One of the Playmasters used for tests
described in the article. The second
varsion, with similar performance,
used a different make of output trans-

former, but obviously we cannot pieture them all.

Amplifier

Response

Stability & All That

This article discusses the effects of the output transformer on some aspects of amplifier per-
formance with particular reference to high fraquency stability. It. deals mainly with practical
results, and includes the evidence of tests made with typical commercial designs and one of

PERHAPS the most puzzling thing
about amplifiers. at least to the man
who wants one, is the verv great dis-
crepancy. in the behaviour and specifica-
nons of many designs, all of which may

be pood. and the product of well-in-
formed enzineers.
In-the matter of power output there

i not a great deal of difficulty, for, al-
though there are differences of opmion
as 10 how much power is needed for
home use. the user of an amplifier can
please  himaelf about the amount of
power he elects to use.

But in many other matters he may
well wonder just where he stands.

Frequency response is perhaps the one
single specification where great variation
can be seen.  Some amplifiers with fam-
ous names commence their high fre-
quency attenvation as low as 10 ke,
with a 3 db loss at perhaps 25 or 30
ke, Others run well over the 100 kc
mark before this point is reached. Some

our own.

very few will exceed even this figure—
we have made them ourselves.

Distortion, too, varies a great deal it
we can believe the data sheets. Most
of the better type will claim down 1o
.1 per cent at substantially full output,
and some even better, Others are satis-
fied with a figure higher than this,

Some pay great . attention to the
amount of intermodulation distortion
they arc able to quote—others leave it
out altogether,

I'hen there is the matter of stability,
about which nearly all amplifier speci-
fications are dumb. Sometimes we find
statements that a certain design will stand
an exira 6 db feedback without oscilla-
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tion, and some such figure is given as
a stability margin.  Very few will specify
the conditions under which such a test

would be made, which detracts almost
wholly from ils value.
How is it, then, that with the same

object in view—a performance which
can be considered more that adeguate
for the reproduction of music—ideas and
results vary so greatly? -

An obvious conclusion which can be
gleaned from all this is that there are
no recognised standards by which an
amplifier can be judged.

It is true that many lests have been
made by those interested in the field to
determine how much distortion can be
considered permissible in listening (ests,
but even these do not agree. More-
over, they are all the more difficult to
rationalise because they depend greatly
on the type of input used. whether simple
or complex wave-form, the frequency re-
sponse of the equipment, the age and
even sex of the listeners and so on.

And it's a horrible truth that some
amplifiers which do not produce the very
best figures sound very well indeed: vir-

tually  indistinguishable from others
which show very much better fest
results,

BEST DESIGN

We can't seriously disagree with the
idea that the design which has the flat-
test frequency response, the lowest dis-
tortion, the most uniform power curve,
the highest degree of stability and so
forth will be the best amplifier, even if
its results are patently bevond those even
the most fastidious could require for use
with gramophone records.

But, how much poorer could such an
amplifier have been in its various quali-
ties before the listener would detect a
difference? That’s the heart of the mat-
ter as far as the user is concerned.

Without doubt, if cost is no object, the
designer’s. work is made very much
asier. If a high-priced outfit is able
to boast of supersonic specifications, we
can’t blame the manufacturer for

(]

claiming them. Nor can we blame his
competitor for trying to do equally
well even if he has io sacrifice some
desirable  feature to achieve another
which looks more impressive on paper.

The man who has a cheaper and less
spectacular unit for sale, may well wring
his hands. particularly 'as he often knows
that the listener might not be able to
distinguish between his product and one
much more costly,

One of the difficultics we face when
trying to be specific about these matters
is the lack of exact knowledge aboul
the nature of the input our entire sys-
tem is expected to handle. And. in this
respect, the nature of anticipated tran-
sients is as obscure as any.

In checking amplifiers. a squared wave
at 5 ke is often accepted as an excellent
thing to test the behaviour in the high
frequency region, mainly  because its
sharp, vertical component is well suited
to demonstrating performance under the
attack of sharp wave-fronts. and because




PLAYMASTER MODIFIED FOR EXTREME STABILITY
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The I7-waht circuit showing addition of step circuit. It is not essential ta stability on any form of nermal loading. The grid stop-
per is a precautionary addition, found necessary only when test lcads were connected and the critical capacitance added to the
load — a condition most unlikely in actual use as our test wave forms demonstrate.

it shows up probably better than any
other method the degree of ringing and
overshoot suffered by the amplifier.

Most such square waves have a very
sharp wavefront, representing a rise time
in voltage from zero to muaximum of
perhaps one microsecond, or even less,
The application of such a wave-form
with a 5 ke fundamental is a very severe
test.

It is virtually certain, however, tha
no input we are likely to use in practice
can possibly include such a fast rise-time.
We are not immediately concerned with
the characteristics of the wavefront as
it exists in nature, for. even supposing
there were sounds gencrated having this
characteristic. they would suffer very
considerable attenuation before the am-
plifier eventually received them.

RECORDING PROCESS

The very process of recording means
that the wave-form must pass firstly
through a considerable amount of air,
which will be responsible for appreci-
able attenvation of such wavdfronts.
even over - comparatively short distance.
Then we have a microphone, numerous
amplifier stages. an cntire recording and
reproducing svstem with tape, more am-
plificrs, a cutting head. and. finally, a
record manufacturing process with many
stamping cycles. Finally there is a
pick-up and a set of loudspeakers.

If the tape itself is to be played,
we can eliminate some of the intermedi-
ale steps. but the damage will have
probably been done long before this.

If. we relate the probable lastest rise
time to these matters. and the frequency
response of the system, we might esti-
mate a rise time of 30 microseconds as
being a very good standard.

Recording  engineers -are  not  very
helpful when asked to confirm such

figures. which is understandable because
it would be a very difficult task to per-
form with any degree of accuracy,

Perhaps it is” fortunale that we can
frequently make amplifiers which test
very well under .our scvere conditions.
and we can’t deny that they are more
likely to gzive zood results than those
that do not show up so favourably,

In effect, this principle seems to be the
basis upon which the average amplifie:
designer operates, Knowing the amount
of money which can be spent by the fac
tory. he collects together all the de-
sirable things he would like to achieve,
and then does his best.

And, when surveying what these re-
sults arce likely to be, it is obvious that
by far the most vital component of all
is the output transformer.

The almost universal use of transform-
er coupling is fairly solid evidence that
it provides the most useful method of
coupling the output valves 1o the loud
speaker. There is a considerable im
pedance difference existing betwéen these
two essentials, and although circuits have
been devised and used more or less suc-
cessfully which avoid the transformer,
they have difficulties of their own which
in most cases outweigh their advantages.

And the fact is that it is possible to

make very pood  outpul transformers,
more than adequate Tor the work they
are called upon to do.

Nevertheless, while we use transform-
crs, we must be aware of their character-
istics and how they affect amplifier per-
formance.

