Positive Feedback for A-F
Curve Shaping

L. P. HANER®

Part 1. Describing a 15-watt power amplifier with unique high-
fidelity characteristics for use in a home entertainment center.

ERHAPS the most pertinent stimulus
P behind this study has been the

realization that a serious paradox
exists in our understanding of the re-
quirements of an audio reproducing sys-
tem. The classical school of thought
would have us acquire 10-watt amplifiers
with flat response from 20 to 20,000 cps
and low harmonic distortion. Several
years ago Fletcher and Munson pub-
lished data on human hearing character-
istics which have been given lip service
but limited real concern, More recently,
we have become concerned with tran-
sient response and intermodulation dis-
tortion. We are all aware of the short-
comings of our sources of electronically
reproduced sound. Highly damped
speakers with wide-range response and
a smooth characteristic are becoming
more and more desired, Microphones,
records, transmitters, pickups, ampli-
fiers, transmission lines, and practically
all the multitude of steps, thru which
the signal must pass, exact their toll—
on both ends of the andio spectrum. Oh-
viously, something should be done about
it. Herewith, 1 present my solution—
partial though it may be.

First, look for & moment at todays
audio amplifiers. They must have a fla?
characteristic thru the audio spectrum.
In order to produce maximum speaker
damping, low-mu triode output tubes
are often used. Occasionally the cathode
follower is utilized, or, in its stead, nega-

* Wilminglon, Delaware.

tive feedback from the voice coil of the
speaker. Admittedly, these solutions at-
tain a high degree of smooth, clean, ac-
curate reproduction, Now, look at that
which is missing, There has been very
little consideration for ear character- _
istics, We've sacrificed waluable gain
and power to obtain speaker damping.
We ignore the speaker cabinet unless
we make highly specialized acoustically
perfected units which do not fit the
home, It should be self-evident that the
only time a really fla? response is desired
is where the sound is reproduced at the

Fig. 1, Just where we want higher level
reproduction everything has a failing
characteristic.

A few ways are open to us for com-
pensating some of the shortcomings of
sound reproducing systems. Good com-
ponents in a well designed amplifier are
essential. Good wide-range speakers in
a proper baffle are also essential. The
amplifier destgn itself probably allows
the greatest latitude for compensation,
Most tone controls or compensators of
the dual type are developed to operate
from a central frequency, providing ad-
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same acoustic level it was originally
played. Furthermore, if you listen to
sound at even moderate volume levels,
the response curve should not be flat.
Note the Fletcher-Munson curves in
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Fig. 1. Simplified
Fletcher-Munson
curves, to show
effect of defi-
ciencies in re-
sponse curves,
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justable boost or attenuation above and
below a central! point in frequency. In-
variably, this type of compensation rolls
off at the extreme ends and therefore
only partially fulfills the hearing re-
quirement, It then becomes necessary to
employ additional means of compensa-
tion—fixed and basic to the main ampli-
fier section, Beyond this it is desirable
to make the overall system as positive
and stiff as possible. The sound ema-
nating from the speaker should, except
for purposeful compensation, be an ex-
act replica, at different volume, of the
amplifier input voltage. No embellish-
ments should be added unintentionally
and without contro! by the speaker or
amplifier. Unless particular care is ex-
ercised, amplifiers and speakers have a
strong tendency mot to reproduce the
signal exactly. Pentode and beam power
amplifiers are noted for it. Even the best
speakers have a multitude of major and
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Fig. 2. Cutput amplifier, power supply, and speaker connection used in the author’s installation.

minor resonances which are further
complicated by the baffle and its enclo-
sure. There are ways for overcoming
these deficiences to a large degree. Neg-
ative feedback from the voice coil re-
duces the generator impedance of the
amplifier and damps the resonances in
the speaker. In addition, the voltages
set up in the voice coil by its own micro-
phone characteristics provide a compen-
sation source for cabinet resonances and
bad room acoustics. The speaker then
hecomes more integral with the ampli-
fier and reproduces only what is fed to
it. Sufficient negative feedback to do this
effectively reduces the pentode amplifier
gain to such a value that some think a
low-mu triode without feedback suffices
hecause of its inherent low plate re-
sistance and, hence, low generator im-
pedance,

