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DESIGN AND APPLICATION OF ADJUSTABLE TONE
COMPENSATING CIRCUITS FOR THE IMPROVEMENT
OF AUDIO AMPLIFIERS'

- HLRI] are--a number rof - prob-
lems or: questlons which “will
arise after ponderi

while: upen ‘the’ jntricacies of

the processes for hoth: recording and
reproducing sound waves
CooIn the first, place 1
Cwith Which we - deal a

nd the oper‘ltlons
~ousvapparatuses -and their::
Lvlew of -the fact that in our
we: assume sine ‘waves? A

le‘w"’ gave to postenty the ke;

 to the solution; J. B. J. Fourier de-
. veloped “a theorem that  applied to

éussmg, and “whieh will furnish the
bams of the analysis. This theorem

essed by an equatmn containing
of sines and cosines and is well
;~known to-radio englneers In ordin-
‘ary ‘language it means that any peri-
-odic curve can’be expressed by a sum
,gof sines of ‘terms mvolvmg a funda-
ental frequency and:. its multiples.

! 'ly close together like
e ntmuous spectrum, as may. be
:“shown by Fourier's Integral. - In either
‘ease, however, so long as in the final

- sound wave, the. coefficients affecting -
-each. of ‘the component frequencies are

kept identical or at least in‘the same
‘ratio with respect to each other, as in

+.the ongmal ‘sound . wave that was re-

"'corded, ‘there will ‘be absolute fidelity
< leven 1f during the: process,- these co-

-~ efficients lose their relative proportion-
ality, aihd this ‘seems inevitable. ‘There-
fore, there is an:absolute necessity of
’eompensating for - the .inequalities in
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s -that any .recurrent. curve can

By JULIUS G. ACEVES*

the way that the coefficients (or maxi-
mum amplitudes) of the various fre-
quency terms in the expression of the
complex wave will suffer.

Let us state again: in order that
‘a_wave which is decomposed into its
-simple” ‘harmonic components will keep
shape, it is necessary and sufficient
h e terms of the series (or
he:same or proportional
toare in the original,
se relationship be pre-
n- gl the components.
ed:in the case of sub-
,'where it is essen-
inal wave shape of
shall be reproduced
~in gpite of all the
1de and phase that
a-trans-oceanic cable.
jas:to be compensated
'd phase before the
1ay begin to look like
itly well so that it

sound, it is very
ase-distortion does
xcept under very
nece, for a faithful
orded sound, we
t- relationship be-

produced  air wave,
] But right here is'a
diffieulty
two terms. L5
of the form:

FIG.1

Schematic circuit of one stage of
amplification.
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Fig. 2
Values of gain for various
frequencies.

Y=Asin (@t+®) + Bsin (Not+®,)

where Y represents the lateral displace-
ment of the needle in the groove, the
voltage induced in the pickup will be
represented by the derivative of this

. L4
equation since E=A-d—-where ® is
dt
the flux mterhnkmg the coil of the
pickup. We shall find that the deriva-
tive. of the term B sin (Nwt+®) has a
coefficient N times as large as that of
the derivative of the fundamental, or
Asin (ot+®). If we examine some
of the photographs of recordings shown
by - Professor Powers® it will be seen
that this is likely to be so in practice;
since for about the same intensity of
reproductfon of a bass note, the. in-
dentations in'the groove of the record
are much larger than for a high note,
and yet they sound about equally loud.
Then again the question arises-—what -
are the charact?enstlcs of the loud-
speaker, assuming that it receives an-

1 Proceedings, Radio Olub of Amemoa
Yol. 7, No. 4.
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FIG 3

Equivalent circuit.

‘undistorted amplified wave from' the
pickup across its terminals?

It is very difficult to offer a mathe-
matical solution to these problems a
priori, without the aid of experiments,
because there are many characteristics
which are too complex to express by
simple mathematical expressions, such
as the relation between lateral motion
of the cutting tool that made the re-
cord, and the applied e.m.f. to the ter-
minals of its driving coil at various
frequencies ; the impedance of the loud-
speakers vary not only with the fre-
guency but with the acoustical condi-
tions of the surrounding medium ; the
free vibrations in the mechanical and
electrical circuits which take place be-
sides the impressed or forced vibrations
at certain frequencies, and other in-
numerable non-linear links in the whole
chain, the theoretical performance of
which is only an approximation with
plenty of limitations.

