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. 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=1,i-1. [5]

2 o
3. Evaluate | c% dz where C: |z| = 3 by using Cauchy’s integral formula, [5]
. , - 5 . _ zZ-1 ;

4. Obtain the Laurent’s series expansion of function f(z) = GG 0 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) = DD [5]
6. Evaluate integral foznzﬂlos 5 df by contour integration in the complex plane, [5]
7. Find the Z-transform of}(i)t2e™* ,t > 0 (ii)sinh k6 k > 0 [2.5+2.5]
8. Obtain the Z-transform of (1 —e™%),¢> 0 and hence evaluate x(o0) by using the final

value theorem. [5]

< . ' . _ z?
9. Find the inverse Z-transform of function X(z) = eiDE [5]

10. Solve the difference equation x(k + 2)+5x (k+1)+6x(k) =2k 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 %’f— = g2 %% and find it’s all possible solutions. [10]
13. Find Fourier cosine integral of f(x) = e~* and hence show that f Ow%fa%f dw = ge“x : [5]

1 1 <0 si
14. Find the Fourier transform of f(x) = {0 ]]:Z: :i: i 1 and then evaluate » fo Sl:xdx [5]

* ok ok
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. Define harmonic function. Determine the analytical function
f(z)=u-+ivif u=3x"y -y’ [1+4]

Find the linear fractional transformations that maps z = 0, -1, 21 into the points

bo

w = 51, oo, -1/3 respectively. [5]

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

|98

z
J. — % 4z where Cilz=2. [1+4]
¢ (z=-D(z-3) ’
4. Expand the laurent's series of the function
f(z) = 2—1—~in the region |< |z <2. [5]
z°~3z+2 '
T e : 4
5. Evaluate I ———Z—l—— dz where C is the circle |z} = 2 by residue method. {5}
¢ z(z+1)(z-3) o
2
6. Evaluate I o _2d9 by contour integration. [5]
2+cosH
7. TFind the z-transform of a* for k = 0, and hence obtain the z-transform of a* sin k6. [2+3]
State and prove initial value theorem. [5]
9. Find the inverse Z — transform of ————i—————— 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 }
L.

23
Z

12. Solve the one dimensional heat equation = = with boundry and initial condition

C ox
100
u(0,)=0,u(f L) =0and u (x,0) = —~ [10]
1
13. Find that the Fourier Cosine integral representation of ‘ [5]
f(x)=e™ (x> 0,k>0)and
Hence show that ro C—;)S—Q—)X?do) = ie_kx,x >0,k > 0.
0 k*+o k

2
14. Find the Fourier transform of the function e ,also verify that convolution theorem for
X

2
andg(x)= e ¥ [5]

* %ok

the functions f(x)= e
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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 uy=vy and uy = -v,. [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) =(~—Z§—?—}——5 about
z-3(z-
the center z = 2 up to four term. [5]
4-3z

State Cauchy residue theorem. Apply it to evaluate fc mdz where C is the
zZ(z-1)(z~

circle |z| = % [1+4]
Evaluate integrals J‘;t i3 lcos(-) d0 by contour integration. [5]
If x(t) = 0 for t < 0,Z[x(t)] = X(z) for t 2 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) = (=e e where T is the sampling
(z—1)(z-e%T)
period. (5]
Solve the difference equation yn+2 =4 yu+1 +4yn =0 with given condition yg =0, y, = 1. [5]
A tightly stretched string with fixed ends x = 0 and x= / is initially in position given by
u(x,0) = ug sin’ E} If'it is 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
oo 1 i
that [ -———5—dx = . 5]

0 (q+x?%)?
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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)= sk S in the region 2 <|z| < 3. [5]
(z+2)(z+3) .
3. a) State Cauchy Residue theorem and hence evaluate the integral J. Z;I dz
clz+1)"(z=2)
where C : |z-i] = 2. [1+4]
27
b) Using counter Integration, evaluate A g 2—]——9d9 in the complex plane. [5]
+ 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
. . ; 223 42
5. a) Find the inverse z-transform of the function . ; [5]
(I=2)"(2=d]
b) Solve the difference equation x(k+2)-4x(k+1)+4x(k)=0 with conditions
x(0)=1,x(1)=0. [5]
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) = u()sin% 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
u(x,t)=upsin —;’}zx—-cos%cw . _ [10]
8. a) Define the complex form of Fourier integral of a given function with usual notation.
Find the Fourier integral representation of the function f(x)= (é Z; }ii; ‘;) and
hence evaluate [~ dw. [1+3+1]
0 w
b) Find the Fourier sine transformation of f(x)=e™ and hence evaluate the integral
Ss§sinsx
ds . [5]
‘{0 s?+1

