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To maximi:16 the displacement, the magnetie 
distill'bancs field is assmnod porpendicular to the 
average or undisturbed field. Consider first the case 
where the disturbance at a ll levels equals its value 
measured at the surface; this implies a very extensive 
current ,murce in ths ionosphere. In t his case it can 
be shown that th e displacement of a ficld line , in the 
auroral zone, at 1,000 kIn. above the conducting core, 
is about 0·015 /1 km., where /1 is the disturbance in y 
(10 -' gauss) units. 

In the ease of more localized ionospheric currents /1 
increaseH with alt,itudl', and the overall effect of this, 
for a givcn sW'faee value of the diRtw'bam;c , il; 
to give a smaller displaccmpnt thun that ahove. 
Consider an overhcad cylindl"i('al ClUTcnt causing the 
disturhuncc. Then /1 is (A lel), d being distance from 
the current and A a constant. Thprefore, /1 is lesH 
than (A Ih) where h is the vertical component of d. 
Taking /1 as (Alh) tho desired di"placement of It line 
in 1,000 kill. height can readily bc found, and it 
increases slowly as the CUlTent diameter i" reduccd. 
For a CWTent of diamcter !Heater than about 0·1 km . 
the calculated displacement is less than the 0 ·015 /1 
km. found before. But for such small diameters, 
replacing (A la) by (.4 Ih) caus('s a gfllil" ovcrcHtimato 
of the c1isplacf'n1('nt; and furthcnnol"l', ionospheric 
currcnts havo a lI1uch largel' scalc t han 0 ·1 km. 
,\tIding the' diRtul'bance duc to the imluced current 
ill the core doc's not alter t his resu lt. 

TIlliS the diRpl!wement ofO'O If; ~ km. (/1 ill-,') il'lan 
lIpp('r limit, Lo the mOVPlllt'nt of <llll'oral phenompna 
duc to field distol,tion. This <listanl'c is very "' ltull. 
It efJlIlds 50 kill. (almost 1° of latitude) only if /1 has 
the extremc value of 3,300y; while if ~ is lesR than 
1,300;" as in most mllft,"Tfletic storms when the J( index 
doeR not exceed 7, tHe displacement is l('ss t.han 20 
km. Only hy very slow changes, such UR th 08l' with 
tho period of the sunspot cyc le, can the lines of forco 
be !novlxl th rough grpal distances at low a ltitudes. 

Obsel'vatiol1R of tllc nH \iation points of allroral 
coron<e' show that the displacementA of the fif' I(\ lineR 
between tho Earth's surfaf'o and t he au rora' an) well 
within the limit.s cxp('cted from the forL'going. 

ThiR work is pal·t of t Il(' rcsearch progmmnlC of tho 
Dominion l'hysi(:ul Laborutory AlII'ol'!11 StH t ion, of 
the New Zealand Department of Sc ientific ann 
In(\m;trial Res('arch. 

C. J , LOUGHNAN 

Dominion Physical Labol'utory Auroral St.ation, 
Awarua Radio, InvE'rcargill, 

New Zea land , 
FC'b . 3. 
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GEOCHEMISTRY 

High-pressure Phase Transformations in 
Laboratory Mechanical Mixers and 

Mortars 
TffE mechanical action of simple laboratory 

grinders, mortars and similar d ev ices has occasionally 
been used to assist in chemical reactions in addition 
to performin.g their primary physical functions. 
Among theso chemical reactions a.re phase trans-

