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Puzzle 1: Zeno's Paradox

· To move a distance, you must first move half the distance.

· To get from A to Z, one must first go halfway from A to Z—say, to B.

· To get from B to Z, one must first go halfway from B to Z—say, to C. . . . and so on and so on.

· So, moving a distance involves completing infinitely many motions.

· Every motion takes time.

· Completing infinitely many motions takes an infinite amount of time.

· So, moving a distance takes an infinite amount of time.

· So, no motions are ever complete.  (Nothing moves.)

What’s wrong with Zeno’s reasoning?  In particular, where is Zeno’s reasoning wrong?  Where is it right?
Puzzle 2: The Paradox of the Court

A law student, Euathlus, promises to pay his teacher Protagoras when he wins his first case.  He then decides not to practice law and takes no cases.  Protagoras sues Euathlus for his fee.  Here are the arguments they both make in court.

Protagoras's argument

· If I win, Euathlus must pay, by the court's decision

· If he wins, Euathlus must pay, by our agreement

· Either I win or he does

· So, Euathlus must pay

Euathlus's argument

· If I win, I need not pay, by the court's decision

· If Protagoras wins, I need not pay, by our agreement

· Either I win or he does

· So, I need not pay

You are the judge, how should you rule: Must Euathlus pay Protagoras the fee?
Puzzle 3: The Surprise Examination Paradox

One of your teacher’s announces in class:  “The final examination will be one day next week, at 9:00am, but you won't know until the day of the exam on which day it will be given.”

A Student Reasons:

· The final examination will be one day next week, at 9:00am

· Students won't know until the day of the exam on which day it will be given

· If it isn't given by Thursday at 9:01am, I'd know it was going to be on Friday

So it can't be given on Friday.

· If it isn't given by Wednesday at 9:01am, I'd know it was going to be on Thursday.  So, it can't be given on Thursday.  

· If it isn’t given by Tuesday at 9:01am, I’d know it was going to be on Wedensday.  So it can’t be given on Wedensday.  And so on and so on.

· So, it can't be given any day next week!

The student sighs in relief and leaves for home.  The teacher gives the final exam on Thursday, and the student fails the course.  What was wrong with the student’s reasoning?  

Puzzle 4: Russell’s Paradox

Imagine a village in which there is just one barber.  He shaves all and only those who do not shave themselves.  Who shaves the barber?
Puzzle 5: The Liar Paradox

As stated in the book of Paul in the Bible: “One of themselves, a prophet of their own, said, "Cretans are always liars. . . ."” (Titus 1:12)  Interpret this as a Cretan saying, “Everything a Cretan says is false.”  Is what the Cretan has said true or false?

Puzzle 6:  Self Referential Sentences

Viral Sentences are statements that describe themselves.  They are a good model for the trouble that comes up when algorithms refer to themselves.  

What do you think of the following sentence:

THIS SENTENCE  IS NOT TRUE.

What about these sentences:

THE WHOLE POINT OF THIS SENTENCE IS TO EXPLAIN WHAT THE POINT OF THIS SENTENCE IS.

THIS SENTENCE NO VERB

WHAT IS IT LIKE TO BE ASKED

“what is it like to be asked between quotes”

BETWEEN QUOTES?

“is not true when followed by itself”

IS NOT TRUE WHEN FOLLOWED BY ITSELF.

YOU MUST NOT THINK OF BANANAS.

A very sad poet was Jenny-

Her Limericks weren’t worth a penny.

In technique they were sound,

Yet somehow she found

Whenever she tried to write any

That she always wrote one line too many!

Self reference is quite a problem!

Here’s a sentence that describes itself pretty well:

Only the fool would take trouble to verify that his sentence was composed of ten a’s, three b’s, four c’s, four d’s, forty-six e’s, sixteen f’s, four g’s, thirteen h’s, fifteen i’s, two k’s, nine l’s, four m’s, twenty-five n’s twenty-four o’s, five p’s, sixteen r’s, forty-one s’s, thirty-seven t’s, ten u’s, eight v’s, eight w’s, four x’s, eleven y’s, twenty-seven commas, twenty-three apostrophes, seven hyphens, and, last but not least, a single !

CHALLENGE:  Can you fill in the blanks so that the sentence is true:

In this sentence, there are _____0’s, _____1’s, _____2’s, _____3’s, _____4’s, _____5’s, _____6’s, _____7’s, _____8’s, and _____9’s.

(Hint:  There are two ways to solve it)

CHALLENGE:  Can you write a sentence that actually describes itself completely?  

What do you think of this one:

After alphabetizing decapitilize FOR AFTER WORDS STRING FINALLY UNORDERED UPPERCASE DSHGJHAGJH NONSENSE DECAPITILIZE SUBSTITUTING ALPHABETIZING finally for nonsense string substituting unordered uppercase words.

So let’s do what it says!  We begin with:

FOR AFTER WORDS STRING FINALLY UNORDERED UPPERCASE DSHGJHAGJH NONSENSE DECAPITILIZE SUBSTITUTING ALPHABETIZING

We alphabetize and decapitilize as the sentence tells us to do:

After alphabetizing decapitilize dshgjhagjh finally for nonsense string substituting unordered uppercase words.

And now we substitute the unordered uppercase words for the nonsense string:

After alphabetizing decapitilize FOR AFTER WORDS STRING FINALLY UNORDERED UPPERCASE DSHGJHAGJH NONSENSE DECAPITILIZE SUBSTITUTING ALPHABETIZING finally for nonsense string substituting unordered uppercase words.