ok ok
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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=1

z°+

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

Evaluate integral j ” —— ; a>1 by contour integration in complex plane. [5]
© a+sinB
Obtain z-transform of sin ot and hence obtain z-transform of esin wt. [3+2]
2
Obtain the inverse z-transform of X(z)= 24 s (5]
(z-D(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<
£(x)= J ) if x<0
1‘3 ' if x<0
. Find the Fourier Sine transform of €™, x>0 and hence show that r———}—(——;-,—dx =z [5]
0 (1+x°)° 4
o du ,0% , o _
Solve the wave equation =% =C Fl with the given boundary conditions; u(0,t)=0,
ou 2
u(m,t)=0, u(x,0)=0 and e =3(Lx-x"). (10}
t=0
Derive one dimensional heat equation and solve it completely. [10]

& 3 ok



Examination Control Division | programme
2076 Bhadra Year/Part I/ T Time 3 hrs.

TRIBHUVAN UNIVERSITY Exam, 1 eo
INSTITUTE OF ENGINEERING Level BE Full Marks | 80

ggﬁ’ BEX, BCT, Pass Marks | 32

Subject: - Applied Mathematics (SH 551)

RN NN

[y

(8]

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.

. a) If u=(x-1°-3xy’+3y?, then find v and construct an analytic function

Kok

f(z) =u +iv. [5]
b) Define conformal mapping. Find mobius transformation which maps the points z = 0,
1, oo into the points w = -3, -1, 1 respectively. [1+4]
a) Define Complex integral. Using Cauchy’s integral formula evaluate,
j 2 42 where C : }lel. [1+4]
c 40 ;
b) Obtain the Laurrent’s Series expansion of f(z) = . T in the region 2 <|z| <3 {5]
(z+2)(z+3) :
2n
a) Evaluate J. _—li_ , applying contour integration in the complex plane. [5]
1+ 3 cosB
b) Define the pole of order m of a function of a complex variable. Find the residue of
2
f(z)= ————at its poles. : [1+4]
(z-D(z+2)
. . ) 1, for [x|<1,
. a) Obtain the Fourier integral of the function f(x) =
|0, for x|>1
and hence evaluate J‘wﬁl—n—}fdx PN [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) = z by partial fraction method [2]
z-—3z+2
(ii) —%———— 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 [3]
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 6%u
Change the Laplace equation —= +—— =0 into polar form. [10]
8)(2 5}'2
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. Define harmonic function of complex variable. Show that u(x,y) =y’ —3x*yis 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 —;E in w-plane. [1+4]

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) = — 2 inthe region 2 < [7[ <3. [1+4]
(z+2)z+3)

Define pole of order m for function of complex variable. Find residues of

2
f(z)= %_2_7_2_52_ ----- at its poles. [1+4]

(z+1D)(z" +1)
2
Evaluate j 7 B by contour integration in the complex plane. [5]
- (x4 +1)(x* +4) '

Find the Z-transform of: [3+2]
i te"
ii) e coswt
Find the inverse Z-transform of: ‘ [2.5+2.5]
. .. 2z% -5z T
) X({(z)=-—"-————— (By partial fraction method)

(z-2)z-3)

-

iy X(z)= HE‘-T)T (By inversion integral method)

(1~-27y
State final value theorem for Z-transform. Obtain Z-transform of (1 ~e™® ) ; a>0 and hence
evaluate x{c0) by using final value theorem. [1+4]
Solve the difference equation: [5]

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)"{(), for x>m

¥



X

12. Find the Fourier transform of ¢™ . Also verify the convolution theorem for f(x)= e

x}

and g(x)=¢"

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

2

3

. 0u 0O ] "
14. Solve completely the Laplace equation E\TJF??;'E = 0 under the conditions:

u(0,y) =u(l,y) = u(x,0) =0,u(x,0) = sin{ﬁl?ij

%k %k

—
A94]
s

[10]

{10]
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b) 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.

14
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Define harmonic function. Is V = arg(z) is harmonic? If yes, find a corresponding
harmonic conjugate. [1+1+3]
Define conformal mapping. Find the bilinear transformation which maps the points
z =0, 1, oo into the points w = -3, -1, 1 respectively.

