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  1 % 1D FDTD simulation of a frequency dependent material

  2 

  3 clear 

  4 close all

  5 

  6 KE=200;                             % 解析空間(１次元)

  7 kc=KE/2;                            % 解析空間の中心

  8 ddx=0.01;                           % セルの大きさ (1cm)

  9 dt=ddx/(2*3e8);                     % 時間ステップ

 10 epsz=8.85419e-12;                   % 真空の誘電率

 11 

 12 % 時間領域解析での初期化

 13 ga=ones(KE,1);gb=zeros(KE,1);gc=zeros(KE,1);

 14 ex=zeros(KE,1);dx=zeros(KE,1);hy=zeros(KE,1);

 15 ix=zeros(KE,1);sx=zeros(KE,1);

 16 

 17 % 周波数領域解析での初期化

 18 freq=[50e6 200e6 500e6];            % 解析周波数

 19 Nf=3;                               % 解析周波数の数

 20 real_pt=zeros(Nf,KE);imag_pt=zeros(Nf,KE);

 21 ampn=zeros(Nf,KE);phasen=zeros(Nf,KE);

 22 real_in=zeros(Nf,1);imag_in=zeros(Nf,1);          

 23 arg=2*pi*freq*dt;

 24 

 25 % 吸収境界条件の初期化

 26 ex_low_m1=0;ex_low_m2=0;

 27 ex_high_m1=0;ex_high_m2=0;

 28 

 29 % 誘電体の設定

 30 kstart=100;                         % 誘電体の存在領域

 31 epsilon=2;                          % e_inf

 32 sigma=0.01;                         % sgm

 33 chi1=2;                             % delta_e

 34 tau=0.001;                          % tau(micro sec)

 35 

 36 del_exp=exp(-dt/tau);

 37 tau=tau*1e-6;

 38 for k=kstart+1:KE+1

 39    ga(k)=1/(epsilon+sigma*dt/epsz+chi1*dt/tau);

 40    gb(k)=sigma*dt/epsz;

 41    gc(k)=chi1*dt/tau;

 42 end

 43 

 44 t0=50;                          % ガウシアンパルスの中心

 45 spread=10;                      % ガウシアンパルスの広がり

 46 T=0;

 47 NSTEP=1000;

 48 

 49 while NSTEP>0

 50    for n=1:NSTEP

 51       T=T+1;

 52       % Main FDTD Loop

 53       

 54       % Calculate the Dx Field

 55       for k=2:KE

 56          dx(k)=dx(k)+0.5*(hy(k-1)-hy(k));

 57       end

 58       

 59       % Put a Gaussian Pulse 

 60       pulse=exp(-0.5*((t0-T)/spread)^2);

 61       dx(5)=dx(5)+pulse;

 62 

 63       % Calculate Ex from Dx

 64       for k=1:KE-1

 65          ex(k)=ga(k)*(dx(k)-ix(k)-sx(k));

 66          ix(k)=ix(k)+gb(k)*ex(k);

 67          sx(k)=del_exp*sx(k)+gc(k)*ex(k);

 68       end

 69       

 70       % Calculate the Fourier Transform of Ex
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 71       for k=1:KE

 72          for m=1:3

 73             real_pt(m,k)=real_pt(m,k)+cos(arg(m)*T)*ex(k);

 74             imag_pt(m,k)=imag_pt(m,k)-sin(arg(m)*T)*ex(k);

 75          end

 76       end

 77       if T<100

 78          for m=1:3

 79             real_in(m)=real_in(m)+cos(arg(m)*T)*ex(10);

 80             imag_in(m)=imag_in(m)-sin(arg(m)*T)*ex(10);

 81          end

 82       end

 83             

 84       % Absorbing Boundary Condition

 85       ex(1)=ex_low_m2;

 86       ex_low_m2=ex_low_m1;

 87       ex_low_m1=ex(2);

 88       ex(KE)=ex_high_m2;

 89       ex_high_m2=ex_high_m1;

 90       ex_high_m1=ex(KE-1);

 91       

 92       % Calculate the Hy Field

 93       for k=1:KE-1

 94          hy(k)=hy(k)+0.5*(ex(k)-ex(k+1));

 95       end

 96       % End of FDTD Loop

 97       % Calculate the amplitude and phase of each frequency

 98       % Amplitude and Phase of the Input Pulse

 99       for m=1:3

100          amp_in(m)=sqrt(imag_in(m)^2+real_in(m)^2);

101          phase_in(m)=atan2(imag_in(m),real_in(m));

102          for k=2:KE

103             amp(m,k)=(1/amp_in(m))*sqrt(real_pt(m,k)^2+imag_pt(m,k)^2);

104             phasen(m,k)=atan2(imag_pt(m,k),real_pt(m,k))-phase_in(m);

105          end         

106       end    

107    end

108    NSTEP=0;

109 end

110 

111 subplot(4,1,1)

112 plot(ex,'b');

113 title('Time domain E-field after iteration')

114 xlabel('No. of cell')

115 subplot(4,1,2)

116 plot(amp(1,:))

117 title('50MHz component of E-field')

118 xlabel('No. of cell')

119 subplot(4,1,3)

120 plot(amp(2,:))

121 title('200MHz component of E-field')

122 xlabel('No. of cell')

123 subplot(4,1,4)

124 plot(amp(3,:))

125 title('500MHz component of E-field')

126 xlabel('No. of cell')

127 

128 

129          

 


