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Wp aiil&le crJatal.s, ~l¥ perfect ae poaaibl.e, are 

requ1re4 tor ic J>e~c etudiea ot ~be .aolid ~te. A l.1111te4 

nwab r or aulurtancu occur uaturaJ.l7 in cr,yetala of i1Utt1c1ent a1ze or 

purity for th1a t7,pe ot ~. at ot ~be nuclell:r -.p.et1c 

re801*1ce wort done to date ott. ain&le crratal• ball beeo pertol'I'Mid uaiJ.\s 

tat~ occurriDC ceyfJ'tal.JI. section I of thia tbuia de cribee 

JDetboda UMd to II'OY lUitable Ci';YatalJ artJ.1'1C~1 thul extendizla the 

·~ ot t ~~~~opetie reaoaau.ce ex;periMilt•• 

'!'be orthorlalbic eo41UII dib)'d.rO&fm. Ol'tboPboQ dib7drate has 

b pro<mced. in lar&e •i.D&l• cqat&la vbicb were ueed 8\lbNqU.-tl.y in 

the ~~ ot tbe nucl.e&r •su«Uc reBOMDCtt abjc)l<ptio epeetrum ot B&23 

1n thi• Cl7art&l· 'the ~rua ,.. o'blftftCi u the 037n&1. rotated 

e.botlt. t three Cl"1~c ue vh:Lch are ~ perpt:D4icul&r 

tor the orthorbalbio QUe. A ~~• ot tWlve lUI.ea were obeerved Vben 

neither ot the C1'7atall~bie ue vere perpendieul.&r to tlw exten:w.l. 

~ic tteld. 1'be nuabet- Q'£ liMa :rechleed to au VbeD on ot the 

axes wu ~C\ll.ar to the 1'1eld1 Vh1le ~ t linea were 

o &el"ved when two Cl'7stallosraRh1c axee were ..U :perpendieul&r to the 

_,.,.._.."7"Dal. masnette f'1eld. 

!fheae obeerved Dt'llibera ot linet were in'terp et ry ueua1na 

tour 23 d:tea, po•••• 1 teal ei&enval.u • ditferiD& OD.ly 

SA 1r orientation. ee four ait a are r lated by three mu.tuall¥ 

narnan,dieular tw-told rotat1 a1 ot which auat pa.re.llel 

http:reaoaau.ce
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http:uaturaJ.l7


to one of t e three er;rat&Uogra»Mc aue. ~~ interpretati ie in 

c l te accord With the spe.ce 8J'OUP 1.>222 utd.ped to lfaB2PO~ !'rem 

rpbolo&ieal :t&. ft1e CGWQ)l.ete set of propertiet or the ~le 

coupliJl8 tenaor • ermined e.t eaob ot the a23 1te•l. '!'he val.ue of 

the quadrupe~ eoupl.U. eoUtGt · ~z 1lhere Q 1 tbe 1\Uc.l.ear 
b 

qu.a,drupol 1ICGent *Dd ~zz ,. the wseat. prioc1ple val1le ot the electric 

rteld sracU•t ten 1&1 

1179~0 t 0.5 kc/sec. 

b ~ue ot the a~1"7~ 'I fiued u ~ • b;z ta:.,,;
o.it66 t o.oo, 

The table o'f the direction cosiilee ot tbtt principle axes ot the elact.r1c 

field a;racU.ent tetusor v1th rupeet to the cryft&llogapbic axes appear 

in !able YU. 



I. CRJ&rAt GROWDG ODS 

In neeut 7ee:r• tbe prodnetioD. ot large eiJlSle et7etal hU 

beccae il!lrJl"teat DOt ~ tor pure resear exper111erltl but alia for 

iJlduRrial applications u a r ault JIU.ch work done on th1a 

pro'b •• 

•lll&le rJet&le~ 'J!be.. uea 

l) Colltrou.d coolin& ot the ae.lt 10 tha the •terial cryfrt&l.. 

llMI iuto 0 eeyatal. 

eubataaee eo tbat •inale Ci"ptala are depOaited. 

3) ec- cbaioal nte.Ctiona, Vben tu1tablj' eoirtrolled, c&n be 

.&1 to 7J,el.d ¢r78talA• 

.. ) Controlled eooUDa · t a eol.ution a1110 7Ul48 C!rJatala 1-n 

~ dq:reea ot purlt;r ud aia • 

Of the -.tboda quoted above$ 3) 4) are he .UWleat 

not reqUire ecapltcated ~tw.1 bUt tblf 4o not &1~ J:leld eat1ilfao... 

toq rea:u.l:ta. Method l) pro.ducea uC4lllat cey.W.e ot J.arse eiA 

v ey bigb purity \nat 1a ;Ullli~ to ateri&l hich do not decoapoee at 

tta~:"aturlla DMr their melti!Ja po1nt. 2) 11 ra.t"e~ '(,lle4 ucept 

1181:i.I10CL.a tail to g;S.ve lati · ry re1Nlt8. 

3) to roctuee cr.yiatalltn cale1um li3'drox1de. 

reactants W.Oll C.Cle ,_. pez'IDitted. to d1ttu.e into oue ther 

vi h th re81,1l\ t ~ c.<OH)a wu :ted at • • aJ.Ov rate.. Method 

) l:u &leo tr1.ed 1n this except t :t inatead of cool.i%1& t 



aatur•"*'l ~ution ot ca(OB)a it qa wanted because, Ca(OH)e bU a 

no.-ti'" t_....tu.:re eolubd.lttJ if'adient-

Ixl the caae of tbe pr1sllt.t7 alJrali onbQphOapbat" wbich we altJO 

tried to o'btaiD 1n tbe for~~ of lars crytta.le, ..tbod 4) ba$ Men uaed 

ttxcluaiveq~ be~ all the IILlta 'beloDSins to tbie cl.Ua are extnaely 

aolu.'ble in -.ter. Thie mfttllod of &l"'WiD.s larp ~· ,111 tbeae ~alta 

baa~ to be eatJ.a:t~1 ttap•c11J.lliA tbe ease ot socUUI\!1 IU,~ 

pll Qrlhopboa,t.to ~--
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ClWTIR l 

CBmrAL ~ M!XaJA1IlSMS 

surtaoe pbeDaraeaon a.u4 our knowledge o1 the proee••• ocourr 

aur:t&ces 1e ve17 l1m1ted. Pitrre Curie (l) ..,. the firn to ueat cr.Y8tal 

srovth ~cal.l¥. Bia tlleol7 18 · Gtena1on of' Oibb' a 4el'I*MI.l. 

theoey ot ~1l.lar7 aetioll. 1'be tl"eet ~ t\ulOtton oz a eeynal conai s 

onl7 ot • t4ma 'belOJICiD& to the surf._ .e fltoe4t • Otbor terma vaniab 

bece.u• & <n7atal is :lncaapreseil>le., ~· aeetps dU'ferent eurt•e• 

tenSion enersiel d:1fte~ t•ee• deno b7 Au "2· 1fhe eyet t 

olll.vet in .-uch a wq that the ~ssw l 1e mSnJII\l11U 

... .... l 

1 1 t GU):'.face --- 1n qu.tS't10tl. The U1Jl"el810b l is mow .. Curie' 8 

.taw, Curie' theo17 ~~ w several workers . A1IIO t 

Ritael (2) or :ted. -.n 1u atUl& t-he017 o ditt~ sOJ.\l• 

stance• their ..... sioa :redl.lce to eurs.e• l.av._ In tb$ l1Sht of' tbe 

tlleoey o~ n Ritzel, tbe . ¢17&\al. tac 1 we contirwally 

r esbaped d1saol:ut1on ... • act t r.Uets tbe ·ex..J:>&r:f.me..IJ. 

obsenatioll. V-.lelon ( 3), t r " kept a er)'ii;a\l sa a Juttt eatura.t 

solutio for ~ WithoUt eerv1tta a 1n or the 

¢17CJta.l" ~ cUf11Wlt;r io en.Q:Q!UI:ttler in We :q, that 

it dOes ~ pre41ct the tfeet ot p< 'N!!t~~m • adJ&.Oent t 

http:ex..J:>&r:f.me..IJ


the g:t'OV1.na te.ce. 

lfOJea and Whitney ( ~) appl.1ed the CW: aion theory to eryat&l 

sro1fth. In tbeil" ori.61· ......,.. «JJIIIIW:Iie&t1on t q rked. out a det&il~ 

crystal owth. Accor ~ 

11l& to tbeir tbfltol7 t rat ~ di eolutioD 18 pven ~ tho expresaton1 

••••• 2 
 

tor arovth· Co i 

i& exposed and C~ id th vJ.1t CODcentr&t$.on . All tree equa.. 

ion 2, rate Qf d.iaaol.utiOn (and IX'C)vth) ia oontl:'oll b)' dit.tuaion.. 

