CE 2403 Differential Equations and Computational Methods

______________________________________________________________________________________

CE 2403 Tutorial Problems Set #4

Q1a.

	A
	1
	2
	3
	x(0)

	1
	1
	-1
	0
	-0.5

	2
	-2
	4
	-2
	1

	3
	0
	-1
	2
	0.5

	
	
	
	
	

	
	
	x(m)
	
	

	m
	(m)
	x1(m)
	x2(m)
	x3(m)

	0
	
	-0.50000
	1.00000
	0.50000

	1
	4.00000
	-0.37500
	1.00000
	0.00000

	2
	4.75000
	-0.28947
	1.00000
	-0.21053

	3
	5.00000
	-0.25789
	1.00000
	-0.28421


Let A = 
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Given x(0) = ( -0.5, 1, 0.5)T

||x0||( = 1

thus P0 = 2

First iteration:

y1 = Ax0 

    = 
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(1 = y12 = 4
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Second iteration:

y2 = Ax1 

    = 
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(2 = y22 = 4.75
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Third iteration:

Y3 = Ax2 

    = 
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(3 = y32 = 5
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Q1b.

	A
	1
	2
	3
	4
	x(0)

	1
	4
	1
	1
	1
	-0.5

	2
	1
	3
	-1
	1
	0

	3
	1
	-1
	2
	0
	0.5

	4
	1
	1
	0
	2
	1

	
	
	
	
	
	

	
	
	x(m)
	
	
	

	m
	(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	-0.50000
	0.00000
	0.50000
	0.00000

	1
	1.50000
	-0.33333
	0.00000
	0.33333
	1.00000

	2
	1.66667
	0.00000
	0.20000
	0.20000
	1.00000

	3
	2.20000
	0.63636
	0.63636
	0.09091
	1.00000


Q1c

	A
	1
	2
	3
	4
	x(0)

	1
	5
	-2
	-0.5
	1.5
	0.5

	2
	-2
	5
	1.5
	-0.5
	0.5

	3
	-0.5
	1.5
	5
	-2
	0

	4
	1.5
	-0.5
	-2
	5
	1

	
	
	
	
	
	

	
	
	x(m)
	
	
	

	m
	(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	0.50000
	0.50000
	0.00000
	1.00000

	1
	5.50000
	0.54545
	0.18182
	-0.27273
	1.00000

	2
	6.27273
	0.63768
	-0.17391
	-0.53623
	1.00000

	3
	7.11594
	0.74542
	-0.48473
	-0.73931
	1.00000


Q1d

	A
	1
	2
	3
	4
	x(0)

	1
	-4
	0
	0.5
	0.5
	0

	2
	0.5
	-2
	0
	0.5
	0

	3
	0.5
	0.5
	0
	0
	0

	4
	0
	1
	1
	4
	1

	
	
	
	
	
	

	
	
	x(m)
	
	
	

	m
	(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	0.00000
	0.00000
	0.00000
	1.00000

	1
	4.00000
	0.12500
	0.12500
	0.00000
	1.00000

	2
	4.12500
	0.00000
	0.07576
	0.03030
	1.00000

	3
	4.10606
	0.12546
	0.08487
	0.00923
	1.00000


Q2a

	A
	
	1
	2
	3
	x(0)

	1
	
	1
	-1
	0
	-0.5

	2
	
	-2
	4
	-2
	1

	3
	
	0
	-1
	2
	0.5

	
	
	
	
	
	

	
	
	
	
	
	

	M
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)

	0
	
	
	-0.5
	1
	0.5

	1
	0.17414
	8.90909
	-0.26027
	-0.30137
	1.00000

	2
	-0.41868
	0.77820
	-0.69637
	1.00000
	0.81847

	3
	0.06907
	17.64493
	-0.38058
	-0.09079
	1.00000
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Q2b

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	4
	1
	1
	1
	-0.5

	2
	
	1
	3
	-1
	1
	0

	3
	
	1
	-1
	2
	0
	0.5

	4
	
	1
	1
	0
	2
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	M
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	-0.5
	0
	0.5
	1

