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Audio power amplifier design r 5
Negative feedback and non-l ineari ty distort ion

Why does the low note contain the sound of the high note? - ARISTOTLE

by PeterJ.  Baxandal l ,  B.Sc. (Eng),

The July art icle in the present series
concluded the treatment of the basic
techniques for achieving feedback-loop

stabi l i ty. Attention wil l  now be given to
the effects of negative feedback on
non- l inear i ty  d is tor t ion,  and i t  w i l l  be
phown that some of the ideas involved
are more subtle than is sometimes
appreciated.

THE fol lowing treatment, which has
g radua l l y  become  c la r i f i ed  and  ex -
tended in scope over a period of many
years, will, it is hoped, enable the reader
to see what the answers to questions
such as the following should be:
(a) Is it a valid criticism of the use of
large amounts of negative feedback
that it converts moderate amounts of
low-order harmonic and intermodula-
t i on  d i s to r t i on  i n to  a  mu l t i t ude  . o f
small-amplitude distortion products of
high order, which may be subjectively
more significant?
(b) Is it always desirable to design a
feedback audio  ampl i f ie r  to  have a
nearly- level audio-frequency response
before feedback is applied?
(c) Does plenty of feedback at medium
audio frequencies, assuming there are
.no slew-rate or other overload effects,
necessari ly ensure that two or more
signal components near the top of the
audio band will give rise to negligible
in termodulat ion products  a t  medium
frequencies?
(d) Is it important for an audio amplifier
to give low distortion when signals at
f requenc ies ly ing outs ide the audio
band are fed into it?

Obviously, in many amplifier circuits,
owing to the presence of capacitors or
transformers, or because of insufficient
bandwidth  in  t rans is tors ,  f requency-
dependent effects wil l  have to be in-
voked  when  cons ide r i ng  d i s to r t i on
fl techanisms. In some practical audio
circuits, however, such effects may be
negligible. The fol lowing treatment wil l
t n i t i a l l y  a s s u m e  n o  s i g n i f i c a n t
trequency-dependence, and wil l  provide
0  f o u n d a t i o n  o f  t h e o r e t i c a l  u n d e r -
standing which may later be extended
to include the inf luence of frequency.

Amplifie. with parabolic transfer
characteristic
Consider the basic feedback amplifier
configuration shown in Fig. l. The volt-qSe symbols represent instantaneous
voltages, and each polarity marked is

that which exists when the correspond-
ing  symbol  has  an  ins tan taneous lY
oositive value. For the feedback to be
negative, eitherA or p must be negative.
(For a defence of the sign convention
adopted, see page 4l of the March 1978
issue.) For present purposes it will be
convenient to take A as being positive,
so that p will be negative.

The simplest form of non-linearity to
consider is that in which the transfer
characteristic of the amplifying device,
i.e. the graph. of instantaneous output
voltage (or current) against instant-
aneous input voltage (or current), de-
parts from being a straight line only
because of the presence of a square-law
term in the corresponding equation*.
Thus, referring to Fig. l, let

v ou2: Av' * a (Av')z ( l )
T h e  g r a p h  o f  t h i s  e q u a t i o n  i s  t h e
transfer characteristic shown in Fig. 2.
Plotted on this convenient basis. with
equal scales on the two axes, the 45o
broken line represents the slope at the
origin, the actual characteristic depart-
ing from the ideal straight line by the
amoun t  a  (Av ' ) 2  as  shown .  Because
equation (t) is a quadratic equation,
representing a parabola (of which only
part is drawn in Fig. 2), the graph is
sometimes called a quadratic transfer
characteristic.

If there is no feedback in the Fig. I
circuit  (9:0), v '  becomes equal to v;,u
and the complete  c i rcu i t  then has a
transfer characteristic equation as in (l)
but with vin written for v'. Suppose now
that v1n is a sine-wave signal given by

v;n: f lnsin cot Q)

Substi tut ing this for v'  in equation ( l)
gives

vout:A0insin,,: t  + CIA'f ,n'sin2rt (3)

(No feedback)

The f irst term represents the wanted
fundamenta l  output ,  the o ther  term

'  I t  i s  tempt ing  to  ca l l  th is  equat ion  the  ' t rans fer

func t ion ' ,  bu t  th is  usage is  be t te r  avo ided because
t h ! .  t e r m  h a s  a n  a l m o s t  u n i v e r s a l l y  a c c e p t e d
m r . a n i n g  i n  a  s o m e w h a t  d i f f e r e n t  c o n t e x t ,  a s
exp la ined in  the  March  1978 ar t i c le .  I t  i s  thus  be t te r
to  re fe r  s imp ly  to  ' thc '  equat ion  o f  the  t rans fer
charac t  e r is t i c ' .

represent ing  the  second-harmon ic
distortion because

sinzot:Yz-Yzcos2at (4)

This elementary trigonometry formula
may be illustrated graphically as in Fig.
3. (I trust that those readers highly
familiar with such elementary ideas will
bear with me until more interesting
topics are reached - I have assumed
that some readers will welcome a rather
slow.and basic approach.)

