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1 Introduction the recurrence relation
Number sequences have indeed fascinated B
researchers for decades. Their applications Jen = (k= DJgn-1 + kJen-2, n 22, (1)

are widespread and span various branches of
mathematics and science. Researchers have worked
on generalizing these sequences; see in recent years,
[T, 121, 131, 41, [81, 6], [[7], [8]- Jacobsthal numbers
are one of these fascinating generalizations. The
Jacobsthal number;, denoted by J,,, are defined by Jin = (k= Vjkn_1+kjxna, n>2, (2)
the recurrence relation

with Jy o = 0 and J;; = 1. For a one-parameter
generalization of Jacobsthal-Lucas numbers, [20],
defined generalized Jacobsthal-Lucas numbers of the
first type, denoted by jy. ,,, by the recurrence relation

with jro = 2 and ji; = 1. The author in []19],

In =Jn-1+2Jp2, n=>2 studied the same recurrence relation () with

different initial conditions so-called generalized

with Jo = 0 and J; = 1. The Jacobsthal-Lucas Jacobsthal-Lucas numbers of the second type,

numbers, denoted by j,, are defined by the recurrence denoted by jjn, are defined by the recurrence
relation relation
Jn =Jn-17+2Jn-2, n=>2, ko = (k — 1)jk,n71 + Kjgn—2, n=>2,

with jo = 2 and j1 = 1. The Jacobsthal withji o = 2andji 1 = 2.
and Jacobsthal-Lucas numbers are like the related We can see that the generalized Jacobsthal
Fibonacci and Lucas numbers; they are a specific type numbers J ,, are the classical Jacobsthal numbers .J,,,
of Lucas sequence, [9], see more details in [|L0]. the generalized Jacobsthal-Lucas numbers of the first

There are some generalizations of the Jacobsthal type ja2 ,, are the Jacobsthal-Lucas numbers j,,, and the
and Jacobsthal-Lucas numbers defined in different generalized Jacobsthal-Lucas numbers of the second
ways; see, for instance, [[L1]], [12], [13], [L4], [13], type jo2., are Jacobsthal-like numbers V,, defined in
[L6], [IL7], [18]1, [19], [20], [21], [22]. In recent years, [L8].
[19], [20], introduced and studied a one-parameter In this paper, we study all one-parameter
generalization of Jacobsthal as follows: Let k and n generalizations of Jacobsthal numbers that preserve
be non-negative integers with k > 2. The generalized the recurrence relation ([[) with arbitrary initial
Jacobsthal numbers, denoted by Jj, ,,, are defined by conditions. We see that there exists one of them, the
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so-called generalized Jacobsthal-Lucas-like, which
is a simple association of generalized Jacobsthal
numbers. Consequently, we give some new and
well-known identities. Furthermore, thanks to
the technique of [23], we propose the integral
representations of these numbers associated with the
generalized Jacobsthal and Jacobsthal-Lucas-like
numbers.

2 One-Parameter Jacobsthal

Numbers
We introduce a generalization of the Jacobsthal
numbers with one positive integer parameter, k > 2
which is called one-parameter Jacobsthal numbers,
denoted by Jin, = Jin(a,b), defined by a
recurrence relation

jk:;rl = (k - 1)\7k,n—1 + kjk,n—Qa (3)

with J0 = a and J;1 = b, where a and b are
arbitrary non-negative integers such that a + b #
0. Note that J, correspond to special cases of
the Horadam numbers, [24]. The first terms of
one-parameter Jacobsthal numbers are:

n > 2,

Jko =a

Tk =0b

Tio = (a+b)k—b

Tia = (a+b)k*— (a+bk+b

Tia = (@ +b)k* — (a+b)k* + (a +b)k — b

Tis = (a+b)k* — (a +b)k® + (a + b)k>
—(a+bk+0

Tie = (a+b)E — (a+b)k* + (a + )k
— (a+b)k* + (a +b)k — b.

Some particular cases of the previous definition are
() S = Tkn(0,1),

(1) Jrn = Tkn(2,1),
(i) jrn = Tkn(2,2),

(iv) generalized Jacobsthal numbers of the second
type, [15], «]]n = j?,n(‘% b):

(V) Jn - \.72,71(0; 1)’
(Vi) Jn = j2,n(2, 1), and
(vii) Jacobsthal-like numbers, [[18], V,, = J2.»(2,2).

