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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
— X . e . e .
u, (x)meetu! (x)=u,(x)+x""e* (n is a positive integer).fartheru, (1) =—, find the series of
n
function terms.

Analysis: Find the sum of Z u,(x) , and the general term u,, (x) is unknown, so first findu, (x) .

n=1

e (first-order non-homogeneous linear differential equation) is

~[enax (J- xnflexej.(—l)dx

Solution: u/ (x) —u, (x) = x

obtained fromu/ (x) = u, (x)+x""'e" .general solution formulau, (x) = e
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dx+C) =¢" (I x"leedx+C)  =e (x_ +C) . C=0 is obtained from
n

n

1 e n_x 0 0 xnex 0 X
u(l)=e(—+C)=—, thusu, (x)= X then Zun(x) = Z = exZ— That is, the
n n n n=1 n=1

n

n=1
) 0 xn 00 xnex . 00 X ) ]
problem becomes the sum function of Z— Note: forz =e Z—summatlon, nis a
— — 1 n
n=l n=1 n=1

n

variable, e is equivalent to a constant, which can be mentioned outside the series summation symbol.

1/n

. a .
The first step: find the convergence domain R = lim|—"—| = [im————— =1 convergence interval
g n—o 1/(” + 1)

0 _1 n © 1
(—L1) . Whenx =—1, the series Z =D converges.Whenx =1, the series Z— diverges, so the
n=l1 n n=1 1

convergence domain [—L1) . Step 2: Sum function in convergence interval (—1,1) .Let
0 xn 0 xn o0 xrl 0 00 1

S=Y"— . S®=Q =) =2 (=) =>x"=>x"=—— (arithmetic
n=1 1 n=l N n=1 N n=1 n=0 I-x

progression). Step 3: Determine the sum of the series at the convergence endpoint. When x = —1, the

0 _1 n
series is Z ) , and the continuity S(—1) = —In 2 of the power series in the convergence domain
n=l1
n

isThen 3 = —In(1-x), xe[~L]), andthus 3 ur, (x) = —e* In(1 - x), x € [~1,]).

n=1 n=l1

2) (The 2nd National College Students ' Mathematics Competition in 2010, 15 points)Let a, >0,

n 0 a
S, = Zak . Proof: (1) When a >1, the series Z—;’t converges; (2) When a <1 and
k=1 n=1 Yy
+00 a
S, — oo(n — ), the series Z—;’! diverges.

n=1 My

Analysis: the basic idea of judging the convergence and divergence of series by means of
comparative method and basic properties of series: (1) comparative discriminant method of positive
series; (2) Definition method based on convergence and divergence of partial and sequence. By
rewriting the form of the general term, it is transformed into a description of a familiar problem. The

+00 n
a a
n_: _ _ . .
general term ofz—alsun —S—Z,an >0,8 = Zak ,S is the partial sum ofa, , so S, can be
n=1 My n k=1

rewritten.

Proof: (1) Becausea, > 0,5, =Zak S$,=a,,8,=a,+a,,S,=a,+a,+a,,......,S, =
P

a,+a,+a;+---+a,. It can be seen that§ is strictly monotonically increasing, —is strictly
S

n

) : 1 S| 1 1 1 1
monotonically decreasing, then ——>0, and thus Z (———)=——"—""+"+—
S, S, = S S, S S, S,
1 1 1 & 1 1 .1
—— =— —— Thatis, Z (————)=——1lim —, Then the series converges. S, plus

S S, S, &', S, 8 =S

n

Published by Francis Academic Press, UK
-63-



Academic Journal of Mathematical Sciences
ISSN 2616-5805 Vol. 4, Issue 4: 62-73, DOI: 10.25236/AJMS.2023.040410

aapower, a>1, for S : , the same analysis method. S ,‘f is strictly monotonically increasing, —— is

n

. . . 1 1 1 1
strictly monotonically decreasing, then —-——> 0. Therefore Z( -—— )=
a a a a
n-1 n k=2 Sk 1 S S S
1 1 1 1 1
oot - ———, quamZ( p ——a)——a— lim — When a >0 ,
A Sa Sy S Sy, Sy S e ST
1 1
subseries converges. Because of S, =S, |, =a,, o ge s S @ —S “, the difference between
n—1 n

