CALCULATED FICTION

MATH WORKSHOP 1

September 25, 2007

For this workshop you'll be working in a group of 4 – listen for instructions.

Each group will only get one copy of this handout, so someone in your group will need to read it aloud to the others.  (This is intended to get you working together as a group instead of working as four individuals sitting near each other.)

PART I: GOING OVER THE HOMEWORK




With your group, go over the homework that was assigned for today.  Proceed deliberately!  Make sure that each member of your group understands the solution to each question – or, if your group isn't sure about a solution, identify questions that you'd like to ask to help you find the solution.

As you do this, we (Brian, Steven, and Taiyo) will be coming around to take a quick look at your homework papers.  Feel free to ask us your questions.

Work on this until about 11, at which point we'll come back together as one big group for some discussion.

PART II: SOME WARMUP PROBLEMS
With your group, work on problems 48, 51, 52, and 54b from page 14 of Mathematical Excursions.  Before you begin to solve each problem, talk explicitly about (and then follow) the four steps of Polya's Problem-Solving Strategy:


1. Understand the problem.


2. Devise a plan.


3. Carry out the plan.


4. Review the solution.

As always, ask for help if you get stuck or have questions.  

You'll have 15-20 minutes for this part of the workshop.  Note that you don't need to finish all four of these questions!  It's better to do two problems carefully, with full discussion, than to do all four problems in a haphazard way.  Most importantly, stay focused and work as one group.

PART III: ROAD BUILDING
Back in your group, work on the following problem.  

You have a plot of land in the shape of an equilateral triangle, as shown on the handout.  (Equilateral means having three equal sides and three equal angles, each angle being 60(.)

You're trying to decide where to build a house on your land.  The sides of the triangle are county roads, and you need to have access from the house to all three of them.  Thus you have to build access roads that run from your house to each of the county roads.  

Before you begin, choose one person to be your group's scribe.  That person will be in charge of writing down the ideas your group has and the progress you make.   This will free the rest of you up to focus on generating and exploring new ideas.  As before, it's important that you work as one group throughout.

1. Where should you build the house to minimize the length of access roads that must be built?  String will be provided so that you can work to find the answer experimentally.  Don't go on until your group agrees on an answer.  If you get stuck, ask Steven, Brian, or Taiyo for help.

2. How can you prove that your answer to #1 is correct?  Try to come up with an explanation that would convince any reasonable person that your answer is right.  (Warning: This may be tricky.)  Try out your ideas on the other members of your group; work with them to find the gaps in your reasoning.  

Keep track of your work and your group's results and put them in your portfolio.

After about 20 minutes, we'll ask you to share your results.  

PART IV: STILL MORE PROBLEMS
In your group, work on as many of these problems as time allows.  The focus here is as much on paying attention to your problem-solving processes as it is on coming up with solutions to problems.  Many of these are rather difficult, so don't despair if you can't solve them.  As always, ask for help if you need it.  We'll have a brief discussion about these problems at about 12:45.

1. Problem 50 on page 45 of Mathematical Excursions
2. Take 12 coins and arrange them in a square, like so:


o o o o


o     o


o     o


o o o o

As you can see, there are four coins on each side of the square.

(a) Rearrange the 12 coins to form another square, this time with five coins on each side.

(b) Rearrange the 12 coins to form another square, this time with six coins on each side.

3. Write the digits from 1 to 9 on pieces of paper and arrange them in rows thusly:



2
6
7
9



1
3
4
5
8

Notice that the first row totals 24 and the second row totals 21.  Move just one of the pieces of paper to make the totals of the rows equal.

4. How many triangles are there in this diagram? 
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5. Can you add punctuation to the sequence of words below to make sensible English out of it?


THAT THAT IS IS THAT THAT IS NOT IS NOT IS NOT THAT IT IT IS

6. Wilfred Stump heard that there is only one number between 2 and 200,000,000,000,000 which is a perfect square, cube, and fifth power, and he has decided to look for it.  So far he has checked out every number up to about 100,000 and is beginning to get somewhat discouraged.  Help Wilfred out – what is the number?

