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Thank you for downloading a printable ActiveMath resource and the related digital files! Your purchase gives you
the right to use the resources in certain ways, but the copyright ownership is not transferred to you. Resources
may occasionally be offered by ActiveMath as freebies, and the same terms of use apply to both purchased and
free resources.

What a purchaser is allowed to do...

➤	Copy the digital file to your computer or digital devices for personal use as an educator.

➤	Make photocopies for students in your classroom, for your own children, and for students you tutor.
➤	Post printable resources within your classroom or tutoring space.

➤	Transfer digital resources to the folders for your students as long as access is limited to those students only.

➤	Share a cover image for a resource in blog posts, at workshops, or at other professional development venues
provided credit is given along with appropriate links back to the resource. Provide links to www.activemath.
com or to the ActiveMath store at an online marketplace that is legally distributing ActiveMath resources.

➤	Refer teachers, parents, or other people to the ActiveMath store to obtain the resources legally.

What a purchaser is NOT allowed to do...

➤ Claim ownership or authorship of ActiveMath resources.
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➤ Remove the copyright line from printed resources.

➤	Share or exchange any portion of the digital or printed files with other teachers, with parents, or with students
who are not in the purchaser’s class.
➤ Resell your ActiveMath purchase or offer it as a giveaway.

➤	Post the digital files on any non-secure website anywhere on the internet including, but not limited to, sharing
sites, news lists, or shared databases.
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Thank you for respecting copyright laws and the hard work of authors. Please abide by the Terms of Use. If you
have questions, please direct them to activemath39@yahoo.com.
Thanks again for choosing an ActiveMath resource.

The ActiveMath Team
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February 17 Puzzle

Name

Kasparov Defeats IBM Chess-Playing Computer
On February 17 of the Mystery Year, Russian world chess champion Gary Kasparov
defeated the IBM chess-playing computer Deep Blue in the final game of a 6-game match.
Kasparov won the chess match 4 games to 2.
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However, the following year, Kasparov lost to an upgraded version of
Deep Blue that was programmed to analyze 200 million chess positions
per second. Deep Blue was the first computer to win a chess game –
and also a chess match — against a reigning world champion under
tournament conditions. Kasparov is considered to be one of the greatest
players in the history of chess.
Use the clues to find the Mystery Year. Show your work.

According to legend, around the year 500, the
King of India was so impressed with the game of
chess that he offered the inventor a reward of his
choice. The inventor obliged, asking for 1 grain
of wheat on the first square of a chessboard,
2 grains on the second square, 4 grains on the
third square, 8 grains on the fourth square, and so
on. The king responded, “This is a very modest
reward.”
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1. How long would it take for the upgraded Deep
Blue computer to analyze 1.2 billion chess
positions?

The above answer, in seconds, is the ones
digit of the Mystery Year.

PR
E

2. A chessboard consists of an 8-by-8 grid of
squares. How many of those squares form the
outer border of squares around the board?
Answer the question without making a sketch.
(6) 64 squares
(7) 32 squares
(8) 30 squares
(9) 28 squares

The correct choice, (6, 7, 8, or 9), is the
tens digit of the Mystery Year.

What is the Mystery Year of the famous
chess match?
_______

Thousands

3. On what square number were there 256 grains of
wheat?

That square number is the hundreds digit
of the Mystery Year.
4. How many grains of wheat would have been on
the 32nd square?
(0) 1,073,741,824 (1) 2,147,483,648
(2) 4,294,967,296 (3) 322

The answer choice, (0, 1, 2, or 3), is the
thousands digit of the Mystery Year.
5. Use this clue as a check on the other clues:
The sum of digits in the Mystery Year is

625 .

_______ _______ _______

Hundreds

Tens

Ones
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Name

Answer Key

February 17 Puzzle

Kasparov Defeats IBM Chess-Playing Computer
On February 17 of the Mystery Year, Russian world chess champion Gary Kasparov
defeated the IBM chess-playing computer Deep Blue in the final game of a 6-game match.
Kasparov won the chess match 4 games to 2.
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However, the following year, Kasparov lost to an upgraded version of
Deep Blue that was programmed to analyze 200 million chess positions
per second. Deep Blue was the first computer to win a chess game –
and also a chess match — against a reigning world champion under
tournament conditions. Kasparov is considered to be one of the greatest
players in the history of chess.
Use the clues to find the Mystery Year. Show your work.
1. How long would it take for the upgraded Deep
Blue computer to analyze 1.2 billion chess
positions?
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SAMPLE: The rate is 200 million chess
positions per second. There are 6 groups of
200 million each in 1.2 billion, so it will take
6 seconds.

