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7 Claims.

My invention relates to that type of tone con-
trol in which the relation between the high and
low frequencies is adjusted throughout the entire
frequency band to be controlled by adjustment of

5 a single adjustable element. It is adapted par-
ticularly for use in connection with the audio
amplifiers of radio receivers where it is highly
useful for tone control purposes. One of its .ob-
jects is to effect certain improvements in such
tone controls whereby improved relations be-
tween the intensities of the high and low fre-
quency currents transmitted are obtained over
the various adjustments of the adjustable ele-
ment while, at the same time, the apparent audio
output level is nct materially affected by adjust-
ment of said element.

It is a still further object of my invention to
provide such an attenuation means which com-
prises a circuit having relatively few and simple
parts and which may be constructed and incor-
porated in a 51gna1 transmission system at a low
cost.

The novel features which are considered char-
acteristic of my invention are set forth with par-
ticularity in the appended claims. The inven-
tion itself, however, both as to its organization
and method of operation together with additional
objects and advantages thereof may best be un-
derstood from the following description taken in
connection with the accompanying drawings in
which Fig. 1 illustrates a circuit embodying my
invention; Fig. 2 is a diagram showing the vector
relations of the electrical quantities therein; Fig.
3 illustrates certain operating characteristics of
my invention; Fig. 4 illustrates a modification of
my invention; Fig. 5 is a diagram similar to Fig.
2; Fig. 6 illustrates certain operating character-
istics of the embodiment of Fig. 4; Fig. 7 shows
another modification of my invention; Fig. 8 is a
diagram similar to Fig. 2; and Fig. 9 illustrates
certain operating characteristics of the embodi-
ment of Fig. 7.

Referring to Fig. 1, an electron discharge am-
plifier device 1 is illustrated as coupled to a suit-
able source of audio frequency currents, which is
represented by a suitable input transformer 2.
This transformer may, for example, be suitably
connected to the output of a radio receiver. In-
stead of the transformer 2, any suitable type of
coupling to a source of audio frequency signals
may be used. The anode 3 of the electron dis-
charge device § is connected to a suitable source
of positive potential through a resistor 4 and is
also connected by a coupling condenser 5 to a
point § in a bridge circuit designated generally
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by 1. This bridge circuit comprises resistors 8
and $ in -opposite arms of the bridge 7 and con-
densers 16 and 11 in the remaining opposite arms
of the bridge 1. Point 12, which is opposite the
above-mentioned point 6 on the bridge 7, is
grounded to provide a suitable current return
path to the cathode of the -electron discharge
device {. The remaining points 13 and. 14 of the
bridge 1 are connected by a high resistance po-
tentiometer 15. A movable contact 16 is pro-
vided for this potentiometer 15 and is connected
to the grid of the electron discharge -device 117,
which .4n turn delivers amplified current to a
suitgble transformer (8 from which output sig-
nals may be taken. The cathode of the electron
discharge device 17 is suitably grounded through
a bypassed cathode resistor. The grid of the
device {7 .assumes a potential determined by the
bias voltage on the cathode resistor and by volt-
age developed between point 12 of the bridge 1
and the movable contact 16.

The resistors 8 and 9 may be of approximately
equal value and the capacities of condensers [0
and {1 may also be of approximately equal value.
The reactance of condensers 10 and [l at some
intermediate frequency in the band of frequencies
to be transmitted should be equal to the resist-
ance values of the resistors 8 and 9. In a par-
ticular case, in which fhe invention was employed
in ‘a radio receiver, it was assumed that a fre-
quency ‘of 400 cycles is approximately -at the
weighted midpoint of the normal frequency char-
acteristic. Resistors 8 and 9 were made 40,000
ohms, while the value of condensers (0 and (i
was made 0.01 microfarad. The value.of resistor
15 may be about 2 megohms. ' It should be noted
that the value of resistor 4 should be somewhat
less than the values of the resistors 8 and.9, par-
ticularly if the anode-cathode impedance of de-
vice | is high. This relation of values is desir-
able in order to maintain the response at point
¢ fairly constant. - The values of the componént
parts are given purely by way of example and
are intended to be merely illustrative. Other
values, which may be calculated by well known
methods, should be employed where selective at-
tenuation is desired in other frequency ranges or
for other mid-frequencies.

