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ELECTRICAL NETWORKS STEM 
Yuk-Wing Lee and Norbert Wiener, Peiping, 

China, assignors to American Telephone and 
Telegraph Company, a corporation of N 
York 

Application July 7, 1936, Serial No. 89,336 
1. Claims. 

This invention relates to electrical corrective 
network systems, and particularly to a new type 
of electrical network, and to a new method of 
computing the constants and values of the re 
Spective elements of a network System. 
In electrical communication Systems, and in 

other systems where vibrations of different fre 
quencies undergo an electrical transformation, it 
is desirable to have corrective networks to cor 
rect the distortion in the electrical vibrations due 
to the inherent properties of or imperfections in 
the parts of the systems. The corrective net 
work may also serve to control electrical vibra 
tions in accordance with specifications required 
for a special purpose which may or may not be 
corrective, or may be partially corrective. 

Distortion in electrical vibrations may be in 
amplitude or in phase or in both amplitude and 
phase. Amplitude distortion is the unequal 
change in amplitude of vibrations of different 
frequencies; and phase distortion is the unequal 
change in phase relations of the vibrations of dif 
ferent frequencies. Generally, an amplitude 
correcting network serves to equalize the ampli 
tude change, and a phase-correcting network 
serves to bring the vibrations into the same phase 
relations as those existing in the original vibra 
tions. These conditions are necessary for the 
true reproduction of vibrations of different fre 
quencies. Various networks have been invented 
for such corrections, but they are not subject to 
adjustment or conveniently adapted to prelimi 
nary computations. 
An object of this invention is to correct distor 

tion in electrical transmission systems and in 
other similar Systems. 
Another object is to incorporate in a single 

network system adjustable members adapted to 
produce any attainable amplitude-frequency 
characteristic, the adjustment for any charac 
teristic to be done with the aid of simple com 
putations, or in accordance With calibrations, or 
rapidly by experiment. 

Still another object is to provide a network 
system having any desired attainable ampli 
tude-frequency characteristic, and whose design 
requires only simple calculations. 
A still further object is to correct both ampli 

tude and phase distortions in electrical transmis 
Sion and other similar Systems by the insertion 
into such systems of two different but supple 
mentary corrective networks having adjustable 
or non-adjustable members. 
A further object of this invention is to provide 

an electrical network system having any de 

(C. 178-44) 
sired attainable amplitude-frequency and phase 
frequency characteristics. 
According to this invention, a network system 

having an adjustable amplitude-frequency char 
acteristic but a fixed phase-frequency character 
istic is obtained by the construction of a network 
system in accordance with a Fourier series and 
the provision of means by which the circuit ele 
ments representing the coefficients of the series 
may be varied in Such a manner that any ampli 
tude-frequency characteristic may be simulated. 
A part of this network System is a lattice net 
Work of a number of Sections which are similar in 
structure, but different in value. The lattice net 
work is combined with a system of variable and 
fixed resistances through a set of transformers. 
The system of resistances is connected mechani 
cally in such a manner that each of a number of 
separate mechanical connections may be assigned 
to control independently the amplitude of elec 
trical vibrations of a particular frequency. The 
amplitude-frequency characteristic of the whole 
system is a smooth curve passing through all the 
values at the particular frequencies. 
Other objects and Structural details of this in 

vention will be apparent from the following de 
scription when read in connection with the ac 
companying figures, wherein: 

Fig. 1 illustrates an electrical network system 
of this invention; 

Fig. 2 illustrates a modified form of the elec 
trical network system of Fig. i. 

Figs, 3 to 5 illustrate sample network systems 
of this invention with specific values of the net 
work elements; 

Fig. 6 illustrates a phase-correcting network 
system directly in combination with a network 
system of this invention; 

Fig. 7 illustrates a phase-correcting network 
system in combination with a network system of 
this invention through amplifier means; and 

Fig. 8 illustrates a network system of this in 
vention in combination with amplifier means. 

