














































































































































































































































































































































































































































































































































































































means the circuit resistance values must be constant. The only
practical technique is to use a switched arrangement such as that
in Fig. 1011.

A fairly comprehensive tone control can be made by combining
the two. A simple way of doing this uses a variable resistance to
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Fig. 1012, Addition of a vari- . . ,
able resistance gives greater Fig. 1013. Using a two-pole switch, a
versatility to the circuit of response variation combining the fea-
Fig. 1011. tures of 1001-4 and -B can be pro-

o duced.
adjust the amount of boost or rolloff by putting the resistor in

series with the switch slider (Fig. 1012). But this does not give
adjustment through flat. There is a flat position but it is isolated
from the boost and rolloff positions. An alternative combination
that uses a switch to select frequency and a potentiometer to ad-
just amount of boost or rolloff, and which does go through flat, is
shown in Fig. 1013. It achieves a variation of the frequency of
boost or rolloff by the switch (as in Fig. 1001-B) while the amount
of boost or rolloff (Fig. 1001-A) can be adjusted by the potentiom-
eter. In this way a considerable variety of responses can be
obtained.

There are advantages in using two controls to get greater versa-
tility, but corresponding disadvantages. The fact that two knobs
have to be adjusted to achieve a desired response (only high-fre-
quency response, remember) means that it is less likely that the
best response will be obtained. A single knob that gives a range of
characteristics of better average desirability, makes the control
simpler and reduces the chance of seriously incorrect settings.

—#—Jpoost
Fig. 1014. A4 high frequency control using a two- RS Loy
gang potentiomenter that produces response vari- I >
ation of the type, Fig. 1001-C. "4,‘ e
3ROLLOFF

Fig. 1014 shows a circuit using a ganged resistance arrangement
that varies both the turnover point and the amount of boost or
rolloff, producing a response variation as in Fig. 1001-C. R1 and
R2 are potentiometers. While a reasonably good control can be
made using linear potentiometers, there is an advantage in semi-
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log or full log tapered controls. One should be inverted taper so
that, at a middle setting of the control, each capacitor is shunted
by about one-tenth of its resistor, while about nine-tenths of each
resistor is in the circuit. Fig. 1015 shows the ranges of control, us-
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"Fig.-1015. Showing the effect of controls using different tapers in
Fig. 1014: A is the variation using linear taper, B with log taper,
complementary (one direct log, one inverse log).

ing a pair of linear potentiometers (A) and a pair of complemen-
tary logarithmic potentiometers of standard taper (B).

Turning to arrangements to produce a straightforward bass
boost or rolloff, Fig. 1016 shows the only way to vary bass rolloff
directly. This necessitates changing the coupling capacitor for
each rolloff required. Using a resistor in shunt with the rolloff
capacitor produces the same rolloff point but limits the rolloff to
a degree of stepdown. If a coupling capacitor is required to pro-
duce dc separation, as when coupling from a plate to a following
grid, two capacitors should be used: a larger one to provide dc
blocking while the smaller one for variable bass cutoff has the
variable resistor in shunt with it.
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If the variable resistance goes completely open-circuit, the roll-
off is that provided by the capacitor but, as soon as some resistance
is in shunt with the capacitor, the rolloff is limited to a stepdown
response. Short-circuiting the capacitor produces a rolloff at the
position determined by the main coupling capacitor, which for the
purposes of tone control design should be below the audio-fre-
quency range.

I Ir 11 A
L.IT7 . .
e ’ i
T i 1
A} [CH] ©

Fig. 1016. How bass rolloff is effected: circuit A selects the rolloff
frequency by switching; circuit B modifies the rolloff to a step-down
of variable depth; circuit C includes a dc blocking capacitor.

Bass boost is provided by a capacitor in the bottom end of an
attenuation arrangement (Fig. 1017). This is similar to the ar-
rangement for equalizer circuits. The amount of boost can be
adjusted by using a variable resistor directly across the capacitor.
When the capacitor is short-circuited, there is no boost. Maxi-
mum boost is secured by making the resistor a high value, ap-
proximating an open circuit, for the lowest frequency in the audio

band. P
::R(
I’_'
Sre
Fig. 1017. A simple adjustable bass boost circuit. J': s
1T

Fig. 1018 combines the rolloff and boost arrangements to use
one variable resistor for the response of Fig. 1002-A. The value of
the potentiometer should be very high compared to either R1 or
R2, unless an appreciable portion of the boost or rolloff is to be
sacrificed by its presence.

