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Abstract:
i- Re coat, ,research in gome parte 6f the fast domain of radio science is characterized by an extensive
study of many problems which, as a rule, were formerly either generally considered to be of no great
importance or were not considered at all. Frequently, it happens later on that these apparent problems
prove to be of fundamental importance.

This thesis presents an investigation into the effects of harmonics on tube efficiency. If is a well-known
fact that the presence of appreciable harmonics in the plate circuit results in a loss of efficiency in a
tube; but no data on the magnitude' of the effect are published at present. The. reason for the omission
of the data, in the opinion of the author, may be attributed to the lack of a suitable practical method of
measuring the per-centage of harmonics and tube efficiency with accuracy. This led into, the possibility
of devising suitable- methods, of determining harmonics and tube efficiency in the laboratory.

The reader will note that the investigation is hot a complete success-; but the study has been extensive
considering the limitation of the available equipment.
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ABSTRAdT

Recent research in some parte of the vast domain of radioscience Is 
characterized by an.extensive study of many problems .which, as.a rule, were 
formerly either, generally, considered to .be of .no great ,importance or were ■ 
not considered at all*. . frequently*, it happens later on that these apparent 
problems prove to be of fundamental importance*

This thesis presents an investigation into the. effects of harmonics on 
tuba efficiency^ . If is a. well-known fact that the presence of appreciable' 
harmonics in the plate circuit results in a loss of efficiency in a tube; 
but no data on the magnitude of the effect are published at present*1 . The. 
reason for .the omission of the data* in the opinion of the author* may be • 
attributed to.the lack of a suitable practical method of measuring the per­
centage of harmonics and. tube efficiency with, accuracy*.,. This led into the 
possibility ef doyisihg Suitable- methods, of determining harmonics and tube . 
efficiency in the laboratory*;

The reader will note that the investigation is not a complete, success; 
but the study has been extensive considering the "limitation of the available 
equipment»

1e* Te* Staff* It T*,*, "Applied Electronics"* John Wiley & Bone*-. Inc*.* New 
Iork*;. pp*,, 590*. 1949*. , .. I ' T



INTRODUCTION
Itt Hteratttre dealing with electric: circuits, a numter of abbreviations ' 

and symbol a are used which are common to the technical man* Accepted abbre^. 

viationsg, such as Mcps for megacycles per .second,, used in radio engineering 
will be assumed well-known to the .reader  ̂ It has also, been ConQidered do- 
sirable to include data for. the beam power tube type 807 fbr ready reference*

A class,. O amplifier, is defined as one in which the tube operates at a 
bias much greater, than cut-off voltage* so that plate power id drawn only 
.'Ott the peaks of the signal voltage* It Is not used in audio-amplifiers! 
because distortion is. too high/ but is the most efficient circuit for r-f 
power amplifiers' where harmonics can be reduced by the use of tuned or selec­
tive circuits*

Ever since the introduction -of class O amplifiers into the field of 
electronics, high vacuum tubes of the power type have assumed a dteadily in­

creasing importance* Improvement, in design technique, has permitted the con­
struction of tubes giving very large outputs.*; Owing to the use of large 
power, any factors which contribute to an increase in efficiency of opera­

tion of electron tubes, are worthy of serious consideration* Many papers 
have appeared which deal with technical investigations of the properties of 
tubes operating as radio-frequency class O amplifiers* These papers are con­

cerned' largely with 'conditions under which Optimum conversion'of direct cur­
rent plate supply power into radio-frequency power is obtained* consistent 
with the demands of the: type of service required. One of the factors, the 

effects of harmonics, on tube efficiency, has .received little attention*.



Symbol

%b
BC 6 
BCO

E&g

Bftfl
&bb
1P

TPl
%,F,

■ 2I '
Zn
%  ■

R

LIST OF SYMBOLS
Meaning '■

0 . . '

..PJabe supply voltage.
Control grid supply Voltage*
Cut-off grid-bias*

Screen grid-supply voltage*
•Fundamental voltage (rma value) across tank circuit*
Peak value of grid exciting signal voltage*

■ Instantaneous, value of grid voltage*, . . ,
Output voltage of the signal .generator,.
D. Oi, Plate, current*

Instantaneous value of,plate current*
’ivllPeak value of the n— • harmonic current*, .

