https://www.merlijnvanveen.nl/en/study-hall/165-group-delay-101

GROUP DELAY 101

If you lookup group delay on Wikipedia, you'll find the following definition:
"Group delay is the time delay of the amplitude envelopes of the various sinusoidal components of a
signal through a device under test (DUT)."

Ecnu Bl nocmMoTpuTe rpynnoByto 3agepXxKy B Bukuneauu, Bel Hangete cnegyroulee
onpegerneHve:
«[pynnoeas 3adepicka — 3mo epeMeHHas 3a0epicka o2ubarwjux amnaumyo pasiuyHbIx
CUHYCOUOQIbHbIX COCMABASIIOWUX CURHANA, NPpoX00siLye20 Yepe3 mecmupyemoe ycmpoticmeo (DUT)».

Where various can be thought of as assorted or mixed.

The first time | read that, my initial thought was: "Come again?". | mean seriously, what does
that even mean?

During the past three years, this long-dreaded article has been slowly taking shape in my mind.
Finally, | have found the courage to write it because frankly, | don't know if | even understand it
myself. So here goes nothing.
Before we jump in at the deep end, let's start with phase delay first.

['oe pa3sHoe MOXHO paccMaTPMBATh KaK pa3sHOe WK CMeLlaHHoe.

Korza s BnepBble 3 TO Npoun Tan, MOen NepBov MbiC/blo bbino: «Mpuxoam ewe?». Cepbe3Ho,
4TO 3TO BOODOLLE 3HAUN T?

B TeuyeHne nocneaHuxX Tpex neT 3Ta AABHO Myrawol,as cTaTbhba MeA/leHHO obpe Tana
dbopMy B Moem co3HaHuK. HakoHel, s Hawwesn B cebe cMeNoCTh HANMMCaTh €e, MO TOMY 4 TO,
YeC THO roBOpA, A AAXKe He 3HAl0, MOHUMALO /1M A ee CaM. Tak YTO 34€eCb HAYEro HeT.
Mpexpae yem Mbl NPbIFHEM B CaMyto rybb, AaBari Te€ CHayana HauYHeM C 3aZepPXKKu da3bil.

"Phase delay is the time delay of the phase experienced by the individual sinusoidal components."

To calculate phase delay in milliseconds use the following equation.
«Pa3oBan 3a4epkKa — 3 TO BpeMeHHaA 3a4epxkka asbl, UCMbl TbiBaeMas O TAe/IbHbIMU
CYHYCOMATbHBIMW KOMMOHEH TaMu».

YT06bl paccumTa Th ha30Bylo 3a4€PXKKY B MUIIMCEKYHAAX, UCNONb3YN Te Cneayouiee
YpaBHEHMeE.

Where ¢ is phase in degrees and fis frequency in hertz.

Notice the minus sign. I chose to ignore the minus sign for the better part of my career only to find out,
the hard way, that it's there for a reason.
Toe p — ¢haza 6 epadycax, a f— uacmoma 6 I epyax.

Obpamume 6numanue Ha 3HaK MUHyc. A pewun ueHopuposams 3HaK MUHYC HA NPOMANCEHUU DONbULEN
yacmu ceoell Kapbvepwvl, HO HA cobcmeennom 2OPpbKOM onblme 06Hapy:>fcuﬂ, umo OH cywecmeyem He
npocmo mdakx.
"Whether you owe me money or | owe you money,
the difference is only a minus sign."
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«He3aBUCMMO OT TOrO, AO/IKEH N T bl MHE OeHer Uin A AOJKeH Tebe AeHer,

pasHUUa COCTaBNA€ T JIMWLb 3HAK MUHYC».,
Walter Lewin

If we apply equation 1 to the phase response shown in figure 1, a typical response you would
expect to see for a conventional 2-way loudspeaker, we obtain the green trace shown in the
bottom chart of figure 1.

For this equation to work, it's mandatory to count phase, while being mindful of wraparounds,
from low to high frequencies, or DC to daylight. Furthermore, as we're about to discover, do not
automatically assume that 0° at 0 Hz implies no delay!

Ecnum Mbl npyMeHM ypaBHeHue 1 K pa30BOM Xapak TepuC TUKe, MOKa3aHHOW Ha puCyHKe 1,

T UMNYHOM XapaK TepuC TUKe, KO TOPYHO Bbl OXWAAE Te YBUAETb OT 0DbIYHOMO 2-MOSIOCHOIO
rPOMKOIrOBOPY T€NA, Mbl MOMYYMM 3€/1€HYI0 KPUBYIO, MOKA3aHHYH Ha HUXHEN anarpamme
pucyHKa 1.

YT06bl 3TO ypaBHEHUE pPabO Tano, HEOOXOAMMO 0bs3a TesIbHO CYNTA Tb a3y, MOMHA O
nepe TeKaHUM O T HU3KMX YACTO T K BbICOKMM WM OT MNOC TOAHHOIO TOKA K AHEBHOMY CBe TY.
bBonee Toro, Kak Mbl BCKOpe 0BHapYXUM, He cliegye T aB TOMa TUYECKU NpeanonaraTh, YTO
0° npn O 'y, He O3Ha4Yae T OTCY TC TBUA 3aLepPXKKU!
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figure 1

Undefined and indeterminate
To calculate phase angle from time delay in milliseconds use equation two.
HeonpeaeneHHbIN U COMHU TE€NbHbIN

Y T06bl BLIMNCIM T (ha30BbIV Yo/ MO BPEMEHHOM 3a4ePXKKE B MUIIMCEKYHAAX, UCMONb3YN Te
ypaBHeHVe ABa.

__(t _ |t ~(ex L
o= (Tx:}ﬁﬂ)_ {M} x 360 | = (txmmx%{]) (2)
f




Where ¢ is phase angle in degrees, t is time delay in milliseconds,
T is frequency time period in milliseconds, and fis frequency in hertz where f£0££0.

