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1. Define harmonic function of complex variable. Show that u (x, y) = y® -3x%y is
hatmonic and find corresponding analytic function.

2. Défine bilinear transformation. Find the bilinear transformation which maps the points
z,|= —2,2, = 0,23 = 2 into the points wp = 0,w, = i and wy = —i respectively.

3. Sthte Cauchy Integral formula. Use it to evaluate the integral [ . E'z'ﬁ)g;_(?—-ﬁdz where C is
the circle |z— 1] = 3

2.
4, Find Laurent’s series of f(x) m in the region 2 <|z|<3

z
5. State Cauchy’s residue theorem and use it to evaluate _[:c mdz where ¢:|z|=2

o x2

6. Eyaluate integrals [ dx by contour integration in complex plane.

-0 (x2+1) (x2+4)
ofine Z —transform and find the z-transform of (i) ka® and (if) cos at

fate and prove final value theorem of Z- transform.

| . z3+4z
ind the inverse Z- transform of X (2) = romosymrs

- )

2

10. Solve the difference equation by Z-transform method
(k +2) — 4x(k + 1) + 4x(k) = 2k given that x(0) = 0,x(1) = 0
11.90lve the wave equation for a tightly stretched string of length L fixed at both ends,
if initial deflection is u(x,0) = Lx —x? and the initial velocity is zero.
12. Derive one-dimensional heat equation and solve it completely.

13. Bind the Fourier cosine integral of f(x) = x* for 0<x <1
=( forx>1

14. [Find Fourier sine transform of f(x)=e™*,x= 0 and hence, evaluate IOW :1 ii: :}

Ak

B

[5]

[1+4]
(5]
[1+4]
(5]

[2+3]
[1+4]

(3]
[3]
[10]
[10]
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. Prove that u= x3—3xy?is harmonic function and construct analytic function

f@) = u+iv. [2+3]
Find the linear transformation which maps the points z =0, z = 1 and z = o into the

points w = —3,z = —1and z = 1, respectively. [5]
State and prove Cauchy’s integral theorem 51
Find the Laurent series of the function f(z) = o ]1(2_2) in the annular region between

1]zl < 2 [5]

27—
Evaluate [ =2

Y dz where C is the circle |z| = 2 by residue method. [5]

dg

: . . : 2m
Using counter integration, evaluate the mtegral:fe o {5}
Find the Z transform of sinwt and hence obtain Z transform of e~%" sinwt. [3+2]
State and prove final value theorem for z-transform. [1+4]
: = o i = -4
Find the inverse Z transformsof X(z) TR [5]
. Solve the following difference equation using Z-transform. (5]
x(k + 2) + 4x(k + 1) + 3x(k) = 2k given that x(0) = 0,x(1) = 1
Derive one dimensional wave equation and find its possible solutions. [5+5]
2
Solve the heat equation %ltf = g_x% with boundary condition u(0,t) = u(L,t) = 0 for 0<x<L
and initial condition u (x,0) =ug sin % [10]
Find that the Fourier cosine integral representation of f(x) = e **(x >0,k > 0)and
hence evaluate | Om %Sﬁé . [3+2]

1—-x% forix| <1
0 otherwise
cos% dx : [3+2]

ok ok

Find the Fourier transform of the function f(x) ={ and hence

oo SINX—X COSX
evaluate [ ———
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1. Define harmonic function of a complex variable, Show that u(x,y) = y3 —3x%y is
harmonic and find its corresponding analytic function. [5]
2. Find the linear transformation which maps the points z = 2,i,—2 into the points
w=1i-~1. [5]
cosmz? ; _ : -
3. Evaluate fc s dz where C: |z| = 3 by using Cauchy’s integral formula. [5]
; ; - p ; _ zf-1 i
4. Obtain the Laurent’s series expansion of function oy Ginaes D the region
2<|zl<3 . (5]
5. Define zeros and poles of order m for function of a complex variable. Find poles and
. _ z(z-2)
residues of f(z) = e [5]
6. Evaluate integral fozn;;;?g df by contour integration in the complex plane. [5]
7. Find the Z-transform of}(i)t?¢™% ,t > 0 (ii)sinh k6 ,k > 0 [2.5+2.5]
Obtain the Z-transform of (1 — e~%),£> 0 and hence evaluate x(0) by using the final
value theorem. [5]
< . § _ 2?
9. Find the inverse Z-transform of function X (z) = el (5]

10. Solve the difference equation x(k + 2) + 5x (k + 1) +6x(k)=2% given that

x(0) =0, x(1) = 1. [5]
11. Solve the one-dimensional wave equation for a tightly stretched string of length ¢ fixed at
both ends if the initial deflection is u(x, 0) = € x — x2 and the initial velocity is zero. [10]
2
12. Derive one dimensional heat equation %3‘{ =c? g—xg and find it’s all possible solutions. [10]
13. Find Fourier cosine integral of f(x) = e~* and hence show that f:%’fﬁ% dw = ge‘x, [5]
i ; _ 1 fO?' I.X'{<1 @ sinx
14. Find the Fourier transform of f(x) = {0 For [l 4 and then evaluate . fo de [5]

ok ok
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i

. Define harmonic function. Determine the analytical function

f(Z)=u+ivif u=3x’y—y. [1+4]
2. Find the linear fractional transformations that maps z = 0, -1, 2i into the points
w = 51, o0, -1/3 respectively. [5]

State cauchy's integral theorem. Apply cauchy's integral formula to evaluate

(8]

I _® 4z where C:]Z|=2. [1+4]
¢ (z-1)(z-3) '

4. Expand the laurent's series of the function

flz) = —2——1—--in the region |< |z <2. [5]
z2°-32+2
-’ - i ]
5. Evaluate —LL dz where C is the circle |z|= 2 by residue method. (5]
¢ z(z+1)(z-3) '
6. Evaluate szt - by contour integration. [5]
0 2+cosH
7. Find the z-transform of a* for k = 0, and hence obtain the z-transform of a* sin k6. [2+3]
8. State and prove initial value theorem. [5]
9. Find the inverse Z — transform of #-—:7:— by inversion integral method. [5]
(z—-1)"(z-2)
10. Solve the difference equation [5]

x(k+2) — 4x(k+1) + 4x (k) = 0 with given conditions x(0) = 0, x(1) = 1.

