


  









 sign in sign up 








What Is the Entropy of a Pendulum? (PDF) [PDF]




Related documentation

	Useful Constants
	Thermodynamic Temperature
	Chemical Engineering Thermodynamics
	Ideal Gas Law
	Lecture 25 - Kinetic Theory of Gases; Pressure
	Physics Formulas List
	Derivation of the Boltzmann Principle ͒ Michele Campisia Institute of Physics, University of Augsburg, Universitätsstrasse 1, D-86135 Augsburg, Germany ͒ Donald H
	Principle of Equipartition of Energy -Dr S P Singh (Dept of Chemistry, a N College, Patna)
	Entropy According to Boltzmann Kim Sharp, Department of Biochemistry and Biophysics, University of Pennsylvania, 2016
	E = H Ν C = Λν E = Energy Υ = Velocity H Λ = P = Mν Ν = Frequency N = Principal Quantum Number Mυ Λ= Wavelength M = Mass 2.178 X 10 -18 P = Momentum E = - Joule N 2
	On the Radiative and Thermodynamic Properties of the Cosmic Microwave Background Radiation Using Cobe Firas Instrument Data
	CONSTANTS Description Value Ideal Gas Constant (R) 0.0821 L•Atm/Mol
	I. Natural Units
	Chapter 6 Free Electron Fermi
	Glossary of Terms for Thermal Physiology
	On the Classical Energy Equipartition Theorem
	Temperature. Gas Constants and Molecular Quantities
	Stefan–Boltzmann Law
	An Energy-Based Unit for the Thermodynamic Temperature
	Physical Units, Constants and Conversion Factors
	Kinetic Theory of Gases: Equipartition of Energy and the Ideal Gas Law
	Is There a Connection Between Planck's Constant, Boltzmann's
	1 Ideal Gasses and Equipartition
	The Energy Meaning of Boltzmann's Constant
	Electrical Engineering and the New SI Definitions 96
	An Electronic Measurement of the Boltzmann's Constant Using I-V
	Chemistry Formulae
	Lecture 9 Ideal Gas & Kinetic Theorty
	Ideal Gas Law Phys
	Heat Capacity Summary for Ideal Gases: C = (3/2) R, KE Change Only
	Introduction
	The Derivation of the Planck Formula
	Boltzmann's Statistical Mechanics Kinetic Theory of Ideal Gases In
	Lecture 4: Temperature
	Lecture 2: Ideal Gases
	Toward the SI System Based on Fundamental Constants: Weighing the Electron Edwin R
	Determination of the Boltzmann Constant for the Redefinition of the Kelvin
	Chapter 9 Statistical Mechanics
	A Glossary of Terms for Fluid Mechanics
	Gas Laws and Kinetic Theory
	AP Formulas.Pdf
	Molecule and Is Called Boltzmann's Constant K = (R / N ) 1 2 Mc = 3 2 Kt
	6Entropy & the Boltzmann
	Gibbs and Boltzmann Entropy in Classical and Quantum Mechanics
	What Is the Entropy of a Pendulum? (PDF)
	The Different Paths to Entropy
	Measurement of the Universal Gas Constant Using an Acoustic Resonator
	Entropy, Shannon's Measure of Information and Boltzmann's H
	Determination of Stefan Boltzmann Constant
	Thermodynamics, Statistical Mechanics and Entropy
	An Electronic Measurement of the Boltzmann Constant
	Calculations Formulas Definitions
	Natural Units Paperfin
	Determination of Boltzmann's Constant from the Current-Voltage Characteristic of a Transistor
	Determination of Boltzmann Constant by Gas Expansion Method
	Constants and Conversions
	Boltzmann Entropy of Thermodynamics Versus Shannon Entropy of Information Theory







<<


 Home , Boltzmann constant 







 What is the entropy of a pendulum? Dan Styer, Department of Physics and Astronomy, Oberlin College c 17 November 2016; typo corrected 15 June 2017
A one-dimensional pendulum of period TP and temperature T has entropy  1/θ  S = k − ln(1 − e−1/θ) with θ = T k T/h B e1/θ − 1 P B
(where h is Planck’s constant and kB is Boltzmann’s constant). This expression holds in the non-relativistic, small amplitude approximation, where the pendulum period is independent of amplitude. For low temperatures (θ  1) this expression is approximately  1/θ  S ≈ k , B e1/θ from which it is immediately clear that lim S = 0. T →0 Anyone saying “the entropy of a pendulum is zero” is not suﬀering from a deep misconception. Instead, s/he is implicitly thinking of this non-relativistic, small amplitude, low temperature limit. Proof. Within the small amplitude approximation, the pendulum is a simple harmonic oscillator. The 1 (non-relativistic) simple harmonic oscillator has quantized energy eigenvalues En = (n + 2 )h/TP . Thus the canonical partition function is ∞ ∞ ∞ X X 1 X 1 Z = e−En/kB T = e−(n+ 2 )/θ = e−1/2θ e−n/θ = e−1/2θ . 1 − e−1/θ n=0 n=0 n=0
Now, in general the Helmholtz potential is F = −kBT ln Z and the entropy is S = −∂F/∂T so  ∂ ln Z  S = k ln Z + T . B ∂T Applied to our particular situation  ∂ ln Z ∂(1/θ) S = k ln Z + T B ∂(1/θ) ∂T  ∂ ln Z  1/θ  = k ln Z + T − B ∂(1/θ) T  1 ∂ ln Z  = k ln Z − B θ ∂(1/θ)  1 1  1 e−1/θ  = k − − ln(1 − e−1/θ) − − − B 2θ θ 2 1 − e−1/θ which simpliﬁes to the expression above.
Moral of the story. The expression for the entropy of a pendulum involves the Boltzmann constant kB. So does the expression for the entropy of black body radiation at volume V and temperature T , namely  32 π5  S = k4 VT 3 B 45 c3h3
1 (where c represents the speed of light). So does the expression for the entropy of the one-dimensional classical nearest-neighbor Ising model for magnetism " p #   −4K 2 −4K p 2 −4K L sinh L cosh L − 2Ke + L sinh L sinh L + e S = kBN ln cosh L + sinh L + e − p sinh2 L + e−4K + cosh L sinh2 L + e−4K
(where N is the number of spins, J is the spin-spin coupling constant, mH is the magnetic moment times
 the magnetic ﬁeld, K = J/kBT , and L = mH/kBT ). So does the Sackur-Tetrode formula for the entropy of a classical, non-relativistic monatomic ideal gas
 2πmk TV 2/3   S(T,V,N) = k N 3 ln B + 5 B 2 h2N 2/3 2 (where N is the number of atoms, each with mass m).
In fact, any statistical mechanical expression for entropy must involve Boltzmann’s constant kB, from the following simple dimensional argument: Of all the fundamental physical constants (such as the mass of the electron, the charge of the proton, the speed of light, etc.) the only one including temperature as a dimension is kB. However, entropy has the dimensions of energy/temperature, so any expression for entropy must involve at least one variable that contains the dimensions of temperature. Hence any statistical mechanical expression for entropy must involve Boltzmann’s constant.
Yes, the entropy for the classical monatomic ideal gas involves Boltzmann’s constant. So does the ideal
 gas equation of state pV = NkBT . But the use of Boltzmann’s constant in the expression for entropy of a substance doesn’t — can’t — imply that the substance in question is an ideal gas.
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