
Heat and Thermodynamics. Rec 5

Recitation 5

1. Consider the orientations of three unconstrained and distinguishable spin-1/2 parti-

cles. What is the probability that two are spin up and one spin down at any instant?

2. Suppose you flip 20 fair coins.

(a) How many possible outcomes (microstates) are there?

(b) What is the probability of getting the sequence H T H H T T T H T H H H T H

H H H T H T (in exactly that order)?

(c) What is the probability of getting 12 heads and 8 tails (in any order)?

(d) What is probability of most probable combination and least probable combination?

3. A system has two non-degenerate energy levels with an energy gap of 0.1 eV. What is

the probability of the system being in the upper level if it is in thermal contact with

a heat bath at a temperature of 300 K? At what temperature would the probability

be 0.25?

4. How many possible arrangements are there for a deck of 52 playing cards? (For

simplicity, consider only the order of the cards, not whether they are turned upside-

down, etc.) Suppose you start with a sorted deck and shuffle it repeatedly, so that all

arrangements become “accessible.” How much entropy do you create in the process?

Express your answer both as a pure number (neglecting the factor of k) and in SI units.

5. Take 10−6 J of heat from a system at a temperature of 300 K and add it to a system

at 299 K. What is the total entropy change of two systems, and by what factor does

the number of accessible states increase?

6. A two-level system of N = n1 + n2 particles is distributed among two eigenstates 1

and 2 with eigenenergies E1 and E2 respectively. The system is in contact with a heat

reservoir occurs, population changes n2 → n2 − 1 and n1 → n1 + 1 take place in the
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system. For n1 � 1 and n2 � 1, obtain the expression for the entropy change of,

(a) the two level system, and of

(b) the reservoir, and finally

(c) from (a) and (b) derive the Boltzmann relation for the ratio n1/n2.
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