According to legend, around the year 500, the
King of India was so impressed with the game of
chess that he offered the inventor a reward of his
choice. The inventor obliged, asking for 1 grain
of wheat on the first square of a chessboard,
2 grains on the second square, 4 grains on the
third square, 8 grains on the fourth square, and so
on. The king responded, “This is a very modest
reward.”

The above answer, in seconds, is the ones
digit of the Mystery Year.
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2. A chessboard consists of an 8-by-8 grid of
squares. How many of those squares form the
outer border of squares around the board?
Answer the question without making a sketch.
(6) 64 squares
(7) 32 squares
(8) 30 squares
(9) 28 squares
SAMPLE: There are 8 squares along
each side, but the four corner squares
are along two sides. So, the answer is
(8 • 4) – 4, or 28.

The correct choice, (6, 7, 8, or 9), is the
tens digit of the Mystery Year.

What is the Mystery Year of the famous
chess match?

1

_______

Thousands

9

9

6

Tens

Ones

3. On what square number were there 256 grains of
wheat?
SAMPLE: Continue doubling until you get to 256:
1, 2, 4, 8, 16, 32, 64, 128, 256. The answer is
square 9.
That square number is the hundreds digit
of the Mystery Year.
4. How many grains of wheat would have been on
the 32nd square?
(0) 1,073,741,824 (1) 2,147,483,648
(2) 4,294,967,296 (3) 322
SAMPLE: Continue doubling until the 32nd
number. The answer is 2,147,483,648 grains.
The answer choice, (0, 1, 2, or 3), is the
thousands digit of the Mystery Year.
5. Use this clue as a check on the other clues:
The sum of digits in the Mystery Year is

625 .

SAMPLE: 1 + 9 + 9 + 6 = 25

_______ _______ _______

Hundreds
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Complete Solutions, Teacher Notes, & Extensions
Kasparov Defeats IBM Chess-Playing Computer

February 17
Puzzle

Mystery Year: 1996
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CCSS: MP2 (Reason Abstractly and Quantitatively), 7.RP.2, MP3 (Construct Viable Arguments and
Critique the Reasoning of Others), 6.EE.1, MP7 (Look for and Make Use of Structure), MP8 (Look
for and Express Regularity in Repeated Reasoning), MP4 (Model with Mathematics), 8.EE.2.
Topics: proportions, visual thinking, geometric sequence, build a table based on an exponential
growth pattern, square root.
Clue 1 Solution Some students will reason that there are 6 groups of 200 million each in

1.2 billion. Thus, it would take Deep Blue 6 seconds to analyze 1.2 billion chess moves.

Other students may set up a proportion, first converting to have like units. They could convert
each number to standard notation: 200 million = 200,000,000; 1.2 billion = 1,200,000,000. But to
avoid working with so many 0s, students could mentally divide each number by 100,000,000 —
and set up a proportion to compare 2 to 12, where x is the number of seconds it would take the
computer to analyze 1.2 billion chess moves. Students could also compare 0.2 billion to
1.2 billion:
2 12
=
x
1

0.2 1.2
=
x
1

VI

2x = 12
0.2x = 1.2
x=6
x=6
It would take 6 seconds, so the ones digit of the Mystery Year is 6.

Math and Historical Notes: In chess, before a player makes a move, he/she must think ahead as
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to what the likely response will be from the opponent. Good chess players can think several
moves in advance as to the likely consequences of their moves. There is also a life lesson in this:
Before a person says or does something, he/she should think ahead as to the likely consequences
of those words or actions.
According to the article “FYI: How Many Different Ways Can a Chess Game Unfold?” (link
below), it is estimated that the total number of possible chess games (possible moves) that may
typically occur is about 10120. (The article erroneously left out the ^ in the number “10120.”) For
purposes of comparison, the total number of grains of sand on Earth is about 1023; the total
number of atoms in the universe is about 1081. https://www.popsci.com/science/article/2010-12/fyi-howmany-different-ways-can-chess-game-unfold/

Historical Note: In 1989, IBM held a contest to rename its chess-playing computer, which was

then called Deep Thought. The winning entry was Deep Blue — which was based on IBM’s
nickname, “Big Blue.”

