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LRadio-Frequencylnput-CircuitDesignConsiderations

lngeneral，thebandwidthoftheradio-frequencysectionsofatelevisionreceivermust

bebroadenoughtoenclosetheentiretransmitterbandwidthcurveifallavailablepicture

detailsistoberetained・Thisisreadilyaccomplishedbyfixedtunedintermediateamplifiers
followingthefrequencymixer・

Inprinciple，aradio-frequencyamplifierisnotnecessary，ａｎｄthesignalcouldbefed
directlytothetunedinputcircuitofthemixer・Theproblemsofimagerejection，１ocaloscil-

latorrediation，excessiveshotnoise，andconversionlossofconventionalmixers,however,are

suchthatastageofamplificationaheadofthemixerisdesirable・Itbecomesexceedingly

difHculttoachieveappreciablegainaheadofthemixerforthehigherultra-frequencychan-

nels，andaradio-frequencystageisnoｔｕｓｅｄｉｎｍｏｓｔｃａｓｅｓ，Rather，ａｓｉｍpletunedpre‐

selecterisusedaheadofacrystaldiodemixer，sincetriodemixernoisebecomesexcessive

owingtotransit-timeeffects・Thenitbecomesveryimportantthatthefirstintermediate‐

frequencyamplifierbeofanextremelylownoisetype，sincethediodemixerresultsina

conversionloss、Disk-sealtubesoftheplanerorcylindricaltypesuchasthepenciltube

triodes19andthemorerecentdevelopmentofconventional-typetriodessuitableforoperation

uptolOOmc2o'31however，maketheuseofradio-frequencyamplifiersatultra-frequency

practicaLalthoughthedisk-sealtypesposeproblemsineconomyformulti-channelcoverage

andtheperformanceofradio-frequencyamplifiersatultra-highfrequehcy(ＵＨＦ)iswellbelow
thatatvery-high-frequency（ＶＨＦ).2２

Onlow-bandUHFchanne】s，conventionalminiatureradio-frEquencyamplifierpentodes

suchas6ＡＫ５ａｎｄ６ＡＧ５ｏｆＴｅｒｎｏｐａｒｔｉｃｕｌａｒｐｒｏblems，althoughtheinput-conductancecompo‐

nentresultingfromtransit-timeeffectsbeginstobeimportant・Asthehigherchannelsare

reached，andtheinputconductancebecomesgreater，thenoiseperformancebecomessuchthat

trioderadio-frequencyamplifierswiththeirlowernoisefigurearedesirable・

Triodesinconventionaltunedcircuitsintroduceproblemsresultingfromgrid-platecapaci-

tance・Theseproblemshavebeenattackediｎｔｈｅｐａｓｔｉｎｖａｒiouswaysasindicatedbelow：

１．Push-pulltwin-trioderadio-frequencyamplifierfollowedbytwin-triodemixerwith

pushpullinputandsingle-endedoutputincombinationwithpush-pulllocaloscillator・Such

arrangementspermitbalancingoutofgrid-platecapacitanceinradio-frequencyandmixer

stagesbycrossneutralization、

２．Grounded-gridradio-frequencyamplifierfollowedbycathode-coupledtwin-triodemixer

withconventionaltriodeoscillator、

Push-pullcircuitsasradio-frequencyamplifiersarere]ativelycumbersomewheremulti-

channeloperationisrequired，andimprovedtubeswhicharemorestablemakepossiblethe

useofsingletubesinself-neutralizedcircuits・Theneutralizingadjustment，ｉｎｔｈｉｓｃａｓｅ，

however，tendstobecriticalandunstable、Thegrounded-gridcircuit，whilenotrequiring

neutralizatiｏｎ，ｈａｓseveralimportantdisadvantages，amongwhicharethevariationofinput

impedance｢ｗｉｔｈｇｍａｎｄ，hence，withbias，causingaseriousmismatch，particularlywhere

agcisappliedtotheradio-frequencystage，ａｎｄｔｈｅｅｘｔｒｅｍｅｌｙｌｏｗｉｍｐｕｔｉｍｐｅdance，which
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makesthedesignofacircuitwiththerequiredselectivityexceedinglydifIicult・

Someofthesedisadvantagesmaybeovercomewithcarefuldesign・Inparticular，ifa

grounded-gridstageisfollowedbyanadditionalradio-frequencyamplifieraheadofthemixer，
ａｇｃｍａｙｂｅａｐｐｌｉｅｄｔｏｔｈｅａｄｄｅｄｓｔａｇｅ，whichwillpreventsubsequentstagesfromoverload-
ingwhileeliminatingtherequirementthatagcbeappliedtothegrounded-gridstage・Ｂｅ－
ｃａｕｓｅｏｆｔｈｅｌｏｗｉｎｐｕｔｉｍｐｅdance,ｔｈｅｔｕｎｅｄｃｉｒｃｕｉｔｈａｓａｌｏｗＱ，andselectivityispoor・

This,however,ｃａｎｂｅｍａｄｅｕｐｉｎｔｈｅｆｏｌｌｏｗｉｎｇｓｔａｇｅ・Furthermore，ａｎｉmpedancestep-down
ratioisnormallyrequiredSucharequirementwouldresultinapoorernoisefigurethan
wouldbeobtainedfromaneutralizedgrounded-cathodestageatfrequencieswheretransit

timeisnotimportant・This，however，isnotthecasewheretransit-timenoisepredominates・

Theinputadmittanceisafunctionofbiasbothforgrounded-gridandgrounded-cathode

operationwheretransit-timeisappreciable・HencetherearedifYicultiesinapplyingagcin

eithercase・Ｍｏｓｔｏｆｔｈｅｆｏｒｍｓｏｆｉｎｐｕｔｃｉｒｃｕｉｔｓｕｓｅｄｉｎｔｈｅｐａｓｔｈａｖｅｌａｒｇｅｌｙｇｉｖｅｎｗayto

someformofthecathodecircuiｔｗｉｔｈａｔtendantsignal-to-noiseratioadvantages・This,circuit，

aswellasothers，ｗｉｌｌｂｅdiscussed．

２．TubeConsideration

Ifatelevisionreceiveristoworkunderalargevarietyofconditions,ｅａｃｈｏｆｔｈｅｆｏｌｌｏｗ－

ｉｎｇｆａｃｔｏｒｓｏｆｔｕnerperformanceishighlysignificant;Elignal-to-noiseratio，selectivityand

band-passcharacteristics，voltagegain，amountofoscillatorradiation，amountofantenna

mismatch，ａｎｄｄｅgreeofcross-modulationintheradiofrequencytube，andmixertube・

Ithasbeenfoundthattriodes，ｓｕｃｈａｓ６Ｊ６ａｎｄ６Ｊ４，generatelittlenoisebutareunstable

inneutralizedcircuits，orhaveobjectionableantennaterminationcharacteristicsingrounded

