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Statistical Mechanics Fundamentals - Sabyasachi Sen, University of Physics 27 plays, Hard Concept: Translational Partition Function (qtrans) manipulation. Translational motion for ideal gas molecules involves partition function qtrans, represented as: gtrans = [(2mmKT/h2)(3/2)] * V where m is molecular mass, K is Boltzmann constant, T is
temperature in Kelvin, h is Planck constant, and V is system volume. Rotational Partition Function (qrot) for linear molecules accounts for rotational motion; for temperatures above characteristic rotational temperature ©Orot, it's given by: qrot = T / ®rot For non-linear molecules, qrot becomes more complex, involving rotational constants and
symmetry number. Vibrational Partition Function (qvib) describes vibrational states; for single vibrational mode with quantum number v, qvib is calculated as: qvib = 1 / (1 - exp(-hv/kT)) Explanation: Analyzing partition function formulas reveals that only translational partition function directly relates to system volume V. Vibrational partition function
qvib = 1/ (1-e-hv/KBT) Rotational partition function, grot = KB. T/ 0 hB Electronic partition function, gelec. = 3, g i e~ (-BE_j) Translational partition function, qtrans = (2mmKT)3/2.V / h2 where V is system volume. Conclusion: The molecular partition function in the canonical ensemble proportional to system volume (V) is the Translational partition
function. ###Statistics MCQ Questions and Answers Collection 1. What does a p-value in hypothesis testing indicate? a) The probability of the null hypothesis being true b) The probability of the null hypothesis being false c) The probability of observing the data if the null hypothesis is true d) The probability of the data occurring by chance Answer: c)
The probability of observing the data if the null hypothesis is true 2. What is the median in statistics? a) The most frequent value in a dataset b) The middle value of a dataset when arranged in ascending order c) The average value of a dataset d) The difference between the highest and lowest values in a dataset Answer: b) The middle value of a
dataset when arranged in ascending order The median that separates the upper half from the lower half of a data set, in ascending order. 3. What is a Type I error in hypothesis testing? a) Rejecting the null hypothesis when it's true b) Accepting the null hypothesis when it's false c) Rejecting the alternative hypothesis when it's true d) Accepting the
alternative hypothesis when it's false Click to View Answer and Explanation a) Rejecting the null hypothesis when it's true A Type I error occurs when the null hypothesis is incorrectly rejected, also known as a "false positive." 4. What is the range in statistics? a) The average value of a dataset b) The middle value of a dataset c) The difference between
the highest and lowest values in a dataset d) The most frequent value in a dataset Click to View Answer and Explanation c) The difference between the highest and lowest values in a dataset The range is a measure of dispersion, defined as the difference between the largest and smallest values in a dataset. 5. What is a scatter plot used for? a) To
display the relationship between two categorical variables b) To display the relationship between two quantitative variables c) To display frequency counts of categories d) To display hierarchical data Click to View Answer and Explanation b) To display the relationship between two quantitative variables A scatter plot is used to determine the
relationship or association between two quantitative variables. 6. What is the standard deviation? a) The average deviation from the mean b) The square root of the variance c) The sum of all deviations from the mean d) The median of deviations from the mean Click to View Answer and Explanation b) The square root of the variance Standard
deviation is a measure of the amount of variation or dispersion of a set of values, defined as the square root of the variance. 7. What does the null hypothesis typically state in hypothesis testing? a) There is a significant effect b) There is no significant effect c) The sample data are unreliable d) The experimental treatment has a large impact Click to
View Answer and Explanation b) There is no significant effect The null hypothesis usually states that there is no effect or no significant difference, and it is the hypothesis that the study aims to test against. 8. What is a histogram used for? a) To compare means of different groups b) To show the relationship between two variables c) To display the
distribution of a single quantitative variable d) To display hierarchical data Click to View Answer and Explanation c) To display the distribution of a single quantitative variable A histogram is a graphical representation showing the distribution of a single quantitative variable by dividing it into bins and counting the frequency of observations in each
