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Abstract. This paper deals with a construction of wavelet packets on local fields of
positive characteristic. The splitting trick here is different that the method described
by Behera and Jahan in [Wavelet packets and wavelet frame packets on local fields
of positive characteristic, J. Math. Anal. Appl. 395 (2012), 1-14], in that we split
the wavelet subspaces directly instead of using the low-pass and high-pass filters
associated with the multiresolution analysis. Furthermore, the method overcomes
the difficulty of constructing non-orthogonal wavelet packets of the dilation factor
not equal to 2.

1. Introduction

A field K equipped with a topology is called a local field if both the additive KT
and multiplicative groups K* of K are locally compact Abelian groups. The local fields
are essentially of two types: zero and positive characteristic (excluding the connected
local fields R and C). Examples of local fields of characteristic zero include the p-adic
field Q, where as local fields of positive characteristic are the Cantor dyadic group
and the Vilenkin p-groups. Even though the structures and metrics of local fields of
zero and positive characteristics are similar, their wavelet and multiresolution analysis
theory are quite different. In recent years, local fields have attracted the attention of
several mathematicians, and have found innumerable applications not only to number
theory but also to representation theory, division algebras, quadratic forms and algebraic
geometry. As a result, local fields are now consolidated as part of the standard repertoire
of contemporary mathematics. For more about local fields and their applications, we
refer to the monographs [12, 23].

In recent years there has been a considerable interest in the problem of constructing
wavelet bases on various groups, namely, Cantor dyadic groups [10], locally compact
Abelian groups [7], p-adic fields [9] and Vilenkin groups [11]. Recently, R. L. Benedetto
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and J. J. Benedetto [2] developed a wavelet theory for local fields and related groups.
They did not develop the multiresolution analysis (MRA) approach, their method is
based on the theory of wavelet sets and only allows the construction of wavelet functions
whose Fourier transforms are characteristic functions of some sets. The concept of
multiresolution analysis on a local field K of positive characteristic was introduced by
Jiang et al.[8]. They pointed out a method for constructing orthogonal wavelets on
local field K with a constant generating sequence. Subsequently, tight wavelet frames
on local fields of positive characteristic were constructed by Shah and Debnath [21] using
extension principles. More results in this direction can also be found in [15-18] and the
references therein.

It is well known that the classical orthonormal wavelet bases have poor frequency
localization. For example, if the wavelet v is band limited, then the measure of the supp
of (¥ 5)" is 27-times that of supp 1& To overcome this disadvantage, Coifman et al.[5]
introduced the notion of orthogonal univariate wavelet packets. Well known Daubechies
orthogonal wavelets are a special of wavelet packets. Chui and Li [4] generalized the
concept of orthogonal wavelet packets to the case of non-orthogonal wavelet packets
so that they can be employed to the spline wavelets and so on. Shen [22] generalized
the notion of univariate orthogonal wavelet packets to the case of multivariate wavelet
packets. Other notable generalizations are the vector-valued wavelet packets [3], wavelet
packets and framelet packets related to the Walsh polynomials [6,13,14,19] and M-band
framelet packets [20].

The main tool used in the construction of wavelet packets is the splitting trick, which
breaks the half shifts of a function into the shifts of two functions . The catalyst used
in this procedure are the low-pass and high-pass filters associated with the scaling and
wavelet functions. But for the non-orthogonal wavelet packets having dilation factor not
equal to 2, the classical splitting trick does not work (see [22]). Recently, Behera and
Jahan [1] have used the classical splitting trick to construct orthogonal wavelet packets
on local fields of positive characteristic. Different from the splitting trick as used in
[1], we split the wavelet subspaces directly instead of using the low-pass and high-pass
filters associated with the multiresolution analysis and thus gives the Riesz basis of
the wavelet subspaces. Moreover, our method overcomes the difficulty of constructing
non-orthogonal wavelet packets of the dilation factor not equal to 2.

This paper is organized as follows. In Section 2, we discuss some preliminary facts
about local fields of positive characteristic including the definitions of Riesz basis and
multiresolution analysis on local fields. In Section 3, we prove a crucial lemma called the
splitting lemma which decomposes the wavelet subspaces directly instead of using the
low-pass and high-pass filters. By virtue of this lemma, we construct wavelet packets
associated with an MRA and prove that they generate a Riesz basis for L?(K).