It has been shown in U. S. Patent No. 2,024,900, 
issued December 17, 1935, to N. Wiener and Y. W. 
Lee, that a network characteristic Y(6), having 
been expanded into a Fourier series of the form 

Y(0) = a--aeli-age--ase f-- . . . (1) 
wherein do, a1, a2, a3 . . . are constants, 

and 9-2 tan-i koi, k being a positive constant, 
and w being 2nt times the frequency, may be 
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2 
physically represented by a network system such 
as shown in Fig. 10 of that patent. 
A modification in the aforementioned network 

system in accordance with the following theory 
renders complicated calculations unnecessary in 
the adjustment of the system for any amplitude 
frequency characteristic. Another advantage in 

2,128,257 
they may be moved simultaneously over the re 
sistances. These shafts control independently the 
values of the network characteristic at the 'an 
gles 00, 61, 62, 63, . . . 0n, respectively. The fre 
quencies corresponding to these angles may be is 
calculated from Equation (10) given below. The 
resistances are proportional to Ao,0, A0,1, Aoz, 

this change is that the characteristic of the new A03, . . . Aon. That is, there is a positive con 
network system responds to adjustment in a stant a such that 

0. Roo- oAoo; Ro1=o Ao, Ro,2=avao.2; Ro.3= oAo,3; . . . Roa=aAon; (8) 
Ro=a.A.0; R.1=oa1,1; R2 to A1.2; R3 = a-A1.3; . . . R. =aA.; R2.0- a A2.0; R2.1 - a 42.1; R2.2 to A2.2; R2a-Faraza; . . . R2 = aza; 
R. o-aA.; R. - Ali, R. 2 = a A2; R, GA.; R.-aA. 

much more desirable manner since in the new These resistances are arranged in pairs (with 5 
network system variations in the different por- the exception of the resistances at the extreme 
tions of the characteristic are practically inde- right), and are so connected that when viewed 
pendent of one another. from the transformer, the total resistance is con 
Consider the series stant irrespective of the positions of the shafts. 20 

(2) a-- ae-j9--age i2+ age i3-- . . . --ae in-a-retic'--a-2etic'--a-sei(r) + ... + age-ind 
which, written in another form, is 

(3) ein(a+2a-1 cos 0 --2a-2 cos 26 -2a-3 cos 30 -- . . . --2ao cos n0) 25 
Evidently, the modulus y(e) of Series (2) is 

(4) (0) = a--2a-1 cos 0--2a-2 cos 20-2a-3 cos 30+ . . . .2ao cos n0 
and its phase d(e) is Further, the system of resistances is such that 

- 80 

- L. (9) (5) b(0)=n0 2Ro-- Roo--Ro. --Roz-- Ra -- . . .-- R=2 C’ 

2R1-- Ro-R1-- Ra--Rs. . +R.-2: Evidently, the amplitude-frequency character- - 35 
istic depends upon the quantities ao . . . an, ma- L. 
which are made variable by the means described 2Ra Rao-- Rai -- R2-- Ras--...--R=2 C’ 
later. The phase characteristic, however, does . . . . . . . 8 as 9 a a 
not involve these quantities and therefore remains 
independent of the amplitude adjustment. 2R, Ro-R1--Ra--Rs. . .--R=2 wC 40 

he ch in the litud order to relate the c anges ampl Gude As explained in the aforementioned patent, characteristic to the quantities do . . . an We 
when viewed from the input side of each trans may begin by specifying the particular values former, the total resistan hould be 

80 . . . 0n of the variable 0 which correspond to y re Ce SO 
the particular frequencies at which the ampli- ? 45 
tude adjustment is to be made. This gives WC 

(6) (0) = a-2a-1 cos 00-2a-2 cos 260-2a-3 cos 300-- . . . --2ao cos no 
(0) = a -2a-1 cos 0-2a-2 cos 20-2a-3 cos 30+ . . . --2a cos n6, 
(0) = a-2a-1 cos 0-2a-2 cos 202-2a-3 cos 30,-- . . . --2a cos n0, 
(0) = a -2a-1 cos 03 -2a-2 cos 203+2a-a cos 30-- . . . --2a cos n63, 50 
(a)-a-2a-cos 6.4-2a, cos 26.4-2a, 'cos 3.4 ... --2a, cond, 

from which, we obtain, by elementary methods in assuming that all transformers have a ratio of 
algebra, transformation of unity. Here L, in henries, is 55 
(7) ao-FA0.0 (0) - Ao.1 (9)--Ao.2 w(0)-- A.3 p(0) -- . . . --A (8), . 

