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Derivation of some definite integrals

Robert Reynolds

ABSTRACT. In this work derivations of definite integrals listed in Prudnikov vol-
ume I, Gradshteyn and Ryzhik and a few other tables are produced along with
errata. Special cases of these integrals in terms of fundamental constants are also
evaluated. The method used in these derivations is contour integration.

1. Preliminaries

Throughout this work we will use the Hurwitz-Lerch zeta function ®(z, s, a) given
in [DLMF,25.14], and its special cases; the Hurwitz zeta function ((s, a), [DLMF,25.11]
and the polylogarithm Lig(z), [DLMF,25.12(ii)], the log-gamma function given in
[DLMF,25.11.18], Catalan’s constant C, [DLMF,25.11.40], Glaisher’s constant
A, [DLMF5.17.5], Apery’s constant ¢(3), [Wolfram/1], the Pochhammer’s symbol (a)y,
[DLMF5.2.5|, Stieltjes constant v, [DLMF25.2.5]

(1.1) &’ (i,0,u) = log (2;((})2)> +ilog (;‘((1;43)))

where u € C.
r(s) r (e
(1.2) &' (—i,0,a) = log <2F(a42)> —ilog <2F(“43)>
where u € C.
(1.3) . .
Li,(z) = (27)" 'T(1-s) (c (1 . lg(ﬂ‘)) i (1 _ s, et | ;))

where Re(s) > 0.

) im0 () e ) =¢ (15 T
where fie(s) = 0
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2. Introduction

Tables of definite integrals, series and products have been published since the
1800’s and play a major role giving researchers summarized literature of mathemati-
cal formulae. Having books listing a vast number of formulae is a great resource, and
having formal derivations is also of importance to researchers in the fields of science
and engineering. Derivations aid researchers in deriving other formulae as other ideas
could be combined with these derivations to produce other formulae thus expanding
current literature. Derivations for tables of integrals can be traced back to the books
which comprise the volume by Bierens de Haan [1] up to the present day with the
work by Moll [2}, [3], [Moll Table] and Gallas [4].

The main theorem derived in this work could be described as an ssymptotic expansion
of a definite integral. This type of integral representation has been studied by Han-
delsman [5], Barnes [6] and Wright [7] for reference. In 1943, Cooper [8] published a
book on asymptotic expansion of a function definned by a definite integral or contour
integral. In this work we apply the contour integral method in [9] to a definite integral
to derive an infinite series involving the incomplete gamma function and a generalized
quotient polynomial which simplifies to the Hurwitz-Lerch zeta function for a special
case of the second parameter in the incomplete gamma function. These characteristics
of this theorem make it versatile as we can evaluate the definite integral in terms two
special functions and there special cases.

The contour integral representation for the generalized Hippisley definite integral listed

in equation (6.703) in [10], equation 2(13) in [I] and equation (3.241.1) in [11] where
the definition of the 8(z)-function is given in equation (8.372.1) in [11] is given by;

1 1w —k—ltm-‘rw—l 1 X w(_ Nja,—k—1
1) 7// aw dwdw:f/zwdw
2 Jo Jo ctt +1 2 ¢ bj +m+w

where |Re(m)| < 1,w € C, Re(b) > 0, |Re(c)| < 1,k € C.

In this paper we derive the definite integral given by

L =14m(log(at))k S (—e)IT(1 + k, —((bj + m) log(a)))
/0 =Y

1+cth - abitm(bj 4+ m)k+l

(2.2)
j=0

where Re(m) > 0. and the parameters k,b,c are general complex numbers. This
definite integral has a wider range of evaluation for the parameters relative to previous
results in the latter. This integral can be evaluated in terms of the Hurwitz-Lerch zeta
and incomplete gamma function. The derivation involves two definite integrals and
follows the method used by us in [9]. This method involves using a form of the
generalized Cauchy’s integral formula given by

k w

Y 1 ey
2.3 _— = — —dw.
(23) Ik+1) 27m'/owk+1 v
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where C' is in general an open contour in the complex plane where the bilinear con-
comitant has the same value at the end points of the contour. We then multiply both
sides by a function of x, then take a definite integral of both sides. This yields a
definite integral in terms of a contour integral. Then we multiply both sides of Equa-
tion by another function of y and take the infinite sum of both sides such that
the contour integral of both equations are the same.

3. Derivations of the contour integral representations

3.1. Left-hand side contour integral. Using a generalization of Cauchy’s in-
tegral formula@ we form the definite integral by replacing y by log ax and multiply

both sides by & to get;

ctb+1
tm=1]ogh (ax wk=gm=1 (qz)w

3.1 _ dwdt

(3.1) /0 k! (ctb + 1) 2m// ctb +1 v

—k—ltm—l(ax)w
dtd
2772/ / cth +1 v

We are able to switch the order of integration over ¢t and w using Fubini’s theorem for
multiple integrals see page 178 in [12], since the integrand is of bounded measure over
the space C x [0, 1].

3.1.1. The Incomplete Gamma Function. The incomplete gamma functions are
given in equation [DLMF8.4.13], v(a, z) and I'(a, z), are defined by

(3.2) ’y(a,z)z/ t*tetqt
0

and

(3.3) I'(a,z) = / t* e tdt

where Re(a) > 0. The incomplete gamma function has a recurrence relation given by
(3.4) V(a,z) +T'(a, 2) =T(a)

where a # 0, —1, —2, ... The incomplete gamma function is continued analytically by
(3.5) 7(a, 2e*™T) = 2T (a, 2)

and

(3.6) [(a, 2e*™™) = 2™ (g, 2) + (1 — 2™\ (a)

where m € Z, v*(a,z) = %’y(a,z) is entire in z and a. When z # 0, I'(a, 2) is
an entire function of a and v(a,z) is meromorphic with simple poles at a = —n for

n =0,1,2,... with residue =", These definitions are listed in [DLMF,8.2(i)] and
[DLMF8.2(ii)]. The incomplete gamma functions are particular cases of the more
general hypergeometric and Meijer G functions see section (5.6) and equation (6.9.2)
n [13]. Some Meijer G representations we will use in this work are given by;

(3.7 P(a,2) = T(a) - G} ( o )
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and
2,0 1
(3.8) [(a,z) = G7, (z 0.0 )
from equations (2.4) and (2.6a) in [14]. We will also use the derivative notation given
by;
ol(a,z) 3,0 1,1
(3.9) ~5a = [(a,z)log(z) + Gyz | # 0.0.a

from equations (2.19a) in [14], (9.31.3) in [11I] and equations (5.11.1), (6.2.11.1) and
(6.2.11.2) in [42], and (6.36) in [16].

3.1.2. Incomplete gamma function in terms of the contour integral. In this section,
we will once again use Cauchy’s generalized integral formula, equation , and take
the infinite integral to derive equivalent sum representations for the contour integrals.
We proceed using equation and replace y by log(a) + x and multiply both sides
by €™ and replace m — m + bj and simplify. Next, take the infinite integral over
x € [0,00) and simplify in terms of the incomplete gamma function using equation
(3.382.4) in [11] and multiply both sides by —(—c)’ finally take the infinite sum of
both sides over j € [0, 00) to obtain

(=c)?a"™(=bj —m)"* T (k + 1, —((bj + m) log(a)))
k!

(oo}

(3.10) -

k-1

—d
QWZZ/C bj—l—m—i—w v
—k—1

—d
Qm/z bj+m+w v

We are able to switch the order of integration and summation over w using Tonellii’s
theorem for integrals and sums see page 177 in [12], since the summand is of bounded
measure over the space C x [0, 00)

THEOREM 3.1. For all Re(b) > 0, Re(m) > 0, |Re(c)| < 1 then,
Pt (—log(at) o~ (=l T(L A+ k, —((bj +m)log(a)))
(3.11) /0 dt=>"

1+ ctb abitm(hj 4+ m)k+1

Jj=0

PROOF. Since the right-hand sides of equations (3.1)) and (3.10|) are equal relative
to equation ([2.1)), we may equate the left-hand sides and simplify the gamma function
to yield the stated result. O

4. Table of definite integrals, products and series
4.1. Table 4.327 in Gradshteyn and I.M. Ryzhik.

ExXAMPLE 4.1. Equation (4.327.1) in [I1]. Use equation (3.11) and set k =
—1,a — e® then take the indefinite integral with respect to a. Next take the first
partial derivative with respect to ¢ and set m = 1, — x,b = 2,¢ = 1. Next form a
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second equation by replacing —a and add these two equations and simplify. We also
include the derivation listed in equation (4.327).

1 1 2 1 2
(4.1) / og (@ + o8 () 4,
0 1+2
| $5 (D) (B (ialL+ 24) + B ia + 20) + 2 log(a)
- = 1+25

o (2a4+37r) 1
= ﬂlog <(2Z ) + f7rlog (*)
where Re(a) > 0.

ExXAMPLE 4.2. Here we use the right-hand sides of equation (4.1)), equate and take
the exponential of both sides and simplify.

4.2
( ) Hexp T+ 297

>0 <(—1)J‘eia<1+2ﬂ‘> (B1(—ia(1 +25)) + €020, i(a + 2a7))) )
=0

e (g

I (%557)

where Re(a) > 0.

ExAMPLE 4.3. Equation (4.327.2) in [11]. Use equation (4.1) and set a — a/2
and simplify.

!log (a® + 410g2(x))
4.
(43) /0 1+ 2 de

0o <(_1)je;ia(1+2j)El (—%ia(l + Qj)) N (_1)je%ia(1+2j)E1 (z (% + aj))>

= 1+25 1425

1
+ iwlog(a)

2r (4577) ) |, 1
= 7log (F(“i‘” + §7rlog(7r)

where Re(a) > 0.
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EXAMPLE 4.4. Here we take the exponential function of both sides of equation

([4.3)) and simplify.
(4.4)
Hexp< Ve 30 (B (—yia(1 +29)) + B, (50 (a+2a1)))+(1+2j)7rlog(a)>

2(m + 2jm)

A (+2)
r(+2)

where Re(a) > 0.

EXAMPLE 4.5. Derivation of equation (4.327.3) in [11]. Errata. Here we use (3.11)
and set b = 0 and simplify the infinite series. Next set £ = 0,a — e®. Next form a
second equation by replacing a — —a and add these two equations and simplify.

1 —iam p (—iam) + elam g (Zam) + 2 log(a)
4.5 =14 Jog (a2 + log?(t)) dt = & - 1
(4.5) /0 og (a” + log*(t)) m

where Re(a) > 0.
4.2. Table (4.325) in Gradshteyn and I.M. Ryzhik.

EXAMPLE 4.6. Equation (4.325.1). Use equation andset b=1,c=1,a=
1,m = 1 and simplify the series in terms of the Riemann zeta function. Next take
the first partial derivative with respect to k& and apply I’'Hopital’s rule as £k — 0 and
simplify using equations [DLMF25.11.2] and [DLMF,25.6.11].

1
log(—log(t)) L.
4.6 — 2 dr=—=1 2
(16) | b = o)
EXAMPLE 4.7. Equation (4.325.2) Extended form. Use equation (3.11) and set
b—1,c— e a— 1,m — 1 and simplify the series in terms of the polylogarithm

function. Next take the first partial derivative with respect to k and set kK = 0 and
simplify using equations [DLMF,25.14.3] and [DLMF/25.12.12].

! log(—log(t)) ; ;
4. - = —~1 1 —iAY _ Li’ (— —iX
(4.7) A Bt = —ylog (14+ ) — L ()

where \ € C.

EXAMPLE 4.8. Equation (4.325.3). Use equation andsetb — 1,a —» 1,m —
0 and simplify theseries in terms of the Riemann zeta function. Next take the first
partial derivative with respect to ¢ and set ¢ = 1 and simplify using [DLMF25.11.2],
[DLMF,25.6.11] and [DLMF5.2.3].

EXAMPLE 4.9. Equation (4.325.4). Use equation (3.11]) and set b — 2,¢ — 1,a —
1,m — 1 and simplify the series in terms of the Hurwitz zeta function. Next take
the first partial derivative with respect to k& and apply ’Hopital’s rule as £k — 0 and


https://dlmf.nist.gov/25.11.E2
https://dlmf.nist.gov/25.6.E11
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replace t — x and simplify using [DLMF,25.2.5] and [DLMF,5.2.3].

(4.8) /01 mﬁ#m = i (—77(7+10g(4)) - (i) +m (i))

1 V2al (3
:27r10g< F(};g )>

EXAMPLE 4.10. Equation (4.325.5). Use equation andsetb — 1,a — 1,t —
x,m — 0 and simplify the series in terms of the polylogarithm function. Next take
the first partial derivative with respect to k and apply 'Hopital’s rule as £ — 0. Next
form to equations by replacing ¢ — —(—1)%/%,¢ — (—1)/3 and take their difference
and simplify using [DLMF,25.14.3] and [DLMF,25.12.12].

L log(—log(z i—%i 7 — Liy (—/—1) + Li} (-1 2/3
o) [ EClel), tEanmo b (V) ¢ B (EDT)

ExaMPLE 4.11. Equation (4.325.6). Use equation (3.11)) and set a = b =1 and
simplify the series in terms of the Hurwitz-Lerch zeta function. Next take the first
partial derivative with respect to k and set ¢t — z,k = 0. Then form two equations

by replacing ¢ — (—1)2/3 and multiply both sides by 157\37}1 and for the second

¢ — —(—=1)/3 and multiply both sides by ﬁ and add these two equations with
m =1 and simplify using [DLMF,25.14.1], [DLMF,25.14.3] and [DLMF,25.2.5].

(4.10) /01 log(—log(z)) dr — 297+ 3iLiy (V1) — 3iLiy (—(-1)%/3)

1—ax+22 3v3
_ (2m) (2log(2m) —log (I' (3)))
V3

EXAMPLE 4.12. Equation (4.325.7). Use equation (3.11]) and set a =b=m =1
and simplify the series in terms of the polylogarithm function. Next take the first
partial derivative with respect to k and set &k = 0,¢ — 1/¢,t — x. Next form two
equations by replacing ¢ — e and ¢ — e % then take their difference and sim-
plify by multiplying both sides by 3icsc(t) and simplifying using [DLMF,25.2.5] and
[DLMF,25.14.3].

b log(—log(x / —it y it
(4.11) /0 T ig n ng(co)s)(t) dx = %icse(t) (int — Li| (—e™™) + Li} (—€"))

where t € C.
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EXAMPLE 4.13. Equation (4.325.8). Use equation (3.11) and set a = 1,b =0 and
simplify the series. Next take the first partial derivative with respect to k£ and replace
k=0,t — x,m — v and simplify using [DLMF25.2.5].

1
(4.12) /0 2 log(— log(x)) dz = f%‘)g(v)

where |Re(v)| < 1.

EXAMPLE 4.14. Equation (4.325.9). Extended form. Use equation and set
a = 1 and simplify the series in terms of the Hurwitz-Lerch zeta function. Next set
b— 2n,c= —1,t — x. Next replace m — m + 1 and form two equations by replacing
m — n — 2,m — n and take their difference. Next take the first partial derivative
with respect to k and set kK = 0 and simplify using [DLMF,25.2.5], [DLMF,25.14.2],
[DLMF,25.2.4], and [DLMF,25.14.1].

L g=2ta (—1 + $2) log (log (l))
(4.13) / T .2 Ll dx
0 —1+z=
(v +log(20)) (@ (=5£2) — @ (352)) — 3 (F522) +n (55)
2

where o € C.

EXAMPLE 4.15. Equation (4.325.10). Use equation andsetc=1,b=2,a =
1 and simplify the series in terms of the Hurwitz zeta function. Next take the first
partial derivative with respect to k and set k = —1/2,m = 1,¢t — z and simplify using
[DLMF [25.14.2] and [DLMF [25.2.5).

! log(—log())
(4.14) /0(1+x2) —log(z)

(630 53 )
(3¢ (43)

EXAMPLE 4.16. Equation (4.325.11). Use equation (3.11)) and set b = 0,a— > 1

and simplify the series. Next take the first partial derivative with respect to k and set
k=-1/2,t = x,m — v and simplify.

=140 Jog(— log(z)) do— V(v + log(4) + log(v))

0 V/—log(@) Vo

where |Re(v)| < 1.

EXAMPLE 4.17. Equation (4.325.12). Use equation (3.11)) and set b = 0,a = 1
and simplify the series. Next take the first partial derivative with respect to k and set
k—u—1,t — x,m — v and simplify.

(4.15)

(4.16) /0 a0 (—log()) T T log(— log(z)) do = —v"T'(u)(log(v) — ¢V (u))


https://dlmf.nist.gov/25.2.E5
https://dlmf.nist.gov/25.2.E5
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where |Re(v)| < 1.
4.3. Derivation of some definite integrals.

ExAMPLE 4.18. Equation (4.325.12) in [11]. Errata and generalized form. Use
equation (3.11) and set k = —1,a — e, m — m + b. Next form a second equation by
replacing a — —a and take their difference and simplify.

Lt mlog (14 ct?
(4.17) / Og(2 ) gt
0 a? + log=(t)
i(—1)IctHiemtalbrbitm) (_T(0, —ia(b + bj + m)) + 2 ab+b+mD(0, da(b + bj + m)))

=2 2a(1 + j)

5=0
where |Re(m)| < 1, Re(a) > 0, Re(b) > 0.

EXAMPLE 4.19. Equation (2.6.18.2) in [I7] extended form. Use equation (3.11)
and set b = 0 and simplify the series in terms of the incomplete gamma function.

Next replace a — e*, k = —1 and take the h-th partial derivative with respect to a
and simplify with h — n — 1,¢ — = and [DLMF|15.5].

1 m—1
x
4.18 — _dz=—a""T"e " E,(—am
(41%) |, sy om)
where I'm(a) > 0.

ExXAMPLE 4.20. Equation (2.6.18.6) in [17]. Alternate form. Use equation (3.11))
and set k = —1,a — €% ¢ = 1 and simplify the series. Next form two equations by
replacing a — —a and take their difference and simplify with replacing a — ia,b —
u,m — §,t — 2 and using equation (11.3.1) on pp.775 in [17].

1 —1+%
(4.19) / R
o (1+a4) (a2 +log”(x))
XL i(—1) e zialut2) (T (0, — Jia(u + 2ju)) + 2T (0, Lia(u + 2ju)))
2a
_ U (25) 400 (4 (34 2))
N 4a

Jj=0

where |Re(u)| < 1, Re(a) > 0, Re(u) > 0.

EXAMPLE 4.21. Equation (2.6.18.16) in [17]. Alternate form. Use equation
and take the indefinite integral with respect to ¢ set k = —1,a — e®. Next form a
second equation by replacing a — —a and take their difference. Replace a — ai,m —
m 4+ b and simplify.

L=t mlog (14 ct?
(4.20) / Og(2 ) gt
0 a? + log”(t)

i(—1)IctHiemtalbrbitm) (_T(0, —ia(b + bj + m)) + e ab+b+m™D(0, da(b + bj + m)))

- Z 2a(1 + 7)

Jj=0


https://dlmf.nist.gov/15.5.i
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where |Re(m)| < 1, Re(a) > 0, Re(b) > 0.
4.4. Bierens de Haan Table 147.

EXAMPLE 4.22. Equation 147(1). Use equation (3.11]) and set b = 0,a = 1 then
take the first partial derivative with respect to k and set £ = 0,t — z,m — ¢ and
simplify using [Wolfram47).

(4.21) /01 x4 og (log (;)) de = _'H—lqog@)

where |Re(q)| < 1.

EXAMPLE 4.23. Equation 147(2). Use equation (3.11]) and set b =0,m — ¢,t —
z,k — p,a = 1, then take the first partial derivative with respect to p and simplify
using [Wolfram /48].

(4.22)
/o1 a1 ogP (i) log (10g C:)) do = —¢ 'PT(1 + p)(log(q) — ¥ (1 + p))

where |Re(q)] < 1.

EXAMPLE 4.24. Equation 147(3). Use equation (3.11) and set b = 0,m — ¢,t —
x,k — p,a = 1, then take the first partial derivative with respect to p set p = —1/2
and simplify using [Wolfram,48|.

x4 ]og log( ) T
(4.23) / dr = —(y+ log(4q))\f
A /log q

where |Re(q)] < 1.

ExXAMPLE 4.25. Equation 147(4). Use equation and b = 2,¢ = 1,t —
x,a = 1 and simplify the series in terms of the Hurwitz zeta function. Next take the
first partial derivative with respect to k and set k = —1/2,m = 1 and simplify using
[DLMF,25.14.2] and [Wolfram,49|.

(4.24)

Lo () <G8 o)

<(31)-<(39))

EXAMPLE 4.26. Equation 147(5). Use equation (3.11)) and set b = 2,¢ = 1,¢t —
x,m — m—+ 1 and simplify the series in terms of the Hurwitz zeta function. Next take
the first partial derivative with respect to k& and apply I’'Hopital’s rule as k¥ — 0 and



https://mathworld.wolfram.com/Euler-MascheroniConstant.html
https://mathworld.wolfram.com/Euler-MascheroniConstant.html
https://mathworld.wolfram.com/Euler-MascheroniConstant.html
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https://mathworld.wolfram.com/Euler-MascheroniConstant.html
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replace m — p and simplify using [DLMF,25.11.1] and [DLMF/25.2.4].

4.35) /01 x~P (1 + xf?_ I;g (log (%)) i

1 (artr oy () o (152) 0 (52) -0 (122)

3+
o (352))
where |Re(p)| < 1.

EXAMPLE 4.27. Equation 147(6). Use equation and set b=2,c= —1,t —
x,a = 1,m — m + 1 and simplify the series in terms of the Hurwitz zeta function.
Next form a second equation by replacing m — —m and take their difference. Next
take the first partial derivative with respect to k and apply I’Hopital’s rule as £ — 0
and simplify using [DLMF,25.2.5] and [DLMF,25.11.1].

o [lElsGlE oo,

1— 22
= % (71 <1gp> -M <1—;—p> + (v + log(2)) tan (T))
where |Re(p)| < 1.

EXAMPLE 4.28. Equation 147(7). Use equation and set b = 1,t = z,a =
1,m = 0 and simplify the series in terms of the polylogarithm function. Next take
the first partial derivative with respect to ¢ and set ¢ = 1, then take the first partial
derivative with respect to k and set k& = 0 and simplify using [DLMF,25.2.5] and
[DLMF [25.14.3).

L og (log (%)) 1 m
EXAMPLE 4.29. Equation 147(8). Errata Use equation and set b =1,t —
x,a = 1 and simplify the series in terms of the Hurwitz-Lerch zeta function. Next we
form two equations by replacing ¢ — —(1)%/3, ¢ — —(—1)?/3 and take their difference.
Next take the first partial derivative with respect to k and set k = —1/2 and simplify
using [DLMF,25.14.1] and [DLMF [25.14.3].

[ lstem)
0 (14 +a?)4/log (1)

= %\E <i(v+1og(4)) (< (; ;) ¢ (; i)) + Liy jo (=V/=1) = Lif )y ((—1)2/3)>

EXAMPLE 4.30. Equation 147(9). Use equation (3.11) and set b=1,t - z,a =1
and simplify the series in terms of the Hurwitz-Lerch zeta function. Next we form
two equations by replacing ¢ — e**,¢ — e~** and take their difference set m = 0
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and convert the Hurwitz-Lerch zeta function to the polyloagarithm function using
[DLMF,25.14.1] and simplify using [DLMF,25.14.3].

(4.29) /01 tog (log (;,)) dx = %ﬂ' csc(A) log (WF(W;;A)>

1+ 22 + 2x cos(N) I (Z22)

where |Re(X\)| < 7/2

EXAMPLE 4.31. Equation 147(10). Use equation (3.11) and set c=1,b=2,m =
1,a — €% and form a second equation by replacing a — —a and adding the two
equations and simplifying the term on the left-hand side.

(430) /01 log (¢° +log*(x))

14 22
_ - (D (e (—i(1 4+ 2j)g) + €TV By (i(g + 25g)) + 21og(q))
= 1+ 2j
2T (M) 1 s
=7l N\ 4dm ) Zrl ~
7rog<r(2?:) +27r0g(2)

where |Re(q)| < 1.

EXAMPLE 4.32. Equation 147(11). Use equation and set b=2,t - x,a —
e®.m — m+ 1,c = 1 then take the first partial derivative with respect to k& and set
k = 0 and simplify. Next form a second equation by replacing a — —a and add the
two equations and simplify with replacing a — ai. Next form another equation by
replacing m — s and add these two equations, finally replace m — —b/a,s — b/a and
simplify.

[ Lo o)

dx
0 14 22
A ‘ - Hetbtleda i(atbt2aj
_ i( 1)] 671(1*%+2J)QE1 (_Z (1 N % + 2]) q) N e + E'l (_%)
_]:0 a a*b+2a,] a+b+2a]

) ) i(at+b+2ag) ila+b+2ai
LSO (1 4 2j)g) b 2tome) | ¢ B (1) +2logty)

a—b+ 2aj a+ b+ 2aj

where Re(q) > 0.
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EXAMPLE 4.33. Equation 147(12). Use equation (4.31) and set ¢ = a/2 and
simplify.

