MA 355 Exam 1

1) (15 points) What are the first five derivatives of 
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2) (15 points) Find the Taylor’s Series about x=0 to terms O(x4) for the function f(x) = 
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3) (15 points) A given function f(x) is known to have 9 roots on the interval [1,250].  What else do you need to know to use the bisection method to find all of them?

1) f(x) must be continuous. (2)

2) Must have an interval containing only one root for every root (10)

3) Must change sign on those intervals, e.g., root must cross axis (3)

4) Given two vectors A = (1,4,2,6) and B = (1,5,3,7), compute the following

a) (5 points) The dot product of A and B.
1*1+4*5+2*3+6*7=1+20+6+42=69

b) (10 points) The magnitude of A (||A||) and the magnitude of B(||B||)
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5) (10 points) Given the two matrices
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6) (5 points) What is the element in the 4th row and 3rd column of the matrix produced by the following multiplication?
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(6 7 8 9 10 11)(1 –1 0 1 –1 0) = 6-7+9-10=-2

7) (10 points) Can the following matrix be inverted?  Explain.
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No, det(A) = 0.  Two ways to tell:

1) A is tridiagonal: hence, the determinant is the product of the diagonal elements = 1*0*-2 = 0.

2) Take the determinant of a 3x3 matrix by choosing a row and multiplying determinants of minor matrices by cofactors: for example, choose second row
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8) (5 points) What is the principal advantage triangular factorization has over Gaussian Elimination as an algorithm for solving linear systems?

Gaussian Elimination requires of order N3 operations: triangular factorization requires of order (1/3)N3.  Both require pivoting to be robust: each can invert any matrix which can be inverted at all.

9) (20 points) Describe the backsubstitution algorithm well enough that someone who didn’t know it, but who did know linear algebra, could code it correctly.  Then code it in MATLAB.  Use the back of the page, if necessary.

The backsubstitution algorithm requires a matrix equation with the matrix in upper tridiagonal form, e.g., all entries below the diagonal must be zero.  The matrix must also be square.

The algorithm begins with the lowest row, which can be solved trivially for the last variable.  Then, each row immediately above is solved in turn: in each row, only one variable appears with a non-zero coefficient that is not already known: that row is used to solve that variable.

MATLAB Code (many variants possible)

Function x=backsub(matrix, rhs)

% input matrix is an N x N matrix in upper triagonal form

% rhs is a vector of length N giving the right hand side of the matrix equation

n = length(rhs);

x = zeros(n,1);

% do the last row

x(n) = rhs(n)/matrix(n,n);

% now work our way up from the bottom, one row at a time

for I = n-1:-1:1


% each step includes all of the current row from the diagonal to the end


x(I) =(B(I) – matrix(I,I+1:n)*X(I+1:n))/matrix(I,I);

end
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