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present invention has for its object to 
&e inse distortion in pupinized cabies or 

similar natural or artificial lines in which 
a.ind danping in 

ith the frequency approximately accord 
e function. It has baen previously p d to coileiaSate tie diffei'eiages setWagin 

rapixag of the different freqzeicies by in 
g in the li:23 in pedances or artificial lines 

21&Ving Such properties that they exert, a ligher 
additional dailping upon thosa i? 'egencies withich 
are most t2 affected by the nati 'al line darnping 
bit, on the other hand, paSS. t. Cse oscillations 
With a lowei additional dairping Willicin have 
been most da;32)ed by the ine. Said arr 
evidently weakens the speech as a whole which 
in in Intist be CGinpensated by a inplification. 
According to the invention, the pi'ooiem of 

establishing distortionless transninission of speech 
currents is solved principally in a quite different 
nanner than tihat used in Said known arrange 
ment, said inconvenience being then completely 
eliminated and besides a practically exact com 
pensation of the distortion attained. The inver 
tion is based upon the fact that in a pupinized 
cable the characteristic impedance and dainping 
Vary according to the Saile function of the fre 
quency. Said property of such lines is now made 
use of by inciuiding angiifiers as telephone re 
peaters in the line in which aimplifiers the reac 
tion of the anode Voltage upon the grid voltage 
is eliminated by the retransfer of a compensating 

circuit to the grid circuit, 
in a mainliner known per se in nodulators (Swedish 
Patent No. 62,633). An aimplifier coimpounded in 
this 3:ian:he Operates similarly to a cornpoided 
dyinaino as its anode current at a given airpli 
tude of the supplied grid voltage will be constant 
and independent of the size of the output, in 

She Voltage between the terrings of 
the output inpedance Will consequently be pro 
portional to the Said output impedance. If now 
the anode circuit is loaded by the line impedance 
the different frequencies will thus on account of 
the proportionality between the line impedance 
and the line dainping be amplified in the same 
proportions in which they have previously been 
damped in the line. Hereby a partial elimina 
tion of the distortion is obtained which, however, 
as sinown in the following, may be improved by a 
certain a distinent of the distance between the 
consecutive telephone repeaters on the line. . . 
The invention will be more closely described 

with reference to the accompanying drawing 

aligenheint 

(C. 78-44) 

showing different embodiments of the invention. 
Figure 1 is a circuit diagram of the arrangement 
according to one exinbodiment of the invention. 
iigure 2 shows a modified embodiment having 
several amplifying valves in each telephone re- 60 
peater on the line. Fig. 3 shows an arrangerinent 
according to the invention in a pupinized line 
composed of a number of line Sections. 
The invention may be applied both in two 

Wire and four-wire amplifiers. 
In Sigure 1, 1 and 1' represent two line Sections 

united by means of a telephone ainplifier each of 
which sections is loaded by Pupin coils 10 and 
in the usual nanner terminates in a line balance 
2 or 2’ respectively a differential repeating coil 70 
3 and 3’ respectively being interconnected be 
tWegin the line and the line loalance. The Sec 
ondary Winding of Said repeating coil is con 
nected to the input transformer 4 and 4' respec 
tively of a valve amplifier U and U' respectively 75 
each comprising a three-electrode valve 5. Eaci 
of the armplifiers U and U' together with its ap 
pertaining parts is surrounded on the drawing by 
a rectangle indicated by dotted lines. The 
output transformer of the valve is provided with 80 
three windings i. e. a primary Winding 6 and 6 
respectively in ordinary manner included in the 
anode circuit, a secondary winding 7 or 7 re 
spectively connected to the outgoing line, and 
besides a secondary winding 8 or 8' respectively 85 
which latter is connected into circuit between 
the grid and the secondary winding of the input 
transformer. The two-wire amplifier as a, whole 
including the two amplifier units U and U' and 
the differential repeating coils 3 and 3' is Sur- 90 
rounded by an outer rectangle shown by dotted 
lines. The winding 8 or 8' respectively has for 
its purpose to retransfer a compensating Voitage 
froin the anode circuit to the grid which voltage 
is adapted to exactly neutralize the reaction of 95 
the anode load upon the control voltage. As 
regards the alternating current portion WR rav 
of the grid Voltage one has 