Fig. I  Bosic feedbock-ampli f ier con-

figuration.

o<(Av' )2

Fig. 2 Simple porabolic, or quadratic,

transfer characteristic. ct is a constcnt
determining the degree of non-lineority,
and A ond, V' are os in Fig. l.

sin2 r.r.lt(.] - lcos2ort)

Fig. 3 Waveforms illustroting a basic
tngonometry formula.

Very-smol l -
s rgnor  9orn
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If (4) is substituted for sin2t:t in (3), it
wil l be seen that the magnitude of the
second-harmonic output voltage com-
ponent is given by

A

.Q zna:Vro*Az, t inz (5)

(No feedback)

The magnitude.of the fundamental out-
put is given by

A A
Vpna: AVin (6)
(No feedback)

Dividing (5) by (6) and multiplying by
1 0 0  g i v e s  t h e  p e r c e n t a g e  s e c o n d -
harmonic distortion as

%2nd:'thcrAiinx 100 (7)
(No feedback)

Thur from (5) and (7), the absolute
magn i tude o f  the  second-harmon ic
output voltage is proportional to the
square of the input (or fundamental
output) voltage, whereas the percent-
age second-harmonic distortion is l in-
early proportional to the input voltage
itself. This is a property of any circuit or
device in which square-law distortion is
dominant. (It may here be mentioned
that a statement such as "the distortion
is proportional to the square of the
o u t p u t  v o l t a g e "  i s  r e a l l y  q u i t e
ambiguous, for "the distortion" can be
taken to mean either "the distortion
voltage" or "the percentage distortion".
This ambiguity often appears in the
literature and sometimes causes very
real confusion. A plea is therefore made
to authors to say what they mean!)

The problem now to be considered is
the effect on distortion of making p
finite in Fig. l, i.e. applying negative
feedback, st i l l  assuming a parabol ic
transfer characteristic for the basic
ampl i f ie r .  Th is  p rob lem may be
approached f rom severa l  d i f fe ren t
angles, and, as is often the case, adop-
ting more than one viewpoint is helpful
in  p rov id ing  a  more  comple te
unders tand ing  o f  the  pr inc ip les  in -
volved.

First of all it is possible to construct,
point by point, a graph of vo,,, against vin
with feedback operative, and to show
that it is much more nearly linear than
without feedback. To do this, a particu-
lar value of v' is taken, and from equa-
tion (l), assuming A (the gain for very
small signals) is known, Vout is calcu-
lated. Then pvo,l is determined. Finally,
with due care over signs, v;n is obtained
from the relationship

, _ . - - _  . u ' : pvo r1 *v1n  
(8 )

A little thought will show that as the
magnitude of A or B is increased, the
resu l tant  t ransfer  character is t ic  be-
comes more and more nearly a perfect
straight line. With very large A or p, v;n
becomes enormously greater than v',
and the overall gain is then given very
nearly by

g o p e g m o

Fig. 4 ldeal parabolic characteristic for
f  .e . t .

v  sn/  v ;^ :  - l  /  g  (g)
(lnfinite feedback)

The change from a parabolic transfer
characteristic to a straight line as the
loop ga in  is  increased f rom zero to
inf inity is a smooth and gradual process.
All the intermediate transfer character-
is t ics  are absolu te ly  smooth curves,
quite free from any suggestion of kinks
or other blemishes. But is each one st i l l  a
parabola, of lesser curvature?

T h e  a n s w e r  t o  t h e  a b o v e  v e r y
important question is "no", and an in-
dication that this must be so can be
obtained without actually working out
the equation of the new transfer cha-
racter is t ic .  Star t  w i th  g :0  (no feed-
b a c k ) .  W i t h  a  s i n e - w a v e  i n p u t  a t
frequency / l  the output wi l l  contain
components at f and 2f. As soon as p is
made finite, some of the 2f component
will be let through into the input circuit,
so that the basic amplifier will now be
receiving inputs at f and 2f.

