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THE NEW ALGORITHMS FOR THE INFINITE INTEGRATION OF
THE FUNCTIONS WHO HAVE REMOVABLE SINGULAR POINTS AND
CONTAIN SINE AND COSINE FUNCTIONS
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Abstract Inspired by the calculation formulas for infinite integrals containing trigonometric
functions in the textbook “Mathematical Physics Methods”, this paper mainly discusses the
case where the integrand of such integrals has removable singularities on the real axis. Al-
though this kind of problems can be solved using the integral contour, the method is quite
complicated. Therefore, we replace the function integrated by another one which has no sin-
gular points on the real axis formally, and we use the formulas which results from the text-
book to solve the integration whose function integrated has no singular points on the real axis
formally, and then, according to the theory that the order can be exchanged for the integration
and limitation under the certain conditions, we can obtain the results of the integration whose
function integrated has removable singular points. Finally, the correctness of our method is
proven through theoretical and practical examples.

Key words residue; contour integral; trigonometric function; singularity

YR HE: 2024-04-21

BB . W RSB IR E G5 R HUR BB BT BB R KE T 56-Ni B (5 . XYZB2310ZB) .

PEE B . SO I R B UEIm

BS1ESE . SCHL. Bl 2230 965 B 2 Be YFIT . ZhengWen927566@163. com.,

SIscig . SCHL PP A L AR AR ] B A A AR K R B TR ST B I BT RA LT ], WS TR 2024,34(5) 1 2326, 33,

Cite this article: WEN J, FENG D D, YANG Y, et al. The new algorithms for the infinite integration of the functions who have removable

singular points and contain sine and cosine functions[J]. Physics and Engineering, 2024, 34(5): 23-26,33. (in Chinese)



24

7

WIS T Vol.34 No.5 2024

“RCE Y BT R R ) B AR A B R
T P BOE B FEE AR X T ER A B0 AN A
Z—. WHEFE BRI 2R LA I B AUE
5 [ E AR AN BURT AT OB i B AT DU T
THEE— 2o DL i A i 3R A JE 28 B R S
BORY . SRR b R BOE FIL R AR 1
LR b ST IR AR BT LA 51 T AN D HE
FHF T AR ROBETE 268 . 2010 4R, 5K 382 Ui i

BRSO de B
{8 3 LR B 7R T /4 20 0 3k 5 7 48 , 4 3¢
Kep a2 H = VLR IR 5] 3, B 50 @ #FT Jordan
SR LR 2 T A AR RO 55 B W
W IF AR T 071 52013 4F . R BOHE 542
BF9E T B B S MO T 7 1 A7 e =
1 BRI KB I L2 th T3 K B O BF 50 7
R4 R B AR 2 R M R A PR T

o .
J z' f(x)sin(qx)dx Ml J 2" f(x)cos(qx)dx
0

PCSE o0, O L4 I T SR T AR (L B
A SEHMAE 52015 4R, 832 1 % 058 A 51F) B
WoE BT 095 OB AR T B Bk O Hol
Ao 7 56 UE 7 R B I M 52019 4R AR E IR
FAROE PR T3 560 5 T8 95 2 A IS 3 509 R
BU b, B AR Laplace 39025 46 ] B 5 5y 4K
U B R0 B T I8 95 POROR A T 2w i
SE PR PRI L6 ] e A RO PR T TR e DA AN AR

PSR Bk AR 2022 4F ﬁ 1/ (142" de

0

B G2t de B TRABEIL M 4
TRFABUNE n =2 198 BOR T 255D
2023 4, B 5L A 0 BB =] o

(1 £ 2")dx BS99 B T A ke, 3R 38
SCRFATREBL T L X 22 {1 AU K o B0 AR O3 T
WU ORHME R B R B B R By S AU
o) EAR AR B R R SO R (R
(B BIrE) 8 Eeas it 7