gridoperation、Thepentodes，ｓｕｃｈａｓ６ＡＧ５ａｎｄ６ＡＵ６,generateconsiderablymorenoise,but

donotrequireneutralizationandaremorestableintunedinputcircuits・Thusimprovement

maybesoughteitherwithtriodeorpentodeoperation・

Inconsideringtherelationshipoftelevisiontunerperformancetotubedesign，theneed

forhighsensitivity，ｉｅ.，１ownoisefigure，dictatestheuseofatriodedesignhavinghigh

transconductance，１owinputloading，１owinputandoutputcapacitances，andlowvaluesof

leadinductance､3'４Furthermore，forproperantennatermination，thetubeshouldhavean

inputimpedancethatdoesnotchangewithvariationofthegain-controlbiasvoltagewhich

mustbeappliedtotheradio-frequencyamplifierstagetoavoidoverloadingwithstrongsig-

nals・Toreducecross-modulationintheradio-frequencyamplifiertube，anextendedcutoff

characteristicisdesirable・Unfortunately，thischaracteristicconHictswiththesharp-cutoff

griddesigndesiredforlowimputloading・Theoscillatorradiationattriburabletotheradio‐

frequencyamplifiertubeisafunctionofthecapacitancefromtheradio-frequencyamplifier

outputterminalstotheantennaterminals，ａｎｄｏｆｔｈｅｃｉｒｃｕｉｔｉｍｐｅｄａｎｃｅａｔtheseterminals、

Thelow-noisefeaturesoftriodeshavebeenrecognizedgenerally，butstabilitydifYicultiesand

otherproblemsassociatedwiththeuseoftriodetubesintheconventionalcircuitshavelimited

theirextensiveapplicationintelevisiontuners・Consequently，pentodeshavebeenusedin

theradio-frequencystagesinmostreceiversdespitetheirhighernoise．

3．Grounded-CathodeandGrounded-GridCircuits

Thegrounded-cathodecircuitshavetheseriousdisadvantageofrequiringaneutralization

adjustmentwhichisrathercriticalandunstablewhenatunedinputcircuitisused、The

grounded-gridcircuit，whileitdoesnotrequireneutralization，hasaverylowinputimpedance

whichvariesinverselywithtransconductance・Thisvariationmakesitimpossibletomaintain

correctantennaterminationwhengain-controlvo1tageisappliedtotheradio-frequencystage
●

Ａｌｓｏｉｔｉｓｄｉｆｌｉｃｕｌｔｔｏｐｒｏｄｕｃｅｔｈｅｌow-inductanceinputcircuitrequiredforgoodselectivity・
Itisnecessarytoprovidegaincontrolintheradio-frequencyamplifierwhenstrongsignals
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arepresent・Variationinreceiverinputimpedancewithbias，experiencedwithgrounded‐

gridoperation，causesimproperantennaterminationandresultantreHectionswhichimpair

definitionandmaycauseghosts，Thesefacts，plusthelackofamoderate-costtuｂｅsuitable

forgrounded-gridoperation，mayaccountfortheratherlimiteduseofthegrounded-grid

stageinthepast・Televisionboosters，however，donotrequiregain-controlvoltagｅｓｌｎｃｅ
●

theyarenotusedgenerallywithstronginputsignE1s，ａｎｄmay，therefore，employpush-pull
grounded-gridOperation．

PＵＴ
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Ｆｉｇ．１－a・Grounded-CathodeCircuit Ｆｉｇ．１－bEquivalentGrounded-Cathode
Circuit

閂 Ｂ
①

ＲＬ
ｅｇ

Ｆｉｇ．２－b・EquivalentGrounded-Cathode
Circuit．

Ｆｉｇ．２－a，Grounded-GridCircuit．

NoiseFigureofthegrounded-cathodecircuitisgiven9by

F='+豊十署('+芳了
TheequivalentcircuitincludingtheequivalentnoisｅｒｅｓｉｓｔａｎｃｅＥｅｑｉｓＳｈｏｗｎｉｎＦｉ９．１－b・

ThenoisefigureisseentodependonｔｈｅｉｎｐｕｔｒｅｓｉｓｔａｎｃｅＲｉｓｓｈｏｗｎｉｎＦｉ９．１－b・Ｔｈｅｎｏｉｓｅ

ｆｉｇｕｒｅｉｓｓｅｅｎｔｏｄｅｐｅｎｄｏｎtheinputresistanceRfwhosevalueｉｓｓｅｔｅｉｔｈｅｒｂｙｂａｎｄｗｉｔｈｏｒ

ｉｎｐｕｔｃｏnductanceconsiderations，andtheequivalentnoiseresistancｅｏｆｔｈｅｔｕｂｅ、Whenim-

pedancematchingisattained

FF2+4箸
Theoretically，theseformulasapplyforbothtriodesandpentodes、Withtriodes(whichare

moredesirablebyvirtueoftheirlowequivalentnoiseresistance)，however，thequalifying

conditionisstability・Naturalizedsingle-endedtriodesarecriticalinadjustment,especially

overawideband・Push-Pulltriodesareneutralizedmoreeasilybutcontributetwicethe

noiseofasingletube・

Thegrounded-gridamplifier，ｓｈｏｗｎｉｎＦｉｇ、２，isdegenerativewiththefeedbackvoltage

developedacrossthegeneratorimpedancedueｔｏｔｈｅＨｏｗｏｆｐｌａｔｅｃｕｒｒｅｎｔ・Thenoisefigure

isgiven9by

F=!+署十(☆)瓊等('+豊),
Ｗｈｅｎノリismuchgreaterthanunity，ａｓｉｔｉｓｉｎｐｒａｃｔｉｃｅ，theexpressionbecomesidentical

otheexpressionfornoisefigureofthegrounded-cathodecircuit・
ｔ
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Sincetheplatecurrentnowsthroughthegenerator，thetubePresentsacathodeimpe-

dance

Eルー型＝Ｒｐ＋ＥＬ
Ｏｐ ｌｕ＋１

A…､……,,ＭＭｎｄ似>1ルー六f･…chm…｡i伽F●、…

Ｅ"=器
and

Ｆ='+鶚=a…“
voltagegainis，undertheaboveassumptions，

Ａ=姜鮴座

４．CathodeDegenerationinAmpliliers

TheamplifiercircuitwithcathodｅｉｍｐｅｄａｎｃｅｉｓｓｈｏｗｎｉｎＦｉｇＢ－ａｂｅlow・Ｆｒｏｍthebasic
equivalentcircuitofFi９．３－b，
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Ｆｉｇ．３－a・Circuitwithcathode

impedance
Ｆｉｇ．３－b、BasicEquivalentCircuit

５．CathodeFoUower

（Cathode-coupledamplifier,grounded-plateamplifler）

Thecircuitconfigurationofacathodefollowerisshownbelow、Asseenfromthefigure，
theOutputimpedanceisplacedbetweencathodeandground，insteadofbetweentheplate
electrodeandground，Fromthebasicequivalentcircuitshown,voltagegainoftheamplifieris
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１＋似