Fundamental current (rms value)* .
Rtns value of r-f. current in the load* ,
■ Impedance of the loaded tank circuit at resonance,
' Impedance of the loaded tank circuit at the n ^  .harmonic*

Load’ resistance in ohms*
Reflected resistance. In the tank circuit*
Resistance of coil*
Equivalent series resistance of coil including effect of con­
nected load*

High .resistance, stress tank circuit. This high resistance 
consists of two resistance'ŝ , and fp'in series* where r^ 
is negligibly small in coinparlsi.on with Pg* . ,

,. Power.associated with,fundamental frequency*

6
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LIST Of SYMBOLS

Symbol Meaning

pL ^ O W r  dlsaipated %n load Bjj.*.

pIn Power Input*

*1 Fundamental OfTieiency In" percent.
Overall Qfficienoyi in percent*

o Oapaeitance in farads.

I* . Inductance in btenrye*
■ Reactance of coil*

W ,Angular velocity,.

Wpy ' ,Angular velocity at parallel resonance.
8 Angle of current flow.

% Quality factor for unloaded coil*

% ' Quality factor.for loaded coil*
Radio-frequency choke coil*
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DATA #  TRAH0MITTlNG 'BEAM PQiffla TUBE^

(Type 8O7)
Di# Ot Plate Voltage > * >. .* » s . * »-  ̂* $00 volte
Dtf 0» 'Grid No*. 2 Voltage * * 4 .* * > „ *' * » « * •* « *, * 4 * % 25® volts
Dtf 0, Ghftid I Voltage  ̂ * #• < > « $ * St n » « >• 5 * ♦ » ^4$ volte
Peak Rtf &  Grid No*. I Voltage + » * v * # «. * «• $. ♦ * * # ̂ • 6$ volte
Bi, Otf Plate Gurrent >■ *> i ;■ „ >  ̂ » -f 1°0 m'â
Di Gi Grid No4 2 Gtirrent # 4, * 4 -4 » « 4 * > #, » 4 « >  » >  4 & ma*
Dtf Otf Grid No* I Current (Approximately) «' 4 i 4  ̂ 4 4 ■ 3*5 ma*
Driving Power (Approximately) * , .* 4 , , 4 . * . * » * . . . 0*2 watt
Power Output (Approximately) 7 ,, * * ,* ■*■ .* .* , , .» * .« 4 ,* . fO watte
Mu-Pactors Grid N0-4 2 to Grid No* l f i * *. * * * * » *. # 8

SR* a* A. Tube Handbook HB»5 Vol* $-4,
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Ofreratiiaa Qf Beam Power; Tube

A beam power tube- is characterised by having a plate current that la
' « ’ S ‘ ’ « ■ I .I \

substantially independent of plate voltage unless the plate voltage la so
11 * I i » I * H I ’,i *i
Ioif that other positive electrodes rob the plate of a disproportionate frac* 
tion of the total space current* Oince practical class 0 amplifiersz are 
operated so that the plate potential never becomes as low as this  ̂one can 
always assume that the plate current is substantially independent of the 
plate voltageand hence Of load impedance,$ This makes the analytical anal*. 

ysia. of class Q amplifiers using beam power tubes entirely possible«
The total space current in any Vacuum tube is determined by the elec­

trostatic field in the immediate vicinity of the cathode* In a beam power 
tube, this field isg to a high- degree of accuracy* proportional to the quan­
tity ^ eg * where Sg and Egg, are the control grid and , screen grid
potentials respectively; BndzU is, the amplification factor of the control 
grid against an anode represented by the screen grid.*

When a beam power tube is operated- so that plate current is substan­
tially independent of plate voltage*- the plate current will always be a sub­

stantially constant fraction Of the total space current* provided the con­
trol grid current is negligible-* Qnder the assumption* one can write,;

iy ip & ( Srf- 11 A .* * * * * » # k .«■ -if- W * ¥ ? * 4, 4 -4 » Jr (l)
' A  0 A 1J

where K and n are constants*
In order to determine n*. the equation (I) is expressed in logarithmic 

form as

* «,' « * » ♦ i- * t i' * * * t * is)log ip ■* log K + n log (Sg- * *g



Io
vhejn log and. log f ""̂ g \ are plotted for various values, of iQ and e^ 

taken from tire static Characteristic curves^, keeping Ej5pi constant at operat­
ing conditions* The slope of the resulting curve is n* It is -better to plot 

'sg ] on log-log papery so that the necessity of talcing theIp and |eg
logarithm may be avoided^ When this plot is made* the exponent n for the 
sake of simplicity in the, following analysis may be, taken approximately 
equal to 2. Hence5 the expression

* f ‘ «' * • e t f *, (5)^  - E W  2

is assumed to represent the characteristic of the beam power tube to a suf-
j -  ' ' ■ | ' ■ficient degree of accuracy^

In amplifierS5 the voltage applied to the grid of the tube consists of
- ■ " , ' '

a. constant negative’ bias Eco plus an -alternating potential of. peak amplitude
E3 with angular yelocity w 9 so that .

