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This paper is a brief  survey of r e sea rch  conducted in recent years  in the molecular physics depart-  
ment of the Moscow University physics faculty in combination with the geothermal laboratory of the geo- 
physics branch of the same faculty. The researches  of the molecular physics department are  devoted to 
the study of the thermal propert ies  of solid and liquid metals in the high temperature range, and those of 
the geothermal laboratory to high-temperature propert ies of mountain rocks and minerals.  Hence, the r e -  
search of both groups, car r ied  out in close contact, includes an extensive circle of objects of investigation 
such as solid infusible metals ,  solid and liquid phases of relatively fusible metals,  solid dielectrics,  and 
semiconductors including re f rac tor ies ,  mountain rocks, and minerals.  

In speaking of the purposes and importance of the complex of investigations under consideration, it is 
necessary  to isolate the following aspects:  

1) the study of high-temperature propert ies  of solid metals and dielectrics in the light of problems of 
solid-state physics; 

2) the study of the behavior of solid metals and semiconductors in the liquid-phase domain; 

3) the investigation of the propert ies  of mountain rocks; 

4) the applied value of the investigations conducted. 

In the f i rs t  of these aspects we have in mind the study of the specifics of the solid-state domain char-  
acter ized by comparatively high values of the ratio between the absolute temperature and the characterist ic  
Debye temperature,  i .e. ,  the domain of states which cannot be studied by dealing with fusible substances. 
Among the specific problems of such investigations are:  

1) investigations of the specific heat of solids in connection with an enquiry into the role of anharmoni- 
city of the lattice oscillations, the electron contribution to the specific heat of metals and semicon- 
ductors,  and the influence of the process of thermal vacancy formation; 

2) the study of the temperature conductivity of solids in connection with new researches  of A. S. P r e d -  
voditel ev; 

3) the study of the heat conductivity of dielectrics and semiconductors in connection with an enquiry 
into the mechanism of lattice heat conductivity in the high temperature range, the role of radiation 
transport ,  and the electron contribution to heat conductivity; 

4) the investigation of lattice heat conductivity in metal bodies and the specifics of electron transport.  

The second of the isolated aspects of investigation is associated with the activity of the laboratory of 
the physics of fluids, which is concerned with the study of the nature of thermal motion in liquid media. 

The purpose in conducting joint investigations of the propert ies of solid and liquid media is to com- 
pare  the appearance of thermal motion in these media. 
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The m a i n  task  in the invest igat ions of the ea r t h ' s  t he rma l s  is to study the the rma l  p rope r t i e s  of moun-  
tain rock  a t  high t e m p e r a t u r e s  and p r e s s u r e s  in o rde r  to examine questions of the r a t e  of heat  loss  by the 
ea r th  to space  and of the t he rm a l  evolution of the ear th  and planets .  

F inal ly ,  the applied value of the invest igat ions conducted should be  emphas ized .  A study of the p r o p -  
e r t i e s  of solid h e a t - r e s i s t a n t  m a t e r i a l s  is one of the i m p o r t a n t  tasks  of mode rn  the rmophys ics .  With the 
use  of a l a rge  quantity of d i ve r s e  s t ruc tu ra l  m a t e r i a l s  in the products  of new technology, i t  is en t i re ly  
n e c e s s a r y  to c r e a t e  effect ive m e a s u r e m e n t  methods and to develop the theoret ica l  and empi r i ca l  gene ra l i -  
zations needed for technological  computat ions .  

The a i m s  and tasks  of r e s e a r c h  fo rmula ted  above c o m p r i s e  a definite,  suff iciently extensive p r o g r a m  
of act ivi ty  under taken by the col lec t ives  named  above.  

In the a r e a  of  studying the p r o p e r t i e s  of solid m e t a l s ,  the f i r s t  s tage of the r e s e a r c h ,  devoted to 
methodological  p r o b l e m s ,  and to the product ion of new effect ive methods of m e a s u r i n g  a complex  of t h e r -  
mal  c h a r a c t e r i s t i c s ,  can be r ega rded ,  bas ica l ly ,  as  complete .  

The second s tage of these  invest igat ions ,  involving the accumulat ion of exper imenta l  m a t e r i a l  and its 
sys temat iza t ion ,  has  also been completed sufficiently.  Resea rch  devoted to the ana lys i s  and genera l iza t ion  
of the data obtained is p re sen t ly  continuing. 

