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ExperimentsofHartleyOscillator

Takeji Sato

(Receivedon310ctOber,1976)

INTRODUCTION

WehadbeforeexaminedthatwhatperCentageof"(theterm"iscalledtheopen

-loopvoltagegain, andthesymbolPisusedtodenotethefractionalgainof the

feedbacknetwork)mightbecomemorethanltoholdbuild-upofoscillators.Asthe

result thatwemade, then, experimentsonaCRphase-shiftoscillator, practical

oscillatorsaredesignedsothat〃β>1byabout5Percent inordertoensureoscilla-

tion.

AndmorewehaveinvestigatedaHartleyoscillatorfortoarrivethegeneralcon-
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Fig．2． Thea-cequivalentofaHartley
oscillator.

Fig．1 ． ApracticaltransistorHartley
oscillatorcircuit.
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Fig.3． HybridequivalentforaHartleyorcillator.
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clusion・ Tokeepthepossibilityofoscillation, theoscillatoraredesigned〃βmight

becomemorethanlbyabOutlOpercent.

ANALYSISANDEXPERIMENTSOFTHE

OSCⅢ』LATOR

AHartleycircuithavingthepracticalbiasingconditionsshowninEigurel, itscir-

cuitwithout thebiasingnetworkisshowninEigure2. Itsepuivalentcircuit isre-

drawninFigure3, withthetransistorhybridcircuit included・ Asseen, thecircuit

consistsessentiallyofagroundedbaseamplifierhavingatunedcollectorload・ Ifwe

nowconsiderdrivingthiscircuitwithasourceatavaryingfrequency, it isclear

thatwewillobtainamaximumamplificationonlyattheresonantfrequencyofthe

tunedcircuit.

Asamatteroffact, theamplificationoneithersideof thisfrequencywilldrop

offsharplyif thecircuithasahighQ. This issimplybecausetheeffectiveload

impedancedropstoalowvalueatfrequenciesdifferentfromresonance. Although

thecurrentgainof theoscillator is lessthanl, there isasubstantialvoltageand

powergain.Wenowwritethethreemeshequationtofindthedeterminantforthis

Hartleyoscillator・ Theequationfor looplbecomes

I,(hio+jのL2)+I2(-j(I)M)-I3(jのL2+jのM)+hreV2=0 （1）

For loop2,

(*+j"L,)"'L+j"M)-zIF, (2)-I,(jのM)+I2

For loop3,

(Tar+j"LTI+2j@mM)-｡ (3)（六十j"L,+j"L‘+加M‐｡ （3）-I,(jのL2+jのM)+I2(jのL,+jのM)+I3

ItcanbeseeninEigure3thatV2 isafunctionofl2andl,, andtheequationscan
bewritten

)+',(f-j"M)¥､M)-0(h4｡+j"L,-LffL)+1,(¥-j"M)¥､M)-0 (4)I,

(j"M+fr)+I"(f､j"L)+I,(j''､M)-, (5)-I'

(j"LT,+"+2j"M)-, (6)-I,(jのL2+jのM)+I2("L,+jのM)+I3

Sincethedeterminantof theseequations isextremelycomplex, welookforany

simplifications・ Attheresonantfrequencytheseriesreactanceof thetankcircuit is

practicallyzero・ Withthisapproximation, thecoefficientofl3 inthethirdequation

iszero. Theresultingdeterminantofthecoefficients is

(*-j"M)(j"L,+j"M)(j"L,+j"M)+(-j"I､2-j"M)(j"M+-:gF)(i"L,+j"M)制（告-j"M)(j"L,+j"M)(j"L,+j"M)+(-仙一j州'"M＋ （仙十j"M）
hrehfe

(*+j"L,)(T-j"M)-(j"L,+j"M/("'Lm-nfZ)-,）（士十j"L,)(-仙一j"M)-(j"L,+j"Whio+j"L1－ h｡。 ＝0-(-jのL,-jd)M)

（7）

Therealpartof theEquation(7) isfoundbyexpandingl collectingrealparts, and
theresult is
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』_(乢,+"M/--Z(乢'+.'M)("L,+"M)+Tfr(-¥, (8)h｡e h｡e

InthisequationWesolveforhfe, usingthefact thathre isverymuchlessthan

hf｡ ; thefinalresult is

L2+M L,+M
(fM)+4h(EM (9)hfeZ

Sincel>4h, theresult is

h蝿≧芸圭器 （'0）
Equation(10)givestherelationbetweentransistorparametersandcircuit inductance

valuestoensurethecircuit functionasanoScillator_ This isreferredasthecondi-

tionforstartingoscillations.

Thefrequencyofoscillationasafunctionofcircuitandtransistorparameterscan

befoundbyequatingtheimaginarypartof theEquation(7) tozero. Solvingthis

relationforfrequency, theresult is

l
f=

（11）

､/C(L4+L,+2M)+ff(LL,-M2)2元

Usingtherelationshiphie>h｡e, thefrequencyis, toagoodapproximation,

1

f=Z元マエc （12）

wherethetotal inductanceof thecoil is

L=L,+L2+2M （13）

Asthenextstep, wemadetheexperimentsonToshibatransistor2SA499R, tofind

whatpercentageof increase"isnecessaryforensureoscillation． InthiscaseL,

andMarevariableandothercomponentvaluesareset inconstant.

Setandmeasuredvaluesasfollows;

L,=33.96mH L2=98mH

M=15.43mH C=0.056"f

ThenR,=30J2, andR2=21J2areequivalentresistance

andC,=200P.F., C2=180P.F.arealsodistributedcoilcapacitanceofL,,andL2,

respectively. ButsinceのL,>R,, d)L2>R2, C>C,, andC>C2, wecanneglectthe

effectsoftheseresistancesandcapacitances.

Thefrequencyofoscillationisaboutl700HZ.

L2+M
==Mi=2．3

hfe=2.5, thisexperimentalvalueisfoundwhenlB isnearlyequal to20"A.
Consequently, takingtheEquation(10)whichisaconditionforstartingoscillations,

practicalHartleyoscillatorsaredesignedsothat">1byaboutlOpercent inorder

toensureoscillationevenwithminorchangesincircuitordeviceparameters.
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