Distinguish between Cauchy integral Theorem and Cauchy integral formula. Using

[1+4]

Cauchy integral formula evaluate I ——-ezr—dz where C is the circle [z—1|=3.  [1+4]
e(z+1)z-2)
[5]

State and Prove Taylor’s series for function of complex variable.
Défine an isolated pole. Using Cauchy’s residue theorem evaluate I z]

°(z + 1)2 (z - 2)
[5]
(5]

where C is the circle |z—i|=2.
Evaluate the integral by contour integration:

r 2xz W
i (1 +X Ix +4)d
Obtain the z-transform of (1-¢™), a > 0 and hence evaluate x() by using final value

theorem.
Obtain the inverse z-transform of:

[2+3]

3
X(z)= 2z +z by using partial fraction method. (51
(z- 2)2 (z ~1)

Define z-transform of function f(t). Find the z-transform of following sequences:
15,1 0,7,4,1,—1,3,6}

f(k}-:{ ;i

k<0

(142+2]

Pl

(5]




. @) A tightly stretched string with fixed ends at x = 0 and x = | is .iﬂ'!ﬁﬂ'ypﬂ.‘ o mli;,
equilibrium position. Find the deflection u(x, t) if it is set vibrating by giving o (10}
of its points a velocity 3(/x-x%). (10}
b) Derive two dimensional heat equation.

. @) Obtain the Fourier sine integral representation of ¢”cosx and hence show that

3 (51
Kg-%@fdm=£e“"cosx, x>0.
® +4 y |

- \ > ; '\ M 'v *
b) Find the Fourier Cosine transform of f(x) = €™, x > 0 and hence by Parseval’s identity (51
show that

STl
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a) Define an analytic function for a function of complex variable. Derive Cauchy

Riemann equations in Cartesian form.
b) Define linear fractional mapping. Find bilinear mapping which maps the oA
1,-l1tow=1i,2,4. it
(5]

a) State and Prove Cauchy integral theorem.
b) Point out difference between Taylor’s series and Laurent’s series. Find Laure

of function f(z):ﬂl—lé—z- , 0<|z<TR [1+4]
z

[1+4]

points # = 0,

nt' series

a) Define pole of order m. Using C auchy's residue theorem evaluate
jcotz dz; whereCislz]=1. [1+4]
c

b) Using Counter integration evaluate,

dx "

r g " (5]
—© (14+Xx°)

a) Find the z-transform of:
(i) cosat (ii) te™ [2+3]

State final value theorem. If x(t) = 0 for t <0 and Z[x(t)] = X(z) fort2 0 then prove that:

Z[x(t+nT)]= z"[X(z)-— nix(kT)r."]. [1+4]

z!3z: ~6z+4) (5]

Obtain inverse Z-transform of 2 ;
4 (z-1Y(z-2)
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]
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 imtal
temperature of the rod is:
u(x,0)=3 sin-—ﬁ;— for 0<x<£.
Find the temperature u(x, t). (10!
a) Find Fourier integral of the function
¢ L 3f ;‘xl <1 |
&= : (&R
=10 if [x|>1 (5]
b) Verify the convolution theorem for Fourier transform for the functions

2
fx)=gx)=¢e" (51

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

f(z)=u+iv if u=y’-3x’y
b) Derive Cauchy-Reimann equations if function of complex variable f(z)=u+ivis
analytic in cartesian form.,
a) What do you mean by conformal mapping? Find the linear transformation which
maps points z, =1,z, =i,z, = -1 into the pointsw, =0, w, =1, w, =,
b) State and prove Cauchy's integral formula.
a) State Taylor's theorem. Find the Laurent's series representation of the function

Z
f(z) = —————— in the annular region between |zl =1 and |2/ = 2.
s s gion between |7} I

b) Define zero of order m of function of complex variable .Determine the poles and

1+2
(z+2)1-2)*

OR

residue at poles of the functions f(z) =

2

Evaluate the real integral r dx by contour integration in the complex plane.

(1+x?%)}

a) Define z-transform. How does it differ from Fourier transform? Obtain z-transform of

[1+4]
(5)

[1+4]
151

[1+4]

[1+4} ;.

(51

(i) t*a' (ii) cosat [1+141.5+1.5]

b) State initia] value theorem for z transform. Find the initial value x(0) and x(1) for the

function.

