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Preface 

Th* Un**r analy.l* of oscillator circuit, by th.A=0 

■»the* 1, . ral.ttv.ly str.lgbtforwu-d pro«*... How.v.r, .. 

th. oscillator circuit progress., fron th. slnpl. to th. 

co^lsx. the process b.cone. qulte tedious snd tln.-con.u- 

1 th0aFM th*re mu8t “ ‘«1er way of calculating 

expression, for fluency of oscillation and various sta- 

hUlslng Impedances; so I .,t out to find one. Put an In¬ 

vestigation of textbooks and article, revealed that, al¬ 

though many text, explain the method of analysis, snd 

Illustrate Its application for one or two common conflg. 

uratlons (usually Colpitts or Hartlev) fh 
0r Hartley), the analyzer (myself) 

uratlons other than those used as examples In texts. This 

report, then, l. my attempt to develop, an approach to L-C 

feedback oscillator Impedance stabilization which will 

spply to both transistor and vacuum tube oscillators, and 

which will eliminate the necessitv * 
necessity of performing the tedious 

calculations required by complete linear analysis. 

I Wish to acknowledge the Invaluable .s.letance glT#n 

to me by Prof. Thadd.us L. Regulinskl, HS Dept., APTT, wlth- 

out whose advice and guidance my task would have been . f„ 

■»ore difficult one. I also wish to acknowledge the help 

Plven to me by my wife, violet, who, although she cannot 

type, performed the equally Important functions of supplying 

11 



GE/EE/i61 -9 

moral support and managing three small children, without 

whose silence my task would also have been a far more 

difficult one, 

John D. Kelly 
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Abstract 

A genep*l oscillatop circuit, into which either a 

vacuum tube or a tranelator can theoretically be toaerted, 

la developed for uee aa a vehicle for linear analyele. Six 

different oeclllator conflguratlone are then analyeed; and, 

from apeclflc expre.alona calculated, general expreaelona ' 

for atablllzed frequency and atablllzing Impedaneee are 

aynthealted. After rule» for Interpreting the general 

expreaelona are aet forth, the expreaelona are t.eted 

for three oeclllator conflguratlone not uaed In their 

ayntheala. The resulta of the testa prove the validity 

of the expressions. It l, concluded that the., expreaslon. 

hold for all vacuum-tube and tranalstor L-C feedback oscil¬ 

lators, and therefore the desired unified approach to impe¬ 

dance stabilization la established. 

lx 



OB/SS/61.9 

A UNIFIED APPROACH TO THE IMPEDANCE STABILIZATION 

OF VACUUM TUBE AND TRANSISTOR L-C FEEDBACK OSCILLATORS 

I* Introduction 

One of the pointe of Intereet In oecllletor analysle 

le the frequency of «dilation. Undealred frequency chancee 

in both tranaletor and vacuum tube oeclllatora may reeult 

from three caueee: changea in the mechanical arrangement 

of the oeclllatlng circuit elementa; changea In the values 

of the circuit parameters; and changes in the tube or 

transistor parameters themselves because of aging and 

climatic conditions as veil as power supply variations. 

The first two changes can be minimised or overcome by care¬ 

ful mechanical and electrical design, by temperature con¬ 

trol, and by the use of thermally-compensated inductances 

and temperature-controlled compensating oapacltore. 

The general method of eliminating frequency Instability 

caused by changes In tube or transistor parameters Is not 

to attempt to prevent the parameters from varying, but to 

design the oscillator In such a way that the frequency is 

independant of these parameters. 

Purpose 

Llewellyn has shown that impedance (capacitance or 

inductance) stabilization results in the independence 

of the oscillating frequency from variable device 

1 
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parameters, and hence from battery voltages (Ref 11^:2064), 

The purpose of this report is to develope a unified approach 

to Impedance stabilization that will work for both vacuum 

tube and transistor L-C feedback oscillators. This entails 

designing a single circuit into which either a vacuum tube 

or a transistor may be inserted to form an oscillator. Prom 

this circuit, which serves as a tool for linear analysis, 

two expressions are derived, first, an expression for the 

stabilized frequency, i.e., the oscillating frequency in¬ 

dependent of the device parameters; second, an expression 

for the stabilizing impedance, either inductive or capaci¬ 

tive, needed to produce this stabilized frequency. 

Report Organization 

This report is divided into four chapters. Chapter II 

is a brief presentation of the basic theory of linear analy¬ 

sis by theA^O method. A complete linear analysis of one 

oscillator configuration is presented for both the transis¬ 

tor and vacuum tube circuits. Expressions for the stabilized 

frequency and the various stabilizing impedances are derived 

in detail. 

In the third chapter a general oscillator circuit is 

designed. Various oscillator configurations (tuned-plate, 

tuned grid, Hartley, etc.), using both transistors and 

vacuum tubes, are analyzed by the As0 method outlined in the 

first chapter. These analyses produce sufficient data to 

2 
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form a fcaais for the synthesis of expressions for the sta¬ 

bilised frequency and the various stabilising impedances. 

Tables are compiled showing the stabilised frequencies and 

the stabilising impedances for the configurations analysed. 

The data in these tables is compared to determine what each 

category (stabilised frequency, plate-stabilising impedance, 

grid-stabilising impedance, etc.) has in common. Then in¬ 

ductive reasoning is used to derive general expressions for 

each category. Rules for interpreting the general express¬ 

ions are set forth, and examples of applying these rules 

are given. 

The fourth chapter is the "test" chapter. In it the 

general stabilising impedance expressions are tested for 

several oscillator configurations other than those used in 

their synthesis. The report is brought to a close with a 

final chapter in which results are summarised and conclu¬ 

sions are made. 

