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ihis invention relates to devices used for the parent from the description given hereafter, 
transmission of electric currents between two which will be more readily understood by refer 
Or more units of electrical apparatus and the ence to the accompanying drawings, wherein 
means for varying the efficiency of this trans- Figures 1 to represent, in the usual symbols, 

3 mission. the arrangerinents of various elements to form 60 
t is Well known to be possible to change the different modifications of electrical transmission 

efficiency of transmission by an apparatus gen- lines in accordance with the invention. 
erally referred to as an artificial line wherein an The nature of the inventioil can best be under 
electric potential can be transferred from one stood by consideration of an infinitely long trans 

20 piece of apparatus to another and varied in a mission line having a constant attenuation per 
known nanner. This invention aims at produc- unit length, across the near end of which is con 
ing devices of this nature, characterized by hav- nected the load into which it is required to deliver 
ing definite impedance relationships and by using electric power. For the purpose of this analogy it 
few moving contacts and resistance units in its will be assumed that the characteristic imped 

5 construction. ance of the line is exactly equal to the impedance ) 
The invention consists in an electrical trans of the load. Across two points, one on each con 

mission circuit Comprising a number of Syn- ductor forming the line, and equidistant from the 
metrical or dissy ninetirical Sections joined load is connected a Source of electrical energy. 
together and variable contacts adapted to altei. It will further be assumed that the impedance 

20 the number of these sections included in the of this source is very high compared with the 75 
portion of the line between the source and the characteristic impedance of the line, and it will 
load, characterized in that substantially constant be apparent that the nearer to the load are the 
in pedances are presented to the source and load two points at Which the Source is tapped across 
and that in order to change the attenuation only the line, the greater Will be the power delivered 

25 One variable contact is required for an unbalanced into the load, and that this power may be reduced 80 
line or two variable contacts for a balanced line. to an infinitesimal amount by removing the 

he invention also consists in a variable line tapping points to infinity. 
consisting of sections of Syminerical line having If the line be imagined to be cut at any point 
the same characteristic impedance terminated at along its length, the impedance as measured look 

30 one end by an impedance equal to this charac- ing into the line in either direction along the 85 
teristic impedance, the other end being connected divided line will be the characteristic impedance 
to a load (or source), connection to the Source of the line. Hence the impedance facing the 
(or load) being variable and in effect capable of source of electrical energy will be that of tWO 
being bridged across the line at the junction of impedances (each equal to the characteristic in 

35 any two sections, so arranged that, if the load pedance of the line) in parallel, or in effect one 90 
(or source) has an impedance equal to the chair- half of the characteristic impedance. Thus the 
acteristic impedance of the line, then the inped- impedance facing the source is constant no mat 
ance facing the Source (or load) Will always be ter what is the distance between it and the load. 
half the characteristic impedance of the line. Similarly, if the source is of high impedance 

40 The invention also consists in a variable artifi- compared with the characteristic impedance of 9 
cial line consisting of Sections of dissymmetrical the line, the impedance facing the load will al 
networks joined together so that the iterative ways be the characteristic impedance of the 
impedance in One direction is equal to Z1 and the line. 
iterative inpedance in the other direction is Thus when the Source is bridged acroSS the 

45 equal to 22, the line being properly terminated near end of the line, i. e. across the load, the 100 
in the first direction by an impedance Z1 at the power delivered to the load will be one half of the 
appropriate end and by the load (or source) at power which would be delivered to the load were 
the other end, connection to the Source (or load) the line non-existent: With the Source in any 
being variable and in effect capable of being other position along the line, the power in the 

50 bridged across the line at the junction of any load will be the above amount attenuated by 105 
two sections, so arranged that, if the load (or an amount which will depend upon the atten 
Source) has an impedance egual to 22, then the ulation constant of the line and will be propor 
impedance facing the Source (or load) will always tional to the length of line included between the 
be equai to the impedance of Z1 and Z2 in parallel. load and the source. 

55 Further features of the invention Will be ap- In accordance with the invention lines are de- ll0 
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2. 
vised on the above principle and it will be clear 
therefore that the invention provides a method 
by which it is possible to vary the attenuation 
introduced winiie maintaining the iripedance re 
lationships between the load and the source coli 
Stant. 
In a reciprocal nanner, a Source of internal 

impedance equal to the characteristic impedance 
of the ine may be connected across cre end of 
the line and a high impedance load bridged acroSS 
the line at some point as described above, so 
that a potential attenuator in the usual sense 
of the Word is thus produced. 

