IIpsAMOYTro/IbHBIH CUTHAJI, €0 Pa3JjiokeHue U cBepTKa Dypbe
Square signal, its decomposition and Fourier convolution

CuHyCOUAaNbHBII CHUTHAT U €r0 IPECTAaBICHNUE B BEKTOPHOM BHUJIE
Sinusoidal signal and its vector representation

dopMupoBaHHE CUHYCOUIATFHOTO CHUTHAJIA MOJKHO MPEJICTaBUTH 110 CIIEAYIOIeMyY pHc. 1
The formation of a sinusoidal signal can be represented in the following Fig. 1
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fig. 1

JIro00¥ CUTHAT MOKHO PA3JIOKHUTH B psit Dyphe, T. €. Ha OTJeNbHBIC CHHYCOH IbI. OOpaTHBIN
IPOILIECC, T. €. BOCCTAHOBJIGHUE CUTHAJIA U3 €r0 COCTABISIOIINX HA3bIBAIOT CBEPTKON Dypbe.

Bot Hanpumep, MpsSMOYTONIBHBIN CHTHAI ¥ €T0 TIepBasi TapMOHUKA, pHC. 2

Any signal can be expanded in a Fourier series, i.e., into separate sinusoids. The reverse process,
that is, the restoration of a signal from its components is called Fourier convolution.

For example, a square wave and its first harmonic, Fig. 2
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Pesynprar pasnoxxeHus npsMOyroJbHOro curHana B psa @ypbe nokasas Ha puc. 3
The result of decomposing a rectangular signal into a Fourier series is shown in Fig. 3
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Fig. 3
Ha pucynke 3 noka3aHbl TOJIbKO OCHOBHas 1-s1 rapMoHuKa, 3-51 U 5-s1 rapMOoHUKHA. C pOCTOM

HOM€Epa FapMOHUKHU UX YPOBEHb YMEHBIIAETCS.
Figure 3 shows only the fundamental 1st harmonic, 3rd and 5th harmonics. As the harmonic

number increases, their level decreases.
B nHTEpHETE €CTh AHUMHPOBAHHBIC PUCYHKU JEMOHCTPUPYIOIIUE STOT MPOIIECC.

K coxanenuto B 3ToM hopyme He BCTABISIOTCS aHUMHPOBaHHBIE PUCYHKH, s YK€ TPOOOBa
BCTaBJISITh, HO OHU BCTAaBWJIMCH KaK OOBIYHBIC HEAaHUMHUpOBaHHBIC. [l03TOMY s BOcmonb30Bancs GyHIuei

CKPHHIIOT YTOOBI TIOKa3aTh KaK JOOABICHUEM TAPMOHUK MOKHO M3 CHHYCOMIBI C/IeIaTh CHUTHAI

kBasipatHoil popmel, [lepBas rapMoHMKa MMOKa3aHa HA PUCYHKeE, 4
There are animated drawings on the Internet that demonstrate this process.
Unfortunately, animated pictures are not inserted in this forum, I have already tried to insert them,

but they were inserted as usual non-animated ones. Therefore, I used the screenshot function to show how
by adding harmonics it is possible to make a square wave from a sinusoid, The first harmonic is shown in

the figure, 4
A

Fig. 4
YTOOBI MMOMYYUTH CHTHAN TPSIMOYTOJIbHON (hOPMBI HEOOXOIMMO K OCHOBHO HEPBOI rapMOHHKE

N00aBUTh HEYETHBIE TAPMOHUKH COOTBETCBYIOIIETO YPOBHS U (pa3pl. B aHUMUPOBAaHHOM PHUCYHKE 3TO
clIeNaHo TocenoBarenbHo. JlobaBienue 3-if rapMOHUKH TPUBOAUT CUTHAI K CICAYIOIIEMY BHJTY, PHUC. 5.
To obtain a square wave signal, it is necessary to add odd harmonics of the corresponding level

and phase to the fundamental first harmonic. In the animated drawing, this is done sequentially. Adding

the 3rd harmonic leads to the following signal, Fig. 5.