(1-e¢")z™
(1-z")1-e"2z")

X(2) =

32’ +2z

(-3 (z-2)

method.

b) Apply method of z-transform to solve the difference equation

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

by using inversion integral

[1+4)



| ¢ o A D 3o
6. Solve completely one-dimensional wave equation -&; =g (&3 under the conditions: {10}

u(0,t) = 0,u(;,t) = 0,u(x,0)=0 and (i“) =3(Ix~x’)
at 1=

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

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

b) Find the Fourier cosine integral of the function f(x)=e (x> 0,k >0)and hence

show that fiziﬁ-‘f’—’—‘%‘?—:-z%e“‘“;x>0,k>o (5]
+®
sk %

g
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. @) Define analytical function of complex-variable. Determine the analytic function
F(#) = utivif v=logx +y? [1+4]
b) Express Cauchy Riemann equations U, =V, and U, =-V_ into polar form. (3]
2. a) Define bilinear transformation. Obtain the linear transformation which maps points
2 =i, 2, = 0,2, =iinto w, =-1,w, =i,w, =1 [1+4]
eza .
b) Evaluate J: -«;»»T»E dz in the circle ,z, =3 by using Cauchy integral formula. [5]
z°-3z+
: 1 ‘
3. a) State Laurent's Theorem. Obtain the Taylor's series expansion of f(z)= - about
&
the point z = i, [1+4]
[1+4]

b) Define residue at poles. Evaluate £§—l%~{ dz , C:]z’ =1 by residue method.

2
OR
Evaluate real integral fﬂs 63830 3 d6 by contour integration in the complex plane.
~4cos

transform and its region of convergence. Find the Z

(5]

4. a) Define Z- ~transform of [1+1+1.5+1.5]

i) t%e™ i) sinat
b) State and prove final value theorem for Z-transform. | [1-+~4)
ik : .
5. a) Find the inverse Z-transform of f (z) =( lz)( 5 by partial fraction method. {5}
‘ T &)
b) Use the method of Z-transform to solve the difference equation. (5]
x(k +2)+2x(k+l)+3x(k)=0:x'(O) =0,x()=2
6. Derive one dimensional wave equation and solve it completely. {10}
v o™
(10]

)
7. Solve completely the Laplace equation 7 +— = O under the conditions:

u(o,y) =u(l,y) =u(x,0) = 0,u(x,00) = sin[g-?iJ

8. a) Define Fourier transform of a function. How does it differ from Fourier series?

Support your answer with suitable example.

b) Find the Fourier Sine transform of ™ | x > 0 and hence show that

F._i’..?dxxﬁ )
¢ (1+x°) 4

[1.5¢1.542

)

[ 1
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151

If u=(x=1)" =3xy? + 3y’ determine V so that u + iv is an analytic function of x+iy.

1. a)
b) Define an analytic function. Express Cauchy Riemann equations u, =v and
u, =-v, in polar from. (5]
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
b) Evaluate J:ﬂ(x2 +iy)dz along the path y = x’ (5]
3. a) Express f (z)=--—;—-——1—————as Laurent's series in the region 1 < |z| <2. (5]
(z°-3z+2)
] i ; A
b) Evalute L -————— d0 by contour integration method in complex plane. (5]
5-4sin0
4. a) Find z-transform of: ‘ [5]
R i
i) sinat :
b) State and prove final value theorem for z- transform. [5}
: . 27% -5z . & ;
5. a) Find the inverse z-transform of —————— by using partial fraction method. [5]
(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. [10]
7. Solve one dimensional heat equation: [10]
2
. ¢’ 2—?— under the conditions:

ot
i)u is not infinite as t —» o

ii) _6_u_:0 forx=0and x=1
ox
i) u(x,0)=/x-x* fort=0; between x =0 and x =/

8. a) Find Fourier integral representation of f(x)=e™,x>0and hence evaluate

J'w'cozs(sx) 4
0 5% +1
b) Find the Fourier cosine transform of f(x):e"’"§ and hence, by Parseval's identity,
shown that m_ : o
b (1+x%)? 4

LE 2]
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ar as practicable

Attempt AUl questions.
Al questions carry equal marks.
Assume suitable data if necessary

2 bl ')?
Ifu= prove that ~ e a‘; (‘; 0
o’ oy’ oz

4 <y

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

Evaluate: _f f r sin @ dr.dO over the arca of the cardioid r = a (I + cos@) above the initial line

’.,/6("’ +y?) dy.dx by changing polar coordinates.