Now any device with a parabolic, or
quadratic, transfer characteristic, when
fed  w i t h  two  i npu ts  a t  d i f f e ren t
frequencies, generates intermodulation
products at the sum and dif ference
frequencies - and the sum frequency in
the present case is 3f. (This arises from
the fact that (sinr.r1t*sinr,r2t)2 gives a
term 2sinc,r l tsino2t which is equal to
cos(o,-r,:r)t - cos(to, + tor)t.)
T h u s ,  w h i l e  t h e  a m p l i f i e r  w i t h o u t
negative feedback gives nothing but
second-harmonic distortion on a single
sine-wave input, as soon as a little feed-
back is applied, a third-harmonic output
appears. This is not the end of the story,
however, for this third harmonic, like
the second harmonic, gets fed via the

B-network into the input circuit, where
sum and difference products are again
generated. This time the sum products
are at f +3f, which gives a fourth har-
monic, and 2f + 3f, which gives a fifth
harmonic. Clearly there is theoretically
no end to this process - every new
harmonic considered, when fed back,
gives rise to harmonics of yet higher
order. Before too hastily condemning
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feedback, however, it is wise to conside.r
the magnitude of these effects, unO .tso
to question whether assuming.a purely
parabolic transfer characteristic is suf.
ficiently closely related to the behaviour
of practical devices to be of much vatue.
Maybe they already produc€ cortpor;
able amounts of high-order harmonics
before feedback is applied? It is evideni
that a fully satisfactory understandint
of the problem can best be reached bV i
combination of theory and experiment.

Before  present ing  exper imenta l
results for comparison, the theory sf
feedback over an ideal parabolic device
will be pursued,further, to obtain the
actual magnitudes of the various har.
monics generated. The full analysis is
somewhat tedious, but an outline of the
approach adopted is as follows. The aim
is  to  ob ta in  an  express ion  fo r  the
closed-loop transfer characteristic in
the form of a power series

Vour :o1V;n*  o2v inz  *o3v1n3+ . . .  (10 )

Then v1n: Vlnsioot is put in this and the
resu l t an t  ha rmon i c  magn i t udes  a re
obtained. To obtain the power series,
the starting point is equation (8), the
value of v' there given being substituted . ,
in equation ( l) .  This produces a quad.., . , , ,
ratic equation relatiDg Vin and vor,which +i,
can be solved to give Vexl os a direct:l'{
function of v;* The furiction, however,
contains a square-root sign and is not in i;,i,
i t se l f  a  power  ser ies .  The b inomia l  * ;
theorem is then used to obtain th&
wantpd power  ser ies .  Subs t i tu t ing
v;n: f;nsinot in this series gives terms iiffi
sinr,:t, sin2r,:t, sin3cot etc. As illustrated i4rffi
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Fig. 3, sin2o:t produces second
and elementary extension of this
ciple shows that the sin3r,rt term
duces third harmonic,t and so on.
various harmonic amplitudes are

amplifier, one is interested in the per'' '

centages of the various harmonics pr€' 'r '

obtained as functions of the peak ir
voltage, f,n. More conveniently, h
e,uer,Jo, piactical purposes, the har$**
monic magn^itudes are expressed $ri:i,
functions oT fo,o on a percentug. basis t' l
This is preferable, because in assessingr'
the performance of  a feedback " ' : ; ;

TI
iu
8e

sent at known output levels..and how -.,
these vary with the amount of negativG .;:
feedback used. The results of the allt', '""

lys is  are g iven in  Table  l .  c  is - th f  :  '
' distortion constant" of equation (l),4 ',,:d}��
is the amplifier forward gain for-rll ;: ,
small signal r.""rr, unJ p iJtrt. feedbad ;'

factor.
It is instructive to plot curves f.oq$ 

-l

Table I formulat'#i"rl"t"" rto* thet ''i

compare with curves based on mef;i'$
V\ r l l lPc r r  g  W l L l I  L t . l l  V  gD  L rC l Jvs  v ' -  r - r ' ; ' 1

urements  us ing  an  approx imatc lY  ;

q ! i
sinru:r term, but t" ,l'J liln""'r,li[ 5rtidlrr'*''
magnitude of this contr ibution except at sl t l r l  

t" ;

I ev e I s a ppro a c h i n g, ; :';;;i; "f ;;i ;,, t^ig-{$;;;;""",i;' ;;;;;iAil: ;#';;; il;u"i uscd
the tests is just low enough to avoid serious
from this cause.



