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This invention relates to wave transmission
networks and more particularly to variable at-
tenuation equalizers for use as regulating net-
works, : ‘

The principal object of the invention is to com-

bensate for changes in the attenuation distortion
" In a transmission line or the like caused, for ex-
ample, by variations in temperature or humidity.

‘A feature of the invention is an attenuation
equalizing network which operates over two sep-
arated frequency ranges and is independently
variable over one or hoth of the ranges. :

The attenuation distortion in a telephone cir-
cuit varies continually due to changes in tem-
perature or humidity. Continuously variable at-
tenuation equalizers which may be waried in
_either direction from a constant flat loss are em-
ployed to compensate for these variations. When
such a circuit requires equalization over {wo sep-
arated frequency ranges the Practice heretofore
has been to use two equalizers, with a resistance
pad between, thus more than doubling the flat loss
of a single equalizer. By employing Special cou-
pling arrangements between the equalizers the
‘over-all flat loss may be reduced somewhat, but
in long circuits the total becomes very large.

The sttenuation equalizer in accordance with
the present invention oDPerates over two separated
frequency ranges but
of a single equalizer. By proper design the equal-
izer may be made independently variable over one
or both of the ranges. The variable elements
may, for example, be only two variable resistors
which are readily adapted for automatic regula-
tion. .

The equalizer, which is of the general type dis-
closed in Uniteq States Patent 2,096,027, issued
October 19, 1937, to H. W. Bode, comprises a vari-
able impedance coupling branch connected in se-
ries or in parallel with the wave source impedance
and the load impedance. The coupling branch
comprises a fixed resistor connected at.one end
of a subsidiary four-terminal bridged-T network
terminated at its other end in a variable im-
pedance which may be either a variable resistor
or a four-terminal constant resistance building-
out network terminated in g variable resistor.
The subsidiary network comprises a reactive
bridging impedance branch and a reactive shunt
impedance branch which are inversely related
and two series branches,
either a variable resistor, a fixed frequency-de-
bendent impedance or a variable frequency-de-
bpendent impedance. This last-mentioned im-
pedance may include a second four-terminall

introduces only the flat loss .

one of which may be

10

18

20

constant resistance building-out network ter-
minated by a variable resistor. When two vari-
able controls are provided the equalizer may be
designed to provide substantially independent
regulation over two sufficiently widely separated
frequency ranges. . :

The nature of the invention will be more fully
understood from the following detailed descrip-
tion and by reference to the accompanying draw-
ings in which like reference characters refer to
similar or corresponding parts and in which:

Fig. 1 is a schematic circuit showing one form
of the two-range attenuation equalizer of the in-
vention, employing a series coupling branch
which comprises two building-out networks ter-
minated in variable resistors;

Fig. 2 is a schematic circuit showing another

form of the equalizer similar to one shown in

Fig. 1 except that the coupling branch is con-
nected in parallel; .
Fig. 3 shows an equalizer circuit similar to the

- one of Fig. 1 except that the building-out net-

40

works are omitted; .

Fig. 4 is a circuit similar to the one shown in
Fig. 2 but with the building-out networks
omitted; . '

Fig. 5 shows a circuit similar to the one of
Fig..3 except that one of the variable resistors

“is replaced by a frequency-dependent imped-

ance; : v

Fig. 6 is a circult similar to the one shown in
Fig. 4 but with a frequency-dependent impedance
substituted for one of the variable resistors: _

Fig. 7 is a schematic eircuit showing the struc-
ture of Pigs. 1 and 2 formed into a bridged-T
network;. :

Fig. 8 shows the structures of Figs. 5 and 6
formed into a bridged-T network; and .