OR

Evaluate: J; ’ me) y

Evaluate: I”x It ym1 2" dx.dy.dz

\P 4 7N\
Evaluate: x, y, z are all positive but (’5) +(1) +(~’1) <1
a b £
y-2 z- 3

- B casmsist [ et

Find the length of perpendicular from the point (3, -1, 11) to the lmc 2 3 p

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

X X# 272 5 0y-3246=0, x-Iy+22-3=0

— .......__.—"_...._._-—

4 3
Find the «centre and radius of the circle in  which the sphere
x> +y”> +2° ~8x+4y+82-45=0 is cut by the phane x ~2y+2z =13
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’
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 ﬁmctlon J,,(x)= J‘ (ﬂ{l—i - co'sx)



B ""‘*

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

Y g

3 - -3 4

Py SRR S e g i 0 a b+c )=
axb+bxc+cxa = - [ bcl

[abo]

+ sdrd’r
13. If r =acostl+asml ]+attdnak find r~a«~51—-

14. Find the directional derivative of ¢(x,y,z) = Xy’ +yz at the point (2, -1, 1) in the
direction of victor i+ 2-3+ 2§
OR

-~
Xr

= i s o] B
If r be the position vector and a is constant vector then prove that V| ——— {=0
r

15. Determine whether the series —is convergent or divergent.
Z 1+ nJ n+l

16. Find the radius and interval of convergence of the power senesz‘(—lzz(
n=\ n.

* %k
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'8, State and prove “final value theorem” for the z-transform.
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¢ Candidates are required to give their answers i thelr own words as far as practicable.
v Anemp! All questions. ‘
v All guesuons carry equal mmi\.s

v Assume suitable data if necessary.

- . . ‘ n i (¥4 »‘5‘4”‘:" . Tii
1. Determine the analytic function flz)=u+ivil us lug‘/; $¥°.
7. State and prove Cauchy’s integral formula.

| ;
3. Find the Taylor’s series of f(z) =I~; about z = 31,

4. **\a quate the g, 3 wwwww — e wlmu ', |z} = 4, using residue (reorem.

"

a5 . UL L R
3. Define conformal mapping, show that w = — is invariant to
cz4
| 4 e , ;
W—Wl ® W:"“S i Z—Zl % Lz"'ZJ
s “"'W} Wz‘—wl Z"’ZJ Zz"Zl
v x2dx

6. Using contour integration, evaluate real integral: :
T f‘:,(xz-f-al)(xz-’»bz)

'

" 7. Find the z-transform of x(z) = cosh t sinh L. : ' >

Z
22 +72+10 ,

9. Find the inverse z-transform of x(z) =

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 nohﬂy stretched string of length ‘1" fixed at both ends if the

initial deflection in y(x, 0) =Ix-x 2 and the initial velocity is zero.

g

s 621.1 52 )
13- Solve = : g =(+ under the conditions u(0, y) = u(l, y%-ﬂu(x-i)}-ﬂwu{x;a,&smi B—?
\ .f

_ 4. Derive"t‘he wave equation (vibrating of a string).

15. Find the Fourier cosine transform of f{x) =™ I and hence show that j COS? * D4 e PP
7‘ e S - g
oY o
; &
_36 ind JP Fourier integral representation of the fu: Alon f(x)=e™, x 2 0 with -3} = fix)
% : W ImF LN Es
‘ Hen:e svaiuate j : l
(3wl

* k%
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[. a) Determine the analytic function f{2) « u + iv if u ~ iy -yt {5
b} Find the linear ransformation which maps the points 2 = 0, 1, @ into the points
w3, ~1, 1 respectively. Find also fixed points of the transformation 15}
2. ) Swte and prove Cauchy's integral formula. 15}
odt )
b) ,Evaluate IT ~—dz where C is the circle Jz| = 3, (5]
clz~1)z-2)
3. & Find the first four terms of the Taylor's series expansion of the complex function
+ ;
£12) 0 e ! about the centre 2 = 2, [5)
(z-3)(z-4)
4-3z o 3
b) Evaluate f dz where C is the circle |z|= = (5]
c2(z=1Xz-2) 2
OR
s 2r
Evaluate J; d6 by coatour integration in the complex plane
‘ cosf+2 _
4. Denive one dimensional heat equation u, - ¢ U tnd s01ve it completely. (10]

= 5. Find all possible solution of Lgplace equation uy, + Uy = 0. Ushhg this, hence solve
Ucx = Uy = 0, under the conditions u(0,.y).= 0, u(x, y) = 0when y —» oo and u(x, 0)= sinx. (10}

¢. 2} Find the z-transform of sin K. Use it to find the z[a* sin K6, /8]

22° +32+12

b If ZIx(K)]= T find the value of x(2) and x(3). [5]
Z—.
: : ok SR
7. 2) Find the inverse z-transform of x(z)= ; by using inversion integral
(z-3)*(z-2)
method. : [5]

b) Using z-transform solve the difference equation X(K+2)-dx(K + 1) + 4x(K) = 2K

it given that x(0) =0, x(1) = 1. ; [5]
8. &) Find the Fourier sine integral of the function f{x) = ¢ and hence show that (5]
T AsinAx Tk
fﬁd}.=-e “, X>0:K >0
ST A |
b) Find the Fourier sine transform of e ™, x > 0 and hence show tha (3]
a2 .
X sin mx T o
f‘"“w—hdx=-—e im0
TR o | 7
G EeS LT 3 -
e e
B - . \‘:‘ 0 £ R i »
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5. Find the Laurent series of f(z) = =

