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sagwmmxim vw9mm mjB&szmmtok

3.i iniMteUai *
It $ (x,y) is MitiUy mtrietid function on 

oCxCos, oCyCeo, then the Uplaet-Hinkol Transformation 
it defined by tho integral

(3.1.1) (u.v) » ( (u.v)

-// (*,y) dxtfy

where u • m ♦iltfis a restricted eoapiex variable. o<v<® 
and Jx (vy) it the Bettel function of first kind of order 
\ with x real.

Lot a and x ho any roai numbers and b any positive 
roal nutiber. For oach triplet x • o and b, i k is tho

h 1*1™
spaco of all complex valued smooth functions ^ (xty) on 
o<x <oo , o< y Coo such that

(3.1.?) sup
o < x <m 
o< y< •

,*»-bry-x-i/?Dxit |

exists (i.e. finite) for all non-negative integers k and k* •
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h It a linear apace under Hit pointed •• addition of 
functlena and their nultiplleatlen by eoapiti mtkm, Each

fi.b.k.k- *• cl,,rl» • •» V...k- **"•• H.b.e^
If • Mta thv eounttbl* c olive lion p "^fi.b.k.k’^f

•f aeoinema It t countable nultlnom on I . , it ottign
to ^ i the topology generated by tlio countable aultlnem B 
thtroby naklng It a countably nult loomed apace. It
eetpitt# and thorofaro a Erochet tpoco. la a ttat&ng
function apace (l], The dual tptet 8* . k of . k
conaista of all continuant 1Intar functional! defined over 
I, . w. The dual apace B* , k It a linear toece to which we 
attlgn the weak topology generated by the nultinom

****** \<« • 6»*,.,* •

Since § . K It a ccaplete countably nultlnorned apace,
I* . w It alto complete. The nenbera of 1\ . k are theX *0*0 X
gentrailzed functlene.

Let * y ~ 1/7 and be a tubaet of C7 defined at 

followa

tetx.e.b

»£(u,v)£rC7f heu>a, llnvl ^ b, v > 0 or a negative
Integer 3

then for any , •"** v/vy J* (vy) It a nebber of
I, . k . The Laplace - Henkel tranafemotion 1>^| It now

A |»|t

defined on the dual apaco 8'^^^ at followa t

Let x be reetrlcted to -1/7<: *<«>• Then for 168^^
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(3.1.3) F(u,v) » («•*) * .
e~M* Vvy J* (vy) )> ,

,KJ
For ooeh choieo of o pair of rool numbers o and \ , 

lot LH, , denote tho sot of oil smooth functions 6 (x.y)• t\ 1
dofinod on o-<x<», o<y<oo, and such that if (o*,y) on 
o<y<» and for oaeh pair trip lot of non-negative integers 
m. k and k* .
(3.1.4) j oaxy^J(y*1Cy)k,y~x“i^(**r) j 
assumo finito valuos. It is oasy to verify that LH, , is a• IA

linear spaee and oaeh ^m.k.k* A* 1 >ea^on« Also, sineo
oaeh rl « . . is a norm tho collection S «frj . b ® 

O.B.O.O L J
is a countable multinoni for tH. . . LH. . is complete,■iA o»X
LH_ _ is a testing function space. Members of LH. , are of •»X etA
rapid descent fl.Jl •

The spae, 1*,^ i. . «ib.p.c. of »x,>b end topoUw .f
LH, . is stronger than the induced topology on it by I 4 b t X t • ■ ♦A A#*®

In this chapter we shall extend the results obtained in 
Chapter II to distributional Laplaee-Hankel transformations.

3.2 i

To extend the theorems obtained in Chapter II. we first^ruA//^establish the following lemma i / ' ~ '
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Lenna 3.2.1

Let ( (L>£\ f)-F(u,v), (u,v) . Let < a<oo

and o b ^ . Lat 6 (u#v| w,x) £: LH1 l ■ #*#
than

(3.2.1) J (wtv|w,i)< f(p,q), a”pws/qi J\(qz)^ dwd*

* -“vf (p,q),0/ 0/ a“pw7q* Jx(qz)£(u,v|w,x)dwdx)>

Proof *

If ^ (u.vjw.z) * 0 on o <w <• , o <.z <oo , (3,2,1) is

satisfied. Hence as sun a |) (u,v;w,x) f 0 on o< w< oo , o <z <oo

Lat

R R
(3.2.2) VR (u.vfp.q) *Qf J *~p"\/qz Jx(qx)<^ (u,v»w,s)dwds .