[l ),

=> (-1)a

= a—b+2aj

(e;m(lgw)ml (—Lia (1 -2 +25)m)
e~ ¥ilatbt2ai)m pp (—%i(a+ b+ 2aj)m)
a+ b+ 2aj
eHia(1=2+20)7 g (Lig (1 2 4 25) ) + 2log (4)
a—b+2aj
ebilatbt2a)r g (%i(a +b+ 2aj)7r) + 2log (%)
a+ b+ 2aj

+

+

+

where Re(b) > 0, Re(a) > 0.

EXAMPLE 4.34. Equation 147(13). Errata. Use equation and set m =
l,e=1,b = 2,— z,a — e® then take the first partial derivative with respect to k
and set kK = 0. Next form a second equation by replacing a« — —a and add these two
equations and simplify.

(4.33) /01 tog (% + 1og2(a:)) da

1+ 22
_ i (=T (0,—%i(1 + 2j)7) +.F (0, 3i(1 + 24)m)) + lwlog (f)
2 17 2; 2 2

EXAMPLE 4.35. Equation 147(14). Use equation and set ¢ = —1,b =
2,a — e*,t — x,m — m + 1 then take the first partial derivative with respect to k
and set kK = 0. Next form a second equation by replacing a — —a and add these two
equations and simplify. Next form another equation by replacing m — s and take
their difference.

[ LR )

Ep dz
- ia e—i(1-E+2)a g, (=i (1- 2 424)q) ) ci(1-2+2)a g (i (1-2+25)q)
_j:O a— b+ 2aj a—b+ 2aj

_i(atb+2aj)q i(a+b+2aj)q i(a+b+2aj)q i(a+b+2aj)q 2blog(q?)
€ “ El (_ a +e “ El a - a—b+2aj

a+ b+ 2aj

where Re(q) > 0, Re(a) > 0, Re(b) > 0.
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EXAMPLE 4.36. Equation 147(15). Use equation (4.34)) and replace ¢ — a/2 and
simplify.

(.35 /1 (xb/“ — x_%) log <a247r2 + logQ(CE)) i
0

—1 4 22
I
j=0 a—b+2aj
em sl 20T By (—Ji(a+ b+ 2aj)w)  ediett 2T E (Lila+ b+ 2aj)7r)>
a+b+2aj a+b+2aj

+17710 a’n’ tan b—ﬂ-
2™ %%\ %

EXAMPLE 4.37. Equation 147(16). Use equation and set c=1,b=1,a —
e?,m — m + 1 then take the first partial derivative with respect to k and set £ = 0
Next form a second equation by replacing ¢ — —¢ and add these two equations and
simplify by replacing ¢ — qz.

(436) /01 log (¢° +log*(x))

where Re(a) > 0, Re(b) > 0.

Vr(l+ )
o, 2 1P () (<13 +) o) + OB (13 +) o) + 2oy
= 1+2j
or (4£3m
=27 log (FE‘Z%))> + mlog(m)

where Re(q) > 0.

ExXAMPLE 4.38. Infinite product derivation using the exponential function of the
right-hand sides of equations 147(16) and (4.36)).

(4.37)
(=177 G (By (=i (5 +5) a) + ¢ OH209B, (i (4 +5) q) + 2637 10g(g))

Hexp T+ 25w

_ 2 (4 )
r(5)

where Re(q) > 0.

EXAMPLE 4.39. Equation 147(17). Generalized form of this equation. Errata.
Use equation and set a — €% b = 1,m — m + 1 and take the first partial
derivative with respect to k and set k=0 and simplify. Next form a second equation
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by replacing a — —a and add these two equations. Next replace a — qi,t — = and
simplify.

(4.38) / "™ log (¢* +log”(x))
' o 1+ cx
B f: (—1)7ef et HI+ma (D(0, —i(1 + j + m)q) + e2(HI+mD(0,4(1 + j + m)q))
N 1+5+m

+ ®(—¢,1,1+m)log (q2)
where Re(q) > 0.

4.5. Table 129 in Bierens de Haan. We will derive a general form definite
integral which can be used to evaluate all entries in this Table.

THEOREM 4.1. For all |[Re(m)| < 1, Re(c) > 0, Re(b) > 0 then,
1 n
x™log"(x)
4.39 /
(4.39) o (14 cab) (g2 +log*(x))
- L
2

= (—1)7de HbItma(1 4 bj +m) ((1+bj +m)?g?) "

j=0
((=iq)" (=i(1 + bj + m)q)" En(—i(1 + bj + m)q)
2T (ig)" (§(1 4 bj + m)q)" B i(1 + b + m)g) ) T(n)
Proor. Use equation (3.11)) and set t — z,a — % k = —1. Next form a second
equation by replacing ¢ — —a and add the two equations. Next using this new

equation we take the n-th partial derivative with respect to m and replace ¢ — qi, m —
m+1,n — n — 1 and simplify using [DLMF,15.5]. O

4.6. Table 4.229 in Gradshteyn and I.M. Ryzhik.

EXAMPLE 4.40. Equation (4.229.1). Use equation (3.11]) and set b = 0,a = 1m =
1, then take the first partial derivative with respect to k and set k = 0 and simplify
using [Wolfram ,49].

(4.40) /0 og (log (1)) do = —

EXAMPLE 4.41. Equation (4.229.3). Use equation (3.11)) and set b = 0,a = m =
1,t — x then take the first partial derivative with respect to k and set k = —1/2 and
simplify using [Wolfram,49].

(1.41) J P )

EXAMPLE 4.42. Equation (4.229.11). Use equation (3.11)) and set set b = 0,a =
m = 1,t — x then take the first partial derivative with respect to k and set k = u — 1
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and simplify using [Wolfram,49].

(4.42) /0 1 log~ !t (;) log <log (;)) dz = D(u)yp® (u)

where |Re(u)| < 1.

EXAMPLE 4.43. Equation (4.229.5(7)). Errata. Use equation (3.11)) and set b =
0,a — e®,m = 1 then take the first partial derivative with respect to k and set k=0
and simplify.

(4.43) /0 log(a+log(z)) dr = ie™*m — e “Ei(a) 4 log(a) = log(a) — exp(—a)Ei(a)

where Im(a) > 0.

EXAMPLE 4.44. Equation (4.229.6). Errata. Use equation (4.43) and form a
second equation by replacing ¢ — —a and factor and evaluate the log(—1) on the
left-hand side and simplify.

(4.44)

1 og(a—log(z))dz = 4 " T iem — e®Ei(—a) +log(—a), Im(a) <0
/O 1 g( 1 g( )) d {log(a) — eaEi(fa), Re(a) > O,Im(a) =0

4.7. Table 4.213 in Gradshteyn and I.M. Ryzhik. The entries in this Table
can be derived using special cases of equation . These include (4.213.1); setting
m = 0, (4.213.2); setting m = 0,a — ai, (4.213.3) taking the first partial derivative
with respect to m then set m — 0, (4.213.4(7)); taking the first partial derivative with
respect to m then set m — 0,a — ai, (4.213.5); taking the first partial derivative
with respect to a then setting m = 0, (4.213.6); taking the first partial derivative with
respect to a then set m — 0,a — ai, (4.213.7); taking the first partial derivatives
with respect to a and m then setting m = 0, and (4.213.8); taking the first partial
derivatives with respect to a and m then setting m = 0,a — ai

THEOREM 4.2. For all |[Re(m)| < 1, Re(a) > 0 then,

(4.45)

1 zm je—ta+m) (10, —ia(l +m)) 4+ e2e+mIT(0, ja(1 + m
/ J ) )
x =

o a?+log?(z) 2a

PRrOOF. Use equation (3.11)) and set b =0,t — x,a — e*,m — m + 1, then form
a second equation by replacing a — —a and take their difference and simplify with
a — ai. 0

4.8. Table 4.214 in Gradshteyn and I.M. Ryzhik. In this derivation the
definite integral is evaluated using the Cauchy principal value, where there exists a
singularity at x = as.
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THEOREM 4.3. For all Re(a) > 0,|Re(m)| < 1 then,
1 —1+m
(4.46) / a
0

at — log*(x)
e T(0, —am) + ie~"*™ (I'(0, —iam) — €**™T(0,iam)) — e*™T(0, am)
4a3
Proor. Use equation and set t = z,a — e® k= —1,b = 0, then form a
second equation by replacing a — —a and take their difference which forms an integral
with a quadratic form in the denominator. Next using this equation we form another
equation by replacing a — ai and taking their difference and simplify. O

EXAMPLE 4.45. Equation (4.214.1). Use equation (4.46]) and set m = 1.

EXAMPLE 4.46. Equation (4.214.2). Use equation (4.46|) and take the first partial
derivative with respect to m and set m = 1.

EXAMPLE 4.47. Equation (4.214.3). Use equation (4.46) and take the second
partial derivative with respect to m and set m = 1.

EXAMPLE 4.48. Equation (4.214.4). Use equation (4.46)) and take the third partial
derivative with respect to m and set m = 1.

4.9. Miscellaneous entries and example.

EXAMPLE 4.49. An example in terms of Catalan’s constant C'. Use equation (3.11])
and set a = 1 and simplify the series in terms of the Hurwitz-Lerch zeta function. Next
set ¢ = z,k — s — 1, then set z = 1,8 = 2,m — b/2 and simplify using [Wolfram,7].

1 Lles jog (1) C
4.47 - M g = =
( ) /0 1428 52

ExAMPLE 4.50. Use equation (4.47) and take the infinite sum of both sides s €
[1,00) and simplify in terms of the theta function using [Wolfram,4].

(4.48) /1 (=14 95(0,£)*) log (1) @b = Cr?
0 4t 6
ExamMpLE 4.51. Use equation and take the n-th derivative with respect
to ¢ and simplify the gamma function. This formula can be used to derive entries
(4.272.1-9,11-14,17,19) in Gradshteyn and Ryzhik [11] using parameter substitutions
and algebraic methods.

(4.49)

(1 + ctb)"*? nl(m +b(j —n))k+!

where Re(m) > 0.

/1 M loglat)* , _ §8 T O k(0 + 8 = ) loga))
0 =0

EXAMPLE 4.52. Equation (4.285) in [1I]. in this example we extend the given
definite integral originally published by Bierens de Haan to the complex plane for the
parameter ¢q. Use equation (3.11)) and set b = 0 and simplify the series. Next set
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k=—-1,a — e* t — x,m — p. Then take the n-th partial derivative with respect to
a and simplify the gamma function.
n
L —1+p —(=1)""e PI(—p)™ (i) qE,(—pq), ifgeC
(4.50) / e = n(,l : .( ) Pay ™ | )IH
o (q+log(x))™ p" "' exp(=pq)Ei(pg) _ Xpo; (n—k—1)!(pg) 4<0

(n—1)! (n—1)lgn—1 ’
where |Re(p)| < 1, Re(q) <0
ExAMPLE 4.53. Equation (2.6.4.11) in [I7]. Use equation (3.11) and set ¢ =
1,k — 2k,a = 1 and take the p-th derivative with respect to ¢, then replace m — m—bp

and simplify. Next replace p — p—1 and simplify. Next replace m — up/2,t — x,b —
u, k — n,j — k and simplify.

(4.51)

/1 15 logQ"(m) . 721+2nu7172n( 1)=2"=PD(1 4 2n) i 2 +k—p)_14p
0 (1 + zu)? I'(p) 2 + 2k — p)2ntl

where |Re(m)| < 1, Re(p) > 0, Re(u) > 0.

EXAMPLE 4.54. Use equation and set m - m+1,a =1lc= —1,b=1 then
replace m — m + p. Next multiply both sides by (—1)*~! and replace p — p(a — ()
then multiply both sides by ( ) then take the sum of both sides over [ € [0,a] and
simplify. Next form another equation by replacing m — ¢ and take the difference.
Next we apply I’'Hopital’s rule as k — —1 and simplify.

(452) /1 (1 - :Ep)a (_xm + xq) do = . i(il)afl (a’> IOg (]—i—m-i—ap—lp)
o (=1+x)zlog(x) ! Jj+ap—Ip+q

=0 1=0

k=0

where Re(m) > 0, Re(q) > 0.

ExAMPLE 4.55. Use equation and set a = 1,¢ = 1 and simplify in terms of
the Hurwitz-Lerch zeta function. Next form a second equation by replacing m — s and
take their difference. Next apply 'Hopital’sruleas k - —1 and m = m+1,s = s+1
using [Wolfram/17].

1 b+

o r ()

4. —_—dt =1 26/ A2
(4.53) /0 t(1+t°)log(t) dt = log ( myT
where Re(m) > 0, Re(s) > 0.

EXAMPLE 4.56. Use equation (3.11)) and set & = —1/2,a — e and take the
indefinite integral with respect to ¢ and replace t — x,m — m + b+ 1 and simplify.
Next take the n-th derivative with respect to a and simplify.

Lamlog (1 + cab
[,
o (a+log(z)"
oo (_1)j+na%—ncl+je—a(l-‘rb-'rbj"rﬂl)E%_‘rn(_a(1 _|_ b J'_ bj J'_ m)) Sec(nﬂ')
1+

Jj=0
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where Re(a) > 0, |Re(c)| < 1,|Re(m)| < 1 and singularity at x = +ai.
EXAMPLE 4.57. Use equation andset a =1,b=1,n=0,c=1/2,m =0
and simplify.
(4.55)
oo +2) 55 ()T PIB(2 ) G eni) g

— 2 dr = -
0 V 1 + log(x) j=0 1 +.] e

ExXAMPLE 4.58. Use equation (3.11)) and set a = 1 and simplify the series in terms
of the Hurwitz-Lerch zeta function using [DLMF,25.14.1] and replace ¢ — z,k —
s, t— x.

et (1) m

where |Re(m)| < 1, Re(b) > 0, Re(uz > 0.

EXAMPLE 4.59. Fermi-Dirac Distribution. Generalized form for equations (2.6.4.4-
5) in [I7]. This example could also be used to expand and derive the definite integrals
listed in equations (2.6.4.6-16), (2.6.5.6-18), (2.6.6.1), and (2.6.6.4-24) in [17]. Use
equation and set m — b and simplify using [DLMF,25.14.3].

Lg=1+0]og® (£ o )
(1457) | 08 5) gy =ttt 4 )L (o)
where |Re(b)| < 1, Re(z) > 0.

EXAMPLE 4.60. Use equation (4.54)) and set b = 0 and simplify using [DLMF8.4.13]
and [Wolfram,01].

(4.58) /0 (a—i—l(fwdx
((_1)n+1aé—ne—a(1+m)) B, 1 (~a(l+m))
cos(nm)
(—1)™(—a(l + m))~ 3 +" /rerfc ( a1+ m))
(2),
n=l a(1+m
e ettm(—a(1 +m))k> sec(n)

k=0 (% - n) 1+k

(NI

_ (71)1+na%7n67a(1+m)

where |Re(m)| < 1, Re(a) > 0,n € Z, and a singularity exists at © = ai.

EXAMPLE 4.61. Use equation (3.11)) and set k = —1,a — €%t — x,m — s then
take the m-th derivative with respect to ¢ and n-th derivative with respect to a and
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simplify the gamma function.

1 x—1+b(—1+m)+s
4.59 - dx
(4.59) / L+ )™ (a + log())"

2 (—1)immglnettimme=abit) B (—a(bj + s))T(1 + §)
I'(2+4j—m)T'(m)

j=0

where |Re(s)| < 1, Re(a) > 0,m,n € Z, and a singularity exists at z = ai.
EXAMPLE 4.62. Derivation of Equation (3.2.4.109) in [18]. Use equation (4.39)
and replace m — m — 1 and take the n-th derivative with respect to ¢ and simplify
the gamma function. Next replace ¢ — 1/z and simplify. Next we split the infinite

integral in equation (3.2.4.109) in [18] over [0, 1] and [1,00). Then we substitute our
current equation and simplify.

(4.60)

D A O B (0 (a‘”’fr(o, —i(1 + j)m) — eI CIFITD0, i(1 + 5))
=0

+HE (D0, ~i(j + n)m) + X UHITT(0,i(j + 7)) )
o 1
=2(-1)"r=——— —27(=1+2)"""n!
(=1) T9am log(z) m(=1+2) "
where |arg(z)| < m,z # 1.

EXAMPLE 4.63. Derivation of equation (4.1.5.126) in [18]. Use equation (3.11)
and set k = a = b =m = 1 and take the indefinite integral with respect to c. Next
form a second equation by replacing ¢ — —c and take their difference and simplify
using [DLMF/25.12.1] and replacing ¢ — 1/a,t — x.

woy [ (1) ()

T a

where Re(a) > 1.

EXAMPLE 4.64. The hypergeometric function. Use equation and set a =1
and simplify in terms of the Hurwitz-Lerch zeta function using [DLMF25.14.1]. Next
replace ¢ — ¢® and multiply both sides by ¢! and take the indefinite integral with
respect to c. Next replace t — x,¢c — 2,k — s

(4.62)

1
1
/ ALY O (1, %; 1+ %; —xbzb) log® (a:) dr =b"?"*mI(1+s)® (—zb, 2+ s, %)
0

where |Re(s)| < 1.

EXAMPLE 4.65. Use equation (4.62)) take the first partial derivative with respect
to s and set s = 0,z = 1,b = 1,m = 1/4 and simplify using [Wolfram,20] and
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[Wolfram,1].

1 1 1.9._,2 1
(463) / 2F1 (8’1’8’ i )1Og (log(m)) dx
0

— g1 (- (0 +10@) (69 (55) 0 (55)) ) + 40 (-1.2.5))

ExXAMPLE 4.66. Use equation (4.62)) and replace b — m and simplify in terms
of the polylogarithm function using [DLMF,25.14.3]. Next replace the polylogarithm
function using [DLMF[25.12.13] and simplify the gamma function.

1 —m oo’ 1 1 1 m ,m
(4.64) / S (z);g< e
0

T

2-21—&-36—%iﬂsm—l—sﬂ.2+sz—m CSC(?TS) (C (_1 — s w—imlog(z)) _ ei‘n'sc (_1 —3 7r+im10g(z)))
) ) 271—

2m
1+s
where |Re(m)| < 1, Re(z) > 0.

EXAMPLE 4.67. Use equation (4.64) take the first partial derivative with respect
to s and apply I’'Hopital’s rule as s — 0 and simplify.

= og (1 + 2™ log (log (1
(4.65) /Z o8 ( +x; Jlog (log (),
0

- i;;: (=1 +1log(2) — log(m) + log(m)) (x* + 3m? log*(2))
—127 ((w — 2ilog(m) + 2i(—1 + log(2) + log()))¢' (_17 W—”;Tlog(z)>
+(2i +  + 2ilog(m) — 2ilog(2m))(’ <1, 7r+w;710g<z>)

_ <g” (—1, W) - <_1’ W))))
where Re(m) > 0.

EXAMPLE 4.68. Use equation (4.65) set z = 1 and simplify using [Wolfram/§].
L log (14 2™)log (log (% 2 4
(4.66) / cg(l+e )Og(og(w))dl«“mg( i )
0

T 12m Al2m,

where Re(m) > 0.

ExXAMPLE 4.69. Use equation (4.65) and set z = —1,m = 1 and simplify using
[Wolfram4] and [Wolfram,3]. Note that in Figure 1, the singularity lies outside the
domain of evaluation.

wen [ losll = 2)108 (198 (2)) 4, _ 7104 (\fﬂ) T inC"(~1) — in¢"(~1,0)
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FIGURE 1. Plot of f(z) = Re <1°g(1‘“”) l°g(l°g<i)))

x

T

ExXAMPLE 4.70. Use equation (4.64) and replace the Hurwitz zeta function using
[DLMF,25.12.13] and simplify the gamma function.

1 —m oo’ 1 1 14 gmym
(4.68) / Zog” () log (14 a™2™)
0 x

=- mlg(zlz)@“) ((—i + cot(ms))Linys <””;T1°g(z))
(i + cot(rs))Lia s (W)

+as(rs) (Liz+s (szflog(z)) — Lz (W) ))

where Re(m) > 0.

ExaMPLE 4.71. Use equation and take the indefinite integral with respect
to c and set k = —1,t - xz,a — e*,m — m + b+ 1. Next take the first partial
derivative with respect to m and set m = 0,4 = b = ¢ = 1 and simplify. Note the
singularity lies inside the domain of evaluation.

U log(x)log(1 + ) 1\’
(4.69) /0 W dx =log(4) — 1 Jr — Z 1 . (6>

where there exists a singularity at x = —i.


https://dlmf.nist.gov/25.12.E13
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FIGURE 2. Plot of f(z) = Re (%)

ExAMPLE 4.72. Use equation 1) and replace z — 2%, & — 2/, Next replace
z— —z,m—bu,s — s — 2,u — a and simplify.

1
(4.70) / TR (L a1 + a;z2)log® 2 (x)de = —(—1)al(s — 1)®(2, 5, a)
0

where Re(s) > 1,|Re(a)| < 1.

ExXAMPLE 4.73. Use equation (4.70) and set z = 1,s — n + 1 and simplify using
[Wolfram /4] and [Wolfram/02].

(4.71) / ' Bu(a,0)log” " (@) 0 (a)

€T n

where Re(a) > 1,n € Z,.

ExAMPLE 4.74. Use equation (3.11) and set a = 1,t — z,m — m 4+ p — q and
multiply both sides by (7)d”~? and take the finite sum over ¢ € [0, p] and simplify.

(4.72)

Lam (1 + da)P log” (1) ¢ m+p—q\ (p
) dy = dPh~ 1R (14K d 1% —c, 14+ k, ——2
/0 1+ cxb z ( + ) Z ( &1+ kK, b ) (q)

q=0
where |Re(m)| < 1, Re(b) > 0, Re(c) > 0, Re(d) > 0,p € Z..

5. Tables 4.293 - 4.318 in Gradshteyn and Ryzhik

The derivation of these entries is achieved by algebraic manipulations and param-
eter substitutions of equation (5.I)). The entries are (4.293.1-10), (4.292.1), (4.292.12-
13), (4.295.2,3,9,11,13,37(12),39,40), (4.296.1-3,7), (4.298.6,7,21,22), (4.299.1,4), (4.311.1(11)),
(4.313.1,4,5), (4.314.1(11)), (4.315), and (4.318) in the case of infinite integrals in
Gradshteyn and Ryzhik, we can split these integrals over [0,1] and use the below
formula. Where |Re(c)| < 1, Re(m) > —1/6.


https://mathworld.wolfram.com/PolygammaFunction.html
http://functions.wolfram.com/10.06.03.0020.02
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THEOREM 5.1. For all |Re(c)| < 1, Re(b) > 0, Re(m) > —1/6 then,

1
(5.1) /0 z~ ' (—log(az))" log (1 + c2®) dx

2 a D= () (b + bj +m) " D1+ k, —((b + bj +m)log(a)))
; 5

PROOF. Use equation (3.11)) and take the indefinite integral with respect to ¢ and
simplify. d

5.1. Derivation of equation (4.382.5) in Gradshteyn and Ryzhik, its
generalized form and evaluations. The contour integral representation for equa-
tion (4.382.5) is given by;

2m/ /“ w™ " sin(a(m + w)) log <7+Ef‘f5§> dwdz

1 IraPw k1o~ (v(mtw)) g
1 ra¥w sin(B(m + w))dwdx
= 2mi C m—+w

5.1.1. Right-hand side contour integral. Using a generalization of Cauchy’s inte-
gral formula we replace y — y+xi+log(a) and multiply both sides by e™®¢. Then
form a second equation by replacing a — —a and take their difference to get;

je—tme ((log( ) — iz y) 21m$(10g(a) +ix + y)k)

(5.3) o7

1
=5 /c a®w eV sin(z(m + w))dw

Next we take the indefinite integral with respect to y to get;

(5.4)
i(=1)kla=mm k=YD (k + 1, —m(—iz + y + log(a))) — T(k + 1, —m(iz + y + log(a))))
- 2k!
1 a®w =k ley(mtw) gin(z(m + w)) dw
21 Jo m—+w

from equation equation (2.325.6(12i)) in [1I]. Finally we replace y — —vy,z — £,
multiply both sides by 27 and simplify to get;

(5.5)
in(=1)*a=mm = N Ok + 1, m(—if + v — log(a))) — T'(k + 1,m(if + v — log(a))))
k!
1 2ma®w ke~ (VM) gin(B(m + w))

2mi Jo m 4w
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5.1.2. Left-hand side contour integral. Using a equation (5.3 we set y = 0 multi-

ply both sides by log (%) and simplify to get;

dxr

] 2 z)? ; imx ;
o ie T Jog (%) ((log(a) — iz)k — e*™=(log(a) + iz)"*)
(5.6) / =

2m/ /a w™* sin (m+w))log(m)d dx
2m// aw™ "L sin(z(m + w)) log <W>d dw

We are able to switch the order of integration over x and w using Fubini’s theorem
for multiple integrals see page 178 in [12], since the integrand is of bounded measure
over the space C X [0, 00).

