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EE 362 Electronic, Magnetic, & Optical Properties of Materials
Examination #1 (Spring 2026)

Name KEY

Instructions: Closed book. Put answers in indicated spaces, use notation as given in class & show all work for credit.
Insert equation sheet in exam. Answers should have 5-6 significant figures (use more for constants).

1) At 300K, calculate the number of hole energy states (#/cm?) in Germanium between E, and E, - 1.3ksT.
Find the probability that an energy state at £, is occupied by a hole. Next, find the probability that an
energy state at £, - 1.3ksT is occupied by a hole. Assume the Fermi energy is at mid bandgap.

dr(2m’)>"?
Per (3.75), g,(E) = %JEV — E . Following a process similar to Example 3.4, the

number of valence energy states in Germanium between E, and E, - 1.3kgT 1s

N =[" pae= (" T e
v EV71.3kBTgV( ) _IE,,1.3kBT B v
E,
47[(2m ) ) ‘ 87 (2m )3/2
T_(E E)3/2 —(1 3k T)3/2
E,~1.3kyT

Per Table B.4, the density of states effective hole mass for Germanium is m,* = 0.37my.
Using this value and other constants, we get

87(2(0.37)9.1093837x107' )
N - (2037 : ) [1.3(1.380649x10)300]

3(6.62607015 x 10-34)
= N, = 6.297238 x 10% #/m>= 6.297238 x 10'* #/cm°.

Per example 3.7, the probability that an energy state is empty at £ can be found by
subtracting the probability of electron at that energy from 1. To compute this, we need

AE\=Ep-E,=Egy/2=0.66/2=0.33 eV & kzT=(8.617333x10)300 = 0.025852 eV

P hole El=l— fu(E)=l-—t ——j—— 1y 1 _ 5 gs0187x10°

E,—E —AE, ~0.33
kT 14 ekl 1 + 0025852

l+e

AE>= Ep - (Ey-1.3ksT) = Egay/2 + 1.3k5T = 0.33 + 1.3(0.025852) = 0.363608 eV

1 1 1
P_hole E2=1-f.(E, -1.3k,T)=1- E, 13k, —E, 1- CAE, =5
1+ eT 14 ko7 1 + e 0025852

= 7.79221 x 107".

# of hole energy statesey o £v- 1387 = 6.297238 x 10> #/m> = 6.297238 x 10'3 #/cm’
hole prob.z, = 2.85919 x 10°° hole prob.zy- 137 = 7.79221 x 1077
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2) The crystal structure of potassium chloride (KCl) is simple cubic with the K (ionic effective radius
1.341 A) and Cl (ionic effective radius 4.951 A) atoms alternating. Find the lattice constant (A), unit
cell volume (m?), # of K atoms per unit cell, and # Cl atoms per unit cell. Then, compute the atomic
volume density avd (#/m?) for the K and Cl atoms. Last, find the mass density of KCI (g/cm?).

Assuming the K and Cl atoms touch at their effective radius-
a=rg+ro=1341+4951=6.292 A

unit cell volume = a* = (6.292x1071%)* = 2.4909565 x 102 m*

# K atoms/unit cell =4 K atoms at corners (1/8 atom/corner) = 0.5

# CI atoms/unit cell = 4 Cl atoms at corners (1/8 atom/corner) = 0.5

avd, =X tomshmit cell _ 00 o avdy = 2.007261 x 107 #/m’,
volume/unit cell 2.4909565x%x10
avd,, - # Cl atoms/unit cell _ 0.5 — avde = 2.007261 x 1077 #/m®.

volume/unit cell ~ 2.4909565x 1072

From the periodic table, the atomic weight of potassium K is 39.098 and the atomic weight
of chlorine ClI is 35.453.
atomic weight K (avd, ) + atomic weight CI (avd,)
NA
~39.098(2.007261x10%") +35.453 (2.007261x10%")
- 6.02214076 x10%

= mdkc = 248.488.5795 g/m’ = 0.248489 g/cm’.

md,, =

Kl lattice constant = 6.292 A unit cell volume = 2.4909565 x 1023 m?3

# of K atoms per unit cell = 0.5 # of Cl atoms per unit cell = 0.5

avdx =2.00726 x 10?7 #/m*> avdc=2.00726 x 10>’ #/m* mass densitykc = 0.248489 g/cm’
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3) A mineral has a side-centered orthorhombic crystal lattice where a =2.6 A, b=5.2 A, and ¢ = 3.8 A.
Find the number of atoms per unit cell and atomic volume density. Then, calculate the number of
atoms and atomic surface density for the right & top surfaces.

