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Logic Worksheet

1. By using a truth table, prove that . (Your table will need 8 rows, since there’s  possible sets of values for ,  and )

2. [Source: UKMT Junior Mentoring] In a magic forest there are talking foxes, snakes and turtles. Turtles always speak the truth and foxes always lie. Snakes only lie on rainy days. Hogwart’s student Hermione Granger talks to four of these animals who tell her one by one: (1st) “it’s raining today”; (2nd) “that animal has just lied”; (3rd) “the weather’s fair today”; (4th) “that animal has just lied or I'm a snake!” 
At most, how many turtles did Hermione talk to?

3. [Source: Oxford MAT] Alice, Bob, Charlie and Diane are playing together when one of them breaks a precious vase. They all know who broke the vase. When questioned they make the following statements:
          Alice: It was Bob.
          Bob: It was Diane.
          Charlie: It was not me.
          Diane: What Bob says is wrong.
Each statement is either true or false.
i. Explain why at least one of the four must be lying.
ii. Explain why at least one of them must be telling the truth.
iii. Let us suppose that exactly one of the four is lying. Who is lying? Who did break the vase? Explain your answer.
iv. Let us suppose that exactly one of the four is telling the truth. Who is telling the truth? Who did break the vase? Explain your answer.
v. Let us now suppose that two of the statements are true and two are false. List the people who might now have broken the vase. Justify your answers.
vi. Hence show that if we don’t know how many of the four statements are true, then any one of the four could have broken the vase.

4. You are in a room with five people. One of them will always tell you the truth. The other four will toggle between telling you the truth, and lying to you. However they can either tell you the truth OR lie on the first question you ask them. After that they must always toggle between that and the opposite. 
The challenge of the riddle is to ask exactly TWO questions (which don’t necessarily have to be yes or no) to anyone. You can ask both questions to the same person or ask questions to two different people, and at the end of your two questions you must find out who the truth-teller is.
[Hint: Ask the same person for both questions. Can you use the first question to ensure you know on the second question whether they’re telling the truth or lying?]
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Logic Worksheet - ANSWERS
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2. Ans : 2
Consider that it is raining. The statements imply animal 1 is T, animal 2 is F or S, animal 3 is F or S and animal 4 is T or S. Consider it is fine. The statements imply animal 1 is F, animal 2 is T or S, animal 3 is T or S and animal 4 is F or S. It is possible Hermione spoke only to foxes and snakes if the weather was fine.

3. [bookmark: _GoBack](i) [2 marks] Alice and Bob’s statements are contradictory, so one of them must be lying. (Alternatively: one of Bob and Diane must be lying.)
(ii) [2 marks] If Bob is lying then Diane is telling the truth; hence at least one of them is telling the truth.
(iii) [3 marks] Either Alice or Bob is lying. If Alice is lying and Bob is telling the truth, then Diane is also lying — contradiction. Hence Bob is lying, Alice is telling the truth, so Bob broke the vase. Alternatively: either Bob or Diane is lying; hence Alice and Charlie are telling the truth. Therefore Bob broke the vase (Alice’s statement) and Bob is the liar.
(iv) [3 marks] We know already that either Bob or Diane is telling the truth; hence Alice and Charlie are lying. Therefore it was Charlie who broke the vase, Bob is lying, and Diane is telling the truth. 
(v) [4 marks] Either Bob or Diane is telling the truth.
(a) If Bob is telling the truth, then Diane broke the vase, Charlie is telling the truth, and Alice and Diane are lying.
(b) If Diane is telling the truth, then Bob is lying. If Alice is telling the truth then Charlie is also telling the truth — contradiction. So Alice is lying, Charlie is telling the truth. Hence it wasn’t Bob,Charlie or Diane, so by elimination it was Alice.
(vi) [1 mark] The scenarios above include cases where each of the four broke the vase.

4. Question 1: Are you the truth teller? 
Question 2: (a) If the person responds "Yes". They are either the truth teller or they are a toggler that has just lied to you that will now tell you the truth. Either way the next answer will be truthful. Therefore ask who is the truth teller.
Question 2 (b) if the answer to question 1 is "no". They have to be a toggler that has just told you the truth. Therefore the next question will be a lie. Therefore the question "who is a toggler" will reveal the truth teller.
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