2. Preliminaries on Local Fields

Let K be a field and a topological space. Then K is called a local field if both K+
and K* are locally compact Abelian groups, where K+ and K* denote the additive
and multiplicative groups of K, respectively. If K is any field and is endowed with the
discrete topology, then K is a local field. Further, if K is connected, then K is either
R or C. If K is not connected, then it is totally disconnected. Hence by a local field,
we mean a field K which is locally compact, non-discrete and totally disconnected. The
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p-adic fields are examples of local fields. More details are referred to [12, 23]. In the rest
of this paper, we use the symbols N, Ny and Z to denote the sets of natural, non-negative
integers and integers, respectively.

Let K be a local field. Let dx be the Haar measure on the locally compact Abelian
group KT. If « € K and a # 0, then d(az) is also a Haar measure. Let d(azx) = |a|dz.
We call || the absolute value of a. Moreover, the map x — |z| has the following
properties: (a) |x| = 0 if and only if z = 0; (b) |zy| = |z||y| for all z,y € K; and
(¢) | +y| < max{|zl|,|y|} for all x,y € K. Property (c) is called the ultrametric
inequality. The set © = {z € K : |z| <1} is called the ring of integers in K. Define
B = {z € K:|z] <1}. The set B is called the prime ideal in K. The prime ideal
in K is the unique maximal ideal in ® and hence as result ‘B is both principal and
prime. Since the local field K is totally disconnected, so there exist an element of %5
of maximal absolute value. Let p be a fixed element of maximum absolute value in 93.
Such an element is called a prime element of K. Therefore, for such an ideal B in ©, we
have B = (p) = pD. As it was proved in [23], the set © is compact and open. Hence, B
is compact and open. Therefore, the residue space © /% is isomorphic to a finite field
GF(q), where ¢ = p”* for some prime p and k € N.

Let ©* = D\ B = {x € K :|z| =1}. Then, it can be proved that ©* is a group
of units in K* and if 2 # 0, then we may write = p*2’,2’ € ©*. For a proof of this
fact we refer to [19]. Moreover, each B = p*"® = {z € K : |z| < ¢”*} is a compact
subgroup of KT and usually known as the fractional ideals of K+. Let U = {ai}g:_ol be
any fixed full set of coset representatives of B in ®, then every element x € K can be
expressed uniquely as x = sz coep® with ¢, € U. Let x be a fixed character on K+
that is trivial on ® but is non-trivial on B~!. Therefore, x is constant on cosets of ®
so if y € B*, then y,(x) = x(yz),z € K. Suppose that x, is any character on K, then
clearly the restriction x,|® is also a character on ®. Therefore, if {u(n):n € No} is a
complete list of distinct coset representative of ® in K, then, as it was proved in [23],
the set { Xu(n) : M € NO} of distinct characters on ® is a complete orthonormal system
on ®

The Fourier transform f of a function f € L'(K) N L%(K) is defined by

ﬂ@=Aﬂ@m@M- (2.1)

It is noted that
f) = | @) xe@ida = [ fan-ga)aa.

Furthermore, the properties of Fourier transform on local field K are much similar to
those of on the real line. In particular Fourier transform is unitary on L?(K).

We now impose a natural order on the sequence {u(n)}22,. We have ©/B = GF(q)
where GF'(q) is a c-dimensional vector space over the field GF(p). We choose a set
{1=2¢o,¢1,C2,-..,Cc—1} C D* such that span {(j};;é >~ GF(q). For n € Ny satisfying

0<n<qg n=ay+ap+--+a_1p°* 0<ar<p, and k=0,1,...,c—1,
we define

u(n) = (ag +a1Ci + -+ + ae-1Ge—1) P~ (2.2)
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Also, for n = by +b1q+bog® +--- +bsq®>, n €Ny, 0< b, <q,k=0,1,2,...,s, we set
u(n) = u(bo) +u(br)p™" + -+ u(bs)p ™" (2:3)
This defines u(n) for all n € Ny. In general, it is not true that u(m +mn) = u(m) + u(n).
But, if 7,k € Ny and 0 < s < ¢", then u(r¢* +5) = u(r)p~" +u(s). Further, it is also easy
to verify that u(n) = 0 if and only if n = 0 and {u(f) +u(k) : k € No} = {u(k) : k € No}
for a fixed £ € Ng. Hereafter we use the notation x, = Xu(n), n > 0.
Let the local field K be of characteristic p > 0 and (p,(1,(2,...,(.—1 be as above.
We define a character y on K as follows:
_jy _ | exp(2mi/p), p=0andj=1,

