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EE 362 Electronic, Magnetic, & Optical Properties of Materials   
Examination #1  (Spring 2025) 

Name  ___KEY B___ 
 
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 4-5 significant figures (use more for constants). 
 
1) Copper (Cu) has a face-centered cubic crystal structure with a lattice constant of 3.615 Å.  Find the 

atomic weight, number of atoms per unit cell, and unit cell volume (cm3) for copper.  Next, compute 
the atomic volume density avdCu (#/cm3) and mass density mdCu (g/cm3) of copper. 

 

From periodic table, the atomic weight of copper is Ar,Cu = 63.546. 

# atoms/unit cell = 8 corners (1/8 atoms/corner) + 6 faces (1/2 atom/face) = 4 atoms. 
 
volume = a3 = (3.615×10-10)3 = 4.7241633×10-29 m3      ⇒  volume = 7.72416×10-23 cm3. 
 
avdSr = (# atoms/unit cell)/volume = 4 / (3.615×10-10)3 = 8.46711 × 1028 atoms/m3 

⇒  avdCu = 8.46711 × 1022 atoms/cm3. 

The mass density strontium is 
mdCu = (avdCu) (Ar,Cu) / NA = 8.46711 × 1022 atoms/cm3 (63.546)/ 6.02214076 × 1023 

⇒  mdCu = 8.93454 g/cm3. 

 
 
 

 

 
 
 
 
 
atomic weight = 63.546       # of atoms/unit cell = _4_      volume = 7.72416×10-23 cm3 

avdCu = 8.4671 × 1022 atoms/cm3              mdCu = 8.9345 g/cm3 
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2) An electron, near the surface of lithium (work function 2.93 eV), is simultaneously struck at one point 
by photons A (λA = 680 nm) and B (λB = 560 nm).  First, find the frequency (Hz), momentum (kg·m/s), 
and kinetic energy (J and eV) of each photon.  Assuming 100% energy transfer from the photons to the 
electron, will there be a photoelectron?  If so, determine the maximum kinetic energy (J and eV), 
momentum (kg·m/s), velocity (m/s), and de Broglie wavelength (Å) of the photoelectron. 
 

Photon A:  
ν = f = c/λ = 2.99792458 × 108 /680 × 10-9   ⇒  νA = fA = 4.40871 × 1014 Hz. 

(2.2)   p = h/λ = 6.62607015 × 10-34 /680 × 10-9   ⇒   pA = 9.74422 × 10-28 kg⋅m/s. 

(text p. 27)  KEA = hνA = 6.62607015×10-34 (4.408713×1014)  

⇒   KEA = 2.921244 × 10-19 J = 1.8233 eV. 
 
Photon B:  

ν = f = c/λ = 2.99792458 × 108 /560 × 10-9   ⇒  νB = fB = 5.353436 × 1014 Hz. 

(2.2)   p = h/λ = 6.62607015 × 10-34 /560 × 10-9   ⇒   pB = 1.183227 × 10-27 kg⋅m/s. 

(text p. 27)  KEB
 = hνB = 6.62607015×10-34 (5.353436×1014)  

⇒   KEB = 3.547225 × 10-19 J = 2.2140 eV. 
 

Photoelectron:  

(2.1)  KE = 0.5mv2 = hν – Φ = (1.8233 + 2.214) – 2.93  
⇒   KEe = 1.1073 eV = 1.77409 × 10-19 J. 

KE = 0.5mv2   ⇒  
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    ⇒   ve = 624,106.0 m/s. 

pe = mv = (9.1093837 × 10-31) 624,106     ⇒   pe = 5.68522 × 10-25 kg⋅m/s 

(2.3)      λe = h / pe = 6.62607015×10-34 / 5.68522×10-25 = 1.16549 × 10-9 m 

⇒   λe = 11.6549 Å. 
 