Harmonic
number

Percentage of
fundamental

Ratio of harmonic
amplitudes

Harmonics Ratio

2
50c0o,1

t - A g 2nd : 3rd I X

3
50lAploto,12

(r-Agr
3rd : 4th 0.800 " ''

4
62.soa!'o$ou,3

(t-Apf-

4th : Sth 0.7t4
c

az.sola'$lo$o,,'
( l-Ap)r-

Sth : 6th 0.667 " ' "
6

l3l.2sA Stotou,s
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Table l. Theoretic distortion formulae for feedback amplifier with parabolic forward transfer
characteristic.

a c t u a l  f . e . t . ,  t o  b e  q u i t e  p r e c i s e l y
parabolic. Consequently, even without
negat ive  feedback ,  harmon ic  com-
ponents in addition to second harmonic
must be expected to appear to some
extent.

However ,  desp i te  the  above,  the
assumption that the transfer character-
istic for an f.e.t. is as given by equation
(11) is quite near enough to the mark to
permit the magnitude of the second-'
harmonic distortion without feedback
to be fairly accurately calculated -
provided the working current is not
excessively small (see Fig. 5). It may be
deduced from equation (l l) that

Vo2nd:n.+ (16)

rquadratic device such as an f.e.t. Now it
will be noticed that the product a0o,,
ra ised  to  var ious  powers ,  occurs
throughout the formulae, and a value
for this must be decided upon before a
set of curves, such as those shown in
Fig.  7,  can be drawn. A convenient
procedure is to choose the value of a so
that the theoretical percentage second-
harmonic distorlion without feedblck,
given by the Table I formula as 50c9o,,
is the same as the measured second-

. harmonic distortion at the value of touy
adopted. This effectively matches the
value of a to that of the practical circuit,
and is more convenient than deter-
mining a by other means.

F.e.t. characteristics
Most text  books give the fol lowing
equation for the drain current, Ia, of an
f.e.t. whose drain-to-source voltage, Voo
is well in excess of pinch-off voltage, V .

Finally, using the relationship (12), this
becomes

s^:E*^ ,lE (14)Dmo V rro

According to this equation, as the work-
ing drain current Ia is reduced, g- falls
off in proportion to the square root of Io.
Now for a junction transistor g- varies
with collector current I" according to
the relationstrip

ag^:rcxf i  (15)

w h e r e  q  :  c h a r g e  o f  a n  e l e c t r o n ,
k  =  Bo l tzmann 's  cons tan t ,  and
T : absolute temperature.

Here g- is proportional not to the
square root of the collector current, but
to the collector current itself, and with
sil icon planar transistors the relation-
ship holds accurately in practice down
to currents of less than a nanoamp.
Thus, while an f.e.t. will normally have a
lower g_ than a junction transistor at,
say, lmA, the more gradual fall-off in g-
w i th  work ing  cur ren t  fo r  the  f .e . t .
would,  i f  cont inued, give i t  a much
Iarger g.  than a junct ion t ransistor
when operated at a low enough current.
In view of the very basic quantit ies
involved in equat ion (15),  I  fe l t  th is
result was probably too good to be true!
A measurement of g- for an f.e.t. over a
wide range of drain current was there-
fore made, and gave the result shown in
Fig. 5. Thus it seems that a law of nature
does indeed come into action to prevent
the g,n of an f.e.t. exceeding that of a
junction transistor. It will bil seen that
the steeper broken- l ine asfmptote is
fairly closely that expected for a junc-'
t ion transistor, and would, if continued
to the right, give a g. of nearly 40mA/V
at lmA.

Because of  the above discrepancy
between the usual text-book equation
( l l )  and what is found to happen in
pract ice,  i f  for  no other reason, one
would not expect the transfer chracter-
ist ic,  corresponding to Fig.  4,  for  an

^(f.e.t. without feedback)
where I is the peak fundamental drain-
current excursion and 16" is the working
d.c. drain current.

Equation (16) may be'compared with
the result for an ideal voltage-driven
junction transistor, which is

A
I

Vo2nd:2*  ( !Z)
la"

(Junction transistor without feedback)
In  t h i s  l a t t e r  case  an  a l t e rna t i ve
formula t'2'is

Vo2nd,: f ,n (lE)

where fr6 i, the peak signal input vol-

10-  ro '  1  10  rd  10"
DRATN CURRET.lT, I6 (pA)

Fig. 5 Measured mutual-cond.uctance
characteristic for an f.e.t.

I

Fig. 6 Test circu it for
harmonic-distortion measure me nt s.

