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NAVAJO MATH CIRCLE NEWS 
From the Directors’ Desk 
Imagine a 6-sided polygon with vertices at Page, AZ; Montezuma Creek, UT; Farmington, NM; 
Thoreau, NM; Sanders, AZ; and Leupp, AZ. Its area is approximately 25,000 square miles, and it’s 
where a dozen mathematicians from seven different states were crisscrossing April 18-May 3, 2017 
to visit schools and run math circle sessions for students and workshops for teachers.


During this time, we visited 20 schools:


Page HS and MS, Indian Wells Elementary, Leupp School, Many Farms Community and HS, Tuba 
City Jr HS and Boarding School, DEAP School, Tsehootsooi Intermediate Learning Center, Tsaile 
Public School, Kayenta MS and HS, St Bonaventure Mission and Indian School, Whitehorse HS in 
Montezuma Creek, Valley HS in Sanders, Navajo Prep, Lukachukai Community School, Shonto 
Prep, Newcomb HS, and St Michael Indian School. 


In each of these schools, we ran from two to seven sessions; altogether more than 1,400 students 
and 26 teachers attended these sessions and enjoyed the beauty and challenge of doing sessions 
in the style of math circles.


Besides school visits, we ran three day-long workshops for teachers – two at Dine College, Tsaile, 
and one at our very new location, Santa Fe Indian School, in Santa Fe, NM. This spring, prior to 
these three workshops, there were two others – in February, at Dine College, Tsaile; and in March, in 
Tuba City. About 125 teachers participated in these five workshops to learn new ideas and 
approaches for teaching their students, and to receive professional development certificates.


We also helped to run a two-day STEAM Festival at Dine College, April 25,26; hundreds of students 
grades  7-12 visited this festival.


For the coming summer of 2017, we have very exciting plans. As usual, there will be a two week 
non-residential Baa Hozho Math Camp at Dine College, Tsaile, July 10-21. But this year we add one 
more math camp – from May 30-June 3 there will be a residential camp at Navajo Prep, Farmington, 
NM. Thirty five boys and girls from grades 7 – 12 will spend five days doing mathematics, enjoying 
cultural sessions, and having lots of fun after 4 pm each day with additional science and sports 
activities. 
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And of course, we hope to see all of our old friends and make many new ones next school year, 
2017-2018!


TATIANA SHUBIN 
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Math Camp Reflections 
Hello, my name is Natanii Yazzie and I have attended math camp twice. Every time I participate in this camp, 
there are always memorable experiences with meeting new people and doing math problems. The math 
problems that we solve are not everyday equations we see at school, they require a vast amount of logic to 
solve. This is what I admire about math camp, using your brain to solve complex problems. The instructors 
there not only give you tips on solving problems, they give you a valuable insight to your own life goals and 
how to achieve them. For example, I didn’t know what I wanted to do after high school graduation, I 
questioned my career and what degree I should pursue in college. I asked one of them what I should do since 
I enjoy solving math and that instructor told me of endless possibilities of what I could be and how I would 
start that goal. In the end, math camp has helped me think about my future and how to begin that chapter of 
my life, if you think about going to math camp, you won’t regret it!

Illustration from last year’s math camp by Albert Haskie
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The Difference Engine 
The following problem was developed by Josh Zucker as part of the Julia Robinson Mathematics Festival 
(http://jrmf.org/). We are re-printing it here with permission of the author. You can find the original problem, 
including a worksheet of questions at http://jrmf.org/problems/DifferenceEngine.pdf.


The numbers 1, 2, 3, and 4 are written in the corners of a large square. At each step, at the midpoint of each 
side, compute the absolute value of the difference between the numbers at its ends. So in the diagram on the 
left, you would write 1, 1, 1, and 3 on the midpoints of the sides of the outer square.


Connect the midpoints forming a new square, and keep going, computing the positive difference of the ends 
of each side and writing it down at the midpoints.


Keep repeating the process and eventually you will reach all zeros. (when doing this activity with students, let 
them discover that they end up with all zeros themselves). 


Question 1: How many steps did it take to reach all zeros? Let’s call the number of steps the “longevity” of the 
given starting sequence, in this case (1, 2, 3, 4). Investigate different starting sequences, to see if you can 
increase the number of steps before you get all zeros. What’s the longest living sequence you can make? 
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Question 2: Let (a, b, c, d) be a starting sequence. It’s obvious that subtracting some number m from each 
element will not change the longevity of the sequence (is it? prove it!). What other operations can you perform 
on the elements of the starting sequence that will not change its longevity? What about changing the order of 
the numbers? In what ways? 


