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Abstract. The present paper is a mathematical investigation into the division
of unique numbers composed of digits in succession. The paper focuses on

the division of a number (whose digits are written in the descending order

in succession, starting with a two digit number) like 151413121110987654321,
by its reverse counterpart number(whose digits are written in the ascending

order in succession, ending with the same number that started the descent)

which is 123456789101112131415. The author found out the values of the
quotients of such divisions up till the division of the number 999897...321

by the number 123...979899, and observed a unique feature common to each
division. It was realized that the quotients of two successive divisions of this

nature have a constant difference between them, equal to the irrational number

0.0818181... which has been termed as the Universal Constant of Division
(UCD) of the first Order. Similar analysis and extrapolation to even higher

divisions (involving three digit numbers) reveals a startling yet similar feature

about them. The quotients of such huge divisions are tedious to calculate and
require computation instead of manual calculation in order to be evaluated.

Using the value of UCD of the first order, the author was able to express the

complex division quotients in terms of an Arithmetic Progression and thus
make the calculations manual and simpler. The author finishes the paper with

an introspection into the nature of the Universal Constant of Division and it’s

analogy with the Ramanujan formula for Pi. The paper is a study out of sheer
observation and tries to dwell deep into the realms of the fascinating operation

of division and succession.

1. INTRODUCTION

Numbers composed of digits in succession reveal a unique property in their divi-
sions with their reverse counterparts. Consider a number that has two-digit num-
bers in a decreasing succession as follows:

Definition 1.1. Let the number be equal to 16151413121110987654321. This is a
number composed of digits written in succession in a decreasing order from 16 to
1. Such a number shall henceforth be known as a Descendor of the first order and
will be treated as the numerator in all further discussions in the paper.

Definition 1.2. The reverse counterpart of the above number will be composed of
digits in the ascending order in succession, which is 12345678910111213141516. The
digits start from 1 and successively progress till 16. Such a number shall henceforth
be known as the Ascendor of the first order and will be treated as the denominator
in all further discussions in the paper.
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Definition 1.3. The Universal Division (UD) is defined as the division of the
Descendor of the first order by the Ascendor of the first order. The smallest Univer-
sal Division of the first order is between 10987654321 and 12345678910, while the
largest and last division of the first order is between 999897..321 by 123...979899.
The mathematical representations are as follows:

UD0,1 =
10987654321

12345678910

UD2,1 =
121110987654321

123456789101112

UD2,2 =
103102101100.....121110987654321

123456789101112.....100101102103

Definition 1.4. The Significance is defined as the digit in the units place of the
largest two digit number in the Universal Division. In the first example shown
above, the largest two digit number is 10. Thus the significance of this Universal
division is equal to 0. Similarly, the Significance for the second and third examples
shown above are 2 and 3 respectively. The first sub-script of the Universal Divi-
sion represents Significance while the second sub-script represents the order of the
division. First order divisions involve two-digit numbers, Second order divisions
involve three-digit numbers and so on. A Universal Division having a Significance
of m and an Order of n will be represented as UDm,n

2. UNIVERSAL CONSTANT OF DIVISION(UCD)- FIRST ORDER

Consider the values of two successive Universal Divisions having their Signifi-
cance equal to 5 and 6, as follows:

UD5,1 =
151413121110987654321

123456789101112131415
= 1.226446291

UD6,1 =
16151413121110987654321

12345678910111213141516
= 1.308264474

The difference between these two values is given as:

UD6,1 − UD5,1 = 1.308264474− 1.226446291

UD6,1 − UD5,1 = 0.081818183

UCD1 ' 0.081

UCD1 =
9

110

Where UCD stands for Universal Constant of Division and the sub-script represents
that it is for the Universal Division of the first order.
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Theorem 2.1 (Universal Theorem of Division). The difference between the quo-
tients of any two successive Universal divisions is a constant value called the Uni-
versal Constant of Division (UCD).