,o=rr'[ e 'J, ( l  t )

This is a parabolic relat ionship, as i l -
l us t ra ted  i n  F ig .  4 ,  and  f r om the
geometry of this diagram it follows that

2l aog-": yj: (12)

An f.e.t. would therefore appear to be
the ideal parabolic device for checking
the distortion theory evolved above.

However, several years ago, it struck
me tha t  there  u 'ou ld  be  someth ing
rather queer about a device if i t accu-
rately followed a law as given by equa-
tion (l l), the reasoning being as follows.
Differentiating (l l) gives

# ' l  ( , 3 )"Idla 2lao
8 ^ dvs, v p

But f rom ( l l )

.  V*,  r_ f ;
G  

- ' -  
V  rd .

and substituting this in (13) leads to

i_:
9-oc l/1" /" ' \  - :  t tZ

\  . ? - /
> ' v

_1
E

o' 10

{ loo t rng  IOOOHz
source (very low
d rstort ron)

o : ! o o  l ;b m  V e  V I , r "
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tage in mill ivolts. But no such delight-
fully simple result applies to the f.e.t.

F.e.t test circuit
T h e  e x p e r i m e n t a l  c i r c u i t  u s e d  f o r
distort ion measurements on an f .e. t .
a m p l i f i e r  s t a g e ,  w i t h  a n d  w i t h o u t
negative feedback, is shown in Fig. 6.
No very expensive measur ing equip-
m e n t  w a s  u s e d .  T h e  l 0 0 0 H z  s i g n a l
source consisted of a home-made low-
distortion R-C oscil lator feeding a Quad
50E amplifier, an air-cored tuned circuit
purifying arrangement being connected
to its f loating output winding. The ana-
lyser system consisted of a parallel-T
l000Hz notch filter, whose output fed
an R-C oscillator modified to function
as a very highly select ive ampl i f ier
feeding a c.r.o. For all measurements
except  second-harmon ic ,  a  pass ive
n o t c h  c i r c u i t  t u n e d  t o  t h e  s e c o n d -
harmonic f requency was inserted in'front of the selective amplif ier. Having
. tuned in  a  par t i cu la r  harmon ic ,  the
a n a l y s e r  s y s t e m  i n p u t  ! v a s  t h e n
switched to another oscil lator. at the
harmonic frequency, the known output
of this oscil lator being adjusted to give
the same size of c.r.o. picture as before.
With due care to avoid r.f. interference
and hum problems, this set-up was both
h igh ly  sens i t i ve  and o f  sa t is fac to ry
accuracy. A test was done in which the
signal source, at an enhanced level, was
fed via a 3.3kQ resistor straight to the
integrated-circui t  fo l lower.  The har-
monic readings at the output of either
integrated circui t ,  as the same fun-
damental voltage as before,/were then
n e g l i g i b l e  c o m p a r e d  u ' i t h  t h o s e
obtained with the f.e.t. in operation.

Consideration of results
Fig.7 shows, in full- l ine, the redults of
measurements using the Fig. 6 circuit,
the chain-dotted curves being calcu-
lated from the formulae in Table I. All
curves relate to a fundamental output
voltage of 3 volts peak. (A convenient
fact is that, even with a large second-
harmonic present, the peak value of the
fundamental is accurately equal to half
the peak-to-peak value of the total out-
put u'aveform.)- 

TTe mean drain current in Fig. 6 is
l.55mA. The a.c. drain load is 3.2kO,
giving.a peak fundamental drain cur-
rent, at 3 volts peak, of 0.94mA. Equa-
tion (16) above thus predicts a pel'cen-
tage second-harmonic distortion with-
out feedback of  12.5x(0.94/ 1.55) :
7.6To. It will be seen that the measured
value is very close to this. As expected,
however,  the f .e. t .  wi thout feedback
shows itself to be by no means ideally
parabolic in transfer characteristic, so
that appreciable amounts of  h igher-
o r d e r  h a r m o n i c s  a r e  m e a s u r e d
though the largest of these, the third,
harmonic, is only 0.19% despite the quite
large output level.

When feedback is applied, the mag-
nitude of the measured third harmonic,
conveniently expressed as a percentage
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Conclusions
Some important conclusions that
be drawn from the above are: 

maV

O Even f.e.ts, used without feedbacft,
generate high-order harmonics - .nd l.oi
therefore, on programme, high-order ; ...
intermodulat ion products.

