
May 16, 1939. M. BowMAN-MANIFold ET AL 2,158,978 
ELECTRIC SIGNAL TRANSMISSION SYSTEM 

Filed Feb. 26, 1937 

  



Patented May 16, 1939 2,158,978 

UNITED STATES PATENT OFFICE 
2,158,978 

ELECTRIC SGNAL TRANSMESSION SYSTEM 

Michael Bowman-Manifold, Worplesdon Station, 
Surrey, and John Collard, Hammersmith, Lon 
don, England, assignors to Electric & Musical 
Industries. Limited, Hayes, Middlesex, England, 
a company of Great Britain 

Application February 26, 1937, Serial No. 127,924 
in Great Britain March 3, 1936 

19 Claims. (C. 178-44) 
This invention relates to electric signal trans 

mission Systems and more particularly to trans 
mission Systems which are required to handle Sig 
nals covering a wide band of frequencies. 

length, and a represents the angular frequency of 
the signal being transmitted and is equal to 27tf 
where f is the frequency in cycles per Second, 
In the case of a submarine telegraph cable, or 

5. It is known that if a transmission line has an any other form of telegraph cable where only 5 
attenuation constant which is independent of frequencies up to 20 or 30 cycles per second are 
frequency and a phase constant which is direct- encountered, the term w, is very small compared 
ly proportional to frequency, then the line is With R, and G is Small compared With wC. The 
distortionless. It is also known that in general expressions for the propagation constant and the 

l0 these conditions are not satisfied so that a trans- characteristic impedance, therefore, become: 0 
mission line is not distortionless. 
In what follows it is stated that the attenua- P=VRioC 

tion and phase of a line are equalised; what is = WoRC 145° 
meant is, that the attenuation constant has been - 

l3 made substantially independent of frequency IRC 15 
While the phase constant has been made substan- Ye - V 2 -------------- (3) 
tially directly proportional to frequency. and 
Arrangements have been proposed for inde- R 

pendently neutralising or equalising the varia- Zo- ioC 
s c) 20 tions with frequency of the phase and attenua- - 20 

tion of a cable by inserting equaliser sections or R C 
networks in series with the cable. - VE 145 ------------ (4) 

It is an object of the present invention to pro 
vide an improved arrangement including an Over this small frequency range the values R. 
artificial line composed of a plurality of equaliser and can be considered as constant. It Will be sections whereby, over a substantial range of S therefore that the variations in attenuation 
frequencies, the variations with frequency of the and phase constants are due to the 
phase and attenuation of a line are simultane- wo 
ously eliminated or substantially reduced. 

30. It is known that equaliser sections somewhat term and not to any variation with frequency of 30 
similar to the sections that are contemplated in the primary constants. Furthermore, it will be 
the present invention have been used for equalis- observed that the characteristic impedance of the 
ing submarine cables over a very narrow fre- cable is essentially variable with frequency. It 
quency band. However, the errors which arise Will be apparent from what follows that the con 

35 in. Submarine cables are totally different from ditions for the equaliser in accordance with the 35 
the errors which are encountered in cables which invention, and which are necessary for its cor 
are required to handle frequencies extending over rect operation, are the exact inverse of the con 
a wide band of frequency, such as a cable which ditions discussed above for the telegraph cable. 
is required to handle television signals. It has been suggested in connection with equal 

40. In order to facilitate differentiation of the two isers for submarine cables, to make the constant 40 
types of cable and equaliser, the fundamental impedance of an equaliser equal to that of the 
theories underlying the two types will be briefly cable to be equalised; but since the impedance of 
discussed. . the submarine cable is essentially variable with 
The general expressions for the propagation frequency, the making of the innipedance of the 

45 constant P and the characteristic impedance Zo equaliser equal to that of the cable is an impossi- 45 
of a transmission line are: ble condition to satisfy. 

Now the cable or transmission line which is 
P=cy-i6= W(R-FjoL)(G-joC).----- (1) contemplated in the present specification, is one 

- capable of transmitting a very wide frequency 
50 Z= W SE - - - - - - - ---- (2) range extending at least up to a hundred kilo- 50 

Jay cycles per Second. More particularly, the pres 
where a represents the attenuation constant, ent invention is concerned with a cable capable 
B. the phase constant R, L, G and Care, respec- of transmitting frequencies from Substantially 
tively, the resistance, inductance, leakance and Zero frequency to about two or three megacycles 

55 capacitance of the transmission line per unit per second, such frequencies being ordinarily 55 
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2 
encountered in the transmission of television sig 
nals. In these cases, except at the very lowest 
frequencies, cut is large compared with R. and 
coC is large compared with G, So that the chair 
acteristic impedance is approximately 

L 
C 

At very low frequencies the cable impedance, 
aSSunning that the output end is terminated by 
an impedance 

L 
C 

approximates to the value 

R+VE 
Where Rl is the total Series resistance of the 
cable. In practical cases this value is not ap 
preciably different froga 

L 
C 

It can also be shown that if a.?. is fairly large 
compared with R and wC is fairly large com 
pared with G, then, 

P-VE+VE+joyLC - - - - - - (5) 

This expression applies except at the very low 
frequencies where will is no longer large compared 
With R, but at the lower frequencies it is possible 
to employ other means in Order substantially to 
correct the errors at these low frequencies due 
to cable distortion. 

Now, if it is assumed that R, L, G and C are 
all constant with frequency, then the above 
Equation 5 indicates that the attenuation con 
Stant is independent of frequency, while the 
phase constant is directly proportional to fre 
quency. The time delay of the cable is, how 
ever, proportional to 

d5. 
do 

So that the time delay is also independent of 
frequency. Hence, any signals transmitted over 
the line for which the above-mentioned assump 
tions hold, Will arrive at the output end with all 
the components in correct amplitude relationship 
and all delayed by the same amount. In other 
Words, the cable is substantially distortionless. 

