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Central Topics in the Philosophy of Science

Problem Set 2, due October 28 at the tutorial

Please solve the following problems. Make sure to explain your reasoning. You get 5 points for each problem
if the calculation is correct and if the reasoning is well-explained.

(1) Given a set of n ∈ N distinct and unique objects (e.g. coloured balls in an urn).

a) In how many different ways can these objects be ordered?

b) How many different ways are there to pick k < n, k ∈ N, different objects (order doesn’t matter)?

c) Assume n = 9. You draw four random objects without putting them back. What is is the proba-
bility of you drawing the purple and the green ball?

Hint: Think about the number of ways you can modify a specific successful draw to get all the possible
favourable outcomes.

(2) (Multinomial Coefficient) Assume you have n different objects and m different boxes. In the first box
you have to put k1 objects, in the second k2, and more generally in the i-th box ki many objects with
ki ∈ N0 for all i ∈ {0, . . . ,m}. Moreover, there are exactly as many available spots for the objects as

there are objects
m∑
j=1

kj = n.

The number of ways by which this task can be done is given by the multinomial coefficient
(

n
k1,k2,...,km

)
.

For the multinomial coefficient holds:(
n

k1, k2, . . . , km

)
=

n!∏m
i=1 ki!

. (1)

a) In what sense does the multinomial coefficient generalize the binomial coefficient?

b) Prove (1) by mathematical induction.

c) Derive (1) conceptually.

Hint: Choose the induction variable and your induction hypotheses wisely. You may use what you
know about the binomial coefficient.

(3) Consider the scenario from Rowbottom (p. 30–31). Rowbottom (R.) meets a lawyer (L.) in a bar and
suggests a bet: flip five fair coins together. If two tails or three tails are shown, then R. wins £10,
otherwise the L. wins £10.

a) What is the probability of R. winning one round?

b) How many rounds do they have to play for R. to gain £120 in expectation?

c) What is a fair price for this bet assuming that they still pay £20 in sum if both R. and L. win
one round each?

(4) Answer the question and suggest a way to represent it with an urn model.

a) A 52-card deck of playing cards is shuffled and the first three cards are picked up. In the resulting
three-card hand, the order in which the cards are held does not matter. How many different
three-card hands are possible?

b) My book shelf contains 18 Philosophy texts, 5 Physics texts, 16 Mathematics texts, and 4 poetic
texts. What is the probability that randomly choosing three books results in a Physics text, a
Mathematics text, and a poetic text? (In that exact order.)



(5) A group of 8 Pfadfinderinnen (Girl Scouts or “pathfinders”) are camping in the woods. At night they
sit around the campfire in a random order to burn carrots on sticks and tell jokes. Amongst them
are two sisters Anna and Mónica. What’s the probability of at least 2 people sitting between the two
sisters?

(6) You learn that I entertain the following beliefs: P (A) = .2, P (B) = .4 and P (¬A | B) = .3, whilst also
believing that A and B are independent. Since I have a gambling problem I cannot resist any bets I
consider to be fair. Make me an offer I won’t be able to refuse, but will ensure you a certain profit. In
other words, use a Dutch book against me.

Hint: You may assume a bet on C is bought for x units of the given currency. If C occurs, then the
person who sold the bet has to pay the other person 1 unit, and nothing otherwise.

(7) What is the intended conclusion of the Dutch Book argument? What are the assumptions behind it?
Do you find it compelling? Explain it in you own words. (Not more than 5 sentences.)


