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O ABSTRACT O

We propose a new method to derive definite integrals. The method is based on
representation of signals (or functions) in two reciprocal domains .This is because the

signals are represented by Fourier Transform, F.T. which is defined as integral formula.

The proposed method is relatively simple but it is a powerful tool to construct a big
library of definite integrals, and to expand the library horizontally and vertically without
any theoretical limits. In horizontal expansion (discussed here) we try to use the different
properties and theories of F.T., and if we consider a set of N primary functions, we can
derive multiple N of definite integrals .The appendices include some results which can be
considered as examples to different cases in text.

"Associate Professor, Department Of Communication, Faculty Of Mech. & Elect. Eng., Tishreen
University, Lattakia, Syria.
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T It (1— j2A4T)
=0 T <7< 4-22

Ryg(T) =0 0l (indY) isall o R25(0)=2(1_%) o sl
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1 7 1 T 1
RZl(T)_?(?_i__)z - <E
*]ﬂfT - )
:i ____( ) ,_§<£<_1 @M(Sincﬁﬂ'_e_]”ﬁ)
T 2 T 2 JAT
0 , otherwise 4-23

e 2a3 o oS ¢ Andl L Jaad e (3L G Jabia) Ll as -2

113 ¢ | 1
no=1 56 ] <3
_119 3z +1(£)2 ;1 <[H<2 o sinctAT
T|8 2[T| 2T 2 T 2
-0 ,otherwise 4-24

";\.ﬂ\ ja.:\)ﬂ\ C.}\}B—I_DSALQS—:UBJ\ 528 uAmC)A.LU cés;n MLAJY\L)uJ

1 T T
—(1-|—= =<1
T ( T ) T <
R.(2) = (%, (t), %, (t—7)) = EA(%) & sin c2 AT 4-25
0 ,otherwise
_|x T T2
Rs(T)=<X5(t),X5(t—T)>:§e ! EEXG(T)QW 4-26
: o T
ol
R6(T)=<X6(t),X6(t—T)>:T(1+ ?)e T @{m} 4-27 etc....
rJie Jilal) Jibiae )Y Jalell Tl (i -3
| 1
Rgl(T) = <X9 (t), Xl (t )> = TS|nh ? , ? E

T

— j4AT ?sincAT
=

Az 4-28
=27 sinhlsgnr = > 1 1+ (2A4T)?
2 T|™ 2
—2% ;z <%
Ria(7) = (X, (1), X (t— 7)) = ; T o ~sincAT 4-29
sgnt ,|={>=
T|™ 2
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)2 T T t—-7
R = (X, (1), Xz (t = = ,—C0S— (t — 7)rec(—— ,
pe () = (X (1), X5 (t— 7)) < > 2T( 7) (2T )>
T ey Vs
R =—|e T cos—(t—7)dt 4-30
0 ()= TL - (t=1)

iM=2K gzl & dplad dlec LaadISh paally JolS) i dmj (OpslSle S Sia 33y ) il i e ol

k T+T

. =3 (”) = (= )2":>RAB(T)=47[ j( )™ cos ~ (—)dt 4-31
or:R,. (7)== Z(”)m where: =—T( )™ cos —(i)dt 4-32
* 2153 (m/2)! ' 'n T
paad bl o (e 35all JalSS 8 clpaiall Jlasinly fas
|m=(1+1)"‘+(1—1)m—(E)zm(m—l)lm_2 : m even 4-33
T T T

JalSl) s A5 Aipea AR rlaiiy ¢ ity dia V) JalSl) ANy JelSil e s ADAe
14-33 ki )< o e ganal) Ayally Taily isine (57 10

1
T T T T
=" lcosZudu=2=(=+1)° +(=-1)° 4 -34a
: z[ ; (+D° +(-1)
T > T s .25 T o T 0
=(=+D) +(=-D +(j ) x2x1x| (=+D) " +(=-1 4-34b
2 (T ) (T ) (Jﬂ) {(T ) (T )}

T . T i -2\ T 2 T 2
4=(?+1) +(?—1) +(j;) ><4><3><[(?+1) +(?—1) }+

M A yel)l e JalSall Glual dale dapa bl (So 450 QB & el

m !
Z(mmk)l(JZ {(%Jrl)m-“r(?_l)m—k} j=v-1 ;mk areeven 4-35
k=0
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Ny |
(axb)' =Z( )a'™" (+b)" ;(n )= ) 4-36a
.-.(Tﬁil)mk Z(m k)(T)m e (41)" 4-36b
And:(%+1)m"‘ —Ymk = Z( nk)(Ti)m-k-n , N even 4 - 36c

t0sSas ¢Liams Leany Jaley 400,al) agandl oY ella

'( oy Z(Jzﬁ())l(-r) Z(m k % k,n are even 4-37

:Bsaill ) ) Jpasll 4-15C 2ainig 4-32a 4 37 5 35 dlSiall firuall (e (agal
1o (V=m)"mi (j2/m)" [ 7 }
(7) = ZmZO (m/2)! kZ; m—k)! O +( ) @Te*”(”)z cos 24T
oo Z(JzT/m)“*zk(m—k Ty 1-(4fT)?
zm:o(m/Z)' T S (m-K) 0

