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| B E /B Tech DEGREE EXAMINATION
o MAY/JUNE 2012
- : - Third Semester =~ -
MA 2211 118130/MA 31 / 10177 MA 301 / MA 1201 / 080100008 -
: - TRANSFORMS AND PARTIAL DIFFERENTIAL EQUATIONS
: (Common to All Branches) o :
Regulatmn 2008) |

[Time : Three hours] . [Maximum : 100 marks]

Answer ALL questlons

PART—A (1o><2=20 mar’ks) .

1. Fmd the constant term in the expansmn of coszx as a Folmer -
e series in the mterval (—.ﬂ:, Jr) | v '

' Solution Gwe.n f (x) = coszx' 1:-%9& is an even functmn
in thc 1nterval (—Jr .71'.') _' |
. | ao'. w0 - ‘ .00 ' :
W.K.T.,f(x ==+ 2 a4y cosnx+ z b sin nx
: C e 2 n=1 : n=1 '
_ o ' .
ay =5 Jf@) ax
0
‘ = %f coszxdx'_
2 % l4cos2,
= = | (1+cos2x)dx

} R : - . ! .'- Jr *
. 1 | osin2x|
= -[x+_' 2 ]0 |
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I

_.Q.
| 27

' Nn-'a‘ :-

o C_onStant term,

; 2 Define Root Mean square value of a functmn f (x) over the
' mterval (a, b) ' vl

Solutmn : Lct f (x) be a functlon deﬁned in an mterval (a b) then

P :?o;%-a.p_v;ﬁh?'i;-ﬁvr‘?‘.E:"_Ei:?.’i'.ﬁ:-_“,'_'/'_"_l__".'-_"_""'.'-;\E'_‘::.l_:_‘.f\'??‘_".'J'}.'-'\"_'- 3 ‘, e e e G ’ _Z". o

o

s called the R M.S Vajuc or cffectlve value of f (x) and is. denoted
byyo -

| 'Hencé, [;]2.

What is the Fourler transfol’m of f (x - a), if the Fourler -
_ transfqrm of f (%) ls F(s) 92 ' _
Proof We know that |

" F [f(x)] F—-I f(x)e‘“dx

F [f(x—a)] = ﬁ- ff(x—a)e's"dr

'putr=x—_a : x—>-—oo==>t—>——oojl

Pl a)] - \'[-- ff(r) g

\/—‘ f f (f) e"‘* ‘Sad: .
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B T s ST
e Ifoea
= isa F [s]
L

-._4. Fmd the Fourler sine transform of f (x) =e ™, a> 0

Solutmn : We know that F [ f (x)] \f— f f(x) smsxdx S

00

f e sm&xdx
0

$ai ."/2,,. R e
= Vz [2 z}_ Bk _-_f‘?. _S’nbx‘_b‘

2

|

s“t+a

5. Form the partlal dlfferentlal equatlon by ehmmatmg the

arbitrary functlon from z2 Xy = t (z;-)

.9

__Sblut’i_én_ :'~~_-'Gi\'1'31‘1_f : 22 -.—igg_f = f_ (;ﬁ)

lef(l) D wrt x Wé"get,
R 2 R Y b L
Tox _y-' s\gpel A

' Diff. (1) p wrt y we get,

x Z(U)—xy-
227_", :f(z) 2
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X P
Second Method

. Letu =2 _'-_xy; Ly

av|
St

Q@
=

SRR
4

a_
1

o
-\ﬁ'

Solve (D2 —7 DD" ¥ 6D’2)

olutlon
m2 — 7m + 6

(m 6) (m - 1)

with respect to the tlme"

tlon

www.FirstRanker.com

22 q xz+x p
22q "y‘i—
= -2Yg 4'& -

N

www.FirstRanker.com

ZZq Zrzpq xz+xp

sl

leen (D2 = 7DD' + 6D’2 z

The aux:hary equatlon IS |

= -q(xy 277 =

z=0

=0 R

0 [RéplaCe' D 'Iby m -an'd. D’ by "1]_ o
0 . | |

= §, m =1
z = ¢10’+6x)+¢2(y+x)

._What is the basic dlfference between the solutlom of one -
_dlmcnsmnal wave equatlon and one dlmensmnal heat equatlon .
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One dimensional wave

One dimensional heat

- ~equation equation
.__0_231 20 ou . pou
e 6x2 . ot ax

1[It is cla's'si'ﬁe'_d as ‘hypc_rbo'lic__ .
|pde i

It is c]assxfled as parabolxc
pd. e . o

wave equation -

y (x 1) = (cq cospx + cz sin px)

which is- perlodlc w.r.to
time £ o

Solution of one dimensional

- (czcospat + Cq SINP a_r) '

g SO]LItIOll of one dlmensmnal '

hheat equation .
u (x t) =4 cospx +

2
-_B--su__lpx)e -pa’t
which is non-periodic W.rto

|time €.