First we shall show that V. (u.vjp.q) ■ . . Consider,n a *•»**

(3.2.3) oj skj[tq vr (u,vjp#q)

- •*p-b<' <r'-l/7r$ sj;q #? J A(W)
(f (u,v;w,z) dwdx .

By smoothness of the intaqrand , wa nay carry the operator
k k* t \D* S* „ under the integral sign in the aquation (3.2,3) to 

write
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.w-H Djj V|( <«.*„.<)

- (-i)k+k7 / 4 («.»»«.«) J1 .-<*-•>» g»*n*i/»

«r* <*r* jx (<i)m .
ffenee

I #*P-N s**^ Vj| (y,etp#q) I

J ^ j ^(«lvi«|f)| Ms <•

•Him C\ it the ImM tf (q*) f«r
• •<!<•, tf-lR ^ * ♦ lw < t ♦ IS, i<w<H , Thi*
•how* that V# (u,wi p,q) •

Haw wo ahall »how that

(3.2.4) 9? J ^ (u,viwf*)4f(p.a), • *" Va* J* (a*)> dwd*

• ^f(p»q)» v* (e,vi p,q)>

Sinaa *(e,e) i* analytic en-^-f and ^ (e,vsw,x) it 

entire, th# intoyral of the left-hand aide ef the equation
(3.2.4) exiata, and aince VR (e,vip,q)£l^a^ the right hand 
aide ef equation (3,2,4) ha a aanae.

New, eeneider the ftienann aun

(3,2,9) 4^'||(e,V!p,q) • * * e"*1* s/qi^ CqpNjI

4 jyp .



•r applying f(p,g) ta (3.2*1) t«m hy tain, wa gat 

(3.J.4) <f(p,a), ®*#H (ufvj p.f)

* * * ^f<P.9>* J\ <a*J)>i«l J-i

$ (*,vi«1.ti) {p .
Sl»«« (»,*), ■ ** J^ftS J\ ^ (n.viai.Sj) 1. a
iMtiwiMi fmctiM an •<w<n, •<*<! , iht ana in tin 
right hand si da af tin aqaatian (3.2.1) tanda ta

I n
J J<*(p.g). a^v/g* 4 {»#*!*•*> **dx •*

d —^ «i 3t —.■> as *

that

f
Sine* f *"* pmof will ha aaaplata If «t thaw

aenvargaa in ta

J $ •*"-7a* A (a*) 4 (••*!»,») dwdi

aa ■ —^ as» 19 —4 as. Far this pnrpaaa «• shall
•haw that

{_ ®«tii - v* (B.vip.a) } —> o

wnifanly an a*p<a», o<a<ao ,
Canaldar.

(3.7.7) ^^(a.vjp.q) » ,-i-l/* Dh g**^

^ ®WtJI(B»Bip.a) - vR(*#vip#a) | .

• * ? (-i)**’ »* gj»n*i/» .-*n
i«l J-l 1

(gO)A(a*J) 4<**v’*t*)* H
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- J | (u,V|Wfx) J1

(qt) * J* (qs) Ms

Non » #-<»-«)p-M <,,)-* I at a —£■ • t <1 ^

Far w> a , b>a and (qx)*1 Jx(qx) it bawndad an

a q ao. So given e >a , there axlata P>P|» q>qif aMi

a^w<R , ecx^ft.

(Jy(v) | < e/s [.? J |

0(«,T(W,l) \ #i*4»3 ”*

Since ^ (u,vi«r,x) ^ 0 an e<wcaa, © <^x <eo, tba 

right hand xlda la finite, Hanca

aap
"1< »< " f <C'-l/3 dJ 8*’ V, «/*
q1<,q<aa 1 * *•* * I

Alta, for 9) Pi * q>qj_ and for all M aid M

aap

<c/i £ ? / ^ x*k'+x+l/2 ^ («9vtwfs)^ dwdsj

x ^ ^ | ij2k**V*l/2 ^(n#vjwj,xj ) j

Va can cheoeUlo, He aa largo that far all JM^Ma, M)>Mat tba 
laat expression ia laaa than 2 €/3. Tharafara far

P >Pl * « > \
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Next on tho donain §^p<p| , o<q<ql , o<w<:r ,

Jfk-%+1/9 .-<*-•>* #-M jx<ql)^ („#Vfw#*)

It uniforoly continuous function of (p,qiw(t). Therefore, in 
view of (!,?♦?), there exists end N| such that for all

*>"l . ■ .

