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This invention relates to electrical signalling 
Systeins and more particularly to the automatic 
control of amplification in long distance trans 

ission Systems. 
An object of the invention is to control auto 

natically the gain of a signal amplifier in an 
electrical signalling System. Another object is 
to adjust automatically the gain of a repeater 
annpifier in a wire line transmission system to 
compensate for fluctuations in the line attenu 
ation caused by temperature changes or other 
factor's. Other objects are to reduce the size and 
cost of automatic transmission regulators. A 
further object is to improve the flatness and 
increase the range of regulation obtainable in a 
pilot-controlled regulator. 

In electrical signalling systems such, for ex 
airple, as those of the cable carrier type, the 
transmission loss varies due to temperature or 
humidity changes, because different lengths of 
transmission line are used between the ampli 
fiers, or for other reaSons. These loss variations 
may be compensated by means of a pilot-con 
trolled feedback amplifier which has in its feed 
back path a regulating network including a 
therino-responsive impedance element, or ther 
Inistor. A pilot wave of Substantially constant 
average power, usually located at a frequency 
Outside of the signal band, is transmitted over 
the line along with the signals. The pilot power 
and the signal power both vary in accordance 
with the variations in the line loss. The pilot 
power reaching the amplifier is utilized to vary 
the impedance of the thermistor, and therefore 
the feedback, to hold the change in gain of the 
amplifier nearly equal to the change in loss of 
the transmission line connected to its input, thus 
restoring the signal power to its initial value. 
However, if the power in the signal band is large 
compared to that of the pilot, the regulation is 
adversely affected because of time variation of 
the signals. 
In accordance With the present invention, this 

interference with the regulation arising from the 
signal currents is reduced or eliminated by the 
inclusion of frequency-selective networks in the 
feedback path of the amplifier. In the embodi 
ment shown, a predistorter is connected ahead 
of the regulating network and a restorer on the 
output side thereof. The predistorter preferably 
has a transmission characteristic which freely 
passes the pilot frequency but discriminates 
against the signal band, and the restorer has 
a transmission characteristic Substantially com 
plementary to that of the predistorter. The fil 
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tering effect of the predistorter greatly reduces 
the signal band power entering the thermistor, 
and correspondingly decreases the effects on the 
regulating action of Variations of this power. 
The impedances presented to the regulating net 
Work by the predistorter and the restorer are 
preferably constant resistances. As the maxi 
nuin power output capability of an amplifier of 
this type is reduced, the impedance presented to 
the thernistor is generally increased. This may 
lead to a decrease in both the flatness and the 
permissible range of regulation. In accordance 
With another feature of the invention, an im 
pedance transformation is introduced into the 
predistorter to permit the use of an amplifier of 
lower power without adversely affecting either 
the fatneSS or the range of regulation. In order 
to avoid undesired reflections, an impedance 
Correcting netWork may be associated. With the 
Output of the amplifier, if required. 
The nature of the invention and its various ob 

jects, features, and advantages will appear more 
fully in the following detailed description of typi 
cal embodiments illustrated in the accompanying 
drawings, of which: 

Fig. 1 is a single-line, block diagram of a signal 
transmission System embodying a transmission 
1'egulator in accord with the invention; 

Fig. 2 is a Schematic circuit showing the system 
of Fig. 1 in greater detail; 

Figs. 3 and 4 are Schematic circuits of imped 
ance branches Suitable, respectively, for use as the 
Series branch Zi and the shunt branch Z2 shown 
in FigS. 2 and 7; 

Fig. 5 shows an equivalent circuit for the im 
pedance branch Z1 of Fig. 3; 

Fig. 6 is a schematic circuit of an impedance 
correcting network suitable for use in Fig. 2; 

Fig. 7 ShoWS the output portion of the System 
of Fig. 2 modified by the addition of a third 
Winding to the output transformer; and 

