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CHAPTER 1 

The j'>,.kGra'vv Hill Dictionary of Scientifk and Technica! Terms dcflnes an 

equalizer as "(1 net\vork designed to conwensate H.lr an tln£ksird ampHtude~ frequency or 

nhas(>~;>tlperF'v '-"':'>pnt1':::j· r'/' '" "'v~""'11 n'- C:")~l"rF"'(-'''' ~, It .. '!"n ,{"r-:!lv»,:,: "'f1u'::liz"tl'n~1 "" "i!>'~ I.' ,_ l_\v "'Vv' ,.<...,_,V, ... ,.'-.i_<>.,.'v' ... l. ... , '.". '-' '-'.'_"~.HL - ,'.h, , .. , .. !!-,<.v""1 <' •• -.,-'-'-"~,, !- , .... 

eftcct ofal! frequency-discrimhwting means employed in transmitting, recording, or 

other signal-handling systems to obtain a desired overall frequency response. ,. In essence, 

equabzers are used to shupe the gain versus frequency spectrum 0 f (l given signaL 

An audio graphic equalizer is an electronic control circuit that compensates by 

means nfcircuitPi li'r t1y~ r,·pPI"i-~·""h!I·<>r'q ~~lj-",,·"'tl"-;'l<: 1'1'< -I'r"'f1'''''''u",; "'!"'»',>c'tj:<rj' ~t;".<: qt' '{I' ':::"<'; ., _._" _ ~ . J' .,> ,_.<. ,,, L. 1"", ,_" ._.~, {",«s. <. ,,,,' ., L '>.-'1 ,.,,- "~-.' v ",-, n,,· ., ...•. ,'v.,< "., ' .. • A" .. 

or tapes used in sound recordirw. and reproduction sysSx:nns. Its tone conJwb serve the ..... ~ .., 

useful purpose of cmnp'0nsating for ether freqllency--response deficiencies such as highly 

sound-ahsorptive Hstening moms and also, of course to satisfy personal preferences,For 

exarnp1e~ the dynamic sped.rlln1 equalh.er boosts l.ov.; iJ'equencics at low h~\-'el and the 2 to 

8klh mnge at high level to Inake typix.:ai horne listening more !ike a concert hal1. 

A hHrdEar appHcation of gain equalizers ('!(~CUl's in the -recording and reproduction 

of music on phonograph records. It aUeviates iheprob!elll of high fi'equency b<1!..::kground

hiss noise associated wkh the recording of sound by a. lnethod kliO\Vn as preefnphasls. It 

is a means wherehy the arnp1ittl{h~ of the high frequency signa! is increased. Another 
'-probh~m assodatedwith phonograph n:cording: is tliaJ, t()f normal kveb of soun.d~ the 

IOW- frequencies require hnpracti<:ally v\"ide excurstons in the record grooves. These 

excursions cal! be reduced by attenuaHng tbe lo\v lrequencyhand '.vitb an equaE'l.cr. In 

the playback system which consists ora turntahle and t'qu8.1iJ.;er, the high frequcncies 

umst be deemphash~.ed and the 1<>'N frequencies IxHx-ned, After this equ{l.!izat~on, the 

reproduced sound possesses the sailse frequency as that of the original source generated 



in the recording studio, To aEow for different recording: schemes, sorfle high quality 

ph<;,',J.10gmph amplHkrs arc equipped \vith var1<1bk sk~pe cquaHZ(TS, 

<'J'l"! ." 1 "kH 1'! I"'!' ,,< ",j l'b!" !'" I (h}nZ 10 J 6 'u:"\ \'V 1Kl,(1 IS we!! \vltmn tne mILL e trequency range!. iat !H~S rougl1,Y 

respon:w characteristics of audio signals as the human ear is insensitive to phase 

variatlons, h can be adjusted at various frequcncy bands to gh{' a "nar' or linear n:sponse 

(i,e. aU frequencies reproduced ('quaHy\ fbr speech 'Naves that art~ ai1"fxled Inadvertently 

hy dectn:mlc circuit perfi:mnance deflciencies or Hm"itatlons, FuxHwrrnore, it \I,.H! 

cmnpensate k~r the tendency 0 f magnetic tape or discs, used in high flJelity' eqlJiprnent, 

to be more sensitl'/e to nllC range of frequencies, by electronic modH1cat10n of their 

respective audio OUlput signab, 

1,2 Aims a.nd Objectives 
Thclnain aim of thb project is to de~ign and construct (l 1mv cost. \\'ldeband aud io 

graphic equalizer, The system is to function ns 11 stand-alone unit ,-vith audio Input and 

output tf..~nninals respectivelY, 

design and de',>,'eiopment: 
The ampHtutk~frequency respunse of the audiu signal at various !iequency bands 

preemphasi3 for high frequencies, as \veil as attenuation and boost krr lovv 

frequendes; in order to achieve the desired sound efI(x:.\, 

(in 'I"he acquired and reproduced sounds must p'Jssess high quaEty and HdeEly, 

(iF) It shoul.d be easy to set up, rdhlbk, and should require nrinimum mainknance. 