This sentence describes how to write itself!!!   TRY IT!
Puzzle 7: Knights and Knaves

These puzzles concern a land of knights and knaves. Knights always say true things; knaves always utter falsehoods.  You are a traveler in this strange land, and must try to identify those you meet as knights or knaves.  You encounter two people, Punch and Judy, one or both of whom speak to you.  What can you deduce in each case about whether they are knights or knaves?  (These examples are based on puzzles developed by Raymond Smullyan in What is the Name of this Book? (Englewood Cliffs: Prentice-Hall, 1978).)

Remember:  Knights always tell the truth.  Knaves always lie.

1) Judy:

Either I'm a knight, or I'm not.

Judy is a ____________  Punch is a ______________

2) Punch:
If I'm a knight, Judy's a knave.

Judy is a ____________  Punch is a ______________

3) Punch:
We're not both knights.

Judy is a ____________  Punch is a ______________

4) Punch:
I'm a knave unless Judy's a knight.

Judy is a ____________  Punch is a ______________

5) Judy:

If either of us is a knight, it is Punch.

Judy is a ____________  Punch is a ______________

6) Punch:
I'm a knight if and only if Judy's a knave.

Judy is a ____________  Punch is a ______________

7) Judy:

Punch is a knave.

Judy is a ____________  Punch is a ______________

8) Punch:
Judy's a knight.

Judy is a ____________  Punch is a ______________

9) Judy:

At least one of us is a knave.

Judy is a ____________  Punch is a ______________

10) Punch:
If I'm a knave, Judy's a knight.

Judy is a ____________  Punch is a ______________

11) Judy:

Punch is a knight if I am.

Judy is a ____________  Punch is a ______________

12) Punch:
If I'm a knave, we both are.

Judy is a ____________  Punch is a ______________

13) Judy:

Either he's a knight, or I'm a knave.

Judy is a ____________  Punch is a ______________

14) Punch:
Judy's a knight if and only if her sister is.

Judy is a ____________  Punch is a ______________

15) Judy:

Unfortunately, my sister's a knave.

Judy is a ____________  Punch is a ______________
At this point, you meet three people in the land of knights and knaves.  What can you deduce about their status?

16) Curly:
Larry's a knave.

Moe:
Either Curly or Larry is a knave.

Larry:
If I'm a knave, they are too.

Curley:__________ Moe:__________ Larry:__________

17) Curly:
Moe's a knight.

Moe:
We're all knaves.

Larry:
Curly, Moe, and their cousins are all knaves.

Curley:__________ Moe:__________ Larry:__________

18) Curly:
If Moe's a knight, Larry is too.

Moe:
Larry's a knave if Curly is.

Larry:
Curly and Moe are not both knaves.

Curley:__________ Moe:__________ Larry:__________

19) Curly:
If any of us are knights, Larry is.

Moe:
Larry's a knave.

Larry:
I'm a knave if and only if Moe is.

Curley:__________ Moe:__________ Larry:__________

20) Curly:
If Moe's a knave, Larry is too.

Moe:
If Larry's a knave, Curly is too.

Larry:
If Moe's a knight, we all are.

Curley:__________ Moe:__________ Larry:__________

What if Judy says, "I'm a knave?"

Puzzle 8: Gödel Numbers

What is the Gödel number of x y x + y = y + x ?

What formula corresponds to 4,953,996,788,568?

Puzzle 9: Gödel Sentences

Are these sentences true or false in arithmetic?

1) I am not provable.

2) If I am provable, so is my negation.

3)  Everything is provable.

4)  If I'm provable, anything is.

5) I am provable.

Logic Puzzles!

Try the following logic puzzles for some more fun with logic!  The next four puzzles come from Raymond Smullyan’s book, “What is the Name of this Book:  The Riddle of Dracula and Other Logical Puzzles”.  If you enjoy these puzzles, you can check the book out at the Central Austin Public Library (8th and Guadalupe).

Puzzle #10  Whose picture am I looking at?

A man was looking at a portrait.  Someone asked him, “Whose picture are you looking at?”  He replied:  “Brothers and sisters have I none, but this man’s father is my father’s son.”  (“This man’s father” means, of course, the father of the man in the picture.)

Whose picture was the man looking at?

Puzzle #11  Socks!

Twenty four red socks and 24 blue socks are lying in a drawer in a dark room.  What is the minimum number of socks I must take out of the drawer which will guarantee that I have at least two socks of the same color?

Puzzle #12  Another sock one

A new twist on the above problem:  Suppose some blue socks and the same number of red socks are in a drawer.  Suppose it turns out that the minimum number of socks I must pick in order to be sure of getting at least one pair of the same color is the same as the minimum number I must pick in order to be sure of getting at least two socks of different colors.  How many socks are in the drawer?

Puzzle #13  Problem of the bear.

A man is 100 yards due south of a bear. He walks 100 yards due east, then faces due north, fires his gun due north, and hits the bear.  What color was the bear?

Answers provided on the next page. 

Answers

Puzzle #10:  The man is looking at a picture of his son.

Puzzle #11:  three  

Puzzle #12:  four

Puzzle #13:  The bear must be white; it must be a polar bear.  The usual reason given is that the bear must have been standing at the North Pole.  While this is one possibility, there are also others.  For example, the man could be standing close to the south pole, where the polar circle passing through that spot has a circumference of exactly 100 yards, and the bear is standing 100 yards north of him.  Then, if the man walked 100 yards east, he would end up in the exact spot that he started, and could hit the bear by firing due north.  Or, the man could be standing a little closer to the South Pole, on a spot where the polar circle has circumference 50 yards.  Then, walking 100 yards due east would just have him walk around the polar circle twice, putting him back in the same spot where he started.  You can do this for any integer, hence there are an infinite number of solutions to this problem!
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