Invest igat ions of  the p r o p e r t i e s  of nonmetal l ic  sol ids  we re  s t a r t ed  somewhat  la te r .  However ,  the 
f i r s t ,  methodological ,  s tage in this r e s e a r c h  is also c lose  to complet ion,  exper imenta l  ma t e r i a l  is a c c u m u -  
lating, and i ts  sys temat iza t ion  has  been s ta r ted .  

The re  follows a b r ie f  exposi t ion and extension of the invest igat ions p e r f o r m e d  in the l a s t  five y e a r s .  
(The r e su l t s  of r e s e a r c h e s  of the p reced ing  y e a r s  have appea red  m o r e  or  l e s s  comple te ly  in the mono-  
graphs [1-2] and a number  of su rveys  (see [3-5], for  example).) R e s e a r c h e s  p e r f o r m e d  by the authors  in 
conjunction with a sp i r an t s  and col leagues of the Univers i ty ,  A. V. Arutyunov,  S. Ata l la ,  S N. Banchil ,  
I. N. Makarenko,  M. Mebed, G. I. Pe t runin ,  G. F. Tkach,  and L. N. Trukhanova,  a r e  examined h e r e i n  

Le t  us f i r s t  consider  p rob l ems  re la t ing  to m e a s u r e m e n t  methods.  

M e a s u r e m e n t s  of the the rma l  p r o p e r t i e s ,  espec ia l ly  the hea t  conductivity,  in the high t e m p e r a t u r e  
range  (1000-3000~ a r e  among  the m o s t  difficult  of m e a s u r e m e n t s .  

One of the essent ia l  pecu l ia r i t i es  of the high t e m p e r a t u r e  range  is the l a rge  ro le  of radia t ion heat  ex-  
change which is nonlinear  with r e s p e c t  to the t empe ra tu r e .  Because  of this c i r cums tance  it is of pa r t i cu l a r  
impor tance  to c a r r y  out m e a s u r e m e n t s  under conditions of smal l  change of t e m p e r a t u r e ;  this p r e sen t s  s e r -  
ious diff icult ies  which r e s u l t  in high m e a s u r e m e n t  e r r o r s .  Not by accident  does the g rea t  m a s s  of e x p e r i -  
menta l  r e su l t s  p rove  to be cont rad ic tory .  R e s e a r c h  devoted to the development  of improved  m e a s u r e m e n t  
faci l i t ies  in the a r e a  under cons idera t ion  is ent i re ly  n e c e s s a r y .  

We found a means  to the solution by using a per iodic  heat ing mode.  The main  advantage of applying 
per iodic  p r o c e s s e s  is the huge quantity of informat ion obtained in the exper iment .  The informat ion sources  
a r e  the medium t e m p e r a t u r e  f ields,  the ampl i tudes  of s eve ra l  ha rmonic  components  of the t e m p e r a t u r e  
f luctuations,  and the phase  of the f luctuations.  The l a rge  quantity of informat ion in such exper iments  p e r -  
mi t s  the rea l iza t ion  of complex  methods a s s u r ing  that a whole se t  of the fundamental  t he rma l  c h a r a c t e r i s -  
t ics ,  the heat  conductivity,  specif ic  heat ,  t e m p e r a t u r e  conductivity,  t he rma l  ac t iv i ty  coeff icient ,  will be 
obtained in our  exper iment .  We shall  examine specif ic  r e s e a r c h  methods based on the use  of  a fluctuating 
the rma l  mode in m o r e  detail  below, but now we consider  one impor tan t  a spec t  of the Prac t i ce  of using p e r -  
iodic p r o c e s s e s  which has  been developed r ecen t  y e a r s .  We speak about  the pecu l ia r i t i e s  of per iodic  h e a t -  
ing with a H-l ike introduction of power  to the sample  under  investigation.  The H-l ike per iodic  modulat ion 
is one of the m o s t  convenient  modes  of changing the heat  flux and we used i t  e a r l i e r  in [1]. We hence used 
harmonic  analys is  to p r o c e s s  the resu l t s .  Such a p rocedure  for analyzing the m e a s u r e m e n t  r e su l t s  yielded 
comple te ly  sa t i s f ac to ry  r e su l t s ,  although it  was  also re la t ive ly  labor ious .  L a t e r  we noted that in conditions 
typical for  many  exper iments  the so -ca l l ed  r egu la r  mode of the second kind [6], the dist inguishing pecu l i -  
a r i t y  of which is the constant  r a t e  of change in the t e m p e r a t u r e  of al l  points of the body, is successfu l ly  
r ea l i zed  during heating and cooling cyc les .  The use  of this pecul ia r i ty  afforded the poss ib i l i ty  of a new (and 
s imple r )  approach  to the ana lys i s  of many exper iments  and the development  of methods of p roces s ing  the 
r e su l t s ,  which a r e  cons iderab ly  m o r e  s imple  and convenient  than the methods based  on harmonic  ana lys i s .  
We shall  examine this question in r a t h e r  m o r e  detail  below. Here  we emphas ize  that the p r o c e s s  of a 
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Fig. i. Osclllogram of the temper- 
ature change. 

