
Quantum 

Tunneling
MARIUS LUTZ 



Can we walk through walls?

[1. Marcel Aymé, „The man who could walk through walls“]
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Let‘s have a closer look…

[2. Wikipedia, „Quarz“]
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Structure: A story about quantum tunneling

When did we first see it?

How did we explain it?

What could we use it for?

What could we explain with it?

And what does it have to do with rocks?
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First observations

Alpha decay

Field Emission

In the investigation of radioactivity in 

the late 19th and early 20th century.

They did not know they were seeing 

a tunneling effect.

Unexpected conduction regime in gases was observed

and later reproduced in a vacuum.

They could not interpret their results.

[3. Wikipedia, „Alpha decay“]

[4. Thomas Mark Cuff, „The STM […] The forgotten contribution of Robert 
Francis Earhart to the discovery of quantum tunneling.“,
Hoffmann‘s Magnetic Apparatus for Bringing Electrodes Close Together]
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Solution: Schrödinger Equation 1926

Wave-particle duality Wave Equation

Photoelectric Effect

Zeeman/Stark Effect

Etc. Tunneling was not known at the time

[5./6. E. Schrödinger, „Annalen der Physik“, and
„The Physical Review“]
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Explanation of alpha decay (G. Gamow 1928)

[7. G. Gamow, „Zur Quantentheorie des Atomkernes“]
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Tunneling

Ansatz:

Use Schrödinger Equation / /

/ /

[9. Wikipedia, „Tunneleffekt“]

[7. G. Gamow, „Zur 
Quantentheorie des Atomkernes“]

[10. Demtröder, „Atoms, Molecules and Photons“]
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WKB-approximation and Gamow factor

Box potential

Gamow factor

[7. G. Gamow, „Zur Quantentheorie des Atomkernes“]

[10. Demtröder, „Atoms, Molecules and Photons“]
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Correct prediction of alpha decay

Particles are tunneling through

Potential barriers

[7. G. Gamow, „Zur Quantentheorie des Atomkernes“]
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A few numbers

Macroscopic tunneling? It‘s not going to happen!

[10. Demtröder, „Atoms, Molecules and Photons“]

[11. Wikimedia Commons, „Fly on insect net“]
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But he was not actually the first… 12



Molecular spectral lines (F. Hund 1926/27)

If quantum objects can tunnel

through potential barriers,

they can also be in superposition

of several states that are separated

by a potential.

Coupling through tunneling.

[8. F. Hund, „Zur Deutung der Molekelspektren III“]
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Example: Ammonia

[10. Demtröder, „Atoms, Molecules and Photons“]

[12. J.-L. Basdevant/J. Dalibard, „Quantum Mechanics“] [8. F. Hund, „Zur Deutung der Molekelspektren III“]
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Two-State quantum system

Dipole moment

Interaction with external em-field

[13. Wikipedia, „Zweizustandssystem“]
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Tunneling is everywhere

Nuclear fusion

Chemical reactions

Quantum biology

DNA-mutations

Photosynthesis

[14. Wikipedia, „Nuclear Fusion“]

[15. Wikipedia, „Activation Energy“]

[16. Spektrum der Wissenschaft, „Leben in der Quantenwelt“]
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Technical applications: 
Scanning tunneling microscope

[Wikipedia, „Scanning tunneling micoroscope“]
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Technical applications: Flash memory
Programming Erasing

Charge in floating gate determines bit value Can only be changed through tunneling by 

applying high voltage

[17. Wikipedia, „Flash memory“]
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Amorphous and crystalline Quartz 

[2. Wikipedia, „Quarz“]

19



Debye model

High temperature regime: Dulong-Petit law

Specific heat constant for all solids

Low temperature regime: Debye model

Specific heat temperature dependent

[18. S. Hunklinger, „Festkörperphysik“]
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And at very low temperatures?

How is this possible?

Density and composition 

are identical

All that‘s left is the structure itself

[18. S. Hunklinger, „Festkörperphysik“]
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Tunneling systems in amorphous 
solids

Crystal Amorphous Solid

(Glass) Two energetically similar states

Two-state system

[18. S. Hunklinger, „Festkörperphysik“]
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Calculation of specific heat
Energy of two-state system Tunneling parameter

Distribution

function

Density of states

Internal energy

Specific heat

Density of states

Energy

Fermi-Dirac distribution

[18. S. Hunklinger, „Festkörperphysik“]
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Summary
Alpha decay through tunneling

Two-State systems

Technical applications Quantum world

Amorphous and crystalline solids

Tunneling systems
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