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This invention relates to devices used for the
transmission of electric currents between two
or more units of electrical apparatus and {he
means for varying the efficiency of this trans-
mission.

t is well known to be possible to change the
efficiency of transmission by an apparatus gen-
erally referred to as an artificial line wherein an
electric potential can be iransferred from one
piece of apparatus to another and varied in a
known manner. This invention aims at produc-
ing devices of this nature, characterized by hav-
ing definite impedance relationships and by using
few moving contacts and resistance units in iig
construction. _

The invention consists in an electrical franse
mission eircuit comprising a number of sym-
metrical or dissymmetrical sections joined
logether and variable contacts adapted to alter
the number of these sections included in the
portion of the line between the source and the
load, characterized in that substantially constant
impedances are presented {o the source and load
and that in order to change the attenuation only
one variable contact is required for an unbalanced
line or two variable contacts for a balanced line.

The invention also consists in a variable line
consisting of sections of symmeirical line having
the same characteristic impedance terminated at
one end by an impedance equal to this charac-
teristic impedance, the other end being connected
to a load (or source), connection {o the source
(or load) being variable and in effect capable of
being bridged across the line at the junction of
any two sections; so arranged that, if the load
(or source) nas an impedance equal to the char-
acteristic impedance of the line, then the imped-
ance facing the source (or load) will always be
half the characteristic impedance of the line.

The invention also consists in a variable artifi-
cial line consisting of sections of dissymmetrical
networks joined together so that the iterative
impedance in one direction is equal to Z: and the
iterative impedance in the other direction is
equal o Ze, the line bsing properly terminated
in the Arst direciion by an impedance Z: at the
appropriate end and by the load (or source) at
the other end, connectisn to the source (or load)
being variable and in effect capable of being
bridged across the line at the junction of any
two sections, so arranged that, if the load (or
source) has an impedance equal to Z2, then the
impedance facing the source (or load) will always
be equal to the impedance of Z; and Z2 in parallel.

Further features of the invention will be ap-

(CL, 178—44)

parent from the description given hereafter,

which will be more readily understood by refer-

ence to the accompanying drawings, wherein
Figures 1 to 7 represent, in the usual symbols,

the arrangements of various elements to form °

different meodifications of electrical transmission
lines in accordance with the invention.

The nature of the invention can best be under-
stoed by consideration of an infinitely long trans-

mission line having a constant attenuation per

unitc length, across the near end of which is con-
nected the load into which it is required to deliver
electric power. For the purpose of this analogy it
will be assumed that the characteristic imped-
ance of the line is exactly equal to the impedance
of the load. Across two points, one on each con~
ductor forming the line, and equidistant from the
load is connected a source of electrical energy.
It will further be assumed that the impedance
of this scurce is very high compared with the
characteristic impedance of the line, and it will
be apparent that the nearer to the load are the
two points at which the source is tapped across
the line, the greater will be the power delivered
into the load, and that this power may be reduced
to an infinitesimal amount by removing the
tapping points to infinity.

If the line be imagined to be cut at any point
along its length, the impedance as measured look-
ing info the line in either direction along the
divided line will be the characteristic impedance
of the line. Hence the impedance facing the
source of electrical energy will be that of two
impedances (each equal to the characteristic im-
pedance of the line) in parallel, or in effect one
half of the characteristic impedance. Thus the
impedance facing the source is constant no mat-
ter what is the distance between it and the load.

Similarly, if the source is of high impedance
compared with the characteristic impedance of
the line, the impedance facing the load will al-
ways be the characteristic impedance of the
line.

Thus when the source is bridged across the
near end of the line, i. e. across the load, the
power delivered to the load will be one half of the
power which would be delivered to the load were
the line non-existent: with the source in any
other position along the line, the power in the
load will be the above amount attenuated by
an amount which will depend upon the atten-
uation constant of the line and will be propor-
tional to the length of line included between the
load and the source.

In accordance with the invention lines are de-
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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 while maintaining the impedance re-
Jationships ketween the load and the source con-
stant. ,

In a reciprocal manner, a source of infernmal
impedance egual to the characteristic impedance
of the line may be connected across cne end of

the line and & high impedancs load bridged across

the line at some point as described above, so
that & 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 impedance 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 Ioad (hersinafter designated the “actual”
attenuation) produced by changing the position
of the tapping points by any distance along the
line will be equal to the atienuation of that
lengtn of line (hereinafter dasignated the “nomi-
nal” attenuation). It may be ghown that, for
the “actual” change in atienuation tc be equal
to the “nominal” change in attenuation, the ex-
pression:—

Z{(Zy—2Z)
(Z,+Z))( 2,1+ 22Z,)

must be small compared with unity whera:—
2Zo—=characteristic impsdance of the line.

