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Abstract. In [2] and [1], the regularity of the Radon-Nikodym derivative
of the convolutions of orbital measures on a compact symmetric space of rank
one was studied. The aim of this paper is to extend the results obtained in [1]
to the case of complex Grassmannians. More precisely, let M = U/K, where
U=SU{p+q) and K = S(U(p)x U(q)), be the complex Grassmannian of a
p-plane in CP™4, p > ¢ > 2, ai,...,a, be r points in U, and consider the con-
volution product v, * ... * v,, of the orbital measures v, ...,v,, supported on
Ka K, ..., Ka,K. By a result of Ragozin [10], if » > dim M, then v,, * ... x 1,
is absolutely continuous with respect to the Haar measure of U. The aim of this
paper is to investigate the C*—regularity of the Radon-Nikodym derivative of
Vg, * ... * Vg, with respect to the Haar measure of U.
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1. Introduction

The regularity of the convolution of orbital measures on compact symmetric spaces
was considered by several authors. In [10] Ragozin proved that the convolution of
m orbital measures on a compact symmetric space M = U/K , with dim M = m
is absolutely continuous with respect to the Haar measure of U. In [2] and [1],
the regularity of the Radon-Nikodym derivative of the convolution of some orbital
measures on compact symmetric spaces M = U/K of rank one, with respect to
the Haar measure of U, was considered. Following the philosophy which says
that if a result is true for Grassmannians (real, complex, queternionic) then it
should be true for all compact symmetric spaces ([14], p. 29), we consider in this
paper the smoothness of the Radon-Nikodym derivative of a convolution of some
orbital measures on complex Grassmannians. Let M = SU (n) /S (U (p) x U (q)),
where p and ¢ are integers satisfying p > ¢ > 2, and n = p+ ¢, ay,...,a,
be r-points of U — Ny (K), where Ny (K) is the normalizer of K in U, v,, an
orbital measure supported on Ka;K, j = 1,---r (see section 2) and suppose
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that the orbital measure v,, * ... x 1, is absolutely continuous with respect to the
Haar measure fisy) of SU (n), and denote by f,, . o, its density, or its Radon-
Nikodym derivative.

Let k& be a positive integer, and let s be a real number such that

r

2
-1
s>k:-|—n

and C (p,q,s) > 2pq, (1)

where
14 2s+ @

2p—q
The aim of this paper is to prove the following

C(p,q,s) =

Theorem (Main Theorem).  Let k be a positive integer and s as in (1) and
C(pg.s) as in (2). If
r>C (g ),

then
fal,.‘.,ar € Ck (SU<77/)) .

The paper is organized as follows. In section 2 we review few basic facts
about orbital measures, Fourier transform, and Plancherel theorem. In section 3,
we review basic facts about complex Grassmannians and restricted roots. In sec-
tion 4 we review the properties of spherical functions on complex Grassmannians.
In section 5 we give a proof of the main result of the paper.

2. Some Preliminary Results

2.1. Convolution of Orbital Measures.
Let G be a non-compact real semisimple Lie group, g its Lie algebra, 6 a
Cartan involution, and

g=todp,

the corresponding Cartan decomposition. Then
u=€tpv—1p,

is a real Lie subalgebra of the Lie algebra g¢, the complexification of g. Let U be
a Lie group with Lie algebra u. Then U is compact and semisimple. Let a be a
maximal Abelian subspace of p. Then

G=Kexp(a)K and U = Kexp (vV—10a) K,

where K is the Lie subgroup of U with the Lie algebra £.
Let ay,..., a, be points in U — Ny(K), and define the following positive
functionals

I, (f) = /K/Kf (krajke) dpre (k1) dpx (k2), j=1,---m,
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where f is an arbitrary continuous function on U and pug is the normalized Haar
measure of K, ie., ux (K) = 1. By a very well known result of Radon and Riesz,
the positive functional I, defines a positive Borel measure v,,, i.e., there exist
a positive Radon measure v,, such that for all continuous functions f on U, we

have
I (f) = (va ) = /U F(9)dva, (9)

By construction, the measure v,; is K-bi-invariant. Hence, without loss of gener-

ality, we can assume that
a; = exp (\/—1Xj) ,

for some X; in a.
The convolution of the measures v,,, j = 1,...,r, denoted by vy, * ... * Vg, ,
is the positive measure corresponding to the positive functional

oo (1= [ [ Flarcc) v 00 e, )

:// f(k:lalk:g---k:rark:rﬂ)du;( (k’l)d,u[( (kr—l—l)a
K K

i.e.,
Lo / F(9)d(Var o % va) (9).