UDn+1,j − UDn,j = UCDj

The Corollary of the above theorem is that the Universal Divisions yield quotients
in an arithmetic progression with the common difference equal to the UCD.

UDn,j = UD0 + (n− 1)UCDj

Theorem 2.2. The Universal Constant of Division of the first order is equal to an
irrational number having a value of 0.0818181....

UCD1 =
9

110
= 0.081

Proof. Let the Descendor of the first order be represented by N as it is the numer-
ator of the Universal Division. An example of N is as follows:

N = 121110987654321

2.1. DESCENDOR N : The general form of the Descendor N can be written as:

N = 987654321 +
[
10× 109 + 11× 1011 + 12× 1013 + .....+ (10 + n)× 102n+9

]
N = 987654321 +

n∑
m=0

(10 +m)× 102m+9

N = 987654321 + 109
n∑

m=0

(10 +m)× 102m

N = 987654321 +
(
109 × S1

)
Where

S1 =

n∑
m=0

(10 +m)× 102m

(2.1) S1 = (10 + 0)× 100 + (10 + 1)× 102 + ....+ (10 + n)× 102n

Multiplying equation (2.1) by 100, we get:

(2.2) 100S1 = (10 + 0)× 102 + (10 + 1)× 104 + ....+ (10 + n)× 102n+2

Subtracting the equations (2.1) and (2.2), we get:

S1−100S1 = (10 + 0)×100+...+[(10 + n)− (10 + n− 1)]×102n−(10 + n)×102n+2
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−99S1 = 10 +
[
(1)× 102 + (1)× 104 + ...+ (1)× 102n

]
− (10 + n)× 102n+2

−99S1 = 10 +
[
102 + 104 + ...+ 102n

]
− (10 + n)× 102n+2

−99S1 = 10 +
100

99

(
102n − 1

)
− (10 + n)× 102n+2

99S1 = (10 + n)× 102n+2 − 100

99

(
102n − 1

)
− 10

99S1 =
1

99

[
99× (10 + n)× 102n+2 − 100×

(
102n − 1

)
− 990

]
99S1 =

1

99

[
(990 + 99n)× 102n+2 − 102n+2 + 100− 990

]
S1 =

1

9801

[
(989 + 99n)× 102n+2 − 890

]
Thus the Descendor N is given as:

(2.3) N = 987654321 +
109

9801

[
(989 + 99n)× 102n+2 − 890

]

2.2. ASCENDOR D:. An example of the Ascendor D is:

D = 123456789101112

The genreal form of the Ascendor D is:

D = 123456789×102n+2+
[
10× 102n + 11× 102n−2 + ....+ (10 + n− 1)× 102 + (10 + n)× 100

]
D = 123456789× 102n+2 +

n∑
m=0

(10 +m)× 102n−2m

D = 123456789× 102n+2 + S2

Where

S2 =

n∑
m=0

(10 +m)× 102n−2m

(2.4) S2 = 10× 102n + 11× 102n−2 + ....+ (10 + n− 1)× 102 + (10 + n)× 100

Multiplying equation (2.4) by 100, we get:

(2.5) 100S2 = 10× 102n+2 + 11× 102n + ....+ (10 + n− 1)× 104 + (10 + n)× 102

Subtracting equations (2.5) and (2.4), we get:

100S2−S2 = 10×102n+2+(11− 10)×102n+....+[(10 + n)− (10 + n− 1)]×102−(10 + n)

99S2 = 10× 102n+2 +
[
102n + 102n−2 + ....+ 102

]
− (10 + n)

99S2 = 10× 102n+2 +
[
102 + 104 + ....+ 102n

]
− (10 + n)
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99S2 = 10× 102n+2 +
100

99

(
102n − 1

)
− (10 + n)

99S2 =
1

99

[
990× 102n+2 + 100×

(
102n − 1

)
− 99× (10 + n)

]
99S2 =

1

99

[
990× 102n+2 + 102n+2 − 100− 990− 99n

]
S2 =

1

9801

[
991× 102n+2 − 99n− 1090

]
Thus the Ascendor D is given as:

D = 123456789× 102n+2 + S2

(2.6) D = 123456789× 102n+2 +
1

9801

[
991× 102n+2 − 99n− 1090

]

2.3. UNIVERSAL DIVISION UDn. The Universal Division of the first order
is given as the division of the Descendor of the first order by the Ascendor of the
first order. Thus it is mathematically expressed as:

UDn =
N

D

Substituting the values from equations (2.3) and (2.6), we get:

UDn =
987654321 + 109

9801

[
(989 + 99n)× 102n+2 − 890

]
123456789× 102n+2 + 1

9801

[
991× 102n+2 − 99n− 1090

]

UDn =
987654321× 9801 + 109 ×

[
(989 + 99n)× 102n+2 − 890

]
123456789× 102n+2 × 9801 +

[
991× 102n+2 − 99n− 1090

]
Neglecting terms of a smaller magnitude and keeping the terms with a significantly
higher magnitude, an approximate value of the Universal Division is given as:

UDn ≈
(987654321× 9801) +

[
109 × (989 + 99n)× 102n+2

]
123456789× 102n+2 × 9801

UDn ≈
987654321× 9801

123456789× 102n+2 × 9801
+

109 × (989 + 99n)× 102n+2

123456789× 102n+2 × 9801

UDn ≈
987654321

123456789

(
1

102n+2

)
+

109 × (989 + 99n)

123456789× 9801
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UDn ≈
8

102n+2 +
1

1210
(989 + 99n)

UDn ≈
8

102n+2 +
989

1210
+

99n

1210

(2.7) UDn ≈
8

102n+2 + 0.817 +
9n

110

Thus from equation (2.7), we can write:

(2.8) UDn+1 ≈
8

102n+4 + 0.817 +
9 (n+ 1)

110

Subtracting equations (2.8) and (2.7), we get:

U.Dn+1 − UDn =

[
8

102n+4 + 0.817 +
9 (n+ 1)

110

]
−
[

8

102n+2 + 0.817 +
9n

110

]
UDn+1 − UDn =

[
9 (n+ 1)

110
− 9n

110

]
+

8

102n+2

[
1

102
− 1

]
UDn+1 − UDn =

(
9n+ 9− 9n

110

)
− 792

102n+4

UDn+1 − UDn =
9

110
− 7.92

102n+2

(2.9) UCD1 =
9

110
− 7.92

102n+2

The second term of the right hand side of the above equation has it’s denomi-
nator as 10 raised to the power of twice of (n + 1). As the value of n increases
from 0, the value of the second term of the right hand side of the equation de-
creases rapidly while the first term is a constant. As n tends to its maximum value,
the second term tends to infinity, leaving out just the first term. Hence we can write:

UDn+1 − UDn '
9

110

UCD1 =
9

110

UCD1 = 0.081

The Universal Theorem of Division is hence proved for the first order.
Similar analysis for higher ordered Universal Divisions reveals constant values of
UCD as well. �
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3. OBSERVATION

3.1. GRAPH 1. The following figure depicts the variation of the Universal Con-
stant of Division (UCD) of Order 1 as per equation (2.9)

1.png

Figure 1. The graph of UCD1 = 9
110 −

7.92
102n+2

3.1.1. Analysis. The above graph starts with a value of 0.002618 for Significance
equal to 0, and steeps up for lower values of the Significance, eventually becoming
constant for majority of the remaining values of the Significance, up till a Signif-
icance of 89. This constant value, as seen from the graph, is equal to 0.081. The
author’s assumption of a Universal Constant of Division for order 1 is therefore
correct and holds true for most Universal Divisions of order 1. Similar graphical
plots can be obtained for Universal Divisions of higher orders.