65 

:00 va-va- ++3V. 
where Wgrav is the alternating component of the 
grid potential and u is the ratio of amplification. 
The second term on the right hand side repre- 105 
sents the reaction of the variable anode voltage 
Weau upon the grid voltage. The third term rep 
resents the coinpensating voltage which is re 
transferred through the compensating winding 
8 and 8' respectively to the grid from the anode 110 
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As a consequence, the aimplifier will operate ac 
COrding to a dynaikhic characteristic which coin 
pletely coincides with the static characteristic. 
At a given ailipide of the Supplied grid potein 
tial and a given frequency the anode current will 
thus be independent of the valie of the external 
anode iimpedance and imaintains at different 
loads the same intensity as at short-circuit. The 

Va. At it: 

1,980,732 
V2 the voltage on the primary side of the input 
transformer, and Ri the internal resistance of 
the amplifying valve. u designates as before the 
amplification ratio of the valve. As regards the 
voltage between the primary terminals of the 
output transformer 6, 7, 8 one may put 

where Z is the line impedance and u2 the ratio 
of transformation between the windings 7 and 8 
in the output transformer. As regards the volt 
age V3 between the secondary terminals of the 
output transformer one has thus 

7 3. R 

valve will in other words operate as a compounded 
dynamo having coinstant current. The output 
voltage of the valve will thus at various fre 
quencies be proportional to the ai.Solute value 
of tine characteristic impedance on the output 
side, and if now this impedance varies With the 
frequency in the Saine Inanner as does the damp 
ing of the line, the output voltage Will obviously 
be proportional to the line dainping at the Saine 
frequencies. Those frequencies which are most 
subjected to damping in the line section in front, 
of the amplifier will thus obtain the highest aim 
plification. 
The line distortion is, however, oinly patially 

compensated by the above described arrangement 
alone. Whereas the output voltage of the am 
plifier for the different, frequencies is directly 
proportional to 32 where f3 is the damping coeffi 
cient of the line and the length of the line 
section in question, the damping in the line 
section in front of the almplifier conforms, on the 
other hand, with the exponential function e-Bl. 

Experience has shown, however, that by a 
suitable adjustment of the distance between the 

v?. tayr-i- - - -- - 
(9) 90 

If it is a SSumed, for the sake of simplicity, that, 
the line section l is directly connected to the 
priinally terminals of the input transformer 4, 
aS is the case in four-Wire repeaters, one has as 
regards the proportion between the output volt 
age W3 and the Voltage W1 at the beginning of 
next preceding line Section 

(s-(31) 
e 

log 2-pil 
V. V. V. 2 - 
V, V, V, -e 

where e is the basis of the hyperbolic logarithms 
and S=loge is the amplification. After devel 

2 

opment in series the expression 

is obtained. Further 

B1-B1-48 () +%()+(i)+- 
thus 

-at-to k-atty() (1+...(i)+V(i)+-)-p-14%()+...) 
amplifier stations one may bring about that the 
amplification at different frequencies practi 
cally compensates the dai inping of the preceding 
line section. This fact may be explained by the 
following short mathematic calculation: 
The characteristic impedance Z of the line 

and the damping coefficient 3 Vary as above men 
tioned according to one and the same function 
of the angular frequency co and are 

Zo 1 - go 
Z= - 1 = ; 6- . . . Wi-() 

where Zo is the characteristic at low frequencies 
co 

(theoretically at a=0). In analogous manner (3o 
designates the line damping at low frequencies. 

Coo 
27 

is the limiting frequency of the line. 
As the anode current ia on account of the Con 

pounding of the amplifying valve is independent 
of the output in pedance and equal to the anode 
current at short-circuiting the valve on the Out 
put side one may evidently put 

... upli-V 
= -- 

(i. R 

where 1 is the ratio of the input transformer 4, 

In order to bring (S-32) approximately to 
Zero one has evidently 

logeK-6ol=0; (3ol=1 
i.e. 

1 - - 2a - ogK= 1 or K= e, thus 14112-e 

in which case 

which expression is infinitely small at frequen 
cies which are not too close to the limiting 
frequency 

C) 

It is thus understood that a practically com 
plete elimination is obtained if the distance be 
tween consecutive amplifier stations is so se- : A 
lected that the line damping at low frequencies 
reaches nearly one Neper. Said distance inay 
be designated by Lun. 
One is, however, as will be shown in the foll 

lowing, not limited to Such a fixed distance be 
tween the amplifier stations. 