Whentheamplificationfactoroftuｂｅ似isconsiderablygreaterthanunity，asisnormally
thecase，thecathod-followersystemacts，ａｓｆａｒａｓｔｈｅｌｏａｄｉｓｃｏｎｃｅｒｎｅｄ，asthoughthe

amplificationofthetubewasslightlylessthanunityandasthoughtheefTectiveplate

resistanceofthetubewasapproximatelyrp//z＝1/,,,↓，arelativelylowresistance,ｗｈｅｎＺ＝０，
orwhenplateisgrounded

rp

LL＋１

ＥＳ
、ロノ

“(Ｅｇ－Ｅ）

イ い｝
A1ternativeEquivalentCircuitCathodefollower EquivalentCircuit

Fig，４

Thecathodefollowercircuitplacesoneterminaloftheloadimpedanceatgroundpotential

withouttheuseofablockingcondenser，hasanespeciallygoodresponsecharacteristicsat

highfrequencies，whichresultsfromthecapacitanceｓｈｕｎｔｉｎｇｔｈｅｌｏａｄａｓｔｈｅｒｅｓｕｌｔｏｆｌｏad

ortubecapacitancebetweencathodeandground，occursatthefrequencyforwhichthere-

actanceofthiscapacitanceisequaltotheequivalentresistanceformedbyequivalentplate

帥…缶i…aneMtMhoMimP.…Zk,whM,,=0,…l…．．…
γp

ofthesmallvalueoftheequivalentplateresistance-1di千TThecharacteristicsatlowfre‐
quenciescanalsobemadeverygoodbyhavingthed-ccathodecurrentHowthroughthe

loadimpedance，sothatblockingcondenserswithresultingphaseshiftsareavoided、

Theinputadmittancｅｏｆａｔｕｂｅｕｓｅｄａｓａｃａｔｈｏｄｅｆｏｌｌｏｗｅｒissomewhatlessthanwhen

thecathodeisgrounded、Inparticular，theefTectivegrid-cathodecapacitanceislessthanthe

actualcapacitancebecausethevoltagebetweｅｎｇｒｉｄａｎｄｃａｔｈｏｄｅｉｓｌｅｓｓｔｈａｎｔｈｅａpplied

signalvoltage・ＴｈｉｓcausesanyimpedanceZbAiexistingbetweencathodeandcontrolgridto
appeartoanappliedvoltageEbtohaveavaluegreaterthantheactualimpedancebetween
theseelectrodesinaccordancewiththerelationship

Equivalentgrid-cathodeimpedance＝」匹一

］一芸
Ｔｈｅｒｅsultingreductionininputcapacitanceimprovesthefrequencyresponsecharacteristic

oftheamplifierdrivingthecathodefollowerstage，ascomparedwithdrivingaconventional

grounded-cathodesystemwherｅｔｈｅｌｏａｄｉｍｐｅｄａｎｃｅｉｓｉｎｔｈｅｐｌａｔｅcircuit・

TheequivalentgeneratorimpedancｅｔｈａｔｔｈｅｌｏａｄｉｍｐｅｄａｎｃｅＺＬｓｅｅｓｗｈｅｎｌｏｏｋｉｎｇｂａｃｋ

ｔｏｗａｒｄｔｈｅｔｕｂｅｉｎａｃａthodｅ－ｆＯ１１ｏｗｅｒｓｔａｇｅｉｓｓｏｌｏｗａｓｔｏｍａｋeitpossibletoobtainan

impedanceｍａｔｃｈｂｅｔｗｅｅｎｔｈｅｔｕｂｅａｎｄａｌｏｗｉｍｐｅｄａｎｃｅｌｏａｄｓｕｃｈａｓａｃａｂｌｅｏｒｏｔｈｅｒｔｒans-

missionline・Suchmatchingbetweengeceratorimpedanceandloadimpedanceisoftendesired

intelevisionsystemstoeliminatereflectionsatthesendinｇｅｎｄｏｆｔｈｅｃａｂｌｅ，andtherebyto

reduceechoes・Whenanimpedancematchisdesiredbetweenatubeandatransmissionline，

atriodetubeisselectedsuchthatwithnormaloperationtheequivalenttubeimpedancewill
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approximatethecharacteristicimpedanceofthetransmissionline・Afinaladjustmentcan

thenbemadeeitherbyvaryinggridbiasofthecathodefollowerstage，orbyaddingtrimming
resistancesiｎｓｈｕｎｔｗｉｔｈｔｈｅｉｎｐｕｔｏｆｔｈｅｌｉｎｅｉｆｔhetuberesistanceistoohigh，ｏｒｉｎｓｅｒｉｅｓ
ｗｉｔｈｔｈｅｌｏａｄｉｆｔｈｅｔｕｂｅｒesistanceistoolow、

Thechiefuseofthecathode-followeramplifierisasawide-bandpoweramplifiertodeliver

powertoloadsofrelativelylowimpedance，Incarryingoutthisfunctionitwillbenoted
thatthecathodefollowerdoesnotamplifyvoltage，sincethevoltagedevelopedacrsssthe

loadwiｌｌａｌｗａｙｓｂｅｌｅｓｓ，thoughusuallyonlyslightlyless，thanthesignalvoltageappliedto
theamplifierinput・Rather，thecathode-followeractsasanimpedancetransformer，which

takesavoltagedevelopedacrossarelativelyhighimpedance，ａｎｄｂｙａｐｐｌｙｉｎｇｉｔｔｏｔｈｅｇｒｉｄ
ｏｆｔｈｅｃathode-followerstagetransfersthisvoltageonlyslightlyreducedinamplitude，toa

valtageacrossarelativelylowresistanceload・Thusamplificationofpowerisobtained，with

addedadvantagesofexcellentfrequencyresponse，highinputimpedance，andlowdistortion・

Themaximumpowerthatacathode-followerstageiscapableofdevelopingintheload

impedancecorrespondstothepowerdelivedtotheloadresistanceｗｈｅｎtheplatecurrent

swingsfromtheoperatingvaluedowntovirtuaUyzero・Thus，toafirstapproximation，

Maximumpoweroutputwithoutexcessivedistortion＝ＥＥ２Ｌ
２

ｗｈｅｒｅＩｂｉｓｔｈｅｄ－ｃｐｌａｔｅｃｕｒｒｅｎｔａttheoperatingpoint，andRistheresistancecomponent

oftheloadimpedance・Itwillbenotedthatadjustingtheoperatingconditionssothatthe

outputimpedanceofthetubewillmatchｔｈｅｉｍｐｅｄａｎｃｅｏｆｔｈｅｌｏａｄｄｏｅｓｎｏｔａｆTectthepower

thatcanbedeliveredtotheload,exceptindirectlyassuchanadjustmentaffectsthecJ-cplate
current・