www.FirstRanker.com

S8 Write dow,n.tlie" pérti_ai differential equation tl_l.at represents s’teady _
~ state heat flow in two dimensio'ns: and name the variables involved.

ey Pu tu | -
Solution : —5 + —5 = 0, where u (x y) is the steady state tcmp
- axt ay”

o at thc pomt P (x y)
- N . N X ' ! n . .
9. l*jin_d the Z-transl_‘o_rm_ of,x(n)-: wm o =Y
' - ' A0, _Oﬂ_lew_v_isé '

: -:_S.'ol'u'tioh. K Wc_‘kho_w that, 'Z [@"f(n)] = F [ﬂ

z [“%,-] =

R
B z]z—?z:{a
1
e (#2)
a
Zoeri
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10. Solve yn+1 2y' =0 gwen Y= 3 |
; Solution leen yn+1 2)’n =0

Takmg Z transform on both sides of thc dlffercnce cquatlon Iwe get
ZDn+1]“2Zb’n]_ Z(O) o

[z Y(z) zy(O)] —2Y(z) |
3 B [z Y(z) (z) (3)] ) Y(z) ) [ 5 (0) =3 ] |

(Z“Z)Y(Z)—-Bz = {).. LRI

e

ezhl

m =2 [“_:"72"} |

PART-B (5 >< 16 = 80 marks)

1 @ G Find the Fourier series. of f(x) - (v ——-x) in (0 23)
T T of permdluty 2:1: a ' -

| ‘Sdlul_:io_n : Let f (x) + E ‘a, cos nx + 2 b ‘sin nx

n=l n=1

_4—}-,;—ff'(x)dx

www.FirstRanker.com
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Ii
)=
O
N
|
=
~—
&

1
T

=%f 3 (J;_"—x)z\.cos-}:xdx s
. 0 . ' -

-7 (5] -2 [ ,,z”““)-+ (==

T

Q]

-ﬁir——t"

= = [ (31: -—_x)z_ c(')_snxd_)_c L= 5]%' f 35)2 cos_nx'dx L

[ - ic__)? - @-ml

:(x—..ér:)z (su; ) +2(x~——ar) [cosznx] 2 [512311.7:”
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IR TS
B f (7 = x) smn.xdx
A R RSN

byl = { _'(. —n)* sinnxde

1], \2 [ —cosnx {—smnx| - COS nx o
L ”1. IR éosm; e /smnx co.snx. %
=g | (_——) +2(x—Jf) ]+2[ , H o
B __ n 2 3 .
‘ S n n’ 1o

Note B In (0 27:)
| @ I f(2:rr x) =f @), then by =0

(11) Iff(ZJr—x) —'-—f(x), then a,n =0 & a, = 0

(a) (11) Obtaln the Fourler series to represent the functmn
. - . . 1 x?j_'
f('x),'z x|, '-31:-<_ x_'<3r a'nd deduce 2 =l
| SR | n=1 (2n—1)> 8

B <]

Solution : Giten : f(¢) = e f@ ~-{-x 372;320

f(ew) = [¥xl —x = f0)

Thcrefore f (x) is an even functlon I—Ience b =0 . s

Let the requlred Four-le_r_scnes_be

www.FirstRanker.com
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f(x)—%—!-za cos nx - : (1)
Pl o e

' ) 2
wher = —
161 a -

: c:*--.a :

Cx : ' zar- T2 e
0w - f ca- 2[E] 220

ap :.-JI

a, _#f_%ff(x)_'éos'rzli.dx..x %}xcosﬂxd’x. s
S o R D
] suyv_c - (1 COS nx % . o
o
; (smnx) +[éosnx”” DR
H _ nZ‘._ '0._...'

_ 2 __'__.j' FRRIITE R Nl
=S = _1]  .

'-'?-llw.'-_ . IS

.ﬁl .w.

