1.
The following equation represents the dependent variable 
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subject to
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a) Using central difference formulas to approximate the derivative boundary conditions, and a spacing of (x = 0.25, (y = 0.5, write the finite difference equations at the points with (x,y) values (1,1), (1, 0), (1.75, 0).

[10 marks]

b) Use the Jacobi iterative method implemented in Excel to calculate the values of 
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 over the domain. Provide a suitable graph in Excel to show the solution and print out a hardcopy of the converged values.

[10 marks]

c) The solution could be improved both in terms of efficiency and accuracy. Describe, with reasons, what steps you could take to:

i) reduce the amount of computation required;

ii) ensure that the solution converged more rapidly;

iii) make the solution more accurate.

[15 marks]

2.
A liquid is placed in a tank and allowed to evaporate into the atmosphere over time.

[image: image1.wmf])

,

(

y

x

u

[image: image9.wmf][image: image10.wmf]1

0

0

)

0

,

(

1

0

)

1

(

2

)

0

,

(

£

£

=

¶

¶

£

£

-

=

x

t

x

u

x

x

x

x

u


[image: image11.wmf]0

0

)

,

1

(

³

=

t

t

u


[image: image12.wmf]x

t

s

D

D

=


[image: image13.wmf])

4

1

(

)

1

(

2

)

(

)

4

1

(

1

,

,

2

,

1

,

1

2

1

,

t

u

u

s

u

u

s

t

u

j

i

j

i

j

i

j

i

j

i

D

-

-

-

+

+

=

D

+

-

+

-

+

[image: image14.wmf]
[image: image15.wmf]1

0

0

)

0

,

(

1

0

)

1

(

2

)

0

,

(

£

£

=

¶

¶

£

£

-

=

x

t

x

u

x

x

x

x

u


The concentration of the evaporated liquid in the air, u, is a function of both time, t, and distance, x, from the rim of the tank, where the total distance from the surface of the liquid to the rim is 1 metre. The concentration is given by the parabolic partial differential equation:
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a) Using the explicit scheme for parabolic equations, implemented in Excel, calculate the concentration with (x = 0.2m and (t = 0.01 hours for 10 time steps. Provide a suitable graph in Excel to show the solution and print out a hardcopy.

[5 marks]

b) Now modify your Excel model to calculate the concentration in the air with (x = 0.2m and (t = 0.02 hours. What behaviour do you see in the solution and why does it occur? Provide a suitable graph in Excel of the solution and print out a hardcopy.

[5 marks]

c) Explain, in your own words, and in sentences rather than bullet points, the difference between explicit and implicit schemes and state, without proof, what advantages could be expected by using an implicit scheme for this problem.
[5 marks]

d) Using the implicit scheme implemented in Excel, calculate the concentration with (x = 0.2m and (t = 0.02 hours for 10 time steps. Provide a suitable graph in Excel to show the converged solution and print out a hardcopy.

[10 marks]
e) Given that the implicit scheme works for  (t = 0.02 hours, and that the solution now predicts over a period of 0.2 hours (12 minutes), what is the reason for not increasing  (t to, say, 0.1 hours to get predictions for an hour.
3.
The following equation represents the dependent variable 
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subject to initial conditions 
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and boundary conditions

[image: image18.wmf])

4

1

(

)

1

(

2

)

(

)

4

1

(

1

,

,

2

,

1

,

1

2

1

,

t

u

u

s

u

u

s

t

u

j

i

j

i

j

i

j

i

j

i

D

-

-

-

+

+

=

D

+

-

+

-

+



a) Using central difference formulas to approximate the partial differentials in the hyperbolic equation show that 


where

[4 marks]

b) Using central difference formulas to approximate the derivative boundary condition, and a spacing of (x = 0.1, (t = 0.05, write the finite difference equations at the points with (x,t) values (0.5,0.05), (0.5, 0.1).

[6 marks]

c) Implement the scheme in Excel to calculate the values of 
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 over the domain. Provide a suitable graph in Excel to show the solution at t=1 and print out a hardcopy of the associated values. 
[20 marks]
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