(iv) it should be rcIativeiyinexpenslve, 

........... -.....".. ............ -~,. ........ -...................... --~ ...... -... --~ ... ..... _. 
: Hi~:{h f1ddity, commonly c:1Hed "hd'i'\ mny k defini.'d a',; sonnd reprodudion that is 13ithfu! to !h<:~ 
original sOl.md n1' to the l1Hu;ter nxorciing th<'l! se:'ves as n primary SGllnX. 

2. 



This project 'NiH in no smaU >,val', enhance lhe sound quality, and thus, the 

listt~ning pleasure that people derive fi'om their high fidelity sterc(> equipmenL 

"fhe basic network employed in the systemat k design of an audio gr,apilic 

equaHzer is an dedrk/liter, Essentially. an electric niter is a net >,vork that trrH1sf(mns an 

input signal in some sp<xified \\'ay into a desired output signal. Altbough many 

appJkations exist where t1itcr wquirenlents are St:! in krnt;,; of time domain 

5pecifications~ the mrdority of nlters are designed to :;;pecifY certain fi-eqnency~dorl'win 

criteria, Hence, a niter can be described as a net\\'ork used to shape the fh:qw:ncy 

spectrum of an dectrical signal~ ohvhi;.~h the most comrnon objective is to pass certain 

frequencies while rejecting others. 

A hasis fbr dassH1calioH of filters considered here, is that n f their respective 

cOlnponents. Passil'eJifters consist ofcomHnations ofresistors, capaci(ufs, and 

inductors. P1~ssiveRLC s!Tudures are capable of achieving rdative\v good mtt~r • . ...... . vi ~ •• ,. . 

dwractedsdcs in app!katkms ranging fiom the audio li'equency range to the upper limit 

oftht>!umped parameter range, However, m the lower end of the audio fh:quency range, 

th~ ;'}dl "'t(';lnrc- -<i;,>lll'~'-' ;~-<P1'''{'l<'''''' 'f'<" d·:.e q'{l";r'",d t·r-'''-n'I'''~''~V "I"'>'T~,,0« (T",··,nl1n ';::PV" "0 .!-.loi ..... .0 ........ P .... · ~.{ v ~~.d.~ v ... ~ .~ ... )C .......... "..... ~ ... .><;".. ~.td ~iL ....... ............ )~ ........ v~~~~ ..... ;l! .... ...? , ....... w.l. .... ..,.( ........ ' ... ~ .. · .. ~G.~~~ f, ... ";., ~ ..... }.~.L 

prohkms. First, indudors are SZ}meVi?wt hnperf(~ct devk:es due to internal losses, hut 

Hwse losses increase markt~dly in the very large inductance range n>.quired at lmvcr 

frequen<.~i.es, These heavy losses degrade significantly lhe quaFty factor (Q) KH' each coiL 

and the associated (Hter n~Sljom>es have hrge deviat ions from their desired brms. 

Second. the actual physical sizes of the farge inductance values !irnit their uscfulncss, 

Third .. lhe co;;:t of such inductors a!'i.~ certainly not trivial considerations. 

ACfive/if/as consist ofcombinations of resistors, cnpa,citors~ nnd one or rnore 

active devices such as or~eration(lj amplifiers (for lOW frequency applications), or 

opcrat~onal transconductance ampHfiers {for hIgh liequency applications), with both 

mnpHficr types employing ibed!JucL They are theoretically capabie of achieving the same 

responses as pa%lve RLC f:Hters wkh the difficulties associated witb them at low 



frequencIes eHmiDuted as inductors an.' not required. Hence, active niter frequency 

respnHse characterhUcs can be made to approach ideal fonns very closdy.The devk:(:s 

used in active RC fihers can all be 1ntcgwJoL thus providlng the f(>lk)\vlng advantage:.:;: 

(i) 

til) 

A redtlcllOn in size and "veIgh!. 

In hrge quantities the cost of an integrated z)rcuit can be much Inv·:cr lJwn its 

equt'laknt pa5si\'t.~ counterpart. 
Il.npwvement in performance because high quality components can be realized 

readilv, 
(v) A reductkm in the parasltics, becuuse of th(~ smdler size. 

Other advuntages ofactive RC rcaF'l.atlnns that arc independent oUhe physical 

lmpkrnentalion an::: 
(i) The design process is simpkr than that fl;lr rmssive filters. 

(iii) Active realhaUons (~an provide voltage gain:< ill corHrast, passive niter::; oHen 

,-,,,A,;h;j' " ";gv,;<,,"'''t "n!t"o{' k~<:'~ 'v'...-'\,~uo( .. ~~. ~_l: ..:.:q~~~~:o~!:: .... f.~:o). v"./ V'-:".~'" ............ . 

lLmitations of passive filters, the.y introduce a fnv dhadvantages of their O'lJn: 

(Ii) 

(hI) Active 111krs employ feedhack and tht'fC is ahvays n possibility ofinstahility, 

flv) The finite bandwidth of lb:: active devices places a hfni! on the highest (lHainahk 

pole hequ.ency, This high frequency limitation bars fhc use of active {mers much 

aliove 30kHz unlike passive tlllers that can be used up to approximately 500IvlHz. 