While equation 2 &ceounted well tor tbb 41 solution phew::aena, 1t taU 

when •ppl.ied to .,:owth el11irt ( 5) introdUced explic1tl1 the d!ttuaion 

.2:! • DS Co 
tit 

- C2 •• .,. • 3 

where Co .- Ca 11 the concentrat1on (Crad1ent, n ht d.Ufuai coetf1oierrt 
a. 

is t of the aur1'ao.e to qu.el't1on. 'l'bou8h auo 3 

account for eey qual1tat.ive ~' 1 r.ua to accovnt tor 

( } t 

to ta ...(b) co .. ca var1 ton, 
c1 ......v.,....... of ex:I~WilltEU 

(c) t 

http:CODcentr&t$.on
http:g:t'OV1.na


Fi~. .J... 
of a.trra ct.iv t 

face . 

Grow111~ 

F;J· 3. 
J ,.owth. of Erj5ta.L !'lan e::, lry 



The. pouibU:ttJ (e) vu ~rated in au UFUsia:u 

:~~»!f• e -3 (c2. co) ·~··· 4k+., 

due to Berthoud (6). Berek, the veloci'Q' of ~u.tJ.on eonata:t 

8f.USUZN# d.Uferct valu.ee to:- VW10Ull facet fUl4 I • (1, !he e.IWN;Sa$.QD 

4 8f',&in proved Ul11&tief&eto:r7:; for -.ple, uamaa other tbiaal,· 'because 

the veJ.oc:ttJ' ot Cl'J'.-ntMtion.bU 1:tee obHrVed to be • ~le~ 

r~l• -.4 1\0t1 a• 4 J.n41cated1 a \~lecular r~,.oo. (e.,. tor 

u.ple, I, o. Imina. J. ta. eta... Soc. 903, .!t£,. l92J),. 

~~ ~rt•s: wre 'baaed on..,...~ evi4eD.eea tbat 

tota..U.r iSJUlred the tine littractu:re o't a cqiJt&l ~ b Qpllcatio.$ ot 

l•revsiJ&lrked tM bestrmia8 of a mnr aub.fttct, %•1'61' ~'""phf, 

Yhicb &tvee l.lltoraratlcm ~ tor eolv~ the mioroaeo,p:tc stnleture ot 

·~· ~. kftQvledp save bi~ to t)l• three tlieOrua mottb tavound. 

todfq t We ~ T1W them Ul 8> CJi\U¢8.). .1:1$ht 61\14 limit flO\ 81V$ thaa t13e 

mantle o-f inteJ.libillt;r, tot' ¢17et-.l srqwtb :ts: --.nt~ e. SU!'taee 

p~a .M4 our kaov~ 0'1 tae etNcture ct turfa.cea is .-tll' 

Ua:l:bed. 

1\ravata ~ f'~d U\ 18$$ a ~ Vll.1eh l ~ffrix\&1y 

cle" to the~ new .. 'bbat the vel.ool\7 ot arowth '"' proportiQ-.1 

to t'b.e reticul&lr ait7 o:r thf!ll· 1<ma or •lecul•s ·OD. the &urfMe 1a 

q,uestf.oa.. 111$11 (7) •la\)Cl~ tbt ~ 1D the :co.uo~ 'W!W• 

aete~ toFts. 1, eou1del" • arow1D8 surlac& (W) (P1B~ 1)1 Vlloae 

disturbed llqer ts Dbtl,, <tws.e the ~tion of t- pl.Anea on 'tbe 

$\ri'f,ee (bkl). We._ that~ l'eticule dl$fl.iJ iA proportioal to 

J>wu.. lissl1 8171 • a t~ to be u ln oaleulatlxla ~~ 

http:dl$fl.iJ
http:q,uestf.oa
http:Cl'J'.-ntMtion.bU
http:e.IWN;Sa$.QD
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6 

• (h. l) d ••••• 5 

It 11 poo 1bl. to 'l c (btl) 

t I dac 

the equil{ Vith lution. 

ot 1& 1'\metiO ot 

1ts di ee the ll partie ia 

in 16· 2.. All 

y: 

t • f1 • f'e + 13 
 

0 ot ce oft rae a.
It ia 

crJate.l. consi the d1 

41.-tance.• f 

Ko• 

ot re dJ.et :t 

~'l • /l/0/0/ 
- /1/2/0/ 

t 
f3 : ~~~~:~ 

-n I 

t 

{;, r 

• 
ct1v l¥• a row to 

t + t3 • /2/6/4/ 

uro at d1 

.,
• 

ce a, 

For to fol.l.ov1na bO 

0 •f. • /1/ I I 

'Vi zet we. 

t. t. :tOP t :t ot s;rovth is erm1n 



7 

V1th Which a plane 


t vb. e a plane is to at6rt 1a llidtace ) • >~ftl!'r. 


bat { llO) wa rap1417 (lOO) • f3 > 
(llO) 

idoritlc a hete lar ~ 1D the 11 of 

C&l.CUJ.ations &loJ:Ia s1•1l&r 11nel to tho oi" e. heteropo 

aJ.ao r0 > :to • 
(100) (100) 

' 

mi<\tace. 

out a theoq of t srovt of a BaCl 

ob-,..'V'M that the bond·...u:~~~.SUUJ :to tb VaCl in tbe npour at&te 

l.C)-8 U 2.8 X 10-8 1n b interior of cqartaJ. . 

aa b 

rana1d. aa e t t 

o~ ~ per'tieles ia (&) 

lt y 

rn (10). eats out to 

ditf • 



8 

s ible fe.e. in a l cqstal e {100}1 (010) c. other faces . 

are up of the atriati¢lle ot the el.elent&l7 CUbes. seen that 

the ~ion II.USt and d.ot!U1 it part in the veloe1t~ Yitb Vb1ch tbe 

cqstal gran. e does it :tel' in Kouel'' or Stranllki' s tbeor1e•t 

We •• 11\ l'o~Jeel• a .Picture t1:Bt tbe liM sepat"ati the depoaitio ot a 

lone pa.rticl• on • srowtn& surfac tm4. a corrwletion ot a tace a:r tbe 

d.~ t'aotore 1D tbe wl.oe1tJ a£ B,l'()Wth. i'bus, wbile on .~ 

en.107a a lull ot acUY1t7, otber INrfMel Jfl&7 be C"X'e8tod in tb 1r s;rovtb 

for a abo Wb1l. .. l>ifteres:rt conestl'atiou at ditfer t aurtacee ~ 

tl::lwl pos81 l•. 



F 
 

Ca. Cl;t 
KOH 

I 

s, 
_o 

A 8 

F 

lj 

p,~ S. 
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·•' 

~ ..JX 
2!l!!!!: ~B!Ql99 ·~ 

~te ·Ca(OB)g · c mt oceur Ill -.t :ta Gl1» se:ble 

®QilD.'fi1tie$ al.thoQP ..U Qt'Jata.lll lave toua4 ia --c~oa vtth 

~Wit ~t ~tt•, ~~~~ ..U. ~ ot 

C&(OB}a. ~avo - t<Nad. 1» t~ tu p<~nl.God ~ wa tact led to 

11t ~~-~~~·. 

tfe btJiye ~ a1:tlA1. to ;row ...U. (~ bqser t.JeG ~~ 

3 • ~ S • X l/2 .) ~ C1t c.(.OB)e UiD& -~ ~tdl.

to ~ as.ert.W "' ~($ .·&fld Wt~ (U). r1;. J ~ 'tbl .,_..,.. 

~~a~J.tt• A .a a, 
 
tM~tutt~c--.c• ·...-oeutto 


'rha ~~ ~rat10fta . .-re 7.o:m. » u a ~1 111 Wld.eh 

'the ~ton ~- Jk~.. l.tle ~~ •• .lett \tl,\«.111t\1irMCl tO't' ·~ 

~~ ttter wh#.® per:toa. a. ~- ot the fladt n ,.. ~en91 

to ~--, tl'.le ~~t.~..$!~ e:a4 t:be ~Ule 

c.(OS)e -.s dried.lJet,~ ta. tolu ot a tuter ~· X\ ·-. lett 1a 

- ...,~ ~~~ .,u.., e. P'~--'17 ~ 
o'f the ~t& ea..~ a ~t ~ tba.'ti 411~ the cblinc of 

,a. ..:U. ~ ~ to s;to'fi1 to :a.'b~ at•• !be rate Of ~DS 

ot b ~- we w.eb • to n l11bt~ ,... =co~ over it•. 

P,ts. 6 8bt>ft t ot be OJ· .atu deS·~



a L. r ~n. 