4

Candidates afe required to give their answers in their own words as far as practicable

2
v’ Attempt All questions
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary
" 1. Show that u(x, y) = x” + 2xy ~ ¥’ is a harmonic function and determine v(x, y) in such a
way that f(z) = u(x, y) + iv(X, y) is analytic.
2. Define complex integral. State and prove Cauchy integral formula.
OR
Obtain bilinear transformation which maps i, 0,1 t0 =1, 1, I.
(‘.27'
3. Evaluate | ——————— dz where C is [z} = 3 using Cauchy’s integral formula.
C{z~14z-2)
z? -1
4. Obtain the Laurent series which represents the function f(z) = ————— 2<[g<3.
(z+2)z+3)
about the point z = 1. ”

6. State and prove Taylor series of a function f(z).

; . : u
8. Solve one dimensional heat equation ——=¢" —
‘ ot ox

Derive one dimensional wave equation ug = c*u,, and solve it completely.

2
Zons under the boundary condition gl-i == ()

—

when x = 0 and x = L and initial condition u(x, 0) = x for 0 <x < L.

9. Find Z transform of (a) te™’

10. Find the inverse z-transform (a)

11.
value theorem.

(z-1)(z~2)?

Obtain the Z transform of x(1) = (1 — ¢™), a > 0 and hence evaluate x(0) by using final

' and (b)sinat.

- 7
2 L
z°-3z+2

(e

12. Solve using z-transform the difference equation x(K +2) + 2x(K + 1) + 3x(K) = 0.

13. Find the Fourier sine transform of f(x) = e, x 2 0 and hence evaluate j:

Xsinx

(1+x%)

14, State and prove convolution theorem of Fourier transform.

#ok

(51
15)

(5]

(5]

(5]
[10]

[10]
{51
[5]

{51

(5]

(5]
{5

da il ke S s e kel



s
R

Coy

b W

Db asm
| Lavel

& il
R, BEA, Vass Masks 1}

Fxamination Control Division  prograsmime o
Vg

34 TRIVHUYAR LRV LRSS
INSTITUTE OF ENCGINETIOING

’ Var / Parve Hril

2070 Magth
Subject. - Applied Mathematics (81331
Candidates are required to give their answers in their own words ug far as prac
Attempt Al questiony.
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Assume suitable data if necessary
Define analytic function. Show that the function f{z) =~ is analytic except
z

o e L

-

Define complex integral. Evaluate _{ logz dz;c:} 2 i* |
OR

Obtain a bilinear transformation which maps -1, 0,ito -1,1, |,

3

:..»J

Evaluaté j:ﬂ (x? +iy)dz along the path y = x.

about the point z = i.

4. Find the Taylor series of f(z) = ] 5
4+z

5. Evaluate the integrals by residue theorem L ] -c?s 2 dz

z

2
1

State Cauchy’s Residue theorem and use it to evaluate L
J+d4z+2
|z |=2
OR

m dO 1 iy
Evaluate "; ———— by contour integration in complex plane.
cosB+2

7. Derive the one dimensional wave equation.

ticabie.

2= 0

dz where C is

153

{31

(51

151

15]

110}

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

110}

time t.
9. Find the z-transform of (i) e™ sinwt (ii) cos at
s iz z+2 "
10. Obtain inverse Z-transform of (1) , (1)
(z-2)(z-3)

Z
(z-2)(z-1)

L

n-|
> ak)z™ wheren=0, 1, 2....
k=0

x(0)=0x(1)=1
13. Find the cosine transform of f(x) = e™ m > 0 show that j: e
r* &

2
14. Find the Fourier transform of g(x) = E if-l1<xx1;
if otherwise.
: o [ XCOSX =Sin e
and hence use it to evaluate L ( . : x)cos(x!?.)dx
X

* %k

If x(k) = 0 for k < 0 and Z{x(k)} = X(z) for k > 0 then prove that Z {x(k+n)} =7" X(2)-2"

cospr Il o-P8

2B

151

(5}

12. Solve the difference equation x (k+2) - 4x(k+1) + 4x(k) = O with conditions,

{5
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v' Candidates are required to give their answers in their own words as far as practic ihi

v Attempt All Al questions.
v All questions carry equal marks.

v Assume suitable data if necessary.
. Determine the analytic function f(z) = u(x,y) + iv(x,y) 1 u(x,y) = )
Define complex integral. Evaluate: cj‘(_z +1)dz where C is the square with vertices at Z =

2.
0,z=1,z=1+1andz=1.
OR
Find linear fractional transformation mapping of: —2+> 00,0+ %,2 > %
3. a) State Cauchy’s integral formula and cvaluate the integral { e ~dz, where C
z(z-1){z-2)

-

t\)lu

is circle lz,
b) Obtain the Laurent series which represents the function f(z) = 21 when
A+z2°)z+2)

<l <2.

a) Find the Taylor’s series expansion of f(z) = —
z"+ 4

about the point z = 1.