The Binet’s formulas for the one-parameter
Jacobsthal numbers are given in the following
theorem.
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Theorem 1 (Binet’s formulas). Let k and n be
non-negative integers with k > 2. The one-parameter
Jacobsthal numbers Jy, ,, are given by

ak —b

a+b ,
jk,n /{7—{—1

k41 @)

(="

Proof The recurrence relation (B) generates a
characteristic equation of the form

r2—(k:—1)r—k:0.

Since Ay, = (k +1)2 > 0 for k > 2, we get that two
roots are
rir=k and 7o = —1.

Therefore, the general term of 7}, ,, can be expressed
in the form:

T = k™ + B(=1)"

for some coefficients a and 3. Since J. 0 = a and
Jk,1 = b, we get

a+f=a and ak—pF=0.
It can be shown that,
a+b ak —b
o=y A=
Therefore, (4) has been proved. 0

If (a,b) € {(0,1),(2,1),(2,2)}, then we have the
following:

Corollary 2 ([[19, Theorem 2.2], [20, Theorem 2.1]).
Let k and n be non-negative integers with k > 2.
Then

Jom = —— (k" — (1)), 5
= B DY, )
3 2k —1

and 4 2k — 2
e = n S (—1)™
Jkmn k—i—lk + kot 1 ( ) (7

If k = 2, then we have the following:

Corollary 3 ([[I5, Theorem 2]). Let n be a
non-negative integer. Then

a+b2n+2a—b

In==3 3

(=)™

Now, we give a one-parameter Jacobsthal number,
the so-called generalized Jacobsthal-Lucas-like,
which is a simple form of Binet’s formula as follows:
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Definition 4. Let £ and n be non-negative integers
with & > 2. The generalized Jacobsthal-Lucas-like
numbers, denoted by Lj,, are defined by the
recurrence relation

£k,n = (k - l)ﬁk,nfl + kﬁk,an; n > 27
Withﬁko :2and£k1 =k—1.

The initial terms of {Jix,}, {jkn}, {ixn} and
{Ln} presented as in Table I (Appendix).

From Theorem [[, the Binet’s formulas for the
generalized Jacobsthal-Lucas-like numbers {Lj,}
are

Lin = K"+ (—1)™. ®)

It can be seen that (§) is simpler than () and
(@. Subsequently, it is also known that Lin =
Tkn(2,k — 1) and Lo, = j,. Moreover, sequences
{Lsn}, {Lan} {L5,}, and {Lg,} are listed in The
Online Encyclopaedia of Integer Sequences, [23],
under the symbols A102345, A201455, A087404,
and A274074, respectively.

Lemma 5. Let k and n be non-negative integers with
k > 2. Then

() Lipn+ (E+1) I, =2k
(it) Ly — (k+1) Jpn = 2(=1)"
(iii) ﬁim — (k+ 1)2J,§7n =4(—k)™
Proof. (i) Combining (§) and (F) gives
Lin+ (E+1)Jkn

= K"+ (=D") + "+ (=1)")
= 2k".

(ii) Subtracting (§) and (5) gives

Lin—(k+1)Jkn
= (E"+ ()" = (" = (=1)")
=2(—-1)"
(ii1) It follows from (i) and [ii) that
£i,n - (k + 1)2J13,n
= L3 — ((k+1)Jgn)?
= (L + (k+1) Jkn) (L — (K+1) Jpn)

— (2K") (2(~1)")
= A(—k)".

This completes the proof. O

Lemma 6. Let k, m, and n be non-negative integers
with k > 2. Then
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() 2Jkmin = JemLin + JenLim;
(ii) 2Lk m+n = LhmLin + (k+1)2Tem Tk n-
Proof. Using (B) and (§), we obtain,
JemLin + JenLlim
= = (D)) (o (1))
™) (K™ + (=1)")

+ L (k” _ (_
(-1

k+1
2

BV ES
= 2Jk,m+n'

(km—i-n

and

»Ck,m»ck,n + (k’ + 1)2Jk7an,m
= (K" + (D7) (" + (=1)")
+ (K" = (=D B = (=1D)™)
=2 (K" 4 (-1)"")
= 2Ly, ,m+n:
Hence, [i) and [ii] complete the proof. U

The one-parameter Jacobsthal numbers are
associated with  generalized Jacobsthal and
generalized Jacobsthal-Lucas-like numbers in
the following:

