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The third app;ox'imation of Kroll's expression for the ideal heat resistance 

. of the monovalent metals,; which is considered to be a practicaJly sufficient 
. . 

approximation, has been explicitly calculated. It has a maximum at an inter-

mediate temperature, so that this maximum is not likely ascribed to the~insuf-, 

ficient" order of approximation, as hitherto stated. 

Kroll([) has derived by his method of solving Bloch's integral 

equation the following general expression for the id~al ,heat resis- ' 

tance of, the monovalent metals (~: the heat conductivity) . 
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,third apprQ;l[. J 

"which should be accurate over the whole temperature range. All 
"I': -

:the notations** are the same as Kroll's. :The first and the second 

approximations 'have been already caleuhlted, which are reproducd 

in the appendix for the sake of comparison. Each of these ap--" . . " 

proximations has a maximum at an intermediate temperature. 
, " 

Kroll "has suggested that it is due only to- the insufficient order' of 
approximation, while' Makinson(2) has stated that Kroll's expressloll 

should not ~how essentially this maximum. '. Hence it was tempting 

, * Presented at the first meeting of The Hokkaido Branch of The Physical Society" of 
Japan, December 8, 1946. . 

** .. The' explicit expressio\sof the. all quantities wil"l be tabl;lated in reference: (3). 

(249) 
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to test this question by D;leans of the higher approxiIl].ations. For 
this purpose We ha\1"e calculated the third approximation explicitly 
and obtained the following. expression. 

THE THIRD ApPROXUf.A.TIO:g OF (1) 
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Q =1~226752 14J 3 + ~9808 12J 2J + 169984 10J 21 _ ~108 8J 21 ' 
, - 72765 IT 5 14553 7C 5 7 3465 IT~ 5',19 1323 IT 5',11\ ' 

2866 6']' 21 4 4121 305045 10,] J 2 -8744 H J J + -66f5 IT 5 J I'l ~ 34651rJ5J15- 1386- IT 5 7 + 945- ITJ, 7 9 

209' 6J j J + 277 4J J J 1 ~J J J 128 6J J 2 4 4'1 J' J -63 1r ,5 7 11 TI64 7t 0 7 1:1- 2772'1r 5 7 15 + 631r 5 9 + 451r 5 9 ~I 

173 2J J J 1 J J, J 1093 2J J 2 ,43 'J J J' + 3780 1r 5 9 13 - 9240 5 9 15 - -21168' 1r 5 11 - 10,)840 5 II !~, 

4000 8' 3 + 58 6'] 2] 55 41 2J 143 2J 2J 1 J 2']' 
189- 1r ',17 189 n: 7 9 - T26.' n: ',17 11-1512 n: 7 13 + D088 7 15 
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73 J J J 19 4T 3 13 ~J 2' ,59 J 2J + 1 'J. J 2 ' + 635040 7 II 13 - 150 IT ',19 - 5010 n: 9',1 11 - 151200 9 13 -3920" 9 1\ , 

S - 65036 18J 3 575488 16J 2J 4340857 14J 2J 1173289 12J 2J .. , 
, = 11319 1r 5 - 51975 1r 
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1 '. 1 H 2 1 2J J /" "1 J. I J 
_ 166320 '1[217/9/15 -1890 '1[ J7/1l + 63504'1[ 7 1I 13 -:- 2328480 7 11 IS 

+152~096/7JI32..,.. 1 '1['i]g3 +-2-l00~'1['V92Jll + 30~40 '[C2JN13 

1 . 1." 2 . 1 J / J + _.:.:..~ J 3 + 1108800 NI 15 - 11640 '1["J9JlI - 211680 911 
13 2413960 II • 

This third approximation has also a maximum. at an inter­
mediate'" temperature, as seEm in Fig .. 1 in which the three appro­

ximations of (1) are plotted as functions of the terriperatuI'e. The 
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Fig. ], Ideal l;.eat 'NSistmlce 0/ the fltonovalmt metals ilZ three 

approximatjolzs as /unctioltS 0/ the temperattwe. 

maximum is lowered in height and shifted to the higher tempera-
. ·f /.' - . . 

. ture, although not mar,kedly, as the order' of approximation in-

creases. It seems obviously difficult to fit the theoretical values 
to the experimental data even in the more higher approximations. 
Recently Toya and one of us (K.U.)(3) have shown by the investi­

gation ~of the convergence of the Kroll's method that the third ap­
proximation, which corresponds to the substitution for Kroll's infinite 
set of equations by seven or eight ones, IS practically sufficient. 

, Therefore the'questioned maximum of the heat resistance at an 

interme!iiate temperature seems to be pot due to the insufficient 
ordarof approximation, as -hitherto stated. 

" 
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In conclusio~, we wish express our thanks to Ass. Prof. Toya 
for his valuable advices. This work has been carried out as' a 

research 'of The Special' Research Committee of the Theoretical 
Physics in The National Research Council of Japan, aided by the 

research grant given from, The Department of Education. 

Appendix 

THE FI~S'.r ApPROXIMATION OF (1) 

Kroll has alread~ shown that this apprQximation is nothing 
but Wilso~'s' expression(4) ': 

ICT~oo 2i3 ,1. [-X2J, + ( 11:
2 

J, ,I J.)] (3) 
-1C-=--;!2 X 4 5 3 5-6 7, ' 

which has been traced by Makinson(2) and Toya et aI.(5) as a' func­

tion of temperature. 

THE SECOND ApPROXIMATION OF (1) 

This approximation has been given explicitly by Kroll himself(1}. 

But there were found unfortunately some erroneeus coefficients. 

The correct expression is 

(4) 

The refinement(2)(5), in which the number of conduction~lectrons 

were taken into consideration, could remove the maximum, but it 
has been likely not effective to reproduce'the ex-perimental data. 
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