Theamplitudedistortionofacathode-followerstagetendstobesmallbecause、egative

feedbackactionispresent・

Thetubesusedincathodefollowersystemsarenormallytriodeshavinghightransconduc‐

tance,orpentodeswithhightransconductanceconnectedtooperateastriodes・Ahightrans-

conductanceisimportantinordertomaketheequivalentoutputimpedanceofthetubesmall・

IftheratedplatecurrentofasinglｅｔｕｂｅｉｓｎｏｔｓｕｆＹｉｃｉｅｎｔｔｏｇｉｖｅｔｈｅｒequiredpoweroutput，

additionaltubescanbeplacedinparalleLDoingsoincreasestheinputcapacitanceofthe

systemsomewhat，ａｎeffectthatmustbetakenintoaccountindesigningtheexcitingampli‐

fierstage，butdoesnotcausethehigh-frequencyresponseofthecathode-followersystemto

deteriorate・Thisisbecausetheequivalentoutputresistancegoesdownindirectproportion

totheincreaseinshuntingcapacitancecausedbytheincreasednumberoftubes・

Thenoisefigureofacathodefollowｅｒｉｓｔｈｅ８ａｍｅａｓｔｈａｔｏｆａｇｒｏｕｎｄｅｄｃａthodeamplifier、

Becauseofitslowergainandregenerativetendencies，dependingonthenatureofthe

cathodeimpedance，thiscircuithasfoundlimitedapplicationinthetelevisiontunner．

6．Double-pMeGrounded-GridCircuit

Adouble-plategroundedcircuitofＹｅｒｓａｎｅａｓｙｗａｙｔｏｓｅｐａｒａｔｅｔｗｏｔｅｌｅvisionbands・Ｔｈｅ

ｃｏｍｍｏｎｃａｔｈｏｄｅｉｓｔｈｅｉｎｐｕｔｔｅｒｍinalforallthechannelsandtheplatespassthetwobands

respectively、Inthefiguregiven，thetwotriodesectionsareassumedidenticalandthe

alternateloadimpedancesareassｕｍｅｄｓｍａｌｌｉｎｃｏｍｐａｒｉｓｏｎｗｉｔｈｔｈｅｐｌateresistanceatthe

respectiveoperatingfrequencies・

Assuming仰ぐ１，andmatchingthegeneratorbythedynamicinputconductanceofthe
tubenoisenoisefigureisl１．３．b､９Thiscircuitisinferior，fromanoisefigurestandpoint，to

othertriodeconfigurations．
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nded-ImdCircuitDouble-plateGrounded-gridＦｉｇ．５．

7．Cathode-CoupledTriode

Thec1thodecoUpledamplifiercombinesthequalitiesofhighinputimpedanceandhigh

gainandessentiallythefavorablenoise-figureofasinglegrounded-gridtriode・Ｉ、Ｆｉｇ．６，ｉｔ

ｉｓａｓｓｕｍｅｄｔｈａｔｔｈｅｔｗｏｔｒｉｏｄｅｓａｒeidenticalandtheinputresistancｅｏｆｔｈｅｓｅｃｏｎｄｔｕｂｅｉｓ

ｈｉｇｈｃｏｍｐａｒedwitheQluivalentcathodeimpedanceoftheprecedingstage，Ｔｈｅｎｏｉｓｅｆｉｇｕｒｅ

ｉｓｇｉｖｅｎ９ｂｙ

旧十骨十鶚('+鳥)。
underconditionsofimpedancematch

Fb=2+8聖Ｌ
ＲＵ

ThereisadecidedadvantageinusinｇｔｈｉｓｃｉｒｃｕｉｔｉｆｌＩ９ｃａｎｂｅｍａｄｅｈｉｇｈ．

ｅｇ

Ｆｉｇ．６．Cathode-0oupledTriod・

aInvertedAmplifierCircuit

Ｆｉｇ．７ｓｈｏｗｓａｎｉｎｖｅｒｔｅｄａｍｐｌｉｆｉｅｒｏｆＯＥ・strong，whichisanimprovementofinverted

ultra-audionamplifierofH、Romander，whichinturnisamodificationofAlexanderson，s

grounded-grid-amplifiercircuit．

9．CascadeCircuit

Thecasoadecircuit，ｓｈｏｗｎｉｎＦｉｇ、８，consistsofanormalgrid-drivenamplifierwithits

plateloadconsistingoftheinputimpedanceofagrounded-gridstage・Thisconfigurationis

particUlarlyusefulinlow-levelinputstageswheretubenoiseisthelimitingfactor・Itcom-

binesthedesirablequalitiesofapentode，namely，thehighgain，stability，lowout-put-to-

inputadmittanceandhighinputimpedance，andthelownoisequalityofatriode､7,8
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巨
ｒ

＋

。

工

Ｆｉｇ．７．InvertedAmplifier，push-pullgrounded-cathodestagesdriving

push-pullgroundedgridstages・

Ｔｈｉｓcircuit，whilewellsuitedforintermediate-frequencyamplifieruse，isextremelydifIi-

culttoapplytoamulti-channeltunerbecausetheneutralization，whichisfrequency-sensitive，

isrequiredfortheinputcircuit，anditrequirs，therefore，individualcoilswitchingforeach
channeLThisneutralizationisnotextremelycriticalatanyonefrequencyandcanbeac-

complishedwithatuningcoilwhichisefTectivelyinparallelwiththegrid-platecapacitance
ofthehrstunit．Theneutralizationcoilalsoservesasaradio-frequencychokereturningthe

cathodeofthesecondunittoground，thuseliminatingthecathodechokeotherwiserequired・

Attemptstousethiscircuitwithoutneutralizationhavebeenunsuccessful，exceptatthe
lower-frequencychannels，becausethedegenerativefeedbackincreaseswithfrequency・The

capacitancetogroundfromthepｌａｔｅｏｆｔｈｅｉｎｐｕｔｔｒｉｏｄｅａｎｄｆｒｏｍｔｈｅcathodeoftheoutput

triode，plusthedistributedcapacitancetogroundoftheirconnectingleads，alsocausesde-

generationinthehigherfrequencychannelswherethevalueofthiscapacitivereactance
approachestheinputimpedanceofthegrounded-grid-section・Thisinputimpedanceisapproxi‐
matelythereciprocalofthetranscｏｎｄｕｃｔａｎｃｅａｎｄｉｓｉｎｔｈｅｏｒｄｅｒｏｆ２００ohmsinatubehaving

atransconductanceof500microohms・Adistributedcapacitanceofonly2仰八becausｅｉｔ
ｈａｓａｒｅａｃｔａｎｃｅｏｆｏｎｌｙ４００ｏｈｍｓａｔ２００ＭＣ，appreciablyreducestheinputimpedanceofthe

grounded-gridunit・Ｔｈｉｓｅ他ctreducesthegain，causesdegenerationduetothecapacitive

phaseangle，ａｎｄａｌｌｏｗｓｔｈｅｎｏｉｓｅｏｆｔｈｅｏｕｔｐｕｔｕｎittocontributetothatproducedbythe
inputunit，impairingthenoisｅfigure

ｅ８

Ｆｉｇ．８．Cascadecircuit・

Assumingidenticaltriodes,nocathoderesistance，ａｎｄ’＞１，noisefigureis9

'-1+豊+署('+箸)て'+会）
Undermatchingconditionand’2＞１

ル2判箸
Ｔｈｅｎｏｉｓｅｆｉｇｕｒｅｉｓｂｅｔｔｅｒｔｈａｎｔｈａｔofthecathodecouplearrangement，ａｎｄｔｈｅｇａｉｎｉｓｈｉｇｈｅｒ

ｂｙ６ｄｂｓｉｎｃｅｔｈｅｖｏｌｔａｇｅｇａｉｎｏｆｔｈｅｆｉｒｓｔｓｔａｇｅｉｓｕｎｉｔｙａｎｄｎｏｔｏｎｅｈａｌｆａｓｉｎｔｈｅｃａｔｈｏｄe-
coupledcircuit．
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Ｆｉｇ．９．CascadeCircuit

１０．Driven-GroundedGridCircuit

Ｆｉｇ．１０showsadriven-grounded-gridcircuit・Ｔｈｉｓｔｅｒｍｉｓａｍｉｓｎｏｍｅｒｉｎｔｈａｔｔｈｅ

ｉｎvertedamplifierandcascadecircuitsaredriven-grounded-gridcircuits、Neutralizationis

accomplishedbymeansofabridgecircuitcommonlyemployedwithsingletriodeampMers･

Thismethodofneutralizationhasthedistinctadvantageofbeingrelativelyindependentof

frequency，providedtheconnectingleadsinserieswiththeneutralizationcapactorareshort・