a1=A10 (9)--A11 (9)--A1.2 p(0)--A13 (0) -- . . . --A (0), 
a2 = A2.0 wo)--A2. VCO)--A2.2 (9)--As 28. . . . 42 (0), a3=A3.0 (60) has, (0)--A3.2 (0)--Ass (0) -- . . . --A (0), 
al-A, (5-1-A, wo)+A. (6)-FA, ico)--...--A.o.), 60 

wherein A0,0, A0,1, A02, A03, . . . A0,n are con- each of the two inductances of the last section 
stants. It now appears that the adjustment can (the bottom section as shown in the figure) of 
be made by expressing the quantities ao . . . an the lattice network; and C, in farads, is each of 
as linear combinations of the quantities the two capacitances of that section, thus making 65 

(6o) . . . vi. (8) L 
O C 

which specify the desired amplitude at the fre- to be expressed in ohms. Similar to Equation 
quencies of reference. (12) of the previous patent, the angle 8 is () 
A physical structure which secures this desired -1 fir - 

dependence of ao . . . an upon the specified an- 0=2 tan-VLCo. (10) 
plitudes (60) . . . . (6n) is shown in Fig. 1. The dotted lines and the dot-and-dash lines in 
So, S1, S2, S3, . . . Sn are shafts each connecting dicate, respectively, the positive and negative . 
a column of sliding contacts together so that values of A0,0, A.0.1, A02, Aoa . . . An of Equation 75 
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(7). The output side of each transformer is 
shunted by a resistance of value 

l 
L 

and a connection is made at the middle except 
at M where a sliding contact may take the place 
of a fixed connection. The point M determines 
the zero position of the shafts. The movement 
of this point from top to bottom corresponds to 
the displacement of the zero point from the ex 
treme left to the extreme right of the columns of 
resistances. The portion of each column to the 
right of the zero position may be taken to rep 
resent the positive values of the network char 
acteristic, and the portion to the left, the nega 
tive values. Although an amplitude-frequency 
characteristic is always positive, it is sometimes 
easier to produce a required characteristic of 
certain irregularities by considering portions 
of it as negative. While the amplitude of the 
network characteristic may be adjusted as de 
scribed, the phase characteristic is unaffected by 
the adjustment so long as no positive coefficient 
is replaced by a negative one, and has the value 
given by Equation (5). 
A modified form of the network of Fig. 1 is 

shown in Fig. 2. Here the transformers are con 
nected to the System of resistances through re 
sistances R.' and R''. The resistances R. and R' 
are such that - 

(11) 2Ro-- Roo-- Ro-Rola-- 

3 
designed so that the shafts So, S1, S2, S3, and S4 
control the network characteristic at the same 
frequencies as those in the previous case. The 
input impedance remains as 1944 ohms of pure 
resistance. 
A distinguishing feature of the network sys 

tems herein described is that they have a fixed 
phase characteristic independent of the vari 
ations in the systems of resistances. This prop 
erty of the network systems is a very useful one. 
In an electric network, a change in the annplitude 
characteristic is usually accompanied by a change 
in the phase characteristic and vice versa. These 
changes are related to each other, and although 
the relation is important in the study of network 
behavior, its existence is often an obstacle in 
engineering design problems. In a great many 
electrical problems, the separate control of am 
plitude characteristic and phase characteristic is 
much desired. 
A particular merit of this network system is 

that, when viewed from the input end, as usually 
Operated, it has the impedance characteristic of 
a pure resistance, and that when the network is 
adjustable, the value of this resistance is un 
affected by the adjustment. This greatly facili 
tates the computation of the characteristic which 
the network must have to produce a desired 
effect, and minimizes the deleterious effect of 
reflection of oscillations at the network, which 
makes the problem of matching characteristics 

. . . --Ro-2R"o-- Rot-1-- Rota -- . . . --Ro; 
2R1+ Rio -- R.-- Ra- . . . --R=2R"--R--- R+-- . . . --R; 
2R - Ro-- R2. -- Ra-- . . . +R =2R", +R,+1+R.: + . . . . Ra; 

2R-R-R-R,+...+R-2R-FR, ii-R,+ . . . 
and R' is added so that 

0. 

