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COMPLETE SPECIFICATION

Improvements in or relating to Attenuators

We, MUIRHEAD & COMPANY LIMITED, of
Croydon Road, Elmer’s End, Kent, a British
Company, do hereby declare this invention,
for which we pray that a patent may be
granted to us, and the method by which it is
to be performed, to be particularly described
in and by the following statement:—

This invention relates to adjustable
attenuators.

It is a known practice to provide measuring
instruments with switchable shunt networks
for the purpose of adjusting the sensitivity of
the instrument and also for maintaining the
input impedance constant irrespective of the
sensitivity adjustment. Alternatively, in some
cases, an adjustable shunt has been provided
with multi-range instruments such that, when
the range is changed by adjusting the shunt,
the impedance presented to the instrument is
held constant so as to maintain the damping
of the instrument constant. The present
invention relates to adjustable attenuators
which may be used in combination with a
measuring instrument for similar purposes and
it is an object of the invention to provide an
adjustable attenuator which provides advan-
tages additional to those obtainable heretofore
from adjustable shunts for measuring
instruments,

Suitable forms of network for use in the
adjustable attenuator may be modified forms
of bridged-T networks.

According to the invention an adjustable
attentuator comprises a four terminal constant
impedance network of the bridged-T type hav-
ing a first branch connecting one input ter-
minal to one output terminal, a second branch
connecting the second input terminal to the
second output terminal and containing in
series two equal fixed impedances, a third
branch also connecting the second input ter-
minal to the second output terminal and con-
taining a variable series impedance, and a
variable shunt impedance connected between
said first branch and the junction of the fixed

[Price 3s. 6d.}

impedances in said second branch, in which
the attenuation ratio may be varied without
changing the input impedance of the network
provided that the dimensions of the variable
series and shunt impedances are always such
that R,R,=R.?%, where R, is the series imped-
ance, Ry is the shunt impedance and R, is the
desired input impedance in the network, char-
acterized in that the variable series impedance
consists of a plurality of sets of variable
impedances and the variable shunt impedance
consists of a like number of sets of variable
impedances, the attenuator including a plur-
ality of pairs of switches equal to the number
of sets of series and shunt impedances, one
switch of each pair controlling one set of series
impedances and the other switch of each pair
controlling a related set of shunt impedances,
the two switches of each pair being mechanic-
ally linked so that a series and a shunt imped-
ance are varied together, each pair of switches
having a numerically indexed scale, and the
series and shunt impedances are so dimen-
sioned that for all settings of the switches the
product of the series and shunt impedances in
circuit is constant, whereby the sum of the
scale indices is equal to the numerical ratio of
attenuation between the input and output ter-
minals. By this arrangement the various
switches may be adjusted to provide the
required attenuation and then the ratio of the
input to output may be read directly from the
indices on the switches. This arrangement is
particularly useful with an indicating instru-
ment for indicating when the attenuator out-
put is at some predetermined level of voltage
or current, as with this arrangement, the
attenuator can be adjusted to give the required
output voltage or current and the magnitude
of the input can then be read directly from the
indices on the selector switches. The attenu-
ator can also be used, however, with instru-
ments for mesuring the output voltage or cur-
rent, the attenuator enabling the range of
measurement of the instrument to be
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increased. Furthermore, when used with a
measuring instrument, the attenuator permits
the measuring instrument to be used at very
nearly full scale deflection where the reading
accuracy is a maximum.

It will be understood that the network will
have to be terminated in a load of suitable
impedance since the output to input current
ratio will depend on the load.