This is a detrimental aspect of the circuit because it often dic-
tates the need for a potentiometer of several megohms to avoid
deteriorating the maximum boost condition. Usually the grid of
the following stage has a maximum permissible circuit resistance,
which makes this value impossible. So a compromise has to be
accepted.

However, a mitigating factor is that the loudness contours of
human hearing converge at the low-frequency end. Consequently
a certain amount of bass boost is more effective than the same
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amount of treble boost. This means that some of the available
boost can successfully be sacrificed by using a lower-than-ideal
value for the potentiometer of Fig. 1018.

The frequency where the boost or rolloff begins to take effect

"4
SRi
>
soos‘rj :_-"c' > Fig. 1018. The commonest bass, or low-frequency ione
e control circuit, It gives the response variation of Fig.
RowoFF]  ce 1002-4.
:El!

is determined by making the reactance of Cl equal to R1 and the
reactance of C2 equal to R2.

Fig. 1019 shows an arrangement that gives switched control to
achieve the response variation of Fig. 1002-B. This requires sepa-
rate capacitors to give each position of boost or rolloff.

For the circuit of Fig. 1014, producing the combined response
of Fig. 1001-C, the important part of the potentiometers, affecting
both the frequency and the amount of boost or rolloff, is that in
parallel with the capacitors, or the part from the slider to the
center point of the circuit. The other section of each potentio-
meter serves only to pad out the circuit so the mid-band attenua-
tion is kept constant as the control is turned. The only way to get
the same kind of variation in response shaping at the low end of

3
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e
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2 j\, Fig. 1019. 4 s’z:/itched tone control cir-
I > cutt giving the response variation of
_—I_l | Fig. 1002-B.
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the range is to use complementary variable resistances in series
with a pair of capacitors. The relative values of the pair of capa-
citors will then determine the attenuation at the extreme low-
frequency end of the range while the attenuation in the center
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part of the range will be secured by the relation between the two
components of series resistance. (Fig. 1020).

While this will produce the kind of response variation of Fig.
1002-C, it will also vary the apparent gain of the amplifier drastic-
ally. At maximum boost the gain will be almost zero while at
maximum rolloff the gain will be almost the full gain of the stage,
without any attenuation in the mid-band region.

ok
%nou.orr
R
Fig, 1020. A low-frequency circuit producing the :
variation of Fig. 1002-C. This changes mid-band | —
]

gain drastically.
az%—i—
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The circuit of Fig. 1021 overcomes this to some extent. The
maximum boost is limited by putting a fixed resistor R2A in ser-
ies with R2 so the mid-band attenuation at maximum boost is
limited. A third potentiometer is ganged to these two to offset
the change in mid-band attenuation. ) prmrerr I U
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< [

ml
R4
Fig. 1021. Addition of a third variable to the swwg‘“jﬁuﬁ"

gang of Fig. 1020 helps overcome the gain change.
But it still is not constant.
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To get the optimum effect, the best taper to use is complemen-
tary semi-log. This will give the best approach to the constant
mid-band gain and a maximum variation in the characteristic.
Use of a full-log taper is likely to produce much more variation
with gain as the setting is adjusted. It will also require a consid-
erably greater overall attenuation, but it will give a greater range
of control. But, whatever type of control is used, the mid-band
gain does not stay truly constant as it does with the corresponding
high-frequency control. This method of adjustment is scarcely
recommended for the low-frequency end for this reason as well
as the fact that it is more expensive because it requires a three-
gang rather special type of potentiometer.

Practical considerations
A typical complete circuit needs to combine the step-boost and
rolloff responses. Fig. 1022 shows two straightforward circuits that
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do this. In applying these to a practical amplifier certain factors
need attention. They need to be fed from the plate of a preceding
stage and also to connect to the grid of a following stage. Also the
grid-circuit resistance of the following stage must not exceed the
permissible value at maximum bass boost.

In calculating the overall response available remember that the
plate circuit impedance of the preceding stage modifies the cal-
culations. The plate circuit resistance is, of course, the combined
resistance made up of the coupling resistor in parallel with the
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Fig. 1022. Two circuits that combine the arrangements dis-

cussed for both high- and low-frequency tone control: (4)-A

circuit using the simplest continuously wvariable types, com-

bining Figs. 1010 and 1018; (B)-A more elaborate circuit

using switching to produce variations as at Figs. 1001-C and
1002-C.

ac resistance of the tube. This will limit the maximum high-fre-
quency boost because the capacitor shunting the upper end of the
attenuator does not bypass this source resistance so there is still
some attenuation at the extreme high end where, according to the
idealized form, the attenuation should be short-circuited by Cl.