Theorem 7. Let k and n be non-negative integers
with k > 2. Then

a a+2b—ak

Tk = gﬁk,n + — 5 Jkn-
Proof. Tt follows from [i) and [ii) of Lemma [§ and (4)
that

a+b ak —b

n = kn -1 n
Jen = ¥ T g Y
_ a+b ,Ckm-i-(k-f-l)e]k,n
o k+1 2
n ak —b (Lin — (k+1) Jin
k+1 2
a a+2b—ak
= §['k,n + — s Tk
This completes the proof. O

Theorem 8 (Asymptotic behaviours). Let k be a
positive integer with k > 2. Then

. Tentl
lim <&ntt

— lim Ekn—&-l
n—o0 jhn

n—oo Ek n

=k.
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Proof. By using (H), we have

lim Tkn+1
n—oo jk‘,n

a+b n ak—
: (k:::-_l) R+ (kk+1b)
= lim "
n—00 a n
(#58) b+ ()
a+b
o () (2
_nLngo (a+b) + (akfb> (=Dn
k+1 k+1 kn

Since k > 2, we have ‘_71‘ < 1andso

_(~1m
This implies that
. Jk,n—l—l
nlggo jk,” = k.
In particular,
. Ek n+1
1 ’ =k.
n00 Lim
This completes the proof. U

If (a,b) € {(0,1),(2,1),(2,2)}, then we have the
following:

Corollary 9 ([20, Theorem 3.1]). Let k be a positive
integer with k > 2. Then

. Jk,n—f—l o
A
If k£ = 2, then we have the following:
Corollary 10 ([[15, Theorem 1]).

lim Jnt!

n—oo J,

=2.

Theorem 11 (Catalan’s identities). Let k, n, and r be
non-negative integers with k > 2 andn > r. Then

jk,n—rjk,n-‘rr - jk;z,n = (CL + b) (CL/{: - b)(_k)n_T‘]l?,r‘

Proof. Leta = ZTH{ and § = ‘%ﬂ:lb. By using (H), we
have
jk,n—rjk,n—‘rr

— (akn—r +l3(_1)n—r) (akn—H" —i—ﬁ(—l)n-’_r)
— anQn +a6(_k)n—r (k,Qr + (_1)27’) +62
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and
Tl = (k™ + B(=1)")?
= a?k" 4+ 2a(=k)"" (—k)" + 57
Then
jk,nfrjk,nJrr - ‘7162,“
— aﬁ(_k)n—r (kQ’I‘ o 2(—/{)T + (_1)2r)
1 T T 2
Pl (K" = (=1)")

= (a+b)(ak — b)(—k)”*rjk?’r.

= (a+b)(ak —b)(—k)"™"

This completes the proof. O

If (a,b) € {(2,k—1),(0,1),(2,1),(2,2)}, then
we have the following:

Corollary 12. Let k, n, and r be non-negative
integers with k > 2 andn > r. Then

() LigrLigir = L, = (k+ 1) (k)" TR
(i1) Tkp—rTontr — o = (1) TRV
(ili) Jrm—ritntr — o = 6k —3)(=k)" "2
(V) ikn—rikmsr — i, = 8(k — 1)(=k)" "2,
Remark 13. As in Corollary [12, we get the following:

1. and are presented in [20, Theorems 3.2
and 3.3];

2. and are the corrections of [19, Theorem
4.1]. More precisely, there are errors by using

Jkn = ﬁ) (k™ 4 (—1)™) and miscalculating

the last two equations of the proof of [|19,
Theorem 4.1].

If £ = 2, then we have the following:

Corollary 14 ([[13]). Let n and r be non-negative
integers withn > r. Then

In—rdnr — J% = (a+0)(2a = b)(=2)" " J7.
Note that » = 1 in Theorem [lll, the

Catalan’s identities give Cassini’s identities for
the one-parameter Jacobsthal numbers as follows:

Theorem 15 (Cassini’s identities). Let k and n be
non-negative integers with k > 2. Then

Tien-1Tin1 — Ty = (a+b)(ak — b)(—k)" .

