
Statistical Mechanics: Problems

Problem sheet 1: Probability, statistics and fluctuations

1.1 We shuffle a deck of cards and pick one from the pack. (i) What are the probabilities
P (Y ), Y =Diamonds, Hearts, Clubs, Spades of picking a card of a particular suit?
(ii) Determine the probabilities of picking a particular value of card: 2, 3, . . . ace: P (i)
where i = 1, 2, . . . 13. (iii) Does the probability of picking a particular card, P (i, Y ) =
P (i)P (Y )? (iv) The 7 of hearts is removed from the pack. Is it still true that P (i, Y ) =
P (i)P (Y )?

1.2 Assuming the birthdays of the population are equally distributed throughout the year,
how many people, taken at random, need to gather together in a room to give a greater
than 75 percent chance of at least two of them sharing a common birthday?

1.3 In a TV game show, a contestant is shown three closed doors. Behind one of the doors is
a shiny expensive sports car, but behind the other two are goats. The contestant chooses
one of the doors at random (she has, after all, a one-in-three chance of winning the car).
The game show host (who knows where the car is really located) flings open one of the
other two doors to reveal a goat. He grins at the contestant and says: “Well done, you
didn’t pick the goat behind this door.” (Audience applauds sycophantically.) He then
adds, still grinning: “But do you want to swap and choose the other closed door or stick
with your original choice?” What should she do?

1.4 Mrs Trellis (from North Wales) has two children, born three years apart. One of them
is a boy. What is the probability that Mrs Trellis has a daughter?

[If, instead, I had told you that the taller of her children was a boy, would that have
changed your answer?]

1.5 If I flip a coin N times, demonstrate that the number of ways, W , that I can get exactly
half of them heads, and half of them tails is:
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Let us now work out the probability of getting nearly, but not quite, N/2 heads. Write
down the number of ways in which I can get (N
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that the number of ways of doing this gets to be half of the value of getting exactly 0.5
heads and 0.5 tails when
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and hence, assuming N " m" 1:
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Noting that 1 + 2 + · · · m ≈ m2/2, show this leads to

m ∝ N1/2, (4)

and the fractional width therefore goes as N−1/2. Comment on this result for N ≈ 1023.
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