Usually the source resistance will not have too much effect on
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the available bass boost and rolloff. What limits the available bass
boost and rolloff is the value of the control resistor used for this
purpose. This is determined by the permissible grid-circuit re-
sistance for the following stage.

By careful choice of values, it is possible to achieve an equal
degree of boost at both ends of the frequency response. An alterna-
tive choice of values can' produce any combination of available
boost for the system in hand.

With all these circuits the available amplification with maxi-
mum boost will be that much more than in the mid-frequency
range. This, of course, should be an obvious statement. It means,
however, that there must be this much attenuation in the middle
of the band which is returned to some extent by the boost circuit.

Some disparage the use of the word “boost” because they con-
tend it implies the gaining of something for nothing. However
this is not the intention here. The word boost is considered more
satisfactory than any other term because we really consider the
response relative to the apparent loudness in the middle of the
band. If the apparent gain of an amplifier is greater at the ex-
treme low- or high- frequency end than in the middle frequencies
(which determine the apparent loudness of the program material)
then the audible effect is that the low frequencies or high (as the
case may be) are boosted, compared to the general loudness level.

The general loudness level may have to be attenuated, and the
extreme low or high frequencies not, and thus the term boost
may be regarded as academically incorrect. However, it is more
acceptable than the thought of attenuation, rolloff or cut, which
does not convey an accurate idea of its effect on performance.
Definitely, bass boost cannot be regarded as synonymous with
treble cut, and vice versa, as some sticklers for “accurate terminol-
ogy” insist!

The tone-control circuit should be so placed that distortion
does not occur at any position. If boost is required, the implica-
tion is that these frequencies are deficient and thus increased
amplification of these frequencies is unlikely, in itself, to cause
distortion. So it is reasonably safe to design a circuit on the basis
of the levels in the mid-band. This may not always be true at the
low-frequency end, however, where boost may be employed to
make the frequencies audible, even though the power level may
be fairly high.

Increased sensitivity of the human ear at the high-frequency
end means that the energy, and hence voltage level, even when
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boost is applied, will still be relatively low. Application of boost
to a program with appreciable energy at the high-frequency end
would be most distressing to listen to.

An alleged disadvantage of the tone control circuits we have
discussed is that distortion is cumulative; that is, it is not possible
to apply feedback to reduce distortion. The only way to minimize
distortion is to design each stage for minimum distortion as a
straightforward amplifier. Of course it is possible to apply a
degree of feedback over that stage by using cathode degeneration.

If the maximum boost is of the order of 14 or 15 db, (usually
considered acceptable) then the stage before or after need have no
more gain than this, to replace the loss in the network. This means
that some gain can usually be sacrificed to linearize the amplifica-
tion by cathode degeneration. A large cathode bias resistor, one
that is a considerable fraction of the plate coupling resistor value,
will produce this degeneration. The bias resistor is not bypassed.
This reduces the amount of distortion produced in this stage al-
though there is a limit to its effect: use of too large a bias resistor
will overbias the tube. So there is an optimum choice for the cir-
cuit.

To improve the design still further a cathode follower can be
utilized to eliminate the source-resistance problem. Alternatively,
two stages of amplification can give a very considerable gain—be-
tween the preceding volume control and the tone control circuit.
This provides an opportunity to use a large amount of negative
feedback to reduce distortion due to the curvature of the tubes.

Feedback types

The disadvantage of this combination is that gain has to be
thrown away twice: once to minimize distortion in the amplifica-
tion and again to provide headroom for the low- and high-fre-
quency boost. It was this thinking that gave rise to the introduc-
tion of feedback-circuit tone controls (Fig. 1023). Instead of con-
trolling the frequency response in the forward gain of the ampli-
fier, between stages, the frequency-selective network is placed in
the feedback.

In basic theory the amplification has no frequency discrimina-
tion; only the feedback does. In feedback theory, if the loop-gain
factor A is large compared to 1, the overall gain of the amplifier
is approximately equal to 1/8. In other words, it is almost inde-
pendent of the internal gain of the amplifier, A, and principally
dependent on the feedback fraction, 8. So a simplified explana-
tion of the action of feedback tone control says that we place a

204



frequency-discriminating network in the feedback section and thus
produce an inverse response for the overall amplifier gain.
Unfortunately, this approximation is based on simple algebra,
which takes no account of phase shift. Using algebra, without in-
corporating the operator j, the feedback seems to be either positive
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Fig. 1023. Illustrating the basic con- 3
cept behind feedback tone control. ADNSTFAET?:::PONSE
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or negative. We can take the feedback factor as either 1 4 AB or
1 — AB. In practice AB is a complex quantity involving a phase
angle, particularly when frequency-discriminating elements are
included to produce a tone-compensation arrangement. Then AS
is neither positive nor negative but a complex quantity which may
be regarded as something in between, but still a large quantity, a
long way above zero.
8+ B+
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Fig. 1024. 4 possible circuit util-

izing feedback over one stage. nm‘{
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In the case of equalizer circuits, the design can be taken in
stages and a satisfactory overall response achieved. With a tone-
control circuit, where variation in response is required, a little
more care is necessary because the interaction must produce the
right kind of variation in response at all points.