O A small  amount of negative feedback
( e . g .  6 d B )  i n  a  s i n g l e - e n d e d  s t a g e ,  r
though reducing the second-harmonic
d i s t o r t i o n ,  a n d  a l s o  t h e  t o t a l  ( u n .  , ;
weighted) distortion, by about 6dB, q,ilt , ';,
increase the higher-order distortion, ,;and the quality of reproduction may . 

,
well become wbrse as judged subjec.
tively.

O I f  enough negat ive  feedback  is  ,
applied, all significant harmonics (and ,
cor respond ing  in te rmodu la t ion  pro- , , '  ;
ducts) can be reduced to a far lowel';,$

,/'

o.1
2A

G o r n  w r t h o u t  t e e d b o c k

Fig.7 The full-hne curyes represent
distortion measurements using the Fig.
6 set-up. The chain-dotted curves relate
to calculated distortion, ossuming an
ideal parabolic f.e.t. characteristic os
shown in Fig. 4. All curves are for a
fundomental output level of 3V peak.

of the constant fundamental output, at
f irst r ises, as more and more second
harmonic  is  fed back in to  the input
circuit to intermodulate with the fun-
damental voltage existing between gate
and source and thus generate a sum
c o m p o n e n t  a t  t h i r d - h a r m o n i c
frequency. As the feedback is further
i n c r e a s e d ,  t h e  r e s u l t i n g  i m p r o v e d
linearity of the amplifier soon becomes
the dominating influence and, when the
amount of feedback is large, the third-
h a r m o n i c  o u t p u t  ( a t  c o n s t a n t  f u n -
damen ta l  ou tpu t )  becomes  d i r ec t l y
p r o p o r t i o n a l  t o  l / ( l - A B ) .  S i m i l a r
effects occur also for the other har-
monics,  and i t  w i l l  be seen that  the
measured distort ions, when the feed-
back is large, approximate clos€ly to
those ca lcu la ted assuming a pure ly
parabolic transfer characteristic. Thus,
for an f.e.t. at least (though actually it
applies also for a junction transistor),
the main distortion mechanism for the
product ion o f  th i rd  and h igher  har-
mon i cs ,  once  p len t y  o f  f eedback  i s
app l i ed ,  i s  t he  i n te rmodu la t i on  one
mentioned, rather than the existence of
cubic and higher terms in the power
series representing the transfer charac-
teristic.
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level than without feedback, though the
amount of feedback required to achreve ,
this becomes larger the higher the order ,
o f  t h e  h a r m o n i c  c o n s i d e r e d .  ( F o r  ' , , '

example ,  re fe r r ing  aga in  to  F ig .  ? ,  ,
l6 .sdB o f  feedback  is  su f f i c ien t  to , * ,  ;
reduce the third harmonic to the sflrne:.
l e v e l  a s  i t  h a s  w i t h o u t  f e e d b a c k ,  ' '

whereas about 35dB is required for i
reducing the sixth harmonic to its no-
feedback level.)

they are, say, l20dB below the fuq.:i!
damental.

ing drain current - in other words, it ii',$fl*:
high-level class A operation. When the '.,.i.,11
signal level is reduced, the various haf i*$r

'  
, r ,  , . !' :  r  . ' . { .

O The magnitude of harmonics of ex.,F;l;l
tremely high order will be increased by :;"i'l
the application of negative feedback,no-,*'{
matter what practical amount of feed- i::1{
back is employed, but this is of no:S,i
consequence if, when thus incr€ss€d1:g,.,

(
I
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O Fig. 7, as already stated, uppii.t at a'"H-{
particular output level of 3V peak in the:.'tt',1
Fig. 6 circuit, the peak drain current';|$l
excursion being about 60% of the work:,'i
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slgnal level is reduced, the varrous nar'.fr,s .
monics fall off at different rates, as maf ,Tig

be seen from Table l. The percent^age(',.',
second-harmonic is proportional to Vo.a" 

-

whereas the perceniage fiftn-hqrmonic' r i
for example, is proporiional to 0orr'--Otl'.,,'.i;
a logarithmic piot,ls in Fig.7, the eff€ct ; ii i

of reducing tire output Jignal level ir i1,
that all the curves remainlf the sarn0 j,g';

shape, but each curve shifts downwardl l'-i
Uy a distance proportional to (n-l) '1$
where n is the order of the harmonrc, so 'd
that the spacing between the curv€3'i' 't '*
becomes wider. itrus at a reduced out'r.jnt

put level the higher-order harmonicf, ' '
rapidly become negligible. . :f

(To be continued)
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