	1
	21.52500
	1.37979
	-0.36934
	-0.25087
	0.21254
	1.00000

	2
	20.44077
	1.38226
	-0.38302
	-0.23472
	0.23805
	1.00000

	3
	20.57213
	1.38194
	-0.38188
	-0.23618
	0.23590
	1.00000
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    = 1.33333
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Given x(0) = ( -0.5, 0, 0.5,1)T

||x0||( = 1

thus P0 = 4
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By LU factorization, 

	
	aij
	j = 1
	2
	3
	4
	
	b

	
	i = 1
	2.6667
	1
	1
	1
	
	-0.5

	A
	2
	1
	1.6667
	-1
	1
	
	0

	
	3
	1
	-1
	0.6667
	0
	
	0.5

	
	4
	1
	1
	0
	0.6667
	
	1

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	lij
	j = 1
	2
	3
	4
	
	y

	
	i = 1
	1
	0
	0
	0
	
	-0.5

	L
	2
	0.374995
	1
	0
	0
	
	0.187498

	
	3
	0.374995
	-1.0645
	1
	0
	
	0.8871

	
	4
	0.374995
	0.48386
	-0.24772
	1
	
	1.31652

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	uij
	j = 1
	2
	3
	4
	
	x

	
	i = 1
	2.6667
	1
	1
	1
	
	-7.94439

	U
	2
	0
	1.291705
	-1.375
	0.625005
	
	-5.39656

	
	3
	0
	0
	-1.1720
	0.29031
	
	4.571511

	
	4
	0
	0
	0
	0.061204
	
	21.51034
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by changing the value of 
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 we continue for the next 2 iterations.

Q2c
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    = 5

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	5
	-2
	-0.5
	1.5
	0.5

	2
	
	-2
	5
	1.5
	-0.5
	0.5

	3
	
	-0.5
	1.5
	5
	-2
	0

	4
	
	1.5
	-0.5
	-2
	5
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	m
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	0.5
	0.5
	0
	1

	1
	-0.41667
	3.60000
	-0.14286
	1.00000
	0.14286
	0.71429

	2
	-0.59524
	4.32000
	-0.24138
	0.86207
	-0.37931
	1.00000

	3
	-0.75287
	4.67176
	-0.61151
	1.00000
	-0.55396
	0.94245


Q2d
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    = 4

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	-4
	0
	0.5
	0.5
	0

	2
	
	0.5
	-2
	0
	0.5
	0

	3
	
	0.5
	0.5
	0
	0
	0

	4
	
	0
	1
	1
	4
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	M
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	0
	0
	0
	1

	1
	-0.51957
	4.07533
	0.05048
	0.06566
	0.00968
	1.00000

	2
	-0.52544
	4.09682
	0.06035
	0.08189
	0.01492
	1.00000

	3
	-0.52711
	4.10288
	0.06230
	0.08581
	0.01706
	1.00000


Q3(a)

Using random values for q = 200,150,50,10 we obtained the required values for where
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Thus 
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Try q1 = 200

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	114.6
	-57.3
	0
	0
	1

	2
	
	-57.3
	114.6
	-57.3
	0
	1

	3
	
	0
	-57.3
	114.6
	-57.3
	1

	4
	
	0
	0
	-57.3
	57.3
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	M
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	1
	1
	1
	1

	1
	0.01439
	269.47696
	-0.36997
	1.00000
	-0.67184
	0.44990

	2
	0.35824
	202.79146
	-0.65887
	1.00000
	-0.88025
	0.34466

	3
	0.41934
	202.38472
	-0.65256
	1.00000
	-0.87946
	0.34738

	4
	0.41864
	202.38869
	-0.65271
	1.00000
	-0.87938
	0.34729

	5
	0.41864
	202.38870
	-0.65270
	1.00000
	-0.87939
	0.34730

	6
	0.41864
	202.38869
	-0.65270
	1.00000
	-0.87939
	0.34730

	7
	0.41864
	202.38869
	-0.65270
	1.00000
	-0.87939
	0.34730

	8
	0.41864
	202.38869
	-0.65270
	1.00000
	-0.87939
	0.34730

	9
	0.41864
	202.38869
	-0.65270
	1.00000
	-0.87939
	0.34730

	10
	0.41864
	202.38869
	-0.65270
	1.00000
	-0.87939
	0.34730


Try q2 = 50

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	114.6
	-57.3
	0
	0
	1

	2
	
	-57.3
	114.6
	-57.3
	0
	1

	3
	
	0
	-57.3
	114.6
	-57.3
	1

	4
	
	0
	0
	-57.3
	57.3
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	M
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	1
	1
	1
	1