The e(~onol'nic and p-erlimnance advantages of active RC rca1iz;,ltions hI' out 'vVclgh 

the ahov<>ment~oned disadvantages and the modern engineering trend is to use ndive 

filters in rnos! voke and data communk:ations :~yskms which represent D. brty: 

-~.....,. ... -.. --...,. ........ -......... -- ... --... ~ ...... --"' ... --- .... ~ ... _-_ .. -_ ........ . 
:' ::knsitivity h the nH'>J.':;ure of (kvh!.ion of ihe filttr rC5t'><JrlSC due to 'v'ariMions in the elements, c<Hl~;d by 

envi;'()!rment3t d:Hlnge~, 



i\ dg~s;fio~non ;.;chemc that app!ks !o hod) pw;;.:ivc and active tHter" i:< in terrn~; c<f 

the amplitude-response. Most FIlers can be das~it1cd a::; {oH'·pa:;,s, hip,h-{hlSX. band·pass 

or haud·n:jecfi<n1.1n thi3 project, band-pass active nlrers are being emp!oyed, The band

pass a.mpiitudc response 1~ sh('~wn in Figure! -1. Hand .. pass filter:.; pa% frequ~ncje~.; v,>i!h 

1 

I k==~~ I I 8 i , ; I 
I I! l' f ............. ~ ..... _~~ ........ __ ~ ........ ___ ~ ........ __ ~ ..... _~ .. __ .......". ......... ···.r .... _ ... _.~ .... _ ... ___ ~ ..... _ ... __ ~_, ... _ ...... _~ ..... ..... _. 

fo 

Figure i~1 ~dea! block form of the amplltude response for band~rass 

fillers 

shn'<-vs a typicn! h.and~pn.ss requirCIn(~nL "fhe pass· b<JHd from Wl io O}.~ has (l ma;dmmu 

attenuation of Am;,x dB; the hvo stop-bandsli'01n de to (C!, and (!}4 to ('(; have a mininmm 

attenuation of All;in dfL 

loss dB! 

l ~-" .. ~-..... --...... -.: r-········--'· .. ···-"·~f~'''··r 
; I,: ',. I 1"'" \ 

! I: ( 
,i " i'\'/-""---'-'~--'--''''.~'/i,' I \ : \!" . ) 
, , L· .. ·_" ...... '''·'¥., .. · .. Am~x I ( 

~" . .J,~ ...... ~ ...... ~ ...... -.1 ... -~ ...... -~ ........ ~ ....... ~." ...... ~1 .... - ......... ~" ..... :¥~, ..... -'\, ..... -,,-''' ..... -: ...... ,~ 
1 1.{)3 m~ II' (iJ1 i!)4 0) 

! 

Figure 1 ~2 Typical band .. pass requirements 
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Lnplace transfi)rm knnino!ogy, HIt:, tenn order is synOH)'mous '<dt.h the number ofpoie.'., 

Tht; order or numher of poles will he the number of non redund::U1t reactive eh:mcnh in 

active Glters ('ontain no inductors: tht order or manter of poles .,vill be the m . .Huher (,I' 

non~redundant capacitm's. (This does not include ci1padtofs external to the niter 

net'\vork, $w,:;h as po\.ver supply bypass cap<1citors, op amp conrpensating capacitors ;:wd 

so on} 

For a given filter type. the perfi>rmance generally bccornes doser to the ide-ni 

compared with one of k.1\\'er order. Hovv'ever. the idea! block charaderistic can never be 

attained. 

tVv'o-pok f{)rms; and me signiHcandy superior to passive ti.lrrns I()r low frequency 

applications, 

The two~pole fnrm~ are mathernatka!ly equiv<dent to certain configurations 

involving series or parallel RLC resonant circuits, Hence, active He circuits can perfnrm 

operations equivalent to passive RLC circuits, tbr example., paralie! n::sonance. 

Resonance is il'nportant in circuits designed to ernphasize one single frequency over an 
others. lmd this is applicable in the aspect n f aud to signal equa!i:wtion, 

60Hz to 16kHz., is divided Into hH{r hands: and therdbre, [our tV';O-lrO!c txmd-pass Bdive 

RC filters .are used. Their resrectivl~ amplitude responses overlap, as the shapt' of the gain 

""""""u'" fr' "/lP7d~('~' ';:~'"''''l''''''' ;~i.' ';"\ ~"!";("-il (y~>!',-< ,-'i1U,'1 i-7 <"l' ;c; llO! ('}l"r'-""i("";'1;'I:! b" '·f"';·"/~ted v '-"'JA .. , :;. . .., & ",,·"-t..s .... ·.u............... vt ............. ·t.... ~ n . .o'.. ~_. t. ( ... t ... "f t .. i ..... ( ~3. t;.>;.) .!d ......... ~ .. .(. ~.(.'<;""" ~'-"'" •... '" ....... 'u ,;~-.... .... . } .L ......... 3 -, J .' . .... ·'.f·........ ,.' 

hands \.vltbin that range G1H have their gain versus frequency shape modif1ed, 

In addition" each of the Emr mter netv.;'ork:; in the equalizer circuitry has awning. 

circuit at the output, consisting of resbtors and a potentiometer fClt' gain 

enhancementladjustnv.:nt This ena\.)les mamml adjustment (l f the ga in at various 



Gain dB 

f (Hz) 

Equalization curves for phonograph recording and 

playback 

fn:~quency bands, hnplyh1g that .. the Q (} f the circuit can be adjusted independent of the 

geometric c{~nter fl"equency. C from the knowledge of the active niter as a negative 

impedance converter. 