In all what follows, to simplify the notations, we will denote v,, *...xv,, by V4, ...q, -
The absolute continuity of the measure v,,..,, with respect to the Haar measure
of U is characterized in terms of its support as is explained in the following

Proposition 2.1.  Let aq,...,a, be as above. Then the measure vg,...q, s abso-
lutely continuous with respect to the Haar measure of U if and only if Ka; ... Ka, K
has a non-empty interior.

The proof of the Proposition relies on the following very well known result,
for which we include a proof to make the paper self contained. Recall that the
support of a measure g on U, denoted by Supp (), is the complement of the
largest open subset of U on which the measure p is zero.

Lemma 2.2.
Supp (Vayoa,) = Kan K ... Ka, K.

Proof. Let x ¢ Supp (vg,) ... Supp (v,,). Then there exists a neighborhood V
of x such that

V1 (Supp (va,) ... Supp (vg,)) = 0.

Let f be a continuous function in U such that its support is in V| i.e.,

Supp (f) ={z € U|f(z) #0} CV.
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Since

/ /f ) dvg, (1) .dvg, (2,) =

= / Vg, (z1)- -+ / fxy...2)dv,, (z,),
Supp(va1 ) Supp(va,)

and since for z; € Supp (Vaj), for j =1,...,r, we deduce that

xy...x. € Supp (Vg,) ... Supp (va,) ,

hence f(z1...2,) =0. Hence x & Supp (V4,..q, ). Consequently, we deduce that

Supp (Va;-a,) C SUpp (Va, ) .. Supp (v, ). (3)

Let V be an open subset of U, such that V is of (Vay * + -+ * 1, )-measure zero,
and let f be a nonzero continuous function with compact support ¢' C V', and
values in [0,1], fic =1, and f = 0 outside of V. By assumption

/ / f ) dvg, (z1) ...dv,, (z,) = 0.

So the open set defined by

1

S:{(:cl,...,xr)EUT]f(azl...x,,)>E

is of (vy, ® - -+ ® v, )-measure zero, and therefore

SNSupp (Va, @ -+ @ 1y,) =S N (Supp (Ve,) X ... X Supp (v,))

Since the map (z1,...,%,) — x1...x, is continuous, we deduce that

C N Supp (v, ) ... Supp (va,) = 0.

Consequently,

Supp (Va,) .- Supp (va,) C Supp (Va,.a,) - (4)
Combining (3) and (4), we get

Supp (Vay.-a,) = Supp (Vg ) -.. Supp (vq, )- (5)

Using the fact that, in a locally compact group, a product of a closed subgroup
by a compact subgroup is closed (see [7], Theorem 4.4) and the fact that in our
setting the group U is compact, an induction argument gives

Supp (v, ) ... Supp (Ve,) = Supp (Va,) ... Supp (va,) - (6)

The Lemma follows from (5), (6) and Supp (vs,) = Ka,; K. n
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As a consequence of the Lemma above, we deduce the following

Proof of Proposition 2.1. Let py be the Haar measure of U. Suppose
that v,,.... is absolutely continuous with respect to py. By Lemma 2.2 we
deduce that Ka K ... Ka,K is of non-empty interior, for, if Ka1K ... Ka,K
is of empty interior, then it will be of measure zero with respect to puy, and
therefore v,,..,, will be singular with respect to py. Conversely, suppose that
KaK ... Ka,K is of non-empty interior. Then the map f : K™™' — U given
by f(ki,...,kw1) = k1a1 -+ - ayk.11 is of maximal rank, i.e., rank f = dimU. Let
E be a py-measurable set and suppose that py (E) = 0. By definition of v,,..,, ,
we have

Vai-ar (E) = Ial“'ar (XE)
= / .. / XE (k,’lal te arkr—i-l) d/“LK (kl) e dluK (k‘zT"f‘l)
K K
= feprcr (B) = pgers (f71(E))

where f,pugr+1 is the push-forward of the Haar measure on K™™', Using similar
arguments as in the proof of Theorem 2.5 in [10], we deduce that

Vayoa, () = 0.