Rain; 

The Zero point of each column of resistances 
is at the middle position. Other features of this 
network system are essentially the same as those 
described hereinbefore. 

Fig. 3 shows a sample network system designed 
in accordance with the principles of this inven 
tion described above. This is an example of the 
general network System of Fig. 1. Shafts. So, S1, 
S2, S3 and S4 are designed to control the network 
characteristic at frequencies of zero, 188, 454, 
1097, and infinite cycles per second. Although 
the first and last shafts theoretically control vi 
brations at zero, and infinite cycles per second, 
they may be utilized to adjust vibrations at any 
frequency between zero and 188 cycles per second, 
and any frequency between 1097 and infinite 
cycles per second, respectively. The extreme 
values are used here as a matter of convenience 
in computations. According to the theory of this 
invention, other values may be used instead. The 
transformers of this network are to operate be 
tween impedances of 17,500 ohms. The input 
impedance is 1944 ohms of pure resistance. 

Figs. 4 and 5 show sample networks of the 
general network of Fig. 2. These networks are 

very critical in wave filters of most previous 
types. 
A suitable type of phase-correcting network 

System, for example, one of those diclosed and 
claimed in the aforementioned patent, may be 
combined directly as shown in Fig. 6, or indi 
rectly through an amplifier as shown in Fig. 7, 
With a network System of this invention thereby 
providing a new network system capable of pro 
ducing any desired amplitude-frequency and 
phase-frequency characteristics. The network 
System of this invention controls the amplitude 
frequency characteristic, and, having a fixed 
phase-frequency characteristic itself, allows the 
phase-correcting network system to control the 
phase-frequency characteristic. 
The device of this invention thus produces a 

single electrical network system having adjust 
able members by means of which any desired 
network characteristics can be produced, thereby 
enabling a single corrective system to be used 
for any purpose. Such a system is to be dis 
tinguished from the prior art, in which a given 
network was adaptable only to a single amplitude 
characteristic curve, and was adapted to other 
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4. 
characteristic curves only after complete rebuild 
ing and reconstruction of the values of all the 
component parts. 
The invention does not, however, necessarily 

reside in the adjustable features as above-men 
tioned, since it is possible by the computation 
process of this invention to produce a network 
having non-adjustable elements, which can be 
computed and constructed in size according to 
the Jesired characteristic curve of the network. 
When so constructed, the system, although non 
adjustable without partially rebuilding, never 
theless produces a simple, convenient network 
system of high efficiency which stimulates with 
a high degree of accuracy the characteristic 
curve obtainable from computation. 
The system of the invention may be used to 

feed directly into a repeater or other amplifying 
device, as shown in Fig. 8, or may be interpolated 
between the stages of an amplifier. It may also 
be used to feed directly or indirectly into a 
phonograph cutter or other instrument trans 
forming electrical vibrations into a mechanical 
form. Among its applications, but not exhaust 
ing them, are a use in connection with communi 
cation circuits for filtering, balancing, or com 
pensating purposes; a use, when in combination 
with a phase-correcting network, in connection 
With television circuits, to which the Combina 
tion is peculiarly adapted, owing to the fact 
that it gives a ready control over phase distor 
tion as well as amplitude distortion; a use in 
the production of tones or noises of predeter 
mined distribution of energy in frequency; a 
use in the recording and reproducing of sound; 
a use as an instrument in the calibration of elec 
trical and acoustical systems, for laboratory, 
medical and other purposes; and a use in the 
determination of what quality of response in a 
sound reproducing device is most desirable or 
pleasing to the human ear. It is possible to em 
body the principles of this device in mechanical 
or acoustical form, in accordance with the well 
known analogies between electrical vibrating 
systems and mechanical or acoustical vibrating 
Systems. 
While the above description discloses a limited 

number of embodiments of the device of this 
invention, it is possible to produce still other 
embodiments without departing from the spirit 
thereof, and it is desired, therefore, that only 
such limitations shall be imposed upon the ap 
pended claims as are stated therein or required 
by the prior art. 
What is claimed is: 
1. An electrical network System with adjust 

able amplitude-frequency characteristic, and 
with phase-frequency characteristic independ 
ent of adjustment, said System comprising means 
for progressively shifting the phase of an input 
signal, a plurality of pairs of electrical paths 
for withdrawing therefrom voltages differing in 
phase, means for combining said voltages, and 
means including variable impedances for ad 
justing the relative amplitudes of said voltages. 

