Kuantum Mekaniginin Temelleri
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Bu sistemde Fizik nedir?
Nigin 3. sinif KM dersinde Kare-Kuyu, bariyer vb potansiyelleri ¢ozeriz?
Nigin zamandan bagimsiz Schrédinger denklemini kullaniriz?
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Modern Fizik-Giris

+ 19YY sonunda birg¢ok bilim insani Fizikteki bir cok
problemin ¢oziildlglnu digtntyorlardr:
- Yoringesel hareketler anlasiimigti
- Elektrik ve Manyetik Kanunlar biliniyordu.
- Korunum prensipleri kurulmustu
* Ancak, Atomda ki kararli yoringeler klasil e [><
ile agtklanamamisti: Kararli Yoriingeler (S 7/ SN\
orbits)

* "Modern"” donem - 20 Yizyl

Kuantize/kesikli seviyeler ve enerji, dualite:dalga-pargacik
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Kuantum Mekanigi Donemi

Kuantum mekanigi, atom ve atom alti sistemlerin
gozlenebilirlerini bulmak igin operator teknigini kullanan
bir matematiksel kuramdir.

Temelleri:

- Kuantizasyon (Planck)

- Karsiliklihik (Bohr, Ehrenfest teoremi)

- Dualite / Belirsizlik (Fermi, Heisenberg)

- Simetri / Disarlama (Pauli)



Klasik ve Kuantum Mekanigi Operatorler!

Konum: X, Y, z Konum Operatora: X = x

Momentum: p=mv Momentum Operatoru: p = -i h d/dx
Enerji: E = 1/2 m v2 + U(X) Hamiltonyen Operatérii: H = p2/2m + V(X)
Kuvvet: F = - dU/dx Schrédinger Denklemi: H y = E y

Acisal Momentum: L=r x p Acisal Momentum Operatorleri: L, Ly, L
TUrev Operatorleri: d/dx, d/dt Diferansiyel Operatorler: -i h d/dx

Laplasyen: V2 = 8%/0x? + 9%/dy? + 9%/0z> Dalga Fonksiyonu Operatoérleri: g(x)



Fizikte Sistemler

Baglidir (enerji E, potansiyel V(r)den kigik)

- Gozlenebilir: Baglanma enerjisi
0 2

» Sagthrlar (Enerji potansiyel V(r)den buyik)

- Gozlenebilir tesir kesiti,
- gegme /yansima katsavilari
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* Yari Bagli-Rezonans (Enerji ve Potansiyel birbirine yakin) i
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Labaratuar Referans Sistemi
- Gelen pargacik her zaman bir hiz/momentum/enerji sahiptir
- Hedef pargacik her zaman durgundur.
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Kitle Merkezi Koordinat Sitemi
- Kitle merkezi sabit hizla hareket ediyor dolayisiyla Gelen ve Hedef pargaciklar
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Iki Cisim Problemi: Schrodinger denkleminin efektif potansiyel icin ¢éziimi

Tki Cisim Problemi

1. Lab Sisteminden KM
Sistemine tasi

2. KM hareketini ayir

3. Indirgenmis kiitleyi bul L . o .

“Iki cISIm etkilesmesini, indirgenmis

kutleli tek bir cismin bu iki cisim
Potansyeli tanimla V(r) arasindaki relative potasiyel ile yaptig:

Sch. Denklemini bu etkilesme seklinde tamimlamadir.”
V(r) potansiyeli igin ¢oz.
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b=impact parameter




Zamandan Bagimsiz Schrodinger Denklemi
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Sonsuz Kuyu Ozdeger ve Ozfonksiyonlari
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Semiconductor Nanoparticles
(aka: Quantum Dots)

Coraichall Determining QD energy

/ using the Schrodinger Equation
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Basamak Potansiyeli, E>V(X)
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Basamak Potansiyeli, E<V(X)
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Total reflection = Transmission must be zero



Born and Distorted Wave Born Approximation

L (N (r) =Uw(r) where L()=V"+k’

Multiplying by L, ()  and integrating all over the space we get

v (r) = (1) + Uy (rL " (Ns(r - rydr’

é (r)=e* is the free particle solution (V=0). Using Green functions:
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Scattering Amplitude and Cross-section
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If we use plane wave for the W; (r) scattering amplitude in Born Approximation is:
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Distorted Wave Born Approximation

U — Ul T U 2 SUCh that Ul > U 2 Incoming and outgoing waves
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Example: Gaussian Potential
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Schrodinger equation IT: Partial wave methods

We must solve:
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General Solution:
U, (r) =FK () +1G,(r) +5,[G,(r) —1G (r)]

F (r) =krj,(kr)  Bessel functions

G, (r) = —krzy, (kr)  Neumann functions

|=c0

1 |
f(0)=f.(0)+ ﬂZ(ZI +1)(S, —De”" P (cosd)  scattering amplitude
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Bessel and Neumann functions

] X
b9 = (21 +1)

n,(X) > — (2l |_+11)!!
X

For small x

J(0,kr)

Ikr)o.5 -

For large x

0.5
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1,kr) 0.5
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Phase Shift

V attractive

10

V repulsive

—10%
1

o0 =1.75908

X\

V=0 u(r) sin(kr-172)
=0

o =-0.73517

I o>0 =V attractive I

V#0 =2 u(r) 2sin(kr-1772+ )
0<0 =2 V repulsive
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