We infer that v,,..,, is absolutely continuous with respect to the Haar measure
iy - Hence the proposition. [ |

The following corollary is implicit in [10]

Corollary 2.3.  Let ay,...,a, be as above. If r > U/K and U/K is a compact
irreducible Hermitian symmetric space, then the measure Vg, .., 15 absolutely
continuous with respect to the Haar measure of U.

Proof.  Since U/K is a compact irreducible Hermitian symmetric space, by [13],
the condition 2.1 in [10] is satisfied. If r > U/K, then the proof of Theorem 2.5 in
[10] implies that Ka,K ... Ka,K is of nonempty interior. The Corollary follows
from Proposition 2.1. [ ]

2.2. Plancherel Theorem. Let U be a compact Lie group and let 7© be a
unitary irreducible representation of U with a U-invariant inner product (.,.) on
E,. Consider the Hilbert space End (E,) with respect to the Hilbert-Schmidt
inner product

(T,8) s =Tr (S*oT) =Y (Tv;,Sv;)
where T, S € End (E,), S* the adjoint of S and {v;} an orthonormal basis of
E.. Consider the Hilbert space direct sum

Op(T) = @) End (E,),

[x]el
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where the inner product is defined by

<(S7r)[7r]€(7’ <T7r)[ﬂ'}€(7>0p([7) = Z <STF7T7r>HS

[71'}6(7
Plancherel theorem states that there exist an isomorphism
F: L*(U) — Op(D)
defined by
Ff = ((dim Ex)im(f)

[7r]€l77
such that
<f17f2>L2(U <‘Ff17ff2>0p(U

for fi, fo € L*(U), where
N = [ Hayela™) duw o).

Similarly, the Fourier transform of a measure p on U, denoted by F (i) is defined

by
F (1) = ((dim B ()

GE
where

() = /UW(Q‘l) dp (g) -

Suppose that v,,.., is absolutely continuous with respect to the Haar
a, Dbe the Radon—Nikodym derivative of v,,..,, with
a.), and consequently,

.....

-----

F (Vay--ar) = F (far,ar) -

For more details, see [1] and [11].

Let H® (U) be the Sobolev space of functions in L? (U) whose weak deriva-
tives up to order s are in L?(U), and denote by ||.||gs=@) be the corresponding
Sobolev norm. Using Plancherel theorem which says that

and the properties of Fourier Transform, we deduce the following

Proposition 2.4 ([1]).  With the above notation defined, we have

?{S(U Z d, 1+/€7r H|907r ak )

[ EUK

[ fa....

where (7K 1s the set of equivalence classes of irreducible spherical representations of
the Gelfand pair (U, K), d, = dim E;, K, is the Casimir constant corresponding
to the representation mw, and @, is the spherical function corresponding to the
spherical representation .
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3. The Case of SU (p+q) /S (U (p) X U (q))
Let p and ¢ be two integers such that p > ¢ > 2, n = p+ ¢, and let

I

— [p 0
ra =\ 0 I,

where I; is the j x j identity matrix. Let

7: SL(n,C) — SL(n,C)
g — 7(9) =14 (g*)fllm.

Using the fact that ]37(1 = I, 44, we get

G=5SU(p,q) ={9 € SL(n,C)|7(g9) =g}
={g € SL(n,C) | gL, ,9=1,,}.

The group SU (p, q) is the linear isometry group for the indefinite Hermitian form

P ) pt+q )
Ylal = Y 1wl
i=1 j=14p

and it is a noncompact real form of the complexification G¢ = SL (n,C) of G.
Let su(p, q) be the Lie algebra of SU (p,q), i.e.,

g=su(p,q) ={Ae M(n,C)| AL,,+1,,A=0, Tr (A) =0},

and let
0(X)=1,,X"I,, X in su(p,q)

be a Cartan involution of su(p,q). The corresponding Cartan decomposition is
given by
g=su(p,q) =tep,

where

EZ{X:(‘(‘)‘ g)|A€u(p), Beu(g) and Tr (A)+ Tr (B):o}

o {x= (% 7Y izemuo)

Let K be the compact Lie subgroup of SU(p, q) with Lie algebra €. Then K is a
maximal compact subgroup of SU(p, q) and is given by

and

K=S(U(p) xU(q)
:{X:<§ g)eSL(n,CHAeU(p), BeU(q)}~

Then it can be seen that

SU (p,q) /S (U (p) x U (q)) = D}

p.q’
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where,
7 —T
D!, = {Ae M(p,q,C) | I, - A A > 0},
M (p,q,C) is the set of p x ¢ matrices with complex entries, and > stands for
positive definite. Let
u==%tav-—1p.

