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Outline
Mathematica Class at SSHS

e Mathematica Class
e For Students
e For Teacher
e Mathematica in Physics Class

e Mathematica in Student Research
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Physics Simulation with Mathematica

e A5H(Classical Mechanics) Nuber of Ball
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Physics Simulation with Mathematica
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Physics Simulation with Mathematica
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Physics Simulation with Mathematica
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Effects of the Coriolis force on the wave propagation
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Research

Research on the Edge s : sulator

Hyunchae Lee (Seoul Science Hig
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Usages of Mathematica

» Usages of Mathematica in Topological insulator research
* Diagonalizing Hamiltonian matrix

* Visualizing some physics with graphical tools



Introduction

Conductance
channel with
up-spin charge

carers \

» 'lTopological Insulators: materials that have a JL #"
1 , , . .

bulk band gap like an ordinary insulator, but IT o /
have protected conducting states on their edges /

or surfaces - et

well charge carriers

Conductance

Low I— High

e Insulator but metallic on surtaces or edges

e (Could be studied with some lattice toy models

Eg (eV)

Intensity (a.u.)

‘ T
-0.15 0 0.15 I ‘ I ‘ X
k (A—1) -0.12 0 0.12
X

Xia et al., Nat. Phys. 5 398 (2009)



) “-I' A Y I Ak 4 Wi gl . ] ') S350 ) 3 » e 4 " 5 Al f1d N 4 : ' Uik 4 o 22 A A Y 7% Vel iy E \ " { . \ " g A ¥ X \ LAhD A d Yat\Addl AU §

‘.};\;g;}b,%‘{".-‘,-',’.'sx-:,.‘-;-‘-' AR R M A C RS SR SR O P DR Rl S e A RO RSO A S R VAN A RN il S A ARES A A BV A LN A BN A N QO VR A A A A N Al B e A S T R o oty R e B S SO
Nty A Kk ot Gl ;".:’.:...." bl TR T DAY Koy \ S Srem g st it b o S s Y ANE S50 44

Pe R ORGSR R b AN A 4 S e 24 ORNT

Energy Dispersion

Kane-Mele Model 1s used

By Fourier transtorm and Eigenvalues, Eigensystem, we could diagonalize Hamiltonian

Dispersion relation : £ vs E(£)

plotting eigenvalues of H(k) while varying &

Used Plot, ListPlot

E(k)

Bulk dispersion

— Armchair Edge




Visualization of Edge States

» ldge state: wave function which 1s localized 1n boundaries of lattice
» Plotting wave function y(x, k) (2D) while varying £ (+1D)

» Using ListPlot3D, ListDensityPlot




Non-trivial 'lopology

By Plotting Pseudo-spin configuration in Brillouin zone, we could intuitively
understand non-trivial topology.

» Using Arrow, Graphics3D
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