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Polarity is usually measured by energizing the system under test with a wide-band
asymmetrical test stimulus, such as a raised cosine pulse, and then observing the
system's output on an oscilloscope. For a well-behaved flat-response minimum-phase
system, such as an electronic device, the polarity determination is straightforward.
However, for a general band-limited non-minimum-phase system with non-flat frequency
response, such as a loudspeaker, the polarity assessment can be quite difficult due to
waveform distortion,

A measurement method is presented that uses a narrow-band asymmeitrical Hann-
windowed tone burst, along with synchronous detection, to evaluate polarity at many
points across a desired bandwidth. For a general system evaluated with tone bursts over a
narrow frequency range, polarity is not just a simple two-valued function, but a
continuum of valucs over the range of +180°, that varies with frequency. A preliminary
theory is presented that allows prediction of the tone-burst phase, and hence time-
constrained narrow-band polarity (herein called polarity phase), from the system's
conventional stcady-state sinusoidal phase and group-delay responses.

0. INTRODUCTION

According to conventional polarity definition, a system that inverts polarity only (does no
other processing other than polarity inversion), is defined as an operation that inverts the time

waveform of the input signal [f()—~f(®)]. In the frequency domain, a polarity reversal amounts to
multiplying the spectrum of the input signal by an operator that rotates the phase by a constant

*180° (r radians) at all frequencies [F(w)—*e”"F(w)]. From a practical standpoint, passing the
signal through an invertor stage or simply reversing the input leads to a loudspeaker will
accomplish this effect.

The audible effects of polarity inversion are a subject of great debate by the audio community
(a comprehensive airing of the issues and an excellent tabulation of comments and references from
many different sources, written from a vociferously pro standpoint, can be found in [1]). Ideally,
polarity standards should be maintained in a recording and reproduction chain, so that a positive
pressure (compression) at the recording microphone results in a positive pressure generated by the
playback loudspeaker.

In this paper, I will not address the audibility of polarity inversion, but discuss issues
pertaining to polarity measurement of band-limited systems, and specifically to polarity-like
modification effects of narrow-band signal waveforms by band-limited systems and systems in
general. I will show that a simple minimum-phase system can shift the phase of narrow-band
signal by any arbitrary amount and produce narrow-band signal effects indistinguishable from
polarity inversion.

I will describe a measurement method that evaluates the input/output narrow-band polarity-
phase behavior of a system at many different frequencies. The method uses a test stimulus, that is
constrained both in time and frequency, coupled with a synchronous detection scheme that allows
the envelope of the test system's time response to be evaluated in amplitude, phase and delay.






