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Solution Final Exam - Solid State Physics 1 
 

Question 1: Crystal structure (20+5 points) 
 
A. Crystal systems of carbon 

1) (5p)  

 

 
2) (2p)  

 
 
 , here a is the distance between the carbon atoms.  
 

3) (2p bonus)  

Refer to layer A (thin), the B layer (Blue thick) shift 
with 2(a1+a2)/3, then the C layer (red thick) shift for (a1+a2)/3. 
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4) (3p) The key is how to make the proper curvature. For CNT, wrap up a graphene sheet and 
connect the handling of bonds at the edge, the surface normal is in a single plane for the whole 
surface. While for fullerene, the surface normal is not in a single plane, we need alternating 
pentagons and hexagons of carbon to realize this curvature. 
 
 

 
B. The crystal structure (left) of an antiferromagnetic compound MnO 

 
1) (3p) The Bravais lattice is face-centered cubic, where the length of the lattice vectors |a1| = 

|a2| = |a3| = a, and the angles between them are 90 degrees. 
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2) (2p)

 
So the volume of the primitive cell is 1/4a3. 
 

3) (2p) The lattices are two interlocked FCC lattices with each FCC lattice having 4 atoms in the 
basis. This totals 8 atoms in the unit cell and therefore 8 atoms in the basis. 
 

4) (3p bonus)  
 

The structure of MnO is exactly the same as that of NaCl, for which we have: 
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5) (3p)  
The magnetic unit cell is FCC with lattice vectors of length 2a. This means that the volume of 
the magnetic FCC unit cell is 8a3. The primitive cell for FCC has 1/4th of the volume of the 
conventional cell (as in 2)), so the volume of the magnetic primitive cell is 2a3. 
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Question 2: Phonons and thermal properties (20 points). 
1) (6p) 

 

 

2) (2p)  
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3) (3p) 

 

(2p) If we think about a 1D chain, 3D vibration, we will have 3n-3 optical mode, and 3 acoustic 
modes. For 1D chain 1D vibration, we will have n-1 optical mode and 1 acoustic mode, both 
answers are fine. 

4) (4p)  

 

5) (3p)  
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Question 3: Free electrons in an intermetallic compound (20+3 points) 
 
1) (5p)  

For the Drude’s model; Under an electric field E, the equation of motion for electrons is 

𝑚! 	
"#$⃗
"&
=	−𝑒	𝐸'⃗  

By integrating over time from t=0, we get the velocity at time t; 
𝑣	'''⃗ (𝑡) = 	−𝑒	𝐸'⃗ 	𝑡/𝑚!	 

Considering the average time τ in between the collisions (momentum relaxation time), the drift 
velocity for electrons can be derived as: 

𝑣	'''⃗ = 	−𝑒	𝐸'⃗ 	𝜏/𝑚!	 
If we consider a charge flow through a metallic bar, the total number of electrons passing 
through it in unit of time is equal to n𝑣A and the created charge current would be -en𝑣A. The 
current density is J = -en𝑣. 
By replacing the average velocity, the current density is;  𝚥 = 	𝑛𝑒2 '

(!
𝐸'⃗  

That is Ohm's law with having conductivity as 𝜎 = 	𝑛𝑒2 '
(!

. 

 
2) (4p)  

 
 
 
 
 
 
 
 
 
 
 

 
 

 
Change of momentum of the electron can be shown as the shift of the Fermi sphere in k-
space:The main difference between Drude and Sommerfeld model is that the Drude model is 
classical and provides the description in real space, however, the Sommerfeld model considers 
quantum theory and describes the behavior of electrons in k-space. 
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3) (5p)  
The density of states k states )

*3
= 1

+3
  and the number of valence electrons per atom is 1; z = 1. 

4) 𝜎 = ,!ℏ-
(	/

 

5) 𝜀 = ℏ2-2

2(
 

6) 𝜎 = !ℏ	(2(1)1/2

+3(ℏ	/
 

The discrepancy between the conductivity calculated using Drude's model and the one measured 
comes from the fact that the Drude model considers the classical free electron gas without 
interaction with the lattice.  As it is mentioned, different ratios of the atoms do not change the 
lattice constant or the total valence electrons. So what causes the change in the measured 
resistivity is the crystal structure which is not considered in the Drude’s model. 
 

7) (6p)  
The stoichiometry is determined by calculating the number of atoms of each metal per unit cell;  

 
(a)                                        (b) 

 
(a) Left structure is "AB" 

Atom A  =>  8×1/8+2×1/2 = 2 
                                        Atom B =>  4×1/2=2 

 
(b) The right structure is "A3B" 

Atom A =>  6×1/2=3 
Atom B =>  8×1/8=1 
 

Kx = (2π/L)nx,  Ky= (2π/L)ny 

Total	number	of	electrons		NZ = 	% !
"p
&
"
× 2p	𝐾#"	

																																																		𝐾# = %2 %$
%!
&𝑍p&

"
!	