One consideration alone “saves the
day” in so far as the theoretical treat-
ment of the problem is concerned, and
that is, that the derivatives of a sine
are always sinusoidal and so long as
we can decompose complex waves by
means of Fourier’s theorem into sine
components, and that the phase rela-
tionship between them does not matter
for the reproduction of sound as it
affects the -ear, all we have to do is
to modify the coefficients of the vari-
ous “partials” in such manner that
the last wave in the chain of trans-
formations, which is the air pressure
variations with time resulting from
the motion of the loudspeaker dia-
phragm, shall have components with
coefficients mnearly proportional to
those in the original air preéessure
wave.

It is fortunate that the amplifiers
used in the recording and reproducing
operations are susceptible of affecting
the coefficients of the various fre-
quency terms in the whole series of
integrals. By the introductfon of
compensating circuits, it is possible
to reinforce certain frequencies and
subdue some other omes at will with
a minimtm of free vibrations intro-
duced thereby.

Although from a theoretical stand-
pomt there is no liniitation to the
way in which the coefficients of the
various terms may be modified; prac-
tical considerations will narrow these
limits considerably as we shall see in
our present discussion.

" In order to see more definitely the

scope of our problem, let us glance
over, rapidly, the progress of sound
recording and reproducing in the last
few years.

. Since the invention of the phono-
graph until the time when the vacuum
tube was developed more as an ampli-
fying device than a radio instrument,
the acoustic limitations of recorded
music were so great that it is 4
wonder that people could listen to
such musical monstrosities as we had
in those days. In the matter of vocal
music and speech, conditions were not
half so bad as in the case of instiu-
mental music because the portion of
the scale that was recorded and repro-
duced fell almost within the range of
the human voice. Tones below middle
A (435 Int. Pitch) were heard almost
only in their partials. Above
A? (18340 c.p.s.) there was very little;
consequently the articulation of such
consonants as “S”, “F”, and “V” was
very poor, and recorded violin tunes
near that pitch could nct be ‘distin-
guished from a flute playing the same
notes. '
With vacuum tube amplifiers and
broadeast mierophones, it was possible
to obtain records with a wider range
in pitch which, when mechanically re-
produced through diaphragms in the
end: of long exponential horns, sounded
much better than the former records.
Here ‘we find fundamental tones of
200 c.p.s. and notes as high as
F (2760 Int. Pitch). The absence of
fundamental tones in the 50-100 and
100-200 cycle octaves deprived the
music of any majesty of effect and the
depth of sonority that are the glory
of thé organ and the orchestra. From
then. on, these low tones have been
gradually introduced in records, and

the last six months have seen a tre-

mendous improvement in the quality
of music from commercial phonograph
discs, not only in classical music but
also in dance music.

Many tests have been conducted to
determine the effects of the suppres-
sion of given bands of frequencies
from the musical scale while carefully
listening to a variety of renditions.
The Bell System Technical Journal
may be consulted for information on
this subject, and Dr. Fletcher has
done a great deal of work not only
in the effects of frequency suppression
in music but also in speech and intelli-
gibility of articulation on one side, as
well as in naturalness on the other.

FIG. 4

Variation of circuit shown in Fig. 3.

no

.is the decibel.

. For the purpose of obtaining a mental

picture of the two characteristics of
pure tone, namely—pitch and inten-
sity, we have arranged a short
demonstration. First, we shall get
acquainted with the sensations of tone
produced by pure simple harmonic
tones as given by the loudspeaker
actuated from an oscillator. Here ‘we
miust take ifito accouiit tHe fact -that
even if we had a wave in whlch the
harmonics were absent, at least to
1/1000 part of the fundamental the
loudspeaker would - introduce . har-
monics due to the non-linear relations
between propelling forces and corre-
sponding displacements, ‘although for
the purposes of the demonstration
they may be considered negligible.

Having refreshed our recollections
of pitch, we will now see what are, -
our impressions of intensity. The-
unit of sound intensity which is com
monly employed in engineering. w: s
As applied to..an.
electrical circuit, it is' defined as ‘téii
times the common -logarithm of /the
ratio between two energies; as a ;
between energy entering a networ
energy coming out at.the
logarithm is positive; t
greater and the circuit i

a “gain” of so m - :
implies the presence of plifier
within the network.