4-38

topess aal bl 88 Aaall il csatl) 21 o el Jypatll Aipa Gulay

s o ofllall 8 LS iy Wlas o Lads bl X, (F) = X (F) X0 (F) 0813 2pte 20ae JalSs

Lo i X (F) = X (F)X(F) = Ay (F) + JBy (F) oS 1) 380 4 el e ot asi -
ria ¢ T IV ALK Ll i

A (F) = Re{X ()} = Z X (1) X ()] =2 X (1) + X3 (D] even -

NI\— r\)ll—\

B (1) = IM{X, (1)} = 3 [X o (- F) = X, (F(]= 1[><mk(f> Xn(f) ] odd~ 4-39

SOZIAmk(f)COSZﬂ'def —IBmk(f)sin27ﬁzdf :ERmk(T) 440
0 0
O s e Al C alall cpanaiys
i) Ao (e (lailly A8y k) Uik
tlete SN Wye 32 A pial) 4sy,lall
i) Aaliie W) (3l 45)lie ) Adaladi-

Aalal)l VAL daxtia e.\ﬂw;\.uuub}&c\us.m‘).\a_md‘nb JPJXJLJC_ILL\]\ A gac —
gl dgn (sf s WALE s L e anegilly DLISE (e dage S oLk i 1) Ay pall
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LGlaall JalSall AL o) o Uiy HLEY) ases (Y Aysill EDsatl) (e lagy (N-2)
-4 5580 & gam e A Al Il alaiely D gaill (e by 4N
cJalaally S Ll adgs e slaieWh gy N(N+1)/2

rOalSall Jlaa) el 5808 caane JalS SOl e 29y IS e Al

L= 7N+N(N+1)/2-3 Integrals 5- 1
if N=11 THEN L=140 integrals >10N

Ay Lol N gy 1305 ¢A05Y) chlay) sae il sydie sl Lehalitin oSy ) bl xe of
todiel gy 5—1 Al ddad ¥ s S

N=44 THEN L=1298 INTEGRALS >29 N
e degiia cullul Lalitd) il daa (o G (Sa NAT dga s
Ggalie) Gkl aball hlauy) -
Al .:'\ ui A (BALJ\ (f O .“j cJLmA = J.":S\ P L@_..ns.a il .:' ) &ng‘ d‘}_hd‘jj‘ 3_\3_1' ig c::uﬂ\ tLuJ -
8575251 A sl 153l o el S oS [siNCVAY =§

0

¢ S Calall EBlgad (e 3aLELY g Aaall Gkl alaie b —
) by G AL Ty gl (e Sl Bany (e (Bl
Dol plelSS e (ad S5y Coplaalal) Alall D joiadl

2Isin czvcosvdv—J'sin c3vdv:g 5-2a
0 0

raa Cus Crps Age Ompdl oins (o alaie WU Gublll 3lslae (o G

J.sinczvcosvdv=z(1—1):z ;J.sinc?’vdv=3—7Z 5-2b
) 27 2 4 ) 8

— Appendices iada—

b Biainal) Sl aad 2y L ey ciaglae ol Ala A 1S Jadl (~ )ALl ALaldl) caaic
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= equal, A equal by definition, = Approximately equal , > more than, < less than

>equal or more than,<equal or less than ,= equivalent toor it means | | absolute value, j= J-1,
I'(.) = Gammafunction, S(.) = Beta function, erf(.) = error function

e el Jadiud C_atu!\ praxl ic g

%:ﬂ,ﬂﬂ':v ,tTl=a ,tT—S=7 Agp
ek LS Al il a3y
Al edlltl -A
1x ()= rec(%) < sincATt = Tsin cveos2/vdv = % rec(f) A,
0
Special cases;s.c.1: if =0 then Tsin cvdv = % Ay
0
SC.2: iff=1 then ]gsin cv cos2vdv=0 A,
0

) & =

t-T - jaAT _
TA € (sincAT —e /MT) =

t 2t
2, 1) = —)=—
x,(0) = ramp() = = e

2p —1)Tsin cvsinc(28 -vdv—-2(p —1)]Esin c2(f—-1)vdv= ﬁﬂrec(ﬂ — %) A,

sc. for pg= % weget Isin cvdv = % asbefore! A,
0
[ cos pvdv = 5(8) A,
3x,)=6t)e 1 = ° )
S.C.. forp=0 then: J'cos pvdv=0 A,
0