periodic  change in t empera tu re  (i.e., the so-ca l led  regular  mode 
of the third kind [6]) is found to be quite abundant, and, in pa r t i -  
cu la r ,  can contain the regula r  mode of the second kind in i tself  
and, as has been shown in [7], the regular  mode of the f i r s t  kind 
as well. We i l lus t ra te  the effect iveness of the use of the p r o -  
cess  of per iodic  change in t empera tu re  by listing the htadamen-  
tal methods ,  thei r  modif icat ions,  and the apparatus produced at  
the Universi ty.  

1. Methodology and apparatus to measu re  a complex of 
thermal  p roper t i es  based on the use of t empera tu re  

waves being propagated along the axis of a cylindrical sample [I] (heating by electron bombard- 
ment). Used for the investigation of solid and liquid metals and semiconductors to a temperature 
of 1200~ 

2. Methodology to measure a complex of thermal properties of solid metals (several versions), based 
on the use of radial temperature waves produced in a cylindrical sample under modulated induction 
heating. Used for systematic investigations of the thermal properties of solid infusible metals, as 
well as for the electrical conductivity and radiativity in the I000-2500~ temperature range [8, 9]. 

3. Methodology to measure a complex of thermal properties of metals (several versions), based on 
the use of radial temperature waves produced by electron bombardment. Used to study the pro- 
perties of solid and principally liquid metals to a temperature of ~2000~ [I, i0, ii]. 

4. Apparatus to measure the heat conduction, specific heat, electrical conductivity and radiativities 
of thin metal samples (wire, foil) heated by a current. The method of periodic heating, used to 
measure the specific heat, is combined in the apparatus with the steady-state method of heat con- 
ductivity measurement [i, 12]. The temperature range is 1500-3000~ 

5. Methodology to measure a complex of thermal properties based on the use of a nonsteady-state 
method of heating metal samples by means of a current. The methodology has been developed at 
Moscow University [I ] and has been realized in the laboratory of an electric-lamp equipment fac- 

tory [13]. 

6. Methodology and kpparatus to measure a complex of thermal properties of electrical conductive 
samples in the shape of disks, based on the use of periodically changing electron heating [14]. 

7. Methodology and apparatus (several versions) to measure a complex of thermal properties of 
mountain rocks, based on use of radial temperature waves [15, 16]. 

8. Methodology and apparatus to measure the temperature conductivity of mountain rocks and miner- 
als, based on the use of the method of dense temperature waves with the application of periodic 
radiation heating [17, 18]. 

9. Methodology and apparatus to measure a complex of thermal properties of dielectrics, based on 
use of the method of temperature waves produced by a low-inertia electric heater placed between 

two identical samples [19]. 

There is sufficiently detailed information about the majority of the listed methods and apparatus in 
the literature. Here we consider only several more or less new methodological questions, namely, the 
development of the second of the described measurement methods, the sixth methodology in the presented 
list, and the new method mentioned above for the analysis and processing of the results for the H-like modu- 

lation mode. 

The methodology of measuring a complex of thermal characteristics using modulated heating by high- 
frequency currents is one of the mosteffective research methods . In this method, the sample under investi- 
gation is placed along the axis of the inductor of a high-frequency generator the power of which is changed 
periodically by means of a modulating circuit. Because heat liberation is at the surface during heating by 
high-frequency currents, the characteristics (amplitude and phase) of the radial temperature waves induced 
by the periodic heating of the surface layer prove to be substantially dependent on the thermal properties 
of the sample being studied. In the fundamental version of the method [8, 9] a solid cylindrical sample was 
used, the temperature fluctuations of its outer surface being recorded. Such a method of measurement, 
especially in conjunction with the contaetless photoelectric method of recording the temperature fluctuations, 