11. Derive one dimensional wave equation and find its all possible solutions. [10]
. . G 8%u , e V.
12. Solve the one dimensional heat equation x =g 5 with boundry and initial condition
ox
100 ;
u(0,)=0.u(f 1.t)=0and u (x,0)= u [10]
1
13. Find that the Fourier Cosine integral representation of | [5]
f(x)=e™ (x>0,k>0)and
©  COSMX T _kx
Hence show that — _do=—e T,x>0,k>0.
,{0 k2 + @2 2k
_x2 . .
14. Find the Fourier transform of the function e * ,also verify that convolution theorem for
2 ol
the functions f(x)= ¢ * andg(x)=e [5]

o ok
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Define an analytic function f{z) of complex variable z at a point. If f(z) = u(x,y) + i v(x.y)

is analytic, show that u,=v, and Uy = =Vy. [1+4]

Define conformal mapping. Find the linear transformation which maps the points

z=0,1,00 in to the points w = -3, -1,]1 respectively. [5]

State and proof Cauchy's Integral theorem. [5]

Obtain the Taylor's series expansion of the complex function f (z) =(—~ZT:-1——47&bout
z—-3(z—

the center z =2 up to four term. [5]

State Cauchy residue theorem. Apply it to evaluate L —E4—1_)(3~Z-—2-5d2 where C is the
2(z-1)(z-

circle |z] = -;— [1+4]
Evaluate integrals J‘;r m dO by contour integration. [5]
If x(t) = 0 for t < 0,Z[x(t)] = X(z) for t = 0, then prove that Z[e™ x(t)] =X(ze"). [5]
Obtain the Z- transform of (i) te™ (ii) sin at [2.5+2.5]
. . (- . '
Obtain the inverse Z- transform of X(z) = 7 Where T is the sampling
(=Diz—e ™"}
period. [5]
Solve the difference equation yy+2 -4 yne1 +4y, =0 with given condition y, =0, y; = 1. [5]

A tightly stretched string with fixed ends x = 0 and x= / is initially in position given by
X

u(x,0) = ug sin’ ¢ Ifitis released from rest in this position, find the displacement at any

time t at any distance x from one end. [10]

. Derive one dimensional heat equation and solve it completely, [10]

Obtain the fourier sine and cosine integral of f (x) = x for 0 < x <a, [5]
=0 for x > a.

Find the fourier cosine transform of f (x) =e ™ ,x >0 and hence parseval's identity, show

w© 1 d T
hat [© — dx = : 5
that | Y x= 5]
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1. a) State Cauchy-Riemann equation in polar form. Prove that f(z) = |z| is not an analytic
function. [1+4]
b) Find the linear transformation which maps the points z = 0, 1, o into the points w =
-3, -1, 1 respectively. Find also fixed point of the transformation. [4-+1]
2. a) State and prove Cauchy's Integral Formula, [1+4]
2
b) Find the Laurent's series of f(x)= — 1 in the region 2 < |2| < 3. [5]
(z+2)(z+3) ;
3. a) State Cauchy Residue theorem and hence evaluate the integral I Z;] dz
c(z+1)°(z-2)
where C : |z-i| = 2. [1+4]
2r
b) Using counter Integration, evaluate I r—j—-dg in the complex plane. [5]
0 2+cos@
4. a) State and prove initial value theorem of z-transform. [5]
b) Find the z-transform of the following sequence for t > 0. [2.5+2.5]
@) te™ (i) sinat
. : ; A 223 +2
5. a) Find the inverse z-transform of the function - . . [5]
(1-2)"(2-1)
b) Solve the difference equation x(k+2)—4x(k+1)+4x(k)=0 with conditions
x(0)= 1, x(1) = 0. [3]
6. Derive one dimensional heat equation and solve it completely. [5+5]
7. A string is stretched and fastened to two points apart. Motion is started by displacing the
string in the form u(n, 0)= u055n$ from which it is released at time t=0. Show that the
displacement at any point at a distance x from one end at a time t is given by
et
ufx, )= u(;sin%cos-f? : [10]
8. a) Define the complex form of Fourier integral of a given function with usual notation.
: G § . . (1 if |xk1
Find the Fourier integral representation .Of the function f(x)= ( RArY, and
hence evaluate J.w el T [1+3+1]
0 w
b) Find the Fourier sine transformation of f{x)=e™ and hence evaluate the integral
S§Sinsx
ds . (3]
J..g i

A%
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. Obtain polar form Cauchy-Riemann equations for function of complex variable, [5]
Find the linear fractional transformation which maps the points z=0,1,00 into the points
w=-3,-1,1 respectively. [5]
Define Complex integration. How does it differ from real integration? Derive Cauchy
integral formula for function f(z). [1+1+3]
Define Laurent's Series for the function of complex variable. Obtain Taylor's series for
function ; [1+4]

f(z)= < about z=i
2’ +4

State Cauchy residue theorem. Apply it to evaluate §tanzdz, where c is the region |z|=2.  [1+4]