Now to begin, DC or zero hertz isn't sinusoidal as in periodic and if you divide by zero
bad things happen (so I'm told). The time period of zero hertz is undefined; there's no good

definition for it. However, the one-sided limit for a frequency's time period (T=1000/f)
(T=1000/f) in the denominator of equation 2, when frequency approaches DC from the right,
explodes to infinity.

['0e @ — ghazoenil yaorn 6 epadycax, t — epeMeHHas 3adep)xka 8 MUsIIucCeKyHoax,
T — nepmoa 4ac To Thl U BpeMeHU B MUIIMCEKYHAAX, a f — yacTo Ta B repuax, rae f+0f+0.

Tenepb oN8 HaYana, NOC TOAHHBIA TOK WKW HOMb repL, He CUHYCOMAJIbHBIN, Kak
NnepruoanNYecKnn, N eCIM Bbl PA3Ae/INTe Ha HOJMb, MPOU30MAY T MJIoXue Bewm (Tak MHe
ckasann). lNepuopg BpemMeHu C HyneBbIM repueM He onpeaeseH; Aas 3TOro He T xopowero
onpeaenexHnsa. O4HaKO OQHOC TOPOHHWI Npeaen nepuoaa BpeMeHn 4ac 7o Thl (T=1000/f)
(T=1000/f) B 3HaMeHa Tene ypaBHeHMs 2, KOr4a 4ac To Ta Npubnamnxae Tcs K Noc TOSHHOMY
TOKY CrnpaBa, CTPEMUTCA K BECKOHEYHOC TH.

Therefore, if it takes you forever to finish a single cycle at DC, no amount of time delay
will introduce a phase offset other than zero degrees which in the future might lead you to
mistake zero degrees offset at DC for no time delay.

CnepoBaTenbHO, €C/IM BaM NOHAZobM TCA uenas BeYHOC Tb, Y TOObI 3aBepLUIN Tb OAMH
LMK HA NOC TOAHHOM T OKe, HUKAKAA BpeMeHHan 3aZepXKa He npuBese T K CMeLLeHuo dasbl,
OT/INYHOMY OT HyNA rpagycoB, YTO B OyayLieM MoXe T MPUBECTU K TOMY, 4 TO Bbl OLUMOOYHO
npume Te cMeweHue Ha O rpagyCcoB Npu NOC TOAHHOM TOKe 3a O TCY TC TBUE 3a[ePXKKM No
BpEeMeHMU.

However, if you plug zero degrees at zero hertz into equation one, you get zero divided
by zero, and even worse things will happen. This outcome is known as an indeterminate form
which in this case means that the time delay cannot be determined. Any time delay at DC, will
always result in a zero degree offset for reasons we discussed in the previous paragraphs.

OpHako ecniv Bbl NOACTABU Te B NepBOe ypaBHEHWE HOMb MPaZyCcoB Npu Hyse repua, Bbl
MOMyYyn Te HOJIb, PA3Ae/IeHHbIN HA HOMb, M NPOM30oMAE T ele Xyawee. DTOT pe3ynbTaT
M3BeC TeH Kak HeonpeaeneHHasa popma, YTO B JAHHOM CJlydyae O3Hayae T, YTO BpeMeHHas
3aZepKKa He MoXxe T Obl Tb onpepeneHa. Jlobas BpeMeHHas 3agepka Ha NOC TOAHHOM T OKe
BCEraa NPUBOANT K CMELLLEHWNIO B HOMb MPAZyCoB MO NPUYMHAM, KO TOpble Mbl 06CyXaanv B
npeabiaywmx naparpadgax.

If you use your loudspeaker management system to introduce 50 ms of delay into a delay
loudspeaker feed, you're delaying all frequencies going to that loudspeaker including DC! It's
just that zero hertz will always show up as zero degrees on a transfer function analyzer.

Ecnu Bbl CNonb3ye Te CBOK CUC TeMy YNpaBiieHNs MPOMKOroBOpu TesieM /18 BBeAEeHUs
3a4epkkn B 50 MC B CUIrHA/1 FPOMKOIrOBOPU TeNs C 3a4ePKKOM, Bbl 3aiepKMBae Te BCe
4aC TO Thbl, MOCTYyMalLWMe HA 3TO T FPOMKOrOBOPU T€J1b, BK/OYAA NMOC TOAHHBIA T OK!

Mpoc To HoMb repu, Bceraa byae T 0 Tobpaka ThCA Ha aHAIM3Aa TOpe nepeaa TOYHOW DYHKLMN
KaK HOJMb rPalyCoB.

For more information about undefined expressions and indeterminate forms, please
watch this excellent video by the Kahn Academy which helped me wrap my mind around it!

So please allow me to remind you and emphasize once more, for calculating phase delay make
sure to count from low to high frequencies starting at 0 Hz! Now comes the caveat.

[ns nonyyeHns AOMOSHU TebHOW MH(OPMALMM O HEONPEAENEHHbIX BbIPAKEHUAX U
HeonpeeneHHbIX (hopMax NOCMOTPU Te 3 TO NpeBoCcxogHoe Buaeo Akagemmnn KaHa, KoTopoe
NOMOI/10 MHe OCO3HaTb 3TO!

o3 TOMy NMO3BOJIb TE€ MHE HAMOMHM Tb BaM U eLe pa3 NoOAYEPKHY Th: ANA pacye Ta (ha3oBown



3a/1ePKKM 06832 Te/IbHO O TCYM ThIBAW TE OT HU3KMX YaCTO T K BbICOKMM, HaumnHas ¢ O i)
Tenepb cnegye T Npeaoc TepexeHue.

