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THE Loy TeOR ATURE

IT 1° ADSCLUTE.

In my last broadcast I mentioned that tegperatures in the ne

tourhood cf LYK can be readily obtained by all owing liquid helium to

evaporate ropidly at low pressures. Using very powerful pumps to.

eraporate the liquid, one iy, by this nuethod, reach abut .8° or TKS 3

MAMTIN MG

but not much lower, Mince at lower temperatures the vapour pressure

of even hel um bacomes extremelyamal1, and the evapvration of the

diguid practically COASESs
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The attaaniens of still lower vemperatures made possible by @

Debye in Germny The idea anderlyin, & nethod is very Simple. E
ig Enawn shat Many of the salts of the iron acd the rere-sarth

groups of metals aré and their magnetism is due to the Loniged
metal atoms in these salta behaving like elementary magnets, In the

presence of a field these Mag will naturally tend to alter
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Their regular alignment, however, will beFhemseiveg alone the field.

peratures the fecbler will be these Jisturbances, and benee the more in-
t ense the magnetigation, If the elesentary magnets are conpletely free,
it can be siown that the intensity of magnet should vary inversely
as the absolute température. Conversely, if the "a snetagation of a given
salt is found experimentally follow the inverse temperature law, one

may conclude that the elesentary in it are practically free,

Judged by this criterion, the elementary maznets in manganous, ferrig,
and a few other salts remain elmos4 completcly free right dewn to the

lowest temperatures obtainable with Liquid heliua. indeed is t. to

expestcd, since the clenenteCY MMgrets in these sults are the sul

Hents in these salts.
In the absenceof & eegnetie field these elementary magnets will

be criented at gand by avply ing the field they can be q & to take

up definite orientations in tho srs
dep UREN, a

new method of producing order or disorder, may ba desired namely by
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Iot ig ts or ee Mes RE Subvlu veg . 5 this method is available

to wo even at tne lowest tempersatures obteinable with liquid helium, T+
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method of producing order and

mete reach temperatures very much below tic temperature of racidly

evaporatirg

contact with the surroundings and the+is then from thermal

field is suddenly removed. The elementary uagnetm will then3

get into Jiserray, and in the process will take up the heat required

for the purpose from the substance as a whole, Since the specific

heat of the substance

removal of heat from i) orocuce

a

to sev a fow worde obowh the measureient of these

low temperatures, the use of a B28 thermouiet er is cut of the ques-

tion, since the vapour pressure of even helium at these temperatures

i ¢ extremely low. For examapie,at the pressure be of the

i order of 10 ad of a mi llimeter of mereury, which is an ineredibly

low pressure. if would be absur Re to talk of a vapour pressure

nder these conditionse

Herice we have to adept some other method for the measurement of

temperatures. some of the salts

which are found to be suitabie for the demagnes ization experiments,

the magnetigationge is inversely proportioneto the absolute tempera-

o..) tees this os. e erat to pevnturcs fy the vel hh vant od

of 1K. assume that this inverse Propportionality will :

ately at all teuperatures, including tenperatures Close to

absolute BELO, the observed intensity of magnetigation which is

easily measured - Some Suitable substance, can itself serve as

steuperaturee The assumption of inverse propurtionality
between the intensity of magnet igation and temperature, on hich they

a measure of the
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tomperatare cuale is b. ced, cannot ©. course ba ourrecs

et very low taunpera*ures, cies Wie assumplicn vl complete

Som, Ab any there will dn

ee7y, well be ncllagilis in come
A.

+'.c theacnel ogitatiou., But when we oo 72 uch e

thervsl agitstacn practically disappears, and

t: 6 cestriction ty tle dre da. the »alnoete

eu.s, deuutirs

Thus the of abuve,

sory converdient tu use .oa4 19 reproduce, will be peered

au arbitrasy Rub it ic cacy to tic 7 ale in

wernas of ts trosmoalrpomwic .cale ol ebsolutec tem

sets of measurements 2 ¢ Per this purpose. One

repeanyhe Cea net ages vod Sal*Pawcat vb .ifferen

tires, 6 ¢ ae Fat

Ho8 the nayrebic suale tie different
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Por this Pruf. Sime. Oxrord uses an in, retrods

Re sugplies BOW) QnGact2 of cnergy in tle form go. ae Caimoue-rays

from a Specially cuoser radio-active substance,

ensures the tar-

pere* res, orf t @ magnetic scale both befure after such an

These two sets of van Le ath

Lue weiiscnown tlermodynoa.c relation giver lon, aco by

Kolvi-, to be sufficiont to enable uc to calibrate the rapnetic

scale ir. terns of tie absolute ccale,

I may waution ammsdiately that the two scales

do Me net differ appreciably above 219K, and at lover tenporatu. es

the dats at present evallahle are not cufficient to us ts

make such 015 1, is
pregentiy,

Tt will be at this stage to unswer tre q estoy -
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strength of ths magneticfield usal in the oxperimest gerd
much fluencee But +?the ultimate iimit to the Lew temperature

hat determin es the lowest ters

tial te: and th &+i ation expertment?* of

attained with a give substance Will obvéicusly depend on the un=

avoidable restrictions to the freedom of orientatian4 of the ele~

macnets which though feeble, will become
a

at very low temperatures. The greater toc freecon theses uegnersof

the lower will be the final Vemperature attained. This result

sould imply that we can find a substence which contains ele-

mentary i that are @ven more free than the spinnin elec-

trons 3 we can use such a substance for producing still lower ten-

peratures. We here cuch a substance in sone of the diaymagnetic

compounds whose atomic nuclei have cpin magnetic moments. These

uuclear magnetic moments will be some 2009 times smaller than

Le electronic monentsj but Lu those lo: te: peratures even the

nuclear moments can lead to appreciable magnet igations
The be done

in two stagese We can use the ordinary semeoeotigation method to

produce touperatures of the order of .01°K or lesss_Siarting with

this temper ature, we Can, with{the help of the new substance, pro-

'duce much lower temperatures. db
There is; however, a cate in the argument underlying

proposed for the two-stajje experiment which may well preve fattal

to ie success. of the experiments 'The greater the freedom of the

elementary menets, the berrser will be the time taken either &
magnetiging the substance or Ser demagnetigéuy its; and for a given

Liverks tarvor - ll he thic time.

for conveniancd be may\ call this time *the tins of ralLaxatione® On a

rougn calcudation one finds that even for the Lectronic magnets,

which may be presumed to be less free than the ngclear magnets, the

time of relaxati ONny which at .05°K is of the order of a few seconds,

becomes yours at LOL°K.de-o7-bhe-order of a fow

seeenday There does not, therefore ssen to be much chance for the

sucwess of the proposed two-stage experiment.
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Indeed, 571445 abeve values for the relaxation time of the elec~

A

tronic magnets suggest that even in the ordinary demagnetigation

experiments with electron the body temperature of the de-

meagaetiged substauce -- which is called the lattice temperature --

may not be as low as the méasured temperature on the marnetic scale

would suggewt. In the demagnetization the lattice ht

sured taupesature mmy only to the spin moments,

which might have ceasei to be on ekam exchange terus with the lattice.
This would imply the @aexistence of two differant temperatures for

anat 495 Khave been left over at tenperaturs or So Gea

he budy, one for the spinning electrons in it, and the othsr for the

lattice, Ian here treading om rather uncertain ground.
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