Figure 2 shows an arrangement in connec 
tion. With a four-Wire amplifier by means of 
which arrangement one may be independent, of 
such a fixed station distance. The numerals 
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9 and 9” represent the ends of the line for in 
stance a pupinized cable, in which is inserted 
a repeater for the one transmission direction 
comprising two valves Ua and Ub each of which 
together with its appertaining parts is Sur 
rounded in Figure 2 by a rectangle indicated by 
dotted lines. The incoming line 9 is connected 
to the input side of a valve Ua arranged in the 
Sane manner as the valve U in Fig. 1 and the 
output side of said valve Ua is connected to an 
artificial line AI, the characteristic impedance of 
which varies with the frequency Substantially in 
the same manner as does the damping of the 
line 9 but which, on the other hand, is practi 
cally free from damping. The artificial line in 
question consists of two mutually parallel con 
nected in pedances the one of which consists 
of a condenser 13, and the other of a resistance 14 
in Series With an inductance 16 connected in 
parallel with the condenser 15. The other end 
of the artificial line is connected to the input 
side of the second valve Ub which is equal to 
Ua and the output side of which is connected to 
the outgoing line section 9'. Each of the two 
output transformers 12 and 19 are in conformity 
with the output transformer 6, 7, 8 in Figure 1. 
provided. With a compensating Winding 8 to re 
transfer compensating potential to the grid in 
above described manner. 
The circuit arrangement according to Figure 

2 represents thus a combination of two amplifier 
units separated by a line section free of damping. 
As the artificial line AL has the same charac 
teristic as the natural line the incoming Oscil 
lations is in the first valve Ua subjected to an 
amplification which, as regards all of the incom 
ing frequencies, nearly compensates the damp 
ing for a line distance of the length Lin. The 
Oscillations thus amplified continue without 
being damped through the artificial line AL to 
the second amplifier Ub in which they are sub 
jected to a new amplification Sufficient to com 
pensate for a further line distance In. The line 
section in front of the amplifier station may 
thus in this case be of the double length 2Ln in 
comparison with that in the arrangement having 
Only one amplifying valve. 

In similar manner the amplifier station may 
be composed by three or more amplifying units 
in sequence and mutually separated by artificial 
lines constituting repl’oductions free of damping 
of a line section of the length Lin. Distortionless 
traZnSinission may thus be established in line 
Sections of the length, In, 2n, 3Lin etc. 
The arrangement may, however, be completely 

independent of the calculated unit length Ln and 
the distance between the amplifier stations may 
then be selected solely in regard to the geographic 
conditions. This is rendered possible simply 
thereby that the number of amplifier valves con 
nected in sequence in the amplifier station is 
chosen in such a manner that the amplifier sta 
tion by itself compensates the damping of the 
number of whole unit lengths Lin which just ex 
ceeds the length of the next line distance, be 
sides which an artificial damping corresponding 
to the excess of amplification then obtained is 
Connected into circuit in sequence to the ampli 
fier units in the amplifier station. 

in long lines having a plurality of amplifier sta 
tions it has only to be observed that the total 
number of valves included in the line for the one 
Speech direction and distributed on the different 
amplifier stations compensate the damping for 
the number of whole unit lengths in which just 

3. 
exceeds the total length of the line distance be 
sides which an artificial damping is connected 
into the line corresponding to the excess of am 
plification thus obtained. 
Arrangements of the kinds just mentioned are 

illustrated in Figure 3. Between the end of a 
loaded line or line sectional of length 1 and the 
appertaining amplifier is inserted an artificial line 
d consisting of series inductances and shunt ca 
pacities and having the same characteristic in 
pedance as the line and a damping which is 
smaller than l Neper and so chosen that the sum 
of the dampings of the line and the artificial line 
d corresponds to a number of whole unit lengths 
Lin. It may be assumed for instance that the 
length l of the line is equal to 1, 8 unit length and 
that accordingly the damping of the artificial 
line d is 0,2 Neper. The valve amplifier may 
be of the kind described in Fig. 2 comprising two 
unit valves Ua and Ub separated from one an 
other by an artificial line AL, having the same 
characteristic impedance as the line. 
To the line l is connected another line com 

posed of three sections of the lengths l1, lz, is 
respectively, to the ends of which line sections are 
connected amplifiers A1, A2, A3 of the kinds pre 
viously described. To the end of this line is con 
nected an artificial line D equivalent to a length 
of line smaller than Lin and so chosen that the 
sum of said equivalent length and the length 
li-la-i-la of the line is equal to a number of whole 
unit lengths Lin. Assuming for instance that 
E1=0,9. Tun, lo-1,2 Lin and l3=1,8. In the damping 
of the artificial line D should be 0,1 Lin and the 
amplifiers A1, A2, A3 should be so arranged as to 
compensate together a damping corresponding 
to 4 in. 
I claim:- 
1. An arrangement for eliminating distortion 

in a transmission line comprising in combina 
tion, a valve amplifier, means compensating Sub 
stantially the reaction of the anode Voltage of 
the valve amplifier upon its grid voltage, and 
means causing the output impedance of the valve 
amplifier to vary with the frequency substantially 
in the Same manner as does the damping of the 
transmission line, 