. e
J S (x)sin(gx)dx ﬂ]J f(x)cos(gax)dx BYTH
0

0

Ik HEH AR - AEERRMR (o)1
SCHC b AR AL R AT AR AT AT A AE i
TR — 8 [ia) R i T RE 8 B R T A9 O s f (o) R 5K
Bl A IS A A (E O AR 2 IR AT HE R

() p [sin(qg'z) s cos(q’ )] VE N — A &k X 14
I B AE S b A AT R AL A L X DL T 3
AT e B H Esiie . AR AEIE
FELIE AR 20 J7 s . VA L AR 0 v T DL 2t 2 )
L AE R PR PR B R AT R R () Y G, -
BN A R4 ] TE 012 A% O 18] R, 15 e AR 0 A [EE
FREEAE R A Sz, FR AT X 2K ]
AT O FE I8 X X S ) R AT — A8 4, JE 2
% SN = Ay o 1| DO e g L B By = Al L
W (EN o S 1 B O =0 T = N o = 3 =

1 HEHigHS
1.1 EXEEHNNA

CECF W BJ7 6 ) BOM B4 S = A R B
o5 B I B Or ikt BN A R
J%:F(I)cos(qx)dx gl J%“G(x)sin(qx)dl‘ 4

X [a) A0, +oo ] B HEEL F () MAFREL G (o) 1
S EERA T LE ()M G ) fE R E IR
AATBRAS Go) IS A7 52, BRI 22 A0 Ak A A B, 24 =
TE b 2P T A S ) Frooff , F () MG ()1
—H#T 0 N

Jiw F(x)cos(gx)dx = inz res [F (b, )e’qb”] (s, >0)
0 r—1 "

JA G(x)sin(gr)dx = th res [G(b), )eiqb;] (s, =0)
. A

k=1

(D

Hr,b, Fo A MFREFCGOR GG RAF S g >
0.n o [P BB S

XA E A FRATIH A & A Ay 5% R B TE 55
FR P AT B K A R, H 2 R Lh B & .
PRI FRATTH X i A e BR R AT — > 2 e, fiff R
THA T Z R,
1.2 EREHREE

FAIMME f(x2) p [sin(q'x),cos(q’ )] E
R — AR ARAE SR AR E A IR 2 AT LR Ay
R BRI Z A A AL i B s B f (o) 7E SE Rl B A
£ N A IR S0 & sl B IE 2 A6 Ak Ab i B, H

'+f\7
Jiwf(x)p [sin(q'x),cos(q’x)] dz FTE., & fF

i#/l\[%i%& F(l‘acl 9629'"7(1‘:\?)(%Tﬁ1%’%%j\‘



WS T Vol.34 No.5 2024

B F(xs{c,}))skb=1,2,N)F p[sin(q'x),
cos(q”z) i LLF &1
(L
lim \F(Ia{('k})P [sin(q'z) ,cos(g’x)]

= f(2)p [sin(q'2),cos(q’x)] (2)
(2) F (s {ep b)) 0 B R AT pR RO pR K H
Bk (o b —>ta, ) ZHME SR B A &7 s A AL i A s >4
2 FE AT S F e oot F (2, {c, ))—
FolaT 0. H b (o)) Aa, ) BAPIA S,
(3) SZ PR KL p [sin(q'x),cos(g’x)] A LI &
FH L
p [sin(q'2),cos(qg’x)] =d, + Ed,sin(q}x) +

d’cos(qix) (3
E— dO \dl \d; ‘q[l \(1[Z i@jﬂs’;%ﬁﬂ—lﬁ X %jé’q[l \q/Z
YR IERG IR A NA
oo
J fQop [sin(q'z),cos(qg’x)] dox =

.+(>‘
lim \J HF(I,{C,\,})P [sin(q'x),cos(q¢’x)] dx

{c
teyi>tay i

4)
-
¥ J,,_F(x, {c, ) p [sin(g'x) cos(g’x)] dx

1R FRATIZ00AH B BA 80 B B = ok AR TE 55
BUN I J7 . p [sin(q'2) scos(qg”2) ] HY JEIF
L3, MIFEXDWPF Fla,{c, D [ R B
SR AT LA 2K () i R AT DL S R A s B
SR