1.4 L,Her4,tu re J,.1:e'Vigw 

'[be eady tbrms of sound recording were considered rniraculous!y lifelike. This 

\vas !xue from the Hrst successful recording ~rhomas Edison' s recitation of Mm:r had a 

Little Larn!\ inscribed on a tin bi! {~ynnder in 1877. In tinK\ it becamt~ dear that n mOlT 

iillthtul reproduction would increase the usefillm;ss and impact of sound, 

Little progress was made in efhHts to attain high fidelity in sound reproduction 

unW the introduction of electrical lecording in 1925, A mpHGcation of tlw ekc!rkd 

signal at all stages was lhe key to a vast nevv expansion of recording, The dedrkal home 

7 



reproducer \vasintroduc{>J to playback the electrically made recordings, and tbe ne'l.:v 

s'Jtmd was recognized a.s in!.': beginning of 0Jl era, 

sporad.ic advances was made in the 1930's but {he genera! technical level orihe 

reproduced sound was held hack by the limitation::; of/he phonograph :.md the s11el!ac 

Afkr \\iorl:,J War 11, sound reproduction developed rapidly. The dc>,.:dopnK'IH of 

high .fidelhy home syslnns involved many forms, with three b<I::;1(: e!erm:nh These 

include t.he signal source or input, e,g, record plnyer, tape deck., and radio:, the 

premnplijlrr 8.mi power amp!{trcr, \vhich process the electrical signaL ::md thc 

loudspt~Hker system, which converts the Hna! ekc!rkrd product in;n actual sOl.md \Vl.i\'cs. 

f.tost weak input signals v¥'ere built to a standard kvd by the prcarnplHkr beli.)rc 

enlargement hy !he power-ampEfi('.L Frocessing and mixing of the signals took place in 

the preamplifier ~:;tage, Spt'cifk circHi!ry was incorporakd into the pn~umpliner !o 

pl'Ovide fbr/hed equalia.llio!?s cornpen91t1ng!()r the dHkring ernphases on !trwer and 

higher trequencies provided by difICrcm progmrn sonrces, However, tone contrn!::; weft' 

prnvkkd hi!" fiH~ther adjuslnwnts, 

The introduction oftmnsistofs and other soHJ-stak devices into sound quipmem 

during the 1960's began a revolution afkcdng the dc::;ign of an types ()[ sound 

reproduction equipment. And by Ihe 1970's, the audio graphic equalize!' lx'came an 

integra! part of the home hi-fJ syA.ern 

Nevertheless, minimum standards have been drav.:n up {{)f the construction and 

pertbnnance of hi-fi equipment, The inH>.nmtionally agreed ::;tandard of pcrforrnancc hH' 

dbc recording and replay equalization dmracter1s{ ks it'> the R1i\ i\ (Record I ndustr:v 

Association of America) s(aJ}(1ard, Tapi.~ equalization standard 8re either the eel R 

(international Radio Consultative C011nnittc!;3) standard or that determined hy the NARrn 

(also caHed NAB: the Nmjonal ASS~)Cj8tion of Radio and 'fele·,'lsion Broadc{tstersin the 

U3.),RIAA equaHz,atbn increases the playing time ofrc-cofds and reduces the high 

fH:~quency noise levels emanating ii-om them. Tape eqmdization also serves to reduce 



The systematic design and devebpment f::>r thx~ equaiiZf;:f is treated in chapter twO, 

'l'h'" fn~f';-.'(''''r <!'ru't-i<)n «vf,thfW!'C; 'vIr! J'!""1\W't1f 'V req<x,!1Se <>rl~"'i';:is f;'lr '''\'~b bl'rB'a<l~ qfllw ,~ ..... s ... ~.oI.:'~t,'::j: ... ;o,.,.. ~.~.t .s ........ ' "! .. ' !t .... ...... 'S-. ~:/ .... ,~ ~ ...... ~ ........... " A..w. V.l .... '··1 ... ......... ~.~. ui) ~J '- ~ ..... ..... ) .. \.-. .. " ... ~ • ...c~. ....." ..... 

design are also treated in detail. 