As in all quantities: ng a ratio
the logarithm . of the 1 s the dif-
ference between the ms of the
numerator and d¢ Conse-
quently, when “wi there is a
gain of 8 de ply -trean
that the energy higher by

' s above a level
This is

o5 as great as
he' absolute value
.- In practice, the
softest audible - d is taken as
“zero” level and the loudest sound,
which is ‘so loud that it actually
causes pain, i§ abotit the sénsation of
one hundred decibels above the zero
level. As thé sénsation of loudness
appedrs to be a logamthmlc function,
a gain of 10 décibels, from zero to ten,
is felt about as considerable as a
change from 40 to 50. Hence, we are
going to choose an arbitrary level and
see the effect of incredsing the tone
energy by plus or minus ten or more
decibels. Here it should be noted
that the energy levels from the two
thresholds, that of inaudibility, and
that of pain caused by excessive loud-
ness, are closer together at the ex-
tremé ranges of the audible spectrum,
and for this réason a new problem
arises in réproduction. Whdt shall be
the. propér level for average intensity
of reproductioni at whichi a balance
between' bass, treble and middle regls-
ter should be reached? Thls can be
solved only by a good pair’ of phisic-
ally trained ears listening to a diver-
sity of records in the room or hall
in question.
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FIG.5

Scheme for reinforcement of high
frequencies.

Now that we have an idea of the
problems to solve, let us see what are
the inherent limitations in the records,
-particularly in discs as found at pres-
ent . in the market, In the lower
register, it is apparent that if the bass
tones were recorded following the same
 law as the middle and upper tones, the
amplitude of the waves would exceed
by many times the width of the groove,
and it would be necessary either to
make the space between grooves larger,
with' consequent reduction of the dura-
tion of the rend1t10n recorded, or the
‘outside dlameter should be greatly in-
creased. Elther of these alternatives
would be commercially impracticable ;
hence the necessity of reducing the
amphtude of the low-tone waves, In
the upper register, we also have a
hmn;a n. - which is imposed by the
ickness ' of ~the needle point which
very tapidly during the first
] .of the disc on account
pressure (at the start
ty thousand pounds per
- With a thicker point,
ot follow the very fine
n the record correspond-
> Very hlgh frequencies be-
se are smaller than the diam-
- of ‘the section of the needle that

§ ,,ga ing the record groove, and if
they ‘are ‘slightly larger the note will
und but mot with full intensity.
1ce, it is necessary to compensate
for:'this defeet.

“So far, we have seen that we must
supply somethmg that is lacking in
the record,. but we must likewise
eliminate other thlngs that are not in
the record but which’ appear in the re-
_production. Of these, two are pal-
ticularly offensive and are quite com-
mon. One is the “surface n01se” or
needle scratch, - and the other is the
resonant frequencies in the whole elec-
trical and mechanical chain that links
~the recorded wave with the air pres-
sure wave that affects the ears of the
Tistenets. In thls category we find

that acoustlc resonance in the loud-.
speaker angl in the surrounding space

_d the necessary ‘energy
pickup exitatlon to loud-

‘1. Reix "
(below 109 ¢.p.s.)

2. Reinforcement of the treble tones
(above 10()0 ¢.p.s.)

‘3. Elimination of surface noise.
4. Blimination of natural periods.

Reinforcement of the Bass Tones
(Below 100 C.P.S.)

The lowest frequencies found in
records are confined to about 50
cycles and up. Also in radio broad-
cast, rarely is there anything below
this mark, as it has been found al-
most impossible to detect the differ-
ence in quality with frequencies be-
low 50 eliminated or with them pres-
ent in the musical rendition. The
pianoforte is practically devoid of
foundation tone in its last octave, and
in the orchestra only the bass viol is
able to .give a bass with strong
fundamental below even 100. The
bass tuba is full of overtones which
are much louder than the funda-
mental in the 50-100 c.p.s. octave, al-
though nominally it should go down to
43 c.p.s. For organ music, I must ad-
mit that I would be sorry to hear it
deprived of the glorious 32-foot bass
stops, but even - then, these tones
would be missed only on rare
occasions as they are never alone, for

m

FIG.6
Grid-filament voltage is represented
by the vectors a. m.

the organists play them or should play
them always accompanied by stops
sounding omne or even two octaves
above, which are much more powerful.
It follows that for ordinary purposes,
excellent music may be obtained even
with the bass end of the scale limited
down to 50 c.p.s.

