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Abstract:

1- 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.

le* E*. Staff* W*, 1« Ti-J- "Applied Electronics11* . John Wiley & Sons*. Inc*.* New lork*; pp*
590* 1949*. ,
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ABSTRAGT

Recent research in some parts of the vasgt domein of rvadic:fieience s
cheractorized by an.oxtensive study of many problems whichy a6 8 fule, were
formerly elther generally considered to be of ro grest importence or were
not considered at ally . Frequently, it happens later on that these apparent
problems prove to be of fundamental importsnce,

This thesis presents an investigetion into the effects of harmonics on
tube efificiency, It is a well-known Fact that the présence of appreciable-
hermonics in the plate circuit results in & loss of efficiency in a fube;
but no data on the megnitmde of the effect are published at presenty*  The.
reason for the omisplon of the data, in the opinien of ithe author, may be -
attributed to the lack of a suitable practical methed of measuring the per
centage of Harmonics and. tube efficiency with accuracyy. This led into the
possibility of devising guitable methods of detewmining harmenice snd tube .
efficiency in the léboratorys ‘ ‘ B

The reader will note that the investigation is not a complete successy
but the study hss been extensive considering the limitetion of the availeble
equipment, - . : : o

T, F. BtatE, W, T, W) Thppited Eisetronios™ Jonr Wiley & Somes T T
Yorks pps 5904 1949, — S . SR
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INTRODUCTION
In llteratufe &callng wltb electric clrcuzts, 8 number of abbreV1atlons
and sgymbols are used whlch are common to the technlcpl mang Accepted abbre$
viations, such as Mcps for megacycles per second ~uged in radlo envlneering

will be aSSumed well—known to the reader% It has alao been CGHSLGGTG& de«

sirsble to include data for the beam power tube type 807 Por ready reference.
A class C amplifier is dcflnéd 25 ond 1n.wh10h the tube operates at &
‘bias much graatef than.cut~off voltage, so ‘that blate power ig dvawn only
on the peaks of the slgp&l voltageg It is not used in audiaaamplifiersg
‘hecause dis%drtipn is too highy but is the most efficient cirvcult for zwf
power‘amplifiers‘wheré haymonics can be reduged by #he use of tuned or selec-
£ivé circulbs, |
Bver sinbe the introduction of class C emplifiers into tﬁg fiald @f
. electronicsg‘high Vaouum’tubes of the power type havé assumed é steadilf inm-
creasing importsnce, Improvement in ﬁesign technique hag p¢rmitted the con-
strucﬁion‘ofriuﬁes glving very large outputs¢ Owing tc the ﬁés of large
power, any féctors which contribute to an increase in.efficienéy‘of OPETE-
tlon OF electron tubes are worthy of serious conslderaﬁlon§ Mény papers
have apnealed whrch dea al with t;GhnlC&l 1nvestlratlons of the ?ropev ties of
.tubes operr;t’r,:u:rr as radio~freguency clasa G amplifiera, These papers 8IS OV~
cerned 1argely with condltlons under whlch opbimum conversion ‘of direct cur-
rent plate supplj power into yedio-frequency power is obtalned9 consigtent
with the demands of the type of serv1ce required, One of the‘factorsy the

"effect b8 of hdrmOKLGS on tube efficiency, has received llt vle attentlon.
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LIST OF SYMBOLS

Mesning

. Plate supply VO]tawe*

Control grid supply voitage@

Cut<oft mr1d~b1a5¢

" Scpeen grwd«supply voltagea

Pundsmentel yoltage (yms varue) across tank c1vcu;t,

' Peak value of grid exciting slgﬂal voltages
o Ins%amtapeous,valnshof grid volhages

Qutput voltege of the signal .generator.

D, O, Plate current,
Instantonecus value of plate currents
Peek value of the nﬁh“hanmaﬁic currenty.

Fundemental curvent (rms valus), .

Rums .value of r-f current in the load,
fImpedance of ‘the.loaded. tank cireuid at restnancag
‘lmpedance of the loaded tank cirquit at the nil harmonmc

lioad resistance in chms,

Reflected vesistance fm the tank circulty

Resisgtance of coil;

Bquivslent serles resistance of coil 1nclud1ng affect of con=

nected load.

t

High resistence across tenk: circuit This high resistance
consigts of two rosletances, ke and ¥, in seriess where b5

is nogligibly emall in comparlslon with Ty

| Power associsted with,fundamentel frqquénqy@
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LIST OF SYMBOLS

Meaning

‘féwef dissipoted in load By

_ﬁewer input,

Fundenental sfficiency in percent,
ﬁ#éééll,efficiéncyﬂin pereants
ﬁapaéi%ance in ferads,

fiﬁdmcﬁaﬁee i henvyss

- Redgétance of coil,

Angalar velocity«

- Angular velocity at parallel resonances

Angle of current flows

‘Guality factor for unloaded coil,

Quality fadtor,for 10&&6&4C9i1g

Redio«frequency choke coilg
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 DATA ON TRANSMITTING BEAM POVER 0B8R