2n
Evaluate integral _f —— ; a>1 by contour integration in complex plane. [5]
¢ a+sin6
Obtain z-transform of sin ot and hence obtain z-transform of e*sin wt. [3+2]
2
Obtain the inverse z-transform of X(z)= L — (5]
(z=1)*(z—e™)
State and prove shifting to the right theorem for z-transform. [5]
Solve the difference equation: [5]
x(k+2)—-x(k+1)+0.25x(k) =u(k) where x(0)=1 and x(1)=2 and u(k) is a unit step
function; by z-transform method.
Find Fourier integral of the function [5]
0 if x<
Fis) = { ) if x<0
e if x<0
. Find the Fourier Sine transform of €™, x>0 and hence show that IN—XT—;,—dx s [5]
O (1+x°)° 4 '
. o’u  ,0%u . i
Solve the wave equation ——-=c¢”— with the given boundary conditions; u(0,t)=0,
ot ox
ou 2
u(mt)=0, u(x,0)=0and | — | =3(Lx—-x°). [10]
at t=0
Derive one dimensional heat equation and solve it completely. [10]

& ok
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. a)

b)

. a)

b)

If u=(x-1)"-3xy*+3y?, then find v and construct an analytic function
f(z) =u +iv. [5]
Define conformal mapping. Find mobius transformation which maps the points z = 0,
1, = into the points w = -3, -1, 1 respectively. [1+4]
Define Complex integral. Using Cauchy’s integral formula evaluate,
J. SH;Z dz where C: Izl=]. [1+4]
¢ %
Obtain the Laurrent’s Series expansion of f(z) = et in the region 2 «:Iz[ %3 [5]
(z+2)(z+3) ' '
2n de i ; ; :
Evaluate J. ————, applying contour integration in the complex plane. [5]
1+—cosb
Define the pole of order m of a function of a complex variable. Find the residue of
2
fiz)= . —" ) | poles. [1+4]

(z-1)%(z+2)

1, for |x|<1,

a) Obtain the Fourier integral of the function f(x) =
0, for [x|>1
and hence evaluate J'm Eln—}fdx - [3+2]
0 x 2
b) State and prove the convolution theorem for Fourier transform. [5]
a) Find the z-transform of x(t) = Sinwt, for t = 0. [5]
b) Find the inverse z-transform of:
2
(1) by partial fraction method [2]
z°-3z+2
(i1) ———%—-ﬂ-—-— by inversion integral method [3]
(z+2)°(z-1)

a) State and prove shifting to the right theorem for z-transform. [5]
b) Solve the difference equationx(k +2)+3x(k+1)+2x(k)=0, with the conditions

x(0)=0,x(1) =1 [5]
Solve the wave equation for a tightly stretched string of length L fixed at both ends if the
initial deflection is u(x, 0) = Lx — x* and the initial velocity is zero. [10]

2u 21.1
Change the Laplace equation N R 0 into polar form. [10]
ox?  oy?

Aok sk
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. Define harmonic function of complex variable. Show that u(x,y) =y’ —3x%y is harmonic

and find corresponding analytic function. [1+4]

Define conformal mapping for function of complex variable. Show that function of

complex variable w = iz is transformed through an angle g in w-plane, [1+4]

3. State and prove Cauchy's integral theorem. [5]

Define Laurent's Series for the function of complex variable. Find Laurent's series of the

function f(z) = in the region 2 <|7]<3. [1+4]

z
(z+2)(z+3)
Define pole of order m for function of complex variable. Find residues of

- 7*-22 ; ,
T sates Sre s e v sl les. +
(z) Gr ) Z oD at its poles [1+4]

2

Evaluate -—-2-—3{~Tw-—dx by contour integration in the complex plane. [5]
o (X7 +H1(xT +4)
Find the Z-transform of: [3+2]
i) t‘zcai
i) e ™ coswt
Find the inverse Z-transform of: [2.5+2.5]
2 —
iy X(z)= SO (By partial fraction method)
(z—2)z-3)
-2
i) X(z)= q & _:)f (By inversion integral method)
e Z g
State final value theorem for Z-transform. Obtain Z-transform of (l —~g™ ); a>0 and hence
evaluate x(c0) by using final value theorem. [1+4]
. Solve the difference equation: [3]

x(k+2)-3x(k+1)+2x(k)=0; given that x(0)=0 and x(1)=1 by using z-transform
method.

. Find the Fourier integral of the function: [5]

_J1, for O<x<m
f(x)_{ﬂ, for x>mn



X

12. Find the Fourier transform of e~

1
X

and g(x)=¢"

13. Derive one dimensional wave equation and solve it completely.

2 )
14. Solve completely the Laplace equation -ax—l;+ -%E = Q under the conditions:

=
2

u(0,y)=u(l,y) =u(x,0) =0,u(x,0) = sin{gﬁlﬁw
L

¥ &k

" Also verify the convolution theorem for f(x)= e

=
LA
i

[10]
(10]
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a) Define harmonic function. Is V = arg(z) is harmonic? If yes, find a corresponding
harmonic conjugate. [1+1+3]

b) Define conformal mapping. Find the bilinear transformation which maps the points
z= 0, 1, oo into the points w = -3, -1, 1 respectively.

a) Distinguish between Cauchy integral Theorem and Cauchy integral formula. Using

[1+4]

Cauchy integral formula evaluate Lmdz where C is the circle [z~1|=3.  [1+4]
b) State and Prove Taylor’s series for function of complex variable. [5]
a) Define an isolated pole. Using Cauchy’s residue theorem evaluate _[——3:1-——{!1

