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Topics for the Escape Room Challenges

 Affine Ciphers (Modular Arithmetic)

 Hill Cipher (Matrices)

 Base Twenty-Six Arithmetic (Addition and Subtraction)

 Euclidean Algorithm



Escape Room Instructions

 There are four locks that need to be opened.

 Each lock can be opened with a 3-digit number 
corresponding to a 6-digit number, which is derived
from a base 26 number with 4 letters.

 Each word with 4 letters is derived from a set of 8 letters 
according to a particular encryption technique.



String with
8 letters

Word with
4 letters

Number with
6 digits

Number with
3 digits



Example



Example



First Lock

KCVBGKTM             ? 



A  B  C  D  E   F  G  H  I   J  K  L  M  N  O  P   Q  R   S   T  U  V  W  X   Y   Z
0   1  2   3   4   5   6   7  8  9 10 11 12 13 14 15 16 17 18 19 20  21 22 23 24  25





x y

10
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2
1

K           C
V           B

A  B  C  D  E   F  G  H  I   J  K  L  M  N  O  P   Q  R   S   T  U  V  W  X   Y   Z
0   1  2   3   4   5   6   7  8  9 10 11 12 13 14 15 16 17 18 19 20  21 22 23 24  25



x y

10
21

2
1

K           C
V           B

Inverses
(mod 26)



x y

10
21

2
1

K           C
V           B

Encipherment:





encipherment formula

Decipherment formula:

+ 26





Decipherment Formula:

G (6)

K (10)

T (19)

M (12)

S (18)

A (0)

F (5)

E (4)

GKTM   deciphers as   SAFE

6  1 0  19  12





18  0   5   4

A  B  C  D  E   F  G  H  I   J  K  L  M  N  O  P   Q  R   S   T  U  V  W  X   Y   Z
0   1  2   3   4   5   6   7  8  9 10 11 12 13 14 15 16 17 18 19 20  21 22 23 24  25



18  0   5   4





Second Lock

OJVZUJOG             ? 



Hill Cipher





+26



+26





U (20)

J (9)

O (14)

G (6)

L (11)

O (14)

C (2)

K (10)

UJOG   deciphers as   LOCK



U (20)

J (9)

O (14)

G (6)

L (11)

O (14)

C (2)

K (10)

UJOG   deciphers as   LOCK
A  B  C  D  E   F  G  H  I   J  K  L  M  N  O  P   Q  R   S   T  U  V  W  X   Y   Z
0   1  2   3   4   5   6   7  8  9 10 11 12 13 14 15 16 17 18 19 20  21 22 23 24  25



U (20)

J (9)

O (14)

G (6)

L (11)

O (14)

C (2)

K (10)

UJOG   deciphers as   LOCK





11  14  2  10





Third Lock

WFSCCXFY             ? 



ADDITION IN BASE TEN

In base ten addition, we need to carry a 1 if the sum of two digits is greater than 9. 

For example, 

3 4  7
2   6  8+

7 + 8 = 15

5

1

1 + 4 + 6 = 11
1

1

1 + 3 + 2 =  66



ADDITION IN BASE TWENTY-SIX
Similarly, in base twenty-six addition, we need to carry a term if the sum of 
the terms is greater than 25. 

Find the following sum in base twenty-six. 

T   E   N
T  W  O+

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P   Q  R   S  T  U  V  W  X  Y  Z
0   1  2   3 4  5   6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25



ADDITION IN BASE TWENTY-SIX
Similarly, in base twenty-six addition, we need to carry a term if the sum of 
the terms is greater than 25. 

Find the following sum in base twenty-six. 

+

13

14

B

T   E   N
T  W  O

13 + 14 = 27 
B B1

4
22 1 + 4 + 22 = 27 

B  N B

BB

1 + 19 + 19 = 39 
B N

T  E  N  +  T  W  O  =  B N B B



SUBTRACTION IN BASE TEN

In base ten subtraction, if the top term is smaller than the bottom term, then we need
to borrow from the previous term (reduce by 1) and add 10 to the smaller term.

For example, 

5   3
1   7_

13 = 3 + 104

3   6



SUBTRACTION IN BASE TWENTY-SIX
Similarly, in base twenty-six subtraction, if the top letter is smaller than the
bottom letter, then we borrow from the letter to the left (reduce to the previous
letter) and add 26 (the base) to the value of the smaller letter. 

For example, 

S   T
D  W_ 

19

22

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P   Q  R   S  T  U  V  W  X  Y  Z
0   1  2   3 4  5   6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

R
45 = 19 + 26

O   X  23

17

3

14



SUBTRACTION IN BASE TWENTY-SIX
Similarly, in base twenty-six subtraction, if the top letter is smaller than the
bottom letter, then we borrow from the letter to the left (reduce to the previous
letter) and add 26 (the base) to the value of the smaller letter. 

For example, 

S   T
D  W_ 

19

22

R
45 = 19 + 26

O   X  23

17

3

14

S T – D W  =  O X 





W   F    S   C  
- C   X    F   Y 

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P   Q  R   S  T  U  V  W  X  Y  Z
0   1  2   3 4  5   6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

T   I   M  E



W   F    S   C  
- C   X    F   Y 

2

24

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P   Q  R   S  T  U  V  W  X  Y  Z
0   1  2   3 4  5   6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

28
R

4T    I   M  E

17

5

12

5
31

23

8

V
21

2

19

WFSC – CSFY = TIME 





19  8  12  4





Fourth Lock

LFTYHNKR             ? 





L    F    T   Y  
+   H   N    K   R 

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P   Q  R   S  T  U  V  W  X  Y  Z
0   1  2   3 4  5   6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

S   T   E  P



L    F    T   Y  
+   H   N    K   R 

A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P   Q  R   S  T  U  V  W  X  Y  Z
0   1  2   3 4  5   6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

24

17

S   T   E  P

B
19

1

10

5

13

B
1

19

11

7

18

LFTY + HNKR = STEP 





18  19   4  15





Now backtrack to find 
the linear combination.

Check!







The four words decipher as

RUBY
LIME
NAVY
SNOW

The four locks are labeled red, green, blue, and white. 



Reference

Invitation to Crytology.  Thomas H. Barr.
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