1211 



Cp I 
I 

fOl I iHf 

I00 
- 1 ' 4 0 m  

�9 " . . . .  Pt Nb// I~Ol 

~ r  

m 

I ~-V 

Hf 

~ T a / /  

~ z r  

/000 2000 T 
Fig. 2. Resul t s  of m e a s u r i n g  the specif ic  hea t  of 
me ta l s  (a), and the heat  conductivity of me ta l s  (b). 
Cp, c a l / g - a t o m  .deg; k, W / m - d e g ;  T, OK. 

is highly r ecommended  and was used for  sys t emat i c  invest igat ions of a complex  of p r o p e r t i e s  of solid in-  
fusible me ta l s  in a t e m p e r a t u r e  range  to 2500~ The m a x i m u m  e r r o r  in m e a s u r i n g  the t e m p e r a t u r e  con-  
duction, which cons is t s  of random and sys t emat i c  e r r o r s ,  is hence ~4%, and 5-7% for the specif ic  heat  and 
heat  conduction. I t  has  been  shown in subsequent  r e s e a r c h  by this method that the poss ib i l i t ies  of a l t e r n a t -  
ing induction heat ing have  been not a t  all  exhausted by this. Aruntyunov [20] has developed and used a d i f -  
ferent  ve r s ion  of the method,  which differs  f rom that desc r ibed  above in the use  of a hollow cyl indr ical  s a m -  
ple and the r ecord ing  of the t e m p e r a t u r e  fluctuations on ~ its inner sur face .  I t  has hence been shown that 
such a s cheme  of m e a s u r e m e n t  p o s s e s s e s  signif icantly g r ea t e r  sens i t iv i ty  to the s amp le  c h a r a c t e r i s t i c s  
being studied and consequently p e r m i t s  an improvemen t  in the accu racy  of the exper iment .  The sys t ema t i c  
and random e r r o r s  in de te rmin ing  the t e m p e r a t u r e  conduction can be diminished a l m o s t  twofold, while the 
e r r o r s  in m e a s u r i n g  the specif ic  hea t  and the hea t  conductivity d e c r e a s e  by approx imate ly  1%. A new v e r -  
s ion of the method with s eve ra l  modif icat ions was subjected to detai led study and ana lys i s  in [20]. Mea -  
su remen t s  we re  p e r f o r m e d  on samples  of d ive r se  geome t r i e s ,  for  d i f ferent  modulat ion f requencies ;  many  
p a r a m e t e r s  of the m e a s u r i n g  c i rcu i t  we re  va r ied ,  and data obtained for the d ive r s e  methods w e r e  corn" 
pared .  A new modif icat ion of the method was used to m e a s u r e  the p rope r t i e s  of some  infusible me ta l s .  

The second of the p rob l em s  is the methodology and appara tus  for m e a s u r i n g  a complex  of the rma l  
p rope r t i e s  of e l ec t r i ca l ly  conductive s amples  in the shape of d i sks ,  based  on the use  of the method of plane 
t e m p e r a t u r e  waves .  The c rux  of this method is the following. One of the su r faces  of a disk  sample  of 
d i a m e t e r  10 m m  and t h i c k n e s s - 1  m m  is  heated per iodica l ly  by e lec t ron  bombardment ,  while the t e m -  
p e r a t u r e  fluctuations on the side r e v e r s e  to the heated su r face  a r e  m e a s u r e d .  The phase  shif t  between the 
t e m p e r a t u r e  fluctuations and the intensi ly of the e lec t ron  heat ing is used to de t e rmine  the t e m p e r a t u r e  con-  
ductivity.  In format ion  a s  to the magnitude of the power  per iodica l ly  introduced to the s ample ,  and the m a g -  
nitude of the t e m p e r a t u r e  fluctuations of the sample  can be used to de t e rmine  its specif ic  heat.  The funda-  
menta l  pecu l i a r i t i e s  of the method and appara tus  a r e  the following. The e lec t ron  cu r r en t  is modulated by 
a sinusoidal  or  squa re -wave  law by using a control  grid between the s a m p l e - a n o d e  and the h e a t e r - c a t h o d e  
(the grid vol tage is supplied f rom a low-frequency genera tor ) .  In substance ,  this cons t ruc t ion  is a power  
t r iode  tube. The fluctuations in sample  su r face  radiance  a r e  r eco rded  by a photomul t ip l ier ,  a r e  magnif ied 
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by a low-frequency ampl i f i e r ,  and a r e  r e co rded  on a loop osc i l lo -  
scope the other  channel of which r eco rds  the change in plate  c u r -  
rent .  