The caveat

figure 2A perfect impulse in the frequency domain (figure 2.1), i.e., a single, infinitely narrow

spectral line, requires a pure tone (sine wave) of infinite duration (figure 2.2), i.e., from Big Bang
till the end of time.

lpenocrepexxerHne
PUCYHOK 2. UiaeasibHbIvi uMIyJ/ibC B YaCTOTHOU obnacty (puc. 2.1), T. e. 04Ha 6ECKOHEYHO y3Kasl
CrIEeKTPasibHas JMHSI, TPEBYET YUCTOIro TOHa (CMHYCOMAA/IbHOM BOJTHbI) GECKOHEYHOM
4mTesibHocTy (puc. 2.2), T. €. OT boJIbLIOro B3pbiBa A0 KOHLA BPEMEH.
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figure 2

Conversely, a perfect impulse in the time domain (figure 2.3), i.e., an instantaneous rise
and fall without over- or under-shoot, constitutes a spectrum with unlimited bandwidth (figure
2.4), i.e., from DC to the Planck frequency.

N Haobopo T, naeanbHbI UMMYNbLC BO BpeMeHHOW obnacTu (puc. 2.3), T. e.
MIHOBEHHbIV NogbeM 1 cnag, 6e3 nNpeBblleHNs UK NOHWXKEHWs, Npeac TaBnse T cobou
CNeKTp C HeOrpaHMYEHHOW NMOIOCON NPOoMyCcKaHua (puc. 2.4), T. e. OT NOCTOAHHOIO TOKa A0
NJIAHKOBCKOM YaC TO T bl.

So what happens if we truncate our infinitely lasting sine wave to something more finite?
Common sense suggests that its infinitely narrow spectral line should widen. By the time our
sine wave lasts for only one sample, in other words a pulse, its bandwidth is unlimited.

Y T0 e npou3onae T, eCv Mbl ypexxem Haly 6eCKOHeYHO [JIMBLUYHOCS
CMHYCOMAANbHYI0 BOJIHY [I0 Yero-To 6osiee KOHeYHOro? 34paBbi CMbIC/ NOACKA3bIBAE T, YTO
ero 6eckoHe4YHo y3Kas crek TpasibHas ANHUSA A0/KHA pacumnpa Tbca. K ToMy BpeMeHu, Kak
Halla CUHYCOMAANIbHAA BOMHA AJINTCA TOJIbKO OOUH O TCYe T, APYrMMU C/I0BAMMU, UMMY/bC, ee
nosoca nponyckaHMa C TAHOBU TCA HEOrPAHMNYEHHOW.

Be sure to watch this wonderful video by 3BluelBrown for a more in-depth explanation.
When you apply an amplitude envelope to a sine wave, modulating it's amplitude while

truncating it in the process, you get what is known as a tone-burst, wavelet or gated sine wave
(figure 3).



The latter being a tried-and-tested technique to beef up the sound of a kick drum

(https://www.soundonsound.com/techniques/get-your-kicks).
06s13aTe/1IbHO MOCMOTPUTE 3TO 3aMeYaTeibHoe Buaeo ot 3BluelBrown a5 6onee
roapo6bHOro 06bICHEHMS.

Korza Bbl MPUMEHSIETE OrnbaroLLyt0 aMrITyAbl K CUHYCOMAA/IbHOM BOJTHE, MOAY/IMPYS
€e amrymTyAy U OAHOBPEMEHHO yCeKasl €€ B MPOLIECCE, Bbl MO/TYHAETE TaK HA3bIBAEMbIM
TOHA/IbHBIVI TAKET, BEUBIET WM CTPOBUPOBAHHYIO CUHYCOMAATIbHYIO BOJIHY (pUC. 3).

lNocnegHee rnpeacTaBiSeT cobovi NPOBEPEHHBIV METOA yCU/IeHNS 3ByKa bac-bapabaHa
(https.//www.soundonsound.com/techniques/get-your-kicks).

Tone-Burst
(aka Wavelet or Gated Sine Wave)

Carrier Wave Window Function Tone-Burst
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figure 3

"Why?" you might ask. Because a sine wave with an amplitude envelope applied to it,
stops being a pure tone and becomes a group of frequencies which is where the group in group
delay comes into play. From here on, | will refer to that sine wave as carrier wave.

"Noyemy?" Bbl MOXe Te CrpocuTb. [0 TOMY 4TO CMHYyCcOMaanbHaA BOMHA C
NPUMEHEeHHOM K Hel orunbatoLLen aMnanm Tygbl nepectae T Obl Tb YACTHIM TOHOM U
CTAHOBM TCA IPyMnnon 4acTO T, M UMEHHO 34eCb B UIPY BCTynae T rpynna B rpynrnoBow
3agepxke. C 3TOro MOMeH Ta A byay Ha3biBaTb 3 TY CUHYCOMAAIbHYIO BOJIHY HECYLLEN.

Figure 4 shows several amplitude-modulated carrier waves. In all instances, the carrier
wave's frequency (1 kHz) is identical. The gate's attack, hold and release time together
determine the amplitude envelope shape and duration.

Ha pucyHke 4 noka3aHbl HECKOMIbKO HECYLUMX BOJIH C aMMAN TyQHOW Mogynsaunen. Bo
BCEX CJlyyaax yaCc TO Ta Hecyuien BonHbl (1 k1) ognHakoBa. Bpemsa aTaku, yaepxaHua u
O TNyCKaHUA reriTa BMeCTe onpeaensaio T (Gopmy 1 NPOAO/IKN TENIbHOC Th ornbatoLe
AMMANTYAbl.

In this instance, a window function (Hann) was used to achieve the amplitude-modulating
effect instead of an actual gate.