In an actual high frequency cable, however, 
Owing to the Skin effect in the conductors, the 
resistance increases with frequency and the in 
ductance falls. Further, owing to the fact that 
the capacity of the cable acts not like an ideal 
condenser but like a Somewhat complicated net 
Work of condensers and resistances the capacity 
tends to decrease slightly and the leakance to 
rise as the frequency rises. It will be apparent, 
therefore, that Since in an actual cable all four 
primary constants vary with frequency, the at 
tenuation constant will vary with frequency and 
the phase constant will not be proportional to 
frequency. Distortion of the Signals sent over 
the cable will therefore occur. Since both the 
inductance and capacity fall with rise in fre 
quency, their ratio, and consequently the char 
acteristic impedance of the cable, is approximate 
ly constant. It Will be appreciated, therefore, 
that the conditions which exist with a cable re 
quired to handle a wide frequency band are ex 
actly the reverse of the conditions existing in the 
Submarine telegraph cable abovementioned. The 
characteristic impedance of a cable handling a 

2,158,978 
Wide frequency band is practically constant Over 
the Whole frequency range and the variations in 
attenuation and phase constant are not due to 
any 

wo 
term but due to actual variations with frequency 
of the primary constants of the cable. 
According to the invention, an electric signal 

transmission System is provided comprising a 
transmission line or cable for transmitting a Wide 
frequency band extending at least up to a hun 
dred kilocycles, and an artificial line in series 
therewith comprising a plurality of equaliser sec 
tions, some or all of which consist of, or are elec 
trically equivalent to, series elements consisting 
of resistances shunted by condensers and shunt 
elements consisting of inductances in series with 
resistances, the time constants and the magni 
tude of the components of Said Sections being SO 
chosen as Substantially to equalise Simultaneously 
the greater part of the Variation of attenuation. 
and phase delay due to Variation with frequency 
of the effective resistance, inductance, capacity 
and leakance of said line or cable. 
The Sections of the artificial line or equaliser 

may be Sufficiently divided that the resultant line 
approximates to one having uniformly or infi 
nitely distributed constants. 
In another embodiment of the invention the 

Various sections of the equaliser need not be so 
finely divided So as to approximate to a line hav 
ing infinitely distributed constants and, in this 
case, it is preferred that the various equaliser sec 
tions be Spaced or centred at frequencies corre 
Sponding Substantially to equal loss increments 
On the attenuation curve Of the transmission line 
Oi cable to be equalised. In the last mentioned 
embodiment of the invention, it is found that 
the characteristic impedance of such a form of 
equaliser is not constant over the frequency 
range, and in accordance with a further feature 
of the invention an improved form of termina 
tion impedance is provided for terminating the 
artificial line. Alternatively, the sections of the 
equaliser are modified and the equaliser termi 
nated as hereinafter more particularly referred 
to. 

it is also possible in accordance with another 
feature of the invention, to reduce the number of 
Sections employed by an improved form of sec 
tion which replaces the sections operative at the 
highest frequencies of the band. 
Another feature of the invention consists in 

the use of a plurality of equalisers which are de 
signed to equalise Various lengths of the trans 
mission line or cable whereby such equalisers can 
be readily selected for equalising certain lengths 
of the cable in cases where, for example, it is 
necessary to transmit signals at different tapping 
points along the transmission line or cable. 

in order that the said invention may be clearly 
understood and readily carried into effect, the 
Sane Will now be more fully described with ref 
erence to the accompanying drawing in which: 

Fig. 1 illustrates diagrammatically a transmis 
Sion line or cable with an equaliser constructed 
in accordance with the invention, 

Figs. 2 and 3 are explanatory diagrams, 
Fig. 4 is a diagram illustrating the type of 

equaliser Section employed in the invention, 
Figs. 5, 6,7, and 8 illustrate further forms of 

equaliser Sections electrically equivalent to that 
shown in Fig. 4, 

Fig. 9 illustrates a form of terminating im 
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2,158,978 
pedance for an equaliser in which the sections 
do not approximate to an infinite distribution 
of constants, 

Fig. 10 illustrates a further form of equaliser 
* Section for use in the invention, and, 

Fig. 11 illustrates a modified form of section 
for use at the highest frequencies of the band. 

Referring first to Fig. 1 of the accompanying 
drawing, a short length of a transmission line 
which may be arranged as a balanced or unbal 
anced line is shown comprising two conductors 
I and 2. The series resistance of the line and 
the series inductance are denoted by Ro and Lo 
in series with a number of units each compris 

In Fig. 1 
three such units, RA, LA, RB, LB, Rd, Lc, are 
shown. For convenience, series impedances in the 
line are shown in one conductor only. In prac 
tice, series impedances are distributed between 

20 the two conductors, but if Ro and L0 in series 
with the units RA LA etc., denote the total re 
sistance and inductance for the short length, the 
distribution between the two conductors does 
not affect the calculations. The shunt capacity 
of the line is denoted by C and the shunt leakage by G. 
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The components so far described representing 
the cable constants are enclosed in a dotted rec 
tangle 3, in order to distinguish them from com 
ponents which are added in accordance with the 
invention and which will be hereinafter more fully described. 
At low frequencies the impedances wA and wb 

are very small compared with their appropriate 
35 resistances so that the resultant circuit may be 

considered as consisting of R0 and L0 in series 
With LA, LB, and Lic, so that the effective low fre 
quency inductance is Lo--LA-LB--Lc and the 
corresponding resistance is Ro. At high fre 
quencies the co, terms become large compared 
with the resistances so that the resultant circuit 
now approximates to the inductance Lo in series 
with a resistance Ro--RA--RB--Ro. The induct 
ance has therefore fallen from Lo--LA--LB--Lc 
to Lo and the resistance has risen from 

RO to Ro-RA-RB--Ro. 
By arranging the time constants of the different 
resistance-inductance units correctly and by em 
ploying a sufficient number of units, it is pos 
sible to cause the changes in inductance and 
resistance of the network described to correspond 
to those of the length of cable to any desired de gree of accuracy. 
These changes of resistance and inductance of 

the cable produce distortion and it is, therefore, 
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necessary to provide a form of equaliser to sub 
stantially overcome this distortion. The resist 
ance Ro and inductance Lo can be neglected since 
they are constant and produce no distortion and 
it is, therefore, only necessary to consider the 
resistance-inductance units RA LA, etc. Since 
a short length of cable is being considered the 
inductance-resistance units are small and since 
their effects are additive we can deal with a single 
unit at a time. The short length of cable being 
considered forms a part of a longer length of 
cable and if, as is the case in practice, the cable 
is terminated by its characteristic impedance, we 
can consider the short length of line as termi 
nated each end by the characteristic impedance 
Zo of the cable. Furthermore, if the single in 
ductance-resistance unit is represented by an 
impedance. A the circuit shown in Fig. 2 results. 
In this figure e represents conventionally the ap 

3 
plied E. M. F. With the circuit represented as 
shown in Fig. 2, 

A = RayL-jRoL 
R2-2L2 - - - - - - - - - - (6) 

If A is Zero, the current produced in the termi 
nating resistance will be 

e. 
22 

and when A is not Zero, the current will be 
e 

Al-H 220 
So that the effect of the impedance A is to reduce 
the current in the ratio of 220/A--22o. It is 
found more convenient to work with the recipro. 
cal of this ratio in which case k, representing the 
Current ratio, is equal to 