The main points in which we are vit-
ally interested concerning transformers
are their influence on frequency response,
power output at various frequencies, and,
in feedback circuits which are now uni-
versal, stability and freedom from oscil-
lation,

There are other paints to be consider-
ed. of course, such as distortion, and it 18
true to say that all such factors must be
considered together when working on de-
sign.

All these points are also affected by
amplifier circuit design, but in the pro-
cess of development and experiment, all
the standard types of amplifier circuits
in common use give roughly equivalent
results, at least until the finer points of
performance are concerned,

AVERAGE CIRCUIT

The average amplifier of today hus
three stages — a voltage amphfier, cither
a pentode or a triode. a phase changer,
either the plate cathode type o1 some
version of cathode coupling (a few s
paraphase circuits) and a push-pull ouip it
stage with an ultra-linear connection. In
most of the good quality amplifiers we
have tested, little performance varuation
could be traced to circuitry,

Provided the valves are operated in the
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TEST WAVEFORMS OF COMMERCIAL AMPLIFIERS

Amplifier No. 3 on 15 ohm resistive
load. Not bad, but ringing extends
along vertical line, a suspect condition.

maost lingar fashion practicable, are noi
required 1o deliver oulput beyond the
maker’s ratings for low distortion or
otherwise abuszd. their total contribution
to distortion 15 well under control.

I'he transformer itself also contributes
a small amount of distortion, but the lact
that the overall figures given by an intel-
ligent hook-up are very small, is enough
for us to leave the question at
this point, except as it is affected
by other considerations in which we arg
interested at the moment.

I'he almost umiversal practice ol in
cluding the output transformer in a
negative feedback loop referred back to
the input circuit is the most effective
way of dealing with owver-all distortion,
for with an ecasily obtainable 20 db of
feedback. distortion is reduced 10 about
one-tenth of its previous value. It is
the most helpful factor in dealing with
all Kinds of distortion generated within
the amplifier.

It is. also almost entirely responsible
for the frequency response and stability
of the amplificr, and mainly through
these two, the square wave performance
or transient characteristics as well.

POWER OUTPUT

I'he amount of power obtamable from
the transformer at low [frequencies de-
pends  primarily  upon .the amount and
grade of iron used for the core. The
lowest frequency which will be repro
duced without loss is a function of the
inductance of the primary winding as
referred to the output load required by
the valves, Because the transformers’ size
must be reasonable, there wil] be a fall-
ing off in both power handling and fre
quency  response  beyond some  given
point, and a natural droop in the trans-
former curve,

At the high frequency end there will
also be a drop in frequency response
due mainlv 1o the self-capacitance of
the windings which acts as a high fre-
quency  bypass and inefficient coupling
betwe windings. This altenuation
can commence well within the limits of
audible response unless | great care is
taken to minimise both sources ol loss.
Sectionalised winding is the universal
method of doing this, but, even so, all
transformers will behave in this manner.

As such, the frequency response of

Amplifier No. |. on |15 ohm resistive
load. Multiple ringing well damped
with rounded corners.

the amplifier would be very poor by
modern standards without the application
of negative feedback.

Negative feedback is a gain-reducing
connection. and, because the amount of
feedback will depend ‘on the amplifica-
tion of the amplifier at any [requency.
it will be least at frequencies where the
gain is lowest

EFECT OF FEEDBACK

If, for instance, we have 20 db of
feedback at 1 ke, we will have a gain
reduction of 10 times at this pomt.

But if we select a frequency at which
the amplification without feedback is
only half of that at | ke, the feedback
will also be halved, and the over-all am
plification reduced by only 5 times,

We can thus consider feedback 1o act
as an automatic gain control, and the
more of it we use the more will it
flatten out a response which originally
drooped at both the high and low end
of the spectrum.

Were it not for other factors which
raise¢ their ugly heads as we pile on the
feedback, there would be virtually no
end Lo the process, and quite poor trans-
formers would give very flat responsecs
so long as the inttial drop in over-all
gain could be accepted in the design.

It would be most convenient - if oul-

Amplifier No. 4 on |5 ohm resistive

load. Ringing is pronounced and-

regular in frequency.

Amplifier No. | on open circuit. Ring-
ing and overshoot have noticeably in-
creased but under control.

put transformers were to fall smoothly
away al cach end of the frequency range,
but they do not. Particularly at the
lop end we find peaks and troughs de
veloping in the response as feedback is
increased. and, at some stage, the am-
plifier will oscillate, the frequency of
oscillation being al some point almost
always outside the audible frequency
band,

According to the transformer charac
teristics it might be anywhere between
about 30 ke and 500 kc.

The oscillation 15 due to a change n
the phase relationship between the in-
put voltage and the [leedback voltage.
Ideally this should be completely nega-
tive all the time, which® means a phase
difference of 180 degrees.

OSCILLATION DANGER

But, if a response peak should ap-
pear in the curve. instead of a negative
feedback at this point it is possible to
have a positive feedback.” When this
happens, we have not degeneration, but

regencration, and consequently oscilla-
tion or the danger of oscillation.
Two points should be remembered

here. The frequency and amplitude at
which these peaks occur is largely gov-
erned by transformer characteristics.
Feedback does not materially alter their
frequency, but it increases their ampli

Amplifier No. 4 on open circuit. Ring-
ing s less but overshoot peak emerges.
Load capacitance would increase this.




TEST WAVEFORMS OF 17W PLAYMASTER CIRCUIT

Playmaster: with 3 section crossever, in-
distinguishable from waveform on 15
ohm resistive load. Negligible ringing

tude very greatly, for it is at these points
that feedback is lessened because of
the positive-moving phase shift.  The
more feedback we apply the higher the
gain will rise at these resonant pcaks,
where feedback may be removed alto-
gether.

What causes these peaks in transfor-
mer response?

They are caused by a resonant circuit
or circuits consisting of the self capaci-
tance and leakage inductance of the
windings or even sections of the wind-
ings (an inductance representing coupling
losses between primary and secondary).
These resonances generally occur at re-
sponse points where, without feedback,
the amplifier gain has fallen considerably
due to transformer limitations, and they
will not cause oscillation unless some
unscheduled feedback paths exist. But in
an amplifier with negative feedback, we
have ourselves provided the means by
which undesirable phase relationships
may take place, and oscillation will oc-
cur as soon as the peaks become sharp
enough “unless steps are taken to avoid
it,

TRANSFORMER TYPES

If the transformer is of the simple
type, with few winding sections, and
comparatively loose coupling between
primary and secondary, a resonance
peak may be found at one frequency
only, of high amplitude, and probably
about 50 kc.

In a more elaborate transformer, with
many sections, and more cfTicient coup
ling, it is probable that more than
one peak will be in evidence, at frequen-
cies varying from 150 kc to 300 ke, and
of considerably lower amplitude. How-
ever, there is no general rule about this

—the control of resonances is part of the

manufacturer’s art, and transformers vary
so much in characteristics that it is al
most impossible to set circuit  values
which will give optimum performance
from them all.