~ 
() 

;: 
') .. _j 
Q .., Ht.O .. 
~ ., co4. a.6 o f'ben t 
... 
.... 
"' 

l I 
~ 

I I 
I I 

I 
A 

.. 
? 
Q 

d 
\,j 

<:I I ... 
~ 

"' I 
L ~ 



lD 

el.S..1n&te the 41814-.nt~~~ee fJ"t ·the 6ov• proc~eJ n<lt&bq to 4ela1 tt. 

atnnc and to 'b::rtq Jthe ~-~ ccntect :Ua a~~ eta-... 

~'he: dtffus.1.<m eeu •• ~~ l/4• tllick ~~ ~1<h !be cell. 

wae tivi<lecl 1~ 3 ~& b,- the ll!Dvalitle dfbe il.4l.1ld Bt· :!' 1• 

»~e strip ptt M!loa• the ~ ot t.hft P>~,.. D. 

the. ~· (trm au~. cacli) ,.,.... plaoe4 lti the ~teq 

fumlel.s B .act 7,. Upon. &~ 'the etopcco:tt the hea~ eolutiQ!l» fell 

to the ~tara. ct.·A u.4 » ·zr«~tftl.J -.4 wre ~4~ ilfJ.Tu.• into 

b »~ rollolli!d .- • rulthe Ml.l. ¥1tll (U.artUlefl wtw1 

p~ tM ~iP~ t'umKlla 11) potS.•~• .a ~- c vttb a .~s.o ~. 

~ ~qoeb ..... ~ JRl t'b.e ~tu~ left undln:arbed tor ~ 

Vti ~ •le w •~~ ctJ"atola ot c.(Ol!)a. !Mil" a1ze &.4 

~· ae~ Q •• ln ~h• ~~ att.elllptl 1le ~ liO ~he ~ 

oluaion tbtf.t eve~~ W -tOv:e4 41ft'll~ -..tbod. ~" ~ pel.d l.&T'p 

cqsta.J.e $\d.ta.bJ.tl for nu~~!o~~ ~1Jlents. 1'his 

~ to be 4M w t1:e ~ tta.\ ·eatOl}a tG Y~'I:J a~~1.l:lle w 

~ttldti.o&t fla!i4 1\ 4Qo-~· ~ ~ Vith .,. iOlJ4 ~-·• 
~· Jlletbo4 • bfn'e tl'1e4 4e4 'UIQit 'tile tact ~'\> ca.( em)a 

*a ,·· :uw ~~~ t:tf aoltafU1~. Tbtl.e, at lO()QC t):e 

atQ.'nlt eolutlon ~ O•OTI • or \be .._ . 100 I• of .•lu.U~, 

~~ t 00 '" ~ 0 •. 165 • ~~ 111 ~~ lleaitq the 

solutiOn rna oce to lOOOC" ~114 be a'blb w ~· ~ ~.td.tlotl. ot 

o.lOS ll• of c.(OS)t. 

1'1 • 1 ~ the ~"· ~ ! cooJ.:ed b.7 a. •r J Qk$t -.s 

http:d.ta.bJ.tl
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ll 

t1lled With soli Ce.( Oll)2 ~ on C)aea•lJOOl pads. ~ B, sliabiAJ' 

Uft"iiill.'t'c.itl1 .I bea e ctr1~. lJ!be )JQ~ «llutian 14lieh ie 

f:rciA D \1&8 lifted to the tube A bJ' a C~ free e.1i' dta lJ7 1 

Q'£ a :t;e.:r • In A ~be ,.. eooled to the ot the 

:tar D4 as it ~ ~ it 41uclved 80l14 Ca( )a 

tllfJhe. Ca( OH)2 wt obta.:tDe4 11:t. the t:om ot :t.lalr.o1 ._ of 11b:J.®. were 

9 . .,2 f.n .... 

!ti!Jp;z.t~ 

!'be pr~ :Pbo8Pb&tu, I'IIW~4·De0 a:re &U v.e~ solUble m •ter. 
Su»ereatu't'attoo -. ~ b7 ·CQOlJ.I:ae. tbe •turat.ed aolut;tan•~ ~ 

1llll!n ~ m tb.ie ch'nf.q.ue ia a rtatd t~ COZ1tro1 a 

~~ of the tellf.peratu:re. ·The ~ u..- 11 lbotm 1n 

PiS• • f 111 a tblrlloJtt.at ~ to COI1t%'Ol tba ~ure to 

V1: bin *O.lOC. It aonei.tl ot t.U\'Kt B tUl.ec\ td.th tol'WIDG, a tube A 

and a CIIP'-llA1.7 ~ oWith*'~ u, .U ~ mer0U17. ~na 

~ & ~· motor 8Jaft; llf a.l'l8 r>t a 1)Jlon ~lln\114 1& a steel 'Wire 
• IJ' 

.. 
W1 Vbieh 3Ust dips 1:rltO tb ael"'CU%7 1D G. 'lbt period of revOl.uUon of 

the motor 1a 24 bra. !'h« •w 'bath ~ B, is a mob:rclie·A Y1i'e 

· .eel in-. aJ;ass tube vlth oU tor the~- of bet .._t •e.bat.nle~ 
!!!he :ter ~ 1 • 16 fl&llDD S't~e veseel, _bea:fi:q insul&te4 With 

wood ebav:f.:Op <:oVered nth a • ff:Ofoea• ~. 93e lutlou Vhich 

ie to · s-it ~~ 1a oonwJ.Ded u 'A 'beaker 0 vbio\t: re t• on a support 

s. ..wit10$J. features of the ~ VUl 'be ~lam la.ter. 

!he Q'&cbre:moU 110 Sbaft, 1'18• 9, COJl81ets of a l • 41&,. em1 

al./2 • &ta. crew. !be l/2 • cU.$. p:trtiOtl is 1J1 thit izl'l'Wll 

http:aonei.tl
http:tblrlloJtt.at
http:ch'nf.q.ue
http:�turat.ed
http:t.lalr.o1


~ ot the upet~~ the po~ ~· &!'$ -.u... !hia ita to 

~ tbb$1 the .,• ._~'bit:m. ~· •t ~ • ~ maol•tS• 

ter 1n tbe 1a rted to lfoOO. !he .:Lt $)lutto:.l 1 :ted to 

~-.tUn~ intO tbe.tlimt, toUOWII4 hf ~cal attrriq fQr' 

~ • fJIJ:t~· ~ ~~ ~04 ·the· --~~ _,l.Qt!.Qtl ls 4o~ eft, 

,.~ w 4~, :ru~ tD4 ~ceil. m tblt ·~ 'bell• 

bal'e trt-'. 3 ~~ ~ thfl solution with au 

~· A -.11 J)C"fect Qt7'i'ltAl e :Led to a ~ rod 1V I Of a 

t)JlAll ~- li'll¢ ~ret~, tAw the sol.ution. Xt tll4 not " -"'~ 

~•Milts e.btttlr -~ 1!he nrJ& ~e ~ed u a ""~t~ eolu• 

~ teau.t W d.$p0Sit ~-~ ~~~.et.a Wieel -~ 'to dt-OJ;J 1¥· 

tn~ ·~ the bat* ~ 'tJae ~.. - CI7~11J f,tQ'Im W1"' t.i:rl¥ 

l.litee (ot ·the ot4er .fit 1*) W.tb l&t"p ~~t=lh ~ JAJt Mt1»4 

ot etta~ of tbt 417~ ~ ._...,. wu. to ·~ i eqftal to t:be 

~ota~t~(30%]a) . ~~ ;tt~ · 

aults, 

Yben ~tea .had ~ replaced in tbQ W.t$Y bl.thj the l&tWt:r 

... ~~With" ·~*-~ and both,,.~~ 

~~. ,... ..~ ...ldt \m41$~ ll'ltil the t~...-

~~ tblt.t of tbe ~~- • dUrathm 

of tlre ape~~ ftca two tO t 

trldng 'tbe t~--~1~ AI)O'In! 
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~ ot ~4·at'20 ot the or<1ar 1• to l•l/2• 1n leQ&th. t'bt cqeta11 

a;rova ,_.. Of the tom ot 'b~d&l a~14a With tacea .( lOI) 1 (J.Ol), 

(OU), (oii), (.l.OO) au4 {!Do) .U ~· Fia• lO (a) &134 (b) a'tlOW 

.. 1&2 ecale d.rilV1DC of ODe ~ 1tbe ~- 1'beee cr.J81&1. tMea ...... 