I *n „ (w.vip.q) j< 6 «n • <><«», • <q < m .

Since S it arbitrary we conclude that M (u,v|p,q) 
converges unifexaly to sero on e< p< co, o cq< as • Thus 
we have proved equation (3.?,4),

Since ^ (u,viw,s) at a function of (wvs) it of rapid 

deacent and

|<f(p,q), •mp" N/q* JxCq*)^ P ( twil )

where P ( Iwx! ) it a polynomial L J, the integral of the 

left-hand tide of (3,?«4) ccnverget to the left-hand tide of 
(3*?*1) at a---- co .

Finally we thall thaw that VR (u,vip,q) converges to

| (u,vip,q) • J* JP e*^w x/q* (q*> $ <u,v|w,*)dwd*

In 1 , is R -4 co .
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Consider,

$ (u,V|p,q) • VR (u,v|p,q) 4 V1R (u,vip,q)

♦ V?R(e,v|p,q) ♦V3R (u.vjp.q)
where,

V1R(u,vip,q) ■ 77 q-^V/q* J\(q*) |p (u,v|w,z)dwdz f

V2R(u#¥ip,q) m J £ •“pw-/q* Jx (q*) 4 («.*!*,z)dwdz ,

qp a
V3R(u,V|ptq) mtJ e^v/qa Jx (qz) $ (u,V|w,z)dwdz .

R o

Clearly V1R (u,vjp,q) ( 1 ■ 1,?,3) are newber* of .

we shall sheer that vi* (u,¥|p,q) converges te zero in

#Xfafh •* *-----

Consider,

} •rx-l/f bJ vln |

-iff* (».«!«)
R R T

e"** Jx(qz) (qzr* dwdz I

<hy //1 ^ («,v| w,z) J1*^ | Mi

where ^ j.* are constants, and since as a function of 

w,s ^ (u,v|w,z) is of rapid descent, the last integral which 

is independent of «,v vanishes as R^n, Then VR(u,vtp,q) 

converges to zero in as R ->oo. Siailarly we can
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prev* that V2R (u,vip,q) and V3R (u,v»p,q)

convinti to zara In I, , k at R—^ao.

Tharafora VR (u,vjp,q) convargas to (jT (u,vjp,q) in

I, . k Mn at R—^«t>. This cooplatas tha proof of tho *»«»■
latma.

Ihftra *
If (i) kt 9, h and i"1 ■ 0, If* ■ H ara singla valuad 

analytic functions, real on (o, oo) and such that g(o) * 0,h(o)*0 

and g (m) • oo # h (oo)y oo, (or g(o) * od , h(o) * od and 

g («o )*0#h(®)*0) j

(ii) ( f) (iifV) * F(«,v), (u*r) f

(lii) thara axists a function 6 (u,vi w,z) in LH such that

( *ie\ §) (u.vjp.q) ■ § (u,vjp,q) (u,v)£--A-f 

wharo «f < a ^ m and

(w.vip.q) ■ v/vH(q) Jx (uH(q) ) K £0(p)j a»(p)l

I H'U) I
then

^k(x) f £g(x)# h(y) ), a^v/vy Jx (vy)^

Proof t

,7* 0P F(w,z) § (u.vjw.z) dw dx •

250C
A

Lot

Chooto h and c such that o<Tb < and a < e < <o,

t(x,y) ho arbitrary nanbor of . fc , Lot for aachA *a*i»

*Kh- “ . ■ • {BRAD
aauvAji uiiiKL.
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9 Mk knon-nsgstiv* intsgor kt (1 ♦ x ) D K(x) Is boundod on 

©< x<«.

