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CURRENT- DUMPING 
AUDIO AMPLIFIER 

The "distortionless" character of the current 
dumping (c -d) audio amplifier is said to be 
dependent on a bridge balance. Presumably, 
this balance is like any other circuit condition 
in that it can only be set up with a tolerance 
which can be made smaller as the cost of the 
arrangement increases. 

It therefore seems unrealistic to compare a 
theoretical balanced bridge with a practical 
conventional feedback arrangement (as 
some of your correspondents have done), to 
evaluate the distortion performance of the 
c-d circuit. A fairer approach would be to ask 
how badly the distortion performance of a 
practical c -d circuit, using reasonable 
techniques, would be affected by unbalances 
to be realistically expected, and how it would 
compare with the performance of a compar- 
able conventional arrangement. 

The two arrangements are directly 
comparable in principle. If for comparison we 
use a negative feed back arrangement 
around a distorting amplifier of gain G(1 + D) 
where G is a linear gain factor and D a 
distortion operator, we can take the closed - 

loop gain expression. 
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expression of analogous form for the 
following c -d circuit configuration: 

in which the class A amplifier is assumed 
linear with gain G, the current- dumpers 
unity gain with distortion (1 + D), and both 
amplifiers assumed to have zero output 
impedance. 

The closed -loop gain is 
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The closed -loop gain expression is of 
similar form for both configurations, except 
that the distortion coefficient y for the 
conventional arrangement is replaced by the 
difference (13 -a *) in the case of c -d. 

It is apparent that the c -d as well as the 
conventional configuration produces high - 
order distortion as a result of àpplying 
feedback. But whereas with the conventional 
arrangement the distortion coefficient y can 
only be minimised by raising G, the right - 
hand half of the bridge in the c -d configura- 
tion (theoretically) allows complete 
cancellation of the distortion by making ß = 
a* exactly. This balance equation expands to 
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and reduces to the familiar Z, Z, = Z2 Z4 as 
G -°°. 

We can get a rough comparison between 
the performance of a slightly unbalanced c -d 
bridge and a conventional arrangement if we 
look at Mr P. J. Walker's article (Dec. 1975, 
p.562) and see that in the Quad 405 circuit the 
real parts of Z, /Z2 + 1 /(1 + GK)andZ4 /Z3 
are of the order of 0.01. Assuming the bridge 
initially balanced, a perturbation of 5% in any 
of Z 1 to Z5 or G leads to a residual (ß - a *) of 
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the order of 0.0005. Other things being equal, 
this indicates the same distortion perfor- 
mance as a conventional arrangement in 
which G is 10,000 and FG = 2000, i.e. y = 
0.0005. The difference is that the c -d 
configuration does not call for any particular 
value of amplifier gain or loop gain to reach 
this performance, provided the balance 
conditions are adjusted to take the finite G 
value into account. The Quad design appears 
to use values of the order of 1000 and 200. At 
the assumed 5% tolerance, therefore, the c -d 
configuration allows economy of amplifier 
gain and loop gain for the given distortion 
performance. This should evidently recom- 
mend itself as a worthwhile advantage, 
accompanied by fewer feedback loop stabili- 
ty problems. 

However, other things may not be equal. 
The unbiased current- dumpers may generate 
more distortion than a conventional class -B 
transistor pair, thus calling for more accurate 
cancellation. 5% may not be an easily 
achievable tolerance for the bridge balance, 
particularly where Z2 and Z, are reactive. It 
can be seen from the expanded balance 
equation that a finite G represents (from the 
point of view of bridge balance) a load 
resistance in parallel with Za so that even 
where Z2 is purely capacitative a resistor is 
needed in series with the opposite comple- 
mentary arm L, This balancing resistor is 
only a fraction of an ohm, so that its 5% 

tolerance will be in the order of milliohms, 
possibly comparable with wiring and joint 
resistances. Of course the accuracy of bridge 
balance also depends on the value of the 
amplifier gain G, not the best of well- defined 
or drift -free parameters in practice. 

Furthermore, when reactive bridge arms 
are used, as seems essential in practice, 
unbalanced imaginary components of (B - 
a*) may be present and do more harm than 
would appear likely from the high cut -off 
frequencies which the reactances introduce. 
As pointed out by Mr P. J. Baxandall (July 
1976, pp 60 -1), the amplification of a 
mid -frequency sinusoidal signal by the c -d 
arrangement requires handling of a non -sin- 
usoidal and hence wide -band signal within 
the feedback loop. Thus reactance balance 
may turn out more critical than otherwise 
expected, and difficult to achieve where 
there is phase shift at high frequencies in the 
class A amplifier and hence an imaginary 
component of G to complicate the balance 
equation. Again, the output impedance of the 
dampers is unlikely to be negligible in 
relation to Z4. 

It would be of interest to have some 
practical figures for the importance (or 
otherwise) of these expected sources of 
disturbance in the Quad commercial realiza- 
tion of this elegant new design. It is no doubt 
a worthwhile advance, but "distortionless "? 
The c -d circuit does away with the unattain- 
able criterion of infinite loop gain for 
distortionless output, as with the 
conventional negative feedback arrange- 
ment, but replaces it with the equally 
unattainablle criterion of perfect accuracy of 
bridge balance. The results of practical 
deviations from the theoretical requirements 
in the two cases are qualitatively the same 
T. C. Stancliffe, 
London S.W.6. 