Then u is a Lie real subalgebra of sl (n,C). If we denote by U the Lie subgroup
of SL (n,C) with Lie algebra u, then

U=S5U(n).
Moreover, the symmetric space

Grass (p,q) = SU(p+¢q)/S(U(p) x U(q))

is the Grassmann manifold of ¢ complex planes in CP*%. It can be shown, (see
[9]), that the manifold Grass (p,q) is a compact Hermitian symmetric space dual
of the noncompact Hermitian symmetric space D;ﬁ.q~ Identifying M (p,q, C) with
CP1, we get the Borel embedding, which is not needed in this paper,

I
D, , C CM C Grass (p,q) .

Let a be a maximal Abelian subalgebra of p. Then a consists of matrices of the
form

i1
The map (ti,...,t;) — H (t1,...,t,) gives an identification of a with R?. Let o
be the element of a*, the dual of a, defined by

Q; (H (tl, ,tq)) = tj.
Then the set of restricted roots, denoted by ® (g, a), consists of the following
tao; and £2a4, i=1,...,¢, and £ (o, ), 1 <i<j<gq.

L ty
0 10!
L1t
H(ty,....1,) = ,,,,,9,,,,10,1,,,,9 77777
tg
0l 0
| |
| |

with multiplicities

Mo, = 2(p —q) ,Maq, = 1, and My, 1q;, = 2.
Hence, if p = ¢, then ® (g, a) consists of the following roots

204, i=1,...,q, and £ (vt ;),1 <i<j<gq.

With respect to the following Weyl chamber

at ={H (t1,....,t;) €a|ty >ty > ... >t, >0}
the simple roots consist of

Q) — g, Qg — Q3,...,04_1 — Qg, 0 if p>gq,

and
Q) — i, Qg — i3, ..., 001 — Qq, 204 ifp=gq.
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4. Spherical Functions of the Grassmannian
Grass(p,q) = SU (p+q) /S (U (p) X U (q))

A highest restricted spherical weight \ of the symmetric pair

(SU(p+q), S(U(p) x U(q)))

corresponding to the spherical irreducible representation y is of the form (see [4])

q
_ A
A= E mjay,
i=1

where m; are even integers satisfying

my >my > >my > 0.

Let
a; = exp (\/—1H (tll, ...,té)) ,

where H (tll, ...,th) € a’, for [ =1,...,r. If we denote the spherical function cor-
responding to the spherical representation 7, by ¢, , then by Berezin-Karpelevich
formula (see [3], [8], [4]), we have

J(t, ..., ) det [P (cos ti)}

A
oy (exp (V—1H (8}, ..., t! = d IS (7)
(o0 (VTH () = —— o
1<j<k<q
where .
2L G+ = )
I 1y _ j=
9 (th, . t) = T (costl —costl) " (8)
1<5<k<q

and the integers n7, ..., ng are related to the indices m;-\ of the weight m, above by

n‘;\:m?—f—q—j?j:]_,,q,

hence n%>n§‘>-~->n220, and o(n?)zn;\(n?-l-p—Q‘i‘l),

pr=a0) (costﬁc)

P;\ (costl) =

P(p 2.0) (1
0 ()
4
=y I} ( ny,n}+p—q+1,p—q+1,sin’ (f))
where oFy (., .,.,.) is the Gauss hyper-geometric function and Pj(a’b) is the Jacobi
polynomial. From now on, to simplify the notation, we put mj)‘ = m; and
ng‘ = n;j. Recall the following result of Darboux which gives the expansion of

Pj(“’b) <cos E’B o ) for j large enough.
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Lemma 4.1. (Darboux [5]) Let a and b be real numbers. Then

7a> a7a

_ ) o a+3 o b
VT (sm 2<<Bo;a>> t) <cos 2<<Ba”03> t)

) cos (g’—@jt%—%(a—l—b—kl) gﬁ’a;t—%aﬂ—}lﬂ>+0<j—%)
+

as j — oo uniformly on any subinterval § < @t <m—4, 6 >0.