TaE
R -——2 if n is odd
0 1f,,f1-ls- even Ly

Il

I

|
§..
:

L) > ) =
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@ 0=557 -_-2;& 5 [Mees0=1

|
N[y

Il

I

| &
Mg

|>-a

11. (b) .(i) Fmd the half-range Founer cosine serles of

f (x) = (Jr: = x) in the mterval (0, Jr) Hence f' nd |

t.he sum of the semes —1;.#- i +-13+ Lo,
T _ . 2 3 ' T
S_'ol_'u‘tion : Given : f (x) = (:7: Jc)2 in (0 JI)
. e ' m

Let f (x) m E (;osnx | . (1)

when @y = — [ @ - )x =

_ f—ilt\)_
. H ) '. -. ) .
R _

_ q;, = Ef (Jt u:x)z cos’ﬁxdx_-

I _
Qv

Je-mtcosmar @-w'=a-o

G s R
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2 81N Ax

2(x.- )
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COSnX —

e _.)_ n

SIS

W@ =

@ =

- By Parsevars ideﬁtity, o

1
e

[f (X)] dr.

._-O“-:él

8-

Bl

Q=

.al H.- .

(0+0 0) | [ 2 H T [’?2] ” ;;5

olf w8 el
co

o] ?“4;‘.'

S

.+i : .
M
Mg

=
I
—

B S
o

Ms

+.
oo

VAR IVR
e

=
Al
[y

e
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11 _(b)__"'(ii)". Find the Founer series ‘upto second harmomc for
S ' the followmg data for y with penod 6

Jx:f 01| 23 |4 5
yilo9 |18 | 24_\.-- 28 {26 | 20 |

Sblution : Here _the length of the mtcrval is 21 = 6,ie,l = 3

The Founer series can be rcpresented by

y "—-'-—9— alcc-sjr +b1smnx + azcoszi—i-bzsmz%x A
- 2 [ 1) I I )
Here yw'io (al cos n3x+b1 sin %ﬁ) + (az coszg +b2 sng ) . (1)

Y | cosZE s,inﬁ'.}’.;3'-';15'.ﬂ y sin 22X )’COS"M }’Sm“@
R - AN 3 3
o 1 | o | 9 | o | 9 [ o
18| 05 | 086 | 9 |15588 | -9 | 155885
2 | 05 | 0866 | —12° | 20785 | —12 | —207846
|28 v o | =281 0o | 28 | -0
2 | -05 | -086 | —13 |-22517| -13 | 22517

20| 05 |-0866| 10 |-17321| -10 | -17.3205
'1;25-- e e "_—2’5'._: 3465 | =7 | 00004

U s W N e

5 41 67

Zy cos-x—x = -%(;25)_ =—-833

Z
-6

2

n 3.

-

www.FirstRanker.com
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az = Zycos——3 '".6(’7)__ gk 2333
b2 mx _ 2, "”-.;___'

bl = n Zysu:l =3 .—-6( ) — o 1.16 ,
by = % zysin-z’;x ' 2(00004) = 000013

| Substltutmg the above values in (1) we get -

= 20. 84-—~8 33 Cos ~3———1 16 sin —3—«—2 333 cos 2§x+0 00013 Sm&g{

12. (a) -(l)" Derwe the Parseval’s 1dentlty for Fourler Transt’orms'

'Solut_ion . By convolutlon theorem

Flf®=*g@)] F(s)G(s) -
f(x)*g(x) = F ' [F (5). G‘(s)]'

00

A Vi fp{(z) 20— t)dr - \/___ f F () G o) e7isx ds' (1) |

put 0 and g (—-t) = m thére it follows_ that _ B
G =F@ | |

[OF ff(r)f(r)dr - f 'F(s) F(s) as
CGe) S If(f) 2a - le(s)l2

*(or)}' flf(x)l dx IIF(S)Izds

(a) (11) Find the Fourler mtegral representatlon of f(x)
w 10 for x< 0 '

2

defined as f(x) = {> for x=0
e e for '?‘?'0 :

Solution : e
‘We know that, F(s) = F[f(x)]

www.FirstRanker.com
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e gy

__1 ?;—__(1-._'-:i_.s)x dx .

V2T

- PN 1 'e:—(.l—is)'x ®

' o8 o8 |

_\(_%_.; l:lw} .[_.__(1-—15) }0 | |

- 2z [1-i5] =1
11 -
Vzw 1-i

1 1 1+zs'
2z 1—is 1+is
1 1+
V2w o146

Rl

By mversmn formula,

f(x) \/_n J‘ F(S) A 1sxds.. -

1 ?-«1 1+m'
-r - ‘/—7‘ 1+s

'e.‘“lsxdg . )

== | |—=+ cossx-—:smsx ds
- 270 %o (1 +_S;_. 1 + 52 ] s : ). }

www.FirstRanker.com
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- 1 = COS 5X +s si.nsx: Bk ; o scdssx — sinsx Fa
== 5 ds+ o .ds'----‘
: I.ZJE-...M_ '1+-S AR 2_315,,.00,. 1+S
| 00 o8 S +ssmsx |
= f ) ds + 0
2% 0o 1457
: cosx + 5 sinsx o e
[ . 5= .1saneven functlon Ce
1480 _ .
§COSSX —sinsx .. L -
§ = — is an odd_ fun_ctton] .