THEOREM 5.2. For all Im(m) = 0, Re(a) > 0, Re(k) < 0 then,
® i . ; , +8)° +°
5.7 / e” M (g —ix)F — 2™ (g + iz)* log((x dx
61 [ e ((a—in) (ot i)") log { (Z G
=2(=1) e m T (T + k,m(—a+i8 +7)) — (=D)* T+ k,m(—a —i8 +7)))
PROOF. Since the right-hand sides of equations ([5.5) and (5.6) are equal relative

to equation ([5.2) we can equate the left-hand sides and simplify the gamma function
to yield the stated result. O

EXAMPLE 5.1. Derivation of equation (4.382.5) in [11]. Use equation (5.7) and
set k = 0 and simplify.

T log (EELP AT _ 2¢"msin(mp)
(5.8) /0 log (MW) sin(mz) dx = -
where Re(y) > 0, |[Im(8) < Re(7), Re(b) >0

EXAMPLE 5.2. In this example we use (5.7) and replace a — e*,v = 0,k = —1
and simplify. Next take the n-th partial derivative with respect to a and simplify.

(5.9) /0 Tlog <<i - §)2> ((—a e_i?;)n+1 - (—ae::;"“) dw

_ 2n(-1)" (Em(—m(aw)) B E1+n<—m<a—w>>)
(a+if)" (a—if)"

eam

where Im(m) = 0, Re(a) > 0

6. Definite integrals involving the product of logarithm and a polynomial

In this example we look at a definite integral with nicely convergent properties.
The main theorem derived in this section will be used to derive entries in the book of
Gradshteyn and Ryzhik along with some other definite integrals which canbe added
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to current literature. The contour integral representation for the definite integral to
be derived is given by;

n+1 wbjflwszfl n
/ / a®w” b:erl)” mAw dedw = Z/ - (Jfl) dw
27i 27i j+m+w

where Re(m) > 0,n > 0.

6.1. The left-hand contour integral representation. Using a generalization
of Cauchy’s integral formula we replace y — log(ax) and multiply both sides by
2™ (1 + bz)™ and simplify to get;

1, .m n k 1
(62) / x (bl’ + ].) log (al') do — i/ / ’wikil{bm(al’)w(b.’ﬂ + 1)”dwdx
0 k! 2mi

// “k=lgm(az)® (bx + 1) dwdz
" 2mi

We are able to switch the order of integration over x and w using Fubini’s theorem
for multiple integrals see page 178 in [12], since the integrand is of bounded measure
over the space C x [0, 00).

6.2. The right-hand contour integral representation. Using a generaliza-
tion of Cauchy’s integral formulawe replace y — x+log(a) and multiply both sides
by e™* then take the infinite integral over x € [0, 00) and simplify using [DLMF,8.6.5].
Next we take the finite sum of both sides over j € [1,n + 1] to get;

VeI () (= = m) TR (k4 1, —((F 4 m) log(a))

(6.3) = - o

j=1
n+1 wb] 1w—k 1(n)
J—1

~ omi Z/ Jj+m+4w dw

wbj—lw—k—l (gnl)

n+1 )
—d
271'1/Z j+m+w v

We are able to switch the order of integration and summation over w using Tonellii’s
theorem for integrals and sums see page 177 in [12], since the summand is of bounded
measure over the space C x [0, 00)

THEOREM 6.1. For all Re(m) > 0,b € C,a € C,k € C,n > 0 then,
(6.4)

/01 (14 be)" log" ( é ) e i 5;; F(1+k,(;$jﬂir):ﬁ log(a))) (j " 1)

j=1

PROOF. Since the right-hand sides of equations (6.2]) and (6.3 are equal relative
to (6.1) we may equate the left-hand sides and simplify the gamma function to yield
the stated result. g


https://dlmf.nist.gov/8.6.E5
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ExaMPLE 6.1. Use equation (6.4) and set k = —1,a — e®. Next form a second
equation by replacing a — —a and take their difference. Next replace a — ai and
simplify.

EXAMPLE 6.2. Use equation (/6.4))

1
(65) / At ba)” g,
o a®+log”(z)

n+1

= a7 Z (J ~ 1) (00,0 + m)) — e~ “UHI(0, ~ia(j +m)))
where n > 0.
EXAMPLE 6.3. Use equation (6.4)) and set a = 1,m — m + p and take the infinite

sum of both sides over p € [0,00) and simplify in terms of the Hurwitz-Lerch zeta
function using [DLMF,25.14.2];

L am(1 4 bx)™ log" (2) (1 + k) asy n
6.6 ) g b (—2,1+k,j+
(6.6) /O 1+ 2z * ; ( ) —c J+m)
where Re(z) > —1.

ExXAMPLE 6.4. Use equation and take the g-th derivative with respect to z
then replace m — m — ¢ and simplify.

(6.7)
La™(1+ bx)" log" (1) T(1+k) no\ .
/o RS T R e ;%—1 +j>azq¢’(‘zv”k’~7+m—q)

where Re(z) > —1.

EXAMPLE 6.5. Use equation (6.4)) and replace a — e® then take the first partial
derivative with respect to k and set k¥ = 0 and simplify using [DLMF,15.2.1].

(6.8)
1

(14 ba)" log(a+1 S5 sl (N R R
2™ (1 + bx)" log(a + log(x N Ei(—a(j+m
o Jj+m 14y

N 2F1(1 4+ m, —n; 2 +m; —b) log(a)
14+m

where Re(a) > 0,n > 0. Note when Im(a) = 0 there is a singularity at x = ai.


https://dlmf.nist.gov/25.14.i
https://dlmf.nist.gov/15.2.i
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EXAMPLE 6.6. Use equation and form another equation by a — —a and add
these two equations and simplify the logarithm on the left-hand side.

1

(6.9) / 2™ (1 + bz)" log (a® + log*(x)) dx
0
n+1

=3 Z m (j " 1> (6—za(J+m)E1(—za(j +m)) + U™ B, (ja(j + m)))
Jj=1

n 25F (1 +m,—n;2+ m;—b) log(a)
1+m

where n > 0.

EXAMPLE 6.7. Use equation ([6.4)) and set a = 1 then take the first partial deriv-
ative with respect to k and set k = 0 and simplify using [DLMF,15.2.1].

1

1 voFy(1+m,—n;2+ m; —b)
6.10 (14 bx)"1 1 — dr = —
010) [ o1t ba) g(g(x)) . e

n+1 .
1 +bj< n )log(j-i-m)
ijI -1+ j+m

where n > 0.

ExXAMPLE 6.8. Use equation (6.4) set @ = 1 and form a second equation by
replacing m — s and take their difference and simplify. Next apply ’'Hopitals’ rule as
k — —1 and simplify.

o[ ()

Jj=1

where n > 0.

ExAMPLE 6.9. Use equation (6.4) set ¢ = 1 and form a second equation by
replacing m — s and take their difference and simplify. Next take the first partial
derivative with respect to k and apply I’Hopital’s rule as £ — —1 and simplify.

(14 ba)" (—a™ + a*) log (log (1))
(6.12) /0 oz (1) dx
182 WI(1+n) j+m . .
== 2 TG log ( TTs > (27 +log((4 +m)(j + 5)))

where n > 0.

EXAMPLE 6.10. Use equation (6.4) and take the g-the derivative with respect to
b, next form a second equation by replacing b — —b and take their difference and


https://dlmf.nist.gov/15.2.i
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simplify.
Lagm=a((1 — bz)"+ — (1 + bx)"*9) log” (é)

(6.13) /O (R dx
b R (D)) (2)” (L7 ) TG+ k,—(( + m) log(a)))
e LG+ ) +m)F

Jj=1
where ¢ < 0, |g| < n and a singularity at z = 1/a.
EXAMPLE 6.11. Derivation of equation (4.272.10) in [11]. Errata. Use equation
(6.4) and set &k - u—1,m — a—1,a = 1,b = —1 and simplify. Next set m —

n—1,a — a+ 1 for the first equation and multiply both sides by n for the second
equation. Then add these two equations and simplify.

(6.14) /01 log" (i) (z —1)" (a + xn_xl> 21 dz

— e Sy (@t (21 - wrr=m(0)

j=1
where Re(p) > 0, Re(q) > 0.
EXAMPLE 6.12. Generalized form representation for equations (4.272.15) and
(4.272.16) in [11] where Re(p) > 0,Re(q) > 0. Use equation (6.4) and set a = 1.

Next replace x — 27 and simplify. Next replace m — (m — ¢q)/q and simplify. Next
replace j — k+ 1,k — n,m — p,n — m and simplify.

(6.15) /01 271 (14 ba?)™ log” (i) de =T(1 +n) ki_o (’Z) (p+l]’:;)n+1

where Re(p) > 0, Re(q) > 0.

ExAMPLE 6.13. Use equation (6.4) and set k = —1,a — e®. Next form a second
equation by replacing a — —a and add the two equations and simplify with a — ai.

L™ (1 + bx)" log(z)
(6.16) /0 o+ 1o (1) dx

n+1
1 j ,—ta(j+m) n c 2ia(j s
_ = (0. — ia(j+m)
=~% jgzl be i1 ( (0, —ia(j +m)) +e (0,4a(j + m)))

where Re(m) > 0.
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ExAaMPLE 6.14. Use equation (6.16) and form a second equation by replacing
a — ai and take their difference and simplify with a — av/i.

Lgm bx)™ log(x
(6.17) /0 214110;4(5( ) o

W jp 1t emiv2a+m) ( n

4a?

. (—e(_1)3/4a(j+m)E1 (_ Mﬁ—la(j + m))
= -1+

—e‘/_4+3ia(j+m)E1 ( M—la(j + m)) + e(‘/ﬁa(j-&-m) (El (—(—1)3/4a(j + m))

s ()

where Re(m) > 0.

EXAMPLE 6.15. Use equation and set a = 1,m — m + p and multiply both
sides by (—z)? then take the infinite sum of both sides over p € [0,00) and simplify
using [DLMF,25.14.2]. Next set z = 1 and simplify using [DLMF,25.111.8]. Next set
b =0 and apply ’'Hopital’s rule as k — 0 and simplify using [DLMF,25.11.12].

(6.18)
2(=1)"™B_1(1 + m,n) i(J_J( >(34;m> @ < (1+J+m)>)

where m € C.

EXAMPLE 6.16. Use equation (6.18) and take the exponential of both sides and
simplify.

(6.19)

eXp(/Z 2(—=1)""B_1(1 + m, n)dm):ﬁ( ((1+j_2))1—"(j;z>>2(f+j)

—z

where m € C.

EXAMPLE 6.17. Use equation and set @ = 1, then form a second equation by
replacing m — s and take their difference. Next replace m — m+p and multiply both
sides by (—z)P and take the infinite sum of both sides over p € [0,00) and simplify
using [DLMF,25.14.2]. Next take the first partial derivative with respect to k and


https://dlmf.nist.gov/25.14.i
https://dlmf.nist.gov/25.11.iv
https://dlmf.nist.gov/25.11.E12
https://dlmf.nist.gov/25.14.i
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apply hopital’s rule as kK — —1 and simplify using [DLMF,25.11.8].

bt b (<207 4 2%(1+ @) log (log (1))
(6.20) /0 (1+)log (2) d

Tr n ntl b
B (122 ) 2 T(T(2—j+n) (—log?(2) — ylog(4) + 4(y + log(2)) (log(=2 + j + m)

—log(—1+4+j+m))+ 2vlog(j + s) + 1og2(j +8) + 4(v + log(2)) <10gF (;(2 +7+ m))

1 ] 1
“logl’ (2(—1 +i+ m))) — o (0, ]J;m> + 2" (()7 S+i+ m)>)
where |Re(m)| < 1, Re(s)| < 1.
EXAMPLE 6.18. Use equation (6.20) and set m =1/2,s =—-1/2,b=1,n=0,j =

1 and simplify.

L (1 2)log (log (1))
(6.21) /0 Vil a)log (1)

= 2im(y + log(2)) — ylog(4) + 2(y + log(2)) (logF (_411) ~lost (D)

11 3 11 5

EXAMPLE 6.19. Use equation (6.4) and multiply both sides by (—3)™, then replace
m — m + [ and take the infinite sum over [ € [1,00) and simplify.

(6.22) /0 1xm(1+bx) " log* ( )log(1+xﬂ)d:v

oo mtl (—1)lq Il mp It (G L m) T R (LR )T (1 4k, —((j + L+ m) log(a)))
_ _lz:z; l 1+j
1j

where n > 0.

EXAMPLE 6.20. Use equation (6.22) and set k = —1,a — e* and form a second
equation by replacing a — —a and add these two equations and simplify the logarithm
terms on the left-hand side with a — ai.

L 2™ (1 + bx)" log(z) log(1 + xﬂ)
(6.23) /0 a2 + log?(z)

[ n+1 lb 1+ge ia(j+1+m) l( n )

_ZZ —1+4j

=1 j=1

(r(o, —ia(j + 1+ m)) + e29U+HEMD(0,ja(j + 1 + m)))

where n > 0, Re(f) < 1.


https://dlmf.nist.gov/25.11.E8
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ExAMPLE 6.21. Use equation (6.22) and set a = 1 then take the first partial
derivative with respect to k and set k = 0 and simplify.

(6.24) /O "o+ be) log(1 4+ 28) log (log (1>> do

= DBl o Fy (1 +14+m,—n;2+ 1+ m; —b)
— I(14+14+m)
o Al (=) HIg (T Y log(j 4+ 1+ m)

+ZZ 1(j i m)

=1 j=1

=1

where n > 0, Re(3) < 1.

ExXAMPLE 6.22. Use equation (6.22) and form a second equation by replacing
m — s and take their difference. Next take the first partial derivative with respect to
k and apply 'Hopital’s rule as £k — —1 and simplify.

' (22 — 1) log(1 + z)log (log (1))
(6.25) /0 \/Elog @ dx
~1)'1og (£31) (27 +log (=4 + (1 +1)%))
21

~ (=1)!1o 2 lo 2+10)2
5 g(m)(v; g (—4+2+0?)

=1

=1

7. Definite integrals involving the Bessel function

In this section we derive definite integrals of the Bessel function and the product
of Bessel functions of the first kind in terms of special functions. We also evaluate
special cases along with providing derivations for the definite integrals listed in current
literature. The contour integral representation involving the Bessel function of the first
kind J,(z), used in the derivation of the main theorem in this section is given by;

l a¥w —k— 12 2l—v b 1) 2l+v 2l+m+v+w
/ / (bz+1)"2 dxdw
omi I+ v+ 1)
n+1l oo l wb] 1 —k—12—2l—v(jﬁ1)22l+v

27m/ ZZ l'I‘l+v+1)(j+21+m+v+w) dw

where |Re(b)| < 1.

7.1. Left-hand side contour integral representation. Using a generalization
of Cauchy’s integral formula we replace y — log(ax) and multiply both sides by
(_1)1272171)(bw+1)n22l+vl_2l+'m,+v

IT(+v+1)

then take the definite integral over z: € [0, 1] and simplify
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to get;
1 -1 l2—2l—v n 2l+v1 k 2l+m-+v
R = A R el
k'l'F(l Yo+1)
—k—l —2l—v w n J2l+v ,.2l4+m~+v
/ / 2 (az)®¥(bx + 1)"z* dwda
" o IMl+v+1)
/ / 7k71272l7v(ax)w(bx 4 l)nz2l+vz2l+m+vd d
= omi D +v+1) raw

where |Re(m)| < 1. We are able to switch the order of integration over z and w using
Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand is of
bounded measure over the space C x [0, 00).

7.2. Right-hand side contour integral representation. Using a generaliza-
tion of Cauchy’s integral formulawe replace y — x+log(a) and multiply both sides
by e™* then take the infinite integral over x € [0, 00) and simplify using [DLMF,8.6.5]
to get;

a~™(—m) "0 (k + 1, —mlog(a)) 1 avw Rt

(7:3) k! T omi c m+w dw

Next we replace m — m+j+2l+v and multiply both sides by — 0o F 1)
and take the double sum of both sides over j € [1,n + 1],1 € [0,00) to get;

(71)lbj—12—2l—'u(jnl)z2l+v

s D)l m127 e (1) 22D (R 4+ 1, —((F + 20+ m+v) log(a)))

1 oo
" i= 1; FUT (L + v 4 1)ad+2H4m+v(—j — 21 —m — v)k+1

n+1l oo 1 (_ )awb] Tw k 19 21 v(jﬁl)ZQH-'u
S Spay - i
s 2mi Jo UT(l4+v+ 1) +2l+m+v+w)

n+l oo (__ wb] L k71272l7v( n )22l+v
Jj—1

d
QWZ/ZZ IMl4+ov+ 1)+ 20+m+v+w) v

We are able to switch the order of integration and summation over w using Tonellii’s
theorem for integrals and sums see page 177 in [12], since the summand is of bounded
measure over the space C x [0, 00)

THEOREM 7.1. For all |[Re(m)| < 1 then,

1
(7.5) /0 ™ (1 4 bx)" J,(22)(— log(ax))* d

o DL (2) BT+, —(j + 21 + m +v) log(a))
ZZ (] - 1) WHAT(1+ DI (1 414+ v)(J + 2l + m +v)k+!

bam
=0 j=1

where n > 0.
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PROOF. Since the right-hand sides of equations ([7.2)) and (7.4) are equal relative
o ([7.5) we may equate the left-hand sides and taking the infinite sum of the left-hand
side over [ € [0,00) and simplify the gamma function to yield the stated result. O

The contour integral representation involving the product of Bessel functions of
the first kind J,,(z)J,(z), used in the derivation of the main theorem in this section
is given by;

(7.6

/ / Hbx + 1)ng?ltmo—2l-p—v log” (ax)(l + v+ p + 1) 220 Frto dwd
27i ENT(+p+ 1) 4+v+1)
%i 1(am)“’(bx + 1)nx2l+m272l7,u,7v(l L+ m + 1)lz2l+;4+v
27er e IMl+p+ )T +v+1)

where |Re(m)| < 1.

7.3. Left-hand side contour integral representation. Using a generalization
of Cauchy’s integral formula we replace y — log(ax) and multiply both sides by

Y] n_ 2ltmeo—2l—p—v 204 pto o
(1) (bo+1) ‘LI!F(lfp+1);(l+(iivl—)‘ru+1)lZ " then take the definite integral over z € [0, 1]

and simplify to get;

(7.7) /1 (=1 (b + 1)na? 22 logt (ax) (L v+ ot D A0
KUID(L+ g+ DO+ v + 1)
- / / wt (aw)? (be + )" ( o 4 p 4 DT
27i Ml +p+ Il +v+1)
_ / / “Hax)® (b + 1)"a2 M2 2R (] 4oy 4 1) 22 TR dwde
2mi IMl+p+1)Il+v+1)

We are able to switch the order of integration over # and w using Fubini’s theorem
for multiple integrals see page 178 in [12], since the integrand is of bounded measure
over the space C x [0, 00).

7.4. Right-hand side contour integral representation. Using a generaliza-
tion of Cauchy’s integral formulawe replace y — x+1log(a) and multiply both sides
by e™* then take the infinite integral over x € [0, 00) and simplify using [DLMF8.6.5]
to get;

a~™(—m)"* I (k 4+ 1, —mlog(a)) 1 avw k-t

(7.8) k! T omi c m+tw dw

Next we replace m — m + j + 21 +m and multiply both sides by
B (71)lb-7'_1(jf1)2_2l_“_”(Z+v+u+1)1z2l+“+”

iy (E7Eny) y () and take the double sum of both sides over
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jel,n+1],1€[0,00) to get;

(7.9)
_nii D' )27 2 (I v 4 p+ 12T (R + 1 —((5 4 2L+ m) log(a)))
=5 ENT(I+ p+ )I({ 4+ v+ 1)adt2+m(—5 — 2] — m)k+1
n+1 oo wb] w—k 1(n 2—2l—u—v l+v+u+1 Z2l+u+v
ZZ/ (]71) ( ) dw
T 2mi T+ p+ D04+ v+ 1) (5 + 21+ m +w)

7=11=0

We are able to switch the order of integration and summation over w using Tonellii’s
theorem for integrals and sums see page 177 in [12], since the summand is of bounded
measure over the space C x [0, 00)

THEOREM 7.2. For all |[Re(m)| < 1 then,

(7.10) /0 2™ (1 + ba)" Iy (22), (22) (- log(az)) da

Svtn oo nAl (—1)! (g)lej
= Qutugmtvtup lzg; 2T+ DA+ T+ 0) DA+ 1+ p)(J+20+m+ v+ p)kth)

<j i 1)“1 +k,—((5 + 20 +m + v+ p)log(a))) (1 + 1+ v+ p);

PROOF. Since the right-hand sides of equations ([7.7) and (7.9) are equal relative
o ([7.6) we may equate the left-hand sides and taking the infinite sum of the left-hand
side over [ € [0,00) and simplify the gamma function to yield the stated result. O

7.5. Evaluations involving the Bessel function.
EXAMPLE 7.1. Derivation of entry (6.561.1) in [I1]. Use equation (7.5)) and set
k=0,n=0,7=1,m — v,z — a and simplify.

1 27" 1 Fy (§+v;1+v,%+v;—%>
7.11 ' Jy(ax)dr =
( ) /0 (az) (14 20)I(1+w)

=20V (04 1) UBms(a) — Hu0) ()
where Re(v) > —1/2.

EXAMPLE 7.2. Derivation of entry (6.561.5) in [11]. Errata. Use equation (7.5)
andset k=0,n=0,7=1,m —>v+1,z— a,v — v+ 1 and simplify.

EXAMPLE 7.3. Derivation of entry (6.561.9) in [1I]. Use equation (7.5) and set
k=0,n=0,7=1,m —1—wv,z— a and simplify.

7.12 R o (3+u2+vgro-g)
. x vaz) dr =
(7.12) /0 1+v(az) (1+2(1+0))[(2+v)

where |Re(v) < —1.
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EXAMPLE 7.4. Derivation of entry (6.561.13(7)) in [11]. Use equation (7.5 and
set k=0,n=0,5 =1,m — u,z — a and simplify using [Wolfram,2| in terms of the
Lommel S® function.
2*“a”1F2( FEHL R e+ 1+ “{)

14+u+v)I'(1 —i—v)

(7.13) /0 x*Jy(ax)de =

2T (F(v+u+1))

= a “((u+v— a)S@ a) — Jy_ (Q)a
- au—l—ll"( (v—u+1)) + (( + l)Jv( )Su—l,v—l( ) Jo-1(a )S ( ))

where Re(a) > 0, Re(u +v) > 1.

ExXAMPLE 7.5. From equation (7.13)).

—v v 1 v, 3 v a®
2 a1F2(§ +§,§+ =+ 1+’07T)
(1+u+v)F(1+v)

2T (3(v+u+1))

_ —u (2)
= T ety P - D@ (0) — T @)

(7.14)

where Re(a) > 0.
EXAMPLE 7.6. Use equation ([7.10) and set kK = 0,n — (3 and simplify.

(7.15) /01 2™(1 4 bx)? J, (2) ], (22) dzx

—1)27="""z +20+v+ =0, 1 +204+m+v+ 2+ 204+ m+v+p;—
_i( 1)i2=2lmv=pp2l4vtnp (1 4 2] W) o F1(—B,1+ 21 w2+ 21 w; —b)

AT4+24+m+ov+p)IA+DIA+I+0) I+ 1+ IA+1+v+p)

where Re(m) > 0.

ExaMPLE 7.7. Use equation (7.10) and set a = 1,n = 0,j = 1,m = 0 and take
the first partial derivative with respect to k and set k£ = 0 and simplify.

(7.16) /0 1 Jo(22)J,(22) log <10g (1)> dx

2Ty Py (A S+ L S+ LI+ S0, 3+ S L 1 1 v —2P)
(1+v+u)F(1+v)F( + 1)
= 2 U=v=p2vtilog(1 4+ 20 + v+ p) (1 + 1+ v + p);
lz: (I+20+ v+ TA+DTA+1+0) (1 + 1+ p)

where |Re(v) > | < —1,|Re(p) > | < —1.

ExAMPLE 7.8. Use equation (7.10) and set k = —1,a — e® and form a second
equation by replacing a — —a and take their difference with a — ai,n=m =0,j=1


https://mathworld.wolfram.com/LommelFunction.html
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and simplify.

1 ntl oo . l —1-2l—v—p —za(1+2l+v+ /,) 2l4v+p
Jo(x2)J,(z 2 ! !
(7.17) /27 ==Y -
o a2 +log?( = (m1+l WA +1+o)I(1+14p)

@ﬂl%dl+%+v+u»—3”“””“”F®JM1+%+U+MD)ﬂ+l+v+ml

where |Re(v) > | < —1,|Re(p) > | < —1.

