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PART A
Q1 (a) The heat flux through the faces at the ends of bar is found to be proportional to

(b)

U, = du/dn at the ends. If the bar is perfectly insulated, also at the ends x = 0
and x = L are adiabatic conditions,

u,(0,t) =0 u,(L,t) =0

prove that the solution of the heat transfer problem above (adiabatic conditions
at both ends) gives as,

- nmwx _(anm)?
u(x, t) =AO+ZAncos—L—e (T
n=1

where A4, and A,, are an arbitrary constant.

The heat equation is:

(17 marks)

If L = m and @ = 1 for the solution of heat transfer problem in Q1 (a), find the
temperature in the bar with the initial temperature, f(x) = k = constant.

(3 marks)
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Q2 A half-range expansions given as the following function:

2k L
e for 0<x<—

f@ =iy " L
—i—(L—x) for —2-<x<L

(a)  Sketch a graph of f(x) in the interval 0 < x < L

(2 marks)

(b)  Solve the given half-range expansion if the function f(x) is extended to the
interval —L < x < L as an even function and sketch the periodic extension
for the series.

(12 marks)

(¢)  Solve the given half-range expansion if the function f(x) is extended to the
interval —L < x < L as an odd function and sketch the periodic extension for
the Fourier series.

(6 marks)

3 - CONFIDENTIAL



BDA 14103

CONFIDENTIAL
PART B
Q3 (a) Express the graph shown in Figure Q4 (a) in terms of unit step function, and

Q4

(b)

(@)

(b)

then find the Laplace transform.
(8 marks)

Find the inverse Laplace transform of the following function using convolution
theorem.

5
(s2+1)2
(12 marks)
Obtain the general solution for the following differential equation:
(6x% — 10xy + 3y?)dx + (=5x% + 6xy — 3y?)dy = 0
(8 marks)

The rate of cooling a body is given by the equation,

dT— k(T — 10
Pl ( )

where 7 is the temperature in degree Celsius, & is a constant and ¢ is the time in
minutes. When # =0, 7= 90 °C and when r = 5, T= 60 °C.

Show that when ¢ = 10,

3 1n5/8)
T(t) =80e™ 5 +10

(12 marks)
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Qs (@)

(b)

Q6 (@

(b)

(©)

Find the particular solution of the following differential equation that satisfies
the given condition.

y'+4y"+20y=0; y(0)=9,y'(0)=10
(10 marks)

By using a variation of parameter method, obtain the general solution for the
following differential equation.

y" =5y + 4y = e3*
(10 marks)

Determine whether the following differential equation are homogeneous or not.
dy  x*+y?
dx (x—y)(x+y)

(4 marks)
If L{f(t)} = F(s) and a is a constant, prove the First Shift Theorem that

Le*f()}=F(s —a)
(6 marks)

By using the Convolution Theorem, determine the inverse Laplace transforms of

the following function.

s2(s - 2)

(10 marks)

- END OF QUESTION -
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First Order Differential Equation

Type of ODEs

General solution

Linear ODEs:
y' +P(x)y = Q(x)

y = g~ Pz {f el PO (x) dx + C}

Exact ODEs:
fGy)dx + glx,y)dy = 0

Flx,y) = f FOy)dx

F(x,y) —]{Z—i—g(x,y)} dy=C

Inexact ODEs:
M(x,y)dx + N(x,y)dy = 0
oM ” ON
dy 0Ox

Integrating factor;
i(x) = e'[ TR here fx)= —I-(gﬂ - a_NJ

Nl oy ox
l(y) . e,[g(y)dy Where g(y) = _jlg(_aaﬁ_%)

iM(x, y)dx)
—IiN(x,y)dy=C
oy

_[ iM(x, y)dx - _[ a(j

Characteristic Equation and General Solution for Second Order Differential Equation

Types of Roots

General Solution

Real and Distinct Roots: m, and m,

mlx X

y=ce™ +ce

Real and Repeated Roots: m, =m, =m

mx

. mx
y=ce" +c,xe

Complex Conjugate Roots: m=a +if

y =e*(c, cos fx+c, sin fx)

Method of Undetermined Coefficient

g(x) Yp
Polynomial: P,(x)=a,x"+..+ax+a, X (AX"+..+Ax+4)
Exponential: ¢™ x"(4e™)
Sine or Cosine: cos fx or sin fx x"(Acos Bx+ Bsin fx)

Note: ris 0, 1,2 ... in such a way that there is no terms in y, (x) has the similar term as in ’tvb,g_y&(gg).
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Method of Variation of Parameters

The particular solution for y'' + ay’ + by = r(x), is given by y(x) = u,y; + u,y,, where;

Y21 (x)
w

u1=_‘

Laplace Transform

dx and u2=f

17 (x)
w

Y2

yl ’ 7
dx WyLy2) = Iy’1 yrzl =YV1Y2—Y2Y1

L@} = [ f®edi=F(s)

@) F(s)
“ a
)
"n=123,.. n!
Sn+1
e” 1
S =
sin at a
s +a’
cosat N
s* +a?
sinh ar a
2 —a?
cosh at s
2 —a?
e’ f(t) F(s—a)
" f(t),n=1,2,3,... 1y d"l:fs)
H(t—-a) o
5
flE—a)it{t—a) e “F(s)
J@®)o(t-a) e f(a)
y(@®) Y(s)
y'(t) sY(s)— y(0)
y'(®) s*Y (s)—sy(0)— y'(0)
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Fourier Series

Fourier series expansion of periodic function with period 2 7

@=L reoas

T

a = i j F(x)cos nxdx
z 3

T

b, _1 I f(x)sin nxdx
ﬂ- -z

f(x) =%a0 +Za,, cosnx+2bn sinnx

n=1

Half Range Series

9L
o= j £ ()
2% nwx
a, -—Z‘([f(X)COS——L-——dx

2% nirx
b =— sin——dx
h== j f@sin=—

f(x)=%a0 +Zan cos@+2bn sin%

n=1

e
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