The Schrodinger Equation (Part 3)
Applications, Review and 2D
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Probability Density describes the chances of
detecting the particle at a particular point in
space.
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Application: Quantum Dots

Semiconductor Nanoparticles
(aka: Quantum Dots)
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General Constant Potential: E > U,

U
E
Uo
RegionI | Region II
(0] X
t=0 t=T/4
75 lv®
N N " i \
\ \ \ \Im I\ ( \ [ ’\\\ // \\IT(W) A\
\\ :/ \\ /I \\ I/ \ \\ /’7\\\ | \\ 1\ \ ! \\ :/ \
+ \ T 1 T T T 1} T 7 )
LZRVA / \\1\/ ,’ ,’ \{ II v / \ / }
Re(vf) , Vo U U Regp\ AL
(@) (b)

General Constant Potential: E < U,

U
Region I Region II
Uo
E
(0] X
t=0 t=T/4
75 vl?
_ . _ Re(y) A /N _Re(y) /7N
N /\/ . /\/ \ /\k 2\ m /\
\\// \\// \\///lm(!//) \\\/ \_// \\\\_,/
/ N/ \ Im(y)
\_/ N/ N
(b)




Quantum Tunneling
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Probability of Quantum Tunneling

U i = V2mE
. Region . h
Region I %I Region III e v2m(U, — E)
Uo B h
k2 4 k12 2 ,
T ~ o2V L
2k'k

UO



Example: Electron with 6 eV of K.E. approaches a potential
barrier with height 12 eV and width 0.18 nm. Find the tunneling

probability.
U
Region I Re%ion Region 111
Uo
E
0] L X

\/2(9.11 x 1073 kg)(12 — 6 eV)

k
1.055 x 10-34

16-6-6
T =

e =004

\2m(U, - E)

Us

= 1.25 % 1010m-1 » WL =45

4.4%

Example: Electron with 6 eV of K.E. approaches a potential
barrier with height 12 eV and width 0.18 nm. Find the tunneling

probability.
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How does this probability change if the barrier width is

doubled?



Scanning, Tunneling Microscope
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Flash Memory
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Electrons tunnel preferentially when a voltage is applied

The Schrodinger Equation in Higher
Dimensions

n* d*y(x)
2m  dx?

1D:

+ Uy (x) = Ep(x)

n [ dyey)  dPwxy)
oD: - Ly + Ly + UCx, y)y(x,y) = Ey(x,y)
2m dx? dy?

W | dPwy. | Py | Puay.)
3b: -~ 2m dx2 + dy? + dz2 + Ux, y)p(x,y,2) = Ey(x,y,2)




The Schrodinger Equation in Higher
Dimensions
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Laplacian Operator V?y =

Two-Dimensional Infinite Potential Well

Ux,y)=0 for 0<x<L, 0<y<L

Ux,y) =00 otherwise

Look for solutions of the form w(x,y) = f(x)g(y)
where  f(x) = Asin(k.x) + Bcos(k.x)

g(x) = Csin(k,y) + D costk,y)



Two-Dimensional Infinite Potential Well
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Two-Dimensional Infinite Potential Well
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