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In scientific study, many times it is needed that we take data samples of certain events that happen in time.  These come in many forms including intensities of stars over a given period of time, wheat prices in a ten-year period and more.  Sometimes these data sets have a specific period they follow.  Other times, they do not show any periodic properties.  How can you analyze this data to see if a harmonic pattern exists?  Peter Bloomfield’s Fourier Analysis of Time Series:  An Introduction gives a good mathematical basis for the methods used to examine these data.

Chapter one begins with a verbal definition of Fourier (harmonic) analysis.  This term is loosely used to describe any data-analysis, which describes or measures the fluctuation in a time series by comparing them with sinusoids.  Several different data sets are given which will be used in examples in later chapters.  Next a history of the Fourier methods is given.  Lagrange’s 1772 method to analyze the orbit of a comet is discussed.  His method was only truly useful when the data sets are short, and is also very sensitive to errors or disturbances.


The first method useful for larger data sets was introduced by Buys-Ballot in 1847.  Other tabular methods were introduced.  Stewart and Dodgson introduced a more complicated version, but the estimate of the period was improved.  All of these methods were very tedious and the availability of digital computers helped by carrying out the computations involved.  Lastly in 1965, Cooley and Tukey gave us the fast Fourier transform, which reduced the computations involved.


Chapter two covers various ways to estimate the periodicities present in any given data set.  First, a curve fitting method is given.  This method uses a least squares method, which is most useful when the model is a linear function of the unknown parameters.  Next, the least squares estimation of amplitude and phase is covered.  In this section, some trigonometric identities are given.  These identities are useful when working with the Fourier series.  Following is a section on how to find multiple periodicities in data sets.  Finally, the appendix to this section gives several routines in Fortran that will execute the methods are given in the chapter.  Several examples are calculated with these and presented in the text.


The next chapter covers harmonic analysis.  The least squares method, which was covered in chapter two, is useful when periodicity clearly exists in the data.  When periodicity is not clearly present, or non-existent at all, harmonic analysis is irreplaceable.  Harmonic analysis has at its basis, the following Fourier identities.
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When j=k=0 or n/2, the sine term vanishes completely.  This implies that the sines and cosines of the Fourier frequencies are orthogonal.  The remainder of the chapter covers how the discrete Fourier transform is used with complex-valued data.  Several examples are given including a generalized transform.  Following these are examples of analysis of special functions.


The remaining chapters of this book take the concepts covered in the first chapters and shows how the methods are applied.  Chapter four details for fast Fourier transform and gives an example program in Fortran to compute the Sande-Tukey Radix-2 FFT.  Chapter five gives specific examples that use the star intensity data that is given in chapter one.  Finally, spectrums and multiple series are covered. 


For anyone with an interest in harmonic analysis, this book would be a great benefit.  It is slightly rigorous in its mathematics, but does not overwhelm with equations.  Exercises are given in the form of calculation of series and also in proof form that help to solidify the topics covered.  The programming examples help to see how a machine would be programmed to carry out the calculations.  Overall this is a good introduction to time series analysis for anyone with an interest in mathematics.
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