Zi=impedance of source . {(or load) tapped
across the line.

Ze=impedance of load (or scuzrce) connected
to the end of the line,

It will be observed that this condition is com-
plied with if:—

(@) Z2==2Zy i. e. the load (or somce) imped-
ance is made to match the line impedance ex-
actly., In this case the “actual” attenuation will
be equal to the “nominal” attenuation irrespec-
tive of the impedance of the source (or load).

(b) Z: is made very large, i. e. if the source
(or load) impedance is very high, then the ac-
tual attenuation will equal the nominsal attenua-
tion, no matter what the load (or source)  im-
pedance may be. ' ’

(¢) Both conditions (¢) 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 fypes, among others,
which may be employed, are the T and “#” net-
works (in both “balanced” and “unba1anced”
forms) as described cn 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 inven’mon each

_ section is arranged to have the same required

YR
&

characteristic impedance and an aitenuation
equal to the smallest amount by which it is re-
quired to change the total atienuation in the
circuit into which the complete attenuator is in-
troduced. A number of sections is chosen such
that their total attenuation is the maximum at-
tenuation reguired, and these sections are joined
together consecutively, the resulting line being
closed at one end with an impedance equal to
the characteristic  impedance. . The tapping
points are obtained at the junction of the sec=
tions. If these latter are of the “#” formation,
the adjacent shunt arms (that is to say the shunt

1,975,709

arm at the finish of one section and the shunt
arm at the commencement of the section next
to it) which are thus in paraliel, 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 com-
bined with the impedance cf a value equal to the
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 ohiained.

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 im-
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 te be at earth potential. In this
case a- single moving contaet 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

80

85

9§

edqual to the characteristic impedance of the lines .

as in the previous case. Fach line is arranged
to have the same characteristic impsdance but
the sections in one may have greater attenuation
than the sections in the other.
the former will thus provide a coarse adjustment
of attenuation, that on the latter providing a
fine adjustment. This is analogous to a uniform
transmission line extending fo infinity in each

direction across which are tapped a source and iij

load each of high impedance compared with the
characteristic. impedance of the line. In such a
case if:—

Zi=impedanece of source or generator,
Zo=impedance of load,
27Zo=characteristic impedance of load,

it may be shown that for the actual attenuation to
equal the nominal attenuation the expression:—
Zg
(Z1-+Zo)( 2+ Z,)

must be small compared with unity.
This necessitates:—

(@) Either Z: or Zz must be large compared :i%53

with Zo, 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)Y Both Z1 and Z» 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. -

The contact in

FEaa
Ll

A

-A still further modification of the invention )

consists 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 deucrlbed
above.

In order that the invention may be mors easily
understood description will now be given of a few
forms which transmission lines in accordance
with the invention may take. Referring to Fig-
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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 Zo @ and
is to be provided with coarse and fine controls.
The coarse control is to introduce x db. change
and the fine control ¥ 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 = line
terminated at each end by resistances of value
2Z0. These sections of line are shown as sym-
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:—

r.+1

r,—1

22y

r;2—1

b= 2r,

<27,
where

r,=10%
Similarly, the values for the last two sections
are given by:—

_I‘”-‘— 1_
=z
r2—1

2ry

d= . 2Zg
.
r,=10%
These resistances form sections of artificial line
“r” formation having an impedance both ways

as ''w

. of 2Z¢ and an attenuation of z or y db. These sec~

tions are assembled in succession and terminated
at each end by resistances of value 2Zo. 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 2Z.

1t is possible to employ dissymmetrical net-
works for these lines. For instance, the sections
of line might be made having in iferative im-
padance in one direction of say 2Z: and in the
other direction of say 2Z: where

2.2, _Z,

Z+z, 2

These lines would thsn be terminated at the
appropriate ends by impedances 27; and 272 in-
stead of 2%o as for symmetrical lines (for an
explanation of the ferms iterative impedance and
a, description of such structures, see “Transmis-
sion Circuits for Telephone Communication” by
K. 8. Johnson—TIourth printing, The Library
Press Limited—page 127 et seq). A line using
dissymmetrical networks of the T fype would
have component impedances different from those
for an equivalent symmeatrical structure. A line
using dissymmetrical = type sections would, if the
paraliel impedances of adjacent shunt arms are
combined, have the same component impedances
as the symmetrical structure. In general, dis-
symmetrical structures do not offer any particular
advantages for most embodiments of this attenu-
ator, but constitute another method of achiev-
ing the samsz 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 which is
adapted to move over points 9, § or 7, so intro-
ducing z db. or 2 z db. attenuaticn. Similarly
3 is connected to a contact 6 which can move
over points 10, 11 and 12 and so introduce y db.
or 2y db. of attenuation.

