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Graphical representations are an increasingly im-
portant topic in contemporary mathematics curricu-
lar materials. The Curriculum and Evaluation Stand-
ards for School Mathematics (NCTM 1989) suggests 
that the middle school curriculum provide opportu-
nities for students to describe, extend, analyze and 
create a wide variety of patterns and to describe and 
represent relationships with graphs. It is important 
that students have a variety of graphical experiences 
at all levels. We present a graphing activity for mid-
dle school students to do with the powers of natural 
numbers and their digital roots. 

To find the digital root of a natural number, find 
the sum of its digits. If this sum is a single digit num-
ber, then this number is the digital root. If the sum 
is a number of two or more digits, repeat the process 
until a single digit number results. For example, the 
digital root of 34 is 3 + 4 or 7. The digital root of 
896 is 8 + 9 + 6 = 23. As 23 is not a single digit 
number, repeat the process; that is 2 + 3 = 5. So 
5 is the digital root of 896. 

Activity 1 
1. Consider the third powers (cubes) of the natural 

numbers and their corresponding digital roots as 
shown in Table 1. 

Note that the digital roots repeat indefinitely in 
a 1-8-9 pattern. 

2. Graph these digital roots using a circle with nine 
equally spaced points marked on [he circumference. 
The points are connected to make the graph easier 
to read; the 1-8-9 pattern is evident. 
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Table 1 

Cubes of the Digital Roots 
Natural Number Natural Numbers of the Cubes 

1 t 1 
2 8 8 
3 27 9 
4 64 1 
5 125 8 
6 216 9 
7 343 1 
8 512 8 
9 729 9 
10 1000 1 
11 1331 8 
12 1728 9 
13 2197 1 
14 2744 8 
15 3375 9 
16 4096 1 
17 4913 8 
18 5832 9 
19 6859 1 

Activity 2 
Consider the second powers (squares) and their 
digital roots as shown in Table 2. 

Observe that the digital roots repeat in a longer 
set of numbers. The pattern is 1-4-9-7-7-9~-1-9. 

2. Graph the digital roots as in Activity 1. 

The pattern of the digital roots can be seen from 
the graph. Note that this pattern does not form 
a simple closed curve, as in Graph 1. 

1. 



Activity 3 

Have your students construct the graphs of the dig-
italroots of the following powers of the natural num-
bers 1, 4, 5, 6, 7, 8 and 9. The results should be 
as shown in Table 3 and Graphs 3 through 9. 

Table 2 

Squares of the Digital Roots 
Natural Number Natural Numbers of the Squares 

1 1 1 
2 4 4 
3 9 9 
4 16 7 
5 25 7 
6 36 9 
7 49 4 
8 64 1 
9 81 9 

10 100 1 
11 121 4 
12 144 9 
13 169 7 
14 196 7 
15 225 9 
16 256 4 
17 289 1 
18 324 9 
19 361 1 

Graph 3 

Digital Roots of First Powers 

27 



T
a
b
l
e
 3
 

Q r M O r aD ~ r OD m r CO 01 r pp O T (Q O r 

T
he

se
 n

um
be

rs
 a

re
 n

ot
 li

st
ed

 d
ue

 t
o

 t
he

ir 
le

ng
th

. 
H

av
e 

yo
ur

 s
tu

de
nt

s 
ca

lc
ul

at
e 

th
em

. 
A

 c
om

pu
te

r 
m

ig
ht

 b
e 

us
ef

ul
 fo

r 
th

is
 t

as
k.

 

N
in

th
 

P
o

w
e

rs
 

r N 

~ 

M 
a0 
cD 
m 
r 

V 
V 

N 
(D 
N 

~ 
T 

M 
to 
m 
r 

~D 
m 
cD 
f~ 
f~ 
O 
O 
r 

f~ 
O 
f0 
(`') 
~1! 
M 
O 
V 

M 
N 
n 
n 
N 
V 

r 

m 
M 
V 
O 
N 
V 
I~ 

M 

O 
O 
O 
O 
O 
O 
O 

O 

« « « « « « « • r 

~ r v m n r~ rn v r rn r v rn n n rn v T rn T 

E
ig

h
th

 
P

o
w

e
rs

 T co 
In 
N 

cD 
N 
CD 

co 
(h 
~ 
~ 
c0 

u~ 
N 
O 
O 
O 
C7 

co 
O 
O 
r 
c0 
r 

O 
N 
V 
O 
h 
to 

co 
N 
n 
n 
f~ 
O 
r 

N 
n 
c0 
V 
O 
M 
V 

o 
O 
O 
O 
O 
O 
O 
O 

OD 
M 
00 
N 
M 
d' 

