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o Integral Transforms

]

‘ U ~

or = +epUn0 (i)

Also when =0,

| - I"f (1) Jo (pr) demf (p) i)

f ==rJg(pr) Jr:uI g(r)rJy(pr) dr

R or ' ' i

" b . df mg (p). ...(ih)

‘ Now solution of(i) is given by )

U= d cos (pet)-+ 4 sin (per) we(1¥) /

_ i from (ii) and (iv), f(p)nA
& 9 and from (iii) and (iv),

b [~ Ape sin:(pci) 4 Bpe cos (pet))ygwg | (N

3 o . B= ’},L"” ' |

; Hence from (iv), U=f(p) cos (pcf).{.g_?_)_ sin (per). '

J Applying the inversion formula, we haw:

. T =] p(p) cos tpety s (pr) dp

1
+- ] g (p) sin (pct) I (pr) dp. Proved.

.2, Find the pofmrial ¥ (2] oj a ﬁc.’d due (o
‘ 2 a flat
dlar disc of unit radius with the centre at the origin, and £13
along the z-axis, satisfying the di iferential equation

dW 1 eV

3__,.‘_ ar+dz’=0 Usr«:m,.zo

and the boundary conditions
V=V, wfren z._U 0< Sr<l

and 25::0 w!zen‘=D r>>t s
dz

Sol. Taking the Hankel transl‘orm for n=0 of both the dides
of the given differcntial equation, w.: have '

3:;' 1 aV ol V

¥ ] w¥ T
Scanned by CamScanner

Scanned with CamScanner



;
L3
£
o
g}
£
&
E

= f pzﬂf.ay.farwfﬂ-"’ P>

Applicar;,
Plications of Hankel Transform w

d*V

or i
PV=—Z2 where V=f Vir Jo (pr) de

or dary
dz? - .V=0

Whose solutjon s (p, 2)=A "8 7, .
Now ¥V must vanish as z tends to ifinity.

V must also vanish as z tends to infinity, .. A=0

Hence V (p,z)=s¢7: . Bis independent of z
.i.e. Bis a function of p only.

APPI ying the inversion formila, we haye .
v, -ﬂ—f B (phie=sp Jo (PrYdp ™ vt 2o )

B ( p) is written in plau: of B to mdlcaf,c that it depends on p,
Now applying the boundary conditions;.we havc

whcnz =0, V—-f pB(p)fu (pr) dp=Vy, 0 <

and ‘-?—- —f Sﬁ(p)./g(pr)dp—(lrp-l
2,.0

=V 0 <P {1 e ! 0 sl
f P B(P) Ja pr)a'ﬁ Vor s

r<l _

or

Cgmpanng (ii) mth the wcﬂ known . mtchals, .
. f] r <1 ,
J’ o (pf) # dp 27 : .I W, 5o 111)
[ (pr)smﬂﬂ’zﬂ-“ e
sinpg :t':' ki ok

Wi (p)---.— Vo 7

Z'V ﬂﬂj Ja
(,,z).-.-- o.e' 7 oCPJdF

and
we bave;

Hence from (f)’

ﬁgr untt 1im

= G e olid 0 fwzzdwtiri }’k wlze : in:ﬂ!ar ares ad J dmant 7 ﬁpm

s from! he 0%

1 distant
o P glreﬂ

the plane z=0 is

| i mfm "
vod @t d constant rate Q per i e
. Ex, 3, Hed ‘;" m;ffif  of radius @ in the plane z=0 toan -
g oner f 7, Show that the steady temperatue ot

5 . o AR R T . e
e AN AR O R A T T ¥¥ e TR,
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B e b

296 Integral Transforms

} et Jo ( pr) Jy (pa).p~t dp.

Sol. Let ¥ (r, 2) be the temperature at the point (7, )lhcn

it is governed by the differential equation
BV eV | av eVY
‘*(aﬂ +F'§F+‘a?)

i - av
Since the temperature is steady, ==0;
!

Thus the steady temperature at any point (f, 2) is given by

@V 1av o ' G ;
FTRE b e y

with the boundary conditions

( dy) 2,0 __r_ y2=0

and v A (—R E’—E) 0,r> a', :::-—.-0. .

There is symmetsy about the plane z=0, so we consider the
temperatures only in the case z > 0. - . j g

Taking the Hankel transform forn=0 of hoth the- sides of
equation (i) and the boundary conditions we L1v¢

g av
I (3?-’:‘*‘1 ar)rjutp)dr+j rJ (pr) dr==0
, ~ 4 e ;

<74 where ?:Sn: V.ir Jo (pr) dr

il fg r( %:) :J%[pr)dr—l—j 0. rJ’, (pr) dr |

when z=0
e L EUE
. SR , wntmg prior x
" : L ‘and n--l in Ree. formula (vi) |
e S o ()

.. sifice dy (0)=0
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