Thiscircuitrequireslessinvolvedswitchingthaninthecascadecircuit，butrequiresonemore

switchcontactthanapentodecircuit．

＋

卜。ＪＯＯＵ－Ｃ

②
謁已 Ｂ十

工
ＥＣ

Ｆｉｇ．１０．Driven-grounded-gridCircuit

lLDirect-CoupledDriven-GroundedGridCircuit

Ｆｉｇ．１１showsanotherversionofthedriven-grounded-gridcircuitinwhichtheplateof

theinputtriodeisdirectlycoupledtothecathodeoftheoutputtriode，Neutralizationis

accomplishedinthesamemanneraspreviouslydescribed・Thiscircuithastheadvantage

圀目 ＋

Ｆｉｇ．１１．Directcoupleddrivengroundedgridcircuit．
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thatseveralcomponentsareeliminatedfromthecouplingnetworkbetwｅｅｎｔｈｅｔｗｏｕｎｉｔｓ，

consequently，thedistributedcapacitanceisreducedandthegainatthehigherchannelsis

increased．Ａnotherimportantadvantageisthatapplicationofbiastotheinputtriodecauses

thevoltagebetweenplateandcathodetoincrease，extendingthecut-ofrofthetube・This

extensionreducescross-modulation，withouttheuseofaremote-cuto圧tube・Suchatube

wouldadverselyaffectthesignal-to-noiseratio，eitherbyincreasingmputloadingorbyre-

ducingtransconductance・Becauseoflowerdistributedcapacitancebetweentheplatecircuit

oftheinputtriodeandground，thisamplifiercangivefairlysatisfactoryresultsonthelow

channelswithoutneutralization・Ｉｔｉｓｉｎｔｅｒｅｓｔｉｎｇｔｏｎｏｔｅｔｈａｔｔｈｅｎｕmberofcomponentsin

thiscircuitequalsthenumberrequiredforaconventionalpentodeamplifier，thegridresistor

andby-passcapacitorinthegrounded-gridtriodecircuitbeingequivalenttothescreen

resistorandcapacitorofthepentodecircuit・

Theforegoingdriven-grounded-gridcircuitshaveaninputimpedanceandanadmittance

fromoutputtoinputterminalswhicharedependenttoalargeextentoncertaincharacter-

isticsofthetubesemployed．

１２．ModifiedCascadeCircuit

Amethodwhicheliminatestheneedforactualneutralizationbyloweringtheimpedance

loadingtheplatecｉｒｃｕｉｔｏｆｔｈｅｉｎｐｕｔｓｔａｇｅｉｓｓｈｏｗｎｂｅlow，

Atthelowerfrequencies，thisentirecirCuitisineffectivewhereordinaryneutralization

isnotneededanyway、Useofacascadecircuitdoesnotsolvｅｔheproblemofvariableinput

loadingduetovariablebias，sincetransit-timeloadingisamajorportionoftheinputcon-

ductanceandvariesdirectlywithapplicationofagcthusposesaproblem，ｂｕｔｏｎｅｎｏｔｓｏ

ｄｉｆｌｉｃｕｌｔａｓｆｏｒｔｈｅｇｒounded-gridamplifier，ａｎｄｓｏｍｅｆｏｒｍｏｆｄｅｌａｙｅｄａｇｃｉｓｐｒａｃｔicaL

トｃ

② 豆謙
＋ＯＢ

Ｆｉｇ．１２．Modifiedcascadecircuit．

13．ConsiderationsAbovelOOMCandU.Ｈ･Ｅ

AbovelOOMCthecathodeinductancebecomesanimportantfactorindeterminingthe

inputloading・Theinputconductancevariesdilectlyassquareoffrequency、Withinthe

rangeoffrequencieswhere（9,,,u)L肘)2く１，thecapacitanceC＋Cりんshuntedbyaresistance

犬(÷)霞,WherO'Mho…t….…'anMtM………nCyo此h…Mo
inductanceandthegrid-to-cathodecapacitance，

Anothersourceofloadingistheelectronicinputconductanceduetothefinitetransit

timeinthecathodetogridspace，theinputresistanceduetotransitｔｉｍｅｉｓ

ＲＦ－－２Ｌ－
，"`(ので)g

whereTisthetransittime，ａｎｄＲｏｉｓｔｈｅｄａｍｐｉｎｇｅｆＴｅｃｔｏｎｔｈｅcircuit・Thenoisecontri-

butionofEoisgreaterthanthatofanequalexternalresistancebytheratiooftheequivalent

tubefemperaturetoroomtemperature、Itisnecessary，therefore，toseparateRofromother
inputresistors．
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Ｆｉｇ．１４．Effectoftransienttime

Ｔｈｅｎoisefigureoftheinputcircuitiso）

Ｆ=,+_至込十_Ｚ型Ｌ
ＲｚＴ１ＲＯ

Ｔｈｅｎｏｉｓｅｆｉｇｕｒｅｏｆａｔｕｂｅａnditsinputcircuitisu）

⑪
】、
、
ｌ
Ｉ
Ｉ
Ｊ
Ｊ
〃
〃

〃
叩
切
一
夘
励
ｖ

ＲｌｌＲ
＋

吋一凡
十『００－

グゾノ’０‐‐ｌ、、、

恥一岡十
助一助

０口Ｕｌ

Ｔ
－
Ｔ
＋

岡｜凧
＋司曰‐一

一｜

Ｐ

ＷｈｅｎｔｈｅｒａｔｉｏｏｆＺＶＴ＝５ｉｓused，accountistakenofthemducednoise、Thisnoisecompo-

nentbeingduetotheinducednoisevoltageinthegridwhenthegridtothecathodetransit

angleisnotnegligible，ＩｔｉｓｄｉｒｅｃｔｌｙｒｅｌａｔｅｄｔｏＲｃＤａｎｄｍｅａsurementshaveshownthatthe
choicｅｏｆＺＶＴ＝５givesreasonablyaccurateresults・Tubedesignissteadilybeingimproｖｅｄ