Scope 

The L-C oscillators considered in this report fall 

under Martin's classification of feedback oscillators 

(Ref 16:359). This classification excludes negative resis¬ 

tance oscillators such as dynatron or transitron types. 

Crystal-controlled oscillators and oscillators using either 

a mechanical oscillating system or selective filters are 

not considered. Since the frequency of oscillation is 

3 
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stabiliïed by the inclusion of a crystal or a filter in the 

circuit, such osciUators do not require stabiliaing impe¬ 

dances. 

Because this investigation is based primarily on Llew¬ 

ellyn’s analysis of oscillator impedance stabilization, his 

assumptions are still applicable: the effect of grid current 

is taken into account, but distortion resulting from the 

non-linearity of tube or transistor parameters is neglected. 

It is further assumed that losses in the oscillating cir¬ 

cuits are so small as to be negligible, and that the load 

is applied to the oscillator through a buffer stage which 

draws no power from the oscillator. 

To achieve some standardization in regard to the 

approach to the circuit-design problem, all the oscillator 

configurations analyzed were either conmon-cathode (vacuum 

tube) or common-emitter (transistor); and the resulting 

circuit design and the unified approach to impedance sta¬ 

bilization are based on these particular device configura¬ 
tions. 

h 
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II. Linear Analysis of Oscillator Circuits 

A mathematical linear analysis of an oscillator cir¬ 

cuit may be performed by writing a series of loop equations 

from which any of the circuit currents may be calculated 

by means of determinants. However, In an oscillating cir¬ 

cuit, an alternating current flows for an indefinite period 

without any apparent source of emf. Therefore, in writing a 

set of loop equations of the form 

Zll1! + zi2I2 + — + ZlnIn - E (D 

E would be equal to zero In all oases. Solving for any de- 

Mred I would therefore lead to an equation Involving two 

determinants : 

I = Dn/Dd (2 

In (2) Dn is the determinant of the numerator and Dd is the 

determinant of the denominator. Dn will always equal zero 

because all loop voltage sources will total zero. Since a 

finite I does exist, Dn/Dd must be indeterminate to avoid 

a trivial solution. Hence Dd must also equal zero. The ele¬ 

ments of this determinant are the circuit impedances; hence 

the linear criterion for any oscillator circuit is that the 

determinant of the loop equations ( A ) be equal to zero. 

When expanded, the A determinant will contain a real 

erd an imaginary part. In general, by setting the real part 

5 
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equal to zero, the conditions for oscillation can be cal¬ 

culated; by setting the inaginary part equal to zero, the 

frequency of oscillation can be calculated. Fy including 

the stabilizing impedances in the oscillator circuit, and 

hence in the A determinant, these impedances can also be 

calculated. 

To demonstrate the A » 0 method, a complete analysis of 

a Colpitts oscillator is now presented for both the vacuum 

tube and transistor cases. Because this investigation is 

concerned with the frequency of oscillation and the values 

of the stabilizing impedances, it is assumed that the con¬ 

dition for oscillation is met. Setting the real part of the 

expanded A determinant equal to zero and solving for the 

condition for oscillation is therefore omitted. 

Figures 1 and 2 on the next page show a Colpitto vacuum 

tube oscillator and its linear equivalent circuit respective¬ 

ly. Writing loop equations for the circuit in Fig. 2 yields: 

LUp^Xp-jXi) ♦ Ujx.) *!,(;«,) =o 
L(iXt) ♦ It (íXt) ♦ I, tyfe) .0 

(°) * I» (:*»)♦ itOtj-jXt+jtyso 

Prom these three equations the A determinant can be formed 

t'y taklnp the coefficients of each I term and arranging 

them as follows: 

(3) 

(k) 

(5) 

6 
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Xp * PurC-STft0ÍÜB¡N4 
iMPfDANCr 

Xg • (^rio-Stabílíiín^ 
Impeoanu 

Colpittn Vacuum Tube Oaoillttor 

7 
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1*' 

1* 

¡Xr 

}Xi 

p*1 

I* (6) 

Expanding th. ú and auamlng the Imaginary terna ylelda: 

Xr (ip*, + XpX» - XpX, - X, X, + X, xt) + 

Xi (X,Xí - X,Xj) + X*(-XpXi -x,x») « o (7) 

Equation (7) can fce troken down into two equatlone, namely: 

Xr (jipAf + XpXí - XpXj - X.Xí + y.Xj)*0 (8) 

X. íX, x2 - X, yf) + Xí (- XpXz - X, X») - o (9) 

where (9) Includes all terme ln (7! which do not contain 

Xr aa a factor. It follows that If Xg and Xp have such val- 

ae to satisfy (9), then the frequency of oscillation is 

that Which will force XT to aero, thereby satisfying (8)j 

and the frequency will remem constant regardless of vari.’ 

ations of rp, and yU . 

Therefore, solving forwty setting XT equal to aero 
yields: 

w= [EUT 
y La(CiCi) (10) 

e 
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To solve for Xp, setting Xg * 0 In (9) yields! 

Xp* |-(x.«-Xi) = + 

Xp * tuLp 

L, 
/ Ci + Ci> 1- °* 1 f Ci+Ci \ 
l CiCi ) “ (c.+e*)c. 1 l CCI. J 

UC.Ct 

(11) 

(12) 

(13) 

(lit) 

To solve for Xg, setting Xp « 0 In (9) yields: 

C« 
6üaCi ( a y—g' - fÇ<*Çî\ 

^CiCt J (Ci +Ci^Ca. V CiC» / 
UC,Ci 

uc. 
Ci 

(15) 

(16) 

(17) 

9 

(18) 
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Xc = CoLi.ECrOR-ST>- 
BlüZIN^ iMPfp. 

