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Vectorizing a Cosine Series

This document shows how to vectorize a cosine series expansion.

Problem:
We want to evaluate the following function for several values with MATLAB.

X(t) = i A cos@mf, t+@, )= R{i xkéZﬂkt}

where X, = A €% and the variablesp , f,, and ¢, are given. Knowing that MATLAB is

inefficient when doing heavy calculations within loops, we want to do this calculation using
matrix-vector techniques.

Solution:

Lets assume that we want to calculaf¢) for t,, t,, andt,. Expanding the summation, we see
that we need to find

X(t1) = Alcosenfltl-l_ 2 )+ Az COSQm‘ztﬁ Q, )'+ AN COQTfN t1+ Py )

X(tz) = A&COSchltz + 901)"' Az 0052711‘th+ Q, }"' A\l COQTfN t2"' N )

X(ts) = A&COSanlts"' (P1)+ Az Cosenfzts"' Q, )"" A\I COSZ]TfN t3+ Py )
Using matrix-vector notation we can rewrite this as

A
X(t1) COSanltl"'q)l) 005271fzt1+<02 ) COWNtl-" §0N Az
X(t,) | =|cos@rft, +@,) cosRrft,+@,) --- CcOHLt,+ @, :
X(ta) COSanlta + §01) COSQNf 2t3+ ®, ) COSZﬂth 3+ q)N
== LA
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or more simply as
x =Ca.

Since the cosine function works element-by-element, we can pull it outside of the @Gatnik
instead calculate

x =cosG ja

where
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The prime mark in the above equation denotes the matrix (vector) transpose operation. Thus,

fr=[f f, ful

and

?=[o o
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