8. Definite integrals involving the hypergeometric function

The contour integral representation used in this section is given by;

1 PSS & astw =+ 12 (be + 1) () (B)ah Hitmtw

h=0 =0
5% 9 s IR
" omi P el RUN(y h—|—j—|—l—|—m—|—w)

where |Re(m)| < 1. We repeat the procedure in section 6. The left-hand side con-

tour integral is derived using the approach in section 6. We multiply both sides of

h 1l n h+14+m
Cauchy’s integral formula by == (bx+1)hlglo(%(lmlx b and simplify the sums over

[ € [0,00),h € [0,00). For the right-hand side contour integral representation we

pi—lgh l( ™ V(o
replace m — h+ j+1+m and multiply both sides by h,(l,( ))l( ) (B): and simplify.

THEOREM 8.1. For all Re(vy) > 1 then,

1
(8.2) /0 T2 (14 bx)" o Fy (o, B; v; 22) logF (ax) da:

SR ‘h‘f"l‘mb‘“jshzl(_l”ﬂ)F(l +k, —((h+j + 1+ m)log(a)))(@)i(B):
M) (=h —j —1—m)ltk

I
]
M

EXAMPLE 8.1. Derivation of equation (20.2.8) in [19]. Use equation and set
k=0,z=1,s = —z,m — v—1 and simplify the sum over j € [1,n+ 1]. Next replace
n — p—1,b = —1 and simplify the sum over h € [0,00). Note equation can be
used to derive equations (7.512.1-6) in [11].

1
(8.3) / e (1 — )" TPy Fy (o, B;y; 1) d
0

oo

2: L+l + BT (p) 1 Fi(l+ 73l + v+ p;—2)

P L1+ D0 (BT +v + p)

(LT (P)T(y+p—a—B))exp(=2) o Fa(p,y+p—a—=Biy+p—a,y+p—B;2)
Fy+p—a)l(v+p—B)
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ExXAMPLE 8.2. A Series functional equation from equation (8.3) and equation
(20.2.8) in [19].

)L+ B))
(84) E:F1+DFU+7+)

- d —;(pyq_o;__i))l;(gy)f_(f)_e};(_z) 22 (py+p—a—=Fiy+p—ay+p—Biz)

where Re(vy) > 1.

1Pl 4+l 4y + py—2)

9. Definite integrals over a finite interval

The integrals derived in the proceeding sections can be considered as generalized
forms of the Riemann-Louville integral of order « see [43] pages 151-170 and [19]
pages 185-200 (Chapter VIII). The Riemann-Louville integral of order a@ > 0, of a
function f € [0, 00) is defined as

(9.1) ) = e | “@— ) () dy

where Re(z) > 0. If « is an integer, this is simply the « times repeated integral of
f with fixed lower limit 0. I®f can be regarded as the convolution of f (assumed to
vanish for Re(z) < 0) with the function P, defined by;

a—1 X
9.2) P Tay: if Re(z) >0
“ 0, if Re(x) <0

and the formula I*f = P, x f is capable of considerable expansion.

In this example, the definite integral contour representation over a finite interval is
given by;

(9:3

_d ) 1 awzjw—k: 1( )b0]+m+w+1
/ / a® 2w a9ttt dedw = — - dw
27i 7 27 Jo cj+m+w+1

where |Re(m)| < 1.

9.1. Left-hand side contour integral representation. Use equation (2.3
and replace y — log(ax) and multiply both sides by 27 (_jd)xcj ™ and simplify.

2 (7 log ax)zcitm 1 . —d\ .
/ / )z dedw = — [ Zw  Yax)?( )29 T™dw
27i 2m Jo J

(9.4
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. Right-hand side contour integral representation. Use equation ({5
and replace m — 14 ¢j +m,a — ab and multiply both sides by 23( )b”‘*‘m‘*‘1 and
simplify.

(9.5)
2 (gd)b6j+m+1(—cj —m — 1) " ab)= =m0 (k + 1, —((cj + m + 1) log(ab)))
k!
1 z]w k— 1(ab)w( )b0]+m+1
=—— - dw
2mi Jo cj+m+w+1

THEOREM 9.1. For all |[Re(m)| < 1 then,

b 2™ (—log(ax))*
(96) /0 (1—|—xcz)d e

= a1+m Z (1 +cj +)m E+1 ( ]d> (1+k,—((1+cj+m)log(ab)))

PROOF. Since the right-hand sides of equations and are equal relative
to we may equate the left-hand sides and taking the infinite sum of the left-hand
side over j € [0, 00) and simplify the gamma function. We are able to switch the order
of integration over x and w using Fubini’s theorem for multiple integrals see page 178
n [12], since the integrand is of bounded measure over the space C x [0,b]. We are
able to switch the order of integration and summation over w using Tonellii’s theorem
for integrals and sums see page 177 in [12], since the summand is of bounded measure
over the space C X [0,00). Simplifying the sums will yield the stated result. O

9.3. Derivations and evaluations. The definite integral form in equation
can be used to derive entries 3.191.1, 3.191.3, 3.192.1-3, 3.193, 3.194.1, 3.194.5, 3.194.8,
3.216, 3.222.1, 3.226, 3.231, 3.234, 3.237, 4.243, 4.244, 4.245, 4.246, 4.247, 4.251, 4.253,
4.254, 4.256, 4.261, 4.262, 4.263, 4.264, 4.265, 4.266, 4.267, 4.268, 4.269, 4.271, 4.272,
4.273, 4.274, 4.275, 4.281, 4.282, 4.283, 4.285, 4.291, 4.293, 4.294, 4.295, 4.296, 4.297,
4.298 in [11], and 4.15.1-3 in [18] using parameter substitutions and algebraic methods.

EXAMPLE 9.1. Derivation of equation (4.241.11) in [11]. Use equation and
set k — 1,d — %,c — 2,z = —1,m — f%,a — 1,b — 1 and simplify the series on
the right-hand side.

L log(z) dr — 7T3/2F(§)

1 1\?
©-7) NN A 8(m)r(4>
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EXAMPLE 9.2. Derivation of equation (4.247.2(6)) in [11]. Use equation and
set k —>1,d — %,c —2,z——-1,m— —%,a — 1,b — 1 and simplify the series.

1
1 1 -1
(9.8) / og(2) 7 dz = —2727 /7 cot (l) r <) r ( —|—n>
0 (zn1(1—ax2)"" 2n 2n 2n
7B (5 3:)
8sin (%)
EXAMPLE 9.3. Derivation of equation (4.274) in [1]. Use equation and set
k——%a—em— é —1,b—1,d—0,j — 0 and simplify.

1 1
1 x_1+5

e

- dr=eYi/gr
o +/—log(ex)

EXAMPLE 9.4. Derivation of equation (4.275.1) in [1I]. Use equation and
form two equations. The first equation is given when d — 0,m — 0,a - 1,b — 1,7 —
0,k — g — 1 and the second when k¥ -+ 0,¢c -1,z > —-1,d -1 —gm—-p—1,0—1
and taking their difference to get;

(9.9)

1 g —1ip Citg - L'(p)
(9.10) /0(—(1—17) TP+ (~log(x)) M) dv = T(q) (1—p(p+q))

EXAMPLE 9.5. Derivation of equation (4.261.21) in [11]. Use equation and
set k — 2,a — 1,b — 1 and simplify the series. Then replace m — p—1,d - 1—q,c —
1,z = —1 to get;

1
(9.11) / (1 — )" 9= Plog?(z) dx
0

_ T (V) - 209V (p+9) + v V0 +0)* + ¢V (p) — vV (p +q))
I'(p+q)
EXAMPLE 9.6. Derivation of equation (4.253.1(8)) in [11]. Use equation and
seta—>1,b—=1,z——-1l,c—>rm—u—1,d—1—v,k — 1 and simplify;
L () T) (0 (3) =4 (3 +0))

Pl (£E57)

1
(9.12) / g (1= 2") T log(z) do =
0

EXAMPLE 9.7. Derivation of equation (4.246) in [11]. Use equation and set
k—=1la—1b—>1,2——-1,c—=2,m—0,d— % — n and simplify;

_ VAL (0 20) (6 (4) 400 + )
- AT(1+ n)
_ w(=1+42n)!1 (H, + 2log(2))
T 4(2n)!!
EXAMPLE 9.8. Derivation of equation (4.1.5.179) in [18]. Use equation and
seta—1,b—>1,z—=>1d—=>n+1,m—>a—1,¢c— b,k = m+n and then take the

(9.13) /O (1—2?) """ log(x) da
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first partial derivative with respect to m and simplify to get;

1,.—1+a m+n 1
ory [T e (0 )
0 (14 2?)

= S ) (T ) (- tog(a07) 40O (1 m)

=0
_ EV" pmpp [(”log(?b) (¢<o>“b 0ot b)
e 2

n! 2b 2b

alee3)-<(539)

EXAMPLE 9.9. Derivation of equation (4.256) in [11]. Use equation and set
a—1,b—=1d—=1-"m—=0,z—= —1,c—n,k— 1 and simplify.

! n LY () (4O0) (L) _ 4(0) (1+m
o) [ o= "log(x)d:v:F(”)F(")%F((lizn) P (Lm))

n

where Re(a) > 0.

ExXAMPLE 9.10. The Beta function. Use equation and set K — 0,d —
l—-gm-—=p—1,c—1,z— —1,b — 1 and simplify.
L'(p)I'(q)
L(p+q)

EXAMPLE 9.11. Derivation of equation (4.267.12) in [11]. Use equation and
seta = 1,b — 1,¢c — 1,z = —a,d — n. Then form a second equation by replacing
m — s and take their difference with m — p —1,s — ¢ — 1 and simplify.

Jj=0

1
(9.16) / (1 —a) g1 gy =
0

where |Re(a)| < 1, Re(q) > 0, Re(p) > 0.

EXAMPLE 9.12. Derivation of equation (4.267.14) in [11]. Use equation and
set a > 1,b - 1,z = 1,¢ — 1,d — 1 and simplify in terms of the Hurwitz zeta
function. Next form a second equation by replacing m — s and take their difference.
Next use 'Hopital’s rule as k — —1 and m — p — 1,s — ¢ — 1. Next form another
equation by replacing p = 2n+p+ 1,9 — 2n + ¢ + 1 and take their difference and
simplify the log-gamma function.

(9.18)

1 (1 + x1+2") (2P — 29) B
/0 z(1 4 z)log(x) de = log (F

where Re(q) > 0, Re(p) > 0.

2
()T (i +2n+p)T(1+n+ )T (2
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EXAMPLE 9.13. Derivation of equation (4.267.30) in [11]. Errata. Use equation
and set a - 1,b = 1,d - 1,z — —1,¢ — p + ¢ + 2s and simplify in terms of
the Hurwitz zeta function. Next form four equations by replacing m — s — 1,m —
p+s—1,m—->m—>q+s—1,m— p+q+s—1and add these equations. Next apply
I’Hopital’s rule as k — —1 and simplify.

(9.19)

=+ +2q+3¢ : TS
/1 x5 (1 —2P) (1 — 29) dr — 1o 711 (*pquzs) r (I;+qq+2:> St <p+q+25)
o (1—aPtai23) log(z) © ™

) T$ w(p+s)
21 sin | ————— Jese | ———
7 Og<sm(p+q+2s>csc(p+q+23>)

EXAMPLE 9.14. Derivation of equation (4.267.38) in [11]. Errata. Use equation
andset a > 1,b - 1,¢ — 1,2 = —1,d — 1 and simplify in terms of the Hurwitz
zeta function. Next form five equations with m — 1,m — 2,m — p,m — ¢,m — p+q
and add. Next apply I’'Hopital’s rule as k — —1 and simplify.

Loy — 02 — P — g9 4 gPta ~ 1o 2pqT(p)T(q) o
o [T = e (f ) # leBe)
where Re(q) > 0, Re(p) > 0.

EXAMPLE 9.15. Derivation of equation (4.267.39) in [11]. Use equation and
seta = 1,0—>1,c—p,z— —1,d— —n,m — 0 and simplify. Next apply I’'Hopital’s
rule as k — —1 and simplify.

(9.21)
/01 m de = i(q)j*” (;‘) log(1+jp) = Zn:(—l)”*j <n ﬁ j> log(1+jp)

=0 =0

where Re(q) > 0, Re(p) > 0.

where n > 0, Re(p) > 0.

EXAMPLE 9.16. Derivation of equation (3.237) in [11]. Errata. Use equation
and set k — 0,¢c —»> 1,z — id — 1,a = 1,m — 0 and simplify. Form to equation
with b — n,b — n + 1 and take their difference.

(9.22)
00 n+1 ) u)2
1 1 ul’ (3)
_1)lHn =N (=) log (14 —— ) = —log | — 2/ _
2 (=1 /n s =20 Og( +n+ﬂ> Og<2r ““)2>
n=0 n=0 2

where Re(u) > 0.

10. Derivation of entries in Prudnikov Volume I.

In this section we will derive a few entries in [I7] and list which entries and
Tables can be derived using equation with parameter substitutions and alge-
braic methods. The following entries can be derived; 2.6.3.1-2, 2.6.4, 2.6.6, 2.6.7,
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2.6.9.1-4,2.6.9.7-12,13,17,19,20,21,22, 2.6.13.1,5-9,15-17,21,22-24, 2.6.14.1,18, 2.6.15.1-
3,10,13-15, 2.6.17.1-7,15-22,24,26-30,39,41-45, 2.6.18, 2.6.19.1-2,2.6.19.4-7,9,10-14, 2.6.20

EXAMPLE 10.1. Derivation of equation (2.6.3.1) in [17]. Use equation and
setd—>0,7—>0m—->a—-1,k—o0,a— %,b% a and simplify.

«
(10.1) / z 1 og” (E) dr = a®a"'7T(1 + o)
0 X

where Re(a) > 0, Re(a)) > 0, Re(o) > 0.

EXAMPLE 10.2. Derivation of equation (2.6.4.1 ) in [I7]. Use equation and
set a — é,c% wz—a *d—pk—om—a—1b— aand simplify.

a p—l+a lOga (g) 0 (Q)jﬂ (_'P)
10.2 T8 e gy = aa T SYVERY P
( 0 ) /0 (a“+1‘”)p dr =a“« ( +U)j:0 (a+ju)a+1
where Re(a) > 0, Re(a)) > 0, Re(o) > 0.

ExAMPLE 10.3. Derivation of equation (2.6.5.2). Errata. in [I7]. Use equation
and set m - a—1,d - —m,c = u,z - —a"*,a — %,k‘ — n,b — a and

simplify.
¢ —ldo (™ n(%
(10.3) /0 x (ot —2)™ log (a) dx
= ol Z(—l)fnao‘ (—a“of”)j (4 jp) " (m) I'(1+4n)
=0 J

# (~1)"nlgothm i ( (W) =D*

n+1
k=0 o+ ,U,k)

where Re(a) > 0, Re(u) > 0.

EXAMPLE 10.4. Derivation of equation (2.6.19.5) in [17], generalized form over
complex range for the parameters.. Use equation andseta=b=c=d=1,k —
2n. Then take the indefinite integral of both sides with respect to z and set m = 0
simplify the series in terms of the polylogarithm function. The Bernoulli form can be
derived by using equations [Wolfram,9).

/1 log?" () log(1 4 zz)
0

(10.4) .

do — _(_1)2”F(1 + 2n)Ligyon(—2)

where Re(n) > —1.

ExaMPLE 10.5. Extended Nielsen definite integral [28]. Use equation and
take the n-th partial derivative with respect to d and simplify the right-hand side


https://mathworld.wolfram.com/HurwitzZetaFunction.html
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derivative using equation [Wolfram,02| and [Wolfram/01].

_ 1 ii (—1)H2IT (14 k, (1+ cj +m)log (&) (1 +1—n),S"
a% (1 —d—j7)" 11+ cj + m)kt1j!

where n > 0, Re(m) > 0, Re(c) > 0.

EXAMPLE 10.6. Prime counting function in terms of a definite integral and the
incomplete gamma function. See [Wolfram,1] and [Wolfram,13]. Use equation
and set ¢ = 0,a =1,k = —1,m = 0 and form a second equation by replacing b — 2
and take their difference. We also look at a plot of the closed form (blue) versus the
built-in Wolfram Mathematica PrimePi function.

(10.6) /2 10;(:6) dz = T(0, — log(2)) — T(0, — log (b))

where Re(b) > 2.

FIGURE 3. Plot of I'(0, —log(2)) — I'(0, — log(b))
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11. Definite integrals of the product of generalized rational and
logarithmic functions

The main theorem used in this section has sub-functions after parameter substitu-
tions which yield closed forms equivalent to elliptic functions. A few example will be
evaluated using this theorem to illustrate the procedure for derivation of the examples
listed. The entries in Gradshteyn and Ryzhik which can be derived using this theorem
are; 3.121, 3.143, 3.146, 3.152, 3.153, 3.154, 3.155, 3.156, 3.158, 3.159, 3.161, 3.162,
3.163, 3.164, 3.166, 3.169, 3.171, 3.172, 3.173, 3.181, 3.182, 3.183, 3.184, 3.185, 3.191,
3.196, 3.197, 3.198, 3.212, 3.213, 3.214, 3.215, 3.223, 3.224, 3.227, 3.254, 3.259, 4.234,


http://functions.wolfram.com/06.03.20.0007.02
http://functions.wolfram.com/06.10.20.0007.01
https://mathworld.wolfram.com/PrimeCountingFunction.html
https://mathworld.wolfram.com/PrimeCountingFunction.html
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4.267.43(10), 4.268. Equation can also be used to derive power series represen-
tations for Inverse Jacobi Functions [Wolfram/1], where previous work on power series
was conducted by Carlson (2008) [2I]. The contour integral representation used to
derive the main theorem in this section is given by;

d f -
J.,—k—1 l cj+ls+m+w
(11.1) 27?2//ZZGZ (J)(l)x dwde

7=01=0
awzjw—k—lal<—d) (—f)bcj+ls+m+w+1

- d
27ri/czz cjH+ls+m+w+1 v

§=0 1=0

where 0 < Re(b).

11.1. Left-hand side contour integral representation. Use equation (2.3))
and replace y — log(az) and multiply both sides by 27a! (_jd) (_lf)ij+ls+m to get;

zjoz . log” (az)xcitistm
(11.2) ) 8" (az) dwdx
2mri k!

/ / —k—1 l ax)w 7.d 7f xcj+ls+mdwd$
" omi Ji l
/ / 7k: 1 l ax)w —d 7f ch+ls+mdwdz
~ omi J l

11.2. Right-hand side contour integral representation. Use equation ([5.5))
and set f = v = 0 and replace m — ¢j + Is + m + 1,a — ab and multiply both sides
by zjal(_jd) (_lf)bchrlSerJrl to get;

where Re(b) > 0.

(11.3)
Aol () (FF)peattstmid(ab) =i ~lammIIL (k4 1, —((¢f + m + s + 1) log(ab)))
kEl(—cj —ls —m — 1)k+1
1 Pw T lal(ab)e () (3F)pttet

=—— d
21 Jo cj+ls+m+w+1 v

where Re(b) > 0.

THEOREM 11.1. For all Re(a) > 0, Re(b) > 0 then,

b

(11.4) 2™ (1+2%) 4 (1 + 2°a) 7 (— log(ax))* dx

S~

“loegmmelsyighy (74 (*f)l“(l +k,—((1 4+ ¢j +m +1s) log(ab)))

co 00 (CL ; . )
_ZZ (14 cj +m+ls)kt!



https://functions.wolfram.com/EllipticFunctions/
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PRrROOF. We use equations and and take the infinite sums over j €
[0,00),1 € [0,00) and note the right-hand sides are equal relative to equation .
We are able to switch the order of integration over x and w using Fubini’s theorem for
multiple integrals see page 178 in [12], since the integrand is of bounded measure over
the space C x [0,b]. We are able to switch the order of integration and summations
over w using Tonellii’s theorem for integrals and sums see page 177 in [12], since the
summand is of bounded measure over the space C x [0,00) X [0,00). Simplifying the
sums and gamma, function will yield the stated result. 0

11.3. Definite integrals in terms of elliptic functions. In this section we
derive definite integrals over a finite domain in terms of elliptic functions and infinite
series involving the hypergeometric function. We derive a few examples to show the pa-
rameter substitution and algebraic method involved with many other examples listed
for similar evaluation. The main theorem in this section can be used derived entries
3.138 in [11I]. Complete elliptic integrals find applications in various fields, includ-
ing geometry, physics, mechanics, electrodynamics, statistical mechanics, astronomy,
geodesy, geodesics on conics, and magnetic field calculations [Wolfram/Applications].

ExXAMPLE 11.1. Derivation of equation (2.2.5.18) in [17] in terms of the complete
elliptic integral E(m). Use equation (11.4) and set k — 0,m — 0,a — 1,b —» 1,d —
—5.f—=3,c—2a—1,s—2,z— —2? and simplify.

N|=

)ohi (=43 153 +1:2)
1+2i

(11.5) —iE (isinh ™' (1) - 2%) =) G

1=0
where 0 < Re(z) < 1.

EXAMPLE 11.2. Derivation of equation (2.2.5.19) in [I7]. Use equation (11.4)) and
setk:—)O,a—)l,d—>%,f—>1,z—>%,c—>1,5—>1,a—>k‘2,b—>a,m—>§and

simplify.

(11.6) /a Vet d —i%*l)lal“k”zﬂ (3.5 +15+1-1)
' o 1+k%x x_lzo 33 9]
201+ Fa) — 2B (31VI—Fa)

k2

where 0 < Re(k) < 1, Re(a) > 0.

ExXAMPLE 11.3. Derivation of Elliptic Integral of the First Kind. Use equation

l] and set £ — 0,m — 0,d — %,f — %,c —25s > 2a— -1,z = —k*>a—


https://functions.wolfram.com/EllipticIntegrals/EllipticPi/introductions/CompleteEllipticIntegrals/ShowAll.html
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1,b — sin(¢) and simplify.

sin(¢) 1
11.7 dx
(1L.7) /0 V1 — 221 — k222

_ 5 VAR (5 5 +EE in(9) sin ()
1+21

= F(¢]k)
where 0 < Re(k) < 1, |Re(¢)| < m/2.

EXAMPLE 11.4. Derivation of equation (4.242.1) in [I1]]. Use equation (1 and
setm—>0,k;—>1,a—>1,d—>%,c—>2,f—> s = 20— —b% 2z — a’b— 5 and
simplify.

’ log(z)
0 \/1+a212\/1 b2x2

=SS e () () sl 2+ 20 o)) o)

7=0 1=0
where 0 < Re(b) < 1, Re(a) > 0.

EXAMPLE 11.5. Derivation of Example 1 in in [20]. Use equation (|1 and set

(11.8)

d%ff,f%Z,k%Oaﬁlm%06%25%22%a a%ﬁ2and81mphfy
o b1+2l61+2l( )2F1( ;a;‘i_l 3 l;—b2a2)
(11.9) E(zsmh (b8) 52) = Z 1o

1=0
where 0 < Re(8) < 1, Re(a) > 0.
EXAMPLE 11.6. Derivation of equation (3.138.1 ) in [I1]. Use equation (11.4)) and
setd—> L f=oim—-1k—>0a—>1c—>1s—>1,z—-1,a— —k*b— uand
simplify.

(11.10)

1
/0 Vr(l—x) (1 - k2z)

where 0 < Re(f) < 1, Re(ar) > 0.

EXAMPLE 11.7. Derivation of equation (4.267.43(10) ) in [11]. Use equation (11.4)
andset b -+ 1,a > 1,2 - —1l,a - —1,c > p,s > ¢ d—> —n,f > —m,m —r—1
and apply I’'Hopital’s rule as k — —1 and simplify.

(11.11)

/01 z= (1 —losg’()x)(l — )™ ZZ J+l< ) (?) log(jp + lg + 7)

7=01=0
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where Re(r) > 0.

EXAMPLE 11.8. Derivation of equation (3.121.1) in [I1]. Use equation (11.4) and
setk—0,a—1,d—=1f—=>1lc—=1s—=1z——e"a——etm——350b—1
and simplify.

1
(11.12) d
o vV (l+4+xz?—2xcos(t)) v

= —ic¥ (—coth™ (e# ) + e tanh ™" () (=i + cot (1))

o0 .
sin(kt
= 2csc(t) Z
— 2k —

where Re(t) < 7/2.

EXAMPLE 11.9. Derivation of equation (3.138.4) in [I1]. Use equation (|1 and

setk‘—>0,a—>1,m—>—fc—>lz—>18—>1a—>k2d—>2,f—>1b—>uand
simplify.
(11.13) ! dr 2k it (F) o R (3,3 + 13+ 1w

o Vavl+avl+kiz — 1+2i

=2F (tan™" (Vu) |1 — k?)
where 0 < Re(k) < 1,0 < Re(u) < 1.

ExXAMPLE 11.10. Derivation of equation (2.6.10.4) in [I7]. Use equation
and set k - 0,a - 1,f - 1,d = p,s > 1,c > 1,z — %hentakethelndeﬁnlte
integral with respect to a and simplify.

(11.14) /b z~ " log(a + ) dr a=Pb™ oy (m, p; 1+ m; —2) log(a + b)
0

(a+ )P m
B i a 1IN (1 — p) o Fy (1,14 5+ m; 2+ j +m; —2)
= (7 +m)(A+5+m)I(1+ )01~ ] - p)

where 0 < Re(m) < 1,0 < Re(p) > 0.