Question 3: Can you prove that all starting sequences eventually end up with all zeros? What if you are 
allowed to start with rational numbers instead?  How about real numbers?


Question 4: What if you repeat this process on a triangle instead of a square? Pentagon? Octagon? 


This is a great activity for students of all levels. Holding a competition of who can find the longest living 
sequence is a good way to keep students engaged in the problem. In the process, they will start discovering 
properties of the difference engine and posing and proving (or disproving) their own conjectures. 


For the first question, let students formulate a hypothesis on what can increase the longevity of the sequence 
(in the younger grades, the first idea is usually to start with larger numbers, which is then immediately 
disproved, older students quickly start experimenting with squares, cubes, and higher powers as the starting 
sequences). 


The second question is a good exercise for simple proofs: the students should be able to discover that 
rotating and reflecting the numbers along the square will not change the longevity of the starting sequence, 
and neither will dividing through by a common factor of all four numbers. 


Now things get more interesting. Question 2 should eventually lead to the following insight: if all corners are 
even, we can divide through by 2 and the longevity will not change, however the magnitude of the numbers 
will decrease. Now, the students need to determine the following: is there a maximum number of steps of the 
difference engine that, starting from an arbitrary sequence of integers results in all corners being even? 
Combined with the result from Question 2, this gives the proof that the game will eventually end.


Question 4 is another good one for experimentation. For the triangle case, the students will quickly find that 
most of their starting sequences will infinitely cycle the numbers (1, 1, 0) around the triangle. The next one to 
try is a pentaton, which also cycles. This generally leads to the students conjecturing that games on even 
number of vertices end, and odd cycle. The next one to test, then, is a  6-gon, which it turns out cycles as 
well. Some very persistent students will then discover that the next shape that has finite longevity is actually 
an 8-gon.


The articles below give more information about the difference engine game (also called the “Ducci Four 
Number Game” or “Diffy Box”), including a derivation of the starting sequence that will result in an infinite 
game. The first reference includes a great discussion on how to find long-living sequences:


• https://wordplay.blogs.nytimes.com/2011/05/16/numberplay-danger-of-praise

• https://www.math.utah.edu/mathcircle/notes/diffybox.pdf

• http://www.math.kent.edu/~soprunova/64091s15/four_numbers_Prendergast
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AISES Visit  
The American Indian Science and Engineering Society (AISES) Annual Meeting in Minneapolis, MN this 
November featured Navajo Math Circles documentary as part of the “movie night.” Over 60 students, 
engineers, scientists, and others came together to eat popcorn, watch the documentary, and engage in 
discussion after the film. Boeing sponsored the screening and awarded prizes to audience members who 
asked questions. Bob Klein attended the conference and, together with Shirley Sneve, of VisionMaker Media, 
addressed questions that audience members had, such as why and how Navajo culture was made a part of 
the summer camp, how many campers we had and how they were chosen, and even a question for 
VisionMaker Media about whether or not they would be making a film about the Dakota Pipeline controversy 
at Standing Rock. (They are). Shirley Sneve told the audience that VisionMaker Media is celebrating their 40th 
birthday by putting online free of charge 40 films in 40 weeks. See http://www.visionmakermedia.org for 
details.


After the screening, Klein met lots of professionals 
and described the Navajo Math Circles project to 
whomever would listen. His job was made much 
easier by the fact that the latest Winds of Change 
publication features the story of Navajo Math 
C i rc les p ro jec t . See page 26 a t h t tp : / /
www.nxtbook.com/nxtbooks/pohlyco/woc_2016fall/
index.php#/28 .


While in the exhibit space and totally unbeknownst 
to Klein, one of the stars of the Navajo Math Circles 
film walked by, Irvilinda Bahe. As it turns out, a 
group of 14 students from Navajo Preparatory 

School in Farmington, NM were escorted to the 
conference by their math and science teachers. Klein was able to share dinner with the group at a local pizza 
parlor. The following day, most of the Navajo Prep students ran into Bob and two new friends, Joshua Alwood 
(a biological scientist with NASA), and John Herrington (astronaut from the Space Shuttle mission STS-113 
and former speaker at the Navajo Math Circles). See attached picture for the group photo.


This is but one example of the magic that takes 
place at an AISES conference. The AISES 
conference registered almost 2000 people from all 
backgrounds, and was the most vibrant and 
inclusive conference that Klein had attended in 25 
years of going to conferences. He strongly 
encourages NNMC students and teachers to attend 
this coming year in Denver, CO.