Our aim; then, should be to reinforce
the octave between 50 and 100 c.p.s.
with an amplitude increasing towards
the low end. There are several means
of accomplishing this end, but one
has been found to be extremely sim-
ple and effective, and requires but two
condensers and two chokes to be added
to the conventional two-stage trans-
former-coupled audio amplifier. The
schematic circuit of one stage is shown
in Fig. 1.

Let us consider the circuit compris-
ing the pickup with its regulating po-
tentiometer or “fader” and the con-
denser and inductance of the primary
winding of the first transformer. If
we call R the res&stance (effective) of
the pickup combination, or that of the
plate of the tube in the case of the
second stage, and if L and C are the
inductance and the capacity in the
series circuit, and if the resistance in
the coil is neghglble in comparison

93

with the reactance, the voltage across

the coil will be
e;—IwL

(1)

Where I is the current and o is the
frequency in radians, the generated
voltage will be

=1V <R+r>2+( LIy @

(00

the ratio of impressed to generated
voltage will be '

wL
e“VM\/(RJrr)“r( 1 e

and if, for simplicity, we take into ac-

count the ratios of the resistance of

the tube, R, or pickup to the react-

ance of the coil wL, or that of the
1

condenser —— at the frequency for
wC _

which they are equal, and calling this

ratio Q, then

(x)L 1
Q=RIr — oC®RID @
Calling f, the frequency for which
these reactances are equal, and desig-
nating the ratio between any fre-
quency f. to f, by n, so that f=nf,,
then the reactance of the coil at any
frequency is X=nX,=nQR, and that of
the condenser will be X=~n"'X,~n"'QR.

The gain in voltage at any frequency
between the impressed e.m.f. and the
voltage across the coil (which multi-
plied by the ratio of transformation is
the impressed voltage at the grid of
the first tube) will be given by the ex-
pression :

_ nQ
=V IT @ e

By giving numerical values to Q, we
find the corresponding values of the
gain v for various frequencies, and de-
rived the curves in Fig. 2. The abscis-
sae represent n, or ratios of any fre-
quency to the resonant frequency %,.
The first curve, marked “A,’ was cal-
culated with Q=10, while curve “B”
was obtained with Q=5. It will be
noted that the first of these two curves
will not give a very satisfactory shape
to the bass octave voltage curve be-
cause the gain is so sharp. If, how-
ever, we are content with a smaller
gain, as in curve “B,” and we follow
the first stage with a second stage hav-

®)
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ing a similar circuit, but the frequency
f, moved, say about 20 per cent, we
will obtain curve “C” in a similar
manner. If the ordinates are log-
arithmie, such as in our graphs, the
combined gain of the two stages will be
represented by the sum of the ordi-
nates of curves “B” and “C,” and this
is represented by curve “D,” which
shows a gradual increase in level from
normal’ (1:1 gain exclusive of tube
amplification) at high frequencies to
a maximum of 15 times at n=1.7 ap-
proximately. By making f£,=50 c.p.s.,
the bass range will be sufficiently
compensated for practical purposes. If,
however, the bass is too pronounced
in certain records, the curves can be
brought down. almost flat by shunt-
ing the coils with a resistance, the

X “

Rate of change of amplitude with
frequency made steeper by adding
L in series - with R and C.

values of which may vary between
R==X, and R=00.

It will be noted that it is relatively
easy to change an ordinary trans-
former-coupled amplifier to a bass com-
pensated - amplifier. All that is re-
quired is to put a parallel feed into
the plate of the tubes by means of
chokes or resistances, and insert in
series with the “P” terminal of the
transformer primary windings, a con-
denser such that 47*f*L,C=1, for £=50
in one stage and for f==60 in the
second. It is well to observe this
order, because when the first stage is
tuned to f==60, the slightest hum will
be picked up and magnified consider-
ably. Needless to say, also, that the
hum elimination becomes correspond-
ingly more difficult when a compen-
sated bass amplifier is fed from an
a-c. source, than in the case of the
straight or slightly “drooping” char-
acteristic amplifier of the commercial
types found in radio sets. In order to
show the actual effects of the bass
tone compensation, we will play an
organ and an orchestral record
through a resistance-coupled amplifier
and then through the compensated
amplifier. The organ selection is a
Prelude and Fugue by Buxtehide
played on one of the largest organs in
the world at Hamburg, Germany. The
orchestral number that follows is part
of the immortal Fifth Symphony in C
Minor of Beethoven. Another illustra-
tion is afforded by an equally great
masterpiece, Tchaikovsky’s Symphonie
Pathetique, from which- a certain pas-
sage will illustrate the dignity and

grandeur of tone coming from the low
register.