Fig. 9 shows two equalizers of the type shown
in Fig. 1 coupled by resistors to provide a four-
range network., :

Taking up the figures in more detail, Fig. 1
shows a series type of two-range attenuation
equalizer in accordance with the invention. The
network, which is of the same general configura-
tion as the one shown in Fig. 11 of the above-
mentioned Bode patent, has a pair of input ter-
minals f, 2 to which is connected a wave source
of impedance Zs and voltage E and a pair of out-
put terminals 8, 4 to which the load impedance
Zr is connected. Connected in series with the
impedances Zs and Z is a variable impedance
coupling branch 5 which comprises a fixed resistor
of value R and a four-terminal subsidiary net-
work § of the bridged-T type having two pairs
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of terminals 1, 8 and 8, 10. The resistor Ris
connected between the terminals § and 3 of the
load impedances and the terminals 7 and 8 of the
network 6 are connected respectively, to the ter-
minals of the resistor R. The network 6 is ter-
minated at its other end in a variable impedance
which comprises & four-terminal building—out
network N: terminated in a variable resistor Ri.
The subsidiary network 6 comprises a reactive
bridging impedance Z: and a reactive shunt im-
pedance Z3, which are inversely related to each
other with respect to Ro, and two series branches.
One of the series pranches is the fixed resistor of
value Ro and the other is constituted by a second
four-terminal building-out network Nz ter-
minated in a second variable resistor Ra. The
pbuilding-out networks N1 and Nz have image im-

pedances equai to Re, and when Ra is equal to Ro

the subsidiary network
pedance of Ro.

The insertion factor efo for the network of Fig.
1 operating between the terminal impedances Zs
and Zr, as shown, with the variable resistors Ri
and Ra set so that

B,also has an image im-

. Ri=R;=R,
may be found from the expression
_ R Ry :
o=+ iRy @D O

If a0 is the real part of 6o the difference between
«0-and the insertion loss «, for any other settings
of the resistors Ri and Ra, may be found to a
sufficient degree of accuracy for design purposes
from the approximate expression :

a—opE — 236[(,,‘1,-“.&..) + p,e-’('r*ﬂ’)tanh%"] 3

in which Re indicates that only the real part
of the complex quantity in the brackets is to be
use, p3 and ¢4 are the transfer constants of the
networks N1 and Na respectively,

_R,—R
n=ETE: @
_Eo—Fy .
PR TRy @
o1=1+2 0)
and 7
en=1+p )

An inspection of Equation 3 shows that, in gen-
eral, the presence of the building-out networks
N; and N2 reduces the maximum loss swing that
would be obtained if they were omitted. It fol-
1ows, therefore, tirat the impedances Z1 and Z2,
which are general in character, must be chosen to
give a somewhat greater swing than is desired
from the network as & whole. Furthermore, in
order to insure substantial independence of regu-
lation over two frequency ranges, Z1 must be
large compared to Ro over the range in which
p2 is to control the regulation and Z: must be
large compared to Ro over the range where pi
is to control.

1t is usually desirable that the change in in-
sertion loss o—ad be substantially. proportional
to p1 in the one frequency range and to p2 in the
other range. From Equation 3 it is apparent
that, in the range where p1 controls, the desired
result may be accomplished in one of the follow-
ing ways: first, by setting Rz equal to Re; sec-
ond, by making the real part of (p34-94) large
compared to unity; or, third, by making the phase
angle of (p2-+9i) equal to 45 degrees. Of course,
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any two or all three of these conditions may be
approximated at the same time. On the other
hand, in the range where pa controls either Rt
is set at the value Reo, the real part of (p1+¢3) is
made large compared to unity or the phase angle
of (p1+¢3) ismade equal to 45 degrees.

The two-range attenuation equalizer shown
schematically in Fig. 2 is of the shunt type, hav-
ing the same general conflguration as shown in
Figs. 15 and 27 of the above-mentioned Bode
patent, The variable impedance coupling branch
{1, which is connected between the points 12 and
18 in parallel with the load impedances Zs and
Zr, comprises a fixed resistor Rs and a subsidiary
bridged-T network § similar to the subsidiary net-
work used in the equalizer of Fig. 1. One ter-
minal of the resistor Ra is connected to the point
12 and the other terminal is connected to termi-
nal 1 of the network 8§, terminal 8 of which is
connected to the point 13. .