4.
b) Evaluate jrtanz dz where C is a circle ]7} = 2 by Cauchy’s residue theorem
OR
n cos3D : L
Evaluate f """ d6 by contour integration in the complex plane.
s A0 5 - sl -
5. Find Ehc z-transforms of: (i) cos h {at) sin (bt) (1) n.(n-1);n=k
i : . % ; i
6. Find the inverse z-transforms of: (1} —5———— (1) —— ;
i (Z+1)(Z-1) .

7. a) State and prove convolution theorem for z-transtorm.
b) Soive by using z-transform the difference cqua ion x(k+2} + 2ulkxl) + 3xlk}) = &

'mwnmmxorwxmduw“’



&u M

8 Solve —— = — given thatu=0 ast->w as wellasu=0stx =0 and x « |
. QU ¢ '
‘ ‘ 5311 L?:u . 5 . Y v) = o ! n‘l e ué A il} w2 {y iﬁ[\(}
9. Solve —-= +— =0, which satisfies the condmion u(lLy) = ull,¥) = WxXM) = U a0
o = 'S 77:*

S S
u(x,ay=sm —-—f» i
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 up Find the steady state temperature in the plate. 9!
10. Find the Fourier integral representation of the function f(x) = €, x 2 0 with f{-x) = f{x).
“reos(sx

_____(._._Z ds.

2
g 5 +1

Hence evaluate

11. Find the Fourier transform of:
fix) = 17, [x|<1

= 0, [x|>1 and hence evaluate ! ’
a@®D o
X COSX —SInX X
cos—dx.
x> 2
0 &
E R %
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‘ L"siﬁg Cauchy integrai formal to evaluate: (J e
-' (2=1)z=3)

; C‘zanae me ethm :

L. Define rounar series- . in complen LO"II'I \«erxfy he
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Candidates are required to give their answers in their own words as far as practicabl

Attempr All questions.
All questions carry equal marks.
Assume suitable data if necessary.

If f(z) = u + iv 1s any analytic fum.lmn of complex variable z and u-v = €"(cos y-sin ),
find f(z) in terms of z,

State and prove Cauchy’s integral theorem.
L) N

zdz : b s
where C:/z/ = 3/2.

‘ l-cosz
Fmd ti Laureat’s serwe expansion of f(z) = ————,0</2/ < IR.

: . 0 2 g 5
Define smgulm points and poles compute the residue of' f (z)—————z——z——ax its
5 (z-2)(z" +1)
pole(s) | .
. : WTIC -
Using contour mtegration to evaluate j)—————— , ,
2 +sin 6 .

Find the z-transform of th;:: following: (any two) -

i) K" for K20 (if) a* coskr for k20 (iif) e* coswt for t200.

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

Solve the difference equation: yp: + 2yne) + y,; =nwherey;=y;=0,andn=k

A tightly stretched string with fixed end points x = 0 and x = | is initially n a positibn

given by v = ¥ '_s'm?(—l-}lf it is released from rest from this position, find the

7=0in t‘d}polaf form.“

0)
5:7 8
o

a Ox

_‘ ‘3)

he convolution « theorem for

f(x) = 6(3\

i‘_;ﬂd the Fom-ia: cosine transfgrm of f(x) = e™, x>0 and hence by Parseral's identirv. show

v .‘L F_I it B
MIAL '} (MY 2 e
‘ .‘bf{l.* AL A
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v’ Candidates are required to give their answers.in their own words as far as practicable,
v An‘empt Al questions.
v' All questions carry equal marks.
' Assume suitable data if necessary. .
1. a) State necessary conditions for a function f(z) to be analytic. Show that the function
f(z) = log z is analytic everywhere except at the origin. T
b) Find the linear fractional transformation that maps the points z; = -, z; = 0 and z3 = i "

into points w; =~1, w- =i w; = | respectively.

2/ a) State and prove Cauchy’s integral formula.