the values of two functions, we first think of the Lagrange mean value theorem f(x)=x"“

ro=LO D L L e, o) =ag (s, -5, 0 =0,

b-a Se, Sy
1 1 1 1
(S,,<&<S,)) quasi -——=a a”l > a”] . FromS§, , <&< S to—>—, for the
S:—l S: f“‘*’ n+ n

above formula, replace @ withallac —1, a>1, aa—1>0, then

a1 a1l - Z >
Snfl Sn §
+00

a . T
(& —1)— Because the series Z—’; converges, the multiplication of non-zero constant (& —1)

n n=1
+00
does not change the convergence and divergence of the series, so the Z(Of 1)— series converges
n=l1 n
and theZ( - ) converges. According to the comparison criterion of convergence and
Sa 1 Sa 1
k-1
+00 +
divergence of positive series, Z(a l)S— converges, so when a >1, the series Z—
n=1 n n=1

converges.

+00 n
a a
(2) Proof: the partial sum of the series z—" is Z—k , consider narrowing, and take S, all as S, ,
n=1 n k=1 k

= a = a I & 1
then the whole is reduced. z—k > Z—k = —Z a, =—-8, =1 Divergence cannot be proved.

Sy =S, S, o S,
That is to say, the sum of A from 1 to#is not feasible, and the reduction is not appropriate.

Considering the sum of k from 7 ton+ m, replacing S, with the largest item of S the overall

n+m?

reduction is reduced. Then
n+m n+m n+m
a a S
k kK _ -1 .
Z z ——Zak 5 S..=S )= S" Since S, — oo(n — ©)
k k=n n n+m k=n n+m n+m
S 1 Ea S 1 1 " a, & a
=l < | then Z—k >]l——L =]——=— thus z—k diverges, and thenz 2
Sn+m k=n Sk Sn+m 2 2 k=1 Sk n=1
+00
then —
a
n=l1 n

3) (The third national college students 'math contest in2011, 6points) find the sum function of

1 2n l
power series Z—xzn ? , and find the sum of series Z

n=1 n=1
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Analysis: the general idea of power series and function calculation: the first step: to find the

convergence domain
‘2(””)—1 202 ) )
(n+1) —11"
Uy n (.X) = lim 2 — 1m[2((nn+:¢x2 = x_ Let X_ <1 ,
ool Yy, (x) n—»o0 2n—1 xzn,z ‘ n—wo ) (2}’1 - 1) 2 2
2]’!

—42<x< \/5 the convergence interval of power series is (—\/5, \/5) .When x = i\/z ,

> 2n—1 2n—1 > 2n—1
Z o ("‘\/_ 2)* zn—2"_l = Z n2 diverges, and the convergence domain of the

n
n=1 n=1 2 n=l1

power series is (—\/5 \/5 ). Step 2: Convert the power series to the power series of the standard

21 21 &
structurez n= o Z - (2)"_1=EZ(2n—1)( Y = Z(Zn 1!
n=l1

e 2,, 2n 1
x2
- & 1 1 t+1 Pk
:zmn—l__ztn—l — - = >~ » Then S§(x)= 3
p 245 (1-0° 2(-0 201-1) 2(1-2)
2
B 2+ x°
2-x)
2+l

= 2n—1 1 2n-2 2n—1 _ _ 2 _10 - 2n-1
2 o g =2 = e Y 2n— 1) Wh
Z 2n ( / ) Z 22n—1 ( /2) (2_ 1)2 9 OI‘;( n )x en
2

1 0
x:E,ge:tZ:Z2 xe(=1]), duetox——e( L), 2(2n l)xz"l—x2(2n 1)x*"?

n=1 n=1 n=1

o 1+x%)
_ 2n— 1 2n-1\r _ + 4 +- X "= x( S —1,1 ,
x;(x x(;x ) =x(x x*+x° ) = (l_xz) (l_xz)z (=LD)
2
thereforezzn ! [x(1+x )] . Zm.

