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0 Introduction

For a complex number = and an integer n, define the shifted factorial by

n—1
H(a:—l—k), when n > 0;
k=0
(@)n = 1, when n =0;
—1)»
_ D" Ghen n<o,
jo1 (k= )
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Recall that the function I'(x) can be given by Euler’s integral:
I(x) =J' t"le~'dt with Re(z) > 0.
0
Then we have the following two relations:

™

Iz +n)=T(x)(x),, Ia)l1-=z) =

sin(rx)’
which will be used frequently without indication in this paper.

Following Bailey!!), define the hypergeometric series by

agp, a1, -+, Qr

b17 Tty bs

T+1Fs -

R (@0)k (@) (ar)k
Z] = 2 e B0

Then Dougall’s 5 Fy-series identity (cf. [1, p.27]) can be stated as [.x0/7*5 %1:19a,19b...

k=0

a, l—l—g, b, c, d
SFi 0 1
> l14a-b, 1+a—c¢c, 14+a—d

T+ a-0Tl+a-cl(l+a—-dI'(l1+a—-b—c—d) (0.1a)
T TA+al(l+ta-b—cl(l+ta—b—dI(l+a—c—d) '
provided that Re(14+a—b—c—d) > 0.

Recently, Chul® and Liu®% deduced many surprising m-formulas from (0.1) and the lim-

iting cases of it. Inspired by these works, we shall explore systematically series expansions for
V2, V3 and /5 with free parameters by using (0.1).

1 Series expansions for \/§, V3 and /5 with three free
parameters

Theorem 1 For z,y € C and m,n,p € Z with Re(1 —y +m +n —p) > 0, there holds

the summation formula on sine function with five free parameters:

sin(m) _ (@)m(1 — x)n o~ (Y = D ktpm (Y + )tp-n—1
sin(my) (Y = 2)p-m(y + 2)p—n-1(1 = Y)m+n—p s K Y)k+p .

Proof Performing the replacement d — 1+ a — d for (0.1) and then letting a — oo, we

obtain Gauss’ o Fj-series identity (cf. [1, p.2]):

oFy where Re(d —b—c¢) > 0.

boc ] _D@r@-b-o
d’ R CED)

Employing the substitutions b -y —x+p—m,c—y+x+p—n—1,d — y+ p, we get

i(y—:v—i—p—m)k(y—i—x—i-p—n—l)k _ Ty+pl(l—y+m+n—p)

k=0 !y + p)k B I'(z+m)['(1—x+n)

(y)p(l - y)ern*p L(y)T'(1—y) _ (y)p(l - y)ern*p sin(7z)
(@)m(1—2), T(x)I(1—=x) () (1 —x), sin(my)
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(I)M(l_w)n

Multiplying both sides by (g, We can proceed as follows.

sin(me)  (@)m(l-2)n G-z +p-—mhiy+ar+p—n—1)
sin(my)  (W)p(1 = Y)min—p = k!y +p)k
(@)m (1 = 2)n o W= Dty m Y+ Dy nr

(y - x)p—m (y + x)p—n—l (1 - y)m-i-n—p k—0 k'(y)k-‘rp

This completes the proof of Theorem 1.

1.1 Series expansions for /2 with three free parameters

Corollary 1 (2 =1/2 and y = 3/4 in Theorem 1)

Dn(3)n o~ (Ditp-m(Pip-n-1
) .

p*nfl(%)mﬂrp k=0 k!(%)kw

Corollary 2 (2 =1/4 and y =5/6 in Theorem 1)

\@:L

Corollary 3 (2 =1/4 and y =1/2 in Theorem 1)

V2
2

(%)m(%)n - (i)kerfm(%)kerfnfl
(%)p*m(%)pfnfl(%)mﬂrp k=0 k!(%)kw '

Corollary 4 (2 =1/6 and y =1/4 in Theorem 1)

V2 (%)m(%)n = (%)kﬂofm(%)/wrp*n*l'

2 (%)pim(%)pfnfl(%)ﬂ’H»nfp k=0 k'(% k+p

1.2 Series expansions for /3 with three free parameters

Corollary 5 (x =1/3 and y =5/6 in Theorem 1)