Clue 2 Solution This clue is intended to be a visual activity — where students imagine seeing an

8-by-8 grid of squares. There are many possible strategies (short of drawing a grid and counting
the squares) that students may use to determine that the correct answer is choice “(9) 28
squares.” So, the tens digit of the Mystery Year is 9.
Some strategies are described on the following page. It is instructive for students to be given an
opportunity to explain the reasoning they used in determining the number of squares.
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o I visualized two full sides and two sides without the corners:
8 + 8 + 6 + 6 = 28 or 16 + 12 = 28
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o I visualized four sides without the corners, and then I added in the four
corners:
6 + 6 + 6 + 6 + 4 = 28 or 24 + 4 = 28
o I visualized four full sides. Then I subtracted off the four corners because I
counted them twice:
8 + 8 + 8 + 8 – 4 = 28 or 32 – 4 = 28
o I visualized four interlocking strips of 7 squares each:
7 + 7 + 7 + 7 = 28 or 4 ´ 7 = 28

VI

o I first considered that the entire 8-by-8 grid contains 8 ´ 8, or 64 squares.
Then I subtracted off the number of squares in the grid that are not along the
border. Those squares form a 6-by-6 grid, for a total of 36 squares.
82 – 62 = 64 – 36 = 28
Algebra students will notice that the above is the difference of two squares:
82 – 62 = (8 + 6)(8 – 6) = 14 • 2 = 28
Extensions: Pose this problem to students:
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I’m going to ask you to determine how many green squares are on
a 10-by-10 grid that I will flash for just a few seconds — so that you
will not have time to count the individual green squares. The goal
is to look for a pattern or use a strategy to determine the number of
green squares on the grid. (You may want to allow students a
“second look.”)
Common student answers for include 40, 38 (correct answer), or 36
squares. Students would use the strategies described above.
Then have students visualize a 12-by-12 grid (without seeing it), and answer the
same question. The correct answer is 44 squares. Depending upon the ability of
your students, have them solve the following:
Assuming the same arrangement, how many green squares are on an
n-by-n grid? Use a variable to generalize your method.
Generalizations for each of the above strategies is provided below, where n is the number of
squares on a full side:
o I visualized two full sides and two side without the corners:
n + n + (n – 2) + (n – 2) = 4n – 4, or 4(n – 1)

o I visualized four sides without the corners, and then I added in the four corners:
(n – 2) + (n – 2) + (n – 2) + (n – 2) + 4 = 4n – 8 + 4 = 4n – 4, or 4(n – 1)

o I visualized four full sides. Then I subtracted off the four corners because I counted them twice:
n + n + n + n – 4 = 4n – 4, or 4(n – 1)
o I visualized four interlocking strips, each with one fewer square than what is on a total side.
(n – 1) + (n – 1) + (n – 1) + (n – 1) = 4n – 4 = 4n – 4, or 4(n – 1)
Math History-Mystery Puzzle: February 17

©2022 ActiveMath®, Inc.

o I subtracted the number of squares in the grid in the middle from the total number of squares in an
n-by-n grid:
n2 – [(n – 2) • (n – 2)] = n2 – (n2 – 4n + 4) = n2 – n2 + 4n – 4 = 4n – 4, or 4(n – 1).

Students may notice that the above first expression is equivalent to n2 – (n – 2)2, which is the
difference of two squares.

Math Joke
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So, in general, there are 4(n – 1) green squares on an n-by-n grid.
It should be noted that the “green-border” problem can be done with any size square grid. As such,
this is a powerful math problem because it has…
Ø multiple entry points,
Ø multiple exit points, and
Ø multiple solution strategies.
So, this problem can be squared away with students … as far as they can grid and bear it!
Teacher: What is n + n + n + n?
Student: I don’t know. It’s foreign to me.
Teacher: That’s the correct answer!

Clue 3 Solution The reward proposed by the inventor of chess is an
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example of a geometric sequence. In a geometric sequence, each term
after the first is found by multiplying the previous term by a constant. In
this case, the constant is 2. (In an arithmetic sequence, there is a constant
difference between terms.)
To determine on what square there would be 256 grains of wheat,
students may use mental math, a calculator, or build a table (shown at
right). The table shows that there will be 256 grains of wheat on
square 9. So, the hundreds digit of the Mystery Year is 9.