The ultimately simple geometry of the sample and its small 
size make this method convenient for the investigation of mater- 
ials that are hard to process and difficultly available. Because 
the method admits of exclusion of the influence of heat exchange 
(see [16, 18]), the sample thickness is not constrained, i.e., the 
method is also applicable for comparatively thick samples (for 
porous and coarse-grained materials). The error in measuring 
the temperature conductivity is due mainly to the error in mea- 
suring the phase shift. This error is usually 0.5 ~ in practice. For 

optimal values of the heating frequency its influence on the measurement of the temperature conductivity is 
2.5%. Taking account of the error because of inaccurate insertion of corrections to the heat exchange and 

the inertia of the recording apparatus, we hence add a ~2% error, and the total error in measuring the tem- 
perature conductivity is hence not more than 5%. The maximum error in measuring the specific heat is 4% 
(mainly because of errors in determining the power and amplitude of the temperature fluctuations). 

Besides measuring the thermal characteristics, the electrical resistivity of the very same sample 
was measured with this equipment by the method proposed in [21]. The essence of the method is that adc 
current is supplied to two adjacent pins out of four which are disposed mutually perpendicularly in the plane 
of the sample, and the voltage is taken from the other two by a compensation method. The electrical re- 
sistivity of the sample is found by means of the known voltage drop on one of the sample sections and the 
current on the adjacent section. The error in measuring the electrical resistivity by this method is ~2%. 

Let us note that there exists the possibility of measuring the degree of blackness (emissivity) of the 
sample under investigation on this apparatus. 

The operation of the apparatus was studied by investigating the thermal properties and electrical con- 
ductivity of molybdenum and niobium. The experiment was accomplished under diverse condtions (the heat- 
ing frequency, sample thickness and diameter, etc., were widely varied). Consistency of the data is ob- 
tained. There is also satisfactory correspondence between the data obtained and those in the literature. 

At present research is continuing to perfect and develop further this method of measurement. 

The last of the new methodological questions which we shall discuss here is the new method men- 
tioned already above, of analyzing and processing the results for [l-like modulation. This method has been 
studied in detail and tried out in application to the method of radial temperature waves produced by heating 
the inner surface of a hollow cylindrical sample using electron bombardment. The method is based on the 
existence of a rectilinear section on the experimentally recorded curve of temperature variation (see Fig. 
i). We have showed in [22] that the specific heat can be determined by the slope of these sections and the 
known heating intensity, with an error not exceeding the error in processing the same curves using har- 
monic ana lys i s .  A method of using the s ame  curve  sect ions to de t e rmine  the t e m p e r a t u r e  conductivity has  
been  p roposed  in [23]. I t  can be shown by sufficiently s imple  computat ions that  the magnitude of the t e m -  
p e r a t u r e  conductivi ty is inve r se ly  propor t iona l  to the spac ing  between the in te r sec t ion  of the a sympto tes  of 
the l inea r  sec t ions  and the t ime  of the change in the heat ing intensi ty (the sect ion AB in Fig. 1). This  m e t h -  
od of p r o c e s s i n g  the r e su l t s  was  checked thoroughly in [24]. Data obtained using d ive r se  p roces s ing  m e t h -  
ods under d i v e r s e  condit ions,  we re  compared ;  computat ional  fo rmulas  we re  found to take account  of c o r r e c -  
t ions when us ing  a compos i t e  cy l inder  (to Lake account  of the cruc ib le  walls  when working with liquid m e t -  
a ls ) ,  and the conditions of appl icabi l i ty  of the new method were  analyzed.  I t  was hence c lar i f ied that the 
new p r o c e s s i n g  method is no l e s s  a ccu ra t e  than the method of harmonic  ana lys i s  and yields an a p p r o x i m a t e -  
ly tenfold saving in the t ime  expended in p rocess ing ,  fn addition to its pr incipal  advantage,  this method has  
has  another ,  in that  i t  p e r m i t s  extension of the range of modulat ing f requencies  towards higher  per iods  and, 
consequent ly ,  i n c r e a s e s  the poss ib i l i ty  of i ts  uti l ization. I t  is indubitably expedient  to extend the new p r o -  
ce s s ing  method also  to o ther  per iod ic  heat ing methods .  

Le t  us turn  to a d i scuss ion  of the m e a s u r e m e n t  resu l t s .  

Le t  us f i r s t  examine r e su l t s  f rom studying the p r o p e r t i e s  of infusible me ta l s .  