Ulllld. to l.oc&te ~~c ..-•• 



n . 
he tb eXtM!l"•ilutnt.t.l ob ervation 

otof t lete radio-frequency reso ce 

h011mo~eneoua 

t retS.eal 

1n rp :taU n ot tbi peat int ot th electro tatic 1Dteract1o 

oun • t c attJ. 1e also 

et1e 1:" ao·nat:a.ce 

rptio r1e quadrupOle ldzt.ent teraet1o 

th it oh at 

1 sef'\11 1nto tion abou 

).e JllCIID.ent8 Of 1 top 

t CI'7atal et17 end .U. etrle ti ld 

si eo th 

A et1c re1101'lia.nc~e apect art• tact tat 

a ucleus o spin I et1o 1101aeut p. pl.ac in a unif'o tte 

2I + 1 t z.e.-~ M'lll!fPII:N' levelI • lin l7 

polariz oaeill&t tald J*M)e~LCU:J.&X 

~ 0 ·lh vUl 

DUIIIU.rl..lUU. 

~~~1e 

the nuo r :tio ot 

ot :ucl 

but interact Y1t lfo, 
auc 1. Itt 
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lnel. vUl s1 e a lle't absorption c ftl:ler by t at the .ms;le 

resomm tr queney ~ c>• With the 1gbbourbood or ll.OOOO puaa, 

this tr q li 1n th xoadio-f'requ cy tor et nue~11 ao tb&t 

r~fr qu q t cbni.q plc,-ed.. or 3 t ;oSo •• 

j 0 occurs at 6.538 r::.} • 

It tbe nue~ a a non.. ro electric ~le t.DOINUt ~~ thi• 

:lectr1e field if such extate 

at t nucl.eer lites 1n a ~at&l. h a sSngle cryetal in Vbieh there 

ie only o ~ ot tJite tor a pu"tieula:r e :t, there rill be a larp 

num~ of aimilar;q a1tuat nuele1 Wicb 3ected tot 

kind of an ua el.eetric f1ttl4., Vht repeat 1t lf period1eal.l7 

£:rom unit l1 to unit cell. U ~the eohditions or ell ot the 

21 + l l la ot the nueleue ~ pe~b 

eqW.diatat, w:Lth t :reS\ll.t tbat the 2:t tre.ne1ttona nm11Mfm the ~t 

levels are l.oxl,pr ~ queney b\lt o a epeot 

of at l • the or1sf,nal. work in tbia t1elcl wa c.a.t"rl out by found ( ) 

1tbo ttu41ed Al21 s.;ect .in Ala031 Vh1ch ie a a c16l caee l>eeau.se 

oft itudel u.ture of Al20'J• A ;roup· ot ~ . tor et 

Co ia • '" tbeot7 to cover the 

CU"r:l out atud1es oft u7 (l) aD4 

ra 1Jl J Lt Al (81)3)2 • 

an.d. ~~s (ll) bave reee 11' 8t'Ud1ed tlle Bll 

kem1 ( 

n"'•~ of Umic1ty of ~=uu~.:o.~. ......,_4CJ 1D cr:ystt.l t~ lectrio field 

sites in B .~ b&ve 

for t cryotal ot 

http:l>eeau.se
http:period1eal.l7


I 

Qhapt ou line r.1 ot ce of cl.e&t' 

cr;ys ori :t&t:l. Of 

Cl7S d~. 

d.lecma ( ), Volke>tt ( 6) • Tbie dis.. 

ot ll 

.. -A2t/ 1ll 

1 1oJl e 

0 

:..... 
• 

· ertut'ba~ion 'l'beoq 

J'o ov1.n& of (6) 

.QIWI~l~~ tor 1 eXll~~~ e:iJilU.ltanec)ue.;l.l" to a 

ia at 

11 .. ·,U·Bc + . 

•Q. in ~ot 

~SOD!illo.l.iG 

P 111 m. ' FIll '111.Em. .:: e%,_ .,. Fwtm. .,. ~ 
In' E~ - E"na! 

. 7 
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1tselt. ie entir ly in~ dent of th stat ot 1 therefore 

Qq l 

wb r q s the val.u o, t 11 t 2. 

The explicit relation are: 

F m,m. =: (11(m/ a.,[ "'m) :: :t~Z.~+IJ [3m.t-J{t~o0] . . . . , .. ~tl-

f'm, tn t~:: ("'wt/Qt1./oltrtt~> 

=-If. elQ..t ) l/( r.~m)(ft:m. ri) Cr+m.-t)(j:!m•.t)1't :r,. .. , 
. ' . 2. c 

,Subetitutine (2) 1.n (1) l ads to tbe erg relation in the fo 

iven by Bereobn (3): 

fm. =-m. .!.k" + ~ [3m.'--,t[!+t)j(A~) 
1

o
1- M{tJ-r) 

+ _l(eQr .n {/'AE.).-,f '-[H ( ~i-t) .:.I -(6 m-'-J 
4 I "(1 -1)1. ft/r) R, l' 

-/{Ll.E)~1 f~[1I(t+J)-J :_m.•Jj 

+ third order t rms. . . . . . . . . . . . . 3 

:frequency eorreepondi to trensition between a.dja.cent energy level i 

or nucJ.ei W1th l • 3/2 t re four a Ue.bl ner level which s1v 

r1 to tbre possible tran ition fr nc1e which 

o e t ·~ ~r • l corresponding to the tvo transition 

• !' l/2~:; l/2. Since th re 1 no 

e.orresponde to • + 3/2~+ 1/2 and Which to • .. 3/2 ~ • l/21 eith r on 
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is denoted. v ' the ot 

····~ 

. . .. . . G~v'- y" 

7 

.. ~ 

AE expr a d. 1n 

(x• ,. yt , z' ) a; a as follovs; 

(AE ): -: --2.' llil == - J_ ,.J.z' I 
c)z.1 - 2. 1..11 ~ 

'" E)' - + ,.,.. [' d E$ + ,· (J e..· ] ';: 1- "' [ rl.JG·~ I :t ,· d> ..lz']
l'.. 't I - - tt Clz. . 

1 
- ~2.{ - - G 't' .. J 10 

(A ~)'t2 -= - ~ [ ~~~·- ~~( t 2 ,· ~~~~ ] :: -~ [ <jJ ..:"'-<I>~; · t 21 f1~·y'] . . (f 

introd.uc of co-o :tea (X, Y1 .t) t vit 

t t erpta.Uo hie 

ct 0 th 

t t 41rect1o of z• . 

tor;y nveofo.- ( x• , , . , t ) 

icb s 

rJ> 0 11. ,.1). - ~ 1"1.. d Q" dQ.
6 

t- - ~ \1/Q.. Qp bq:; o~j 

t ( , , z) _, q' 

1 , ' 3J 

1n (x' , '1' , z• ) t 

' u 1 l2 9 

http:erpta.Uo
http:introd.uc
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In the deriva.t1on of 13 ve used the rele.tion1 

X y' 

Y • cos (e x) z' + JiD ~ x.)s• 

z • -sin (e x) z• + cos (e x) x• ., •••• 14 

~pJ.T1ng (32) an (l4) for the case of (10) and(ll,) one eta: 

(~=):t, = {l; { ~ [ ¢>yz. c:..os 2 ex + \ ( cPyy - C/ln) sin 2&:..1 

- ~ [ctJxyC.CI~ g)c,- cPz.x si, Gx]} . · · I fi 

(4E.r-'2. -=if [~ ((/)yy t C/>2.z) - t ( (/Jyy- cb·z.-z) 'os 2901 

+r:/Jyz. !:l tr. 2f?. t:..2i(Cb?.><.<. ose)( +- QJ"'ys.lnB ..)] • .. lb 

'!'be expressions (13).; (15) a.nd CL6 )when $Ubstituted into(6) a.nd(7) yield e.n 

explicit expression or the dependence of tbe separation of the •satellites• 
"" + v"{v' •v tt ) and of the • centr of sravt.ty• of the satell1tes 2 

on the r.maJ.e of rotation E>x. tn the tiret case tbe expression assume the 

tollQWins form: 

(y'- y')J< :: CL:x i- ,&.,. c.o~ 2f1.. .,_ c.,.~,;., 2Qx. . . . I 7 

and 1n the second caso tb expi"essiou becomes: 

The coeff'1ci! ts 1n(l7) a.ndC18) ar relat d to the electrostatic 

fi ld gradient tensor c.Ollq)Onent ae fol.l.OVa: 

a. = ~27. ( 4-,., + <Pu) . . .. I 9 

lr" ., i~"l.<l ( ¢yy- Q;Z2) . 20 

c I( -:.- c~ (/)z'( . :2.1 
C/Jz:z. 

n ,.. -= -L ( &: + c} t Cy-.. "c l _) . 2.2 
/'l Yo 

http:ctJxyC.CI


2.+ 
 

u.,. _ _ I (I 2_C. 1.) . 2.S 
- ll:Yo 11, " 

'\T,. -:: - tv. (& .. c.,,) 

a ~:~-.u.\olloiii.IR JDa!thClid 

o1 

eub1c :t.1oo: 

Y\ -a.r- fr ... o ...... .. ....... ... . 27 
 

0. = s};. (¢.,_~-+- (,bv~ '!-~;,. -c/>... ~vy ~f$yyc/Jn-rj)uq'(,.) · · · 2.7c 
'+'u. 

l 

