
Chalkboard #3   A Classification of Prime Numbers 

This chalkboard discusses an observed relationship between prime numbers and finite sequence lengths 

of the Perrin sequence.  It is central to my future discussions of the length of periodic points and the 

number of orbits. 

1. Type 2 Primes 

Consider an algebraic equation modulo 23 in an unknown integer x. 

X2 = S mod(23) 

Let x be a an integer greater than 0.  The first few numbers x are 1, 2,3,4,5,6,7,8 and the corresponding 

squares are 4,9,16,25,36,49,64…  

It is easy to see that 12 = 1 mod(23)  22 = 4 mod(23) and 32 = 9 mod(23) 

Continuing; 42 = 16 mod(23), 52 = 2 mod(23),  62 = 13 mod(23),  72 = 3 mod(23).. 

It can be shown that for x between 0 and 23, the numbers S are in the set of integers  

S ={0,1,2,3,4,6,8,9,12,13,16,18} only.  Given any prime e.g 29 we see that 

29 = 6 mod (23) = 112  and 6 is a member of the set S.  Large primes eg  p= 587 when converted to  

mod (23) may be in the set S  : 587 = 12 mod(23) = 92 mod(23) 

The sequence of primes that are squares mod(23) are given in OEIS A191021. 

2,3,13,29,31,41,47,59,….. 

2. Type 1 Primes 

The alternate set of primes to Type 1 primes are primes that are not squares mod(23). 

Type 1 primes eg: 37 = 15 mod(23) where 15 is not in the set S above. 

The sequence of primes that are not squares mod(23) are given in OEIS A191065 

5,7,11,17,19,37,43,53,61…. 

A large prime example is p = 503 = 20 mod(23) {20 is not a member of set S} 

3. Type 3 Primes 

 

Type 3 primes are a subset of type 1 primes but have a special relation to the Perrin sequence length 

and to elliptic equations. For this reason they are given a separate type. 



Some primes excluded for the type 1 primes are p= 23,59,101,167,173,211,… 

Given integers x and y, these primes can be expressed in a form x2 + 23*y2 

A few examples (p,x,y) are (23,0,1), (59,6,1), (101,3,2). 

These primes are given in OEIS A033217. 

Tangent:  Type 3 primes split the elliptic equation g(z) = z3 –z+1 such that  

g(z) = (z-e1)*(z-e2)*(z-e3) mod (p).   Several interesting properties are related to the Perrin sequence 

of the solution (e1,e2,e3). 

1. e1+e2+e3 = 0 mod (p) 

2. (e1*e2*e3) - -1 mod(p) 

3. A Perrin sequence made from the solution: e1,e2,e3,(e1+e2),(e2+e3), 

….mod(p) repeats after p-1 terms! 

Table showing some solutions to g(z) =(z-e1)*(z-e2)*(z-e3) mod (p) and sequence length P3(p) 

p 23 59 101 167 173 211 223 271 

e1 13 17 8 33 34 6 96 126 

e2 13 46 12 40 63 91 160 191 

e3 20 55 81 94 76 114 190 225 

P3(p) 22 58 100 166 172 210 222 270 

P3(p) is the sequence length defined above. 

 

Conjecture: The Perrin Sequence length mod(p) where p is a prime is divided 

into three classes: 

1.  If p is a prime number of Type 2 primes, then P(p) = (p2+p+1)/b where b is an 

integer which divides (p2+p+1). 

2. If p is a prime number of Type 1 primes, then P(p) = (p2-1)/a where a is an 

integer which divides (p2-1). 



3. If p is a prime number of type 3 primes, then P(p) = p-1/c where c s an integer 

which divides (p-1). 

The integers a, b, and c are included to indicate that P(p) is the minimal sequence 

length.  Without these integers the calculated sequence length for a=b=c=1 may 

not be the minimal period. 

Next Chalkboard: Matrix Representation, Circulant Matrix and the Perrin 

Sequence Length. 
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