Xb= ßASE-SrABILItll^ 
Impedance 

Ye= Emitter- Sta- 
biliiin^ Imped* 

Pigurt 3 

Oolpltts Transistor Osolllator 

10 
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The analysis of the Colpltts transistor oscillator, 

shown in Pig.3, follows the same procedure, with the ex¬ 

ception that there is an additional stabilizing impedance 

in the emitter lead. 

Writing loop equations for the linear equivalent cir¬ 

cuit of Fig.i* yields: 

+ Iî(z«*2b+Zi)* *o <20> 
L (*•) » It (-h) * I,(i,+&♦?,)=0 <21> 

The A for these three equations is therefore 

L. *1* *1 -Dm ie~Xn I 
-2i *0 (22) 

^ ~ii ïi+ïi*2i 

Expanding the & and summing the imaginary terms yields: 

Following the same procedure as in the vacuum tube analysis, 

11 



GE/EE/61-9 

(23) can ta broken down into two equations: 

[Xi ♦ & + Xj] [(&,*« + ÄbÄt + ju JU - - 

(Xt *Xb)(x« + X« + Xi) - X«(Xi + Xi)] * 0 (gl,) 

2XeX'Xa + Xa (Xe +Xe * Xi) + XiZ(Xb4Xe + Xj)* o (25) 

To »«tisfy (21(), (Xj + Xj + Xj) oust equal aero, thus 

yielding the frequency of oscillation which le Independent 

of variations of the translator parameters: 

(Ü m ÍC, + Cl ' 
V La (Ci fa) <26) 

To solve for Xc, setting Xe « Xb » 0 In (25) yields: 

Xc=- 
X1X1 ♦ XsX,1 

XÍ 
-|(x,+Xa) (27) 

Xc 5 toLc (28) 

I . -¾./Cl+CQ a _ Cl ( C<+Ct\ 
Le u,*Ci l Ci Ci J (CifCOC, ( “c.Ci J 

UCCx 
(29) 

, LaCt 
Lc= ~ (30) 

To solve for Xb, setting Xc = Xe « o in (25) yields: 

12 
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Xb 

Xb 

U 

CüLb 

Ci ( Ci ♦ Ci \ Ci ( Ci +Qi\ 
Cü^Ci V CiCt / " (Cr»Ci)Ct \ CiCl / 

U Ci Ci 

(31) 

(32) 

(33) 

(34) 

And, finally, to solve for Xe, setting Xe * Xb « 0 ln 

(25) yields: 

v -XiXf-XiXi* 
Xes (xii-xi)1 3 

- X.Xa 

(Xi+Xt) (35) 

Xe= (jüLe (36) 

I UCiCi 

Le= (Ci^Ci)2 

(36) 

This completes the linear analysis of the Colpitts 

oscillator. Sunmarlzlnp briefly, the A»0 method of analysis 

13 
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provides a straightforward approach for solving for the 

stabilised frequency of oscillation and for the various 

stabilizing impedances in both the vacuum tube and the 

transistor oscillators. Also worthy of note is the fact 

that, for the Colpitts oscillator, the plate-stabilizing 

Impedance in the vacuum tube oscillator and the collector- 

stabilizing Impedance in the transistor oscillator are 1- 

dentical, as are the grid-stabilizing and base-stabilizing 

impedances. In addition, the stabilized frequency takes the 

form 

(39) 

where end are the sum of the inductances and 

the capacitances, series connected, in the tank loop. The 

significance of these observations will be shown in the 

next chapter. 

14 
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III. Circuit and Expression Synthesis 

Using the A*0 method of linear analysis detailed In the 

previous chapter, a general oscillator circuit and express¬ 

ions for the stabilized frequency and the various stabili¬ 

zing impedances will now be derived. 

Circuit Synthesis 

The purpose of Inserting a stabilizing Impedance In an 

oscillating circuit Is to make the frequency of oscillation 

Independent of the tube or transistor parameters. Since the 

derivation of expressions for the stabilized frequency and 

the stabilizing inpedances is of primary Interest, it seems 

logical to adopt the "black box" concept and replace the 

vacuum tube or transistor in the circuit with a box labeled 

"device". It must be further stipulated that all the tube or 

transistor parameters are included within this box, and, 

since they are eliminated in the final analysis, need not be 

considered further. Adopting the ’’black box" concept not 

only eliminates the difficulty of accounting for the diff¬ 

erent parameters of the vacuum tube and transistor, but also 

provides an expedient means of designing a circuit which, 

used as a vehicle for linear analysis, is theoretically 

capable of containing either a vacuum tube or a transistor. 

Boxes can also be Included to represent the required 

stabilizing impedances. And, finally, a box can be included 

to represent the frequency-determining part of the oscilla. 

15 
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tor, or that part of the circuit which distinguishes one 

oscillator configuration from the other* 

Basically, then, the general oscillator circuit will 

take the form shown in Fig* 5* 

The expressions derived later in this chapter will 

determine what is included in the stabilizing impedance (X) 

boxes* At this point, the remaining step is to determine 

what elements must be included in the frequency determining 

box. 

This can be accomplished by comparing the circuits of 

six different oscillator configurations—tuned-plate, tuned- 

grid, Hartley, Colpitts, Clapp and Keissner—hereafter re¬ 

ferred to as the six synthesizing configurations. The fre¬ 

quency-determining box must contain a network such that 

each of these six configurations can be made to "fit” by 

16 
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Inoludlng sont network elemento end excluding others. This 

requirement is fulfilled by the network shown in Fig.'6. 

grid 
base 

$»X 

cathode 
emitter 

Ci 

collector 
plate 

C. 