In a simpie form of bridged-T network hav-
ing two input terminals and two output ter-
minals and arranged as a constant resistant
attenuator, there is provided a first branch
comprising a direct connection between one
input terminal and one output terminal, a
second branch comprising two fixed resistors
each of a magnitude equal to the required
impedance of the network, connecting the
second input terminal to second output ter-
minal, a third branch bridging the two fixed
resistors and containing a variable resistance
and a shunt branch also containing a variable
resistance and connecting the junction between
the fixed resistors to the direct connection
between the first input terminal and the first
output terminal. This network is either fed
from a source of impedance equal to the
required impedance of the network or is ter-
minated in a load of this impedance. Then,
if the shunt resistance is varied so that its
magnitude, when multiplied by the magnitude
of the resistance in the bridging circuit, is
equal to the square of the required impedance
of the network, then simultaneous adjustment
of the two variable resistances will not alter
the input impedance of the network but will
vary the attenuation between the input and
output terminals. The ratio, however, of the
input to the output current will depend on the
load and, in general, this network would be
terminated in a load of impedance equal to
that of the network. Various modifications of
this form of network are posssible and in par-
ticular the connection between the first input
terminal and the first output terminal may be
made similar to that between the second input
terminal and the second output terminal and
provided with a variable bridging resistance.

Tn applying the principles of the bridged-T

) constant resistance attenuator to the present

invention, there may be provided an adjustable
attenuator having two input and two output
terminals and comprising a network having a
first branch connecting one input terminal to
one output terminal, a second branch connect-
ing the second input terminal to the second
output terminal, which second branch includes
in series two equal fized impedances, a third
branch also connecting the second input ter-
minal to the second output terminal and
including in series two or more adjustably
stepped impedances, said network further
including a number of sets of shunt imped-
ances equal to the number of said adjustably-
stepped impedances, and a selector switch for

each of said sets of shunt impedances arranged
for selectively connecting any one or more of
the set as a shunt between said first branch
and said second branch, the connection to the
latter being made between the two fixed
impedances, each of said switches being opera-
itvely associated with an adjustably-stepped
impedance in the third branch so that, by
operation of each switch, a shunt impedance
and a series impedance are varied together, the
magnitudes of the impedances being arranged
so that the product of the shunt and series
impedance remains constant. The aforemen-
tioned second branch preferably comprises two
equal fixed impedances each of a magnitude
equal to the required impedance of the net-
work. As indicated above, this mnetwork
would, in general, be terminated in a load of
impedance equal to that of the network. If,
however, the iimpedance of the source is equal
to the impedance of the network, then, no
matter what the load impedance, the attenua-
tion would be varied without altering the net-
work impedance although the actual input to
output ratios would depend on the magnitude
of the load impedance.

It is well known that if a bridged-T attenu-
ator of the type described is terminated in a
load equal to the required impedance of the
network then the current in the fixed imped-
ance in the second branch which is adjacent to
the load is zero and there is no potential differ-
ence between its ends. Accordingly, this fixed
impedance may be made infinitely high or
infinitely low without affecting the function-
ing of the network. Alternatively, if the source
impedance is equal to the required impedance
of the network then the fixed impedance in the
second branch which is adjacent to the source
may be made infinitely high or infinitely low.

In its simplest form the aforementioned first
branch comprises a direct connection of
negligible impedance between said one input
terminal and said one input terminal. In this
case, the adjustable shunt and series imped-
ances are so proportioned that the product of
each shunt impedance with its associated series
impedance is equal to the square of the input
impedance of the network. Alternatively, how-
ever, said first branch may be included in series
two fixed equal impedances and there may be
provided a branch connecting said one input
terminal to said one output terminal and
including in series a number of adjustably-
stepped impedances, which are similar to and
associated respectively with the adjustably-
stepped impedances in the third branch and
arranged so that the impedance in the third
and fourth branches are varied together by
said switch means, the magnitudes of the
impedances being such that the separate pro-
ducts of each shunt impedance with each of
its associated series impedances in the third
and fourth branches remain constant. In this

case the fixed impedances are all preferably !
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made equal to the required input impedance
of the network and the adjustable shunt and
series impedances are so proportioned that
the product of each shunt impedance with the
sum of its associated series impedances is
equal to the square of the input impedance
of the network.

In general a purely resistive attenuator will
be preferred and in this case all the imped-
ances would be made resistive non-reactive
impedances.