(2+1)f(z-2)

where C is the circle [z—i|=2. (5]
b) Evaluate the integral by contour integration: [5]

i X

'”{l+lex2 +4):lx

a) Obtain the z-transform of (1-¢™), a > 0 and hence evaluate x(0) by using final value

theorem. [2+3]
b) Obtain the inverse z-transform of:

3
-2 *Z__ uy using partial fraction method. 5]

4) Define z-transform of function f(t). Find the z-transform of following sequences: ~ [1+2+2]

15 0,7,4,1,_193’6
(i) f(k)z{ g r }

& ; k<0
ii) flk)= p
@ £(c) {2" ; k&0
Solve the difference equation by the application of z-transform:

x(k +2)+ 3x(k +1)+2x(k)= 0 with conditions x(0) = 0, x(1) =1. (51




. B) A ti_ghtl_y stretched string with fixed ends at x = 0 and x = | is initially at rest mlichu
qulllbn}lm position. Find the deflection u(x, t) if it is set vibrating by giving 10 (10}
of its points a velocity 3(/x-x).

b) Derive two dimensional heat equation. (10]
. a) Obtain the Fourier sine integral representation of e”cosx and hence show that
I sinox n (51

®
——do=—¢™
f " 5®  ooeX, x>0.

b) Find the Fourier Cosine transform of f(x) = ¢*, x > 0 and hence by Parseval’s identity, (5}
show that

[y

1+x2)1

NE
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1. a) Define an analytic function for a function of complex variable. Derive Cauchy (144

Riemann equations in Cartesian form.

b) Define linear fractional mapping. Find bilinear mapping which maps the points 2 = 0, 4
1,-1tow=i,2,4. [1+4]
2. a) State and Prove Cauchy integral theorem. . (5]
b) Point out difference between Taylor’s series and Laurent's series. Find Laurent’ series
of function f(z)=§¥ , 0<|7<TR [1+4]
z
3. a) Define pole of order m. Using Cauchy's residue theorem evaluate
Jcotz dz; whereCis|z=1. [1+4]
C
b) Using Counter integration evaluate,
d
L 131
o (14 Xx7)
4. a) Find the z-transform of’
(i) cosat (ii) te™ [2+3]
b) State final value theorem. If x(t) = 0 for t < 0 and Z([x( t)] = X(z) for t 2 0 then prove that:
[1+4]

n-l
Z[x(t+nT)]= z“[X(z) - x(kT)" } :
k=0
5. a) Obtain inverse Z-transform of -?i—t’-z—-]—)__,?——‘“j;,. 5]
z= =&

b) Solve the difference equation by the application of z-transform:
x (k+2) -4x (k+1) + 4x(k) = 0; with conditions x{0) = 1; x( 1)=0. (5]

6. a) Derive one dimensional wave equation and solve it completely. [$+5]

b) A uniform rod of length £ has its end maintained at a temperature 0°C and the imtial

temperature of the rod is:

u(x,0)=3 sin—?— for 0<x<£.

Find the temperature u(x, t). (10,
7. a) Find Fourier integral of the function
; _Il if [x|<l w
(x)'10 if [x|>1 (5}
b) Verify the convolution theorem for Fourier transform  for  the functions
2
[&1

fx)=g(x)=e" .

¥ee
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a) Define harmonic function of complex variable. Determine the analytical function

x(k+2)~4x(k +1)+4x(k) = 0;x(0)=0,x(1) =1

f(z)=u+iv if u=y’-3x’y [1+4]
b) Derive Cauchy-Reimann equations if function of complex variable f(z)=u+ivis
analytic in cartesian form, {3]
a) What do you mean by conformal mapping? Find the linear transformation which
maps points z, = 1,2, =i,z, = -1 into the pointsw, =0,w, =l,w, =, [1+4]
b) State and prove Cauchy's integral formula. [51
a) State Taylor's theorem. Find the Laurent's series representation of the function
Z
f(z) = —————— in the annul ion bet =1 and |z|=2. +4
(2) STes in the annular region between |z|=1 and |z} [1+4]
b) Define zero of order m of function of complex variable .Determine the poles and
" . 1+2z
residue at poles of the functions f(z) = : +4)
o B -2 M
OR
2
Evaluate the real integral r Ty dx by contour integration in the complex plane. {51
X
a) Define z-transform. How does it differ from Fourier transform? Obtain z-transform of
() t’a' (ii) cosat [1+141.5+1.5)
b) State initial value theorem for z transform. Find the initial value x(0) and x(1) for the
function. {1+4]
1-e")z”!
X@)= s
(1-z7)1-e )
. . 3z’ +2z g Tl S
. @) Obtain the inverse z-transform of X(z)= 5 by using inversion integral
(z-3)(z-2) |
~ method. (e
b) Apply method of z-transform to solve the difference equation

L.



2 71 :
. Solve completely one-dimensional wave equation %-:i = ¢’ ;;&l-; under the conditions: {10}

u(0,t) = 0,u(},t) = 0,u(x,0) =0 and [%) =3(Ix—x%)
a11=)

Derive one dimensional heat equation and solve it completely. {10]

. a) State convolution theorem for Fourier transform. Give its importance with suitable
[2+3]

example.
b) Find the Fourier cosine integral of the function f(x)=e (x> 0,k >0)and hence
cosoxdw « \
showthat | ——=—e™:x>0,k>0 3
L Fe %K ]

ok

.
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give their answers in their own words as far as practicable,

v Attempt Al questions,
¥ The figures in the margin indicate Full Marks.
7

l‘

Assume suitable data if necessar y:

) Define analytical function of complex-variable. Determine the analytic function
2yt [1+4]

f(2)=u+ivif v —log\fx +y?

b) Express Cauchy Riemann equations U, =V, and U, =-V_ into polar form. 15}

2. a) Define bilincar transformation. Obtain the linear tran
) = ~i, 2, = 0,2, =1into w, = -], W, =i, w; =1 [1+4]
b) Evaluate L - ~~—§v-£ dz in the circle [zf =3 by using Cauchy integral formula. [5]
2" ~3z+
1
3. a) State Laurent's Theorem. Obtain the Taylor's series expansion of f(z) =;-——+-—Eab0ut
the point z = i, [1+4)
b) Define residue at poles. Evaluate £—silf- dz , C:|z|=1 by residue method. [1+4]
OR
" ; 2 cos30 ! -
Evaluate real integral _L PRy d0 by contour integration in the complex plane. [5]
—4cos
[1+1+1.5+1.5)

4.