B aTOoM criyyae 4715 AOCTVvXKEHUS IPDEKTa aMi/IMTYAHONU MOAYISILMM BMECTO PeasibHOro
BEHTWJIS1 UCI10/1b30Ba/1aCb OKOHHasl QoyHKUMS (XaHHa).


https://www.soundonsound.com/techniques/get-your-kicks

Tone-Burst: duration vs peak width
(1 kHz carrier wave | 32K FFT - no smoothing)
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figure 4 (Tone-Burst: AIMTeNbHOCTb M WNPUHA NKKA, Hecywas 1 kly, (32 bINd — 6e3
CrnaXUBaHus))

Notice that the width of the spectral peak which is no longer a pure tone but a now a
group of frequencies, is inversely proportional to the duration of the tone bursts. Short bursts
result in broad frequency groups whereas long bursts result in narrow frequency groups.
Ultimately, an infinitely long burst (carrier wave without envelope - figure 2.2) would produce an
infinitely thin spectral line (figure 2.1).

ObpaTn Te BHUMAHME, Y TO LUMPMHA CMEK TPASIbHOMO MNMKA, KO TOPbLIN bosnblue He
ABNSAE€ TCA YNCTbIM TOHOM, a NpeacTaBAse T cobon rpynmny 4acTo T, 0bpa THO
NPOMNOPLMOHAIbHA NPOAO/IXN TEeJIbHOC TU T OHAJIbHbIX BCMJIECKOB. KOPO TKMEe BCNecku
NPUBOAA T K LUMPOKMM Fpynnam YacTO T, TOrAA Kak A/IMHHbIE BCM1IECKU NPUBOAA T K Y3KUM
rpynnam 4acTo T. B kOHeYHOM cye Te, 6eCKOHEYHO AJ/IMHHBIV BCr1eck (Hecywas BosiHa be3
ornbatowen — pUCYHOK 2.2) co34acT 6E€CKOHEYHO T OHKYIO CNEK TPaJIbHYIO JINHUIO (PUCYHOK
2.1).

Please watch the video below to hear this in action (use headphones or full range
loudspeakers - audio right channel only).

The Hann tone-burst or Hann-burst (Don Keele) shown in figure 3 has a bandwidth of
one-third octave between the -3 dB (half power) points (figure 5).

MoxanyncTa, NOCMOTPUTE BUAEO HUXKE, YTOObI YCIbIWATb 3TO B AEC TBUM
(ncnonb3yr Te HAyLHUKU U NONHOAMAMNA30HHbIE FPOMKOIrOBOPU T/ — T 0J1bKO MPABbIN
KaHan 3ByKa).

ToOHanbHbLIN Nake T XaHHA wiv nake T XaHHa (JoH Kun), nokazaHHbIN Ha puUCyHKe 3,
nMee T MoJIoCYy NPOMYyCKaHUA B OAHY TPe Tb OKTaBbl Mexay Touykamu -3 b (nosoBuHHaA
MOLLHOC Tb) (PUCYHOK 5).

There's a tone burst for each third-octave frequency which you can download here. It's a
reasonably dynamic (test) signal where one burst has a crest factor of 7,3 dB.

These bursts are also used for measuring distortion in subwoofers according to
the ANSI/CEA-2010 standard.

s kasxcooti mpemuveil OKMABHOU YACMOMbl UMEemcsl MOHANbHbLU UMNYIbC, KOMOPbIUL 6bl
Modiceme cKauamsv 30echb. ImMo 00CMAMOYHO OUHAMUYHDLL (MECMOBbllL) CUSHA, NUK-GAKMOP 00HO20
nakema xkomopo2o cocmasusem 7,3 0b.

Omu uMnyIbCol MAaKdIce UCNONLIYIOMCAL 011 UBMEPEHUsL UCKadCeHUll 6 cabsyepax 6
coomeemcmeuu co cmanoapmom ANSI/CEA-2010 standard.



https://standards.cta.tech/apps/group_public/project/details.php?project_id=101
https://standards.cta.tech/apps/group_public/project/details.php?project_id=101
https://www.merlijnvanveen.nl/en/seminar-files

Spectrum Hann-Burst (1 kHz)
(32K FFT - no smoothing)
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figure 5
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figure 6

Now that we have an actual group of frequencies, represented by an
amplitude-modulated carrier wave, we can use an oscilloscope to observe the delay of the
amplitude envelope's crest or crescendo by a DUT that introduces a gratuitous amount of phase
shift

Tenepn, xKoeoa y Hac ecmb peanbHas pYNna 4acmom, npeoCcmasieHHAs AMNIUNTYOHO-
MOOYIUPOBAHHOU HeCYuyell BOTHOLL, Mbl MONCEM UCHOIb308AMb OCYUNLLO2PAG O/ HAOIIOOEHUSA 3d


https://www.merlijnvanveen.nl/images/content/group_delay/GD_06_V2.jpg

3a0eporcKoll NUKA UTU KpeujeHoo o2ubaroujeti amniumyobl meCmupyemvim YCmpoucmeom, KOomopoe
BHOCUM HEODOCHOBAHHDBIU CO8US (A3bL.

Figure 6 shows a group of frequencies, centered at 1 kHz, being transferred through a
DUT that exhibits -360° of phase shift (relative to 0° at 0 Hz) at 1 kHz.

Notice the stretching of the imaginary amplitude envelope. Its crest shifting to the right
(indicated by the red arrow). The amplitude envelope's crescendo for the one-third-octave-wide
group of frequencies has been time delayed.

The group of frequencies is decomposed and its component frequencies' phases have
been delayed (phase delay).

Ha pucyHke 6 rnokasaHa epyrina 4yacmom ¢ yeHmpom 8 1 kl'y, nepedasaemasi yepes 1Y,
Komopoe umeem ¢ha3zo8bit cdsue -360° (omHocumernbHo 0° nipu 0 'y) npu 1 kly.

Obpamume sHUMaHue Ha pacmsixeHue oaubarowieli eoobpaxaemou amraumyodsl. E2o
epebeHb cmewaemcs 8rpaso (rokasaHo KpacHou cmperikol). KpewieHOo ocubaroweu
amrnumyOsbi 0715 2pynrbl Yacmom WupUuHoOU 8 0OHY mpemb okmasbl 6b110 3adepXaHo o
8PEMEHU.

lpynna 4yacmom pa3snazaemcs, U ¢hasbl ee cocmas/sruux Yacmom 3adepxusaromcs
(¢pasosasi 3adepixkka).