PEIsE AR = A Il T ZE R AT PR A e ()
B AR Ry X6 3 AN vk B A FE B0 L B AT G R B XA
D5 I 38 Y

1) Al R RYAF p 09 5 S A — 52 2 A PR A
o2 P SO eR B AN 45 T IR BRE % B 4 kb
By A& B SCH I RRBE A R, b T 3
BITIEATN SR ST

XAPAE OB BR A AE ) Q0 PR AL sina /o TE 2 =
0 Ah & R ALY T R A L A RN TR BUE N 1,
BT RUTH O H S 5 2 o S A pR B — A
AMRMEA . SRS ERAB S E? Sk b HE
A A BRI B W B AR % T4, WA
M B . FR AT — A R - (o) TE A S
AR e =0, B R B N AT N R E X
BRREER r(b)=A, # limr (o) AT LLE BT

SPEERE A, K, IEHIIR
| rde=|""rarde 4] o de +
— oo —o0 b, —e

1

oo
J r(x)dx

b te

HOP e A ERCEST /M R B 05
A

'11] te
limJ r(x)dx =lim2eA, =0
e>0 /)1*5 >0

€

oy Ay A BRAE, B 5 055 /N Z BRI RN %
XA UEW S B Z AT LA 2 A 9 2R
A TR ZE, U2 FH F (.
{c, ) p [sinq'z),cos(q* )] TE{c, } > {a, } AL IR
FRIE R BT R £ (o) plsinlq' x) s cos(q’x) JHE
AL A TRIAF A A BB B AT 0 AN — 2 55 T eR (A,
WEAE DEFER F(2)p [sin(g'x),cos(q’x)] 1EA]
F YRR AL — JE A i 2 ek K (H 2 (8] WY A 20
SR ] LA S H RO A R X A4
B ENX WO —1HE,

2) Sl bRl R B A S AL A A BRAS .

R4 F(x,{c,})plsin(qg'x),cos(q’°x) B &
TE S b A AT T A S 6F T AS SR [R) BT L B AR
& B EORAE B B R A RS IS 7
)ﬁﬂﬂﬂJEI%W@E"J?Q%EE:FIEH?ZSAl=O JEA %%
[T 2¢A, =0, A BRA IG5 /IR BR R
BTG ATC o5 /DB BRIEA — & i Z, Bl
S —MRAF R BIRIE . >4 7] 25 B A g EOh T A
I AN [F] AF AL A AR A IR 2 S 52 ) i 2%
aE R, LA, A BRAS AT 25 AL Ap 0 1Y X — 2RI
A2 R R R HOE

3) WAV E £ (o) ESERUH - H A ISE
A Ao

F(x,{c, ) plsin(qg'z),cos(q’x) J{E 5
fEAT T AT B KRR f (o) 7E Sl b A A7 5 IR
SEAF L RIS A A (e =0 SR KA 1/sin(1/2)
(AR IS 37 FO TR 40 S % o T B0 52 IR X £
BAARE TR F (xy {c, DIRA AT REATF
TE. X REIRATTHE i m R AL

FATTE B — A ). S Al b A AR — B AR
SR TR R 2 AR BRI O R ) OB R B
fE L, BAE . AT S BRI
WA R Z AR A T F AT I A ZOR f o s
[ 8

N

25



7

WIS T Vol.34 No.5 2024

1.3 fIfERsE

oo
Bl I= J cos(2x)sin(x)/ [x(z* 4+ 1] dx

w

oo . )
I(e) :J rcos(20sin()
@t @t +D

lJM xsin[(14+4/2)x ] e

2« (2 +cHEt+ 1D

1 J+ zsin[(/2 — D] -

2 (2P F D@+ 1D

e—<1+«/2’n o e—<1+«/2’> E—W‘?—ln o e—(ﬁ—l)
200 —¢H 201 —¢")

