr (hopkla»t 19f&$ f* 1?) and latsrotieo Cif4|* yy# 1*5) 
do mot ®hm an m m * of «oro than .JO to 5® paraon!* ohiott to tho 
i M i l  of i M t f t y  immorally oxgmotod In
Clswrpsy# 194?# y* 15) * It® r®|sro4y®lhili% In tho n*my oyootrosraph 
ooono to bo fairly goo# «» otaum in fab loo fill* lf ant 111 (pagoo 25*51)* 

Tho roottlio at ohomt im tho ttablo 1111 (yoga Jfl) that oono dlooyop* 
am y  botMOin th ® ' two ItolloooO for ao»lguK»i& tattoo aaalyoin#

Thi® .nay bo iiao to tlm mrlotw orroro limlnod im tit® nothodo* Hit 
poaoibl© ooarooo of orroro in tl® grating ̂ ootregrayhte work **** 
lsiaooapafly in m&gMMg th® mmplm# amount of onayl* wayorlaod* tfluetuatioi® 
in tl® otonront and oolOngo* tnoonototanoy of tho gap botwooa tho oloot* 
rodoot oyattoring af tho mm® %®§ mm$mimg of tl®' am# oflhot of tho 
major 'ooaotttiinat on tho lint- intoaalty# ami tl® pliolopmfMo 
varlahillty# Tho foaotblo ooorooo of error In tl®. n**ogr ov*otro$Mtytiio 
m t  m m  aboorytion ofs*ot» Intonoity looooo dno.to ooattoriiag of 
3t*rapi# flisotnatloa* in tho earroiii and toltngo# aooh grin#f and otat&o# 
tioo of oounting*
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Ikbla I I I

Of a n n lM te  fey * -r» y

Monasi to Sample IHnber Compound® Do tooted

1 C0FQ4* UPQ*, th 02, U Q ^
CeO 'fttOg

2 CFO4 ,  UFC4 ,  H>02» 1102

5 Oei’O /jt 1* 1*04,  TKfca

cw >»si02, A ja o j.s to a

*  G*FQ4t  t * i ’Q4, tk % , CWJ*S102

3 OePO*, VaFQut IkOg, OaO'SlOg

6 CmtOjf, laPQ4, TW>2 , O»0 -S102

1. For tabulated d value* see Tables XIV to XXX,
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fie.qiilte mt m
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Table IV

a a a la a it sL m J m  s£. itm sU at

UJift .mM J*?5 7 a

Carina (percent} Tmmmimim®

15*75 3tan4ar4 Cample* 16#

59*60 a a 1*3

10*0 w n 55*0

U*4o * & 45*0

Sample nwsfeer 1 15*5

Sample number 2 11*0

Sample mmbm 5 12*9

Sample Rfflfesr 4 9*5

Sample number 5 12*0

WsmpXm nyaiber 6 15*2

6&mpia mssber

1

2

5

4

5

6

Cerium (percent)

17*25
16*5

170
19.6
18,0
17.5
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Graph 1. Working curve for cerium 
Line 4757 A

Percentage of cerium
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Table ¥

iM ntfam sm  m M m

9 *0

13*35

6*63

20#

Saspl# mmbmr 1 

Sample nu*b«r 2 

3oa$l« m sb e r 5 

to p i®  mrnbm 4 

to t f l®  u m b e r 5 

S te p !#  r n a k r  6

StciHdairi Saaplfta

Tmntmi.mt®n (jmrewnt) 

3 6 #

21#

1 3 #

2? #

38#©

26*0

3 3 #

3 4 #

3 1 #

tos§il# mm\m*

1

2

3

4

3

6

h&nth&mm. eitM # (pereent) 

11*0 

8*4 
11*3

9 *0

9 a

10*0
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Graph 2. Working m m rn for lanthanum 
U m  47̂ 6,? A

Pereantage of lanthanum oxide
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r m »  vx

Rfinal*# of ■— MMlanriJ cf thorla* oontwti of nwMwit* wutSa

M a s e S .  U61 9 .5  a

Thoriu* <o!4» (p*rc«nt)

1*175

6 .8 8

13*7

0.9

3 

k

5

6

fl%ftll(lflUPV$. Stio@jx!}ytt& 

M II

iv n

II a

Tm y w  ̂gffji ftyi ( ^ ir o e n t)

m *m

28,00

20,00

51.00

51.00

50.00 

k u e o

U9.00

51.00

B S & IS

H n j >ff*p7 ̂  ThorltiM (ypqi pt)

1 1.95

Z 1.95

3 a.o

U 3.05

5 2.1

6 1.95

LIBRARY 
COLORADO SCHOOL OF STINES 

GOLDEN, COLORADO





Tabl* V II

of oounta pgr .m*. .serial cor.ta.nt i.w staMmt mmto*. Jar.

