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Mathematicus can be played in three different modes: basic, intermediate
and advanced. In addition, it can also be played in “simplified” mode using only
the cards without the game board.

All of the modes of play use the same game board but with different instru-
ments specific to each mode such as specific dice, tokens, cards and tools.

The basic play mode rules are simpler than those for the other two modes.

One of the fundamental characteristics of Mathematicus is its modularity.
This means that it is possible to play in basic mode, but also gradually adopt
elements from the intermediate mode.

Similarly, when played in intermediate mode, one or more of the 10 elements
from the advanced mode can be integrated. In other words, the game can be
calibrated to accommodate a wide variety of different levels depending on the
age and knowledge of the players, and also on their desire to learn new things.

Another interesting aspect of Mathematicus is that it can be played simulta-
neously at different levels or using different modes with each player following
his/her individual rules answering questions appropriate for the chosen level
of knowledge. After playing a few times, the suitable mode and level of play
for each player becomes clear.

In the basic and intermediate game modes, players advance by answering
yellow card questions which offer four different levels of difficulty, while the
advanced game mode also uses blue cards in addition to level 4 yellow cards.
Finally, Mathematicus can be played in “custom” mode, thanks to question
preparation by the players themselves, at any level from the most basic
to the most specialized. For this purpose, the publisher provides packs of blank
writable cards on request.

Basic game mode

Before playing Mathematicus for the first time, unpack the cards, remove
the 001 card (the top card with a summary of the instruc-
tions) and place the cards in the case.
The structure of Mathematicus is based on a “snakes
& ladders” type board game, entailing rolling dice
to follow a path and land on squares, each of which
requires players to execute certain actions, be grant-
ed benefits or pay penalties.

Mathematicus uses two different dice, a four-sided
tetrahedral die and a twelve-sided dodecahedral
die, which the player is free to choose from time
to time. If the target square is within 4 squares then

four-level questions
ape is the base of this prism? |
15,
is the total area of the lateral
15" durface of this prism? (=]

hat is the volume of this prism?
"/ area of the hexagone = side? x 2,6 L3 L

The axolotl (Ambystoma mexicanum), also

45" called the "walking fish", is actually an amphibi-
an and is studied because it has a genome made
up of 32 billion nucleotide base pairs, compared
with the 3 billion of the human genome. It is
capable of regenerating lost limbs and body
parts and resists X-rays but is in serious danger
of extinction. From 1998 to 2008 the axolotls

of Lake Xochimilco fell from 6,000 to 100. What
fraction of the 1998 population was left?
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Answers are located in the
footer section on the reverse
side of cards (low visibility
area)

time to answer

What are the two consecutive
umbers whose sum is 517

2 Are25 copies of the A

15" small triangle enough [~ @ ~ I3
to completely cover the large triangle??

3 | have 130 cubes. How many do | use if |
30"build the largest cube possible from them?

4 The Aquila nebulg, in the constellation of the
30"Serpent, is a region of intensive formation of

new stars, so much so that these structures,
photographed by the Hub-
ble orbital telescope, are
called "pillars of creation".
The size of the nebula,
which is 7,000 light-years
away from us, is 70 light-
years x 55 light-years.
Approximating its shape as
a rectangle, what area does
it occupy?

© uguale @301 @ prima - @ 1.804 cm?

the tetrahedral die gives

a 25% probability of landing
on it, compared to 8.3%
with the dodecahedral

die. Conversely, if the target square lies further
away, then the dodecahedral die gives a greater
probability of landing on it or getting closer.

Players move around the board by successfully
answering questions from the cards selected
when they arrive on the square bearing a yellow
card symbol. If the question is answered incor-
rectly, then the player whose turn it is returns to
the departure square.

Questions must be answered within the given
deadline, usually 15 or 30 seconds which can be
timed using the hourglasses provided.

Should the response time be longer, for exam-
ple 45 seconds or a minute, both hourglasses
are required.

Players can decide to adopt
an agreed tolerance thresh-
old regarding response times, :
meaning that slightly delayed /‘ it
responses can be still be

considered after the stated
expiry time. This could be
particularly helpful in the

presence of very young or 15” 30”
inexperienced players. hourglasses.
Each card has 4 questions with varying levels of
difficulty. The appropriate question level for each
player is decided together by all players at the
start of the game. It can be changed however, by
joint agreement, if it becomes obvious that the
chosen level is either too simple (rise to the next
level) or too difficult (go down to the lower level).
Some questions require rolling one of the
included dice whereas others involve answering
guestions consulting the reverse side of the
Slide Rule, which shows a table containing data
3

A\



extraction of

on regular polygons of up the card from  side with the questions
. . t
to 14 sides, regular solids, the bottom  to pose

circles and spheres.

Yellow card question answers
can be found in the footer section
of the reverse side of each question
card. After the player gives an answer, the opponents
check if it is correct. The card is then returned
to the case.

During a standard game, there will usually be
enough cards; however, should the cards run out,
then simply turn the block of cards in the case and
continue the game by reading the new questions
on the reverse side of each card. Mecay Vo G M ot

It is preferable to draw cards from the bottom B Poo

of the deck and place them on top without turning
after each turn, so that questions and answers are
not visible to players when the cards are in the case.
Another advantage of this method is that the cards
are already sorted if it is necessary to turn the deck. b
The player holds the card viewing the side contain-  card put back in the case after use,
ing the question to ask so as to avoid looking at the ~ ©ontop ofthe deck
answer on the reverse side.