22n1 - (1_x2)2 x=§ 9

4) (The 4th National College Students ' Mathematics Competition in 2012, 15 points) Let Z a, and

n=l1

1 o0
Zb be positive series, (1) If hm( ———)>0 , then Zan converges; (2) If

n=l n+1%n n+1 n=1
1 0 o0

lin}o( ———)<0and Z b, diverge, then Z a, diverge.

"~ a,u,0, n+1 n=l1 n=1

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.

—L)>O , when n>2N |

n+l~n n+l

The solution: (1) JN €z’ is obtained by lim(
n—»0 a
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a 1 a a a b a b b .
L >0, >0, > 50,0< 2 <2 g > g >0, that is
angn bn+1 bn bn+1 an+l bn+1 an bn n+l
b . . . .
0<a,, < ntl a, . It can be seen that the rewriting is invalid and rewrite.Because of
bn
N-1
a 1 a a N~ a,a a a
L ———>0,-2——=L>(,That 1SZ(—"—"—+1) = Z(—"—"—”)+
an+1bn bn+l bn bn+l n=1 bn bn+l n=1 bn bn+1
a a . a 1
———mL (m> N) convergence. So let lim(—"————)=c>0. INez", When
bN bm+1 o an+1 n n+l
n>N,
a 1 c a a c 2 a a
> , A——tls—g >0 , a, <—(%—-"1)  namely
b b 2 b b 2 n+l n+l b b
an+1 n n+l n n+l c n n+l
m N
24, =2 a,+
n=1 n=1
m N m 2 m
a, a 2. a a 2 a a a
Za < Za + Z—(—"—"—“),thus Z_(_n_n_ﬂ) = SNy O
s " b, b b, b by, b b
n=N n=1 n=N s o) n=NC D, il ¢ Oy N+ n
a 2 a, a . o~
—mily = = (=& — —m+1) By the comparison method, the series Z a, converges.
bm+l c bN m+1 n=l1
. a 1 a 1 b
@) Letlim(—2—-—)<0,3Nez" ,whenn 2 N ,————<0aq,, >—"a >0
e an+1 n n+l an+lbn n+l bn
b b
-1 N+2 N+1
Ay >0, 5 A>T, e Ay > Ay s Ay > b ay , So
n—1 n-2 N+1 N
b}’l
a,>——a, >
n—1
b b b b b b a
—n Tl g S>>l N8 Nelg =g, =—2p (n=2N) . By the
b b, " b by, by " by " b, "
n—-1 “n-2 n—1 “n-2 N+1 N N N

o0
comparison method, the series Z a, diverges.

n=1
5) (The 5th National College Students ' Mathematics Competition in 2013, 12 points) Let f(X)

S(x)

have a second derivative f"(0) number at x=0, and lim=——==0, prove that the series

n—0 X
0
n=1

converges.

&
n

Solution: f(x) is first order derivable at x=0, f'(x)and f(x) are continuous at x=0 .

fﬂ(o) — lim f,(.X')—f’(O) =lim f'(x)_f,(o) =1lim f’(X) ’ f(O) =0 ’
x—0 x_O x—0 X x—0 X
S (x)-1(0)

1in’01—0 =0, f'(0)=0. The second-order McLaughlin formula with Peano remainder of
X—>! X —
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1
" " f( )
1. 1@= 1O+ FOxs 0 o), 1) =TI o) =
n
ffo1 1 £"(0) 1 1
2 ”2+0( )—>f”(0) (n—> ), lim ‘f( )‘— lim 7’7“)( : |f”(0)|
L ’n~>+00 S n—>+0 L 2
n’ n2 n’
Due to i% convergence, ZOO: f (1) convergence can be obtained by the comparative
n=1 n=t| N

convergence method of positive series.

6) (The 5th National College Students ' Mathematics Competition in 2013, 14 points) Judge the

- 1+l+...+l

convergence and divergence of the series Z 2

= (n+1)(n +2)

If it converges, find its sum.

1 1

I+—+--4+—
n < " —
(n+D(n+2) (n+1)(n+2)

method, or the root value convergence method is not applicable. Comparison discriminant method: The
goal is to verify the convergence of the series.