BOB KLEIN 
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Problem Corner  
This issue’s Problem Corner has a code breaking challenge, as well as solution for the problems 
from Issue 1.


Solutions to Problem in Issue 1 
Problem 1 

In the equation below, replace every  *  with a single digit, 1 through 9, so that: 


	 (a) all six digits are different;


	 (b) each fraction is in lowest terms;


	 (c) the equation is correct.


Bonus:   Can you find all possible solutions? How do you know that there are 
no more solutions?


Solution: 

The following two solutions work:


We know four more solutions. Can you find them? Can you find more than four? Can you be sure 
that you’ve found all possible solutions?  Write to us to share your solutions and thoughts!


Problem 2 

Each cell of a  square contains a digit as shown below.


You can start at any cell of the square and walk into any neighboring (namely, sharing a wall) cell, 
but it is not allowed to visit any cell more than once.


1 8 4

6 3 9

5 7 2
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Ashly walked through the cells as shown below and wrote down all digits she encountered along the 
way, thus getting the number 84937561. 


Draw a path which results in the largest possible number.


Bonus:   Explain how you know that the number you’ve got is, indeed, the largest.


Solution: 

The largest number is   573,618,492.


Here’s an explanation that it is indeed the largest.


First, color a  square as a checkerboard:


If you’re at a white square you can only move to a black one, and if you’re at a black square you can 
only go to a white one.  Thus if you start at a black square you can’t get a 9-digit number – if you 
did your path would look like BWBWBWBWB which is impossible since there are only four black 
squares. Every 9-digit number is bigger than any 8-digit number, so we must start with a white 
square, and we need to pick the largest number on a white square, which is 5. From there we can 
either go to 6 or to 7 so to make a larger number we would have to choose 7. From there, we have a 
choice between 2 or 3, so choosing 3 will make the number bigger. And from 3 we can only go to 6 
– otherwise we will not be able to go through all the remaining squares. We do not have any choices 
for the rest of the path:  Therefore, we see that the largest obtainable number is 573,618,492.


Problem 3: 

Karlsson-on-the-Roof is a fictional character in a series of children's books created by Swedish 
author Astrid Lindgren. Karlsson is a very short, very portly and overconfident man who lives in a 
small house hidden behind a chimney on the roof of a very ordinary apartment building, on a very 
ordinary street in Stockholm. When Karlsson pushes a button on his stomach, it starts a clever little 
motor with a propeller on his back allowing him to fly. 


One day, his propeller got really old and needed some repairs. To fix it, Karlsson must have 3 new 
blades and 1 small screw. The cost of each blade is 120 kronas, and the cost of a screw is 9 kronas. 
Fortunately, each purchase of 250 kronas or more qualifies a buyer for a 20% discount on all 
subsequent purchases. 


Karlsson has exactly 360 kronas. Will he be able to get all he needs – three blades and a screw? 


1 8→ 4↓

6↑ 3↓ ←9

5↑ ←7 2

1 8 4

6 3 9

5 7 2
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Solution:  

Yes, Karlsson can buy all he needs. To begin with, he should buy two blades and two screws for a 
total of 2 ∙ 120 + 2 ∙ 9 = 258 kronas. Now he qualifies for a 20% discount, so he can buy one more 
blade for 120 ∙ 0.8 = 96 kronas. Thus he has spent 258 + 96 = 354 kronas, and he now has three 
blades, two screws, and an extra 6 kronas. 
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Codebreaker Corner 
 

Each newsletter we will include a message that has been encoded. It is up to you to 
try to decipher the code. Email navajomath@gmail.com the deciphered message and 
the method you used to decipher it along with your name, school, and shipping 
address and we will choose one winner from the correct solutions to receive a free 
book of great mathematics puzzles. Your email should use the subject line 
“Codebreaker Corner” and all entries should be received by July 01, 2017.

 

In the next newsletter, we will publish the winner’s name as well as the deciphered 
message and a brief description about the method used to encipher/decipher the 
message.

 

This issue’s message is:

PDA AOOAJYA KB IWPDAIWPEYO HEAO LNAYEOAHU EJ EPO BNAAZKI

Would you like to contribute to the next issue of this Newsletter? We would love to 
include your stories, photos, interesting math facts and problems in the next issue. 
Please send your contributions to navajomath@gmail.com

mailto:navajomath@gmail.com
mailto:navajomath@gmail.com