Consider the impedance seen between terminals
1 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 noints 8 and 8.
To the lefit will be a section of line properly
terminated of impedance 2%¢. Similarly, to th2
right there will be three sections of line properly
terminated of impedance 2Zo. 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 2Z0, or Zo the
required impedancz., 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 Pigure 1
whereby an economy of resistances is effected by
combining resistancss which are connected in
parallel, The resistance values are given by

. 2Zo'a
e= 2Z0 + a

a-c
f—a—}—c
__ 2Zpc

870z, +c

Also in this figure it will be noted that the
switches are shown diagrammatically as the more
usual rotational switch.
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.

Pigure 3 shows a further modification of this 1

line wherzby it is made in the halanced form.
The series resistances have been halved and put
equally in each arm. Further, a central conduc-
tor connected to terminsls 13 has been intro-

It will be observed that *

80

&8

94

100

105

110

i
an
bt

duced, this conductor joining the centre points i%&

of the shunt resistances. ‘This conductor need
not be introduced, but it is sometimes desirable
to introduce it and connect it to earth so as to
prevant voltages applied simultaneously to ter-
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 cen- i85

tral resistances have not been combined, but have
been kept separats and terminals with connect-
ing leads 14, 15 and 16 have been inserted. This
allows each half of the line to be operated gepa-

rately. Alternatively, each or either half may be 4

operated into an impedance of 2Zy, or intc an-
cther similar type of line. These termiinals also
provide 2 convenient point for the insertion of
correction networks which are preferably of the

constant impedance type having a characteristic =<

impedance facing both ways of 2Zo.
Alternatively, additional artificial lines may be
inserted here in order to providz attenuation ad-
justment in either larger or smaller steps than
those provided by the two controls shown. It

150

o

#

150




10

15

20

25

[+
(@]

a6

@iz

=]

Qi1

o
(&)

85

o
[

4

must be noted that though in these fizures are
shown only two variable sections on each side,
the actual number may be increased indefinitely,
and the steps of attenuation iniroduced by suc-
cessive movements of a switch may be different.
In this connection it may be remarked that if
g large number of ssctions say over twenty are
desired to be controlled by one switch, a straight
moving contact working over a long straight row
of contacts might be preferable to a rotating
switch.

Figure 4 shows an abbreviated way of repre-
senfing 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 terminals numbering is similar to that
used in the preceding figures. .

Figure 5 shows a method by means of which
two incoming channels of power may he com-
bined and fed into two cutgoing channels, con<
trols being provided which will affect either a
single ingoing or a single ouigoing channel with-
out affecting the others. For example, this
might 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 17 and be controlled by line

. 20 and the other at 18 and centrolled by 21.

Similarly, one rscording system may be con-
nected at 19 and controlled by 22 and the other
at 20 controlled by 23. For this arrangement
to operate satisfactorily, it is necessary to con-
nect the centre points of all lines as shown at 24.
In crder that the attenuation steps shall be cor-
rect at low valuss of ‘attenuation it is necessary
that for the recording systems the input imped-
ances and for the microphone the output imped-
ances be high compared with that of the lines.

Figure 6 shows a more complicated ‘coupling
system where use it made of the constant im-
pedaxice characteristic of these lines. By this
meang four sources connected at 25, 26, 27 and
28 can be controlled independently by lines 29,
30, 31 and 32 respectively and fed into receiving
channels say amplifiers connected at 33 and 34
and controiied by lines 35 and 36 respectively.
The impedances may be arranged so that the
impedances of the sections of line controlling the
microphones shall be equal to the impedance of
the microphones say 2Zo. The impedance in the
four microphone Lridge arms is then equal to
Zo. By making the impedances of the sections
of linss 35 and 36 egual to Zo the impedance
facing the amplifiers at either 33 or 34 will be
constant and equal to

Z
2’

independent of the setting of the lines and in-
dependent of the impedance of the other am-
plifier. It will be noted that for this arrange-
ment the centre point connections are not used.
It is inferesting to note that for an arrangement
of this type it is possible to pass spesch or sig-
nals {rom soy terminals 33 to any of lines 25 to
28 without passing power into line 34. Similarly,
if the impedance of the apparatus connected at
23 and 34 is high, power will not pass from 25
to 27 nor from 28 to 28. If someone (say adja-
cent to a microphone controlling the perform-
ance) Is provided with & telephone receiver, or
“monitoring” amplifier and receivers, connected
to the microphone in such a manner as to main-
tain the impedance connected at the points 25