It has been assumed in the foregoing that the 
load (or source) has an inpedance equal to that 
of the line and that the Source (or load) has 
a very high impedance and it will be seen that 
the change in attenuation between the Source 
and load (hereinafter designated the “actual' 
attenuation) produced by changing the position 
of the tapping points by any distance along the 
line will be equal to tha attenuation of that 
length of line (hereinafte: designated the “nomi 
nal' attenuation). It may be shown that, for 
the “actual' change in attenuation to be equal 
to the “nominal' change in attenuation, the ex 
preSSion:- 

Zo(Z-22) 
(2-2)(Z--22) 

must be Small compared with unity where:- 
220=characteristic impedance of the line. 
Z1=impedance of Source (or load) tapped 

acroSS the line. 
Z2=impedance of load (or source) connected 

to the end of the line. . 
It will be observed that this condition is coim 

plied with if:- - 
(d) Z2-220 i. e. the load (or source) imped 

ance is made to match the line impedance ex 
actly. In this case the “actuali' attenuation will 
be equal to the “nominal' attenuation irrespec 
tive of the impedance of the source (or load). 

(b) Z1 is inade very large, i. e. if the source 
(or load) impedance is very high, then the ac 
tual attenuation will equal the nominal attenua 
tion, no matter what the load (or source) im 
pedance may be. - - 

(c) Both conditions (d) and (b) are Substan 
tially approximated to. 
In carrying my invention into effect in One 

convenient manner the infinitely long transmis 
Sion line may be replaced by an artificial line 
consisting of a number of sections of any of the 
known types. TWO common types, among others, 
which may be employed, are the and “Tr' net 
Works (in both “balanced' and “unbalanced' 
forms) as described on pages 72, 73 and 74 of 
“Transmission NetWorks and Wave-filters', T. E. 
Shea, published by D. van Nostrand Co., of New 
York, 1929. According to the invention each 
section is arranged to have the same required 
characteristic impedance and an attenuation 
equal to the Smallest amount by which it is re 
quired to change the total attenuation in the 
circuit into which tha complete attenuator is in 
troduced. A number of sections is chosen such 
that their total attenuation is the maximun at 
tenuation required, and these sections are joined 
together consecutively, the resulting line being 
closed at One end with an inpedance equal to 
the characteristic impedance. The tapping 
points are obtained at the junction of the sec 
tions. If these latter are of the 'n' formation, 
the adjacent shunt arms (that is to say the shunt 

1975,709 
arm at the finish of one section and the shunt 
arm at the commencement of the Section next 
to it) which are thus in parallel, may be re 
placed by an impedance of a value equal to the 
parallel impedance of the two. The final shunt 
impedance at the end of the line may be corn 
bined with the impedance of a value equal to the 

80 

characteristic impedance mentioned above in a 
Similar manner, and a considerable economy in 
the number of impedance units required to build 
Such an attenuator can thus be obtained. 
A double contact switch may be used to con 

nect the external apparatus to any point along 
the line. 
The invention can be modified in some circum 

stances by using an unbalanced artificial line, 
that is to say, a line in which all the series in 
pedances are placed in one side of the circuit, the 
shunt impedances being bridged from the appro 
priate points to the other side of the circuit, which 
is in effect a conductor of zero impedance, gen 
erally considered to be at earth potential. In this 
CaSe a Single moving contact only is required, 
making a more simple arrangement. 
A further modification of this invention con 

Sists. in essence, of two such attenuators as de 
scribed above, either balanced or unbalanced, so 
Connected that the One is in effect the load for 
the other, and vice versa. The remaining open 
ends of the lines will be closed by impedances 
equal to the characteristic impedance of the lines 
as in the previous case. Each line is arranged 
to have the same characteristic impedance but 
the Sections in one may have greater attenuation 

85 

than the sections in the other. The contact in : 
the former will thus provide a coarse adjustment 
of attenuation, that on the latter providing a 
fine adjustment. This is analogous to a uniforn 
transmission line extending to infinity in each 
direction across which are tapped a source and 
load each of high impedance compared with the 
characteristic impedance of the line. In such a 
Case if:- 

Z1=impedance of Source or generator, 
Z2=impedance of load, 

2Zo=characteristic impedance of load, 
it may be shown that for the actual attenuation to 
equal the nominal attenuation the expression:- 

2? 
(Z-Zo)(Z--Zo) 

must be small compared with unity. 
This necessitates:- 
(d). Either Zi or Z2 must be large compared 3. 

with Z0, that is to say, either of the circuits 
bridged across the line is to be of very high imped 
ance Compared with the characteristic impedance 
of the latter, the other having any impedance 
whatever. 