(Type 807)
D@ G; Plate Voltage T OW.OBR 3 o4 6§ o4 o o8 % W @

Dy O, Grid No. 2 Volbage , s ¢ « & &

D, C, Grid NO;.\ l‘V"dl"l':a'ge BN EE

Peak Rs F. Grld No; 1 Vbltabe‘@ ¥ohow

D, 0, Plate Gurrént P N T T

33;. Ga Grid NO{. 2 Gurrent. LR B ’a'

D, O, Grid Nos 1 Current (Approximately)

Driving Power (Approximately) & s ¢ & » « & 4

Power Output (Approximately) & . & a

Mu~Factor, Grid Nog 2 to Grid Nos L ¢ « & s

»

&

bk od

500 volts

250 volts

=45 . volts

65 volte
100 ma,,

6 ey

’A5¥5<ma&

0, 2 wa'tt
50 wattbs
&

R, O, A, Tube HBandbook HBa5 Vols 3w,
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Operation Of Beam Power Tube o '

A beam power tube is charscherized by having & plate purfént thet is
su_bétanﬁiall’y indepen&ellrb “‘of ;dlaﬂé éoitégej ﬁnle-és “the Ipla‘[{@ ..véltage is so
iow that cthér posi%ive\eieétfoéeé Qab ﬁhé élaté cf'a“diséﬁgpértionate Lracs
ﬁiqn of the iotal SpAtS -curiezit; .'Sill(:.@ pfacticél class O a:ziplifieré are
operaued 80 that the plate péoentlal nevsr beeomes a8 low aa %hls? one cen
always s.gsumd “‘cha'{; 1:he plata_ mi-rfent is ﬁubs‘hantiaily indépen&env’a of %he
ﬁlaie valtagé, énd hence 5f51$a3 iméedaﬁcé@ This makes the‘aﬁalytical emals
y‘sisl‘ of ciaéé # amplifiéris teing béam p'owekzih*h"ﬁbés ‘_e“zﬁ,i'rélj paésiblé,@

The tqtél space ourrent :?:11 ‘az;y yacuum tube is M@i&eﬁ by the elecs.
@gggﬁgﬁipuﬂiglg in the immadi&te'éiéiﬁiéyrof fhé éaﬂhode; In a beam powey
tube this fleld ig, %o & high degree of accuracy; proporticnal o the quéme
tity <jegw% Eﬁg_)n where e and Egg are the control grid and screen grid
potentials rjgggéctivelly; end y s‘g’ ig the amplification f’aa’tdx; of the control
grid against an anodé represented by the soyeen grid,

When e beam power tube is opersted. sc that plate currvent is substan-
tially indeépendent of plate voltegey the plate curremt will always be & pub~
gtantially 00nstanﬁ»fractidn of the total spacse current, provided the con~
trol grid current is nsgligibley Under the mweumpbion, one can writes |

iP <b'“9” &d&a»b;gdoenavdcdoéawm(l)
&, -

vhare K and n are congtents:
In order to determine n, +the equation (1) is expressed in logarithmic
form ag | x,

.1og‘ip-:1ogl€£&nlog<e + _Bg R RIS SRR (2)

’“33




then.log ip and. log <; § B8 “38 are ploty ed Por various Valuas of i, end o
balken from the static charac Berietic curvesy keeping Esw constant at operats
ing conditionsy The slbpe of the resulting curve is n. It is better to plot
ié and egrj{;?%§ on log-log paper, so0 thaﬁ the necessity of taking the
1qgarithm nay gé avoided? When this plot is mades; the exponent n for the
sake of simpliqity in the following snalysle may be teken approximately

equal to 2, ance§ the expression

i

p = Keg-#Esg2;,'aa,ac,.;.égs..ﬁ‘a~g~f’éi:’»_#mo,zngue (5)

is assumeé to rapréaént the charécterisﬁié of the beam powey tube to s sule
Ficient degree of acouvacy o . | | -
Ia ampTlflers, the voltage applmed to the grld af the tugé consists of
8. congdtent newatlve bies E,, plus an alternatlng potontlal of peag.amplmtude
Eg with angular velocity W, so that | |
’g @mwa %swg 1; s v oa s .awalﬁ'{éwg; P &)
Pyom Flg, lg it can be seen thet the angle of current, flau 8 nay be

determired bfx%he axpregsion

LT A A . * et H
Uos €' “‘ECC - bco) L S S T N B T T T S I (5)

»

