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Elementary Pattern Recognition

Sample Pattern 2: 1 2 4 8 16 32 …
x2 x2 x2 x2 x2 x2
+1 +2 +4 +8 +16 +? …

Sample Pattern 1: 0 1 3 6 10 15 …
+1 +2 +3 +4 +5 +? …

Sample Pattern 3: 1 4 9 16 25 36 …
1^2 2^2 3^2 4^2 5^2 6^2 …



Difference of Squares

Perfect Squares:

0 1 4 9 16 25 36 49 …

+1 +3 +5 +7 +9 +11 +13 +15? …

0^2 1^2 2^2 3^2 4^2 5^2 6^2 7^2 …

+2             +2             +2             +2             +2             +2             +2             …



Difference of Cubes??

Perfect Cubes:

0^3 1^3 2^3 3^3 4^3 5^3 6^3 7^3 …

0 1 8 27 64 125 216 343 …

+1            +7            +19           +37            +61            +91 +127           …

+6           +12           +18           +24            +30           +36           …

+6             +6             +6             +6             +6            …



Difference of the Nth Power 1-3
X1:

01 11 21 31 41 51 61 71 81

0 1 2 3 4 5 6 7 8
1 1 1 1 1 1 1 1

X2:
02 12 22 32 42 52 62 72 82

0 1 4 9 16 25 36 49 64
1 3 5 7 9 11 13 15

2 2 2 2 2 2 2

X3:
03 13 23 33 43 53 63 73 83

0 1 8 27 64 125 216 343 512
1 7 19 37 61 91 127 169

6 12 18 24 30 36 42
6 6 6 6 6 6



Difference of the Nth Power 4-5
X4:

04 14 24 34 44 54 64 74 84

0 1 16 81 256 625 1296 2401 4096
1 15 65 175 369 671 1105 1695

14 50 110 194 302 434 590
36 60 84 118 132 156

24 24 24 24 24

X5:
05 15 25 35 45 55 65 75 85

0 1 32 243 1024 3125 7776 16807 32768
1 31 211 781 2101 4651 9031 15961

30 180 570 1320 2550 4380 6930
150 390 750 1230 1830 2550

240 360 480 600 720
120 120 120 120



Nth 
Difference 
of the Nth 
Power: 
Proposal #1

X4:
04 14 24 34 44 54 64 74 84

0 1 16 81 256 625 1296 2401 4096

1 15 65 175 369 671 1105 1695

14 50 110 194 302 434 590

36 60 84 118 132 156

24 24 24 24 24

For any given integer n ≥ 1, the nth

difference of any consecutive set 
of (n+1) integers raised to the nth

power is equal to
n!



Modeling the Nth Difference

X2:
02 12 22 32 42 52 62 72 82

0 1 4 9 16 25 36 49 64
1 3 5 7 9 11 13 15

2 2 2 2 2 2 2

2 = 5 – 3
= (9-4) – (4-1)
= 9 – 4 – 4 + 1
= 32 - 2·22 + 12

2 = 11 – 9
= (36-25) – (25-16)
= 36 – 25 – 25 + 16
= 62 - 2·52 + 42

2 = 15 – 13
= (64-49) – (49-36)
= 64 – 49 – 49 + 36
= 82 - 2·72 + 62



2 = 11 – 9
= (36-25) – (25-16)
= 36 – 25 – 25 + 16
= 62 - 2·52 + 42

2 = 15 – 13
= (64-49) – (49-36)
= 64 – 49 – 49 + 36
= 82 - 2·72 + 62

Modeling the Nth Difference

*2 = 3 – 1
= (4-1) – (1-0)
= 4 – 1 – 1 + 0
= 22 - 2·12 + 02

*Base Zero Case

Regardless of the value of the 
consecutive base integers, which could 
be called b, b + 1, and b + 2, the value 
(b+2)2 – 2(b+1)2 + b2 always equals 2

Note that the Base Zero case, when b=0, 
is especially easy to evaluate since its 
base integers are the integers 0 – n