EXAMPLE 11.11. Derivation of equation (2.6.13.14) in [1I7]. Use equation (1

andsetk—)O,a—>1,f—>;,d—>1S—>20—>1a—>—a—2andtakethedeﬁnlte

integral with respect to z € [—z, 2] and simplify.

(11.15)

[ ), S QI () ()
; o : 2a(1+j)(1+j +20+m)

where —1 < I'm(a) < 1, Re(a) > 1.
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ExaMPLE 11.12. Use equation ((11.15) and set m = 1,2z — b and simplify.

(11.16)
b -1 1-— 2
tanh™ " (b b a?
; B\sz(xf) dr =2 | sin? (a> —sin~! T tanh ™! (62)
N i (=D)la=1 72320 /o Fy (1,14 1,2 4 1;b7)
— (1+20)T (-5 -0 L(2+1)

where —1 < I'm(a) < 1, Re(a) > 1.

EXAMPLE 11.13. Derivation of equation (2.6.13.14) in [I7]. Use equation (11.15)
and set b — a and simplify.

(11.17)
@ h™ 1 B (1L,14+05241;
tan ( ) = —mtanh ™! + E T271 ( a4 )

V(a—z)( 2 = 1—|—212F(—7—l) r2+1

where —1 < I'm(a) < 1, Re(a) > 1.

EXAMPLE 11.14. Power series derivation for equation 145(35) in [I]. Use equation
andsetd%Q,fﬁf c—2,5=>2k—=1,a—=1m—=0z— —2%a— —a?
Next form a second equation by replacmg b — q and take their dlﬂerence. Then
replace z — p,a — p and simplify.

log(x)

(11.18) / \/1_ $2\/1_q$2d1‘
S2 > G ) () () a2 2 osto o)

j=01=0 J

—E_1(—((1+ 25 + 21) log(q))) log*(q))
where Re(p) > 0, Re(q) > 0.

EXAMPLE 11.15. Derivation of equation 145(5) in [I]. Use equation and
setd = 0,f -0,z—1,aa = 1,¢ = 0,s — 0 and replace a — e*. Next take the first
partial derivative with respect to k and set k = 0. Next set a = 1/2,b = e~ !. Take
the indefinite integral with respect to m and set m — 2¢g — 1 and simplify.

¢ 2% og (2log (1) — 1) 1
11.1 z dr = —=E1(q)*
(11.19) / e v = E(g)

where Re(q) > 0.

ExAMPLE 11.16. Extended form of equation 123(2) in [I]. Use equation (11.4)
and set a = 1,0 - 1,d - —p, f = —q,¢c = 1,s — 1,k = —1 then form a second
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equation by replacing m — s and their difference.

(11.20)
/01 (=™ + 2°) (lig—tgj;z)fa(l tea)! iizjal (1;) (Cll) log (W)

j=01=0

where Re(p) > 0, Re(q) > 0.

EXAMPLE 11.17. Derivation equation 33(10) in [I]. Use equation and set
d—0,f >0,a—>ec—0,s—0,2z—1,a— 1 then take the first partial derivative
with respect to m and set m = 0. Next form two equations by replacing b = e, b =1
and take their difference and set k = —2 and simplify.

€ log(x 1
(11.21) /1 u_ﬁ);&wdx:2(—2+e)

EXAMPLE 11.18. Derivation of (4.1.5.7) in [18]. Use equation and set
d—=1lc—=>12z—1,f =1,k —0,a — 1,b — 1. Next take the indefinite integral
with respect to o and set s = 2+ V3. Then set m = 2+ \/§, « = 1 and simplify. Note
entries (4.1.5.8-15) can be derived in a similar manner with parameter substitutions
and algebraic methods being applied to equation .

1 log (1 + x2+‘/§)
11.22 —=d
( ) /0 14+ v

_ i (1 (02 (3B +V3+(2+V3) ) +¢9 (5 (4+V3+ (2++3)J)))
2(1+3)

= %wz (1 — \/g) + log(2) log (1 + \/5)

EXAMPLE 11.19. Derivation of (4.1.5.7) in [18]. Repeat the steps in equation

(11.22) with s = 3 + /8, = 1 and simplify.

1 log (1 + x3+2ﬁ>
(11.23) / dz
0 1+

= (1) (40 (5 (4+2V3 + (3+2V3) ) + 00 (& (5+ 23 + (3+2v2) 1))
=2 2(141)

1=0
= ﬂWZ (3 - \/33) + %log(Q) <log(2) + glog (3 + \/§))

EXAMPLE 11.20. Derivation of Euler’s first integral, see page 146 in [22] page
146. Use equation (11.4) and set & — 0,f — 0,s - 0, —» 1,2z —» —1,¢ = n,d —
1—2Z m—p—1,a— 1 and simplify the series with b = 1 and simplify.

! s, TOEBT()
11.24 —l+p (1 _ 4 I+ de = ——_n/~ \n/
( ) /0 xz ( x ) x 5 (% mn %)
where Re(p) > 0, Re(q) > 0.
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EXAMPLE 11.21. Derivation of equation (4.2.6) in [23]. Use equation (11.4) and
set k -0,f -0,s > 0,a—1,z— —-1l,c—>1,d = —n,a—1,m —> n,b— 1 and
simplify.

271720 /xl(2+ n) (n!)?

(11.25) / ) e = T B+ 2n)  @n 1!

where Re(n) > 0.

EXAMPLE 11.22. Derivation of equation (4.5) in [23], challenge problem (C4.1).
Use equation 1) andset k > 0,f >0,s >0, a—1,z— —1,c— %7d—> —-n,a —
1,m — 0,b — 1 and simplify.

1
n 2
11.26 1—vz) dot = —————
(11.26) /0 (1=va) A+mE+n)
where Re(n) > 0.
EXAMPLE 11.23. Derivation of equation (5.1.2) in [23]. Use equation (11.4]) and

set k - 1l,a—>1,f > 0,a—>1s —0m—>0d— 1,b—> 12— 1c— 2 and
simplify.

! log(x)
11.2 =—
(11.27) /0 D =0

EXAMPLE 11.24. Derivation of equation (5.5) in [23], extended form. Use equation
(11.4) and set m — 0,d - =1, f - 1,k = 0,a — 1,¢ — m,s — n,b — 1 and simplify.

/1 Ltamz @ (—a, 1, 1) + 2@ (—a, 1, 1Em)
0

n

1+a2"a n
where Re(m) > 0, Re(n) > 0, Re(z) > 0, Re(a) > 0.

(11.28)

EXAMPLE 11.25. Derivation of Extended form of a powerful elementary integral
equation (3.1) in [24]. Use equation (11.4) and set k — 0,a — 1,d — 1, f — %,s —
2, — —1,¢— 1,b — 1 and simplify.

1 2 VAT (3 + ) Ry (1, 1m, 2am, 2)
11.29 dx = 22 2 2
(1:29) /o¢1—x2<1+m> ’ ml (%)
Vel (1+ 2) oF (1, 2o, 34m, 52)
A (G+3)

where Re(m) > 0, Re(z) > 0.

EXAMPLE 11.26. Derivation of equation (1.32) in [23] over the complex plane. An
infinite series is also derived from a double series two ways. Use equation and
set k - 0,a - 1,d—=1,f >m,c— 1,z = 1,m — 2m,s - 2,a — 1 and compare
when the infinite sums are reversed.

(11.30)

e _ X (=1} 5 F, 7l+l+ ;§+l+ ;,bQ
Zb”( m)@(—b,1,1+2z+2m)zz( PE2F (mog ¥ 5 tmip 4 b mi )
pad ! = 1+j+2m
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where Re(m) > 0,|Im(b)] < 1.

ExXAMPLE 11.27. Derivation of generalized form of equation (1.10) in [23].. Use
equation (11.4) and set d — 1,f — 1,¢ —» 1,8 — 1l,a — 1,b — 1 and take the
indefinite integral over z and « then set m = 2 and simplify.

! 1
(11.31) / log® <x) log(1 + z2)log(1 + za) dx
0

[e<BNe e} (_1)j+lzjozl
= zaT(k + 1);; A+ HA DG+ J DT

where k, z,a € C.

EXAMPLE 11.28. Derivation of Example (17) page 486 in [25]. Use equation (11.4)
andsetd—)n,f%n—%,z% %,c—> 1,s > 2,aa— -1,k = 0,a - 1,m — 0 and
simplify. Next replace z — — “22:1. Next form a second equation by replacing b — —1
and take their difference and simplify.

(11.32)

- n n o2
B (=) VAD($(3-2n)) 2 Fy (%+5’5;2_";(1i7)2>

1 2)37"
/ (1 -7 )2 —dr = r(2—n)(1+a)" ’
_1 (14 a2 — 2ax) VA(=1) 72" (a?+1) "D (3 (3-2n)) 2 1 <g+%,g;2—n;ﬁ4“2
r'(2—n)

where Re(a) <1,m € Z.

EXAMPLE 11.29. Derivation of Extended Nielsen-Bowman integral [26]. Use equa-
tion 1) andseta - 1,b—+1,d -0,z —=>1,¢ =0, f — % and simplify.

tamlog® (3) = a'()
) ,714_:1;30[ dz_r(1+k)z(l+m+l8)k+l

=0

(11.33)

where |Re(m)| < 1.

ExaMPLE 11.30. Extended form for Nielsen Generalized Polylogarithm see [Wol-
fram,1]. Use equation and set a -+ 1,b - 1,d - 0,z = 1,¢ - 0,s = 1. Then
take the h-th derivative of both sides with respect to f and simplify using [Wolfram,02].
Then replace n — —f, k — [, m — h and simplify,

(11.34) /1 2™ (1 + za)~F (= log(x))* log" (1 + za) d
0

& (AL m) T R T k) (—f — L4 1)) "
‘; Il

where Re(a) > 1,h > 0.
EXAMPLE 11.31. Derivation of equation () in []. Use equation ((11.4]) and set


https://mathworld.wolfram.com/NielsenGeneralizedPolylogarithm.html
http://functions.wolfram.com/06.03.20.0007.02

DERIVATION OF SOME DEFINITE INTEGRALS 89

EXAMPLE 11.32. Derivation of an extended Bateman integral [27]. Use equation
lj and set k > 0,a > 1,c > 1,s > 1,z — %,04 — é next replace z - —z,a —
—a,z = t—Vt2—1l,a—=VtZ-1+t,f— ”T“,d% "T“ and simplify.

b m—1
(11.35) / —
0 (1—-2tx+a2) 2

m Li1-z n
B (—t+V=1+12) (7' 2) 1 (l+m’1+§?1+l+m?_77t+¢bf1w)

:Z l+m

where Re(m) > 0.

12. Definite integrals with singularities

An integral is considered singular if, at one or more points within the domain of
integration, its integrand has an infinite value. Nevertheless, such integrals are said to
exist if they converge. (They are considered to be nonexistent if they do not converge.)
The Hilbert transform is the most widely used illustration of a singular integral. (Note
that the logarithmic integral converges in the classical Riemann sense, therefore it is
not singular.) Singular integrals are generally defined by taking the limit when the
singularity vanishes and then removing the domain-space that contains the singularity.
[Wolfram ,SingularIntegrall.

ExAMPLE 12.1. Use equation 1) and set a = 2,b - 1,m — 1,2 — %,c —

4,0 — %, s —>1,f — 1,d — 1 and take the first partial derivative with respect to k
and set k = 0 and simplify. Singularity at = 1/2.

(12.1)
talog (log (35)) | g (Z17H27T 0 (—((2 4 45+ 1) log(2)))
! g
(-1

3 ,
2+ ) (4+ %) == 2445 +1
+
=0

)2=5"le —1,1,27H (im + log(log(2)))
l ( ) (i + oo

4 4


https://mathworld.wolfram.com/SingularIntegral.html
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FIGURE 4. Plot of Re(%)
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FIGURE 5. Plot of Im(%)
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0.2 0.4 0.6 0.8 1.0

ExaMPLE 12.2. Use equation 1) and set a -+ 2,6 > 1,m = 1,z — ic —
4, a0 — %, s—=>2,f— %, d— % and take the first partial derivative with respect to k
and set k = 0 and simplify. Singularity at x = 1/2.

b wlog(log(z;))

0o V2+x2v/4+ 24 de
23 (=3)(3+45+2D) (*.%) (—ﬁ) (Er(=((1+ 25 4+ 1)1og(4))) + 427+ (ir + log(log(2))))

(12.2)

:ZZ ; 1+2j +1

7=01=0

EXAMPLE 12.3. Use equation (11.4) and set a — ,b— 1,m — 1,z — —1,¢c —
4,00 — —%, s—2,f—=3,d— —% and take the first partial derivative with respect to
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k and set k = 0 and simplify. Singularity at = 2/3.

29 [ VE (e (2))

(=2 + 22)
X & (—1) RS I5 g 1A (14 )2+ 1) (3)
§=0 1=0 1+25+1

<41+2j+lE1 —2(1+2j +1)log (;)) 4 gl+2j+ <i7r + log (% log (g))))

T _zd og(log( 2
FIGURE 6. Plot of Re( V/1=% tog (1 g(sz)))

(@-2)°

f(x)
14-

0.8+

0.6+

04+

0.2+

0.2

J1— =zt 2
FIGURE 7. Plot of Im(w 175 log(l"g(sx)))
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EXAMPLE 12.4. Use equation andseta - 3,b—>1,m—>1,2 > —z,c—

4, a0 — 75, s—=2,f—>2,d— f% and take the first partial derivative with respect to
k and set k = 0 and simplify. Singularity at z = 1/3.
(12.4)
Ly /1 — 2 log (log (& 00 9 (—1)i+219=3=15=79=1=2=1(1 4 [)(2
| R 5 . 0
2+1:) =0 1=0 1+25+1

(E1(—2(1 + 25 + 1) log(3)) + 927 F (i + log(log(3))))

24
FIGURE 8. Plot of Re(”\/;bg(log(?m)))

(22-2)°

22 10g(log(3z
FIGURE 9. Plot of Im(w\/?@li()lz 8(3 )))

0.20 -
0.15
0.10 -
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X

0.2 04 0.6 0.8 1.0

EXAMPLE 12.5. Use equation (11.4) and set @ — 3,b — 1,m — 1,2 = 1,c —
Ta— 3,82, f— 3 ,d— —32 and take the first partial derivative with respect to k
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and set k = 0 and simplify. Singularity at @ = 1/3.

dz

(1+2) " 105 (102 (2))
1x = og (log 3%
(12.5) /O 1)
3
37273073 (1) (3) (Ex (—((2 4+ Tj + 20) 1og(3)) + 3+T5+2! i + log(log(3))))

o0 o0 l
:ZZ 24175 + 2

1) 10105 57))

7
1A
FIGURE 10. Plot of Re(m( u

)

<%+1>3/2

f(x)

-0.2+-

-04,

-0.6-

-0.8+

27 11)%% log(log (L
FIGURE 11. Plot of Im(z( T () . (;gg(/jg(%))
2241

)

f(x)
30,

25+

20+

0.2
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ExXaMPLE 12.6. Use equation li and set ¢ — 4,0 - 1,d — —%,f — %,c —
1,z — %, s—1l,a— f%, m — 0 and take the first partial derivative with respect to
k and set k = 0 and simplify. Singularity at z = 1/4.

(12.6) / V2 +zlog log( )) i

21

2728~ ”( 2)(2) (Ba(—((1+ j + 1) log(4))) + 4+ (i + log(log(4))))

= ()
— J
_ZZ 1+j+1

Vo+2log(log( &
FIGURE 12. Plot of Re(%)
f(x)
3F :
|
1\ .
02 : 0.4 08 10
1L !
2l E
3l E
FIGURE 13. Plot of Im(%bg(ﬁ)))
£(x)

\

0.4 0.6 0.8 1.0
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12.1. Extended Sylvester integral. In 1860, JJ. Sylvester [29] investigated a
few definite integrals involving the product of the logarithmic and rational functions.
These forms represent the logarithm function of an elliptic function form over the
interval [0,1]. Alternate less complicated forms were previously studied by Euler in
his Institutiones calculi integralis. In this section we derive an alternate closed form
solution for one of Slyvester’s integrals and extend the logarithmic function form and
produced some plots with singularities.

EXAMPLE 12.7. Alternate form for a Sylvester definite integral on pp. 298 in [29].
Use equation (11.4) and set k — 1l,a — 1,b - 1,d = L, f = 1,c > 2,s =+ 2,2 —
—1,m — 0,0 = —c? and simplify.

(12.7)

' log() B AT (340 (09 (3 +1) - 9@ +1)
(- ™ = IZ (1201 +1)

where |Re(c)| < 1.

EXAMPLE 12.8. A generalized logarithm definite integral. Use equation (|11.4))
andset b—1,d = 3, f = 1,c—2,5 22— —1,a — —c? and simplify.

(Tf)l“(l + &, —((1+2j + 20+ m) log(a)))

where Re(k) > 1, |[Im(k)| > 2w, Re(a) > m,|Re(c)| < 1.

EXAMPLE 12.9. Nested logarithm form. Use equation (11.4) and set b — 1,d —
%, f—=1,c—=25—=22— —2%2 o — —c? next take the first partial derivative with
respect to k and set £ = 0 and simplify.

(—1)la—t=2=2=m (—2)! (—2)7 ()

:ZZ 1+2j+2+m ’

(E1(—((1 425 + 2 + m)log(a))) + a' T2 24 ™ og(—log(a)))

where Re(a) > 7,|Re(c)| < 1.
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1—%(1—&002)

FIGURE 14. Plot of Re <M>

Ficure 15. Plot of Im (M)

1—%(1—02.7:2)

ExXAMPLE 12.10. Singularity at « = 1/2. Use equation (11.4) and set ¢ — 3,5 —

3,d — %,f — —%,m — 0,a — 2,b — 1 next take the first partial derivative with
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respect to k and set k = 0 and simplify.

(12.10) / V1 +2%alog (log (3,))
V14232

dx

2713381270l (75) (3) (E1(—((1+ 37 + 31) log(2))) + 21353 (i + log(log(2))))

oo oo ;
_ J
_ZZ 1+3j+3l

where |Re(z)| < 1, Re(a)| < 1.

og(log( 5=
FIGURE 16. Plot of Re <\/7\/1 g (log( 2 )))
41

0.6 0.8 -0

I
N

FIGURE 17. Plot of Im (Flog(]og(2))>

Ve

f(x)
30l

25¢

20+

0.2 0.4
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ExaMpPLE 12.11. Use equation 1' and set d — %,f — %,c — 2,8 = 2,b—
1

1,a—>2,z—>;,a—>$,k—>0,a—>1 and simplify.

(12.11) /1 z PR - b (TR) o Ry (A4 ST+ 14 55— L)
' 0 Va2 +az2Vb? 4 a? a(2l + s)

where 0 < Re(s) < 1, Re(b) > 1.

=0

ExAMPLE 12.12. The elliptic integral of the first kind F'(z|m) see [Wolfram, 1.
Use equation (12.11)) and set m = 1 and simplify.

- (7%) oF1 (5,5 +53+1—2%) - a?
(12.12) > (221’1 1)b22l a2/ — _jqF (z’csch 1(a)|b—2>
=0

where a,b € C.

ExampLE 12.13. Extended Jellett integral exhibited by a geometrical construc-

tion, see pp.402 example 18 in [30]. Use equation (11.4) and set &k — 0,a — 1,d —
%, z— %, c—m,m—0,f —0,a — 1,s = 0 and form a second equation by replacing

b — a and take their difference and simplify.

—asFy (3, 21+ L2y 4 boF (4, L1+ L)

(12.13) /b L w
o VI + 2z ve

where Re(m) > 0.

FIGURE 18. Plot of Re (

1
m)



https://mathworld.wolfram.com/EllipticIntegraloftheFirstKind.html
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m

FIGURE 19. Plot of Im (ﬁ)

EXAMPLE 12.14. Generalized form of equation (2.6.8.1) in [I7]. Use equation
1} and set k - 1,a = 1, f — %703 — %,c — 2,5 = 2,m — 0 and form a second
equation by replacing b — a and take their difference and simplify.

b

log(x) de

o V1+222v1+ 220

< & 2ol () () (D2 (1 + 27 + 20) log(a))) — D(2, — (1 + 23 + 21) log(b))))
(1425 +20)2

(12.14)

§=01=0
where Re(z) > 0, Re(a) > 0.

ExXAMPLE 12.15. Use equation (|12.14)) and rewrite in the form as the left-hand
side as equation (2.6.8.1) in [17].

’ log(z)
12.15 d
( ) /a Vz2 — 22v/a2 — 12 *
) _1)—j+lz—1—2ja—1—2l(—§) (—é)

== (1+25+210)?

(T(2, =((1 +2j + 20) log(a))) — T'(2, =((1 + 2j + 21) log(b))))

where Re(a) > Re(b), Re(a) > Re(z) > 3/2.

ExAMPLE 12.16. A functional equation in terms of the complete elliptic integral
of the first kind [Wolfram,1|, using equation (2.6.8.10) in [I7]. Use equation (11.4)


https://mathworld.wolfram.com/CompleteEllipticIntegraloftheFirstKind.html
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andset k = l,a = 1,f — %,d—) %,c—> 2,8 = 2,m — 0,b— 1 and simplify.
(12.16)

L o) f; ) sFo (3 A+ L3+ 1313 4122
\/1+$2y2\/1+m2z2 — (1 + 20)2

where Re(y) < 1.

(12.17)

1 . . . .
/ log(z o N (L i 0 i)
der = — E -

\/x2+y2\/x2—|—22 , (1+25)%y

Jj=0

where Re(y) < 1. Next rewrite equation (2.6.8.10) in [I7] over the domain x € [0, 1]
and simplify to get;

(12.18)

1 2
1 1 log(yz) ( z

- + log(z) do = — K(l-—

/0 < Vat+y?a? 22 \/1+x2y2\/1+x2,z2> &(@) 2y y?

where Re(y) < 1, Re(z) < 1. Then we substitute equations (12.16]) and (12.17)) into
(12.18]) and simplify.

e
=0
o Z—1—2j(—j%) 3 Fy (%7 T4 i+ i3+ +5— 7) K (1 - ;*2) log(yz)
-2 (112))% - 2y

where Re(y) < 1.

EXAMPLE 12.17. Use equation (12.19) and set z = 4,y = 1/4/2 and simplify.

- . | | |
(12.20) i V() 5 P (%v%‘fﬂ]v‘%-f—];%-i-]y%—f-];—?)
(1+25)

=0
=2 ECHE () (60 (3 1) - 000+ )
1+ 2001110

K(3)log (ﬁ)
V2

ExAMPLE 12.18. Appell hypergeometric function of two variables [Wolfram,1],
in terms of the hypergeometric function [Wolfram/§]. Use equation (11.4) and set


https://mathworld.wolfram.com/AppellHypergeometricFunction.html
https://mathworld.wolfram.com/HypergeometricFunction.html
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k—=0a—=1m—=0,d——-m,f—>m+1,¢c— 2 s— 1 and simplify.

(12.21) i b ol (TH) 21?_5?,??% 3L 5?)
1=0

1 b2a? mF 14 1S 1S
=— |- —=—= m;m, m; m;, —— —————
mao 52 4+ b2a2 ! R "is —ba’ is + ba

2+b%a \ " 158 + ibsar is + tbsa
) Fi {m;m,m;14+m;

b2a2(1 + ba is —ba ' is+ ba

where Re(z) > 0, Re(a) > 0.

13. Special case of a generalized definite integral

In this section we look at a special case of equation (11.4]) expressed in terms of
the Hurwitz-Lerch zeta function [Wolfram/2].

ExampPLE 13.1. Use equation (11.4) and set a — 1,0 - 1,f — 1,d — —d and
simplify.

(13.1)
Lam (14 2¢2)* 1 r(1 = 14 ¢j
/Mlogk Y e = TOER S 5 (D (1, LG M
o 1+ 2% x gkl =\ s
where Re(c) > 0, Re(s) > 0,|Re(m)| < 1.

ExaMPLE 13.2. Use equation (13.1)) and set & = 1 and simplify the right-hand
side using equation [DLMF,25.14.2].

1+ z* = (2s)k+1

= . /d l+cj+m l4+cj+m+s
L O B (L ).

=0

where Re(c) > 0, Re(s) > 0, |Re(m)| < 1.

1,..m c.\@ 1
(13.2) /O ™ (1 + 2¢2)* log" (E)d D(1+k)

ExaMPLE 13.3. Use equation (13.2)) and simplify using [DLMF,25.12.13]

1,.m 14+ g€ dl k(1
(13.3) /z (+22)"log” () 4,
0 1+I5

(§)1+k i ; d (L‘ ( 77’,(1+c_7‘+7n)7r> Li ( 7i(1+cj+rn,)ﬂ')
= ——— z 1_ —e s — Ll g le s
24k sin(k) j k 4§

Jj=0
. . i(14cj+m)m . i(14cj+m)m
e () ()

where Re(c) > 0, Re(s) > 2,|Re(m)| < 1.



https://mathworld.wolfram.com/LerchTranscendent.html
https://dlmf.nist.gov/25.14.E2
https://dlmf.nist.gov/25.12.E13
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ExamMpPLE 13.4. Use equation (|13.2) and take the first partial derivative with
respect to k and set k = 0 by applying I’'Hopital’s rule.

