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This invention relates to electrical net 
Works, and especially to a type of aperiodic 
network which is adapted to modify the volt 
age wave impressed thereon in such manner 
that the wave at the output end of the said 
network closely approximates in form any 
desired integral or derivative of the im 
pressed wave depending upon the type of net 

10 Work used. - 
This application is a division of the copend 

ing application, Serial No. 376,996, filed 
April 27, 1920, which issued on August 9, 
1927, as Patent No. 1,638,437, and is intend 

15 ed to cover and to claim specifically that form 
of network by which any desired derivative 
of the impressed wave may be obtained. 
Networks heretofore devised for approxi 

mating a required integral or derivative of 
20 an impressed voltage wave may be rendered 

free from undesirable interaction between the 
component parts only by the insertion of some 
form of unilateral device at suitable points, 
or by proportioning the constants of the Slic 

25 cessive networks so that the current trans 
mitted therethrough becomes unduly di 
minished, or by greatly increasing the im 
pedance of the circuits. 

It is the object of the present invention to 
30 provide networks involving resistances, in 

ductances and capacities combined so that the 
output voltage wave of such networks when 
combined will closely approximate any re 
quired integral or derivative of the wave in 

35 pressed upon said combined networks, which 
networks require no unilateral devices to pre 
vent interaction between the parts and do not 
cause undue diminution of the transmitted 
current, or other undesirable results. 
The integrating or differentiating net 

works of this invention are of the nature of 
low pass and high pass filters respectively. 

40 

The integrating networks simulate the low 
pass type, being designed to transmit with 
slight attenuation a range of low frequencies 
and to attenuate greatly the frequencies above 
a certain critical frequency. In a converse 
manner, the differentiating networks trans 
mit readily the upper range or band of fre 
quencies and subject the lower frequencies 
to greater attenuation. It will be shown later 
that the integrating networks produce a wave 
that closely approximates a true integral of 
the impressed wave throughout the frequency 

45 

50 

range above the aforesaid critical frequency, 
and similarly the differentiating network ap 55 
proximates a true derivative of the impressed 
wave through the frequency range below the 
clitical frequency, the said critical frequency 
depending on the time-constant of the circuit. 
SE networks, especially of the integrat 

ing type, are found advantageous in sub 
marine cable telegraphy, in order to screen 
the receiving apparatus of such cables from 
the effects of transient interference waves 
set up in said cable, and at the same time to 
freely transmit the signaling waves received 
over the said cable. This invention has ac 
cordingly been described in its relation to 
such type of telegraphy, but it is to be under 
stood, however, that it is not so limited, but 
may be used in any type of circuit where it 
is desired to obtain any integral or derivative 
of a variable voltage wave. 
This invention will be better understood 

from the following description when read in 
connection with the attached drawing, of 
which Figure 1 shows the arrangement of the 
network for four successive integrations of 
an impressed voltage wave; Fig. 1a is a mod 
ification of the amplifier connection shown in 
Fig. 1: Fig.2 shows in detail one unit illus 
trating the basic principles involved; Fig.2a. 
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2 

3 

20 

shows the first step in building up a net 
work comprising more than one unit; Fig. 3 
shows a method for combining these units in 
a network producing the fourth integral of 
the impressed wave; Fig. 4 shows graphical 
ly the first, third and fourth integrals, and 
Fig. 5 shows the arrangement of the elements 
to obtain, for example, the fourth derivative 
of an impressed variable voltage wave; Fig. 
50, is a modification of the amplifier connec 
tion shown in Fig. 5. 

In Fig. 1, 1 represents a transmission line 
having large distortion and attenuation 
characteristics such as a submarine telegraph 
cable, which is connected to a winding 12 of 
the transformer 5, the other side of said 
winding being connected to an artificial line 
2, adapted to balance the Submarine cable. 
A transmitting device 3 which ma O At tting device 3 which may be of any 
well known type is connected to the midpoint 
of winding 12. Bridged across the other 
winding 4 of the transformers 5 is an inter 
ference reduction network comprising four 
sub-networks 6, 7, 8 and 9, each of the said 
sub-networks comprising an inductance L. 
in series with the line, a resistance R and a 
capacity C in series with the said resistance 
bridged across the line. Network 9 termi 
nates in resistance R, the value of which may 
be determined by equations hereinafter set 
forth. Across R. is bridged the input side 
of a vacuum tube amplifier 10, which is 
adapted to impress the amplified wave upon 
a recording device 11. The same result 
would be obtained by bridging the input 
side of the amplifier across the condenser C. 
in the manner shown in Fig. 1a. 