A. 
1-22, 

If now an equaliser section is constructed simi 
lar to that shown in Fig. 2 with a resistance B 
in place of the resistance A, and assume that the 
characteristic impedance is equal to that of the 
cable, i.e., Zo, then it is necessary to determine 
the value of B so that the cable section shown 
in Fig. 2 and the equaliser section together 
will give a constant attenuation and time 
delay at all frequencies within the required pre 
determined range. With an equaliser section 
constructed in this manner, the current ratio 

B 
220 

Hence for proper equalisation, the product of ic 
and k' must equal a constant 
O 

k' = 1 -- 

E8 
(1 +2)(1 2z, 2F a constant 

O 

A. B. AB 
1- 22, 22, tazia coinstant 

It has been a SSumed in the above considera 
tions that a short length of cable is contemplated 
So that A and B are Small quantities and hence 
the product of A and B is very Small and can be 
neglected. Thus the conditions are that, 

A B 
22 -- 2Z. Fa Constant 

or Al--B=Constant. 
Now the impedance of A is given by Equation 6 
and if B is composed of a condenser C1 shunted 
by a resistance R1, its impedance will be 

R(1-jaCR) 
1- c.2CR, 

If R1=R and 
L 

C R2 
the impedance of B is 

R8-jRecoL 
R2-- c.2L2 

Adding the impedance of B to the impedance of 
A a combined impedance equal to R is obtained. 
Hence A-B is a constant and the requirement 
for correct equalisation is obtained. 
Instead of employing an equaliser Section of 

the form equivalent to that shown in Fig. 2 in 
which the resistance B is a small series quantity, 
let it be assumed that an equaliser of the for 
shown in Fig. 3 is employed which differs from 
the equalisei equivalent to Fig. 2, in that the 
resistance B is replaced by a resistance D, which 
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4. 
is a large shunt quantity. The current ratio for 
this type of Section is 

O by taking the reciprocal as before 
Zo - m 

k =1+; D 
If this section is to produce the same effect as 
the equaliser equivalent to Fig. 2, then ic'=k' or 

B - 40 1 + 2 - 1 + r. 
Hence BD-202. 
The impedance of B is 

R(1-joCR) 
1 - c.2C2R2 

and if D consists of a resistance R2 in series with 
an inductance L2, its in pedance Will be R2--iwL2. 
The product of these two impedances must be 
equal to ZoP, and the following conditions are 
therefore obtained: 

E-R. R. and RR= Z2 
1. 

From the above it will be appreciated that it 
is possible to obtain the correct equalisation 
either by using a series impedance 3 or a shunt 
impedance D, and hence it is evident that the 
Series impedance and the shunt impedance can 
be combined, as shown in Fig. 4, the series ele 
ment comprising a condenser C1 shunted by a 
resistance R1 and the shunt element comprising 
a resistance R2 in series With an inductance L2. 
In Order that B and D shall give the required 

equalisation, it is neceSSary (a) that B should 
be Small and D large, and (b) that they should 
Work between impedances equal to Zo. Let it be 
aSSumed that B is made infinitely snail and 3 
infinitely large, then the equaliser becomes, in 
effect a line with uniformly distributed constants. 
Its characteristic impedance Will, therefore, be 

WBD 
But since BD=202 the characteristic impedance 
Of the uniforniy distributed equaliser is equal to 
that of the cable and hence the requirement that 
tile Small elemental Values of 3 and D Should 
Work between in pedances. Zo is satisfied. 
The equaliser section so obtained will equalise 

the effect of One of the single inductance-resist 
ance unitS described above So that one equaliser 
Section of this type Will be required for each of 
the inductance-resistance units. In Figure 1, for 
example, three Such units are illustrated so that 
in this case three Corresponding equaliser sec 
tions are required. The constants of the three 
equaliser Sections will be different, but if they 
are designed in accordance with the above prin 
Ciples, they Will each have the same character 
istic impedance and can, therefore, all be con 
nected in Series Without producing reflection ef 
fects. The composite equaliser formed, in this 
example, by joining together the three equaliser 
sections, Would form an equaliser suitable for 
equalising a short length of the cable. Since the 
cable will have appreciable length, a number of 
these composite equalisers would be placed in 
Series to build up a total equaliser having a 
length equivalent to that of the cable to be 
equalised. 

In What has been said above in developing the 
conditions to be satisfied by the equaliser, the 
current ratioS referred to were the complex ra 
tios, and therefore, include both the attenuation 

2,158,978 
and phase effects. It follows, therefore, that an 
equaliser designed in accordance With the above 
principles Will equalise simultaneously both the 
attenuation and the phase of the cable. One of 
the assumptions made, however, was that the 
equaliser should consist of a large nuinber of 
Sections each equalising a very Small length of 
cable so that the equaliser does, in effect, ap 
proximate to the case of an actual line in Which 
the Sections are infinitely finely distributed. 
Provided, therefore, that this condition of ap 
proximation to the infinitely finely divided sec 
tions is met the equaliser will equalise simulta 
neously both the attenuation and the phase of 
the cable. 

Referring again to Fig. 1 of the diaWing, it 
will be observed that three equaliser Sections 
similar to that shown in Fig. 4 are associated 
With the conductors and 2, these three sections 
corresponding in the example shown. With the 
three units RA, LA, etc.; the nuinbei of equaliser 
sections actually employed depending on the de 
gree of approximation required. 
The artificial line comprises, as Will be seen 

from Figs. 1 and 4, a plurality of Series elements 
each comprising a condenser C1 arranged in Series 
with the line and shunted by a resistance R1, 
Corresponding to each series eleinent there is 
provided a shunt element comprising 2, resistance 
R2 in Series with an inductance L2 the impedance 
of the shunt element, with respect to the in 
pedance Zo of the artificial line is the inverse 
of the series element to which it corresponds. 
The product of the impedances of the series ele 
ment and the corresponding shunt element is 
then equal to Zo? at all frequencies. 

In constructing an artificial line for equalising 
a transmission line, the first step is to in easure 
the attenuation and phase constants of the trans 
Eission line over the desired range of frequencies. 
The introduction of an artificial line will produce 
an attenuation equal to 

R 1. 
2, 1- c.2T2 

Where R is the total resistance of the artificial 
line, Z is the impedance of the artificial line (the 
impedance about which the series elements are 
inverted to obtain the shunt elements) w is the 
frequency in radians per Second and T is the 
tine Constant of the condeiser and resistance of 
the particular loading considered. 