(b) Both Z1 and Z2 must be substantially larger 
than Zo. 
The impedance facing both the load and source 

in this case will be constant and equal to one half 
Of the characteristic impedance of the line. 
A Still further iodification of the invention 

coinsists in the use of networks having definite 
impedance relationships but with known desired 
frequency characteristics for use as one or more 
of the sections in the line or lines as described .g. 
above. 
In order that the invention may be more easily 

understood description will now be given of a few 
forms which transmission lines in accordance 
With the invention may take. Referring to Fig : U 
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ure 1 there is shown a form of line comprising a 
variable attenuator which is to have an imped 
ance facing the load and the Source of Z0 S2 and 
is to be provided with coarse and fine controls. 
The coarse control is to introduce a db. change 
and the fine control y db. change of attenuation 
for each step; where 1 db. stands for a current 
ratio of 10 to the power 0.05. For the purpose 
of this design it will be assumed that only two 
steps of coarse and two steps of fine control are 
required, though further steps may be added if 
required. Figures 2 and 3 show modifications of 
such a line. Figure 1 shows four sections of T line 
terminated at each end by resistances of Value 
220. These Sections of line are shown as Syn 
metrical sections, that is, they have the Same 
characteristic impedance facing both Ways. The 
values of the resistances in the first two Sections 
are given by the following:- 

rail 
r a. 220 

r2-1 
E = 2r. 2Zo 

Where 

r = 1020 
Similarly, the values for the last tWO Sections 

are given by:- 

c-fit 
r-1 22 

d = 2Zo 

r = 1020 
These resistances form sections of artificial line 

as “Tr' formation having an impedance both WayS 
of 270 and an attenuation of ac or 2) db. These Sec 
tions are assembled in succession and terminated 
at each end by resistances of value 220. It Would 
be noted that if an off position is required, this 
is obtained by making a “r' section of infinite 
attenuation. Such a section has an infinite Series 
resistance and two shunt arms each equal in 
Value to 270. 

it is possible to employ dissymmetrical net 
works for these ines. For instance, the Sections 
of line might be inade having in iterative in 
pedance in one direction of Say 271 and in the 
other direction of say 222 where 

22, 20. 
Z - Z. 2 

These lines Would then be terminated at the 
appropriate ends by impedances 271 and 272 in 
stead of 270 as for Syinnetrical lineS (for an 
explanation of the terms iterative impedance and 
a description of Such structures, See "TranSmis 
Sion Circuits for Telephone Communication' by 
K. S. Johnson-Fourth printing, The Library 
Press inited-page 127 et Seq). A line using 
dissyriametrical networks of the type Would 
have component impedances different from those 
for an equivalent Syminetirical Structure. A line 
using dissymmetrical T type sections Would, if the 
parallel inpedances of adjacent shunt afriS are 
combined, have the Sane coin.ponent i? a pedances 
as the symmetrical structure. In general, dis 
sy inninetirical structures do not offer any particular 
advantages for most encodiments of this attenu 
ator, but constitute another method of achiev 
ing the same effect. 

In Figure 1, 1 and 2 represent the input or 
output terminals, and 3 and 4 represent, the out 

3 
put or input terminals respectively. The line is 
shown in the unbalanced form and hence ter 
minal 2 is connected to terminal 4 and to the 
lower ends of the shunt resistances. Terminal 
1 is connected to a moving contact 5 Wihigh is 
adapted to move over points 9, 8 or 7, So inti'O- 
ducing a db. or 2 a db. attenuation. Sirihilarly 
3 is connected to a contact 6 which can move 
Over points 10, 11 and 12 and So introduce 2J di). 
or 2g db. of attenuation. 

Consider the impedance seen between terminals 
and 2 when 5 is connected to 8 and 3 and 4. 

are open circuited. Imagine the network to be 
divided along a line between the points 3 and 8. 
To the left will be a section of line properly 
terminated of impedance 279. Similarly, to th3 
right there will be three Sections of line properly 
terminated of impedance 220. The portions to 
the left and right will be in parallel as seen from 
terminals 1 and 2 connected to 8 and 8', and 
hence this impedance will be half 2Zo, or Zo the 
required impedance. Similarly, the impedance 
Will be Zo on whichever contact 5 rests. Also the 
same impedance is obtained between terminals 3 
and 4 when 1 and 2 are open circuited. 