1 +_s2

Cf) =

1? cossx-f-ssmsx
T 0

ds | . :.‘..- 1 h.r'..-_.
1+s (2 -

B WhICh is the rcqmred Fourxer mtcgral representatlon of f (x)

_ Puttmg X = O in (1), we get

, B | %
o =Ly
() .;rz_ 0 1'+'.5'2
1 Ao
= 7 "tan S]o
1 |
)

, Thus "the mtegral representatlon of (1) holds good for X = [) also

12. (b) (!) State and prove convolutlon theorem on Founer o
transform : : S

Thc Fourier transform of the convolutlon of f (x) and g (x) is the
. product of thclr Fourler transforms -

-;'.(1e ) F [f(x)*g(x)] F (s) G @) =F[f@F [g(x)]

' Proof : We know that F [f(x)] a--' \[L f f(x)e‘sxdx

www.FirstRanker.com
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e * oy 1 © T
1 f,,, [rxff(f)goc r)dr} e'S"dx |

B (\/—af) (\/—n) f f f(t)g(x ‘S_"dtdx: o
by changmg thc ordcr of mtegratlon we get SRR A

o ( :_z—;-) viz JJO Use-ne~aa
R R A0 [‘v‘ﬁ;f glr—ne™ ﬂ]d‘

o ea T/?f}?.‘f@f(t) F [3_(x“f)]dt.

|

ER o
VRS j0¢ 6 0a

by sh1ftmg property F [f (- a)] =g las F { ) '-
=G (s) [ f f(r) eIStdtJ

.,__ G (s) F (s) F (s) G (s)

[F (S) G (S)J = f-(x) *g(x)
= _F_l- [F (s)] . F*-_l [G (S)] .

www.FirstRanker.com
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and hehce prove- _}__ . is self reCiproca; under

Fourler sine and cosme transforms
" Solution : (i) F, [x“ i V f 2~ L cos sx d
(  We know that, T(n) = [ e",yy“ a 1dy , n>0

"‘1dx —@ 0._ |

puty ax, we getfe a"x“

Lcta=zs-_ .
. ._..00 _;_'_. a -1 hr(n)
~fe ‘_“x“. dx_ —
_ 0 S (;s)
e | S o
[ (cossx—isinsg)a®~lax = T
- - T'() [COS J_,;_) +-;sm ﬁ)]—n
| st \2] | 2
= r(n) COSE—JI“-m;smn._.JE. )
s 2 2
_Eqilating real- parts, we get - ' -
[ leossxdr = L) (ﬂ) o

| Usingthis_in(l),weget. Pl ‘_: S

, we get

B =

put 1 =

F, [—}f \/_ 4:)*005

www.FirstRanker.com
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R '1/2 VE 1 (1
3 Vs V2 [;r(;g} =val
1 ' > :

_Hencc, v'_ self reciprocal under»FoiJrief 'cosi_t.te___tranSform.l \
. (11)F [x“'"l] = V fx“"lsm.s:xdx |

__.\/Er(n)smz  [: ?x“ .smsxdx —(—l
0 '

_ s .9.1'31/2 . 4 .
e 1/2 vZ 1 1
- Ts Vx| V_VT T

Hence, V_ is sclf remprecal undcr Founcr sine transform

13. @ @) Form the p.d.e by ellmmatmg the arbltrary functlon ¢
| from¢(x2+y2+z2 ax+by+cz)

~ Solution :

Given : u x2+y +z ‘ v o= ax'+b}\;\-'i—__¢':z _
ou 0z | av 4z
;;;_'; ax -2”+2-zax( ox ~ 4Ty

> Py 2x+2pz ._..=> 9x .-— a+cp

du . 3z | v 9z
AR A 1
oy TP %ey oy oy

' '_6u' S v

> E; = 2y +22zq ® —— =b+cq

ST)
o=

www.FirstRanker.com
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' chmred p- d.e is glvcn by

du  av|
u 2_0 VP

|2%+2pz a+ep
12y +2qgz b+cq

(2x+2pz)(b+cq) (a+cp)(2y+2qz) |
=>2bx+2c:qx+2pbz+2pczq ?.ay 2aqz-—2cpy 2cpqz=

(2bz—-2cy)p+(2cx Zaz)q Zay 2bx
§ (bz-cy)p-i—(cx —az)q = ay- -bx
~ (or) (y—bz)p+(az—cx)q = bx—ay