In operation it may be seen that with movable
éontact 16 in the left-hand position, marked ain
Fig. 1, the grid and the cathode of electron dis-
charge device |7 are connected together through
condenser 11, which provides a low reactance to
high frequencies and a high reactance to low fre-
quencies. - Since condenser {1 is substantially a
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short circuit for high frequencies, it maintains
the grid of device {1 substantially at the potential
of point 12 of bridge 7 or, in other words, near
cathode potential for ‘high frequencies. Con-
denser [l has a high reactance for low fre-
quencies and the major portion of the low fre-
quency voltage appears across it and directly in-
fluences the grid of device 1. 'Thus in this posi-
tion the high frequency voltage is transmitted in
slight amount and the low frequency voltage is
transmitted in large amount.

If the movable contact 16 be placed in the: -

right-hand position, marked e in Fig. 1, the grid

of electron discharge device {71 will be connected

by condenser 10 to point 6 of the bridge T which is

substantially at the alternating voltage of plate 3 -

of electron discharge device I. Condenser 10 will
maintain the grid of electron discharge device {7

substantially at the potential of point 6 of the.

bridge T for high frequencies, since condenser-10
is ;substantially a short circuit for high fre-
quencies and the major portion of the high fre-
quency voltage - will appear across resistor 9.
Condenser 10 has a high reactance for low fre-
quencies and the major portion of the low fre-
quency voltage will appear across it and thus will
not affect the grid of device 17, ‘Thus in. this
position of movable contact 16 the high fre-
quency -voltage. is transmitted in large amount
and the low frequency voltage is transmitted in

* small amount,

35

. 'When the movable contact 16 is in position ¢
at the center of potentiometer 5, the high fre-
quency current principally follows the path from
point 6 through condenser 10, potentiometer I35,

" and condenser Il to.point 12 so that approxi-
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mately one-half the total available high frequen-
cy voltage supplied from point 6 appears on the
grid of electron discharge device 11, The low fre-
quency current from point 6 principally follows
the path through resistor 8, potentiometer 15,
and resistor 9 to point 12. The low frequency
voltage supplied to the grid of device {7 thus also
is .about one-half the. total available low: fre-
quency voltage between points 6 and 12. Thus in
this position of movable contact .16 the high fre-
quency and the low frequency voltages are trans-
mitted in equal amounts and the response is uni-
form over the frequency range. ..

In positions b and d of movable contact 16 ef-
fects are obtained similar to the effects obtained
at positions a-and e respectively, but in smaller
proportion.

JFig. 2 is a diagram showmg the vector relatmns
of the voltages and currents appearing in the
bridge. of Fig.'1 at the fréquency of 400 cycles.
‘While the analysis represented by this diagram
is not rigorous it is sufficient for practical pur-
poses.. It is assumed that no .current fows
through potentiometer 15, and thus that the cur-
rent through the resistor 8 is equal to the current
through. the condenser i1 and that the current
through condenser. 10 is equal to the current
through.resistor.9. This is not strictly true; since
for extremely low frequencies a small.current
flows .through the high resistance potentiometer
15.. However, :since . potentiometer I5 is much
larger than resistors 8 and 9, the assumption
leads to sufficiently accurate results in the nor-
mal frequency. range. Point {2 of this bridge
may -be considered -as the: origin.. 'The vector
marked: Is represents the current through either
1e51stor 8 or-condenser 10, and the vector marked
E represents the voltage between points 12 and
§ of the bridge. It will be understood that Is may
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represent the current through either side of the
bridge, since the impedance is equal through
either path from point 12 to point 6. Vector Eg
represents the voltage across resistor 8 and ex-
tends from the origin to point 14. Vector Esp is
in phase with vector Is since it represents the
voltage drop across a pure resistance. Vector
B0 -lags vector Is by 90 degrees since it repre-
sents :the voltage drop across a:condenser. This
vector extends from point 14 to point 6. Vector
E extends betwen point 12 and point 6.

Considering the other arm of the bridge, vec-
tor Eu:lags vector Is by 90 degrees and extends
from point 12 to point 13. Vector Es is in phase
with vector Is:and extends from point (3 to point
6. The diameter of the circle extending from
point 13 to point 14 represents the two voltages

..across. potentiometer 15. It will be noted that

the response of the bridge may be determined
from this vector diagram by rotating this diam-
eter. so that the: voltage vectors meeting at its
ends.are accordingly varied.  If the diameter be
rotated clockwise, as indicated by the arrows, the
diagram. represents higher frequencies than 400
cycles. . As point {3 approaches point 12 the fre-
quency.;approaches infinity. Conversely, if the
diameter be:rotated. counterclockwise, the dia-
gram . represents frequenc1es lower than 400
cycles. .

