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Harmonic potential
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CLASSICAL HARMONIC POTENTIAL WELL

Various models:
(1) Weight connected to spring
* Potential:

V(x) = %k'x2

F ﬁspril 12 ' E
With Hooke’s constant: k' B W\WJG

* Restoring force of spring: x<0
dV (x)

dx

* Turning point distance: X ax
1 r

' x = 0 (equilibrium position)

F=—

1T

—k'xE .« = =MV}
2 mMax 2 O
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CLASSICAL HARMONIC POTENTIAL WELL

Various models:
(1) Weight connected to spring

I V(x) =mgh xm
V(x) = %k'x2 | 7 7
With Hooke’s constant: k' N E=mghmax

(2) Ball/car in a parabolic well

V(x) = mgh x mgx?

/////
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(3) Pendulum or swing




THE HARMONIC POTENTIAL WELL

* The time-independent L, ., 1 2.2
Vix) ==Kk'x“ =—mw-x
Schrodinger equation (TISE): R (%) 2 2
ht d“y 1 |
_ __ 2,200
2Mm dxz me X l/) El/) E3 ....................
E ______________________
Solutions Y, E, : ‘
S N ——
En=(n+%)hw,n=0,1,2,... Eo‘ ___________________________________________

mw -

Y =4, Hye 2h "
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THE HARMONIC POTENTIAL WELL

En=(n+)ho, n=0,1.2,.. 2L o,

* Energy levels are evenly spaced

* Difference between levels
depends on frequency as Max k3
Planck predicted: |

Eo b
nhw = nhf Bl N
* There is a zero-point energy EO‘ ...........................................
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THE HARMONIC POTENTIAL WELL

» Solutions for the wave function: 1 1
Vix) ==k'x* = —mw?x?
mo \ _me.. 4 2 2
Y = H, (\‘ Tx) e 2h
o G I |
aussian E,
* Hermite polynomials H, (z) |
E>
Ho(z) =1 |
H,(z) =2z
2 By f—
Hy(z) =—-2+4z |
Hy(z) = —12z + 8z° E,
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THE HARMONIC POTENTIAL WELL

Probability Wave function
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THE HARMONIC POTENTIAL WELL

Probability * Probability |y, (x)|?* gathers
N at boundaries for large n

 Similar as the classical
harmonic oscillator which

E3 spends more time at the
. turning points
‘ * Unlike classical case
. 1
Eq minimum E, = ~hw # 0
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