Fig. 8 shows typical input-output amplifier 
characteristics obtainable with the regulating 
System. 
Taking up the figures in greater detail, Fig. 1 

shows a signal transmission system in which sig 
nal currents from a source are transmitted 
along a tranSmission line 2 through an amplifier 
3 of the stabilized negative feedback type to a 
receiver or other load 4. A pilot wave of con 
stant average power from the single-frequency 
Source 5, having a frequency falling outside of 
the signal band, is also transmitted over the line 
2. The feedback path 6 between the output and 
the input of the amplifier 3 comprises a predis 
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torter 7, a regulating network 8 including a 
thermo-responsive impedance element or ther 
mistor 9, and a restorer O serially connected in 
the order named. An impedance-correcting net 
work may be inserted between the amplifier 3 
and the load 4, if required. 
The function of the amplifier 3 is to provide 

the required gain to compensate for the attenu 
ation in the transmission line 2. However, the 
attenuation in the line varies continually because 
of fuctuations in the temperature, humidity, or 
other factors. Therefore, regulation must be 
provided. The pilot wave effects the required 
regulation through its action upon the ther 
mistor 9. 
The regulating network 8 may, for example, be 

of the type disclosed in United States Patent No. 
2,096,027, issued October 19, 1937, to H. W. Bode. 
Its attenuation-frequency characteristic is con 
trolled by the resistance of the thermistor 9, 
which, in turn, depends upon the current flowing 
therethrough. This characteristic may be flat 
throughout the signal-frequency range, but it is 
ordinarily designed to have a frequency-de 
pendent shape selected to compensate for the 
transmission changes in the line 2 which are to 
be corrected. It will be assumed that the re 
sistance of the thermistor 9 and the attenua 
tion of the network 8 both decrease with an in 
crease of the current through the thermistor. 
Therefore, if a reduction in the line attenuation 
tends to increase the power output of the ampli 
fier 3, the current traversing the thermistor in 
creases but its resistance falls, thereby decreas 
ing the attenuation in the feedback path 6 and 
the gain of the amplifier to reduce the output of 
the amplifier to substantially its original value. 
By similar action, an increase in the line attenu 
ation Will result in a compensating increase in 
the amplifier gain, thus again holding the ampli 
fier output to substantially its original value. 
The regulating network 8 and the thermistor 9 
are designed so that the amplifier output power 
remains substantially constant for a wide range 
of variation of the input power. Curve 2) of 
Fig. 8 is a typical input-output characteristic ob 
tainable with the regulator shown in Fig. 1, using 
an annplifier having a comparatively small maxi 
num power output. 

If the frequency-selective network is omitted 
from the regulating system shown in Fig. 1, it is 
apparent that the thermistor 9 will be traversed 
not only by the pilot current but also by the sig 
nal currents. This signal power will add to the 
pilot Wave power dissipated in the thermistor and 
affect the regulation of the amplifier gain. Be 
cause the signal power ordinarily fluctuates 
rapidly and also varies as the number of channels 
in operation changes, its effect on the regulation 
will vary with signal load. In accordance With 
the present invention, this interference from the 
signal currents is greatly reduced or substantially 
eliminated by adding the predistorter 7, which 
freely passes the pilot frequency but discriminates 
strongly against the signal currents. In this 
way, all but a small part of the signal power is 
kept out of the thermistor 9 and the gain of the 
amplifier 3 is controlled almost exclusively by 
the power of the pilot wave. The distortion in 
the amplifier gain-frequency characteristic 
caused by the predistorter is compensated for 
by the restorer f0, which ordinarily has a loss 
characteristic substantially complementary to 
that of the predistorter but may have some other 
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4. 
shape if an amplifier characteristic other than 
flat is desired. 

It is to be understood, of course, that on long 
transmission lines additional regulating ampli 
fiers may be required. These may be inserted 
between the network and the receiver 4, as in 
dicated by the broken line 2. 