N 

co 
O 
O 

M 
01 
M 

V 

N 
n 
O 
M 
I~ 
~_ 

CO 

« « « « r r 

~ 
0 

T N O1 V ~ Q7 n ao Qf T N Of 7 u1 a) n aD O> T 

S
e
ve

n
th

 
P

o
w

e
rs

 r CO 
N T 

n 
aD 

~i 

V 
c0 
M 
cn 
r 

~ 
N 

ao 
n 

t0 
M 
rn
rn
n 
N 

M 
V 
~ 
ri 
N 
GO 

N 
_O

n 
rn
O 
N 

M 
t0 
rn
ai 
M n 
a 

O 
O 
o 
o 
o 
O 
O 

n 

~ 
M 
~ 
01 

M 
O m 
T 

M 
aD 

M 

n 
u~1 
CO 
a n 

~ 

~ 
O u1 
(7 
T 

~ 

O 
T 

to 
n 
m 
ai 
lA 
ao 

~ 
T 

t0 
vl a 
ui 
M 
~ 

t00 
N 

M 
n 
co 
m 
M 
M 

~ 
~ 

N 
M 
o 
o 
N 
N 

~ 
CO 

M 
M n 
r 
n 
aD 

~ 
OD 

Q T T ~ T T ~ T T ~ T T ~ r T ~ T T ~ r 

S
ix

th
 

P
o

w
e

rs
 r ~ 

0 
01 

n 

t0 

O 
c} 

~ 

~ 
N 

T

t0 

(00 
M 

~ 

W 

(a0 
n 
r 

7 

r 
N 

N 

T 

~ 

~ 

O T

O N .. 

pO nT 

S ~ 
r r 

V 

00 1 .. 
N 

T 
N 

W 

a00 
(0 

OND 
~ 

t0 

~ 
O1 

~ 
n 

1q 

0 
O 

f09 
T 
T 

c0 

N 
n 
~ 
f0 
T 

01 

~ 
n 
~ 
~ 
N 

V 

N 
N 

O 
~ 

T 

O 
M 

O 
n 
V 

~ ~ T to m n N M v aD 01 T O O) n N W a 0 Of T 

F
ift

h
 

P
o

w
e

rs
 r N 

M 
M 
~ 
N 

V 
N 
O 
T 

1[1 
N 
T 

M 

t0 
n n 
n 

n 
O 
00 
t0 
T 

CD 
(0 n 
N 
M 

Qf 
~ 
O 
a) 
O 

O 
O 
O 
O 
O 

1n 
O 
T 
fD 

N 
M 
OD 
OD 

N 

M 
T 
N 
T 

M 

v 
N 
OD 
n 
~ 

1n 
n 
M 
01 

n 

tD 
n 
u7 
CD 

O 
r 

n 
1n 
OD 
T 

~ 
r 

aD 
l0 
~ 
Q) 

00D 
T 

O 
W 
O 
CO 

V 
N 

~ T n rn st V rn n r rn T n rn V a rn n T rn T 

F
o

u
rt

h
 

P
o

w
e

rs
 

T l0 T T 
ao 

fp 
1n 
N 

In 
N 
(D 

O rn
N 
r 

T 

o 
V 
N 

(0 
rn
O 
~ 

T 
co 
IA 
f0 

O 
o 
O 
O 
r 

c~
~ 
r 

f0 

n 
O 
N 

r 

~ 
OD 
N 

t0 

a 
CD 
M 

In 

m 
O 
to 

O 

uMi 
0 
t0 

~ 
M 
GO 

t0 

rn
~ 
O 

M 
O 
M 

~ Q r N M V ~ CO r W m r N M V ~ CD 1~ N m r 

F
ir
st

 
P

o
w

e
rs

 

r N (`') V ~ c0 I~ 0 O O r N M V ~ c0 I~ N M 

N
a

tu
ra

l 
N

u
m

b
e
r 

r N CJ V to O r M m O r N C`7 V ~ cD I~ W m 

28 



Graph 4 

Digital Roots of Fourth Powers 

Graph 6 

Digital Roots of Sixth Powers 

Graph 5 

Digital Roots of Fifth Powers 

Graph 7 

Digital Roots of Seventh Powers 
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Graph 8 

Digital Roots of Eighth Powers 

Graph 9 

Digital Roots of Ninth Powers 

From the tables and graphs observe that the lengths Challenges 
and repetitive patterns of digital roots are 

Powers Length of 

First 9 digits 
Second 9 digits 
Third 3 digits 
Fourth 9 digits 
Fifth 9 digits 
Sixth 3 digits 
Seventh 9 digits 
Eighth 9 digits 
Ninth 3 digits 

The lengths are all 9 or a divisor of 9. 
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Note that the digital root patterns for the second 
and eighth powers are identical, as they are for the 
third and ninth powers. 

1. Have your students graph the tenth, eleventh, 
twelfth . . .powers. What further identical pat-
terns emerge? (For p > 1, the digital roots of the 
pth powers and the p + 6th powers are identical.) 

2. Compute the multiples of the natural numbers and 
graph their digital roots. What patterns emerge? 

Reference 
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