lr ... ~:" ( ¢.,,. ¢n ¢ ·u. '*' 2 Q.,.y6y:-z Ch >< -tA._,._riJ;r.- Qyyr/z.~- ¢ur:/Jz.~) . . . 2?lr 

roots 1J.1 7'2• '3 st. b.J't 

1n ~ 2 (~ )~ C.os [ q - 2; ~ ] 

ia 11 ive WbUe 7;t 

J!Bj!llfR;i..... 

'thia rtl'J 
~- r,_ ¢x..x - d>'tl. 

'? -- y3 
-:.. 

cpu. 

-:.y3 ':: Cz leC:<PnJ 
(x, '¥1 ) 0 

p:o 

(x, y, c) :tb reli~<:rt to (1, f, z). 

, va we 



2l 
t I 

. . . . . . . . 32 
']),~ _.. ~~ 4- D""!.\ 

1)2.,.. -- "f',..'1. "'(",.y - "'f-),1. ('+x l<- Yr-. 

1)'!>1'1 : (-y,.·rr r" ) ( ""f'-n - }" 1'1 ) - ''h~ 
:ps in the is ot tbe ex:p . ·:tal reau.lta will ther tore be 

s follo a: 

l} The C'Ur'f'ea of t~ forms o~ lquationa (17) aud (18) are fitted to 

values ot the ourrier eoetrieiente. 

2) 'l'bes experimental Fourri coe:ttic1enta are then used 1n 

uations 0..9) tol26) to o ta1n the eoJlpOllmlts ot the tensor 

YtJ 1n X~ Y, z oo•ordiMte qetea. 

3) This tensor is tMn ~1aed us~ :tion f.27)to(~. fJ.1he 

aJ. eval.ated. u.sina (32) (3~· 

theoey outlined in this chaPter Will be u d 1n tbe experimente.l 

t of this etion, l:J'1 in e pters III and IV. 
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aqueo 

solution b the method d1 cu in Cba:pt r II of Section I . These 

o:eysta.le were &t'OW unQ.or be correct temperatur range so t t the 

not t eorrespond1na monoJ:a"dre.te which 18 also possible to et from. 

aqueou sol.ut1on. 8B2P04..2H20 c17stal8 are known to beJ.ona to th 

orthorll.aabic qat and ha.v the P222 apace s;t'OU.p8 other t 

• to 'b known about t 1r stl"Ueture. 

A number of alJ2P04.2lJ20 Cl7St&la ver s;rovn e.nd scae of t~ :PQOrer 

one re tor a l1m1na.ry stud7 of a23 reeone.t'l lin • For the 

e eho n. '.rhese vere 

checked us polariz d 11sht to t :t they wer not tv1n:tle<i or 

dly strained. On of the c:t'1' about 1• x 1• x l/2• in ize 

and ha.c1 a part1eularl1 well developed (001) face . It e ground ro~ 

to cylindrical shape of 1/ 2• d1a., the 8Jd. ot the cylinder r,pendicul.s.r 

to be (001) face, i .e . , para.Uel to t •c• erystall.Ograpbic axis. 'l'be 

(001) 	 ace the e s . . inin& t intersection bet t ces 
.,. 

(001) and ( lOl), 8D.d (lOl) respective]¥, were e&ref'ul.l7 pr served d.ur1Jl8 

t proe es of &r1Ddi1:a8. !l.'be CJ:7stal. e gl.UJ d to lucite mount 

as sboWD in 1&· ll. Tho to define the e.osuJ.e,r orient tion1 

Vhile t face (001) serv to fix axil of rotation. 

pi ee of' oryetel. used for X aM Y rotation we eut 

·21· 

http:e&ref'ul.l7
http:l1m1na.ry
http:s;t'OU.p8
http:monoJ:a"dre.te
http:o:eysta.le


Ortetal bad (l.Ol.); (lOl), (Oll) ·alld (OU) fs.ce& Vf#'l veu d$voloped.. ~ 

tirat orl!nder -· ~Yi~ its a,xia ~l to the •tt• cqltall~;pbie 
axil w:t.th the faces (lOl) a;o.d ( lOl) a.nd t~ eQ.ae betwen tl$ caretulq 

presel"V$d ~iz\s the process of grind.ina.. A luoite Jt!OUnt \las thea 

cllined With e. weqo of U9° 4s• su~ that the rotation ad-s w.s e.loJ.1a 

the vi.eeetor of this 8.08le.. When the eqstal was slued 1n the poeit~ 

e)).oe a :Fie,. ll., the ·~ ot the J\OUU't Assured the.' the •a" ' $d.s WOUld 

'be pa.rt.Uel to tllo rota.tion a:Cs. 'l!he .a&e 4Rtln1os the :tntersect1oll 

between tbe (l.Ol) a.nd (lOi} feieee ts par&l.le:l to the -o• axis and • t.tsed 

tor~ orientation. 

~ pi~ee ot the <:r)'sta.l. used. tor the "! rotat1oa W*a also CNt ill 

the a'Eial)e ot a ql.in~ w1:th (Oll) ~tu.llr pre~ed ~ lt'~d.i.na· 

~ (Oll) tace •• then .~4. to a. ~ Wbteb b4,4. been •obin-..d at ac 

&Jl8le o'f ;'f'O 4;• so tbat tl'le ~· Pia was pare.llel to the rotatiol). axis. 

Fia. 13 sbovs the arr~ut. 

Each o'f the tbree Crtf'$talS was ~ppod tisbtl¥ With·~· 

pls.~io to :t~ Sj!Osuro to tbe attaosp~r$ a.e 1t bad boen foun,d ~u,a 

tlle p:reMm:l~ work t~t the Cl:'Jste.l dehydrated iF617 l'lo;pi~ upon 

proloneett eontact vith dq .aU-. !t':be· luetto UlOW\ts. described above w:re 

1n tUl'll locked. in .,oa.ition in s.u ql.e-measurin$ dsViee inside the pp 

be~ the aasnet pole~. 

!he &o$le~SI.tl"~ devl,qo ~a1ate4 of a ~ess steel(~ 

._.nio) bl.o<:k, 'Wbi.cll eoul<i b$ e,dJUCJted 'by a eet ot screvo to tit the 

p betweml the ~ poles ti~, and a ea.l1'bnlted d.ia3. a&s~. 

'!'he lu.cite eqste.l. moun-t wre held rt~~ br the cal.1bra.tod dial aa J.y 

which wu1d rotate in the stairlless steel blo4k1 witb the &Xi& ot tot$

t1on al~a hel4 ~~~ to the .-.netic :rtel.d. '.t'lle d1$l was 

http:o$le~SI.tl
http:lt'~d.i.na
http:e.loJ.1a


eali'br$ted at one de$ree intervals a.ud, V11;h the aid of a JQa8t11~ &JAss, 

relative measurements eould \N ~ted cont1stentq to beti;U tban l.talf' 

.. clegrq. 

1\ote.t.iOns .Oout th~ a.1 b 1 c ceystallosr~phie axes, Which Will be 

referred to as the !'Otations. about the I, Y, z ues respecti~, vere 

Ude at 300 !l.nterval• in the intervals 00 • 1aoo and 1950 .. 34;<>. ~ 

•~t~Ja ~sed to record \b$ eip.ls bt-l\ been ~Q.WJ;teq deaer:tbed it\ the 

theet• bf 1(,. A. tintus ( 9) "' !he ol)l¥ aod.tfieat1on introduced vae that the 

sample e()U ud the ~tl.q eoile wre detached trolll the oacil.l&ting 

detector Cbastis Md tix~d insida ~· .CQ betW..a tbe magnet poles. 

Electr1cal eonnee.ti~ -were -.de usilJS a ctVUtal cable,. '.Phis ~t 

er•ur tt..cilitate« ~ e~s.nt, e:•cWq tme ali~t of ·tb$ 

c:r::z$ta1.. 

http:eonnee.ti
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f, ;J · f1t b-. C.h.art Ye.cord,"n.' of t~e spedrv.m at s)< = goc. Tlu '4'' 

c ry J to. U~~, r~pltic. aJCi5 t l a.lo,z.j th e rotation. a.JCtS . 





In 

CAICUlM!I s 

IIBf~·tic reSODanc~ ct ot a23 s did ina 

l'IIB.n~4.2H20" ot ob in'l!he c 

t da dtlln 

ters 8:a.d 

th dir ot:ton eo in s ot the principal axea of the 1 ctr:tc f:t d 

ten.sor caJ.eu:t.at for h$ aod1 eites. 

A rel.1lniJ:1a2:7 uey of 

X axis (• 11 cry •) :t an c::loiWI.II~t:O v1th respect 

quen o-t ot the lines on th orientation of the C1'71tal 

with r xtertlal 'JilDI@;ntn;iC field • F1a• 14 section oft 