Reinforcement of the Treble Tones
(Above 1000 C.P.S.)

The high-frequency tones are not so
much reduced in relative magnitude
as the bass in the average modern
record. The lack of high-frequency
response comes, as a rule, from worn-
out needles and from stray capacities
in the windings of transformers, wir-
ing, ete. In some instances, the
records themselves are lacking bril-
liancy, and in radio sets, an excessive
selectivity may mutilate the wupper
band of the audio range. Some volume
controls of low resistance, across a
pickup, actually ruin the upper fre-
quency response.

The evil effects begin to be felt a lit-
tle above one kilocycle; hence our aim
should be gradually to raise the level
from about 1500 c.p.s. to about at
least 3000 for good articulation, or up
to 6000 for the preservation of the
overtones in instrumental music, such
as violin solos, where the individuality
of the instrument must be kept. It is
to be noted that the “apparent” loud-
ness of a musical rendition is closely
connected with the intensity of the
upper register, and to see what we
mean by that, let us play a record con-
taining brass instruments doing the
solo or at least in harmony, such as
the second part of the “Gotterdam-
merung”’ from the opera, “Siegfried”
by Richard Wagner. It will be noted
that the extreme brilliancy of the over-
tones of the trumpets make up for the
power of this musical passage. Play-
ing it over with the overtones well
subdued, the difference in power can
be appreciated.

There are many ways of reinforcing
the high tones, but amongst the sim-
plest expedients are two which have
several advantages:

(a) By suitable transformer design.

(b) By separate transformer to
boost frequencies above a given value.

The first method (a) has fixed
characteristics and hence it is not ad-
justable. The second (b) is adjust-
able and it may be given any pre-as-
signed shape.

In the first method (a) advantage is
taken of the leakage reactance and dis-
tributed capacity in the transformer
windings. Fig. 3 represents the equiva-
lent circuit. If L. is about 10 times
Ly, and C: is about the same value as
Cy, which is the ordinary case in inter-
stage transformers, we can ignore,
without serious error, C: and I, and

R L
‘-2 <r-\
P
T [
FIG.9
Ratio of generated to impressed
voltages.
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consider the circuit 1% L. C. as one
in which an e.m.f. is generated across

*» which is common to primary and
secondary (M) and the resonant ecir-
cuit L. G, will allow maximum cur-
1

rent flow when f— and as

277\/.1'1202

there is an effective resistance R® not
shown in the circuit, it will be seen
that we can reduce the circuit of Fig.
3, to the schematic circuit of Fig. 4,
which is of the same type as the bass
boosting arrangement previously dis-
cussed but with different character-
istics. There are many transformers
in the market that have a treble boost-
ing characteristic when suitably util-
ized. :

The second means (b) for the re-
inforcement of high frequencies, which
requires a minimum of additional ap-
paratus, is shoewn schematically in Fig.
5. It will be noted that the impressed
voltage between grid and filament of
the first tube consists of two compon-
ents; one which is practically constant
in magnitude at all frequencies above
the middle register and is in phase
with the generatel voltage, and
another component which varies rapid-
ly with the frequency and comes from
the circuit comprising a resistance and
a condenser. The same em.f. is im-
pressed across. the condenser and re-
sistance CR as it is across the choke
L' (which may be the primary of.
an audio transformer) neglecting the
small reactance of the condenser C.
which, by the way, serves the purpose
of reinforcing the bass as discussed in
Section 1. If we make a veector dia-
gram of these e.m.f.’s, it will be noted
that the locus of the voltage across the
condenser or across the resistance will
move in a circle, since at point m the
vectors are always at 90 degrees with
respect to each other, and the impress-
ed voltage is constant. Now, if the cir-
cle is drawn at a scale equal to the
ratio of transformation the voltage
from grid to filament will be repre-
sented by the vectors am. in Fig. 6.
The frequency will be given by the
tangent of the angle which is %4fCR.
Using a ratio of 3/1 for T, the graph
that represents the relation between
B, and £, expressed in terms of n=f/f,
is given in Fig. 7, Graph A.