Fig. 5
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Jlaiee moka3aHsbI MOCIIEIOBATENBHBIE T00ABIEHUS 5-i U 7-i1 TapMOHUKH
The following shows the successive additions of the 5th , and 7th, harmonics

Janee mokazano no6aBieHue 9-if TApMOHUKH U TaK Jajee...
The following shows the addition of the 9th harmonic and so on ...



... ¥ TaK Jaee 10 MOJYYCHHUs CUTHAJIA YUCTOHN MPSMOYTOIBHOM (hOPMBI
... and so on until a pure rectangular signal is obtained

PeanpHbIi My3bIKaIBHBII CUTHANI HE UIMEET HU4YEro o0Iero ¢ cuHycouaoit. Ha camom gene ato
CIUTOIITHOW UMITYJIBCHBIM CUTHAJ C IOCTOSIHHO MEHSFOIIUMCS CIIEKTPOM. MOXKHO M3MEPHUTH TOJIBKO
CpeIHUI CIEKTp, Hy 3TO KaK U3MEPUTh CPEIHIOI0 TeMIEpaTypy OONBHBIX MO OOJBHHIIE C YIETOM TeX KTO
B MOpTe.

A real music signal has nothing to do with a sine wave. In fact, it is a continuous pulse signal with
a constantly changing spectrum. You can measure only the average spectrum, well, this is how to measure
the average temperature of patients in a hospital, taking into account those in the morgue.

Jnis ycunuteneit 3ByKOBOI 4aCTOTHI OUY€Hb BKHO BPEMsI YCTAHOBJICHHUSI CUTHAJIA, T. €. BPEMs
BBIXO/Ia HA YCTAHOBUBIIHUIICA pexXuM. DTO BpeMs 3aBHCHUT OT I B3 u ero opmbl B BEICOKOYACTOTHOM
oOnactu. 3HaunTenbHbIE BEIOpOch! ' B3 naxke 3a npeaenaMu 3ByKOBOTO Juarna3oHa MPUBOAST K
OTPULATENIEHBIM MOCIIECTBUSAM IS 3BYKA.

For audio amplifiers, the settling time of the signal is very important, that is, the time to reach the
steady state. This time depends on the group delay (time Propagation Delay) and its shape in the high-



frequency region. Significant GDT emissions even outside the audio range have negative effects on
sound.

Jlo HemaBHero BpeMeHH Ha Takoil mapametp kak ['B3 coBepiieHHO He oOpaiaiu BHUMaHue. B
OCHOBHOM THAJIMCH 32 CHHKeHUEM YpoBHsSI THD KoTOpbIi n3MepsieTcsi B yCTAaHOBUBIIEMCS pEKUME KOTAa
NepexoAHbIE MPOIECCH (HE MyTaTh ¢ KPOCCOBEPHBIMH NCKAKEHUSIMH — UCKKCHUSIMU TIPU TIEpEX0/ie
CHUTHaJIa Yyepes3 HOJb) yke 3akoHuminnch. Criocod camkenus THD u3Becten u3 Teopun NFB — 310
yBenuuenue rnyonnsl NFB. OnHako 37ech Jerko HAaTKHYTbCS Ha ONpe/IeJICHHbIE TPYAHOCTH B BUJIE
CHI)KEHHUS YCTOMYMBOCTHU M YXYAIICHUS AMHAMUYECKUX XapaKkTepucTHK. 1 eciiu 3TH BONpOCHI perieHbl
HErpaMoOTHO, a JIMIIb II0Jy4€eH pe3yasTar cHkeHus THD B ycTaHOBHBIIIEMCS pEKMME Ha aKTUBHOMN
Harpyske, To pa3paboT4YHUKOB YaCTO MOKHUIAET pa304apOBaHHUE.

Until recently, such a parameter as GD was completely ignored. Basically, we were chasing a
decrease in the THD level, which is measured in a steady state when the transients (not to be confused
with crossover distortion - distortion when the signal crosses zero) have already ended. The way to
decrease THD is known from the NFB theory - it is to increase the NFB depth. However, it is easy to
stumble upon certain difficulties in the form of a decrease in stability and a deterioration in dynamic
characteristics. And if these issues are solved illiterately, but only the result of a decrease in THD in the
steady state on an active load is obtained, then the developers are often disappointed.