ａｎｄｉｔｉｓｎｏｗｐｏｓｓｉｂｌｅｔｏｂｕｉｌｄｒａdio-frequencyamplifierswithsuchtubesandsemi-lumped

circuittechniquesforfrequenciesuptolOOMCingrounded-gridcircuits､29）Ｍｏｒｅcomplicated

interstagetunedcircuitsarerequiredinordertoachievetherequiredselectivityandnoise

figure､30）AnalternativeapproachtotheUHFtunerproblemistoeliminatetheradio-

frequencyamplifieranditsproblemsentirely，replacingitbyatunedpre-selectorinorder

toobtaintherequiredselectivity，followedbyacrystalmixeralsofedfromaconventional

localoscillator、Thenoisefigureofacrystalmixerisitselfconsiderablylowerthanthatof

atriodemixer；however,intheabsenceofradio-frequencygainandbecauseoftheconversion

loｓｓｏｆｔｈｅｍｉｘｅｒ，thefirstintermediate-stagemuｓｔｂｅｏｎｅｗｉｔｈａｎｅｘｔｒｅｍｅｌｙｌｏｗｎｏｉｓｅ

figure・3Ｄ

１４．Broad-BandTuning

Thetelevisionfrontendselectivityrequirementsdependlargelyonthenatureandin‐

tensityofthesourcesofinterferenceintheimagespectrums・Ifanintermediatefrequency

ischoｓｅｎｉｎｔｈｅ４１ｔｏ４７ｒｅｇｉｏｎ，theimagespectrumfallswelloutsidethetelevisionbands，

asitshouldbepossibletodeviseaselectiveradiofrequencycircuitbroadenoughtopassall

thechannelswithinoneband，yethavingsufIicientselectivitytorejectefYectivelyallimage

signals・Withproperdesign，theintermediate-frequencyselectivitycanberelieduponfor

adjacentchannelrejection・

Byeliminatingtheneedforselectiveradio-frequencytuning，stationselectioncanbeac‐

complishedbytuningtheoscillator、

Sincethebandwidthrequiredoftheradio-frequencystageinsuchasystemissixor

seventimesthatassignedtoonechannel，aproportionalreductioningainwouldbeexpected

Fortunately，however，ｔｈｅｉｍｐｒｏｖｅｍｅｎｔｉｎｔｈｅｆｉｇｕｒｅｏｆｍｅｒitasaresultofeliminatingthe

switchandotherincidentalcapacitancesmakesitfeasibletoobtaingainswhichcompare

favorablywiththoseofswitch-narrow-bandcircuitsusingsimilartubes，Also，becauseonly

afractionofthepass-bａｎｄｉｓｂｅｉｎｇｕｓｅｄａｔａｎｙｏｎｅｔｉｍｅ，furtherincreaseingaincanbe

realizedbyreducingthedampingfromitscriticalvalue，withoutappreciablydeteriorating
theresolution・

Theantennaandinputradio-frequencystageEettheultimatelimitoftheusefulreceiver
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sensitivity、Ayardstickofthequalityoftheradio-frequencystageisitsnoisefigurewhich

isdefinedastheratioofthestage，ｓａｃｔｕａｌｎｏｉｓｅｐｏｗｅｒｏｕｔｐｕｔｔｏｔｈｅｎｏisepoweroutput

duetoantennathermalagitationnoiseofanamplifierofidenticalbandwidthandgain，but

introducingnonoiseofitsｏｗｎ，

Ｔｈｅｏｖｅｒａｌｌｎｏｉｓｅｆｉｇｕｒｅｏｆａｍｕｌｔｉｓtagenetworkcanbedeterminedbyconsideringthe

noisecontributedbyindividualstagesandthegainofanyprecedingstages・Itisapparent

that，ifthestageshaveevenmoderategains，ｔｈｅｎoisefiguresbeyondthefirststageｏｒｔｈｅ

ｆｉｒｓｔｔｗｏｓｔａｇｅｓｍａｙｂｅｎｅｇｌｅctedwithnegligibleerror．

１５．AntennaTransformers

Thedesignoftheimputtransformerispredicatedbytheconditionsofmatchandband-

widthAsingle-tunedtra､ｆｏｒｍｅｒｃａｎｂｅｕｓｅｄｂｙｔａｐｐｉｎｇｏｎｅｉｔｈertheinductanceorcapaci-

tance・Thesplit-capacitanceformissimplerphysicallyandeasiertoadjust，ｂｕｔｉｔｍｕｓｔｂｅ

ｒｅｍｅｍｂｅｒｅｄｔｈａｔｂｙｉｔｓverynaturｅｉｔｉｓａｌｓｏａｌｏｗ－ｐａｓｓｆｉｌｔｅｒａｎｄｓｕｆYicientlow-frequency

selectivitymustbesecuredelsewhere・

Thesignalplatecurrentisdirectlyrelatedtotheavailableantennapowerandinversely

relatedtotheproductofbandwidthandinputcapacitance・Ifeand7aretheantennasignal

voltageandantennaradiationresistancerespectively，ｔｈｅｎ

Ｗ蟇▽嵜窒i7T了

１６．InterstageCoupling

Selectivityandfigureofmeritareｔｈｅｍajorconsiderationsinthedesignofthecoupling

networkfromtheradio-frequencyamplifiertothemixer・Ｔｈｅｒｅｓｐｏｎｓｅｔｏｔｈｅｉｍａｇｅｆｒｅ‐

quencydevidedbyresponsetothesignalfrequencyisgivenasapproximatelyequalto4yl

4九，forasingle-tunedcircleand2(4〃4.ft)２foradouble-tunedcircuit、Ｉｎｔｈｅｈｉｇｈｂａｎｄ

ｗｈｅｒｅｔｈｅｓｏｕｒｃｅｓｏｆimageinterferencearenotparticularlypowerfulthemeanrejectionfigure

of5obtainablewithadouble-tunedcircuit，willbefoundsufHcient，especiallywhenanequal

amountofselectivityissecuredintheinputtransformer、Ahigherdegreeofselectivityis

desirableinthelowerfrequencyband、Thelower-skirtselectivityshouｌｄｂｅｈｉｇｈｅｎｏｕｇｈｔｏ

ｒｅｊｅｃｔｔｈｅｉｍａｇｅsignals・Asimplenetworkofferingahighdegreeofselectivityandrejec-

tionofselectedfrequenciesonsidethepass-bandisthebridged-T・

Theneedforselectivitynotbeingasgreatatthehigherfrequencyband,theuseofsimple

circuitsisdesirabletoassureuniformresultswiththesmalltuningelementsemployed・

Stagger-tuningofferssimilarselectivitycharacteristicswithgreatersimplicityofconstructiｏｎ

ａｎｄｔｕｎｉｎｇａｔｓｏｍｅｌｏｓｓｏｆｇａｉｎ・

Whentheinputandoutputcapacitancesarelumped，thetuninginductancesattheupper

frequencychannelsgenerallybecoｍｅｓｏｓｍａｌｌａｓｎｏｔｔｏｌｅｎｄｔｈｅｍｓｅｌｖｅｓtonormaltuning

methods・Toincreasethetuninginductancetheseriesinsteadofparallelarrangｅｍｅｎｔｏｆｔｈｅ

outputandinputcapacitancesmaybｅｕｓｅｄｆｏｒｔｕｎｉｎｇ、Thegainandband-widthprcductin
thiscaseremainsthesame、