X(Cup )_{1, w=1,...,c—1loryj#1. (2.4)
Definition 2.1. Let {z,:n € Ng} be a subset of a Hilbert space H. Then,
{zy, : n € Ng} is said to form a Riesz basis for H if

(a) {xn :n €Ny} is linearly independent, and
(b) there exist constants A and B with 0 < A < B < oo such that

Al ||2 Z a, z0)|? < BHxH; for everyxz € H. (2.5)
n&eNp

The above definition is equivalent to the following definition. A subset {z, : n € Ny}
of a Hilbert space H forms a Riesz basis for H if

(a) span{z,:n €Ny} =H, and

(b) there exist constants A and B with 0 < A < B < oo such that

2
A Z ‘Cn|2 < Z CnTn

n€Np n€ENg

<B cn2 for every {c,} € £2(Np).
> el ¥ {cn} € 2(No)

n€Ng

A generalization of classical theory of multiresolution analysis on local fields of positive
characteristic was considered by Jiang et al.[8]. Analogous to the Euclidean case,
following is a definition of multiresolution analysis on the local field K of positive
characteristic.

Definition 2.2. Let K be a local field of positive characteristic p > 0 and p be a
prime element of K. A multiresolution analysis(MRA) of L?(K) is a sequence of closed
subspaces {V; : j € Z} of L*(K) satisfying the following properties:

(a) V; CVjyforalljeZ;
(b) U ez Vj is dense in LQ(K)

(C) ﬂjGZ j = {0}

(d) f() € Vjif and only if f(p~!) € Vj4q for all j € Z;

(e) There is a function ¢ € Vy, called the scaling function, such that
{ ( ) ke NO} forms an orthonormal basis for Vj.

Since ¢ € Vo C V; and {p(p~'z —u(k)) : k € No} is a Riesz basis of Vi, there exists
{ax} € I?(Np) such that
=4 Z aro(p~ 'z — u(k)). (2.6)
keNg
On taking the Fourier transform, we have

¢(x) = mo(p§) G(pS), (2.7)
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where

1
mo(§) = NG k%o ap Xk (§)-

Given an MRA {V; : j € Z} of L?(K). We denote by W the orthogonal complement
of Vo in V1, i.e. W = V16Vj. Assume that there exists ¢—1 functions {¢1, 2, ..., ¥4-1}
in L?(K) such that their translates and dilations form a Riesz basis of W, i.e.,

W =span{vy(z —u(k)) : 1< €< q—1,k €Ny} (2.8)
Since ¢y € W C V4,0 < € < g — 1, there exist a sequence {af :k € Ng} with
> keNo ’aif < oo such that
Yi(z) = /g Z ai @(p_lx — u(k)) (2.9)
keNy

Equation (2.9) can be written in the frequency domain as

De(€) = mo(p€) P(p€), (2.10)
where
me(€) = \}a gN: at xw(€), (=1,....L (2.11)

are the integral periodic functions in L?(®) and are called the wavelet masks.
Therefore, in view of Definition 2.2, we have

L(K)=Paw=v,e |Paw], (2.12)

JEZ J=0

where A is the dilation operator such that Af(z) = f(p~'z), for any f € L*(K).

For n =0,1,..., the basic wavelet packets associated with a scaling function ¢ on a
local fields of positive characteristic are defined recursively by
T(z) =Tgrps(z) = Y apDr(p~ 'z —u(k)), 0<s<g-1 (2.13)
keNg

where r € Ny is the unique element such that n =gr +s, 0 < s < ¢ — 1 holds.

Definition 2.3. Let {[';, : n € Np} be the basic wavelet packets associated with the
multiresolution analysis {V; : j € Z} of L?(K). The family of functions

F = {qj/QFn(p_jx—u(k)) :jeZ,nZO,kENO}, (2.14)
will be called the general wavelet packets corresponding to the MRA {V; :j € Z} of
L*(K).

3. Splitting Trick and Wavelet Packets on Local Fields
For any n € Ny, we define

E, = {f(x) Cf(x) = Z ap T (2 —u(k)), {ar}yen, € ZQ(NO)}. (3.1)

keNy
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Lemma 3.1. Let {I',, : n € Ny} be the basic wavelet packets associated with the MRA
{V;:j ez} of L*(K). Then for all n € No,{I'n(z —u(k)) : k € No} forms a Riesz
basis of Ey,.