Preferably, for convenience of reading and
calculation, the selector switches are arranged
and the impedances proportioned to provide
two or more decade ranges of input to output
ratio.

It is most generally convenient that the
aforementioned series impedance or the afore-
mentioned  adjustably-stepped  impedances
comprise a plurality of adjustably-stepped
impedance units divided into steps of equal
magnitude, the total impedance of each unit
after the first being equal to the impedance
of one step of the preceding unit.

The invention also includes within its scope
an adjustable attenuator comprising a network
with a pair of input terminals and a pair of
output terminals and including a first branch
connecting one input terminal to one output
terminal, a second branch conmecting the
second input terminal to the second output
terminal, which second branch contains in
series two fixed resistances each equal to the
desited input impedance of the network a
third branch containing a plurality of adjust-
ably-stepped resistances connected in series
between said second input terminal and said
second output terminal, a plurality of sets of
shunt resistances the number of sets being
equal to the number of said adjustably-
stepped resistances, a separate selector switch
for each set of shunt resistances, which
switches are arranged to connect a shunt resist-
ance from each set in parallel between said

first branch and the junction of said fixed:

resistances in said second branch, the said
switches also each being associated with one of
the adjustably-stepped resistances so that
operation of a switch selects a shunt resistance
and alters the associated adjustably-stepped
resistance, the switches being arranged and the
resistances so proportioned that operation of
each switch maintains the product of the mag-
nitude of the shunt resistance controlled by
the switch and the magnitude of the associated
adjustably-stepped resistance constant. As pre-
viously indicated said adjustably-stepped
resistances preferably comprise decade units
divided into equal steps and, in this arrange-
ment, the third branch may also contain in
series a continuously adjustable resistance of
maximum magnitude equal to one step of the
decade unit of lowest resistance and there may
be provided an adjustable shunt resistance in
parallel with the other selected shunt resist-

ances, the operation of which adjustable shunt
resistance is mechanically linked to said con-
tinuously adjustable resistance, which adjust-
able shunt resistance comprises one or more
steps of infinite resistance together with a
further range of adjustment formed by a con-
tinuously adjustable resistance. It ‘will be
appreciated that the shunt resistances associ-
ated with the lowest values of series resistance
must be very high in order to maintain the
magnitude of the product of the shunt and
series resistances constant. The shunt resist-
ance associated with the low resistance step of
the series resistance will be very high and, as
will be explained in further detail later, it is
generally adequate within the required limits
of accuracy to make the resistance infinite for
the lowest index values. In such an arrange-
ment, the shunt resistance (apart from the
lowest index values) may comprise a con-
tinuously adjustable resistance which would
have a maximum value within practical limits.
It is generally found also that sufficient
accuracy can be obtained even if both the con-
tinuously adjustable resistances are linearly
variable although it would be appreciated that
if the series resistance is linearly variable the
shunt resistance should ideally follow a
reciprocal function.

The sets of shunt impedances need not
necessarily contain an individual impedance
for each switch position since some of the
required values of impedance can be formed
by combining two or more impedance units
which are individually associated with other
switch positions. Similarly it is not necessary
to provide a separate impedance unit for each
step of the adjustably stepped impedance
since some of the steps may be provided by
combining impedance units used for other
steps.

As indicated above the form of attenuator
described finds particular application for use
in measuring instruments. By providing a
large number of range settings, preferably
with decade calibrated switches, the attenu-
ator may readily be used with an indicator for
indicating one particular value of voltage or
current.

In addition to its use with an indicator for
indicating one particular value of voltage or
current, the attenuator also finds application
for increasing the range of measurement of
other types of measuring instruments. It ic
particularly of value with sensitive galvano-
meters since, with such instruments, it is
important to keep the damping constant and
hence the resistance presented to the galvano-
meter must remain constant. The form of
attenuator described above not only has con-
stant input impedance but also presents con-
stant impedance to the output terminals and
hence can be used for increasing the range of
the galvanometer without affecting the damp-
ing of the instrument.
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In the following description, reference will
be made to the accompanying drawings in
which:—

Figure 1 is a diagram of a known form of
bridged-T attenuator; ’

Figure 2 is a diagram of an alternative
known form of attenuator network;

Figure 3 is a diagram of one form of attenu-
ator in accordance with the present invention;

Figure 4 is an explanatory diagram;

Figures 5 and 6 illustrate how a number of
resistance units may be used together as an
adjustable series impedance for the attenuator
of Figure 3, and

Figures 7 and 8 are diagrams illustrating
how a number of resistance units may be com-
bined together as an adjustable shunt imped-
ance in the attenuator of Figure 3.