Fig. 2, as stated, shows a single unit em 
bodying the basic principles of this inven 
tion, comprising two parallel circuits, one of 
which has in Series a resistance R, and a ca 
pacity C, and the other of which has in series 
a resistance R' equal to the resistance R, and 
in series there with an inductance L. It 
will be shown later that the impedance of 
Such circuit when its constants are properly 
proportioned is equal to the resistance in 
either branch at all frequencies. Accord 
ingly, there may be substituted for the re 
sistance R, another network similar to that 

, shown in Fig. 2, which arrangement is illus 
:5 

trated clearly in Fig. 2a. 
Fig. 3 shows means for combining a plu 

rality of sub-networks as shown in Fig. 2 
so as to obtain, for example, at the output 
side of the said network the fourth integral 

60 of the impressed voltage wave. It will be 
seen that the network shown in Fig. 1 in con 
nection with the terminal circuit of a sub 
marine cable telegraph system is only a re 
arrangement of the circuit shown in Fig. 3. 

Fig. 4 shows graphically the relation be 

and 3 is inserted in the circuit. 
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tween the ratio of the output voltage to the 
input voltage of the network and the frequen 
cy when a network such as is shown in Figs. 1. 

The curves 
a, b, and a represent respectively the first, 70 

third and fourth integrals of the impressed 
voltage wave. It will be noted that the 
curves fall off sharply after passing a cer 
tain frequency value. Since the interference 
waves are of relatively high frequency com 
pared with the signaling waves, they will 
be reduced in magnitude whereas the signal 
ing frequency will pass through the net 
work substantially unaffected thereby. 

Fig. 5 shows the arrangement of the net 
work to obtain for example, the fourth de 
rivative of an impressed voltage wave. It 
comprises four sub-networks, each of which 
is made up of a capacity C in series with 
the line and a resistance R in series with an 
inductance L, connected across the line. 
Bridged across the last network is a resist 
ance R, the value of which may be deter 
mined by equations hereinafter set forth. 
The network of Fig. 5 may be derived by 
extending the fundamental network shown 
in Fig. 2 by a process of substitution, in gen 
eral, similar to the method of developing the 
integrating networks shown in Figs. 2, 2a. 
and 3, but differing therefrom in that each 
additional network replaces the resistance in 
the capacity branch instead of the resistance 
in the inductance branch of the preceding 
network. Each of these sub-networks pro 
duces a voltage wave which is the derivative 
of the wave impressed thereon. It will be 
seen, therefore, that any desired derivative 
may be obtained by connecting together in 
the manner shown, a number of sub-networks 
corresponding to the desired derivative. The 
same result may be obtained by an inductive 
coupling shown in Fig. 5a across the induct 
ance L', since the voltage wave across L' is 
the same as that across the resistance R's. 
Having in mind the foregoing description. 

of the circuits and the functions of the com 
ponent parts, this invention will be more 
clearly understood from the following de 
scription of the manner in which the circuit 
operates when an impressed variable voltage 
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Wave, such as a signal wave is impressed 
across the winding 4 of the transformer 5. 

Consider first the unit network shown in 
Fig. 2. If the two resistances therein rep 
resented by R and R are each equal to 

w: and the inductance L is assumed to have 
Zero resistance, the network as shown in the 
figure will have an impedance equal to the 
resistance R = R for all frequencies of the 
impressed wave. This will be seen from the 
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following derivation of the impedance of the 
circuit: 

--- (R+jol)(R+) c 
Z= 1. 

L. . . R R+,+j(RL-E) 
2R+i(oL 

in which - F. - R; o=2ara frequency and 
L 

i = W-1. If R-f Or C=' the above 
equation by substitution becomes 

R3 R+ R+j(RoL- coL 

Since, therefore, the impedance of the cir 
cuit represented in Fig. 2 is equivalent to R, 
we may substitute such a circuit for the re 
sistance R' in the manner shown in Fig. 2a. 
in this figure, the elements R., C and L are 
the same as the similarly designated parts 
of Fig. 2, but in place of the resistance R' 
we have substituted a circuit of equivalent 
impedance comprising a resistance Re, a ca 
pacity C, an inductance L2 and a resistance 
R''. This process may be carried further by 
substituting for R'' a third network, and by 
thus adding to the basic network the required 
number of sub-networks, we may provide a 
structure adapted to produce approximately 
the required integral of the impressed volt 
age wave. 