It will be mnoted that the rate of
change of amplitude with frequency
is not sufficiently steep to accomplish
the desired results. To make it
steeper, an inductance introduced in
series with R and C as in Fig. 8 will
change the shape of curve A, Fig. 7,
and will be represented by curve B,
Fig. 7. There is no need of a physi-
cally separate coil; the leakage react-
ance of the transformer whey properly
chosen may accomplish similar results
in practice. The control of the extent
to which the treble tones are thus
magnified is effected by providing the
resistance R with a sliding arm like a
potentiometer and connecting the trans-
former as in Fig. 8. It will be noted
that only when the potentiometer con-
tact includes all the resistance the
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vector diagrams hold true, but at other
intermediate points, the steepness of
the curve will be smaller. This is no
serious objection, since, after all, when
the arm is moved so as to reduce the
effect of the treble “booster,” we do
not care particularly to emphasize too
much a certain part of the scale since
we do not need to. The steepness of
the curve is determined by the ratio
Q=X,/R and the amount that will
overamplify the treble will depend
upon the ratio of transformation. In
practice, a 3/1 ratio is quite sufficient,
and curve C, Fig. 7 has been deter-
mined and plotted with that ratio and
with Q=3.

Elimination of Surface Noises

The elimination of surface noises is a
rather difficult problem because they
consist mostly of ‘excitation, impress-
ing sharp mechanical shocks to the
moving element in the pickup. Hence,
any mechanical or electrical system in
the whole chain which is not periodic
will oscillate and that will result in
surface noises. There are‘some other
noises - which ‘come from forced vibra-
tions due to mherent 1r1egu1ar1t1es in
the ‘“grain” of the:disec. These are al-
most impossible . to. eliminate wunless a
good portion of the upper register is
sacrificed, and - we -have to look for
further improvements in the: process of
manufacture of dises: and. in chemistry
of the substances wused. The natural
oscillations oceur at frequenmes in the
0 :eycles. in~ most
There seem to-be several bands

t. it~ has been found
1p -around the
“suppressed, over
volume of surface

neighborhood of ’
cases.

! ,;at W111 reduce cons1der-
ably 3700 eycles plus or minus six per
cent in:each side will eliminate a lot
of surface noise without wiping off the
entire- octave from ‘about 2500 to 5000

Seipissas often: ‘happens: with condensers
shunting the :grid or plate circuits of
the amplifier tubes or the output to
the dynamic speaker. The elimination
of only three notes is hardly noticeable
because these high frequencies occur
practically in all- instances as over-
tones and very rarely as solo tones.
Therefore the color of the tone of a
few notes will suffer to some extent,
while the neighboring notes contain all
their overtones, and it will be quite
difficult even to a trained musician to
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FIG. 1A
Band elimination by series tuned
traps.

distinguish when these three frequen-
cies are present or when they are sup-
pressed in a rendition even of the best
of the classics.

The result of a tuned shunt is well-
known in its mathematics. We will
point out only a way in which the de-
sign of the coil and condenser may be
readily obtained. If we call R the re-
sistance of the source (tube or pickup),
Fig. 9, the resistance P of the resonat-
ing shunt (of which practically all is
in the coil) X, the reactance of the
coil for a frequency f,, such that
4 ¢ *° L.C=1, and calling f/f,=n, as
before, the ratio of the generated to
impressed voltages e; and e., Fig. 9,
will be

e VR F (oL—wliCe

& VRIPET (oL Xl
and in terms of the ratios of initial

reactance X, to resistances which we
shall call Q=X,/R and ¢—=X,/r

S ‘/ Q*F (@ —n"e

QT+ F @—n)
By giving numerical values to Q and
q, we have obtained the curves in Fig.
10. It will be seen that the shape is
controlled mostly by Q and the reduc-
ing effect by q, although both of them
contribute to the sharpness as well as
to the magnitude of the effect. In this
graph, the ordinates represent the volt-
age ratio v in decibels below normal
level, and the abscissae are in terms of
frequency ratios, £/f,. By making f,
about 3700 c.p.s. the best results will
be obtained for the suppression of sur-
face noises with the pickups that were
used in the experiments, but it is safe
to say that for most pickups the fre-
quency under consideration will not
differ materially. It is possible that
for best results one or more tuned
shunts should be employed, but in the
majority of instances one is quite suf-
ficient.

The -elimination of single fre-
quencies, or narrow bands; can be ac-
complished as well by series tuned
traps, Fig. 11, or by combinations of
series and shunt circuits forming T
or sections. ‘The calculations for a
series rejector are too well-known to
insist upon them, but unless such cir-
cuits are used where current is drawn

and not merely potential, as when used
between tubes, they will accomplish
very little or nothing, The best place
for series traps is either between the
pickup and input network or between
the output of the amplifier and the
speaker. If the inductor is provided
with taps, the effect may be increased
or diminished by changing the tap
without affecting the tuning, as shown
in Fig. 11-A.