A:  fA = 4.4087 × 1014 Hz      pA = 9.7442 × 10-28 kg⋅m/s      KEA = 2.9212 × 10-19 J = 1.8233 eV 

B:  fB = 5.3534 × 1014 Hz        pB = 1.1832 × 10-27 kg⋅m/s       KEB = 3.5472 × 10-19 J = 2.2140 eV 

photoelectron?  Yes    /   No    (circle correct answer)            KE e = 1.7741 × 10-19 J = 1.1073 eV 

e-:  mome = 5.68522 × 10-25 kg⋅m/s            vel.e = 624,106 m/s            λe = 11.6549 Å 
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3) Copper (Cu) has a face-centered cubic crystal structure with a lattice constant of 3.615 Å.  Sketch the 
lattice structure in box provided (align to Cartesian axes w/ back left corner at origin).  Next, find the 
number of atoms, Miller indices, and atomic surface density asd (#/cm2) for the top surface as well as 
the diagonal surface connecting the left top and right bottom edges. 

Top 
# atoms/top surface = 4 corners (1/4 atom/corner) 
+ 1 face (1 atom/face) = 2 atoms. 
Miller indices 
 x-intercept is ∞, y-intercept is ∞, & z-

intercept is a. 
 triplet (1/∞, 1/∞, 1/a) = (0, 0, 1/a) 

 a (0, 0, 1/a) = (0, 0, 1)   ⇒   (0 0 1) 

area = a2 = (3.615×10-10)2 = 1.3068225×10-19 m2 

asd = (# atoms/top)/area = 2 / (3.615×10-10)2 = 1.53043 × 1019 atoms/m2 
⇒  asd = 1.53043 × 1015 atoms/cm2. 

Diagonal 
# atoms/diagonal surface = 4 corners (1/4 atom/corner) + 2 faces (1/2 atom/face) = 
2 atoms. 

Miller indices 

 x-intercept is ∞, y-intercept is a, & z-intercept is a. 

 triplet (1/∞, 1/a, 1/a) = (0, 1/a, 1/a) 

 a (0, 1/a, 1/a) = (0, 1, 1)   ⇒   (0 1 1) 

area = a (a2 + a2)0.5 = √2a2 = √2 (3.615×10-10)2 = 1.848126×10-19 m2 

asd = (# atoms/top)/area = 2 / 1.848126×10-19 = 1.082177 × 1019 atoms/m2 
⇒  asd = 1.082177 × 1015 atoms/cm2. 

 
 
 
 

Top:   # atoms = _2_      Miller indices = (0 0 1)         asd = 1.53043 × 1015 atoms/cm2 

Diag:  # atoms = _2_      Miller indices = (0 1 1)         asd = 1.08218 × 1015 atoms/cm2 
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4) An electron is confined in a 1D infinite potential well where V = 0 for 0 < x < a = 2.8 Å and V → ∞ 
elsewhere.  For the first two possible states, find the wave number, kinetic energy (eV & J), and 
probability density function of the confined electron as well as the probability (%) of finding the 
electron in 0 < x < a/4.  [Hint:  sin2(A) = 0.5 - 0.5 cos(2A) and cos2(A) = 0.5 + 0.5 cos(2A).] 

Per (2.33),  kn = nπ/a.  For n =1, k1 = π /2.8×10-10      ⇒  k1 = 1.1219975 × 1010 rad/m. 

For n =2, k2 = 2π /2.8×10-10    ⇒   k2 = 2.2439948 × 1010 rad/m. 
Per (2.38), the kinetic energy 
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For n =1, the kinetic energy is                    ⇒     E1 = 7.68452 × 10-19 J = 4.7963 eV. 

For n =2, the kinetic energy is                     ⇒  E2 = 3.07381 × 10-18 J = 19.18521 eV. 

Per (2.36), the wave function is 2 2( ) sin( ) sinn
nx k x x

a a a
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For n =1, the prob. density function is   |Ψ1 (x)|2 = 7.14286 × 109 sin2(1.122×1010x) m-1. 

For n =2, the prob. density function is   |Ψ2 (x)|2 = 7.14286 × 109 sin2(2.244×1010x) m-1. 

The probability is 
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For n =1, ( )
/4 2
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For n =2, ( )
/4 2
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 ∫  

State 1:    wave number = 1.1220 × 1010 rad/m                  KE = 4.7963 eV = 7.68452 × 10-19 J 

Prob. density function = 7.14286 × 109 sin2(1.122×1010x) m-1     Prob’ty (0 < x < a/4) = 9.8045 % 

State 2:    wave number = 2.2440 × 1010 rad/m              KE = 19.18521 eV = 3.07381 × 10-18 J 

Prob. density function = 7.14286 × 109 sin2(2.244×1010x) m-1    Probability (0 < x < a/4) = 25 % 
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