._‘( ‘

In,casgjof clasy € smplifiers using tetrodes or pehtodes

Bao adind bﬁ
Hsg

.#»‘f'ﬁﬁri:ﬁlpff“ﬁ'!.ﬁ,ﬁﬁ‘ibébv'ik‘!‘**iﬁ L (6)

Combining equetions (3); (4), (5) and (6), one cem virite

1:9 A KEQQ (Goswt‘ “‘ CDSQ)‘Q%: % g ® e 4 b & F -‘2# ¥ a d % & » (7)
R 3 NS

Since “the wave-shape of the curvent ip is non~sinusoidalléné symmetrical

about the vertical axisg, -




LTAGE

ANGLE OF CURRENT FLOW

FIG. 1
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ip, = IQ + I.l Cos wt 4 Ig Uos 2wt -§s o & & 5 & 4 A & & @ I_s‘"?i F, & (8)

By Fourier Analysis,

w2 "
I KES, <0QB Wt = Gos 6>2 A@IY) & w % b b o5 b b v e b b e & (9)
o] Py .

T 2

et e |

srm 2
I, = 2KE .~ @OB Wt = Cos %2 Jos nwt dW) 5 v o o ¢ ¢ ¢ s s (20)

m / 2 .

On simplification (ese Appendix 1), the following imporiant results are

obtainadi~
. w 2 r‘ ’

Io :Kﬁ'ﬁ §_~|~_§ 00.8,2_?*” _33-1’1 e] ¥or & & § 5 ¥ & % 5 ¥ ¥ 4 ¥ (1'1.)

P R 2
2 p-

I, 3‘2;«:&:5‘ Sin§~;¥s~:z.n5ga,g Cos Bl 4 o s 2 ¢ s v » ¢ 5 5 &« (12)
m L 2 3 g 2 2
QKE 2 ) 0 2 i .. . , ) # =

I,=""8 |Bin & 1l 4 3 Cos"O\- Cos® (5ind + L SinZ®\+ 8| i + 5 « (13)
T L 8 4 2] 2\ & 3 2) 8

A 2 ' ,
,;I;n - ‘?E.msv 1 &in _'1‘1_@_\{1&11-2‘(11@1) ﬁaagg_}a_a— woi . Cog8 Sin (na-ﬁ) &
T | n(ne2) 2 ) 2} (n=l) 2 2
- _ 1 _CosE sin (nel) 8+ _1 8in (n-2) 8] 4 & + v s « (14)
(ns1) 2 2 (g=.4) 2
=

where n = By L"p e & B b ¢ W W ¥ ¥ & B &
' Bince the beem power tube type 807 was employed for the gtudy; it may
be noted that under the operating conditions; Eﬂg = 250 volte, Bgp = -45
volts; By = 65 volts and fasg = 8. Therefore taking into account the esque~
tions (5) end (6); one obtaine |
Ooe §__ = O‘g,‘21.2‘ ':_- Gos 77@756‘:\
2 ‘
» . .
. s & = 155:5° = 2,715 redians,

Substituting this value of © in equations (12)y (13) emd (14}, the folw




lowin_ harmonic components are obtained;-

M —2K€ 21 057
1 Ir

i. -2V ~7g.2558

2 n
T 2KE 2

.= a 0.1189
5 /i

From equations (15), (16) and (1?), one obtains

h - 0.668 ......
11
h =0.514 ......
11

Tank Circuit

as)

9

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.

~Cruft Electronics Staff,

Let R denote

the sum of the resist-

ance of the inductance and any re-

sistance RO reflected iInto the circuit.

Since the iInductance L and resist-

ance R in series are in parallel with

the capacity 0, the impedance®lof the

tank circuit is

Z =-L 1=JLRZvk
OR Uj /WL

1IN
~UCRj

"Electronic Circuits and Tubas", McGraw-Hill Oom-
Pany, Inc., New York and London, pp, 45, 1947.
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gince the tunlnv capsé olty is varisble, thé condition for max1mum.1mpe~
“dance is ohtained simzltaneously with unity power fa¢t¢?4g The condition

Por unity power Ffactor is

..,\»ARﬁw.L‘,_-;l-- 'o@é.‘#i‘»'i'ﬁ,«‘xn-ii‘*&é*‘ﬁé&é*iiqﬁl)
wl R WUR

Let u: » be the parallel rescnant frequency and Q, % p hg then the

impedanicé of the teank cireuit abt pesrallel resonsnce is

<?& & ﬂ) B e b vk 4w é s o F e s b v & (22)

4
From equations {(20) and (81); the impedance of the tank civcuit at the

= L
fp = cR

n2 harmonic ie

L lﬁj:}ig;;l N
1+j[éi< Eb“j;&gj

The percentege of harmonic voltage acrass the tank cifcuit is 100 %

“n n 5 wWhare 1 is the nl harmonic component of the plete current I W

T2y
From equations (l&); (19)a (22) 2nd (23); tne obtaings~

v R r s ke ow v a s s a b 5w 6 & s (23

a

| 66,8 1~jw%L~ o
Par cent secend barmonie voltage = * “‘J>2QL S I =LY
n@@5% a)
Per cent thlrd harmonic voltage i le4<i”j 5QL PN ¢-5).
' 1*3<%§67QL-* > I

For different values of Gy the theoretical percentage of second aid
third harmonic voltages across the tank cirouit mey be calsulated frem
squations (24) and (25); Some of the values ave tabulated in table I and

are plotted in Figs 3.