\/g _ (%)m(%)n - (%)k-kp—m(%)k-kp—n—l'
(%)p—m(%)p—n—l(%)mﬁ-n—p k=0 k!(%)kﬂ)
Corollary 6 (x =1/3 and y =1/2 in Theorem 1)
ﬁ _ (%)m(%)n - (%)k-kp—m(%)k-kp—n—l
2 (%)p—m(%)p—n—l(%)mﬁ-n—p k=0 k'(%)kﬂ)

Corollary 7 (x =1/6 and y =1/3 in Theorem 1)

(%)m(%)n > (%)kﬂ-p—m(%)lﬁ-p—n—l
(%)p—m(%)p—n—l(%)mﬁ-n—p k=0 k!(%)kﬂ) '
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1.3

Corollary 8 (x=1/2 and y =2/3 in Theorem 1)

%)m(%)n = (%)kerfm(%)kerfnfl
)pfnfl(%)m+n7p k=0 k'(%)k+p

Corollary 9 (z =1/4 and y = 11/12 in Theorem 1)

\/§+ 1= (%)m(%)n > (%)k-‘rp m(%)kﬂ)—n—l
(%) (%)p n— 1(%)m+n P p—o ( 1)k+p
Corollary 10 (z =1/4 and y = 5/12 in Theorem 1)
\/g_ 1= (%)m(%)n > (%)k-‘rp m(%)kﬂ) n—1
(%)p—m(%)p—n—l(%)mﬁ-n—p k=0 (%)kﬂ)
Corollary 11 (x =5/12 and y = 3/4 in Theorem 1)
\/§+1 _ (%)m(£)n = (%)kﬁ-p—m(%)k-‘:—p—n—l
2 (%)p—m(%)p—n—l(%)mﬁ-n—p k=0 k!(%)k-i-p
Corollary 12 (z =1/12 and y = 1/4 in Theorem 1)
\/g -1 _ (%)m(%)n = (%)kﬂofm(%)kﬂofnfl
2 (%)p*m(%)pfnfl(%)mﬁlfp k=0 k'(%)kﬂo
Corollary 13 (z =5/12 and y = 11/12 in Theorem 1)
e i (Bl = D m(@espns
(%)p*m(%)pfnfl(ll_g)mﬂrp k=0 ( l)ker
Corollary 14 (2 =1/12 and y =5/12 in Theorem 1)
Y e (G = Dy m gt
(%)p*m(%)pfnfl(%)mﬂrp k=0 k'(%)kw
Series expansions for /5 with three free parameters
Corollary 15 (z =1/2 and y = 9/10 in Theorem 1)
VBl (3)m(3)n N (B)ktpm (E)kip-n—
(%)p—m(%)p—n—l(%)mﬁ-n—p k=0 k!(%)kﬂ)
Corollary 16 (z =1/2 and y = 7/10 in Theorem 1)
\/g_ 1= (%)m(%)n > (%)kﬁ-p—m(g)k-kp n—1
(%)p—m(g)p—n—l(%)mﬁ-n—p k=0 k'(%)kﬂ)
Corollary 17 (2 =3/10 and y =5/6 in Theorem 1)
\/5-1- 1 _ (%)m(%)n - (%)k-kp—m(%l)k-i-p—n—l
= 17 )

2 (%)p—m(w)p—n—l(%)m-i-n—p k=0 k!(% k+p
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Corollary 18 (z =1/10 and y = 1/6 in Theorem 1)

\/3_1 _ (1_10)771(%)" > (%)ker m(%)kerfnfl'

Corollary 19 (z =3/10 and y = 1/2 in Theorem 1)

\/5+1 _ (%)m(%)n > (%)k-‘rp— (%)k-‘rp n— 1
4 (é)p—m(%)p—n—l(%)mﬁ-n—p k=0 k'(%)kﬂ)
Corollary 20 (z =1/10 and y = 1/2 in Theorem 1)
V5 -1 _ (1_10)771(19_0)71 - (%)k+p—m(%)k+p n—1
4 (%)p—m(%)p—n—l(%)mﬁ-n—p k=0 k!(%)kﬂ)
Corollary 21 (z =3/10 and y = 1/10 in Theorem 1)
3+V6 _ (%)m(%)n > (_%)k-kp—m(%)k-i-p—n—l
2 (_g)p—m(%)p— 1(1o)m+n P p—o k (E)k-i-p
Corollary 22 (z =1/10 and y = 3/10 in Theorem 1)
3-V5 _ (10)m (35)n o (§)ktp-m (3 htp—n—1
2 (%)p*m(%)pfnfl(lo)mﬂz P k=0 (%)kﬂo