3

6.

7

8.

a) Define Z-transform and its region of convergence. Find the Z-transform of

i) t’e™ i) sinat
b) State and prove final value theorem for Z-transform.

z-4

a) Find the inverse Z-transform of f (z)= Z-1z-2) by partial fraction method.
. z-1)z~-

b) Use the method of Z-transform to solve the difference equation.
X(k +2)+2x(k +1)+3x(k) = 0: x(0) = 0,x()=2

Derive one dimensional wave equation and solve it completely.
k) 2 2

Solve completely the Laplace equation Fu + é‘_u_ = 0 under the conditions:

u(o,y) =u(l,y)=u(x,0) =0, u(x,00) = sin(PTmiJ

a) Define Fourier transform of a funct
Support your answer with suitable example.

b) Find the Fourier Sine transform of ¢~ » X 2 0 and hence show that

f-—wwda--n
doni)t- 4

A

[1+4)

(5]
(5]

[10]

L10]

ion. How does it differ from Fourier series”
(1.5

+1.542

3]
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v’ Candidates are required to give their answers in their own words as far as practicable

v’ Attempt All questions.
V' The figures in the margin indicate Full Marks.
v\ Assume suitable data if necessary.

1. a) If u=(x~1)"-3xy? +3y?, determine V so that u + iv is an analytic function of x+iy. 15}
b) Define an analytic function. Express Cauchy Riemann equations u, = v, and
et % p 5
u, =-v,_in polar from. (31
2. a) Find the bilinear transformation' which maps points z, =1,7, =i,z, =~1 into the
points w, =i, w, =~1, w, =~i respectively. (51
l+i
b) Evaluate _L (x* +1iy)dz along the path y =x’ (3]
3. a) Express f(z):—r—l——as Laurent's series in the region 1 < lz| <2. (5]
(z°-3z2+2)
2n 1 .
b) Evalute L ———— d0 by contour integration method in complex plane. [5]
5-4sin0
4. a) Find z-transform of: (3]
i) te™
i) sinat
b) State and prove final value theorem for z- transform. [5]
2z° -5 ' : .
w2 S0 by using partial fraction method. [5]

5. a) Find the inverse z-transform of
(z-2)(z-3)

b) Solve difference equation x(k +2)-3x(k +1)+ 2x(k) = 4* for x(0) = 0 and x(1) = 1. (5]

6. Derive one dimensional wave equation and obtain its solution.

7. Solve one dimensional heat equation:

 ,8% "
— B — under the conditions:
ot ox

i)u is not infinite as t —» oo

ou
i} —=0forx=0andx=
i) = I X and x

i)  u(x,0)=/x-x* fort=0; between x =0 and x =/

8. a) Find Fourier integral representation of f(x)=¢

J: cos(sx) i

s?+1

[10]
(10]

“,x>0and hence evaluate

(5]

b) Find the Fourier cosine transform of f(x)=e ™ and hence, by Parseval's identity,

T

—dx:
+x) 4

shown that r

®ok ok
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Candidates are required 1o give their answers in their own words as far as practicable

Atiempt All questions.
Al questions carry equal marks.
Assume suitable data if necessary

4 2 F] 2
e prove that 0% + ‘)E—: i : ‘: =0
ox' oy oz

Find the extreme value of x* +y® + 2’ connected by the relation x+ y 4z = 3a

Evaluate: _f f r sin @ dr.d@ over the arca of the cardioid r = a (/ + cosf) above the initial line.

Evaluate: L' J;m 'y? J(x* +y?) dydx by changing polar coordinates.
OR

Evaluate: H_[x 11 ym1 2" dx dy.dz

" _ - xY (yY (zY
Evaluate: x, y, z are all positive but | — | +|=| +| =] <1
a b ¥
y-2 2=3

Find the length of perpendicular from the point (3, -1, 11) to the line % 3
4

Also obtain the equation of the perpendicular.
Find the magnitude of the line of the shortest distance between the lines

7.~ 2
LW , Sx-2y-3246=0, x-3y+22-3=0

4 3
Find the «centre and radius of the circle in  which the sphere
x> +y? +27 ~8x+4y+82-45=0 is cut by the phane x ~2y +2z =3

The plane through OX and OY include an angle a, show that their line of intersection lies
on the cone z> (x> +y* +2°) =x’y’ tan’ a1
Solve by power series method of the differential equation y"-y=0

10. Express f(x)=x"-5x’+x+2 in terms of Legendre's polynomials.

11. Prove the Bessel's function: J,,,(x) =

2 (sinx \ s
| e = COS X
X\ X



3 b =3 """"‘

12.1f a,b,c and a',b ¢ are the reciprocal system of vectors then prove that

~y - e
= - = A - -
SN o TR T WD o o L ot A W
axb+bxc+cxa = { bc]
—>—> -3

[abej

_,

+dr d* 1
13. If r acost1+asml ]+attdncr.k find rﬁd—-—a-——

14. Find the directional derivative of ¢(x,y.z) = xy’ +yz’ at the point (2, -1, 1) in the

; . ; Ry
direction of victor 1+2 j+ 2k

OR

- -
axr

If r be the position vector and a is constant vector then prove that V| ——— | =0
r

. n
15. Determine whether the series E —is convergent or divergent.
1+nvn+

(=1
n 2“

16. Find the radius and interval of convergence of the power scnesz

n=l

* %k %
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v Candidates are requim. to give their answery i their own words as far as precuc ihie.
v Amempt All questions. : '

v All guesiions carry equal mar ks,
o

Assume suitable data if necessary.