. @ (i) Solve the partial differential equation
| 2 (y - 7) p"+.f;(z-%.x)q=_zz(x4'y)
'_Solutlon.'
~ Given : xz(y-z)p+y2(z x)q zz(x y)
| ‘This equatlon is of the form P p + Q q R
whareP xz(y—-z) Q y (z——x) R—z (x y)
Lagrange’s. subsmhary equatlons are

Cdx _ ,.X dz
? 0"k | o
ie, dx = _dy 2 (1)';
T Ae-n e FE-)
' 111
_ Takmg the Lagrangian multlpllers ara y’ .
we get each ratlo in (1), | | |
—*dx+ydy+ Lo -—dx+ dy+ 1o
='Jc();h—z)+y(z—x)-l—z(.1|c—y) ' 0__'

www.FirstRanker.com
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_Hencé; 2 dx’+ —1~d_y + %dz =0

.Integratmg, we get ' ) |

o logx +logy +logz = loga
log (92) = loga

o xyz C= | a
| | o111
'I'akmg the Lagranglan multnples are <, =, -
| RS
we get each ratxo-in (1),‘ o e L
_ Sdc+=Sdy+5dz Sde+Sdy+—<dz
= b y o2 - P 22

_0,—‘z)+_(z'—_x)_-|-(x-—y)_ .0

Hence, izdx+~1?dy-+ %‘dz =0
_ 20T 2T

~ Integrating, we get [ x 2dx + fy'fzdy} 2724 = by

-1 -1 -1 Aliter :
x4yl +z71 = ~by - Takmg the Lagranglan
_1_-'1'1-_ I | multipliers B
o ETyTETh yenadnxty
‘Hence, thc general solution is f (a, b) = we get :
. 1% 4 \b xy+)z +zx : )
1e f(xyz _+y+z) _= 0 T B _

| where i Eebitrary

13. (b) _(_i) . Solve the equatmn s _ 5y

S (D*+D?D’' — 4DD'? — 4D'% 2 = cos @x+y) -
~ Solution : | _ et R :
.~ Given : ,[D3 +D’D' —4DD? - 4Dz = cos (2 +,_yj

%

www.FirstRanker.com
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The auxﬂxary equation is m3+m? - 4m -4 =0 B :
: ' [chlacc D by m. and D’ by 1]
mEm+1) —4m+1) = |
> m+1)m> -4 =0
= m+)m+2)(m-2) =
= m-'~—-1"m-—-2 m=2
" The roots are distinct '
= 10— x)+¢20’ Z’f)+¢3(}’+2x)
1

| 2 2
PI = : : cos (2x+y) [Replace D by -2
- _D3+D2D'—4DD’2-4D'3 .
i 1 . . .
= DD’ by -2
T =4 - 4D’+4D+4D' °°S(2"+y) S by
| . D7 by 1]
= -é- cos (2 +y) - ‘ [Ordmary rulc falls]
= x 1 ___cos (2 +y)
- " 3D%*+2DD’ - 4D"
- 1 : ' 2 4. 2
= X ———— . D -2
._ a4 - cos (2x + y) [Repl_ac;e .by -
el DD' by =2 ; D* by -1] |
% E cos (Zx + y)
. General solution i _1s_ _
z =CF+PI

¢10’“x)+¢’2()’ 2x)+¢30’+2x)‘ 008(27‘““}’)

13. () (i) _ Solve [2D? — DD’ — D2 £ 6D + 3D] 2= x¢’

Solution S | | :

vaen [ZD ~DD' =D 2. + 6D + 3D’ ]z th:’r |

| = [(2D +D") (D - D)+3(ZD+D)] xe
(2D+D)_(D D'+3)z = xe |

www.FirstRanker.com
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To find CF : (2D'+_D') (D - D’ +3)z =0
. '4"-'[1)_.— (“71) D'] [D-D'—-(=3)}z = 0

| Here_,.__l_m‘i' =1¢==3, m= 5—’-5,-_ c2 =0

CCF = [ f'z--(‘y;_ %X)
: ._:__,?*__3:@ f 10 "'._’I‘) +f2 (y "%X)

xe

PI = — S
"~ 20> -DD'-D'*+6D +3D'

P -D@ +1)-D +1)*+6D+3D' +1)
| S | - Replace D' by D" +1

Il

2D? ~DD"~D'—=D'*-2D' —1+6D+3D' +3

2+5D+D +2D*-DD' —=D?
I )
> 142D +D’ +20*=DD' - D?)