Elimination of Natural Periods

The suppression of resonating fre-
quencies, whether due mostly to de-~
fects in the speaker or to poor acoustic
conditions, presents a very similar
problem to that of the elimination .of
surface noises. In the case of the
scratch noise, the frequencies should
be practically wiped out, whereas in
the case of the resonance problem they
should only be reduced in magnitude to
such an extent that they will come
at the same level ‘as the neighboring
frequencies. In shape, the acoustic
resonance graph is similar to the tun-
ing characteristics of radio sets, and
although not so sharp-as the combined
effect of several r-f. stages, it may be
sharper than a single stage of tuned
r-f.

The calculations for the design of a
tuned shunt are exactly the same as
in the case of the scratch elimination
shunts; the proper proportions of ¢
and Q should be chosen. However,

for a given shunt which may take care

?

FiG.1I

Inductor provided with taps.

of the most severe cases, (and by
severe is meant sharp resonance), the
effect can be at the same time sub-
dued as well as broadened by the in-
sertion of series resistance. It will
be noted that the magnitude and the
sharpness go hand in hand in the case
of the acoustic resonance, for the
sharper the resonance of the mechan--
ical system, whether coming from the
properties of the loudspeaker alone or
from resonating spaces near it or in
the room itself, the greater the max-
imum amplitude or resomance will be.
So it is with the tuned shunt; the
smaller the resistance within the
shunt, the greater the short circuiting
effect that it will possess for the se-
lected frequency, and the smaller the
effect (relatively speaking) on the
neighboring frequencies.

Up to the present we have seen how
an existing amplifier may be given the
desired characteristics to compensate
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for the deficiencies in the processes of
recording and reproducing. It is well
to show how easy it is to build an
amplifier containing all the features
that we have described, and which will
have sufficient gain for ordinary pur-
poses. Fig. 12 represents an amplifier
designed to operate from a phonograph
pickup to an output of about 15 watts.
The phonograph pickup P delivers its
voltage to a constant resistance ‘“fader”
made of three resistances, r, v’ and r”,
and immediately a scratch shunt 1c
follows. The first stage contains a
transformer with series condenser C:
and shunt resistance R: for the purpose
of controlling the bass reinforcement
and regulating the amount of this gain,
The dotted lines in the secondary cir-
cuit represent the leakage inductance
and the distributed capacity of the
secondary, which by suitable trans-
former design may be made to rein-

force the upper register. To control
the gain in this part of the scale, a re-
sistance R:' with a condenser C4 in
series with it may shunt the secondary.

The second stage contains substan-
tially the same apparatus but the fre-
quencies to which the capacities and
inductances are adjusted should be

" about 10 to 15 per cent different from

the values used in the first stage for
reasons discussed in section 1. The
push-pull stage contains only a series
condenser which will rveinforce the
bass. It is left without control be-
cause all records are deficient in bass
and therefore there is no need of re-
ducing the little gain which it brings
in.

The resonance of the natural periods
of the speakers or of the auditorium
are corrected by means of shunt traps
S: 8: in the output circuit of the am-
plifier where they belong, since these
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‘to feed the plates of .the

natural periods vary in dlfferént locali-
ties and they may be totally absent, at

»least appreciably, in many pla,ces It
_will be noted that they can be ad;usted

in frequeney by varying the number of
turns mcIuded in the condenser cir-
cmt and in attenuatlon factor by
varying the number of turns ‘included
in the conneotlon to the line. The tubeb

rare of the s-eparately heated cathode

type the’ heater circuits of “'whic
not shown. The four sectlon electro-
Iytic conden%er with two 8 and tWo 18
mlcrofarad sections is  of standard
make and will take care of the low