The use of positive feedback along
with negative feedback goes a long way
towards correcting the deficiencies in
the pentode amplifier. Further reduction
of generator impedance and increased
damping becomes possible. In other
words, the higher gain allows more
negative feedback to be utilized for a
given reduction in overall gain. The
non-linear characteristics of the output
stage, the output transformer, the
speaker, and the cabinet become less and
less a factor in the acoustic output., They
become compensated and respond more
pusitively and absolutely in accordance
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with the input signal to the amplitier.
Peor component quality in the outpnt

transformer, speaker, and cabinet, while

more easily tolerated, is not advisable,
but conditions are muoch less critical.

Such an amplifier ias been developed
and is described in this article. This an-
plifier is part of a home entertainment
center—including AM, FM, TV, a 3-
speed record changer, a wire recorder,

and a separate 45-r.p.m. record changer.
It drives three speakers ordinarily—two
12-inch woolers and a tweeter. Switch-
ing of another 12-inch speaker in the
recreation room is possible; played along
with or without the speakers in the en-
tertainment-center cabinet. The TV set
may be used in the living room at the
saine time one of the music sources is
heing heard in the recreation room. The
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Fig. 8. Schematic of complete input equipment, with dynamic noise suppressor and modified preamplifier. Letters and
numbers referring to circuit points are connected to switches, and table of Fig. 10 shows connections to obtain various
response curves.
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Fig. 5 (left). Range of control possible with tone contrals, Fig. 6 (right}). Frequency-response of normal G-E preamplifier
and of modified circuit, Curve of record characteristic shown for comparison,

switching system, the preamplifier, and
the power amplifier are deseribed, and
performance data is given.

The Power Amplifier

The power amplifier consists of a
65]7 pentode stage driving two 616
beam power tubes in push-pull, class A.
A codnventional 6J5 phase inverter is
used. The output transiormer is 2 UTC
type 1.5-57. Tits secondary is connected
to four speakers thru 3 switching sys-
tem in such a way that a variety of se-
lections is possible. One of these speak-
ers is in another room. The load im-
pedance is held essentially constant thru
the use of substitute resistors. A ffth
speaker is connected only to the TV
receiver. In this way TV programs can
be put thru this amplifier or played sep-
arately thru a separate amplifier and
speaker,

The circuit for this power amplifier
is shown in Fig, 2. Negative feedback is
secured from the 30-ohm output trans-
former winding back to the 65]7 screen
grid thru the capacitor €, The capac-

itors £, and C; provide the proper feed-
back voltage division on the screen grid.
Resistor R, and capacitor £, are ad-
justed for minimum hum and were se-
lected by experiment using & 2-megohm
potentiometer for R, and a capacitor
decade for C,. Tositive feedback is se-
cured through two tuned resonant loops
connected between a 6.6 cathode and
the 65]J7 cathode, Tt is essential that the
positive feedback be connected at a
point ahead of the negative feedback
return, Otherwise, maximum reduction
in generator impedance cannot be ob-
tained by using positive feedback in con-
junction with negative feedback. One
of the positive feedback loops is tuned
to a high audio frequency, and the other
is tuned to a low audio frequency. The
high-frequency feedback circuit is tuned
by capacitor C; and interstage coupling
capacitor €, Capacitor C; and resistor
E, are used to tune the low-frequency
feedback loop. (ther capacitances and
resistances are influential but these com-
prise the compenents which can be read-
ily adjusted to put the resonant frequen-

cies at the points desired. Potentiometers
R; and R, control the amount of feed-
back in these loops. The amount of feed-
back and the resonant frequency used
is adjusted to provide the desired shape
of the overall frequency-response curve.
Invariably this has been well below the
positive feedback level which causes
oscillation. At the point of oscillation,
extremely high peaks oceur in the fre-
quency response curve. These may be
flattened by proper use of by-pass ca-
pacitors across the 61L& cathode resistor
from which the feedback voltage is ob-
tained. A similar capaciter should be
placed across the other 61L& cathode re-
sistor to maintain balance. Resistors
across capacitors €, and C; also flatten
these peaks, should it be necessary.
These methods provide excellent means
of shaping the basic frequency-response
curve of the amplifier. At present, the
low-frequency peak is set at I8 cps, and
the high frequency peak is set at 20,000

cps. )
Adfter more than a year of testing and
[Continned on page 44]
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POSITIVE FEEDBACK