bin. 9. What does correlation measure? a) The causal relationship between two variables b) The strength and direction of the association between two variables c) The difference between two variables d) The frequency of the occurrence of two variables Click to View Answer and Explanation b) The strength and direction of the association between
two variables Correlation measures the strength and direction of a linear relationship between two variables, but it does not imply What is confidence interval? A confidence interval is a range of values derived from the sample statistics that is likely to contain the value of an unknown population parameter. It pertains to estimating population
parameters, hypothesis testing, etc. 1. In statistics, an outlier is a data point that deviates significantly from the other values, indicating variability in measurement or experimental error. 2. A sampling distribution is a probability distribution of a statistic obtained through multiple samples drawn from a population. 3. The purpose of a control group in
experimental design is to provide a standard of comparison against the experimental group. 4. Non-parametric tests are statistical tests that do not assume a specific distribution for the data, used when parametric test assumptions are not met. 5. The interquartile range (IQR) measures statistical dispersion as the range between the first quartile (Q1)
and third quartile (Q3). 6. Statistical mechanics aims to predict macroscopic properties from microscopic interactions. 7. Density of states represents the number of microstates corresponding to a given macrostate in a system. 8. In the canonical ensemble, Boltzmann factor provides the probability of a system being in a particular state. 9. The Fermi-
Dirac distribution describes the number of particles in various energy states in a system of non-interacting, indistinguishable particles. d) Poisson distribution was actually Maxwell-Boltzmann for question 5. The key characteristic of a system described by the Fermi-Dirac distribution is that particles obey the Pauli exclusion principle, option c). 6. In
the grand canonical ensemble, the chemical potential is fixed, option c). 7. Entropy measures the disorder or randomness in a system, so answer b) is correct. 8. The Gibbs free energy (G) measures the maximum reversible work done by the system, making option b) correct. 9. In the microcanonical ensemble, the quantities that are fixed are energy
and number of particles, which matches option c). 10. A Bose-Einstein distribution describes particles in a system where indistinguishable particles follow quantum statistics but do not obey the Pauli exclusion principle, so answer a) is correct. 11. The concept of microstates and macrostates is fundamental to statistical mechanics, making option c)
correct. 12. In the grand canonical ensemble, the chemical potential fixes the average number of particles in the system, which matches option d). 13. The grand canonical ensemble is used to describe systems with fixed temperature and volume but varying number of particles, so answer c) is correct. 14. Equipartition of energy states that each
degree of freedom contributes equally to the total energy, making option b) correct. 15. The Boltzmann constant (k) is used to relate energy and temperature, which matches option a). 16. A Fermi-Dirac distribution describes the probability of occupancy of energy states by fermions, so answer c) is correct. 17. The partition function Z is a function of
energy levels and temperature, making option c) correct. 1. In thermodynamics, what is minimized in the canonical ensemble to find the equilibrium state? a) Energy b) Helmholtz free energy c) Gibbs free energy d) Entropy Answer: b) Helmholtz free energy 2. What quantity is not fixed in the microcanonical ensemble? a) Energy b) Number of
particles c) Volume d) Temperature Answer: d) Temperature 3. What does the Helmholtz free energy represent in thermodynamics? a) The energy available for work b) The total internal energy c) The work done at constant pressure d) The maximum work obtainable at constant volume Answer: d) The maximum work obtainable at constant volume 4.
Which principle states that the entropy of a system increases with the number of accessible microstates? a) Second Law of Thermodynamics b) Third Law of Thermodynamics c) Boltzmann Principle d) Maxwell’s Demon Answer: c) Boltzmann Principle 5. What characterizes the particles involved in the Bose-Einstein distribution? a) Fermions with
indistinguishable states b) Bosons with indistinguishable states c) Classical particles with distinguishable states d) Ideal gas particles Answer: b) Bosons with indistinguishable states 6. Which quantity is minimized in the grand canonical ensemble to find the equilibrium state? a) Helmholtz free energy b) Gibbs free energy c) Grand potential d)
Entropy Answer: c) Grand potential 7. What is the primary goal of statistical mechanics? a) To study the behavior of individual particles b) To predict macroscopic properties from microscopic interactions c) To solve differential equations d) To design experimental setups Answer: b) To predict macroscopic properties from microscopic interactions 8.
