Review

* Entropy of Mixing

For different gases with same N, U and V before mixing

AS =AS, +AS, =2NkIn2

If same gas, entropy does not increase (significantly)
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More on Multiplicity of Ideal Gas

1 VN 7Z_3N/2 3N
RNNTENEY /2)!(“2mu)
L

B N QLCS"\\s%uLSLaML ‘oo»fh'o(w

o sthor WStae on 4w ij)-)
Adee, LecPl




Two-state Paramagnet
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* Arrows represent microscopic magnetic dipole moments or
“spins” of particles
— Each has a dipole moment:

» Consider an ideal paramagnet

— No interaction between the spins
— For real ferromagnet, interactions between spins important

Two-state Paramagnet
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» Up or down spins (parallel or antiparallel to field)
— Quantized - only two states allowed for spin-1/2 particles
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* When magnetic field (B) direction is pointing “up” (+z)
— Spin “up” state will have lower energy: - uB




» Energy levels of single dipole (particle) energy e
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Energy Levels and Magnetism (2)

» Energy levels of single dipole (particle) eneray
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* Magnetization (M) - Total magnetic moment of the system
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Calculation of Entropy
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Calculation of Inverse Temperature
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Now, Calculate Total Energy
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Real-world Paramagnets

 Electronic paramagnetism

— Dipole moments caused by “unpaired” electrons in atoms
or molecules

— For single electron in an atom with an “unpaired” spin
* u is called Bohr magneton
Ug = 9.274x104 JIT = 5.788x10° eVIT
— At room temperature and with a field of ~1 Tesla

KT ~ ey Ly ~5.8x107°eV
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