2 Further series expansions for \/5, V3 and /5 with three
free parameters

Theorem 2 For z,y € C and m,n,p € Z with Re(2 + 2n + 2p — 3m — 3x) > 0, there
holds the summation formula on sine function with five free parameters:

sin(ma) (1 —=2)ntp—m >

_ (T)ktm (T = Prtm—n(T + Yktm—p T +m+ 2k
o I ) W ey P20 R ) Y R &G

Proof Letting d — —oo for (0.1), we gain the 4F3-series identity (cf. [1, p. 28]):

T4+ a-bT(1+a—c)
CT(l+a)l(1+a—b—c)

a, 1+ &, b, c
413 2 ‘—

5 l1+a—b, 14+a-—c

where Re(2 + a — 2b — 2¢) > 0. Performing the replacements a — z +m, b — z —y +m —n,

¢ — x + y + m — p for this equation, we attain

(-1*

i x4+m(x—y+m—n)p(z+y+m—p)rz+m-+2k
= Ell+y+n)s(l—y+p x+m
Frl+y+n)T(1—y+p)

Fl+z4+mIT(1l—a2+n+p—m)
Wi4n(l—y)p  TIA -y

@11 — Dty D@ — )

_ Wi -y)p sin(mz)

(@)14m (1 = T)ntp—m sin(ry)”

T
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Multiplying both sides by (1)1(+;”1(+1n(f)’;+)” ™ the resulting identity reads as
sin(mz) _ ($)1+m(1 — T)ntp-m
sin(my) (1140 (1 = y)p
y i (x—i—m)k(a:—y—i—m—n)k(:z:—i—y—i-m—p)kx+m+2k(_1)k
P El4+y+n)k(l—y+pk x+m

_ (1 = T)ntp-m
(@ = YPm—n(T + Y)m—p
% - (x)k-i-m(x — y)k-l-m n(x + y)k-l-m—p r+m+ 2k
— K @)ktne1 (1= Yk (=1)*

=

This finishes the proof of Theorem 2.

2.1 Series expansions for /2 with three free parameters

Corollary 23 (z =3/4 and y = 1/2 in Theorem 2)

_ (%)ner—m > (%)ker(%)ker n( )ker p3+4m—|—8k
\/5_ (%)mfn(%)mfp k=0 k!(%)kJrn( )ker (‘Uk

Corollary 24 (z =1/4 and y = 1/6 in Theorem 2)

2\/5 _ (%)"er*m - (%)ker(lg)ker n(lz)ker p1+4m+8k

3 (f)mn(F)mp = KN ket (3 ety (—1)F

Corollary 25 (z=5/6 and y = 1/4 in Theorem 2)

3v2 _ (l)nﬂo*m - (%)ker(l)ker n(12)k+m p D+ 6m+ 12k

4 (H)mn(3)mp & KNS ket (3t (—1)F

2.2 Series expansions for /3 with three free parameters

Corollary 26 (z =1/3 and y =1/6 in Theorem 2)

\/g _ (%)ner*m = (%)ker( )ker n( )ker p1+3m+6k

1
6
2 Bmnmo = K (D) rn (D) hsp (—1)F

Corollary 27 (z=5/6 and y = 1/3 in Theorem 2)

2\/5 _ (%)nﬂ)—m i (%)k-}-m(%)k-‘,—m n( Vietm— —pH+6m+ 12k
3 (%)m—n(%)m—p k=0 k!(%)k-kn(g)k-kp (_1)k

Corollary 28 (z =2/3 and y =1/2 in Theorem 2)

oo

3V3 __ (Gntr-m 3 (Bism (§ttm—n(Eism—p 2+ 3m + 6k
4 (%)m—n(%)m—p k=0 k'(%)k-‘rn( )k-‘rp (_1)k
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Corollary 29 (z =1/2 and y = 1/3 in Theorem 2)

43 (Pntp-m i(%)k+m( Jitmon(§)kem—p L+ 2m + 4k

5
9 (%)mfn(%)mfp k=0 k!(%)kﬂz( )ker (_1)k

Corollary 30 (z =1/4 and y =1/12 in Theorem 2)