It is possible by trial and error to find a hun 
ber of vaiues of R and associated values of T 
which Will give a total increase of attentuation 
at each frequency sufficient to bring the total 
attenuation of the artificial line and the trans 
Inission line to a desired degree of constancy over 
the required frequency range. The number of 
different elements (different values of C1 R etc.) 
required depends on the accuracy to which the 
attenuation is to be equalised. 
The determination of values of R and T is 

in Ost easily done by plotting a typical attenua 
tion-frequency curve for the artificial line using 
logarithmic Scales for attenuation and frequen 
cy. This typical curve is obtained by giving R/Z. 
and T any desired value, for instance, unity. 
Since the curve is plotted to logarithmic scales 
a change in the value of R/Z only results in mov. 
ing the curve bodily up or down and does not 
change its shape. Similarly, changing the value 
of T does not alter the shape of the curve but 
merely moves it sideways. 

A. Curve is then plotted for the transmission 
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where the artificial line curve was fitted to the 
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line with the same scales as before, the Values 
of this curve being the attenuation at the top 
frequency, for which equalisation is required 
minus the attenuation at the individual frequen 
cies. The curve for the artificial line is then 
Superimposed on that of the transmission line 
and if transparent paper is used it is easy to see 
when the two curves coincide. In general, it will 
be found that good agreement can only be se 
cured over part of the frequency range with one 
artificial line. The best fit is then obtained over 
the lower part of the frequency range. The 
amount by which the curves had to be moved 
Wertically in order to secure agreement gives the 
value of R/Z for the desired artificial line while 
the amount they had to be moved horizontally 
gives the value of T. The attenuation for this 
first artificial line is then added to the curve for 
the transmission line giving a resultant curve 
which is flat over the lower frequency range 

transmission line: curve, and which rises as be 
fore at the higher frequencies. The typical curve 
for the artificial line is now superimposed on this 
new curve and is made to fit over a range of 
frequencies next above the range fitted by the 
first artificial line. In this way a second arti 
ficial line is obtained which, when its attenua 
tion is added to that of the previous artificial 
line and the curve used for the transmission line, 
gives a resultant curve which is flat still further 
up the frequency scale. By proceeding in this 
way a series of artificial-lines is obtained which, 
when put in series with the transmission line, 

g: gives a substantially, flat attenuation-frequency 
characteristic throughout the desired range. 
The various elements of each artificial line are 
then divided into sufficiently small portions to 
approximate to an infinitely, distributed line. In 
one example it is found that the series resistances should not exceed 

2. 
10 

A test which may be applied in order to ascer 
tain whether the approximation to infinite dis 
tribution is sufficiently close is as follows: 
One of the series elements is replaced by two 

elements which are similar to one another and, 
when connected in series with one another, are together electrically equivalent to the element 
which they replace. The original shunt element 
is also replaced by two shunt elements, one cor 
responding to each of the two series elements. 
The two series and two shunt elements are then 
connected to form two sections of a ladder net 
work. The new attenuation of the line is then 
measured and compared with the attenuation be 
fore the sub-division. If no appreciable change 
is found, then the previous degree of approxi 
mation is sufficiently accurate and sub-division 
of the elements is unnecessary. . When the arti 
ficial line approximates to infinite distribution 
the propagation constant is proportional to the 
sum of the impedances of the series elements. 

It has been found that if the attenuation of a 
System is equalised, by the above method, then 
the phase is simultaneously"equalised. Alterna 

70 

5 

tively, if the correcting artificial line is designed 
to produce an equalisation of phase, then the 
system-will also have substantially constant at tenuation. 

If a line is being equalised for phase, it has 
been found most convenient to plot the total 
time of transmission of the cable and to design 

2,158,978 5 
networks to reduce the transmission time down 
to the transmission time of the highest frequency 
to be considered. Correcting networks of the 
type described have apparent negative transmis 
sion times. 
The equaliser section described with reference 

to Fig. 4 may be replaced by a section which is 
electrically equivalent thereto. Thus, it is possi 
ble that two adjacent series elements of the 
equaliser, comprising two resistances in series 
each shunted by a condenser, can, by a suitable 
choice of values be replaced, as shown in Fig. 5, 
by a condenser 4 in series with a resistance 5 
and shunted by a condenser 6 and resistance 7 in parallel. 
The resistance R2 and inductance L2 of Fig. 4 

may, of course, be disposed at the left-hand side 
of the Series element, as shown in Fig. 6 without 
affecting the characteristics. In addition, the 
Sections can be converted to sections of the 
T-type as shown in Fig. 7, or of the at type, as 
shown in Fig. 8. The arrangement of the com 
ponents of the sections in these last two men 
tioned figures will be clearly appreciated without 
further description whilst the values of the com 
ponents compared With the values of the com 
ponents of the section shown in Fig. 4 being in 
dicated by the numerical prefixes. It will also be 
understood that by employing one of these types 
of Section in conjunction with another type for 
an adjacent section, it is possible to combine 
Some of the elements of the Sections so as to 
obtain a different type of section. 

It will be evident from the description of the 
above embodiment of the invention that the 
equaliser undergoes two forms of subdivision. 
Initially, the equaliser is divided into Small sec 
tions so that the errors in fitting the attenuation 
curve are not of practical importance, such sub 
division being a comparatively coarse one. The 
Sections are subsequently divided more finely in 
Order that the equaliser may approximate to the 
infinitely distributed case, in which event the 
phase and attenuation of the cable are simul taneously equalised. 

It has been found, however, that for certain 
cases it is possible to obtain Simultaneous equali 
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sation of phase and attenuation of a cable with . 
much larger Sections of equaliser than those re 
quired to approximate to the case having infinite 
ly distributed constants. These cases are when 
the cable attenuation varies either as a direct 
function of the frequency or as a direct function 
of the square root of the frequency, the phase of 
the cable following the appropriate corresponding 
law. In these cases, the extent to which the 
equaliser sections have to be sub-divided depends 
merely on the practical consideration of obtaining 
a good fit of the equaliser Sections to the attenua 
tion curve of the cable. If this fit is obtained to 
the required degree of accuracy, then for the 
two cable loss laws quoted above the phase of 
the cable will also be satisfactorily equalised. 

It has been shown above that if the equaliser 
is so sub-divided that it approximates closely to 
the infinitely distributed case, then the impedance 
will be independent of frequency and Will be equal 
to Zo. If, however, the Sections do not approxi 
mate to the infinite distribution, as is contem 
plated in accordance with a further embodiment 
of the invention, that is to say, when the attenua 
tion varies either as a direct function of the 
frequency or as a direct function of the square 
root of the frequency, it has been found that 
the characteristic impedance of the equaliser 
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6 
Varies with frequency and is only equal to Zo at 
very high frequencies. If, therefore, the equaliser 
is terminated with a constant in pedance Zo, this 
termination Will not be found correct Over in Ost 
of the frequency range resulting in refection, and 
the attenuation and phase curves of the equaliser 
will differ from the theoretical curves calculated 
On the assumption of a correct termination and 
will thus give rise to difficulties in the design of 
the equaliser. 