with the 

to t rotation axis. t tre

icular cry ori tat1on1 ot tour OV> rlapp lin . Sine the spin 

xpect 2I • 3 l1ne tor ea.eb esaentiall.7 d..iff rentof 

23 s1 t • '1'b1 tbatt 

st, f ur e nt~ different 23 sit 1D .................'"' •2Ba0• 
 

with 1 

ceura 17 .liCU·~u:;:~.~. to the ro tion s . For tbi rotation 

onl.7 X 1 'obse for Vhich 0 (the angl. 

t 

step to 

not equal to o, ~ • 
c:.a.n be c .. 

ori D t:to exceptto FiB• 1 for which 

http:caJ.eu:t.at


that the X o.xis tor Fia., l~. 1~ slig}ltq tilted WS.th ~sp et to the rota• 

t:ton ~-~ ~ :ts el$at", ~':bat in the case ot F1e. 14& (i.e. for ' • 900) 

each ot tll$ twO outer lines is &ctue.J.l: CQlllpose:d. ol toUT overl.apptus 

unreso.lvQd line • It is , lso lalown from the sp@:etra obtained t ot~r 

orientetione (not shown) ot. the tilted 017sta.l tlat the centl"al l.lne i 

A\ thia po1n1;1 f.t ts JO$ei\le to ~ out a tairq complete 

qual.it.tive 1nttrprC!ltatiou of thtJ reSUlts obt~ eo tar. Since I ,. 3/f. 

tor · 23, there hov.ld 'b three l..i.M for piU'tieule.r 23 site. The 

'lbe r n of the ~is u 'be<sed on. the as~1~ 'ha-t; the sodimfl nuele-1 

040UJ>J e 11. ~ of' fdtes .,, l•ctrtc field. arweate d1tfe1" at lta~ 

1n eome reQl>Oct, and that tbQ '*COl!Wlex• ~trum io du to t,hllt supe,r

to each set. <:>t nuol i*. 

d 

spectrma f-or rta23 eho\ll.d. consist ot tbr linee1 1t i ~ tb&'G tor 

1&23 -;here w.st b& it ~ tcrur $;1'bea in J.u~.~;..SHaO 'lnt,h their el.ttdrio 

field ~cmt <Uf:ttrin6, u e(Re ros,pect~ low 1u the X rott.tiOll. 1.'1eVeX' 

_,re that~. six lin s .Pev• We int rpret ~:O.se f.&ete usiq the lQ).ovle~e 

(3) that .if tw sites ' eu-e l! .~bra t.w..fol4 rotation axis, tb electric 

' ' 

~ d\ftf;tt' onlJ tn the 6:'1~10$1 of their ;prlacd~pel ~.$, eJ:tllo~ th$7 

tw.~ be ~teri~ :tncliu$ 'With respect to \be qe.d axis. T 1 .lt 

el-ectric ti ld e;rt.die.=t.s at these 1tes ~differ 1n e1t r the 
o: rieal val..ue~ or tht t1el.d srad1e.nt n r c~n.etl.ts, the orien~tiGn 
ot the p-1nci;pal ~$ of tbia tensor or both 1Sl 11Uilllericel value ad 
ori~tiott. 

http:c~n.etl.ts
http:srad1e.nt
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'l'he, Position of tl;e LiXJFS of_ the .s~~ tn Me .£See, 
 

fo;t" ,, Vario't$ Or:len:tfl:t1o~$ of, t~ .Cfl~ 


e 
:Rotation o0 . .1sO . 30° 4SO . 6Q0 7SO goo lOSO .12()0 :1-~SO 15()0 16SO 

6.991 ·, 1 ..aae · 6.979 . · 6.861 6.,t1J7 6.6)7 · 6,665 6.$1 .6.{00 6..&;7 6.978 1.021 

X ........ · 6.891 6.734 6.;65 6.. 650 6 •. 559 ...... . 6,560 . 6.650 6,s£i2 6_.730 6.~ 

, 	 6.w4 . 6.2J.5 6.376 · 6,.534 . 6 ..437 6.537 6.tas : 6.534 6 .• ,38 ·· 6.ss7 6.:;19 6.220 

-· · 6.o68 6.123 · 6~e46 6.l!oa ·6.386 · ..._. 6.381 · 6.4o7 · 6.~~ · 6..~3 6.o68 
-~ . 	 - 

6.664 	·. 6."{00 6.7,4 6.P.Q9 6.8$6 . 6.879 6.871 6.878 6.8.56 ' 6.812 :6.757 6.702 

t 	 ..... ' 6.6,6 •6.676 : 6.7~ . 6~781 '• 6.,833 I ...... .6.834 ' 6.781 .6.724 ' 6.6'$ .6"656 

' 6.416 6!0'430 6,4J..t. . 6.377 6.323 6.268 6.228 6.267 6,319 6 .. 373 6.415 . 6.1ta9 

. ....... . 6.379 6.,325 . 6,~ 6.229 · 6.~ -- 6.au ~-wr 6.26;) 6.322 6~37' 
~· ~-

6.867 6.964 . 6..ff39 6 ..929 j.06l . 7.083 ' 6.f394 ' 7·090 7-066 6.926 6.93& 6.963 

z -· 6.673 6.7n 6;797 6 •. ;19 ·6.&u ........ .6:rga ·6,576 6.8o4 6.:102 6.·673 

6.287 	 . ·6.tm) 6.446 ' 6.3<)5 6,,,lJ& 6.3),8 ··- '6.318 6.,~~., . 6.!98 6 .•1120 . 6.449 

-- 6.108 6.443 6.rrs 6.017 5.987 6.102 . ;.988 6,01.7 6,18l 6.139 6~n4 



26 

field, trica.l.ly inclined ten8 r are equivalen: freD th point 

of' V1 v ot the pertur tion t f3" cause lex spect will con

sist Of o~ 21 tra.nsition • t 1 immediat l:y obvious that t 

is 1 to a.x1 • For e.r i trary orien: a.tion of the X rota

non- uiv&l t sit s leading to six 

lin • se tbat at th orientation for Vb.ich • 0 .. 

90° or 18o0 , ther re onl.7 3 line • oUO"Wirig tbe soning s 

above, 1 · is apparent tbat either a. ~ a.x1 is pera11 l to be 'J ald. , 

or tot z ax1 or that h axis perall 1 to ach of 

JllUtua.l:cy' rpendiCUl.e.:r t 

ting at the oint . concl , therefore, tbs; t rt 

is axis llel to cb Qt th X, Y Z d t: t the lectric 

t1 ld a41ent tensor t th four aitea ;v 1 entical e val s e.nd 

dift r on;cy ili the orientation of 

In order to ob in a qus.ntitati 
 

d t orientation 
 ott t sor i ia 

Xt is 

point pOin mutua~ rpendicul.a.r 

ti ott 

tiO • llit , i .e . , t tr 

q ci s correspond1.nc to • t 3/2 ~ t 1/2*, tor various 

or ntations ot t X, Y, outt .ttheZ W'Yt"'_A""' • It 

conc1u ion 8lrresul.to o ed for l z rotations confi 

1n ~le I ar plo ttr t X 

http:resul.to
http:correspond1.nc
http:trica.l.ly
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o• J~· er~• Jq• 1111• ,;,• •lc• •t 
Fi, IS. i'TtfWiiHj ·-P~fl<flfl< g ,., ~~~~ pt~:.i ti••l •I i&liU~t..~ 

p' ...c. P' .I\,lA L•r ,,.,,.,t.ti."' •I n01\ .. ,,.~.tAt, Z· ....tatto/1 , 



f;~ . lb. F,.e'i" en <y d.•pende n&e of lhe po:.• bon of sa.ttllitt.~ 

v· <1nol. l1 " on an~u.Lo.,. orienta. C< on of tlte ,,.ysta.l . X-rota.tioll . 



r,-, 11 f'refu6ncl deptlld.ence cf Ita positton. of .Stl.telLi.tt~ 

{ .utd. V" 011. anJu.ta.,. orten..lo.t,orz. · of fht c.7stal> Y- rottdion . 



F19 . 18 . F-~~u en<~ d etJ•rt dence of th e sep cu·tdion. cf 
:.t>. lt.llit&~ . ~~·- ~"), dn. a. '':J" ~ a r po~.tion •f !-hr. ":l"ttl. L. 






X- rota.tton. . 

./·-·-.........------·-·~
10 / "' . 
 

.D, B• • "'-, ""' ./ ""-. ., ........_. ......._ 
 ...--·---
Y- rotation 

,_ l\
I : 

10 I• 
o• 3o • t:o• 0

150 " l'fo" S 

f i ' 19. Dep<nden<e of /he shi ft of lht "cenl re cf fra v i ty " •f 

•f Sdl<ilite> ( rom /he "npcrturbed ( r e2u ''":/, (Y' • •'!/ :l- V0 , 
 

OIL "' ''~ .... l o.r p•si t io'l. of fA e <r:J, to. l . 
 



~. II 

Sew!:tion o~ Satell.1tea1 V•- \1•, 1n Ke.fSee. 

Site- ()0- 1£ ~ ~ &P- tt ~ lOs;> ~ ~ !2t ~ 

X 
C, D 

I B· 

-f93 

-893 

..9(() 

...6-]6 

..856 

•358 

...615 