The small blue letters (a, b, ... ) are insignificant

players collect a “Fields
Medal”, if available,
from the board

John Napier (1550-1617)
He is known for the invention

173 of logarithms, which made

| multiplication, division,

' exponentiation and root
N
the motion of the planets and derive his famous
laws, which in turn allowed Newton to define the
law of universal gravitation.
The logarithms remained the main calculation
tools until the spread of electronic calculators
in the 70s of the 20" century.
He invented various tools to speed up the cal-
culations and among them what became known
as “Napier’s bones”, to perform multiplication,
division and square and cube roots.

CHANCE

Return the "Challenge" tokens and
the half-nonagon to the table if you have them.

il
by

Then immediately return this card to the deck.

t

A operations much faster to
f} calculate. Using logarithms,
% Kepler was able to study

to game play as they contain references to photo-
graphs which can be found in the final pages
of the booklet.

Squares 3, 8, 18, 22 and 33 are penalty squares,
meaning that the player skips a turn, however
square 3 is slightly different as a gimmick can be
used to avoid being penalized.

As a general rule, penalties can also be avoided
by trading in a “Roll the die” token .

Squares 0, 14 and 28 instruct players to draw a
Chance card, which features different kinds of bene-
fits or penalties. Some Chance cards require imme-
diate action while others can be kept and traded in

later, when a player considers it opportune.
Players collect “Roll the die” tokens by landing on a square
bearing the same symbol provided they are available on

BOARD AND PIECES
OF THE GAME IN BASIC MODE When landing
- on squares 0,
When reaching this square, 14 and 28,

players collect
a Chance card

a yellow card symbol, players
answer a question. ——
In case of an incorrect answer, players
return to the departure square.

Landing on a square with one of these symbols and
answering a question correctly, entitles the player to
collect the token indicated, if available on the board.

Famous mathematician figures. The aim of the game

hourglasses
30 sec. 15sec.

Chance cards

The curiosities and themes on the
tetrahedral die dodecahedral die squares have no influence on game
(4 faces) (12 faces) play; they are referenced and dealt

with extensively in the booklet.

the board. Players can “trade in” these tokens to make an additional roll, upon
their turn, or continue the game normally and “trade it in” later when landing
on a square that requires you to skip a turn.

When you land on a square featuring a famous mathematician figure,
the corresponding token, if available, is collected from the board.

“Roll the die” tokens and famous mathematician figures can only be taken

N /"’ s . ifaquestionis answered correctly.
/ A ( @\ Conversely, the Fields Medal, if available on the
‘\ /‘ \ ” /board, is gained without answering any question,

20 T OF oy 1Y .
U me? e when landing on square 21. Players can choose to use
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Gauss V Turing

Famous mathematician figures.

p— it upon their turn in exchange for a famous mathematician
i figure on the board. Should the figure of the mathematician
desired by the player be unavailable then the player can use
the Fields Medal to poach it from another player.

When a “Roll the die” token or a Fields Medal is “traded in”,
it is placed back on the board.

The Fields Medal.

Rules
Starting the game. Unfold the game board and position the Chance cards,
pawns, dice and the hourglasses. Shuffle the cards and place them in the case.
Next, lay out the three “Field Medals” and the other tokens and figures on the
table as shown below. Then, each player receives a dodecahedral “Roll the die”
token and a tetrahedral “Roll the die” token required to start the game.
After placing the pawns on the “0” start square, players roll the dodecahedral
die. Whoever scores the highest number or is the first to score 12 starts the
game. Each player selects their pawn during the first round of play.
Game rounds. When a player rolls the dice
and moves his/her pawn, this status is consid-
ered “in turn” or “active”.

The game proceeds in a counterclockwise
direction by passing the die to the next

PIECES ON THE BOARD
AT THE BEGINNING OF THE GAME

ogy T oy gy

player. Practically, the dice are handed to 2 playe rs 3 3

the player located on their right. 3 playe rs 4 4
If a player decides, after rolling the dice,

that advancing to the square indicated by 4 pla\/e rs 5 >

the score is less opportune than staying on 5 players 5 5

the same square, it
is possible to “skip” a

&

turn, even though the AN Y

die has already been X i w|

thrown. 2 mavers

The “Dealer”. The role 3 players 2 series of 6 figures

of Dealer is alternat-
ed between players
for either an agreed S pla\/ers
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4 players 3 series of 6 figures
4 series of 6 figures

number of rounds or a set time, e.g. 30 minutes. This should be decided prior
to starting play. Alternatively, if a player volunteers to be the Dealer for the
duration of the game and receives unanimous approval there can alternatively
be a fixed dealer.

The Dealer’s tasks include removing the cards and handing them to the play-
ers when landing on a yellow card square.

The player reads the question, but is not allowed to turn the question card
over where the answers are located.

The Dealer also has the task of monitoring response times using the hour-
glasses and checking the accuracy of the answers.

The Dealer is the only player who may use an electronic calculator and this

for the sole purpose of checking other players’ answers.
Aim of the game. To collect the maximum number of famous mathematician
figures possible, including the possibility of poaching them from other players
or by using the “Fields Medal”. In addition, Chance cards also allow players to
acquire famous mathematician figures.

Warning: it is not possible to own two identical figures of the same mathe-
matician. If you land on the square corresponding to a famous mathematician
whose figure is already in your possession, your pawn must be left on the
square without any action.

End of the game and winner. The game ends:

1 - when a player has collected the six different famous mathematician figures;
2 - when the last famous mathematician figure has been removed from the
board. The player with the highest number of figures is then declared the
winner;

3 - after a set time: the player who, at the expiry of the set time has the great-
est number of famous mathematician figures, is the winner.

With reference to scenarios 2 and 3 above, should two or more players have
an equal number of famous mathematician figures, they proceed by drawing
cards in turn and answering questions, as occurs in the simplified game mode
which only uses cards (see p. 8).

