
Heat And Thermodynamics February, 25, 2012

Assignment 4: Probability And Statistical Entropy

1. Assume that each face of a six faced dice is equally likely to land uppermost. Consider

a game which involves the tossing of five such dice. Calculate the probability that the

number 4 appears uppermost:

(a) in exactly two dice

(b) in none of the five dice

(c) in at least one dice.

2. Four persons are chosen at random from a group containing 3 men, 2 women and 4

children. What is probability of

(a) exactly two of them are children

(b) at most two are children.

3. A system has non-degenerate energy levels with energy E = (n + 1
2
)~ω where

~ω = 1.4×10−23 J and n a positive integer or zero. What is the probability that the system

is in the n = 1 state if it is in contact with a heat bath of temperature 1 K?

4. Consider a system of two solids, A and B, each containing 5 particles, sharing a total of

10 units of energy. Assume that the solids are weakly coupled, and that the total energy is

fixed.

(a) How many different macrostates are available to this system?

(b) How many different microstates are available to this system?

(c) Assuming that this system is in thermal equilibrium, what is the probability of finding

all the energy in solid A?

(d) What is probability of finding exactly half of the energy in solid A?

(e) Find the entropy of the system for part (c) and (d).

(f) Under what circumstances would this system exhibit irreversible behavior?

5. Consider a one-dimensional chain consisting of n À 1 segments. Let the length of each

segment be a when the long dimension of the segment is parallel to the chain and zero when

the segment is vertical (i.e., long dimension normal to the chain direction). Each segment
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has just two states, a horizontal orientation and a vertical orientation, and each of these

states is not degenerate. The distance between the chain ends is nx. Find the entropy of

the chain as a function of x.

nx
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