As a general rule, transformers with
a high amplitude peak anywhere in their
response curves can only be used with
limited amounts of fecedback without os-
cillation. Corrective methods inevitably
degrade both frequency and squarc-wave
response, 'but generally speaking it is
best to move the peaks as high as pos
sible and to keep their amplitude low

This means that corrective measures
need concern only that portion of the
PR - 1 . e Li_LLin, MNavambaor

Playmaster om open circuit. Almost
identical with that of previous photo-
graph.

response above the point at which they
commence, and with a good transformer
this can be as high as several hundred
kilocycles.

Nevertheless, with large amounts ol
feedback, we cannot be certain of com-
plete stability without loss beyond about
50 ke, even with transformer peaks
which occur far beyond that point.

CORRECTION METHODS

So complex is the calculation of trans-
former design of this nature, particularly
as cost and manufacturing processes
must be considered, that most units are
the result as much of experiment as of
mathematics.

This is also true of the corrective
methods which can be used, and the
manner of their application. It is pos-
sible to forecast them only within cef-

tain broad limits — beyond these indi
vidual adjustment is the only certain
method without a certain amount of

brute force.

For this reason, amplifiers which usc
teedback of the order of 20 db or even
more, inevitably use correction methods
quite freely, and -quite often exhibit the
poorest frequency and square wave char-
acteristics.

However, these are generally still well
within what we may consider high limit-
ing standards—which is where we came
in!

Playmaster with crossover and added
MNote how this in-
duces ringing on otherwise excellent
instability,

5 mfd capacitor.

waveform but as yet no

I98R

Playmaster on 2 ohm resistive load.
Even on this extreme waveform is still
free from major faults.

A stable amplifier is not merely one
which does not exhibit continuous oscil-
lation. Any resonant condition, if not
corrected, will cause “ringing” or damp-
ed oscillations over portion of the audio
cycle if excited at or near its resonant
[requency. Square wave tesls to simu-
late input signals with steep wave fronts
are very useful to detect this condition,
which will show up as a damped oscil-
lation on the flat top of the waveform.
Nearly all amplifiers will ring to some
decgree even when corrected, and this is
not particularly significant provided the
ringing amplitude and duration are
small.

USE OF SQUARE WAVES

Steep-front square waves will gener-
ally show up the ringing to best advant-
age because the frequency ‘components of
such a wave include very high frequen-
cies likely to be at least egqual to and
probably higher than the resonance fre-
quency. If more than one resonance is
present, the ringing will have an irregu-
lar periodicity; if one resonance peak
predominates it will probably swamp the
others and show up as a regular super-
imposition. By observing the ringing
characleristics, a great deal can be
learned about the transformer resonance,
and - this information can be cross

checked by a frequency run of the ampli-
fier to observe

the various peaks the

Playmaster with 10Ke square wave and
cross-over network. Virtually the same
as with 5 ke as used with remainder of
photographs. Slopa of verticals mostly
due to the generater and CRO.
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result of which is displayed by the square
wave method.

There are two standard methods of
correction applied 1o amplifiers to 1m-
prove stability and reduce ringing.

Because the presence of a resonance
peak is due primarily to removal o1 re
duction of feedback as a result of posi
tive going phasc change, a capacitor
across the feedback resistor normally
connected from the voice coil circuit to
the input of the amplifier can be selected
to modify the feedback at the resonance
point and bevond.

The effect of this capacitor
dramatic in 1ts results,

It is most eflective when a single re-
sonance peak predominates, and will
often remove a pronounced ringing con-
dition to little more than a small wriggle
at the commencement of the square wave
trace.

It can be fixed also by first locating
the frequency at which the pcak occurs.
and selecting a value which removes or
greatly reduces the response peak,

Almost invariably the two methods will
cross check.

It is obviously not practicable to
“phasec out” more than one peak by this
method, unless there are several quite
closely spaced. This is generally not the
case, but fortunately the others will be
of a small amplitude in a good trans-
former,

Nevertheless they can be sufficient to
cause positive feedback if large amounts
of feedback are used, or if we insist on
testing for \stability under every con-
ceivable load condition, ecach one of
which will vary the characteristics of the
feedback circuit because of its intimate
connection to the voice coil, itself a sen-
sitive point in the feedback loop.

USE OF ROLL-OFF

If this should be the case, the only easy
additional method. having done what may
be done to vary the feedback factor, is to
alter the rate ol amplifier attentuation or
“roll-off* by means of a capacitor to
ground, usually wired at the plate of the
first valve in the amplifier.

This method will so reduce amplifica-
tion in the region of danger that neithes
amplifier gain nor feedback is significant-
ly high enough te cause trouble.

If the amplifier has a single resonance
peak fairly low in its range — between
100 and 200 kc for instance, a simple
capacitance to ground will probably be
sufficient.

And because the presence of this
capacitor also affects the feedback a1 this
point, it will be necessary to revaluute
the capacitor 1cross the feedback resistoi
for best results.

But if the amplifier initially has a very
wide bandwidth — significant up to 300
or 400 kc as can happen, a slcp circuit
wil probably be best to attenuate the
response in the danger region, and allow
it to flatten out again at the extreme top
end.

A combination of these two methods
will probably produce the maximum of
stability together with the widest re-
sponse.

If the amplifier should not be amen-
able to delicate placement of this capaci-
tor or step circuit, then a more severe
attenuation will probably be necessary
and a 3 db point at about 30 kc must be
accepted.

It cannot be stressed too greatly that
the foregoing represents only a general
description of ways and means in popu-
lar use, and that there are almost as

is guite

‘ bad been

many variations possible as there are
transformer types -produced. “But the
pattern 1s there, not only n our experi
ence, but in the observation of numerous
commercial amplifiers which we have
checked and examined.

It might be profitable now to set down
some of the results of this process, and
see if some practical application can be
extracted for the guidance of those who
build their own,

 The first amplifier was a costly job
with an output over 20 waits. Its fre-
quency curve showed a Hat response to
35 Kc, plus 2 db at 65, zero at 95,
minus 2.5 db at 115, plus 3 db at 150,
zero at 185, minus 3 db at 200, minus
6 db at 225 and minus 12 db at 250.

DESIGN PATTERN

It used feedback compensation and a
step circuil, so that an obvious attempt
made to control multiple
resonances throughout the response, not
surprising as the output transformer was
more complicated than usual.

The presence of peaks and troughs in
the upper response made some ringing
probable, and square wave tests showed
its presence to a moderate degree and
with irregular periodicity.

Tested on 2 ohms, 15 ohms, 15 ohms
plus - capacitance and open circuit, this
amplifier did not oscillate.

It was also stable on a three-section
divider network with any added capaci-
tance, although very near oscillation
with an added .5 mfd as indicated by
SCvVeTe ringing.

The second amplifier was also a high-
powered costly design, but its charac-
teristics were quite different. It was flat
up to 10 Kc where a drop of .3 db was
measured. It then rolled off smoothly
—.7 db at 20 Kc, 2 db at 45, 3 db at
65, 6 db at 100! and 12 db at 135 Kec.