Figure 2 shows a rearrangement of Figure 
whereby an economy of resistances is affected by 
combining resistances which are connected in 
parallel, The resistance values are given by 

e 

Also in this figure it will be noted that the 
SWitches are shown diagraminatically as the inore 
usual rotational Switch. , Will be observed that 
in this unbalanced line only one moving contact 
is required to alter the attenuation and only tWO 
resistances for each additional Step of attenua 
tion after the first. 

Figure 3 shows a further modification of this Si 
line whereby it is made in the balanced fortin. 
The Series resistances have been haived and put 
equally in each arm. Further, a central conduc 
tor connected to terminals 13 has been intro 
duced, this conductor joining the centre points 
Of the shunt resistances. This conductor need 
inot be introduced, but it is Sometimes desirable 
to introduce it and connect it to earth. So as to 
prevent voltages applied simultaneously to tei 
minals 1 and 2 arriving unattenuated at termi 
nals 3 and 4. It Will be noted that in the bal 
anced form, either with Or without the central 
conductor, only two moving contacts are required 
to alter the attenuation and Only four resistances 
per stage of attenuation. In Figure 3, the cein 
tral resistances have not been combined, but have 
been kept separate and terminals with connect 
ing leads 14, 15 aid 16 have been inserted. This 
allows each half of the line to be operated sepa 
rately. Alternatively, each or either half may be .33 
operated into an impedance of 2Zo, or into an 
Other similar type of line. These terminals also 
provide a conveni&nt point for the insertion of 
correction networks which are preferably of the 
constant impedance type having a characteristic is 
impedance facing both Ways of 270. 

Alternatively, additional artificial lines may be 
inserted here in order to provide attenuation ad 
justment in either larger or Smaller steps than 
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4. 
must be noted that though in these figures are 
Shown only two variable sections on each side, 
the actual number nay be increased indefinitely, 
and the steps of attenuation introduced by Suc 
Cessive novements of a switch may be different. 
In this connection it may be remarked that if 
a large unber of Sections say over twenty are 
desired to be controlled by one switch, a straight 
Inoving contact Working over a long straight row 
of contacts might be preferable to a rotating 
SWitch. 

Figure 4 shows an abbreviated way of repre 
Senting in a drawing a balanced line of the 
double type, i. e., two sections of single type at 
tenuators, which will be used in following fig 
Ures. The tel'ninals numbering is similar to that 
used in the preceding figures. . 

Figure 5 shows a method by means of Which 
tWO incoming channels cf power may be com 
bined aind fed into two outgoing channels, con 
trols being provided which will affect either a 
Single ingoing of a single outgoing channel with 
Cut affecting the others. For example, this 
sight be used for enabling the sound from two 
microphones to be mixed and led into two re 
cording channels say one for wax recording and 
one for optical recording. Thus one microphone 
may be connected at i7 and be controlled by line 
20 and the other at 8 and controlled by 21. 
Sir Yilarly, One recording Systein may be coin 
nected at 9 and controlled by 22 and the other 
at 20 controlled by 23. For this arrangement 
to operate satisfactoriiy, it is necessary to con 
nect the centie points of all lines as shown at 24. 
In order that the attenuation steps shall be cor 
irect at low valises of attenuation it is necessary 
that for the recording systerns the input imped 
ances and for the ricrophone the Output imped 
ances be high compared with that of the lines. 

Figure 6 shows a nore complicated coupling 
system where use is inade of the constant in 
pedance characteristic of these lines. By this 
means four sources connected at 25, 26, 27 and 
28 can be controlled independently by lines. 29, 
30, 3 and 32 respectively and fed into receiving 
chaininels say armplifiers connected at 33 and 34 
and controiled by lines 35 and 36 respectively. 
The in pedances inay be arranged so that the 
in pedances of the sections of line controlling the 
inicrophones shall be equal to the impedance of 
the microphones say 220. The inpedance in the 
four microphone oridge arms is then equal to 
20. By making the impedances of the Sections 
of lines 35 and 36 equal to Zo the impedance 
facing tine amplifiers at either 33 or 34 Will be 
constant and equal to 

