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1 Claim,
1

This invention relates to wave  transmission
networks and more particularly to adjustable
multirange loss equalizers.

The principal object of the invention is to
adjust the loss in a wave transmission system
independently over a number of adjoining or
overlapbing freguency ranges.

Further objects are to reducs the flat loss, the
humber of component slemenis and the cost, and
to simplify the construction, of an adjustable
multirange loss equalizer.

In the emhodiments disclosed herein the ad-
justable multivange loss egualizer in accordance
with the present invention is adapted for oper-
ation between g source of alternating signals snd
a load to introduce an adjustable amount of loss
in each of at least three overlapping freguency
ranges. The loss may he either positive or neg-
ative relative to a constant, or flat, loss. The

equalizer comprises at least three like impedance o

arms connected in like manner o form g cou-
pling branch between the socurce and the load.
Each arm Is resonant at a different frequency,
corresponding approximately to the maximum
adjustable positive loss in one of the ranges, and
comprises an inductance, a capacitance and an
adjustable resistanice. The inductance and ca-
pacitance in one of the arms have values deter-
mined by the impedance of the source, the im-
vedance of the load, the resonant frequencies
of the three arms, a factor chosen to make the
loss of the equalizer substantizlly constant over
all of the ranges for predetermined equal normal
settings of the resistances, and the current ratio
corresponding to this constant loss.

Four different circuit arrangements of the
component impedance elements of the egualizer
are shown. In two the inductance, capacitance
and resistance in each arm are connected in
series, the arms connected in parallel to form
the coupling branch, and the coupling branch
connected either in parallel or series with the
source and the lead. In the other two, the ele-
ments in each arm are connected in barallel
and the arms are connected in series to form a
coupling branch which is connected either in
series or in parallel with the source and the
load. Additional impedance elements may be
included in order to imaprove the performance of
the equalizer, especially over the highest and the
lowest frequency ranges.

Compared with known types of adjustable
multirange loss equalizers, the ones disclosed
herein require fewer elements, cost less to manu-
facture, and have less flat loss. They are par-
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ticularly useful where g large number of small
loss adjustments are required, as in mop-up
equalizers for television systems, but may also
be used for larger but perhaps less precise ad-
justments.

The nature of the invention will be more fully
understood from the following detailed descrip-
tion and by reference to the accompanying draw-
ings, of which:

Tigs. 1 and 2 are schematic cireuits of adjust-
able equalizers in accordance with the inyention
in which the elements in each impedance arm are
Connected in series and the arms are connected
in parallel to form a coupling branch which is
connected in parallel or in series with the source
and the load:

Figs. 3 and 4 show two other embodiments of
the invention in which the elements in each arm
are connected in parallel, the armg are connected
in series to constitute the coupling branch, and
the coupling branch is connected in series or in
parallel with the source and the load; and

Fig. 5 shows typical insertion loss-frequency
characteristics obtainable with the equalizer of
Fig, 1.

Taking up the figures in greater detail, the
circult of Fig, 1 shows one embodiment of an
adjustable multirange loss equalizer in accord-
ance with the invention comprising a pair of
input terminals 18, I{ and 3 pair of output ter-
minals §2, 3. A signal source of alternating
electromotive force 14 of impedance Rs is con-
nected to the input terminals 18, 11 and a suit-
able load of impedance Ry is connected to the
output terminals 12, 3.

The equalizer comprises at least three like
impedance arms 16, 17 and 1§ connected in like
manner to form a coupling branch between the
source impedance Rs and the load Ri. The
equalizer will introduce an adjustable amount of
loss, either positive or negative relative to the
flat loss, in each of three irequency ranges, with
maximum adjustable positive loss at the fre-
quencies fi—1, fi and Ji+1, respectively. More fre-
quency ranges may be provided by adding more
impedance arms similar to i6, 17 or 8, as in-
dicated by the broken lines (8. An equalizer
with more than fifty such arms, operable over
a like number of frequency ranges, has been
made and successfully tested.