Chapter three deals \\,1Ih the rk,ign concept hnpiementatkn, I.e. construction: 

!est 11.mJ results, 

In cbapter ibm, drav.;u up conctu~,ions, recomrnendations ibr flJrthcr ". .... 'ot+, as \\·ell 

.- ... -~-.....,.." ......... --~"" ... -.. ---~ ...... -..... --~ ... -... --~. 
nitpild ... n';(~ hask circuit blw..;:k that b c:lscnded to n:all?c H w'ncral tnm<;f(,T i111H.:t!nn. used in the 

synJhesi@ of a large dass of ::H~th;!: I"iHcn;, 
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In spedncatkms of the fi Hering requirements, th<~ concept (} r aHenuation is 

oUen w:l~;:d, Assume that thc m<c<.imum pass· band ampHtude response kif a certain 

niter is Mo, and th,: amplitude resp<,l1se at smne arbitrary frequency (0 is M(m}. The 

( t. Sa} 
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Figure 2~2 The illustration of band-pass filter response. 

Let f\ and(: repr~~sent !icquendes on low and high ::;lde5, i.e l<J"ser and upper 

{;r'~/Jl i~"l":;;'S '·F'<.;n,~r ,'\'., ic,lv ", ", L, l'r ~., i t,,, r'~~~!)<'l"':<;<~ ;.;: 1 ! \/') ,; "\"" t !"<'" nf'~'ik' <'<>.;;n{"·p,,<> 11 ........... , ...... s ....... · ... , ..... ( ....... >-J-' ........... ~ "I . -,' ~ : .. d ....... f~ ..... ~, .. ~~ ........... ' ... "....Lh ...... L.I l ......... tos "".J ..... (,.' ~........... ) "o.-· ... t·· ... H;;.. ....... 

«LOt dn dmvn).fhe bandwidth, n is defined as 

B ::::./1>"./1 

The lh:quencies,Ji and fI, ha\'e geometric symmetry about the center frequency 

( 1.l 0) 

'The parameter Q is fdakd tn the cenier flcquency andbandv.;idth by 

{ 

Q ;;; :i,,? '.' B 

(Lll) 

(L 12) 



the respective nmplitude response from the band-p(ls~; filters vir!ua!!y overlap at the 

nppn and lower rrequencics f(or e,lch hiquaJ tn the nehvork. From Equatkns t .11 and 

i4 
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n
C,u hJr::<6 x10 ;;/.,j"F;/.,!I., 

}." ;:.--J.---;;;- ~ _;'_'-';;'-'-:-~;';;--'-;'-:"i- ~ \ 6kHz 
~m<.\~ c. n ,,,f[ Xli ,8 ':-< H, x :)00 ;>:: ! {) 

mter. This is carried out to ensme the "oycrbl'ping" co"diti<m slated earlier. 

bill1d
width

, B, the genm
etric 

center frequency,]a and the quality fador, Q for ",,,,h of 

these filters can be \} blaineO fro\11 Eq uaiions \. ') ,. \, \ \ llS (0 lIows: 

r;~JiVg 
Band\vidth, B :::: F ··f! cz 4095··· 60 :c: 4035111. 
'r' ' " ,,1 r ,. I . .' - ' " ~ ., 
• be geoHletr lC center trequenc y,.1 0 ., "~11> 1 ,', \ 4<)9) " to) ~ 49'.68 Hz 

The quality factor, Q 'IoIB' 495.6t140}5 u 0.12 

B "" 8080 _. 3995 ec.: 4085 Hz 

J() ".:: ',J(8080 x 3995} ~. 5681 51Hz. 

Q 0;: A/B cz 568L5lf408S.""\ 39 



B"" 12-065·~ 7,980 '" 4085 HI, 

t-· ""i( 1) flfi-::: y '79~(\" :~ O(l!'j ! '7 1~7 I~} '.: ........... ~." .. ~/~ ..... - <. . ..11 lf~~ffn ~. xL .. 

Q ::: f-yB::: 981 L 17/4085 :'::' 2.40 

:l:~' .. nH~~r 
B"" 16,000 .. · 1 L965 ::: 4035 Hx: 

./0:" -)(16,O{JO x 11 ,965};:c 1 J,Wt.6,! 8 HI, 

S:r'·'!·!a,·h, '11P act""! tr'''-'';;t;:'!' ~'nl't1nn '!"pf i><'>"!l (li-'-~l><' t~!''-''laA,< i'~'11 t"" ",:O>:j1;/.··'",(] j~'("'-" ..... l! {~L ).(...?~ L ....... ~ ".H.~ .(~~~v.""" il,.) ...,~s .. ~ . .. J '1..1<,.,," ....... ". ~ L~ ... L "1(~ ",~._ . ... · .. os ..... : ...... ~ ...... ,<.,,(jl ••. ~ .S .LU 

obtaining tbe fimd ion VnfsVV1d 5! J-l'om the nodal ana!vsb. and substitutingt'(n th<.:.: .. ~. ", '" " " ," ," . . ... 

"anar:,!"'lrj"<> "n,d ri~~'I\;3~><",f' ""-'-'nn_ {)"V'l~i ""!"e~;' ...... " t ........ ~::.. ... <;,... ..... ' t:~. ~ ..... '-!- ~.'l'~ ... .,()~ .... ,... ___ ......... 5 ~ ...... s ..... ·. s_~ VV~ <.A .. . ). 

