ChE 393 – 469 A








 
Homework 2

 (24 pts)
1.
Have you ever wondered exactly how a thermocouple works?  The standard explanation is that an electrical potential is generated when two dissimilar metals are brought in contact.  This is correct, but how is the potential generated, and why does it vary with temperature?  The answer follows from an analysis of how chemical potential varies with temperature.  A quantitative analytical result is difficult to obtain for a three dimensional solid, but we can do a simplified calculation for a two-dimensional metal to sketch the basic picture.



From thermodynamics, we know that at equilibrium the chemical potentials 

 of two phases in contact must be the same.  If metals having different chemical potentials are brought together, electrons will flow from one to the other until the electrostatic potential just balances the difference in chemical potential between the isolated metals.  (We saw this effect in class for pn diode junctions in semiconductors.)  That is, the generated electrostatic potential is 

.  This is what you measure with a voltmeter.  So to calculate 

, we need to compute expressions for 

 for each isolated metal.  Here’s how to proceed:



The total number of electrons per unit volume in a solid is just







(1)


where 



=
the number of energy states available to an electron of energy 

 (the so-called “density of states”)








=
the probability that the state will be occupied (i.e., the Fermi 




distribution)



Hence, the number of states available at 

, times the probability of occupation at 

, summed over all 

, gives the total density of electrons.



In a typical solid, 

 is a fixed number that is easy to calculate.  It is the number density of atoms (atoms/vol) times the number of electrons per atom that are free for conduction.  

 is difficult to compute analytically for a typical three-dimensional solid (although it can be done numerically).  However, in two dimensions for a metal in which the conduction electrons are completely free to wander the solid (as in metal), 

 is constant:












(2)


where m is the mass of the electron, and 




The chemical potential 

 enters into Eq. (1) through the Fermi distribution.



(15 pts)
a.
Use equations (1) and (2), along with the Fermi distribution, to compute 

 as a function of m, T, 

, etc.  You will need to do an integral that is best to look up in a good table (better than the CRC Handbook’s).  After doing the integral, it will be helpful to neglect one of the two terms you get by comparing their sizes.


(5 pts)
b.
In this simplified 2-D case, 

 is actually the number of electrons per unit area.  Given a typical atomic diameter, 

~5 x 1014 cm-2, and using numerical values of m, k, etc. calculate 

 (in eV/electron) as a function of T.  Could you make a thermocouple out of two metals behaving like this?  The three-dimensional case avoids this anomaly because 

 decreases with T.



(4 pts)
c.
Where in the calculation of part (a) would the physical properties of the solid enter in?  It is by this means that 

 varies among metals.
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