It is, therefore, a further feature of the in 
Vention to provide an improved form of termina 
tion for this further embodiment of the inven 
tion so that the attenuation and phase curves 
actually obtained for the equaliser are substan 
tially the same as those theoretically calculated 
for it. It has been found that the characteristic 
impedance of the type of equaliser above referred 
to can be represented to a close degree of accuracy 
Over the whole frequency range by the network 
shown in Fig. 9 which is employed to terminate 
the equaliser consisting of a shunt element com 
posed of resistances A and B in series, the re 
sistance A being shunted by a condenser Kwhere, 

B=2. 

A=z, 2-wk 
L2. kA=RC-f 

and k represents the current ratio at zero fre 
quency of the equaliser Sections. 
According to another feature of the invention, 

instead of employing the “artificial line' type of 
equaliser described above use is made of a con 
Stant resistance type of equalizer Section. These 
Sections are identical with the sections shown in 
Fig. 4, With the exception that in order to obtain 
a constant resistance an additional resistance 
equal to Zo (i. e. a resistance substantially equal 
to the characteristic impedance of the cable) is 
inserted in parallel with the resistance R1 as 
shown in Fig. 10. If, in this case, the equaliser 
is terminated by a constant impedance equal to Zo, 
it will be found that the input impedance is sub 
stantially constant and equal to Zo at all fre 
quencies Within a predetermined range. It will 
Of course be appreciated that other forms of con 
Stant resistance section can be employed. 

It has been found that in order to obtain the 
Optimum fit of the equaliser curves to the cable 
attenuation curve, in the case contemplated ac 
cording to the further embodiment of the inven 
tion, that is to say, where the cable attenuation 
Varies directly with the frequency or directly 
With the Square root of the frequency, the 
equaliser Sections in accordance with another fea 
ture of the invention, are centred at successive 
frequencies which correspond to equal incre 
ments of loSS on the cable attenuation-frequency 
Curve. It Will be appreciated that the attenuation 
of a single equaliser Section has a maximum value 
at Zero frequency and gradually falls to zero as 
the frequency rises. At some frequency the at 
tenuation Will have fallen to half its maximum 
Value and this frequency is conveniently referred 
to as “the centre frequency'. Thus, in accordance 
With this last mentioned feature of the invention, 
an equalised Section is centred at a predeter 
mined frequency by adjusting the time constant 
of the Section. So that at the predetermined fre 
quency the loSS of the section has fallen to half its 
maximum value. 
To take an example, Suppose that a certain 

Section is centred at a frequency f1 and that the 

being shunted by a COI denser C2. 
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corresponding cable loSS at that, frequency is Lic 
db; then the next higher section will be centred 
at a frequency f2 which corresponds to a cable 
loss of Lc plus a db. The next higher Section 
will be centred at a frequency is corresponding 
to a cable loss of Lic plus 2a, and So on. The 
value of a has been calculated for the constant 
resistance type of equaliser Section referred to 
above and it is found that the ideal value of a 
S 

...T. k-1 
2 Ak 

for a cable loss varying directly with frequency 
and 

xserts ----- 

V2 Vik 
for a cable loss varying directly as the Square 
root of the frequency. In these expressions k. 
is the current ratio corresponding to the Zero 
frequency attenuation of the equaliser Section. 

It is found that the attenuation curve of a 
cable can, over the greater part of the frequency 
range, be represented as the sum of two terms, 
one proportional to frequency and the other pro 
portional to the square root of frequency. It is, 
therefore, possible to design two equalisers using 
the spacing factors a given above one equaliser 
equalising the attenuation which Varies With fre 
quency and the other attenuation which Varies 
with the square root frequency. By combining 
these two equalisers it is possible to obtain a sin 
gle equaliser which will simultaneously equalise 
the attenuation and phase of the cable While 
not requiring to be so finely divided that it ap 
proximates to the infinitely distributed case. It 
will be appreciated that the centering of the 
Section of the cornposite equaliser so formed, 
will at any part of the frequency range depend 
on the proportion of the two terms mentioned 
above, and the spacing will, therefore, vary. 
Over the lower portion of the frequency range 
the attenuation varies as the root of frequency 
Whilst at the higher frequncies a tern directly 
proportional to frequency becomes progressively 
prominent. At the IoW frequencies, therefore, 
the Spacing of the Section is substantially con 
Stant as Stated above, but at the higher frequen 
cies the Spacing of the Sections progressively in 
Cease. 
Whilst it is necessary that the Sections of the 

equaliser should over the greater part of the 
frequency range, be of the type described in Fig. 
4, or their electrical equivalents, it is, never 
the ess, possible, in accordance with another fea 
ture of the invention to obtain a reduction in 
the total number of Sections required in the 
equaliser by employing for these Sections oper 
atting at the highest part of the frequency range, 
a different type of Section. A section of this 
type is shown in Fig. 1 in which the Series ele 
ment consists of a resistance R1 in parallel with 
a condenser C1 and an inductance L3 in series 
Whilst the shunt element consists of an induc 
tance T2 and a resistance R2, the inductance L2 

This type of 
section differs from the artificial line type above 
described in that the inductance L3 is provided 
in Series with the condenser C1 and the Con 
deiaser C2 is also added in shunt With the induc 
tance L2. The Values of C2 and L3 are chosen 
so that at a predeterrhined frequency C2 reso 
nates with L2 and L3 with C1. The effect of these 
added components is to cause the attenuation 
curve of the equaliser section to fall off more 
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2,158,978 
rapidly over a part of the frequency range up to 
the resonant frequency so that the same rate of 
change of attenuation can be obtained with one 
section of this type that could be obtained With 
a large number of the normal type. This in 
crease in slope is only effective over about one 
octave of the frequency range below the reSO 
nant frequency and the effect of the additional 
inductance and condenser above the resonant fre 
quency is to make the equaliser curve rise again 
instead of falling, and hence this type of Sec 
tion can only be used for the highest frequencies, 
it being arranged that the resonant frequency 
coincides with or is above the maximum fre 
quency at which equalisation is required so that 
the rise in the equaliser curve above-mentioned 
occurs beyond the frequency range for which 
equalisation is to be effected. 