Further consideration of the unit network 
shown in Fig. 2 in connection with the fol 
lowing description, will make clear the rea 
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son why the output voltage across the net 
work closely approximates an integral of the 
impressed voltage wave. 
Assuming a voltage E impressed across the 

network, the voltage drop e across the resist 
ance R' in terms of the impressed voltage is 

R/ 
e-R, i.L.E. (1) 

If the frequency is above a certain critical 
value the voltage drop across the inductance 
L is substantially E, and consequently the 
current through L is related to the voltage 

3 

E substantially in accordance with the fol lowing equation: 
. . d E=L, joi-Li, 

which, when rearranged in form, is 

If we multiply the preceding equation by 
R", we obtain 

; p, R. R. R -e-, E- E ?ell (2) 
It will be seen that Equation 1 approaches in 
value Equation 2 for these frequencies at 
which the voltage drop across the inductance 
Li is substantially equal to E, because at those 
frequencies jou, becomes large relative to 
R’. Therefore, the network as shown in Fig. 
2 may be said to approximately integrate 
the impressed voltage wave for frequencies 
above the critical frequency, and the ap 
proximation to an exact integral being pro 
portional to the distance from the critical frequency. 
In a similar manner, it may be shown that 

for frequencies below a limiting value, such 
that the impedance of the condenser C is 
great compared with its resistance R, the 
current through the condenser and hence the 
voltage across the resistance approximates 
the first derivative of the voltage E. The 
limiting value of frequency below which this 
approximation approaches the actual con 
dition is proportional to the reciprocal of the 
time constant of C, and R and therefore may 
be made any required value. 

Since, however, it is impracticable to ob 
tain inductance coils having Zero resistance, 
the values of the elements of the networks 
must be modified in order to apply this prin 
ciple to a practical case. If RI, represents 
the resistance of one inductance coil, the con 
ditions which must be satisfied are that 

R = R,-- R. 

R wf 
in which the subscripts denote the number 
of the sections of the network under con 
sideration. Thus in the sub-network 7, the 
value of the resistance R is 

R. :: R, -- Rt. 

Also, since Ra differs from R. We must change 

and 

the values of L, or C, so that 

L 
C. 

The value of the resistance R may be de 
termined from the foregoing equations, in 

R= 
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the same manner in which the magnitude of 
the other resistance elements is obtained. 
By means of the arrangements represented 

in Figs. 1 and 3, having inductances in series 
with a source of variable voltage waves and 
capacities with resistances in series bridged 
across the said source, the integral of the im 
pressed wave corresponding to the number 
of sections of network may be obtained. 
That is to say, with a network having four 
sections, the impedance of which is equal to 
R at all frequencies, the voltage E. impressed 
across the input circuit of the amplifier 10 is 
represented by the equation 

R 4. 
E = Eac - 
2 w 'VR +jLo 

The result of the successive integrations is 
clearly shown by curves a, b, and c in Fig. 4 
in which the ordinates represent, the ratio of the output voltage E to the input voltage E. 
across said network and the abscissae repre 
sent frequency. It will be noted that the 
voltage values are greatly reduced beyond a 
certain critical frequency and that successive 
integrations tend to diminish the magnitude . 
of the voltage values. Since transient inter 
ference waves in submarine cables have rela 
tively higher frequencies than the impressed 

80 signaling waves, the amplitude of the sig 
naling voltage is relatively unaffected by such 
a network as is shown in Fig. 1, provided the 
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frequency of the signaling wave is kept be 
low the critical frequency indicated by “x’ 