The equalizer of Fig. 2 may be designed in ac-
cordance with the principles set forth above to
give the same type of regulation under the con-
trol of the variable resistors R and - Ra as is ob-
tainable with the equalizer of Fig. 1. The inser-
tion factor, for the condition that R: and Rz are
both set equal to Re, is given by the expression

o RR(Zs+Zr)
#=1t7 7Rt Ro) @
The regulation characteristic for other settings
of R1 and Rz may be found from Equation 3
by multiplying either side by (—1). :
In some cases the puilding-out networks N1
and Na are not needed to give the desired regula~
tion characteristic. Fig. 3, for example, shows
the series type circult of Fig. 1 modified by the
omission of N1 and Na, The characteristic may
be found from Equation 3 by setting

. v=90,=0. 9
Pig. 4 shows the alternative shunt type circuit of
PFig. 2 with the networks N1 and N2 omitted.

A useful modification of the circuits of Figs. 3
and 4 is to replace one of the variable resistors
by either a fixed or & variable frequency-de-
pendent impedance. In Fig. 5 and Fig. 6, for
example, the variable resistor Rz is replaced by
the frequency-dependent impedance ‘Z3, which
may be either variasble, as indicated by the arrow,
or fixed. If Zais fixed, the equalizer is, of course,
variable over only one range.

A two-range equalizer having at each end an
image impedance Ros which is a constant resist-
ance may be provided by combining series and
shunt type networks in a bridged-T structure.
Pig. 7 shows such a pridged-T, with input termi-
nals 14, 6 and output terminals 16, 17, compris-
ing two equal series- resistors Ra, Ra an in-
terposed shunt branch (8 connected between the
points 19, 20 and & pridging branch 2{ connected
to the terminals 22, 23. The brideging branch. 21,
which is similar to the series coupling branch 5
of Fig. 1, comprises & subsidiary bridged-T net-
work 24 of constant resistance image impedance
Roi, with terminals 22, 23 and 25, 26, similar to
the network 6 of Fig. 1. The series arms of the

~ network 24 are ‘constituted by a fixed resistor of

value Rot and a building-out network Nis, also of
constant resistance image impedance Roi, termi-
nated in a variable resistor Riz. The bridging

. jmpedance Zu and the shunt impedance Z12 have

75

the relationship.
 ZuZyp=Ro? a0

The network 24 is terminated at its terminals 26,
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26in a seéond building-out network Ni: of con-

stant resistance image impedance Ro which, in

turn, is terminated in a variable resistor Ri1. In
the bridging branch 2( the resistor which corres-
ponds to R in Fig. 1 has been incorporated in the
T of resistances constituted by R4, Re and Ry,
in order to save one element.

4]

The shunt branch 18, which is similar to shunt

coupling branch I{ of Fig. 2, comprises the fixed
resistor Ro connected in series with a second sub-
sidlary bridged-T network 27 of constant resist-
ance image impedance

28 and 30, 31 similar to the network § of Fig, 2.

10

Roz, with terminals 28,

The series arms of the network 27 are constituted .

by a fixed resistor of value Res and a third, build-
ing-out network Nz, also of constant resistance
image impedance Roz, terminated in a variable
resistor Rz The bridging impedance Za and
the shunt impedance Zaz have the relationship

Z212Z32—Ro23 an

The network 27 is terminated at its terminals 38,
31 in a fourth building-out network Na: of con-
stant resistance image impedance Roz which, in
turn, is terminated in a variable resistor Rai.

In order to provide the constant resistance
image impedance R looking in at the terminals
14, 15 angd |6,
image impedances Ro1 and Roa of the auxiliary
and the building-out networks must have the
relationship

' RoiRoa=Ro3? a2»

and for all settings the values of the variable
resistors must have the relationship

RuRa1=RiaRz1—Ro3? a3y

In order to facilitate the maintenance of this
relationship conveniently the resistors Ry and

R21 may be placed under a unitary control, as

indicated by the broken line 32, and the resistors
Ri2 and Raz
indicated by the broken line 33, .