Fig. 2 shows the System of Fig. 1 in greater 
detail. The amplifier 3 is connected to the line 
2 through an input transformer f4 and to the 
impedance-correcting network and the line 
2 through an output transformer 5 which has 
a plate winding 6 and a line winding 7. The 
ratio of the windings 6 and f is primarily 
chosen to step up the impedance of the line con 
nected to the winding 7 to a proper value for 
deriving maximum power output from the out 
put tube of the amplifier 3. However, the fact 
that the networks 7, 8, and 9 in the feedback 
path 6 also derive power from the amplifier 3 
may influence somewhat the choice of this turns 
ratio. 
The design of the regulating network 8 is facili 

tated, and its performance improved, if the net 
work operates between purely resistive imped 
ances. Therefore, the predistorter 7 preferably 
presents a constant, non-reactive impedance R at 
the end facing the regulating network, and the 
restorer f0, at its end facing the regulating net 
Work, preferably presents an impedance aFR, of 
Similar type which may or may not be equal to R, 
as indicated by the labelled arrows. For best 
operation of the regulating network 8, the sum of 
the terminal impedances R and aR, may, in a 
practical case, be of the order of 1000 ohms. The 
predistorter l is preferably provided with an im 
pedance step-up from left to right so that the 
impedance shunting the line will be high enough 
to avoid diverting an undue amount of power 
from the load while at the same time the imped 
ance R presented to the regulating network 8 will 
be sufficiently low for satisfactory regulation. 
As shown, the predistorter 7 comprises a series 

impedance branch Z1 and a shunt impedance 
branch Z2. The branch Z1 is connected between 
the lower end of the winding 6 and the upper 
end of the winding 7 of the transformer 5, and 
these windings are poled to be series aiding for 
this connection. The branch Z2 is connected be 
tween the lower end of the winding 6 and 
ground, shown at 9. 

Fig. 3 shows a typical circuit suitable for the 
Series impedance branch Z1, comprising a re 
sistance of value R2 in series with an impedance 
Z11. The impedance Z11 consists of a resistance 
R3 shunted by the Series combination of an in 
ductance L2 and a capacitance C2. In order that 
the predistorter 7 will transmit freely the pilot 
frequency fp, the values of L2 and C2 are so chosen 
that these elements resonate at that frequency, 
and therefore 

The value of the inductance L2 is made large 
enough to Secure the desired width of transmis 
Sion band, which decreases as L2 is increased. 
Also, the discrimination at the edge of the signal 
band adjacent to the pilot frequency improves 
as the ratio of L2 to C2R3 is increased. The ratio 
of the resistance Ra to the resistance R2 is chosen 
to provide the desired loss over the signal band 
which is to be excluded from the regulating net 
Work 8. This loss increases as the ratio is in 
creased. The sum of the resistances R2 and R3, 
chosen to provide the desired impedance facing 
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the transformer 15, may be found from the 
formula, 

K 
R+R = Z. (2) 

in Which 

K-9 -- 17 (3) 
16 

in 16 is the number of turns on the Winding 6 
of the output transformer 5, n.17 is the number 
of turns on the winding , and ZL is the approxi 
nate value of the resistive component of the in 
pedance of the line 2 as viewed from the net 
work . Thus, the values of all of the elements 
in the branch Z1 have been determined. 
The shunt branch Z2 is added to the predistort 

er 7 in order to make the impedance R, looking 
into the left-hand end a pure resistance. Its 
magnitude is given by the expression 

R=R2/K (4) 
As shown in Fig. 4, this branch comprises a re 
Sistance of value R in Series with an impedance 
Z21, consisting of a resistance RA in series with 
the parallel combination of a capacitance C1 and 
an inductance Lil. The impedance Z21 is inverse 
With respect to the impedance Z11 in the Zl branch 
and, therefore 

Z1122.1-XR2 (5) 

SO the Values of elements RA, C, and Li may be 
found from the relationships 

The resistances R. and RA may, if desired, be 
Combined into a single resistance R1 of value 

R1st R--RA (7) 
The values of all of the elements in the branch 
Z2 have thus been determined. 