4Johﬁ D, Ryder, “Netwoﬂe, Llnos, and W;@lde“ Prent 1ce”Ha11 Inc,g Tew Yﬁfkg‘
PPs. 55; igho, . :
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Teble I
QL Per ¢tent second heimenice - Per cent third harmomie
2 25,6 : 548
3 14,0 5:9
4 11,0 %08
6 ' 7638 ' 1.96
7 . '6"""‘,5,5 . 1568
8 5456 ' 147
9 4,95 ‘ 135
;[.0 T}-lv.g,, 1—]6 ‘ 1% 75
11 405 1,065
12 571 1,02

15 | 5445 039

It is also interesting to note that when the tank cireuit is veplaced

by a pure resistance, the maximum possible percentege of second rnd third

harmenics ares

Table II
Becond harmonic voltage across tenk circuit 66:8%
Third harmonic voltage across tank oircuit - Bl A%

Figure 3 indicates that the percentage of harmonics becomes inappreciable
when Q is largey
The greatest defect with this theorstical analysis is that it is based
on a large number of agsumptionsis
1. Plate current is independent of the loads
2, Plate curremt follows a square law,
3, Grid exciting voltage is ginugoidal,
4y Wo grid current flows _
5. Variation of parasmeters and insufficient filament emission do
not, bake pleacey .

Prom these agsumptions, it is obvious that the snalysis 1s not rigorous.
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TWO ﬁyagaiTrgnsmitter

In order tb determine the pereentage of harmonice in a elags ¢ ampli
fier; a two stage trensmitter was builts; The wirving diagram, Pig, 4, shows
the cizeuit of the simple transmitter bullt Ffor the experimental analysisy

A crystal oscillator (emp;oying,6V6G fube) diives an smplifier, For
the smplifier; a type 807 tubéfwas selected in ordey to aveid the trouble of
neutralization, Tetrodes and pentodes usually do not require neutralization:
because the screen grid reduces thé grid te plate qapaaiténca sufficiently
to eliminate practically all the interchange of power betwsen input snd oute
put circuits,

The oscillator circuitysperates with a 4,35 Mops cryetal, The oscile
lator ouipuﬁ iarqbtained at.the'grystal,fundamenmal freqaencyi The diagram
indicates that only the oécillatbr and amplifief‘%aﬁk c¢ircuits need adjusts -
ment, The load (a% the output stage of the amplifier) was connected aoross
part of the coil, 8o that G could be changed easily.

Harmonic Analysis By Lissajous Plgures

In some Pields of investigation, bigsajous fighres are studied, These
figures are produced by the motien of a point whose plane Cartesian coordis
netes vary, The shape of the figure depesnds upon the relative frequencies
producing the horizontal and vertical motiong

In particular; the simultaneous application of sinusoidal voltages to
the twa pairs of deflectcr‘platés in & cathode ray tube produces the figures
on the sereen, Consequently; observation of Lissajous patferns in this mens
ner Qroﬁides a very convenient meﬁhod of performing certein sgtudies in con=

nection with the behaviour of electric clrcuits




0,000 Sl Z5,000 n
VWWW—— WWWV -
(i watt) (j watt)

Cl ISOyiyif VARIABLE
Cz- 400 vAf VARIABLE
L, 40 yiK
Lj— 15 |AR

GrRI D
N. AMMETER

TRANSMITTER
HC. 4

L

"002

PLATE CURRENT

250 AT 50 VOLTS
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The authar attenpted Lo use theme Pigures to determine harmonic distors

tion in Lhe class C.emplifier, .The experimental set-up is ghown in Fig, 5.
| | Theory

Let 1t be assumad that the grLd excltlng voltage is ‘

TaBy 008t % v 4 o ¢ ¢ 6 ¢ % w v o Wb B e e b ek hE oy kb (26)

AS‘the'ouﬁpuﬁ voltage of ﬁh@ amplifiér—is non+simisoldal, it can be res
presentgd by .

