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To be published in the Proceedinps of the VIth Internatiwiel Conference

on Low Temperature Phyaics

Nuclear Spin Thermoetry and N.laxation Below 1i0K)

dFrodevaux,

d:05A T. -o.ta.yo r ,&- -. .

E. L. Hahn and R. Walstedt,

Physics Department, University of California , ferheley 4, California

The need for a new technirae which provides clear measurements

of thermodynamic temperatures below 1 1. has been motivated by the

nuclear cooling experiments on copper of Kurti and his coll oratrs. 1

Mhe limited temperature range of applicability and the laborious cali-

bration procedures a _sociated with temperature measuzrements in terms

of electrical resistance or the paramagnetism of masutically cooled

salts are well Iucrn. Kurti and his coll oratora have demonstrated,

by mutual inductance methods, that nuclear spin susceptibilities in

the 10-5-10-6 OK spin-temperature range can be measured. Above this

temperature range, ho.ever, there is insufficient sensitivity for

practical meazurement by their method. Because the total susceptibility

is measured, there exists also the possibility that electronic pc-..a-

magnetic impurities ma, contribute to the measurements. A Valsed

nuclear free-precession type of experiment Is reported here, which

avoids the above limitations by measurinG directly the nuclear magnet-

Lam due to knowm nuclear spins, at thermal equilibrium amon themselves,

in various meta-I over a wide range of spin temperatures. The nuclear
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spins in metals may or may not be in thermal equilibrium with the

electrons, which serve as the Important lattice degrees of freedom at

very lo temperatures. Measuratents of nuclear signal em.litudes pro-

portional to the nuclear nagnetization Me and spin-lattice relaxation

times T., permit separate measurements respectively of the nuclear

spin ter-rature T and the electron or lattice temperature T.

Follo -ing the process of adiabatic demagnetization, a sample

Of many metallic uires (-1/20 = diameter uire size) embedded in a

parama9etic salt acquires an ea-)librum temperature of the order of

0.01 K in our ex-Tcriments. The pulse technique injects a controlled

miniftu c.f heat into the system by the use of small magnetic fields,

so that the sarT.le is not vamed appreciably above the temperature.s

achieved by demametization.

Esentic-s of the pulce method2 ax- indisated In Fig. 1. A smal

mv-netic field H provides a z axis abcit whLch free precession of M

takes place at frequency w = 7Ho, where y is the Gvrenagaeti ratio;

A.t t = 0 a half sine vave of mapetic field F(' ) alcm- th y ars is

turned on by initiating the discharge of a capacitance through an

inductive coil oriented along the y axis. Asuning for s&mliity

that H1 (t) is a constant field in the short piulse tim. interval

0 t S t let j precess about the #0 + field for a time t, =
/ Vo + 2* At t = tw the maximum component of magnetization

M u =M sin 28 appears in the xy plane, where 9 =

For t it tv, M precesses freely about Ho, and decays roughly in a

time T2 determined by spin-spin interactions (see Fi',. 2). The
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nuclear signal dlue to lY is induced along the x ax.s in an untune

receiver coil coA ltig of 700 turns of number 40 mv-wanin wire,

which is connected to a wide-band arplificr.

Although the largest signal is obtained for IT= o , it is

desirable to let H << H0 and tip Nz t),roug a small angle 9. It is

then possible to measure signal amplitudes follwing successive pulses

in one cooln e:.-periment, and therefore measure TI . Alsq overheating

of the wire swmple is avoided by m5ird-T zing induced eddy currents.

At nhe teriperature of 10K, w.ere T - To, and T is measur. d by
n 1.0

conventional methcds, the nuclear signal ,Y - I/ n Tn.,,,,zbe calibi.a.ed

and referred to M y signals w.hich measure temperatures T less than

IC. The averaGe of the re2. xation times of CuiS3, 6 5 spins .'An the Tt

temperature ran'e of 0.0 2K to l.O'K obeys the Kcrrins , s 3 TIT=

1.120K ec. This confrms with the recuit foL:-d by Karti and Hobden,

that the electron temperature does not fc la. T u on achieving

T < T , foll:inG a sezond staGe of nucli-r deviaArnizaticn. Relwa-

tin measuretnits r N-23 tael (.±g. at T " .CK

4.5'- sec at hiah fields, i agreement with the data of And-crscn and

Redfiel.d. 5 Hoever, the dependence of TIT, for sodtium at 1,-wer fields

is not in agre. ment v.ith their results at 1.1%C while the same data

for coprer does a ree. The sodium metal, dispersed in oil, was

successfully cooled by contact with a bandle cf copp-r wires which

is maintained at 0.02°K by the paremagnsic salt. easurez.nts of

platinum signals (Pt 1 9 5 ) from the wire bundle in the vicinity of Tt

0.02K gives TITk - 6.9 x 10- OK se:, wh.ch contrasts with values of



1.64 x lo"2 oK sec (a T - 78k n 2.25 x !C-2 OK sec (at T~

30 0 KX) measured by Rowland 6 usinGt the saturation resone- e method.

Relaxation measurements on platinum, sodium, ead other metals are

being continued, including also measurements of the Knight shift.
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Natiobl Security A-ency (USA).
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FIGURE LEGENDS

Fg. 1. Precessicn of maanetizetionu M, about resultant field

H +~ producing an M component in the xy plane.

F±8. 2. oscilloscope trace, showing free induction deegyr

oscilations cf a23 metal porder in % B 22 Czuss, Vith T a .Ck

and total time of trace a 900 psec. Clearly demonstrated is a field-

Independent beat structure due to dipolar interactions among the Na

nuclei.

Fia. 3v Curves shoving nuclear spin temperature Tn as a function

of time after nuclear demagnetization of Na? 3 frmiuitial field ad

temperature of 6000 Gauss and .02°K respectively. T's are conputed

from the slopes of those curves.
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