33a aaaa atsteagmafe

StaBdtri mmflbtw fot&l «euat* Ttoa (see) GotVltft pB t
Smmni

O&Hxm

Sml 6400 3 2 .0 123 15*75
M 6400 57*8 ill 15*55
$*$ 6400 20.2 517 ■ 59*£
3m4 6400 76*2 84 9.9
3*5 6400 31.4 204 25*75

A working curve (Graph 4) m i  plotted with eo*mte por wocond va. percent 
eomno#iil<m of eeriura by weight*
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Table VIII

far »»r*v spectrograph

Angle 38 a 49.1?°

Total eotstis Ho* (Moonde) Counts per Cerlu* Oet&iw Standard
nuaber (* ln» mem) 

1

6

6400

59*2

50,

45*4
' ‘ >5

45*8
45*6

4 2 .5  
43,4
4 2 .6
42.6

42,0

46.0
47.0 
43.8L
46.0 
4 5 .8

1 6 5 ,5

127*9

127*8
153*0
130,0

141*0
158*0

141*0
131*0
191*0

152*9
I 52.O

132*5

136.2
141*0
139*1
139*9

(percent) (percent) Qerlation
20,60
20*25
20.50 20*32

20.10

15*75
16.00
16*79

17*50 17*35

17.60
17*40
17*50
17.35
17*60

19,00

19*25

19.21

*©#Cw
17*50
17,30
17*40

16.05

18.75 18*90

17.27

» lf4

.6 3

.075

iru  Jtfcilir

*09%

* m



T e M * S

<rf ooanU vme —oond va* l aattmw  8w»*<hb» .la jtoaOw-a w t U i

A^ratgn |s®F
( M o t )

ML a # 88.7 5.0

M i9tjy> 109 58.7 13.33

3*>3 6koo^ w e y i F w 8H» 30.0 8.85

B*4 89.8 73UO 20.0

A  IfCKrl&ufl; Q l i n i  \w * p B  ;> / IWMi p ft& w lfw i WX1&  0 9 U It« #  fW r P tw u H a  |K ? 9 I « I
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Total ft*#
(■Mondto)

1 /a.nrt
6b00<
u M p w 1

6b00

1290
3JU6
128.9
3290
156.0

i jtfrnty

6b00
a m
61*00

156.0 
IflU b
156.0
155.0
156.0

3 6b00
6b00
6bOQ
6b0Q
6b00

350$
150.0

I* 6k00% p itp  w  ■■ 
61*00

6k00

UbO
133.9
133.9 
136,0 
13b*0

$ 6b00
6b00
6bQ0
6b00
6U00

126.2
13QO
327.2
326.0
126.9

$ 6b0O
$*00
6i*oo
6h00

lb l .2
139.2 
139.8
139.3 
139.0

f  able I

aasalapsis of lanthanum SSSSSSSSmmmmmrn mmm mtmmmmrnmmmimm

A d i  8» r SU S6»

CNî ti0S8 |NMP

1(9.6 32.66

1(9.5 12.60
b9.5 12.60

UUO 9.70

b2«6 1005
b3.5 l».3b
W .0 10.30
U3.2 10.33
b3.b 10.3b

b7.6 31.80
bfi.S 12.33
b8.$ 12.33
b7.0 11*6$
bT.7 31.90

50.7 13.10
b9.0 12.75
50.b 13.00
50.0 33*00
50.6 13.30

U5.5 11.10
b6o  1105
b6.8 3100
b6.0 11.25
U6.1 3101

AVg« S t& rid& rd
03dd@ (pitpotsiA}

12.57 0.1225

9*91 0059

10.29 0.0316

11.98 0.313

12.99 0021

3109 0.0276
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titb it XIX

^3#  la  f l t i f t
m$mw (#®#

Graft* |mr Tbmixm m M ®
m m tA  {w m pm w fa)

1M rlu ft S tandard

0*092*



32<

Ilf 8 S £ 8 8 8
r j  O  r t  Os
iH  r t

Os O  
H

CM os cm
#H HH ofH

tiH
H

«  «  8  8  S
iH  *H CM <n CM H

COt*"*
CM CM

60 Oc j «5
CM <*S

CM CM«n
CM CM

W O O D  CM 1A \A  sO•  •  •  •  •
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APPENDIX

ttm following pteeeimre adopted for reporting the estimated 

Intensities fear the powder method!

VS Very strong

i Strong

WWMWW iMWF

w tfesk

W Very weak

The following symbols were used for denoting the presence of a 
ocaî otmd in the sample §

a Oeriua phosphate
b i^ŷ iMttynni phosphate

e Thoriua oerld#
< Ruttl#, Ti02

0*0.S102

A lg ^ .S lO ,

55
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h i.

immilti} of ih® & valu$* obt&inad from, artif JU prepared la n ih a m w

{

sSatlrae’tdd & m lu g s  

h * l

¥3 5*066

a ,a a

2*59

2*13,0

2*01

u &

U J k

x .O

1.2268
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a of ii.fi c! o* f.roQ fsrtli totally prepared oort'tts

Mrohati

<3 m l  im t

■i 4 * 4 2

U

M 5 * 4 5

« *"* j S| / ii s * « * 0 n

M 2 * 5 5

M i £ » i 0

M 2 . 1 6

3 l . S ?
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