Assignment 4
Due 26th January, 2009
Some of the problems are difficult and will take longer to solve than the typical problem in the AS/A level exam. The important thing to remember is strategy. Something akin to how you did proofs in PL (view the proof from the top, by breaking it down into smaller parts). But don’t be distressed if you can’t solve them all. 
1. Explain the following terms: material conditional, disjunction, conjunction, soundness, completeness, models. 
2. Explain the following terms: concept, subject, predicate, innate, intuition, ambiguous.
3. What is logic? Can logic give us knowledge of the world? (Note: You might want to look up the term logic on the internet.)
4. A line of proof of PL consists of many parts: dependencies, formula, line number, rule of inference. Explain what these are, and describe their role in the proof and mention any special relationships that hold between them.

5. Prove the transitivity of implication: 
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(Hint: Do so by constructing a hypothetical proof for sequents.)

6. Prove that there is no greatest natural number. (Use proof by contradiction.)
7. There are 9 coins, one of which is counterfeit. It is either heavier or lighter than the others. You have a balance. By weighing the coins in the balance a maximum of 3 times you have to determine which coin is counterfeit.

8. Two sets are said to have the same cardinality (i.e. size) if the elements of one could be paired with the elements of the other, such that there are no elements left in either set. Example: X = {1, 3, 5} and Y = {2, 4, 6} have the same cardinality. We can show this without counting the elements, because we can pair up the elements from both sets as follows: <1,2>, <3,4>, <5,6>. This pairing can be described as: take any number from X, and add 1 to it to get the corresponding number from Y. Another way to look at this is to imagine a cinema hall where all the seats are occupied and no one is standing. We can say that the number of seats is the same as the number of people, without counting either. Pair up the elements of {1, 2, 3, 4, 5, …, 100} with {1, 3, 5, …, 199}. (Since you can’t write them all down, you have to provide the formula.)
9. In a gathering of n people, everybody shake hands with everybody else. How many hand-shakes will there be in total. (You do not need to use techniques from combinatorics. Just use simple intuitive reasoning. The idea is to simplify difficult problems.)
10. The great mathematician Gauss was 12 when his mathematics teacher gave the class the following problem: sum all the natural numbers up till 100. The idea was to keep the class busy for the entire period. To the utter bewilderment of his teacher Gauss produced the correct answer immediately. How might have he gone about it? You cannot use the formula of partial sums n(n-1)/2 unless you first prove it by simple and clear reasoning that a 12 year old can understand.
11. A chess-board has 64, 1(1 size, squares. But if we also 2 ( 2, 3 ( 3, …, 8 ( 8 size squares, then how many total squares are there on a chess-board? You don’t have to come up with the exact number, a formula will be sufficient.
12. There are two jars, one with 50 blue balls and the other has 50 red balls. They are placed adjacent to each other. People randomly pick one ball from one of the jars. The probability of picking up a red ball is ½. How can you increase this probability? What is the highest probability of picking up a red ball?
13. A self-referentially incoherent statement is one which entails the negation of itself. Show the following statements to be self-referentially incoherent: (1) Every truth is relative; (2) Anything which can’t be proven is meaningless (Stephen Hawking); and, (3) Every statement is meaningless.
14. There is a cylinder filled up to its brim with water. Half of it is to be poured into another container. How can this be accomplished it without using a measuring device?
15. There is a rope which when lit from an end burns up in exactly half an hour. But the rope does not burn at a regular rate. You have two such ropes and a lighter. Using this apparatus you have to measure exactly 45 minutes.  
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