The c h a r a c t e r i s t i c s  of the studied samples  a r e  p resen ted  in Table  1 and the l i s t  of data in Table  2. 
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Fig. 4. Dependence of the t e m p e r a t u r e  con-  
ductivi ty,  cm2 / s ee ,  of a luminum oxide (a) 
and grani te  (b) on the t e m p e r a t u r e ,  ~ 1, 2) 
data obtained on appara tus  No. 8; 3) on a p -  
pa ra tus  No. 9; I} on appara tus  No. 7. 

The re l iabi l i ty  of the exper imenta l  ma t e r i a l  ob-  
tained was checked repea ted ly  by var ia t ion  in the funda- 
menta l  exper imenta l  conditions (the sample  s i ze ,  the 
f requency and ampli tude of the t e m p e r a t u r e  fluctuations} 
and by compar i son  of the data obtained in d ive r se  v e r -  
s ions of the methods.  Data for the specif ic  heat  a r e  p r e -  
sented in Fig. 2a. 

In the analys is  of the exper imenta l  ma t e r i a l  ob-  
tained,  there  was a s t r ik ing  absence  of a r i s e  in the s p e c -  
ific heat  of molybdenum, tantalum, niobium, vanadium, 
i r id ium,  and rhodium in the t e m p e r a t u r e  range  above 0.8 
T_m: which was obse rved  for  the f i r s t  th ree  me ta l s  in the 
r e s e a r c h e s  of Ya. A. K r a f t m a k h e r  and some  o thers ,  and 
was a s soc ia t ed  with the ro le  of the rma l  vacancies  (see 
[33]}. The data obtained oblige us again to pose  the ques -  
tion of the ro le  of the vacanc ies .  This  question m e r i t s  
a s e p a r a t e  d iscuss ion.  

The second conclusion re la t ing  to the t e m p e r a t u r e  
dependence of the specif ic  heat  Cp is the c loseness  of the 
functions c p ( T / T m )  (Tin is the melt ingpoint} for  d i f ferent  
me t a l s .  The deviations Of the m e a s u r e m e n t  resu l t s  f rom 
the general  line 

T (1) 
%=6 + 3 - T---m- ' 

do not exceed 5% as  a rule .  I t  should be noted that ex -  
t rapola t ion of the dependence for Cp to T = 0 yields  a value 
of 6 c a l / g - a t o m  �9 deg in conformi ty  with the Dulong and 
Pe t i t  law. 

The question of the behavior  of the specif ic  heat  for constant  volume is re la ted  to the ro le  of a n h a r -  
mony of the la t t ice  v ibra t ions  and the contr ibution of e lec t ron  specif ic  heat .  The re  a r e  r e s e a r c h e s  in which 
data obtained a t  low t e m p e r a t u r e s  a r e  used to e l iminate  the l a t t e r  of these fac tors  (see [34-47], for  e x a m -  
ple}. 

Applicat ion of such a s cheme  to the m a t e r i a l  that  we obtained yields a p ic tu re  for  the anharmonic  con-  
t r ibut ion which cannot be cal led uni form.  A l a rge  negat ive contribution is obtained for  vanadium, tantalum, 
and niobium, and a pos i t ive  contr ibution for  molybdenum and tungsten which p o s s e s s  the s a m e  body-cen te red  
cubic la t t ice ;  an anharmonic  contr ibution obtained for  i r id ium and rhodium is negligible.  

Although theory  does not,  in pr inc ip le ,  exclude a different  sign for the anharmonic  contr ibution,  i t  is 
diff icult  to reconc i le  such r e s u l t s  with the s i m i l a r i t y  obse rved  in the other  p r o p e r t i e s  of the me ta l s  under 
cons idera t ion  (the c loseness  of the ra t io  between the hea t  of fusion p e r  g r am a tom and the absolute  mel t ing  
point,  the ra t io  of the hea t  of evapora t ion  to the hea t  of fusion, the product  of the expansion coeff icient  and 
the absolute  mel t ing  point ,  the Grunhausen p a r a m e t e r s )  and finally, with the exis tence  of uniformity  in the 
t e m p e r a t u r e  dependence of Cp. 

