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'l'he low temperature heat capacity of terbium metal has bccn 
-, 

measured by Kurti and ~ a f r a t a l  from 6.K to 0.5OK, and by Stantan, 

Jennxngng. and speddingZ from 4.K to 1.4.K. Both rneaaurementa in- 

dicated an anomaly above 1.0 OK, but of different magnitude and shape. 

This anomaly may well be associated with sample purity. The specific . . . .  

heat data below I'OK given by Kurti and Safrata showed a nuclear contri- - 
# <d.s!.p/?:; - . , P ,  - . - .  

= ,; .Lb$..lf$- , ~>bI*!$ fl ; ': .i+k' & :- I 

button w ichtappeared to obey a law to 0.5.K. The objective of the 

present ekeriments ,  which used two cast samples of Ames Laboratory 

terbillm metal similar to that used by Stanton, et  al, was first ,  to use 

' a high purity sample to verify the results of Kurti and Safrata, and 

second, to extend these results to a lower temperature in an attempt to 
5. , > *.z; .-& &>'? 
'5 1 # ;. - 

ooservZil'g $ ~ $ k r e  from the T - ~  dependence. 

An ADL magnetic refrigerator, considerably modified, was used to 

cool the saq;ples ,&-and this es tabliehed the lowest available temperature 
1 3 1  I _ . 2- 

* .. 4' 3 

as 0.25'K. The heat reservoir of the magnetic refrigerator (also a 

piece of t e r b i m  metal) was connected by a copper rod to copper wires 
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imbedded in a paramagnetic susceptibility thermometer (a sphere of 

- powdered potassium 'chrome alum saturated with DC 550 silicone oil), 

which was in turn attached to the sample assembly by means of a 

superconducting lead switch3. This thermal switch, which was oper- 

ated'  by =.liquid niti-ogen-cooled solenbid, connected the susceptibility 

thermometer to the sample assembly, and enabled measurements to be 

.made without having the susceptibility thermometer in thermal contact 

:with 'the s a'mple .' 

1, . The .sample. asse.kbly consisted of two thin pieces 6f terbium. (0.0063 
, . . . 

. . . . : . . .  : .. . 
' .  . 

, . 
mbles, 'each for ,  most .  of the runs), boltt5d and glued with GE 7031 

k .  

adhesive, to both 'sidek,l of ;a thin copper strip, a manganin heater with 
. .  . . . . , .  

. . .. : 
supe rconclucting, nicibium . leads wound non-inductively around the terbium, 

and similarly glued, and a 470 ohm (nominal) 1 / 2 watt "Old Speer" resistor  

rnoulited qn .the. copper strip. The carbon resistor  and the susceptibility 
. .  . . ' L . .  

.. . .  
. . .  

' . . . . . .  ' '  . . . . .  . 

thermb$eter *&re c'alibiated between 4'K and 1 OK using the T55E scale, 
. . .,. . . . 

and the resistor  data were fitted to an equation of the form T, = a In R 
. . , '  

(In ~ - b ) - 2 .  ~ h e ~ : t b i m  . . ' a varied slightly (one to three percent)  f rom one 
. . . . - 

run to 'the'.next, whereas b was roughly constant. Typical values were a = 
.. . ' .. . - - 
. . 

. . . . . '  
. .  . ' .  

. , 

:O. 0955 and' b = 2.  71 8. Paramagnetic susceptibility temperatures, Tg , 
. ,  , 

. . 
7<. 

wer6 n d & d  'to obtain 'cpxrections to the extrapolated temperatures, Tr, . . . .  . . . . . . . 
, . .  I 

which'were 'obtained f rom the abdve equation. The ternperat.ur~ difference, 

, Ts-Tr, was l e s s  than 0.02. at all  temperatures, but decreased rapidly 

. below' 0. SQK. ' lhis .resulted in a fairly large correction to ATr, the 
L 

I 



apparent temperature change for a given heat input, in this region. The 

carbon resistor; temperatures were monitored on a 0-1 mv recording 

potentiometer which was attached to the galvanometer terminals of a 

Rubicon Type B potentiometer. The procedure was, i n  most respects, 

the  same a s t h a t  used by Gaumer and ~ e e r l  in measuring the atomic heat 
. . 

of sodium metal. 

'..., . .. .The . . ,.hkat, capacity of the non-terbium part  of the sample assembly 
. .. , . . .  . . . , .  . ..;. 

. . . . 
, .  . . . .  

. .  . . .  . .  . . . . 

' was estimated as,r.6ughly four percent at 1 OK, and was of much less  . 
. . . , .  . . .  . 