I =ilim1(c) - [elfﬁ_efmﬁ)]
2 >0 4

B2 I :J%Z [cos(x) —cos2x) /[ (x*+

0

D Jdx
W
oo . .
Ho = [ foste) —eoso)
e (t DT+ D
K
¢ 1 2 )
e e e e
I(c) = -~ B
R S S e & S S
Dimlo) =%~ = &
I 7?1(,12}[(()7 7 P + ”
LA I B 4 F #4500 L Mathematica &Kk 4 #E 47
B

AR 7] LAt J: [sin(x)/x] ' da X
R AL AH X 3 28 0] R AN 8 R 5 A T A S
5 S RO X RE TT RE S ECBOR AT, U T
PRI e BYAE DL & T B8 B el R 5%
B A SCERLA ] 8 I T k. 96k B X
AR T LUTE 2o 53 A0 B0 vk R = A R B (22D

A AL — R 51 dj sin(qu)/ () dqua B9

o
0

4129‘5(@»@*&?}%[ ?Sin(x)/.rdx =n/2 i mA&
g ML SR 7 v AR R, B R R 2 B AR B

AR MERE TN,
2 #ig

TEAR SO FATHE Bt LT3 & = A pR %
o5 BT B E BEAT TRE L 45 T AR Sl L A

TE ] B AF A A IR A 5% R B T 95 AR 1 T
BTk o FA T 6 AR SO 7 Ik = A A R
FAFBITIE  BE— 20 B BT A SO BRR O3 BRI Y
1 22 BRI 2% 1 09 JEUEAL  [a] B 8 400 25 25 60 A [s] Fif
JEMB) BT AT AL B A AR A S S 1 O
A2 WA AR IS B (E PR BL T8 A A 8] BT 23 2 Y
W AP FE T HORH S b B AT AR A Y TR R X
] R SRR ) S BRI BT R VYA R AL

SRS AT S Y JE 6 ) B 2 28 i SCik (5 ]
AT i 40 55 (ERE FRATT Y T S K AR B
(1 SCHRLS Jrb B 3 3803 e J B, X A B 2 2 o i
ARE G PALL AR A G icdZ s (2) R AT]
IR e ) B8 4 i) A LR SRS P A 2 A 2 8O
FHE A O (ER SCRRES Jrb i H B 45 R e 55
SRR AR RRR i 5 GBOE U B R 2% X AR T fE
oA A TR A SR BB R BRI, 8 HE L 24 B R AR YR
T BRSO, BT Ay B A A 18 AR R
B T E AT S R S RO . Bl
LR RS TR D AR T B B0 X
Az LUJR B8 R A # 4

2 £ x #

(1] BkwmiE, R E. By kM 650 Bl 2 b A,
2010.

(2] AkEtEE. FRA:DXTR) P & 9 AR 20 bR B P v i 8 T 6 95 )
LI KWL, 2013,32(4) (14,
LIN Q G. Some infinite integrals involving essential singu-
larities of the integrand[J]. College Physics, 2013, 32(4):
1-4. (in Chinese)

[3] k%, N BoE B A KSR [1]. KR8, 2010,
26(2):191-193.
ZHANG Y. Calculate a class real integrals by using residue
theorem[]]. College Mathematics, 2010, 26(2): 191-193.
(in Chinese)

[4] SR WHES =MREBEs RaFrkl)]. Ky,
2010,30(2) :53-57.
WU C S. New approach to evaluate infinite integrals invol-
ving sine and cosine functions[J]. College Physics, 2010,
30(2): 53-57. (in Chinese)

[5] AMkmif:. SRRB ARG S = MmBum s . —4
SRR HILT]. R 2015,34(5) 1 1-4.
LIN Q G. Infinite integrals involving powers, rational func-
tions and trigonometric functions: A lemma and its applica-
tion[J]. College Physics, 2015, 34(5): 1-4. (in Chinese)

[6] JA@¥h, w30, M8 0. B 80 BT 53 0 95 SR i R HCHe )
[J]. K28 .2015.35(4) :26-28.

CTHE55 33 30





