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Lectures on Quantum Transport

1. Nanodevices and Maxwell’s demon

2. Electrical Resistance: A Bottom-up View

3. Are electrons waves or particles?

4. Do electrons interact?
MATLAB codes for Lecture1

1. Nanodevices and Maxwell’s demon

% Fig1A. Calculating Energy &  Current versus voltage

clear all

q=1.6e-19;h=2*pi*1.06e-34;

kT1=0.025;kTD=0.02;

hnu=0.025;x=exp(-hnu/kTD);Fd=1/(1+x);Fu=x*Fd;

%hnu=0;x=1e4;Fd=1/(1+x);Fu=x*Fd;%cold

%Energy grid

NE=201;E=linspace(-.4,.4,NE);dE=E(2)-E(1);

%Bias

NV=51;VV=linspace(-.1,+.02,NV);

I0=q*q*0.1/h;W0=0.1*I0;

for iV=1:NV

mu1=0;mu2=mu1-VV(iV);

fu=1./(1+exp((E-mu1)./kT1));

fd=1./(1+exp((E-mu2-hnu)./kT1));

Rem=(q/h)*dE*fu.*(1-fd).*Fd;

Rab=(q/h)*dE*(1-fu).*fd.*Fu;

QD(iV)=(q/W0)*sum(hnu*(Rem-Rab));%Heat into demon

Q1S(iV)=(q/W0)*sum((mu1-E).*(Rem-Rab));%Heat into source

Q1D(iV)=(q/W0)*sum((E-hnu-mu2).*(Rem-Rab));%Heat into drain

II(iV)=(q/I0)*sum(Rem-Rab);

W(iV)=(I0/W0)*VV(iV)*II(iV);

end

hold on

%h=plot(VV,Q1S+Q1D+(QD.*kT1/kTD),'c');

%h=plot(VV,Q1S+Q1D,'b');

%h=plot(VV,QD,'m');

%h=plot(VV,-QD.*kT1/kTD,'mo');

%h=plot(VV,W,'r');

%h=plot(VV,Q1S+Q1D+QD-W,'ro');

h=plot(VV,II,'b');

set(h,'linewidth',[2.0])

set(gca,'Fontsize',[24])

%xlabel(' V ---> ')

%ylabel(' P ---> ')

grid on









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