In some cases it may be necessary to translit 
signals, such as television signals, along a cable 
from a number of alternative tapping pointS, 
and in this event the equaliser at the end of the 
cable must be capable of adjustment to suit the 
different lengths of the cable due to the different 
tapping points. For example, it may be required 
to have an equaliser which can be adjusted to 
equalise any length of cable from a quarter to 
seven-and-three-quarter miles in quarter-nile 
steps. In this case, it is possible to design equal 
isers for a quarter, half, one, two and four miles, 
and by employing one of more of these sections 
together, the necessary number of equalisers can 
be obtained. Since no equaliser is quite perfect, 
there will inevitably be small humps in the equal 
iser curves and when a number of these equal 
isers are employed in conjunction. With One an 
other, the random addition of the humps may 
give rise to inconveniently large humps in the 
overall curve. The fact, however, that it is ad 
vantageous to space the equaliser Sections at 
frequencies corresponding to equal increments on 
the cable loss curves, enables this difficulty, due 
to connecting the different equalisers in series, 
to be substantially overcome. ASSume that an 
equaliser is designed for an eight mile length of 
cable and the sections have to be centred at fre 
quencies fo, fl, f2, fa, f4, fs, etc., these frequencies 
corresponding to equal increments of a db. On 
the attenuation curve for a cable eight miles long. 
If, now, a cable four miles long is contemplated 
it Will be apparent that at each frequency the 
loss is exactly half that of the eight mile Sec 
tion. The sections of the equaliser must, how 
ever, still be centred at frequencies correspond 
ing to equal increments of a db. on the cable 
attenuation curve and it follows, therefore, that 
there will only be half as many equaliser Sec 
tions as before. In fact, it is possible to obtain 
the correct equaliser for a four-mile section by 
omitting every other section of the equaliser 
which is necessary for the eight-mile Section. In 
the same way the correct equaliser for a two-nile 
section can be obtained by omitting every other 
section from a four-mile equaliser, and SO On. 
By spacing the equaliser sections at frequencies 
corresponding to equal increments of loSS on the 
cable loss on the cable loSS curve, it is possible 
to obtain a range of equalisers for different 
lengths of cable such that they can be connect 
ed together to equalise still further lengths with 
out, causing the addition of errors in the indi 
vidual equalisers which Would otherwise occur. 
The above-described method of correction does 

not remove the reduction of Velocity at low fre 
quencies due to the Heaviside condition not being 

7 
satisfied. This low frequency effect can be elim 
inated by inserting series capacity loading as 
described in the Specification of British Patent 
No. 455,492. Since the characteristic impedance 
of a series capacity loaded cable is that of a con 
denser in Series with a resistance, it is not possible 
to insert the artificial lines, the characteristic 
impedance of which is a pure resistance, at in 
termediate points in the line. The artificial line 
may be connected to the transmission line through 
a condenser equal to the series capacity of the 
transmission line, the characteristic impedance 
of the artificial line being equal to the resistive 
term of the characteristic impedance of the trans 
mission line. The line is thus correctly termi 
nated. Alternatively, the artificial line may be 
Connected in a repeater between two sections of 
the transmission line. 
So far it has been assumed that the capacity 

of the transmission line Was constant and its leak 
ance negligible. In actual practice it is found 
that the capacity of the line tends to fall as the 
frequency rises while the leakance rises with 
frequency and at the higher frequencies cannot be 
neglected. The reason for these changes is that, 
the dielectric of the transmission line is not per 
fect So that the capacity of the line, instead of 
being a pure capacity, behaves as though it were 
a Complicated network of condensers and resist 
ances in Series-parallel arrangement. Now it is 
a feature of the artificial line of this invention 
that, in addition to equalising the variations in 
attenuation and phase due to the changes in re 
Sistance and inductance of the transmission line, 
it is capable of equalising the variations brought 
about by the changes in capacity and leakance. 
In fact if the procedure outlined above for de 
signing the artificial lines is followed all varia 
tions. Whether due to resistance and inductance 
or capacity and leakance will be equalised and, 
provided the type of artificial line described 
above is used, variations in both attenuation and 
phase will be simultaneously equalised. 

Partial equalisation at high frequencies may 
also be obtained in the manner described in the 4: 
aforesaid Specification, final equalisation accord 
ing to the present invention then being applied. 

In practice it may be found convenient where 
the transmission line or cable feeds into a re 
peater or amplifier to connect the equaliser sec- i. 
tions either on the input or output side of the 
amplifier. For example, the cable may feed di 
rectly into One amplifier stage between which and 
a further amplifier stage an equaliser section is 
provided additional equaliser sections being pro 
Vided between additional amplifier stages. 
We claim: 
l. A System for transmitting electric signals of 

frequencies Within a range covering at least about 
100 kilocycles, comprising a transmission line of 
the type as exemplified by a cable, having its 
primary constants varying with frequency Within 
Said range, thereby causing variations of attenu 
ation and phase delay resulting in distortion of 
Said signals, and a plurality of equaliser sections 
all connected in series with said line, said sections 
comprising a series element and a shunt element, 
Said Series element composed of resistance shunt 
ed by Capacity, Said shunt element composed of 
inductance in series with resistance, said elements 
being Substantially different for different sections 
as to time constant and magnitude of the cyn 
ponents and being so chosen as to substantially 
and Simultaneously compensate for the greater 
part of said variations. 
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2. A system for transmitting electric signals of 

frequencies within a range covering at least about 
100 kilocycles, comprising a transmission line Of 
the type as exemplified by a cable, having its pri 
mary constants varying with frequency within 
said range, thereby causing Variations of attenua 
tion and phase delay resulting in distortion of 
said signals, means for introducing said Signals 
into said transmission line, and a plurality of 
equaliser sections all connected in series. With 
said line, said Sections comprising a Series element 
and a shunt element, Said Series element CO 
posed of resistance shunted by capacity, Said 
shunt element composed of inductance in Series 
With resistance, said resistance Of Said Series ele 
ment being Small compared with said resistance 
of Said shunt element, the time constant and the 
magnitude of the components of said elements 
being substantially different for different sec 
tions and being so chosen as to substantially and 
simultaneously compensate for the greater part 
of said variations. 

3. A System for transmitting electric signals of 
frequencies within a range covering at least about 
100 kilocycles, comprising a transmission line of 
the type as exemplified by a cable, having its 
primary constants varying With frequency Within 
Said range, thereby causing variations of attenUI 
ation and phase delay resulting in distortion of 
said signals, and a plurality of equaliser Sections 
all connected in series with said line, said sections 
comprising a series element and a shunt element, 
Said Series element Composed of resistance shunt 
ed by capacity, said shunt element composed of 
inductance in Series with resistance, said resist 
ance of Said Series elerient, being Srnal Compared 
with said resistance of said shunt element, said 
elements being substantially different for different 
sections as to time constant and magnitude of the 
components and being so chosen as to substan 
tially and simultaneously compensate for the 
greater part of said variations within a selected 
portion of Said line. 