If (a,b) € {(2,k—1),(0,1),(2,1),(2,2)}, then
we have the following:
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Corollary 16 ([19, Theorem 4.2], [20, Corollaries 3.1
and 3.3]). Let k and n be non-negative integers with
k > 2. Then

() Lon1Linst — L3, = (k+1)2(—k)"

(i) Jkn-1Jkn+1 — J,f’n = (=1)"k" 1L,
(lll) ]kn L]k n+1 — (Gk 3)( k) 1;
(iv) jk,n—rjk,n—H" Bl PARES 8(k - 1)(_]{:)71—1.

If k = 2, then we have the following:

Corollary 17 ([15]). Let n be a non-negative integer.
Then

2)n 1,

Theorem 18 (Generating functions). Let k be a
positive integer with > 2. The generating function
for the one-parameter Jacobsthal numbers Jj, ,, is

ij:nm

Proof. Let Ji(x) = > 070 Tent" Using
recurrence (B)) and the initial conditions jk 0= aand
Jrk,1 = b, we have

k()

JIn—1dn1 — ng = (a+b)(2a —b)(—

a+ (a+b—ak)x
1—(k—1)z — ka?

= Tko + Tpaz + i Tknt"
n=2
:a+bx+z kE—=1)Tkn-1+kTkn—2)z"
=a-+br+(
=a+br+(k—1)x i Tim_1z™
+ ka? ijk7n_2x"_2

n=2

=a+bxr+(k—1)x i Tenx" + kxz? i T "
n=1
- 1 ij nx

=a+bxr— (k—1)aTko+ (k

00
+ kxz Z jk,nxn

n=0
=a+br—alk— 1)z + Tpn(z) + k2? Tpn(z).
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It follows that

(1— (k- 12— ka®) Tpn(z) = a+ (a+b— ak)z

and so
_a+(a+b—ak)x
Tel@) = 1—(k—1)z— ka2
This completes the proof. O

If (a,b) € {(2,k—1),(0,1),(2,1),(2,2)}, then
we have the following:.

Corollary 19 ([[19, Theorem 2.1], [20, Theorems 3.7
and 3.8]). Let k be a positive integer with > 2. Then

(i) Z Ly pz"

24+ B -k
1—(k—1)x—kx2’

x
(i) Z Tn” Tl (k— 1)z — ka?’

24+ (3—-2k)x
1—(k—1)z— ka?*

(iii) Y jrna” =
n=0
(iv) ij nz"

If k£ = 2, then we have the following:

2+ (4—2k)x
1—(1{:—1):E—I<J:L‘2'

Corollary 20. The generating function for J,, is

Zﬂn

At the end of this section, we give the
combinatorial formula for the generalized Jacobsthal
numbers as follows:

B (b—a)x
1—35‘—21’2

Lemma 21. Let k and n be non-negative integers
with k > 2. Then

71 1J
n—2—1 i
k,n on— on—1 Z <QZ+ 1) - 1) (k“‘ 1)

and

15
£k n !

no= on— 1
=0

(;) (k — 1) 2 (ks 4 1)1,

Proof. By using (B) and (§), we have

1
- k’rLi 7111
T =g (" = (-1)")
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1 (k—1)+ (k+1)\"
:k+1< 2 ) )
_k-lu ((k—l);(k+l))

and
Lyrn =k"+ (=1)"
B <(k:—1)+(k+1)>"
- 2

+<(k—1)g(k+1)>”.

It follows from the nth powers that
1 5] n
— k; _ 1 n—2—1 k 1 7
o= g O (g0 )= 172041

and

15

1 n n—2i— i

Ln = 507 > (2) (k—1)" 271k 4+ 1)
1=0

This completes the proof. O

Using Theorem [ and Lemma R1, we obtain the
following results.

Theorem 22 (Combinatorial formulas). Let k and n
be non-negative integers with k > 2. Then

2]
Tin (”) (k= 172 (k4 1

T on £\ 9;
=0

125
a+2b—ak <
T >

If (a,b)
following:

€ {(2,1),(2,2)}, then we have the

Corollary 23. Let k and n be non-negative integers
with k > 2. Then

5]
1 n _qy—2i—1 i
Jkn = Gt Z(:) <22> (k—1) (k+1)

5 L5

[\)
7
S
[

i=0 <21:L— 1) (k—1)" 27 (k4 1)

1 n ) .
. " — k _ 1 n—2i—1 k 1 (2
e = g 3 () (6= 17220k 1)

(22,1 1) (k — 1)" 2k + 1)°.
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If k£ = 2, then we have the following:

Corollary 24. Let n be non-negative integers. Then

=5+

n i
; <2i+1)3'

3 Integral Representations
Several ways are available to represent the special
numbers, one of which is an integral representation;
see, for example, [23], [26], [27], [28], [29], [30],
[B1], [32], [33], [34], [35], [36], [B7], [B8], [39], [#0].
In this section, we obtain new integral
representations for the one-parameter Jacobsthal
numbers. We start with the integral representation
for the generalized Jacobsthal number Jj, ¢, based on
two numbers Jj,  and Ly, .