In Fig. I each of the arms 16, 17 and 18 com-
prises an inductance, a capacitance and a vari-
able resistance connected in series. In arm (T
these elements are, respectively, Li, Ci, and Ry,
in arm 16 they are Li-1, Ci~1 and Ri—, and in
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arm 18 they are Liri, Cit1 and Riti The arms
16, {7 and 18 are connected in parallel to form
a coupling branch which is connected in par-
allel with the source impedance Rs and the load
Ry, Each of the arms 1§, 1T and {8 is resonant
at g different frequency corresponding approxi-
mately to the maximum adjustable positive loss
in one of the frequency ranges.

The values of the inductance Li and the ca-
pacitance Ci in arm {1 are determined by the
source impedance Rs, the impedance of the load
Ry, the three frequencies fi, firr and fi1, &
factor I chosen to malke the loss of the equalizer
substantially constant over all of the ranges for
predetermined equal normal settings of the vari-
able resistances Ri, Riy1 and Ri—y, and the cur-
vent ratio A corresponding to this constant loss.
Explicitly, the elements Li and C; in arm {1 have
approximately the following values:

R

01
[ SUN— 1
Ls 2w ( firn—Fi-1) (1)
and
__fim—Fin

O=%w iR @

where
KRsRy, (3)

Bn={F T R)MA—1)

and the optimum value of K falls between two
and three. Similar expressions may be set up for
the values of the inductance and capacitance in
each of the other arms I8 and (8. The minimum
average value of the pominally constant flat loss
is determined by the adjustment range required.
The flat loss will ordinarily have smell devia-
tions from its average value. These deviations
are, in general, reduced to tolerable amplitudes
by sufficiently increasing the flat loss. For the
range of K given, the normal value of each of
the variable resistances will fall between 0.5 Rot
and 1.5 Rot.

Tt should be pointed out that the effect of the
jnelusion in Equations 1 and 2 of the frequencies
fiz1 and fi-a of the neighboring arms of the
equalizer and the term Roi is to take advantage
of the contributions of those neighboring arms
to the total conductance and thus the total loss
of the equalizer arm for the frequency fi and the
intermediate frequencies. It is an aspect of this
invention that the interactions between neigh-
poring arms of the equalizer are utilized to attain
substantially fiat normal conductance and loss
characteristics for equal normal settings of the
variable resistances Ry, Ri+1, and Ri—1 due to the
elements Lis and Ci having the particular values
determined by the Formulas 1, 2 and 3.

The two shunt impedance arms Z11 and Ziz are
added, when required, t0 improve the loss char-
acteristic, especially over the highest and the
lowest frequency ranges, or to provide some spe-
cial type of correction. They may include one
or more induectances, capacitances or resistances
and are designed to meet the partcular loss re-
quirements of the equalizer.

Fig. 5 gives typical insertion loss-frequency
characteristics obtainable with an equalizer of
the type shown in Fig. 1. The loss in decibels
relative to the average flat loss, shown by the
horizontal line 15, is plotted against the fre-
quency in megacycles. That is, the departure,
either positive or negative, from the flat loss is
shown. The solid-line curves 2¢ and 29’ define
the adjustment limits obtainable by varying the
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resistance Ri-1 while keeping the resistances
Ri and Ri+: at their normal values. The broken-
line curves 21, 21’ and the dot-and-dash curves
22, 22’ give the same limits for adjustments, re-
spectively, of the resistances Ri and Ri+1 with
the other variable resistances set at their nor-
mal value. As already mentioned, the normal
values for all of the resistances Ri, Ri+1 and Ri-1
required to give a flat loss are approximately
equal. It will be noted that the frequency at
which the maximum positive loss occurs in each
range substantially coincides with the frequency
of the maximum negative loss. The spacing of
these maxima is dictated by the type of loss cor-
rection required. The pattern may, for example,
be arithmetic, geometric, a combination of these,
or of some other type. In the characteristics
shown, each of the three positive loss curves 20,
21 and 22 overlaps the adjacent curve by at least
half, and each of the negative curves 207, 21’
and 22’ overlaps the adjacent one by more than
half.