Players are progressively eliminated on the basis of incorrect answers and the
final remaining player wins. At the start of the elimination challenge each play-
er rolls the dice; whoever scores the lowest number draws the first card with
the other players then following suit in counterclockwise mode.

Checking answers. The Dealer checks the answers by reading them from the
reverse side of the card. In the event that an active player’s answer is contest-
ed by another player, the Dealer’s opinion is final.



Basic game mode (cards only)
THE GAME PIECES

tetrahedral die
(4 faces)

@ dodecahedral die

(12 faces)

e Reverse side
DI of the Slide Rule
| = = -

»fv SEE

15" 30”
hourglasses

The dice and the reverse side
of the Slide Rule are used to answer
some of the game questions.

Mathematicus can also be played in a “simplified” version, which consists
of only using the cards, and some additional accessories.
The number of players is unlimited when playing in this mode, while in other
modes it is limited to a maximum of 5 players.
Remove the top card from the deck of cards, which is the 001 card and provides
a summary of the instructions. The cards numbered from 296 to 301 and those
from 405 onwards are also removed as they are only used in the board game.
Nonetheless, should one or more of the cards to be removed remain in the
deck by mistake, they can simply be extracted when drawn during the game;
in this case, the player draws another card.
The cards should be shuffled taking care not to damage them, and then placed
in the case.
When it is a player’s turn, he/she draws a card and answers the question corre-
sponding to one of four levels of difficulty decided prior to play.
The advantage of Mathematicus, as already mentioned, is that players of all
levels can play together.
The appropriate level of question for each player to answer is decided at the
beginning of the game. This can be modified, however, if all players agree that
a particular player’s level is obviously either too simple (move to a higher level)
or too difficult (move to a lower level).
Questions must be answered within a given time frame, most often either 15
or 30 seconds. In excess of this, for example 45 seconds or one minute, a com-
bination of the two hourglasses is used.

With reference to the response time, players can decide to adopt an agreed
tolerance threshold, meaning that slightly delayed responses can still be con-
8

sidered after the stated deadline. This is particularly helpful when there are
very young or inexperienced players.

Upon a player’s turn, he/she draws a card and reads the question aloud keep-
ing his/her gaze on the front of the card. The card should not be turned over as
the answers are located in the grey footer section on the reverse side.

Some questions necessitate rolling one of the included dice, whereas other
guestions are answered by consulting the reverse side of the Slide Rule, which
is a table containing data on regular polygons of up to 14 sides, regular solids,
a circle and a sphere.

After giving the answer, the player and the opponents check if it is correct.
The card is then placed back in the case.

There should be sufficient cards to play a standard game, however should the
cards run out, simply turn the block of cards in the case and continue the game
by reading the new questions on the reverse side of each card.

Drawing cards from the bottom of the deck is recommended and then placing
them back on top without turning after use. In this way, the questions and answers
are not visible to the players when the cards are in the case, and in addition the
cards are already sorted if it is necessary to turn the deck (see figure above on p. 4).

The player holds the card looking at the question side only . The small blue
letters (a, b, ... ) are insignificant to game play as they contain photographic
references referred to in the final pages of the booklet.

Players draw cards in turn either in a clockwise or counterclockwise direction
which is decided in advance and then fixed.

When a player gives a wrong answer no action is taken and the card is placed
back in the case and play continues with the next player.

When a player answers a question correctly, a point is recorded on a sheet of
paper acting as a score card for all players.

Players can decide to keep correctly answered question cards as it is easier to
quickly determine the number of correct answers at any given time, but espe-
cially at the end of the game.

Prior to starting the game, players decide whether to either play against the
clock, meaning that the player with the greatest number of correct answers at
the expiry time wins, or alternatively to set a fixed number of correct answers,
for example 19 or 31 or indeed any other agreed target number.

In case of a tie at the expiry point of a timed game, those players having the
same number of correct answers proceed to a gradual elimination challenge
after each wrong answer. If there is a tie between two players, which is most
often the case, the first to make a mistake is eliminated thereby declaring the
other player the winner.



Intermediate game mode

GAME BOARD
AND PIECES - -
FOR INTERMEDIATE MODE & &

ARG ITRILS
O

tetrahedral and

players

dodecahedral
dice
- 2 : 2 hemi-nonagons
famous ~
mathematician = HIEMATH @S
3 b The game of mathemati
figures TOKENS
- Roll the dodecahedral die
- Roll the tetrahedral die
“x2” token - Challenge
- Fields medal
i: PT4
2 .V‘
< 4 |
5 X 4 3
£ o

Chance cards pawns

p v,
hourglasses‘. g Q 25 A2

player / dealer

The game board

The game board has a heptagonal shape containing 35 squares numbered
from 0 to 34. The prime numbers, considered as the “building blocks of the
numeric system”, appear in larger font. As a reminder, prime numbers are
natural numbers other than 0 and 1 that are only divisible by themselves
and by the number 1.

With the exception of a few squares on the board, the text found on the
squares has no influence on game play; it merely presents mathematical
curiosities provided to stimulate players’ imaginations. In-depth information
on these themes can be found in the book included in the game box, and is
intended to illustrate just how diverse and inquisitive mathematics is.

The influential elements of the game are the symbols visible on the upper
10

“Roll the die” “x2” “Challenge” . .
questio/n% tokens t;)ken token border of each square in addi-
- @ B —1'n Rimber (—=5¢y tion to the instructions found
1 3 27 on some squares.
Th ient
Babyionlate 113 AA& When the player lands on

Sierpinski Triangle
Above is the genera-
tion process, below,
the result of 4 itera-
tions. The area tends
to 0 with repeated
iterations.