V3+1 _ (%)"ﬂo*m i (%)ker(%)ker n( Vietm— pl+4m+ 8k
3 (%)mfn(%)mfp k=0 k'(_g)kJrn(lg)ker (_1)k

Corollary 31 (z =3/4 and y =5/12 in Theorem 2)

3 (%)mfn(%)mfp k=0 k'(_;)k+n(12)k+p (_1)k

Corollary 32 (z =5/12 and y = 1/4 in Theorem 2)

5(3-1)  (Dntpem i(%)k+m<§>k+ n(§)ktm—p 3 +4m + 8k

3(\/§+ 1) _ (%)ner m i (%)ker(%)ker n( Jktm—p 5+ 12m + 24k
2 (%)mfn(g)mfp k=0 k!(%)kJrn(z)ker (_1)k

Corollary 33 (z =11/12 and y = 1/4 in Theorem 2)

3vV3—1) _ (f9)utpm i(—;>k+m(§>k+mfn<%)k+mfp11+12m+24k
2 (%)mfn(g)mfp k=0 k!(%)kJrn(%)ker (_1)k

2.3 Series expansions for /5 with three free parameters

Corollary 34 (z =3/10 and y = 1/10 in Theorem 2)

VE+3  (f)nir-m s~ () ktm(3)kam—n(E)ktm—p 3 + 10m + 20k
1

2 T DB 2 (s (=0

Corollary 35 (z =7/10 and y = 1/2 in Theorem 2)

)—A(;n|>—t

1
5
4 (%)m—n(g)m—p k=0 k!(%)k-kn(%)k-‘rp (_1)k

Corollary 36 (z =9/10 and y = 1/2 in Theorem 2)

5(\/5 + 1) o (13_0)n+p—m i (%)/H-m( )k+m—n(g)k+m—p 7+ 10m + 20k

Vktm—n (£ ktm—p 9+ 10m + 20k
4 BB = kU3 ktn (3 ktp (=1)*

Corollary 37 (z =1/2 and y = 1/10 in Theorem 2)

5(V5-1) _ (fg)nip-m i (35)k+m

2
5
3
2

Vitl  (Pnipm i(%nm(%)m o (Dirm—p 1+ 2m + 4k
5 (%)m_"(%)m—:ﬂ k=0 k'(l_(l))k-i-n(w)k-‘rp (_1)k

Corollary 38 (z =1/2 and y = 3/10 in Theorem 2)

3(\/5— 1) . (%)n-ﬁ-p—m i (%)k-l—m(%)k-i—m (4)7€+m—17 1+2m+ 4k
5 (%)m_"(%)m—P k=0 k'(l_g)k-i-n(lo)k-l-p (_1)k '
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Corollary 39 (2 =3/10 and y = 1/6 in Theorem 2)

Vitm—n (5 )ktm—p 3 + 10m + 20k

15
6 (1_25)7”*"(175)“1*1) k=0 k'(%)kJrn(%)ker

5(\/5+ 1) . (lo)ner m i (%)ker(

Corollary 40 (x =9/10 and y = 1/6 in Theorem 2)

(—1)F

) ktm—n(3) ktm—p 9 + 10m + 20k

5(V6-1) _ (f5)ntp-m i(%)mm(
!

5
6 a (%)m—n(%)m—p k=0 (Z)k+n( )k-‘rp

Corollary 41 (x =1/6 and y = 1/10 in Theorem 2)

(1)

3vVE+1) _ (Butpm 53(%>hﬂn«%n+ n(5)ktm—p 1+ 6m + 12k
10 (%)mfn(%)mfp k=0 k'(_é)kJrn(lgo)ker (_1)k
Corollary 42 (z =5/6 and y = 3/10 in Theorem 2)
9(\/5 — 1) _ (%)n-l—p—m i (%)k+m(%)k+ (ig)/ﬁ'm—;ﬂ 5+ 6m + 12k
10 (%)m—n(%)m—P k=0 k'(l_g)k-l-n(lo)kﬂ) (_1)k

3 Series expansions for /3 with four free parameters

Theorem 3 For z,y € C and m,n,p,q € Z with Re(1/2—x+n+p—m —gq) > 0, there

holds the summation formula on tangent function with six free parameters:

tan(mwz) _ (1- x)n-l—p—m(% + y)n—q(% —Y)p—q

tan(ry) (T = Y)m-nlx+ y)m—p(% - x)n-‘rp—m—q(%)q
i (x)k-km(x - y)k-l-m—n(x + y)k+m—p(%)k+q
k=0 k! (y)k+n+1(1 - y)’@ﬂ)(% + x)k-km—q

(x +m + 2k).