- B, Gos h 4 E, Gos @t 4 By Gos3Mb & o v v vy v w ey s (27)

Eliminating Gos Wt from equation. (27) by.dsing equation (26)s one oba
tains | |

Kﬁ(‘%)?l%(gxg‘“sﬁgg <~£ 5&L+ﬁ‘enuke!ﬂﬁﬂ(28)
‘ﬂ ‘,-ES -N_: A

Since the amplitude of the execiting veltage can be determined expéri-
mentally, and (%;¥) co-ordinates can be determined from the Lissejous figure;
- one¢ can obbain the velues of the unknowns Elﬁ'méﬁ E§ otéy by Eolving simale
tanesus equatioﬁs;

Cauges of Failure

From the theory it seens that the ekperiment should be succeasfulg but
it was found that the sutccess of the attempt was far below expectation,

if the- causesn df failure are enalysed, 1t becomes apparent that one of
the most sérious assumptions that. the anmalysis mekes is thab ﬁhedgyia exeifs
ing voltage is sinusoidal, The presence of harmonics in the grid éxcitiﬁg
voltege causés 80 mich trouble that although‘ﬁb of the tank eircui£ of the
amplifier wes kept very high, still a straight iine figurs was nat‘ob{aingdg

This was not the only source of difficulty; The crystaly which was




TWO stage; transmitted
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0-002 HF
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expected to have one particular mode of ogcillation, wag found to have many
modes of oscillationy, Many of these modes of vibrations were excited simulﬁ
taneously when thé crystal was operating, with the result éhat the hermonics
of these modes of osclllation were found qmité glqsegfqlthe.principle mode
of oscillation, ?hése ocould rot be remoyed.by e filter circuit because of
their proximity to the desired signal, In the léﬁorat@ry there waé not &
single crystal.évailable which was free from ali modes of oscillation other
than the principle'mode;

There is, howevery another difficulty which is no less imporisnt than
the other two mentioned abpwve, A close examination of the theory reveals
that the phase of the input and output frequency components should he the
same, If there ie a phase difference on account of stray inductance and
capacitance, the formula determined becomes so complicated that one is uns
able to solve the equation from the Lissajous figure ebitained from the og=
cilloscope, '

One more soufce of error may be pointed out, although that did not
comé in the picture; because of the failure of the method, Fér the resder,
it may be stated that the width of the moving spot is great eQOugh_to obw
scure gmaller peréentages of harmonic voltages,

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

Indirect Measurement of Harmonic Amplitudes

When the first methed was unsuccessful; another simple arrangeﬁent was
devised in the laboratory for the measurement of the amplitudes of harmonics,

The block disgram is shown in Fig, 6,




. CLASS C
) AMPLIFIER

TAMk CIRCUIT

r,= 12 &

C2= StxI01A

INDIRECT

STANDARD signal GENERATOR

TYFE Mo. I001-A

SERIAL No. 224
GENERAL RADIO Co.
MASS , US A

SUPER SKYRIDER RECEIVER
MODEL SX- 238

THE HALLICRAFTERS |Mc _ HICKOK VTVM
CMlcaGo. u.s.A. MODEL Mo. 202

MEASUREMENT OF HARMOMIC AMPLITUDES

HG.6
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A very large non-inductive resistance CT‘='”1 + T, where ry <<fré) was
connected in parsllel with the tank clrcuit of the class O amplifier, The
high resistance has a‘negligible effect on the characteristic of the tank
circuit: The vol%ags developed across presistance ry was injected into the
receiver whigh wag tuned to the frequency whose amplitude wae to be measureds;
The gain control of the receiver wés guitably adjusted in order to get rea=
sonable output voltage at the second detector5ﬁ The voltmeter reading was
recorded; The receiver was then coﬁnected to tﬁe output of the signal gen
‘erator, The signai generator was then tuned to the frequency to which the
receivef was already tuned; The output voliage of the signal generator was
adjusted to get the same output voltags at the second detectof of the re.

ceiver, 1t is needless to point out that the gain control and frequency

dial should not be disturbedy while connsciing the receiver to the signal
generator; otherwise conditions will chenge and the output voltmeter read-
ings will be of mo value; The calibrated'ouﬁput voltage of the signal gene
erator @hén equals the voltage across the resistance T'e

From this data, one can calculate the voltege developed across the tank
cireuit, M
~Let the output voltage of the signal generator be dénoéed %y Eygs Then

the fundamental voltege devéloped across the tank circuit ig

Ep. - ::__2 o o . % B ¥ b B W 4 & B & % 6 4. & & ¥ b e w 5 ¥ & (29)
‘ .1"1 ‘ NN ;

. [
Since rl is a very small resistance, ¥ = ras

BNote: The volimeber was connected aoross a resistor ot the second detector
of the receiver. Its choice was prompited by the fact that distortion was
very little when a2 reasonebly large input signal was fed into the receiver,

2 /7/ .




i & E 1 w708 X i"2 F 4 & B § F 4 B e & & & 4 A R e & K & & (59)
Percentsge of t%e harmonlc voltege aecroses the tank circuit is

/AL nth haxmonlc voliage m‘Harmenzc voltage 8Cross ¥

Fundemental voltege across & = 100 & (51)

1
Power Py assoclated with the fundemental frequency is given by
.J E 2'" .
Py = mzpl. I R O T I e R A L I A (32)
T"I . .