®g O os - id t j  -if, # . # ' * »  -A. 4 * A V -i •* A A I A- * '* ». .* • # ( 4 )

Prom Pig*., I5 it ..can be seen that the angle of, current, fiotir 6 may be 
■ -•

determined by .the expression
6 '» -(^cc w Eco)Oos jg * ____
.2: . ■ Ec

%■ A 4 A 4 • i, $ ». A • » * 6 e. > » » 4 s- (5)

In. case. Of class 0 amplifiers using tetrodes or pentodes

&do * ■* - . * * » ♦ • I.- . « » * < » # * * * ♦ • * • *  a A f i A  -* (̂ 3
xtSg. ‘

OCmbining equations (J)5 (4)? (5) and (6), one can write 

lp K ,^OosiCt Cos .6̂ j-® * -ii. * *■ # > -* * s a * 4  ̂ <j ■* a * (7)

Since the wave-shape of the- current i_ is non-sinusoidal and symmetrical
about the vertical axis*
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(9)

3Tp =»' f .1̂  Cosfdt f Ig Cos 2, Wt ^ o- '« * * *■ *. S'. 4 S- e S 'S *„ i.
By Fourior Analysis*

«U)t g, S/*2
KE  ̂ // \oI0 " — y ̂ Cos Wt *t Cog 6.V d (Uti) *. » 4. *■ #- s s- 4 „ » *. , *

. w t *  e/a

In = 21̂ s J ^Cos Wt - Cos 6̂ |2 Oos n Wt d(ut) » ♦ « *  = »-„;.» (10)

On simplification (see Appendix I)* the- following important results are 
obtained';,-*

 ̂ p3 S2
I Sln^ e ^ ^ O o e  6 
5 2 2 2

Io LG + e GTT L4, 2
T SKEfc21I » --Jt- I" Sin 6

TT L 2
n  . IkeS2 Sin YlTT L Is
Ie = 2ksS2 .1
n n(n+2)

\ S l a  6] Sf * * * # !* 't »■ « « * ,* * (ll.)

» « • • « «  »' • • » i 6 (l2)

2\ & 5 2/ & (15)

n̂--I)
__I  . Cose sin (n * l )  6 I ..Sin Cn«.2) 6
W i )  2 a _ T S O T  TI

2 ' 2 
> * ♦ r * * (l4)

-is
where n ~ 5* 4, ». ■, #.  ̂4 ■». *  » « s *

Since the beam power tube type 807 was employed for the study* it may 
be noted that under the operating conditions^ E - 250 volts* E00 a -4^ 
volts * Sg a  65 Volts and Agg sr '8*. Therefore taking into account the equa­
tions (5) and (6)-* one obtains

Cos 6 $ 0,212 <= Cos 77*75*,2
*

•* !>: e = 155»5* =; 2»715 radians*
Substituting this value of S in' equations (12)* (ij) and (14)* the fol-

\



lowin_ harmonic components are obtained;-
,  2KE 2•M — [ 0.5786
1 /r

..........................................

i .  - 2* V ^0.2558
2 n

..........................................

T 2 KE 2I. = a 0.1189
5 / i

(15)

(16) 

(17)

From equations (15), (16) and (I?), one obtains

h  - 0.668 ..........................
1I
h  = 0.514 ..........................
I1

(18)

(19)

Tank Circuit
The pints circuit of the amplifier consists of a tank circuit; therefore 

the load offers different impedances to different harmonics (the Impedance 
decreasing as the number of harmonics increases). The tank circuit acts as 
a pure resistance only to the fundamental frequency to which it is tuned.

Let R denote the sum of the resist­
ance of the inductance and any re­
sistance R0 reflected into the circuit. 