Proof Employing the substitutionsa - x+m, b —-x—y+m—-n,c—z+y+m—p,

d — 1/2 + g for (0.1), we achieve

i (z+m(z—y+m—n)l@+y+m—pi(z+Qrx+m+2k
= ROty +n)k(l-y+pk(z+o+m—qk z+m
r

l+y+n)ll—y+plG+a+m—qT(3 —2+n+p—m—gq)

y)1+n(1_ ) (1 +$)m q(;_ )ner m—q (yf

(
Fl4+z+m)I(l-z+n+p-mIE+y+n—ql(3 —y+p—1q)
—y)l(5 +2)I(

L)

)
) L+ Ynq(E —y)p—q D@1 — 2
Y1401 = 9)p(5 + 2)m—g(3 = Dntp-m— qtan(m)
T)14m (1 I)nﬂo m(%‘i‘ Y)n— (% ) tan(ﬂ'y)

x 1+m( - )ner m

(
(
(
(

)T (5 + )L

)
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1— _a(E—y),_
(@)1 w)"” m(349)n—a(z3=v)p ¢ we can proceed as follows:

Multiplying both sides by 7)Y Gy B Sy e o s

tan(mc) _ (x)ler(l - I)nerfm(% + y)nfq(% - y)P*q
tan(my) (¥)14n (1l — y)p(% + x)qu(% - x)nerfm*q

S @+mh(z—y+m—n)plz+y+m—pk(s+ ez +m+2k

<D

= KA +y+n)e(l -y +pi(z +a+m—qh
(1- x)n-l-p—m(% + y)n—q(% - y)p—q
(- y)m—n(x + y)m—p(% - ‘T)n-l-p—m—q(%)q

o (©)k+m (T = Prtm—n(® + Y rtm—p(F)k+q z+m
2 kL W) ktnt1(1 = Ditp(5 + 2)krm—g (z +m + 2k).

k=0
This completes the proof of Theorem 3.
Corollary 43 (z =1/4 and y = 1/6 in Theorem 3)
ﬁ (%) +P m(%) *q(%)pfq
6 (i)m n( ) (%)nﬂo m—q— 1(%)(1

12
> (%) (12)k+m n(lz)ker p(%)kJrq m
Y DDy Drmy (LA +80)

k=0
Corollary 44 (z =5/6 and y = 1/4 in Theorem 3)
ﬁ _ (%)nﬁo*m(%)n q(4)p q
6 (%)mfn(}_z% mfp(%)nerfqufl(%)q

> (%)ker(l k+mfn(%)k+mfp(%)k+q
x ) ( (5 + 6m + 12k).

12
BN ) bt (3)htp (3) ktm—g

Corollary 45 (z =1/3 and y = 1/4 in Theorem 3)
ﬁ (%)nﬂ)*m(%)n q(%)pfq
8 (%)mfn(%)mfp(%)nﬁnfqufl(%)q
1

oo (l (_)k+m*”(1_72)k+mfp(%)k+q
T N2kt (2)kp (2) ktm—g (14 3m + 6k).

Corollary 46 (z =3/4 and y = 1/3 in Theorem 3)

ﬁ _ (%)n-kp—m(%)n q(ﬁ)p q
9 (%)m—n(¥ m—p(%)n-i-p m—q 1(1)
- (%)k-km(Tf)z)k-‘:-m—n(%)k-km—p(%)k-kq m
) Z k!(%)kﬁ-n(%)k-‘:—p(%)kﬁ-m—q (3+4 +8k>'

Corollary 47 (z =5/12 and y = 1/12 in Theorem 3)

43 +7 — (1_72)n+p—m(1_72) —q(%)p—q
12 (3)m=n(3)m—p(33Intp-m—q-1(3)q
- (%)kﬂ-m(%)k-{-m n(l)k-l-m P(l)k-l-q (5+12m—|—24k)

k'( 13)7€+n( 12)7€+;D( 12)7€+m q

xr+m
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Corollary 48 (2 =5/12 and y = 1/4 in Theorem 3)
V342 . ( 5 )n+p— m(%)n q( )p—q
13