The QL of the loaded voil was detéﬁmined by méasurement with the R, ¥,

Bridge, =6 that Zy could be calculated From equatxon (22);

POW@T input Py & E‘b’b Typ  #' s v 6o v v g s e w545 464 (35)
Fundamenmal efficiency 41 Pi R R I AR T I R f.; @ ¥ ‘(54)

, " Pin

Power dissipated in the load Ry is
PL = iggpg RL’ @ é‘; LA A R L N T N é‘% (55) :
Overall-efficiency

i

'ﬂ~“-L X b B b F K ¥ 2 o8 % b o A R A A LA A A A (55)
Fin A L
The experimental ddta ure given in tables IIT to VI: and the results of
these measurements ave given in tebles VIIL and VIII, The important surves

aré shown by Figs, 7 1o 9;




o

‘Ibb = 100 may
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MEASUREMENT OF HARMONIC AMPLITUDES

Table IIT

Xaiyg & 0,79 amps

By & 56 ohmss

Ry P; Bridgé Readings

® = 1800
4,35

R = 87 chmey

ohmgg

Gignal Generator Cutpub

Froguency . Voltmeter Readinas Volbage .
k35 Mops 110 7 520wy
é@70 96 530
13405 85 150
17,40 65 80

By, = 500 v,

Table IV

In,w, = 0468 aump,

Rs 'y Bridge Readings

X = --Z-——i Oolf ohmy .

5,35
Iyp = 95 ma RL;:-Zl ohmsy R = B9 ohms,
‘ ‘ Signel Generator Oﬁﬁpﬁ%

Freguenoy Voltmeter Ragdings V@ltageY _

4,35 Meps 105 ¥ 580 MV

8,70 7 230

13405 55 115

42

1?440

%5
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Table ¥
Re¢ F; Bridge Readings
Ehb‘“ 50@ Ty 'IR&F;:# 0,57 amps,, X-zﬁégﬁg.qhméi
Ibblgugo me, By, = 92 ohms, - Rz A ohmey
lSigﬁai Generator Oatpu$
Frequency. Voltmeter Readings o Jolbage »
| 435 Meps wo v o 660 Atv
8470 65 258
13,05 25 58
17,40 10 ~ . 19

Eb!b = 500 Vs

ibh i 86 ma,

Table VI

Ry ¥, Bridpge Readings

iEaFw = 0,51 ampy x'*w%é%%’thsq
&l
RIX ) 108 Ohl'ﬂﬁ‘ft R= 29 ohmg «

| Signai éenératorVQQ£§u%J

Froguency . . Yoitmeter Resdings . Voltegs
4455 Mops 90 ¥ 750 v
8,70 8% 166
13,05 oo 28

a 30 21

17.40
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OALOULATED RESULTS

Teble VIL

Py "y B, n

in

4,76 5040 welts S8,70 watbs  S5T.4 % 35,0 watbs  70;0 %
6,62 7,5 27.80 . 58,5 42,8 69,0
926 45,0 26,75 595 29,9 665
12,68 _ 45,0 26,10 . 60,8 | 28,2 6545

{
Table VIEL
Q, Second Harmonic Third Hawmponic - Fourth Hapmenle

4,76 635 % 25,00 % ' 6.510 ‘%’"
6,62 51,6 19,85 5,600
9,26 59.6 578 2,880

12468 -} N 5,75 1Ls465
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DISCUSSION O RESULTS
.As the discussion centers around the efficiency inlﬁha tubes the emme .
ciation of the definition will n@t.be eonsidered out of plsce; The fundeméns
tal efficiency ie defined as the efficiency ﬁith which the tube converts the
direct current power inpub into the Fundamental 8y Gy POwET cu%pué in the
| loads Maiheﬁatically,

I A
Bopipy  Pin

| 8ince the charaéheristic curyes of a tube are never straight, no amplis

fiey inm 11néar in Lhe strvct ponse of the wordy }The'effsct of ncnmlineariﬁy
of +the tube churacﬁerlsulcs is to geherateé hnew frequency ccmponents, 50 thet
the wavesforms of the plate volhage and plate ocurrent variations are not the
pame ag ‘the waveaformvof the grid signal voltage, The wesullt is that the ay
¢y pover associated with thepe new frequency components do not comtribute
anything to the useful a, oy poﬁer outputy $ﬁis should, therefore, bs cone
sidered as a loss; The uenal plete dissipation is also.present and conbtribe
uteé to the logses,

it‘is obvious théﬁiif e tube converts é large d; ¢, power lnput inte ay
Cy p;w6r with considerable hawymonics; there results a loss of efficlency,
The greaﬁer the percgn%age of harmonicsgy the smaller the fundamental éffiﬁ
ciencys The effects of hermonics on the fundamental efficiency is shown in
Figs T | o