Tig. 2 shows a second embodiment of the in-
vention. The coupling branch is made up of
the parallel combination of three arms 23, 24
and 25 and the impedances Za and Z22 which cor-
respond, respectively, to the arms 17, 18, 19 and
the impedances Zu and Zz in Fig. 1. In Fig. 2,
however, the coupling branch is connected in se-~
ries with the source impedance Rs and the
load Rur.

A third embodiment of the invention is shown
in Fg. 3. The coupling branch comprises the
three arms 27, 28 and 29 and the two impedances
Zs1 and Zs: all connected in series with the source
impedance Rs and the load Ri. Each of the
arms 271, 28 and 29 consists of the parallel com-
bination of an inductance, a capacitance and a
variable resistance. In arm 28 these elements
are, respectively, I, Cj and Ry, in arm 27 they are
Lij-1, Ci—1 and Ry-1, and in arm 28 they are L+,
Ci+1 and Rij+1. The impedances Zsi ang Zs2 are
included for the same purpose as the impedances
711 and Ziz in Fig. 1. The arms 27, 28 and 28 are
antiresonant, respectively, at the frequencies
fi_1, f1and fir1. The elements in the arm 28 have
approximately the following values:

Li=R02(fi+1_fi—1)

21rf,2 (4)
and
Ci= ! ()
! 27r(fi+1"‘fi—1)R02
where
R02=(RS+RL)(A_1) (6)

K

A has the same significance as in Equation 3,
and K again has an optimum value falling be-
tween two and there to obtain a substantially
flat loss over all of the ranges. For this range
of K the normal value of each of the variable
resistances required to give a flat loss falls be-
tween Re2/0.5, or 2Ree, and Re/1.5, or 0.67 Roz.
Similar expressions may be written for the in-
ductance and capacitance in each of the other
arms 27 and 29.

Tig. 4 shows a fourth embodiment of the in-
vention. The coupling branch comprises the
series combination of the arms 31, 32 and 33 and
the impedances Za and Z4 which correspond,
respectively, to the arms 27, 28, 29 and the im-
pedances Za and Zs2.in Fig, 3. However, in this.
case, the coupling branch is connected in par-
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allel with the source impedance Rs and the load
Ri.

By proper design, loss characteristics similar to
those given in Fig. 5 may be obtained with any
one of the circuits shown in Figs. 2,3 and 4. The
choice of ecircuit depends, among other things,
upon the magnitudes of the source impedance
Rs and the load impedance Ry and upon the re-
duired values of the component elements., It
will be understood, of course, that additional im-
pedance arms may be employed in any of these
circuits to provide additional adjustment ranges,
if desired.

What is claimed is:

An equalizer for operation between a signal
source of impedance Rs and a load of impedance
Rr to introduce an adjustable amount of loss
in each of at least three adjoining frequency
ranges comprising at least three impedance arms
connected directly in parallel with both said
source and said load, each of said arms com-
prising the series combination of an inductance,
a capacitance and an adjustable resistance, and
the inductance Ii and capacitance Ci in one of
said arms having approximately the values

= Bu
L'-21r(f-'+1—f.'—1)
and
= Fia
Ce= 27 f ARy

10

25

where

Ro—_ ERsR,
T (Rs TR (A—T)

fi is the frequency of maximum adjustable loss
in one of said ranges, fi+1 and fi-1 are, respec-
tively, the frequencies of maximum adjustable
loss in the ranges adjacent to said one range, K
is a constant having a value between two and
three chosen to make the loss of the equalizer
substantially constant for predetermined egual
settings of said resistances, and A is the current
ratio corresponding to said substantially constant
loss.
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