# atoms/unit cell = 8 atoms at corners (1/8 atom/corner) + 2 atoms at sides (1/2 atom/side)
= # atoms/unit cell =2

unit cell volume = abc = (2.6x1071%) (5.2x1071%) (3.8x1071%) = 5.1376 x 10*° m?

# atoms/unit cell 2
avd = . = =
volume/unit cell 5.1376x10
= avd=3.89287 x 10*3#/m> = 3.89287 x 10?2 #/m>.

Right side
unit cell right side area = ac = (2.6x107'%) (3.8x107'%) = 9.88 x 102" m?

# atoms/right side = 4 atoms at corners (1/4 atom/corner) + 1 atom in middle
= # atoms/right side = 2

# atoms/right side 2
asd, = : : = 20
area/right side 9.88x10
= asdr=2.02429 x 10" #/m*=2.02429 x 10" #/cm’.
Top side

unit cell top area = ab = (2.6x1071%)(5.2x10'%) = 1.352 x 10" m?

# atoms/top = 4 atoms at corners (1/4 atom/corner) = # atoms/top =1

# atoms/top 1
area/top 1.352x107"

asd, = = asdr=7.39645 x 10" #/m*=7.39645 x 10" #/cm’.

# atoms/unit cell = 2 atomic vol. density = 3.89287 x 10*® #/m> = 3.89287 x 10**#/cm’

# atoms;ig=_ 2  atomic surface densityyighe = 2.02429 x 10" #/m>=2.02429 x 10" #/cm?

# atoms,,= 1 atomic surface densityi,,= 7.39645 x 10'*#/m* =7.39645 x 10" #/cm?
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4) An eccentric scientist has fused two electrons to create the bielectron. The bielectron is accelerated
from rest in the +x-direction through a 3.3 V potential difference at x — -o0. Find the kinetic energy (J
and eV), momentum, velocity, and de Broglie wavelength of the bielectron assuming region I (x < 0)
has zero potential energy. The bielectron encounters a finite potential barrier of 8 eV from 0 <x<3 A
(region II). Find the wave number k in regions I & II as well as the percent transmission coefficient
(AKA tunneling probability) for the bielectron from region I to region III (x > 0).

V/\ \/o: 86(/

ﬂcj‘rc‘m /iepid/l Ifeje‘ﬂ‘%n

Magnitude of charge of bielectron = 2e V=0 4

Mass of bielectron = 2my

V=0

=WV

0 ﬁ=3A

From EE 381, the kinetic energy is E=qV =2e(3.3V) = E=6.6 eV = 1.0574366 x 108 J.

From physics, the kinetic energy is £ = 0.5mv?. The bielectron velocity is then

—18
v:‘/zE _ | 2(1.0574366x10 21 — y=1,077,414.1 m/s = 1.07741 x 10° m/s.
m \2(9.1093837015x107")

From physics, the momentum is p = mv = 2(9.1093837015x10! kg) 1,077,414.1 m/s
= p=1.962916 x 10> kg-m/s.

Per (2.3), the de Broglie wavelength is
A=hlp=6.62607015x107*/1.962916x10>* = A=13.37563x10""m=3.37563 A.

Per (2.61a & 2.61b), the wave numbers in regions I & II are

=31 -18
- /2m2E: (2)2(9.1093837 x10 )1.034742366><10 e 1.86134 % 10 rad/m.
/s (1.0545718x107*)

. 2mV,—E)  [(2)2(9.1093837x107")[8(1.6021766 x10™"*) —1.0574366 x 10"
" /7 (1.0545718 x107%)?

= ku=8.572698 x 10° Np/m.

. . 1 1
% transmission coeff.is T, , = —— = 5 5
1+V° sinh”(k,a) 1+8 sinh”(8.572698 x107«3x107")
4E(V, - E) 4(6.6)(8—6.6)

kinetic energy = 6.6 €V = 1.05744 x 1013 J momentum = 1.962916 x 1024 kg-m/s

velocity = 1.07741 x 10¢ m/s de Broglie wavelength = 3.37563 x 10" m = 3.37563 A
ki =1.86134 x10'° rad/m ki = 8.572698 x 10° Np/m % trans. coeff. = 1.34576 %
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