Therd;;)re~ 

fS!.f . .!h9_. Er)t. b.iqq.wL 

<; 

(100;< 10 .. (' ;v 8 x ! {).\) '. 
:;;; "~"--'-"'-----""""-~-"""""""'"'"'"'"'~,""""""""""""" ......... ~.--------...... '" ...... '" ............................ -~----~ .. ~,... ....... ~'" ........................... -.. -.-.... -.--.~~ ...... .....-.~ ................ ........ . 

(1 -1 \/ 1 '\ 
...:. : ~ 3 : 

>;." + ,,:--------- -:- ......... _. ..: .~.<- .: 
.. 'UL<10l X 330 x 10" 390 x 3Y}x Fl"') . \ x:><: Hf x .390 .,; 330-:< H),'I x HHh w 9 

) 

.. ··1250s 
;::.."":.:--~~""""" .......... '" ................................. -. 

s) +81498+9.712.5x1«( 

Tbe pole Q, Q~, :::: 3116/8149 :.::: 0'}8 

16 
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{6xl0~' ><560:-:\0 :;') 
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,,1 . ,f 1 1 \1 I' 1 ',l 
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\ 0 X!O x:::,::::d () . '? 17,8:0 : I ()', x 2.2 ::<1 {}" / \. 6 ::< I O~:d 7. g x 10 1 ::< 2.2 x 1 0 <; :;< :5 ('0 ;.( 10 p j 

····297619s 
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s;: -+- 10 1293.9s + 7,6:0: u/ 

The large gain values obtaine.d from the enmputations bear dose 

correspondence tn the general ;;l~sumption that an ideal op arnp pm,sesses an infinitt~ 

2.1.1 The hHliug circuit 

The tuning circuit is connected to the coupling capacitor d. the output (,f 

the Hlkr networiL H consists ~)f <1 pdentlomctff of reh.tively high res1sbnce in series 

potentiometer as ShOV';11 in ilgm(: 2··! b. Tbe manual rnovcn1ent dov·:nVJ<l-fds nfthe 

<.;ll' is; .'V <'()!1 i ~~('J I' f ! I";' f,,",t ';:rlt;!·, p-v'tr-':' ; l"""l"'~~"i'" tl ."" n~<' I' <.;t>'}.,,-··,;, "1 <!'11' -i'I1i e" ('> 'Ii !"nt ';11",1 ... . ~"'i~)C '0.-.... At ... ~ ........ . } ..... )<;.., rJ".-.., ...... _ • . >.c ....... · ......... ... ~}v ........... "._."' .. ~ 1~v ;O.-...-.,~ ... •. ~ ! .......... ).(. ~ ... ,.... -~ ..... } ." ~ ~ l"'~ <:t';: ~."A 

subequently moved tq:nvards. (he f(>sistance to the nctv,:ork's output is reduced. and 

hence, an increase in the ampEtude fespons~~ is obtained. 

'fhe gain!ampUtude f{'spon~:;e spans a range of 20dB. T!ms. CJch of the j;;nH' 

hands have thdr tuners caHbrattd hum ···10 to +- 1 OdB. 
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! R<;,,·: 400 ohms C) ::: 2. '2 nF 
1 R~··,-,-,- .. 7j()··~;1;;·;;;.~······"~···· .. ·~~· .... ······ . ··(:·;·~;~··i·6··;·;I:;············ 
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! Rll ::.:. 120 ohms , 
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~ .. ----. -.:-:. --............ -- ..... ~ ..... -..... ~ ... --.... ~ -_. --------------_. -.-.- ~ 

l R13 '" 6 K ! 
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U~.L~.:.:.:J.7.:.?)\ ............................................ j 
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'Hl" .. ··l K ; 
~ .... ·::·:,:·-· .... ·: ...... · .................................................... l 
i. .. ~.\:i .. .'.:.: ... !:g .. y~:.p.~::!:\f.~l:igi.r:!~).~:t?· .......... l 

The op amps in the active n !ter netvvork are fed viith ! 2 V DC from the 

, < '1', . , f" {C' ! '. '\' d f' "! t' pov<-'er suppry umt. .1 ne Unit o:mSlsts {) . a Lif i· .. · .i, f step ,.O\.VO trans.mmer wit} ne 

output conn(~cted to :1 bridge rectitler to provide 11.111 wave rectibcatloll. Paralic! 

