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Date: December 29, 2003
Homework Number: 4

Homework Title: Exercise 4.24

Problem Description:

Let A be an n ( n real matrix of rank one.

(a) Show that A = uvT for some nonzero real vectors u and v.

(b) Show that uTv is an eigenvalue of A.

(c) What are the other eigenvalues of A?

(d) If power iteration is applied to A, how many iterations are required for it to converge exactly to the eigenvector corresponding to the dominant eigenvalue?

Problem Solution:

(a) Let u denote a vector consisting of components u1, u2 and let v denote a vector consisting of components v1, v2. According to the rules of matrix multiplication we can obtain matrix A representing uvT as follows:
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 =  A(2,2) with rank one
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Calculation of eigenvalues with characteristic polynomial:

det( uvT – 
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(c) An n ( n matrix A always has n eigenvalues, which are the roots of its characteristic polynomial. Therefore, the two solutions 
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= uTv, obtained from the previous problem, are the unique eigenvalues of matrix A.

(d)

Power Iteration:



x0 = arbitrary nonzero vector

for k = 1, 2, ...

      xk = A xk-1

{ generate next vector }

end

Applying the above algorithm to the stated problem leads to the following results:
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x1  =  Ax0  = 
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x2  =  Ax1  = 
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Hence, only 2 iterations are required to converge exactly to the eigenvector corresponding to the dominant eigenvalue uTv.
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