There are basic limitations to feedback tone controls. The max-
imum range is set by the gain of the section over which feedback
control is applied. Suppose the section gain is 26 db. Feedback
can cut the mid-band gain by, say 14 db, to 12 db. Progressive re-
moval of feedback can then give 14-db boost. But progressive in-
crease of feedback to 8 = 1, will give only 2 maximum cut of 12
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db. So the maximum difference between boost and cut is the
section gain, in this case 26 db. Some overcome this by using
feedback only for boost, then using a simple cut circuit elsewhere
for the other part.

Feedback over just one stage, from the plate to the grid, can be
used (Fig. 1024). Here a resistor is interposed between the plate
of the preceding stage and the feedback point to permit adequate
resistor values to be used for the feedback network and to prevent
the preceding stage from causing distortion due to the low effec-
tive resistance load presented at some frequencies by the feedback
arrangement. This uses essentially the same circuit configuration
as the forward control network of Fig. 1022-A, except that, instead
of feeding the following stage, it feeds back to the grid of the same
stage.

Thus the feedback network inverts the response achieved. As
there are no additional coupling reactance elements other than
the single coupling capacitor, it is quite possible to achieve a
satisfactory control response range within the limitation of stage
gain. It is necessary, however, to insure that the components that
adjust the feedback response do not appreciably modify the for-
ward gain characteristic due to the loading effect on the previous
stage coupling; otherwise the tone-compensating effect is some-
what nullified. That is the reason for the additional resistors in
the circuit.

B BASS !tu

GRID

b
T < RETURN

Fig. 1025. An improvement on the circuit of Fig.
1024 that makes the circuit double-acting in its
tone control effect.

By using the plate-circuit feed from the previous stage as the
“bottom” end of the feedback element, as far as frequency dis-
crimination is concerned, the control becomes double-acting. Half
its effect is due to a change in coupling between stages and half
to feedback (Fig. 1025).

By using two stages (Fig. 1026), the feedback can be taken from
the plate of the second stage to the cathode of the first stage. This
serves to isolate the effect of the tone-compensating components
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from the feed from the preceding stage, which was a problem in
the circuit of Fig. 1024. However, the fact that there is an addi-
tional stage, with its coupling capacitor and stray capacitance,
means that the response contributed by these, (particularly phase
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Fig. 1026. A feedback tone control, using
two stages, from flate of the second to the
cathode of the first.
effects in the forward part of the amplifier) interacts with the
response of the feedback arrangement. This must be taken into
account in designing the overall performance.

A well-designed feedback tone control does have the advantage,
particularly with regard to low-frequency boost, on the score of
distortion. The maximum amount of feedback is attained for
the greater part of the frequency range. If more low-frequency
response is required, some of the feedback is removed to achieve
the necessary low-frequency boost. This means that the distortion
of the low frequencies may be somewhat increased in comparison
to mid-range frequencies. Won’t this introduce intermodulation,
too?

Fortunately, the fact that the mid-range frequencies employ a
greater amount of feedback means that intermodulation effects,
normally introduced in an amplifier at low frequencies without
feedback, will be minimized by the feedback according to the
amount available at the middle frequencies—the ones which would
be modulated. The fact that the curvature may introduce fairly
low-order harmonic distortion of the low frequencies is itself
practically impossible to detect. We usually hear the extremely
low frequencies principally by their harmonics anyway. So a little
more or less of second-harmonic distortion of the lowest frequen-
cies is comparatively unimportant, provided it is not accompanied
by the much more irritating intermodulation distortion that usu-
ally accompanies harmonic distortion.
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This is where the feedback tone-control arrangement helps par-
ticularly by minimizing the intermodulation distortion, although
it may not reduce the harmonic distortion to the same extent.

For the dynamic range situation, the feedback tone control is
quite similar to the direct type and must be treated accordingly
in selecting the point in the amplifier at which to apply it.

