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Review

 Einstein model of a solid
— In 3-D, can vibrate in three independent directions

— Each oscillator can have multiple energy units




Einstein Solid

* In Tutorial #9, predicted heat capacity as
2 A&/KT
c, = 3Nk EKDe U=2%
O ()|

¢ 1s size of the unit of energy for identical oscillators and
we’re taking N as number of atoms in this case!

* Considering usual limits
— KT >> & C, approaches equipartition value 3Nk
— Below KT = & decreases approaching zero as T—>0 K

Heat Capacity of Einstein Solid




Limitation of Einstein Model

» Einstein model assumes that all vibrations are independent

* However, one atom in crystal cannot vibrate without affecting
others nearby

— Number affected depends on frequency of vibration mode
— Different frequencies - units of energy vary in size

— Variation means that C,, approaches zero less dramatically

Modelling Mechanical Oscillations

+ Using modes of oscillation model for blackbody EM field

» Description of lattice vibrations
— Moving from photons to phonons (both bosons)
— Can describe number of energy units per mode using
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Modelling Mechanical Oscillations

« Differences between photon and phonon model

— Can have longitudinal modes as well as transverse modes

— Minimum wavelength for oscillation is two times the
atomic spacing
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Crystal Oscillation Modes

n has a limit because of space between atoms
« Wavelength cannot be smaller than atomic spacing

* Total number of modes cannot exceed number of atoms ) k\
—In1D,n =N
~ 3D, Ny = AN
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Total Energy for Debye Solid

« Starting from U = 3222 (o) —— — —
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Total Energy
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Experimental Results
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Comparing Model Results
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