Indians, Chinese 131
and Greeks all 311
discovered that 199 337
in a right-angled 919 373
triangle, a? + bt=c?] 991 733

Prime numbers
are only divisible
by themselves
and 1.

a square with the yellow
card symbol, he must
answer a question.

The answers are on the
other side of the card.

Between 3and 4
you encounter 1t
and, stunned by
its unending

decimal expansion,
skip a tum. However,
if you can recite the
first 8 decimal digits

Curiously, all of i, on the next
of the numbers | round you may roll When a pIayer lands on
above are prime. | the die and proceed.

a square with a yellow
card symbol, it means a question must be answered. The answers are locat-
ed on the reverse side of the cards. 0
When a player lands on a square with either a Archimatles
dodecahedral die, a tetrahedral die or a challenge  /fupysicistang
: inventor, he is con-
symbol, and subsequently answers a question sidered the preatest g%,
correctly, he/she collects the corresponding :
token, if available on the board. When a player / fbetween 2237120 22/7) by computing
e \rhelpenmel;rof\nscnbedand
lands on square 21, he/she collects a “Fields // circumscribed 96-sided

genius. He determined the value of i

Medal” from the board, if available, ;E%E?{:%ﬁ:mm
without answering a question.

When landing on a square featuring a famous mathematician from the past,
players who answer a question correctly can collect the corresponding figure
of that mathematician, if available on the board. These are important figures
as the player who has collected all 6 different figures, or the one with
the most at the end of the game, is the winner.

Players landing on square 0, 14 or 28 draw a Chance card which

is sometimes used immediately and other times retained for use

when deemed appropriate.

The 0 square is the start square and features an important

Indian mathematician, included in honour of India’s precious
contribution to the development of mathematics. However,

this is not a collectible figure and a Chance card is drawn instead.

Squares 3, 8, 18, 22 and 33 contain penalties that oblige players to skip a turn.
As a consolation, players can collect a “x2” token, if available on the board.

The board has six squares featuring content regarding ancient or exotic math-
ematics. When playing in intermediate mode, these are considered normal
squares.

The binary numbers on the board are used in the advanced game mode and
therefore of no consideration in intermediate game mode.

VHTHORAW A FIELDS MEDAL,
IF PRESENT ON THE BOARD:

CHANCE CARD
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Pawns

The pawns take the shape of the 5 platonic solids: tetrahedron, cube, octahe-
dron, dodecahedron and icosahedron, with 4, 6, 8, 12 and 20 sides respective-
ly. Each player chooses a pawn and places it on the start square before rolling
the dice.

Dice
In intermediate mode, only the tetrahedral and dodecahedral dice are used.

Hourglasses

The hourglasses measure time intervals of 15 and 30 seconds. The response
time is indicated next to each question and is mostly either 15 or 30 seconds.
When the response time is longer, it is necessary to turn the 30 seconds hour-
glass over (1 minute) or use the two hourglasses in sequence (45 seconds), or
an appropriate combination to measure the required response time.

Famous mathematician figures

These pieces are to be placed on the board at the start of the game; the num-
ber of figures depends on the number of players. They are of great significance
as holding them ensures victory. The figures must be visible to all players and
are therefore placed in front of each player.

“Challenge tokens”
Each player receives one “challenge” ON THE BOARD AT THE BEGINNING OF THE GAME

token at the start of the game. Any ) a0
remaining tokens are placed on the &6 ! %{v‘ mﬁ
boa_rtd in tdhe qusnhtlﬁs |rt1dc|]|cgtedI op- 2 players 1 series of 6 figures
POSILE and can be coflected by players 3 players 2 series of 6 figures
when landing on a square with the . -

4 players 3 series of 6 figures
same symbol. Challenge tokens are 5 players 4 series of 6 figures
placed back on the board after use.

v

“Roll the die tokens” b @ @ A
Each player receives one of each 2 players 3 3 3 8
type at the beginning of the game. 3 players 4 4 4 7
Any leftover tokens are placed on the 4 Players 3 3 3 6
5 players 5 5 5 5

board in the quantity indicated be-
low and can be collected by any player landing on the square bearing the same
symbol. When a player decides to use a “roll the die” token for an additional
turn, it is placed back on the board.

12

“x2 tokens” v
These tokens double the question response time and are placed AXZ
back on the board after use.

7

&

“Fields Medal tokens” e |
At the start of the game all 3 tokens are placed on the board. When )
a player lands on square 21, he/she collects a “Fields Medal” token.
The token is placed back on the board when it is used in exchange
for a famous mathematician figure or for a “Challenge” token.

&

The nonagon

In fact, it is more correct to say two hemi-nonagons given that
it is divided into two equal symmetrical parts. They feature the
twin prime numbers included on the board (“twin” primes are The hemi-nonagons
separated by a single number, which of course is an even number).

The player collects a hemi-nonagon when landing on the square bearing a twin
prime number. irrespective of answering the question.

The aim is to acquire the other half in order to create a whole nonagon.

Chance cards
Chance cards are drawn when landing on squares 0, 14 and 28 and indicate oppor-
tunities, benefits or penalties.

Question cards

There are 208 double-sided question cards featuring questions on arithmetic and
geometry or related issues. Each set of questions has 4 levels of difficulty making a
total of about 1,600 questions when taking into account both sides. The answers
can be found in the footer section of the reverse side of each question card.

When a player lands on a yellow card square, the Dealer draws a card and
hands it to the player who then reads the question aloud without turning the
card over where the answers are located.

Once an answer is given, the Dealer checks whether it is correct. In case the
guestion cards run out on one side, simply turn the deck of cards around in the
display case and use the questions on the reverse side.