For negative phase slopes (middle plot in figure 6) whose slope is not constant (on a
linear scale) over frequency, the component frequencies' phase delay is not identical
(dispersion), making higher frequencies (shorter period) "group-leaders" and lower frequencies
(longer period) "group-trailers". Contrary to the original input signal, whose carrier wave's time
period remained constant, the output signal's carrier wave has become somewhat of a swept
sine wave whose time period changes over time.

Lnsa ompuuamernbHbIX HakImoHO8 ¢ha3sbl (CpedHuUl epaghuk Ha pucyHke 6), HakmoH
KOmophbIx He si8risiemcsi MocmosiHHbIM (8 nIuHelUHOM Macwmabe) o yacmome, ghazosasi
3adepxxKa cocmasrnsanuux Yacmom He o0uHakoea (Oucrniepcusi), Ymo dernnaem 6oriee 8bICOKUe
yacmomsl (boriee kopomkuu rnepuod) «udepamu 2pynnbly. U boree HU3KUe Yacmomal (boree
OnumerbHbIU rnepuod) «epynnbl-mpednepbl». B omnudue om ucxo0HO20 8X00H020 cueHana,
rnepuod Hecyuwel 8071HbI KOMOPO20 Ocmaesaricsi MOCMOSIHHbIM, Hecyuiasi 80J1HbI 8bIXOOHO20
Cu2Harna cmarna 4eM-mo epooe Kaqarouwelicsi cCuHycoudarbHOU 8011HbI, Mepuod epeMeHuU
KOmopoU MeHSiemcsi CO 8PEMEHEM.

The DUT's continuously changing phase shift, throughout the group's one-third-octave-
wide frequency span, has rearranged its constituent sinusoidal components in a way which
postpones the group's crescendo and delays the amplitude envelope.

lMocmosiHHO meHswutics ¢hasosbiti cdsue DUT 8o ecem Quarna3oHe Yacmom epyrrbl
WUpUHOU 8 OOHY mpemb OKmashbl repecmpousi cocmaersouue ee cuHycoudasbHble
KOMMOHEeHMbI makKum 0bpa3om, 4mo omrioXus KpeweHOo 2pyrrbl U 3adepxarn oaubarouwyro
amrniaumyosl.

To repeat the process for the entire audible range, you can resort to a wavelet transform
which shows you only the amplitude envelopes without the carrier waves "underneath” on a
spectrograph.

Umobbl noemopums ripouecc 0715 8ce20 CrbILUMO20 duarna3oHa, 8bl Moxeme
npubezHymeb K gelisriem-rpeobpa3osaHuro, KOMmMopoe rokasbigaem Ha criekmpozpage mosibKo
oaubarowue amniumyObl 6e3 Hecyuwux 80/1H «rM00 HUMY.
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Figure 7

If you put twenty thousand (the entire audible band) of those amplitude envelopes into a
DUT at once, and observe the outcome on a spectrogram, it's apparent that the DUT delays the
amplitude envelopes' crests (figure 7).

Ecnu ebl 00HO8peMeHHO nomecmume 08aduame MbICSY (8CS CribiWUMas nosoca) amux
oaubarowux amnnumyosl 8 MY u nocmompume pesyrismam Ha criekmpozpaMmme, cmaHem
o4yesuOHO, Ymo UNY 3adepxkusaem nuku oacubarowux amnaumyob! (PUCYHOK 7).

The continuous white line, that connects the adjacent amplitude envelopes' crests,
represents the group delay and is a function of frequency. Modern analyzers will display group
delay without having to resort to wavelet transforms, and the resulting time-over-frequency plot
will be identical to the continuous white line shown in the output spectrograph of figure 7.

CnnowHas benas nMHUA, coeguHaoLLas rpebHn cocegHUX aMnan TyAHbIX ormbatoLmx,
npeacTaBise T FPYNMoBYIO 3aePXKy U ABnse TCA yHKumen yac 1o Tbl. COBpeMeHHbIe
aHaM3aTopbl 0 TOBpPaXalo T rPynroByo 3a4epkKy 6e3 Heobxoanumoc Tu npuberaThb K
BelB/E T- NPeobpa3oBaHMAM, a pe3y/b TUPYOLWNIA rpadmk 3aBUCMMOC T BPEMEHN O T
YacTOTbl ByaeT uaeH TUYEH CrJIOLWHOW 6enon NMHUN, NOKA3aHHOW Ha BbIXOAHOM
cnek Tporpade Ha puUcyHke 7.

| call it the train-station-effect where you have cars, containing groups of frequencies,
going into the station all at once which come out of the other end of the station in a different
order. Some cars have fallen behind, they linger and are sustained.

A Ha3bIBaO 3 TO 3(P(Pek TOM BOK3a/1a, KOrAa Ha C TAHLMUIO OAHOBPEMEHHO 3ae3Xal T
BAroHbI, coaepxxallme rpynnbl YaCTO T, a C APYroro KoHuUa C TaHUUK Bble3Xalo T B JpyromM
nopsaake. HeKo Topble MalmMHbI O TC TasIN, OHWU 3a4EPXKNBAIO TCA U BbIAEPXKMBAIOT.

In the video below (use headphones or full range loudspeakers), | send a red pulse
(pulse with a red spectrum [-3 dB/oct] ) through a DUT which exhibits a lot of phase shift at 100
Hz.