M- 3? /fsrs 
I- 
Figure 6 

Frequency Determining Network 

The elements in the above figure are numbered such that 

the subscript "l" signifies elements in the plate (collector) 

circuit, the subscript "S" elements in the grid (base) cir¬ 

cuit, and the subset Jpts "3" end "l*“ elements common to 

both. This subscript system will be followed throughout, and 

was also followed in the linear analysis of the Colpltts os¬ 

cillator in the previous chapter. 

The two switches, and 82, are Included to cover the 

Meissner oscillator. These two switches are closed at all 

times except when considering the Meissner oscillator. 

The final form of the general oscillator circuit can 

be derived by replacing the frequency-determining box in 

17 
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Pig* 5 by thê network shown in Fig. 6. This results in the 

oireuit shown in Fig. 7. 

The Hartley oscillator, as an example, would be derived 

from Fig. 7 by Including i»^, I»2, M and and excluding all 

other elements. The Meissner oscilletor would include L1# 

and 1^, switches and Sg would be open, and 

all other elements would be excluded. 

Derivation o£ the Bxpression for Stabilised Frequency 

Using the general oscillator circuit of Fig. 7 and the 

As0 method of analysis, expressions for the stabilised fre¬ 

quency for each of the six synthesising configurations were 

found and are tabulated in Table I on the next page. 

18 
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TABLE I 

Stabilised Frequencies 
for Six Oscillator Configurations 

-QSCTT.T.ATfiR _ STABILIZED PREQUEICT 

- J lcT 

—Tuned-Arid Irk 

Hartley 
j—i- 
V C»(L, *Li *2tA) 

-Mdaaner 
I J UC| 

-Cololtta 
/ C,ACa 
V L«(C.C»> 

-SllPP_ 
1 i 
/ UC/c,* Yct*Yc%) 

The linear equivalent circuits and the A determinants used 

in the analysis of the six vacuum tube configurations and 

the six transistor configurations are found in Appendices 

A and B respectively. 

Comparing the frequency expressions in Table I, it 

can be seen that, in each case, ui assumes the general form 

^STAS “ /T-^ _I n . 
/ LrOTAt 0TOTAL ^0) 

where Ltotal and Ctotai are the sums of the inductances and 

capacitances, series connected, in the loop of the frequency 

determining tank. For example, in the tuned-plate oscilla¬ 

tor, considering the plate tank loop as the frequency-de¬ 

termining loop, Ltotai is simply L1 and Ctotal is Cy 

19 
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Thus the following four-step approach provides a means 

of deriving the expression for the stabilised frequency 

without actually performing the complete A*0 analysis: 

1. Starting with the general oscillator circuit of Pig. 

7, eliminate those elements not needed in the desired con¬ 

figuration. 

2. Determine the frequency-determining tank loop. This 

loop will be the one which does not contain a stabilizing 

impedance element, 

3* Take the sum of the inductances and capacitances 

in this loop. 

k» Substitute the expressions for L*. . , and C 
total utotal 

calculated in Step 3 in equation (IjO) to obtain A) 
stab* 

As was seen in the detailed analysis of the Colpitts 

oscillator In Chapter II. 0) ^ must be or calcu¬ 

lated before any expression for a stabilizing Impedance 

can be calculated. Therefore, the detailed analysis of an 

oscillator can be expedited by the application of the above 

approach. 

Derivation of ^pressions for Stabilizing Imn.iW.. 

The expressions for the various stabilizing Impedances 

for the six synthesizing configurations, found by theA=0 

analysis, are tabulated In Tables II and III on the follow- 

ing page. 

As stated In the Introduction, the method of deriving 
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TABLE II 

Plfttt- tad Grid-Stabilising Inpedanoot 
for Six Vaottun-Tuba Otoillitor Configurations 

OSCILLATOR 
STABILIZING IMPEDANCS 

PLATS GRID 

Tuned-Platt Cc. ,C,M‘ LU-M* 
^7—SC» 

LiU - M* 

Tuned-Grid 1 CÏL? 
Cc* LU-m* 

r C.M» 
Ub* Li La - M* 

Hartley 
C‘* II»-M. 

~ Cad.+M)* 
Cka LiLs - Ma 

Melsaner 
UCtMt* T" LaC> Mi* 

LaM»14. LMa1 UMi^LiMa* 

Colpltts 
. UCa 

C 
. uc 
u* "cT 

Clapp i , ^ - üõf i 1 

-c> ^ *ci£^uJ 

TABLE III 

Colltotor-, Baas- and Staltter-Stabil!sing Inpedanoes 
for Six Trans!stor-Oaelllator Configurations 

OSCILLATOR 
STABILIZING IMPEDANCE 

COLLECTOR BASE EMITTER 

Tuned-Golleeto? 
„ C,M* a- 7 C(L-M)1 

LU-M1 ’ LU-M* Li La - M1 

Tuned-Base ™” CtU1 ~ ¿«M1 Ä Cidt-M^1 
LU-M* * LU-M1 ,E LLa - M* 

Hartley 
CadafM)1 Cadi + M)1 Ci(L.»U*lMP 

LiU - M* •a L.U-M» Lila-M* 

Meissner 
LaC%Ma' IjClM.» ÜCa(Ma-M,)* 

UMi' + LM«1 ^‘LaM.1 ♦LNIa* 

Colpltts 
. 14 Cl 

u* — 
, LaC, 

u* — 
UCiCa 

Lf‘ (C.4.C.^ 

Clapp 
ua . L»C. LlCiCa 

Ltac.[i*<ÂÍ uW[«.dfc 
21 
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ingle expression for each stabilizing lapedance-»plate, 

grid, emitter, etc.— Is by Inductive reasoning. This pro¬ 

cess entails comparing the individual impedance expressions 

to find some common factor, or group of factors, which could 

be grouped together to form a composite expression. Upon 

comparing the expressions in Tables II and III, three facts 

become apparent: 

1. The expressions for the plate- and grid-stabilizing 

impedances for the six vacuum tube circuits and the collec¬ 

tor- and base-stabilizing impedances for the six transistor 

circuits are, respectively, identical. This similarity 

comes as no surprise because the complete analysis of the 

Colpitts oscillator in Chapter II showed these impedances 

to be identical for that particular configuration. 