When there are players of different ages or mathematical knowledge, the difficul-
ty level can be adjusted for each player. For example, level 1 players will always be
asked questions at level 1 while level 3 players will always answer level 3 questions.

The difficulty level of the questions is decided prior to commencing play.
Nonetheless, if during the course of the game the level of one or more players
appears inadequate, it can be changed by unanimous decision.
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Rules
Starting the game. Unfold the game board and position the Chance cards, pawns,
dice and the hourglasses. Shuffle the cards and place them in the case provided.

Each player receives a dodecahedral “Roll the Die” token, a tetrahedral “Roll
the Die” token, a “Challenge” token, and a “x2” token.

Next, the three “Fields Medals” and the hemi-nonagons are placed on the
board alongside the other tokens and famous mathematician figures, in the
quantity specified in the description section of the game booklet.

After placing the pawns on the starting “0” square, players roll the dodecahe-
dral die. Whoever scores the highest number or is the first to score 12 starts the
game. During the first round, each player selects their pawn.

End of the game and declaring the winner. The game ends:

1 - when a player has collected the six different famous mathematician figures;
2 - when the last famous mathematician figure has been removed from the
board. The player with the highest number of figures is then declared the winner;
3 - after a set time: the player who, at the expiry of the set time has the highest
number of famous mathematician figures, wins.

With reference to scenarios 2 and 3 above, should two or more players have
an equal number of famous mathematician figures, there is an elimination
challenge between the players concerned. They proceed by drawing cards
and answering questions in turn; an incorrect answer by a player leads to their
elimination. Whoever scores the lowest number with the dodecahedral die
begins the challenge. The last remaining player is the winner.

Attention: notwithstanding that the aim of the game is to collect the famous math-
ematician figures, no single player can possess more than one figure of the same
mathematician. In other words, duplicate figures cannot be retained to prevent
other players from taking them. When a player lands on a famous mathematician
square whose token he/she already owns, the token is simply left on that square.
Game rounds. When a player rolls the dice and moves his/her pawn, he/she is
deemed to be “in turn” or “active” . The dice are passed to the next player at
the end of each turn. Play proceeds in a counterclockwise direction, i.e. to the
player on the right.

The “Dealer”. The role of Dealer is alternated between players for either a
number of rounds or a set time, for example for 30 minutes. This should be de-
cided prior to commencing play. Alternatively, if a player volunteers to be the
Dealer for the duration of the game and receives unanimous approval, there
may also be a fixed dealer.

The Dealer’s tasks include drawing a card and handing it to the player whose turn
it is when he/she lands on a yellow card square. The player reads the question out
loud, but cannot turn it over to view the answers located on the reverse side.
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The Dealer also has the task of monitoring response times with the aid of the
hourglasses as well as checking the accuracy of the answers. The Dealer is the
only player who may use an electronic calculator and only when checking anoth-
er player’s answer.

Rolling the dice and moving pawns. The player whose turn it is chooses

to either roll the dodecahedral (1-12) or the tetrahedral (1-4) die and advances
to the square equal to the score indicated by the die. At the start of the game,
the pawn moves in a counterclockwise direction from the starting square

(in the direction of the arrow). Players can also choose to move in a clockwise

direction, but only when a prime number (2, 3, 5, 7 or 11) is rolled and only for
the turn in question.

Players can also decide to “pass” either before or after the roll of the die
deciding not to move their pawn. In this case, the pawn remains on the same
square without answering a question.

Landing on a square. When a player lands on a square, the actions foreseen
are carried out. When landing on a yellow card square, the Dealer draws a
guestion card and hands it to the player whose turn it is. The player reads the
card aloud, as previously mentioned without looking at the reverse side, where
the answers are located. The response time for each question is indicated on
the card and is either communicated by the Dealer or read by the player hold-
ing the card. The response time starts when the Dealer or active player has
finished reading the question.

If the player responds correctly, he/she leaves the pawn on the arrival square
and receives any associated benefits, namely a token or, in the case of famous
mathematician squares, a valuable figure of the mathematician featured
on that square, providing it is available on the board.

If the player responds incorrectly, the pawn remains on the departure square
of the previous turn without benefiting from any of the actions provided on
the arrival square. In a nutshell, players advance by answering questions cor-
rectly and receiving the associated benefits; wrong answers generate a status
quo with no advancement.

“Roll the dice” tokens. At the beginning of the game each player receives two
tokens; one dodecahedral die token and one tetrahedral die token.

Players landing on prime number squares, the foundation blocks of arithme-
tic, and who correctly answer a question, withdraw the apposite token
if available from the board.

The token can be traded in by the player holding it during their turn (even the
current one), and generates an additional roll with the specific die represented
on the token. After use, the token is placed back on the same symbol location,
ready to be collected later either by the same player or other players.

15



The token can also be traded in when a player lands on a square with the
instruction to “skip a turn”. In this case the player can use the token to take
his/her turn normally.

The token cannot however be used if the player answers a question incorrectly.

Players are not obliged to use tokens and can use them at their own discretion.

“Challenge tokens”. At the start of the game each player receives a token
bearing a challenge symbol. Players can collect an additional token upon land-
ing on a square with a challenge symbol, if available on the board, provided
that the question is answered correctly.

This token can be used at any time to challenge another player. As soon as
an opponent lands on a square, the player with the token says “challenge” and
places the challenge symbol token back on the board.

The challenge can only occur before the Dealer reads the question. If two
players wish to challenge, the one who says “Challenge” first is selected.

The Dealer can now proceed by reading the question to the challenged player.