A m o r e  p robab le  explanation of such a si tuation is the d i f ference  between the coeff icient  of e lec t ron  
specif ic  hea t  T a t  high t e m p e r a t u r e s  and i ts  l o w - t e m p e r a t u r e  value.  F r o m  the viewpoint  of the e lec t ron  
theory  of me ta l s  this can be the resu l t ,  say ,  of e l e c t r o n - p h o n o n  in terac t ion  which influences the e lec t ron  
energy  dis t r ibut ion a t  low t e m p e r a t u r e s  and is inessent ia l  a t  high t e m p e r a t u r e s .  Theore t i ca l  e s t ima te s  of 
this effect ,  p resen ted  in [38] for  tantalum and tungsten and in [39] for vanadium, a r e  in good a g r e e m e n t  
with the exper imenta l  data obtained. Thus ,  for  vanadium T 0 / 7  = 1.9 accord ing  to K r e b s ,  while we find 7o 
/ ~  ..1.7. 

Fur the r  r e s e a r c h  in the region of invest igat ing the specif ic  hea t  of solid infusible me ta l s  is a s soc ia ted  
with the re f inement  of the e p - c  v va lues ,  for which i t  is ex t r eme ly  des i r ab le  to fo rmula te  expe r imen t s  de -  
voted to a study of compres s ib i l i t y  in the high t e m p e r a t u r e  range  by means  of u l t raacous t ie  techniques.  

Le t  us turn  to an  ana lys i s  of the remfi ts  on the hea t  conductivity of solid infusible me ta l s .  
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The re su l t s  a r e  p r e s e n t e d  in Fig. 2b and in Tab le  2, together  with the resu l t s  of m e a s u r i n g  the e l ec -  
t r ica l  conductivity.  I t  can be seen  that in just  two cases  (for tungsten and molybdenum) is the p ic ture  p r e -  
dicted by e l e m e n t a r y  e lec t ron  theory obs e rved  - the d e c r e a s e  in hea t  conductivity with t e m p e r a t u r e  and 
the tendency to an asympto t i c  value.  In al l  the o ther  cases  the heat  conductivity e i ther  i nc reases  with t e m -  
p e r a t u r e  or  is p r ac t i ca l l y  independent of the t e m p e r a t u r e .  

An ana lys i s  of the f ac to r s  governing the behavior  of  the heat  conductivity r e su l t s  in a m o r e - o r - l e s s  
na tura l  deduction that  the t e m p e r a t u r e  dependence of the hea t  conductivity ~ is de te rmined  p r i m a r i l y  by the 
nature  of the t e m p e r a t u r e  dependence of the e lec t r ica l  conductivity,  by the deviation f rom a l inear  t e m p e r a -  
ture  dependence of the r e s i s t i v i t y  p. T h e r e  is a sl ight i nc rea se  in the quantity p/T with t e m p e r a t u r e  for  
tungsten and molybdenum,  and a d e c r e a s e  for  the ma jo r i t y  of the other  me ta l s .  The s t ronge r  the d e c r e a s e  
in p/T with t e m p e r a t u r e ,  the s t e epe r  the t e m p e r a t u r e  dependence ~(T). 

An ana lys i s  of the exper imenta l  cu rves  p/T = f(T) r evea l s  a regu la r i ty  that is in teres t ing ,  in our opin-  
ion: the g r e a t e r  the speci f ic  r e s i s t i v i t y ,  the s t eepe r  the drop in p/T as the t e m p e r a t u r e  i nc reases .  In 
other  words ,  the re la t ive  change in p/T with t e m p e r a t u r e  c o r r e l a t e s  with the absolute  value of p/T. This 
is i l lus t ra ted  in Fig. 3, where  values  of p/T a r e  plotted along the horizontal  axis  for  a 1300~ t e m p e r a t u r e ,  
and the ra t io  of p/T a t  1300~ to p/T at  1700~ is plotted along the ver t i ca l  axis .  The co r re l a t ion  under 
cons idera t ion  can be a s s o c i a t e d  with the Mort r eason ing  about  the e lec t r i ca l  conductivity of the t rans i t ion 
me ta l s .  The g r e a t e r  the ro le  of the s - d  in terac t ion  in the absolute  values of the specif ic  r e s i s t iv i ty ,  the 
g r e a t e r  will be its influence on the t e m p e r a t u r e  coefficient.  