connected capacitors and resistors serve as srnoothening nlters that reduce the ripple 

f"t"{'fu't nt"t'·l",>. 'f'P"tl't'Jl'r' n'ltn'lt w:'v"fl)j"j'\ ;\ l"("';" c,f 7"0":' die)"l,,»; ~r'''' >I;;;:f'~(l tq reoqlatr-' ihe ...... ~ ..... <:,...... ~ ... Jo,....- ......... <:,.... . ~ ... ~ <. .. ~. ~'<;,... . ~ .. s. ~. ~ l ~'" ./ :t ..• " ../. _J .... , . ........... <. ...... ,~ .~.J" ~............ ...t;. ...• ~,,-, ........ ~ 

voltage supply fOr both polarities 

The resistor and capacitor values FH' the power $upply circuit shown in Hgure 2--4 are 
f'-'!"""H ~".:>;n>"· C :(v~. ~)"""·h .. ·;or .... 
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, U ','" 1 ' (" 'J'" 'l(' ~ ... " -'\., ~ J'-l ~ ---~ ~~? {) 11115 l '~ .. ' j ::.;~ . ~.J{. ") ~tr=! j .~') v 
, . ~ 1"- .... ~ .•.• "' ..... ~,... ......... ~~.~ ••••••••••••••• ~ ....... : ••••••••••• - .••.. -.:.- ........ .-: .. :~ .• ;: ••• ~ •..••••••••••••••• ~ 

j R2 ::, ,}') ohms ; (;2:::: ! OOU ui- iJ) \! i 
<.. ............................................................... L ........................... -'.. ................... ~.~ ... ~ . ..; 

}O 



CHAPTER 3 

;tl CONSTRVCTION 

implemented by practical construction of tbe: equalizer system. with the d.l~:,;cfek circuitry 

inserted on to a veroboan-L 

This nlethod of dbcrdt; circuit v\firing other\vise knO'>vn as p(}inf..fo-poim or 

fuxmess wiring b0ing enlployed requires rnininmm engineering dli)rt and equipment. It 

has advantages ov--er printed circuit (PC) wiring in many aI)plications. Ihe f(dlo'lying are: 

(1) Layot!t and design (ofpdnted circuh \vb-ing) are clinlcult 

(i1) Small quantity of pdnted circuit l)oards \ PCn's) are more e>;;pcnsive to pr(,duce. 

(iii) Circuit design ofPCs is usually restricted to one piune, 

(iv) tvlore !abour costs arc involved for PC changes <Indn.'!Ktlrs. 

(v) Subcontracting ofPeB's is more difJicuH and costly, 

The audio graphic equalh,:ef circuitry and that of the pmver supply unit are 

inser!.t~d on a 58 X 1. 44 mmvcrohoard. The veroboard and the 240 ··-12 V step-(k}\~in 

tm.n,sformt~r are subseuuemlv mounted and ~cre\ved on J. 1. 86 X ! (il rnrn synthetic rybstk ~ vi .... t ... 

rnateria! providing adequate insulation support. Appropriate audio input and output 

termina.!s are pro\dded, as well as <In extension cord to plug into an f.tC, pov-Ier supply 

BockeL 

The two dul'l! low-nohe JrET op-a.mp Ie·::; (Me !4S8CPl) constItute the "heart" 

of the system to which the various components ofthe main circuit, e.g. resistors" and 
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A fidelity test br the audio output from the graphic equalh:er~ \;\'101 an audio input 

l'1-o yn a !'O"H1:<,·t >"\1' ~·w !~l'n'{:'r' \dr-,!,ler1 ~{"':"nt(qblf' 1"'"-,,,1'" 'T !.,{' "i'l·wn{l,u.,yl '</)'111;i lw .;;',(. -,' ~ . . ... ·'-.!.> .. t· .......... · ""-.'.N ~ ... ~Q .. "..1# .. ,.~./ ."", . ... ~.;o'''' O:"s ..... · ......... ·t ..... _,i~ :o.lo,. •• ;.,-~ ~,_.,~ J .{., .~ __ ~>,-... .... _ 'i.~""'''''' ... ~ ..... \ .. ~ ... -.-' ..... ~.},"::. 

fhithful to the original sound was accompanied 'Nith n:duccd noise. In adzht bn, the 

sliding cr>ntads or tuners f(w each ofth.' frequency bands (60 Hz: ... 4 kHz; 4- ,,' 1{ 1,J 1/.; g 

12 kHz; J2 .. ·16 kHz) were adjusted accordingly. The higher iiequeHcy ranges, I.e, from 

g to! 6 kHz,'>Nere observed to be audihly prccnlphasized and dcemplwsized \-'>'hen the 

conL<~et5 were sided upv¥'ards and. dosvnwanh respcd.ively. Henct\ the pwblem of high 

frei1jF~'1;"'\:' h~u"kg.Trq!,~(l '101'"'' \~'lS' t'""c"" ,.,(l"'1ll'ltr-'I" ":1"'1'1"1 C"'U" :",f' I:>'nl·,b;'rr.·'nri~ 1'< '\1""'; .... '-~. vi v.,/ ..... s<::,.· .... .... . "" 5.0"~ ~ . • ) ....... i,,{ ~ .o'lo.. ",it :..;~ .. ~" .... i <. ...... ~.'" ~ .. f.: •. :H of. _ .. ( ... 0...- ...... ~_ ..... ~ . .. I:v. ~)o. ... "",,~ t .«-.s.... 

observed that on fhe nmnual adjusfrnent (l r the sUd tog contacts up'.,vards and d{:.\vnv;md~, 

n:spcctively, f(>r tb: k'Yver freqm;nt:ies i.e fhnll 60 Hz to 8 kHz; the has;:;.-Eke audio 

output V<,{IS according Iy hoosted mid ~iHcmw.tt;d in n sa! blhctory manner. 
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CHAPTER 4 

been relIulrkably pro'v'cn in this project Tbe aspect of audio signal equalization 1.renied 