Peaking types

The simplest circuit for peaking control can, in theory at least,
be built around an interstage or some other type of transformer.
Low-frequency peaking can be produced by resonating the cou-
pling capacitor with the primary inductance of the transformer.

The degree of peaking or rolloff can be adjusted either by vary-
ing the source resistance, which in this case consists of the plate
resistance of the tube and the coupling resistance in parallel, or
by varying a resistor in parallel with the primary winding. The
former is not a very suitable form of adjustment so the latter is
usually chosen in this case. The higher the resistance the greater
the peaking. At the same time, using a lower value of resistance
(which will not necessarily attenuate the mid-band seriously) will
damp the peaking and produce a rolloff. Suitable choice of values
permits a good range of control to be achieved without appreci-
able change in mid-band gain (Fig. 1027).

B+
¢

Fig. 1027, The fart of an L-C circuit that L
produces control of low-frequency peaking.
Inductance and capacitance control the
critical frequency; the value of R across the
primary controls the peaking or rolloff. Rmox

T Rmin

For high-frequency peaking the leakage inductance is resonated
with the transformer secondary capacitance—either the natural
capacitance or some artificially added. This can also be adjusted
for the height of peak by variable resistance in series with the
primary or in shunt across the secondary. If an additional sepa-
rate capacitance is used to provide the resonance effect, an alter-
native position is in series with the separate capacitance across the
secondary. These possibilities are illustrated in Fig. 1028 and the
possible responses achieved in Fig. 1029.

To get a reasonable degree of independence between the two
controls so the low-frequency control does not affect the high-fre-
quency control and vice versa, a special design of transformer is
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required so that the parameters are well separated and the effect-
ive values of resistance, on the primary to control the low-fre-
quency peaking and on the secondary for controlling the high-
frequency peaking, are quite different, taking into account any
stepup or stepdown ratio of the transformer.
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Fig. 1028. Two ways of adding high frequency
control to the low-frequency control of Fig. 1027

As transformers are little used for interstage purposes these days
and the acquisition of a special type would prove difficult, this
item is presented here only for the sake of completeness. It is a
possible method of control that has actually been used. It illus-
trates the difference between this kind of control and a somewhat
similar one produced by the feedback arrangement.

If the amount of feedback over a two-stage R-C-coupled ampli-
fier is varied, the degree of peaking will alter according to the
amount of feedback applied (Fig. 1030). Not only the amount of
peaking but also the frequency of the peak will shift. In the case
of low-frequency peaking, the effect of the feedback is to extend
the frequency range farther as a greater amount of feedback is
applied. This means that as the peak becomes higher its frequency
becomes lower. At the top end of the range, if this method is ap-
plied, making the peak higher will alsa raise its frequency.

Fig. 1031 shows a circuit employing a 6AWS using this principle
for the low-frequency end. The amplification changed for feed-
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Fig. 1029. The types of response variation produced by the circuit
arrangement of Fig. 1028. The double curves indicate the kind of
interaction between controls that can occur.
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Fig. 1030. Low-frequency response variation that can be achieved
by varying the straight (non-frequency-discriminating) feedback
over a two-stage amplifier.
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back purposes is the overall feedback-loop gain. This is achieved
by using an internal loop that varies the forward amplification.
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Fig. 1081. A circuit, using the two parts of a
6AWS8 tube to achieve the variation in re-
sponse of Fig. 1030.

This inner-loop feedback is taken from the slider of the 10,000-
ohm potentiometer in the plate of the pentode section, back into
the grid circuit. When the slider is at the top end of the potenti-
ometer, there is no feedback to this short loop. When it is at the
bottom end, there is maximum feedback, reducing the overall
gain of the amplifier before the overall loop feedback is applied.
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Fig. 1032. Applying the circuit of Fig. 1031 for

producing the same hind of variation in high

frequency response. In each of these schematics,
CI and C2 are the controlling reactances.

The overall loop feedback will maintain the mid-band response
practically constant, being essentially dependent upon the feed-
back factor provided by the resistors. However, the phase-shift
effect will radically change the feedback toward the rolloff point,
reducing the amount of feedback effective and producing a peak.
This will be varied according to the amount of overall feedback,
which, in turn, is adjusted by changing the gain of the amplifier
by the internal-loop feedback control.

Distortion is minimized under all conditions with this circuit
because all adjustment of gain is achieved by feedback, either in
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the internal or external loops.