Thsn f is a continuous linear napping of

1, , into 1, . h , To show this

#ox-by y-x»l/2 pk* gk*^ K(x}V(xvy) * yX-l/%h

^*#y ♦ (x.r) •

- i {}) l!* D^K(>c) D, ,k* t(x>T)
^ ao #ex * A »T

Po.b.k.k* <*♦> “Bk3f#( *> Bi,b, ,k- <♦>< •

whom B)t constants.

• • K f is aaribsr of whanavar f is « aaabor of

\**#h *
L.t TX .f BXi,>b tat. .XfCfb .nd

!} ' k -^k'1* .f »x>Ctb Into »x,.,fc • Thwi

^(t) - k ♦ «>d t2 (♦> - r1 ♦

{Tj. Ts) (♦) - Txo l Ts(») 3 - Tx (ICH).

» 1C (K*1 *)

- ♦
Stall.rly,

(TjOTj) (♦) - Tj. ( Tj(t) ) - Ts (K ♦)
- IT1 (Kf)
“ t .
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• . TjOTj ■ TjOTj^ * Identity.
This inpllss that • TJ* and T? • Tj1 .

Thus if t *^K f In continuous linear Mapping of 
Bx,a»b 9 into then its inverse napping
i» t By>eib into »x># b .

Thus f->K f is an isoiserphis* of 1 , w onto * „ wX#e»o X*c*o»
then the napping f-^K f of 1*. _ k onto 1* u is and

A»Vfl X|l|9

isonorphisni and we write,

^CK(x) f(x,y), ♦ (x,y)y> * <f(x,y), K(x) f (x,y)>
Therefore if

( A?^x *) (u#r) * F(u,v) Reu> o, ©<v<®, 
the eguatlon
/K(x) f(x,y), Jx(vy)^ » ^fU.YhKCxJe^-Tvy" Jx(*y)^

has sense. Indeed we have f(x,y) C- 1* b • k(x) f(x,y)A I
‘HI* - W e^-vTvy Jx (vy) G-» b and K(x) e",,*V^vy Jx (vy)

^X,c,b •

M!C(**y) * *C g(x), h(y) jl ^®x*tC#b

then yC(x,y) —-^K(x)(x*y) i» on isonorphisn fren 

onto and we can write

<*<*) f ( «(x), h(y) >. •-“* ^ Jx <*r)>

* C »(*)• My))» k(x) •"MXV*y Jx (yy)^> •
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Hm f (g(x) ■ h(y) ) f-B* h ic(«> f(g(*).h(y) )c-B* h
A. f •! ” A t®t™l

4 «ru*N/vy Jx K(x) •*w,lsAy A(vy)^»x,e#b •

lat K(x) f (x,y) * 1(x,y) bn an arbitrary nuwbar of 

1. . k, chnoaa a roal nuabar d< c such that

B ( 0<p), H (q)) IO'(B) • I H'(q) .

Than tha napping

B <*.y) —5* (0<p). H (q) ) I 0-(p) I I H*(q) I It a

continuant linear napping tf I . v Into ■ J h . Tha 

uni qua invar to napping la

t <P.q) ——> * ( «(*). h(y) )

and it nappa all of •:* A w onto ■ _ k . HanooX*«t» X B® t®

n (x,y) —> n C 0(p), H(q) ) I Q*(p) I I H*(q) 1

la an laonorphian fron l^c ^ into Wo donota tha

adjoint *f tha napping

B <».y) —>B ( 0(p), H(q) ) I s(p) I • H'(q) I by

f(p,q) -~^f Cg (x), My) ) • Sine a thla ia what wo would hava 

if f warn a conventional fmotion, and wo writa

Kti g(x), h(y) ), t(x,y)^>« <f(p,q), t( 0(p), H(q) ) I

I 0»(p)f IH*(q) I ) .

Thu a f(p,q) ~^f(g(x)# h(y) ) la an iaonorphlen fran

Tharafora, if ( f) (u,v) • F (u,v)
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Italian and ©<v<®, th* •qititlM,

«(«). My) ). k(») •““*s/vr A (*y))>

"<if(P.q>. MMp) Jx(vH(q)HJ'(p)HH'<q)l)>

hat tan a a. Xndaad wa have f(p,q) *(•(*) **»(y).)

^’x.e.k, *M j* <**> «*x.e,k "*

K ( 9(y) ) «-“°<P>7 »H(q) Jx <yH(q))l«'(p)» IH'(q)l 6* „ .