The vector Eg extends from pomt 12 to a point
on. the . diameter betwen points 13 and 14 and
represents.the voltage applied to the grid of de-
vice [17.. Points:along the diameter 13—Ii4 are
represented in.the same way as. in Fig. 1 by cor-
responding :small letters. . It will be seen that
with the potentiometer contact at position ¢ the
voltage vector: Eg will rémain fixed for any angu-
lar: position of the diameter 13—I(4, that is, for
any frequency.. For position a of the contact the
vector Eg will be coincident with the vector Eu
and hence will be small for high frequencies and
large for: low frequencies, If the contact be
placed’ at. position e, the converse will be true,
since. the vector: Eg will be: coincident with the
vector Ep, It.will be seen that at any intermedi-
ate position b or d, effects are obtained similar to
the effects obtained at positions ¢ and e respec-
tively, but insmaller proportion,

It has been assumed above that the locus of the
points 13 and . I4 in the vector diagram, as fre-
quency varies, is the circle between points 12 and
6. .The validity of this assumption may. be de-
termined easily if. it be remembered that under
the specified ‘conditions, with potentiometer re-
sistance 15 much larger than resistors 8 and 9,
the vectors Eg and Eio must lie at right angles to
each other because they represent voltages across
a resistor and a condenser respectively,:and they
must form:the two:legs of a triangle whose hy-
potenuse is the vector E. . The locus of the corner
14 of the triangle formed by these vectors is'then,
of course, a semi-circle.

- Pig. 3 illustrates certain opelatlng character-
istics of the receiver shown in Fig. 1. The volt-
age transmitted through the bridge, assuming a
constant voltage. is-applied thereto, is plotted as
ordinate -and: frequency is plotted as abscissa.
Curve. A represents the amount of voltage trans-
mltted at various-frequencies when movable con-
tact 16 of Fig: 1-is in ‘position a. The voltage
transmitted at low frequencies is large-and that
at high frequencies. is a small portion of that ap-
plied to the bridge. - Curve B illustrates the re-
sponse at position b of contact 16. The low fre-
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eurve A and the high frequency voltage trans-
mitted is greater than that for curve A. Curve

C illustrates the response when movable contact

16 of Fig. 1 is in the mid-position ¢. The voltage
transmission at this position is the same for any
frequency. Curves D and E correspond respec-
tively to positions d and e of contact 16 in Fig, 1.
It will be seen that they are the inverse of curves
B and A respectively.

It will be noted that the voltage at the mid-
frequency, which in the particular case described
was 400 cycles, is not transmitted with equal at-
tenuation for any position of the movable con-
tact 16. It may be seen clearly that this follows
from the vector diagram of Fig. 2 in which the
diameter 13—18, as shown, is in correct position
for 400 cycles. If the contact be moved from
position @ through-position ¢ to position e the
voltage will first decrease to a minimum at posi-
tion ¢ and then increase to a value at position e
equal to its original value at position a. It will
be noted in Fig. 3 that the curves a and ¢ cross
at about 71 per cent voltage transmission, as may
be deduced from the vector diagram of Fig, 2.

In Fig. 4 is shown a modification of the circuit
of Fig. 1 wherein resistor 8, which forms one arm
of the bridge 1, is placed in series with resistor

- 19 to connect the plate 3 of electron discharge

device | to a suitable source of positive potential.
A blocking condenser 28 is placed in series with
potentiometer 15 between point i3 of the bridge
and the potentiometer {5 in order to prevent the
plate voltage of the electron discharge device 1
from interfering with the grid bias of electron
discharge device {7. Resistor 1§ must be made
large compared with resistor 8 to permit the volt-
age response at position a to follow the desired
curve. Other than these changes the bridge is
the same as that shown in Fig. 1 and its opera-
tion is practically identical.