: R e T g
Determine the analytic function f{z) = u+ v i ue lug‘& +y°.

[—

State and prove Cauchy's integral formula.

™)

2

] .
Find the Taylor’s series of f (z)wl»---z— about z = 3i.

a ) 1 \
Evasuate the g f e wheve € |z = 4, using residuc Cieorem.

(z+l)(z+ 3)

' . az+b ., . .
Define conformal mapping, show that w = — is invariant to
cz

. N T i
AW W, W':""‘wi =7 22“"2|
i x2dx

6. Using contour integration, evaluate real integral:
& ";,(xz +a?)(x? +b?)

!.h

.

7. Find the z-transform of x(z) = cr;sh t sinh L. : 4

‘8. State and prove “final value theorem” for the z-transform.

Z

9. Find the inverse z-transform of x(z) = — :
2+ 72+10

10. Using z-transform solve the difference equation:
(K +2) + 6x(K + 1)+ 9x(K) =2 x0=x=0.
11. Derive one-dimensional heat equation.

12. Solve the wave equation for a tiahtly stretched string of length ‘1" fixed at both ends if the
initial deflection in y(x, 0) =lx - X % and the initial velocity is zero.

2o O B -
3-Sotve = L,I "2 ={+ under the conditions u(0, yj = u(l, y)mu{x.g,_.g_u(m?,__m f};;‘f,\'h
i yﬂ '\ I }';

~ 14. Derive the wave equation (vibrafing of a string).

15._ Find the Fourier cosine transform of fix) =e™ ™ and hence show that I o ?‘{ dy = bl o8
& : 50 Y'+ L, R}

~16. Find the Fourier integral representation of the fur :tion f(x) =¢™, x 2 0 with f{-x) =

- T cos(sx)
_ : cos(sx
~ Hence evaluate J - ds,

0

8" +

LE R

:
P
"y
hd
Ll

b

4 s s e : .
S = 5 il T AT e St .y : oy s g : Ty o
. A £ T o e s o e ey a s T AR A iy o e .

e 3 - ~ = * e A T
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¥ Candidates are required to give therr answen in their own words as fir us (e tigatsle

Vo Amempr All guestions,

v The figures in the margin indicame Ll Marks ‘ )

v Assume suitable data if necessary.

. a) Determine the analytic function f{z) = u + iv if u ~ Ix'y -y, [ %]

b) Find the linear transformation which maps the polnts 2 = 0, 1, ® into the points
w3, <1, 1 respectively. Find also fixed points of the transformation [}

2. a) Sute and prove Cauchy's integral formula. 15}

de
b)  Evaluate 'f -
Lz-1xz-2)

@) Find the first four terms of the Taylor's series expansion of the complex funetion

f{g) = —nl . about the centre z = 2, (5]
(z-3)z-4)

b) Evaluate j s AR dz where C is the circle lzl*; (5]

cZ(z=1)z~2)

dz where C is the circle jz] = 3. (5]

(s

OR

> 2
Evaluate L ! d6 by coatour integration in the complex plane

cosO+2 )
4. Denve one dimensional heat equation u, * ¢ uyy and solve it completely, (10]

« 3. Find all possible solution of Lagplace equation uy, + Uy = 0. Ushg this, hence solve
Uex * Uy = 0, under the conditions u(0,.y) = 0, u(x, y) = 0 when y = @ and u(x, 0)= ginx. * [10}

€. a) Find the z-transform of sin K8. Use it to find the 2[a® sin Ko]. s {8)
b) If 2{x(K)]= 23(,:%1& find the value of x(2) and x(3). (5]
z _—
e _ 3z° + 22 o A
7. 2) Find the inverse z-transform of x(z)= 3 by using inversion integral
(z-3)"(z-2)
method. [5]
b) Using z-transform solve the difference equation X(K +2) = 4x(K + 1) + dx(K) = 2K
G given that x(0) =0, x(1)=1. g ‘ TR Sh g {5]
8. &) Find the Fourier sine integral of the function f(x) = ¢™* and hence show that (5]
jf“f‘“f di=Ze™ x>0K>0
' o +P 2
b} Find the Fourier sine transform of €™, x > 0 ang hence show that (5]
J-xsinmx dic s B o
5 X°+1 2

* ok
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10.

11.

12.

13. Find the Fourier sine transform of f(x) = e, x 2 0 and hence evaluate _[: ( 3
+X

14. State and prove convolution theorem of Fourier transform.

2070 Bhadra Year / Part
Subject: - Applied Mathematics (SH551)
Candidates are required to give their answers in their own words as far as practicable

Attempt All questions
The figures in the margin indicate Full Marks.

Assume suitable data if necessary

Show that u(x, y) = x* + 2xy - y? is a harmonic function and determine v(x, y) in such a
: (51

way that f(z) = u(x, y) 4 iv(x, y) is analytic.
Define complex integral. State and prove Cauchy integral formula. {51

OR
Obtain bilinear transformation which maps i, 0,110 ~1,1, I. {51
151

22
e 5 . a8 .
“dz where C is |zl = 3 using Cauchy’s integral formula.