The same circuit can be applied to a high-frequency control
(Fig. 1032). The difficulty is that the two cannot readily be com-
bined because the response at each end is dependent upon the dis-
tribution of the feedback between the inner and outer loops—
purely a resistance adjustment. It cannot have two different
settingsat the same time, one for the high-frequency response and
one for the low. The only feasible way to provide independent
control of this kind at both ends of the frequency range would be
to use the two circuits in cascade, requiring two tubes, one after

the other.
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Fig. 1088. 4 combination that enables low and high fre-

quency tone control to be combined in the same two stages,

giving response variation as at Figs. 1030 and 1001-C
respectively.

An alternative which produces the same low-frequency varia-
tion but a high-frequency variation of the more normal pattern,
is shown in Fig. 1033. An additional ganged control is provided
across the feedback resistors to achieve variation of the high fre-
quency according to the response shown in Fig. 1001-C.

The thing to watch here, however, as in several circuits of this
type, is that the high-frequency control does not interact to any
appreciable degree with the low-frequency one, or vice versa. It
is not usually possible to avoid interaction altogether with this
kind of arrangement, but if the interaction can be minimized so
that the degree of low-frequency boost, for example, does not
change by more than 1 db with adjustment of the high-frequency
control, this should be considered satisfactory. This kind of inter-
action will always occur with feedback type controls more than
with the direct type.

Variable-slope rolloff

The final tone control to consider is the variable rolloff, applied
particularly for getting the best out of old recordings or indiffer-
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ently received program material. Two typical circuits are illus-
trated in Figs. 1034 and 1035.
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Fig. 1034. A variable slope rolloff circuit, using
a modified twin-T and feedback to achieve
the effect.
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The first uses a direct two-stage rolloff arrangement, coupled
with a feedback circuit using a modified twin-T network. A twin-
T network gives a complete 360° phase rotation. The classic
twin-T uses values which produce a null point in the middle of

PRESET COUPLING
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Fig. 1085. An alternative vari-
LA able slope rolloff circuit, using
L 1L inductance, mutual inductance
SHARP & T and capacitances to produce the
| I 's'naoum.[ effect in a twin w circuit.

this rotation. This circuit is employed for straightforward null
arrangement to eradicate an unwanted frequency. It can also be
employed with a feedback arrangement to produce a sharply
peaked response, by arranging 1009, feedback over a high-gain
amplifier at all frequencies except where the null occurs.

But this is a different application. The twin-T is not the “ideal”
arrangement; it is deliberately “misadjusted” to produce a 360°
phase rotation. We start out in the mid-range frequency with
negative feedback. Then, as the two-stage rolloff starts to produce
attenuation, the phase swings round through 180° to produce
positive feedback which offsets this attenuation, maintaining a
level response out beyond the point where the R-C elements are
producing rolloff. Finally, the phase rotation continues through
another 180° to produce a very rapid rolloff by reverting to nega-
tive feedback.

This is without the control components added to produce the
variable slope. Variation is achieved by shunting the top limbs
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of the twin-T with a variable resistance and a suitable value of
capacitor. This changes the rate of phase variation and also the
response of the network. By careful choice of components, the
overall result is that the same rolloff frequency is used but the
slope is changed, producing a response family as shown in Fig.
1005.

Using different capacitor values switched into the circuit as in
Fig. 1036, the variable response slope can be achieved at any of a
selected number of turnover frequencies. This arrangement forms
the basis of the Leak vari-slope arringement.

I ” ADUAL STEEP

GR

AA -l

5POLE SVIITCH

Fig. 1036. The circuit of Fig. 1034 altered to provide variable slope roll-
off at three different frequencies.

The alternative method (Fig. 1035) employs a mutual-induc-
tance-coupled filter network. The principle is the same except
that, instead of using a twin-T with only resistors, capacitors and
feedback to achieve the results, this circuit uses a two-stage pi
filter network with additional mutual coupling to sharpen the
“knee.” A resistor damps the center capacitor limb of the twin
pi and the other end of the same potentiometer provides addi-
tional coupling between this center point and the output of the
network. The combined effect of a suitable value potentiometer
that changes both these things at once is to produce a variable
slope response almost identical with that given by the feedback
arrangement.

An important feature of this is the degree of coupling between
the two coils of the twin pi network, which has the effect of pro-
ducing maximum sharpness, accentuating the rolloff point. Also,
as the control is changed, it maintains a coupling in progressively
reverse action to help continue the response without such a sud-
den drop toward the high end. This it does by providing some
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through coupling from the input point to the output point of the
filter coils. This circuit forms the basis of the Quad vari-slope
filter. Different frequencies of rolloff are again provided by chang-
ing the capacitor values in the circuit.