$
%!
= &

'!
	and	the	number	of	valence	electrons	per	atom	is	1,	there	are	2	atoms	as	

basis	so	we	consider	Z	=	2.	Therefore;	𝐾# = % (
'!
p&

"
! = 3.54/𝑎	
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D(E)dE=2D(k)dk=	% %
"p
&
"
× 4p𝑘d𝑘		

Considering	dispersion	relation	for	the	free	electron	gas;	E=ℏ"	𝑘"/2m		

D(E)=	% !
"p
&
"
× 4pk	dk/dE=	% !

"p
&
"
× 4pk	 ×	(𝑚/ℏ"𝑘)=	% !

"p
&
"
× 4p𝑚/ℏ".	

	

8) (3p bonus)  
As we know the density of states in a 2D and 3D system is the following; 

 

By growth, the system has gradual evolution in the density of states profile which starts with 
quantized states and smooths to 3D sqrt(E) dependence. 

 
Question 4: Carrier doing in a semiconductor (20+2 points)     

1) (3p)  

We consider the band structure of Si and presence of 4 levels in the valence band. The fact that 
the diamond crystal structure of Si has 2 basis means that the number of valence electrons per 
unit is 8. These 8 electrons occupy all the available states in the valence band, while the 
conduction band remains empty. Check the 4 available dispersions along the WΓ, WL, direction 
(other directions have degenerated dispersion). As a result, the Fermi energy has to locate in the 
gap of the semiconductor.  

2) (4p)  

Energy and momentum conservation in the optical absorption of Si: 
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3) (2p)  

Z = 3, acceptor, and Z = 5, donor, And the impurity levels with respect to the valence and 
conduction bands; 

 

4) (6p)  

In order to judge the negligibility of intrinsic conduction, we need to compare the density of 
the intrinsic charge carriers with the extrinsic one. The density of the intrinsic charge carriers;  
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𝑛32 = 4 34#	5
26	ℏ2

4
3
(𝑚!𝑚ℎ)

3
2𝑒7	

$%
&#' = 4 5 1.38×10

(23	×300
26×(1.05×10(34)2

6
3
79.1 × 10731:

3
𝑒7

1.12
25.84×10(3	=  

9.6 x 1031 m-3 

  
𝑛3= 9.8 x 1015 m-3 ~ 1010  cm-3 

 

𝑛 = √2 5
𝑚!𝐾:	𝑇

2𝜋	ℏ2
6
3/4

(𝑁")
1
2𝑒7	

/+
24#5

= √2A
9.1 × 10731 × 1.38 × 10723 	× 300

2𝜋 × (1.05 × 10734)2
B
3/4

71018:
1
2𝑒

7	 0.1
25.84×10(3 	~1017	𝑐𝑚73 

n ≫ ni 

5) (2p)  

Effective mass:   1
(∗ =

1
ℏ2
("
2/
"-2
) 

6) (3p)  

𝜎 = 𝑛𝑒𝜇! + 𝑝𝑒𝜇<	~	𝑛𝑒𝜇! = 1017 × 1.6 × 10719 	× 100 = 1.6
1

𝛺. 𝑐𝑚	 

7) (2p bonus)  

Considering the dispersion relations and the band structure of Silicon, we observe that the 

corresponding K values are 𝛤 and 𝛸 for Ec +ℏ
2-2

2(!
 and Ev -ℏ

2-2

2(ℎ
 , respectively. At these points, 

there will be Fermi surfaces associated that all are spheres because of the assumption of 
me=mh, (which is our assumption for simplicity, for the real crystal, the Fermi surface is 
elliptical due to the different effective mass along different crystal directions. 

 
Question 5: Magnetism and superconductivity (20 points) 

 
 

1) (3p)  
The third term, correlated to the electron motion in the shell as a whole around the atom. 

 
2) (2p)  

First all, we need to shield the magnetic field, therefore, the  should be negative, so that 
the  will be smaller than . From the list, Graphite has the largest  with a negative 
value.  

 
3) (5p)  

The second term. A sketch is a plot below if field B is pointing up. Note the spin vector 
and spin quantum number Sz is antiparallel to the magnetic moment. 
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4) (2p)  

When a magnetic field B is applied, the magnetization M of N electrons, each has a moment 
μB is: M = μB(N↑ - N↓ ) = μB(1/2)D(EF)2μBB = μB2D(EF)B 
 

5) (2p)  
Zero resistance and Meissner effect (perfect diamagnetism) 
 

6) (4p) The magnetic flux  inside a “perfect conductor”: , namely the flux cannot be 
changed. While for the superconductor . Equivalently, it is also correct to show the 
point schematically. 
 

 