>~,hl"'!'; ·l'~ 1 .. ,~,;:,~/~ (v'" h,~f';". pr~"'{';n'I'-"'" Of' 1!1C~ f<l\"" y'<"hV('fK! ",.,,~ ·';l!"'f !'''~{'"j'i>d ~v<;l·"'~h (·\<'''1'j;n<> '(~,~.~! .... ~)t.h"''''''U 5.~ 0'o ... -,-, .. J H.~",,~~ ........... .. J. 0 ...... ~b.!. ..... ·;. i!t ........ .( ... (~,~ .... J.~~-" ........ ~~ ~~.., .. .., .. ; .... t..-e ......... <.. ~':::;. 

Th.e set out ohie(~tives slated f:adkr on v.,'ere Hchicv'ed to a great extenL 11rnvevcr, 
. .,.. .,... 

in the process of noise reduction,. some attenuation,. 'shieh is (J. fn.lcHnna!. loss of amEo 

signai amplitude 'l.vhcn a signal passes through a syskm,w(;!s obscrved. \Vhcre an 
, S J 1 I > ~ , .1! , ' I' . J ' >. • • , 

l!1CreaSc{! SOU!1i.) level !s (!eS1Je0.~ h\(; gWI)IHC eqlwllzur nm be use' m COHjt!nctlOn \Vltn an 
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Figure 24 Circuit diagram of the power supply unit 



and the power supply unit, 

'rhe design process employs <'.l. cascaded <lHange!neni of the tdlnwlng as 

• 't '}" h' I. oaste ow atng .. ilDChS: 

(I) a nIter nehvork, (termed a biquad), 

(Ii) and its respective tuning circuh (at the output oftne niter), 



The band~pass Hlters are practically the t\vo"pok adjyc RC typE \vith the main 

purpose ofisolating ~~,pecinc fi-eqclency rangeskn the modification of the ampLitudc-
{' ( ", !requency response C!HwaCtenst Ie 

!tmction is given as: 

(1 J) 

and fin the cOf.'ffkients Ui and h arc real. 

·-rh.t~ !.)ask filter network usedi::; based on sing.k~a111p!u1er biquad fopobgies, 

'1"\,-,,> l1Pc<<>t;'-'t' t>",(H''''''k t(lt~n I<"jf!\; i>t'1!"lo' "",_1 1« "''-' '-','_l jl~",-1 ?,,,,,-,<'pc;e ~-!,"" 'q f'" ''li''!~'''l,'l:' . ~" ...... ~.W~":::I(,.~ ~ <; ............ \.-. l~)-t.s.~._ . (. t.':;';')' C::~. :-.,.!I: ... ~) , .• } .......... l .,~ ....... ..... ~ ... ~ ... ~ .. <:.J. ._, .... v<=~~~·_ .. ~ .. · ~~ .•. ".,. .... .i ............ 1:->': ........ "':<::. ~ ... '. 

a({sodated 'with the op a_Hlp provklcs <1 feedbaCK patb to the negative input tennitml of 

the op amp. thus bearing an inverting amplifier SlT1Kture, 

given as 

{r( 

s 
J~ ( .. )~) ;;; }( -- .... -.-- .. -~~~ ........ . 



RECOIHM£NOATfONS ---- ~~ 

miniaturiwtion, Presenlly, thick and thin 111m 1echn%gies f()f the manuJi.!dure of 

the ofHlmf! Ie chip bonded to the substrate aIe avaibble. 

arc smat!, light and reliaHe" and the technology b quite e;;;ollomica! \vhere large numbers 

nfthesemediurn quality fUkrs In the order of ur to ! OO/IOG per yenr can be produced. 

iiequency range of the ~y'Sfem fo provide a more det.aih:d modification of the amp! itude .~ 
frequt;nc:,r reSjJons!: to a desinxl k",:ej for listening. 

FinaHy, a liquid crystal display (LCD) or a light ~.'!nittiflg diode (LEDi based 

indicator can be used 10 give ~l graphical depktbn of 11K' amplitUde .. frequency response 
, .' ~~. . ! ' '! r '1 'ii' I' varwUon \Y1H:!1 m~jtlstmcnt IS X~1ng carncu out ;.01' any Dam; V'/~t lin ~nc :~pectmm. 
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'C< '." r !"i) 1'" '/"" r- I '. < ' '('On ,", !' ;~f>und heco.r{,mg ant .!<.cprouucuon. ne l~n('Yc!opedm (1t'ii(!'lCana, ;:hu, CrfO leI' 
lncoqxrratcd. 

r1' r: <.:< • 1'1 ],'" 1"'{' "' ,. , J I" • I"' ! " '"}("! "If " 'nHJ <'lyskm. de Hell,' ! Ils1raie(t :soence ana ,nvenfwn "~ncyc,opema, I\~ , "" ,~..,. 
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