[from page 197

study, it was considered most satisfac- |

tory to provide a frequency response
characteristic similar to that shown in
Fig. 3, labelled rxrur-3. 1f the frequency
range of the source of signal extends
thruout the audio spectrum, this curve
seems hest. However, on sources having

limited frequency response character- |
istic, the Nokmal curve shown in Fig.

4 was excellent, 1 these peaks are in
the range of frequencies heing very ac-
tively reproduced. an unnatural effect is

- experienced which is not normally rec-

ognized exeept by experienced and
critical listeners. The NoxmAaL curve in
Fig. 5 was a satisfactory listening curve
to tise as a hasic characteristic. The chief
advantage of the one shown in Fig, 3
seemed to be in the bass end, While

“stage-property moving” and the blast |

of air in pronouncing p's was more
noticeable, the overall result was niore
realistic and pleasing. Measuring the
amount of positive and negative is dif-
ficult since there are two positive fced-
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back loops. However, voltage readings
for negative feedback before and after
disconnecting were taken and are shown
in Table T. The volitages were read on
a vacuum tuhe voltmeter.

TABLE |
Frequency-—<ps Vo::: CEL ‘:.om
(1] 0.4 .1
a0 0.4 0.6
100 0.4 1.6
500 a4 1.6
1000 0.4 1.4
3000 Q.4 1.3
10000 0.4 09
20000 0.4 01

By moving the arm on the potentineter
R, to the ground end. the decrease in
voice-coil voltage at 500 cps wus from
14} to 0147 volts, This does not entirely
ilisennnect the low-frequency positive
feedbuck Toop and there is still positive
ieesdback. Sinee the high-frequency loop
is most elfective at a very Wigh awdio
frequency. the pusitive feethack at that
frequency i3 aceordingly higher, From
these meastirements and  civenit con-
sidderatinns. 11 is estimatesd that the neg-
ative fesdback at 500 cps is of the order
af 301h, with the positive feedback De-
ing of the onder of 20 dln. In other
waords, positive feedback employed in
this way allows 30 db of negative feed-
hack and permits only 10 dh loss in the
averall amplifier gain. Reduction m gen-
erator impedance s equivalent to 30
db of negative feedback. This changes
at the ends of the audio spectrum. It is
actually possible to ebtain wegative gen-
erator impedance. This is exemplified
by the case where the feedback was
wljustest on this amplifer in soch a
way as to produce a dip in the frequency
response characteristic where the funda-
mentxl resonance of the speaker would
normally produce a peak. The hest feed-
back adjustment provides a  smooth
curve through this region, Tius indi-
cates that practically zero generator 1m-
pedance exists. A further illustration of
this is shown in a test where the fre-
quency-response curve was taken by
measuring voltage across the voice coil
of the speaker and then re-runmng the
test after substitnting an eguivalent re-
sistance of & ohms. These data are given
in Table 1.

TABLE 2

Volts at Volts at

frequency voice coil register
20 262 2.58
30 119 1.82
50 1.41 1.39
100 1.10 L10
200 102 1.02
500 .00 1,00
OO0 .98 95
1300 1.02 1.02
2000 1.04 1.04
3000 1.0% 1.03
5000 116 ik
FO00 127 1ik3
10000 1.53 1.38
15000 228 1.28
20000 373 471