Since the inductance L and resist­
ance R in series are in parallel with 
the capacity 0, the impedance'1 of the 
tank circuit is

Z =-L i=JLRZvk__ ...... (20)
OR Uj /WL I N  

~UCRj

^Cruft Electronics Staff, "Electronic Circuits and Tubas", McGraw-Hill Oom- 
Pany, Inc., New York and London, pp, 45, 1947.
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Since the tuning capacity is variable, the condition for maximum Irnpdw 
dance, la obtained eimltemeoue^y with unity power factor^. The condition 
for unity power factor is

■I? * ,i It **„*"#»■ I s * * <i * * « ? # » $ * (si),R WQR

Let topy be the parallel, resonant frequency and &  c0Pri1̂ then the 
impedance of the tank circuit at parallel resonance is

'= .* ^ p ipL /Oii 4* _lA .% » « i .v » . » » » > . • . «  * » *. .if *- (22)
OR X  - %)

From equations (20) and (21)) the impedance of the tank circuit at the 

In—  harmonic is

OR Qi I
■* » 'f *. • » • • i if « % » «, * *

%

The percentage of harmonic voltage across the tank circuit is 100 # 
j where I is the n—  harmonic component of the plate current I „

1I 2T
From equations (18); (IR),. (22) and (2$), one obtains:

Per cent second harmonic voltage 4

Per cent third harmonic voltage %

W  ( % , %  -  oH-)
» « f * «  ̂ (24)

l+j ̂ 2,67%  -* "f-r-*"
* *  + » *. M. (2$)

For different values of Qjj; the theoretical percentage of second and 
third harmonic voltages across the tank circuit may be calculated from 

equations (24) and (25). $ome of .thervalues are tabulated in table I and 
are plotted in Fig*

%ohn D*' Ryder,; %at'wo:dsX Lines, .mid Fields'̂ ';' Prentice-Hall, Inc*, ITew''!fork;' 
PP^ 55; I949*



Table ,I
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%. Per cent second harmonic Per cent third harmonic

2 25*6 5*8
5 14*0 5*94 11*0, 5*06
$ 8*94 ' 2*32 -6 1*96 ' . '
7 6*35 1,68 ■
8 5*56 1.4?
9 4*95 .1+35
10 4*46 1*175
11 4*05 1.065
12 5*71 1.02
1$- 5*45 0*9

It la also interesting to note that when the tank circuit is replaced 

by a pure ye Si Stanch#' the maximum poaaible percentage of second .and third 
harmonica are:

Table 31

Second harmonic voltage across tank circuit ' 66,8%
Third harmonic voltage across- tank circuit - $1,4%

Figure $ indicates that the percentage of harmonics becomes inappreciable 

when Qjj is large*
The greatest defect with this theoretical analysis is that it is'based

on a large number of assumptions:-.
li; Plate current is independent of the load*
2#, Plate current follows a square law*.

Grid exciting voltage is Sinusoidal*
_ 4*, STo grid current flows *

%  Variation of parameters- and insufficient filament emission do 
not take place^

From these assumptions# it is. obvious that the analysis is not rigorous*
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Two Stage Transmitter
%n order to determine the percentage of harmonics in a class 0 ampI 

Her-p a two stage transmitter was built,* The wiring diagram. Pig* 4, shows 
the circuit of the simple transmitter built for the experimental analysis*- 

A crystal oscillator (employing 6l6Q tube) drives an amplifier* For- 
the amplifier^ a type 8O7 tube- was selected in order to avoid the trouble of 
neutralisation,- Tetrodes and pentodes usually do not require neutralization^ 
because the screen grid''reduces the grid to plate capacitance sufficiently 

to eliminate practically all the interchange of power between input and out-* 
put circuits*

The oscillator circuit Operates with a 4*%> Mops crystal* The oscil­
lator output is obtained at the- crystal fundamental frequency* The diagram 
indicates that only the oscillator and amplifier tank circuits "need adjust* - 
meat* The load (at the output stage of the amplifier) was connected, across 
part of the coil* so that Could be changed easily.

Harmonic Analysis By Lissajous Figures 
In some fields of investigation! LissajouS figures are studied* These 

figures are produced by the motion of a point whose plane .Cartesian coordi­
nate a vary. The shape of the figure depends upon the relative frequencies 
producing the horizontal and vertical motion*

In particular, the simultaneous application of sinusoidal voltages to 
the two pairs of deflector plates in a cathode pay tube produces the figures 
on the screen* Consequently, observation of Lissajous patterns in this man* 
ner provides a very convenient method of performing certain studies in con­
nection with the behaviour of electric circuits*
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The author attempted to use these figures to determine harmonic dietor* 
tion in theyclass 0 ,amplifier* ,The,experimental set-up is show in Fig0 %

Theory
het it be assumed that the grid exciting voltage is

Sr •* Pqs 4 & « « f 4 * y «5 i- v e S e * * * * & P f * * . (26}
As the output voltage of the amplifier is non*sinusoidal, it can. be re*, 

presented by

2' Cos hit 4-- Eg Cosfi (At '4* E^ Oos J Wt 4» t * , 0 (2%)
Eliminating CesWt from equation, (fiy) by.Using aquation (So)^ one qb^

tains

Since the amplitude pf the exciting voltage can be determined experi­
mental Iy , and (xa,y) co-ordinates can be determined from the Lissajoue figure* 
one can obtain- the. values of the Unlmoune S1*. Eg, E» etc* by solving Simula 
tanedus equations*