1 m(q c dl 1 1
0 14 a8

Y 1+ ) l+cj+m
) Z P(1+d —j)I(1+j) ((Hlog(%)) <w<°> (2S>

l+cj+m+s l+cj+m l+cg+m—+s
SYNCORY (et e SO IOV i e/ A VEDIY (i A L
2s 2s 2s

where Re(c) > 0, Re(s) > 2, |Re(m)| < 1.

ExampLE 13.5. Use equation (13.2) and form a second equation by replacing
m — r and take their difference and take the first partial derivative with respect to k
and apply ’'Hopital’s rule as k — —1 and simplify using [DLMF25.11.18] .

L(—a™ +a") (1+ 2°2)" log (log (1))
(13.5) /0 (L+ 2 log (1) o

— 0 ZT(1 +d) 14ci+m
=3 o (i (20 +os2) oo (s (-2 FET )

1 1 j 1 ]
log (_1 n +CJ+m) g <_2 n +CJ+7°> +log (_1 N +CJ+7">
S S

s
1 j 1 j 1 ' —
+logl [ —1 + Itag+my logl' | -1+ Iteag+r) logl’ Itgtm=s
2s 2s 2s

+logl l+cj+r—s ¢ 071+cj+m
2s 2s

14cj+r l4+cj+m—+s
1" 0’ 1 O
¢ ( 2s O 2s

l+cj+r+s
LA (N P
o)

where Re(c) > 0, Re(s) > 2,|Re(m)| < 1,|Re(r)| < 1.
THEOREM 13.1. For all |[Re(m)| < 1 then,

(13.6) /b 2™ (1+2%%) "4 (1 +2%) " (1 +278) 9 logk (az) da
0

oo oo o0

=D NN pttertmdsthy (gp) el mmelemhy g gh(1 — ¢j —m — Is — hy) T F

3=01=0 h=0
(}d> <_lf) (_hg>F(1 +k,—((1+ ¢j +m+1s + hy) log(ab)))

ProOF. Apply the method in (11.4)) to include another binomial coefficient and
rational function. O


https://dlmf.nist.gov/25.11.E18
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EXAMPLE 13.6. Extended Byrd-Elliptic integral form. (800.07) in [31]. Use equa-
tion and set k - 0,a — 1,d — %,z—) —l,c— 2,9 — %,7—> 2,8 — —k% f —
1,5 — 2 then take the indefinite integral with respect to o and replace @« = —a?,m = 2
and simplify. Derivation of equations (4.295.31-33) in [I1] are special cases of equation

@3,
b log (1 — x2a2)
0o V1—12v1— k222
ii h+2lb3+2h+2lk2h 2+2l( ) Fl (272 —|—h+l 5 +h—|—l,b2)
2a 2 1+ 1)(3+ 2h + 21)
(—1)htipl+2ht2 2y ( 420”2 Py (1,3 4+h+33 +h+jib%a?) 2108(1—172"2))

=0 h=0

(13.7)

(=)

(1+2h+27) (3+2h+27) 1+2h+2]

2I' (3 —h)D(1+ AT (5 —j) T(1 + )

where 0 < o? < k2.

EXAMPLE 13.7. Generalized form of equation (4.295.34) in [11I]. Use equation
(13.6) and set k — 0,a = 1,d = 3,2 > —1,c 5 2,9 & -2,y > 2,8 = —k% f —
1,5 — 2 then take the indefinite integral with respect to a and replace @« = —a?,m = 2

and simplify.

dx

(138) /b V1= k222log (1 — 2%a?)
0 Vi-a?
Z D22 ()" 02 (—a2)! () oFy (5,8 4+ h+ 135 + b+ 1502)
(L+1)(3+2h +20)

=0 h=0
where 0 < o? < k2.

EXAMPLE 13.8. Generalized form of equation (4.295.35) in [11I]. Use equation
(13.6) and set £k — 0,a — 1,d — —%,c—> 2,9 — %,'y -2, = k% f—=1s5—>
2,b — 1 then take the indefinite integral with respect to o and replace o — —a?, m =
2,z = —1 and simplify.

(13.9)

/ \/1—m210g (1-2%?) 7042\/7?ia2llﬂ(%(5+2l)) oFy (3,3 + 133+ 15 K2)
V1= k222 2 & 1+ +20)T((3+1)
where 0 < o2 < k2.

EXAMPLE 13.9. Generalized form of equation (4.297.9) in [II]. Use equation
(13.6) and set k¥ — 0,a — 1,d — %7c—> 2, f — %,s — 2,9 — 1,7 — 1 then take the
indefinite integral with respect to 8 and replace m = 1 and form a second equation
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by replacing 8 — —f and take their difference and simplify.

(13.10)
b tanh ' (23) > p'+2 /ral tanh T (b3) o Fy (%7 % + 1 % + 1 —b2z)
dr = T
o V1I+222/1+ 120 = (1+20T (5(1—20))T(1+1)

ii b2+2j+2l7rzjalﬂ
S A0 D)+ 2+ 200 (5 - 4) TA+ )T (5 - 1) T +1)

X (2F1(1,2(0+ 7 +1);3+ 25 +21;,—b8) + 2F1(1,2(1 + 5 +1);3 + 25 + 21;b5))
where |Re(k)| < 1,|Re(a)| < 1.

EXAMPLE 13.10. Generalized form of equation (4.297.9) in [11]. Use the method
in equation (|13.10)) and simplify the series on the right-hand side starting with j €
[0, 00).

b tanh ™! (z3)
o V1+ 2221+ 22
00 oo hp2+h+2l 1 h R (—3 1 h J. h o J.
Ty (=122l B (=) + B1) (T2) oFy (5,1 4+ &+ 12+ 2 4+ 1;-b%2)
21+ h)(2 + h + 21)

(13.11) da

h=0 1=0
where |Re(k)| < 1,|Re(a)] < 1.
EXAMPLE 13.11. Generalized form of equation (4.297.9) in [11I]. Use equation

(13.6) and set k — 0,a = 1,d = +,c = 2,f - 1 s 52,9 - 1,7 —» 1 and form a
second equation by replacing 8 — —f and take their difference and simplify.

®  tanh '(zp)

13.12

( ) 0 V14 222V/1+ 22a
_ i i (—1)P0PHHRGL (=) + ) (2) oF (3, 1+ & + 12+ & +1;—b%2)
B P 2(1+h)(2+h+21)

where |Re(k)| < 1, |Re(a)| < 1.

EXAMPLE 13.12. Generalized form of equation (4.297.11) in [11]. Use equation
|| and set k — 0,a — 1,d — %,c—> 2,f— %,s — 2,9 = 1,7 — 1 then take the
indefinite integral with respect to § and form a second equation by replacing 8 — —3
and take the difference and simplify.

b 71+mt h—l
(13.13) / z anh_ (@5) ;.
0 V14 z22V1+ 22a

b2j+21+mﬂ_zjal

:;);(2j+2l+m)(1+2j+21+m)F(%—j)F(l—i—j)F(%—l)F(l—i—l)

x (tanh™"(bB3) + 2j tanh " (b3) + 2 tanh ™" (b3) + mtanh ™" (b3)

1 m 3 m
_ (1.2 i i i - b2 32
bB o 1(,2+]+l+2,2—|—j—|—l+2,bﬁ>)
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where |Re(k)| < 1,|Re(a)| < 1,|Re(m)| < 1.

ExaMPLE 13.13. Use equation ((13.13) and simplify the right-hand side with j €
[0,00) and simplify.

L e €6))
0o V1+222v1+ 22a
_1)h (1 + (_1)h) b1+h+2l+mﬁal51+h

vy
i;Jl:o2(1+h)(1+h+21+m)F(%—Z)F(1+l)

(13.14)

11 1
x oy (2,2(1+h—|—2l+m);2(3+h+2l+m);—b22)

where |Re(k)| < 1,|Re(a)| < 1,|Re(m)| < 1.

13.1. The incomplete elliptic integral of the third kind. This example is
an extension of the Ward form in [33]. In 1960, Morgan Ward published work on
the evaluation of an elliptic integral of the third kind and the difficulties associated
with these types of integrals. In this example we present a generalized closed form
solution for this elliptic integral in terms of the hypergeometric function allowing for
easy evaluations after parameter substitutions. A similar form is also published on
page 523 of Watson [32]. In 2013, Fukushima [34] published work on a novel method
to calculate an associate complete elliptic integral of the third kind. In 2017, Anakhev
[35], published work entitled, ” Complete elliptic integrals of the third kind in problems
of mechanics”, where elementary analytical expressions for determining the values of
the specified integrals, which is of importance for revealing the physical cause effect
relationships in the problems under solution and in their subsequent mathematical
transformations. In 1904, Greenhill [36] published work on the elliptic integral of the
third kind, which makes its appearance in a dynamical problem, is of the circular
form in Legendre’s classification, and thus the Jacobian parameter is a fraction of the
imaginary period, so that the expression by-means of the theta function can no longer
be considered as reducing the variable elements from three to two. In 1965, Fettis
[37] worked on the ”Calculation of Elliptic Integrals of the Third Kind by Means
of Gauss’ Transformation”, where this work is based on Gauss’ modulus-reducing
transformation, enabling one to write an efficient program for direct computation
of the integral for any given values of its three arguments. In 1988, Carlson [3§]
published work on a collection of 72 elliptic integrals of the third kind in terms of
R-functions. Some methods of computing elliptic integrals include the duplication
method [DLMF19.36(i)], quadratic transformations [DLMF,19.36(ii)], theta functions
[DLMF,19.36(iii)], other methods [DLMF,19.36(iv)|, such as numerical quadrature,
series expansions of Legendre’s integrals, and addition theorems. In 1991, Jha et al.,
[39], produced work on the ”Computation of elliptic integrals of the third kind in
high-frequency EM scattering problems,” where they determined the computational
efficiency of various formulae in relation to the nature of the scattering structures.

ExXAMPLE 13.14. The incomplete elliptic integral of the third kind see [Wolfram 2.
Use equation || and set k > 0,a = 1,d - 1,¢c — 2, f — %,s — 2,9 — %,*y —


https://dlmf.nist.gov/19.36.i
https://dlmf.nist.gov/19.36.ii
https://dlmf.nist.gov/19.36.iii
https://dlmf.nist.gov/19.36.iv
https://mathworld.wolfram.com/EllipticIntegraloftheThirdKind.html
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2,m — 0 and simplify.

b
1
13.15 / dx
( ) 0 (1+222)V1+ 22a4/1+ 223
20 & DAL (TE) (T2) o Fy (L, 4+ h+ IR 4 bt 1 —b22)
1+ 2h + 21

h=0 1=0
where |Re(z)| < 1,|Re(a)| < 1,|Re(B)] < 1.

ExAMPLE 13.15. Use equation and simplify the right-hand side series
starting with h € [0, 00) and simplify.
b 1
(13.16) /o o) Vit /i) dx
_ i i (“1pH20H2000l (C2) o Fy (3,3 45+ 153+ + 1 -62B)
1425+ 21

Jj=0

where |Re(z)| < 1,|Re(a)| < 1,|Re(B)] < 1.

=0

14. A generalized form of definite integral over a finite domain

In this theorem we iterated the process of deriving the contour integral method

in Theorem ((11.4)).
THEOREM 14.1. For all |Re(m)| < 1 then,

b no/ )
(14.1) / Z g im it ogh (ag) H ( ,bl>c{1 dx
0 J

17-~7jn>0 =1

§ 4 n n —b .
_ a—l—m—zl:1 any (14 k,—log(ab) [ 1+ m + a] ( ' l)ch
$ g(ab) > i L{ ;i )

J1s-3Jn =20 =1 1=

n
(—1 —-—m — Z aljl> —l=k
=1

ExAMPLE 14.1. The elliptic integral of the first kind. Use equation (11.4) and
set k= 0,a—>1,d=> 3 f>3,9g—>%cols=>1y—21lz2—--la— —35,8—
—%, m — 0 and simplify.

(142) F (isinh™'(1)|2) = F (lesch™ (VI= ) ’ 2)

i(—1)h =313 s —hplth L (“2) (T2) o 1y (3,14 A+ 2+ h 4+ 1;b)

=22 1+h+1

h=0 [=0
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EXAMPLE 14.2. Derivation of (4.1.5.6) in [18]. Use equation (11.4) and set k —
0,a—>1,b—>1d—>1-sc—1,z—=-1f—=s+1l,s—=>1l,a— —2,9g—1,v—1
then take the indefinite integral with respect to 8 and set § = —1, m = 1 and simplify.

(14.3) /01 (1= E”)Sl lg(l~2) ;.

1—azz)stl

__iF(3+h)F(s)2F1(2+h,1+s;2+h+s;z)
N (1+h)(2+h)T(2+h+s)

h=0
oF1 (1,884 152)

(z—1)s?

where Re(s) > 0,|1 — z| < .

EXAMPLE 14.3. Derivation of a generalized form of (4.1.5.45) in [18]. Use equation
andsetk—>0,a—>1,b—>1,d—>1—s,c—>27z—>—1,f—>s+%,s—>2,a—>
—a,g — 1,77 — 1 then take the indefinite integral with respect to 8 and set § = —f
to form a second equation, then take their difference and simplify.

Lagm=1(1- x2)871 tanh ™! (z3)
(14.4) /0 1 ax2)3+% d

BT GG+ 24 m) D)oy (313 1+ %533 +14 % 4+ 67)

g (1+2l+m)1“(%(1+21+m+23))

where Re(s) > 0,]1 — z| < 7.

EXAMPLE 14.4. Generalized form of equation (4.531.13) in [11I]. Use equation
@ and set k - 0,a — 1,0 - 1,d — %,c—)Z,f—> %,s—>2,g—>1,’y—>1then
simplify the series over j € [0,00) then take the indefinite integral with respect to
B. Next form a second equation by replacing 8 — —f and take their difference and
simplify. To get the second double series, after the initial parameter substitutions
simplify the series in terms of h € [0,00) and repeat the steps above and simplify.

14.5
(145) \/1+:c2,z\/1—|—x2 1+h )1+ h 420 +m)

x‘“"”tanh ii _ (1+( 1)h) al61+h(—l%)
h=0 1=0
11 1
><2F1<2 2(1+h—|— 21+ );2(3—|—h+2l+m);—z>

_1 Z 2y/mal tanh ™! (8) o Fy (3, 04+ 251 +1+42;—2)
(20 +m)L (3(1—20))T(1+1)

=0

S w2l B
_;;(2J+2l+m)(1+2j+2l+m) [(3-3)TA+5)T (5 -1)T+1)

o1 (L, 1425 +214+m;2(1+54+1)+m;B)))
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where Re(m) > 0,|Re(z)| < 1,|Re(a)| < 1.

EXAMPLE 14.5. A generalized elliptic integral form involving the product of loga-
rithm and arctangent functions. Use equation andseta — 1,0 - 1,d — %, c—
2, f — %, s — 2,9 — 1,7 — 1 then take the indefinite integral with respect to 5 and
simplify.

1, .—14+4m -1 k
(14.6) / x tanh™ " (z8) log" (x) de
0 V14 222v1 + 22«

0o oo oo ( ) (1+( ))Zjalﬁh(—]%)(7%>
*FHk 1222 1+h)(—1—h—2j—21—m)’“lr1

h=0 j5=0 =0

where Re(m) > 0, |Re(z)| < 1,|Re(a)] < 1.

EXAMPLE 14.6. Generalized form of equation (2.6.12.9) in [?]. Use equation (1
and set k — 0,a — 1,9 — 1,7 — 1 then take the indefinite integral with respect to ﬁ
and replace d — —v, f — p and simplify.

bam=1 (14 2¢2)" log(1 + xﬂ)
(147) /0 (14 z5a)”
_1)hb1+h+m+lsalﬂl+h (—l#)

B oo OO(
_ZZ (14+h)(L+h+m+1s)

1 A l 1 A l
><2F1<c +ﬂ+31 7,1—|— + - +m+$—bc)

where Re(m) > 0, |Re(b)] < 1.

EXAMPLE 14.7. Bierens de haan form for equation (2.6.17.9) in [?]. Use equation
andseta—>1,b—>1,g—>07m—>m—1,d—> —d,f — —f,8— 1,7 = 0 next
apply I’Hopital’s rule as k — —1 then form a second equation by replacing m — r and
take their difference and simplify.

(14.8)

Al (@™ — 27) (1;1026(;))(1(1 +a%a) Olz;zj < )< )bg <M>

Jj=

where |Re(m)| < 1,|Re(r)] < 1.

15. Definite integrals involving series of the Hurwitz-Lerch zeta function

In this section we look at a special case of equation involving the definite
integral of the product of rational and logarithm functions in terms of the Hurwitz-
Lerch zeta function. Special cases in terms of other special functions and fundamental
constants.
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EXAMPLE 15.1. Definite integral in terms of the infinite sum of the Hurwitz-
Lerch zeta function. Use equation (11.4) and set a=b=d=1,f — —f,g - —g and
simplify using [DLMF,25.14.1].

(15.1) /1 2™ (14 2a) (1+276) log" (1)
0 1+ zcz
P(L+E) e o (N (9 —m —ls — hy
= 22 () () (e
h=0 1=0
where |Re(m)| < 1, Re(c) > 0, Re(s) > 0, Re(y) > 0.

ExAMPLE 15.2. The Hurwitz-zeta function. Use equation (15.1) and set z = 1
and simplify using [DLMF,25.14.2].

152 [T 2*0) (1+278)" og* (1)

dx

d
1+ z¢ v

_ -1 oS AIN(9Y ((o=1- —m — s — hy
=c! kF(1+k)ZZalB'(l>(h> (2 k¢ (1+k,—20>

h=0 =0
_9-l-k¢ (1 +kx (1 _Zmols—hy h”)))
2 c

where |Re(m)| < 1, Re(c) > 0, Re(s) > 0, Re(y) > 0.

ExXAMPLE 15.3. Malmsten-type definite integral. Use equation (|15.2)) and take the
first partial derivative with respect to k and set k = 0 and simplify using [DLMF,;25.11.18

.

1 ,.—1+m 1 s f 1 ¥ 91 1 1
(15.3) / : SRk M) Og(og(w))dx
0 14 ¢

= };; 20(1+g—hTA+R)TA+f-DTA+1)

X ((7+log(gc)) <1/,(0) <m+l‘9+h7> —© <C+m+l$+h7)>

2c 2c

m+1ls+ hy c+m+Is+ hy
Y \—— |t |——————
2c 2c

where |Re(m)| < 1, Re(c) > 0, Re(s) > 0, Re(y) > 0.

ExXAMPLE 15.4. Definite integral in terms of the finite sum of the Hurwitz-Lerch
zeta function. Use equation (15.1]) and simplify the series on the right-hand side.

m—1 s N\ v a9 1
(15.4) /0133 (1+z*a)’ (1+278)" log" (1)

dx
1+ x¢z


https://dlmf.nist.gov/25.14.i
https://dlmf.nist.gov/25.14.E2
https://dlmf.nist.gov/25.11.E17
https://dlmf.nist.gov/25.11.E17
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where |Re(m)| < 1, Re(c) > 0, Re(s) > 0, Re(y) > 0.

EXAMPLE 15.5. Definite integral involving the reciprocal ,logarithm function. Use
equation (11.4) and set k = —1,b =1 and simplify.

m(] 4+ z) “A+za) T (1+278)77
(15.5) /0 (a) —i—log(x) dx

ZZZﬂ() (7))
(0, —((1 + ¢j + m + Is + hv) log(a)))

where |Re(m)| < 1, Re(c) > 0, Re(s) > 0, Re(ry) > 0.

ExaMPLE 15.6. Use equation and simplify using equation . When
using the polylogarithm function definition, then Re(c) > 1. One advantage of the
polylogarithm form, is the lack of the gamma function. This allows for negative
integers in the parameter k by applying I’Hopital’s rule.

dz

Lyp=14m (1 4 2%a)! (14 278)7 log" ()
(15.6) /0 1—z¢

:iifl_kalﬁh(};)() (1+ k)¢ <1+k— is_i”)

h=0 [=0

= —(20)* e R R ese (k) Z Z lﬁh( > ( >
=0 1=0
(Li_k (_eiiw(c—2(7nc+ls+h'y))) n (—1)7kLi_k (_617(0—2(mc+ls+h,'y)) ))

where |Re(m)| < 1, Re(c) > 0, Re(s) > 0, Re(y) > 0.

EXAMPLE 15.7. Mellin transform of the logarithmic form of the elliptic integral of
the third kind in terms of the Hurwitz-Lerch zeta function. Use equation ((11.4]) and
set d — %,f—> %,g—> l,a—1,b—>1,c— 2,8 — 2,7 — 2,m — m — 1 and simplify.

1 —1+m ] k(1
(15.7) ’ o8 (x) dz
V14 222¢/1 + 220 (1 + 228)
1

=271k P(1 + k) iiz] ( ,2>(l5> ( B,1+k, (2]+2l+m))

7=0 1=0

where |Re(m)| < 1,|Re(2)| < 1,|Re(a)| < 1,|Re(B)| < 1.

ExAMPLE 15.8. Malmsten-form of the elliptic integral of the third kind, where
Re(B) > 1,0 < Re(m) < 1. Use equation (15.7) and take the first partial derivative
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with respect to k and set kK = 0 and simplify.

1 " Jog (log (%))
o V1+ 2221+ 22a (1 + 22p)

. L (‘35) (‘l%) (®(-p15+1+75) (r+ log(2)

=0 1=0

(15.8)

o' (=B, 1541+ 7))

where 0 < Re(m) < 1,|Re(z)| < 1,|Re(a)| < 1,|Re(B)| > 1.

16. Exercises

Use the method in sections (11.1-11.2) with the appropriate coefficient functions
and variables to derive the following examples.

ExaMPLE 16.1. The logarithmic transform of the hypergeometric function.

(16.1)
a”'TITT(1 A+ b, —((1+ 1+ m) log(ab))) (a)i(B);

b o0
/ 2™ 5 Fy (o, B3 ) log® (az) dz = Z
0

1=0 I(y)i (=1 =1 —m)k+1

where 0 < Re(m) < 1, Re(a) > 0, Re(8) > 0, Re(y) > 0.

ExaMPLE 16.2. Malmsten type integral involving the hypergeometric function.

160 [ it o (e (1))

Y(=1+7)(=1+ 2Fi (-1 +a,-14+3;-1+7;1))
(—1+a)(-1+p0)

2
=

= log(1+1)
2 T D0
where 0 < Re(a) < 1,0 < Re(B) < 1, Re(y) > 2.

EXAMPLE 16.3. The logarithmic transform of the Hurwitz-Lerch zeta function.

1+ k,—((1 + 1+ m)log(ab)))
a*m(1 414+ m)F(l +v)*

b oS
(16.3) /0 " P(x,s,v)(— log(ax))k dx = 2 Z I(
1=0

where Re(k) > 0, Re(s) > 0,|Re(m)| < 1.
ExXAMPLE 16.4. Definite integral representation for the Hurwitz zeta function.

1 ! 1
Ta+h) /0 7 ®(x, 5, v) log” (x> der =((14+k+ s,v)

where Re(k) > 0, Re(s) > 0.

(16.4)
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EXAMPLE 16.5. Definite integral representation for the Riemann zeta function.
Similar form is given by Arakawa et al. in [40].

1 k=1 (1 is(x
(16.5) F(lk)/o log (;)L @) 4o = ¢k +5)

where Re(k) > 0, Re(s) > 0.

17. Special functions and integrals of the general form

17.1. The hypergeometric function 5 F}(«, 8;v;x). The contour integral rep-
resentation form involving the hypergeometric function is given by;

1 b
(17.1) 2—7”/ / aw Pt S By (a, B ;s ) dadw
cJo

_ L [ atwTF I s By (mt w Lo, fym+ w +2,730)
C2mi Jo m+w+1

dw

where Re(a + 3) > 0.
17.1.1. Left-hand side contour integral representation. Using a generalization of

Cauchy’s integral formula we form the definite integral by replacing y by logax

and multiply both sides by % then take the infinite sum of both sides over

[ €[0,00) to get;

(17.2)
b k b
ml : . 1
/ z™ log (ax)Qﬁl(a,B,'y,x)dxii'/ /wkazm(ax)w o Fy (v, B;7y; o) dwdx
. k! 2 Jo Jo
_1//bwk1mm(ax)w Fi(a, B;7; z)dxdw
- 2mi cJo e

where Re(a + ) > 0. We are able to switch the order of integration over ¢ and w
using Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand
is of bounded measure over the space C x [0, 1].

