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Ex1st1n_‘methods of calculatlng

'ﬁ:ls«the Qsclllator“ln a'superheterodyne recelver., Efflclency

a5graph from whlchfthe\amplltude dorrespondlng‘to any otheri'~7
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iSlnce ﬂ =

'1]~;In practlce the values of ch/VgIUére much 1ess than thls.»

Next conSLder the amplltude Igl of the component of fund-;,

»~‘.'k:~:;:’f‘to v + d.Vg. | Then from (5 4)
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ser es w1ﬁh the grld.

Vg, the mean grld

‘current flows almosthentlrely hroughuthe gr1d capac1tor, the
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5:}and aperlodlc - w111 be’dls usssd;

For 1qstab111ty of anygklnd to ex1st-‘t 1s necessary that

3a small 1ncrease mn the 050111at10n amplltude'should cause thev

~ufrequency to 1ncrease<from lts“

?teady-state value'ofbl,:“

’f~fdA/dV must be posltlvefiiThe dlfference betweenrthe two forms

‘°uﬂﬁ?of 1nstab111ty ls thatffor the”e?ii

A*”f'requlrsment is satisfl a- only>whenjcerta1nﬁre1atlons ex1st

y;fibetween the rate of change of the osclllatlon amplltude, the

ftlme constant RéCé,‘and varlous otﬂerwparameters'of the network ;

T{.and ampllfler.; ThlS type of 1nstab111ty stessentlally aynam—i

In contrast the aperlodlc type“of 1nstab111ty does not





































'57the cathode temperature, and for ox:de~coated cathodes operated 'ﬁ

”“ti‘at normal ratlng 1e usuallj between 0 1 an O 14 V..IO dependsi

. ‘.els'é: : éh’ , tﬁe‘:jcaﬁh,ode‘,ﬁ e'mper‘é;ti_nie ‘: aﬁa-% the. ;v'a',lﬁr.ef:ﬂge ooty SRR

It w1ll be assumed as

'Sectlon 4 tha¢7the tlme constant f}

’aT LngRg is: so large that th‘ voelmage {:ress Cg and R due to the

Over the range of values of IO,iVO and R usually found 1n fj-
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B bame form the cur*ent 1n bhe noa~11nedr reﬂl ance would be the*

31 “u 1ne r branches?would uhen

‘16

fwh;ch nmo isrrepl;_n*f

"jﬁnalso Lheoretlcally

" The" actual-voltage 1s the real part of thls expr3551on 5
‘itn each‘normal mode‘lq a soclated a oharacterlstic complex

t‘follow thet if

;S;a olutlonzbhen so”’

'j¥1network 1nd non-linear 1051stance 4re equated. Ai
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the s'l,eady st‘ate '-:,‘:-. i

& the cquation defining

) les,ﬁ wlth thez
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",.:1rec1uenc,y o:[‘ oqc:ll}h.tlon il

renm 1_1y he affecteﬁ by a.'.U .
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"a trlode .

5~'L,vrpe a.nplltudus requ:ue‘a. sme.ll‘vu,lue of' K but g,oocl

»‘,“-'~‘regulat ion Lhe chang,e of

1 jobtalned when K J.B «»la.rge{ i .e.

u?[amplitud(. w:.th ‘_Tload 15 sma,ll.r La.rge values of Ré and uma.ll

%lnce f(v) = Oh when v <: 0

values of. give-’l r@e valueq oi‘ K.‘:.‘

B it follows tha.t V "+ Vg '_- *\I a> O for otnerume vthe anode

;'of Y is h/(K

, current would ‘altmyﬁ be zero. - Hence il K; 1 thc upper lz.mlt

1) when g;r.!.d current l“s negllbly small. ﬁpwpve_r
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ucan be shown\that
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~Lhco em of Cach“gg
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Bodc“o reﬂohed h

‘7:f§a1 é6¢ffiéi§ﬁ£ Sy buL hc crluﬂrion fail 1f the functloa haﬁ;°

‘M'dlfficultylcan be overcome
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Symmetrical notwoka¢‘

’Vlderiﬁg}phé;;

”‘pa tLou?g

‘if‘of Lﬂc 'ro“f

are also. &
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“1Vyfof enclrclements of he origln made bv Lhe looub

:tsvm of the enclrclements bv u(p) and A(p) Slnce nelbher of

. ment'mui :be alocku

Hencu the Riuth~Myqulst stablllty L

”icrlterlon-is that"“he,locus of nelther'r(p) nor A(p) should

5'x cos( t % mpeprat_”':'”

