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“The JRMF really gets it right. Usually the best parts of mathematics are kept away from
the public, as if you needed to be a mathematician to get to the fun stuff! It’s refreshing to
see a festival that brings this stuff to light, and in such a relaxed atmosphere. If you’re lucky
enough to have a JRMF near you, don’t miss it! It’s the best math party around.”
– Vi Hart, Mathemusician, youtube.com/user/ViHart

Festival activities are designed to open doors to higher mathematics
for students in grades K–12. Visit www.JRMF.org for more information
about Julia Robinson Mathematics Festivals.
Compiled by Nancy Blachman, Founder, Julia Robinson Mathematics Festival.

Play and explore the richness and beauty of mathematics through puzzles and games.
On the back cover of this booklet, you will find websites with more mathematical
puzzles.
Nancy Blachman
Founder of the Julia Robinson Mathematics Festival and Chair of Gathering 4 Gardner

theGlobalMathProject.org
Reprinted with permission.

Squares
Check out the video puzzle goo.gl/dohrmb from the Global Math Project called Squares.
What question is it asking? Can you solve the puzzle?

EXTENSION: Extensions and some puzzles in this booklet were suggested by James Tanton
from the Global Math Project and Mark Saul, Executive Director of the Julia Robinson
Mathematics Festival.

How many rectangles can you find in a 2x2 grid of squares? The answer is 9.
(Mathematicians consider a square to be a type of rectangle.)
How many rectangles can you find in a 3x3 grid of squares? A 4x4 grid of squares? A
5x5 grid?
Is there a logical reason that the answer is a square number each and every time?
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For more activities, visit: www.CelebrationOfMind.org

Squareable Numbers
by Daniel Finkel and Katherine Cook - MathForLove.com - Reprinted with
permission.
The number n is “squareable” if it is possible to build a square out of n smaller
squares (of any size) with no leftover space. The squares need not be the same size.
For example, 1, 9, and 12 are all squareable, since those numbers of squares can fit together to
form another square (as you can
see on the right).
Is there a simple way to tell if a
number is squareable or not?
Which numbers from 1 to 30 are
squarable? Experiment. Every time
you come up with a way to break a
square into some number of
squares, circle that number.
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Is there a pattern? Can you predict squareability in general?
Find this and other Math for Love puzzles online at mathforlove.com/lesson-plan/.

Three Broken Calculators
I have three broken calculators in my basement. I’ve recently been curious to know if I can still
use them to do calculations. Every calculator displays 0 (zero) at the beginning.
Calculator 1 - There are only two buttons that do anything on this calculator. Button A adds 3
and button B adds 7.
Problem 1: Show that I can make the calculator display 20 by hitting ABAB. What do I
get when I hit ABBA?
Problem 2: It's pretty easy to see that I can't get the calculator to get 8. What other
numbers are impossible? What is the largest positive integer you can’t display on
calculator 1?
Calculator 2 - On calculator 2, button A adds 1, and button B multiplies by 3.
Problem 3. When I press ABBAAAA, I will get 13. But there is a shorter sequence of
button presses that will get me 13. Can you find it?
Problem 4: What is the smallest number of button presses it takes to get to 102? What
about 511?
Calculator 3 - On calculator 3, button A adds 6, button B divides by 2, and button C divides by 3.

Problem 5: Show how you can get calculator 3 to display any positive integer.

Three More Wordless Puzzles
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Three More Wordless Puzzles
From the book Without Words
Reprinted with permission.

Visit
theglobalmathproject.org/december2015
for an animation of this puzzle.
This puzzle and puzzles on the following
page is to figure out what each puzzle is
and then answer it. These puzzles and
many more can be found in James
Tanton’s books Without Words and More
Without Words, Tarquin Group, 2015.