formation:;. Thut the effect is due to AOmE' kind of 
a presslu'e compon ent in tho mechanical action may 
appear obvious, but the magnitude of the pressure!; 
is not rcadily appreciateJ, nor ('an it be calculated 01' 
measw·od. Howl'ver, in the (;()lU'Se of work in thi~ 
laboratory on tho high-prcsHl lt'" polymorphism o f 
kad dioxide (Pb0 2 ), tIle infornlution tha t a phast' 
identical with tho new high -pressure polymorph. 
which h ad boen sho"Wn to be stabll' only in t h e r egion 
ahove 10,000 bars, had bel'n formed by simple 
grinding' was noted "with no liLtle surprise. TIll' 
observation was promptly C()Jtiinlled by grinding u 
slllull f~IIlO1mt (~ gill.) of th(' ""lJllIlon rutile forlll (1 ) 
of kacl dioxid(' in tL m echalll" a l mort.al' und postll' 
('umh illlllinn u f laboratory pllt k l"ll. Grinding in ai.r 
foJ' a fow h om's ('onver ted all ,·,.:timated one-third t o 
th(' d enser mi horhombie forlll ( Il l. After preliminar~' 
work, it t runsp il'f'u that n()lllJII l! ""\\" in principlc had 
been addeJ to some sinlilar I">,,·,," t>-l which had been 
r('ported by Burns and Brcd a:' "II the trans formation 
of ('alc'ite to aragonite by g1"l 111 I 1111.: in a mortar. Th( , 
high-pressure phase was for II I" " fn'm the 10w-preSSlll'l' 
one, t.he amount of c1uJ,ng" ""- dependent on tinH'. 
a mI subsequent, heating would 1" ,'1Il the 10w-preRstU't' 
phase. A s ignifieant differ"", ", ;s that phase equil ­
ibrium and thcrlllo<:ht'mi.·,,1 studies· place t h e 
calcite-aragonite transformat j, ,II at about 3,000 bar!! 
at room t ('mpcrlLtnre, wbid, I~ ('ons iderably lower 
than the 10,000 bars n('e, 's":I""' for the lead oxidl' 
1 ~II tral1.<;fomlation. 

1110 obyious ,!u('stion t h tl. t Ill"l ~'''' i>j wheth er or no t 
the high-presi:;nl'o types afo' '1<'III,lIly be ing formed in 
t hcir field of stability, or Wlt"IIt" , t It" shearing strl'SSN; 
1'10 dominant in su ch an ell ' "'''11 ' ,,'nt e ither a lt('r th,' 
relative frce-en('l'gy relatilll" " t ho two forllJs ur 
)l('rmit metast.able nucleat I" ,t the high -rrp:';Slu', ' 
phase, Thereforf', other 1'<1 Ii .. ' ,' , ... ' '''; with lulOwn p- I 
I'olationships bctween Pl)l,- , 'I, lts (work in thi" 
laboratory, with L. A7.7.arill .'/' 1 W. B, White) w('1'( ' 
choRcn for flll"t hcr study; \\ ' ~ BeF 2, SiO 2, PbO. 
~b203' B 20. and HAsO , . 1'1." transition prcs!Slu'et; 
at. room t('mperature (extr", ,, "I.'.) from our cCJllili ­
brium data obtainod at lli!!I" , . "'1'Pratw'os) are near 
9,500, 15,500, 1 :I ,iiOO, .:; .. -,11" III.noo, 18,500 and 
:10,000 bm's rC~T'I'("j ively. I "~ ''' tmd that grinding 
for soveral h Olli's in tho llI " " ~ ... o.;embly under ail" 
Ol' nil1"ogf'n (where ox i<1a ti ." , " possibility) would 
prod llcn varying amolmts I, wrmined in ever~ 
(· .... ;;e by X -ray diffraction) III ; "l!h-pressure phase!' 
()f PLO, PbO" CaCO., \1 ' ~b.O. and BoF , 
('lu(',,1; ionable ) in d pcrcasilll Also of n ew bU1 
related intorcst is ow' find ,. . "1 the 'quenchabl (" 
trunsitions in clllc iluTI carl · and lead dioxidt· 
and in m a ny uther sclcct('oi '"' , . , (·nuld be effected 
(partially), in a fow JI "I,' "t 2 hI'" by th, ' 
uct.ion of a small rapidly \ ,! 1\1 IIlg mixer -grinder . 
The typ e used (trade nam. · \ \ I. . Bug') is com m Oil 
in spectroscopic laborat ol I' ·",,1 was used with a 
metal vial and ball a l1l\ ," 1 111 I mgm. of sampk. 
Furthcrmoro, it was fOlllld 11.·, ' 11(' same (vide supra ) 
relat,ivo offect ivaness in f",., " . dl'tectable amount f' 
of tho high-prf'ssure phasl'"'' "" Ident, in tho a ctioll 
of tho 'Wig-L-Bug'. Of 11" , _!I It'~t-pressure phase, 
BeF. (cccf;ite), only u tnLt" " ",: formed. Ma king 
allowances for thc vl'ry s lug!.! " I IIIU lire of the quartz­
ccesite tram<it ion of Rilica 1\1 ,' the more complex 
relation' and serious h ydratJ' d, problem in the n ew 
high-pressw'o B ,O. poly mClII ·I,. it appears that 
pressures in t.he r cgion of Itl :!1I.1I00 bars are being 
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