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AnAnalysisofRCOscillator
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1 1ntroduction

ThepurposeofthispaperistopresentananalysisofRCoscillator.ConsiderthecircuitofFig.1,

whereweshallassumethat"amplifierisadjustedsothat itwill justsustaintheoscillations. RC

networkischaracterizedby
R

R/SC

2/SC+R
一
一

ｑ
一
団

一
一ｊＳｌβ

1/SC(1/SC+R)
R+

2/SC+R

Ｒ
師 C

一
一

¥+R｡+
1

(SC)2

Fig.1 RCorcillator
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Inthecircuit,Risconnectedontheinputsideof"amplifierisvaluessochosenthattheequivalentof

R'11hi,R'istheresistorwhichisactuallyconnectedbetweeninputandearthside.SubstitutingjG)for

sresultsin

I
β(の)＝ (2)

3+j("/a)o－恥/の

1

where c"="

TheimaginaryportionofthedenominatorofEq. (2)vanishesat
●

1

｡＝凸恥=Cn､
AtthisfrequencyP=1/3,andfrom

"=1wefindthatthegainnecessarytosustainoscillationis"=3.

Next,thebasicincrementaldefiningequationmayfinallybewrittenasaquasi-lineardifferential

equation:

，+帯ｼ+(f)& "=0 (3)
1

ThisisintheformoftheVanderPolnonlineardifferentialequation・ Tofindtheamplitudeof

oscillation,thenonlineardifferentialequationmustbesolved.Weshallfindtheconditiontosustain
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almostsinusoidaloscillationsfromtheequation. Eq． (3)hastworoots,whicharelocatedat

而戸一志(3-鯉)’
1

S,,2=-謡±】

＝α±jの （4）

Theserootsdeterminethenatureofthetime-varyingresponseoftheoscillator,andthereforeweshall

investigatetheirlocationasafunctionof".Inordertohaveagrowingtransient,cr>0,which

correspondsto

3＜〃 （5）

2AnalysisoftheSystems

Weshalldeterminethenatureofthetransientresponse,andexaminethelocationoftherootofl-

".TherootsofthecircuitofFig.larefoundfroml-叩=0.Theresponsewillbegivenby

S2+莞云竺S+(C=) ,=0 (6)
1

Eq. (6)hastworootswhichtraversethepathshowninFig. 2． Evenwithasystemgainmarginover

thethresholdvalue, thelocationoftherootswillbesuchthattheoscillatorwillgenerateasignalof

slightlydifferentfrequencythanthatcalculatedonthebasisoftheboderlinebehavior.

Iftheamplifiergaineverbecomeslargeenoughtodrivetherootsontothepositiverealaxis,that

is, ">5,theresponsewillnolongerbeoscillatory.

Next,Eq. (5)hastherestrictionwhichmustbeimposedontheroots, iftheresponseistobe

oscillatory, isthat@mustbereal. FromEq. (6),

4＞（3－〃)2 （7）

Fig. 3 presentstherelationbetweenom2(4-3(3－〃)2)and".For"betweenthelimits
ノ

1<"<5,thetransientresponsewillbegivenby

e(t)=AE"t(sinG)t+の）

Forsmallvalueof", thenaturalfrequencyisalmost⑮粕．

“
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Fig.30scillatoryl℃spouseFig.2Migrationdiagramasafunctionof"
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If"islessthan3,thenanyoscillatoryresponsewilldampout,whichisalsocalledstablecenteron

thephaseplane. Oncethe"movesfrom3to5,oscillationsocccurandtheamplitudeofoscillation

increasestheoreticallywithoutlimit,butwhen5<",theexponentialbuild-upwillleadtoarelaxation

phenomenonsimilartothatfoundfortheastablemultivibrator.

Thenthesystemresponsehastheunstablenodalpoint,theamplitudeofoscillationforcesanincreasing

aperiodicbuildup.

3Phaseshift,andFrequencyResponse

Asameasureoffrequencystability,weuseaqualityfactor,Qisdefinedas

Q==割鵲|の→"。 （8）

ThelargerthevalueofQ,themorestabletheoscillatorwithrespecttoallchangesinthecircuitwhich

mayproduceanundesirablefrequencyshift・ Fig. 4isaplotoftherelationsQandphasebehaviorof

nullnetworks. Forthisexample,thephaseofP,

8=tan-÷(苦-筈）
DifferentiatingEq. (9)withrespecttoG)and

multiplyingbyGJo/2yields
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⑩Q=
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Attheresonantfrequencyofthesystem ("= 0･l e- l "6－

Q一一一一一 叫0

1/CR),Qreducesto
l Fig.4Qualityfactorandphase
Q= OD

:_,";f,､｡m｡,!D +I､｡｡.~､;g- characteristicsofthecircuitofFig.1ForpracticalcoilswithsmallRs,theseries-Qis

"L>,0Qs=f
WiththeconditionthatQs>10, theequivalentcircuitmaybefoundbysimplifyingthecomplex

impedanceequations.TheresultsarethatLandCremainunchanged,buttheparallel.Qpis

Qp=GJCRp

Asnotedthatthecurveofamplitudeorimpedanceversusfrequencyforaseriesoraparallelresonant

circuit,theamplitudeorimpedanceismaximumatresonance,butoffersalowervaluestothefrequency

bandsoneitherside.Whenresonanceoccurs,aqualityfactor,Q,ofthecircuitofFig. lisequalto

l/3､Thegreater",thehigherthequalityfactorQbecomes,finallyQwillreachitsmaximumvalue

atの→"･EvaluatingQatthelimit

Q｡｡=1.5 02）

ItshouldbenotedthatRCoscillatorcannotreachthemaximumQatresonance,ascomparedwiththe

LCoscillatorycircuithasthemaximumQatthesamecondition.
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4 Conclusion

Inthispaper,wehavedealtwithRCoscillator・Asseen,Qisonlyl/3intheRCoscillatorshown

inFig. latresonance, inspiteofthefactthattheLCoscillatoringeneralhasahigherQwhenresonance

occurs.Then, itisofimportancetonotethatthemaximumQoftheRCoscillatordoesnotexpressthe
resonanceofit.
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