Proof. We prove this result by induction on n. Since {¢1,%2,...,%4—1} is the basic
set of wavelets in W and {¢g($ — u(k)) 1</i<q—1,ke€ No} forms a Riesz basis
of W, therefore, {q1/2 Wy (p_lx — u(k;)) 1 <0< q-1,k € No} constitutes a
Riesz basis of AW. By virtue of Riesz basis and Definition 2.3, it is clear that
{F[(.T — u(k)) 1 <e<qg-1k¢€ NO} forms a Riesz basis of W, and hence a Riesz
basis of AE,,. Therefore, the claim is true for all 1 < n < g — 1. Assume that the result
is also true for n < ¢, (¢ > gq). Then, for n = ¢, there exists two unique numbers r and
ssuchthat n =¢qr+s, 0<s<qg—1,7 € Ny and r < n = {. For this choice of ¢, the
family of functions {I',(z — u(k)) : k € No} constitutes a Riesz basis of E,. Therefore,
there exists constants C and Cs, 0 < C1 < Cy < oo such that

kENo

Further, we have

S [Eaterutn| = 0 3 [0 e+ puth)[ el

keNy keNg

q Y |Tr(p€ + pu(k))

keNy

= q) B, (06 + pu(k))|

‘ 2

(P& + pu(k) + pu(s1))

k€N, keNo
2
+-- » (p€ + pu(k) + pu(se-1))|
keNp
and hence 1
Cl—CI* n (€ + u( ))‘SQ*ZOQ-
keNy q
Therefore, it follows that {I'; (z — u(k)) : k € No} forms a Riesz basis of E,,. O

Next, we develop the splitting trick for the basic wavelet packets I',, on local fields of
positive characteristic.

Lemma 3.2. (Splitting lemma). For every n € Ny, the family of functions
{Fqn+s(x — u(k)) :0<s<qg-1,ke NO},

forms Riesz basis of AE,.

Proof. We first claim that

AE, = {f@:)  f(x) = 0; Tgnss(w = u(k)), {ai}yen, € EQ(N(J)} -
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For 0 < s < ¢—1, by (2.12) and (3.1), it follows that I'y,1 (2 —u(k)) € AE,. We next
prove that for each f(x) € AE,,

F@)=¢"2 Y b Tu(p ' —u(k)),
keNg

there exists a sequences {bk}keN0 ,0<s<q—1, such that

f(z) = Z Z aj Dgnvs (z — u(k)). (3.4)

s=0 k€eNy

For every k € Ny, there exist unique numbers r and s such that £k = ¢r + s,
0 <s<q—1,r € Ng. Therefore, for this choice of k € Ny, we have

fl@) = g2 beln(p 'z —u(k))

keNg
= @7 by Tu(p e —ulgr) + 02 Y barssy Tu(p™ 'z — ulgr + 51))
reNg r€Np

44 q1/2 Z bqr+sq_1 ry (Dflf - u(qr + s‘]*l))
reNg

= @2 by Tu(p ' —p u(r) +¢7% Y bgrrs, Tn(p ™'z — p~ (k) — u(s1))

reNp r€Np

ot g2 bgrgs,, Ta(p 7 — p M u(k) — u(se—1))

reNg

= Z bgr L (z — u(r)) + Z bgrts1 Lgna (x — u(r))

rENg rENg

IS Z bgrtsy—1 Lantq—1(z —u(r))
rENg

q—1
= Z Z aj, Dgnts (2 — u(k)),

s=0 keNy

where aj = bgr4s,, 0 < £ < ¢—1 and hence the equality (3.2) follows. Finally, we show
that the family of functions

{Fqn+s(ac—u(k)) :0<s<q-1,k€ NO},

forms Riesz basis of AFE,,. By Lemma 3.1, we know that {Fn (J: - u(k)) ke NO} form
a Riesz basis of E,. Hence {¢*/?T', (p~ 'z — u(k)) : k € No} constitutes a Riesz basis of
AE, . However, {ql/QFn (p_lac - u(k:)) ke No} can be splitted into g-disjoint subsets
as following:

{ql/zrn (pilx - pilu(k))} s {ql/ZFn (pilx - pilu(k) - u(sl))} s

oA PO e = p T (k) —u(sg-1)) } ok €Ny, 0<s<q-1,
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which can further be written as

{Ton(z—ulk)}  {Tqns1(z —u(k))} ..., {Tqn+q-1(z —u(k))} ,k € Ny, 0 < s < g—1,

Thus, {Fqn+s (a: - u(kz)) :0<s<qg—-1,ke No} form a Riesz basis of AE,,. O
This is the splitting trick for our method. This decomposes the wavelet subspaces

directly instead of using the low-pass and high-pass filters, and thus gives the Riesz basis

of the wavelet subspaces. Applying the splitting trick to the wavelet space W, we can
divide W into g-subspaces. Furthermore, we have

Theorem 3.3. Let {T',, : n € Ny} be the basic wavelet packets associated with the scaling
function p(x). Then, the family of functions

{Ta(@—u®) ¢ <n<d —1, keN},
form a Riesz basis of AJW .

