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1 Testing for a Term with Period p

Coertain phenomena may be the sum of penodic functions. For example,
mit) = ma(t) + mm(L) + my(L)

might be a function depending on a daily eyele (my), and monthly cycle (my, ).
and a yearly cycle (my). Yet, mi(l) itsell may or may not look periodic.

s Suppose that we know m(l) on the interval [-15, —m + 7]. Here
represents the amount of time before the present at which onr data
herins and 7 15 the time span for which we have collected data.

« We wish to know if our data m(l) has a perniodic component of period
p. If p 158 mmch less than 7, we may be able to detect snch a penod.

o We must compute the following three integrals:

miT
r = %fm mi(L) cos( 2wl /p) di (1)
miT
b = :_fm mi(l) sin( 2wt /p) di (2)
o= :_fmm IT:rn;[E]nE i (3)



o With these numbers computed, we then compute

a® + »

i

f= (4)

which has a value between (0 and 1. A spnificant component of the

original function m(l) with period p is signified by a large value for [

2 The Power Spectrum Function

In peneral, we may not have an a prnion goess of what the periods of the
components of m might be (if there are periods). In practice, a standard
approach is to compute many values of [ in (4) and see which values of p
mve s lanre [

3 Fourier Coefhicients

It 18 customary to change varables from the period p to the frequency v =
1/p. Then (1) and (2) become

a = }_[Wmlrm{tj cosl 2meel ) di (2]
b = j_fmmlrm{tj:iin[iﬂrm}dt. (G)

In this case, [ becomes a function of

_ o(w)® + bl
- :

f(v)

Thiz function is called the power spectral density inction.

4 An Example

Suppose that
m(l) = acos(2wlfq) + Fsin(2wl/q).

1= pernodic with perniod . We compute the Founer coefficients and the power
spectral density function.



5 Trigonometric Integrals

Founer cocfficients can often be computed in exact form. We need the fol-
lowing indefinite integrals. If A # B, then

| _sin((A— B)t)  sin((A+ B))
. fc-m-:{ﬂl]l-[.m[ﬂt] di = AA— R t A+ B)

cos((A— B)t)  cos((A + B))

. f&ﬁn{ﬂi}ms[h’i}dl =

2({A - B) 2(A + B)
gan((A— B sin( (A + B
g f sin( At) sin(Bt) dt = ‘ﬂ';{{{ﬂ - H}.‘Ji} - m;[[ﬂ :H]}”

If A= 8, then

t 1
. f cos (AL) di = 5 + g 8n(2A0)

. f&ﬁn{ﬂi}ms[dl} dl = —% cos(2AL)

t 1
. fsin"’mnmz 5~ g4 Sn(2AL)

6 Example

Suppose that m(l) = ¢ ¥ is defined on (—oo, 0o).

alv) = ]F{?'M{:m[iﬁmjd&

T

- Efmﬁ"'c{m[iwut}di
T Io

2 [2rve " sin2wil) — et cos(2mt) | ™
1+ 4w
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(1 + 4w??)