2. Three of the stabilizing impedances in each group 

share a common factor in the denominator, namely 

3. With the exception of the Clapp and Colpitts oscil¬ 

lators, all other stabilizing impedances are capacitive. 

The conclusions which can be drawn from these facts 

are as follows: first, because of the similarity of the 

plate-collector and grid-base expressions, only three com¬ 

posite expressions will be required—plate-collector, grid- 

base and emitter; second, each composite expression, in or¬ 

der to fit all six oscillator configurations, must be com¬ 

posed of an inductive part and a capacitive part; and third, 

the three expressions containing the common factor can be 

22 
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grouped together to form a single terra. 

Based on the first conclusion, then, let the three 

composite expressions be defined arbitrarily as Xc, Xb and 

X*# representing the plate-collector, grid-base and emitter- 

stabilising impedances respectively. Each of these, in turn, 

must further be broken down into capacitive and inductive 

elements, i.e* 

Xc = Cc + Lc (hi) 

Xb * Cb + Lb 
(42) 

Xe = Ce + Le 
(43) 

where C and L represent the capacitive and inductive parts 

of each expression. 

As an example of the expression derivation, consider Xc, 

the plate-collector impedance. Grouping together the three 

expressions with the common factor and solving for Cc and Lc 

yields: 

Cc = cm* »CiU* + ¢3(1,+ ucjMz* 
U.-M1 LiM' + LiMi* (1,1,) 

i I 
I ♦ - c.Ci 

Cj(C,+Ci) J 

Modifying the expression for Cc by substituting 

Le a L4C1 + LsCa 
c, c, (h$) 

K «= m//l 

23 
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yields: 

+c**c»(i+*/£T]+u,m¿ 

1 " K* L,Mi* 
(1(6) 

Substituting (45) „4 (46) in (41) yi*ia„ 

*Ci41 cj (i 6 k/]T),1 
1 - K1 

■*• UC>MÎ j. 
UM.VLMÎ 

UCt 4. 

C. 1-t- CiCi 
cj(Ci*-c»m (1(7) 

Equation (4?) would sou, to bs a ganaral sxpression for 

tho plata-collaotor stabilizing imp.danos. Th. problem 

Which now arises is one of interpretation. How is an express, 

ion for the plate (collector) stabilizing Impedance for one 

particular oscillator configuration extracted from the gen- 

oral expression In (ij?)? 

The rules for the interpretation of the general ex¬ 

pression are propounded as follows: 

1. Starting with the general oscillator circuit in 

Mg. 7, derive the circuit for the oscillator configuration 

desired by Including those elements necessary to complete 

the circuit and excluding all others. 

?. Referring to the expression for Xc In (17), consider 
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each term Involved. If the elemente in a term appear In the 

oscillator circuit, the term le retained. However, if any 

element In a term Is not contained in the oscillator confi¬ 

guration, the terra is omitted. The same can be said for 

individual factors comprising a single term. The sum of the 

terms retained is the expression for Xc. 

3. Xc is capacitive or inductive depending upon 

whether the terms retained are part of Cc or Lc. 

As an example, consider the Colpitts oscillator already 

analysed in Chapter II. Following the three rules of inter¬ 

pretation yields: 

1. The Colpitts configuration would contain only C,, 

C2 and 1^. All other elements would be eliminated. 

2. Referring to the general expression for Xc, because 

the first term contains L2/Lj as a factor, it is eliminated. 

Because the second term contains C^ as a factor, it is 

eliminated. Because the fourth term contains L3 as a factor, 

it too is eliminated. The only remaining term is L^/^. 

3. Because the remaining term is part of Lc, the ex¬ 

pression for the plate(collector) stabilizing impedance for 

a Colpitts oscillator is 

Lc * i4|C2/C1 (J|ß) 

which agrees with the calculated value in (U*) and (30). 

As another example, consider the Meissner oscillator. 

Again following the rules of interpretation yields: 

25 
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1. The Meissner oscillator would contain elements 

L2* Mg, and 0^. All other elements would be elimin¬ 

ated. 

2. Referring to the expression for Xo, repeating the 

factor elimination process, and summing the retained terms 

yields: 

Xc«Cee LtC> ♦ UCiMi 
Li L,Mi ♦ UM,’ (1*9) 

However, comparing this expression with the ones con¬ 

tained in Tables II and III indicated that (1+9) is not the 

expression for the plats(collector) stabilizing impedance 

for a Meissner oscillator. Therefore the expression for 

Xc, as stated in (1+7), is incorrect. Eut it was Impossible 

to foresee that (1+7) was incorrect until some rules for 

interpreting this equation were set forth. With the excep¬ 

tion of the Meissner case, the expression for Xc as stated 

in (1+7) holds for the other five synthesizing configurations. 

To include the Meissner oscillator, then, it is necessary 

to revise the second term of (1,7), (¾^2)/(1^2 + L^2), 

so that, when the revised term is added to C^Lg/Lp the 

resulting term will be the correct expression for the plate 

(collector) stabilizing impedance. 

Performing this revision changes the expression for 

Cc from the one expressed in (1,6) to the one expressed in 

(50). The numerator and denominator of (50) have been left 

in fractional form to facilitate addition. 