B BMOEO HMXe (MCNONb3yM T€ HAYLUHUKWN WK NMOJIHOAMAMNA30HHbIE FPOMKOIrOBOPY TeN) 1
MOCbI1AK0 KPACHbIN MMMYNbC (MMMYNIbC C KPACHbIM cnek TpoM [-3 Ab/ok T]) yepe3 npoeepsemMoe
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YC TPOMC TBO, KO TOPOE AEMOHC TPMPYE T CUNbHbIN (Da30BbIA CABMI Ha YacToTe 100 Iy,

| start with a null-test which is suited for exposing the residual difference between a
processed and unprocessed version of the same signal.

Notice that the processed version, with the phase shift, sounds sustained. There's
audible pitch which decays over time like a damped resonance or ringing. The 100 Hz car and
its passengers (sinusoidal components) are late to the party. The remaining cars came out of
the train station simultaneously.

51 HauMHalo C HyNeBOro TeC Ta, KO TOPbIV MOAXOAU T /15 BbISABIEHMA OCTa TOYHON
pa3HuLLbI Mexay 06pabo TaHHOM U Heobpabo TaHHOWM BEPCMEN OAHOMO M TOT0 Xe CUrHana.

Obpa T Te BHMMAHME, YTO 06pabo TaHHaA BepCUs CO CABUIOM a3kl 3ByUN T
CyC TeHanbHO. CrnibileH TOH, KO TOPbIA CO BpEMEHEM 3aTyXae T, Kak 3a Tyxalwmmn
Pe30HaHC WY 3BOH. AB TOMObBUAbL ¢ YyacTo Tou 100 'y, M ero naccaxupsl (CMHyconaanbHble
CoC TaBnsoLMe) onasabiBalo T Ha BeyepuHKy. OC TasibHble MALLMHbI BblEXa/IM C BOK3as1a
OAHOBPEMEHHO.

Which brings us to my favorite definition of group delay:
D TO NOABOAMT HAC K MOEMy JIloOMMOMY onpeaeneHuIo FMPYMnnoBOV 3a4,ePXKKM:
"The subjective effect of excessive group delay is a “loosening” of the bass or a “less
dry” bass quality."
«Cybbek TUBHbIM 3(h ek TOM Ype3mMepHOU rpynnoBON 3a4epXKKM ABNAE TCH

«ocnabneHune» baca unn «MeHee T Bepaoe» Kayec TBO baca.
Neumann

If you ever have the opportunity to listen to the Meyer Sound Bluehorn System where
virtually all phase shift, and inherently group delay, has been removed, you'll understand why
this quote resonates with me.

Ecnn y Bac korga-Hubyab byae T BO3MOXHOC Tb MOC/ywWwa Tb cMc TeMy Meyer Sound
Bluehorn, B kKO TOpPOM Npak TU4ECKM BeCb (PA30BbIN CABUT 1 FPYNMNOBAA 3a4epKKa YAaNEHbl, Bbl
novMe Te, MoYyemy 3Ta LMTaTa HawWwIa O TKMK Y MeHS,
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figure 8
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Phase delay, discussed at the beginning of this article, represents the time delay of the
carrier waves' phase.

The carrier waves can be represented by phasors (a portmanteau of phase vector) where
amplitude and phase are easy to distinguish from each other (figure 8).

The phase portion solely determines the initial condition, like the hand of a clock, when
you hit "play".

da3oBas 3apepxka, 0b6CyAaBLIasCa B HaYale 3TOM CTa TbU, NpeacTaBnse T cobon
BPEMEHHYIO 3a4ePXKKY (pa3bl HECYLLLEN BOJHbI.

Hecywme BO/IHbI MOXXHO NpeaCTaBU Thb B BUAE BEK TOPOB (COCTAB (pa30BOro BeK TOpa),
roe amnanTyay v asy 1erko oTIMUM Tb Apyr oT apyra (puc. 8).

dazoBad yac Tb onpegense T UCKIOYM TeJIbHO HaYa/IbHOe COC TOAHME, KaK CTpesika
4acCoB, KOoraa Bbl HAXKMMae T€ «UrpaTb».

A sine wave with ninety degrees offset, starts off as a cosine wave when you hit "play".
Regardless, with or without phase offset, in either case, when your press "play", there will be
sound.

Can you hear the difference between a sine wave generator and a cosine wave
generator?

CuHyconpanbHas BOIHA CO CMeLLeHneM B AeBAHOC TO rpagyCoB HauMHae TCA Kak
KOCMHYCOMAA/IbHAA BOJIHA, KOrAa Bbl HAXMMae Te «BOCMNpomn3BeaeHmne». He3aBucMmo oT TOro,
CO cMmelLeHmeM (asbl uan 6e3 Hero, B 110OOM C/lydae, KOr4a Bbl HAKMMae Te
«BOCMpou3BeaAeHNe», byae T 3BYK.

Bbl CnbiwmM Te pasHULy Mexay reHepa TOPOM CUHYCOMAJIbHOW BOJIHbI M FeHepa TOPOM
KOCMHYCOMAANbHOWN BOJHbI?

Contrary, for finite carrier waves which translate into groups of frequencies, group delay
indicates the arrival time of the bulk (center of mass or crescendo) of energy over frequency
which shouldn't be mistaken for signal arrival time.

Hanpo TuB, 4219 KOHEYHbIX HECYLLMX BOJIH, KO TOpble NpeobpasyoTCa B rpynmbl
YaCcTO T, rPynnoBas 3aZepKKa yKka3biBae T BpeMs MpUXoAa OCHOBHOMW MacCChl (LL,eH Tpa MaccChbl
W KpeLLLeHA0) 3HeprumM No 4yacToTe, KOTOPYIO He c/iefye T NyTa Tb CO BPEMEHEM npuxoaa
cuUrHana.

In case of beefing up the kick drum, the oscillator is running for the duration of the entire
show, but there's only audible sound when the kick drum microphone triggers the gate inserted
into the oscillator's channel.

Does that mean that the oscillator's sine wave signal has arrived now that we can finally
hear it? That is was "in transit" all the time while the gate was closed?