Analysis: Because of 0(n — +©), the ratio convergence

Solution: Inference from the sign-preserving property of sequence limit: there exists an N, € Z ,

1+l+...+l
Whenn>N1,0<Z——h’1n<1 lnn<z <Inn+1 When n> N, >1,M
o k o k (n+1)(n+2)

o1 1
I+Inn whena >0, hmﬂ=0.Takea=_, thereisN2€Z+.When7’l>N2,
(I’Z+l)(l’l+2) n—>+oo na 2

1 1
1 I+ +-+—
Inn<n? When n>max{N,,N,} , 2 n < L+ Inn < L++/n ,
(n+D)(n+2) (m+D(nr+2) (m+1D)(n+2)
1+/n

. o= |
hmw=l ) Z 31 - convergence, z+—\/; convergence,that
N “n ~ (n+1)(n+2)
3/2
n
1 1 1
o Ay 1 1. 1 1 @1
Z—convergence.Sum:n—leSn —<—<—— —=| —dx<| —dx=
= (n+1)(n+2) n x n-1n lnp nlx
Inn-In(n-1) , l+---+L+l<(ln2—lnl)+ ~++(Inn—-In(n-1))=Inn
2 n-1 n
1+l+...+L
n—1
1 1 1 1 1
+—<I1+Inn  record 1+—+++— +—=a, , a,,—-a =" |,
n 2 n—1 n k+1
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1 1
(k+1)(k+2) k+1
1 , 4 - 4 % ,therefore
k+2 (k+D)(k+2) k+1 k+2
N a _ a — ﬂ + &_a_z + et _a” — a,
Z(k+1)(k+2) Z‘(kﬂ k+2) ( 3) (3 4) (n+1 n+2)’
A 9 _ G 9 _ 1
k+2 k+2  k+2  (k+1)(k+2)
1 I 1
therefore Sn=(l+L+-~-+ ! _ a, =[(1-2)+(=—)+
2 2.3 n-(n+l) n+2 2 2 3
| |
Hemo)
n—-1 n
1 1 1 1
——)]- a=(1-—)- a, Because of 0 < a, <1+Inn,s00<
n n+l" n+2 n+l n+2 n+2
I+Inn . 1+Inn .
, Because of lim =0,lim =0,s08=1limS, =1-0-0=1.
n+2 noe 42 n—>°°n+2 n—o
7) (The 7th National College Students ' Mathematics Competition in 2015, 6 points) The value of
3xe[ 5,0)
the Fourier series X = 0 convergence of the function f(x) = c[0.5) 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

f(X+0);f(x‘°) then Vx € (=5,5).

f(x+0)+f(x 0) 0e(s55) | S(O)_f(0+0)+f(0 0)_0+3_3
2 2 2
3,x e (=5,0)
[0+ /(=0 |3 |
2 277
0,x € (0,5)

X in the definition interval, there is S(x) =

.So,

S(x) =

when X € (=5,5), there is S(x) =

8) (The 7th National College Students ' Mathematics Competition in 2015, 14 points) Find the

: . & +2 ;
convergence domain and sum function of the series Z (x-1)".

= (n+1)!

3

(n 1)'

Solution: Step 1: Find the limitu, (x) = ( -1)",
(n+1)°+2
(n+2)!
n’+2

(n+1)!

(x=" (n+1)7°+2

(n+2(n’ +2)

un+1 (x) —

u, (x)

lim

n—>+o0

(x=1)=0.

n—>0 N—>+00]

(x=1)" ‘
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Step 2: Calculate the convergence interval. Solve the inequality of | p(x)| < 1with respect to the

variable x because|p(x)| =0<1, the convergence interval is (—00,+00), and the convergence

0 3 2 0 2
domainis(—OO,-l-OO).z mr (x—1)" —==£ z s t"=8(),
n=0 +1)! 0
n3+2 . n3 ) 2 0 tn+l
i = t =—z =—Z—=—( -1,
(n+1)! (n+1)! (n+1)' tio(n+)! timn
n’ n_n3+n2—nztn_£tn_ n’ N tn_n2+n—nt,,
(n+1)! (n+1)! n! (n+1)! (n=1)! (n+1)!
n=1+1, n , n o, 1 u 1 0 1 . n+l-1,
= " —1"+ " = "+ " — t
(n=1)! n! (n+1)! (n=2)! (n=1)! (n=1)! (n+1)!
o, 1. [
—t = t

= t
(n=2)! n! (n+1)!
thereforei n3 "= i ! "+ +iLt" — 3 i
(n+1)! = (n-2)! ~n! g (n+1)' = (n—2)!