(ul + uﬁl)vd/vgl

wmere

,IE

‘Ht_mpeApJﬂg —j(ul‘- u 1)v®/vgl

(8 5) is the expr6531on for a wave modulatod in both

lamplltuae aﬂd phasei(or frequency) ) The two modulatlons have_

4a7fﬁfthe same cemplex frequenqy

i}a;modulatlon may be taken as the comp]ex amplltudes (8 4)

'j;gtransformed to the jqulvalent set

ni

Cw

~:fbuppose that for some particular value, Pli,

‘QJﬂ‘A(pl) £ 04 ;Then ul?+rui Té 0: andqfrom (8 4)

~ »uo.:

fi'5(8 3} qhows that the‘tran31ent dloturbanco takes tho fonm of

;?-a trequency modulatk)n of the steady-state osclllatlona chce

3¥if1f P(p) encircles the'orlbln pl h&s a Po 1t1ve real parb dﬂd

gne omclllatlon freqmwncy is unstable.vi,"

;'. ! o n (8'1)
o D(p) ls zero 1f\e1ther P(P) or | A(D) lS zero and the number*‘*-
1'f D(p) 1s the'°“ A

u ﬁﬁéé9Efa6ﬁ¢ré*ﬁaé§a ﬁbiegwithinaxhe«¢0ntougfpf;p‘ghy:eﬁgirclég'

*“Aaaded to the steady state valtage (4.1) Ehe high-frequency'”' _y

e 4)..’7’

'?~;a +de and the coefflclents of o

;@U 1ng expressi;n (8 2) the equatlons (6 2) for un can bef&” V“

'ﬁ;{3§4there are no vo1tagesfor currento of froquency pg5 vwf‘







fn“3¢,orm typical of‘lelaxatlon osclllatlons.-;ln both cases the ,
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- Froquenoy stability:

Lhe f ‘quenny'stabmllty functlon u(p) = al --'o1 may be

>Vwritten in terms of he nbtwork dnd ampllf;er‘parametera by ‘5“*5

:Thu low-frequenqy impedances ZO et°°1d° not aPPear-sQ}hisiVIfg

} iq to be expexted 51n00»1' frequency 1s modulated jf x T

irequency p.~ Alsolth

‘“h.appear ar:‘k,,u and the

It would seem" that

’“*iffconstan?s which helpAto.determlne faiv

”:“ffffroquoncy stabillty is 1ndependent of Uhe nonhlinek,:ampllrler"'

acteristic.; However, 1n deri“lnn Lhese result'¥‘ ‘

"1:‘masumed that the ampllflerhcurrents were 31ng1e-valucd functlons ,

»fof the voltdoes ané the conc]uslons W1l]‘therefore be valld hL

*Gonly Ior such types of dmle :
: - (1 +'(RD < ka)/rg) 1/38, ;

B Eron (9 l) '(O)
\ arémnegative the crlterlon for aperlodic 

: and qlnce‘

emd

‘"*;% stablllty-

1s(_2§f}§oW“'Whis can be'expreawed ln terms of real A

'ffrequenoies

Zﬁ RL + jXﬁ, but the oomponenuuyarc non themmelves

V:functlons of pa Howevcr“’ is analytic 1t follows from

:;thefCauchy~R1emvnn deflnltifn'that aﬁ dny point on ﬁhe real,fﬁg{ﬁfﬁ

‘,’frequenqy ax;%,"

V,Anouher ﬁseful form 1q F'(O) = le»k(P)/D “5‘Hp




osclllation fre'uenqy.: IL can be shcwn that there arc three

e are wﬂtable- (éééfayr7f'

;instabmlzty can be demonstrate.’ X reuit v .
ﬁjffat mc nd ha& a ahunt r631stance nR;MLhe other two resonate at










l etoa-may br, substxuutcd accordin

to (a .3)







SR ef.ecn:can QXlst whcn rh and

'a1so mncreaﬂe and become Sufflclenu %o malntaln an osclllatlonﬂ, f




~5of large_amplltude

‘}1niat1dtelosclllat n; _i¢dH;Lf

‘*if.The condltLoa for av 1ding thls klnd of hystev651s effect

lis that vanishlngly' maTI amplitudes should "eiutable.e It is

clllatlon. In maqy OuPllldtOTS ﬁ\iérn gl@g;bléi) If ulso/a

It followsithat 1nstabilltv oan exxst

3‘ 1und4g i also pOSithLu‘

1:_ad3ustable parameters are Rg and the ratio Re/hn. In mcst

orna value offm*less than that nebded to i:k.ff

*.bsuff101ent to con51def Lhe particular case. £ a three-halves~“7"ﬁ:

_RN/m/u. + 111/MR”)1' :
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lee bhls inequallty

i#eu ohe grldublas volsage s, ;@

L;Hence far stablllty ;1-»\'

'"ilebwon »1mposed by Lhe requlvementftnat no grld uurrent hould

 f{mode of operaixon 11ke the prev1ous oneﬂ 13 1ittle used 1n.37"”"

uheor“tical_imporc nce in connectlnn Uluh

(lO la)
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8 dee staniisty - 8 viee oonstante.

