CE2403 Differential Equations & Computational Methods


Problem Set 6 

Question 2

Using the Linear Finite-Difference Method to solve the second order differential equation,
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with w(0)=0 and w(1250)=0

Approximating at 25mm,  h=25mm ,  N=49 ,  xi=25 i for 1,2,…,49

Solving Aw=b,  

where w = [w1, w2, w3, w4, w5,…….., w49]T

           b =   
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The results are shown in the following table as well as the graph of W. against X

i=
Xi(mm)
Wi(mm)

i=
Xi(mm)
Wi(mm)

0
0
0

43
1075
1.247718

1
25
0.18485

44
1100
1.079894

2
50
0.368829

45
1125
0.907382

3
75
0.551105

46
1150
0.730877

4
100
0.730877

47
1175
0.551105

5
125
0.907382

48
1200
0.368829

6
150
1.079894

49
1225
0.18485

7
175
1.247718

50
1250
0

8
200
1.410199



9
225
1.566715


10
250
1.71668


11
275
1.859544


12
300
1.994792


13
325
2.121945


14
350
2.240559


15
375
2.350226


16
400
2.450572


17
425
2.541261


18
450
2.621991


19
475
2.692496


20
500
2.752544


21
525
2.801941


22
550
2.840526


23
575
2.868176


24
600
2.884801


25
625
2.890349


26
650
2.884802


27
675
2.868177


28
700
2.840527


29
725
2.801942


30
750
2.752546


31
775
2.692497


32
800
2.621993


33
825
2.541263


34
850
2.450574


35
875
2.350227


36
900
2.240561


37
925
2.121947


38
950
1.994793


39
975
1.859545


40
1000
1.716681


41
1025
1.566716


42
1050
1.4102


43
1075
1.247718
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Problem Set 7 









Question 2b
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 Given h=0.1 and k=0.04
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Using Crank-Nicolson Method:
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To compare results with actual solution at t=0.4
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Matrix Representation: 
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Solving Aw1=Bw0 using Gauss-Seidel method:
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The above procedure can be repeated to get w2, w3, ….., etc. The results are shown below:
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Comparison of the actual solution and approximation at t=0.4

Xi
Uij
Wij
|wij-uij|

0.1
0.2071
0.2078
0.0007

0.2
0.3940
0.3953
0.0013

0.3
0.5423
0.5441
0.0018

0.4
0.6375
0.6396
0.0021

0.5
0.6703
0.6725
0.0022

0.6
0.6375
0.6396
0.0021

0.7
0.5423
0.5441
0.0018

0.8
0.3940
0.3953
0.0013

0.9
0.2071
0.2078
0.0007
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Crank-Nicolson method uses a combination of Forward-Difference Method (FDM) and the Backward-Difference Method (BDM). The error for both the FDM and BDM is of order O(k+h2). With a combination of these two methods, the error is of order O(k2+h2). Since the error is now of a higher order, the approximations obtained are more accurate as seen from the graph.



Problem Set 7








Question 3

The temperature distribution in a cylinder subjected to alternating heating and cooling is governed by the following equation:
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where r is the radial distance from the center of the cylinder, t is the time and K is a diffusivity coefficient. Find the approximations to T(r,10) for a cylinder with outside radius 1, given the initial and boundary conditions:
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Using Centered-Difference Quotient,
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Using Backward-Difference Quotient for 
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)

(

)

(

)

(

)

)

4

(

,

2

,

,

,

2

2

1

j

i

j

i

j

i

j

i

t

r

t

U

k

k

t

r

T

t

r

T

t

r

t

T

T

g

¶

¶

+

-

=

¶

¶

=

-


Substituting equations (2) to (4) into (1)
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Simplify to:
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Substituting K=0.1, k=0.5 and h=0.1

Equation becomes:
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Solving using Awj=Wj-1
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For j=1, ti =0.5, W01 = 0.5, W51 = 120


W j-1
Wj

29.165
30.75

40
55.97

60
78.05

2613.2
99.70

For j=2, ti =1, W02 = 1.0, W52 = 140


W j-1
Wj

49.08
36.93

55.97
66.60

78.05
92.18

3055.1
116.98

For j=3, ti =1.5, W03 = 1.5, W53 = 160


W j-1
Wj

64.425
42.69

66.60
76.63

92.18
105.80

3494.58
133.98

For j=4, ti =2.0, W04= 2.0, W54 = 180


W j-1
Wj

79.35
48.40

76.63
86.59

105.80
119.35

3933.78
150.93

For j=5, ti =2.5, W05= 2.5, W55 = 200


W j-1
Wj

94.225
54.10

86.59
96.54

119.35
132.90

4372.95
167.89

For j=6, ti =3.0, W06= 3.0, W56 = 220


W j-1
Wj

109.09
59.80

96.54
106.49

132.90
146.44

4812.09
184.84

For j=7, ti =3.5, W07= 3.5, W57 = 240


W j-1
Wj

123.96
65.51

106.49
116.44

146.44
159.99

5251.24
201.79

For j=8, ti =4.0, W08= 4.0, W58 = 260


W j-1
Wj

138.83
71.20

116.44
126.38

159.99
173.51

5690.39
218.73

For j=9, ti =4.5, W09= 4.5, W58= 280


W j-1
Wj

153.69
76.91

126.38
136.35

173.51
187.08

6129.53
235.70

For j=10, ti =5.0,W010= 5.0,W510 =300


W j-1
Wj

168.56
82.61

136.35
146.30

187.08
200.63

6568.70
252.65

For j=11, ti =5.5,W011= 5.5,W511 =320


W j-1
Wj

183.425
85.95

146.30
151.84

200.63
207.83

6780.85
261.14

For j=12, ti =6.0,W012= 6.0,W512 =340


W j-1
Wj

195.93
93.59

151.84
165.51

207.83
226.97

7438.54
286.00

For j=13, ti =6.5,W013= 6.5,W513 =360


W j-1
Wj

212.74
99.67

165.51
176.07

226.97
241.19

7885.6
303.45

For j=14, ti =7.0,W014= 7.0,W514 =380


W j-1
Wj

227.98
105.42

176.07
186.10

241.19
254.81

8325.25
320.45

For j=15, ti =7.5,W015= 7.5,W515 =400


W j-1
Wj

242.90
111.13

186.10
196.06

254.81
268.37

8764.45
337.41

For j=16, ti =8.0,W016= 8.0,W516 =420


W j-1
Wj

257.77
116.83

196.06
206.01

268.37
281.90

9203.61
354.35

For j=17, ti =8.5,W017= 8.5,W517 =440


W j-1
Wj

272.64
122.53

206.01
215.96

281.90
295.45

9642.65
371.31

For j=18, ti =9.0,W018= 9.0,W518 =460


W j-1
Wj

2875.00
124.75

215.96
219.42

295.45
299.66

9747.91
375.82

For j=19, ti =9.5,W019= 9.5,W519 =480


W j-1
Wj

298.89
133.30

219.42
234.84

299.66
321.44

10508.62
404.41

For j=20, ti =10,W020= 10,W520 =500


W j-1
Wj(approximations to T(r,10))

317.00
135.16

234.84
237.49

321.44
324.16

10537.21
406.36
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