L5 2b—a

a ny\.;
J"_2n2<2@'>3 T

=0

Theorem 25. Let k, £, and n be non-negative integers
with k > 2. The generalized Jacobsthal numbers
Jk.en are represented by

nJg.e
27’L

1
Jin = / Lo+ (k+1) Jyx)" da. (9)
-1

Proof. Forn = 0 or { = 0, we have done. Let us
assume that £,n > 0. Let u(x) = Ly ¢+ (k+1)Ji o
Then du = (k + 1)Jj ¢dz and so

u(1)
n—1 nl
/(_1) u"du = [(Lye+ (k+1) Jgex)"]_
Using integration by substitution leads to

1
/ (Lre+ (k+1) Jypz)" tdzx
—1

1 /u(l) .
= u" " tdu
(k+ 1)Jk7[ u(—1)

1
= (Lpot (B 1) T
n(kJrl)JM( ko + ( ) Jk.e)

1

e (Lp—(E+1) T )™
n(k;+1)Jk,e( ke = (R41) Jie)

From (i) and (ii) of Lemma f with n replaced with £,
we get

1
/ (,Ckx + (]C + 1) Jk,gx)nfldx
—1

= e () - @) ]

N nQJ:z [k:Jlrl <k€n N (_1)%)] '
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It follows from () with the replacement n by ¢n that

1 on
Lio+ (k+1)J )" tdo =
/_1( R ) J,e) s

)

Ik, on.-

Then (B)) has been proved. O

Setting k¥ = 2 in Theorems R3, we have the
following corollaries.

Corollary 26 ([38], Theorem 3.1). Let £ and n be
non-negative integers. The Jacobsthal numbers Jy,
are represented by

J, 1
Jon = ”f/ (e + 3Jpz)" Lda.

o |

Next, we obtain integral representations for
the generalized Jacobsthal-Lucas-like numbers Ly, ¢,
based on the two numbers Jj, ¢ and Ly, .

Theorem 27. Let k, £, and n be non-negative integers
with k > 2. The generalized Jacobsthal-Lucas-like
numbers Ly, ¢, are represented by

I _
Ly pn =2n/ (Lre + (k + 1) Ty 02)"
-1

X (Lre+ (n+1)(k+ 1) Jpex)de. (10)
Proof. Forn = 0 or ¢ = 0, it is easy to see that ([L(])
holds. We assume now that £,n > 0. We will solve
(10) using integration by parts. Let u and v be such
that

w@) = Lig+ (n+1)(k+ 1)y ez

and
dv = (Lio+ (k+1)Jy2)" da.

Then du = (n + 1)(k + 1)Ji ¢dz and so

v = /(,Ck’g + Ay Jk’gx)nfldx

1
=—— (£ kE+1)J .
n(kJrl)JM( ko + (b +1)Jy o)
It follows that
1 1
I=5 (Lre+ (n+1)(k+1)Jy o)
-1

X (Lig + (k4 1) Iy 2)"
1

=gt Ty (Cre 0+ D+ D)

1
X (L + (k+ 1) Jgex)"

+1 !
_”n2n / (Lio+ (k+ 1) Jppx)"dz. (11)
—1
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Replacing n by n + 1 in (ff) becomes

n+1)Jiye 1 n
Sk onte = (2n+)1k/ (Lip+ (k+ 1) Jgex)"dx
—1
and so
2Jk enve n+1/1
: = kE+1 "dax.
W o 71([4@5 + (k + )Jk,gx) €T

This together with ([L1]) gives
1
Il=————
n2m(k +1)Jxe 8

[(ﬁk,e + (k4+1)Jke)" (L + (n+1)(k+ 1) Jrpe)

— (L — (F+1)Ji0)" (Lie — (n+1)(k+ 1)%,@)}

~ 2Jknte
an7g '

Using [i) and [ii) of Lemma [, and [i) of Lemma [g, it
follows that

1
[=—
Q"H(k + I)ka

X 2K (L + (n+ 1) + 1))

— 2 (1) (Lrg — (04 1)k + 1))

1
— Ji.m L Ji oL
an,e( ieenLre + Ji oLy en)
1 1
_ k,én (-1 €n> r
- [k+1< (=1) .
Lntl (kgn N (—1)%) Ikl Ly
n nJye n
n—+1 [,k’gn
= kn —
= Ly tn,
which completes the proof. O
Setting & = 2 in Theorem R7, we have the

following corollary.