[TonBo30ya MOXKET BO3HUKATH IPU OIPE/IEJICHHOM YPOBHE CUTHAJIA HA OTHOM U3 MOITYBOJIH
CUTHaJIa WK Ha 000MX, a TaKXXe MU OIpPeeICHHOM UMIIEIaHCE peallbHOW PEaKTUBHOW HAarpy3KH.
[TprunHOM «KEeCTKOTO» 3ByKa MOTYT OBITh M IpOCCENH MpeaHa3HauYeHHbIE AJIs 00ecIeueHus
ycroituuBoctu. [IpH onpeneseHHOM eMKOCTHOM XapaKTepe Harpy3Ku CO3JaeTcs MOCIe10BaTeIbHbIN
KOJIe0aTeNbHBIN KOHTYP U MOXKET BOSHUKATh «3BOH» KOTOPBIM U MPUIAET 3BYKY <GKECTKOCTDY.

An excitation can occur at a certain signal level at one of the signal half-waves or at both, as well
as at a certain impedance of a real reactive load. Chokes designed to provide stability can also be the
reason for the "hard" sound. With a certain capacitive nature of the load, a sequential oscillatory circuit is
created and "ringing" can occur, which gives the sound "rigidity".

B nureparype HET 4ETKOTO ONpEACIICHUs IMHEWHBIX UCKAXKEHUM, CKa3aHO JIMILIB YTO 3TO
M3MEHEHHUE aMIUTUTY/Ibl CUTHAJIA U ero (a3bl 63 100aBIeHUs APYTUX CIIEKTPAIbHBIX COCTABIISIIOIINX.
OnHaKo 3TO UMEET MECTO TOJIBKO B YCTAHOBHMBILIEMCS PEKUME 110 OKOHYAHUH TTEPEXOIHBIX MPoIieccoB. Bo
BpEMSI IEPEXOTHBIX MPOILIECCOB MPOUCXOIAT UCKAKEHUS (DOPMBI CUTHAJIA C TIOSBJICHHEM HOBBIX
rapMOHHMYECKHUX COCTaBIIAIOMUX. YeM Kopoue BpeMsl IEPEXOAHBIX MpolieccoB (3aBucut ot I'B3), Tem
MEHe€e 3aMETHO BJIHMSHHE STUX MCKaXEHHI Ha KaueCTBO 3BYyKa.

In the literature, there is no clear definition of linear distortion, it is only said that this is a change
in the amplitude of the signal and its phase without adding other spectral components. However, this takes
place only in the steady state after the end of transients. During transient processes, distortion of the
waveform occurs with the appearance of new harmonic components. The shorter the transient time
(depending on the group delay), the less noticeable the effect of these distortions on the sound quality.

B o01iem ciiydae curaaia MOXKHO 3allucaTh B KBA3UTAPMOHHYECKOM BU/IE

In general, the signal can be written in quasi-harmonic form

s () =A(f) cos [wot+@(?)]

Bo Bpems mepexoHbIX MPOLECCOB MOKHO U3MEPUTh MTHOBEHHYIO YaCTOTY U MHOXKECTBO €€
rapMOHUK. M TOJBKO B YCTAHOBHUBIIEMCS PEXKAME UMEIOT MECTO JIMHEWHBIC UCKAKEHHS 0e3
JIOTIOJTHUTEIBHBIX TAPMOHUYECKUX COCTABIISAIOIINX.

During transients, the instantaneous frequency and many of its harmonics can be measured. And
only in the steady-state mode there are linear distortions without additional harmonic components.

[ToaTOoMy emre pa3 oOpamiato BHUMaHue. [1oka MbI He cTaHeM 00paIaTh MPUCTATHPHOES BHUMAHUE
Ha ['B3 u Ha ero noseneHue (0coOEHHO 3a 3BYKOBBIM JIMAIIa30HOM CBEpPXY) — MbI HE HAyUYHUMCS
KOHCTPYHPOBATh YCHIUTEIH 3BYKOBOM YaCTOTHI OTBEYAIOIINE YasTHUSM JIFOOUTEIICH MY3BIKH.

Therefore, I draw your attention once again. Until we begin to pay close attention to the GVZ and
its behavior (especially beyond the sound range from above), we will not learn how to design audio
amplifiers that meet the aspirations of music lovers.

Best regards
Petr