Causes Of Failufe

From the theory it seems that the experiment, should be successful; but 
it vfas found that the success of the attempt was far below expectation*. ■ 

ff the- causes of failure are analysed* it becomes apparent that one of 
the most serious assumptions that, the analysis' makes is that the grid excit­
ing voltage is sinusoidal* The presence of harmonics in the grid exciting 

voltage causes so much trouble that although ^  of the tank circuit of the 

amplifier was kept very high* still a straight line figure was. not obtained* 
This was not the only source of difficulty* The crystal* which was
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expected to have one particular mode of Oddillatiotij, was found to have many 
modes of oscillations* Many of these modes of vibration;! were excited Simula 
taneously when the crystal was operating* with the result that the harmonics 
of these modes of oscillation were found quite close to the principle mode 
Of oscillation* .These could hot'be removed by a filter circuit-because Of 
their proximity to the desired signal* In the laboratory there was not a 
single crystal .available which was fr.ee from all modes of'oscillation other 
than the principle mode*

There is, however, another difficulty which is no less important than 
the other two mentioned abpve* A close examination of the theory reveals 
that the phase of the input and output frequency components should be the 
same.. If there is a phase difference on account of stray inductance and 

capacitance, the formula determined becomes so complicated that one is un-r 
able to solve the equation from the Lissajous figure obtained from the osr* 
eilloscope,

One more source of error may be pointed out,, although that did not 
come in the picture; because of the failure of the method, For the reader, 
it may be stated that the width of the moving spot is great enough to ob* 
scure smaller percentages of harmonic Voltages*

As freedom from these troubles could not be achieved, the method was 
abandoned*

Indirect Measurement of Harmonic Amplitudes 

When the first method was unsuccessful, another simple arrangement was 
devised in the laboratory for the measurement of the amplitudes of harmonics* 
The block diagram is shown in Fig, 6*

21



. CLASS C 
)  AMPLIFIER _ 

TAM k CIRCUIT

STANDARD s ig n a l  GENERATOR 

TYPE Mo. I O O I - A  
SERIAL No. 2 2 4  

GENERAL RADIO Co. 
MASS , US A.

S U P E R  S k Y R I D E R  RECEIVER
M O D E L  S x -  2 8

T H E  H A L L I C R A F T E R S  | Mc _

CMIC A G O .  U . S . A .
HICkOK VTVM 

MODEL Mo. 202

r, =  12 &
C2 =  StxlO1A

I N D I R E C T  MEASUREMENT OF HARMOMIC AMPLITUDES

FIG. 6



A very large non-inductive resistance (r * 4- where r^ was
connected in parallel with the tank circuit of the class 0 amplifier* The 
high resistance has a negligible effect on the characteristic of the tank 
circuit* The voltage developed across resistance r^ was injected into the 
receiver which was tuned to the frequency whose amplitude was to be measured*. 
The gain control of the receiver was suitably adjusted in order to get rea- 
Sonable output voltage at the second detector The voltmeter reading was 
recorded* The receiver was then connected to the output of the signal gen­
erator* The signal generator was then tuned to the frequency to which the 
receiver was already tuned* The output voltage of the signal generator was 
adjusted to get the same output voltage at the second detector of the few 
ceiver* It is needless to point out that the gain control and frequency 
dial should not be disturbed* While connecting the receiver to the signal 
generator; otherwise conditions will change and the output voltmeter read-* 
ings will be of no value* The calibrated output voltage of the signal gen­

erator then equals the voltage across the resistance r-̂ *
Prom this data* one can calculate the voltage developed across the tank 

circuit, f

Let the output voltage of the signal generator be denoted by Sqs* Then 
the fundamental voltage developed across the tank circuit is

E,, 5*1 X rPl t '* * * » * * * *: « *"*'**,* * -* » - w *'.■ * k
"r-,

Since is a very small resistance* r =  fg

SNoto; Thevoitmeter was connected across a resistor at the second detector 
of the receiver* Its choice was prompted by the fact that distortion was 
very little when a reasonably, large input signal was fed into the receiver*



GA
i ~ —5S. x- # 'f « * * * a ? » « * « » * « *, *; « A

" 1 rI +,hPercentage of tBe n—  harmonic voltage across the tank circuit is
(ao)

% riife harmonic voltage *  Harmonic voltage across r> , s
Fundamental voltage across r. x * <

Power Pa associated with the fundamental frequency is given by

f '♦ * S V V «. * * » * ' # • ♦ * ■ * * *  i- i ■« * *" < * 4' W

Ihe Cjĵ of the loaded Ooil was determined by measurement with the R* Fs 
Bridge,i so that 2^ could be calculated from equation (22)*

Fover input BbtS %  %  * $ * * * . .* * * t , *- * * * * f * _ W )
Fundamental efficiency cH^ ■& Si.. $ •#, % * *. * * * * > *■ . * t (?4)

Pin
Power dissipated in the load is.