Lemma 4.2.  For j a sufficiently large integer, and t a real number such that
0<t<m—9, 6§ >0, we have

where ]Bj(cos t) is defined as in (9).

Proof. Suppose that j # 0, t > 0, t € 7Z, hence sint # 0. By Lemma 4.1,
we have
‘ 1
cos(jt + 3lp — g+ 1]t + 5(p — )7 — 3m) + O(j2)
VT (sin £)P=0+5 (cos L)z
c c(t)
Vi ‘(Sin %)p_‘“% (cos %)%

(p_q70) —
P; (cost) ‘ =

<

where
e(t) = —
)(sin Lyp=at3(cos L)2
Since
Pj(p*‘I:O)<1) _ (p - q + 1)1',
!
and
J! _Tlp—q+1)
(p—q+1), grme

where T is the Euler Gamma function given by T'(z) = [ ¢" ' exp (—t)dt, we
have

P;(cost) ‘ < b)

jp—q+% ’

where
Bt) =ct)l'(p—q+1).



AL-HASHAMI AND ANCHOUCHE 705

Proposition 4.3.  Let A = (my,...,m,,0,....,0), with my > --- > m, > 0,
and let nj = m; +q — j. For sufficiently large n; we have
( C(t1,..,t .
W zf)\:(ml,...,mq,O,....,O),
j=1"’

where my > -+ > my > 0,

‘gpm (exp (\/—1H (t1, ...,tq)))| < ( |
C(t1,...,t . o

§?;;;;f;;- QfA-—»Onlw..,W%,O,““,O),

j=1

where my > -+ > mg = 0.

Proof. For j <k, we have

o(nj)—o(mg) >nj(nj+p—q+1)—n(np+p—q+1)
Zni—nz.

(10)

Combining (7), (10), and Hadamard inequality we get,

o (o [0 (t1, ..., tg)|
‘me ( p (\/_1H (tlv "'7t‘1)))} S H (n§ o nz)

1<j<k<q

det []3,1] (cos tk)} e
<jk<q

2

9 (ty, .t -
V(s - _q) P, (costy)

ot o [
NG >“\/Z

1<j<k<q
Now we have two cases
Case 1 (A = (my,mg,...,my0,...,0), where m, > 0, hence also n, > 0).  As
a consequence of
ni —nj = (n; —ng) (nj +ny) where j < k
> (nj +nyg) since n; —ny > 1
> /njng, since (n; +mny) > 2\/nny,
-1 q q—1 q
—j -1
H nng = H H nng = Hny] ])njH ceg = Hngq ),
1<j<k<q J=1k=j+1 =1 j=1
and Lemma 4.2, we get
[0 (t1, ..., t)| & 4 |~ 2
| omy (exp (V=1H (t1,....,15)))| < Ty 2 | Pr (COStk)‘
H (nj - nk) j=1\ k=1

1<j<k<q
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L ty)
poats

ﬁ(tla ) ’ﬁ(tl? ) )’ _ C(tb atq)
q 5 (2p—q)
A | P U
j=1
with
Bty ... ty)= 1B(te)]* and C(ty, ..., t)=B(t1, ..., t)" 9 (t1,...,t,)], (11)

where U (t1,...,t,) is defined as in (8).

Case 2 (A = (my,ma,...,my_1,0,...,0), hence n, =0).  In this case we have

n;if k=q,

2 _ 2 _
n? —ng > 2,/mny, otherwise.

Since ﬁo (costy) =1, again, as a consequence of Hadamard inequality, we get

|0 (L1, ..., 1)
= (exp (V—1H (T4, ..., 14 < 5
}‘P ( p( (t t)>)| < I (n _”k)

1<j<k<q

det [ ; (cos tk)}

1<j,k<q

Jalo (bt

< (cos tk)‘
n —n?
1<]1;[k<q )
2
< \/a‘ﬁ(tl,,tq)‘ Qﬁl zq: Ltk)
- I1 (nj2 - ni) [1 n?jzl k=1 n(p—q+%)

1<j<k<q—1 1<j<q-1 J

VAl (ot Bt ty)