A forther indication is that no varia-
tions in volume level are heard as the
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across high-Z circuits, Mode! 100A's
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capacitance and circuit leakage to the
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mmf, with 3-ft cable. Output Z: 200
whms. Cutput,/input voltage: 099,
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nomena~—writes 5000 db per second,
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speed level recorders. Model 124
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83, Peerless 8-265-G, ete, Ttalph Majeski, 3860
N. Ttiver Road, Salei. (e,
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| oscillator input is swept thru the audio
spectrunt. Voltage observed at the voice
coil varies exactly as shown in the
curves of Fig. 3, 5, and 9—that is
smoothly and without peaks or dips,
Using a Hewlett-Packard audio oscil-
lator, a Dumont 208E oscillopraph, a
Dumont electronie switch as a square-
| wave generator, and other miscellane-
| ous cquipment found in an industrial
electronics laloratory, several distortion
indicating tests were made. A Clarkstan
104-1, 60-10,600 cps sweep-frequency
record, a Columbia 100030 test record,
and a Columbia LT RDI03 test record
were also used. These tests were aug-
mented by a large number of critical
listening tests involving musicians, radio

il

| enginecrs and consultants, and audio |

enthusinsts,
Square waves from 30 to 300 cps
were reproduced faithfully with sharp
corners and no tendency to “ring” at
either e of the square wave. The
sweep-frequency characteristic obtained
from the Clarkstan record reproduced
the curve in Fig. 3 accurately except
that the high-frequency end was down
slightly. The marker pips were sharp
and distinet. The high-frequency loss jn-
creased towards the center of the record
| and was presumed to be the record char-
acteristic, Frequency-response reprochic-
tion of the Columbia 10003M and RD-
103 recomls are shown in Figs, 6 and 7.

A-B tests were run in competition
with a well known custom-built all-
triode amplifier, considered Ly many to
he the best that can be honght. Both
amplitiers drove a Bozak B-201 speaker.
Both were driven by a 1'resto turntable
using a Pickering pickup on LF demon-
stration transeription, The positive-feed-
hack amplifier seemed to be cleaner on
the high-frequency end of the audic
spectriumn, More damping of the extreme
lows also seemed evident, although therc
wis some  variation in the opinion
among the listeners on this point. No
A-B tests were tun on live-music FM
broadeasts, which, through this amph-
ficr. are the most life-like of any elec-
tronically reproduced music to which the
author has listened. Remarkable “pres-
| ence” is felt,

(Tv he concluded i the March issue)

ERRATA

AL E, Richmond, author of the article
“Hapid Attenuator Caleulations Using
the Yector Slide Rule” in the December
1950 issue, reports the following errors
ol page 46

The formula at the middle of the col-
unm should have the fraction bar in-
serted, to read #=cosh'V/Z,/Z,,

Step 4 of the caleulation procedure
should read “To determine this mini-
mum loss in decibels, mulliply § by
8.686, Use Scales C and D"
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ENGINEERS WANTED

The National Union Research Di-
vision, one of the largest organiza-
tions in the country devoted to
Vacuum Tube Research, has open-
ings for Elcctrical Enginecrs and
Physicists, The work involves re-
search, design, and development
of subminiature, secondary emis-
sion, cathode ray, and other more
highly specialized types of vacuum
tubes and their associated circuits
and equipment,

Whether you have a background
of electron tube or circut design,
OF are a recent graduate and in-
terested in our field, we would like
to hear from you, Tf you are seek-
ing a permanent, interesting posi-
tion in clectronics, send vour com-
plete resnme to:

Personnel Bepartrent

NATIONAL UNION
RESEARCH DIVISION

350 Scotland Road Orange, N. |,

| The famowr ACA-100 Amplifier — & walf-balancing,
drift-corracting, dirsctcoupled amplifier — tha most
tirlying musical amplifier sver dusigned. Basad on
sarly Leftin-White circuits, parfocted by &, C. Shaney
in 1936, and new brought to o standard of quafity far
above that of any cormiponding amplifier. Eecl
featwres inchode:

Il Triedn Expander.
LLLL nelsw
& Posh-putl hé mmd I freq. rarinkly squabizers.
H you ore sativhed with nothing lens thon the best, |
¥ writs loday dor free techaicel liarature, t
Speciol models for off magnetic coriridgas.

Amrririzr Core. or AMERICA

Maw York 13, N. Y,

396-10 Broadway

SALES HELF WANTED
Experienced Sound Salesman or Engineer
with thorough knowledge of high fidelity
quip 1, to sell in elal saund studio
of large New York Distributor. Exceptional
spporiunity fer 8 men with pleasing per
eonality and good selling ability. Box Na.
DF.1.
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