20, 
2 

independent of the setting of the lines and in 
dependent of the impedance of the other arm 
plifier. It will be noted that for this arrange 
inent the centre point, connections are not used. 
It is interesting to note that for an arrangement 
cf this type it is possible to pass speach or Sig 
anals fro: eitriinals 33 to any of lines 25 to 
28 without passing power into line 34. Similarly, 
if the impedance of the apparatus connected at 
33 and 34 is high, power will not pass from 25 
to 27 no.1 fron 26 to 28. If someone (Say adja 
cent to a microphone controlling the perform 
ance) is provided with a telephone receiver, or 
“ronitoring' amplifier and receivers, connected 
to the nicrophone in Such a manner as to main 
tain the impedance connected at the pointS 25 

1,975,709 
to 28 Substantially equal to 220, then speech or 
signals introduced at 33 will be heard by him 
but will not pass to 34. 
Many other methods of arranging these lines 

in combination are possible taking advantage of 
the impedance characteristics of these lines coin 
bined with the low number of moving contacts, 
and Such must be understood as coming within 
the Scope of the invention. 
In order to Supply several loads from one source, 

SWitches may be arranged so that more than one 
Set of variable connections can be inade to one 
line by parallelling the contacts of Several 
Switches. 

Figure 7 shows a simple line of this type 
adapted for varying the frequency characteris 
tic of a device. It consists of two constant in 
pedance Sections of lattice line and is terminated 
by a resistance of value 220 at One end and in 
tended to operate into another ine of impedance 
2Z0 or into a load of impedance 220. By anaking 

L RR-3-R. R L3 2 C (220) 

the impedance of the lattice sections will be 
2Z0 and the impedance seen fron terminals 37 
and 38 will be equal to Zo when 39 and 40 are 
closed by a resistive impedance equal to 220. 
The correctors shown are of the type which de 
preciate the lower frequencies and by Suitably 
choosing the components it can be arranged that 
the correctors depreciate all except the high fre 
quencies, thus in effect appreciating the high 
frequencies compared to the remainder. In order 
to compensate for the loss of volume due to in 
Serting the correction networks, the network of 
Figure 7 may be connected to a resistance net 
Work of similar type, so arranged that its con 
trolling switch is coupled mechanically to the 
SWitch controlling the frequency correction in 
order that when frequency correctors are in 
serted, resistive attenuation is renoved to main 
tain the volume constant. Other networks may 
be used for producing variable phase changes or 
delay. 
These lines may be used for other than audio 

frequencies, for example, they may be employed 
for very high frequencies, in which case the Sep 
arate sections are with advantage shielded frolin 
each other. For such a line it would be advan 
tageous to use a linearly moving Switch instead 
of a circularly moving one, or to use plug Con 
nections adapted to fit into SocketS connected to 
the line. 
More than two degrees of control may be ob 

tained by cascading a number of these lines, for 
example, a double line consisting of Sections of 
impedance 2Zo may have One pair of its now 
ing contacts connected so as to terminate a sin 
ple line of impedance Zo whose iroving contacts 
serve to terminate a simple line of impedance 

20 
2 

and So On. 
Thus, according to the invention, it is possible, 
(a) To produce an attenuating device having 

the properties previously described consisting of 
a number of networks, constituting an articial 
line, of any type which attenuates electric cur 
rents of all frequencies unifornly. 

(b) To produce an attenuating device having 
the properties previously described incorporating 
one or more sections consisting of a network of 
predetermined frequency charactertistics, to 
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1975,709 
gether with sections of uniform attenuation. With 
frequency, in order that a given frequency pref 
eiterace or selection may be obtained together with 
a uniform variation of attenuation at all fre 
quencies, or 

(c) To produce an attenuating device having 
the properties previously described, consisting of 
a nuisaber of sections connected together, all hav 
ing either similar or different frequency. Selection 
characteristics, wherein the degree of frequency 
selection or preference obtainable may be varied 
at Will by the operation of a moving contact 
SWitch. 
The Sections ireferred to above as having given 

frequency characteristics together with definite 
impedance relationships may conveniently be any 
of the king'yn equalizer networks having a con 
stant characteristic impedance or any of the 
known electric wave filter sections wherein the 
characteristic impedance remains Sufficiently 
constant over the transmitting frequency band 
to enable such sections to operate Satisfactorily 
in the manner described above. 
The invention may further be modified in 

either the singie or double form of line described 
above by arranging for one or more sources to 
feed the same load, or one or more Sources to 
feed one or incre loads, with definite impedance 
relationships, such that the relative attenua 
tions between the various loads and Source may 
be waiied. 

it should be understood that throughout this 
specification, and more especially in the append 
ant claims, the phrase “the junction of tWO Sec 
tions' cover's also the junction of a Section and 
a terminating impedance in the line (unless the 
context otherwise requires) and the phrase 
should therefore be understood and read to in 
clude this meaning. 
The invention, however, is not to be limited to 

the particular examples cited above which are 
given by way of example only to indicate the 
nature of the invention. 