Nth Difference > 2

X3:
03 13 23 33

0 1 8 27
1 7 19

6 12
6

n = 3; CD = 3! = 6
6 = 12 – 6

= (19 – 7) – (7 – 1)
= [(27 – 8) – (8 – 1)] – [(8 – 1) – (1 – 0)]
= [(33 – 23) – (23 – 13)] – [(23 – 13) – (13 – 03)]
= 33 - 3·23 + 3·13 - 03

n = 4; CD = 4! = 24

24 = 60 – 30
= (110 – 50) – (50 – 14)
= [(175 – 65) – (65 – 15)] – [(65 – 15) – (15 – 0)]
{ [(44 – 34) – (34 – 24)] – [(34 – 24) – (24 – 14)]} - {[(34 – 24) – (24 – 14)] – [(24 – 14) – (14 – 04)]}
= 44 – 4·34 + 6·24 – 4·14 + 04

X4:
04 14 24 34 44

0 1 16 81 256
1 15 65 175

14 50 110
36 60

24



Nth Difference Expansions

n=1:  Common Difference = n! = 1! = 1 = 11- 01

n=2:  Common Difference = n! = 2! = 2 = 22 - 2·12 + 02

n=3:  Common Difference = n! = 3! = 6 = 33 - 3·23 + 3·13 - 03

n=4:  Common Difference = n! = 4! = 24 = 44 – 4·34 + 6·24 – 4·14 + 04

n=5:  Common Difference = n! = 5! = 120 = 55 – 5·45 + 10·35 – 10·25 + 5·15 – 05

n=1    1·11- 1·01

n=2 1·22 - 2·12 + 1·02

n=3 1·33 - 3·23 + 3·13 - 1·03

n=4 1·44 – 4·34 + 6·24 – 4·14 + 1·04

n=5 1·55 – 5·45 + 10·35 – 10·25 + 5·15 – 1·05

Coefficients reflect Pascal’s Triangle



Modeling Pascal



Nth Difference Model

n=1:  Common Difference = n! = 1! = 1 = 11- 01

n=2:  Common Difference = n! = 2! = 2 = 22 - 2·12 + 02

n=3:  Common Difference = n! = 3! = 6 = 33 - 3·23 + 3·13 - 03

n=4:  Common Difference = n! = 4! = 24 = 44 – 4·34 + 6·24 – 4·14 + 04

n=5:  Common Difference = n! = 5! = 120 = 55 – 5·45 + 10·35 – 10·25 + 5·15 – 05



Nth Difference of the Nth 
Power: revised Proposal

For any given integer n ≥ 1, the nth

difference of any consecutive set 
of (n+1) integers raised to the nth

power is equal to
n!



our answer was stirling



Stirling extrapolated



Case closed?!
For any given integer n ≥ 1, the nth

difference of a consecutive set of 
(n+1) integers raised to the nth

power is equal to
n!

N!

For any given integer n ≥ 1, the nth

difference of any consecutive set 
of (n+1) integers raised to the nth

power is equal to
n!

X4:
04 14 24 34 44 54 64 74 84

0 1 16 81 256 625 1296 2401 4096
1 15 65 175 369 671 1105 1695

14 50 110 194 302 434 590
36 60 84 118 132 156

24 24 24 24 24



Extending the Case

Nth Difference from any base of consecutives



Pascal’s combinatorics



Terms of difference triangles



Extending the Case



Extending the Case



Extending the Case



Extending the Case



Extending the Case



Extending the Case



Extending the Case



Evaluation of the extension



conclusion

For any given integer n ≥ 1, the nth

difference of any consecutive set of 
(n+1) integers raised to the nth

power is equal to n!

has been shown to be true, since the (n+1)st difference, 
which must be the difference of two numbers on the (n)th

difference level, will always be a zero given an original 
series of integers raised to the (n)th power.  

Therefore,  all 
numbers on 

the (n)th
difference level 
must be equal 
to each other.  
Thus, the (n)th
difference level 

is a common 
difference of n!

N!