+e'

n=0
1 0 tn+1 (17&0) =t z_+e ——Z—(t?&o)
tn:()(n+1)! nOn nln
1
=t'e' +¢ —;(et -D(t#0) therefore
s - 42
S()=12 +e -2 -+ 2(e -1 = DT o) Whenr =0, S T2
t ! t n=0 (n+1)!

tr3 _
et +t+1)—1 £ 20

3
2+1J2r—'2t+2 ;2 , S(0)=2 Z " +12' "= ¢ ’ due to
! ! o (n+1) 2.6=0
lim[(x> - 2x + 2)e™ + —l(e“—l)]=1+1in}%(e -1 —1+11m—(x =2
J— X—> x— —) x—

x—l

Therefore, Substitute = x —1 into

(x* =2x+2)e"" + Ll(e"—1 -D,x#1

0 3
S e
o 2,x=1

9) (The 8th National College Students ' Mathematics Competition in 2016, 14 points) Let /' (X) be
derivable on(—0,+®) and f(x) = f(x+2)= f(x +3 ), and prove that /(X)is a constant by

Fourier series theory.
Analysis: the function is expanded into Fourier series, the key is to calculate the Fourier coefficient

period f(x)=f(x+2)=f(x+\/§), the period of the function isT=2,T=\/§ ,L=1
1 (L nmw
a _ZI_Lf(x)COSTde ,

General period Fourier coefficient calculation formula: a,
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L . nr
b, :zj . f(x) SmTde According to Dirichlet convergence theorem, f(X) can be expanded

into Fourier series on(—00,+0): f(x) = z (a, cos —x +b, SlnnTX) x € (—00,40) It
o

is proved that f(x) is a constant, and it is verified that all coefficients a,,b, (n =1,2,...) are equal to
0.

Proof: a, = % [ @ cos%xdx = [ () cosnmxdx= [ f(x+3)cosnmxd
= J.j\/jg f(t)[cos nntcos \Bnz+sinnatsin/3n mldt

3 3
= cos+/3n ﬂJ._lng f(t)cosnmdt + sin 3n 7Z'J._11+\/3§ f(¢)sin nmdt
=Cos \/gl’lﬂ'fl f(t)cosnmdt +sin \/gmrflf(t) sin ntdt
therefore @, = a, cos nx +b, sin NEYY: (1). quorum x + V3=t , X=t ~3 ,
cos(a— ff)=cosacos f+sinasin 5,
14++/3 .
b,=[ feosinnmdx = [ f(x+3)sinnmd = [ f@)sinnze—3)dr
_ \/§ l+\/§ . d . \/5 l+\/§ d
= oS ””J._H@f(t) sin nzdt —sin~/3nx j_1+ﬁf(t) cos nmdt

therefore b, =b, cos \/gnﬂ—an sin/3n7 2. @O xb - (2 xa, gets
(b2 +a?)sin3n7=0.
That's b, +a. =0,s0 a,=b =0 (n=1.2,...)

10) (The 10th National College Students ' Mathematics Competition in 2018, 14 points) It is known
that {a,},{b,} is a positive number sequence andb,,, —b, =26 >0,k =1,2,---,J is a constant. It

. L& 5 k@, a) bbby
is proved that if the series Zak converges, the series Z converges.
k=1 k=1 bk+1bk

Proof: arithmetic-geometric mean inequality ﬁ/(ala2 a, )(bb,---b,) = V((llb1 )a,b,)---(a;b,)