4. A system for transmitting electric signals of 
frequencies within a range covering at least about 
00 kilocycles, comprising a transmission line of 
the type as exemplified by a cable, having its pri 
mary constants varying with frequency Within 
said range, thereby causing variations of attenu 
ation and phase delay resulting in distortion of 
said signals, and a plurality of equaliser Sections 
all connected in series with said line, said sections 
comprising a series element and a shunt element, 
said series element composed of resistance shunted 
by capacity, said shunt element composed of in 
ductance in series with resistance, said elements 
being substantially different for different Sections 
as to time constant and magnitude of the com 
ponents and being so chosen as to Substantially 
and simultaneously compensate for the greater 
part of Said Variations, the number of Said sec 
tions being chosen. So as to approximate sub 
stantially an infinitely fine distribution of said 
Sections. 

5. A system for transmitting electric signals 
of frequencies within a range covering at least 
about 100 kilocycles, up to and including television 
range, comprising a transmission line of the type 
as exemplified by a cable, having its primary 
constants varying With frequency Within Said 
range, thereby causing Variations of attenuation 
and phase delay resulting in distortion of said 
signals, and an artificial line Connected to said 
transmission line and comprising a plurality of 
equaliser sections all in series with said trans 
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mission line, said sections comprising a Series 
element, and a shunt element, said series element 
composed of resistance shunted by capacity, Said 
shunt element composed of inductance in Series 
with resistance, the time constant and the mag 
Ynitude of the components of said elements being 
Substantialiy different for different sections and 
being so chosen that the total of the Variations of 
attailuation and phase delay, causing distortion 
of said artificial line and of said transmission line 
together are zero to a desired substantial degree. 

6. A system for transmitting electric signals of 
frequencies within a range covering at least about 
100 kilocycles, up to and including television 
range, comprising a transinission line of the type 
as exeimplified by a cable, having its primary con 
stants varying with frequency Within Said range, 
thereby causing variations of attenuation and 
phase delay resulting in distortion of said signals, 
neans for introducing said signals into Said tranS 
mission line, and an artificial line Connected to 
said transmission line comprising a plurality of 
equaliser sections all in series with said line, 
said sections comprising a series element and a 
shunt, element, said series element composed of 
resistance shunted by capacity, Said shunt ele 
ment composed of inductance in series with re 
sistance, said elements being substantially dif 
ferent for different sections as to time constant 
and magnitude of the components and being SO 
chosen that said Sections form constant re 
Sistance sections and the total of the variations 
of attenuation and phase delay, causing distortion 
of said artificial line and of said transmission line 
together are zero to a desired Substantial degree. 

7. A System for transmitting electric signals of 
frequencies within a given substantial range, com 
prising a transmission line, of the type as exem 
plified by a cable, having its primary constants 
varying with frequency within said range, there 
by producing variations of attenuation and phase 
delay resulting in distortion of said signals, said 
variations of attenuation comprising the sum 
of a pair of terms, one of said terms varying sub 
stantially as the square root of said frequency, 
the other varying substantially directly as Said 
frequency, and two equalizers composed of equal 
iser section groups connected all in series with 
said line, the components in One of said groups 
being substantially different for different Sec 
tions and being so chosen that the greater part 
of the variation corresponding to said term vary 
ing as the square root of frequency is compen 
Sated, the components in the other of said groups 
being substantially different for different Sec 
tions and being so chosen that the variation cor 
responding to said other term is substantially 
compensated, and that the variations of phase 
delay causing distortion are Substantially com 
pensated simultaneously. 

8. A system for transmitting electric signals 
of frequencies within a given range, comprising 
a transmission line of the type as exemplified by 
a cable, having its primary constants varying 
With frequency Within said range, thereby pro 
ducing variations of attenuation and phase de 
lay resulting in distortion of said signals, said 
Variations of attenuation comprising a term vary 
ing substantially as the square root of said fre 
quency, and a group of equalizer Sections con 
nected in Series With said line, the components 
of Said group being so chosen that the attenua 
tions of Said sections fall to half at predeter 
mined frequencies within said range, said latter 
frequencies being arranged at substantially equal 
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increments of attenuation on the curve represent 
ing Said term varying as the square root of said 
frequency, 

9. A system for transmitting electric signals of 
frequencies within a given range, comprising a 
transmission line of the type as exemplified by 
a cable, having its primary constants varying 
With frequency within said range, thereby pro 
ducing variations of attenuation and phase de 
lay resulting in distortion of said signals, said 
variations of attenuation comprising a term vary 
ing substantially directly as said frequency, and 
a group of equaliser sections connected in series 
with said line, the components of said group be 
ing so chosen that the attenuations of said sec 
tions fall to half at predetermined frequencies 
Within said range, said latter frequencies being 
arranged at substantially equal increments of 
attenuation on the curve representing said term 
varying directly as said frequency. 

10. A system for transmitting electric signals 
of frequencies within a given range, comprising 
a transmission line, of the type as exemplified by 
a cable, having its primary constants varying 
with frequency within said range, thereby pro 
ducing variations of attenuation and phase delay 
resulting in distortion of said signals, said varia 
tions of attenuation comprising the sum of a pair 
of terms, one of said terms varying substantially 
as the square root of said frequency, the other 
varying substantially directly as said frequency, 
and two groups of equaliser sections connected 
all in series with said line, said equaliser sections 
comprising series and shunt elements, said series 
elements composed substantially of resistance 
shunted by capacity, said shunt elements com 
posed substantially of inductance in series with 
resistance, the components in one of said groups 
being substantially different for different sec 
tions and being so chosen that the greater part 
of the variation corresponding to said term vary 
ing as the square root of said frequency is Sub 
stantially compensated, the components in the 
other of said groups being substantially different 
for different Sections and being so chosen that 
the variation corresponding to said other term 
is substantially compensated, and that the vari 
ations of phase delay causing distortion are sub 
stantially compensated simultaneously. 

11. A system for transmitting electric signals 
comprising a transmission line of the type as ex 
emplified by a cable, the attenuation of which 
can be represented by the sum of two terms, one 
proportional to frequency and the other propor 
tional to the square root of frequency, and a 
plurality of equalizer sections, said equalisers be 
ing of the constant resistance type, the spacing 
of said sections correspond to ac increment of loSS 
on the attenuation curve of said line the value 
of ac for that part of the attenuation which varies 
directly with frequency being substantially equal 
to, 

k-1 

V2 k 
and for that part of the attenuation which varies 
as the square root of frequency the value of 3: 
is substantially equal to, 

ar wk 
V2 vk 

where k is a current ratio 
A. 

