Practice Problems
1. Assume that the valence and conduction bands for a given material are given respectively by:
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Where α=20.2eV, β=1.0eV, γ=28.5eV, and (=-6.8eV (notice that ( is negative) and a=6.85Å is the lattice parameter.

a. Is the band gap direct or indirect

To determine whether this material has a direct or indirect gap we need to calculate the minimum of the conduction band and the maximum of the valence band and determine if they occur at the same value of k or not.  But both derivatives are proportional to the sin(ka) which is zero for k=0, thus this is a direct bap. 

Notice that the second derivative at k=0 is positive for the conduction band (minimum) and negative for the valence band (maximum). 
b. Calculate the band gap for this material
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Eg=Ec(0)- Ev(0)=21.7eV-21.2eV=0.5eV
c. Calculate the mass of holes at the top of the valence band and the mass of electrons at the bottom of the conduction band  
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  At the top (ka=0)  
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  At the bottom (ka=0)  
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In order to get consistent units, we convert ( and (  to Joules, so

(=1.6x10-19J   and (=-1.1x10-18J

So at the top of the valence band
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And at the bottom of the conduction band
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d. Calculate the population of intrinsic carrier at T=300K

Two approaches can be taken here, one, remember that the population of electrons and holes in the corresponding bands is the same, so we can calculate np that only depends on the band gap, and the take the square root.  Using the values for the masses and the gap obtained before,
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So, n=p=2.6x10-19m-3
The second option is to calculate the chemical potential or Fermi level from
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And then use it in
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  or 
[image: image14.wmf]T

k

E

B

h

B

v

e

T

k

m

p

m

p

-

÷

ø

ö

ç

è

æ

=

2

3

2

2

2

h


Both should give the same results (or close to it) n=p=2.6x10-19m-3
2. Calculate the molar susceptibility for a He atom.  (Assume an average electron radius of 0.163Å).
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   Where N=atoms per unit of volume.  N=NA
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3. Consider a material for which the anisotropy field is 5x103 A/m with a saturation magnetization of 1.4x106 A/m.

a. What is the magnetic anisotropy constant
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b. What is the component of the magnetization parallel to the field for H=2x103 A/m
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c. What is the component of the magnetization parallel to the field for H=2x104 A/m 
As the applied field is larger than the anisotropy field, the ferromagnet is saturated and thus M||=Ms=1.4x106A/m
d. If the ex integral of JE=0.018eV. Calculate the wall energy and thickness 
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4. Tin has a critical temperature of 3.7 K, and a critical field at 2.5 K of 13 kA/m

a. What is the critical field at 1.5 K?
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    so   Ho=24kA/m
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b. What is the critical current at 1.5 K in a tin wire of 30 cm in diameter?
Ic=2( 0.3m 20 kA/m=37.7kA
c. What is the critical temperature if a current of 9.43 kA is circulating through the tin wire?

When there is no external field or current in the superconductor, raising the temperature to the critical value, means that the critical field is zero.  That means that at a temperature just below the critical temperature, any field will push the superconductor away from its superconductive state.   If there is a field applied, then the current cannot be raised all the way to its critical value but only up the value where the critical field is equal to the applied field.  This works equally if there is no external field but a current is circulating, in that case, the temperature can be raise up to a value where the critical field equals the field produced by the current, so
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  From where  T=3.3K
5. A type II superconductor, with lower critical field of 5 kA/m and upper critical field of 100 kA/m. (Ignore any diamagnetism or paramagnetism the material may have in the absence of superconductivity)

d. If this superconductor has 3.65x1012 fluxoids/m2 when H=10 kA/m, calculate the magnetic field B and magnetization M
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B=(o(H+M)  from where 
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e. If for H=15 kA/m the magnetization is observed to be -2kA/m, calculate the magnetic field and the number of fluxoids
B=4(x10-4T.m/kA(15kA/m-2kA/m)=1.6x10-2T  
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f. What is M and B for H=4 kA/m?
This field is below Hc1, thus the superconductor behaves as a type I superconductor, and that means that M=-H and  B=0
a. What is M and B for H=101 kA/m?

This is above Hc2 and the material is not longer a superconductor.  Disregarding any diamagnetic or paramagnetic property, M=0 and B=(oH=4(x10-4T.m/kA 101 kA/m=0.13T
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