Phyx 320
Modern Physics

March 22, 2021
Reading: 39.5 - 39.6, 40.1 - 40.4
Homework #8 and Reading Reflection Thursday 11:59 pm




eisenberg Uncertainty Principle

Heisenberg’s Uncertainty Principle:
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We can’t know both the momentum and the
position of a particle at the same time
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The uncertainties in measurements of position
and momentum are anticorrelated
(more precise position = less precise momentum)

Because of the wave nature of matter, the
properties of a particle are inherently uncertain




Schrédinger Equation

In 1925, Erwin Schrodinger discovered the fundamental equation of quantum mechanics:
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Tells us how wavefunctions and energy are related

Quantum mechanical equivalent of Newton’s laws



Schrédinger Equation
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Schrodinger aimed to find a wave equation like
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Let’s look at a sinusoidal wavefunction: U
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Schrédinger Equation
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Schrédinger Equation
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So far, we’ve assumed that the kinetic energy is Cl Z7L C L/f
constant c=--—= K x >

Only true if potential energy is constant

Let’s say we have a position dependent potential
energy (spring, gravity, ...)
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Schrédinger Equation

Schrodinger Equation is a second-order differential equation:
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Once the potential, U(x), is defined then we can solve of the wavefunction, ¥ (x)
Not all mathematical solutions of the Schrodinger Equation are physical
Must obey the following:

> P (x) must be continuous

o P (x) = 0in regions where it is physically impossible for the particle to be
o P(x) > 0asx » + o

o [2
> 1P (x) must be normalizable (f_oollp(xjdx must converge)



Schrédinger Equation
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If we find multiple independent equations that L 67’( 7 S« \/
solve the Schrodinger Equation for a given
potential, then the general solution is the linear ’l.l,' (s( > =
combination of them 3
Independent solution = can not be made from 7]'7, (x>~ X
linear combinations of the other solutions
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Particle in a Box

Let’s return to our particle in a box - v,
m
Particle is free to move between x = 0 and x = L € — - - ——— - >
: L
Particle can not leave box, x < 0 and x > L are
forbidden % o
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Particle in a Box

In forbidden region:
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Must be continuous:
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Particle in a Box

Let’s find a function that works with this: cl ‘o /3 z 4 (> e Zw
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Particle in a Box

General solution is any linear combination of
these

Need to find A and B based on potential
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Particle in a Box

General solution is any linear combination of — A Sy V_’j__t" X
these X> / -

Need to find A and B based on potential 7\




Particle in a Box

What about energies? /; - - — A — // Z/ ; .-




Particle in a Box
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Final step, normalize the wavefunction: ' j (Z} (f)l C/)C - l
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Particle in a Box

Putting all this together: U(x)
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Energies follow:
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omework Questions
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