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1. Consider a 2-dimensional intrinsic semiconductor for which the density-of-states 

(DOS) functions can be written as 

𝑔௡(𝜀) = (4𝜋𝑚௡
∗ ℎଶ⁄ )    for 𝜀 > 𝜀஼  

𝑔(𝜀) = 0    for 𝜀௏ < 𝜀 < 𝜀஼  

𝑔௣(𝜀) = ൫4𝜋𝑚௣
∗ ℎଶ⁄ ൯    for 𝜀 < 𝜀௏  

How far above the mid-gap is the intrinsic Fermi level at room temperature, if 

𝑚௣
∗ 𝑚௡

∗ = 2⁄ ?                                    (8) 

 

2. The following information is known for a ferromagnetic material.  

Crystal Structure BCC 
Lattice parameter 2.8665 Å 
Curie point 997.36 K 
Weiss parameter (with relates the internal magnetic 
field Bi with M) 

 = 100𝜇଴ 

The parameter 𝑔௅𝐽 (𝑔௅: Lande g-factor and J total 
angular momentum quantum number) 

6 

 

What is the electronic configuration of the partially-filled d-shell of the ferromagnetic 
element? (No orbital angular momentum quenching should be assumed)               (6) 

 

3. At T = 35 K, the electron concentration of a n-type semiconductor with doping density 

of 𝑁஽  =  5 × 10ଵ଼cmିଷ is 𝑛଴(𝑇 = 35 𝐾) = 4.16 × 10ଵ଻cmିଷ.  

(a) What is the ionization energy of the donor, given 𝑈஼ = 2 ቀ
ଶగ௠೐௞ಳ்

௛మ ቁ
ଷ ଶ⁄

=  8 ×

10ଵ଺ cmିଷ at T = 35 K ? 

(Assume that 𝐸ி   is several 𝑘஻𝑇 away from 𝐸஽  and hence also 𝐸஼ , so that Boltzmann 

approximation is valid. Also neglect thermally generated carrier concentration) 

The n-type semiconductor of (a) is used to make a p-n junction with another p-type piece 

of the same semiconductor, with doping density 𝑁஺  =  7.5 × 10ଵହ cmିଷ .  

(b) At room temperature, if 𝑈஼ 𝑈௏⁄ = 0.08, and the built–in potential of the junction is 
0.78 V, what is the band gap of the semiconductor? 



(c) What is the built-in potential of the same junction at T = 35 K, if the donor and 

acceptor ionization energies are identical? (Neglect variation of bandgap with 

temperature)             (2+ 4 + 3 = 9) 

 

4. For a ferromagnetic material with J = S = ½, show that 

(a) Show that 𝐵௃(𝑦) = tanh(𝑦) 

(b) What is the expression of  𝑦 in the absence of any externally applied magnetic field? 

(c) Show that  
்

்಴
𝑦 =  tanh(𝑦) (in the absence of an external magnetic field) 

(d) Show that the magnetization at the limit 𝑇 → 0 is 𝑀(𝑇 → 0) = 𝑛𝜇஻൫1 − 2𝑒ିଶ்಴ ்⁄ ൯ 

 (2+2+4+4 = 11) 

 
5. The plot of 𝑣௞

ଶ versus electron energy 
௞

 (as described in BCS theory) for a 

superconductor at T = 0 resembles the Fermi distribution for a normal metal at T = 9 K.  
 
Here, the BCS ground state is being approximated as  

|
஻஼ௌ

ൿ = ෑ ቈቆට1 − 𝑣௞
ଶቇ |0⟩௞ + 𝑣௞|1⟩௞቉

௞

 

where |0⟩௞ and |1⟩௞ represent the states in which the pair state (𝒌 ↑, −𝒌 ↓) is unoccupied 
and occupied, respectively. 
 
Given that the London penetration depth varies as 𝜆(𝑇) = 𝜆(0)[1 − (𝑇 𝑇஼⁄ )ସ]ିଵ ଶ⁄ , 
estimate the distance (in the z-direction) within a semi-infinite slab of this 
superconductor (in the geometry shown below) over which a magnetic field (of strength 
less than the critical field of the superconductor at 7.5 K) will decay to 5% of its value at 
the surface at T = 7.5 K. 

 
(Assume that the electron density of the material in its normal state is 5.5 × 10ଶଶ𝑐𝑚ିଷ and 
consider the free electron mass if needed.)       (6) 

 

                                


