
Chapter 9: Molecular-dynamics

• Integrate equations of motion--
classical!

• Discrete form of Newton’s second law

• Forces from interaction potential

• For a simple pair potential, we get
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Integrating equations of motion
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This works out to give the Verlet algorithm,



Lennard-Jones potential for noble gas
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Heat capacity
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• Angle brackets thermal average
• In MD, thermal averages done by time average
• Heat capacity given by fluctuations in total energy



Radial distribution function
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• ρ is the density N/Ω
• Dirac-delta defined numerically (not infinitely sharp)
• In an ideal gas, g(r) =1
• In a liquid, g(r) =1 at long ranges, short range structure
• In a crystal, g( r) has sharp peaks, long-range order



History and applications of molecular dynamics

• Fermi-Pasta-Ulam (Chapter 9.3)

Statistical mechanics<-->molecular dynamics

• Ergodic theorem

System explores all possible states and
can effectively attain thermal equilbrium

• Equipartition of energy

In a harmonic system, E=kT per mode.
Violated in FPU problem



A classic paper… establishing the field

Only 864 atoms! Today we can approach even billions!



More modern work with MD… highly interdisciplinary

• Physics, materials science, chemistry, chemical
engineering and even mechanical engineering groups use
MD

• Physics groups at UCF using MD at some level

1. Rahman.  Surface science, catalysis, chemical reactions
2. Stolbov. Surface science, catalysis, chemical reactions
3. Kara. Surface science, dynamics, surface vibrations
4. Bhattacharya. DNA, polymer transport
5. Schelling. Thermal and phonon transport, surface science



Florida society for materials simulation

• UF, USF, FSU, UCF participants, engineering, physics
and chemistry
• Summer REU program, 12 students per year
• Kickoff meeting with workshops (at UF this year)
• Final FSMS meeting, faculty talks, student posters

http://physics.ucf.edu/~schellin/workshop/home/fsms.html

http://www.che.ufl.edu/reu/





Challenges of MD simulation

• Potential not always understood well--- many body interactions
• Quantum mechanics can be used, but very costly
• Times scales usually at most nanoseconds
• Length scales usually at most several nanometers

Long length and time scales relevant for many applications
and experiments are extremely hard to access

For example, even just a 10nm radius nanoparticle of say
gold atoms requires  over 200,000 atoms! Much much more
(by at least 3 orders of magnitude) than can be handled
with quantum mechanics… not to mention time scales….