Analys i s  of the behavior  of the Lorentz  numbers  of the me ta l s  studied r e su l t s  in a deduction about the 
re la t ive ly  smal l  ro le  of la t t ice  heat  conductivity.  The f rac t ion  of the la t t ice  hea t  conductivity exceeds  30% 
only in tungsten.  Ex t rac t ion  of the magni tude of the la t t ice  component  in the t radi t ional  manne r ,  using the 
Loren tz  number  ca lcula ted  by Sommer fe ld  for the e lec t ron  component ,  r e su l t s  in the deduction that  
the la t t ice  hea t  conduct iv i ty  is o f  the s a m e  o rde r  as  for  infusible oxides. As r ega rds  the m o r e  exact  de -  
m i l s ,  the ex is tence  of a c o r r e l a t i o n  between ~lat t ice,  on the one hand , and the product  of the speed of sound 
in a meta l  and the mel t ing  point ,  on the other  hand, is h e r e  successfu l ly  es tabl ished.  This r egu la r i ty  can 
be explained by using s imi l a r i t y  theory  and an e l e m e n t a r y  model  of heat  t r a n s p o r t  by the la t t ice .  

Le t  us now turn to the r e su l t s  of invest igat ing the p r o p e r t i e s  of nonmetal l ic  m a t e r i a l s .  

To i l lus t ra te  the opera t ion  of the appara tus  and the nature  of the behavior  of the the rma l  p r o p e r t i e s  
of d i e l ec t r i c s ,  the t e m p e r a t u r e  conductivi ty of a typical  m ine ra l ,  po lycrys ta l l ine  a luminum oxide, and a 
typical  mountain  rock ,  g ran i te ,  as  a function of the t e m p e r a t u r e  is p resen ted  in Fig. 4a,  b. The t e m p e r a -  
ture  conductivity of the a luminum oxide (density 3.94 g / c m  3) was m e a s u r e d  on appa ra tuses  Nos. 7 and 8 for 
the s a m e  sample .  Some sys t ema t i c  d i sc repanc ie s  between the data obtained by dif ferent  means  can be a s -  
soc ia ted  with the inaccuracy  in de te rmin ing  the posi t ion of the thermocouples  in the sample  in an appara tus  
based  on the method of rad ia l  t e m p e r a t u r e  waves .  Good a g r e e m e n t  is a lso  obse rved  in the data for grani te  
(medium granu la r i ty ,  densi ty  2.63 g / c m  3, poros i ty  2.6%) obtained on appa ra tuses  Nos.  8 and 9 (see Fig. 4b). 
The  nature  of the t e m p e r a t u r e  change in the t e m p e r a t u r e  conductivity of these  s amples  is typical  for d i e l ec -  
t r i c s  in the 300-1300~ t e m p e r a t u r e  range.  The diminution in the t e m p e r a t u r e  conductivity as the t e m p e r -  
a tu re  r i s e s  co r r e sponds  en t i re ly  with the s tandard  ideas about the t r a n s p o r t  of hea t  in c rys ta l l ine  objects  
a t  high t e m p e r a t u r e s :  the s ca t t e r i ng  of hea t  by osci l la t ions of the la t t ice  a toms .  I t  should be noted that the 
absolute  value of the t e m p e r a t u r e  conductivity of a pure  mine ra l  is an o rde r  of magnitude g r ea t e r  than the 

co r respond ing  value for mountain rock.  

The p r o p e r t i e s  of a number  of mountain rocks  and mine ra l s  were  m e a s u r e d  on appa ra tuses  Nos. 7, 
8, and 9. Thus ,  all  the t he rm a l  c h a r a c t e r i s t i c s  of  fourteen samples  of per iodi te  and peroxeni te  w e r e  m e a -  
su red  to t e m p e r a t u r e s  of ~1300~ on appara tus  No. 7, and the t e m p e r a t u r e  conductivity of th i r teen  samples  
of  basa l t ,  g rani te ,  d ior i te ,  gabbro,  and s o m e  m i n e r a l s  ( feldspar ,  p lagioclase)  to a t e m p e r a t u r e  of 1300~ 
on appara tus  No. 8. All the t he rma l  p r o p e r t i e s  of the s ame  samples  as  had been m e a s u r e d  on appara tus  
No. S w e r e  m e a s u r e d  on appara tus  No. 9 to a t e m p e r a t u r e  of 800~ The chemical  composi t ion,  p e t r o -  
graphic  ana lys i s ,  poros i ty  and densi ty  before  and a f t e r  heating,  and occu r r ence  a r e  known for  all  the m e a -  

su red  s ample s .  

The a im  of the r e s e a r c h  p re sen t ly  being conducted is to make  effect ive use  of the exper imenta l  m a -  
t e r ia l  obtained in solving fundamental  geo thermal  p r o b l e m s .  
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