It may be desired to obtain a transmission char-
acteristic different from that shown in Fig. 3. ' As
was noted in connection with that figure, the
voltage transmission at 400 cycles varies consid-
erably when the potentiometer contact is moved
from one extreme to the other. At the extreme
positions of the contact the voltage transmission
is about 71 per cent at 400 cycles. It may be de-
sired to reduce this to a smaller value, for ex~
ample, 50 per cent. This may be accomplished
conveniently by changing the values of the con-
densers {8 and i in the bridge circuit as shown
in Fig. 1. To achieve values of 50 per cent volt-
age transmission for 400 cycles at contact posi-
tions o and e the capacity of condenser 18 should
be reduced in the ratio of 1/v3 or to about 53
per cent of the value required to make the re-
actance of condenser 10 equal to the value of re-
sistors 8 and 9 at 400 cycles. The value of the
condenser |!{ must accordingly be increased by
V3 times the value indicated as used in Fig. 1,
or to about 173 per cent of its original value. The
value of resistors 8 and 9 is thus the geometric
mean beiween the values of condensers 10 and
{1. In making a change of this nature the prod-
uct RsRoeC10C1: should be constant, where Rs and
Rg are the values of resistors 8 and 9 and where
Ci0 and Cu are the values of condensers 19 and
{1 respectively. It is obvicus therefore that in-
stead of changing the values of condensers 10
and 11, the values of resistors 8 and 9 may be
changed according to the above relation, or the
values of both condensers and resistors may be
changed. It is also possible to use other types
of impedance to obtain the same results, Other

3
relations between the values of the impedances
may be used to obtain any desired operating char-
acteristic. .

Fig. 5 is a vector diagram illustrating the volt-
ages and currents appearing in the type of bridge
shown .in Fig. 1, modified by having condenser
10 reduced and condenser if increased in ca-
pacity in reciprocal relation. In this diagram the
notation is the same as has been used before in
Fig. 2. The vectors shown are those existing at
the mid-frequency, 400 cycles. That the desired
result is obtained may be seen from an analysis
of this diagram. In the contact positions e ande,
vector Eg is coincident with vector Eu and Es re-
spectively. It may be seen by geometrical analysis
that vectors Eu and Es are one-half of vector E.
It will be remembered that the current Iio flows
through resistor 8 and condenser 8. Since the
capacity of condenser 10 is now 1/v3 of its former
value, its reactance is \/3 times as large as that
of resistor 9. Hence voltage Eio is V3 times the
value of voltage Eo. The only configuration which
will satisfy this condition is a right triangle hav-
ing a 60 degree angle between vectors Eg and E.
It is thus obvious that Ey is one-half as large as
E. Similar reasoning will prove that the phase
angle between vector Eiz and E is also 60 degrees,
and that Eu is one-half as large as E.

Fig. 6 illustrates the operating characteristics
of the circuit of Fig. 1 as modified by making con-
densers {8 and {1 unequal. As in Fig. 3, the volt-
age fransmitted through the bridge is plotted as

. ordinate and frequency is plotted as abscissa.

Curve A represents the amount of voltage trans-
mitted at various frequencies when the potenti-
ometer contact is in position g, and likewise curves
C and E represent the same functions for pesi-
tions ¢ and e. It will be noted, as indicated by
curve C, that the voltage transmission for posi-
tion ¢ on potentiometer {9 is not now the same
for any frequency, but that there is a smaller
voltage transmission at mid-frequency than at
the low and high frequency ends of the trans-
mission band. It may be highly desirable to ob-
tain such a transmission characteristic in certain
types of apparatus when it be considered that
the aural response is a maximum at some mid-
frequency in the audio range and drops off con-
siderably at the low and high frequency ends of
this range. This peciliar characteristic may also
be used to aid in the faithful reproduction of
audio frequency signals which are transmitted
through apparatus having a greater voltage
transmission at some mid-frequency than at the
low and high frequency ends of the audic band.
In PFig. 7 an additional modification of the
bridge circuit of Fig. 1 is illustrated. In this
bridge the impedances of the four arms at 400
cycles are equal as was the case in Fig. 1. The
only change lies in the addition of a resistance
21 between the mid-point or electrical center of
potentiometer 15 and point 6 of the bridge. It
will ke found that the addition of this resistance
21 changes the curves as shown in Fig. 3 prineci-
pally by raising eurve C from 50 per cent through-
out its length to some value greater than 50 per
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cent. It may be desired to raise this curve C to -