26 



G3/EE/61-9 

Ce- + 

i-K* 

[ UC»Mi1 _ LÎCM1 . UCsMil 
L. Lia L. J 

K»U ^ M,1 
(50) 

How, substituting (45) sud (50) into (41) yields the 

correct expression for Xet i»o», 

Xc * Cc f L 8 Û p£k+Cl+c,(i**/£f] 

rUCjM,l_ L»*C»MiI_ UCsM.1 
L t. L.* Li ] 

M*U 4. Mxa 
L, 

UCi -Í- 
c. 

LiCii r i i 
-cr| 1 ■L . , 

L C3(C.4Ci). 

(51) 

Expressions for Xb end Xe, similarly derired, are: 

Xb = Cb Lb = 
1-K1 

r UCiM,1 _ L^M»* _ L,CaM, 
L U U* ;] 

Mi'Li + M,* 
Lx 

UG •»- L»Ci 
Ci Ci 

(52) 
i , _£i£i_ 
1 + ¿M+CJ. 
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UXi 

(Ci+C»)a 
+ UC Ci 

(C«fCi)a CiCi 
C*(Ci+Ct) 

(53) 

As a gold« in applying the rules of interpretation, the 

following table pites the elenents Included in the six con- 

figurations used in synthetieing (51) through (53). 

TABLE IV 

Elemente Included In 
Six Oscillator Configurations 

OSCILLATOR ELEMENTS 

Tuned-Plate L. L C, M 
Tuned-Crid 

i< h Ci M 

Hartley L. ii Cj M 
Meissner 

Li Li La Cl M, Ml 
Colpitts Ci Ci La 

Clapp C, Cl Ci Li 
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In summary, the general oscillator circuit bf Pig. 7 

is synthesized by Including a device box, which contains 

*11 device parameters, three stabilizing impedance boxes and 

a frequency-determining, or configuration-determining, net¬ 

work. Then an approach is set forth for determining the 

stabilized frequency of oscillation without performing the 

complete A=0 analyste. Finally, the inductive process used 

in deriving the three general expressions for stabilizing 

impedances is explained, the expressions are derived, rules 

of interpretation for extracting any desired stabilizing 

impedance for any desired oscillator configuration are 

set forth, and two examples of applying these rules are 
given. 

29 



GE/EB/61-9 

IV. Test Gasea 

The question which now arises is "Do the general 

expression« for the three stabilizing Impedances hold for 

oscillator configurations other than those used In their 

synthesis?» The purpose of this chapter Is to test the 

expressions. The unity.coupled, electron-coupled and 

tuned-plate tuned-grid oscillators are the three config¬ 

urations which will be used as test cases. 

Unltj-couDlad Oscillator 

Figure 8 

Unity-Coupled Vacuum Tube Oscillator 

Pig. 8 shows the circuit for the unity-coupled vacuum 

tube oscillator. As was the case for the six synthesizing 

configurations used In the previous chapter, the linear e- 

qulvalent circuits and the A determinants for the three os¬ 

cillator configurations tested In this chapter appear In the 

30 
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Appendix (Appendix C). 

Both Llewellyn (Ref 11+:2079-2082) and Teman (Ref 29: 

1+87) have analysed this particular configuration. They have 

derived expreeeione for the plate- and grld-atablllslng Im¬ 

pedances. They are: 

i-K* 
(54) 

& ' Ci, * h[n[r^c'+c»(*+K/g)’l 
i- K* (55) 

By p.f.|,rlng to .quâtlono (51) tai (52), tbea. two 1m- 

podwc oppression, for tho onlty-couplod ooolll.tor can be 

extractad exactly by retaining tha entire first term of each 

Qf the general expre.alona and omitting the last three terms 

of each by virtue of the fact that Mj, m2, Lj and are not 

contained In the circuit. Thus the general expressions hold 

for this configuration. 

lifctron-couoljd Oscillator 

This oscillator, shown In Pig. 9 on the next page, »ay 

at first seem unsulted for adaptation In the general oscil¬ 

lator circuit of Pig. 7, and hence Invalidate the general 

expressions in (51) through (53), because a multi-grid 

tube is used in place of the conventional triode. However, 

both Terman's (Ref 29:1+81) and Edson* s (Ref 8:178) dls- 
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Figure 9 

L Electron-Coupled Vaeuu» Tube Oscillator 

eussions Of this particular conflpuratlon point out tho fact 

that only part of th. tut., and circuit, 1, used „ ths os. 

dilator: 

"In the electron-coupled circuit, the cathode, srld, 

end screen prld of a screen grid tut. are operated as a ’ 

triode oscillator, «1th the screen serving as the anode. 

Only a small fraction of the space current Is Intercepted 

bl the screen, hut th. oeclllator circuits ere so designed 

that this „in maintain th. oscillations properly. The re¬ 

fining electron., which represent most of the space current, 

? to the plate and produce power output ty flowing 

through the load Impedance that Is connected in series with 

the plate electrode.” (Ref 29:!|8l) 

Thus, in rig. 9, the portion of the complete circuit 

enclosed by the dotted lines represents the oscillator part 
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of the electron-coupled oscillator. As can be seen by re¬ 

ferring to Pig. C-2 In Append!* G, this oscillator is quite* 

similar to the Hartley oscillator with M set equal to zero. 

However, it differs from the conventional triode oscillator 

in that rc replaces and an equivalent // and Eg are used. 

By performing theAsK) analysis, the following relationships 

are found: 

ca STAB C5(UU,) 

Xc = Cc = IzCs 
Li 

Xb = Cb = LiCs 
La 

(56) 

(57) 

(58) 

Hotel Hotel tlie frequency ex¬ 

pression are indeed (L2 ^ L^) and C^, respectively. Applying 

the rules of interpretation to the general expressions of 

.51) and (52), with C^, C2, M, Mg, and excluded, 

the only terms retained yield: 

Xc5 Cc = LiCs 
L. 