3.2. TABLE. The following table represents the values of the quotients of the
Universal divisions as given by the calculator, and as given by the equation (2.7)
developed by the author in the present paper. The differences between two suc-
cessive quotients have also been shown with the help of scientific computation as
well as with the use of the Universal Constant Of Division approach. It can be
clearly observed that in both the methods of calculating the differences between
two successive Universal Divisions, the differences eventually assume a constant
value equal to the Universal Constant of Division of Order 1.
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1.png

Figure 2. Table 1
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2.png

Figure 3. Table 1 (Continued)
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3.png

Figure 4. Table 1 (Continued)
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4. ARITHMETIC PROGRESSION

The approximate representation of the Universal Division of the First Order can
be given by the equation (2.7)

UDn ≈
8

102n+2 + 0.817 +
9n

110

The first term of the above expression tends to 0, as the value of the Significance n
increases from 0 to 89. Thus the general representation of the Universal Division
of the first order is as follows:

UDn ≈
9n

110
+ 0.817

This is a linear function in n whose graph can be referred from Figure 2. Algebraic
manipulation of this linear expression allows the quotients of the Universal Division
to be represented in the form of an Arithmetic Progression as follows:

UDn =
9n

110
+ 0.817

UDn =
9n− 9 + 9

110
+ 0.817

UDn =
9n− 9

110
+

9

110
+ 0.817

UDn =
9 (n− 1)

110
+

9

110
+ 0.817

UDn = 0.89881 + (n− 1)
9

110

(4.1) UDn = UD0 + (n− 1)UCD1

Equation (4.1) represents the Universal Division of the first order in the form of
an Arithmetic progression with n terms, whose first term is UD0 and the common
difference is the Universal Constant of Division of the first order UCD1

UD0 = 0.89881

And
UCD1 = 0.081

Using the equation (4.1),it is possible to manually calculate the tedious quotients
of the largely complex Universal Divisions without the use of any scientific compu-
tation.
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4.1. GRAPH 2. The following graph represents the linear variation of the quo-
tients of the Universal Divisions of the first order as per the equation (2.7).

2.png

Figure 5. Graph of UDn = 8
102n+2 + 0.817 + 9n

110

4.1.1. Analysis. It can be inferred from the above graph that the quotients of the
Universal Divisions follow a linear trend for most values of the Significance i.e they
follow an Arithmetic Progression with a common difference equal to the Universal
Constant of Division of Order 1. In other words, the slope of the linear portion of
the above graph is equal to the Universal Constant of Division of Order 1.

5. INTROSPECTION

An interesting thing to note in this paper is the recurrence of the number 9801
in the expressions of the Ascendor and the Descendor as per the eqautions (2.3)
and (2.6).

N = 987654321 +
109

9801

[
(989 + 99n)× 102n+2 − 890

]
D = 123456789× 102n+2 +

1

9801

[
991× 102n+2 − 99n− 1090

]
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This is no mere coincidence and has a special meaning, yet unknown to the author
but somewhere connected with the Universality of the present number system in
existence. The reason for this special occurrence of 9801 is because this unique
number is present in one of the most famous expressions of Mathematics- The Ra-
manujan Formula for the evaluation of Pi:

1

π
=

2
√

2

9801

∞∑
n=0

(4n)!

(n!)
4 ×

26390n+ 1103

3964n

The author was intrigued to find this number recurring in the present paper and
has tried to find the true meaning of the special number 9801. A fact to note is
that both Pi as well as the Universal Constant of Division of Order 1 found in the
paper are irrational constants. This can not be a mere coincidence and the author
therefore encourages the study of the number 9801 to the deepest possible extent
in the subjects of number theory and number-series.

6. CONCLUSION

In conclusion, the author would like to summarize the paper through the follow-
ing points:

1.The Universal Divisions (UD) of the First Order contain two-digit numbers
in succession, and their quotients follow an Arithmetic Progression.
2. The value of the quotients of the complex Universal Divisions of the first order
can be calculated with the simple equation (2.7) developed by the author.

UDn =
8

102n+2 + 0.817 +
9n

110

3. The common difference of the Arithmetic Progression of the quotients of the
Universal Divisions of the first order is equal to 0.081. This is called the Universal
Constant of Division (UCD) of the first order.
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