A correct answer signifies that the challenged player has won and the challeng-
er has lost his/her “Challenge” token. The winner is then entitled to reap the
benefits featured on the target square. If the challenged player provides either
an incorrect answer or one which is out of time then his/her pawn remains on
the square occupied previous to the challenge, i.e. no move. In this case, the
Dealer draws a new card and proceeds to ask the question to the challenger.
Should the challenger give either an incorrect answer or one which is out of
time, then the challenge terminates without any action, with the challenger
losing the token and leaving his/her pawn where it is. On the other hand, if the
challenger responds correctly thereby winning the challenge, he/she jumps to
the target square and reaps the associated benefits.

Obviously, challenges are particularly interesting when they occur on one
of the famous mathematician squares, where a valuable token can be collected
or even poached by a challenger.

There is another important scenario that can give rise to a challenge. Should
a player holding a “Challenge” token land on a famous mathematician square
whose token he/she does not yet have and no tokens of this specific mathema-
tician are available on the board, he/she may challenge a player who has it.
This is done by saying the word “Challenge” followed by the player’s name.

The Dealer then reads the question to the challenged player and the challenge
proceeds as described above. If the challenged player responds correctly, he/she
wins without moving his/her pawn and the challenger gives up his/her token.

If instead the challenger wins, he/she collects the challenged player’s figure
and places his/her pawn on the square of the famous mathematician whose
figure he/she has just acquired.
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“Fields Medal” tokens. This token is a reproduction of a medal awarded to the
most prestigious mathematicians and the three replicas provided are posi-
tioned on the board at the corresponding symbol at the start of the game.

Players landing on square 21 collect a “Fields Medal” token which can be used
in exchange for any of the famous mathematician figures available on the board.
Players in possession of this token can use it at their discretion provided the de-
cision is communicated prior to rolling the dice on their turn. The “Fields Medal”
token is placed back on the board after use when the chosen famous mathema-
tician figure has been collected.

If no “Fields Medal” tokens are available on the board when a player lands on
square 21, he/she can challenge a player who has at least one of them. In case of
a successful challenge, he/she wins the precious token, and if unsuccessful
his/her pawn stays on square 21 with no action.

“Fields Medals” can also be used as “Challenge” tokens at the player’s discretion.
The nonagon. Each time a player lands on a twin prime number square and
answers the question correctly, he/she collects a hemi-nonagon bearing that
number, if available, from the board. The objective is to acquire the other half
to then complete the nonagon. This is achieved by landing on a square with
one of the numbers shown on the hemi-nonagon to be acquired and answer-
ing the question correctly. Players in possession of a complete nonagon can
poach a famous mathematician figure from any another player, or collect one
from the board if none of the other players has one.

Players should try to acquire two hemi-nonagons as quickly as possible.
Players in possession of one hemi-nonagon endeavour to land on a square
bearing a number featured on the other half as soon as possible. Indeed,
if another player acquires the second half of the nonagon required by the first
player to complete it, the latter is forced to relinquish his/her half and place it
back on the board. Thus, only one player can hold a hemi-nonagon at any one
time until the nonagon is either completed or collected by another player.

The completed nonagon is used immediately in exchange for a famous mathe-
matician figure after which the two parts are placed back on the board.

“x2"” tokens. These tokens are collected, if available on the board, when
landing on a square with the same symbol. They double the question response
time and are placed back on the board after use.

Strategy. The number of sets of famous mathematicians available on the board
is less than the number of players. The first player with a complete set of famous
mathematician figures or the one with the highest number of them at the end
of the game wins. In view of this, it is in the interest of each player to actively use
challenges and complete nonagons so as to poach figures from other players and
try to get “Fields Medals”.
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We have seen that the game includes offers various random elements regarding
the possession of figures which is heightened by the Chance cards. The decision to
launch a challenge or use a “Fields Medal” should be taken in function of the most
opportune moment to do so.

Checking for answers. The Dealer is responsible for checking the answer by
reading it on the reverse side of the card.

Answers resulting from arithmetic operations can be expressed in different
formats. For example, 1/4 can also be expressed as 0.25, 64 as 82, 0.3 (i.e. 0.3
periodic) as 1/3, and 0.015 as 1.5%. Answers with a correct value are consid-
ered correct even if they are expressed in a different format.

Objections to answers. In the event that a player contests another player’s
answer, the Dealer’s opinion is final.

Variants. Mathematicus is a modular game whose rules provide for some flexi-
bility; however, any variation to the game rules requires unanimous consent by
all players.

Example of gaming in different modes and at different levels. \When players
have diverse knowledge, the situation described hereafter as an example is a
possible alternative and if adopted is noted by the Dealer at the start of the
game. Player A plays in basic mode, answering level 2 questions and also using
“x2” tokens and hemi-nonagons. Player B plays in normal mode answering
level 3 questions, but also answers advanced mode questions that require the
use of the Slide Rule and calculations in Arabic and Chinese numerical systems.
Player C plays at advanced level, answering level 4 yellow card questions as
well as blue card questions, with the exclusion of questions requiring calcula-
tions in the Mayan, Babylonian, and binary systems.

Permitted equipment. Players can use pen and paper, as well as the Slide Rule
if they know how to use it, to answer questions, make calculations and review
data concerning geometric figures, that are the subject of some questions.

Advanced game mode

The basic rules are the same as those applied to the intermediate mode. All the
information required to play in advanced mode, as well as various examples of
issue resolution are laid out in the initial section of the bookiet. As a result, only
equipment and specific rules regarding advanced play are presented hereafter.