The overall éfficiemcy ie défined as thg ratio of the power Py delivered
to the load Ry, to the poﬁef‘iﬁput Pinge The power Py includes the power asso-
cisked with harmoniésg The. table VEZ yevenls that‘Pﬁ“increaeem ag Qp do

»

ovemses, It is important to note that @, of a coil s a valusble index of -
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its guality, The circuit officiency is higﬁ.if Q, of the loaded coil is
1QW6§ This is the reason why the overall efficiency increases as QL de
- creasep; Moreover, when @y id small, the percentage of harmonics is large,
and the sontribution of the powey assooiated with harmonics makes the over~
all efficiency large,

The overall efficiency should not be confused with the funfamental efw _
ficiencys In order to.remove the confusion, Fig, & is drawn to shew the efi
fects of @, on the overall affiéieney@ .

The table VII also reveals that the power Py aséaciate& with the fun-
&amenﬁal'frequenby decreases, and ﬁhe‘fumdaménﬁal efficiency increasss with
the increase of Q¢ The reason is obvioua vhen it is observed that the power
input Pinvﬁecreasas as §, increasgs in such a wey that the efficiency 1[1
goss higher,

0n comparing ?igsw 5 and 9, it is obseyved that both indicate that the
'pgrcentage'of harmenics decreases with the incrense in § Euﬁ the theoret
ieal and experimentaltcurVeﬁ do not agrge so far as the magnitudes of the
harmonics ave concerned, The reason for this gbnormal behaviour lies in the
sources of errors behind the two weys in which the problem has been aps
proached, It is mot neeeasary-to'repeaﬁ thet the theoretical analysis has
baen derived on making a number ¢f assumptions; vhich are not at all met in
practice, NéVGithelessg-the theorstical analysis degoribes the operation of
the beam power tube and the interpretation of the results are in agreecmsnt

to the expected behaviour,

6E, E, Statf, W, I, T., "Appiied Blectronies'; dolm Wiley & Sons, Lncys New
York, pp. 588, 1949, -
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The experimental approach is not free. from defects, The adventage of

he practical method is that no sssumption is wede to determine the perceni-

age of harmonics, But the sources of errors involved are ‘too manyy and they

may be enumerated belows~

Ly In the laboretory it is mot possible o measurs o £y voltages
of the order of micro-volts with sceuraey,

2¢ The signzl generator outpub veltage scale cannot be taken as
accurate, There is no meens availsble in the 1ab0ratgry to check its
acouracys, .The aceurecy ¢laimed by the memufacturer is s (6% %~D@lgzv)a
In the mid-scale vegion, the erroy mey be gréater ormaller by 4% »

%, Due to large pickup from stray fields, the output of the re-
ceiver is adversely affected. The shiel&img'of the individual parts of

“the entive pet-up i# a big problem which cannot be solved readily in
the laboratory;

Ay The ¥y fy signels pass through the power lings and are picked
up by *the receivery A4s suiteble v, £, chokes were not evailable in the
iaboratory, this source of error could not be eliminated, In the opin-
ion of the authors; this caused large errors in the experimentel data,

5y Although the indivech measurenent of harmonic ampii{ﬁdes ig
not based on ths éssumpti&n that the grid exciting signel voltmge is
sinusoidala one reason for dissgreement beétwsen the . theorstical and
practical results mey be attribubted to the grid exeiting signal vols

ﬁage which was definitely nen<pimusoidal,
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SUMMARY AND CONCLUSIONS
Of the meny braﬁ¢has of non-linear elestric circult theory; perheps
none is of greater theoreticel or practical interset then that relating to
the.aperatiop of clasgy O radio frequeéncy powsr amplifiers, Unfortunately;
the large number of variables present in such an amplifier renders a precise

theoretical treatment of the veriocus circuits employed quite impracticable.,

The result is that the majority of treatments of these circuits have been
confined tp enalysis of idealized gysteng iz which mathematically trouble~
Soﬁe tube characteriatics'ara replaced by simpler linear or square law gharg
acteristicss, The theoretical analysis, in a general wayy attempts to preséent
& method of enalysing the characteristics of class ¢ emplifiers using beeam
powef tubes, The analysis is not rigorous; being derived from & number of
agsumptions. Still, in the Opinion of the éuthor, the analysis hes its own
importanca.for studying the subject 1h the light of wmethematics,

