Math 5101 HOMEWORK 10

Recall the following facts on the complex roots of 1:

The n complex solutions of the equation 2" = 1, called the n'™ roots of
unity, are z = exp[2mik/n], k=0,1,...,n— 1.

21 is called the primitive n'® root of unity. We have z, = z{“ .
Recall the formula 2" — 1 = (z — 1)(2" ! +2""2 4+ ... + 2z + 1). This shows
that 21, 29,...,2,—1 satisfy 2" 1 42" 2+ ... +2+1=0.
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1. Let w = *™/™ be the primitive n'" root of unity.

Consider the matrix

1 .
U= ﬁ[ Jk]j,k:O,l,...,n*l

which is, in fact, the Fourier Matrix:
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Show that U is unitary.

2. Find the matrix P which takes any vector in R* to its orthogonal pro-
jection on the (2-d) plane spanned by the vectors (1,4,4,1) and (2,9, 8, 2).
3. Find the QR factorization of the matrix Z?ﬁ: 51(r)1t . Show all the
steps in your calculations, made without the use of a symbolic calculation
software.

4. If Q is an orthogonal matrix, is the same true for Q°?