This smooth roll-off suggested a good
square wave response with probably
some drop in the leading cdge. which is
just what was found. Otherwise the wave-
form had a flat top with virtually no
ringing. As was again expected, it was
quite stable under any kind of load as
used for Amplifier No. 1.

This amplifier used correction across

the feedhack resistor and a small eapaci
t:}ncc to ground from the first valve
plate.

Removing the correctionn components
revealed a large peak at about 150 Ke
and considerable ringing on 5 Kc square
wave. Reconnecting the plate bypass re-
moved this peak, but provided a smaller
one at about 80 Kc. The feedback cor.
rection capacitor wiped this peak, and
the response was then as already indi-
cated. An excellent example of intelligent
design which, despite its comparatively
early- roll-off, sounds extremely good.

This amplifier was not available for
the divider network test, but it would
probably have been stable.

The third amplifier was lower-power-
ed, und commenced its roll-off at 20 Ke
where it was down .7 db, Then followed
minus 1 db at 30 K¢, 2 db at 50 Kc,
3 db at 65 K¢, 6 db at 82 Kc, 8 db at
110 Ke, 8 db at 125 Kc, and 12 db at
250 Kc.

Although the square wave perform-

“ance was quite good, with some round-

ing oft at the leading edge, this ampli-
fier on resistive load showed some oscil-
lation bursts at full output below 100
cycles, and became unstable (with 15
ohms resistive load plus .002 mfds. and
above, This result could be suspected
from the “flat spot” between 110 and
125 Kc, indicating that the transformer
probably had resonance effects in this
region which, despitc a step circuit con-
nected to the first amplifier valve, had
not been adequately dealt with.

NOT STABLE

This amplifier oscillated on speaker
load with 30ft of twin flex lead and no
exira capacitance.

The fourth amplifier .was also a lower
powered job. flat to 10 ke but with a
rise of .5 db at 20 ke, 1 db at 35 ke
and 3 db at 80 ke, It fell to zero. at
115, minus 3 at 150, 6 at 180 and 12
at 250 kc. It used both feedback cor-
rection and a step circuit.

The square wave showed seme ring-
ing, but on 15 ohms the amplifier was
stable. It had several impcdance tap-

(Continued on Page 111)
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AMPLIFIER RESPONSE, STABILITY AND ALL THAT

{Continued from Page 39)

pings, and-on these optional impedances
it was unstable with added capacitance
across the load. It also oscillated on

' speaker load and divider network but

only with .47 mfd added. With other
values it was stable on the 15 ohm con-
nection. -

All these amplifiers used between 22
and 28 db of feedback, with No. 2
having the largest amount.

By way of comparison, two versions
of the 17-watt ultra-linear amplifier were
subjected to the same test, the circuit
being the same as that used for "My
Personal  Amplifier” and  reproduced
herewith, but with the addition of a step
cireuit at the plate of the first valve
as suggested in o recent article, and an

isolating resistor in the input grid circuit.

As - the illustrations will show, the
square wave shape was almost perfect.
Most significant is the small change in
square wave response over a wide load
variation.

"On a 15-ohm cross-over network, both
these amplifiers were tested al various
limes without a step circuit, and show-
ed no oscillation with long speaker leads.

Under these conditions one of them
gave an exceptionally fine -frequency re:
sponse and a virtually perfect square
wave. as all its resonances were smakl
and very high in the range. :

It was flat from 15 cycles o 30 ke,
minus | db at 65 ke, 2 db ar 95 ke, 3
dbrat 115 ke, 4 db at 145 ke, 6 db at
200 ke, 7 db at 300 ke, 9 db at 400 ke
and 12 db at 500 ke. :

No difference could be detected in
listening tests either with or without the
step circuit. £

Using the step circuit, the first ampl-

fer was fat from 15 cycles to 20 ks,

minus 1 db at 48 kc. 2 db at 60 kg, 3
db at 75 ke, 6 db at 100 ke and 12 db

_at 165 ke after which the gradual roll

off continued. It used 22 db of feedbachk

The second was flat from 15 cycles to
about 30 ke, minus 1 db at 52 ke, 2 db
at 3 ke, 4 db at 83 ke, 6 db at 100 ke
and 12 db at 130 ke, after which roll-
off continued. 1t used 20 db of feedback.

The only circuit difference was a
12AX7 phase-changer in the first, and a
6517 in the second, with feedbuck re-
sistors to suit.
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vide.
under this eritical condition. few ampli- |

Both amplifiers were completely stable
on-any kind of resistive or speaker load-
inz, even when feedback was increased
to over 30 db..  The only sensitivity to

oscillation occurred when a capacitance |

of .047 mfds was connected directly
across an inductive load. Values sub-
stantially above or below this figure, even
when connected across the output on
open circuil did not cause oscillation.

From these observations. and lests

some general conclusions can be made, |

particularly as they affect the matter of
HF stability.

All amplifiers vsing voice coil feed-
back  are sensilitve (o some value of
pure capacitance connected across the
load. This is because the voice coil
circuit is part of the feedback loop, and
adding capacitance is tantamount to up-
setling feedback correction which the de-
signer has been af some pains to pro-
Even if no oscillation is present

fiers have a very great margin of safety,
and exhibit very severe ringing and poor
transient response.

As long as the critical canacilancel

value is not comparable either with that
of long speaker leads, or of a cross-over
network, it can be neglected as a factor
in practical stability. For instance the

with various types of resistive and in-
ductive loads, including 30ft of speaker
leads, show no suggestion of = critical
ringing.

S oscillograms for the Playmaster taken |

On the other ‘hand. at least, one ol

the commercial amplifiers was obviously
not safe in this regard, for the long
speaker lead capacitance was ‘enough to
make it oscillate under operating con-
ditions.

The more feedback used, the greater
the risk of oscillation and the greater
is the sensitivity of the amplifier to criti-
cal loading. The idea of a 6 db stability
margin on speaker load is hcceptable,
but there is no reason why this figure
should have a particular significance.

[t is much better to restrict feedback
to about 20 db, at which figure most
of its advantages are realised. than fo
risk instability by a design which shows
a tendency to ringing or oscillation on
any normal load.
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A second version of the |7-watt amplifier using a different set of transfarmers from
those illustrated last month.

Amplifier Response &
Stability—Part Two

prejudicing amplifier response even with-
in the audible ramge.

The best transformers in this regard
are those having no more than one major
peak. as low in amplitude as possible,
and positioned well up in the supersonic
region,

The ultra-linear connection of output
valves is most valuable in obtaining a
clean response and good square wuve
performance, for it ‘is in effect a local
feedback loop applied over the output
stawe.  As such it confers upon the
amplifier all the benefits of feedback in
reaucing distortion and in lowering effec-
tive output impedance.

Invariably the behaviour of an ampli-
fier will be improved in almost every
sarticular when the ouiput connection is
changed from “pentode” connection to
ultra-linear, even when the same trans-
former is used.

