We will start quantum chemistry today.

2 we will learn minimum topics to ...
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Wave function

® solution of Schrodinger equation

2 squared, probability distribution of electron
® <J K m|O|J, k), m> bra.

& something related to covalent bond
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rotational wavefunction



spherical harmonics

. . . . h? Ze?
o Hamiltonian in central field H= —gvz i
1 02 1
€ separater and 6, ¢ Vi= oot 5 N
. : , 1 # 19 0
€ Laplacian in polar coordinate N = i oe i 50 " 9

Q Legendre differential equation is part of Laplacian
€ Rodrigues formula is solution
Q full Laplacian is associated Legendre differential equation

€) Derivative of Rodrigues formula is solution

=) spherical harmonics



Pierre-Simon Laplace Adrien-Marie Legendre Olinde Rodrigues

sparing one day

of your life

for spherical harmonics
is not too bad

Sir William Rowan
Hamilton

Gottfried Wilhelm Leibniz
born in Leipzig




Benefits of taking time for spherical harmonics

@ itis awave function

2 angular momentum

@ rotational energy

& selection rule

@ parity, symmetry
$ vanishing integral




https:/upload.wikimedia.org/wikipedia/commons/6/62/Spherical_Harmonics.png
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Hamiltonian in central field

HV = EV HVY = EV
B xV = xVY
P= —<7—
I Ox LW = /([ + 1)V
5 but it is hard to calculate accurate
H— 2p_ +V(x) wave function with a system n > 3
m

Fij assumptions give us qualitatively
important knowledges, like
selection rules

4\
® ®
e ©



. o HY — EV

V(r.0,0) = R(r)Y(0,0)

n

B p? "\ Z:Z;€?
_Z:Zm,-_l_Z r,-j P2 Ze?

) . _ _ e
j DG, HRY = ZMV (RY) = =—RY
kinetic potential 2P 1 Ze?
o P N Ze -
T o2u\ox2 T 9y? ' 922 r =5 (Vg Ry ) = ZERy
Ze’
VA — NY = Y equation involves Y only
r
1 0° R 214
Laplacian Lroan Rt pall- V(NRY = ~ 72 ERY
102 1 1 0° R 2
2 _ 2 (L
A2 1 0 1 Q sin @ Q equation involves R only

T G200 sno a6 """ 9
Legendrian



We left  issues behind
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Exercise today

‘ calculate Legendrian
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Seminar topics  zominues

1 NIRSpec on JWST MSA

2 ISHELL on IRTF cross-dispersing spectrograph

3 ELT vs JWST sensitiivty, spatial resolution

4 Adaptive optics choose from Shack-Hartmann / curvature /
pyramid

5 IR detectors band gap, intrinsic semiconductor

6 Frequency comb mechanism, objectives

7 Laplacian in polar coordinate vector analysis

8 2D/3D representation of minimum 3 different ways
spherical harmonics
9 development of quantum Bohr model, spin

mechanics in 1920s