Corollary 28 ([38], Theorem 3.2). Let ¢ and n
be non-negative integers. The Jacobsthal-Lucas
numbers jy, are represented by

1 1

=on | Vet 3(n+1)Jex)(je + 3Jpx)" " da.
—1

j@n

Finally, new integral representations for the
one-parameter Jacobsthal numbers associated
with the generalized Jacobsthal and generalized
Jacobsthal-Lucas-like numbers are presented as
follows:
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Theorem 29. Let k, £, and n be non-negative integers
with k > 2. The one-parameter Jacobsthal numbers
Tk en are represented by

1! -
Tk, tn :2n+1/ (L + (k + 1) Jyez)"

1
% aﬁu + (a +2b — ak‘)anyg da
+a(n+1)(k +1)Jy

Proof. From Theorem [f, we obtain

a a—+2b—ak
Teen = 5 L0+ o e (12)
Applying the integral representations of Jy ¢, and
L ¢m from Theorems % and R7 to (), this

O

completes the proof.

Remark 30. As in Theorems [] and 9, we have the
following results.

1. Ifa = 0, then J},,, = bJ},, and

T on = ST

2. If ak = a + 2b, then Jy, , = 5Ly, and

1
a e
Thtn =501 /_1(Ek,e + (k + 1) Ty e)"

X ([,k’g + (n + 1)(k) + l)ka.f)d:L'.

3. When a # 0, J ¢ and Jj ¢ are known, we can
replace Ly, ¢ by using

4. When ak # a+ 2b, J ¢ and L}, ¢ are known, we
can replace Jj, ¢ by using

2 a
P )
kit a—+ 2b— ak Tt 9~k
Setting & = 2 in Theorem P9, we have the

following corollary.

Corollary 31. Let ¢ and n be non-negative
integers. The generalized Jacobsthal numbers
Jon are represented by

Lot n—
Jen =ont1 /_1(J2+3Jz$) '

x (aje + (2b — a)ndy + 3a(n + 1) Jex)dz.
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Remark 32. As in Corollary BI|, the integral
representations of Jacobsthal-like numbers V,, are
deduced on setting (a,b) = (2, 2). More precisely,

1

Vin (jo + 3Jpx)" !

:2n _1
x (jo +nJp + 3(n +1)Jpx)d.

4 Conclusions

In this paper, we study a one-parameter generalization
of Jacobsthal numbers that preserves the recurrence
relation with the arbitrary initial conditions. We
introduce a one-parameter Jacobsthal number,
so-called generalized Jacobsthal-Lucas-like, which
is a simple association of generalized Jacobsthal
numbers. We also give some new and well-known
identities. Furthermore, thanks to the technique of
[23], we propose the integral representations of these
numbers associated with the generalized Jacobsthal
and Jacobsthal-Lucas-like numbers. Our results not
only generalize the integral representations of the
Jacobsthal and Jacobsthal-Lucas numbers but also
apply to all one-parameter Jacobsthal numbers.
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APPENDIX
The initial terms of {J} », }, {Jk.n}> {ikn} and {Ly ,} presented in Table [1| as follows:

Table 1. Comparison of initial terms of { Ji » }, {jk.n}, {ikn} and {Ly .}

n 0 1 2 3 4 5
Jem 0 1 k—1 kK —k+1 B4k —k+1 EC— k3 + k2 —k+1
Jem 21 3k—1 3k*—3k+1 3k*+3k*—3k+1 3k*—3k*+3k*-3k+1
jkn 2 2 4k —2 4k* —4k+2 4K +4k% — 4k +2 4k — 4KP + 4k — 4k + 2
Lin 2 k—1 Kk +1 k-1 kt 41 kS —1

)
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