
 

Challenge Problems 

Challenge problems are for the entire program to solve collaboratively.  If any student solves 

a challenge problem, then the whole program gets a prize! 

Challenge Problem 1—Palindromes 

A palindrome is a number that reads the same backwards and forwards, such as 1331 or 

97879.  Find a positive number other than 1 that divides all four-digit palindromes.  Why is 

every four-digit palindrome divisible by that number? 

A complete answer to this question requires more than just finding the number (but that's 

probably the first step). You also have to prove that it works: explain why every four-digit 

palindrome actually is divisible by that number. 

Challenge Problem 2—Guess Your Color 

For this problem, you must assemble a team of twelve people.  You will stand in a straight 

line facing forward (so that you can see the backs of the people in front of you), and then we 

will tape a piece of paper to your back.  The paper will be either red or blue. 

Each person in the line must then say either “red” or “blue”.  Each person in the line can 

only speak once, but they can speak in any order.  Everyone else in the line can hear the 

color you announce.  You win if at least eleven people say the color that is on their back.  

You should decide on a strategy together, as a team, before starting the challenge.  During 

the challenge itself, you may not communicate in any way except for saying one word, either 

“red” or “blue.”  No talking, no hand gestures, no saying your color in a weird tone of voice, 

etc. 

Here are some things to know about the process: 

 You may not use any outside help during the challenge.  You can’t have a friend yell 

the color of the paper, and you can’t use a mirror or try to bend around to see the 

color of the paper.  This is a challenge about the math, not about cheating the game! 

 If you’re just trying to guess without a good strategy, we won’t let you try over and 

over. 

 There won’t be patterns in how we put the colors on your back.  Guessing a pattern 

will not help you!  We may ask you to tell us your strategy ahead of time, and we’ll do 

our best to make your strategy fail, so it has to be really good! 

When you want to try your solution, talk to us and we’ll have you try it during evening free 

time. 

  



 

Challenge Problem 3—A Big Multiplication 
If the number 

𝑎 = 99999⋯99⏟        
94 nines

 

is the number with 94 digits, all 9’s, and 

𝑏 = 44444⋯44⏟        
94 fours

 

is the number with 94 digits, all 4’s, then what is the sum of the digits in the product 

𝑎 × 𝑏? 

There are many ways to solve this problem.  Some of them require careful analysis, while 

others use a clever insight.  We will accept many ways of solving this question, so long as 

you can provide a complete justification for why your answer is correct. 

Challenge Problem 4—Mission: SPMPS 

This problem has two parts.  The first part is a warm-up.  Once you understand the question, 

the first part should be easy to solve.  The second part is much more challenging! 

a) The Secret Partnership for Mathematically Powerful Spies has found a rare enemy 

device and needs to analyze it.  They only have one, and they need to test how far the 

device can drop before it breaks.  They’ve hired you to do the testing.  You’ll test the 

device by dropping it off the floors of the Empire State Building, which has 102 floors.  

Your goal is to find the highest floor from which you can drop the device without 

breaking it.  If you drop the device and it doesn’t break, then you can reuse it and 

test it on higher floors.  But if it breaks, you cannot use it again.  Find a strategy to 

determine the highest floor from which the device can be dropped.  

b) Suppose instead that the Secret Partnership for Mathematically Powerful Spies has 

found two devices.  Because they might be observed dropping these devices off the 

Empire State Building, they want you to finish the testing in as few drops as possible.  

Find a strategy to drop the devices that requires the least number of drops to be sure 

you’ve found the right floor.  What is your strategy, and how many drops might be 

necessary? 

You may check each part independently with Dan, but you must solve both to win the prize! 

A complete solution includes both the number of drops and what your strategy will be.  For 

example, for part (b), you should say what floors to drop the devices on and what you do 

when the first device breaks.  Your number of drops must be at least as good as what Dan 

came up with in order to be complete. 