That wa eonelada that

f(ptq) —^K(x) f( g(x), h(y) ) it an iaawerphiMi fraa

B* . w anta B* _ K where e , and wa writ#
X»d*» b*»#i

<k<«) f(«(*). My) ). •""'-TVr Jx (vy)>

- •C f(p»q) t K<« (p> ) »-»°(Pl7vH(q) Jx(vH(q) I9>(p)l IH'(q)l> 

whara f(p*q) 6-»* d w, K(*)f< §(*), h(y) ) £••* b 

(vy)^Bx^e>b and K (Q(p) ) #-»®(Pljr*|(q)

JX (*H(q) ) »0*(p)i IH»(d)l .

Tha above aquation further can ha written at 

( **X> CKC) *( «(*).h(y) )3 *<^f(p»q). J (n»vf p,q))> 

«<dr(ptq)t ty(u,¥tw,*)*~pw\7& Jx(q*)dwdi^> .

*#7° J*4(p*q). a^^x/qt J\(qx)^ ^(u,viw,i) dwds .

( taa lawaa 3*2*1 )



-// F(w.s) ^ (m,v|w,*) 

This couplets* the pmf.
Ms .

ThtlJTMi * 3.2.2
If (1) A. k, 9, h and g"1* Q, h~** H are single valued 
analytic functions real on |o( as) and such that 9(a) * 0, 
h(a) * 0 and 9(00) ■ eo, h(cs) * 00 , (ar 9(0) * «, h(o) * a» 
and 9 (•) ■ 0, h (0) • O ) 1

(11) Ut
( AtffcAf) (u,v) • F* (utv), (u,vR-^-f

(ill) there exist* a functien i * (u,vt w,s) in LH such that
21 9 **

( ^) (u.vjp.q) *J»* (u,vip,q) (u,v)6^ , where
<T*f<'a<e# and 1

(*.v$ptq) - 1C C a(p) ) (A(p)r1 ia«(p) 1

1 H*(q) Ithen
K(x) f(9(a). h(y) ), •~m*^/vy Jx (vy)

•JP JP F* (w,x)$*(u,v|wvx) duds .

Cheese b and c such that e^h< ef and a<e<«. 
let f(xty) he any arbitrary neoiher of I, , k . Let for each 
non-negative integer k, (l+x?)“Mk Dk K(x) is bounded on
0 < X <•*

Then f —is s continuous linear napping of
, k into t , k . To show this l»c*o X»®*®
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ffax-by y-X-l/2 K(x)t(x,y) • #iX"Wy-\*l/2 dJ k(x)

sx!y * **’y*

- t {}) li* D^K(x) .«*-**■*-!/* D* **’ t( )# 
#cx * *•“

• • fi.k.k.k* <*♦> “ *k»5. (*J *i.k, ,k>(^ < ® •

where are exiftinti,

• . K f it a tatter whenever f it a ~Wr \..,k

Ut Tx , «f »^a<b tote »x e h and

Ts . t ix e b into k^,,. .

Than, Tjif) >Kt and Tj(d) ■ K*1* .

.*. <W <♦) ■ v ( t2<4) ) - Tx f rld )

-K (k*Xd)

■ ♦ .
Sinllarlr. (TjOTj) d » V ( T^d) ) - T, ( kd)

- K*1 <Kd)
- ♦ .

• • T1,T2 TjoT^ ■ identity. Thit iapXat that • TjJ

and Tj • Tjl • Thut if f it a continue** linear tapping

of B. w into I, # h then itt inverse mpd in 9 it 

af .x>6fb into»Xi,tfc.

That f*)X t it an ltoaorphiaa ef l^#^ ante ^ 

th«. to. napplnf f—Htf af B'XiCib lnto lt
A B ® B
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•ft iMMiptttaai and w* writ*,

<K(») f(*,yh ♦ (*ty)> • <f(x.y), M*) ♦ (x.y))*

Th«r«f*r« if

( A*x) (At) (*#v) • r* (m,v)

Ran >• • •<¥<«, tk« hmUm 

<K(*) f (*,y), •”** ry J\ (vy)>

- ^f<*.y). k(«) \fH 3\ <*y)>

hat aafta*. Xnd*ad K(x) f(x,y) &-M* . h f(x,f) &■» .