- tension filtering and by-passmg The

chokes and resistances will act as suffi-
cient filtering series elements even in =
the case of high gain 60 cycle ampllﬁ- :
cation. Care must be “exercised to
avoid magnenc mterllnkage between‘
1nterstage transformers and the power
transformer and choke, as a- very
small amount of mduct),on will be

and 111ustrated is sumlar in :néture

whether the audlo frequencies come-
from a pickup, a photocell or the .de-
In com-

tector tube of a radio set..
mercial applications, the chol

may be substituted by r
long as a high voltage source
able, which is the most- ge
even when —45 type tube, are placed
in the power stage. By sult ible selec-
tion of thickness of Iammatlons and
arrangement of the windings of the
interstage transformers, the controllmg
resistances Ri, R%:, R. RS may be
eliminated, but the performance of tli¢
amplifier. will be fixed and not ad-
justable, which, by ‘taking averige
conditions, may be acceptable in less
expensive amplifiers.
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IN hlghly efficient antenna systems when

it is especially desired to minimize ab-
sorption of electrical energy at points of
support, Isolantite insulators are particu-
larly valuable. An unusually low loss factor
and a completely vitrified non-porous body
immediately recommend Isolantite for this
service. Insulators types 752 to 785 meet
these electrical requirements when accom-
panied by moderate mechanical loads and
voltages. For lower voltages and less strain
at snpporting points smaller insulators are
recommended.

A complete assortment of Isolantite an-
tenna insulators for use in insulating trans-
mission lines, for lead-in applications and a
variety of suspension purposes are de-
scribed in bulletin No. 100D. A copy will
be sent upon request.

y of America,Inc——

- FTH AVENUE, NEW YORK CITY
‘Eééiory»~ Belleville, N. J.
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nuscripts should be. sub-
typéwriiten, doublé-spaced,
to the Chairman of the Papers
Committee.* In case of accept-
ance, the final draft of the article
should be in the hands of the
Chairman on or before the date of
eli ”ry of the paper before the

§h‘ou"lyd' invari-
black ink- on: white
actg éloth. Blueprints

are inacceptable.

SUGGESTIONS TO CONTRIBUTORS

3. Corrected galley proofs should
be returned, within 12 hours to the
office of publication. Additions or
major corrections cannot be made
in an article at thls time.

4. Abriefs summary of the paper,
embodying the major conclusions,

is des‘irable

5. The Club reserves tlié right of
_declslon on the publication of any

. paper which may be read before
the Club

Papers Commaytee is Mr. F. X.
Rettenmeyer, 463 West Street,
New York City.
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[CONTINENTAL RADID

CORPORATION

OUR SERVICES ARE AT
YOUR COMMAND

Vo
Qv

The pioneer house of Continental is glad to place its
extensive merchandising facilities at the command of the
buyers, engineers, and other members of the Radio Club
of America. Through this dependable service, built up
during years of steady growth, Continental is able to
recommend members to reliable dealers in their districts
or to arrange for securing such radio materials and mer-
chandise as they need.

The names of dealers in your vicinity and any other
information you may desire will be cheerfully supplied
on request.

Continental Radio Corporation
160 Varick Street . New York City
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PHONOVOX
RHEOSTATS
AUTO-PLUGS
AUDIO CHOKES
TRANSFORMERS
CUSHION SOCKETS
POWER AMPLIFIERS
PHONOVOX CHASSIS
DUO LATERAL COILS
CONE SPEAKER UNIT
ANTI-CAPACITY JACKS
DUO LATERAL COIL MOUNTS
ELECTRIC PICK-UP BOOSTER

— ELECTRIC PHONOGRAPH MOTOR

ore than twenty yéars Pacent has been
neer in radio and electric sound reproduc-
Today a highly trained staff of engineers
at ready to serve you in your soun& repro&’uctlon
problerns '

PACENT ELECTRIC COMPANY
91 Seventh atimzre, N-%W;vark, N. Y.

e Manufacturing Llcensee for Great %mtam and Ireland Igranic
Flectrlc Co., Ltd,, Bedford England. Licensee for Canada: White
‘Radio Limited, Hamilton, Ont.
I Sales Representatives located in principle cities
throughout the World
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Amy, Aceves & King, Inc.

Consul ting Engineers

Office Labotatory
55 West 42nd Street 91 Seventh Avenue
New York City New York City

Research, development and design in radio,
acoustics, television, talking pictures,
and other arts closely allied to radio

One of our recent developments
is
The Multicoupler Antenna System

for apartment houses

This system comprises a well designed and suitably located
common or group antenna, provided with a downlead to
which as many as thirty radio receivers may be connected
by means of specially designed coupling devices, known as
multicouplers. The reception of each radio set is excellent,
whether one or thirty sets are connected to the common
antenna. It may readily be installed either in a finished
building or one in course of construction.

The Multlcoupler Antenna System is the sign of con-
venience, safety -and service to the tenant; progress and
: prospenty on the part of the owner.
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