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ECE/MAT 211A                 winter 07 

HWK#4 solutions 

Proof of (5•3-29a,b) 

(1) 5•3-29a 

2
0 / hMS=κ                 (5•3-27) 

∞→κ,'K ; 0,' →LLK κ ,             (5•3-25a,b) 

0
222 2/2,' κκ =→ hSMLLK             (5•3-26) 

From (5•3-25a,b) we know 
1'cos ≈LK  and LKLK ''sin ≈              (1a,b) 

Inserting (1a,b) into (5•3-5) yields 
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(2) 5•3-29b 

Similarly, 
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#5•5-1: Transmission Properties of a Composite Barrier 

(a) complete code in Matlab: 

% ECE211A HW4 
% 5.5-1 
%       _ _ _ _  V=1 
%      |        | 
%      |        | 
% V=0 _|        | x=1          x=3  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ x=6 
%     x=0       |                  |                             | 
%               |                  |                             | 
%               |                  |                             |_ V=-1 
%               |                  | 
%               |                  | 
%               |_ _ _ _ _ _ _ _ _ | V=-2 
 
clc;clear all;close all; 
M = 9.1e-31; %kg 
h_bar = 1.054e-34; %J*s 
q = 1.6e-19; 
E = 0:1e-2:2; %(b) plot 
%E = -2:1e-3:0; %(c) look for bound states 
E = E-1e-5; 
 
discontinuities = input('number of discontinuities = '); 
n = discontinuities+1;     
if n>=0 
    L = 1:1:n; %nm 
    V = 1:1:n; %eV 
    s=1;     
    while s<n+1 
        length = input('length of flat potential = '); 
        L(s) = length; 
        potential = input('height of potential = '); 
        V(s) = potential; 
        s=s+1; 
    end 
end 
L = L*1e-9; 
x = 1; 
temp = size(E); 
while x < temp(2)+1; 
    s=1; 
    K = 1:1:n; 
    while s<n+1 
        K(s) = sqrt(2*M/(h_bar)^2*q*(E(x)-V(s))); 
        s=s+1; 
    end         
 
    i=1; 
    aP_matrix = eye(2); 
    while i<n-1 
        aP_11 = K(i)+K(i+1); 
        aP_12 = K(i)-K(i+1); 
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        aP_22 = conj(aP_11); 
        aP_21 = conj(aP_12); 
        aP_pot = 1/(2*sqrt(K(i)*K(i+1))).*[aP_11 aP_12; aP_21 aP_22]; 
         
        aP_TL_11 = exp(-j*K(i+1).*L(i+1)); 
        aP_TL_12 = 0; 
        aP_TL_22 = exp(j*K(i+1).*L(i+1)); 
        aP_TL_21 = 0;         
        aP_TL = [aP_TL_11 aP_TL_12; aP_TL_21 aP_TL_22]; 
 
        aP_matrix = aP_matrix*aP_pot*aP_TL; 
        i=i+1; 
    end 
    bP_11 = K(n-1)+K(n); 
    bP_12 = K(n-1)-K(n); 
    bP_22 = conj(bP_11); 
    bP_21 = conj(bP_12); 
    bP_matrix = 1/(2*sqrt(K(n-1)*K(n))).*[bP_11 bP_12; bP_21 bP_22]; 
 
    abP_matrix = aP_matrix*bP_matrix; 
 
    P_11 = abP_matrix(1); 
    T(x) = 1./(P_11.*conj(P_11)); 
    x=x+1; 
end 
plot(E,T),ylabel('T'),xlabel('energy eV'),axis([0 2 0 1]) 
%semilogy(E,T),ylabel('T'),xlabel('energy eV'),axis([0 2 0 1]) 
%plot(E,T),ylabel('T'),xlabel('energy eV'),axis([-3 3 0 1]) 
%semilogy(E,T),ylabel('T'),xlabel('energy eV'),axis([-3 3 0 1e2]) 
%semilogy(E,T),ylabel('T'),xlabel('energy eV'),axis([-2.2 0.5 1e-35 1e-3]) 
%semilogy(E,T),ylabel('T'),xlabel('energy eV'),axis([-1 0 1e-20 1e-7]) 
%semilogy(E,T),ylabel('T'),xlabel('energy eV') 
 

(b)  

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

T

energy eV

T vs. Energy

 



ECE/MAT 211A homework solution Winter07 Instructor: Prof. Larry Coldren 

 4

(c)  
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Exercise on page 163 

(1)  For r>0, 0)( =rδ  
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(2)  For 0→r  
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so (3) + (4) = (2) QED 