5 upon the curves of Fig. 4. it will, therefore, 
be seen that this network tends to screen the 
receiving apparatus from the effects of a 
high frequency transient wave, and at the 
same time, to readily transmit to the said 
apparatus, the lower frequency signaling 
wave. This network, furthermore, does not 
require the insertion of a unilateral device 
between the cómponent sub-networks since 
there is no interaction between the various 
parts. -, 

variable voltage, E, may be obtained by a 
network of the required number of sections 
such as that shown in Fig. 5, in which the 
capacities are in series with the source of im 
pressed voltage waves, and the inductances 
in series with resistances are bridged across 
the said source. Equation (1) gives the 
voltage drop across the resistance of a net 
work containing the inductance L and the 
resistance R. The voltage across the output 
resistance of a single differentiating network 

60 
(of which four are shown in Fig. 5) is given 
by the equation 

e = -E (8) 

If the frequency is below a certain critical 

Any desired derivative of an impressed 

1,801,342. 

value the drop across C is substantially E, 
and the current-voltage relation is 

' - dE 

i=E-joC = di (9) 
Multiplying by R 

. . dE . iR=e=ERjo0=RC, (10) 
Equations (8) approaches Equation (10) 
for those low frequencies where the voltage 
drop across C is substantially equal to E. 
The output voltage, therefore, of a differ 
entiating network the derivative of the ap plied voltage E. With such an arrangement 
of the elements, the networks, shown in Fig. 
5, will be adapted to produce a voltage Wave 
E. representing the derivative of the im 
pressed voltage wave E. The relation be 
tween the voltages E. and E may be repre 
sented by the equation 

f : \ 4 
H - 

C) 

It will be seen that by grouping together any 
desired number of unit networks having ele 
ments of the proper Vaitles, any desired in 
tegral or derivative of a variable voltage 
wave gay be obtained. Furthermore, such 
network or group of networks furnish an in 
terference reduction device which requires 
the use of no unilateral device between the 
component unit networks to prevent inter 
action therebetween. This network, as has 
been shown, does not appreciably affect the 
magnitude of the signaling voltage waves 
provided the frequency thereof is kept with 
in certain limits. Also, since the impedance 
of the arrangement is equivalent to pure re 
sistance, at all frequencies, such network 
may be correctly terminated by a resistance 
element. - 

Although this invention has been dis 
closed as embodied in a particular form, it is 
to be understood that it is not, so limited 
but may be embodied in other and different 
forms without departing from the spirit and 
Scope of the appended claims. 
What is claimed is:- 
1. In a signaling system, the combination 

with a transmission circuit of a terminal cir 
cuit comprising an aperiodic network made 
up of a group of sub-networks, each includ 
ing a capacitance C in series with the circuit 
and a resistance R in series with an induc 
tance L bridged across the circuit, the mag 
nitudes of the elements being such that 

R-alt, WO 
and the sub-networks being so related that 
the respective capacitances are in series and 
the respective resistances and inductances 
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will be bridged in parallel across the said 
terminal circuit, whereby the desired deriva 
tive of any impressed wave may be obtained. 

2. In a system to produce a derivative of 
an impressed voltage wave, the combination 
With a source of a voltage wave, of an ape 
riodic network consisting of two branches 
connected in parallel across the source of the 
voltage wave, one of the said branches con 
sisting of a resistance R in series with an in 
ductance L, and the other branch consisting 
of a resistance R' in series with a capacity C, 
the said resistances being equal and the net 
work being so proportioned that 

L R-V, 
whereby a voltage which has the form of a de 
rivative of the impressed voltage is produced 
in resistance R and also in inductance L, and 
a receiving circuit effectively connected with 
said aperiodic network so as to have the 
derivative voltage wave impressed thereon, 

3. In a system to produce the derivative 
of an impressed voltage wave, the combina 
tion with a source of a variable voltage wave 
of an aperiodic network comprising a plu 
rality of sub-networks, each including a re 
sistance R in series with an inductance L. 
bridged across said source, and a capacity 
C in series with the said source, the magni 
tudes of the elements being such that 

and the various networks being so connected 
that the respective capacities will be in series 
and the respective resistance and inductance 
branches will be bridged in parallel across 
said source, the last sub-network having a 
resistance R' in series with the last capacity 
C, whereby the voltage across the last in 
ductance or across the resistance in series. 
with the last capacity will be that derivative 
of the impressed voltage wave correspond 
ing to the number of sub-networks employed 
in the said aperiodic network. 
In testimony whereof, we have signed our 

names to this specification this 30th day of 
June, 1927. 

DANFORTHK. GANNETT. 
MACLEAN KRKWOOD. 