	1
	0.03817
	76.19663
	-0.52128
	-0.34937
	0.36572
	1.00000

	2
	0.07608
	63.14475
	0.97547
	1.00000
	0.08508
	-0.83410

	3
	0.12676
	57.88920
	-0.97662
	-0.97067
	0.01593
	1.00000

	4
	0.13416
	57.45356
	0.99911
	1.00000
	0.00267
	-0.99493

	5
	0.13667
	57.31702
	-0.99930
	-0.99914
	0.00046
	1.00000

	6
	0.13690
	57.30443
	0.99997
	1.00000
	0.00008
	-0.99985

	7
	0.13698
	57.30049
	-0.99998
	-0.99998
	0.00001
	1.00000

	8
	0.13698
	57.30013
	1.00000
	1.00000
	0.00000
	-1.00000

	9
	0.13699
	57.30001
	-1.00000
	-1.00000
	0.00000
	1.00000

	10
	0.13699
	57.30000
	1.00000
	1.00000
	0.00000
	-1.00000


Try q3 = 10

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	114.6
	-57.3
	0
	0
	1

	2
	
	-57.3
	114.6
	-57.3
	0
	1

	3
	
	0
	-57.3
	114.6
	-57.3
	1

	4
	
	0
	0
	-57.3
	57.3
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	m
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	1
	1
	1
	1

	1
	-0.13076
	2.35234
	0.32045
	0.62774
	0.86825
	1.00000

	2
	-0.31846
	6.85992
	0.34892
	0.65452
	0.88028
	1.00000

	3
	-0.32413
	6.91482
	0.34719
	0.65258
	0.87932
	1.00000

	4
	-0.32373
	6.91098
	0.34730
	0.65271
	0.87939
	1.00000


	5
	-0.32375
	6.91124
	0.34730
	0.65270
	0.87938
	1.00000

	6
	-0.32375
	6.91122
	0.34730
	0.65270
	0.87939
	1.00000

	7
	-0.32375
	6.91123
	0.34730
	0.65270
	0.87939
	1.00000

	8
	-0.32375
	6.91123
	0.34730
	0.65270
	0.87939
	1.00000

	9
	-0.32375
	6.91123
	0.34730
	0.65270
	0.87939
	1.00000

	10
	-0.32375
	6.91123
	0.34730
	0.65270
	0.87939
	1.00000


Try q4 = 150

	A
	
	1
	2
	3
	4
	x(0)

	1
	
	114.6
	-57.3
	0
	0
	1

	2
	
	-57.3
	114.6
	-57.3
	0
	1

	3
	
	0
	-57.3
	114.6
	-57.3
	1

	4
	
	0
	0
	-57.3
	57.3
	1

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	m
	(m)
	k(m)
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	0
	
	
	1
	1
	1
	1

	1
	-0.01746
	92.73690
	1.00000
	0.38156
	-0.23637
	0.76383

	2
	-0.04828
	129.28779
	1.00000
	-0.25633
	-0.70372
	0.60565

	3
	-0.05873
	132.97286
	1.00000
	-0.32064
	-0.87808
	0.65401

	4
	-0.06450
	134.49660
	1.00000
	-0.34724
	-0.87223
	0.64852

	5
	-0.06424
	134.43370
	1.00000
	-0.34614
	-0.88049
	0.65315

	6
	-0.06456
	134.50942
	1.00000
	-0.34746
	-0.87891
	0.65242

	7
	-0.06450
	134.49570
	1.00000
	-0.34722
	-0.87950
	0.65276

	8
	-0.06452
	134.50112
	1.00000
	-0.34731
	-0.87935
	0.65268

	9
	-0.06452
	134.49973
	1.00000
	-0.34729
	-0.87940
	0.65271

	10
	-0.06452
	134.50018
	1.00000
	-0.34730
	-0.87938
	0.65270


	
	0.175w2
	Natural vibration frequencies, wk
	x1(m)
	x2(m)
	x3(m)
	x4(m)

	1
	202.3887
	34.00745
	-0.6527
	1
	-0.87939
	0.347296

	2
	57.3
	18.09499
	1
	1
	0
	-1

	3
	6.912257
	6.284792
	0.347296
	0.652704
	0.879385
	1

	4
	134.5001
	27.72313
	1
	-0.3473
	-0.87939
	0.652704


3(b)

	wk
	a1(k)
	a2(k)
	a3(k)
	a4(k)

	34.00745
	-0.6527
	1
	-0.87939
	0.347296

	18.09499
	1
	1
	0
	-1

	6.284792
	0.347296
	0.652704
	0.879385
	1

	27.72313
	1
	-0.3473
	-0.87939
	0.652704


Calculating a(k)i/ a(k)1 

	xi
	ai1/a11
	ai2/a12
	ai3/a13
	ai4/a14

	0
	1
	1
	1
	1

	2
	-1.53209
	1
	1.879385
	-0.3473

	4
	1.347296
	0
	2.532089
	-0.87939

	8
	-0.53209
	-1
	2.879385
	0.652704


The values of xi , chosen arbitrarily to have an interval of 2 starting from 2, are plotted against a(k)i/ a(k)1 . The modal shapes from the graph show the vibrations of the building at the various heights xi corresponding to the natural frequency wk. 
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