
FORMULA SHEET FOR 
M.S. COMPREHENSIVE EXAMINATION IN PHYSICAL ELECTRONICS 

 
A.  Electromagnetic Fields and Transmission Lines 

 
Summary of Important Definitions and Results 

(Notation and symbols follow the convention in Engineering Electromagnetics, 7th ed., 
W. H. Hyatt and J. A. Buck) 

 
1.1 Vector Algebra Dot Product  A . B = ⏐A⏐⏐B⏐ cos ΘAB   =  Ax Bx + Ay By + Az Bz    
   Cross product A × B =   ⏐A⏐⏐B⏐ sin ΘAB  aN   
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1.2.  Vector Calculus Divergence 
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   Laplacian 
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   Vector Laplacian FF ×∇×∇−∇∇=∇ ).(2 F  
1.3  Integral theorems Divergence Theorem ∫∫ ∇= dvd vol

S

DSD ..  

   Stokes’ Theorem ∫ ∫ ×∇=
S

dd SH)LH .(.  

2.1 Coulomb’s law  
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    where εo = 8.854×10-12 F/m  =  (1/36π) 10-9 F/m    
 Electric Field  Definition   E = Ftest / Qtest    
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2.2 Gauss’ law  ∫∫ == dvQd volencl
S

ρSD.  

2.3 Potential Difference  ∫−=
A

BAB dV lE.  or E – grad V 



2.4 Electric Flux Density D = ε E 
2.5 Electrostatic Energy ∫∫ ==
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3.1   Biot-Savart law Currrent Element 34 R
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3.2   Ampere’s Law  ∫ = IdLH.  

3.3 Magnetic Flux densityB  =  µ H  where, for free space, µo = 4π × 10-7 H/m 
3.4 Gauss’ law for magnetic Field 0. =∫

S

dSB  

4.1  Magnetic Potential  Scalar  ∫−=
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5.1 Lorentz Force Law On Charge  F = Q (E + v × B) 
    On Current Element dF = J × B dv  or  dF = K × B dS  or  
dF = I dL × B  
 Torque   dT = I dS × B   
5.2 Magnetic Energy ∫∫ ==
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5.3 Inductance  22.
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6.1  Maxwell’s Equations 
 Differential Form Integral Form 
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7.1  Plane Waves 
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For Lossy Media,   Permittivity )"'("'and rro jj εεεεεε
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   Loss Tangent 
'

tan
ωε
σθ =  

   Propagation constant

 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+≈≈

2

'8
11'

'2 ωε
σµεωβ

ε
µσα and  

7.2  Transmission Lines 
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   Parallel Plate
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   Rectangular For TEmn mode
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7.4  Dipole Antenna For a short current filament along z axis 
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B.  Electrical properties of Semiconductors 

 
1.  λ/hkmvp === h  
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Physical Constants 

Avogadro’s Number Navo  6.022×1023  m-1   
Boltzmann’s Constant k 1.38×10-23  J/K 

= 8.617×10-5  eV/K     
Magnitude of Electronic Charge Q 1.602×10-19  Coul   
Electron rest Mass mo 9.109×10-31  Kg 
Permittivity of Free Space ε 8.854×10-12  F/m   
Planck’s Constant h 6.626×10-34  J sec.  
Speed of Light c 2.998×108  m/sec   
Thermal Voltage at 300 K kT/q 0.02586  Volts 
 



Material Properties 
Property Si Ge GaAs 

Bandgap Eg  (eV) 1.12 0.66 1.42 
Relative Permittivity, εr 11.9 16.2 12.4 
Electron Mobility, µn  (m2/Vsec) 1450 3900 9200 
Hole Mobility, µp  (m2/Vsec) 505 1900 320 
Effective Mass of Electron, mn*/mo 0.26  0.0063 
Effective Mass of Hole, mp*/mo   0.69  0.57 
Density, d  (Kg/m3) 2.329    5.317 
Lattice constant  (Å) 5.431 5.646 5.653 
Effective density of states – conduction band, Nc (cm-3)    
Effective density of states – valence band, Nv (cm-3)    
 
 

C.  Electro-Optics 
 

Notations are adopted from the textbook, “Optoelectronics and Photonics, Principles and 
Practices,” Prentice Hall, S. O. Kasap, (2001). 
 
E(r, t) = Eo cos (ωt – k · r + φo) 
v = νλ = (εr εo µo ) - 0.5

   
n = c / v 
vg = dω / dk 
I = v εr εo Eo

2 / 2 
tan θp = n2 / n1 
R = (n2 - n1)2 / (n2 + n1)2 
T = 4 n2 n1

 / (n2 + n1)2 
L = mλ / 2, m = 1, 2, 3 ---- 
∆ν · ∆t = 1 
sin θ = 1.22 λ / D 
d sin θ = m λ, m = 0, ±1, ±2, ---- 
 
(4πn1a cos θm) / λ – φm = mπ 
m < 1 + (2V – φ) / π 
V  = 2πa (n1

2 – n2
2) 0.5 / λ 

∆τ/ L ≈ (n1 – n2) / c 
αdB = 10 log (Pin/ Pout) / L 
 
ηexternal = Pout(optical) / IV 
ηint = [Po(int)/ hν] / [I / e] 
 
N2 / N1 = exp[- (E2 – E1) / kBT] 
∆ν½ = 2 νo (1.386 kBT / Mc2) 0.5 
gth = γ - 0.5 ln(R1R2) / L 
L = mλm / 2n, m = 1, 2, 3 ---- 



 
η = [Iph / e] / [Po/ hν]  
R = Iph  / Po 
∆σ = e∆n (µe + µh) 
in = [2e(Id + Iph) B] 0.5 

SNR = Signal Power / Noise Power 
 
Iph = eGoA (ln + W + Le) 
I = -Iph + Io [exp(eV / nkBT) – 1] 
FF = ImVm / IscVoc 
 
ne(θ) -2 = cos2 (θ) / no

2
 + sin2 (θ) / ne

2 
φ = 2πL (ne – no) / λ 
I = Io sin2 (0.5 πV / V λ/2) 
 
 
 
 
 
 
 
 
 
 
 
  
 