1 + 2 
and A represents the total series-impedance of 
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the respective equalizer section and Zo the charac 
teristic impedance of said line. 

12. A system for transmitting electric signals 
of a range including lower and higher frequen 
cies, comprising a transmission line of the type 
as exemplified by a cable, the attenuation of 
which varies Substantially as the square root of 
the frequency range within said lower frequency 
range and more rapidly within said higher fre 
quency range, and a plurality of equalizer sec 
tions, said sections equivalent to, and including, 
Series elements and shunt elements, said series 
elements substantially composed of resistance 
shunted by capacity, said shunt elements sub 
stantially composed of inductance in series with 
resistance, part of said sections arranged for com 
pensating said transmission line as far as its 
attenuation varies substantially as the square 
root of the frequency and the other part of said 
Sections arranged for compensation of higher 
frequencies, the impedance and time constant of 
Said first part of Sections being adjusted so that 
their attenuations fall to about half of their max 
imum value at frequencies corresponding sub 
stantially to equal loss increments on the at 
tenuation-frequency curve of said transmission 
line Within said lower frequency range, the im 
pedance and time constant of said other part of 
Sections being adjusted so that their attenuations 
fall to about half of their maximum values at : 
frequencies corresponding to progressively in 
creasing loss increments on the attenuation-fre 
quency curve of said transmission line within said 
higher frequency range. 

13. A system for transmitting electric signals : 
comprising a transmission line of the type as ex 
emplified by a cable, the variation of attenuation 
of which with frequency causing distortion of said 
signals can be represented by the sum of two 
terms, one proportional to frequency and the oth 
er to the Square root of frequency, and two 
groups of equalizers, each composed of sections 
centered at frequencies corresponding substan 
tially to equal loss increments of attenuation with 
respect to one of Said turns, one of said groups 
adjusted so as to substantially equalize the at 
tenuation of said line which varies directly with 
frequency, the other of Said groups adjusted so 
as to substantially equalize the attenuation which 
varies as the square root of frequency. 

14. A system as described in claim 10, where 
in the components of a group of equalizer Sec 
tions are so chosen that the attenuations of said 
sections fall to half at predetermined frequencies 
within said range, said latter frequencies being 
arranged at substantially equal increments of at 
tenuation on the curve representing the term to 
be compensated by the group. 

15. A System for transmitting electric signals 
of frequencies within a given range, comprising 
a transmission line of the type as exemplified by 
a cable, having its primary constants varying with 
frequency within said range, thereby producing 
variations of attenuation and phase delay re 
sulting in distortion of Said signals, said varia 
tions of attenuation in the lower frequency por 
tion of said range approximating to a variation 
as the Square root of frequency, and a plurality 
of equalizer sections connected in series with said 
line, said equalizer sections comprising series and 
shunt elements, said Series elements composed 
substantially of resistance shunted by capacity, 
Said shunt elements composed substantially of 
inductance in Series with resistance, the com 
ponents of said sections being so chosen that the 

5 

0. 

15 

20 

2 5 

3 5 

O 

45 

5 5 

60 

65 

70 

75 



10 

5 

20 

30 

40 

4. 5 

O 
attenuations of said sections fall to half at pre 
determined frequencies, said latter frequencies 
being arranged on the curve representing the 
variation of attenuation at Substantially equal in 
crements of attenuation within said lower por 
tion of said range, and at progressively increasing 
increments of attenuation in the higher frequen 
cy portion of said range, so as to Substantially 
and simultaneously compensate said variations 
of attenuation and phase delay. 

16. In a system as described in claim 1, in which 
the equalizer sections possess an image impedance 
which varies with frequency, an impedance ar 
ranged for terminating Said Sections, said im 
pedance consisting of a resistance in series with 
a further resistance, said latter resistance shunt 
ed by a condenser. 

17. A system for transmitting electric signals 
of frequencies within a range covering at least 
about 100 kilocycles, comprising a transmission 
line of the type as exemplified by a cable, having 
its primary constants varying with frequency 
within said range, thereby causing variations of 
attenuation and phase delay. So as to - ca.USe dis 
tortion of said signals, means for introducing said 
signals at a number, including One, of points 
along said line spaced from its ends, and a 
plurality of equalizers, each equalizer possessing 
a plurality of equaliser sections, the elements of 
the sections being substantially different for dif 
ferent sections and being so chosen that each 
equaliser equalises an associated substantial 
length of line so that the distortions of Said sig 
nals injected at said point, due respectively to 
said variations of attenuation and phase delay, 
are substantially and simultaneously equalised. 

18. A system for transmitting electric signals, 
comprising a transmission line of the type as 
exemplified by a cable, the variation of attenua 
tion of which with frequency causing distortion 
of said signals can be represented by the sum 
of two terms, the first of Said terms proportional 
to frequency of said signals and the second of 
said terms proportional to the Square root of said 
frequency, and two groups of equaliser Sections, 
the components of One of said groups being sub 
Stantially different for different Sections and ad 
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justed so as to substantially equalise the at 
tenuation represented by said first term, the com 
ponents of the other of Said groups being sub 
stantially different for different sections and ad 
justed so as to substantially equalise the attenua 
tion represented by said second term. 

19. A System for transmitting electric signals, 
comprising a transmission line of the type as 
exemplified by a cable, the variation of attenua 
tion of which with frequency causing distortion of 
said signals can be represented by the sum of 
two terms, the first of said terms proportional to 
frequency of said signals and the second of Said 
terms proportional to the square root of Said 
frequency, and two groups of equaliser sections, 
the components of one of said groups being sub 
stantially different for different sections and ad 
justed so as to substantially equalise the attenua 
tion represented by said first term, the con 
ponents of the other of said groups being sub 
stantially different for different sections and 
adjusted so as to Substantially equalise the at 
tenuation represented by Said Second term, all 
of said sections being of the constant resistance 
type, and those in said group equalising the at 
tenuation represented bys aid first term being 
centred at frequencies corresponding to incre 
ments in said first term Substantially equal to 

Tik-1 
2 k 

while those in said group equalising the attenua 
tion represented by said second term are centred 
at frequencies corresponding to increments in 
said second term substantially equal to 

TVR-1 
V2 wk 

wherein k is a current ratio 
A 

1+22, 
and A represents the total series-impedance of the 
respective equaliser Section and Zo the charac 
teristic impedance of said line. 

MICHAEL BOWMAN-MANIFOLD. 
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