Dice

In addition to the tetrahedral and dodecahedral dice,
the icosahedral and the binary dice can also be used
in advanced mode.
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Binary numbers
The corresponding binary number is located
above each square from 0 (0) to 34 (100010).
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numeric systems is composed using the small symbol tiles that feature the
numbers used in those systems (to be placed neatly on the board at the start
of the game). The response time counts down from the moment the player
rolls the dice required for the calculation or, in the use of Napier’s Bones, from
the time they are placed on the table for calculation.

All calculations using digits from the various numeric systems give results that
never exceed the number 240. To verify an answer, the Dealer or a player can
consult the table provided at the end of the booklet which lists all the numbers
from 1 to 240 expressed in the various numeric systems.

The Dealer can alternatively use an electronic calculator to verify the correct-
ness of answers relative to mental calculations and those made with the Slide
Rule and Napier’s Bones. Binary calculation results can be verified using the
the tables available at the end of the book or using binary calculation applica-
tions available for smartphones.

Answers calculated using the Slide Rule are considered exact if the deviation
is within 5% of the correct one (allowed to compensate for small set-up inaccu-
racies or instrumental errors).
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With regard to the various ancient or exotic numeric systems, the necessary
numbers are visible in squares 4, 6, 11, 19, 29 and 34, and can easily be con-
sulted to help find the answer.

Advanced question cards

These are used in the advanced mode game when the player whose turn it is
lands on one of the blue card squares (squares featuring the various ancient or
exotic numerical systems and famous mathematician squares). Each advanced
guestion card presents problems to be resolved using either mental calculation
or the Slide Rule or Napier’s Bones, or special cards featuring numbers from
the various numerical systems to represent the numbers.

The calculation numbers are not predetermined and are obtained by rolling
the indicated dice. The number shown in the Indo - Arabic (Nsa) or binary digits
Caleulate @ < @ Then represent the result with (Nsa2) square on which the player has
Napier’s bones, multiply it by@ﬁﬁand state landed can also be used in the calcu-
the result. lation. For example, the calculation to
be resolved using Napier’s Bones shown in this extract, requires multiplying
the score obtained by throwing the icosahedric and dodecahedric dice, using

Napier’s Bones to represent the result, and then finally, still using Napier’s
Bones, multiplying it by the sum of the numbers obtained from the roll of the
two indicated dice and announcing the result.
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Calculatea NBOX, + 1 W3 3 \ and compose Another example is the binary
the result. calculation question shown opposite
which requires composing the binary

number obtained by adding together the binary numbers shown in the square
occupied by the pawn using small tokens (e.g. square 25 would be expressed
as 11001) and the digits of the binary numbers obtained from 4 successive rolls
of the binary die. If the roll numbers were to be 1011 then the answer would
be the the sum of 11001 + 1011. Should the first digit or digits resulting from
the die be zeros, then only the successive ones commencing with the initial 1
obtained are considered. If all throws produce zeros, then the sum coincides
with the binary number of the square.

The cards have different numbers (from 1 to 9) for the same type of calcula-
tion and are concealed by the Dealer. When a player whose turn it is lands on
a blue card square, the Dealer draws an advanced card and, without revealing
it, asks the player to give a number between 1 and 9 to represent the chosen
guestion to be asked. This is done to ensure randomness in the questions
asked to players. Once the player has answered, the Dealer reveals the card
and lets the player keep it.

Whenever an advanced card is used, the Dealer shuffles the deck and places it
face down, so that players are not able to determine the next card to be drawn.

Intermediate game mode rules apply to all other aspects of the game.

Nature is a book written in the language of mathematics.
Galileo Galilei

Go down deep enough into anything and you will find mathematics.
Dean Schlicter

Mathematics knows no races or geographical boundaries; for mathematics,

the cultural world is one country.
David Hilbert

To those who do not know mathematics it is difficult to get across a real

feeling as to the beauty, the deepest beauty, of nature.
R. P. Feynman

Mathematics seems to endow one with something like a new sense.
Charles Darwin

[How to]... teach young people the elements of geometry ... go back
to the sources and follow the path of our discoveries and the needs

that have produced them.
Voltaire quoting Alexis Clairaut

21



A GAME FOR EVERYONE

In order to play Mathematicus and appreciate the contents of the attached book, we need
the knowledge of elementary mathematics that we all learned in the first didactic cycles
and that are listed below:

® Knowledge of the four operations: addition (+), subtraction (—), multiplication (x) and
division (: or +). For the division sign the symbol /is also used. Therefore 6:4 can also be
written as 6/4. The multiplication is indicated by the sign %, but in the case where a number
is represented by a letter the symbol can be omitted; for example 2xa is also written as 2a.

® Knowledge of the meaning of equal (=), greater than... (>), less than... (<), percentage (%).

® Knowledge of the operation of exponentiation. The notation n?> means that the number n is
raised to the second power or square, that is multiplied by itself; n>=n x n. The notation n’
means that the number n is raised to the third power; n*=nxn xn. And so on.
Examples:32=3x3=9; 33=3x3x3=27; 3*=3x3x3x3=81.

® Knowledge of the root operation, understood as the inverse operation of the elevation to
power. Finding the square root of the number n means finding the number that is squared
by n. The square root of 9 is 3 because 32=9; in symbols:\[§: 3. Similarly for the cubic
root, fourth, etc. The cubic root of 27 is 3 because 3*=3 x 3 x 3 = 27; in symbols: W =3.

® Knowledge of the arithmetic mean or average between two numbers. The arithmetic mean
between two or more numbers is obtained by summing the numbers and dividing the
result by the number of the values considered.
For example, the average of the numbers 7, 18, 3 and 40 is: (7+18+3+40)/4=17.
The average of the numbers 4 and 5is (4+5)/2 = 4.5.