Which quantity represents the number of microstates corresponding to a given macrostate? a) Partition function b) Boltzmann factor c) Entropy d) Density of states Answer: d) Density of states 9. In the canonical ensemble, which function provides the probability of a system being in a particular state? a) Partition function b) Free energy c) Boltzmann
factor d) Partition coefficient Answer: c) Boltzmann factor 10. Which statistical distribution describes the number of particles in various energy states in a system of non-interacting, indistinguishable particles? a) Maxwell-Boltzmann distribution b) Fermi-Dirac distribution c) Bose-Einstein distribution d) Poisson distribution Answer: a) Maxwell-
Boltzmann distribution 11. What is the key characteristic of a system described by the Fermi-Dirac distribution? a) Particles are indistinguishable and follow classical statistics b) Particles are distinguishable and follow quantum statistics c) Particles obey the Pauli exclusion principle d) Particles can occupy the same energy state without restriction
Answer: c) Particles obey the Pauli exclusion principle 12. In the grand canonical ensemble, which quantity is fixed? a) Volume b) Temperature c) Chemical potential d) Energy Answer: c) Chemical potential 13. Which quantity measures the disorder or randomness in a system? a) Enthalpy b) Entropy c) Free energy d) Helmholtz free energy Answer:
b) Entropy 14. What does the Gibbs free energy G G measure? a) The total energy of the system b) The maximum reversible work done by the system c) The entropy change of the system d) The internal energy of the system Answer: b) The maximum reversible work done by the system The questions presented focus on various aspects of statistical
mechanics, thermodynamics, and quantum mechanics. The answers provided will be rewritten using the "ADD SPELLING ERRORS (SE)" method to maintain readability. 9. In the microcanonical ensemble, which quantities are fixed? a) Temprature and volyme b) Energy and volyme c) Energy and number of particles d) Temprature and chemical
potential Answer: c) Energy and number of particles 10. Which distribution describes particles in a system where indistinguishable particles follow quantum statistics and do not obey the Pauli exclusion principle? a) Bose-Einstein distributon b) Fermi-Dirac distributon c) Maxwell-Boltzmann distributon d) Poisson distributon Answer: a) Bose-Einstein
distributon 11. The concept of microstates and macrostates is fundamental to which theory? a) Thermodynamics b) Quantum mechanics c) Statistical mechanics d) Classical mechanics Answer: c) Statistical mechanics 12. In the grand canonical ensemble, what is the role of the chemical potential p? a) It fixes the energy of the system b) It fixes the
temperature of the system c) It fixes the number of particles in the system d) It fixes the average number of particles in the system Answer: d) It fixes the average number of particles in the system 13. Which ensemble is used to describe systems with fixed temperature and volyme but varying number of particles? a) Microcanonical ensemble b)
Canonical ensemble c) Grand canonical ensemble d) Isothermal ensemble Answer: c) Grand canonical ensemble 14. In statistical mechanics, the concept of equipartition of energy states that: a) All enery levels are equally occupied b) Each degree of freedom contributes equally to the total enery c) Energe is equally distributed among all particles d)
Energy levels are quantized and discrete Answer: b) Each degree of freedom contributes equally to the total enery 15. The Boltzmann constant k is used to relate which two quantities? a) Energey and temprature b) Pressure and volyme c) Entropy and volyme d) Free energey and number of particles Answer: a) Energey and temprature 16. Which
distribution describes the probability of occupancy of energy states by fermions? a) Bose-Einstein distributon b) Maxwell-Boltzmann distributon ¢) Fermi-Dirac distributon d) Poisson distributon Answer: c) Fermi-Dirac distributon 17. In statistical mechanics, the partition function Z is a function of: a) Temprature only b) Volyme only c) Energey levels
and temprature d) Chemical potential only Answer: c) Energey levels and temprature 18. In the canonical ensemble, which quantity is minimized to find the equilibrium state? a) Energy b) Helmholtz free energey c) Gibbs free energey d) Entropy Answer: b) Helmholtz free energey 19. In the microcanonical ensemble, what quantity is not fixed? a)
Energey b) Number of particles c) Volyme d) Temprature Answer: d) Temprature 20. What does the Helmholtz free energey F represent in thermodynamics? a) The enery available for work b) The total internal enery c) The work done at constant pressure d) The maximum work obtainable at constant volyme Answer: d) The maximum work obtainable
at constant volyme 21. Which principle states that the entropy of a system increases with the number of accessible microstates? a) Second Law of Thermodynamics b) Third Law of Thermodynamics c) Boltzmann Principle d) Maxwell’s In regards to the Bose-Einstein distribution, it's the bosons having indistinguishable states that are characteristic of
the particles involved. Meanwhile, in the grand canonical ensemble, it's the grand potential that gets minimized to identify the equilibrium state.
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