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Pavel Holba received thermodynamic award 
at  CEEC-TACV conference,  

Ljubljana , August 2015  



 
 

1918-34 - oɓɏɐɄɂɔɇɍɞ Ɋ ɑɇɒɄɝɋ ɆɊɒɇɌɔɐɒ ȪɏɓɔɊɔɕɔɂ ɖɊɉɊɌɐ-
 ɗɊɎɊəɇɓɌɐɅɐ  ɂɏɂɍɊɉɂ Ȣȯ ȳȳȳȲ 
1925 ð ɑɇɒɄɐɇ ɊɉɆɂɏɊɇ ɌɏɊɅɊ ȤɄɇɆɇɏɊɇ Ʉ ɖɊɉɊɌɐ-ɗɊɎɊəɇɓɌɊɋ ɂɏɂɍɊɉ 
(2.;Ʉ 1928 Ʌ.;, 3. Ʉ 1935 Ʌ.,, 4. Ʉ 1940 Ʌ..- Izd AN  SSSR M.-L. 562 ɓɔɒ.) 
1937-41 - ɉɂɄɇɆɕɠɛɊɋ ɌɂɖɇɆɒɐɋ ɏɇɐɒɅɂɏɊəɇɓɌɐɋ ɗɊɎɊɊ Ȯȥȵ 

UdŐlen² nejvyĢĢ² rusk® medaile Kurnakova za termodynamiku. 
In memoriam RCTAC konference, St Pterburg, z§Š² 2016 
ȬɕɒɏɂɌɐɄ ȯ. ȳ.  1860 - 1941 -  ȳɐɇɆɊɏɇɏiɇ Ɋ ɗɊɎɊəɇɓɌiɋ ɊɏɆɊɄɊɆɜ 



     4ÅÐÌÏÔÁ ÖÓƚ ÎÁĪÅ ÃāÔòÎā ơ 
heat  = fire             cold  = ice  

? Our feeling? 

Holding a bar of  é Wood-worm Metal- cold 

http://www.google.cz/url?url=http://munfitnessblog.com/how-to-prevent-wrist-pain-from-your-weight-training/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBYQwW4wAGoVChMI3cj0ofj2xwIVCX8sCh0aZQDu&usg=AFQjCNFzsEBkP4qS8mYAQD2fT0Y3KmwLEg


Co kdyĤ ale budeme pozorovat chov§n² teploty z jedouc²ho vlaku 

Velk§ vzd§lenost Velk§ rychlost 

Logika versus fzzika/matematika  

Co mŐŠ²me?   Jak to mŐŠ²me ?   Kde to mŐŠ²me ? 
  VĤdycky nŐco namŐŠ²me !!  

http://www.google.cz/url?url=http://munfitnessblog.com/how-to-prevent-wrist-pain-from-your-weight-training/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBYQwW4wAGoVChMI3cj0ofj2xwIVCX8sCh0aZQDu&usg=AFQjCNFzsEBkP4qS8mYAQD2fT0Y3KmwLEg


      MakroskopickĲ extr®m  
  

        Relativistic k§ transforma ce 

        

T = T0Õ(1 -v2/c2)    K. v. Mosengeil (1907) 

 

       T = T0 /Õ(1 -v2/c2)    H. Ott  (1963) 

 

    T = T0   P. T. Landsberg (1966) 

 

ÝDlouhodob§ kontraverze ï probl®m relativistick® fyziky 

 

ÝNaġe Śeġen²  

Ýk = k0Õ(1 -v2/c2),   R = R0Õ(1 -v2/c2) 
 

 

 
J.J. MareĢ, J. ġest§k, V. ġpiľka, P. Hub²k, J. KriĢtofik,  Temperature 
Transformation and Mosengeil -Ottõs Antinomy. Physica E 42 (2010) 484      



   TEPLO, TEPLOTA, TEPLOZPYT                           

                  Temperature     Heat  
Temperatur     Wªrme 
Temp®rature    chaleur  
 
Teplota        t eplo 
Temperatura     ciepĠo 
ȴɇɎɑɇɒɂɔɕɒɂ    ɔɇɑɍɐ 
 
ŰŴȉŀȈȄȉŲŵɻŲ  ȂŴȉŀȑŶȁŶŲ   
 
Teplo ï teplozpyt Ú calorimetry 
 

Kabaret 
Majora 
KopŠivy: 
Mrazospytem 
k teplozpytu  



J.A. KomenskĨ 

Ă ĂAbychom ¼ļinky tepla a 

zimy spatŚili svŊtle, sluġ² 

se vz²ti pŚedmŊt viditelnĨ i 

sluġ² se poġetŚovati zmŊn 

jeho, kdyģ se ohŚeje i 

kdyģ se zase ochlad², aby 

se oļitŊ uk§zalo, co teplo 

a zima dŊlaj² smyslŢm 

pochopiteln®ñ    

ñ         introduced  ă caloric ò    

Heat: calor, fervor a ardor 

Cold: frigus, algor and ?? 
Not yet distinguishing temperature 

tempor 

1592-1670 



phlogiston-fuel- palivina 

caloricum-medium-tepl²k 

. 
Becher, Stahl ­ phlogistom (terra pinquis) 