EXTENSION:
Select two dots in a five-by-five grid of
squares. Develop a general theory that
determines whether or not there exists a
path of vertical and horizontal steps that
visits each and every cell of the grid
exactly once, starting at one dot and
ending at the other. Does your approach
work for a 5x5x5 cube?
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Staircase Numbers
suggested by Joshua Zucker, Julia Robinson Mathematics Festival

EXTENSION:
Which numbers can’t be expressed as the sum of two or more consecutive positive
integers?
Which numbers can’t be expressed as the sum of three or more consecutive positive
integers?
Find more Julia Robinson Mathematics Festival problem sets at jrmf.org/problems.php.
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Pouring the Punch Drink

a) There are four jugs.
The largest holds exactly 9 litres of drink, and is
filled to the top.
The 7 litre, 4 litre and 2 litre jugs are empty.
Find a way to pour the drink from one jug to another until you are left with exactly 3 litres
in three of the jugs.
b) You have three jugs one of which is full and holds 8 litres.
The capacity of other jugs is not known. But, it is known that when using them every
whole number quantity from 1 litre to 8 litres can be accurately measured out.
What could be the capacities of the 2 other jugs?
How would you measure all the whole number quantities from 1 to 8 litres?
Copyright © 1997 - 2017.
University of Cambridge. All rights reserved.
NRICH is part of the family of activities in the Millennium
Mathematics Project.
Reprinted with permission.

Find Pouring the Punch Drink puzzle online at nrich.maths.org/965 and you can find many more
NRICH puzzles, problems, and games online at nrich.maths.org/.

EXTENSION:
German mathematician Ferdinand Frobenius (1849 - 1917) studied a class of number
puzzles, which are sometimes called postage stamp puzzles or coin puzzles. Below is
an example of such a puzzle.
A country issues only 3 cent coins and 5 cent coins. It is possible to buy an item that
costs 14 cents with these coins (three 3 cent coins and one 5 cent coin do the trick) and
it is also possible to buy an item that costs 101 cents. (Do you see how?) What is the
most expensive item you CANNOT purchase with these coins?
Given a supply of A cent coins and B cent coins, is there always some 'most expensive
item' that you cannot buy? What must be true of A and B for such an item to exist?

For a fascinating and high-level mathematical discussion of this problem,
see Lecture IV (pages 111-112) in Experimental Mathematics
by V.I. Arnold, Providence: MSRI/AMS 2015.
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The Missing Dollar
Reprinted with permission.

“Paradoxes are like magic tricks—they intrigue by defying all logic and reason. In aha!
Gotcha, Martin Gardner presents a humorous and engaging collection of puzzles from
six areas: logic, probability, numbers, geometry, time, and statistics. Like Martin
Gardner’s aha! Insight (W. H. Freeman and Company, 1978), this book challenges the
reader’s reasoning power and intuition while helping to develop problem-solving ability.”
—from the back cover of Martin Gardner’s book a
 ha! Gotcha: Paradoxes to puzzle and
delight, W. H. Freeman and Company, 1982
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note: pages 8 & 9 removed from
this version due to copyright restrictions

The Game of Criss-Cross
Start with three dots at the vertices of an equilateral triangle, a triangle in which the
length of all three sides are equal. Then put three or more dots inside or on the sides of
the same triangle.
In each turn, a player connects two of the dots, as long as the line doesn’t pass through
any other points or segments already appearing on the game board.
The winner is the last player who makes a legal move.
Try playing the game starting with these three boards. See if you can find a winning
strategy for one of the players.

Now create your own boards. You are not limited to three 'extra' dots: you can use
fewer or more.
A more detailed description of the Game of Criss-Cross can be found online at
www.math.utah.edu/teacherscircle/notes/11_18_2009.pdf and in Sam Vamdervelde’s
book Circle in a Box, MSRI and AMS, 2009, Chapter 5, pages 79-86.