But the gencral pattern of improving
high frequency stability by standard cor-
rection methods will apply equally (o
either connection and by plotting re-
sponse curves lor various operating con-
ditions, it is interesting to see how the
results are modified.

The picture becomes even more com-
plete if squarc wave lests are made at
the same time, and we have done this
in order to more -completely illustrate
what takes place.

The first of the curves shows the per-
formance of a better quality output
transformer  popular a few
years ago when connccted into
the 17-watt amplifier.

Curve 1 shows the response
of the amplifier without feed-
hack and speaks for itself. Roll-
off commences below 10 Kc
and continues  steadily  there-
after, No . resonances are
shown on the curve, mainly
because the response has fal-
len so far below reference at
requencies  concerned  that
the are well off the bottom of
the  araph, The square

wave obtained at this fime

This article confinues discussion of Amplifier performance, including the results of tests
made with practical designs. It includes a suggested form of layout suitable for most
push-pull amplifiers of several sizes using the 17 watt circuits as an illustration.

AST month, the importance of the

< autput transformer in setting ampli-
fier performance was considered in some
detail with particular reference 1o high
frequency stability.

Four commercial amplifiers were
analysed with the aid of photographs
iuken from the screen of a cathode ray
oscillograph, and the same tests were
made with the [7-watt ultra-linear am-
plifier - which has proved so popular
among our readers.

In this article, some lurther points on
transformer behaviour are discussed with
a view to illustrating what happens in
some practical designs when feedback
and phase correction methods are used.

As was pointed out last month, the
application of feedback from the voice
cott 1o the inpul circuit of an amplifier
will reveal peaks in transformer response
which are not normally observable with-
out Tleedback. !

These peaks, or even discontinuities in
response not large enough to be graced
with such a description, can cause phase
changes in the amplifier so that the vol-

tage fed back to the input is no longer
negative but positive, under which con-
ditions it can produce oscillation or near

~oscillation, and will do so if the feed-

back is sufficient and correction is not
applied.

Even it it is, oscillation dangers. at
hoth high and low frequencies, are the
limiting factors in deciding how much

_feedback can be applied in a given de-

Sign. ‘

It was poimted out that, if the trans
former resonances are comparatively low
down in the response curve. il is almost
impossible (o deal with them withow

by JO’IM

oyle

shows the effect of falling high frequency
response by its rounded corners, but it
also shows some ripples on the contour
which are caused by the resonances be-
ing excited with the high frequency com-
ponents of the square wave. Oscilla-
tion and ringing can scarcely occur un-
der these conditions.

The second curve on the graph shows
what has happened when 20 db of feed-
back is apphed to the amplifier from
the voice coil to the input stage.

RESONANCE PEAKS

hizh resonance peak at
approximately. 120 Ke, a smaller one at
200 Ke and a third at about 75 Ke.
You will notice that. although only
20 db of feedback has been applied,
these peaks have risem by much more s
than this amount. This is because of the’
resencration which has taken place in the
vicinity of ‘the peak frequencics duc 1o
positive-going phase changes in the am-
plifier, and it is obvious that, with still
more feedback, osgillation at the major
peak frequency would eventually tak

Therc is a




SQUARE WAVE 'RESPONSE OF PENTODE AMPLIFIER

A 5 Kc square-wave trace of the pen-
tode amplifier without feedback as
referred to in this article.

place, although it
this time.

An inspection of the square wave
which malches this curve shows just what
we  would expect—appreciable ringing
and overshoot at the high amplitude. fre-
quency  sulliciently * well marked  almost
to swamp further ringing effects at the
other two frequencies, which make their
presence known by the irregularities in

was not present al

ringing which .appcar further along the
trace.

By selecting an appropriate value of
capacitor across the feedback resistor.

we produce curve 3. The drastic modi-
fication to the response curve mention-
ed last month by the addition of this
capacitor is clearly shown here, for it
has almost wiped the cffect of the major

peak, and the one above it. There is
still a discontinuity in the curve round
about 80 Kc. and we would expect to

find some evidence of this in the square
wave patlern.

And so we do, the lowered fer-
quency of the small amount of ringing
showing quite clearly on the top of the

trace. Testing the amplifier with extra
feedback and load capacitance demon-
strated. too, that its stability had sub

stantially improved.

> . evVerce.
The final treatment was to introduce +10

a step circuit at the plate of the first
valve. the values being somewhat simi
lar to those used in the circuit given
fast_month. The capacitance value sel
ected was that which gave the greatest
stability, and in fact the amplifier now
would not oscillate with any added cap
acitance across the load. although values
in the vicinity of .05 mfds were the most
critical.

EFFECT OF CAPACITANCE

With this capacitance added, the fre
quency response revealed a very large
peak round about 100 Ke¢. indicating that
it had modified the effect of the feed
back capacitor to such an cxtent that the
effect of the large resonant peak was
on¢e more significant.

T'he frequency response of the ampli-
fier with the step circuit is shown in
curve 4, and it will be seen that the
steeper roll-off has accentuated the pre-.
vious disconuity at about 80 Ke, so that
we could expect to find increased ring-
ing at this frequency. The photograph
of the squuare wave trace confirms this.
and reference to  the previous trace

The same a.mp“ﬂer with 20 db of feed-
back shows pronounced ringing and
overshoot.

Addition of a step circuit has accentu-
ated ringing but has further increased
stability.

frequencies in
the same

shows that the ringing
both cases is substantially at
frequency.

This final adjustment is probably the
best that can be done with this ampli-
fier, for the amount of ringing is nol
although more than one would

A capacitor connected across the teed-
back resistor has materially reduced the
ringing and improvuJ stability.

like, and it is reasonably well damped.

It is obvious that to continue the roll-
off process to remove it would mean the
attenuation of the upper register suffi-
ciently to reduce the gain at about 80
Kc quite severely, and this could omy
be accomplished by extending the com-
mencement of roll-of down into the
audible range.

The amplifier would still sound quite
well. but ity specifications could not be
considered as being in the upper class,

LIMITED FEEDBACK

I'his particular transformer was se-
lected simply because its performance
pattern is a particularly clear one. We
have used others which exhibited vir-
tually a single resonance peak as low
as 50 Ke and of much higher amplitude.
It is clear that, with such a transformer,
only a limited amount of feedback could
be used without danger of oscillation.
and that, if the amplifier. was adjusted
1o remove ils effects, the final response
curve would be far from good, particu-

larly in its respopse to transients. A
rounded corner on the trace would be
inevitable.

By contrast, the second curve shows

a sccond transformer of better gquality—
1|
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A series of response curves taken from the pentode amplifier referred to and for which
> square-wave traces are shown above.




SOUARE WAVE RESPONSE OF 17-WATT AMPLIFIER

Square-wave response of the -|/-wat
ultra-linear amplifier without feedback
indicates a good performance.

an ultra-linear type connected to « the
same amplifier.
Curve | shows its response  without

feedback, and it is at once obvious that
results ar¢ going to be noticeably bet
ter.

I'he response 1s 1lat 10 just beyond 20
Kc and a smooth roll-ofl continues after
that pont.