Inasmuchastheradio-frequencyamplifierinitswide-bandapplicationofYerscompara-

tivelylowergainthenoisepropertiesofthemixerstagecannotbecompletelydisregardedin

evaluatingtheoverallnoisefigure・Ｂｙｔｈｉｓｔｏｋｅｎｉｔｉｓｄｅｓｉｒａｂｌｅｔｏｕｓｅａlownoise-contri-

butingtubesuchastriodeDuetoitshighgrid-to-platecapacitance，however，caremustbe

excercisedinitsuseboｔｈａｔｔｈｅｌｏｗａｎｄｈｉｇｈｂａｎｄｓ、Atthelowbandtheintermediate-

frequencyisclosetotheradio-frequencypass-bandanditmay，therefore，benecessaryto

includeanintermediate-frequencyseriesresonanttrapinthegridofthemixerdependingon

theselectivity．
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Ａｔｔｈｅｈｉｇｈｂａｎｄ，resonancewithintheradio-frequencypass-bandoftheinductonces

inherentinthecouplingcapacitorandelsewhereinthemixerplatecircuitBhouldbeavoided．

１７．PracticalCircuits

Ｔｈｅsimplest，althoughleastsatisfactoryfromanoise-figurestandpoint，circuitisshown

inthefigurebelow・Ｔｗｏｓｅｃｔｉｏｎｓｏｆａ６Ｊ６ａｒｅｕｓｅｄａｓｇｒｏｕnded-gridamplifiers，ｏｎｅｆｏｒｔｈｅ

ｌｏｗａｎｄｏｎｅｆｏｒｔｈｅｈｉｇｈｂａ､｡、TheinputmatcheseitheralOO-ohmunbalancedlineorwith
theadditionsofabaluntransfｏｒｍｅｒｃａｎｂｅｍａｄｅｔｏｍａｔｃｈａ３００－ｏｈｍbalancedline・Ｔｈｅ

ｎｅｔｗｏｒｋｉｎｔｈｅｃａｔｈｏｄｅｈａｓｔｗｏｆｒequenciesofantiresonance，ｏｎｅｉｎｔｈｅｍｉｄｂａｎｄｏｆｔｈｅｌｏｗ

ａｎｄｏｎｅｉｎｔｈｅｍｉｄｂａｎｄｏｆｔｈｅｈｉｇｈｃｈａｎｎｅｌｓａndisseriesresonantinthef-mband．

』

０匹凶)(］
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信
Thisaidsinmatchingthelineandoffersrejectionf-minterference、

Theplatecircuitofthelow-channelamplifieremploysabridged-Taｓｔｈｅｃｏｕｐｌｉｎｇｎｅｔ－

ｗｏｒｋｔｏｔｈｅｍｉｘｅｒtunedtorejecttheinterfrequency、Adouble-tunedcircuitisusedtocouple

thehighbandamplifier・Thetwoamplifierscoupleintotherespectivegridsofthe6J6mixer，

theplatesofwhichareconnectedinparallel・Ｂｙｔｈｉｓｄｅｖｉｃｅｔｈｅｒｅｉｓｎｏｎｅｅｄｔｏｓｗｉtchany

radio-frequencycircuits、TwoColpittsosscillatorsfortherespectivebandsareused，onlyone

beingoperativeatatime，ＴｈｅｂａｎｄｓａｒｅｓｗｉｔｃｈｉｎｇｔｈｅＢ＋ｖｏｌｔａｇｅｔｏｔｈｅappropriatetriode
sectionofthe6J6oscillator・

Thecircuitwhichisidenticaltotheonejustdescribedexceptfortheradio-frequency

］０
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stagewhichusesa6J6inwhatisessentiallyareHexcathode-coupledampMer，ａｓｓｈｏｗｎｉｎ

ｔｈｅｆｉｇｕｒｅｉｓｅｘａｍｉｎｅｄ．

Ｉｔｉｓａｓｓｕｍｅｄｔｈａｔｉｎｅｉｔｈｅｒｂａｎｄｔｈｅｔuningelementsoftheotherbandbypassthe

appropriatetubeelements・Thiscircuitstillretainsthebasicsimplicityofthefirst，but

oBFersabetternoisefigurebyvirtueofthehigherimpedanceatthegridinput・Ｔｗｏｉｎｐｕｔｓ

ｍａｙｂｅｃｏｍｂｉｎｅｄｂｙｕｓｉｎｇａproperdividingnetwork、

Next，acircuitwhichusesfourl2AT7doubletriodes，ｏｎｅｉｎａｃａｓｃａｄｅｃｉｒｃｕｉｔｆｏｒｅａｃｈ

ｏｆｔhechannelsandtwoasoscillator-mixercombinations、Bandswitchingisaccomplishedby

switchingthetransmissionlineｔｏｔｈｅａｌｔｅｒｎａｔｅｉｎｐｕｔｓａｓｗｅｌｌａｓｓｗitchingtheB＋tothe
oscillators・

Double-tunedinputtracsformersdesignedtomatcha300-ohmlineoveｒａｐａｓｓｂａｎｄｏｆ
４０ｍｃａｒｅｕｓｅｄ・Twobridged-Tnetworksareusedinthelowbandamplifier，ｔｈｅonedesigned

torejecttheintermediate-frequencycouplestothemixerandtheotherdesignedtoreject

thef-mcouplestheplatetothecothodeofthecascade．

=詞言壹TirjfTFmi1;ウニi=iiil6.Ｎｉ，,口Tib宅
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Thehighbandemploysastaggeredpaｉｒｉｎｉｔｓｃｏｕｐｌｉｎｇｎｅｔｗｏｒｋｓａｎｄａｎｉｎductanceis

addedtotuneoutthegrid-to-platecapacitance・Inthelowbandamplifier，theimprovement

resultingfromtuningoutthegrid-toplatecapacitancewasnotenoughtowarranttheaddi-

tionofanothertuningelement・Ｔｈeinductancesinthestaggeredpair，theprimaryantenna

transformercapacitancesandthebridged-Ttrapcapacitorsaremadetunable；allotherelements

arefixed-tuned・ThiswasfoundparticularlyjustifiableinthelowbandamplifierswherｅＱ

ｉｓｌｏｗ（approximately2）

Ｂｙｕｓｉｎｇｏｎｅｓｅｃｔｉｏｎｏｆｔｈｅｔｕｂｅａｓａｎoscillatorandtheothersectioninthesameen-

velopeastheasscciatedmixer，morefavorableanduniforminjectionofoscillatorvoltagewas

obtainedLittledetuningiscausedbytheapplicationofage・

Ｔｈｅｃｏｍｍｏｎｆｅａｔｕｒｅｏｆａｌｌｔｈｅｃｉｒｃｕｉtsdescribedthusfaristhatbandswitchingis

accomplishedbyapplyingB十ｔothetubeschosenfortheselectedband，ａｎｄｉｎｏｎｅｃａｓｅｂｙ

ｓｗｉｔｃｈｉｎｇａｌｓｏｔｈｅantennacableatalowradio-frequencyimpedanceleveLBydispensing

withswitchingoftheradio-frequencycouplingcircuits，ａｈｉｇｈｅｒｆｉｇｕｒｅｏｆｍｅｒｉｔｗｏuldbe

realizedasaresultofeliminatingswitchingcapacitances・Ｏｎｌｙｈａｌｆｏｆｔｈｅｔｕｂｅｓ，however，

areusedatanyparticulartime，MoreefHcientoperationmaybesecuredbyswitchingthe

radio-frequencycouplingcircuit・Withpropercarethefigureofmeritａｔｔｈｅｈｉｇｈｂａｎｄｎｅｅｄ

ｎｏｔｂｅｃｏｍｐｒｏｍｉzedandonlyaslightreductionwouldbesufTeredinthelowband・

Ｉｎｔｈｅｆｉｇｕｒｅｓｈｏｗｎｂｅｌｏｗ，thefirst6J6functionsasagroundedgridradio-frequency

amplifier・Ｔｈｅｃａｔｈｏｄｅｎｅｔｗｏｒｋｉｓｔｈｅｓａｍｅａｓｔｈesecondcircuitdiscussedabove，beinganti‐

resonantwithinthetwotelevisionbandsandresonantwiththef-ｍban｡、Thehigh-band

radio-frequencycouplingnetworkisnotswitchedandhencetheswitchcapacitancedoesｎｏｔ
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affectit・Thelow-bandcircuitappearsinserｉｅｓｗｉｔｈｔｈａｔｏｆｔｈｅｈｉｇｈｂａｎｄａｎｄｉｓｓwitched・