Evaluate IC ————-H-—(Z -2

2
Obtain the Laurent series which represents the function f(z) =— . - 2<|g| <3. 15}
(z+2)(z+3)

-3 about the point z = 1. . [5]
+Z .
State and prove Taylor series of a function f(z). (5]
Derive one dimensional wave equation iy = c’u,y and solve it completely. [10]

Find the Laurent series of f(z) = -

: 2
gt under the boundary condition féi =()

Solve one dimensional heat equation — =¢" —
: o M 2
{10}

when x = 0 and x = L and initial condition u(x, 0) = x for 0 <x < L.
Find Z transform of (a) te™™ and (b) sinat. [5]
24 ,
z b e (5]

Find the inverse z-transform (3) ————— 5 ;
(z-1)(z-2) z2°-3z+2
Obtain the Z transform of x(t) = (1 — ™), a > 0 and hence evaluate x(=) by using final
(5]

value theorem.

Solve using z-transform the difference equation x(K + 2) + 2x(K + 1)+ 3x(K)=0. {51
X $in x

- (5}

(3]

*kK
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v Assume suitable dara if necessary
1. Define analytic function, Show that the function {z) ¢ 1s analytic except 2= U i5]
z
2. Define complex integral. Evaluate j logzdzic:|z |=1 [5]
OR
Obtain a bilinear transformation which maps -i, 0,1 to -1, 1, 1.
" 1+ 4 5 &
3. Evaluaté J; (x* +iy)dz along the pathy = x. {5}
: ¥ ShE ! ey
4. Find the Taylor series of f(z) = oo about the point z = i. [5]
+z
A - 1-cosz 5
5. Evaluate the integrals by residue theorem L —dz 151
z
2
6. State Cauchy’s Residue theorem and use it to evalnate L ~dz where C is
3+4dz+2°
(5]

[z |=2
OR

2n do X
Evaluate _L s by contour integration in complex plane.
cos 0+
|10}

7. Derive the one dimensional wave equation.
8. Arod of length L has its ends A and B maintained at 0° and 100°respectively until steady
state prevails. If the changes are made by reducing the temperature of end B to 85° and
increasing that of end A to 15°, then find the temperature distribution in the rod at a °
(10}

time t.
9. Find the z-transform of (i) e™ sinwi (ii) cos at [5]
X Z+2 s z
10. Obtain 1 Z-transform of (i o 5
ain inverse Z-transform of (i) D)) (11) PR Y (5]

If x(k) = 0 for k < 0 and Z{x(k)} = X(2) for k> 0 then prove that Z {x(k+n)} =2" X(z)-2"

1.
1]

n-l
Zx(k)z"k wheren=0,1, 2....
k=0
12. Solve the difference equation x (k+2) - 4x(k+1) + 4x(k) = 0 with conditions,
fi]
i

x(0)=0x(1)=1
cospr _ IT oPB (5]

13. Find the cosine transform of f(x) =e¢™ m > 0 show that -
- A r+B* 2B

2
14. Find the Fourier transform of g(x) = {O' if-1<x<1; 151
if otherwise.
, o [ XCOSX =Sl
and hence use it to evaluate J;} ( 7 s ]cos{x /2)dx
X

ok ok
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v' Candidates are required to give their answers in their own words as far as practicable.

v Attempt All questions.
Al guestions carry equal marks.

v\ Assume suitable data if necessary

Determine the analytic function f(z) = u(x,y) + iv(x,y) il u{x,y) = x*-y*.

2. Define complex integral. Evaluate: r{(z +1)dz where C is the square with vertices at z
¢
0,z=1,z=1+iandz=1.
OR

Find linear fractional transformation mapping of: — 2> 0,0 12-,2 — P

3. a) State Cauchy’s integral formula and cvaluate the integral { % _i_‘}?' dz,where C
cz(z -1z -2)
1s circle ]z] =2,
2 -
' ; . ; : i
b) Obtain the Laurent series which represents the function f(z) = 5 when
. (1+2°Xz+2)
<l <2
4. a) Find the Tayior’s series expansion of f(z) = ——— about the point z =1.
Z 44
b) Evaluate [tanzdz where C isa circle [z|= 2 by Cauchy’s residue theorem.
OR
2z cos30 : 5 "
Evaluate f ——2""_ 0 by contour integration in the complex plane.
0 5-4cos0 -
5. Find the z-transforms of: (i) cos h {at) sin (bt) (i) n.(n-1);n=k
W S L T 7
6. Find the inverse z-transforms of: (1} —5———— (1) — > _
Al S (Z+D(Z-1) :

a) State and prove convolution theorem for z-transtorm.
b) Soive by using z-transform the difference equation x(k+2) + 2x(k+1) + 3x(k) = €

W
%

given that x(0) = 0 and x(1) =2



nd
8 Solwe E-‘;J- = f{‘*’lﬁt‘%i\'en_ that v = 0 as t-»w0 as wellasu=0at x = O and x =/

&x° KX

3u 3% _ ) \

@ Solve — +—z = 0, which satisfies the condiion w(0,y) = u(l,¥) = wx,0) « 0 anc
ox” °

-

u(x,a)=sin( E—El.} :

OR

The diameter of a semi-circular plate of radius a is kept at 0°C and the temperature at the
semi-circular boundary is ug Find the steady state temperature in the plate.

10. Find the Fourier inlegral representation of the function f{(x) = €™, x 2 0 with f{-x) = {x).
os(sx) ds.
s? +1

Hence evaluate

11. Find the Fourier transform of:
fix) = 1-x%, kal
= 0, |x/>1 and hence evaluate :

o0 -
XCOSX —smXx X
3 cos —dx.
2 X 2

k¥
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Candidates are required to give their answers in their own words as far as practicable
Attempr All questions.

