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Halloween Math!
UCLA Olga Radko Math Circle 11/1/2020

Topics:
Symbols:

A) Roman Numerals

I = 1, V = 5, X = 10, L = 50, C = 100, D = 500, M = 1000

Rule 1: if there are a few equal basic Roman numerals in a row, we
add them. No more than three equal basic numerals in a row are
allowed. For example, MMM = 1000 + 1000 + 1000 = 3000,
CC = 100 + 100 = 200.
Rule 2: if one or a few equal smaller basic Roman numerals are to the
right of a greater one, we add them. No more than three smaller equal
basic numerals are allowed. For example, LX = 50 + 10 = 60,
CLX = 100 + 50 + 10 = 160,
DXXI = 500 + 10 + 10 + 1 = 521.
Rule 3: if a smaller basic Roman numeral is to the left of a greater one,
we subtract them. It is not allowed to put a few smaller equal basic
numerals to the left of a greater one.
For example, XL = 50 - 10 = 40, CD = 500 - 100 = 400.
Rule 4: subject to all other rules, one should write a Roman numeral in
the simplest possible form. For example, the number DM is incorrect.
It should be written as D.
Question 1: Correct the mistakes in the Roman numerals below. State which rule
numbers are being violated for each.
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B) Pigpen Cipher

Question 2: Use the pigpen cipher to encode the words
pigpen cipher

______________________________________________________________________________
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C) Polybius Square
The encoding/decoding table on the left-hand side below is called the Polybius
square. Invented in Ancient Greece about 2,200 years ago, the cipher was
perfected by a Greek statesman, historian, and cryptographer, called Polybius.

In the Polybius cipher, a letter is replaced by a two-digit number. For example, let
us consider the letter r. Located at the intersection of the fourth row and the second
column of the Polybius square, it is replaced by the number 42.

To encode a letter: find it in the table. The first digit of the code for the letter is the
number of the row in the table. The second digit is the number of the column.
Question 3: Use the Polybius square to encode the following message:
I love math!

______________________________________________________________________________

4

Problems:
Question 1. Convert these Roman Numerals into numbers!
(a) MXXXI 
(b) MMXX 
(c) MMDCCCLXVII
_________
__________
__________
Question 2. The picture below is made of craft sticks. Remove three of them so
that the remaining sticks form five squares of equal size. Draw the five squares in
the blank space to the right

Question 3. Move two sticks to make the house look in the opposite direction.
Draw the new house in the blank space to the right.

Question 4. Your bag has 3 Tootsie Rolls, 8 candy corns, and 5 Jolly Ranchers.
(a) If you reach into the bag, what is the probability you will select a Tootsie Roll?

(b) How many candies must you pick to make sure that you have at least one piece
of candy corn?

(c) How many candies must you pick to make sure that you have at least one piece
of each kind of candy? (Hint: What is the worst case scenario?)

5

Question 5. Two groups of trick-or-treaters go into a neighborhood with a row of
51 houses. One group starts on the left and visits every 6th house while another
group starts on the right and visits every 8th house.
(a) Will they ever meet?

(b) If so, at which house will they meet at?

Question 6. Decipher this code using Polybius Square!
2311353554231131313452151533!
_______________________________________________________________
Question 7. Decipher this Pigpen Riddle! Why did the vampire eat a light bulb?

Answer: ________________________________________________
Question 8. Find all the solutions of the following cryptarithm.
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Challenge ProblemS
You came to a haunted house and saw 6 piles of coins on the table. The first one
had only 1 coin, the next had 2, etc., so that the last had 6 coins. The witch in the
haunted house tells you that you can take all of this gold if you can first make all of
the piles equal. The only operation she allows you to perform is to take 2 coins
from a huge bag and put each of them into a different pile on the table. Can you do
this operation several times and make all the piles equal? If not, the witch is clearly
tricking you!
(a) How many coins is there on the table when you first walk in the room?

(b) As you continuously add two coins to the 6 piles, what do you notice
consistently about the number of total coins?

(c) Can you make all of the piles equal? Why or why not?