17.1.2. Right-hand side contour integral representation. Use equation (5.4) and

— - ; B (o)1 (B)s
set y = 0, replace m — [ +m + 1,a — ab and multiply both sides by der .
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Next take the infinite sum of both sides over [ € [0, 00) and simplify to get;

(17.3)
o~ b (ab) T (-1 — L= m) T (A A+ k(1 + L+ m) log(ab))) (@)i(B):
r k()
—k—1 ab wbl+m+1(a)l(ﬂ)
2#22/ Nl+m+w+1)(y) o
(

7k 1 ab wbl+m+1 a)l(ﬁ)
N 2m/z Nl+m+w+1)(y)n dw

dw

1 bHHm(ab)Pw F s Fy(1 4+ m +w, o, ;2 +m + w,y; b)
B /C 1+m+w

from equation [Wolfram, [07.27.02.0002.01] where |Re(b)| < 1. We are able to switch
the order of integration and summation over w using Tonellii’s theorem for integrals
and sums see page 177 in [12], since the summand is of bounded measure over the
space C x [0, 00)

21

THEOREM 17.1. Finite integral of the hypergeometric function.

(17.4)
(o e 2 o () d — S O DU (14 L+ m) log(ab))) (a)i(8):
/01' 2F1( 75777 )1g( )d 7; l!(’y)l(—l_l_m)k+l

where 0 < Re(m) < 1, Re(a) > 0, Re(B) > 0, Re(vy) > 0.

PROOF. Since the right-hand sides of (17.2]) and (17.3) are equivalent relative to
(17.1) we may equate the left-hand sides and simplify the gamma function to yield

the stated result. O
EXAMPLE 17.1. Use equation (17.4]) and set a = b = 1 and simplify.
1
1
m e k — B
(17.5) /0 ™ o F1 (o, B;y; x) log (m) dr = T(1 4+ k) Zl' l+m+ Ty

where Re(a+ 3) > 0.

EXAMPLE 17.2. Malmsten logarithm form of a definite integral see [Blagouchine,
1]. Use equation (17.4)) and set m = 0,a = b = 1 then take the first partial derivative
with respect to k and set k = 0 and simplify.

(17.6) /O (o i) log <1og (i)) dz

V(=147 (=1+ 2F (-1 +a,—1+ 3;—1+;1))
(-1+a)(-1+pP)

log )(a)u(B)i
_ Z i !


http://functions.wolfram.com/07.27.02.0002.01
https://doi.org/10.1007/s11139-013-9528-5
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where 0 < Re(a) < 1,0 < Re(B) < 1, Re(y) > 2.

17.2. The Hurwitz-Lerch zeta function ®(z, s,a). The contour integral rep-
resentation form involving the Hurwitz-Lerch zeta function function [DLMF, [25.14] is
given by; .

(17.7)

1 © wpl+l+mtw (] —5,,—1—k
/ / w ket (1) 5 0)dedw = — a4 U+ v) dw
27i 2mi Jo = 1+l+m+w

where Re(v) > 0.

17.2.1. Left-hand side contour integral representation. Using a generalization of
Cauchy’s integral formula we form the definite integral by replacing y by log ax
and multiply both sides by #!/*™ (I 4-v)~* then take the infinite sum of both sides over
[ €1]0,00) to get;

a78) /b a™ log"(a )<I>(x 8,0) 1
0
=5 Z/ / =L (az) T (1 4 v) " dwde

27”/ /C “Hax) 2™ (1 + v) " dwdz

=0

/ / “k=lym (az) Y ®(z, 5, v)dwdz
" 2mi
—k—1 m w
271'1// (az)?®(z, s,v)drdw

where Re(v) > 0. We are able to switch the order of integration over ¢ and w using
Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand is of
bounded measure over the space C x [0, 1].

17.2.2. Right-hand side contour integral representation. Use equation and
set y = 0, replace m — [ +m +1,a — ab and multiply both sides by b'*™*1(I +v)~*.
Next take the infinite sum of both sides over [ € [0, 00) and simplify to get;

(17.9)
LB ) T m (] = = ) 1R ) (1 k, —((1+ 1+ m) log(ab)))
271 Cl:() k/"
__153/ b1+l+m(ab)w(l—|—v)_5w_1_k
N 2mi = Jo IL+l+m+w

R
- 2mi Jo 1+l+m+w

=0


https://dlmf.nist.gov/25.14
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where Re(v) > 0. where |Re(b)| < 1. We are able to switch the order of integration
and summation over w using Tonellii’s theorem for integrals and sums see page 177 in
[12], since the summand is of bounded measure over the space C x [0, 00)

THEOREM 17.2.

b > — m) log(a
(17.10) /Oxmé(x,s,v)(—log(aw))kdfﬂ = iZF(iif(’l —|(—(ll—:_’li”b;+1)(llf(v)l?))
=0

where Re(k) > 0, Re(s) > 0, |Re(m)| < 1.

PROOF. Since the right-hand sides of (17.8) and (L7.9) are equivalent relative to
(17.7) we may equate the left-hand sides and simplify the gamma function to yield
the stated result. O

ExXAMPLE 17.3. The Hurwitz zeta function ((s,a). Use equation (17.10) and set
a=b=1,m — v —1 and simplify.

1
(17.11) ! )/0 7 H®(z, 5,v) log" (i) der=((1+k+s,v)

T(1+k
where Re(k) > 0, Re(s) > 0.

EXAMPLE 17.4. The Riemann zeta function ¢(k+ s) see [40] Use equation (|17.11))
and set v = 1 and simplify.

1 k=11 is(z
(17.12) F(lk;)/o log (;)L @) 4o = i+ 5)

where Re(k) > 0, Re(s) > 0.

17.3. The product of Bessel functions. The contour integral representation
form involving the function is given by;

v—p —1—-k m+w » vHp
(17.13) //2 a®w (14 ca?)? 2
2i D1+ o)1+ p)

X oF3 <2+2+2,1—1—2+g;l—i—ul—i—,u,l—i—v—i-u;—sz)dxdw

9—v— ;Lawb1+m+lp+wclw71 k v+,u(§l)
~ o /CZ (1+m+Ip+w)(1+v)[(1+ p)

I

1
X 3Fy (1+m+lp+w,+ + =, 14 = —|—’u 1+v,24+m+Ilp+w, 14+ pu,14+v+ p;—bz

2 2 2 2 2

where |Re(z)| < 1.

) v
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17.3.1. Left-hand side contour integral representation. Using a generalization of

Cauchy’s integral formula [2.3] we form the definite integral by replacing y by logaz
. . (_1)jcl d 272]‘7“7”(j+v+u+l):z2j+“+”mj+lp+m
and multiply both sides by (1) j!l"(j+/¢+1)1"(j+vi&-1) then take the

infinite sums of both sides over j € [0, 00),1 € [0, 00) to get;

b a2 logH (ax) (co? + 1) (vE2) " Ty (VE2)  (VE2)
(17.14) / Tt D) dz

S / Pur e DT bt D,
27729(”0 'F(j—i—u—!—l) (j+v+1)
2mi c == 'F(j+u+1) (j+v+1)

= —h=dgm( WAV (D p—v o0 b+3(—p—-v)+%
B 2m/ / - (az)"2# (cx +1) (Vaz) (22%) Jo (Vaz) J, (Vaz) dwdz
= —helymy PV (gP b43(-p—v)+3
B 2m// - (az)" 2" (cx +1) (fz) ( ) Jy (\/>Z) 1 (fz) dxdw

where |Re(z)| < 1. We are able to switch the order of integration over ¢ and w using
Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand is of
bounded measure over the space C x [0, b].

17.3.2. Ruight-hand side contour integral representation. Use equation and
set y = 0, replace m— > m + 1+ j + Ilp,a— > ab and multiply both sides by

—1)3 (D) 272 Y (g 1), 22T i iR mA ] ] )
(17! (i) j!r(jJ(erl)F(jJr);Jrl) . Next take the infinite sums of both sides

over j € [0,00),1 € [0,00) and simplify to get;

(17.15)
f: i (—1)72-2 vl 200t (D14 &, —((1+ j +m + Ip) log(ab))) (1 + j + v + p);
g FERT(I+j+ (1 +j+p)(—1—j —m — Ip)ktigltitmtip

1 i i/ (=1) clw=*=1(ab)v (7)2_2j_”_”(j + v+ p+ 1);z20 Tty tptmtl

C 2w & c JITG+p+DIG+v+ DG +Ilp+m+w+1)

: / i i (=1)7 ™ N (ab) ()27 17 (j 4 v + p 4 1) 22 T b
c JTG+p+ LG +o+ )G +lp+m+w+1)

9—v— ;Lb1+m+lp(ab) 717kzv+,u(ll1)
a 2772/2 (L4+m+lp+w)(1+o)T(1+p)

1 v pu v
sFy (1 l -4+ -4+ =14+ -4+ =
><34(+m+p+w,2+2+2,+2+2

;1+v72+m+lp—|—w,1—|—,u,1—|—v—i—,u;—bz2)dw
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where |Re(z)| < 1. where |Re(b)| < 1. We are able to switch the order of integration
and summation over w using Tonellii’s theorem for integrals and sums see page 177 in
[12], since the summand is of bounded measure over the space C x [0, 00)

THEOREM 17.3. The product of Bessel functions.

b
(17.16) /O 258 (14 ca?) g, (Vaz) Ju (Vaz) (—log(ax))F da,

_ ii (=1)dclp2itvtn (‘li)l“(l +k—((1+j+m+ip)log(ab)))(1+j+v+ pu);
ST+ + 0T+ +p)(14] +m o+ Ip)ktlaltitmieg2itotn

where Re(b) > 0, |Re(m)| < 1.

PROOF. Since the right-hand sides of (17.14]) and (17.15)) are equivalent relative
to (17.13) we may equate the left-hand sides and simplify the gamma function to yield
the stated result. O

EXAMPLE 17.5. The form in equation ([17.16)) can be used to derive (2.12.32.2-
7) in [41], the integral form over z €]1,00) for equations (2.12.32.8-10,13) in [41].
Equations (13.1.66-67) in [19].

ExaMPLE 17.6. Use equation (17.16)) and set £k = 0,a = 1 and simplify.
(17.17)
; 27 . . .
0o (=) (2)¥ T(142) + v+ ) o Fy (—d7%+§+%;1+%+%+%;—bpc)
QI+j+mIA+)TA+j+0) A +j+ )1 +j+v+p)

(e}

j=

() () sFs(1+m+1p, 5+ 2+ %1+ %+ %2+m+1Ip1+v,1+u1+v+p—bz?)
— (14+m +Ip)T(1 +v)T(1 + )

where Re(b) > 0,|Re(m)| < 1.

ExampLE 17.7. Use equation (17.16)) and set ¥k — 0,a = 1,p - 1,¢c = 1,d = 0
and simplify.

2—1—v—ub2+2m+v+pzv+,u

(1+m+ 2+ 5T +0)T(1+ p)

b
(17.18) /o a2 (02)J, (22) do =

1 v pu v v
XgFyl=4+=-4+=,1+-+=,1 -+ =
34(2—1—24—2, +2+2, +m+2+2

. v, )
,1—|—v,2+m+§—|—§,1—|—,u,1—|—v—|—,u,—bz

where |Re(z)] < 1.
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17.4. The product of the Bessel and logarithmic functions. The contour

integral representation form involving the product of the Bessel and logarithmic func-
tions is given by;

1 b
(17.19) ﬂ// 2vaYw =R, ()™ T2 dadw
T Jco

" 2mi C Fv+1)2m+2v+2w+1)

1 aWw k- lp2mt2u2utl gy (m +vtw+gv+lmtvtwtd; —%)
dw

where |Re(b)| < 1.
17.4.1. Left-hand side contour integral representation. Using a generalization of
Cauchy’s integral formula [2.3] -, we form the definite integral by replacing y by log ax

J 20 +m+tv)

and multiply both sides by (= then take the infinite sum of both sides over

JIT(G+v+1)
j €10,00) to get;
(17.20)
/b 2”w2m+vJv(x) logk (a Z/ / w—k-1 (amQ)w 2(j+m+v)d p
0 k! " 2mi JhGG+v+1) war

7k: 1( 2)“’ 2(j+m—+v)
dwd
2#@//2 JITG+v+1) wa
2m/ /2” 1 (az )w 2?7 I, (x)dwdz
21} 2m-+v
27”// ) x Jy(z)dzdw

where |Re(b)| < 1. We are able to switch the order of integration over ¢ and w using
Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand is of
bounded measure over the space C x [0, b].

17.4.2. Right-hand side contour integml representation. Use equation and

set y = 0, replace m — j + m + v + L a — ab® and multiply both sides by
(- 1)d2-2~ 1p2(F+m+v)+1

JIT(+v+1)

. Next take the 1nﬁn1te sum of both sides over j € [0,00) and



DERIVATION OF SOME DEFINITE INTEGRALS 119

simplify to get;
(17.21)

o (CLyrm g (57) U (1 — (3 + o v) log (a?))
JURITA4+j+v)(—1—2j —2m — Qv)k+1a2+g+m+v

j=0
0 1 —k—1p2j+2m+2v+2w+1
ZLZ/ (Z) Wy p2i+2m+2v+2w+ e
2mi 4= Jo G + v+ 1)(2) + 2m + 2v + 2w + 1)
0 1\J —k—132j+2m~+2v+2w+1
:L/Z (—3) avw Pl
2mi Jo == JIT(j + v+ 1)(2j + 2m + 2v + 2w + 1)
1 qupltem+2vt2w,,~1-k (% +m+v+w; 1+, % +m+v+ w; —%)
=T om d
2mi Jo (1+2m + 20+ 20)0(1 + ) v

where |Re(b)| < 1. where |Re(b)| < 1. We are able to switch the order of integration
and summation over w using Tonellii’s theorem for integrals and sums see page 177 in
[12], since the summand is of bounded measure over the space C x [0, 00)

THEOREM 17.4. The finite Mellin transform involving the Bessel and logarithmic
functions.

b
(17.22) / 22+ 1, (z) log” (az?) dz
0

B i (=1)~'Hi—ka=2tk—vp (1 4k, — ((3 +j +m+ v) log (ab?)))
s D1+ j +v) (14 2j + 2m + 2v)k+1asHitmte

where Re(p+v+1) > 0.

PROOF. Since the right-hand sides of (17.20) and (17.21)) are equivalent relative
to (17.19) we may equate the left-hand sides and simplify the gamma function to yield
the stated result. O

EXAMPLE 17.8. Derivation of equation (2.3.1) in [42], (10.22.10) in [DLMFJ10.22.10].
Use equation (17.4)) and set k = 0,m — ™% m — p,x — t,b — x and simplify.

(17.23)

v 2 vpltutn 1 v o p 3 v o ou 2P
tﬂjv t)dt = F: — - —’1 , = — ———
A ) (wawﬁu+w12<2+2+2 Tty Ty 4>

_ T (3+5+3) i (v42k+ 1T (5 =5+ 5 +k)) Joyorsi(2)
F(z-%5+3) i=

where Re(u+v+1) > 0.

EXAMPLE 17.9. Derivation of equation (2.3.2) in [42]. Use equation ((17.23) and
form a second equation by replacing © — —pu and set v = 0. Next take the difference
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. xr —_ 1— . .
of the integral fO"L tHdt = —’ii: and simplify.

2 F(l_ﬂ.lﬁ_ﬁ_ﬁ)
1 1722 7227 27

(17.24) / TR = Jo(t))dt = atH -

0 L—p 1—p
where |Re(x)| < 1.

Next apply 'Hopital’s rule as ¢ — 1 and simplify to get;
P - - 1 .1 3 .z’

T 1= Jo(t) 67(”31”—351“1F2(§—%71a§—%7—i))
(17.25) — 0 dat = - ‘

0 t (1—p) n=1

o

where |Re(x)| < 1.

ExampPLE 17.10. Use equation (17.23) and set a = b = 1 and apply I’'Hopital’s
rule as k — —1 and simplify.

1 m e —2j—v 1424
(17.26) /% Z log( i .]+S+U)
0 log (1) = 1+]+v) 1+2j+m+v

where 0 < Re(m) < 1,0 < Re(s) < 1.

ExAMPLE 17.11. Use equation (17.23)) and set k = a = 1. Next take the n-th

derivative with respect to m and simplify by replacing m — ”21);”_)791 and simplify.

(17.27) ‘
(-1)°T(1+8) & (1)

1
“Hm gy (x) log” (z) dar =
/0 T ($> og ($> xr u — F(1+j)F(1+j+v)(2j+m+v)5“

j=
where 0 < Re(m) < 1.

17.5. Bessel function with generalized second parameter. The contour
integral representation form involving the Bessel function is given by;

1 b
(17.28) ﬂ// 27020y Pl () Tl TV T, (2z0) drdw
T

1 27v72aww7k:71a'ubm+v+w+1
/C Flv+1)(m+v+w+1)

T 2mi

v w 3
F. -+ ;b d
><12(2+2+2+2 +1 2+2+2+2, a>w

where |Re(b)| < 1.
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17.5.1. Left-hand side contour integral representation. Using a generalization of
Cauchy’s integral formula [2.3] we form the definite integral by replacing y by logax

— \io—v—2_2j+v_2j+m+uv
and multiply both sides by =2 e " hen take the infinite sum of both
sides over j € [0, 00) to get;

(17.29) /b 27v720‘v$m+v(04$)7” logk(ax)Jv(Q:ca)

dxdw
Z/ / j2 v— 2 7k71(ax)wa2j+vx2j+m+vd d
rTaw
" 2mi JTG+v+1)
Z j27'u72,w7k71(am)wa2j+vx2j+m+vd J
raw
T 2mi JIT(+v+1)

=5 / /2_” 2w~ ol (ax) Y™ () TV T, (2za)dedw
i

9—v— 2 —k—1 a? w ,,m~+v v
27”// (az)® 2™ (ax) ™" J,(2za)dxdw

where |Re(b)| < 1. We are able to switch the order of integration over ¢ and w using
Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand is of
bounded measure over the space C x [0, b].
17.5.2. Right-hand side contour integral representation. Use equation (5.4)) and set
jo—v—2_ 2j+vi2j+m+tuvt1
y = 0, replace m — 2j+m+v+1, a — ab and multiply both sides by (172 ot Ty

JIT(G+v+1)
Next take the infinite sum of both sides over j € [0, 00) and simplify to get;

o j2 2-vg—1-2j—m—v,2j+v] (1 1424 1
(17.30) Z (1+Ek,—((1+2j+m+wv)log(ab)))
G+ + 0)(—1 — 2j — m — v)k+1

=0
j 1)72-v=2qp=k=1(gh)w o 20 +op2itm+vt
2mZ/ 'Fj+v+1)(2j+m+v+w+1)
/Z 1)i2-v= 2= k=1 (gh)w a2 +vp2itmtvtl
omi JITG+v+1D)2j+m+v+w+1)
_ L2 e e e By (4 B 54 g3l u S+ B4 G 4 5 —ba?)
27t Jo I+m+v+wl(1+wv)

where |Re(b)] < 1. We are able to switch the order of integration and summation
over w using Tonellii’s theorem for integrals and sums see page 177 in [12], since the
summand is of bounded measure over the space C x [0, c0)
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THEOREM 17.5. The finite definite integral of the Bessel function.

b
(17.31) /0 2™ 1T, (za)(— log(ax))F da

_ 1y 2+v D(1+ k, —((2) + m + v) log(ab)))
N mg ( ) JIT(L+ 7 +v)(2) +m+v)ktt

where Re(a+ v+ 1) > 0.

PROOF. Since the right-hand sides of (17.29) and (17.30) are equivalent relative
o (|17.28) we may equate the left-hand sides and simplify the gamma function to yield
the stated result. O

ExampPLE 17.12. Use equation (17.31) and set @ = b = 1 and apply I’'Hopital’s
rule as k — —1 and simplify.

1 oo (q)25tv ] .
(@ —a™) Jy(za) (5)7" (1) (23 +m+v+1)
17.32 dz = — 1
(17:32) /0 log(z) o j;)jll“(l—i-j—i-v) B\ 2rstot1

where 0 < Re(m) < 1,0 < Re(s) < 1.

18. Exercise

Use the method in equations ((17.29) and ([17.30) and (17.28]) with the appropriate
coeflicient functions to derive the following formulae.

ExampPLE 18.1. Bessel function and integrals of the general form

b
(18.1) /0 2= (1 + ca?) Ty (za) (— log(az)) da

Vg (@Y (dY_ T+ k —(2) + m+ Ip+ v)log(ab)
(2) ZZC( (2)) (l)j!f‘(l—|—j+v)a2j+m+lp+”(2j—|—m—|—lp+v)k+1
where Re(a+v+1) > 0, Re(p) > 0

EXAMPLE 18.2. Show that the form given in equation ((18.1)) can be used to derive
equations (2.12.1.1), (2.12.3.1-3), (2.12.4.1-13), and the form over = € [1,00]) for
equations (2.12.1.2-4,9), (2.12.2.2), (2.12.3.4-12), (2.12.4.14-37) in [41].

EXAMPLE 18.3. Use equation ([18.1)) and set k = —1,a — e®. Then form a second
equation by replacing a — —a and take their difference and simplify.

b p—1+m ca?) T, (za cla2ity (4
sy [EITOEen ) ,, S5 iyl

a2 +log*(x) = @ T+ g +v)2t 20y

x <em(2j+m+l”+”)l" (0,— ((27 + m +Ip + v) log (be "))

,efia(2j+m+lp+v)r (0, _ ((27 +m+ip+ ’U) log (bem))))
where Re(av+ v+ 1) > 0, Re(p) > 0.
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EXAMPLE 18.4. Generalized form of (6.552.4) in [11]. Use equation (18.1) and
set k >0m—1,c——-1,p—2,d— —% and simplify.
(18.3)
/b Jv(xa) dr — i (,1)j272j7vb1+2j+va2j+v o F) (%’ % Jrj 4 ;% +j + %;b2)
o V1—zx2 _j:0 (1+2j+0)I(A+HI(1+75+v)
where 0 < Re(v),0 < Re(a) < 1,|Re(b)| < 1.

EXAMPLE 18.5. Generalized form for (6.554.2-3) in [11]. Use equation (18.1) and
set k- 0,c— —1,p—>2,d— f% and simplify.

(IS

bypmttm g (za)
o  V1i-—a?
00 (71)j272j7vb2j+m+va2j+v o F (%,j + % + %;1 T4 % + %;62)
=2 (2 +m+o)L(1+ )1+ )+ v)

(18.4) dx

3=0
where 0 < Re(v),0 < Re(a) < 1, |Re(b)| < 1,0 < Re(m) < 1.
EXAMPLE 18.6. Generalized form for (6.561.1,5,9,13(7)) in [1I]. Use equation
(18.1) and set k =d =0, - 0,a = 1,¢c = 1,m — m,b — 1 and simplify.
(18.5)
2

1 _
27" m v m v o
71+va d — F 7.1 - 71 .
/0 v (za)dr = T o) ! 2(2 Tyttt ity

where 0 < Re(v),0 < Re(a) < 1,0 < Re(m) < 1

EXAMPLE 18.7. Generalized form for equations (6.567.1,3,6,9,13), (6.569) in [11].
Use equation ([18.1)) and set k — 0,a — 1,¢ = —1,p — 2,d — p and simplify.

(18.6) /Ob g~ (1 - xz)“ Jp(zar) do

2, 27 vpitmtug (—a2)j oF1 (J+ 2+ %, —p 1+ 5+ 2+ 2507
2j+m+0) 1+ 5)T1+j+v)

=0
where 0 < Re(v),0 < Re(a) < 1,0 < Re(m) < 1.

EXAMPLE 18.8. Generalized form for equations (6.592.5, 10, 11, 16) in [11]. . Use
equation (18.1)) and set k — 0,¢ — —1,d = p—1,b=1,p = 2,m — m/2 and replace
z — t1/2 and simplify.

(18.7) /0 (1—z) "=, (Vza) do

B i (—D)f2' v (T L B (l +m+51+1+m+ %140 —%2)
N (2l42m+v)[(1 +v)

1=0
where Re(u) > 2.
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18.1. Bessel functions, exponentials, and powers. The contour integral rep-
resentation form involving the Bessel functions, exponentials, and powers is given by;

18 8 277@ / / w fT —1—kxv+2(m+w) (1 + cxp)doz”(xa)_"Jv(xa)dxdw
> > ) h+l1 ) ol fhop=1=F g
/ ZZ 92—V qwpltgh+ p+v+2(m+u)c f 1— (l)
~2mi o= (L+gh+2m+lp+v+2w)hIT(1+v)

1 gh lp 3 gh lp 1.5 4

where |Re(b)| < 1.
18.1.1. Left-hand side contour integral representation. Using a generalization of
Cauchy’s integral formula we form the definite integral by replacing y by log ax

. . —1)i¢el pho—2i—v d\ _2j+v,_gh+2j+ip+2m+v . .
and multiply both sides by S h!j(!{ﬂ)(? T +f) then take the infinite

sum of both sides over j € [0,00),h € [0,00),1 € [0,0) to get;

(18.9) i satelT (az) ™" logk (axQ) (ca? + l)d Jo(za) dxdw
27 k!
B A R ——
= dwdx
2m] — == RGIT(j+v+1)
o0 00 00 ]c fh2 25— Y —k—1 (axQ) (l)a2j+1;xgh+2j+lp+2m+v
= dwd
SN N s

— 27/ / —k—1 b axQ) f 9z2m+v(a‘r)7v (Cl’p+1)d Jy(za)dwdaj
e

= om / / Fla? ()" ef* 2 (o)~ (ea? + 1) T, (z0)dedu
T

where |Re(b)| < 1. We are able to switch the order of integration over ¢ and w using
Fubini’s theorem for multiple integrals see page 178 in [12], since the integrand is of
bounded measure over the space C x [0, b].