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

b)
- .ez
———————dz where C is the circle |z] =
I?(Z—-I)(Z—3') &
3. a) Write the statement of Taylor’s theorem. Find the Laurent series for the function
Beh= ol o the viion'] Ligf<2. |
z°-3z+2 v
B St Caudhy-residus theare'n, '1: itevaiuate 3” .4 dz where C: 1Zi = 1.
# Z
do
Evaluate f *éde by contour integration in the complex plane.
2 +cos g
e z(z-cosH) :
a) Show that the Z-transform of cos k@ is > . Use this result to find
' ‘ Z"-2zcosB +1 :

.

Z-transform of a* cos k8.
5
b) Obtain the inverse Z-transform of — 22 "2
(z-2)*(z-1)"

using partial fraction method

y~Sotve the difference equation x(k + 2) — x( k + lA) +025x(k) = u(k) where’x,(()) =1
and x( 1) = 2 and u(k) is unit step function. :
b\ State and prove shifting theorem of z- transfonn

Benve one dim ensional wave

zt complvtelv

¢

equation governing transverse vibration of string and solve

ooz



.'l\]v“ e

-

Sbl’va e : i i % o
olve the one dimensional hegt gquation — = ¢ —— under the conditions:
g o’ 3
&) u1s not infinite as t —w
b ..C_’}l_. =0
) z—=0Oforx=0and x=1Iand ;
¥
*

c) u(x,0)=/x —x*fort=0 between x = 0and x =/
OR

Tk;e_digmeter of a semi circular plate of radius a is kept at
semi circular boundary is T°C. Show that the steady temper

" 4T m‘ 2n-1
by u(r, 8) — > 1 (i) sin (2n-1)0

0°C and temperature at the
ature in the plate is given

, T o 2n-11\a
a) I“; nd thf Fourier cosine integral . representation of the function

fo By ol e O g WA M 5
: f. v =e7™ - £ k- 0)ar henc' show that

0S WX T
[ do=—e™ (x>0,K>0)
K™ +o° ;
x?
——dx.

b) Gv.ain Fourier sine transform of ™, (x> 0) and Lence evaluate s (1 P
: +X°
0

%k *

i AU I
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v Candidates are required to give their answers in their own words as fur 4s practicable,
v Avnenyy Al questions. &
¥ The figures i the margin indicare Full Marks. . : i
v Asvume suitable doia if necessary. ‘ el ¢
i a4 » o » g l 2 7 p " ?
Loa) Define harmonic function and show that the function u = ;logtx‘ +¥") is harmonic
£ 4-
and hence determine its harmonic conjugate function. [5]
b) Define conformal mapping. Find the linear fractional transformation that maps three "
points 2i, -2, - 2i onto three given points -2, -2 i, 2. {5} "5
‘
2. ) State and prove Cauchy integral theorem. (5N s
§ ¢
" 4 i
h\ Vvaluate the fallowing i nvgml using Cauchy integral formula ,..-____.,31._, where "
- Z{z~1)(z2-2) g
© i the circle |z] =3 (5]
3 22° +1 .
3. 4 Find the Taylor's series expansion of f(z) = ——— about the pointz = 1. [3]
z°+2
b) Determine the poles and the residue at each pole of the function f(z) = M___.Zi._ -, - {5]
(z=1)(z+2)
OR - i
n a0 ‘ 2 .
Pyaiugie | TSI WY SUnour IREZTANIN 1N COIRDIEN Didik
T /2 - cos @ ¥ it |
4. #) Find the z-transform of: (any two) (5] j, ;
i) aM i) sinok iii) coshat sinbt .4
), e -4 'S
b) Find inverse 2- transform of —————— by using inversion integral method, {5} (
(v—l)(z 2)? o
5. a) State and prove final value theorem for z transform. (5} -
b) Solve by using z transform yi+2 — 4yi-; + 4y« = 0 where y; = | and v, =0, {5 ’
0. A tightly stretched string with fixed end points x = 0 and x = 1 is initially in the position :
e
given by y = yp sin’ —L—~ Ify(o,t)=y (L, t)=0, then i'nd the dlsp!acemnz v X 1) where
e ;
initial velocity is zero. (161 ,f
7. Deduce the two dimensional Laplace equation into polar form. [10) t :
OR
Derive one dimensional heat equation for the flow of heat along a mesallic rod »
conduction and solve it completzly. ¢
8. a) State and prove convolution theorem for Fourier transform. 5
by Find the—*chicr cosine transform of f{x) = ¢ =™ (m > 0) and hence show that .
o COS o s
wﬂ B ot "‘3 (B Q f‘ > (_‘j) ; & i
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