. ) : T - o .;. -1
T [1+%(5D+D' +2D*-DD' -D?)| x

= —[1-—%[5D+D3 +20*-DD' —=D?|x

[x = %[S'(I)'-l— 0 +0]] m% [ _ %] -

..[?'x_ ~-5]

SIRS

&%
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. The General solution is z = CF + P.I
I U S ST A
= e ThOr) L (-5 +T@=5)

14. (@ The ends A and B of a rod 40 cm long have their
| temperatures kept at 0°C and 80°C respectively, until
steady state condmon prevails. The temperature of the

end B is then suddenly reduced to 40°C and kept so, while

~ that of the end A is kept is 0°C. Find the subsequent_
temperature distribution u (x,t) in the rod. :

Solution : The equation to be solvcd in

du _ zau e |
ot H'_ ox* R "_‘(A)"
Here, there are two steady states | .
The solution may be u 00 =us@x) +ur@,) - .. (B)
. Steady state 1 | Steady state 2
B | A _ 3 . B
._._x=0 - . . X“-40 _ Xzo . - =40 1-
u=0 - - u=80 | u=0 T u=40
The steady state 'éOlﬁtio’n' is | The steady state so_hition is
u_=ax+b . _u_#ax+b o .
¥=0>0=0+b= [b=0] x=0=0=0+5= |
'.x_40=_>80. = (@)40+b" =40 = 40 = (@)40 + b
= 40 (a) S | = 40(a)+0
| | E=
u=2%+0 | su=x+0
e, u = 2% | e, u = x
w0 =2 | u@ =x
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L ® s ugy = stur@ L (©
The boundary condltlons are _ R
() u (0, t-) = 0, for all t=0
(11) u(40 ) = 40 for allt>0
(111) u(x 0) = 2x for all x | |
Now the suitable solutlon which satlsﬁes our boundary cond:tlons
is glven by ' |
u(x,t) x+(Acospx+Bsmpx)e ¢ _t o (D)
Applymg condltlon @) in (1), we get | |
0 =044t
.. 2 2 '
> Ae “P' =0

. s o
e CPtxo[; it is defined for all 7]

. s A" 2'0 __
) Substltute A 0 in. (1), we get

22 S
u(x,t) «—-x+B smpxe cpt w2

Applymg condltlon (11) in (2), we get
40 = 40+B sm(40p) e
A 2 ’
> Bsin(40p) e CPt =9
_c p Y% 0 [.itis defined for all r]
B # 0.  [. suppose B =0, alreadyA 0 then
o _ we get a trmal solutlon]
soosin40p =0 |

= sin40p = sinnm
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- B
P =
~ Substitute p = %0— in (2), we get -
R 2 2.2 | __
. o=c nmt S
. RITX 1600 ] _ -
u(x,t) m_x+Bsm 40.._6 R oo (3)

__The most general solutmn is gwen by -

L 2.2 2 _
_ e o - o—=e'n Tt
o ; ’ L. X 1600 :
ux,t) = E [ + Pn 40‘6 o } :
o n=1 -
B —ntat : ;
Gin n:rx _ ' >y
< x+ 2 B, R O

‘Applying condition (iii) in (4)_, we ‘get-_

To find B,

Expaﬁd f® i'n.'ahl Half-rénge.Fourier sine series in _th’c- interval (0,7

: 2 . . naX
By =Dby = 7 J f@) sin dx
40
2 . hx
B, = — [ x sin—_—dx
n .40 0 . 40 . i
B S R nax]®
. nxx : =
Sl | o |2
20, nw - N2
1 0 nm
T ) L [40) 0
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e iF g g L2 740
1 nex . (40 . nnx|
= 56' —~(x) ( ]_?OS 40 + (n:n:) \ 51_11_.40 L
({160 ,_a ) 1 E
—2—0-. (-" (— 1) +0]—( 0+0):|
A
- 2.2 2 -
' : o ' .""'C n .?I t
S @) 22Uy =x +2 ( 1) si n435x e 1600
o : n=1 . '
- | —ntatt
- x'__ 2 I“‘_IL "4’;* o 1600
= 2 2 2
80 2 '(-’-’1)’thl Bk e
(or) u(x t) =x+'51:" & , sin 40 e
_ 14 b A long rectangular plate with insulated surface is / cm -

"}m_le If the t_emp_erature_ along one short edge (y=0) is

 u(x%0) =k (x— ) degrees, for 0 < x </, while the other
two long edges x=0 and x =/ as well as the other short
edge are kept at 0°C find the steady state temperature

) functlon u (%, y):

R - 2
“Solution : The equation to be solved is L; + —5 =0
DR o ax® . ay?
- From the ngen problem, we get the | !
~ following boundary condltlons : oy u(x,©)=0
M u©,y =00sys’i y=
S _. AV =TT .
(@) ul,y) =00=sy<=</ u(ly)=0
| - | =0
i) u, ) =0,0sx<! ath x=
W) u,0) = k(r—x),0sxs! Cy=0 |