Math Note: You may want students to extend the table to set the stage for a rich, robust
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discussion. Ask: What do you notice about the data in the table? Can you describe any patterns
that you observe? (As the numbers in the first column increase by 1, the numbers of grains of
wheat double.) Based on this, how many grains would be on the 10th square? (512) What if you
are told that the number of grains on a square is 2,048? How can you determine on what square
this occurs? (Extend the table until the result 2,048 is observed, which is square 12.)
Extension: Mention that a geometric sequence is also called an exponential sequence. Ask

students to try to discover an exponential expression that could be used to determine the number
of grains of wheat that would be on any square number, n, on the board. Remind students that a
nonzero number raised to the 0 power is equal to 1. (See the Math History-Mystery Puzzle for
January 3 that provides a scaffolding activity leading to the result that 100 = 1.)
The expression is 2(n–1), where n is the square number on the board. Note that for the first square,
where n = 1, the expression produces 2(1–1) = 20, or 1. Note that for square 9, the expression
produces 2(9–1) = 28, or 256.

Some students may suggest that the above expression should be 2n. Should that occur, suggest
that they test with values from the table. Ask: Does 21 = 1? Does 23 = 4? (No.) Does 26 = 32?
(No.) How can we modify 2n so that it matches the results in the table? (Because the number of
grains of wheat doubles each time, we know the base is 2. The exponent should always be
1 less than the square number.)

Math History-Mystery Puzzle: February 17
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Extensions for Advanced Students: Students at Grade 8 and above may analyze the pattern
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graphically and algebraically, as shown with this Desmos graph:

Ø Ask: What do you notice in the graph? Which type of function does this best model?
Based on the ability level and functions that have already been explored, teachers could
suggest various types and how they know it is/is not that type: Linear? Quadratic? Absolute
value? Exponential? (It’s an exponential function.)
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Ø How do you know?
Sample response: The data output starts out with a small number and rapidly grows — in
fact, it is doubling each time.)

Ø Generalize the pattern, in a way that relates the output (number of grains) to its respective
input (square number).
Sample response: Using function notation, the equation is f (x) = 2( x – 1) . ) Have students
share, explain, and confirm the equation by testing different inputs to verify the pattern
applies to all the data.
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Ø Now state the relationship in words.
Sample response: The number of grains on a square is always 2(one less than the square number)).
For further extension, again based on ability/grade level, extend the above discussion by asking,
How can we use this generalized pattern to determine the square number that has 256 grains on it?
Set the equation equal to 256 and solve:
2( x – 1) = 256

2( x – 1) = 28

(x – 1) = 8
x=9

Rewrite 256 as a power of 2, so that there are like bases on each side.
Set the exponents on each side to be equal to each other.
Add 1 to each side of the equation.

Therefore, square 9 has 256 grains on it.

Now, you may wonder, how would a student know the power (in step 2) without testing many
powers of 2? This is where logarithms help out: log 2 (256) = 8. So, if you know the number of
grains of wheat on a square is, say, 2,048, then log 2 (2,048) = 11. And, from the pattern, the
number of the square where there would be 2,048 grains of wheat is 1 more than that, so that
would be square 12.

Clue 4 Solution To determine the number of grains of wheat on the 32nd square, students may

use a scientific or graphing calculator to begin with 1, and then keep doubling 31 times. Those
who discovered a formula in the above Extensions, 2(n – 1) or f (x) = 2( x – 1) , may evaulate by
Math History-Mystery Puzzle: February 17
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replacing n or x with 32. The correct answer choice is “(1) 2,147,483,648,” so the digit in the
thousands place of the Mystery Year is 1.
Math Notes: Answer choice “(0) 1,073,741,824” is one square too soon; answer choice “(2)
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4,294,967,296” is one square too far. Answer choice “(3) 322 ” would be correct if the expression
were 2(32 – 1).
Ask: Do you think the King reasoned correctly that this was “a very modest reward.” Explain.
Sample response: The king was totally wrong. The inventor would receive more than 2 trillion
grains of wheat on the 32nd square alone — not to mention what he would receive on the
first 31 squares — and on the following 32 squares.
According to the legend, the king’s treasurer ultimately concluded that this “small reward”
would amount to an astronomical sum — namely, more wheat than could be produced around
the world over many centuries!
Extension: Have students write an expression in exponential form to

