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Kroll S Expressmn for the Heat ReSIStance
of the Monevalent Metals

By

‘Kwai UMEDA and Takao YAMAMOTO

(Received February 15, 1949)%

The third approx'imatidn of Kroll’s expression for the ideal heat resistance
-of the monovalent metals,* which is considered to be a practically sdfficient
. approximation, has been explicitly ¢alculated. It',has_ a maximum at an inter- ‘
mediate temperature, so that this maximum is not likely ascribed to thefi:—péui—»}_‘
ficient: order of approximation, as hitherto stated.

Kroll® has derived by his method of solving Bloch’s integral
equation the followmcr general expressmn for the 1dea1 heat resis-
tance. of the monovalent metals (k: the heat conductivity) -
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GWthh should be accurate over the Whole temperature range All
the notations™ are the same as Kroll's. The first and the second
approximations have been already caleulated, which are reproducd
in the appendix for the sake of comparison. Each of these ap-
proximations has a maximum at an 1ntermed1ate temperature.
Kroll has suggested that it is due- only to the msuﬂiment order of
approx1mat10n, Whlle Makmson‘z’ has stated that Kroll’s expressmn
should not show essentlally this max1mum. - Hence it was tempting

- Presented at the first meeting of lhe Hokk"udo Branch of The I’hyslcal Soc:ety of
Japan, December 8, 1946. ‘ -
** The’ explicit -expressio’ 1s of the-all quantltles “will be tabulated -in reference (3).
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to test thlS questlon by means of the hlgher approx1matlons For
this purpose we have ealculated the third’ apprommatmn explicitly
and obtamed the followmg expression. ' ’

- ‘ THE THIRD APPROXIMATION OF- (1)

Krew_ 213 1 “XP+ X'Q+ X°R+8

Lk =@ X XA+ XB+C
e A
"T’?(x) - S (eé—i‘)?f_e-e)’ :  $ = %’ _
g O D i B e,
i’i‘;‘ w0+ 20 61719—%51—; wlil + —22%)7‘”2]7113 o8 F s et
+mJ,J,3,, ‘ | |
i A N
,‘?2'502;56 T o P S 7 + 23;($510 el o+ ? i
~ 5215 Tig P’ 1O§§4OJ”]‘*’
T LT
+gp5 wiu— 13175 Wl — 4969§>72356 =7 +16166115?02 7rdo— 22391052% 7 Jilu
'"??‘.%9" ]7J”+49150”7J‘5 222085”’J + 1?535 mhdu+ 5 26460 ”Jf*"s !
902 1
ST — 19800 T = 7175 *ut + 7560 ™/t sssoso] whs = 254016”“
pe S o T it 250 70,4 T2 g, 34 i
= B e+ 1036 61:1719—%%7:1;171,, +,323§ 71:2]5]711;
e 32 o 187:1 T, + 42230 TTo T 73(?516m,, _%gnﬂff—u—g—'néff o
%2 2”2]”, 504 it é”““ apg T = = % -’



Kroll’s Expressibn 'for' the heat resistance - ‘251

‘ -17226752\ 679808 169984 2108

="Tore5 "t ‘11553‘ WU+ g5 7~ g3 sfs"f" -
+ 22??, w1 — g w9 — 3(1)3235 RO + 8;1154 wJsl1ls
209 1, ' -
~209 n'JrJ7Ju+1764nJJ7J1, ool + T " - ﬂ?]s.fg]n
+ 3177830 5ot — 9212101“9"“ ‘211’01% RIT — {50 eIl |
"'%%9“3173 + ‘1%% mI7ls — 126 T 115132 7””‘ + Tioss o
+ g W o+ gy m T~ 15112 Tidolis + 6038 Toluf
' 3312323 wJelrTu — ??9%1910 RIT T+ g w0l |
- }g I+ 35925370 R0l + 13‘3(1)0 wsdotis — Ts%G s Jo T
—gogo wen’ = 1%2%4 w5 + 388080J o= gsio75 Tl
B2 oy 4 2003 wI + 12555;”776 O A <l
—gfﬁ R S ®aluu F g e wT et er n‘%mﬂ
+63go4oj7f"f’* 1% a _'5%77%2-] u 151300J9J‘3 g e "
o+ 945 RO~ 40475 w6 — 21?(?5’?; sl — 641835715c>1c)£l wTsTls
. +§11%“1°J?J’J“ 53%5 7l “‘3* 1742260 RT3

1 I T
= “,] ST+ gy =Tl + gy T — 762048“51132 -
32416 608 | '

524 61
? 5 10 2f o~ a6T.2
+ 59535 1"7 + 9335 T + 19845 LR BRI 717]7]13
- + 4151)80 77»'-’70-’15 ;177285_ 7oIJ + '}5610 oI + 22680 7TJ7JQJI'3

Q



’ 252 , - K. Umeda and T. quamoto' :

' 1
166320 '”J7J9]b - 1890 7Tf7f11 + 63504 7rJ7Jqus 2398450 J7-’1!J215 .

-1
+ 1524096 ﬂ_‘;JQ? + '_QT()T)* wilu + 30240 z K/ 9 iz

1

Tl —3T5
L Tyl s Tl + s

-+ 1108800 I — fi61 oI — 311680 T/ 7 T 235960

This third approximation has also a maximum at an inter-
mediate temperature, as seen in Fig..1 in which the three appro-
ximations of (1) are plotted as functions of the temperature. The

Cooas . : W
rd . ~ . ‘
]

-1 Fiest Approx.

2 Sccond App}-ox
o Third Approx’ -

1.6
: e Li

a Auw
. eXP,
. X Ag 2
x A Cu
5 AN
vt 25 :
-

‘ L .
"8 " oas 05 YT 1.0

Fig. 1. Zdeal heat resistance of the monovalent metals in- three

appraxi;/mtions as fzmctions of the temperatz‘zre.’

mammum is lowered in helght and shlfted to the higher tempera- ‘
ture, although not markedly, as the order of approximation in-
creases. It seems obviously dlfflcult to fit the theoretlcal 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-
prox1ma’clon which corresponds to the substitution for Kroll’s infinite
set of equations by seven or eight ones, is practlcally sufficient.
' Therefore the questloned max1mum of the heat resistance at an
- 1ntermed1ate temperature seems to be not due to the 1nsuﬁi01ent
) order of approxlmatlon, as hltherto stated
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" In conclusion, we wish express our thanks to Ass. Prof. Toya :

~ for his valuable ad'v’ic‘es." 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

v research grant given from The Department of Education.

Appendix

THE FIRST APPROXIMA’I’ION or (1)

Kroll has - already shown that thls approx1mat10n is no’shmg

but Wilson’s expression® : o - '
Ki 288 1 T, 2 1 .\ )
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| which has-been traced by Makinson® and Toya et al.® as a func-

tion of temperature.
~ o :

THE SECOND APPROXIMATION OF (1) -
This'approkimation hé,s been given explicitly by Kroll himself®.
But there were found unfortunately some erroneous coefficients.
The correct eXpre}ssion is ‘
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The reﬁnement‘2>‘5>, in ‘which the number of conduction glectrons
were taken into consideration, could remove the maximum, but it
has been likely not effective to reproduce’ the experimental data.
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