® Knowledge of the concept of reciprocal or inverse. The reciprocal of the number ais 1/a,
that is the number that multiplied by a gives as a result 1. Examples: 1/4 is the reciprocal
of 4 (in fact 1/4x4=1); the reciprocal of 20 is 1/20=0.05.

® Knowledge of the “factorial” symbol. The factorial of a natural number n, denoted by n/, is the
product of positive integers less than or equal to that number. Example 5! =5x4x3x2x 1.

® Round and square brackets are used in the game. The calculations are made first within the
brackets and the determined value is used in the continuation of the calculation with the
values outside the brackets. Example: 3+[50/2—(3x4)]: you run before 3x4; then 25-12;
then 3+13=16. The order of the operations to be performed when there are no brackets is:
1) elevation to power and root; 2) division and multiplication; 3) addition and subtraction.
In the example above, when you get to 50/2-12, you first do the 50/2=25 division and then
the 25 —12 = 13 subtraction. Sometimes brackets are used in game documentation even
when they are unnecessary to highlight the operations to be performed first.

In the game commas in numbers separate thousands and decimals are separated by
points. We notice that in the non-Anglo-Saxon world they behave in the opposite way.
What in England, the USA or China is written 52,318.74 in Italy or France is written 52.318,74.

Recurring terms

absolute value It is the value of a number
regardless of the sign. It is indicated by placing
the number between two vertical dashes;
Thus |alis theabsolute value of g and -a.
Example: |4| represents the absolute value

of 4 and -4.

complement The complement a of a number n
with respect to the number m (greater than n) is
the number to such thatn+a=m.

Examples: 2 is the complement of 8 to 10;

21 is the complement of 79 to 100.

natural number Null or positive integer: 0, 1, 2, ...
negative number Number less than O.
numerical root The numerical root of a num-
ber is the result of the sum of its digits, repeat-
ed until a monocifre value is obtained, then

between 0 and 9. The numerical root of 358 is 7.

Infact3+5+8=16andthen1+6=7.
palindrome number A number that has the
same value if the digits are read from the left
or right. Examples: 1331; 5678765.
pandigital number A number that includes
at least once all digits from 0 to 9.

periodic decimal number Number that after

the comma has a string of digits that repeat to
infinity. This string is called the period. Many
periodic numbers have a finite string of digits
before the period, called antiperiode.

The period is indicated by a continuous line
superimposed on its figures. Examples: 4.333...
is represented with 4.3; 8.43555... with 8.435.
positive number Number greater than 0.
Prime number Natural number other than

0 and 1 that has only itself and the unit as
dividers. Two prime numbers that appear in
pairs, separated by a single even number, are
called prime twins. Examples: 5 and 7; 17 and
19. Semiprime is a number that is the product
of two prime numbers, not necessarily distinct
Examples: 4 =2x2; 21 =7x3.

A reversible prime or emirp (prime written
backwards) is a prime number whose digits,
written in reverse order, give rise to another
prime number. Example: 157 and 751 are
prime and emirp.

whole number Zero or positive number (nat-
ural number) or negative number: ... -3,-2, -.1,
0,1,23,..

Mathematical curiosities are presented in the squares and in the book that sometimes imply
more complex concepts, the understanding of which is not necessary for the game.
These concepts are in any case explained starting from the basic notions set out in these pages.

Abbreviations and symbols

min minute m metre ft foot /feet | litre
sec second g gram °C Celsius degree HP horsepower
h hour t ton °F Fahrenheit degree b.c.e. before the common era
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NOTE

The cards show numeric information about many facts and phenomena. In some cases these figures have
been slightly rounded to limit the number of significant figures in the calculations to be made.

In the game the dates before the common era are indicated with the words b.c.e. (before the Common Era) or
sometimes with the sign —. Remember that the commonly used Gregorian calendar does not cover the year 0.

The publisher and the author are grateful to players, schools and associations who wish to share proposals for
new card content, with or without illustrations, which can possibly be adopted for future editions of the game.

The author

Cesare Baj dedicated his life to the diffusion of science. He has collaborated with many publishing
houses and has written works of astronomy and aviation. He founded and directed the science
magazine for young adults Newton.

As an expert in analog computing, he designed hundreds of slide rules.

The preparation of the game has made use of the advice of Simonetta Di Sieno, former director
of the research centre “matematita”, of members of the Unit of Milan-Citta Studi of the same centre
and of the members of the PRISTEM Centre of the Bocconi University of Milan.

The translation and the supervision of the English edition was done by the mathematician Morgan

Rogers, a graduate of the University of Cambridge, during his doctoral studies in mathematics at Universita
dell’Insubria in Como, Italy. He has since gone on to post-doctoral research at LIPN in Paris, France.

The translation of the Instruction booklet was done by Victoria Finch.
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For more information ;: www.mathematicus.it

SAFETY INFORMATION

Recommended age: 8 years and up.

ATTENTION! Not suitable for children under 3 years of age.
It contains small parts that could be swallowed causing suffocation.
To be used by children under the direct supervision of an adult

and to be stored in places inaccessible to them.

The use of the game takes place under the complete responsibility
of the buyer.

For safety information contact the manufacturer:

Baj S.a.s. di Tomaso Baj & C.
Via Raimondi 8 - 22041 Colverde (Co)
Italy

info@mathematicus.it

This booklet is an integral part
of the MATHEMATICUS®
board game

Copyright 2020 Cesare Baj

Designed in Italy
Printed in China

The game is designed

in accordance with
principles of respect
for the environment
and recyclability

of materials and is
produced in compliance
with the regulations

in force.
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“O'-' af the same centre snd of the members of the PRISTEM Centre of the Baccani University of Milan.
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mathematiclan, graduated from the University of Cambridge.
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