Mr Walker replies. 
No indeed we don't claim to make distor- 
tionless amplifiers. The term - in so far as it 
has been used - is intended to indicate that 
there is a 'theoretically accessible' state 
where the output stage distortion will cancel 

to zero, without calling upon infinite loop 
gain. Compared with straight overall feed- 
back, the barriers preventing us reaching 
perfection are of a fundamentally different 
kind and, as Mr Stancliffe rightly points out, 
we want to know whether this change in 
kind can be applied to advantage in a 
practical amplifier. We have chosen to apply 
the technique to amplifiers with zero bias 
output stage because if we can overcome the 
fundamental problems of these amplifiers 
and raise their performance to impeccable 
standards then they emerge as essentially 
"right" and all the rigmarole of biasing 
becomes a thing of the past. 

In a zero bias amplifier there is a no -man's 
land or backlash region between one output 
transistor turning off and the other turning 
on. It is to be hoped that the driver transistor 
transverses this gap as quickly as possible 
and to help it out it is usual to find a resistor 
bypassing the output stage so that there is 
some current to the load during this 
transition period. All such amplifiers suffer 
from the fact that the forward conductance 
during the transisition is less than the 
forward conductance when one or other of 
the output transistors is operational, so that 
the whole transfer characteristic has a 
portion in the middle with a different slope to 
the remainder. In order to produce an 
acceptable standard of performance the 
bypass resistor is made as low as possible 
consistent with the driver's ability to supply 
the extra current required and heavy overall 
feedback is applied. 'Both of these man- 
oeuvres reduce the change of slope in the 
transfer characteristic. There are several well 
respected and excellent commercial ampli- 
fiers of this type available, particularly in the 
high or "super power" class. 

Current dumping is really a simple means 
of adapting such an amplifier whereby the 
two slopes are separately defined and can be 
made equal by the suitable choice of a few 
passive components. With Mr Stancliffe's 
criterion of a total error of 5% in these 
components the change of slope will be 
reduced 20 times without calling on any 
increase of feedback. Evidently the distortion 
will fall by a similar amount! 

In practical amplifiers aimed at very low 
distortion there can be - and usually are - 
other factors which may determine a lower 
limit to the distortion. In all class B 
amplifiers, for example, parts of the circuit 
and power supply carry heavy current highly 
distorted signals (half sinewave for a single 
tone signal). The minutest coupling between 
these and other parts of the circuit which 
should be pure quickly builds in distortion 
which no amount of d.c. balancing will 
remove. Zero bias and c. -d amplifiers require 
parts of the circuit to have wide bandwidth 
and very fast slew rates which may not be 
fully achieved. Output transistors do not turn 
on or off as simply as one would wish. 

These factors are really a matter of detail 
design and therefore difficut to quantify. 
Nevertheless, the 26dB (20 times) improve- 
ment is there for the taking and nearly for 
free. With care, most of it can be realised in a 
practical amplifier. 
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it might be instructive to look further into the 
mechanism of this. I think it likely that the 
main cause of attenuation is not scattering 
by the leaves but absorption due to the 
vertical conducting path provided by the sap, 
which rises in the spring as the tree comes to 
bud, and falls during the autumn as the tree 
begins to shed its leaves. If this is so, the 
increase in attenuation should be greater for 
vertically polarised signals, and should 
become apparent rather earlier than would 
be the case if the loss were purely due to 
scattering. 
J. Sinclair Turnbull, 
Glasgow. 

Mr Jarvis replies: 
Our experiments showed that scattering by 
foliage is unlikely to be the main explanation 
of the phenomenon. We suspect that the 
average conductivity of a wooded region is 

greatest in the vertical direction in all 

seasons, and that the rise and fall of sap with 
season makes very little difference to this 
conductivity. 

Nevertheless we suspect some degree of 
loss due to scattering from foliage since, with 
a given aerial, IBA signals from Blackhill 
vary around 1 to 10 µV in summer, and 10 to 
50 µV in winter. Several peaks and minima 
occur per minute, and the variation is deeper 
and more rapid in windy conditions. Presu- 
mably the IBA signals on 205MHz are more 
susceptible to scattering losses than those 
from the BBC (Kirk o' Shotts) on about 
55MHz. Both signals reach us from almost 
the same direction, and have to diffract over 
a hilltop lined with conifers. 

We have not noticed the correlation 
between sap rise and attenuation suggested 
by Mr Turnbull, but I am sure the possibility 
is worth pursuing. 

It is a pity that foresters, mountain rescue 
teams, etc., are more or less obliged to use 
vertical polarisation for communication in 
areas such as ours! 

STEREO IMAGES 

In these questions of audibility of phase 
distortion etc. the writers do not consider 
that a stereo image produced by loud- 
speakers, or headphones does not behave as 
the original sound source does. If the listener 
moves his head to the right the stereo image 
also moves to the right. In reality the image 
should appear to move to the left. Surely this 
effect, which does not occur naturally, can 
only cause confusion in the direction sensing 
part of the brain, and blur the image 
produced. 
P. J. Churchyard, 
Grantham, 
Lincs. 

Audio moves 

The tendency for Harman International to do their 
own marketing, pointed out in our news columns in 
August though denied by Harman, has been 
underlined by Metrosound's loss of the Ortofon 
agency. Ortofon was acquired by Harman in June. 
Metrosound have had the agency for fifteen years. 
Ortofon will now be sold through Harman's 
subsidiary, Tannoy Products Ltd at Canterbury 
Grove, London SE27. Shortly after the announce- 
ment, Lasky's announced that they would be 
stocking Harman Kardon equipment from Sep- 
tember 27. 