2. An electrical network. System with adjust 
able amplitude-frequency characteristic, phase 
frequency characteristic independent of adjust 
ment, and input impedance that of a constant 
resistance, said system comprising means for pro 
gressively shifting the phase of an input signal, 
a plurality of pairs of electrical paths for with 
drawing therefrom voltages differing in phase, 
means for combining said voltages, and means 

2,128,257 
including variable impedances for adjusting the 
relative amplitudes of Said voltages. 

3. An electrical network system with adjust 
able amplitude-frequency characteristic, 
with phase-frequency characteristic and input 
impedance both independent of adjustment, said 
System comprising means for progressively shift 
ing the phase of an input signal, a plurality of 
pairs of electrical paths for withdrawing there 
from voltages differing in phase, means for com 
bining said voltages, and means including vari 
able impedances for adjusting the relative am 
plitudes of said voltages. 

4. An electrical network System comprising 
means for progressively shifting the phase of an 
input signal, a plurality of electrical paths for 
withdrawing therefrom voltages differing in 
phase, means for combining said voltages, a plu 
rality of variable impedances, and a series of con 
trols for adjusting said variable impedances, 
whereby the output to input voltage ratio of the 
system may be controlled over a portion of the 
frequency spectrum without substantially influ 
encing said voltage ratio at certain other specific frequencies. 

5. An amplitude-correcting network having a 
constant, non-reactive input impedance, said net 
work comprising means for progressively shifting 
the phase of an input signal, a plurality of elec 
trical paths for withdrawing therefrom voltages 
differing in phase, means for combining said volt 
ages, a plurality of variable impedances, and a 
plurality of controls for adjusting said variable 
impedances, whereby the absolute value of the 
ratio of the input to the output voltage may be 
independently adjusted at any one of a plurality 
of fixed frequencies without affecting either the 
phase-frequency characteristic or said input im 
pedance. ' w 

6. An amplitude-correcting network compris 
ing a plurality of tandem connected four-termi 
nal transducers for progressively shifting the 
phase of an input signal, a plurality of electrical 
paths for tapping off voltages from said trans 
ducers, means for combining said voltages, and 
a plurality of variable resistances associated with 
Said paths by means of which the amplitude-fre 
quency characteristic may be adjusted without 
affecting the phase-frequency characteristic of 
said network. 

7. An amplitude-correcting network having a 
constant, non-reactive input impedance and com 
prising means for progressively shifting the phase 
of an input signal, a plurality of electrical paths 
for withdrawing therefrom voltages differing in 
phase, means for combining said voltages, and 
a plurality of variable resistances for adjust 
ing the relative amplitudes of said Voltages, 
whereby the amplitude-frequency characteristic 
of said network may be adjusted without affect 
ing its phase-frequency characteristic. 

8. An amplitude-correcting network compris 
ing means for progressively shifting the phase of 
an input signal, means for extracting therefrom 
phase-shifted voltages at a plurality of points, 
means for combining said voltages, and means 
comprising a plurality of variable resistances for 
individually controlling the amplitudes of said 
voltages whereby the amplitude-frequency char 
acteristic of Said network may be adjusted with 
out affecting either its phase-frequency charac 
teristic Or its input impedance. 

9. An amplitude-correcting network having a 
constant, non-reactive input impedance and com 
prising means for progressively shifting the phase 
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of an input signal, a plurality of electrical paths 
for tapping of phase-shifted voltages, means for 
Combining Said voltages, a plurality of variable 
resistances in each of said paths, and a plurality 
of controls associated with said variable resist 
ances by mean of which the amplitude-frequency 
characteristic may be adjusted without affecting 
either the phase-frequency characteristic or the 
input impedance of said network. 