7. A fruit stand manager has two piles of oranges from two different suppliers.  One supplier charges $10 for thirty oranges, or three for a dollar.  The other charges $15 for 30 oranges, or two for a dollar.  The manager decides to sell all sixty at five for two dollars.  After selling twelve batches of five the manager only has $24, but he needs $25 to pay the suppliers.  Where is the other dollar?

8. A horse owner wants to give his stables to one of his two sons. He has a novel idea for choosing who will benefit, using a horse race: the son who owns the slowest horse gets the stables.  But Daddy believes that they may cheat by riding the horses below their capabilities. What two words of advice would you give the owner to ensure a fair race?

9. A 12 x 30 foot room has a 12-foot ceiling.  In the middle of the end wall, a foot above the floor, is a spider.  The spider wants to capture a fly in the middle of the opposite wall, one foot below the ceiling.  What is the shortest path the spider can take?

10. A carpenter wants to cut a cube of wood into 27 equal cubes.  It is obvious that he can accomplish this with six cuts.  Is there any procedure that would require fewer than six cuts?  If there is, say what it is.  If there isn't, give a compelling explanation for why there isn't.

11. Three boxes are labeled "Apples", "Oranges", and "Apples and Oranges".  Each box is incorrectly labeled, but some arrangement of these labels on these boxes would be correct.  By selecting only one fruit from only one box – no peeking or feeling around permitted – how can you label each box correctly?

12. In the gym there are 1000 lockers.  A group of children decide to play a game.  All lockers start out closed.  The first child runs by and opens all 100 lockers.  The second child runs by and changes the status of every second locker (shuts #2, shuts #4, shuts #6, etc.).  The third child runs by and changes the status of every third locker (shuts #3, opens #6, shuts #9, opens #12, etc.).  There are 1200 children and they play this game until each child has run by, shutting or opening the lockers in this pattern.  In the end, which is the last locker in the row that remains open?

13. A chief of detectives had three candidates for an opening in his department.  To test their powers of reasoning, he pulled out a red and black marker and told them, "I am going to make either a red mark or a black mark on each of your foreheads.  At least one will be black.  Without any help other than your own reasoning skills, I want you to determine the color of the mark on your own forehead.  The first to do this and give me a satisfactory explanation of how you arrived at a conclusion will get the job."


He then blindfolded the candidates and proceeded to put a black mark on each of their foreheads.  After he removed the blindfolds, the three stared at each other for a few seconds, each seeing that the other two marks were black.  Then one of the candidates said, "I have a black mark."  How did the candidate arrive at this conclusion?

14. You're stranded somewhere with nothing but a lighter, a knife, and two ropes.  Each rope takes exactly one hour to burn from end to end.  However, the rope material is not homogeneous, so you don't know how long any piece of the rope would take to burn; for example, if you cut the rope in half and light one of the pieces, it could take much less than or much more than 30 minutes to burn.  Using only these ingredients, how can you measure the passage of 45 minutes?

These problems are drawn from a number of sources, including these:


The Complete Puzzler and Classic Puzzles by Gyles Brandreth


Puzzles in Math & Logic by Aaron J. Friedland


The Riddle of Scheherazade and Other Amazing Puzzles by Raymond Smullyan


http://www.netcomuk.co.uk/~jenolive/homegrps.html


http://www.cut-the-knot.org/front.shtml


http://members.cox.net/mathmistakes/

THE WRITE-UP

Your write-up is due at 5pm tomorrow (Wednesday).  Each student must submit a write-up individually.  On each item of your write-up, be sure to indicate who you worked with on that problem.  

For this week's write-up, choose two items from today's workshop (but not from the homework for today).  For each of the problems you choose, do the following:

1. Briefly discuss each of the four steps of Polya's Problem-Solving Strategy in relation to the problem.  (For examples, see section 1.3 in Mathematical Excursions.)

2. Write up your solution to the problem as carefully as you can.  

The point here is to show us your best work.  It's fine to write up problems that you don't have complete solutions for as long as you have something interesting to say about them.  More often, you'll probably want to choose problems to which you're confident of the solutions; show us your best efforts at writing up those solutions clearly and neatly.
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