Y RV U G & T W i

1<j<k<qg-1 1<j<q-1 J
Cltn.ity)  _ Clh...t)
— g2d” 1 q-1 g+l — ¢l !
Hn] 2 annn 2 Hnji(QP—Q-H’))
_ j=1

with C(ty,...,tg) = JaB(tr, ..., t) T |0 (t1, ... tg)|, where B(t1,...,t;) is as in
(11) and U (t1,...,t,) is defined as in (8). n
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5. Proof of the Main Theorem

Proposition 5.1.  With the above notation defined, we have ||fa17---7ar||iIS(U) <

1
C (ab s 7a7‘> Z n(n—1)
2

r(2p—q)—25— g , r(2r—q)
ni>ng>-- >nq>0 nl ]:2n.]
- 1
r(2p—q+3)—2s— 20 g 1 r(2p—q+3)
n1>n2>-->ng=0 74 szlnj
where C'(aq,...,a.) is a positive constant depending on ay,. .., a,.

Proof. It is known that k) > 0 (see [6]). By Cauchy Schwarz,
ra = (A 420, 0) < 1A+ 2p] A < AP+ 2]l A < C A,
where C' is a positive constant,
1
1S e
aext

and Y7 ={a;, 20; (i=1,...,q), s ta;, (1 <i<j<q)} isthe set of positive
restricted roots. Since on a finite dimensional vector space all norms are equivalent,
after changing the constant, if necessary, we can assume that

K ng% §Cn%. (12)

Similarly, Weyl dimension formula (see [6]) gives us

n(n—1) n(n 1)
dy < (1+ ||)\H)) < C’m1 2 <Cny 2 . (13)
By Proposition 2.4, the estimates (12), (13) and Proposition 4.3 we get
2s+n(n 1)
2 n
forvoallipy S Clanad | 32 g
n1>ng>-->nq>0 J 1 J
2 +n(n 1)
Lo
+ Z q—1 r(2p g+3)

n1>ng>-->ng=0 H] 1 J

1
<C(ay,...,a,) Z T
2

ny>ng>>ng>0 n1(2p q)—2s— q 2n7’(2p q)
1
+ Z n(n—1) . |
ny>ng>-->ng=0 N (2p q+3)=2s— =5 in 7(2p—g+3)
14 2s+ @ ' .
Corollary 5.2. If r> , then the function fo,. 4, isin H® (U),

| 2p—q
1.€., ||fa,1,...,ar||HS(U) <0
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‘ 1
Proof.  Since g pYCE)
2 25— 2
ny > >ng>0 nl( P 2 1o r(2r—9)

. @@M

<

Mg

n

1n1

Mg

q
2 95— "(" 1) H r2p q) )
7(2p—q) k:lk

1nq =2

3
Il

and since 2p — ¢ > p > 2, hence r(2p —q) > 2, we deduce that the series
P m is convergent. Hence the series

> :
r(2p—q)—2s— "1

n1>ng>->ng>0 1 ;1:2”;(217—@
is convergent for
1425+ ”(” L)
r>
2p—q
A similar argument implies that the series
> :
- _9g_n(n=1) B
ni>ng>-->nq=0 n;@p q+3)=2s 2 H;C;Tl;@p q+3)
is convergent for
n(n—1)
r 1 + 28 -+ — 5
2p—q+3
Hence the Corollary. i

Proof of the Main Theorem. Note first that
dim (SU (n) /S (U (p) x U (q))) = 2pq.

Let s be a positive real number for which C(p, q,s) > 2pq and let r be a positive
integer such that r > C(p,q,s). Then by , v,,..,, is absolutely continuous with
respect to the Haar measure of SU (n), hence

A Vay-ap = far,....an @ L5U(n)

Since 7 > C(p,q,s), by Corollary 5.2, fu, ... € H®(U). Let k be a positive
integer and choose the real number s as above and satisfying

2
-1
3>k+n

Then the Main Theorem is a consequence of the Sobolev Embedding Theorem
([1], Theorem 2). n
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Let k be a positive integer, such that

. 2
. dlmiU(n) _n - 1’ (14)

and let s be a real number such that

2
—1
s>2k+n

and C (p,q,s) > 2pq, (15)

where C (p,q,s) is as in (2). As a consequence of our Main Theorem and [12]
(Theorem 1, part (1)), we get the following

Corollary 5.3.  Let k be a positive integer satisfying (14) and s a real number
satisfying (15). If r > C(p,q,s), then the Fourier series

of the density function f,,

7777
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