I'he oscillograph trace for this curve
shows a rounded front corner, but only
on the bottom cycle is there any trace
of resonances. This would indicate that
resonance frequencies will be high, their
amplitude lower than for the first trans-
former, and that there is a small un
balance which will show them at slight-
ly zreater amplitude on the downward
stroke of the waveform.

I'he application of 20 db ol feed-
back bears out this forecast. The curve
aumber 2 shows a main resonance of 200
Kc of appreciably lower amplitude than
for the first transformer. with two smal-
ler resonances, one at 100 Kc and an-
other at about 130 Kc. The upper
range of the curve crosses reference on
its final descent at about 430 Kc. and
is only a 4 db down at 500 Ke,

Reference to the square wave patiern
shows very slight ringing and overshoot
at the commencement of the flat top,
with almost immediate damping. As pre-
dicted, the overshoot is greatest at the
bottom, indicating a small unbalance.
probably the reason why it is not. so
noticcable at the top corner.

COULD BE UNSTABLE

We would expect this condition to be
stable in ordinary use, but susceptible to

oscillation with critical capacitances
across the load. - :
The third curve shows modification

of the response with a capacitor of 50
pf across the feedback resistor. This
small value has suppressed the main
peak by about 8 db and smoothgd out
the cffect of the others. It appcars that
the capacitor value is somewhat beclow
optimum. No oscillogram was taken for
this curve.

Curve number 4 was taken with the
feedback capacitor increased to 100 pi.
This has smoothed the lower frequency
peaks almost completely out so that they
are difficult to trace by the response
curve, and reduced the main peak to
a notch at 200 Kc. We would, there-
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Application ot 20 db of feedback has
oroduced a very small amount of over-
ringing.

shoot and no appreciable

. A step circuit has increased stability
and had little effect on ringing, only
just discernible at the bottom’ corner.

tore, expect to find a very small residue
of the over-shoot pip we saw on the
previous oscillogram, and an otherwise

clean flat top. for the curve is substan
tially smooth up to this point ‘
Reference to the oscillogram  once

again bears out anticipations  The over-

0

it AT,

A capacitor across the feedback re-

sistor has virtually removed all traces of

abnormality from the square-wave pat-
tarn.

shoot has virtually disappeared (rom
the top of the trace, and can only just
be discerned at the bottom, where
has always been most apparent.

The final curve was taken with the
step circuit added to the plate of the
first valve The altentuation i repre
sents was enough 1o redoce the slope
of the roll-off to about 6 db per octave,
and to remove the final discontinuity to
a point where only the most scrupulous
plotting of a curve could reveal il. lts
minor nature is illustrated by reference
ta the final oscillograph. where a very
slight increase in overshoot can be de-
tected at the bottom of the trace.

GOOD STABILITY

In ordinary use, the amphificr was per
fectly stable at this point, and couvld
only be induced to show some ringing
and oscillation over a narrow band when
a critical capacitance of about .03 mfds
was connected across the load. This con-
pection introduced a peak in the re-
sponse curve at about 200 Kc where it
might be expected. but as such a capaci-
tance is not found in any other (vpe of
load. it is of mo significance in practice.
As shown in the oscillograms in last

2K CYCLES 10K PER

100K SECOND 500K

These curves show the frequency response of the ultra-linear amplifier as detailed on
this page.




month's article, the square wave char
acteristics were  virtually unaltered
‘whether the load was 2 or 15 ohms re-
gistive, a loud speaker of 15 ohms. or
a cross-over network intended for three-
speaker operation,

Only with certain values of deliber-

ately added capacitance could any ring-
mg be introduced to the trace.
. The improvement to the performance
of the amplifier, therefore, by -the use
of a high quality transformer in which
resonances are controlled far into the
supersonic region is clearly demonstrat-
ed by a comparison between these two
transformers.

EXTRA FEEDBACK

The addition of extra feedback did not
alter the general high frequency char-
acteristics to any noticeable degree, cven
when it was increased to over 30 db, nor
did lhis have any effect on its stability
]'m[tihis region on any kind of working
pad.

It does not necessarily follow that
' such a severe test could be successfully
applied to the amplifier with other trans-
formers having less desirable character-
istics, however, such as might be the
case in the ordinary course of home-
building.

As mentioned in last month’s article,
we have for the purposes of this analy-
sis ignored the effect of circuitry on the
high frequency performance of ampli-
fiers because of the major part played
by the output transformers. It is quite
true that, in the -extreme upper frequen-
cies we have been considering, circuit
capacitance will have some cffect.
Valves capacitances, the characteristics
of various types of phase-changer and so
on will modify the results to some de-
gree, and these will be of interest to the
specialist designer.

But providing that combinations of
good quality are used, they are not like-
ly to seriously modily the general pat-
tern of results as exposed in these ex-
periments. .

And with the feedback restricted to 20
or 22 db with all the standard trans-
formers we could collect as being suit-
able for the amplifier, the stability mar-
gin could he considered as more than
adequate.

As a matter of interest, an oscillogram
showing the overload characteristics of
the amplifier at § Kc is included, It
illustrates the good balance of the am-
plifier, its linearity up to the clipping
point, and the sharp cuf-off characteris-
tic of a well-designed circuit with feed-
pback. Because the distortion at over-
load is obviously severe and sudden. it
is good practice to use an amplifier with
ample output power so that the overload
point it not reached, even on the steep-
est transients,

SPEAKER LOADS

The curves shown on this page, and
which were taken from a book by G.
A. Briggs on loudspeakers which has just
been published. show that the load pre-
sented to the amplifier by either a loud-
speaker or a cross-over network do not
resemble a pure capacitance in the range
between about .02 and .5 mfds, which we
" have seen is likely to be a critical con-
dition for amplifiers.

At no time in fact does the phase
‘angle curve approach 90 degrees in-either
direction, which would be necessary for
the load to become purely capacitive or
inductive.

This is borne out by the square wave
‘oscillographs for different types of loads
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This diagram, taken from "Leudspeakers” by G. A. Briggs, shows the phase angle and
impedance curves for a 10in loudspeaker mounted in a 2 cubic ft. reflex enclosure with
acoustic filter. At 45 cycles the system is equivalent to a 24-chm resister in series

with

shown in last months articles, and re-
ferréd to earlier in this one, which show
no sign of critical reactance effects.

The presence of a resistance or re-
sistive component in series with a load
capacitance is most significant in deter-
mining its effect on stability.

Even with an added critical capacit-
ance, the presence of a few ohms series
resistance will reduce ringing and pre

a 33mH inductor.

vent oscillation.

The curves show that a well-adjusted
cross-over network is likely to be more
stable than a single speaker, as it re-
sembles much more closely the ideal of
a constant resistive load.

The curve actually crosses the zero
line in ecight places throughout the range.
This is borne out by our own expeti-
ence during these experiments, which in-
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These curves show the behaviour of a 3-speaker reflex system with cross-over netwark.
The load is most predominantly resistive—the curve crosses the zero lins in eight places.
Note the impedance curve which is almost flat above 40 cycles. :
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dicated stability under critical conditions
very little inferior to that of a pure
resistance.