Proof. We prove the result inductively and use induction on j. Since {I', () : 1 <n <q—1}
are the basic wavelets associated with the scaling function ¢(x) and the family
{I‘n(m - u(k)) 1 <n<gqg-—1Fk € No} constitutes a Riesz basis of W. Hence,
the claim is true for j = 1.

Assume, the result is true for j(> 1), then {T', (z —u(k)) : ¢ "' <n < ¢/ — 1, k € No}
forms a Riesz basis of AW. Using the Splitting Lemma 3.2 for the case j + 1, it follows
that

{Fqn( ' _u(k))vrqn+1( ! _u(k))’ . ~7Fqn+q71( : _u(k)) : qj_l <n< qj - 17 ke NO}»

constitutes a Riesz basis of AW, Thus {T', (- —u(k)) : ¢/ <n < ¢ —1, k€ Ny},
constitutes a Riesz basis of ATV, O

In the next two theorems, we provide various ways to construct Riesz basis of L?(K)
which is extracted out from wavelet packets F (see Definition 2.3).

Theorem 3.4. For each fixed j > 0,k € Ny, the family of functions
a0 (e —uk) ¢ < <@~ 1,0 EZ kEN), (3.5)
constitutes a Riesz basis of L*(K).

Proof. Since {Fn (w — u(k)) Pt <n< ¢ ~1,ke No} form a Riesz basis of AJW.
By Theorem 3.3, for each ¢ € Z the family

{qZ/QF,L(pfex - u(k)) P <n<g -1,0lel, ke NO} , (3.6)
form a Riesz basis of A7T¢TV. Further, for each fixed j > 0, we have

L*(K) =@ artt,w
LeZ
Hence, the collection {qe/QI’n (pfz—ulk): ¢ ' <n<¢ —1,(€Z keNy} consti-
tutes a Riesz basis of L?(K). O
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From the above construction, it is clear that the Riesz basis of L?(K) varies with
respect to the integer j > 0. For the case 7 = 1, the sub-collection of

F= {qe/zl“n(p‘z~—u(k)) :neN, LeZ, keNO},

gives us the known basis {qé/Qz/Jn (pé . —u(k)) el ke No}. Furthermore, the integer
7 in the above construction is kept fixed where as the dilation parameter ¢ varies over
all integers. Now, in order to construct Riesz basis from the collection F, we allow ¢
and j in F to vary simultaneously.

Let = = {(j,¢) : 7 € N,£ € Z} be a disjoint covering of Z, then for each m € Z,
there exists a unique pair (j,¢) € = such that m = j 4+ ¢. Moreover, the set = is said
to be an n-finite covering of Z if there exists a positive integer J < oo such that for all
(J,0) €E, j<J.

Theorem 3.5. Let {I',, : n € Ng} be the wavelet packets associated with the scaling
function o(x). Then, the collection of functions

{200 (p" - —u(k)) s ¢’ <n < g —1, k€N, () €T}, (3.7)
form a Riesz basis of L?(K) if Z is an n-finite cover of Z.
Proof. For each fixed j, the family of functions
{I‘n(ac — u(k)) Pl <n<g -1, ke NO},
constitutes a Riesz basis of AW and hence
{qe/2 Fn(p_zx - u(k)) Pl <n<¢g -1,0lel ke No}
form a Riesz basis of ATTTV.

For each fixed j, let E; = {(4,%) : (j,£) € Z}. Since = is n-finite, we can write = as a
finite disjoint union of =;. Therefore, by this property of Z;, we can write

LK) = P atw (3.8)
JEN (4,6)€E;

Hence, for each fixed j > 0, the family of functions
{dTa(p ™ —u(k) s/ <n<q ~ 1 ke, (j,0) € E},
form a Riesz basis of EB AW . Using (3.8), it follows that
(3.0 €E;
{d2Ta(p s —u(k) s/ <n<q’ — 1L ke, (j,0) €2},
constitutes a Riesz basis of L?(K). O

References

[1] B. Behera and Q. Jahan, Wavelet packets and wavelet frame packets on local fields of
positive characteristic, J. Math. Anal. Appl. 395 (2012), 1-14.