B cnyyae ycuneHus 6ac-6apabaHa reHepaTop paboTae T Ha NPo TAXKEHUN BCEro
BbIC TYM/1€HMS, HO C/bILIEH 3BYK TOJIbKO TOrAa, KOoraa MMKpodoH bac-bapabaHa 3anyckae T
rerd T, BCTABJIEHHbIA B KaHA/1 reHepa Topa.

O3HayaeT NN 3TO, YTO CUHYCOMAANIbHbIA CUTHAN FreHepa Topa NpubbIN T enepb, Koraa
Mbl HAKOHEeL, MOXeM ero ycibiwa Tb? To eCTb HAaxoaunca "B Ny TU" BCe BpeMs, Noka BOpoTa
ObISIM 3aKPbI T bI?

Phase formula

You can calculate and approximate group delay in milliseconds by applying the phase
formula.



®da3oeasi popmyna

Bb1 moxeme paccqyumame u rnpubnu3umeribHO oyeHUMmMb 2pyrnosyto 3a0epXxKy 8
mMusinucekyHoax, npumMeHus ¢hasosyro hopmyriy.

[ s — o]
260
— | —32% ___ 1000 (3
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Equation 3 calculates the slope of a secant line connecting two points on a phase trace
(figure 9).

YpaBHeHMe 3 BbIYMC/ISIe T HAK/IOH CEKYLLLEN JIMHUKW, COeAVHAIOLLEN Be TOYKM Ha
a3zoBon Tpacce (PUCyHOK 9).

phase formula

diff in dist 100 =
IHeTence in distance difference in frequency (4000 - 1000)

| +180° iy pe
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figure 9

Similar to phase delay, the unit is indeed time (figure 10) which shouldn't be mistaken for
signal arrival time! Just like baby oil isn't made of babies contrary to olive oil.

Kak 1 B cnyyae ¢ ha30Bown 3a4epXKKOW, eanHULLEN U3MepPeHUs AeUC TBU TeNbHO
asngaeTca spema (puc. 10), KoTopoe He cnegyeT NMyTaTb CO BpeMeHeM NOoC TyrnJieHns
curHana! ToYHO T ak e, Kak e TCKOe Mac/o He Aenae TCA M3 MNAAEeHLEB, B OTIMUME OT
O/IMBKOBOIrO Macna.



phase formula

(group delay = 1t derivative of phase response)

difference in cycles

ti =
e = ifference in frequency (hertz)
([¢high - ¢low])
group delay = — 360

(f high — flow)

cycles _ cycles seconds

(cycles)_ 1 X oles = seconds

seconds

ER Merlijn van Veen

Capyright © Merlijn van Veen 2019. All rights reserved,

figure 10

The phase formula is prone to error because what appear to be straight lines on a
logarithmic scale are in actuality curved lines when observed on a linear scale. A phenomenon
which I've come to call frequency-scale-warping (figure 11).

dopmyna dasbl NoagepKeHa owmMbKaM, NOCKONIbKY TO, YU TO KaXke TCA NPsMbIMU
NNHUAMK B NorapugmMmyeckoM macl Tabe, HA caMoM Zene SBAse TCA U30MHY TbIMU JIMHUAMMU,
eC/I1 Habnpa Th B JIMHEMHOM Macl Tabe. fiBneHne, KO TOPOe s Ha3blBAl UCKAXKEHNEM
WKasbl YaCTO Thl (puc. 11).

frequency scale warping
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figure 11



So, depending on the interval (frequency span) you choose, your secant line is likely to
be a crude approximation. Only when you make your interval infinitely small (limiting case) does
the secant line become the tangent line to the phase trace which is ultimately what we're after.

Takum obpa3om, 8 3agucumocmu om 8bIbpaHHO20 eaMu UHMepesarsna (Ouarna3oHa
yacmom) ceKyuwasi JluHusi, ckopee ace2o, bydem apybbim rnpubnuxeHuem. TorbKo Ko2da 8bl
cdenaeme ceol UHmMepesasn 6eCKOHe4YHO MaribiM (rpederibHbIU criyqal), cekyu,as JIUHUS
cmaHem KacamesibHOU K ¢ha3080U mpacce, 4mo 8 KOHEYHOM umoee U S18/1i5emcsi mem, 4mo
Ham Hy>HO.

That's why I'm strongly opposed to using the phase formula for time aligning main
speakers to subwoofers which only works if:
eBoth loudspeakers are phase compliant
(matched phase responses throughout the crossover range)
eYou choose the same interval (frequency span) for both phase traces

Bo T nouemy s Ka Teropuyecku npo TUB UCMONb30BaHUA popMynbl pa3bl 414
BPEMEHHOIO BblPAaBHMBAHUA OCHOBHbIX AMHAMMKOB C CabByepamu, KoTopas paboTae T
TOJIbKO eC/u:

- Oba AMHammnKa COOTBE TC TBYIO T (pa3e (cornacoBaHHble ha30Bble XapaK TepPUC TUKK BO
BCEM Amana3oHe KpoccoBepa)
- Bbl BbIOVpae Te 0AMHAKOBBLIN UH TepBas (AMana3oH YacToT) ans obenx pa3oBbix Tpacc

What I've been teaching for the past years is, using equation 1 which allows you to
convert a phase offset into a time offset, to achieve phase alignment for a single frequency in
the crossover range first which always works.

MocnegHwe roapl s Npenogasas, UCMob3ys YpaBHeHWe 1, KO Topoe rno3sonse T
npeobpa3oBaTb CABUM (hpa3bl BO BPEMEHHOW CABUT, Y TOObI CHaYana A0bv TbCS BblpaBHUBAHMA
a3bl A4/19 O4HOM YAC TO Thl B AMana3oHe pasfesieHuns, Y To Bcerga paboraeT.

Once you've succeeded at that, you should evaluate your slopes throughout the
crossover range and determine if they match. Do they exhibit the same slope, regardless of how
the slopes themselves look!