" u(x,O)m k(/x — xz)

www.FirstRanker.com



:l » FirstRanker.com

Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

Now, the suitable solutlon wluch SatlSﬁCS our boundary cond1t10ns
is glven by

u(x,y) = (A cos px + B sin px) (C eF'y + D e-py) . (1)
Apply condltlon (x) in equatlon (1), we get .' |
Cu(,y) = A(CePY—i- D e ) =

‘Here, C & 4 D e_'Py = 0 [ it is deﬁned for a]l y]
' : % _.A_=_0_-"- |

‘Substltute A= 0in (1) we get ' |
u(x,y) =¥ B sin px (C e + D_:'e_P_y) ! R @)
| Apply éonqition (ii) in"" équaiion"(z),"iiée get : B
. u@,y) =B sinlp (C ™+ Do) =

Here, C ¢” + D .sz""-py o 0‘ . [ it is. def’med for all y]

"B = 0 - [ If B= -0 we already have A= 0""
o then we get a trmal solution]
Sosinlp = 0
sinlp = sinnw [ sinnx = 0]
o= BT
L

Substitute p =i equation (2), we get
onm  }4nn"
' u(x ) —Bsm—x (Ce +De ) .. (3

Apply condition (m) in equatlon (3), we get

U@y e) = B sin"rx[Ce” +De ]_'m 0

www.FirstRanker.com



:l » FirstRanker.com

Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

B"sin-_;"—;ix-i[cew] =0 [re®=0

Here, e #0

f __s_i_,'l"‘l.”" £0 [.itis defined for all x]
 B#0 [ we alrcady explained]
= | C =0| o
' Substitute C =0 in equation (3), we get .
~u(xy) = BDsin ¢ - . (4)
| The mostl'gene_ral -sclﬁtion is |
u (x, y) E B, sin 2 e .0

' Applymg conchtxon (w) in equatwn (5), we get |

| u(x 0) = Z B, sin” =k (lx —xz) | . (6)

l

To ﬁnd_ B, , expand f (x)l in a-Fourier half range sine series

.

- n=1"

k(ix.__'f)- = i B, sinm;"-_x"- T,

l\J

~ where B, = T [f(x) sm”—”’—"l dx

From (6) émd (7) we get, | Bn- =bn |

. B, = %_f k (Ix = x%) sin (’”l”) dx
0 N S

:g‘k**f (lx —x%) sin (nﬂx]dr

oy T i)
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 ~ rmms@ N | ' -—-.sm.-.**l-- H '
=T =) || =20 | ———| + (-2) |-
| 1 (RN
. . | .
-2 —(Zx—xz)( )cos—+(l 2x)( ) sin™ - 2(;3;5-
- = [—o+0—2(nlx) coanr] - [-0+0 2(
2% () o ()]
-3 |2 s) el ]
=--—-2}‘~n§i [1-(-1"]
L
=SS
) ) ’ '
_1BEL s oda
. nom S 3
0 ifniseven .

Substltute the value of B in equatxon (5) we gct

e 8kl2 | RITX —m'zy
u(x,.y) = Z 3 3 Sil_l l é l ..
C n=odd N7 R S .
o - : “nx
Sklz : .°° 1 . nxx y -
_ SkI” 1. -7
3 | ; L sin = e
_ 8k” s 1 @n-mx ;
2 aZn -1 ’
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15 @ () Find Zn@-1)(@-2)]
| _S'olution' :n(n +f__1:)"'-(h 42’_) =npht-2m- n+ 2]

np?-3n+2]

C=md-mmPieom

Zne-D@-2] = Z -4 2]

"z’[n?]. -3 Z (W) +2Zn]

il

_z [z +4z+1] zz+1)+2.-z- )
-yt (z-l) CE-1t
_ P+ e +z-——3z(z+1)(z~—1)+2z(z-1)
. ' z-—l)4

z+422+z—32(z-1)+2z(z2 2z+1)
. : (zwl) . .
P+’ +z-3+ 3z+2z3 4z?+2z

| (3“1)

...{I'-.

6z | _'
( _'_.1)4.

