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Frequency Analysis In The Ear
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Why Exceed 20kHz?!
* In order for a transducer to have a flat phase response up
to 20kHz requires a flat magnitude out to 40kHz

— By definition, at resonance, there is a 90deg phase shift

* Butinaudible high frequency components, eg. 30k & 33kHz
resonances, can produce intermodulation products that
“beat” down into the audio band of frequencies
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Phase Response of Measurement Mics
* From B&K Microphone Handbook

— Ewven a Y% inch microphone only has a flat phase response to 1kHz!

.‘-!I:Ich:r tone '
33 kHz tone
intermodulation

T T T 17T

amplitude [dBFS)

L=

- —

- SN

. NN

e 1% \.m \-:-:l
o NN

Phase of frequency responses (pressure) for
a) 1inch microphone

b} ¥ inch mic

¢) *inchmic

omm.zﬂiﬁ _




JAS Journal 2017 Vol.57 No.2 (3 H&)

T HIZR2EBYSFARBDOMBENE>TVEWEE—Y LRLIIEL RS, THD 2
DNDESF. ERICEZ 2 A HEL S, David Griesinger KA ERICEET 2 ERIE. EXREK
Y EMABEENSEZABONG, ] EXRRTWEEY., BBFEDOREIIEETH D,

[F Listen

Phase Response Matters

“The phase relationships of harmonics from a complex tone
contain more information about the sound source than the
fundamentals.” — David Griesinger
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If the harmonics are not in phase, the peak level will decrease
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Audio System Layout

« A typical sedan audio system was

2 ervoged

used for the study consisting of: ! i

» Head Unit
without distartion limiting o

- 25W continuous max output
<10% THD

» 6 speakers
3,57 instrument panel|
+ HP filtered at 1.2kHz
6dB/octave @
- 6.5 front door full range (low
front location
6x9 rear parcel shelf full range
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Statistical Analysis: ANOVA & T-Tests

« T-Test : Listener Experience — Enthusiast vs Casual Listener

Perfarmed two ways:
+ With all volume step 40 {max) combined
+ Separately volume step 40 by Song

Severity Difference by Experlence
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Fundamental vs. Volume Level

1/12th Oct. Frequency response of sedan audio system measured at
11 different volume levels from average 76-102dB SPL (C-weighted)
+ Usual peaks and dips inside a car due to reflections and standing waves

» There starts to be some severe compression happening at high levels
and low frequencies
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NCD Distortion (Bird on a Wire) vs. Level

TN Noe-Caverset Datorsae
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NCD with Jennifer Warnes music as the test signal. The average SPL
for volume level 30 was 94dBC
« Distortion increased with level at 60Hz (around resonance) and between
200 - 2 kHz, the distortion went down from 70 - 200Hz. Probably
because the speaker response is starting to compress the signal at low
frequencies and move the energy to higher frequencies as Rub & Buzz
: £
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NCD Distortion (Pink Noise) vs. Level

NED s Plak Nase

Non-Coherent Distortion is a normalized cross-correlation
measurement that determines the degree to which the system output
is linearly related to the system input (AES 121st preprint 6877)

» NCD with pink noise consistently Increases with volume level above
100Hz
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% NCD IZB83 %55## : S.Temme, 1215t AES Convention paper 6877 (2006 4F)
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