1,975,709

to 28 substantially equal to 22, 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 com-
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 he made 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 im-
pedance sections of lattice line and is terminated
by a resistance of value 2Z¢ at one end and in-
tended to operate into another iine of impedance
2Z¢ or into a load of impedance 2Zo. By making

RiRy=F = RiR= 2= (220
the impedance of the lattice sections will be
2Z0 and the impedance seen from terminals 37
and 38 will be equal to Zo when 39 and 40 are
closed by a resistive - impedance equal to 2Zo.
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 typs, 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 removed to main-
tain the volume constant. Other networks may
be used for producing variable phase changss 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 shieided from
each other. For such a line it would bhe 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 2Z¢ may have one pair of its mov-
ing contacts connected so as o terminate a sim-
ple line of impedance Zo whose moving contacts
serve to terminate a simple line of impedance

Zy
2
and so on.

Thus, according to the invention, it is possible,

(@) To produce an attenuating device having
the properties previously described consisting of
a number of networks, constituting an artificial
line, of any type which attenuates electric cur-
rents of all frequencies uniformly.

(6) To produce an attenuating device having
the properties previously descriped incorrorating
one or more sections consisting of a network of
predefermined frequency charactertistics, to-
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gether with sections of uniform attenuation with
irequency, in order that a given frequency pref-
erence or selection may be obtained together with
& uniforin variation of aftenuation at all fre-
guencies, or

(¢) To produce an attenuating device having
the properties previously described, consisting of
a nuinber 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 referred to above as having given
irequency characteristics together with definite
impedance relationships may conveniently be any
of the known egualizer networks having a con-
stant characteristic impedance or any of the
knewn electric wave filter sections wherein the
characteristic impedance remains sufficiently
constant over the transmitting frequency band
to enable stch sections to operate satisfactorily
in the manner described above.

The invention may further be modified in
either the single 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 more loads, with definite impedance
relationships, such that the relative attenua-
tions between the various loads and source may
be varied.

it should be understood that throughout this
specificaticn, and more especially in the append-
ant claims, the phrase “the junction of two sec-
tions” covers 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 exaraples 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 brideged across the line at
the junction of two sections, adjustable means
whereby the bridging point of the source or load
may he varied so as to vary the number of sec-
tions between source and load, so arranged that
the impedance presented to the scurce 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 impeadance, 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
peint of the source or load may be varied so
as to vary the number 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 im-

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 bridging point of the
source or load may be varied so as to vary the
number of sections between source and load, so
arranged that the impedance presented o 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
means.

4. An electrical transmission line comprising a
plurality of sections joined together, a termina-
tion at each end of said line, a souree of elec-
trical impulses, and & load, said source and load
being each connected to sald sections by movable
elements whereby the number of sections be-
tween the source and load may be varied, and
other sections in the line not variable in num-
ber by means of said movakle contacts, the sec-
tions of the line being so arranged that the im-
pedance presented to the source or load is con-
stant, when the terminals at the other are cpen
circuited, for all positions of ths adjustable
means,

5. An electrical transmission line according to
claim 4 wherein the said other sections are in
permanent circuit between the source and the
load.

§. An electrical transmission line according to
claim 4 wherein the said other sections may ke
inserted, or removed from bheiwesn scurcs and
load by means of switches.

7. An electrical transmission line according
to claim 1 comprising an unbalanced variaple ar-
tificial line having one movabie contact which
provides a control of propagation.

8. An electrical transmission Hne eeording to
claim 1 comprising an unbalanced variable ar-
tificial line having two independent movable con-
tacts oniy which provide two independent con-
trols of propagation.

9. An electrical transmission line accerding to
claim 1 comprising a balanced variable ar ificial
line having a.pair of mechaniecally interconnected
contacts which provide a control of propagation.

10. An electrical transmission line according
to claim 1 comprising a balanced variable arti-
ficial line having two pairs of movable contacts
which provide two independent controls of prep-
agation,

11, An electrical transmission line comprising
a plurality of interconnected sections formed of
portions of artificial line in = formation and ter-
minated at each end, a source of electrical im-
pulses bridged across the line af the junction of
two sections, a load bridged across the line at the
junction of two sections, meang for adjusting
the bridging position of the source or load s ar-
ranged that the impedance prezented io the load
or source when the terminais to the other are
open circuited is constant for all working posi-
tions of the adjustable means.

12. An electrical transmission line according
to claim 11 wherein adjacent shunt elements of
consecutive = sections are combinad together to
form a single shunt element.

13. An electrical transmission line

e

according
to claim 11 wherein g, terminating impedaneca ang
an adjacent shunt element of a = gection are
combined to form a single shunt element,

14, An electrical transmission line according
to claim 1 wherein the elements cormaprising the
sections are purely resistive.

ALAN DOWER BLUMLEIN.
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