Fig. 5 shows an innipedance branch which is 
equivalent to the one shown in Fig. 3 and is to 
be preferred in some cases. The circuit com 
prises a resistance R5 shunted by the series com 
bination of a resistance R4, an inductance L3, 
and a capacitance C3. For equivalence of the 
two circuits, the following relationships must 
hold: 

In the circuit of Fig. 5, since the resistance R4 
is in series with the inductance L3, part or all 
of this resistance may be included in the in 
ductor which furnishes the inductance L3. Thus, 
under some circumstances, a separate resistor 
to furnish the resistance R4 is not required. 
In order to prevent undesired reflections, it is 

desirable that the impedance ZA, indicated on 
Fig. 2, looking back into the amplifier 3 from 
the left end of the line 2 should match the im 
pedance ZB looking into the line 2 at this end. 
The impedance-correcting network is added 
for this purpose. For the System shown in Fig. 
2, in which the line winding of the output 
transformer 5 is grounded on the lower side, 
the network may be a two-terminal imped 
ance branch of impedance Zc, connected in Se 
ries between the high side of the line 2 and 
the upper end of the winding 7. The imped 
ance Z.A. Will then be given by 

ZA-Zc-Z1 (K-1)/K (12) 
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If the impedance Zo has the configuration shown 
in Fig. 6, comprising the parallel combination 
of a capacitance C8, an inductance L8, and a re 
sistance Ra, the impedance ZA may be made a 
constant, pure resistance if the elements have 
the following values in terms of the values of 
the element constituting Z11: 

If the impedance ZB has a reactive component, 
the desired impedance match may be obtained 
by modifying the values of Ca and I-8 or by add 
ing properly chosen reactive elements to the net 
Work . 
As mentioned above, the restorer prefer 

ably presents a constant-resistance impedance 
dR at its end facing the regulating netWork 8, 
and it may have the same impedance at its oth 
er end. A Suitable circuit of the bridged-T type 
is disclosed in United States Patent No. 1,606,817, 
issued November 16, 1926, to G. H. Stevenson. 
Other suitable types of circuits may, of course, 
be used if desired. The restorer has a trans 
mission characteristic Substantially complemen 
tary to that of the predistorter So that the 
Over-all transmission characteristic of the feed 
back path 5, except for a constant flat loss, is 
Only that introduced by the regulating network 8. 

Fig. 7 ShoWS how the portion of the regulat 
ing system of Fig. 1 to the right of the line X-X 
may be modified to introduce an additional in 
pedance-transforning factor. The line 2 to 
the receiver 4, instead of being connected to the 
Winding 7 of the Output transformer 5, is con 
nected to an additional Winding 22 which is 
inductively coupled to both of the Windings is 
and T. In this case, the elements Cs, L8, and R3 
of the impedance Zo are replaced, respectively, 
by modified elements Cs, L3', and R8, the values 
Of Which may be found from the following rela 
tionships: 

where n2 is the number of turns on the wind 
ing 22. If the receiver A is balanced to ground, 
the impedance Zo is preferably divided into tWO 
impedances, each equal to Zc/2, which are con 
nected in series, one on each side of the line 2, 
between the left end thereof and the winding 
22 to constitute the impedance-correcting net 
Work . 

Either of the circuits shown in Figs, 2 and 7 
may be modified by making the Series impedance 
branch Z1 a single resistance approximately equal 
to the sum of R2 and R3 and replacing the shunt 
impedance Z2 by a four-terminal network which 
has a constant-resistance image impedance at 
each end approximately equal to (R2--R3)/K 
and a transmission characteristic Similar to the 
One described above for the predistOrter . In 
this case, the impedance-correcting network 
may be eliminated, unless it is required in order 
to provide a reactive component to match the 
impedance ZB. A typical input-output chair 
acteristic obtainable with this modified regulat 
ing System, using an amplifier of Small maxi 
mum power output capability, is shown in Fig. 
8 by curve 2 which, it will be noted, is less flat 
than curve 20. 

