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4. (a) The function f{x)=L-x is defined for values of x between x=0 and x=L. Plot
an even extension of this function and obtain the corresponding Half range

Fourier Series.

Note: J'(L -x) cos(ﬂ) = Msm(ﬂ) & _];Z_Z.cos(@]
L L

nw L n'mw
e 2
'[(L—Jc)sin(ﬂE =—L(L x)cos Ej——f zsin(ﬂ
L nm L n'm L

(10 marks)

(b) Heat is lost through the lateral surface of a rod of length L. The temperature u(x,t)

at any point on the rod is found by solving the partial differential equation
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By using a substitution u(x,7) = e™"v(x,)solve this partial differential equation.
The rod is insulated at both ends, that is % =0 at both ends, and the initial temperature

distribution is given by f{x).

Find the particular solutions where
(i) f(x)=50 and
(i) f)=10(L-x)

(15 marks)
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4. (a)

(V]

Catalyst
Temperature Type 1 Type 2
120° 25 26 b 4 8
16 33 1 15
160° 29 27 4 27
23 31 0 35

Estimate the catalyst effect, the temperature effect and the catalyst-temperature interaction effect
and test their significance.

(10 marks)

A function f (x) is defined over the interval [0,L] by f(x) = L - x.

Plot (i) an even extension and
(ii) an odd extension of f(x) over the interval [—2L, 2L]. Establish the corresponding half
range Fourier Series.

Note: I(L — x)cos(nx)dx = @ ; 22 sin(nx) - COS(Z’”‘)
n
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(10 marks)
A uniform rod is aligned along the x-axis between the points x = 0andx = L. The ends
x=0andx =L are both maintained at a temperature of 1000C . The temperature v(x,t)

at a point x at any instant t is found by solving the partial differential equation
v 8%v
o= ke
subject to the boundary conditions v(0,t) = v(L,t) = 100 and v(x,0) = f(x).
By using a substitution u(x,t) = v(x,t) — 100, solve this partial differential equation .
In particular find the solution if the initial temperature distribution is f(x) = 60.
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4. (a) A function f(t) is odd in t, is of period 2t and is defined over one half of a cycle by
f=n—t0<t<m.

Sketch the function over the interval [-2x, 27] and find its Fourier Series.

Note: [ (m — x) cos(nx) dx = =Zsin(nx) — £ostz)
n n2

. _ _m=x _ sin(nx)
[ — x) sin(nx) dx = ———cos(nx) - —=

(9 marks)

(b) The temperature v(x, t) at any point on a rod of length L at any instant ¢ is found by
solving the partial differential equation
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By using a substitution (x, t) = v(x,t) — 50 , solve this equation subject to the boundary
conditions that

v(0,8) =v(L,t) =50, v(x,0)=f(x).
In particular find the solution when (i) f(x) = 60 and (ii) f (x) = —

nnx.

[ xsin (ﬂf dx = —= os(—) +=

[ xcos (—) dx = —sin (nﬂ) + 5= cos(——)
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(16 marks)
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(a) A function f(x) is of period 27 and is defined over a cycle by

r—xif 0Sx<7m

f(X)={

xif nsx8n
Find a Fourier Series for this function.

(7 - x)cos(nx) N sin (nx)
n y
(7-x)sin(nx)  cos(nx) s

Note: I(;r—x)sin(nx)dx =-

I(ﬂ-x)cos(nx)dx: = =

A uniform rod is aligned along the x-axis between the points x=0 and x=L. Both
ends are maintained at a temperature of 20°C. The temperature u(x,2) at any point at

any instant is found by solving the partial differential equation
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The initial temperature distribution is given by u(x,0)=f{x). By using a substitution
v(x,0)=u(x,1)-20

solve this partial differential equation. In particular find the solution where f(x) =20+ 4%
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Note: jxsin("”x dx:—ﬂcos(m’x]+—f4—z-sin(nﬂxj
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Ixcos i dx=£sin il xj+ fzcos(rm x) (20 marks)
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4. (a) Fora function f(x) = x defined over the interval [0, L], plot and define both an even extension and
an odd extension, and determine the associated Half Range Fourier Cosine Series and the Half
Range Fourier Sine Series.

(12 marks)

(b) A uniform rod is aligned along the x-axis between the points x = O andx = L. The ends x = 0
and x = L are both maintained at a temperature of 50°C. The temperature v(x, t) at a point x at
any instant t is found by solving the partial differential equation
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subject to the initial condition v(x,0) = f(x).

By using the substitution u(x, t) = v(x,t) — 50, solve the partial differential equation above. In
particular find the solution if the initial temperature distribution is given by

50x
fe==—

(13 marks)