ﬁ_When all three time constants ln'the circult of Plg. l?

";~are finlte thefincreaue in the oomplexiﬁy of the analysls makeski‘
;a‘general dxscussion, more ‘difficult . ":bmethod cf aypraadh

 :_is to compare the Osclllator w1th anovher whxch dlfferg frma 1t

g n1y-in that?Ba = 0.' Tor such.&n osclllator‘the stabillty

'~?fcaiterlon 1sg1mply anvn O, or from 11.0). M O.L'ihe problem

’:‘Ls'thcrefore to flnd whether bhls lnequality 1s streagbhened or

'7weakened by making RA f1nite~

" 0£ Lhe stabillty crltexla (11 7) uhe last and one of the;;;ﬁ =

_r'compllcated, but a

1mpliflcatlon can be made by assumlng that

é"ls small and’ neglectlng terms 1n Ri and T“‘

Us;ng (ll.o)

_E’; O

mgma/'rt + 1»1'(1 +26 Ra/}.l
<0 stabllity is“enhancea s

1ncreu31ng ha ffbme,Qg

nspectlon ‘f_(il 5)‘ghows that i <:0\1f‘
'Gl(l + Ri/pRt) > l{ul o
-halves-law amp]ifier G»_

8 positive andw :usually

L>or very small amplltudes of

>¥7ijch gredter"than Sl' OnLr

'and such amplitudes are in any case

" 093111atio"i E

‘“'.;,_‘fabsolutely sta.ble.‘ The‘effect oi Ra is therefore to improve

' 'v,f;stabllity.

) this’can be made a quadranlc 1n Tg from

¥y can be calculated., LhB express-“.f
L o G\ :

lculatlons Lt‘;s morc conv;nlent nc deale

’[;[and in numerlcal

~zf,d1rect1y thh the xpressmous,for ao eto glvea by (11 6)
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he benwv1our cf.the roots p“

: le-lbefl f;f_ff“‘
If v £ O‘Xthe equatlon

(14 2) and the denomxn—‘

Por 1arge value oi w, X haﬁ Lhe

St 51ng1e-va1ued *«:' ‘
Bl Jlaq,a cont1nuous>§unctlon of m

‘ﬁotate'frequcncles‘twa ave stable andibhe thbrd un&table.’,mhe

»¢ T y3 +-64u5)3
2 ;;18u - ?7
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f“ﬁieﬁb@é@k@tgf gad g ure th 1ned when

ﬁ81ng (16 P) (1d.o)‘ejc.~the result ls'?i

g

onm
(O)A(O)
.ﬁf ffl + (ZQ - kzt)/rgi 1a pl&ce

) the fqut requlrement for

) ) g  %j:enm PQ ﬁherofore ropresents a’ cmunl—x*i
. lc'ﬁ«ls 0 1f n or:xp or RE :Ls 04 ;f m= o then drg/dvgl\_ o '
'ﬁﬁiand cﬁaition (13 43) is saﬁl fied“

"-‘;xg o and. Rﬁ.-.— 0.are the -

‘jformb:taken B  (15?4b) 1nd'(13.éc)_when;a

in anyasymmetrlcal ne work aperiodlc instdblllty may Gxist







e stability

01181 dored. '} 'L‘he oscxllatar of

a,nd‘_z.i a;ld\llldbnen(lent oi‘ vé:l" ' i‘hen ht = R z

's-fhéére o :ﬁf =

: ahe @ ondltlon ad ;«; O is s:.mply “bhe crlterlon

Xa/R ‘I‘L/'I'g ;:»
Lt (1_,';‘.'_;',)- Lo

'}‘:Vheﬂ X, /R.,, k Nmﬂ.l the asymmctry n:ecsulm 1.11 only a. mm,ond order‘; .
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e vrout

“wQequaned~to Oﬁv
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of ‘these quantities to be -

}“vo]tape conbrolled“&ype. Pov thﬂf“curvent-connro)led".type

““f1s*of interesty; The criter;a“(lﬁﬂv)>dre therefore not uufflc—if'fi

:il nt to guarantee st bllity. ‘Ji ﬁhe 1ow~frequency impedance e

"t~“;iskmade finite perlodlc amplltude Lnstablllty can also exish.
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