18.1.2. Right-hand side contour integral representation Use equation and

set y = 0, replace m — gh +j+ lp +m+ 3 —|— 1 a — ab? and multiply both sides
( 1)J(,lf 2— 2j—v— 1() 2J+ubglz+2j+lp+27n+v+1
by

TGO . Next take the infinite sums of both sides
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over j € [0,00),h € [0,00),1 € [0,00) and simplify to get;

(18.10)
o oo oo 2 2j+k— vlfh 2j+v() (1—|—kj ( +9h+23+2m+lp+v)log(ab2))
1=0 h=0 j=0 h']'k'r (14j +v)(=1 — gh —2j — 2m — lp — v) 1 +kqz (LHah+2j+2m+ip+o)
[ 1)iawel fha=2i—vyy=hk-1 dy ,2j+v pgh+25+lp+2m+v+2w+1
T 2w Z/ Il ! () dw
il RGIC(j + v + 1) (gh + 25 +Ip +2m + v + 2w + 1)
1 1)iawel fha=2i—vy=k= 1(‘li)a2j+vbgh+2j+lp+2m+v+2w+1
d
2m/010h0 RUGIT(j + v+ 1)(gh +2j + Ip+2m + v + 2w + 1) v

—v wb1+gh+2m+lp+v+2wclfh 17k:av (tli)

/CZZ (I+gh+2m+Ip+v+2w)h!T'(1+v)

gh lp 3 gh lp 1.5 4
F: — 1 -+ = w; —=b d
><12(2+2+ +2+2+w +v2+2+ +2+2+ e w
where |Re(b)] < 1. We are able to switch the order of integration and summation
over w using Tonellii’s theorem for integrals and sums see page 177 in [12], since the

summand is of bounded measure over the space C x [0, c0)

THEOREM 18.1.

(18.11) /b e 2™ (1 4 ca?)? J, (za)(— log(azx))" dz
0

> 240 (1) (DT (1 + kb, —(1 + gh + 25 +m + Ip + v) log (ab))
YT (9) g

=0 h=0 1=0 RIGIT(1 + § + v)adh+2i+p(1 + gh + 25 + m + Ip + v)k+1

where 0 < Re(v),0 < Re(a) < 1,0 < Re(m) < 1.

PROOF. Since the right-hand sides of ((18.9) and (18.10)) are equivalent relative to
(118.8) we may equate the left-hand sides and simplify the gamma function to yield
the stated result. 0

EXAMPLE 18.9. General form for equations (6.625.1-2) in [II]. Use equation
(18.11) and set ¥ — 0,a - 1,0 > 1,9 > 1l,c > -1,d—>pu—1,p—1,f - —F and
simplify.

(18.12)

! BIT(1+ h +m + v)T(p)
—zf 1— 1+u mJ ) H
/Oe (1 =)=, (za) ZI‘1+h Fl+o)lA+h+m+v+p)

Wb (L pmy Y 1+h+ 47
2 g Ty Ty Tyt Ty Ty Ty
1 h w . h m v pu o
1 - - £ I P
+u2+2+2+2+2 to Tyttt

where |Re(a)| < 1.
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EXAMPLE 18.10. Generalized form for Erdéyli Bessel definite integrals for equa-
tions (6.719.1-2) in [11]. Use equation and set ¢ — 1,k = 0,a — 1,d —
—%, p — 2 then form a second equation by replacing f — —f and take their differ-
ence. Then replace f — i3, ¢ — —c? then ¢ — 1/c and simplify.

b 2 J,(za) sin(z3)

A - B

(18.13)
ii 1)dl+ho—1-2j- v( 1+ (_1)h> pl+h+2j+m+v 2+ gh
=0 hzo cl+h+2j+m+v)I(1+ k)1 +5)T(1+7+0v)
h 3 h m b2)

11
= a2 Dz
><21<22+2+ +2+22+2+ +2+2,2

where |Re(b)| < 1.

ExAMPLE 18.11. Generalized form for Table (6.674) in [I11]. Use equation
and set k = 0,a — 1,9 — 1,p = 0,d — 0,¢c — 1. Next form a second equation by
replacing f — —f and take their difference. Next take the derivative with respect to
f and set m = —1. Then set m = 0 in the initial equation and multiply each equation
by sinh(c) and cosh(c) respectively and take their difference and simplify.

(18.14)

(L Bt
3

b
/0 Jy(za) sinh(c—x) dx = hz% +h4+0)T(1+h)I(2 +v)

3 h 5 h
><1F2<2+2+; S+ 24 Y —be 2)
27270 (=1 4 (=1)") p2th vtV (—bcosh(c) + hsinh(c))

(-
(2+h+v) (1+h)F(2+v)

h h
><1F2<1+ + 2+ +5 2+vﬂb2 2)

2717 (=14 (-1)h) bh+“oz”(—b(h +v) Cosh(c) + h(1+ h + v)sinh(c))
; (h+v)F(1+h)F(1+v)

h h 1
><1F2<2 21+ +7 14w —4b2a2>

2 2
27170 (=1 4 (=1)") b2 a? (=b(h + v) cosh(c) + h(1 + h + v) sinh(c))
+ (1+h+o)D(1+h)T(1+v)

h v 3 h 1
F '—*b22
X12(2+2+22+2+2 + v; 4a>)

where Re(v) > 0, Re(a) > 0, Re(c) > 0, Re(b) > 0.

EXAMPLE 18.12. Generalized form for Table (6.699.9-10) in [I1]. Use equation
(118.1) and set k — 0,a — 1,9 — 1,p = 0,d — 0,c — 1. Next form a second equation
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by replacing f — —f and take their difference and replace f — i and simplify.

b
(18.15) /o ™ Jy(ra) sin(xp) dz

o Z~1+h2717'u (71 + (71)h) b1+h+m+vavﬂh
(I+h+m+v)I'1+A)TA+v)

h=0

h v 3 h 1
F. — — 1 +v;—-b%a?
X12<2+2+2+22+2+2+2 +o 40‘)

where Re(v) > 0, Re(a)) > 0, Re(8) > 0, Re(b) > 0.

EXAMPLE 18.13. Generalized form for Table (6 719) in [I1]. Use equation (1
andset k = 0,a = 1,9 = 1,f = iB,p = 2,¢c = —c?,m — 0, d—>—f andsunphfy
b eiwh I, (zar)

18.16 ——dx
( ) 0o V1—c2x2

_ ii (—1)727 2ottt 2o g2 (B oy (5, 54+ %+ j+ 555 4+ 2+ + 5;0°C?)
_h:Oj:O (14+h+2j+v)L(1+h)I(1 +y)1“(1 +]+v)
where Re(v) > 0, Re(a) > 0, Re(8) > 0, Re(b) > 0.

EXAMPLE 18.14. Generalized form of equations (13.1.56-58) in [19]. Equations
(13.1.59-65) can be derived when p # 1 and simplify. Use equation (18.1)) and set
f—ib,g—1p—>1,d—pu—1k—0,a—1,¢c— —c and simplify.

b
(18.17) / e@Ppm(1 — cx) "M, (za) da
0

_ g (0 Sy (%4)” (B)"
= () 2 X A g T m T O+ I T I 775 7)

h=0 7=0
X oF1(1+h+2j+m+v,1— 24+ h+2j+m+v;be)
where Re(u) > 0, Re(v) < —1/2.

EXAMPLE 18.15. The Hurwitz-Lerch zeta function. Use equation (18.1)) and set
a=0b=1,d= —1 and simplify using [DLMF, [25.14.1].

7 B —1+mJ 1 —1+k
(18.18) / S (za)log™ ™" (3)
0 1+ 52

(_1)j2_2j_vs_ka2j+vﬁhr(k)q) (_27 ky M)

=22 RGIT(1 + j + )

h=0 j=0

where Re(u) > 0, Re(v) < —1/2, Re(s) >0

EXAMPLE 18.16. The Hurwitz zeta function. Use equation ((18.18]) and set z = —1
and form a second equation by replacing m — r and take their difference and simplify
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using [DLMF, 25.14.2].

1,278 (,m—1 _ ,r—1 —1+k (1
(18.19) / e (:L‘ T 1 )ii(xa) log (I) i
0 _

0o oo (_1)j2_2j_'“s_ka2j+vﬁhl—‘(k‘) (C (k, w) —¢ (k, M))

:ZZ RFIT(1 45+ v)

h=0 j=0

where Re(u) > 0, Re(v) < —1/2, Re(s) > 0.

19. More single and double integrals

In this section we expand definite integral derivations listed in current volumes
and books using equation(s) stated in the latter. Here we use equation and make
simple variable changes to get the following theorem.

THEOREM 19.1.

b
(19.1) /0 2™ (1 + 2°8)* log" <a1x> dz,

Z Tlmm=te(y +m+fa)_1_k6f(;>F(1+k,(1+m+fa)log (alb))

where Re(b) > 0.

EXAMPLE 19.1. Derivation of equation (1) in [44]. Here we use equation (19.1)
andseta > 1,b—>e *m—2n—1,a — 2,8 —1,A — —n, k — m and simplify;

(19.2) 2n /Oo A ) /exp(a) w de
o (L+exp(2z))" 0 (1+ 902)

N (14 m,2a(f +n))
=2 12 f+n)m+1

where Re(n) > 0.

20. Derivation of Table 4.626 in Gradshteyn and Ryzhik page 616 (2015)

EXAMPLE 20.1. Derivation of entry (4.626.1) in [11]. Here we use equation (19.1)
and set A\ > -1, a—> 1,8 — —yz,a > y,b > 1,m - u— 1,k — s and simplify;

(20.1)

/ / g Ty~ 14 log(xy))sdydx _ T+ 8)P(z, 14 s,u) + T(1 + s)P(2,1+ s,v)
1—2yz uU—v

where u, v, s,z € C.
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EXAMPLE 20.2. Derivation of entry (4.626.2) in [11]. Here we use equation ((19.1))
and set A\ » -1, aa = 1,8 — —yz,a - y,b - 1,m — u— 1,k — s and simplify;

(20.2) / / z Ty _;T;y:og(xy))s dydr =T(2+ 5)®(2,2 + s,u)

where u, v, s,z € C.

EXAMPLE 20.3. Derivation of entry (4.626.3) in [11]. Here we use equation ((19.1))
and set A\ = —1,a = 2,8 = vy%,a = y,b = 1,m — 1,k — 1 and simplify;

xlogxy 1
20. 4
(20:3) // T gz Wi = g (F48C+ )

EXAMPLE 20.4. Derivation of entry (4.626.4) in [11]. Here we use equation (|19.1)
and set A > —1,a = 2,8 = —y%,a = y,b = 1,m — 1,k — 1 and simplify;

x log( :Ey B 2
(20.4) / / T 222 5 dydr = 13

EXAMPLE 20.5. Derivation of entry (4.626.5) in [11]. Here we use equation ((19.1))
and set A = —1,a = 2,8 = vy*,a = y,b = 1,m — 0,k — 0 and simplify;

1 1
1
20.5 — —dydx = C
(20.5) /O/OH_IQyny

EXAMPLE 20.6. Derivation of entry (4.626.6) in [11]. Here we use equation ((19.1))
andset A\ - -1, a = 1,8 — —yz,a - y,b — 1,m — 0,k — —1 and simplify;

ot 1 _ log(1 —2)
(206) /0 /0 =2y loalay) Y= 2

EXAMPLE 20.7. Derivation of entry (4.626.7) in [11]. Here we use equation ((19.1)
and set A » -1, a = 1,8 = —y,a = y,b > 1,m — 0,k — 0 and simplify;

1 1 2

1 T

20. dydx = —
(20.7) /o/ol—xyyx 6

EXAMPLE 20.8. Derivation of entry (4.626.8) in [11]. Here we use equation (|19.1)
andset A\ - -1, a—=1,8— —y,a =y, 0 > 1,m — 0,k — 1 and simplify;

(20.8) / / log(zy) ; ydx = —2((3)

EXAMPLE 20.9. Derivation of entry (4.626.9) in [IT]. Here we use equation ((19.1))
and set A - 0,0 — 0,8 —>1,a >y, b > 1,m — u— 1,k — —1 and simplify;

—1+u —1+4v 10 v
(20.9) / / ——dydx = — g (&)
log(xy) —u~+v
EXAMPLE 20.10. Derivation of entry (4.626.10) in [1I]. Here we use equation
(19.1) and set A —» 0,0 =4 0,8 = 1,a - y,b - 1,m - u— 1,k — —1 and simplify;

—1+u —1+u
(20.10) / / ————dydr = ——
log(xy)
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EXAMPLE 20.11. Derivation of entry (4.626.11) in [1I]. Here we use equation
(19.1) and set A —» -1, a = 1,8 - y,a - y,b = 1,m — 1,k — —1 and simplify;

£=0

EXAMPLE 20.12. Derivation of entry (4.626.12) in [1I]. Here we use equation
(19.1) and set A = —1,a = 2,8 = y* a — y,b — 1,m — 1,k — —1 and simplify;

(20.12)

/ / (14 22y2) log(:cy)dydx N i<_1)flog (W) - <F\(€7)TQ>

f=0 1

EXAMPLE 20.13. Derivation of entry (4.626.13) in [1I]. Here we use equation
(19.1) and set A = —1,a — 2,8 = y*,a — y,b — 1,m — 0,k — —1 and simplify;

1 1
1
20.13 dude — —
( ) /0 /0 (1 + 222) log(zy) ™" 4

EXAMPLE 20.14. Derivation of entry (4.626.14) in [I1I]. Here we use equation
(19.1) and set A = —1,a — 3,8 — —y>,a = y,b — 1,m — 0,k — 0 and simplify;

1 1
y ™

20.14 / / ——dydr = ——

( ) o Jo 1—a3y3 Y 3V3

EXAMPLE 20.15. Derivation of entry (4.626.15) in [11]. Here we use equation
(19.1) and set A — —1,a — 2,8 — —y?,a = y,b — 1,m — 0,k — 0 and simplify;

1 1 1 71_2
20.15 T dydr = —
( ) /0 /0 [ Wi =3

EXAMPLE 20.16. Derivation of entry (4.626.16) in [11]. Here we use equation
andsetA—) »a—1,8—=ya—yb—1,m—0k— —1and simplify;

(20.16) dydx = —2 (—1 + \/i)

[ [ 7=

EXAMPLE 20.17. Derivation of entry (4.626.17) in [13]. Here we use equation
andset/\—> 5.0 —2,8— —y%,a = y,b—=1,m — 0,k — —1 and simplify;

(20.17) dydx = —

s
2

/01 /o Wlog(wy)

EXAMPLE 20.18. Derivation of entry (4.626.18) in [11]. Here we use equation
lj and set A\ = —1,a = 2,8 = —y%,a = y,b = 1,m — 0,k — % and simplify;

(20.18) // v l‘liﬂydd (~1+4v2 \/1“()
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EXAMPLE 20.19. Derivation of entry (4.626.19) in [1I]. Here we use equation
lj and set A = —1,a = 3,8 = —y?,a = y,b = 1,k — %,m — v and simplify;

o) ! [T e = TR )

EXAMPLE 20.20. Derivation of entry (4.626.20) in [I1I]. Here we use equation
(19.1) and set 3 — y®,a — y,b — 1 and simplify;

(20.20) / / fli)/giioi\/fy))dydx:10g2(2)+7(—1+10g(4))_71 +m (g)

21. Entries in Table 3.1.5 in Prudnikov volume I (1986)

EXAMPLE 21.1. Derivation of entry (3.1.5.27) in [I7]. Here we use equation (|19.1)
and set k — 0,a —> 1,\ — %,a —2,m — 1,2 =y, 3 — —sin?(z) and simplify;

T ok
(21.1) / / yr/1 — y? sin®(z)dydz
0o Jo

((1+#%) B (k) — (1 - k) K (k7))

EXAMPLE 21.2. Derivation of entry (3.1. 5) in [17] additional formula. Here we use
equation (|1 and set k — 0,a = LA = =L a = 2m— 1,z =y, — —sin®(z)
and simplify,

(21.2) dydx =E (K*) + (-1 + k) K (k*)

EXAMPLE 21.3. Derivation of entry (3.1.5) in [I7] additional formula. Here we use
equation 1] and set k — 0,a — 1, A — —%7a —2m — 1,z =y, — —sin®(z)
and simplify;

(21.3) dydz = + (-14+ k%) K (k)

[t

EXAMPLE 21.4. Derivation of entry (3.1.5) in [17] additional formula. Here we use
equation (19.1)) and set k — 0,a — 1, A — —Sa=2m—=lz—ypf— — sin?(xz)
and simplify;

(21.4) / / 0 ))S/Zdydx_K(k2) E (k?)
— 92 sin?

where 0 < Re(k) <
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ExXAMPLE 21.5. Derivation of entry (3.1.5.28) in [17] generalized form. Here we
use equation 1) and set k — 0,a = 1,\ — %,a —2,m — 0,z =y, 3 — —sin?(z)
and simplify;

1113
21. \/1-— ddf—F — =1, =:p?
( 5) / / ySIH yaxr 32( 7272, 27 )

where |Re(b)| < 1.

EXAMPLE 21.6. Derivation of entry (3.1.5.29) in [17] generalized form. Here we
use equation lb and set kK — 0,a — 1,\ — %,a —2,m — 0,z — y, 3 — tan®(x)
and simplify;

(21.6)

_1 19
+ 2020
: 0,0,0
cos(x)y/1 + y2 tan? ( Ydydx =

where Re(b) > 0.

EXAMPLE 21.7. Derivation of entry (3.1.5.30) in [17] infinite series involving the

hypergeometric function form. Here we use equation (19.1]) and set k — 0, — 1, A —
%,a —2,m — 1,2 =y, 8 — —sin*(x) and simplify;

(21.7) /@ /k y\/mdyda:

fk2+2f
Z =) 2+(2}) F (1 1+f, + f;sin?(p )> sin}+2f ()

1
=3 <(1 +E)E (p|k*) — (1—k) F (o |k*) — (1 —4/1—k? sinQ(cp)> cot(go))
where 0 < Re(k) < 1, Re(p) > 0.
EXAMPLE 21.8. Derivation of entry (3.1.5.31) in [17] infinite series involving the

hypergeometric function form. Here we use equation (19.1]) and set &k — 0,6 — 1, A —

%,a —2,m— 1,z =y, 3 — —sin?(z) and simplify;

(21.8) /0@ /1 y\/mdydx

Z % 2F1(272+f72+f751n( ))Sin1+2f(§0)
= 2+ 6f 4 4f2

~ sin®(ip) — cos(p) + 1
B 3sin(yp)
EXAMPLE 21.9. Derivation of entry (3.1.5.32) in [L7] infinite series involving the
hypergeometric function form. Here we use equation (19.1)) and set K — 0,a — 1, A\ —
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%, a—2,m— 0,z — vy, — —sin®(z) and simplify;

111 3
21. \/1— = _ F Z 2 2.1 2.2
( 9) / / y Sln dydm bﬂ-?) 2( 27272 2ab>

EXAMPLE 21.10. Derivation of entry (3.1.5.33) in [17] infinite series involving the
hypergeometric function form. Here we use equation (19.1]) and set &k — 0, — 1, A —

f%, a—2,m—0,x —y, B — tan®(x) and simplify;

2

dydm _

(21.10) T

/ / sec(x
1+ y2 tan?(

EXAMPLE 21.11. Derivation of entry (3.1.5.34) in [17] infinite series involving the
hypergeometric function form. Here we use equation (19.1]) and set k — 0, — 1, A —
—%,a —2,m — 0,2 =y, 3 — —sin’(z),b — 1 and simplify;

EXAMPLE 21.12. Derivation of entry (3.1.5.35) in [17] infinite series involving the
hypergeometric function form. Here we use equation (19.1)) and set K — 0,a — 1, A\ —
%,a —2,m — 1,z =y, 8 — —sin*(z) and simplify;

I v

EXAMPLE 21.13. Derivation of entry (3.1.5.36) in [17] infinite series involving the

hypergeometric function form. Here we use equation (19.1)) and set £ — 0, — 1, A\ —

—%,a —2,m — 1,z =y, 8 — —sin*(z) and simplify;

(21.11) dydx = 2C

(21.12) dydz = E (k*) + (-1 + k) K (k?)

91.13 Y R R

(21:19) /0 /0 1/1—y251n2(az) -

> (= é 2F1< 72+f72+f’81n( ))Sin1+2f(90)
; 21 6f +4f2

_ 1 — cos(y)
sin(¢p)

where ¢ € C, |[Im(p)| < 1.

EXAMPLE 21.14. Derivation of entry (3.1.5.37) in [17] infinite series involving the
hypergeometric function form. Here we use equation (19.1)) and set K — 0,a — 1, \ —
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—%,a —2,m — 1,2 =y, 3 — —sin*(z) and simplify;

(21.14) /: /Ok\/p;:T(x)

o k221 (TF) cos(p) o Fy (A3 + £33+ fisin®() (~1)7 sin* () tan(p)
2+ 6f +4f2

=B (¢ [k?) = (1= k) F (p|?) + (VT = (ksin())? - 1) cot(p)
where [Im(p)| < 1,0 < Re(k) < 1.

dydzx

f=0

EXAMPLE 21.15. Derivation of entry (3.1.5.38) in [17] infinite series involving the
hypergeometric function form. Errata. Here we use equation (19.1) and set k —
0,a — 1A — f%,a —2,m— 1,z =y, 3 — —sin?(z) and simplify;

(21.15) / ’ / ' ’
0 Jo Tyt () (1 - o sin’(@))
= (DR (F) sec T2 (o) sin! 2 ()
= ; 2+6f+4f2

dydx

x Fy <; +fifi 1 % + fi—tan®(p), (~1 +a?) tan2(@>)

# (k* = )11 (p; 0% k%) + E (¢ ‘kQ) — F(p|k*) + ( 1 — (ksin(yp))? — 1) cot(¢p)
where |Im(y)] < 1,0 < Re(k) < 1.

EXAMPLE 21.16. Derivation of entry (3.1.5.39) in [17] infinite series involving the
hypergeometric function form. Errata. Here we use equation (19.1) and set k —
0,a - 1,\— —%,a =2m—1lz—=y 08— —Sing(x) and simplify;

(21.16) /’2' /k Y dydzx
o Jo I pain(e) (1 - a2 sin ()
RS -3 v~
B ;4(‘”“““2%( f2> ((1 VI at
L(:+f
+(—1+£422)+F(2)+f) <022F1 (1’;”3 ;;1042)
+ (201 + f) + B+ 2f)a%) 21y (1’;”’2;1‘“2)))
£ (o) 1 (Gro?h2) = K (1) + 5 ()

where 0 < Re(k) < 1.
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EXAMPLE 21.17. Derivation of entry (3.1.5.40) in [17] infinite series involving the
hypergeometric function form. Errata. Here we use equation ([19.1) and set k —
0,a = 1,\— — a%Zm%lx%y,ﬂ%fsm(x),b%landsimplify;

o pl
(21.17) £ dydz
/o /o \/m (1 —a2sin®(z))
< (—1)F () sect 2 () sin' T ()
z:: 2+ 6f+4f?

( RS i tan? <¢>,(—1+a2)tan2<so>>

= (1-a?) I (p; a®|1) — &®II (5 2| 0) + lsiﬁ?j)w) — log(tan(p) + sec(y))

where Re(p) > 0.

ExXAMPLE 21.18. Derivation of entry (3.1.5.41) in [I7] infinite series involving the
hypergeometric function form. Here we use equation (19.1]) and set &k — 0, — 1, A —
—%, a—2,m— 0,z —y, — —sin’(x) and simplify;

E
1 111
// S S Y b7T3F2< =1 3-b2>
0 Jo /1 —y2sin(x)
where Re(b) > 0.

ExXAMPLE 21.19. Here we use equation ((19.1)) and set A — —1, @ — 1 and simplify;

(21.18)

(21.19)

/ /1:c Ty log® (zy)d i DT 8)( (2,1 + 5,0) = Dbz, 1+ 5,u)
1—2zyz yar = uU—

where Re(b) > 0.

22. Conclusion

In this paper, we have presented derivations using a definite integral transforms
along with some interesting special cases, using contour integration. We will be using
this approach to further these integral formulae in future work. The results presented
were numerically verified for both real and imaginary and complex values of the pa-
rameters in the integrals using Mathematica by Wolfram.
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