All questions carry equal marks.

Assume suitable data if necessary.

x&*.*\j

If f(z) = u + iv is any analytic function of complex variable z and u-v = ¢*(cos y-sin v),
find f(2) in terms of z.
2. State and prove Cauchy’s integral theorem.

ey

‘ -L"siﬁg Cauchy integrai formal to evaluate: t:f - where C:/z/ = 3/2.
: Yz=1)z~ 3)

L5}

SZRL R 1-cosz cosz
4. Fmd tid Laurent’s serw. expansion of f(z) = D<lzl </R.

7
: : ; g
5. Define singular points and poles. compute the residue of’ f(2) =gt s
_ ks (z-2)z" +1)
pole(s). .
% . Do 5 G *OR
WS e mt vl T
Using contour integration to evaluate _L-*———-— _ _
2+sin6 ’

- 6. Find the z-transform of t.hf:: following: (anj' two) -
i) K%a" for K>0 (ii) a* coskn for k>0 (iii) e* coswt for t20

State and prove final value theorem for the z-transform.

-
8. Solve the difference equation: yp:a + 2¥ns1 + Vs = n Where vo=y;=0,andn=k
9. A tightly strefched string with fixed end points x = 0 and x=11is initially in a pos'ni.on

given by v.% % __SILT13(—-\.If it is released from rest from this position, find the

" | 6 0 o0
E{)_..Chanae me eqmnm + === 0ifi to polaJ form
e o oy by o

L De;m°. F OUﬁw 55?@' n Cﬁmp.le?i f.-o:*m,-. '_’y’erify__ the convolution « theorem  for

i(x) = g(x) ="
12. Find the Foun er cosine trans:qrm oF f(x J=e - x_>0 and hence by Parseral's identity, show

Gt oLk

* ok
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v Candidates are required to give their answers in their own words as far as practicable,

4 Attempt Al All questions.
v' All questions carry equal marks.
V" Assume suitable data if necessary.

v

a) State necessary conditions for a function f(z) to be analytic. Show that the function i
f(z) = log z is analytic everywhere except at the origin. i :
b) Find the linear fractional transformation that maps the peints z; = —j, z, = 0 and z3 = i .
into points w; =—I, w- =i, wj = 1 respectively.
2" a) State and prove Cauchy’s integral formula.

b) Write the statement of Cauchy’s integral formula. Use it to evaluate the integral

z

\ e

—d
?(2“1)(2—3)

a) Write the statement of Taylor’s theorem. Find the Laurent series for the function

z where C is the circle |z| =

”
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f(z) = ———— inthe region 1 < 2] < 2.
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Evaluate —+-—ed9 by contour integration in the complex plane.
2 2+cos

z(z-cos0)

. Use this result
z* -22c050 +1 ok % nd

4. ‘a) Show that the Z-transform of cos k6 is

Z-ﬁ'ansﬁ:rm of a* cos k.

27 42
(z- 2)2( ~1)’
= neTditterence equation x(k + 2) — ( k + I) ; 0.25x(k) = u(k) wh = 1

and x( 1) =2 and u(k) is unit step function. ) Where v+ |
b) Staie and prove shifting theorem of z- transform

6 Derive one- -dimensional wave  equation governing transverse vibration of string and solve

it completelv | :
> ; _ ' ; ' &

b) Obtain the inverse Z-transform of using partial fraction mcthod
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Solve the one dimensional heat equation —.
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a) Find the Fourier cosine integral.

b) Os.ain Fourier sine transform of €™, (x> 0) and hLence evaluate j o
0

u1s not infinite as t —w
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u(x,0) = /x — x2 for t = 0 between x = 0 and x =/

OR
s kept at 0°C and temperature at the

The diameter of a semi circular plate of radius a i
dy temperature in the plate is given

semi circular boundary is T°C. Show that the stea
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by u(z, 0) = L j : [_r_) sin (2n-1)6
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representation ~ of  the function
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&) Define harmonie function and show that the function v = ;Iog{x‘ +v'} is harmonic

and hence determine its harmonic conjugate function.
b} Define conformal mapping. Find the linear fractional transformation that maps three
points 24, -2, - 2i onto three given points -2, -2 i, 2.

a)  State and prove Cauchy integral theorem.

L
b)Y Vvaluate the following integral using Cauchy integral formula *-—Tm——-- where
' “2(z-1)}z~2)

]

© is the circle [z] = 3/2
i

2z° +1
wr Find the Taylor's series expansion of f(z) = ——— about the pointz = |.
2'+z
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) Determine the poles and the residue at each pole of the function f(z) = e
( o ” '[F < 1..}
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5 V2 - cos 6
#) Find the z-transform of: (any two)
i) aM i) sinak iii) coshat sinbt
z-4

) Find inverse z- ansform of (_W by using inversion integral method.
z—-1)z-2)

a) State and prove final value theorem for z transform.

b) Solve by using z transform yy+2 ~ 4yi-; + 4y = 0 where y5 = | and v, =0,

A ughtly stretched string with fixed end points x = 0 and x = 1 is initially in the position
given by y =y, sin’ EE Ify (o, t) = y (L, t) = 0, then find the displacemen: ¥ix, t) where

initial velocity is zero.
Deduce the two dimensional Laplace equation into polar form.
OR "
Derive one dimensional heat equation for the flow of heat along a merallic
conduction and solve it completaly. ’
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a) State and prove convolution theorem for Fourier transform.
* (m > 0) and hence show tha

b) Find the Fourier cosine transform of fix) = ¢
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