I '  ' -."- . . ' I .  . 
. . : .  . .  4 . .  

' . :: : . .. . . .. '. . 
: signific~iiceat'l~weitek~eratures., . . .  The 'nuclear contribution, CN, was 

. . .. .. . .. . . 
. 1 ' .  . . 

obtained by ~ub tkac t ' i k~  . .  . . from the data this correction and the values of 

. ' 
~t+don , '  e t  31,: f b ~  the'.spin wave and electronic terms,  while the lattice ' . , .  

' ! . . . . .. 
. . . . .  

. . . . .  . . 5 
coktributi& was--assumed to bk negligible below 1 OK. The results for  

. . . ; . . . . 

c ,:. N a re  . . sho&n.:in:Fig. , . 1 ,  where the high temperature data can be expressed 
:. . . . , .. .< , . . . , . . . . . . . , . .  . . . 

. ... . . . . . .  , 
, . .  . . .  . . . , . .  . . . .-. . 

with ~ = . 2 @ ,  (t 1) (dashed line in Fig. 1 ) .  There is a small deviation neai  
. . . . . . . . . . .  . . . '. . . 

1 'K wkich;'may'.be .dub. to the tail of the anomaly mentioned above. The 
. . .  . . . .  

expe riment'al,. e:?ro,i above 0. 5.K i s  estimated i t  about five per=ent, while 

at the ,loure,st .t&mperature .it could be as  large as  10 percent due to un-, 
. ( . I  . . . 

. . . . 

certainties ,in the temperature differences. 
. . 
, . . . .  
. . . . 
Kurti and Safrata ,reported A ,= 25 (+ l), while the paramagnetic 

I 
- i 

res'onance experiments of Baker. and ~ l e a n e y ~  on terbium ethyl sulfate 

give A = 2 8 .  2 (fO. 6 ) .  Our experimental data agree within. experimental 



e r r o r  with Kurti and Safrata at their lowest temperature, 0. 56"K, and 

. . 
also at  1'"K if the. same spin-wave correction t e rm  is used. Thus, 

the discrepancy in the values of A perhaps can be traced to the fact ., 

that they used 'too high a syirl-wave correction, and that they should have 

observeddeviations fromequation (1) even at  0 . 5 6 0 ~ .  The agreement 
. . 

betweeri the' resonance experiments in the dilute salts and the heat 

capacity measurements on the pure metal was excellent. 
. . 

The , n&le,ar . specific heat of terbium ar i ses  from a splitting of 
, .. . . . . . . : 

the nuclear  spin s ta tes  into four hyperfine levels. This splitting ar ises  
. . . . 

. , .  . . . . . . . 
&omari$ffective, fikld, HkffJ  produced b y  the electronic spins in the 

.. . . ,  

4f orbitals; . .  . interacting with the magnetic moment of the terbium 
. . . . . ,  , . . . . :  . . : . .  . . .  , 

iiudle&; .. .which . . h i s .  .. .. spih-l, ... = . .  312. . The nuclear specific heat could be , '  

.. , . , . .. . , .  . . 

givknby a, foGmula:of; t h e ~ c h o t t k ~  type6 if one assumed no direct nuclear 

spin-spin interaction and an equal spacing, A 13, between the four levels. 

. . . . 

Thus, ' " .. : . , " . 
, . 4 

. . exp(-&g 
. . . ' . .  . . 

, . 

 he specific heat a6 calculated f rom this equation is  shown also in Fig. 1 
. .  . . . 

(solid line),  with . . A =  0 .  45'K, corresponding to the high temperature 
. .. . 3 

value of A = 28. ~ h e d i s a ~ r e e m e n t  between the calculated curve and the 
,.. . 

, . 

experimental . . .  . data w,&uld: s &em to be slightly outside the experimental 
. . 

. .  . 
e r r d r  at  the lowkst . . temperatures. Equation ,(2) would predict a maximum 

in the specific heat at  about 0. 1 OK, with a value of CN of the order of 
. , 



1.  5 cal/mol-deg. The value of A'also allows one to use the magnetic 

moment of terbium as given by Baker and Bleaney (r = 1.52(f0.08) 

' 6 
, nuclear magnetons) to calculate Heff = 4 x 10 gauss. 

.The .authors .are indebted to Drs.  F. H. Spedding and A. M. .Daane 
. . .  

for . kindly . furnishini . . the high purity terbium metal which was used 

in this work.. 
. . .. , 



FIGURE CAPTIONS ' : I 

: F'igure 11:  he experirneht'al data campared with Equations ( 1 )  and 

' ,: . (2)  with .A=28 in Equation ( 1 ) .  *,.. 
..: .. . . . 
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