TheswitchintroducesanadditionaｌＬ５ｔｏ２ｌｕ/zfofcapacitanceintothelowband-passfilter．

１．０００

悪窒
ｌＵＩ

Ｂ十

Double-tunedinductively-coupledcircuitsareusedforinterstageCoupling・Tosuppressthe

responsetoimageandintermediate-frequencysignals，seriesresonattrapsareincluded・The

seriesresonantfilterinthegridofthemixeristunedtotheintermediatefrequencyrejection，

themixergridimpedanceisalsoreduced，makingitlesssubjecttoregenerationInspiteof

thelowgridimpedancetotheintermediate-frequency，however，itisnecessarytoneutralize
themiｘｅＬ

Ｉｎｏｒｄｅｒｔｏａｖｏｉｄｔｈｅｎｅｅｄｆｏｒｎｅｕtralizationwhichcallsforanadditionaltuningadjust-

ment，ａｐｅｎｔｏｄｅｍｉｘｅｒｍａｙｂｅｅｍｐｌｏｙｅｄａｓｓｈｏｗｎｉｎｔｈｅｆｉｇｕｒｅｂｅlow．

ＤＢ
ＬＥ

)ＯＣ

ＥＷｅｌ

００二二３６Ｃ

5０

ＯＨ

Heretheradio-frequencyamplifierandoscillatorarecombinedcallingforadoubletriode

withindividualcathodes・Oscillatorradiationunderconditｉｏｎｉｓｈｉｇｈｅｒａｎｄｔｈｅｇａｉｎａｎｄｎｏｉｓｅ

ｆigureislessfavorable・Thefigurebelowshowsatunercomprisingasingledualtriode，one

sectionbeingusedａｓａｎｏｓｃｉｌｌａｔｏｒａｎｄｔｈｅｏｔｈｅｒａｓａｍｉxer，Ｉｎｓｐｉｔｅｏｆｔｈｅｌａｃｋｏｆｒａｄｉｏ‐

frequencygainprecedingthemixer，agoodnoisefigurecanbeobtainedbｙｖｉｒｔｕｅｏｆｔｈｅｆａｃｔ

ｔｈａｔｔｈｅｇｒｉｄｉｍｐedanceofthetriodemixerishighThemainweaknessofthiscircuitis

theprohibitiveamountofoscillatorradiationwhichislikelytoresult、ThisdiHicultycanbe

eliminatedtoｓｏｍｅｅｘｔｅｎｔｂｙｔｈｅｃｈｏｉｃｅｏｆａｎｉｎｔｅｒmediate-frequencyinthe40to50region

whichwillplacetheoscillatorfrequenciesoutsidethetelevisionbands，Thechoiceofhigher
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intermediate-frequency，however，willmakeneutralizationmorecriticaland］owertheinter-

mediate-frequencyrejectionratio．
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テレヴィジョン受像器の同調部の真空管と回路内の

雑音について（摘要）

伊波直朗

本論文においては，テレヴィジョン受像器の同調部の真空管内および回路にＩ｡におこる電気雑音の原

因を解折し，極々の回路方式の得失を論じ，最後に低雑音高性能の'111路の設計を提示した。無線周波

入力回路の設計にあたって払わなければならない一般的考慮，種々の真空管の雑音特』性の比較，陰極

接地型回と格子接地型回脇の得失，増１幅器の陰極劣化，｜場極接地jUi11回l1ffの特性，双|場極繍子捌ＭＩ１回
附の特性陰極結合三極管の特性，逆倒増'隔器回路の設計，カスケイドlnl路の特性，被励振絡子接地jⅡi１１

厄1路の設計，直接結合被励振格子接地型回路の特性，１００メガサイクル以上の)(M波数における特性，

広illlF域同調，アンテナ変圧器，段間結合等も論議されている。最後に６種の実際的回路の設計を提起
してある。

一般にテレヴィジョン受像器の無線周波部分の帯域は，実現可能なだけの絵素の鮮度を保つために

は送像器の全帯域１１１１線を包含するものでなければならない。これはﾙ11波数混合管の次段にli1Tl定同調中

間周波増１幅器をおくことによって，かんたんに達成できる。

原則的には無線周波増幅器は必要不可欠のものではなく，信号を直接混合管の同調入力回路に印加

してもよい。しかしながら，影響拒否局部発振器からのi隔射,大きな蔽射雑音,ふつうの混合管の変換

損失などのもんだいがあるため，混合段以前に増幅段を入れることがのぞましい。ＵＨＦチャネルの

高い方の周波数域に対しては混合管の前段に大きな利得をもたせることは非常に困難となるので，多

くのばあいは無線周波段は使われていない。むしろ水晶二極混合管の前段に単純な同調プリセレクタ

ーを使うのがふつうである。これは走行時間のために三極混合管の雑音が大きいためである。このと

きには，最初の中間周波増幅器は非!常に雑音の低い型のものでなければならない。これは二極混合管

を使うと変換損失があるためである。しかし近年の特殊真空管の発達によって無線周波増幅器を１０００

メガサイクルに至る周波数帯域で使用することも可能になってきている。

ＶＨＦチャネルの低い帯域では，６ＡＫ５や６ＡＧ５のようなふつうのミニアチュア無線周波増幅用五

極管を使っても，走行時間効果による入力コンダクタンスが重要になりかかってくるとはいえ。まず，

もんだいばない。チャネルの周波数が高くなるにしたがってこの入力コングクタンスは大きくなり，

雑音指数の小さい三極管無線周波増幅器の方が雑音特I性の点からのぞましくなってくる。
ふつうの同調回路を使うときの三極管には格子－１場極間静電容量によっていろいろな問題が生じて

くる。この問題を解決するには次に掲げるようにいくつかの方法がある。

１．プッシュプル双三極管無線周波増幅器の次段にプッシュプルノiij部発振器とプッシュプル入力単

一終端出力の双三極混合管を使うこと。こうすれば，相互中和によって無線周波及び混合段にお

いて格子一陽極間静電容量を平衡させることができる。

２．格子接地型無線周波増幅器の次段に陰極結合双三極混合回路とふつうの三極管発振器をおくこ
と。

プッシュプル回路を無線周波増幅器に使うことはたくさんのチャネルで動作させなければならない

ときにはどちらかといえば厄介である。安定度の高い改良された真空管ができたために，現在では自

己中和回路で単一の管を使うことも可能である。しかしこの場合，中和調幣は臨界的で不安定であ

る。格子接地型回路は中和を必要としないが，重要な欠点をもっている。中でも重要なのは，,脳によ

って，したがってまた偏掎電圧によって，入力インピーダンスが変化し，重大なインピーダンス不整

合を（特に自動電圧制御が施されているときに）生ずるということと，入力インピーダンスが低いた

め必要な選択度をもった回路を設計することがいちじるしく困難であるということである。


