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Abstract: Infinite series is an important part of higher mathematics course, and it is also an important 
content of college students' mathematics competition. It is an indispensable tool for studying functions. 
It not only plays an important role in modern teaching methods, but also has a wide range of 
applications in a large number of applied sciences such as differential equations and numerical 
calculations. Studying how to use the knowledge points of infinite series to solve problems and its 
application in college students ' mathematics competitions will help students better understand and 
master the content, and also have certain reference value for teachers' teaching. 
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1. Introduction 

Infinite series is an important part of higher mathematics. It is a tool for representing functions to 
study the properties of functions and to carry out numerical calculation. In practical applications, 
infinite series are widely used in physics, engineering, statistics, finance and other fields. In the field of 
physics, infinite series can be used to describe the distribution of electric field and magnetic field, the 
propagation of light and the form of wave function. In the field of engineering, infinite series can be 
used to calculate the strength of the structure, the performance of the material, the sound wave and heat 
transfer and so on. In statistics, infinite series can be used to establish probability distribution, analyze 
random variables and estimate probability density function [1-5]. 

2. Research Content 

Through the analysis of the content of the infinite series part in the real questions of the 1-14 th 
National College Students ' Mathematics Competition from 2009 to 2022, this paper summarizes the 
knowledge points of the infinite series and its problem-solving methods in detail, and lists the 
application of its problem-solving methods in the College Students ' Mathematics Competition, as 
follows [6-10]. 

1) (The first National College Students' Mathematics Competition in 2009, 15 points) Known
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variable, xe is equivalent to a constant, which can be mentioned outside the series summation symbol. 
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2) (The 2nd National College Students ' Mathematics Competition in 2010, 15 points)Let 0>na ,
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Analysis: the general idea of power series and function calculation: the first step: to find the 
convergence domain
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4) (The 4th National College Students ' Mathematics Competition in 2012, 15 points) Let∑
∞

=1n
na and

∑
∞

=1n
nb be positive series, (1) If 0)1(lim

11

>−
++

∞→
nnn

n

n bba
a

, then ∑
∞

=1n
na converges; (2) If

0)1(lim
11

<−
++

∞→
nnn

n

n bba
a

and∑
∞

=1n
nb diverge, then∑

∞

=1n
na diverge. 

Analysis: The convergence of abstract constant series is determined based on comparison method 
and rewriting condition description. The method of determining the convergence of series can be used 
to determine the convergence of positive series: ratio method, root value method, comparison method 
and sequence boundedness. 
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7) (The 7th National College Students ' Mathematics Competition in 2015, 6 points) The value of 

the Fourier series 0=x convergence of the function 




∈
−∈

=
)5,0[,0

)0,5[,3
)(

x
x

xf in )5,5[− . 

Analysis: The problem of finding the sum function of Fourier series of functions.  

Solution: Dirichlet convergence theorem: If the function has only a finite number of extreme points 
or only a finite number of discontinuous points of the first kind on the definition interval, then for any

x  in the definition interval, there is 
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8) (The 7th National College Students ' Mathematics Competition in 2015, 14 points) Find the 

convergence domain and sum function of the series ∑
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Step 2: Calculate the convergence interval. Solve the inequality of 1)( <xρ with respect to the 

variable x , because 10)( <=xρ , the convergence interval is ),( +∞−∞ , and the convergence 

domain is ),( +∞−∞ . )(
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9) (The 8th National College Students ' Mathematics Competition in 2016, 14 points) Let )(xf  be 

derivable on ),( +∞−∞  and )3()2()( +=+= xfxfxf , and prove that )(xf is a constant by 
Fourier series theory. 

Analysis: the function is expanded into Fourier series, the key is to calculate the Fourier coefficient: 
period )3()2()( +=+= xfxfxf , the period of the function is 3,2 == TT 1, =L . 

General period Fourier coefficient calculation formula: ∫−=
L

Ln xdx
L

nxf
L

a πcos)(1
,
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xdx
L

nxf
L

b
L

Ln
πsin)(1

∫−= .According to Dirichlet convergence theorem, )(xf can be expanded 

into Fourier series on ),( +∞−∞ : )sincos(
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is proved that )(xf  is a constant, and it is verified that all coefficients nn ba , ,...)2,1( =n are equal to 
0. 

Proof: ∫∫∫ −−−
+===

1

1

1

1
cos)3(cos)(cos)(1 xdxnxfxdxnxfxdx

L
nxf

L
a

L

Ln πππ
 

[cos)(
31

31∫
+

+−
= tf dtntnntn ]3sinsin3cos ππππ +  

∫∫
+

+−

+

+−
+=

31

31

31

31
sin)(3sincos)(3cos tdtntfntdtntfn ππππ

∫∫ −−
+=

1

1

1

1
sin)(3sincos)(3cos tdtntfntdtntfn ππππ

 

therefore ππ nbnaa nnn 3sin3cos += (1). quorum tx =+ 3 , 3−= tx , 

βαβαβα sinsincoscos)cos( +=− , 

∫−=
1

1
sin)( xdxnxfbn π ∫− +=

1

1
sin)3( xdxnxf π ∫

+

+−
−=

31

31
)3(sin)( dttntf π

 

πππ ntdtntfn 3sinsin)(3cos
31

31
−= ∫

+

+− ∫
+

+−

31

31
cos)( tdtntf π

 

therefore ππ nanbb nnn 3sin3cos −= (2). (1) −× nb (2) na×  gets

03sin)( 22 =+ πnab nn . 

That 's 022 =+ nn ab , so 0== nn ba ,...)2,1( =n  

10) (The 10th National College Students ' Mathematics Competition in 2018, 14 points) It is known 
that }{},{ kk ba  is a positive number sequence and δδ ,,2,1,01 =>≥−+ kbb kk is a constant. It 
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11) (The 13 th National College Students ' Mathematics Competition in 2021, 14 points) Let }{ na  

and }{ nb be positive real sequences, satisfying 111 == ba and 21 −= −nnn bab , ,3,2=n , and let

}{ nb be a bounded sequence. It is proved that the series∑
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12) (The 14 th National College Students ' Mathematics Competition in 2022, 14 points) Let the 

positive series∑
∞
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na converge, and prove that there exists a convergent positive series∑
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3. Conclusion 

By summarizing the knowledge points of infinite series and its application in college students ' 
mathematics competition, it shows a clear knowledge framework and problem-solving ideas, and 
easy-to-understand problem-solving methods, so that students can better grasp the calculation methods 
and skills of infinite series. At the same time, it is also conducive to improving students ' ability to 
analyze problems, stimulating students ' interest in learning, helping to improve teachers ' teaching 
quality, and also has certain reference value for participating students[11-15]. 
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