*2'Pt R.̂ 4 ' .*■ * * %' .f' f # .* M. " * * * ' «  » * t (55) '
Overall-efficiency ’ . .

'U B . % 4 *- 4 > * * S *  ̂ k * 4- • •* 4 'f 4 *. » • & .* » « » « ($6)
pIn

ThO experimental data are given in tables III to VI) and the result's of 
those measurements are given in tables Fll and VlIli, The Important curves
are shown by Figsi J ip 9»
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Table III

Pi S" G_e7P amPS- 

*  56 0 Vauait

R̂  F» Bridge Readings

* = SMS*'

1R ̂  S? olime,

, Signal Generator Output
Frequency. _ . Volime-ber. Readinse Vdltase .

4«55 !Mopd UQ V 520
8^70 96 550

15+05 85 150

17*40 65
............. . ..------rrr-~br

80

Rj Fj Bridge Readings

^bb &  ̂ GG vj. Ir .F. *  0*60 amp# 21 ** T^BB' 0Iuag* 4*55
Ibb r  95 ma^ Rb .tr 7 1  obmŝ . R a 59 ohms#

Freoueney Voltmeter Readings
Signal Generator Output 

Voltage .....

4*55 Mops 1 0 5  y 5 8 0  /(V

8+79 7 5 2 5 0

15,05 '55 1 1 5

17+40 4s 55
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Table ?
H# tff Bridge Readings

Ejj-J3 « $00 V# Ir 6F. « 0,57 amPSi,
x s S 9 t o -

Xbb - 9° ma» Hjj «• 92 ohms. R 4,1 ohjns i,

Frequency, . ,, . Yolimeter Readinse. ...
Signal Generator Output 

. Voltage , ,

4#59 Mcpe loo v 660 x*v

6*70 0 258

i%,09 25 96
17,40 10

,■ ............
19

-M" .. ........ .....VyfrTtei--te,

Table Vl
R# F* Bridge Readings

Ebb %  500 v. Xr 6F6 a 0*51 WRpt

Ibb * 86 ma,,. Rjj ^ 108 ohms. R k  29 Ohms,,

-.,-.I   ....*-**-£— ir-i
Frequency,. . , Voltmeter Readings....

Signal Generator Output 
Voltage

4^55 Mcps 90 V 750 /tv

8*70 85 166

15*05 4o 26

1 7 * 4 0 5 0 21
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OALOULATEB RESULTS

% Pin
... .  ̂''Oii

pI
...... r-.'-W.'.-.W....',

%
4% 76 tP O xlO watts 2 6 i f O- w&tLs 57,4 ̂ 55»0 watts 70*0 ̂
6,62 47,5 27*80 . 58t5 52*8 69*0
9*Bd 45*0 2d»75 29*9 ■ 66* 5

45*0 . 26*10 , 60*6 28.2 650

Table VHl

% Second Hamonlti
........... i" " •

Third Hamonl1G Fourth Haraonio

4*76 65*5 # 2%00 6*510 '

6*62 51*6 19*85 5#6oo

9*26 59,6 5,78 Sr&so

12*68 - 22*1
— .... .

5^ 5 IiAop
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-Ab uhe di bcubs I on cantors, around the efficiency in the tubê . the enun­
ciation of the definition will not be considered out of place* .The fundamen­
tal efficiency is defined as the -efficiency with which the tube converts the 

direct current power input into the fundamental a% c* power Output in the 
load*. Mathematically^ . . . .

%  = 5i ! e i  s i n .
Sbbtb

Since the characteristic curves of a tube are never straight$ no ampli­
fier is linear in the strict- sense of the word$- The effect of non-linearity 
of the tube characteristics is to generate hew frequency components^ so that 
the wave-forms of the plate voltage and plate current variations are not the 
same as the wave-form of the grid signal, voltage. The result is that the a*/ 
Cp power associated with these new frequency components do not Oontribute 
anything to the useful a,; c* power output* This Should5, therefore<, be con-r 
sidered as a loss* The usual plate dissipation is also present and contrib­

utes to the losses*
It is obvious that if a tube converts a large d<_ 0* power Input into a* 

c*: power with considerable- harmonics* there results a loss of efficiency.
The greater the percentage of harmonics* the smaller the fundamental effi­
ciency, The effects of harmonics on the fundamental efficiency is shown in.