2. An arrangement for eliminating distortion in 
a loaded transmission line, the characteristic 
impedance and damping of which vary substan 
tially according to the same function of the fire 
quency, comprising in combination a valve am 
plifier inserted between consecutive sections of 
Said line, and means compensating substantially 
the reaction of the anode voltage of the valve 
amplifier upon its grid voltage. 

3. An arrangement for eliminating distortion 
in a loaded transmission line comprising in com 
bination a valve amplifier inserted between con 
Secutive Sections of said line, means compensat 
ing Substantially the reaction of the anode volt 
age of the valve amplifier upon its grid voltage, 
and means causing the characteristic impedance 
on the output side and the damping of the line 
to vary Substantially according to the same func 
tion of the frequency. 

4. An arrangement for eliminating distortion 
in a transmission line, comprising in combina 
tion, a valve anplifier, a feedback connection for 
retransferring a compensating voltage from the 
anOde Circuit to the grid circuit of the valve 
amplifier so as to eliminate substantially the re 
action of the anode voltage upon the grid voltage, 
and means causing the output impedance of the 
valve amplifier to vary with the frequency sub 
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stantially in the same manner as does the damp 
ing of the transmission line. 

5. An arrangement for eliminating distortion 
in a transmission line, comprising in combina 
tion, a valve amplifier, a feed back connection 
adapted to retransfer, independently of the fre 
quency, a constant fraction of the anode potential 
Substantially eliminating the reaction of the an 
ode Voltage upon the grid voltage, and means 
causing the output impedance of the valve am 
plifier to vary with the frequency substantially 
in the same manner as does the damping of the 
transmission line. 

6. An arrangement as claimed in claim 1, char 
acterized in that the internal resistance Ri of the 
amplifier valve and the amlification factor u of 
the valve and the ratios of transformation i. 
and u2 of the input and output transformer re 
spectively, counted in the direction of the propa 
gation of the oscillations, are so selected in rela 
tion to the line characteristic Zo at low frequencies 
that 

Zo 
R-412- e 

where e is the basis of the hyperbolic logarithms 
the total amplification of the repeater at low 
frequencies then substantially compensating the 
damping of the same frequencies in the next pre 
ceding line section. 

7. An arrangement according to claim 1, Char 
acterized in that the amplifier is adapted to Con 
pensate the damping of a preceding line Section 
having a damping of 1 Neper. 

8. An arrangement for eliminating distortion 
of a transmission line, comprising in combination 

1,930,733 
an amplifier composed of a number of valves, 
means for compensating. Substantially the reac 
tion of the anode voltage upon the grid voltage 
in each of Said valves, an artificial line inserted 
between each two consecutive amplifiers Said 
artificial line being nearly free of damping and 
having a characteristic impedance varying with 
the frequency Substantially in the same manner 
as thus the damping of the line, and means caus 
ing the output impedance of the amplifier to 
vary with the frequency Substantially in the same 
manner as does the damping of the line. 

9. An arrangement as claimed in claim 1, char 
acterized in that the number of amplifier valves 
connected in sequence to the repeater is so 
selected that the repeater by itself compensates 
the damping for the number of whole unit lengths 
having the damping one Neper which just exceeds 
the length of the next line section besides which 
an articficial line is included in Sequence to the 
natural line and having the same characteristic as 
the latter line and corresponding to the excess 
of amplification in the repeater. 

10. An arrangement as claimed in claim 1, 
characterized in that the total number of anipli 
fiers included in the talking channel together 
compensate the damping for that number of 
whole unit lengths each having the damping 
one Neper which just exceeds the total line length 
besides which in sequence to the line an artificial 
line is connected into circuit with the same char 
acteristic as the former line and corresponding 
to the excess of the total amplification of all the 
amplifiers connected into circuit. 
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