ENGG407 Midterm Solutions
[  b  ] 1. The Newton-Raphson iteration of 
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    is suitable for:
a. determining a solution of 
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b. determining the maxima of 
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c.  nothing, the expression is meaningless

d. expressing the second order Taylor series of 
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e. a linear interpolation of 
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 between 
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[ c  ] 2. What is the requirement for the relationship between the number of data points n, and the order of a polynomial, m that is used to fit the data?  

a. n (  m 
b. n < m
c. 
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e. 
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[  d ] 3. How is it known that a root of a nonlinear function 
[image: image11.wmf]()

fx

exists within a given bracket [a, b]?
a. f(a)<f(b)
b. f(a)=f(b)
c. f(a)f(b)>0 
d. f(a)f(b)<0
[  a ] 4. How many valid significant decimal digits will be obtained from the following numerical function? 

 f (x)= 8.0010 – 4.5 (x – sin(x)) / 3.268972
(assume that the number of significant figures for each number is the number of digits shown).
a. 1
b. 2
c. 6 
d. machine dependent
[ c  ] 5. In a binary floating point representation what determines the machine epsilon.

a.  exponent value
b.  number of bits in exponent
c.  number of bits in mantissa
d. machine epsilon does not depend on the binary representation of the number

[ d  ] 6. Given f(x) as a continuous function for which 
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.  How can we know that 
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a. 
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d. 
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e. 
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[  b ] 7. What is/are the eigenvalue(s) of the following matrix 
[image: image20.wmf]12

34

éù

êú

ëû

?
a. 1
b.  -0.37, 5.37
c.  1.4, 11.8

d. 
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[ d  ] 8. What is a possible eigenvector or the of the following matrix 
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a. (1,0)
b.  (1,1)
c.  (2,1)

d. all of the above
e. none of the above
[  c ] 9. How to detect the trend of a nonlinear function f(x) as being ascending at x0 and x0+(x, where (x is a positive real number close to machine epsilon?

a. 
[image: image23.wmf](

)

(

)

oo

fxxfx

-D=


b.  
[image: image24.wmf](

)

(

)

oo

fxxfx

-D<


c.  
[image: image25.wmf](

)

(

)

oo

fxxfx

+D>



d. 
[image: image26.wmf](

)

(

)

(

)

20

ooo

fxxfxxfx

+D+-D-<


[ b  ] 10. Given a system of linear equations 
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, according to the LU decomposition method, where 
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, what is the procedure for finding
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?

a. one back-substitution operation of 
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to find  
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 directly
b.  back-substitution of L followed by back substitution of U 
c.  back-substitution of U followed by back substitution of L

d.  none of the above
[ b  ] 11. What is the first order Taylor expansion of the function 
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b.  
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c.  
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e.  
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[  c ] 12. In the bisection method, the root of 
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 is to be determined given an initial bracket of 
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.  After 10 iterations of the bisection method, what is the length of the bracket or uncertainty interval?

a. 
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d. can’t tell, depends on 
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[ d  ] 13. In the false position method (also known as the regula falsi method), the root of 
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 is to be determined given an initial bracket of 
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.  After 10 iterations of the false position method, what is the length of the bracket or uncertainty interval?

a. 
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d. can’t tell, depends on 
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[ a  ] 14. It is desired to determine the solution of 
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 using the Newton Raphson method with an initial guess at 
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.  The solution will:

a. fail at the first iteration
b. converge to an incorrect complex root
c.  converge rapidly to the correct root
d. diverge over a number of iterations
[  b ] 15. Given the objective of determining the minimum value of 
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 where it is known that
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 has several known local minimums and local maximums in addition to the desired global minimum a good method is to:

a. Apply the secant method followed by the bisection method

b. Apply a random search followed by the golden ratio overlap interval method applied to a bracket around the random guess that gives the minimum value

c. Apply the golden ratio overlap method followed by a random search 
d. Apply the iterations of 
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 until satisfactory convergence is attained

[  c ] 16. Crout’s method of LU decomposition is applied to the matrix
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.  What are the L and U matrices?

a. 
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b. 
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c. 
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d. none of the above

[ a  ] 17. Why are floating point numbers used for general numerical computation?