10. A variable amplitude-correcting network 
comprising means for progressively shifting the 
phase of an input signal, a plurality of electrical 
paths for withdrawing phase-shifted voltages 
therefrom, means for combining - said voltages, 
and a plurality of controls for regulating the rel 
ative amplitudes of said voltages, whereby the 
amplitude-frequency characteristic of said net 
work may be adjusted independently at any one 
of a plurality of frequencies without affecting the 
amplitude-frequency characteristic at any of the 
other of said frequencies. 

11. A network comprising a plurality of Con 
nected transducer sections for progressively 
shifting the phase of an input signal, a plurality 
of electrical paths connected to Said sections at 
different points, means for tapping off voltages 
from said paths, and means for combining said 
voltages, the magnitudes of said voltages corre 
sponding to the coefficients do, di, a2, a3, . . . an 
of the expansion of the amplitude-frequency 
characteristic to be simulated into a series of the 
form 
an+2a-1 cos 0+2a-2 cos 20+2an-3 cos 30+ . . . 

--2ao COS 7.6 
wherein 9-2 tan - kaw, k being a positive con 
stant, and w being 2 times the frequency. 

12. A network comprising a plurality of con 
nected transducer sections for progressively 
shifting the phase of an input signal, a plurality 
of electrical paths connected to said sections at 
different points, means for tapping off voltages 
from said paths, and means for combining said 
voltages, the magnitudes of said voltages corre 
ponding to the coefficients do, a1, a2, a3, . . . an 
of the series. 

wherein i=V-1, 0=2 tan - co, k being a posi 
50 

60 

tive constant, and w being 2 times the frequency. 
13. An electrical network system comprising a 

plurality of tandem connected transducers for 
subjecting the signal voltage to progressive phase 
shift, means comprising variable impedances for 
tapping of voltages at a plurality of junction 
points of said transducers, means for combining 
said voltages, and a plurality of controls for ad 
justing said variable impedances whereby the 
amplitude frequency characteristic of Said sys 

5 
tem may be independently adjusted at any one of 
a plurality of frequencies without materially af 
fecting its phase frequency characteristic. 

14. An electrical network system comprising 
means for subjecting a signal voltage to progres 
sive phase shift, a plurality of electrical paths 
for tapping off phase-shifted voltages at a plu 
rality of points, means for combining said volt 
ages, a plurality of pairs of variable impedances 
associated with said paths, and a unitary con 
trol for said variable impedances whereby the 
magnitude of each of Said impedances may be 
varied without changing the total impedance of 
each of said pairs. 

15. An electrical network system comprising a 
plurality of transducers for progressively shifting 
the phase of an input signal, a plurality of elec 
trical paths for tapping off phase-shifted voltages 
from said transducers, means for combining said 
voltages, a plurality of pairs of variable imped 
ances in each of Said paths, and a plurality of 
controls, each of Said controls being associated 
with a plurality of said pairs of variable imped 
ances in a plurality of said paths, and the adjust 
ment of each of said controls Operating to in 
crease the magnitude of one of the impedances of 
each of Said pairs with which said control is as 
Sociated while at the same time decreasing by a 
like amount the magnitude of the other variable 
impedance forming said pair. 

16. An electrical network system comprising a 
plurality of transducers for progressively shifting 
the phase of an input signal, a plurality of simi 
lar pairs of electrical paths leading from said 
transducers, means for combining the output 
voltages of said paths, a plurality of pairs of vari 
able impedances in each of Said paths, and a plu 
rality of controls, each of said controls being asso 
ciated with a pair of said impedances in each of 
said pathis and operating to adjust the amplitude 
frequency characteristic of said system over a 
portion of the frequency spectrum without sub 
stantially altering said characteristic at certain 
other specific frequencies. 

17. An electrical network system comprising a 
plurality of transducers for progressively shifting 
the phase of an electrical vibration, a plurality 
of electrical paths for tapping off phase-shifted 
vibrations from Said transducers, means for com 
bining said phase-shifted vibrations, a plurality 
of pairs of variable impedances in each of said 
paths, and a unitary control operative to adjust 
each of said variable impedances of a pair in each 
of said paths, whereby the amplitude-frequency 
characteristic of said system may be adjusted 
without materially affecting its phase-frequency 
characteristic. 
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