I claim: 
1. An electrical transmission line comprising a 

plurality of sections terminated at each end, a 
Source bridged across the line at the junction 
of two sections, a load bridged across the line at 
the junction of two sections, adjustable means 
whereby the bridging point of the source or load 
inay he varied so as to vary the number of Sec 
tions between source and load, so arranged that 
the inpedia.ince presented to the Source Or load 
When the terminals of the load Or Source respec 
tively are open circuited is constant for all Work 
ing positions of the adjustable means. 

2. An electrical transmission line comprising 
a plurality of sections of Symmetrical line having 
the same characteristic impedance, terminated 
at each end by an impedance equal to the char 
acteristic impedance, a source bridged acroSS the 
line at the junction of two Sections, a load 
bridged across the line at the junction of two 
Sections, adjustable means whereby the bridging 
point of the source or load may be varied SO 
as to vary the nuinber of sections between Source 
and load, so arranged that the impedance pre 
sented to the Source or load. When the terminals 
of the load or Source respectively are open cir 
cuited is constant for all working positions of the 
adjustable means. 

3. An electrical transmission line comprising 
a plurality of sections of dissymmetrical line all 
having the same iterative impedances, terminated 
at each end by the appropriate iterative in 

5 
pedance, a source bridged across the line at the 
junction of two sections, a load bridged across 
the line at the junction of two Sections, adjust 
able means whereby the biidging point of the 
source or load imay be varied so as to vary the 
number of sections between Solice and load, SO 
arranged that the impedance presented to the 
source or load when the terminals of the load 
or source respectively are open circuited is con 
stant for all working positions of the adjustable 
le3S. 

4. An electrical transmission iine coin prising a 
plurality of sections joined together, a terrihina 
tion at each end of Said line, a, Source of elec 
trical impulses, and a load, said Source and load 
being each connected to Said Sections by Iovable 
eleinents whereby the number of Sections be 
tween the Source and load is lay be Wai'ied, and 
other sections in the line not variable in nuin 
ber by means of Said novable contactS, the sec 
tions of the line being so airanged that the in 
pedance presented to the Source of load is coin 
stant, when the terriinals at the other aire open 
circuited, for all positioins of the adjustable 

ea.S. 

5. An electrical transmission line according to 
claim 4 wherein the Said other Sections are in 
permanent circuit between the source and the 
ioad. 

6. An electrical transimission line according to 
claim 4 wherein the said other sections may be 
inserted, or removed from betWean source and 
load by lineans of switches. 

7. An electrical transilission line according 
to claim 1 comprising an unbalanced variable ar 
tificial line having One movabie contact which 
provides a control of propagation. 

8. An electrical trainSmiSSion line according to 
claii. 1 comprising an unbalanced variable ar 
tificial line having two independent Yovable con 
tacts Only which provide two independent coin 
trols of propagation. 

9. An electrical transmission line according to 
claim 1 comprising a balanced variable artificial 
line having a pair of mechanically interconnected 
contacts which provide a control of propagation. 

10. An electrical trainSinission line according 
to claim 1 comprising a balanced variable arti 
ficial line havi{g two pairs of rinovable contacts 
which provide two independent controls of prop 
agation. 

11. An electrical transi nission line comprising 
a plurality of interconnected sections formed of 
portions of artificial line in it formation and ter 
minated at each end, a source of electrical in 
pulses bridged across the line at the junction of 
two Sections, a load bridged across the line at the 
junction of two Sections, i2heans for adjusting 
the bridging position of the source or load so ar 
ranged that the impedance presented to the load 
Or Source When the terriniinals to the other are 
open circuited is constant for all working posi 
tions of the adjustable means. 

12. An electrical trainsrission line according 
to claim li wherein adjacent, shunt elerients of 
Consecutive it sections are combined together to 
form a Single shunt element, 

13. An electrical transnission line i:he according 
to claim 11 wherein a terminating in pedance and 
an adjaceni, Shunt element of a, it section are 
Combined to for in a single shunt element, 

14. An electrical transmission line according 
to claim 1 wherein the elements comprising the 
Sections are purely resistive. 
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