Metal  =  CALX  + phlogiston 

caloric 
«Black,Irving, Sheele 

     Pristley, Cavendish 

Logarit hmic dependence between  
amount (quantity) and inten sit y  

Sensible  and latent  
heat  

Reneissance  : 



dilatation  

phase separation  

In order to stay away from a 
total gravitational collision, which 
would produce a single 
homogeneous mass, the opposing 
force was considered to be the 
ôself -repulsive caloricõ. Such an 
early ôfluidõ hypothesis became 
important in the formulation of 
modern laws and was common to 
the way of thinking of  early 
Greeks (Archimedes).  
 



J. Black (1728-1799) 

J. Irvine (1733-1791) 

Distinguishing specific heat, latent heat and  
temperature:  launching thermometry      
   and calorimetr y 



Poincar® 1790   

te 

    Particles of         HEAT   and  COLD 



Heat as an element  



Temperature  
scale & calibration  

Newton (T =12 {2x-1}, 0-34 ), Amontons  (V ­0, T­0)  
ÝKelvin, Rºmer, Fahrenheit , 32 -212), Celsius (100-0  
Ý Linn® 0-100), Thomson (Th = c1 lnT + c2, To ­ ¤ ) 

0 ¢ T < ¤ 

¤ < T < ¤ 

Ľ²m horĢ² 
pivo, t²m 
dŠ²ve zmrzne 



Jan Amos Comenius:  
óto observe clearly the effect of heat and cold, a visible 
object should be subjected to heating and subsequent cooling, 
the sensible changes made by heat and cold will then be visible 
to the eyeó  Seventeen Century  
Thermal analysis  is a branch of materials science where the 
properties of materials are studied as they change with 
temperature. Several methods are commonly used ð these are 
distinguished from one another by the property which is measured     
       Wikipedia  definition  
 
  
 Temperature T   

       (heat q) 
   Thermal analysis 
    T vs T   or    T vs time 

 
       Universe       10 6 light  years 
       planet            km 
Û   man                m           (sec) 
       molecule       nm 
       electron        10 -16  m 

     macro     ?? 

   micro     ?? 

What is what in TA ? 

Universe, Earth climate, weather 

Chemical and  quantum processes 



we cannot  use energy arbitralrily 
becaouse of  entropical limits 

dW = pdV 

p 

DU/DS = T Ý chaotic   process 

DU/DV = P Ý ordered process   

  

macro 

micro 

Thermodynamic  laws 
diff erence  between  ăOrder òand ăChaosò 

                      Temperature and heat / entropy   



 

     Similarity of Newtonôs law of gravitation 

 F = m a 
                    

  ensue many other principles 

Law of heat transfer (Fourier)    q = lÐT 

Law of diffusion (Fick)               J = D Ðc 

Law of  electric flaw (Ohm)      I = r Ðu 

Law of thermal inertia                 Ui = Cpd2T/dT2   
 

As well as surface tension,  mobility in liquids,                                                 
(such as further Stokesô, Newtonôs law) etc 

 

Fluid-like 

flow of 

ócaloricumô 

?What is caloricum  

In modern theories ? 



Pouruing liquid and 
filling a bottle is not 
instantaneous but  
needs certain time  

Any matter 
transport  
desires   
definite 
time lag  

Inserting óheató  to 
the vibration and 
ordering  modes is not     
immediate but needs    
      explicit time  

Heat sink within the 
sample thermal capacity  
 
Gravity on a micro - level  

similarity 

Fluid- like transfer  

Cp 
m 



Newton   gave to us the deterministic description of our 
physical world whilst always aware that it could be a part of a 
superior universe (extending from the very small to the extremely 
large). He intuitively associated heat conduction with temperature 
gradients called ôgradus caloricumõ (whereupon gradient is derived 
from Greek ôgradusõ which means felicitous, congenial). Newton  
even tried to make some quantitative observations by heating one 
end of a metallic bar and observing heat propagation by detecting 
the progress of melting of various substances (wax) at different 
distances.  It helped him to formulate the law of cooling without 
knowing what heat actually was .  Letõs remind het flow q is 
dependent on temperatures Th and Tc and heat capacities C :  
 

q =  K(Th ï Tc) = Ch (dTh/dt) + Cc (dTc/dtŝ)  

 

assuming Cc,  Ch and Tc = const,  we obtain 

 

K(Th ï Tc) = - Ch (dTh/dt)  Ý K(Th ï Tc) dt + Ch dTh  = 0  



(K /Ch) dT = d ln K(Th ï Tc) 

                  Þ 

(Th ï Tc) = (Tho ï Tc)  exp  (- (t ï to)/t) 

where Tho is the initial temperature of hot body and  

t = Ch/K is called time constant of cooling. 