•-v vy J* (vy)£H^t^ •*< *(«) •~ll*Jrvy J* (*y)

If * * ( §(*)# Wy) > <="i\te,k#

tk*n
$(x,y) -—>K(x) Oc (x.y) i* m iaoaarpkiiM fro*

8* _ w «ii« t* , k and w* ««t writ*
»»»»■ *»■»■

^K(x) f(,(*), h(y) ), •~1a /vT J\ (,y)>

- <f( •(«>, h(y) ), K(k) J» <vy)>

H*n K(») »( ,(*), k(y) )£-i*x>#>b, *( *(*).« My) )fe»'Xj#|b 

•~**Vrr J*(vy)&»Xt,tb «* K(x) •""* /vy A(»y)

L*t K(x) f(x,y) * 8 (*,y) k* arbitrary BMkir *f 

l.c chaaaa a rial iwkka*4? mk tkat d < « tuck that

t i a(*), h(<) » io*(y) i iH#(q) ^»x,dtr lhm th# ■wi««

8 (x,y) —^t (a (*), H(q) ) I 0*(p)l Iff' (q) I it a aantiimatia
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1inter Beeping *f , v into » t fc . The unique invert* 

■applnf it
* (Ptq) —>q ( f(x)# h(y) ) 

and its nappe all of onto 1^^^, Honeo

n (x,y) ^>n ( a(p), H(q) ) I 0* (p) I IH* (q) I

it ail ioonoxpltio* fna \ve9p into . Vo denote th#
adjoint of tho napping

n (x,y) < a(p), H(q) ) I 8* Cp) * I H*(q) I by

F(p,q) ^>f(fl(x). h(y) ). Sine# this la what wo would have 

if f wars a convontlonal function, and wo wrlto

<Cf(g(x),h(y)), * (x,yjl> »(f(p,q)l n (a (p), H(q) I

I f*(p)l IN*(q)|^ .

Thus f(p,q) >f( g(x), tk(y) ) it an laooorphloa froo

• • 4 h to »• „ h .
l»«*c 1»«*»

Therefore if ( *X\) (Af) » F* (u,v) Rou>o and 

o <*v <00, tho aquation,

C«(*K My) )# K(x) f***/*f J\ (vy) A(g(x)) (1(9(1)) >

• </f(p*q), K(G(p) o-**<P> Nf^U) •**(*«(*)) (A(p) (A(p) r1

I G*(p) * I H*(q) I >

hat a on to indood, f(p,q) <=- B* . . ,
A 1*1 ™

K C a(p) ) Jk (vH(q)) A(p)(A(p)r1ia«(p)ltta*(4)l

<^*K#d,p# *(«(*)»My) )«»* k(x) e~*J|yj* (vy)

A c «<*) ) ( A(f(x) ) )~l c-*x<€#k .
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Thus ws eoneluda that f(p,q) -^K(x) f ( g(x), h(y)) is sn

lsosexphisa frea outs *\fC|lf wh#N d<e, and wo

writs

<K(*) f (§(*)• My) ) t •*‘u*Vvy J*(vy) A(j(*) ) f Af §(*) ) ) >

- <f(p,q), KSId) •*“0(|,lV»H(q) Jx(vH(q)) I 0*(p)l I H>(q) I

-1 \A(p) I A(p) I > .

*h»r« f(p,q) k<») f C«(*)»>i<y) )

•“** 'Try £ (vy) A ( q(n) ) ( A t g(i) ) 6- «nd

K (a(p) ) Jx (vH(q)) I 8'<p) I I H'(q) I

A(p) I A(p) I ‘i BXid b .

Ths absva aquation furthar can ba writtan as

C *X%) CM*)f(«(*)#My)J «<f(p,qh f*<u,vip,*) A(p)

«<A(p) f(p,q), *(u,v|p,q)^

• <A(p)f(p,q),0/ 0F a“p,Vqi Jx(q*)^(u,v|w,*)

dwdt
/ ^<A(p)f(p,q), •"*"-/?* Jx<«!*0> $*(utviw,x)

dwdz

( Sss lama 3.2.1 )

F*(w#s) (u,viw,*) dwdz #

This sowplatss ths prssf .
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ThtttIWI * 3,3.3

Lat ( f * f (w,v) Ratf> o. o<v<aa,

than
( YkW ** f(u)#*»(v)l 9J* Jf *<x,y) 0(w.xix,y)dxdy ,

whara k, g, h ara analytic functions on ( o. m ) and 

{ *xk) f> l ...........] - K(u) .-«(u,VKV)y A< h(v)y ) .