Xb = Cb = LtCs 
L2 

These agree exactly with the calculated values expressed in 

(59) 

(60) 
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equations (57) and (58). 

Tuned-Plate Tuned-Qrid Oscillator 

The actual circuit of a tuned-plate tuned-grid oscil¬ 

lator is shown in Pig. 10. However, for oscillation to occur, 

both the plate and grid tanks are adjusted so as to offer 

inductive reactance et the frequency to be generated (Ref, 

29*l|8l). Therefore, and become an equivalent induc¬ 

tance L^eq, and Lg and C2 become I<2eq. The linear equivalent 

circuit. Pig. C-3, takes on the form of a modified Hartley 

oscillator, with Lleq replacing 1^, L2e(1 replacing L2, M=0, 

and C3 representing Cpg. The analysis of this equivalent 

circuit, then, parallels that of the Hartley oscillator, or, 

for that matter, that of the electron-coupled oscillator. 

The results of this analysis are: 
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1 

i_ 

Xc = G ' 

(61) 

(62) 

(63) 

It would aeon that the genaral impedance expressions 

would not hold for thi. oscillator because of the absence of 

b»th Lleq and per se, from any of the terms comprislig 

the expressions. However, a reexamination of thed =0 mstX 

of linear analysis in general, and Its application to thlaV 

oscillator In particular, results In the following conclu- 

sions: 

1. All expressions for the stabilizing Impedances are 

calculated from the d=0 analysis of a linear eoulvalent clr. 

cult. Hence the general expressions for these Impedances are 

derived from equivalent circuit analysis. 

2. Of all the oscillators considered thus far, the 

tuned-plate tuned-grid Is the only one In which the actual 

elements contained in the oscillator circuit do not appear 

in their specific form In the linear equivalent circuit, 

e.g., Lp and c1 do not appear specifically In the linear e- 

quivalent circuit, but are incorporated In a "fictitious" 
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labeled I<ieqj and it is this element which is found 

in the linear equivalent circuit. 
! 

3. Heretofore, all elements appearing In the general 

expressions for the stabilizing Impedance, have represented 

actual elements appearing In a particular oscillator con- 

flguratlon. However, should an element labeled, for example, 

Ll *PPear ln sn equivalent circuit. It would be treated the 

eame In the analysis of that circuit whether It represent 

an actual Inductance or an equivalent Inductance. 

Eased on these conclusions, the tuned-plate tuned-grid 

oscillator must be analyzed In a slightly different manner, 

l.a.. Instead of applying the rules of Interpretation to the 

actual circuit model, they must be applied to the linear e- 

qulvalent circuit. Actually, all other circuits could have 

had the rules applied equally well to their equivalent cir¬ 

cuit. The reason the actual circuits were chosen was to 

facilitate the task of the analyzer In establishing a de¬ 

sired configuration by eliminating the necessity of con¬ 

verting the actual circuit to an equivalent circuit. 

Applying, then, the rules of interpretation to the 

linear equivalent circuit of the tuned-plate tuned-grid os 

dilator (Fig. C-3, Appendix C), it la seen that the only 

elements now retained are L1# 

presenting L2eq, and (Cpp), 

representing L^, L2, re- 

As in the case of the electron- 

coupled oscillator, Clf C0, M. F, m„ l r 
* l* 2» > 1 1» anc* are 

eluded. Therefore the only remaining terms yield: 

ex- 
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Xc - Ce = Csl* 
L, 

Xb = Cb = Cali 
Li 

where 

L, = Li«. « ■^C|<'C>)- 
n Cj 

U = Ue. = 
^ c» 

(64) 

(65) 

(66) 

(67) 

The derivation of the expressions for Lleq and is In¬ 

cluded In Appendix C. 

By comparing (62) and (63) with (64) and (65), it can 

be seen that, by applying the rules of interpretation to 

the linear equivalent circuit of the tuned-plate tuned-grid 

oscillator, the correct expressions for the plate- and grid- 

stabilising impedances can be extracted from the general ex- 

pressions in (51) and (52) respectively. 

Summarizing, the general expressions for the stabilizing 

impedances were tested on three oscillator configurations 

not used in their synthesis. In each case the correct ex¬ 

pressions for the stabilizing impedances were obtained, even 

though, in two of the three cases, the oscillator configur¬ 

ation varied slightly from the conventional configuration. 
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V. Summary and ConelusIona 

Pirat, a general oacillator circuit vaa developed to 

serve aa a tool for linear analysia. By uaing a combina- 

tlon of the "black box" concept and a frequency-determin¬ 

ing network, the general circuit, shown In final form In 

Pig. 7, waa made compatible to either a'vacuum tube or 

traneletor oscillator. It follows that expressions derived 

from this circuit would also hold for either type oscilla- 

tor. 

Deriving general expressions for the stabillted frequ¬ 

ency of oscillation and for the plate-collector, grid-base 

and emitter-stabilizing Impedances was the next step. 

Specific expressions calculated from Individual analyses 

of six different oacillator configurations were tabulated 

and compared. General expressions were derived by Inductive 

reasoning, modified as a result of applying rules of Inter¬ 

pretation, and expressed in final form in equations (51) 

through (53). 