The series type equalizer of Fig. 5. and the
shunt type equalizer of Fig. 6 may also be com-
bined in a constant resistance bridged-T struc-
ture, as shown in Fig. 8. The circuit of Pig. 8
is similar to the one shown in Fig. 7 except that
the building-out networks Nii, N1z, Na1 and Nz

are omitted and the variable resistors Rz and
R22 replaced respectively, by the general imped-
ances Z13 and Zn which correspond to the im-
pedance Z3 of Figs. 5 and 6 respectively, and have

the relationship
Z13Z23=Ro3? (14)

In order to provide an adjustment over the sec-
ond frequency range the impedances Z;3 and Zx
may be made adjustable as indicated by the
arrows. If the constant resistance image im-

bedance Ros is to be maintained the values of the

impedances Z1z and Z2 must satisfy Bquation 14
for all settings and, therefore, these impedances
may conveniently be arranged for unitary con-
trol, as indicated. The impedances Zi» and Zz
may, of course, be simple variable resistors such
as Rz in Pigs. 3 and 4. _

Fig. 9 shows two networks 34 and 38 of the
type shown in Fig. 1 connected in tandem be-
tween the terminal loads Zs and Zr to provide
an equalizer which may be designed to give in-
dependent regulation over four frequeney ranges.
These ranges may, if desired, coincide in pairs
to give in effect double regulation over two
anges. )
the resistor R and the bridged-T auxiliary net-

IT of the equalizer of Fig. 17, the -

under a second unitary control, as-

The resistors Rs and Re correspond to.
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~and 48 from
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works 38 and 37 to the network S,of Fig. 1. The
.two equalizers 34 and 38 are ‘coupled by means
of a » type resistance pad 38 made up of the two
shunt resistors R7, Rs and the interposed series -
resistor Rs. It will be noted that the leads 39

the networks 36 and 37 respectively,

cross each other as they go to the ‘terminals 41
and 42 respectively, of the resistor Re.  With this

conflguration and proper design the over-all flat

loss may be reduced from the value it would have

if the leads 39 and 40 were connected respectively,

to the terminals 42 and 41, This type of cou-

Pling is more fully described in the copending
United States patent application, Serial No. 461,-

171, filed October 7, 1943,

What is claimed is:

1. A variable attenuation equalizer comprising
in combination with a wave source impedance and
& load impedance a coupling branch interposed
between said. impedances, said coupling branch
comprising a subsidiary four-termir;al bridged-T
network, a resistor connected at one end of said
subsidiary network and s variable impedance ter-
minating said network at its other end, said net-
work comprising two series branches. an inter-
posed reactive shunt impedance and a reactive
bridging impedance, said shunt impedance and
said bridging impedance being inversely related
to each other and one of said series branches hav-
ing a frequency-dependent impedance character-
istic. :

2. An equalizer in accordance with claim 1in
which said interposed coupling branch is con-
nected in series with said wave source impedance-

5 and said load impedance,

3. An equalizer in accordance with claim 1 in
which said interposed coupling branch is con-
nected in parallel with said wave source ime-
pedance and said load impedance. :

4. An equalizer in accordance with claim 1 in
which said resistor is connected in series with said"
wave source impedance and said load impedance
and a pair of terminals of said subsidiary network
are connected respectively to the terminals of
said resistor.

5. An equalizer in accordance with claim 1 in
which one terminal of said resistor is connected
to one terminal of said wave source impedance -
and one terminal of said load impedance, the
other terminal of said resistor is connected to one
terminal of said subsidiary network and another
terminal of said subsidiary network is connected
to the other terminal of said wave source im-
pedance and the other terminal of said load
impedance. )

6. An equalizer in accordance with claim 1 in
which said one series branch is variable in im-
pedance.

7. An equalizer in accordance with claim 1 in
‘which said one series branch comprises a four-
terminal building-out network. .