The question now comes as to which of these two circuits will
be considered the better for the particular purpose. This is almost
impossible to say because the factors which we use as a basis for
discriminating between other circuits—that is, the possible dis-
tortion and dynamic range—do not apply here. The very reason
for which we apply this kind of circuit says we have a poor dy-
namic range and conditions in which minimum distortion is un-
necessary in the program handled.

The combination of arrangements chosen will depend upon the
application for which they are to be used. Conflicting factors in
selecting an assembly are the versatility and simplicity of any con-
trol system. To make the system as versatile as possible means that
the response must be variable in a number of different ways. This
requires a greater number of controls. On the other hand, this
kind of control can more readily result in improper adjustment
and thus be misused. A simple control with one knéb for the
high frequencies and one knob for the low has much to recom-
mend it, especially for those who do not know much more about
frequency response than the difference between bass and treble.

So one has to make the choice of a tone-control arrangement
according to the use it is expected to get: whether it will be op-
erated by skilled personnel or by nontechnical people who just
want to have good listening; also whether it will be used on com-
paratively high-quality program material which only requires. del-
icate adjustment of balance, or to make the best of inferior pro-
gram material by getting rid of undesirable sounds.

Transistors

The foregoing variety of circuits has developed with the use of
tubes as amplifiers. Now we start all over to apply similar tech-
niques to the more recent innovation, the transistor. This prom-
ises to yield an even greater variety of circuitry. At the present
“state of the art,” the principal application of transistors in audio
has been to the miniaturized portable radio and record player
field. These scarcely boast of a tone control in the sense used in
this chapter: a simple high frequency rolloff suffices.

The important thing in transistor circuits is to remember that
current is the important feature. For this reason, the usual volume
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control or tone control arrangement used for tube circuits is
reversed. In tube circuits, the input goes to the “top end” of a
potentiometer, and the output is taken from the slider. This
divides the voltage provided by the previous stage.

In a transistor circuit, the input goes to the slider of the po-
tentiometer, and the output comes from the “top end.” This
insures that the resistance in the base circuit of the following
stage does not change with setting and upset the bias. But it also
divides the current provided by the previous stage, rather than
the voltage. When the control is turned down, most of the current
from the preceding stage (audio component) is shunted through
the “bottom end” of the potentiometer, while only a small pro-
portion is fed through the upper part to the following emitter.

This is the volume control arrangement for a transistor ampli-
fier. Tone control uses a variation, with suitably chosen capacitors
in the circuit, so that current division, either in the forward
amplification or as a feedback function, only takes place in the
part of the spectrum to be controlled.

Unlike the tube circuit, in which circuit resistances are princi-
pally of importance in avoiding distortion, it is more important
to maintain the circuit operating conditions in a transistor am-
plifier. The dc resistance of both emitter and collector circuits
should not be changed by the control settings. The other differ-
ence is that the circuits are designed to modify the current divi-
sion of audio at different frequencies, rather than the voltage
division, which is the usual parameter in designing a tube circuit.

Transistors promise to prove much more versatile than tubes.
At present only the grounded emitter circuit has been extensively
applied. But other connections, and combinations of connections,
hold a possibility of greater variety. So it would be impossible to
present a comprehensive treatment of this application, compatible
with the rest of this book, from the information now available.
When it becomes available, it will warrant another book in itself.
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chapter

overall view of hi fi

THIS book has already run through most of its pages but many
things still remain to be said to clarify some of the obscuri-
ties that have arisen in audio and high fidelity. The fundamental
approach to high fidelity is through an understanding of audio
circuits, but you cannot stop at circuits because there is much
more to audio than that. However, the biggest region of con-
fusion exists in the matter of circuit choice and the components
most closely associated with circuits, which we have covered.

It has been impossible to cover, in this one book, the range of
additional factors such as, for example, the various mechanical
features. A whole book could be devoted—and probably will be—
to them: the drive for phonograph and tape systems, the properties
of tone-arm and tape-transport mechanisms; different construc-
tions and their relative merits; various approaches to correct pick-
up tracking on the phonograph; more data about the relative ad-
vantages of different transducer types for microphones and pick-
ups, as well as speakers. Then, different ways of constructing tape
heads, various circuits for bias oscillators in the case of tape re-
corders and the question of mixing circuits for recording and
choice of the best circuits for tuner design. But in this book we
have attempted to cover the things most basic to audio. In con-
clusion, however, we should include a few words about tidying up
what we have; putting it all together, so to speak, and getting rid
of the bits and pieces that might be lying around the living room
to annoy ‘“the other half.”