Kak TONbKO BaM 3TO yAaacTCA, BaM cjielye T OLEHNTb HAK/IOHbI BO BCEM Auarna3oHe
KpoccoBepa v onpeaenn Tb, COBMNAZA T I OHWU. IMEIO T I OHN OAMHAKOBBIV HAKJIOH,
He3aBMCMMO OT TOTO, Kak BbIMAAA T CAMU CKIOHbI!

It the slopes don't match, it means that your not in the same cycle (or close to), which can
be addressed by adding nn cycles or (n+0,5)(n+0,5) cycles of delay in combination with a

polarity reversal (where nn can be zero, i.e., half a cycle) of delay, for that single frequency you
previously phase aligned, to the shallowest slope.

Ecnn HaknoHbl He COBMAZA0 T, 3TO O3HAYae T, YTO Bbl HE HAXOAM TeCb B OAHOM U TOM
Xe upkne (Mnm 6an3kom K HeMy), 4 TO MOXKHO peLum Tb, A0OaBMB NN UMKNOB uan (n+0,5)
(n+0,5) LUMKNOB 3a4ePXKKN B B COYE TAHUWN C U3MEHEHMEM NONAPHOC TU (FAe NN MOXe T Obl Thb
PaBHO HYJIO, T. €. MOMOBUHE LIMKIA) 3a4ePXKKM A1 TON €QUHC TBEHHOM YAaC TO T bl, KO TOPYIO
Bbl NPeABapu TeJIbHO BbIPOBHAN MO (ha3e, 0 CAMOro MoA0roro Hak/1oHa.

And last but not least, set your delay finder only once!
A complete and foolproof method for phase aligning mains to subs can be found here.
To understand the importance of matched slopes be sure to watch this video.

N nocnepHee, HO He MeHee BaXKHOE: HAaC TpaMBanM Te€ UCKA Tesb 3a4ePXKKN TOJIbKO OOUH pas!

MONHbLIA M HAAEXHBIN Me TOJ, BbIPABHMBAHUA a3 ce TU M cabBydepa MOXKHO Hal T 34€eCh.


https://www.merlijnvanveen.nl/en/study-hall/166-subwoofer-alignment-the-foolproof-relative-absolute-method

Y T06bl MOHA Tb BAXXHOC Tb OAMHAKOBbIX YKJIOHOB, 0b6s3a TenbHO NnOCMOTPUTE 3TO BUAEO.

When is group delay equal to phase delay?
Korpa rpynnoBas 3agepka paBHa pa30BOM 3a4epxkke?

Group delay is the first derivative of phase delay, so in order to answer this question you

need to solve the differential equation tg(f)=t¢(f)rg(f)=1¢(f) which solution is any constant
(function).

[pynnoBas 3aAepxka — 3 TO nepsas NpoussoaHan ha3oBON 3aAePXKKM, Mo3 TOMy,
4TObObI OTBETUTH HA3TOT BOMPOC, BAM HEOBXOAMMO peln Tb and depeHLmaibHoe
ypaBHeHwue 1g(f)=r1e(f)rg(f)=1¢9(f), peweHnem ko Toporo aense Tca Nobas KOHCTaHTa

(byHKLMA) . -
79(f) = 75(f)

Long story short, only when you're dealing with a constant time delay (constant phase
slope on a linear scale) for all frequencies (including a microphone cable with no delay) are
phase and group delay the same.

Kopoue roBops, TONbKO KOraa Bbl UMee Te Aesio C NOC TOSAHHOW 3a4,eP)KKOWN MO BPEMEHM
(MOC TOAHHbIV HAKNOH (ha3bl B IMHEMHON LLKAe) A/ BCeX YaCTO T (BK/IHOYAA MUKPOMOHHbIM
kabenb 6e3 3apepxkn), ha3oBas v rpynnoBan 3afepkka OANHAKOBDI.
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Figure 12
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Figure 13

However, when time delay changes with frequency (like real loudspeakers) phase delay
and group delay start to diverge (figure 12).

Notice however, that when the rate of change in the phase response is very little, to the
point of almost become a constant slope (at very low and high frequencies), phase and group
delay converge.

Figure 13 shows all the relevant charts together. Notice that the wavelet transform from
figure 7 is in perfect agreement (as promised) with the calculated derivative of the DUT's phase
response.

OpHako Koraa Bpems 3aepXKKnM MeHAe TCA B 3aBUCMMOCTM OT 4acTO Thl (Kak B
peasibHbIX FPOMKOrOBOPU TeNAX), (ha3oBasd 3a4epKKa 1 rpyrnnoBas 3aZepXka HAYMHAO T
pacxoam Tbhca (puc. 12).

OpHako 0bpaTu Te BHMMaHWE, Y TO KOrAa CKOPOC Tb U3MeHeHMs ha30BON
XapaK TepPUC TUKM OY4€Hb Masa, BMJIOTb A0 MOY T MNOC TOAHHOIO HAK/IOHA (HA OY4eHb HU3KUX U
BbICOKMX YaC TO Tax), ha3oBan M rpynnoBas 3afep)kka Cxopsa TCH.

Ha puc. 13 nokasaHbl BCe COO TBe TC TBYHLLME guarpammbl BMecTe. ObpaTuTe
BHMMaHWe, 4 TO BeliB/e T-NpeobpasoBaHMe Ha PUCYHKe 7 MOJIHOC ThHo cornacye Tcs (Kak u
6b1710 06€eL,aHO) C BbIYMCIEHHON NPON3BOAHOM (ha30BO Xapak Tepuc Tukn LY.

Phase Delay in Action
Please watch the video below to see phase delay in action.

da3oBan 3a4epxKa B AeUC TBUU
MoxanyncTa, NOCMOTPUTE BUAELO HUXKE, Y TOObI YBUAE Tb (ha30BYIO 3aZ1EPXKKY B
DEeuC TBUN.
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