[nstability in the frequency range
from about 30 cycles to 10 or 20
Ke does not normally occur in ampli:
fiers, because any design worthy of the
name has a fairly flat response in that
region, and ‘the input and feedback volt-
ages will remain substantially in correct
phase.

But there are several factors which
can contribute to low frequency instabil-
ity, or motor-boating, as it is popularly
called,

A full treatment of amplifier bel wiour
with feedback can become quite involved.
as illustrated by the vast amount of tech-
nical writing on the subject.  What
happens may be summarised as follows:

PHASE CHANGES

As far as the output transformer is
concerned, there are no resonance peaks
similar to those which occur in the
high frequency region, but at frequencies
low enough for the various reactive com-
ponents in the amplifier to cause phase
changes, oscillation due to positive feed-
back becomes possible. and instability
can result.

These phase chanees occur in the oul-
put transformer itself at frequencies
where the inductance of the windings is
not adequate to maintain constant am-
plification.

Thev will also occur due to the pres-
ence of coupling and bypass capacitors at
frequencies where the reactance of these
comnonents hecomes an  appreciable
number of ohms.

The power supply, which is common

to all circuits. will also be responsible
for phase changes at extremely low fre-
| quencies. for even the largest filter ca-
pacitors will have reactance values equal
to hundreds of ohms at frequencies ap-
proaching zero.

The ‘net result is. that, particularly
freauency response will exhibit a peak
in the region of a few cycles per second.
and this peak is to be seen in all such
curves which have bheen puhlished from
time to time. Tt is the result of cumu-
lative rezeneration. and while ifs presence
does not automatically indicate instabil-
itv. oscillation is almost inevitable if the
degree of feedback is sufficient.

Tt is not easy to illustrate amplifier
performance at low frequencies by
curves and oscilloerams. for the equip-
ment needed must be capable of ovperat-
ing efficiently down to zero freauency,
and is not normally found outside the
laboratory.

CIRCUIT TREATMENT

But if the fundamentals of the mat-
ter are borne in mind. it is possible to
demonstrate various treatments and to
observe their effect on a given design.

Tn practical cases. these treatments
divide into two wmain categories—those
concerned with low freauencv response
in the various stages. and those con-
cerned with power suoply coupling.

With optimum circuit values and good
transformers, low frequencv instahi'ity is
not usuallv a problem with 20 db of
feedback. This has been demonstrated
with the 17-watt amnlifier using the cir-
cuif values as published. -

By restricting feedback to this figure,
£ coupling and bypass capacitors and even
output circuit balance are not particular-
y critical and the design is thereby sim-
plified.

when feedback is applied. the amplifier

VERY HIGH STABILITY CIRCUIT

OCTAL SOCKET
10 CONTROL uNIT

AC BRAWN: MW H.

The 17-watt circuit showing additien of a step circuit and larger capacitors. Neither
is essential for complete stability on any type of normal load, even with long speaker
cads.

If the feedback 1s increased to amounts
more than about 26db, however, more
care will probably be reguired, and some
designs show evidence of this.

One method of reducing amplifier phase
shift at low frequencies is to stagger
the roll-off characteristics of the various
stages in order to reduce the steepness
of the final portion of the attenuation.
for steep attenuation means rapid phase
shift. This is generally accomplished by
reducing the coupling capacitor between
the first valve and the phase changer,
for instance, and selecting the values of
cathode bypass capacitors.

LARGE VALUES

With most transformers available at
the present time, however, and this is
probably true of all but special types,
best result will generally be obtained by
using the largest practicable capacitance
values, so that their roll-off commences
below the natural roll-off point of the
transformer.

This was illustrated by increasing the
feedback on the [7-watt amplifier until
motorboating at a very low frequency
could just be induced.

Stability was restored by increasing the
value of the coupling capacitor from the
EFg&6 plate to .25 mfds. and by using

Overload characteristics of the |7-wat -
amplifier at 5 Ke,

the same value for the capacitor which
carths the grid of the phase-changer. No
improvement was noticed . by increasing
the coupling capacitor values in the grid
circuits of the output valves.

If such high feedback were to be con-
sidered, it is probable that balancing the
output valves for plate current and input
voltages would effect still further im-
provement, as such severe operating con-
{itions would invelve the regulation of
the power supply. Separate bias circuits
for these valves would also be advisable,
as the balancing of this stage becomes
progressively important as the stahbility
margin is reduced. i

Even without these additional changes,
it was possible to apply a sudden switch-
ing transient sufficiently large to moment-
arily paralyse the ampfifier, and to see it
return to normal operation after two or
three cycles of slow oscillation.

With the normal feedback of 20-22 db
however, no instability of any kind could
be produced.

DIRECT COUPLING

With the aim of reducing one source
of amplifier phase change, some circuits

. use direct coupling between the first valve

and the phase changer, but because the
stages are still coupled appreciably
through the power supply at frequencies
of a few cycles per second, this is not as
successful as might appear at first sight.
Tt has the disadvantage of reducing the
effective voltage applicd to the valves
concerned, and thus limiting their voltage
output which, in the case of the phase
changer at least, could be an important
point.

Because the power supply is one pot-
tion of the amplifier which is common
to all circuits, and in most cases to the
control unit as well, special consideration
must be paid to it.

Best stabilitv will be obtained when
the total impedance of the supply is kept
as low as possible, which means the re-
duction of common DC resistance and
the use of high-value filter capacitors.

In the 17-watt amplifier, a 100 resist-
ance is used in place of the original filter

Paas Thirty-nine




UNDER-CHASSIS VIEW SHOWS USE OF COMPONENT STRIP

Undar-chassis phetagraph of the I7-watt amplifier showing the use of a component board, Twin 50 and 100 mfd slectralytics are
used, but single tubular units could be substituted. The input Socket is at top loft.

choke which had a resistance of several  further from possible variations in the with no evidence al all of low frequency
hundred ohms, and a total of 150 mfds amplifier power supply, and this proced-  instability.

smoothing capacitance. The rectifier is of  ure provides stability equal to that Feedback can .be increased very ap-
a low-resistance 1ype, to reduce this form achieved by using a separate power preciably with the controls set in this
of coupling to a minimum, supply for the control unit. unrealistic position with the same resuit.

A very consiglerable increase in stabil- So far in this discussion of amplifier

ity results from feeding the control unit With any of the control units describ- response we have considered the type of
high tension directly from the rectifier, ©d for ‘the Playmaster amplifiers, it is aveform which goes in and compared
so that the main resistance-capacitance DPossible to set the gain control and extra it with what comes out, with no refer-
filter is not included in its feced circuit. bass boost control to their respective ence 1o the waveform which passes
Two resistors and 150 mfds of capacit maximums, and to feed any kind of sig- through the amplifier from stage to stage,
ance serve to isolate the contrel unit still  nal into the unit up-to overload point It is obvious that, if the output wave-
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Waveform at plate of EFBA.
Note large spikes causad by

regeneration at transformer
resonance.
form is virtually identical with that

found at the input, and if we know that
the fundamental response of the ampli-
fier is replete with peaks and ‘phase
changes, there will be a procession of
complimentary but distorted waveforms
within the. amplifier.