Fig. 7"
The. overall efficiency is defined as the ratio of the power Pjj delivered 

to the load Rjj to the power' input The power Pjf includes the power asso­
ciated, with Rarmonics;*- , The. table VII reveals' that Pjj increases as Qjj -de-

I ?>
creases* It is important to note that Qjj of a coil is a Valuable index- of ■
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its qualitys, The circuit efficiency is high if Q. of the loaded coil is 
low0.,' This is the reason, why the overall efficiency increases as de-̂ , 
creases. Moreover* when is small* the percentage of harmonics is large* 
and the contribution of.the power associated with harmonica makes the over­
all efficiency large,

The overall efficiency should not be confused with the fundamental ef­
ficiency* In order to..remove the confusion* Fig# 8 is drawn to show the ef­
fects of on the overall efficiency*

The table VII also reveals that the power associated with thef fun­
damental frequency Aecreases1Bnd the fundamental efficiency increases with 
the increase of Qg, The reason is obvious when it, is observed that the power 
input -decreases as increases .in such a way that the efficiency 
goes higher*

Qn comparing Figs* 5 and 9? it is observed that both indicate that the 
percentage' of harmonica decreases with the increase in but the theoret­
ical and experimental curves do not agree so far as the magnitudes of the 
harmonics are concerned* The reason for this abnormal behaviour.lies in the 
sources of errors behind the two ways in which the problem has. been ap** 

preached* It is not necessary-to repeat that the theoretical analysis has 
been derived on making a number Of assumptions; which are not at all met in 
practice, Nevertheless^- tbs theoretical analysis describes the operation of 
the beam power tube and the interpretation of the results are in agreement 

to the expected behaviour,. ,

ET Staff, M. Ijl T*, "Applied Electronics”* John Wiley & Sons, Inc,, New ' 
York* pp. 588» 19%%



The experimental approach'is not free, from defects^ The advantage of 
the practical method is that no assumption is made to determine the percent­
age of harmonics. But the sources, of error's involved are too many, and they 
Stay be enumerated belov/s-

I* In the laboratory it is not possible to measure r* f  ̂voltages 
of the order of micro-volts ivith accuracy.

The signal generator output voltage scale cannot be taken as 
accurate«, There is no means available in the laboratory to check its 
■accuracy*. The accuracy claimed by the manufacturer is, ̂  {6°/o * 0*1 /Lv)* 
In the mid-scale region^ the error may be greater or smaller by 4̂ *

%  Due to large pickup from stray fields* the output .of the re+? 
ceiver is adversely affected* The shielding'of the individual parts of 

" the entire set-up is a big problem, which cannot be solved readily In 

the laboratory*
4* The r* f„ signals pass through the power lines, and are picked 

Up by the receiver* As Suitable- r.%. f» chokes, were not available in the 
laboratory, this source of error could not be eliminated*. In the opin­
ion of the author.* this caused large errors in the experimental data*

%  Although the indirect measurement of harmonic amplitudes is 
not based on the assumption that the grid exciting signal voltage is 
sinusoidal* one reason for disagreement between the-theoretical and 

practical results- may be- attributed to- the grid exciting signal Vol­
tage which was definitely han^eimsoidal*

22
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Gf the many branches of non-linear electric circuit theory^ perhaps 
none ie of greater theoretical or practical interest than that relating to 
the operation of class G radio frequency power amplifiers* Unfortunately^ 
the large number of variables present in such an amplifier renders a precise 
theoretical treatment of the various circuits employed quite imcracticable.»,I " " ' ..— - - ■ -- I —- - .  ̂— - - —- ' - — •** - •* '» —-
The result is that the majority of treatments of these circuits have been 
confined to analysis of idealized systems in which mathematically trouble­
some tube characteristics are replaced by simpler linear or square law charr 
aeteristics* The theoretical analysis, in a general way, attempts to present 
a method of analysing the characteristics of class 0 amplifiers using beam 
power tubes# The analysis is not rigorous, being derived from a number of 

assumptions. Still, in the opinion of the author, the analysis has its own 
importance for studying the subject in the light of mathematics.