4,x,(t) = A(%) < sinc’AT = Tsin c?vcos 2 fvdv = %A(,B) = %(1—|ﬂ|) |6 <1

=0 ,otherwise A,
scl.: for ﬂ:O:Isinczvdv:% Ay
0
S5C.2: forﬁ:ir% :Isin czvcosvdv:% A,
0
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t

- T TCOS28v +2vsin 2 /v 5
5X((t)=¢e Tut) - = dv eu a
sM=eTuh) & o J 1+ 20 B A
s.c.: for 0 “Zuo) ==
B = :jl T =207 As,
t o
o 2 :
6, X t:eH _ [LOS 7 oAl
(1) 1+ (27sz) £1+(2v) T4 Ha
s.c.: for — as before!
! 1+ (2v)2 4 Poo
o(f) 1
7%, @t)=ult) & —=+—— = |sinc2 dv=—""— A,
O =ul o = j = 7
sc.: forg= 1:>J’smcvdv_5 as before! A,
1
8x,M=sgn t &o— = S|nc2 dv= as A
t .
I — jAnfT? vsm2,6\/ T
9,x t:eHs Nt I = Z el sgn
() : 1+ (244T)? -[1+(2v) 8 A A
T ovsiny
s.c.. for =
p=t)p= ;[1+(2v) &/E P
t., ) V2 .
Ax,)=e T oTe ™ = J'ef 7 cos 2 fvdv = %e"ﬂ Ao,
0
sc.: for ﬂ:O:Ie‘VZ/”dv:% A
0

B, x (t) = ECOSEI’EC(—) cos 24T N J'COS 2vVCcos2 v
0

dv = (%)2 cos(?)rec(g) AL

2 _(4v/y2
2T 1-(41T) 1 (%f)
© 2
sc.. for g =0=> jﬂdv:”— Ay

< 1—(4v/xr)? 8
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rAghdl) cug)ill) e Al - B

Ye(t) = e?U(t) + eiu(_t) —e ‘

—t t ‘I

Yo(t)=eTu(t)-eTu(-t)=e

= 1| mtal 2T cos?
L(t)=eTu(t)z=|e T u(t+t)+e T u(t-t — t,) =Y, (f
y. (1) (t) 2{ (t+ty) ( d)_<:>1-|-(27zﬂ')28inz( ) =Y. ()
700524V + 2vsin 2 Av cos’ . 1r ., .
| I{ljv+(2v)2 ’Wsinz(av)dv:%e/’{u(ﬂ)ig_e u(B+a)+e u(ﬂ—a)]} B,,
0

7 c0s 2 v + 2vsin 2 v cos’

If a>0 then : av)dv =0 < —a
-([ 1+ (2v)? sinz( ) d
T
16 f=-a
:i%e(ﬁ*“); —~a<p <0

=S @Ee) 1f=0

:zeﬁ(lie2 ) ; 0<fB<a

4

T 1 e’
:_eia 1i— e—a+_ , =
4 { 2( 2 )} p=a

:%e‘ﬁ(licosha) B>a Bap

fang JolS Lgie iy Auald Alla Jaa of (S

57



‘Ac adsall Sl Dbl saas Al

T dv T

s.c.:fora=,8=0:>£l+<2v)2=2 as A, & A,
I1,A—odd symmetricsignal xs(t)zsgntajiﬁzxg(f)
jorft,

Consider the  shifted ~: x_(t) =sgn(t+t,) & ——=X_(f) =

y, () =sgn(t +t.) +sgn(-t +t,) = 4t5rec(%) < 2Re{X _(f)}= 4t_sinc2aft B.,
. ., COS 274t

Yo () =son(t+t,) —sgn(-t+t,) = 2u(t -t,) ~u(-t-t,)] = j2Im{X, (f)}=-j2 By,
j2aft, 2

V. (0 =So(t+) £ 2 sgn(t+t, +1,) +son(t+t, ~t)] e 2% () B,,

2 jof  sin?
_[sincZyvcosZﬂvdv:81[sgn(ﬁ+y)—sgn(,8—y)] B,,
0 /4
[[sinc2pvcos 2pdv = %[sgn(y + B)—san(y - B)] B,
0
T cos’ T 1
[sinc2(B+7) ", (aw)dv = SN(B+7) £ =sq(B+y+a)+sq(B+y-a)] B,
5 sin 8(L+y) 2

O ey iy Gmpgmilly s il acalse Alalie iS55 anly JalS5 adlsl) 8 et V) calalsal) - o Jaads

IsincZy\/cosZ,b’\/dv:i ;|Bl<y
0 4y
=0 , otherwise B
. T ) T
Puta=g+yinB, = Ischavcos (av)dv=% Jal<a
0
T
= ﬁ ,|a| > BGa
Isin c2avsin?(av)dv = 2 dz «a
0 8a|
=0 ,otherwise Bqs
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B, Even symmetric ~ e.g. X4(t), considering the shifted signal we get :