·29 

-289 

+2l.3 

+22 

+317 

247 

-.21# 

316 

+26 

21.2 

..o292 

·27 

·005 

-351 

.a,, 
.66) 

-959 

y 
D, B 

A, C 

248 

2~ 

226 

321 

262 

429 

345 

5~ 

~58 

6zT 

565 

668 

643 

643 

667 

~7 

629 

Q63 

543 

349 

43$ 

264 

C, B 6lt2 228 -286 ·751 -i050 •ll02 -&)2 -o479 31 496 199 849 
, D 6l,2 855 798 le2 +30 •1£3 -~2 ·llD5 -10119 •746 -282 +230 



TADLE UI 

The Shift ot the Centre or Gravity of the Satellites Y1 + J' t - ~o a:nd of the 
2 

Central Component .J c - Yo fro~ the Unperturbed Frequency, ) 0 

- --- ~-- - - - - -

Rotation Site CP 15° 300 45° 600 7$0 ~()0 • r 1()50 1200 135°-

X t + t I .,. A_._B 13 15 17 12 6 1 -1 10 16 17... 0 
2 

c.._D 13 10 13 16 1:5 0 ·1 +2 7 12 

I c"" o · 12 12 10 -4 ' +8 1 -12 -2 -1 -1 

-u ·1 -13 -...].4 -7 -10 

y t + ,,  A~ C · 2 2 2 l 5 7 12 13 1.) 110 -
2 

B_.L D 2 5. 7 l2 14 1) 12 1 4 1 

c 0 ·-.2 •9 -8 _7_ •l -l •5_ -1 -3 ..a 
. ./) 0 -6 -7 ·7 -9 -a -5 

z 1 + ., - 0 A. D ft-ll ·1 +4 . l4 27 23 11 . 4 5 17 
2 

D. C 11 20 16 14 4 l 11 23 24 14 

c - 0 -3 +6 +3 -14 -6 ·3 -13 - -1 -6 -13 

..,."'),_· -· . ~2h -25 -17 -21 ·.-24 - -24 -26 -16 _, -

- -

150° 1650 

13 10 

17 16 

-10 -10 

9 5 

2 1 

-9 •10 

0 -6 

24 21 

0 1 

+1 +:5 

·27 •20 . -'" .• 



in Fi .. (151 ~!J and (1~ The siSnUi.canc of the rather c lice.ted hel

linS s will b come pparent near th end of tli chapter. Eaeb point 

on th curves repr s nt an :A.-per1I:lellta.l obs rvation but the solid J.inee 

joining the point wer dra.itn only to h lp the reader to sort out t 

pain: a. 

The fr uen07 differences with common sign etwecn t sat llitee 

'Y" and Y" for the tbr rotation m-e tabula ed in Table II. The c................... 

sign cho n arbitrarily to ~ the e ~at1on of the satellite po i• 

tiv for th Z rotation e. z • 0. Thi is an lt.l.l.oWi procedur 

s cond r ten or 1... not ble to di 1n&U1eh et en positiv or 

p the siena coneistent for tb thr rota• 

tions because th &e!4ratione vill be identical for th Z and Y rotations 

t Gz • 0 d E7 • 90 and for the Z and I rotations at &z • 90° and 

x • 0°. T resuJ.te ot Table li have been plott~ in Fig. 18 in which 

the point r present experimental values aud the solid lines are curvea 

ot th form a + b coa .lB + c in ~ e which re titte 

points by t etbod of Vh1ttak r and obinson ( ) .. 

Second ore!: r etf eta ver apparent, so the shift of the •centre 

of aravity" ot the sat llitee d. tbat ot the central lin have b n 

~ulated 1n plott in Pia. 19. In Fi&. 19 tb points 

represent experimental value but the solid lines b&v been d.raw ere.q 

to id the p: 1n join1na u.p the poiilte. 

For det&ile n rical e.n&J.ysia the curves vere :fitted to th4! 

lil "bJ the l2 point anal.Jsie ot 

Whit r d Robineo (8) which Ullt to tittiDg the xper tal 

points to a curv of the fomt 
s-

y ::; 2_ Cn.. c.os n 9 
IL::: 0 

http:resuJ.te
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efore proceed!ng further on point needs to 'b explained. -rhe theoq or 
Cbapt r X of this etion predict that he surement on the epeet 

don at e d at e + lSo should be identical. This mnount to y1J18 that 

every cu:rv sh6 in this chapter should be periodic with a riod. ot 

18oo; eon ue tly1 sur nt t 6 and at ( 180 + e) h&ve been averapd 

and insert d under e. 

The Fourr1er analysis of t experimental point for the separa• 

tion of th tellite showed that all th coefficient of higher order 

·tban the second are negl.ipble (l es tban 0.5 ke.. / e.) or that the 

general curv of Equation 34 reduces to the form: 

o.s requir db~ Equation 17. Also for tb ehit't of tb •e :tre ot sravity• 

ot the tellites, all coetf1e1 nt or hi r order than the fourth ar 

negligible so that tb curve r duees to a rona: 

e required by uat1on 18• . 
 

One tbe Fourri r eoef'fieienta or tbe experimental curves bav 
 
Cc 

been obtained, the et of teneor components ~ez ~13 • If13 in the X, Y., z 

eo•ord1nate syetc can ordinar~..cy b calculated in a straight forward 

usina Equations (19), (eo) and {2.1). However, in thi ·~ , the exietenee 

ot the thr e DlUtuaJ.l¥ rp ndieular two-told rotation s cOJ&t.plie tee 

tt r beeau :l.t is not diate:cy obv1ou Vhieh ot Cl.tl."V s to 

associate Y1th a s1D&l 

that the eigenvalues for each of the four sit must be identical.. This 

requires t :t a and ot ~uation [11) must 1 tical tor t four sit • 



'f.ABI.E l Va 

Ftrst. 9£4F !!e;tJJ~ent.a.l,. Fou:rrter .Coefficients 

til l/.e,.[See .• 

Site 
-~ 

lota,iOJI a- b- c-
c, D X ·321·9· -568-3 •291-..9 

n, D 1: ~S-1 ·196.,6 ..... 99·1 
c, B z -126.3 7£>1.~ ·624.. 3 .. I X -)22.0 •572.0 287.0 

A, c y ""·6 -~'7·3 95 •. 6 

~. D :& •.125.8 16}..9 622.1 



DP!22 
~V+ Secqnd. ~ Foom.er Coeft!ei~q 

fo;r the Sites . 1A B, C1, J.) :tb xc.£~.. ... 

Si:te D :r u v ~ticm- - I ...... ~ -
~ 1\ 1.0.6 5,.1 4.c1 ..4.2 4.1 X 

A, c 6.8 .Ji.l •1;9 o.. , 0 ..2 t., 1} 1.2.5 -J....4 "'-cl. 2-6 -.J2.J. z 

C;, 1) 10 6.. ; ..o..; -4.8 -2'.4 X 

1), B ; •. 2 .tt..; +lf.6 -o.l ·l.~a y 

c, B 12-7 ...o.6 +1..1 ...a.25 .12.6 z 



- - - - - -

TAm..l v 

Cz 
The Cca.ponents of the Tensor If'1-J • ~t:Z. sliJ 

Site. Bote.Uon Y! zz, zy xz n...l! 
X 6lt4~0 ~4..0 2,0.0 -287.9 -- --· 

A y 64~..9 ...&)1.2 21;8.3 - -95.6 ...... 
z 644..1 -~5·7 251.6 ---- ... -622 .. ~ 

!!!r!le 643.3 . ;:893.6 ,25(;!.0 ., ·®·9 ·22·6 ...622.1 

X 644..0 -&:;4.0 25().0 -287.9 - ..... 
y 642•.3 -8C)1.4 2.49 .. 1 --- 99·1 .-..::_...,. 

z 641...2 -893.8 252.6 ....,.. ....._ 624..3 

A!!l!l' 6ll2.2 ~~·l 222.6 -2BI·S! :11·1 624.J.
' 

X: 6t..3.8 -S)o.2 246... 4 291-9 - -
y 641.9 ~1.2 2!48~3 - -95-6 -
z 64~.2 -893.8 252.6 ....... ..,_,.... 624.3 

A.Te!'!f! ~~l _..~l..J: 2!fl•.1 !21-2 ~.6 624.l 

X 64J.8 -~.2 246.4 ~1.9 - -
D "l 6112.3 ..(3c)l.4 249.1 ,......, 99-7 ......... 

z 644.1 -8cJ5.7 a5l,.6 - ...,. -622.1 