Proof :

Now

Kw.v) «<f(*,y), o^y vy J\ (vy))>

P ( 9(ti),h(v) ) «(f(xty), o~9*u**Vh(v)y J\ (h(v) y ) ^

• K(«) P(«(»*)*h(v) ) *^f(x,y), K(u)o"9^M^1Vh(v)y'Jx(h(v)y))>

»<f(x,y). rr* ( wizjx.y ) a-wVvz J\ (vz)

dwdz ^

• // *(*.y> 0 ( w.xix.y) dxdy.

o-“w */vz~ J* (vz)

( soo laooa 3.2.1 )

“ *** f r r a 1 J *>dyj

(*>”x) C«C(B)fl fl(«).h(v)]l » rr *(x,y)0 (w.zjx.y)

dxdy .
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3,4 EiiMlt I

Lat ( (u,v) m t (y,v) Rati> a and o<v<® .

* ^X.a,** t#t **** " * if
far this G(p) ■ p~*t H(q) • | q"1 v

• *• I G»{p) I * p~2 and I H*(d) "i and K^G(p) ) *

Tlia napping f (p,q) it $(*), h(y) 3

t.a. *(*•*) f ( *“*, fp )

la an laanarph&an fran 1'^ onto *\ c b •

whara d < c , and wa wrlta

» f x-1. % ■) . Wr Jx (*r) >

- <f (p.q), -1 p-"^ 1 Vs Jx <4 *? q_1) p-?

»<f(p,q), ^ («,»« p.q > ^

*<f(p#q), rr • +*,/& (u,vjw#i) dwd*^

m J J <f(p.d)t a"*"/-^ Jx(q*)> (u,v|w,s) dwdz

•IT- (w,i) ^ (u,v;wtz) dwdx 5

•Wte«L, 4iCiA,v;w,a) = z*'2'J.
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wmmmwmmtmmflnHlilll

(i) etMiiiuivr «*«•» HMiiit ib in i 9m e«9i«i

UplMi • laalnl fnaifliMtiM if 

OmnUiai f«MtlM«*» XailM Jm»«1 
tf rn Mi Appli#i MImbiIIiii 
M. Tf »#.a, ( i*i ).

t efcttifctvf l(t*t • ItpiltflMl Mi iUliHUMil

•IpNta «f tMlilVMtlM Mi

ill Biitinl tkiilii iMithMit
nawr«itr» A«f«niiii ( v« «• )i < u*4 ).

••••
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2.9 Til—Mi I 7.2.1

Zf <&) k, f. h —4 f1 • 0, IT* » M ivt ildflt valwe4 

—•lytic f—ctl—c, real — (0, aa) —4 —eh that «(0) • 0, 

h(0) • 0 —4 f(«o) • m , h(ca) * aa (ar «(0) a h(0) * —

—4 «(ca) ao, M •) «0 ) t

MK \
tit) f(*,y) o-o F(»,v) 

which ecavarg— f — It— >• an4 a a < aa i

(111) than —late a ftmetieit ^ («,vt ».*).

V xrP (u,v|w,i) 0-0 § C*»vf4»a )

which cenvergea far ha g> e and a^q<ca, —4

- •*"0(\V*U> *<*(,)) k tat)) ih'(') i ,

iMJ&jfi**'/* Jk(4»)*C»tViWt«)fCo*f)4wi«3 4*4q
O 1T«5

•anvargec ahealataiy far Raw >a —4 a<v< m i

th— k(*)f(g(*),h(y)) / F(w,s)^ (w,v|wti) Ms

thick c—vargaa far It— >a —d a<*<®

Since fr— Civ) tha ltarata4 integral is absolutely

convergent far It— >e and •<»<a, —4 alma 
. aa ao ca aa
la^ a* ^a* a* •~P*Vr* A (qs^>(n#vfw,s)4w4i f *f(»vg)'4»4q J


