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Abstract 
From ancient times to the present, mathematicians have put forward many 
series expressions of the circular constant. Because of the importance of the 
circular constant to mathematical physics, the research on circular constant 
has never stopped. In this paper, the general function expression of the circu-
lar constant was given by studying the transient heat conduction equation. 
From the physical aspect of the derivation process of the circular constant 
expression, we can conclude that there is an infinite number of different se-
ries exist that can be used to express π. 
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1. Introduction 

The calculation of circular constant has a long history [1] [2]. Many mathemati-
cians have proposed elegant calculation expressions for the circular constant [3] 
[4] [5]. This research has no purpose to solve any specific problems. It is hoped 
that it will bring new enlightenment and enrich its connotation to the research 
on circular constant. Inspired by the problem of transient heat conduction, 
based on the theory of Fourier series, I proposed a general expression for ex-
pressing the circular constant. It was discovered that there can be infinite differ-
ent series expressions for circular constant. I hope this general expression can 
bring new inspiration to the rapid calculation of the value of circular constant 
and its possible potential applications in mathematical physics. 

2. Series Expressions of the Circular Constant 

A general expression of the circular constant π was derived. The start point is 
to study the unsteady heat transfer problem for different initial conditions, 
whereas with the same initial average temperature. Without losing generality, the 
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one-dimensional transient heat conduction equation can be written as [6] 
2

2

T Ta
t x

∂ ∂
=

∂ ∂
                           (1) 

With initial conditions: 1) the sample with uniform distribution of temperature, 
I; 2) the sample with linear distribution of temperature, II; 3) using the solution 1) 
at time ct  as the initial temperature distribution, III.  

I: ( )0,0 , avet x L T x T= ≤ ≤ =                     (2) 

II: ( ) ( ) ( )0,0 , 0 0, , ;L
L

Tt x L T T L T T x x
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The average temperature of the three cases is equally, therefore, we have  
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2L aveT T=                             (6) 

and the boundary conditions are one side at temperature 0˚C, and the other side 
is heat insulation. Mathematically  

( )0, 0, 0;x T t= =                          (7) 

d, 0;
d x L

Tx L
x =

= =                          (8) 

The separation of variables method can be applied to solve the transient heat 
conduction equation, by assuming  

( ) ( ) ( ),T x t g x f t=                         (9) 

Therefore, we can obtain solutions of a discrete series  

( )
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                    (11) 

where 0,1, ,n N=  , and nH  is the coefficient for nth series. The value of nH  
can be obtained by the initial condition, for initial condition I, II, and III, respec-
tively 
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The nHα  can be obtained by the Fourier’s orthogonal series [7], which 

, ,α = Ι ΙΙ ΙΙΙ . By multiply 2 1sin
2
m x

L
π

+ 
 
 

 for both sides, and integral within the 

interval [ ]0, L  
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which the Fourier’s integral 
0
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∫  is used, and 

the expression of nµ  is defined as 
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, which 

the symbol :=  represents the identity definition. Therefore, the solutions of the 
three cases can be solved, respectively  
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Averaging the temperature with respect to space coordinate x, we can obtain  

( ) ( )
( )

2

2 20

41 2 1 2, d exp
2 2 1

L ave

n

T nT t T x t x a t
L L n

Ι Ι
 + = = −  

  +  
π

π ∑∫      (21) 

( ) ( ) ( )
2 3

30

161 2 1 1, d exp 1
2 2 1

L nL

n

T nT t T x t x a t
L L n

ΙΙ ΙΙ
 +   = = − −    +    

π
 π ∑∫   (22) 

( ) ( ) ( )
( )

2

2 20

1 4 2 1 2, d exp
2 2 1

L
c

n

T nT t T x t x a t t
L L n

ΙΙΙ ΙΙΙ
 + = = − +  

  +  
π

π
∑∫   (23) 

which the relation 
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 is used. The average tem-

perature should be equal for the three cases, when 0t = , thus,  
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The Equations (24) to (26) can lead to  
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We can see that mathematics and physics are inseparable, and the connection 
between them is so wonderful. In this way, the series expression of π, π2, and π3 
are obtained corresponding to three different initial conditions used here. The 
functional form of the initial conditions is infinite, and the possible expressions of 

nπ  can even be obtained from this, hence, we can imagine that there is infinite 
number of different series exist can be used to express π. For a general initial 
temperature distribution, written as following 

( ) ( )0,0 , ,0t x L T x h x= ≤ ≤ =                    (30) 

Similarly, we can obtain the solution  
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which the coefficients of the Fourier’s orthogonal series expressed as  
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Averaging the temperature with respect to space coordinate x over the length L, 
therefore, 
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Making ( )h x  satisfies the normalization condition ( )
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0t = , corresponding to the initial average temperature. Therefore, we can obtain  

( ) ( )

( )

2

+ 0
2

0

2 2 12 0 cos
2 1 2

1 d

L

n

L

nh x dh x
n L

h x x
L

 +    +    +    =
π

π
∑ ∫

∫
          (34) 

https://doi.org/10.4236/am.2021.121002


C. Y. Ma 
 

 

DOI: 10.4236/am.2021.121002 22 Applied Mathematics 
 

Here, the ( )h x  is an arbitrary (temperature) distribution function, which pe-
riodic with period L. We can deduce that the constant π can be expressed by infi-
nitely different kinds of series, which due to the function ( )h x  have infinitely 
choices. Further, can we conjecture that any mathematical and physical constants 
can be expressed by infinitely different kinds of series? Combining Equation (33) 
with Equation (24) and let 0t = , we obtain  
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2 2 1 1 20 cos d d
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where the π is disappeared in the expression, which states that Equation (35) is 
valid for arbitrary function ( )h x . Similarly, combining Equation (33) with Equ-
ation (25) and let 0t = , therefore, we obtain an expression of π 
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where ( )h x  is an arbitrary function, which satisfies the normalization condition 

( )
0

1 d 1
L
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=∫ . 

3. Conclusion 

A general mathematical expression of the universally circular constant π was de-
rived. The circular constant can be expressed by infinitely different kinds of series 
for the infinitely different choices of the initial distribution function. From this, 
can we conjecture that any mathematical and physical constants can be expressed 
by infinitely different kinds of series? 
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