Latter applied by Tian in his basic calorimetric equation  

History 1933 

                 Ý 

  Present  day Þ 

t = Ch/K  



II 

Rovnov§Ĥn§ teplota f§zov® pŠemŐny: Tt
eq   

C#½h±# ty9a=b! 

CłȊŜ  h

Tt
eq 

CłȊŜ  ̡

1˒ 

2˒ 

3˒ 

T 

H 4˒ 

T1 T2 T3 T4 

HolbaËs  life attempt to give kin eti cs its thermodynamic background nd 

0˒ =0 1˒ 2˒ 3˒ 4˒ 

T1 

T2 

T3 

T3 

T4 

Tt
eq 

Holba P., ġest§k J. (1972) Kinetics with regard to the equilibrium of processes studied by 
non-Isothermal techniques, Zeit. physik. Chem. N.F. 80: 1 ; and Holba P (2015) Ehrenfest 
equations for calorimetry and dilatometry.  J Therm Anal Calorim. 120, 175 -181. 

 

 ˒Ґ ǊȅŎƘƭƻǎǘ ƻƘǌŜǾǳ ώYκƳƛƴϐ 



F§zov® pŠemŐny a teplotn² derivace 
entalpie  

II eyq 

{YhYh±# ty9a=b! 

CłȊŜ  h CłȊŜ  ̡

th{¢¦tb# ty9a=b! 

CłȊŜ  h
5ǾŠ ŦłȊŜ 

 h+ ̡   CłȊŜ  ̡

eyq 
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X-ray ~ 0.5 nm 

(ordering of atoms) 

optical ~ 600 nm 

(set-up of crystals) 

size 

 Gustav H.J. Tammann (1861-1938) 

  Nikolaj S. Kurnakov (1860-1941)   

        Max von Laue (1879-1960) 

William Lawrence Bragg (1890-1971) 

 

Sigmund Freud (1856-1939) 

Zacharias Janssen (1580-1658); 

    Galileo Galilei (1564-1742) 

Nondestructive  

Destructive  



X-ray 
 

Identity 

ñfingerprintñ 

 

 

Position 

Symmetry 

Quality 

 

 

 

Quantity 

Intensity 

Area 

 

 

 

Shape 

Broadening 

Crystal size 

DTA 
 

Identity 

ñfingerprintñ 

 

 

Position 

Uniformity 

Quality 

 

 

 

Quantity 

 Size 

Area 

 

 

 

Shape 

Structure 

Kinetics 

base- line            singularity 

  Spectroscopic methods                                              Heat transfer methods 

? Does it exists ! 

¬Similarity  

? Dissimilarity !  



Heat - flux DSC  Compensation DSC 

DTA 



 qôs = Ls (Ts ï Tj) 

 qôD = LD (Ts ï Tr) 

DHôs = qôs  + qôD + Qôs 

Enumerated for both the 

sample, s, and the 

reference, r, 

DTA 

DSC 

DT = [- DHS aô + (CpS ï CpR)f  + 

CpS DTô] / LS  

(Ts @ Tr) and DTDTA  º 0 

DQô = - DHs aô + (Cps ï Cpr)f  + D 

L (T ï Tj)  

ġest§k J, Holba P (2013) Heat inertia and temperature gradient in the treatment of DTA 
peaks: Existing on every occasion of real measurements but until now omitted . J Thermal 
Anal Calorim 113: 1633ð1643 

DTA equation  



Why are the curves/peak by DTA and DSC different ?  

Mutual comparison of the sensitivity of measurements   

Can we recognize its consequences ?!  

diminishing  sharpening 

R 

DT 

R 

DT=0 

Dq 

DT Dq 



  Isothermal and non - isothermal measurements:  
naturally involves thermal setups - gradients  

Did we ever recognized it ?! 

Holba  P, Ġest§k J. (2015) Heat inertia and its role in thermal analysis.  J Thermal 

Anal Calor, 121:303ï307 

 

DTA  

DT 

dT/dt = 0, T = constant  

d2T/dt 2 = 0, dT/dt = b 

d2T/dt 2  ̧ 0, dT/dt = changing 


