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Small Group Projects

Work in Teams of 3 

Overview:  Listed below are a variety of intellectual challenges for you to work on in small groups over this week.  All of them have multiple possible solutions, and they are designed to depend very little on your high school background (e.g. there are no problems that depend on you having taking computer science, or AP biology).  Some involve measurements; some are purely logical.  We want you to attempt as many as you can, but we have intentionally made a long list that will be more than most of you can successfully complete.

Instructions:  You will have several opportunities to work on these problems over the next two days.  You may work on them in any order. Prizes will be given for the best/most creative/clear correct answers to each question.  You are expected to explain how you did the problem in addition to reporting the answer.  To be considered for a prize, you must turn in your answers in the box located in the Physics laboratory (Noyce 0506) by 9:00 am on Tuesday August 16.  Your answers must be written or typed neatly and clearly labeled with the number of the question and your names.  You are welcome to consult with any of the Grinnell Science Project directors or student assistants about the Puzzles and Problems.

1)  Measure the height of the flagpole in back of Herrick Chapel by any method other than direct measuring; you can borrow a meterstick, string, and a protractor if you need it.

2)  Estimate the number of Hershey Hugs and Kisses in the large jar.

3)  Estimate the volume of the Zirkle (what is a Zirkle!?) (no, finding the answer on the internet does not count as an estimate)

4) You have three dice.  You roll one.  What is the probability that when you roll the next two dice that they straddle the first value (i.e. one is above and one is below)?  For example, if your first roll is a two, and the next two are a one and a four, that works, but if the next two were a three and a five, (or even a two and a five) that wouldn't.  Assume the probability of any particular die giving any particular number is 1/6 (i.e. 16.66...%), and the probability of any two rolls in a row is the product of the probabilities (e.g. 1/36 chance of rolling two sixes).  After you calculate a result theoretically, verify your result experimentally with real dice.

5) Two of the 45 GSP students’ birthdays fall during the six days of the pre-orientation!

a) Before we knew the actual number, what was the most likely number of birthdays to happen during these six days?

b) What is the probability of exactly two birthdays falling during pre-orientation for a group of 40 GSP’ers?

c) What is the probability of two of the forty of you having the same birthday?

d) Now that your probability skills are warmed up, what is the probability that you will have at least one of your fellow GSP’ers in one of your classes this fall?  You can estimate the average class size as 20 students, that students are randomly distributed (we hope that won’t be true!) and that you are taking four classes.

6) For your Lego® building block kit (set aside the person if one is included), determine the mass of each component.  Build the apparatus and determine how many of each type of component is necessary for assembly.  To answer the following questions, assume A is the heaviest component that is used least frequently and B is the heaviest most frequently used component.

If you have enough components to build 50 cars, except you have only 8 of A and 20 of B which component would you run out of first when you started building cars?  How many of A and B would be left over? How many complete cars could you build?  

Suppose you have 100 g of A and 100 g of B.  How many cars can you build, assuming you have an excess (more than enough) of the other components.

Application of principles applied in solving lego problem:  1 unit of natural gas (16grams/unit) reacts with 2 units of oxygen (32 grams/unit) to give 1 unit of CO2(44 grams/unit) and 2 units of water (18 grams/unit). Unlike legos, this unit can come in fractions, much like a meter.  On average, a particular Grinnell professor burns 38 “therms” or 3800 cubic feet of natural gas at her house each month.  There are 19.26 grams of methane/cubic foot.  How many grams of CO2 does she produce on average each month by burning natural gas?  If the supply of oxygen for burning nature gas was limited to 500 kilograms each month, would all the methane burn?  

When you are done please make sure that all of the Lego® pieces for your kit are replaced in the box.

7) Measure the speed of sound.  Use any technique you wish (no, looking it up in a book does not count as a measurement), but you may not use equipment anymore sophisticated than a meter stick (or a 2-meter stick, or a measuring tape, or a ruler) and a stop watch.

8) When everyone has completed the interview spreadsheet, try to plot one variable versus any other variable to look for correlations.  A prize will be awarded for the most surprising correlation.

9a) At noon, both hands of an analog clock are on top of one another—both pointing directly up?  What time is it when both hands are pointing directly down?  Your answer should be—time to get a new clock!  The hands overlap exactly at about 6:33, not 6:30!  Starting at 6:00, how many times do the hands overlap exactly in a succeeding twelve-hour period, and what are those times exactly?
9b) Have you ever glanced quickly at an analog clock and briefly been uncertain if the time was 1:00 or 12:05?  This can be annoying on a clock where the minute and hour hands are not terribly distinct.  But even if we couldn’t tell the difference between the hands, if we knew the positions exactly, we could, at least in principle, tell the difference between 1:00 (hands on the 12 and the 1 exactly) and 12:05 (one hand on the 1 exactly, but the other a tiny bit past 12).  (This is all of course assuming we are too impatient to wait for the minute hand to move—or that perhaps we only have a photograph of the clock.)  Imagine some factory produces clocks that have two identical hands. Are there any times that are completely ambiguous for these clocks, regardless of how well we know the hand positions?  If there are some, how many such times are there in a 12 hour period?  Would adding a third hand (a “second” hand) relieve the ambiguity?

10) Not quite Sudoku. Arrange the numbers 1-8 in the boxes below such that the difference between each pair of adjacent numbers is greater than 1.  (That is, 2 can't be in the box next to 1 or 3, and 4 can't be next to 3 or 5, but 2 can be next to 4.)  Numbers on the diagonal are consider adjacent.  

All such arrangements have some properties in common.  What are those properties, and why are they necessary?

	
	
	
	

	
	
	
	

	
	
	
	