71 per cent throughout its length, and at the
same time to make curves B and D cross near 70
per cent. This may be done by choosing a suit-
able ratio between the value of resistance 21 and
potentiometer §5. A suitable value in such a
case for resistance 214 is about 707,000 ohms, if
the value of potentiometer {8 be made about 2
megohms, ‘
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This may be seen to be true by the following
calculations. -Let R _be the resistance of either
half of pofentiometer {5 and let S be the value
of resistance 21i. At extreme frequencies near
zero or.infinity the impedance :values of con-
densers 10 and 1! will be either so high or so low
as to be negligible. At either extreme frequency
practically the entire voltage between points 12
and 6 will exist across a network including po-
tentiometer 15 and resistor 21, because resistors
8 and 9 are relatively small and can be neglected.
Therefore, for either extreme frequency, one may
calculate the conditions for this network in which
resistors R and S in parallel are connected in
series-to a resistor R. Since we wish the voltage
acress the series R part of the net to be 71 per
cent of the applied voltage across the net, we
may determine the desired ratio of the resistors
R and S by the following formula:

I
RS
S will be found equal to 0.707R.

Fig. 8 is a vector diagram illustrating the vector
relations of the currents and. voltages appearing
in the modification shown in Fig. 7. The nota-
tion used in this diagram is the same as that used
above. Calculations indicate that the vector Eg
tends to remain constant for any position of the
potentiometer contact 16, and that for position ¢
the vector Eg is constant at any frequency.

=0.707

Fig. 9 illustrates the operating characteristic

of the modification shown in Fig. 7. The voltage
transmitied through the bridge is plotted as or-
dinate and frequency is plotted as abscissa. It
may be noted that these curves are very similar
to the curves of Fig. 3 except that the response
at 400 cycles is very nearly the same for any posi-
tion of the potentiometer confact. As before
curve C shows that the voltage transmitted is
constant at any frequency when the potentiom-
eter contact is in mid-position c.

This modification of my invention is especially
desirable because subsfantially uniform response
at the mid-frequency is obtained thereby, which
is quite suitable for the usual application of this
control in radio receivers.
curves of Fig. 9 will show that they are not sym-
metrical about the curve C.. Obviously, this
asymmetry may be adjusted in any desired way
by approximate selection of values for the bridge
arms. . The asymmetry may be reversed about
curve C by connecting resistor 21 to point 12 in-
stead of point 8,  The asymmetry shown in Fig. 9
may be very desirable in certain applications of
this control where, for example, it is designed to
reduce the low frequency response more than the
increase in high frequency response or conversely.

It should be understood that the attenuation
means of the present example is not necessarily
limited to any particular range of frequencies,
although it is preferably applicable to audio fre-
quencies and in circuit with an audio frequency
amplifier substantially as shown. The attenua-
tion means herein shown may be applied across
any audio frequency or other signal transmission

It will be obvious from the description taken
in connection with the accompanying figure that
an attentuation means is provided which is easily
designed to deliver a substantially constant ap-
parent sound level, and in which the relation
between the various frequency components may
be varied widely. Since the devices of the par-
ticular types described comprise only resistors

Inspection of the
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and capacitors, they may be constructed very

cheaply. The arrangement is of great simplicity,

since the movable contact 16 is the only control
provided. . g :
. 'While. I -have shown a particular embodiment
of my invention, it will, of course; be understood
that I do not wish to be limited thereto, since
different modifications may be made both in the
circuit arrangement and instrumentalities em-
ployed, and I contemplate by the appended claims
to.cover any such-modifications as fall within the
true spirit and scope of my invention.

.What I claim as new and desire to secure by
Letters Patent of the United States is: )

1.-In a tone control circuit for signal receiving
systems comprising an electron discharge am-
plifier having .cathode and plate electrodes, and

~an.output circuit including a resistor and a source

of operating potential connected to the plate and
cathode: of said electron discharge amplifier, said
resistor forming one arm of a bridge in which
the opposite arm includes a resistor and the two
remaining arms each include a condenser, a third
condenser having one ferminal connected to that
corner of said bridge between said resistor and
said source and having the other terminal con-
nected to a potentiometer, the other terminal of
said potentiometer being connected to the oppo-
site corner of said bridge, a contact movable along

- said potentiometer; and an outpuf circuit con-

nected to said movable contact and to the remain-
ing corner of said bridge.