Clue 5 Solution

VI

indicate the TOTAL number of grains of wheat on all 64 squares of a
chessboard — the total reward that the inventor would receive.
Solution: On square 64, the inventor would receive 2(64 – 1) grains. In
examining the table for the first 9 squares, students may notice that the
number of grains on each new square is equal to the sum of the grains
on all preceding squares, less 1. For example, the sum of the grains on
squares 1 through 8 is equal to 255, which is 1 less than 256. Thus, the
number of grains of wheat through square 64 is 2(64 – 1) + 2(64 – 1) – 1.
This can be simplified as (263 + 263) – 1 = 264 – 1.*
(In standard notation, this is 18,446,744,073,709,551,615, which is more
than 18 quintillion).
* To explain why 263 + 263 = 264, mention that there are two addends of
263, so 263 + 263 = 2 • (263) = 21 • 263 = 264.
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625 = 25, so the sum of the digits in the Mystery Year is 25. The digits of the
Mystery Year that have been determined are 1 9 9 6. Because those digits have a sum of 25, the
Mystery Year of 1996 is confirmed.

Resource Note. Check out the article, “The Chess and Mathematics Connection: More than just a

Game,” by Robert M. Berkman. It is published in the January 2004 issue of Mathematics
Teaching in the Middle School. This NCTM article connects chess to algebra, geometry, set
theory, and combinatorics. NCTM members may download the article for free at
https://pubs.nctm.org/view/journals/mtms/9/5/mtms.9.issue-5.xml.

There are many legends as to the origins of the game of chess.
According to the legend used in this puzzle, an early version of the game of chess was invented
by Sissa ibn Dahir of India some 1,500 years ago, around the year 500 CE. The game then spread
to Persia and then to the Muslim world. The game evolved into its current form around the year
1500 CE. It is estimated that more than 600 million people play chess worldwide.

Historical / Multicultural Notes

“I am convinced, the way one plays chess always reflects the player’s personality. If
something defines his character, then it will also define his way of playing.”
—Vladimir Kramnik (1975–), Russian chess grandmaster
This puzzle is dedicated to the author’s father, Paul Spangler, who was an avid chess player.
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How to Use Math History-Mystery Puzzles
Warm-up Activities for Middle School
OVERVIEW
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These puzzles connect mathematics to other disciplines, inspirational individuals, historical &
current events, social justice issues, and pop culture — to reflect the diverse nature of our society.
Each puzzle has brief information and questions about a specific day in history.
Mystery Year Each puzzle begins with the critical reading of a passage of historical
information about a particular person or event in a Mystery Year. Students use math
clues to determine the year when the event occurred. Each clue produces a digit of
the Mystery Year, and the final clue provides a check on the other clues.

Bellringers The puzzles are ideal for warm-ups, sponge activities, skills-review/test
prep, enrichment/challenge activities, mini-lessons –– and even as activities for math
clubs. Pages are ready to print or assign digitally to individuals or small groups.

CCSS
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Test Prep The math content of the warm-ups is based on a daily mixed review of
skills. By revisiting a variety of important skills on a daily basis, students are likely to
keep those skills sharp for the high-stakes tests that they will be taking later in the
year. And the real-world contexts keep students engaged.

Common Core State Standards The skills/concepts addressed in the puzzles
are drawn from the Common Core State Standards for Mathematical Content and
Mathematical Practice from Grades 5–8. Overall, the skills increase in difficulty as the
year progresses. It should be noted that many high-school teachers are using the
puzzles with success to provide students with important skills review in context.
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PROFESSIONAL DEVELOPMENT SUPPORT

Provided with each puzzle are extensive Teacher Notes with sample, step-by-step
solutions and scaffolding strategies that include valuable teacher information.
➤ Step-by-Step Solutions are designed so even beginning teachers will
be well-equipped to help all students. Alternative solution strategies are
detailed to illustrate various paths to the solution.

➤ Math Notes provide additional mathematical background for the teacher.
This includes various pedagogical insights that include an analysis of
related common student misconceptions with intervention suggestions.
➤ Extensions allow advanced students to take the content to the next level.
➤ Multicultural Notes bring to light the contributions from various cultures
related to the discovery/development of the content of the puzzle.
➤ Historical Notes provide further context for the theme of the puzzle.
Often these notes delve into social justice issues related to the theme of the
puzzle. Included are links to video clips and uplifting quotes.
To download a FREE, more extensive document describing how to use the puzzles,
go to: https://www.teacherspayteachers.com/Product/7037642
©ActiveMath®, Inc., 2022
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