4 - (%) (g)m P(T)n+P m—q— 1(%)q
l 2 1
% Z 12 k+m 6 k+m n( )k-‘rm p( )k-‘rq (5 + 12m + 24k).
k-l—n( )k+p(12)k+m q

Corollary 49 (z =1/4 and y = 1/12 in Theorem 3)

V3+2 _ (%)n-kp—m(%)n—q(%)p—q
12 (%) - (%)m p(é)nﬂ?—m—q—l(%)q

1 1 1
Z k+m 6 k+m— n( )k+m p( )k+q
X E (14 4m + 8k).
) (12)/€+P( )k-‘rm q

R(5
Corollary 50 (z = 5/12 and y = 1/6 in Theorem 3)
2v/3+3 - (1—72 n+p— (%)n q(é)p q
6 (Dm-n(D)m—p(iDntp-m—q-1(3)q
12)k+m(% k+m—n(ﬁ)k+m—p(§)k+q
P k() hrn 3+ (13)k+m—q

(5 + 12m + 24k).

Corollary 51 (z =5/12 and y = 1/3 in Theorem 3)

2v3+3 _ (1—72)n+p (%) (é)p—q
9 (%)m—n(%) (%)N-HD m—q— 1(1)
- (1_52)k+ (Lz)k-‘rm n( )k+m—p(§)k+q m
T T By (MmO 12k 248

Corollary 52 (x =1/6 and y = 1/12 in Theorem 3)
2\/§+3 _ (5)n+p m(%) (%) -
18 ()m-n(Dm—p(3
% i (1)k+m( )k-‘rm n( )k+m— p( )k-‘rq

k=0 k'(13)k+n(12)k+p( )k-‘rm q

)n+p m—q— 1(1)

(1 + 6m + 12k).

Corollary 53 (z =1/3 and y = 1/12 in Theorem 3)

2\/§+3 _ (%)n+p—m(1_72)n—q(1_52)p—q
24 (D)m—n(Fg)m- (Z)n+p m-a-1(3)q
1

S (3) ’“‘“” 1)k+m— "(12)k+m p( k+q
X (1 4+ 3m + 6k).
];) _g)k"rn(lg)k'i#)( )k-l—m q

Corollary 54 (x =11/12 and y = 1/6 in Theorem 3)

10\/3— 15 _ ( )n-‘rp m(%) ( )
6 (%)m—n( ) (lz)n-kp m—q— 1(1)
> (%)k-k (%)k-km nGz)k-‘rm p( )k-‘rq

X

k=0 k!(%)k+n(6)k+z7(12)k+m—q

(11 + 12m + 24k).
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Corollary 55 (z =11/12 and y = 1/3 in Theorem 3)

10v/3 — 15 _ (%)n-kp—m(%)n—q(%)p—q
9 (%)m—n(%)m—p(llz)nﬂ)—m—q—l(%)q
> (%)k-km(%)k-km—n(%)kﬁ-m—p(%)/ﬁq
X (11+12m+24k).
kzzo k!(g)k-kn(%)k-kp(%)k-‘rm—q

Corollary 56 (z =5/6 and y =5/12 in Theorem 3)

1()\/5 —15 — (%)n-kp—m(l_%)n—q(%)p—q
18 (%)m—n(%)m—p(%)n-‘:—p—m—q—l(%)q

5 Den(Ben o Deen G
17

(5 + 6m + 12k).
k=0 k!(l_)k+n(1_72)k+p(%)k+m—q

Corollary 57 (z=2/3 and y =5/12 in Theorem 3)

10v3-15 _ Dty () na(Z)p—ag
24 D) mp(Dntp-m—a1(3)q
c- (%)k+m(%)k“rm*n(%)k%‘rmfp(%)k;qu
X (2 + 3m + 6k).
;;) KT ket (75 ket (§ Db —g

Remark The convergent conditions for all the corollaries can be derived from the cor-
responding theorems without difficulty. By specifying the values of x and y, Theorems 1-3 can
create more series expansions for /2, /3 and /5 with free parameters. Setting m =n=p =0

in Corollary 2, we have

where ¢ is an arbitrary nonnegative integer. Of course, countless inequalities of this type can

be deduced in the same method. We shall not display them due to the limitation of space.
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