2. The combination of a signal transmission
circuit and a tone control network connected
thereto, said network' comprising a bridge cir-
cuit, an input circuit having a pair of terminals
connected to.two opposite corners of said bridge,
the opposite arms of said bridge being identical
impedances and the adjacent arms being unlike
impedances, a variable voltage divider connected
between the two remaining opposite corners of
said bridge, an output circuit connected to the
division point.of said variable voltage divider and
to one of said terminals, and an impedance con-
nected between the electrical center of said var-
lable voltage divider and the other of said input
terminals, thereby to increase the voltage of an
intermediate frequency supplied. to said output
circuit at intermediate positions of said division
point.

3. The combination of a signal transmission
circuit “and a tone control network connected
thereto, said network comprising a bridge circuit,
an input circuit connected to two opposite cor-
ners: of said bridge, the opposite arms of said
bridge -being impedances of like character, and
the adjacent arms being impedances of unlike
character, two of said like impedances being un-
equal in magnitude and the other two said like
impedances -being  equal in magnitude and of
such value as to be.a geometric mean between
said first two:like impedances, a variable volt-
age divider connected between the two remain-
ing opposite corners of said bridge, and an out-
put circuit connected to the division point of said
variable voltage divider and to one of said input
terminals.

4. In an attenuation network, a bridge having
an input circuit connected to two opposite cor-
ners -thereof, two opposite arms of the bridge
having equal resistances, and the two remaining
arms -comprising condensers, a  potentiometer
having an adjustable tap and being connected be-
tween the two remaining opposite corners of said
bridge, an output circuit connected between said
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tap and one side of said input circuit, and means
to cause energy supplied from said input circuit
through said bridge to said output circuit to have
relatively large attenuation for middle frequencies
at all positions of said tap, said means compris-
ing said condensers, one of said condensers hav-
ing reactance greater than said resistance and
the other less than said resistance by such
amounts as to produce said relatively large at-
tenuation at said middie frequency.

5. In an attenuation circuit, a source of cur-
rents having frequencies extending over a broad
range, a potentiometer having an adjustable tap,
means connected between said source and the
ends of said potentiometer to produce across said
potentiometer a voltage having a constant mag-
nitude and a different phase angle relation for
every frequency of said source, means connected
between said source and the center of said po-
tentiometer tending to maintain the center of
said potentiometer at a voltage with respect to
one terminal of said source of constant phase re-
lation to all the frequencies of said source and
of constant magnitude substantially greater than
half that of said source, and a load circuit con-
nected from one side of said source to said tap,
whereby adjustment of said tap along said poten-
tiometer is effective to cause substantially con-
stant attenuvation from said source to said load
circuit at a certain frequency and varying
amounts of attenuation at frequencies above and
below said certain frequency.

6. In combination, a bridge having a pair of
diagonally opposite corners connected to a source
of currents having frequencies extending over a
broad range, and a potentiometer connected be-
tween a second pair of opposite corners, a load

5

circuit connected between one side of said source
and a variable point on said potentiometer, said
bridge having two capacitive arms lying opposite
each other and two resistive arms lying opposite
each other and in alternate relation with said
capacitive arms, said arms having unequal im-
pedances at a middle frequency in. said range,
the product of the values of said capacitive arms
and said resistive arms being equal to the product
of the values of such arms whose impedances are
equal at sa2id middle frequency, whereby said arms
are so proportioned that when said variable point
is at one end of said potentiometer high fre-
quency currents are supplied to said load circuit
with great attenuation, when it is at the opposite
end of said potentiometer low frequency currents
are supplied with great attenuation, and when
it is at an intermediate point of said potentiom-
eter middie frequency currents are supplied with
different attenuation than either currents of
higher or lower frequency.

7. In combination, a bridge having a pair of
diagonally opposite corners connected to a source
of currents having frequencies exftending over a
proad range, and a potentiometer connected be-
tween a second pair of opposite corners, a load
circuit connected between one side of said source
and a variable point on said potentiometer, op-
posite arms of said bridge being capacitive and
the alternate arms being resistive, said arms be-
ing so proportioned that when said variable point
is moved along said potentiometer the attenuation
of middle frequency currents is varied, and means
to maintain substantially constant the attenua-
tion of said middle frequency currents at all posi-
tions of said point.

GEORGE W. FYLER
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