< ab +ab,+---+ab

£ so kif(ab)(a,b,) - (a,b,) S ab, +a,b, +-+ab,,

k
k(a,a,---a,)(bb,---b,) _abtab+-+ab A4 1 b,-b
< = = k
bk+1bk bk+1bk bk+1bk bk+1 _bk bk+1bk
1 1 1 1 1 1
= (———) 4 <—(—-—)4,
bea—b by b, o b, b, A, =ab +ab,+--+a,b,
1 1 1 1S 1 1 1 1 1
2 A=Y (o)A = ()4 (———)A ]
k=1 5 bk bk+l ‘ 5 k=1 bk bk+1 ‘ o bl bZ n bn+1
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_1(,4 A=A A=Ay A=A A=A 4,
b2 b3 b4 bn bn+1

1
—(a1+a2+a3+ +a,)=— Zak
n+l1 k=1

=g(a1 +a, +a,

11) (The 13 th National College Students ' Mathematics Competition in 2021, 14 points) Let{a,}
and {b, } be positive real sequences, satisfyingd, =b, =landb, =a b _, —2,n=23, -+, and let
< 1
{b,} be a bounded sequence. It is proved that the series Z—converges and the sum of the
n=1 alaZ e an
series is obtained.

b,+2 b +2
Proof: a,=1,a,=-2 ,o,a, =2 , is obtained fromb, =a b,  —2,a ="

n-n—l1 n >
1 n—1 n—1

(b, +2)(by +2)-+-(b, +2) (b, +2)(by;+2)---(b, +2)
! blbz o .bn—l blbz e .bnflbn "

namelya,a, ---a thus

1

a1a2-~-an:(1+£)(1+£)---(1+£)bﬂ,Then b _ 5 > 7
b, b b, iy Ay 1+ A+ -1+ D)
b, b, b

b _b,—ab
Note 4, =—*——,then 4, — A4, |, = n _ n—1 a,b,

n—1
ad, ---a

n

=-—2—————— Thus, there is; =—(4,,-4) (n=2).
a,a, --a aa,---a, 2

n

N 1 1
SoSy =) ———=—+— Z(Anl A)=1+— [(A A)++ (A, —A)]
n=l1 alaz ta al n=2

n

1
—l+ (4-4,)= __EA (n=2). Among thema, =1 Alz%zl.According to the
1
b . 1

pinch  criterion, lim4, =lim————= lim =0 is obtained,
n—>0 n—»0 alaz LERNY) n—o 2

2
(1+b—)---(l+a)

< 1 3 1
—= ImS,=— — llm Ay . {b,} is a bounded sequence, then
ol alaz...an N—>o© 2 2

M >0,YneZ" 0<b <M

makes LZL , An S;%O , 1+£>1 , bn =anbn_1—2 ’ anbn—l_bn
b M 2 n—1 2

" (I+—)

M

=1 .Thus

— n n-1__“n — — n—1 _ n :%(An—l_An) (nZZ) , that is

al 1 1 1Y b, , b 1 1Y 1 1
E _ = — 4 — E n- — n = —4+— E A —A ==—4—
( e d ) a 2,,:1( " 7’) al 2

maa,a, a, 245 aa,c-a
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:1"‘%(‘41 _AN):E_lAN

(4,—4y) 2 2

12) (The 14 th National College Students ' Mathematics Competition in 2022, 14 points) Let the

positive series Z a, converge, and prove that there exists a convergent positive series an , such that

n=1 n=1

limZe =0,

n—wo ph
n

Proof: Because Zan converges, V& >0, there is N, such that whenn > N, Zak <&.In

n=1 k=n
particular, for k =1,2,---, take & =—, then there is 1< n <n,<---<n,_, <n, such that
3
o0
Sa <
k
I=ny, 3

The construction of {b,} is as follows: when l<n<mn ,b =a, ; whenn, <n<n,,,,

b, = 2k a, k=12,---+  .Obviously, when n—o>ow |, koo | and
n -1 ny,—1

. a . a .1 - na)
Iim—2% =1lim o :lggz—k:o , there s an = Zan+22a,+z22a,+---
n=1

n—w bn n—w ) a, n=1 I=n, I=n,

m -1 1 1 m -1 0 2k
<> a,+2—+22 () 4+ =D g, + Y =
n=1 3 3 n=1 k=1 3
n -1 0
Z a, +2 < +o0 . Therefore, the positive series an converges.
n=1 n=l1

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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