15. (@) (iij Usmg Convolutmn theorem, find the inverse

82
Z-transform of (2 T ( - 1)
. Solution : Given : : = — , _ a
FE o (22 -1) (4 - 1) 5 (z_____ #1_)}_4 ( _'._ l] ’
2
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2 R . N
z~! z - 71| 2 z
Z—"]" z-—-l ' Z". 1 1
2 P79 P72 77
= Z-{»"l_ Z |zl z
2 41
.n.l.lln'*.ln'

I' )  - n'+1 1
o ln -1.--_ 2) o
B V) I R | by G'P'-
o -5
o in+1 .
: _
oy i~ (4
2 . ) Il.
2

www.FirstRanker.com



:l », FirstRanker.com

Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

| _15 (b) (n) Solve the difference equatlon y(k +2)+ y(k) =1,
o y(O) y(l) =0, usmg Z-transform - s
_Solutmn 3 leen ¥ (k + 2) + y (k) 1 y (0) y (1)

ie., y(n+2) +y(n)
__-3_Tak1ng Z—transform on both 51des we get

Zb’(n+2)]+Z[)’(n)] Z[1]

wrw—zy@ w@ﬂ+¥@ 1]47

zzm)+ Y(z)"—*z < { y(o) y(l) o

Y(z) (z——l)(z +1)

LR e _cz-'l:+'f).<z = R

zl‘l

- (z——l)(z-i—z)(z—t)

z= 1 is a snnple pole

-z f-»z is a snnple pole

~

| :_‘ ;_: =.-.—1 is a sunple pole
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'z—l _

Res Y(z) zn 1:

o gz=me—i o

. ,..‘ y (n)l

y (z) ‘zn':_—.l_- 0

"' (1+ga~a

A

“‘;oug@+g 

b

lim (z

7 hm 164
oz

g z—r: (z

[STRT N
)

S Ne

l FirstRanker.com

www.FirstRanker.com

n

; 1) (z—l)(z+:)(z—--z)

z'«’l

ﬁ~'£?¢*0@+nj"ﬁ#“

1

.1_' [
zl'l

_0@~Q@+g@—of

1) (z +z) ..

hm

(1) z“ L

z“ h

hm (z+z)

Z""—‘.l ‘_ : (

; ;zﬂ

.  %f”f@*D&:afffij_“

(—:) T
(—7»-1)(I )

=y
,(—z - (= 7 -

e

sum of the resndue |

iﬁ - + ( —z)
2:(;—1) (2:)(1+x)

."1~1 1+1

+

1,
2

~

+

|1-.

n [ (z+1)+(1—1)( 1) ; i
_1_“1 |

[\
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L 5 737- [G'-.F-_ n+pia-n]
5 - 41- -+ [o.;_+ hEw el
15 (b) (ll) Solve y,,.,.z + ¥y = n 2. using’ Z-transform

Solutmn leen yn_|_,_ + n __—- n2“ -

Z D’n+2] + Zb’n] Z [2n ﬂl

[z il _z y(O) | _Zy.(l)] +Y(Z)“ 2 ._---_.2)2."_? fhiLti e g
(22+1)Y(Z)—z S—z’]‘ 22 e
(2“-2)

?hen S = y(O), 'I_‘ —-- .y(.l).

+z2$ +zT

(z2 +1) Y(z) z

(z - 2)
P
(z - 2)2

(22 + 1) Y(Z) = +Sz2+Tz
Y(z) Rl 22Z e 2SZ! REE 2Tz' L
(3-2) (z +1) Z+1 2°+1
5 Y(Z) ik e Sz T
- . 2 LECER
oz (zmz) (zz+1) 2 +1 2z +_'1

SO

P

2= 4G- _2)_’(3'2"+“i)_ +B (;2'.3; 71)_ . (é:z‘ +D) =2y
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Putz = 2, ‘we get equatmg z3 L

gt i '._'_'put Z= 0 we get
'ISB'_' on both51des we gct 2 = -—ZA + B + 4D

-

N

Ln-l to:

L 0d + 4D

) éﬁ;ﬁ-A?- @ | 5= -2f4+ © .' (4) -

P équatiﬁg. 22 on both _.s‘idés we get _ .
o _'.-‘0’1_-_";—.“__._-2,4-1-3 4C+D
0 . _=='_'--—2(4 +3 +4A +D

| (4).+"(5)_=:;-' 5D ﬁ

| p

IF

e s

'5 25'

ST

2 _ .8 (_-1 )_% o1 25 25
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""1
S_Z_

zz+1

"_Z_i[

(25 + s) gt

(2) + 2“

@fﬁ}
+(
nwo
n+Ecos > +Fsm 2 ,

7
§ar)r

L

nﬂ:"

Z

+1

o

-

Ff)rmula :'_- v_(-l)-.Z"[a“]; : -_'=

2'2

% _

+1

' (3)2[005

o ;:_<-_2>-_Z "

(4) Z [sm

o e-a?

7

’jﬁ] 2|
2.4 __.zz-_+ i~

L .No__te In thls problem y (0) & y (1) are not gwcn
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