The practical method of anslysis based on Lisssjous figures; in the opin-
ion of the author; cen be successful if the grid-exeiting signal voltsge 1s
ginusoidal and the affects of stray indactance énd ¢gpaaitance are neéligibly
small, The effécts of the stray inductanée and capacitanoé could be reduced
by using a low frequency. The auﬁﬁor'ﬁid not use a low‘frequsncyﬁ as the
cogile and capacitors required for building the two stege %ransmitter ayre
gquite large, Large variable capacitors are not available in the laboratory
end the winding of large coils was no vasy task;

Another method for aﬁal&sing “he harmonics baped on the Fourier snalysis
of the asctual wave-shape of the‘voltage across the tank‘cirbuiﬁ of' the aﬁpli-
fier could not be attempted, as the oseilloééqpésbavailable in the labovetory

{
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have sweep freguencies which are too low cempared 6 the siWﬁal frequencyy

The fndirect measurement of ha.ﬁaonic émpl‘li’oudes is ‘the best 4f one cvould
remove gll thé sources of errors invoived¢" If the experiment is performed on
8 well=built and shielded traﬁsmi:ﬁ’aer with #- £y 53hoké coils in'ﬁﬁenpc'awer Line
of both transmitter end receiveér, there seems to be no reason why. the, results

obtained should be unsatisfacthY§
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APPENDIX I -

1, Derivation of dy ¢, component of currenti

Bt = 8/2 |
Io = /&Oos Wt « Ooi §> afwt)

wt 282 S
2 ‘ ry .
& KEs . Q}osﬁw"& w POogwt Goa § ﬁoszg. d{ o)
n 2 2

° t & ©/2
- KESE /(_1’_.# 1 Oogfwt « 200wt Cosé? 4+ Oos > d( w+)

m {\g 2 _ 2 2

ﬂ

¥ odg & s 8 ¢ & Cos §-«§. S’inS] P T P ¢ A )
‘ 'ZI 2 2 % ‘

2; Derivation of fundemental component of currents-

f}?.l = QKEEJE é:oswt . Gﬁsﬁ> Coswt d(wt)
o

4;

wt = 8§/2
2B 2 2
[100560 t-u-i@o 8% W t&%{ﬁos w t»UosS(l-g-ﬂosZﬁ‘ b )+CUos Wtlos 6 d( oh)
T 2

o

- - - -

- 2
o 2KBo” 1 19in641 5403641 81004800884 181n80060451 080050 s
T |2 Tl 2 4 22 23 - B Y

vt

Sym 2 ‘
4 ’Il e 2KE8 | 8in § & 1 Si_nﬁ 8 = e Gos © T O A PR (12)
’ 2.5 . & Z % )

34 Derivabion of second harmonic component of tuyrents.

t.= 9/2
bos & ta«t:}o;z §>2 Cospad 4 ‘d( W)
2

oi = 8/2

| <?Cu520iﬁiﬂos#Uﬁ$laﬁoQﬁw&ﬂn58~Gmsat00s9f00s2btﬂos /> (ut)
\& X A 2 2
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181n04]_8in28sl §-~181n360050~511600a81151n000s78
& 18 T3 22 B 2R 21

¢ ke > [, 2
% .,I’ = 8 [S;m@‘(lsj%c}os G>~0086<81n€+131n§§ o 6] d e e B¢ ¢ E ,(15)
‘ \& 4 2

2 25

=

Ay Derdivetion of m hermonic component of currentis

W = 8/2
By G’dswtw UJos €> Uom nw 't ¢( @)

W = §/2

-y
- QKE'S‘T_ [;L__.Gos nwm,;%s-(nx.g)m;%aas (w2t {Ggs(ml}w‘ewcg(ml)wt}
2 4 : ’

- - - - -

©

| *UogSslos nutlos®g ] a( o)
‘ 2 : 2

5
. 2 8 1l 8in nGsy 1 Sin(ni2)Be 1  Sin(n-2)6- 1 CoseBin(nsl}e
Za 8 ’Z(m.zi ) "2;7;{‘21425 2l 2 o2

i 005@8111@-—1)94-@@5 8in né

n-wl 2 2 n 2 5

i 1 8in ns 1. Sin n6losfs 1 Sin(n-2)8- 1 GosSSin(n-l)a,
a2 B 2 B, 0 2 (wd) 2 2

G03983_11(n+1)€1~1~100s e8in nd .
n-g.-;L 2 i ) n 2 ,2

) v 2
PR QKEE' .| oL Bin ng {l+2(n+1)0eps‘2€f} ol -Qosﬁﬂin(_nwl)é
' n{m-?) 2) 7 a1y 2 2

1 GosSSm(n;.l)m» 1 E*vln(n-z)é R A LY
) 2 2ogo 5 ~
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