Tsin c2v cos 2V Cos 2,6Vdv=%[A(y+,B)+A(y—ﬁ)] B.,

Tsinczvsin 2/sin Zﬁ\ldv:%[A(y—ﬁ)—A(y+ﬂ)] By,
0 w
|

Tsin c2vcos 2(ﬁ+7)v‘;nsj (ov)dv = Z{A(,b’ﬂ/) i%[A(ﬂﬂ/Jra) +A(ﬂ+y—a)]} By,

Where: A(y £ B)=1-[y £ | [rtp <1l or-1Fy<p<1Fy
=0 ,otherwise Beq
if ¥ >1 then:

['sinc?vcos 2 cos 2 pvdv = %A(y+ﬂ) = %(1—|7/ +h)  r-l<B<-y+1
0

=§A(7—ﬂ)z%(1—|y—ﬁ|) y-l<B<y+1

=0 ,otherwise

a

J'sin c?vsin2yvsin 2 4vdv = %A(}/ ~-p) = %(1—|}/ -B)  r-1<pB<y+l
0

=AM )= (Bl 1< fey

=0 ,otherwise By,

C

) 2
sc. ifp=y then: jsin c’v (_)Sz (2w)dv :% B,.
0 in

S
b A JalS Taase iy GalalSEN resy
s gl plgig byl o alaieWl Adaitieal) cSll) o Aiaj - C
tope sy aal il 588 2-4 5yl e sl 23 o uSall Jysatl Aipa Gl vie
P Lh ) L) Dlaia il adls 05 G s o ollal) LS Bajke Badae DS — |

a, According to 4—25:jsinc3vc052,6\/dv=%(%—,82) ,|/5'|<%
0
79 3, .1 , 1 3
==(=-=|g+= = <|f<=
2(8 2|ﬂ| 2'3) 2 |'B| 2
=0 ,otherwise C.
sc.:1 forp=0 = .|.sinc3vdv:3§ Cy
0
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s.c.2:for|,8|=l = Isinc“vcosvdv=Z C.
2 0 4
T .
o ——=sinh g ;|ﬂ|<%
b,Acc.to 4-26: de\,:&@ 1 1 C,,.
o L+ (2v) ZeWlsinh= ,|g>=
2 2
sc.: for|| = j]"vsmcvsmvd :Tsinzvdv_ T annt c
Do1+(v)? T L 1+4% 4ye ?»

3)-:\33“ 4_;334}\ u‘).} :\:\]L;A:\\j\ Lﬁdﬁ;ﬁhijZa@ a:Lﬁ:O@ay 2\.;;1.1.11\ oda ‘_,_‘J;\ d}sd)“ u.SAJJ

- Ofrall (385
c,Acctod—27we get: J-cosé,b;\/ =€ e 17l similar to A, C,
p/1 1
. 5 A
d, Acc.to4—-30we get:jsmcvschﬂvdv_ x 1 C..
0 —s;np |f==
4B 2
sc. for |ﬁ|:% = jsinczvdv:% (like A,) Cu
0

e, According to4—48 we get:

TR 2 J
e costcosZ[i\/dV:zZ / ,B+1 (B-D)™ k]
1_(&)2 4 m=0 (m/Z)! :0
T

O 8

7 & ml (=)™ m(/ mkmk )
== m " ,mk,n areeven C,,
420 (m/2)! ﬂZO Z( :

m
2

© —V% 2 © 1(_ © tkAm
slclforﬂzljj.%\/:ﬂzm-( 71')' Z j_2 :
o 1-(4v/r) (m/2) o (m-K)lx

m!(— ﬂ)z (i2/7)" & m- k
mz(; (m/2)! Z(m k)IZ( ,m,k,n areeven C

(15555 Bl e L Tyl ol (S5 G A AT 3 LS S el e At 15 -
t i 4-24a Jasail) sl iy 4-39 el Lia s Alilais e a5l Jlae A 5ylaliadl algil)
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0

J(Zcosv —sinc v)sinc?vcos 2 vdv - Zﬂj(cos 2v —sinc vcosv)sinc vsin c2 vdv = %(1+ 2P B <%
0 0

T a1 3
:§(3+4ﬂ—4ﬂ ) ’E<ﬂ<5

=0 ,otherwise Ce,

s,c.lfor f=0 :>I(ZCosv—sincv)sinczvdv=% Cep

0

sc.2for| | = % = J (2cosv —sinc v)sinc®v cosvdv T J (cos 2v —sinc v cos v)sincvdv = %(P_rl)2 C,
0 0

C

:aa)pall

&bl

1969 s ccajlaall sline " byl didaill " o55aTs Balia iyl -1

1088 dyypes —¢ ey IS ls " LY dallee ' g e -2
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