It is to be understood that the above-described 
arrangements are illustrative of the application 
Of the principles of the invention. Numerous 
other arrangements may be devised by those 
skilled in the art without departing from the 
Spirit and Scope of the invention. 
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What is claimed is: 
1. In a signal transmission system in which 

transmission regulation is controlled by a pilot 
Wave, an amplifier having a feedback path, a 
predistorter and a restorer connected in tandem 
in Said feedback path, and a regulating network 
interpOSed between Said predistorter and said 
restorer, said predistorter having a transmission 
characteristic which passes the pilot wave but 
discriminates against other frequencies, said re 
storer having a transmission characteristic Sub 
Stantially complementary to that of Said pre 
distorter, and said regulating network including 
a therno-responsive impedance element which 
controls the attenuation characteristic of Said 
regulating network in accordance with the cur 
rent flowing in said element, whereby the gain of 
said amplifier is regulated in accordance with 
the amplitude of Said pilot Wave. 

2. A system in accordance with claim 1 in 
which said restorer presents, at the end facing 
said regulating network, a substantially constant 
and substantially non-reactive impedance. 

3. A system in accordance with claim 1 in 
which said predistorter provides an impedance 
transformation. 

4. A system in accordance with claim 1 in 
which said predistorter provides an impedance 
step-up from its end facing said regulating net 
work to its other end. 

5. A system in accordance with claim 1 in 
which said predistorter presents, at the end fac 
ing said regulating network, a substantially con 
stant and Substantially non-reactive impedance. 

6. A system in accordance with claim 5 in 
which said restorer presents, at the end facing 
Said regulating network, a Substantially constant 
and Substantially non-reactive impedance. 

7. A system in accordance with claim 5 in 
Which said predistorter provides an impedance 
transformation. 

8. A System in accordance with claim 5 in 
which said predistorter provides an impedance 
Step-up from its end facing said regulating net 
work to its other end. 

9. A System in accordance with claim 1 which 
includes an output transformer associated with 
Said amplifier. 

10. A System in accordance with claim 9 in 
which said transformer comprises a plate wind 
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ing and a second winding inductively coupled 
thereto. 

11. A System in accordance with claim 10 in 
which said transformer includes a third winding 
inductively coupled to said plate winding and to 
Said Second winding. 

12. A System in accordance with claim 10 in 
which said predistorter comprises a series im 
pedance branch connected between the low side 
of Said plate winding and the high side of said 
Second Winding. 

13. A System in accordance with claim 12 in 
which Said transformer includes a third wind 
ing inductively coupled to said plate winding and 
to Said second winding. 

14. A System in accordance with claim 12 in 
which said impedance branch includes the series 
combination of a capacitance and an inductance 
which are resonant at approximately the fre 
quency of Said pilot wave. 

15. A System in accordance with claim 14 in 
which said impedance branch includes a resist 
ance connected in parallel with said capacitance 
and said inductance. 

16. A System in accordance with claim 15 in 
which said impedance branch includes a series 
resistance. 

17. A System in accordance with claim 12 in 
which said predistorter comprises a shunt im 
pedance branch proportioned with respect to 
Said series impedance branch to make the im 
pedance presented by said predistorter, at its end 
facing said regulating network, substantially 
constant and Substantially non-reactive. 

18. A System in accordance with claim 1 in 
which said predistorter comprises a series im 
pedance branch and a shunt impedance branch, 
Said branches being proportioned to make the 
impedance presented by said predistorter, at its 
end facing said regulating network, substantially 
constant and Substantially non-reactive. 

19. A System in accordance with claim 18 in 
which Said Series impedance branch includes at 
least two resistances. 
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