Project Euler is a series of challenging mathematical/computer programming problems that will
require more than just mathematical insights to solve. Although mathematics will help you arrive
at elegant and efficient methods, the use of a computer and programming skills will be required
to solve most Project Euler problems. p
 rojecteuler.net/archives

Multiples of 3 and 5  - p
 rojecteuler.net/problem=1 - R
 eprinted with permission.

If we list all the natural numbers below 10 that are multiples of 3 or 5, we get 3, 5, 6 and 9. The
sum of these multiples is 23. Find the sum of all the multiples of 3 or 5 below 100 (1000 if you
using a computer).
EXTENSION: 3-4-5 WANNA-BEs
Perhaps 3-4-5 is the most well-known example of a Pythagorean triple. It is so famous that each
and every other Pythagorean triple is actually jealous of it!
Look at some other examples of triples: 5-12-13 and 8-15-17 and 20-21-29 and 33-56-65, for
instance. Each of these has one number a multiple of 3, one a multiple of 4, and one a multiple
of 5 (though they sometimes use the same number twice for two different multiples).Each of
these examples is trying to join in on 3-4-5's fame!
Is each and every Pythagorean triple jealous this way?
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For more mathematical puzzles, visit...

NRICH promotes the learning of
mathematics through problem solving.
NRICH provides engaging problems,
linked to the curriculum, with support
for teachers. (Grades K-12)
nrich.maths.org

Cool math
problems that
are beautiful and
thought provoking.
Favorite lessons
and complex problems.
(Grades K-6)
mathforlove.com/lesson-plan/

Explore the richness and beauty
of mathematics through puzzles
and problems that encourage
collaborative and creative
problem-solving.
(Grades K-12)
jrmf.org

Empowering
minds
through play.
(Grades K -12)
thinkfun.com

Alex Bellos’
Monday Puzzle.
(Grades 5-Adult)

Wild Maths is mathematics without
bounds. Visitors are free to roam
and develop as mathematicians.
(Grades K-12) wild.maths.org
While a standard textbook cannot
adapt to each individual learner,
expii.com was created to do just
that. (Grades 5-12) expii.com and
expii.com/solve

Galileo.org strives to inspire
a passion for learning.
(Grades K-12)
galileo.org/classroom-examples/
math/math-fair-problems
On the NY Times website,
Numberplay generally presents
mathematical and/or logical
puzzles and problems.
(Grades 5-Adult)
wordplay.blogs.nytimes.com/
category/Numberplay

MathsChallenge.net is a
website dedicated to the
puzzling world of mathematics.
(Grades 4-Adult)
MathsChallenge.net

Gord Hamilton has a passion
for getting students to realize
that mathematics is beautiful.
(Grades K-12)
MathPickle.com

Brilliant's problems are created by people all
over the world. Members learn how to solve
problems by engaging in a vibrant community.
(Grades 2-Adult) brilliant.org

Project Euler offers for free
engaging computation problems
that will require more than just
mathematical insights to solve.
(Grades 5-Adult) projecteuler.net

G4G features puzzles, games, magic
tricks, and crafts. (Grades K-Adult)
celebrationofmind.org/puzzles_games

Dan Meyer has created
problems and videos to
inspire students to solve
problems. (Grades 4-12)
blog.mrmeyer.com/2011/
the-three-acts-of-amathematical-story

www.theguardian.com/
science/series/
alex-bellos-monday-puzzle

Youcubed’s main goal is to inspire, educate, and
empower teachers of mathematics, by providing
accessible and practical materials.
(Grades K-12) youcubed.stanford.edu/tasks

Interactive
mathematics
miscellany
and puzzles.
(Grades 1-Adult)
cut-the-knot.org

Math Central
is an
award-winning
website with
investigations for
teachers and students.
(Grades 7-12)
mathcentral.uregina.ca/mp

A resource for educators passionate
about improving students’
mathematics learning and
performance. (Grades K-12)
insidemathematics.org

The Grabarchuk family produces puzzles for websites, mobile devices,
and books. (Grades 4-12) GrabarchukPuzzles.com