[2] J. J. Benedetto and R. L. Benedetto, A wavelet theory for local fields and related groups,
J. Geom. Anal. 14 (2004), 423-456.

[3] Q. Chen and Z. Chang, A study on compactly supported orthogonal vector-valued wavelets
and wavelet packets, Chaos, Solit. Fractals. 31 (2007), 1024-1034.



102

Firdous A. Shah and M. Younus Bhat

[4] C. K. Chui and C. Li, Non-orthogonal wavelet packets, SIAM J. Math. Anal. 24(3) (1993),

712-738.

[5] R. R. Coifman, Y. Meyer, S. Quake and M. V. Wickerhauser, Signal processing and

compression with wavelet packets, Technical Report, Yale University, 1990.

[6] L. Debnath and F.A. Shah, Wavelet Transforms and Their Applications, Birkhduser, New

York, 2015.

[7] Yu. A. Farkov, Orthogonal wavelets with compact support on locally compact Abelian

groups, Izv. Math. 69(3) (2005), 623-650.

[8] H. K. Jiang, D. F. Li and N. Jin, Multiresolution analysis on local fields, J. Math. Anal.

Appl. 294 (2004), 523-532.

[9] A. Yu. Khrennikov, V. M. Shelkovich and M. Skopina, p-Adic refinable functions and

MRA-based wavelets, J. Approz. Theory. 161 (2009), 226-238.

[10] W. C. Lang, Orthogonal wavelets on the Cantor dyadic group, SIAM J. Math. Anal. 27

(1996), 305-312.

[11] S. F. Lukomskii, Step refinable functions and orthogonal MRA on Vilenkin groups, J.

Fourier Anal. Appl. 20 (2014), 42-65.

[12] D. Ramakrishnan and R. J. Valenza, Fourier Analysis on Number Fields, Graduate Texts in

Mathematics 186, Springer-Verlag, New York, 1999.

[13] F. A. Shah, Construction of wavelet packets on p-adic field, Int. J. Wavelets Multiresolut.

Inf. Process. 7(5) (2009), 553-565.

[14] F. A. Shah, Biorthogonal p-wavelet packets related to the Walsh polynomials, J. Classical

Anal. 2 (2012), 135-146.

[15] F. A. Shah, Frame multiresolution analysis on local fields of positive characteristic, J.

Operators. Article ID 216060, 8 pages (2015).

[16] F. A. Shah and Abdullah, Nonuniform multiresolution analysis on local fields of positive

characteristic, Complex Anal. Opert. Theory. 9(2015), 1589-1608. DOI 10.1007/s11785-014-
0412-0.

[17] F. A. Shah and Abdullah, Wave packet frames on local fields of positive characteristic,

Appl. Math. Comput. 249 (2014), 133-141.

[18] F. A. Shah and Abdullah, A characterization of tight wavelet frames on local fields of

positive characteristic, J. Contemp. Math. Anal. 49(6) (2014), 251-259.

[19] F. A. Shah and L. Debnath, p-Wavelet frame packets on a half-line using the Walsh-Fourier

transform, Int. Transf. Spec. Funct. 22(12) (2011), 907-917.

[20] F. A. Shah and L. Debnath, Explicit construction of M-band framelet packets, Analysis.

32 (2012), 281-294.

[21] F. A. Shah and L. Debnath, Tight wavelet frames on local fields, Analysis. 33 (2013),

293-307.

[22] Z. Shen, Non-tensor product wavelet packets in L2(R®), SIAM J. Math. Anal. 26(4) (1995),

1061-1074.

[23] M. H. Taibleson, Fourier Analysis on Local Fields, Princeton University Press, 1975.

Ca

(Firdous A. Shah) DEPARTMENT OF MATHEMATICS, UNIVERSITY OF KASHMIR, SOUTH
MPUS, ANANTNAG-192 101, JAMMU AND KASHMIR, INDIA.
E-mail address: fashah79@gmail.com

(M. Younus Bhat) DEPARTMENT OF MATHEMATICS, CENTRAL UNIVERSITY OF JAMMU,

JAMMU-180011, JAMMU AND KASHMIR, INDIA.

E-mail address: gyounusg@gmail.com