Averse 64,~~ j§ 
~.4 2!§..0 §1-.9 22·1 -622.1 



~VI 

'fhe Princi;pe.;J. Values .of the f!en110r .'f!J1 

the· c~ Constanta . c.; .and the 

!!z!!etp.Par-.etera1 1\ 

Site- 71- 1'2- !l Cz- 1l-
A ...3J.~.4 -863·9 +1178.1 ll78.J. o.l+664 

a -315·5 -864.3 +11"19..8 ll79.8 o.lt651 

c ·31~.9 -864.6 +ll'l9.5 lJ.79.5 o.466o 

D -311.6 -866.6 +1178.4 ~78.4 0.4671 

Average ... ..... - ll79.0 o.466l 



The probl t ia to saocia.te the thr curves fr 'l'a'ble IVa with each 

ot t four sit • called, say, A, , C1 D in ch we:t that e. and b will 

e tor tour 23 si ea. S~c onlJ h C coefficients differ, 

an tben on.lJ' 1n sign, for t two curv a obt in! tor ch ot tho thre 

rotations, the robl reduces to obt&1nin8 tho casb1natio of curves 

which pr diet t sign for all the ite for the tri le product 

f -q, 'fxz, 'tr.x Which te-rs into b of Equation 27b. lt tu,rn out that, 

ua1ns the hove information, ther &re two possible ca:Dbinations. They 

ar 1 

A B A 

c D c D 

Cx1 c.,, Cz 11 g.ativ Cx1 c,, Cz 1 positiv 

al.VBJ& to positive sign for the tripl 

product* lf'r:/~ I(yzl If'zx the cond C ination to a tiv sign. 

Only o comb1Jlat1on can the correct one. A stu~ of the eeond order 

:f'fects 'W'hich s th sh1:tt of the •centre o:f' gravity• of the tellite 

remove thi uneerta1DtJ. A stu~ of tbe Fourr1er coefficients r and v 

tiona, i .e., the on which l to the ne :tive gn 1n front of the 

prod.Uet, 1 t eorreet one. The relatio (19~ (20) and (21)wer tb n used 

t obtain the ccaponents of th 110r 'r13 1n t x, l', Z co•ord.in.ate 

q tor each ot the tour site tb v been listed in Ta.bl V. 

'.l'he tenaora wer then diagoDall in the or<U.nary way to Jield the 

ei oqaJ.u a which are list d in Tabl VI. '!'he direction eosin s ot t 

*Note that t rel.atioa: C1 • • 'fJk bo~de. 

http:saocia.te


!QI.2 Vli 
 

1'he Direction Cosines ot- the Principq Axes ~ ltt l.1. z} ot the 
 

Tensor f iJ with Re!JR!C't to the Axes ( 1 Y, Z) 

Site X z- - z. 
X 0.0'193 0.03Bo o.~ 

y 0.1923 ..0.3415 0.9224 

z -0.9781 0.0589 0.. 2012 

X .0.0738 -0.9415 .0.3269 

y O.l9~ ..0.3358 0.9210 

z -0.9780 o.oo83 0..2ll7 

X ..o.o83,4 0-9390 0 .. 3268 

c y -0.1936 0.31124 -o.92J_6 

z ..0.9787 0.0442 0.2097 

X ..0.0'(&2 -o.82te ..().~5 

D l ..0..1968 0.4157 ..0.9229 

z ..0.9775 0.3797 0.201;) 
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principa.l axee {x, 7, z) with respect to the (X, Y, Z) frame of reference 

a.r listed in Table VII . The7 were caJ.culated using tbe relationships 

l32}a.nd. ~ 33 l of Chapter I of tbie otion. 

http:l32}a.nd


Tbia work giTes the only 

aitea 1n t quadrup<Jle coupllna cone t, 

• U79 t 3 kc./aec., t () .010 " o. 
the direetio c.os1Dea of t principal u a of t lectric field 

gradient en r listed 1n Tabl m, Chapt er m ot this eetion. 

etruct el.ucid.ated b;y x..rq 

t cbni ue or ~ other · etbod, eo uentq the abo r sul. e camwt be 

interpr quantitative t 

B t se ot the val tor t quadrupole 

- + 00to 0~100 .. • 3 barns, 0 obtain an ~licit 

",.,,a1'.,.lnt. evaluated tr 

ot ~z• z• ia tbua foun to b 

;crf. order ot 

t ct for ionic bo da it o love a factor 
-l-1 0 

Yhic ul.d cr thia ue due to polari at1o 1Xlfluced by ile,' 

an ~owes (ll) . Thia nl'lmotlll.,.,ed to the valu ot 2. 6 x lol4 efJU/ca2 

tor 9z• z' t n27 sites in sp<Xl.UID.etlte bJ :Petch et • The polar• 

1 tion indnc d b: u21 el ctrone • u not accoun tor. 

sobn ( 13) cal polArization 

factor tor 2-3 1tea in t eubic B 0',3 and tb.Cior.tical 
e~Q e 4 

ia: ~ == -,:;:-;:3 ( l - too) Q ( C. 1 ... t.t 7) un1 cell 

l ngth, at re 

-1~ crystals. Thlq t d 

-31
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ot uaill8 Q tor quadrUpOle ~a~ent of •23, one shOuJ.d u ( 1 - 1 )Q to 

CCOWlt tor the polarization ot a+ iona. 'fhua, tbq find that 

(l - 1 )Q • 0.556 barn a ~to 0 . 10 barn aa the value of Q tor 

le.23 l'lUclei. ..rbua, the 'V&l.ue ot ~'' z' tor k23 nucle1 surrow 'b7 a 

cubic C!,stal lattic 1e reduced b7 a factor ot 5.56 due to polar1 ... 

tion. One~ expect that if one takes tbe account of J?Olar1zat1on 

tbe maaeri~ ~M ot ~z' r.• fOWld 1n this work would be reduced by a 

factor ot t order of 5. 

This vork cont1ras DIOreover the existence of the 3 mut~ 

perpendicular two- told rotation axee coiftcid.iDS V1th the Cl')'l9tallographio 

axe ot Balf2P04-2JJ20 Cl7SW.· 'l'hie illtomation ia therefor cons11tent 

With the P222 Q-.tq drawn trcD iDOrpholopca.l data. fJ.'hia experillent 

shove, in ~icul&r, that there are tour uaequival.at 23 Sites wbich 

have identical ~'tr7 pa.raeters and identical q\J84rupo coupliDa 

co tants but different V&:lues tor tbe direction coeines ot the prl.Dcipa.l. 

•• of tb electric field 11"11Cl1ent tensor ... listed. 1n Table vn ot 

previous obapter. Tbe twel - ltne spectrum o lerved results fran super· 

pos1tion ot the tour three•l.ine apeetra belonaina o tbe :tou:r uneu1T&l..en't 

Ja.23 ite in the . t cell of llaB2l04-2B20· 

The re ulte of tb18 xper1JaeJlt indicate once acain boll ull$tul. 

are the second order ettects in sorting out the speotl"UUl. In tact, the 

s ooDd order effect w. sentW 1D sortiD& out the spectrum in this 

i<:U.lar ease dealiD$ wit 017stal :v1ns tbtee \8ll7 perpendi

order ffect tar tOo iDaceurate tor .uant1tat1ve e utat1ons. 1'ho 

first order etteets tor x, Y1 :d z rotation , boveftr, Slve 

http:uaequival.at
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su:tf1o1ent data. to carrr out q.uant1te.t1ve anal,l's1s of the spectra. 

'17 rtnu ot its Mfh ~1'1 the value of the ~l• 

eo~plins eonetaut ot Ba23 sites ~ :tfa112P04•2Bi0 .Qtl.ll be determined. MC\l'nlte• 

J.¥,. ~.. orptals ar,e the~fw:e .-~...:01¥ av.tted. for -~ tb effe¢t 

of t~~ em q~le c<m»lina coa~t. ft.is we plU to 1D.vest1• 

f.&te in the neat' M\lre . 
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