Chapter. 5

Bound States: Simple Case

Outline:

* The Schrodinger Equation (for interacting particles)
* Stationary States

Lecture 8 * Physics Conditions: Well-Behaved Functions

* A Review of Classical Bound States

* Case 1: Particles in a Box — The Infinite Well

* Case 2: The Finite Well

* Case 3: The Simple Harmonic Oscillator

* Expectation Values, Uncertainties, and Operators
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: Bound states is one in which a particle's motion is
. restricted by an external force to finite region of space
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The Schrodinger Equation
for Interacting Particles
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Consistent with the
Uncertainty Relations:
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A Schrodinger eq. is based on E
accounting - w/o external
interactions

Try to add potential energy U(x) \




Adding P.E.
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=> Time-dependent Schrodinger Eq.
=> To determine the behavior of particle

in (1) CM: solve F = m(d?r/dt?) for r, given knowledge of Net external F on particle
in (2) QM: solve the Schrodinger eq. for y(x,t), given knowledge of P.E., U(x)

The Schrodinger Equation
for Interacting Particles

and for

Stationary Potentials

U=U(x)
U=U(t)

Key Assumption:

Factorization of the wave function

Wix, ) = .'1,[5!{ x ]qf;(;] Technique;

“Separation of
Wave function may be variables”
express as a product of ...

Spatial Part Temporal Part

What happens with the Schrodinger equation?

Y(x, 1) = ¢x)b(1)
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Standard Math.
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Divide both sides by w(x)o(t)
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Variables are separate now!!
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t and x are independent
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Consider only case in which P.E. is
time-independent
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(see Appendix K)

W(x, 1) = Y(x)P()

Temporal part

Total wave
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Temporal part

Total wave
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time-independent

1.e. the whereabouts of the particle don’t change
with time in any observable way

W(x, 1) = Y(x)P()

Temporal part

Total wave
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Quantum Mechanically, electron is not an accelerating
charged particles, but rather a stationary “cloud”




The spatial part of y(x,t)

Replace C by E, multiply both sides by y(x);
The time-independent

Schrodinger equation:
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E.. W + U(x) = E(x)
- Spatial part

NOTE: y(x) is Real,
but y(x,t) is Complex, because
)=