8. An equalizer in accordance with claim 1 in
which.said one series branch comprises a four-
terminal building-out network terminated by a
variable impedance,

9. An equalizer in accordance with claim 1 in
which said one serieg branch comprises a four-
terminal building-out network of constant re-
sistance image impedance terminated by a vari-
able resistor,

10. An equalizer in accordance with claim 1 in
which said variable impedance comprises a four-
terminal building-out network. ’

11, An equalizZer in accordance with claim 1 in

' which said variable impedance comprises s four-
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‘terminal bullding-out network of constant re- .
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sistance image impedance terminated by a vari-
able resistor. }

12. An equalizer in accordance with claim 1 in
which said one serles branch and said variable
impedance each comprises a four-terminal build-
mng-out network,

' 13. An equalizer in accordance with claim 1 in
which sald one series branch and said variable
~ impedance each comprises 8 four-terminal build-
ing-out network of constant resistance image
impedance terminated by & variable resistor.

. 14. An equalizer in accordance with claim 1 in
which the other of said series branches is & re-
sistor of value Ro and said shunt and brideging
impedances are inversely- related with respect
to Ro. :

15. An equalizer in accordance with claim 1 in

which said variable impedance comprises & four-
_ terminal building-out network of constant re-
sistance image impedance Ro terminated by &
variable resistor and -the other of said series
branches is a resistor of value Ro.
* 16. An equalizerin accordance with claim 1 in
which sald one series branch comprises a four-
terminal building-out network. of constant re-
sistance image impedance Ro terminated by a
.variable resistor and the other of said series
pranches is a resistor of value Ro. -

“17. An equalizer in accordance with claim 1 in
which said one series branch and said variable
impedance each comprises & four-terminal build-
ing-out network of constant resistance image
impedance Ro terminated by o variable resistor
and the other of said series branches is a resistor
of value Ro. ‘ ’

18. An equalizer in accordance with claim 1 in
which sald one.series branch and said variable
impedance each comprises & four-terminal build-
. ing-out network
impedance Re terminated by a variable resistor,
the other of said series branches is g resistor of
value Ro and said shunt and bridging impedances
are inversely related with respect toRo.

. 19. An equalizer in accordance with claim 1 in.

which said one series branch is variable in im-
pedance, said subsidiary network has a constant
. resistance image impedance Ro when sald one
series branch is set equal o Ro, said bridging im-
pedance has a value which is large compared to
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Ro over one frequency range and said shunt im-
pedance has a value which is large compared to
Ro over a second frequency range.

20. A bridged-T attenuation equalizer of con-
stant resistance image impedance Res comprising
a bridging branch and s shunt branch, each of
said branches comprising a subsidiary four-ter-
minal bridged-T network and a variable im-
pedance terminating said network, each of said
networks comprising two series branches, an in-
terposed reactive shunt impedance and a reac-
tive bridging impedance, sald shunt impedance
and said bridging impedance being inversely re-
lated to each other and one of said series branches
having & frequency-dependent impedance char-
acteristic.

21. An equalizer in accordance with claim 20
in which said subsidiary networks have lmage
impedances inversely related with respect to Ros.

22, An equalizer in accordance with clalm 20
in which said one series branch is variable in

- impedance.

of constant resistance image '
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23. An equalizer in gccordance with clalm 20
in which said one series branch comprises a four-
terminal building-out network, - )

24. An equalizer, in accordance with claim 20
in which said one series branch comprises a four-
terminal building-out network of constant resist-
ance image impedance terminated by a variable
resistor.

95. An equalizer in accordance with claim 20 ‘

in which said variable impedance comprises &
four-terminsal building-out network.

26. An equalizer in accordance with claim 20
in which said variable impedance comprises a
four-terminal building-out network of constant
resistance image impedance terminated by & vari-
able resistor. :

27. An equalize
in which said one series

in accordance with claim 20
pranch and said vari-

~

able impedance each comprises & four-terminal.

building-out network. -

98. An equalizer in accordanbe with claim 20

in which said one series branch and said vari-
able impedance each comprises & four-terminal
puilding-out network of constant resistance im-
age impedance terminated by & variable resistor.

WALTER R. LUNDRY.