Then the general expressions were checked for validity 

by applying them to three "test" oscillators. In each case 

the stabilizing Impedances extracted from the general ex¬ 

pressions were compared to values calculated by detailed 

analysis and found to be Identical, thereby proving the 

validity of both the rules of Interpretation and the gen- 

eral expressions themselves. 
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*» f«r ta it known, tot known vtcuun tuba or transla¬ 

tor I-C faadbaek oaoillator. idantio.l to, or can b. 

derived fro», th. nina oaeiUator configurations analyzed 

in thia report. Iharafora it 1. concluded that th. general 

expressions for Io, Xb «d X. derived in Chapter III are 

applicable -to all L-C feedback vacuu» tub. «d tresis tor 

oscillators of co»on-cathode «d con»on-.»itt.r configura¬ 

tion respectively. Thu. a valid unified approach to l»p.- 

dance stabilization has been established. 

It is felt that, by eliminating the arithnetic manipu¬ 

lation. associated with detailed, individual line« analysis, 

the unified approach 1. a .Up.Plor Mthod of d.tePBlnlng 

«i«., for stabilizing dances. Ihl. supePloPlty lg not 

b...d on th. criterion of accuracy, for th. result, obtained 

bX aither method are identical. However, the unified ap¬ 

proach is superior when the oscillator circuit become, 

rather complex, and th. exceasiv. ti» element lnvolvsd ln 

obtaining result, by linear analysis is substantially re- 

duoed. 
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APPENDIX A 

# . „^••rsqulYaltnt Clroult« and à Dataralnanta 
ror Vacuum Tub# Oecillatora Usad In Expression Synthesis 

Definition of Symbola 

Xo - Plate-stabilising Impedance 

Xg e Xb Grid-stabilising Impedance 

X| * WLi Xei « 1/üCi 

x* * üL* Xa ■ l>Ca 

Xj * OLi Xei ■ i^Cf 

X4 s WL4 

Xm • WM 

Xh. -WM, 

XmaWMi 

rp s Plate Resistance 

rj a Grid Resístanos 

hi 



ÔE/BE/61-9 

^Cl 

0 

4 

4^ 
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-iXci 

fcl fM f 1 - f« 
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Y}Yi^ f -}y" 

Y>*j% 
+j2Xm 

Le 



OE/SE/61-9 

Víx,+Jk fx". 

0 
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A = 
^.Xcz 

3 Xci 4Xa 1X’ -¿Xcl 
-^Xc 

= 0 
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APPENDIX B 

Linear Equivalant Circuits and A Determinants 
for Transistor Oscillators Used in Expression Synthesis 

Definition of Symbols 

Xo = Collector-stabilising Impedance 

Xb = Base-stabil!sing Impedance 

Xe s Emitter-stabil!sing Impedance 

re m Collector Resistance 

rb = Base Resistance 

re a Emitter Resistance 

Ze * rc + jXo 

Zb =* rb+JXb 

Ze ss r# + JXe 

Zm = jXm 

X^ s (0L4 

Xm, * <uMi 

Xnt * WM* 

Xci * 1/wC, 

Xi - (oL| 

Xj, — uíLx 

Xex * 1/cüC 4 

Xcs* 1/ceCj 

Xj a U)Lf 

H9 
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& + Ze-^Xc(-^M ïe-ktA 
-tf*' 

it Zc-J-Zb 

1:.0 



ÖE/EB/61-9 

ñc+Ze+^X»-;iM Íc-Am 
¿m 

Ze Ze +Z|, “J-Xci ¿Xcz 

j.Xct 

51 
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A = 

Zcfie+jXi-ÄM ¿e - £m “JIm -^X» 2m 

£e - Zm Ze-hZb^Xz -^Xz-2m 

}X.+Z« -iX2-Z„ + -¿Xc> 
<> <> + ZÎm 

= 0 

52 
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T?c+ 2e +íe “Am 

le Zb 

jXMl J^-^Xcs 
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Zc+fe-jXd-^ it -Am 

it it + Zb “iXca 

-jXcj 
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APPENDIX C 

Linear Equivalent Circuits and A Determinants 
for Oscillators Used as Test Cases 

Definition of Symbols 

Xo = Plate-stabilising Impedance 

Xb = Grid-stabilising Impedance 

rp = Plate Resistance 

r^ s Grid Resistance 

X| ■ o>L, 

Xs *10 La. 

Xa^«u£>tc^ 

Xßj» l/toCj 
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A complete nnnlypl? of the Dnlty- 

couplftd vacuum tute oscillator can 

be found In Ilewellyn (Hef 11^: 

2079-P082). 
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i 

Electron-Coupled Vacuum Tube Oscillator 
Linear Equivalent Circuit 
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DERIVATION OP EXPRESSIONS 

FOR Li«^ AND Lr^ 

j(t)Li^ • 1 » 

♦-A—, 1 - ü>aLiCi 
jtoLt 

(C-l) 

* Li 
1-ujxL,C{ (c-2) 

Substituting ou2 b X_ yields : 
Lt«^) 

bea » LiCi (li«4 +• La «b) 
. (C-3) 

Cl(L.n*l»^) - LiCi 

- LiU^ =o ( G-4 ) 

Solving (C-4) bv Quadratic Formula yiclds : 

^~Li) + iLLiêii 

Z (G-5) 

L'nc~(uH- ÿ'!■<)*/(l'h + TT*Qr 

2 (0-6) 
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Li4^ - - (Li*^ - ^ ~ L«) + ( Li«^ 4- t^L +.L1) 

2 _ (0-7) 

LtCi +■ Li 
Cí 

Lt (C< Ci) 
C3 

(0-8) 

(0-9) 

SlMCe THE EQUATION POR La«^ HAS THE SAME 

FORM, i.e., 

Ue^ 4. Uc^ÍL..,, - t^-U) - LzLia^ (C-10) 

ir follows that 

Lie^ = L2 (Cz +Ci) 
C* 

(0-11) 
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