a.  They provide a large range and high resolution for small magnitude numbers

b.  They are logarithmic which facilitates arithmetric computation

c.  They are not referenced to an absolute as they are floating

d.  None of the above

[ b ] 18. Consider the matrix 
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 that has an eigenvalue of 
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 corresponding to an eigenvector of 
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 can be regarded as a transformation of the eigenvector 
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 such that:  

a.  
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 is a vector that is collinear with 
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c.  
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 is a vector in the opposite direction of  
[image: image72.wmf]v

with a length of 
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 times the length of
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d.  
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 is a vector that is orthogonal to 
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with a length of 
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 times the length of
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[  b ] 19. The Gauss Seidel method for solving a linear system of equations 
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a. Requires a pre-decomposition stage followed by a back substitution

b. Converges quickly when the magnitude of the diagonal components of 
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are large in comparison with all of the off diagonal terms

c. Is an efficient way of performing the Gaussian elimination of 
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.

d. Does not converge when the dimension of 
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 is too large

e. None of the above

[ d] 20. A cubic spline is used for piecewise curve fitting of a set of data.  Which of the following is true:

a. the data samples must be uniformly spaced

b. at least 4 data samples must be used

c. if 6 data samples are available then 6 cubic spline segments can be determined

d. The spline interpolation can be determined if only two data samples are available and two end conditions

e.  None of the above
2.  (10) Linear Equations

Solve the following system of linear equations by comparative methods: 
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a) (3) Write the set of iterative equations in the explicit form according to the Gauss-Seidel method.
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b) (3) Determine 
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 at the outcome of the first and second iteration. Start with the initial guess of xk = 0 for all k.  
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x1=0;x2=0;x3=0;
x1p = -1.5-x2/2
x2p=2-x1/2-x3/2
x3p=1.5-x2/2
x1 = -1.5-x2p/2
x2=2-x1p/2-x3p/2
x3=1.5-x2p/2
A = [[2,1,0];[1 2 1];[0,1,2]];
x = A\[-3;4;3]
c) (4) Verify your answers using any elimination method such as the Gaussian or Gauss-Jordan elimination method. 
x =

   -3.5000

    4.0000

   -0.5000
3.  (10) Optimization
Consider the function of 
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a. (5) Show how to apply the overlapping interval method to find the maximum of 
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.  Assume an initial bracket of 
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 and an interval length that is 0.6 of the overall bracket width.  Show a diagram of the overall intervals with the function evaluations made for the first iteration.  Approximate the function evaluations from the plot given.  

x1 = 0.6*4+0=2.4

x2 = 4-0.6*4=1.6

f(x1)=-4

f(x2)=5

as f(x1)<f(x2) choose the lower interval.

Show this on a diagram
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(2.4, - 4)  

(1.6,5)  

selected interval as f(x2)>f(x1)  


b. (5) Show how to apply the Newton Raphson method to find the  maximum of 
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.  Determine the relation for the first iteration.  You do not have to evaluate the functions.
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4(10)  Data Interpolation
4. (10) A set of data has been collected from an experiment as follows: 


x = [8 11 15 18 22]      y = [5 9 10 8 7]  


Consider a two section spline interpolation of this data with one spline extending over the range 
[image: image98.wmf]815
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 with coefficients A1 = [-0.15, 4.27, -19.28] and the second spline extending over the range of 
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 with coefficients A2 = [0.06, -2.63, 36.07].  The data and splines are shown in the figure below:
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a) (4) Write the two spline interpolation functions.

b) (6) The maximum of f(x) will be found using the binary search optimization method based on the plotting of the curve as shown below. Determine the values of the variables in the blank elements of the following table for the second to fourth iterations according to the binary search optimization method.
	i
	xL
	xU
	xb
	Lbracket
	fmax(xb)  [approx.]

	1
	8
	22
	15
	14
	10

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


[Answers]

a)

fspline1(x) = -0.15x2 + 4.27x  - 19.29
fspline2(x) = 0.06x2 - 2.63x + 36.07  
b) 

	i
	xL
	xU
	xb
	Lbracket
	fmax(xb)  [approx.]

	1
	8
	22
	15
	14
	10

	2
	8
	15
	11.5
	7
	9.5

	3
	11.5
	15
	13.25
	3.5
	10.1

	4
	13.25
	15
	14.125
	1.75
	10.2
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