Much of this part of the story is esthetic rather than a matter
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of audio performance. At the same time, however, it is necessary
to give some consideration to the performance aspect. What we
have said in the preceding chapters should help considerably in
making many of these decisions.

For example, the chapter on speaker distribution will help you
determine how you want to arrange them to suit your home. De-
ciding this will help you make the necessary choice between a
music corner or a music wall to house your equipment (or maybe
you will prefer to use a combination, putting the speaker in a
corner and having matching cabinetry for the control part that
can be placed somewhere along the wall). Whichever you decide
on, from the viewpoint of acoustic performance, you can find a
suitable cabinet to house your equipment properly. Alternatively,
if you prefer to buy a complete package system which fulfills these
requirements, we have shown what to look for.

A number of cabinetmakers are in business just to provide cabi-
nets for components. In this way you can buy components made
by specialists in each section of the art and fit them into a cabinet
of your own choice that will fit in with the decor of your home.
In deciding how to mount the equipment in the cabinetry, do not
overlook some details about possible performance, from the elec-
trical aspect as well as the acoustic.

Avoid possible hum transfer, for example, between various
sources of hum such as the power transformer of the main ampli-
fier or the preamplifier and the pickup and its wiring. Usually the
motor board of a turntable is laid out so that the normal position
for mounting the pickup will not pick up too much hum from the
motor. This is a feature that needs attention and usually has re-
ceived it from the motor-board designer. But this care is lost if
you mount the power transformer of a tuner, preamplifier or
power amplifier immediately underneath where the pickup is go-
ing to be. A little careful thought here will avoid some tedious
hum elimination later.

Then consider possibilities of acoustic feedback from the
speakers. It’s very nice to get these wonderful low frequencies but
they are rather apt to shake the walls and floors of houses and this
can result in transmission of vibration back to the pickup or the
tubes in the tuner and result in an acoustic feedback effect. Don't
have any part of the system that works at low levels, like the pick-
up, the front end of the preamplifier or a tuner, too close to high-
level sound sources so that direct acoustic feedback can take place.

At the same time watch out for mechanical feedback through
floors, walls and cabinet housing. Select a method of mounting
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that provides good absorption of this feedback. Some turntable
mountings in custom-built cabinets provide for the motor board
to be suspended on foam rubber or equivalent absorptive mate-
rial. This is a good precaution against acoustic feedback.

Even though acoustic feedback may not be evident without
such precautions, they can result in much cleaner reproduction.
This is because the first effect due to acoustic feedback is not al-
ways a definite howl or vibration. It may result in distortion due
to interference with the proper functioning of the low-level cir-
cuit or of the pickup. For example, the vibration may tend to lift
the stylus out of the groove a little.

Another thing to watch is the position of controls and the
lengths of leads that may be involved. Connections between a
preamplifier and power amplifier can be as long as you wish, if
the preamplifier output has a cathode follower to make it low
impedance. But some preamplifiers provide for remote control of
the volume and tone control facilities. If this is done by bringing
out high-impedance leads to a small remote panel, excessive lead
lengths can result in the loss of high frequencies and possibly
pickup of hum. It is better, if not convenient to place the pre-
amplifier in a position where the controls are readily accessible,
to use a mechanical method of making them remote, such as a shaft

extension. .
In conclusion we hope that we have not left any readers behind

anywhere in this book. I do not use ‘“we” here in an editorial
sense. While it has been my objective, as author, to make the
material in this book comprehensible to the widest possible audi-
ence, the publishers have given every cooperation possible to
further this objective. I would like to take this opportunity of
extending acknowledgment of this effort in helping to minimize
any obscurities I may have left.

Audio has become an extremely complex art (or should it be
science?!). It started by being just the sound section of a radio
transmitter or a receiver. But modern high fidelity imposes much
more rigorous requirements, as this book will have made evident.
In sensory units one does not immediately get the impression of
something very critical or difficult of achievement. For example,
a frequency range (or should it be pitch range?) of 10 octaves and
a loudness range of 120 decibels (I suppose 12 bels would be
nearer what one would think of in sense units) does not seem so
fantastic but, when you stop to realize that, in the acoustic realm,
20 cycles to 20,000 corresponds to wavelengths from 50 feet to
1/20th of a foot, and the intensity range represents a power ratio
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of 1 followed by 12 zeroes, it seems as though we do have a prob-
lem.

On top of this tremendous frequency and dynamic range, our
binaural hearing capacity is capable of discriminating, not only
between the frequency and intensity of different tones, but also
the way in which different waves are radiated. We begin to realize
that we have gotten ourselves into a very complex thing.
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