It is interesting to note what these
might be, and whether there are any
dangers inherent in their presence.

Shown -on this page arc a procession
of waveform photographs obtained by
feeding a 5 Kc square wave into’ the
amplifier and connecting the oscillo-
scope to various points. In order to
show the various effects more clearly, a
version of the 17-watt amplifier was
denuded of all compensation circuits,
and operated with 20 db of feedback.

The first trace was laken from the
plate of the EF86. The interesting thing
to note here is the very high spike at
the commencement of the trace.

This spike represents the frequency ol
the main transformer resonance at about
[00 Kc .as revealed in the response
curve shown on page 33, By increasing
the frequency of the oscillator, this fre-
quency was found to be the one which
lined up with the spike.

CROSS CHECK

A further check was made by observ-
ing the frequency response of the ampli-

fier as read at this check point, and a
| very large peak was observed in the
response al that point.

It is obvious that, if program were
to be fed to the amplifier with com-
ponents which could excite it at this
frequency, the phase-changer would be
in danger of overload at higher levels.

In practice this is not likely to occur,
as input voltages of sufficient amplitude
at this frequency would be mpst unusual.
But it is a most significant point m
understanding the operation of an ampli-

Wavaform at plate of one
EL37 output valve.

Waveform at EF86 cathode

has notches at corners indi-

cating reduced feedback at
resonant frequency.

Wav.form at plate ef sec-
ond EL37.

Badin Talavicien & Hobbies December, 1958

Waveform  at
first

fier, and vnderlines the dangerous effects
of regeneration al these peak frequencies.
In this case, the amplifier could prob-
ably be shocked into oscillation if the
feedback -were slightly increased.

I'he next waveform shows the wave-
form as read at the EF86 cathode, The
sharp notch on the leading corner 18
what we would cxpect to sce with a de-
crease in negative feedback in  this
region, and this is what happens through
the presence of the transformer peak.
This waveform is not purely a repre-
sensation of the leedback voltagé—it is
modified by the operation of the EF86
—but the pattern is there.

AT THE PHASE-CHANGER

The third trace is taken at the plate
circuit of the first 12AX7 section, It is
to a large cxtent a reciprocal of the
trace at the EF86 plate, for it has under-
gone a phase change through the trivde,
and instead of spikes on the leading cdge
we find complementary notches in the
pattern. Note again that the trace s
not symmelrical, indicating unbalance in
the outpul transformer which initiates
the voltages which are modifying the
original sqliare wave.

The fourth trace is taken at the plate
of the second 12AX7 section, Here a
further phase change has taken place,
so that we see a modified form of the
trace at the EFB6 plate.

The spikes here are very much re-
duced in amplitude. This could be due
to a clipping action of the valve sections
as we would expect il the input was high
enough to overload them, but more prab-
ably because of the falling frequency
response of this part of the circuit at
the 100 Kc frequency. MNote again that
the balance is not perfect.

The next two traces were taken at
the plates of the output valves and here
we see the general shape of the twa

plate of

12AX7 shows

largely reciprocal of that at
EF86 plate.

Waveform at plate of circuit
of EF86 with compensation.

Waveform at plate of sec-
ond 12AXT shaws the effact

pattern
of phase reversal in the

phase changer.

wave-forms which, combined in the out-
put circuit, make up the wave-form
as seen hy the loudspeaker. Again it
will be noticed that there is an unbalance
hetween the two sides of the ¢ircuil and
their imperfect cancellation might be ex
pected to leave some rirfging pattern in
the output. This is confirmed by the
next trace which shows a small amount
of unbalanced ringing. It was taken
from the output terminals of the ampli-
fier.

Both these wave-forms are affected by
the close connection of the valves to the
transformer, and” to each other through
the transformer. Thus they are not
completely representational of the con-
tribution each valve makes individually
to the circuil.

As a matter of inlerest, compensation
was restored to the amplifier, and the
last two traces photographed. The first
shows the EF86 plate circuit again, with
the spikes very much modified, due (o
the suppression of the resonance effects
in the transformer. The second is the
trace at the output terminals, again show-
ing a considerable cleaner, and quite good
wave-form.

DISTORTION DANGER

Some of these wave-forms show mal-
formation of the flat top extending al-
most halfway along it, and would, there
fore, concern frequencies quite close to
the top of the useful audio range. It
could be argued that intermodulation
products might be expected if résulting
non-linear efects were to fall within the
band, or if hias shifts were to take place
at high amplitudes which could originate
such distortions.

Al any rate, it is clear, as emerged
from earlier discussions, that trans-
formers with very high frequency peaks
of low amplitude which can be nullified

(Continued on Page 127)

Wavaform at sutput of am-
plifier with compensation.
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" AMPLIFIER RESPONSE
AND STABILITY

(Continued from page 41)

by compensation circuits that do not
affect the response for some distance be-
yond the usable frequency range must
be preferred, not only because of their
possible superiority in frequency response
and low distortion, but in the interests
of achieving the highest standard of
stability.

As promised in an carlier issue, we
are including with this article a layout
for a component strip which may be wir.
ed up as a uwnit, and which supporis
nearly all resistors and capacitors.

The strip is mounted on two long
1/8in bolts which run through the top
of the chassis.

Underneath the strip, and therefore
nof  shown, are leads connecting [o-
gether three high tension and three earth
poinis.

The high tension lead is connected 10
a lug at the extreme right-hand end of
strip. continues across to the end of the
47K decoupling resistor, and thence to
a lug at the extieme right hand end of
the strip where it makes a cenvenient
point to connect the gentre tup of the
output transformer primary. .

The earth lead is connected (o the end
of the 100 ohm resistor in the EFB6
cathode, thence to the earthed end of the
22K resistor in the cathode circuit of the
12AX7. and finally to the carthy end of
a .6BK grid resistor for the EL37.

These hidden leads are connected to
the lugs by soldering through the eyelet
holes.

The whole strip may be pre-assembled.
and then wired mio place.

The feedback resistor and capacitos
are wired to pins on the four-pin socket
used for loud speaker connection.

This lead is earthed 1o the chassis ul
oni;' one point, near the EF86 valve. to
which point is earthed the EF86 grid
resistor und the earthed connections from
the control unit.

The grid coupling capacitors for the
F1.37s are not drawn in the diagram. but
their connegting points are clearly indi-
cated by small numbered arrows. Onc
of them 15 tucked under the strip, but
the other can be seen in the photograph.

The capacitor which earths onc grid
of the 12AX7 is also tucked under the
strip and iy earthed to the appropriate
nd of the 22K resistor in the cathode
ircuit of this valve.

The strip is connected to the valve
ockels by short, direct leads.