The practical method of analysis based on Lissajous figures, in the opin­
ion of the author, can be successful if the grid-exciting signal voltage is 
sinusoidal and the affects of stray Inductance and capacitance are negligibly 

small-. The effects of the stray' inductance ■ and capacitance could be reduced 

by using a low frequency-* The author did not use. a low frequency, as the 
coils and capacitors required for building the two stage transmitter are 
quite large,, Large variable capacitors are not available in the laboratory 

and the winding of large coils was no easy task*
Another method for analysing the harmonics' based on the Fourier analysis 

of the actual wave-shape of the voltage across the tank circuit of the ampli­
fier could not be attempted, as the. oscilloscopes available in the laboratory



hairs sweep frequencies which are too low compared to the signal frequency#
The- indirect measurement of harmonic amplitudes is the best/if ope could 

remove all the sources of errors involved* ■ Jf the experiment is performed on 
a well-built and shielded transmitter with choke coils in the power line
of both transmitter and receiver«, there seems, to be no reason why. the. results 
Obtained should be unsatisfactory#



APPBHDIX I ■
I, Derivation of d-« q,». component of current:̂ .

• Wt = 6/2
%0 /(Goe Wt ̂  04s 2 d(wt)

■»t-’e/2
*** .. j /Oos^ Alt 2,008%) t Oos + 0o8%\ i( tit)

■g 2/
'tit # 6/2
Jv 4*- I 0os2ti t 20oew t Oqs^ 4. OOŝ dN d( tit)
,2 2 a M/

,%%0 A i .  f © * i Oos2B .A J Sine
^  _ 2 2 "4

2« Derivation of fiaidaiuenta,! oomponent of currents- 
tit 0/2

I, .rf. gfflsBa J /6OS W t ^ 0os6\ 2 OosWt d(ti t)

*• * »• * * » *■ »■ A' •* i *, i ,A, A A ( i i )

/r 2y
- t i t  -4 6/2

2 /r

C
a r

IOos W t t l 0 o s 5 t i  t r i O o s  t i  t - 0o s 6( l f 0o s2 t i  t)+0os t i t O o s ^ B
2 ?  ?  Ig- I
lSin643^Sinl6aSin6-,6Co3©-lSin60osetSine0os^6
2 2 12 2 4 2 2 2 2

2ICS,
Ir

2 r
@ine^_! JGi^e Ooa e

2 . .  2 02 5 2 . ,  2 2 J
%■ Derivation of second harmonic component Of current:-—

.tit. a e/2

$2 ^  2ksS2 ^ 1OS Wt-Oos i f  0os2ti t d( tit)

2 , . .  2 
■A' A *' A  ̂ # I A i t

I

d ( t i  t )

( W

O -tit = 6/2
~ 2^ a  / OosPtittlOoBAtit^l-OdS^wtOoaS--0QstitClos6fGog2tot0oa26N\d(tit)

TT I Sg 5  J  2- 2 2/
6
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5?
2KE,
7f

* e 8lA6/1^0o 4' ̂
A  L \ 8 %  2^ 2\ a ?  g/ _ 8

■ IQê llre-tion of harmonic comoonent of .,gui-rejttfcj-*

.Wt - 6/2
"1Et I ZOob W t  -w Oqs #\ ̂  Ooe u&> t d( w*b)

*  y  \ v
W t  = 0/2

«i «- 6- * * » # i »(15)

_ 2 %

2KB 2 f 
S _^_s_

]L0oa nwt+iOos(n+2)6]t+lOos(n«.2)^t*- -jopa(n*l)ut»OoB(n-l)tiiij

^  O o s S f O o  B n o t G o s ^ 6I 2 d(*t)

' ^1n S
2KB;
Tf

2 T-

1 Sin n.0̂  _I _ Sln(n-i-2)&}■■■[ I Sin(n-2}0-__l_Gos6Sin(n*l)6
2n 2 4(in.2) _ 2-y4(n-2) 2 n+1 2 , 2

I^yOo sS Sin(nwl) StiGo S2BSin tiS,

l_Gin 118+ I ,,Sin n0Oos%  I Sln(nw2)Q~ I Gos£Sin(n-l)6
.2n 2 2( ^ 2) 2 .n2-4 ' 2 Cn-1) 2 2

. " . . ^Oaa881n(nfl)»#on^68in n8 
i**& 2 , S n  2 8

: .l \ 8iA n8 {lt2(iW.)0p6^e1 _  I Ooa#ln(n^l)e
n(ni2.) 2 1 2 J (n-1) 2 2

I Gofi6Sln(n-fl)64- I 2in(n-.2)6
(nil) 2 - n,2~4

»: i »(14)
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