Figure 1 illustrates a bridged-T type of
attenuator having two input terminals 10, 11
and two output terminals 12, 13. Between the
terminals 11 and 13 there is provided a direct
connection 14 forming a first branch of the net-
work. Between the terminals 10 and 12 there
are connected two resistance 15, 16 in series
each having a resistance R, where R, is to be
the required input impedance of the attenuator
which, it is assumed, is to be connected to a
load also of resistance R,. Connected in shunt
across the two resistors 15, 16 is a variable
resistor 17 of impedance resistance R..
Between the junction of the resistors 15 and
16 and the conductor 14 there is connected a
shunt circuit comprising a variable resistor 13
of resistance R,. If the resistors 17 and 18 are
varied simultaneously in such a manner that a
product of their magnitudes R, and R, is equal
to the square of R, then the input impedance
of the attenuator and the impedance presented
to the load both remain constant and equal
to R,. The voltage loss ratio L through the

R. R,
network is equal to 14-N where N=—=—.

R, Ry
If a measuring instrument is used as the load,
the network becomes, in effect, a universal
shunt of “range factor ” L.

It may readily be shown that the input
impedance looking into the terminals 10, 11 is
always R, and also that the impedance look-
ing back into the network from the load at
terminals 12, 13 is also always R, if the input

~ is suitably matched.

In the special case where the source is of
impedance R,, then the input impedance of

" the network of Figure 1 will remain constant

55

60

as the attenuation is varied no matter what the
load impedance is. The actual ratios of input
to output current will depend, however, on the
magnitude of the load impedance.

Figure 2 illustrates a modified form of
bridged-T network having input terminals 10,
11 and output terminals 12, 13 and also
variable resistors 17, 18 of magnitudes R, and
R, respectively as in Figure 1. Instead, how-

786,189

ever, of having series fixed resistors 15, 16,
there is provided in the arrangement of Figure
2 a single fixed resistor 20 of magnitude R,
connected in the shunt circuit in series with
resistor 18. In effect, the network of Figurs 2
is the same as that of Figure 1 with the resist-
ance 16 made infinite. With this arrangement
also, it may be shown that provided R.P.=
R.%, then the input impedance remains R,
although the output impedance is not constant
in this case.

The attenuator shown in Figure 3 is based
on the form of bridged-T network shown in
Figure 1. In Figure 3 there are provided input
terminals 21, 22 and output terminals 23, 24.
A direct connection 25 is made between the
terminals 22 and 24 and forms the first branch
of the network. Between the terminals 21 and
23 there are connected in series two resistors
26, 27 each having a magnitude equal to the
required input and output impedance of the
attenuator, which, for simplicity in the follow-
ing description, will be assumed to be 1,000
ohms. Also connected between the terminals
21 and 23 are a number of adjustable resistors
28, 29, 30, 31, which together correspond to
the resistance R, of Figure 1.

The resistance 28 is adjustable in steps and
comprises nine resistance elements each of
1,000 ohms. connected in series. The position
of an adjustable tap 32, which determines the
number of resistancz elements in circuit, is
controlled by means of a control knob (not
shown) having a dial marked with indices 1—
10 (corresponding to the tapping-point mark-
ings shown in Figure 3).

The rap 32 is connected to one end of the
resistance 29 which is also an adjustably-
stepped resistance having ten resistance ele-
ments each of 100 ohms. The control knob
for controlling a tap 33 on the resistance 29
thus has eleven positions corresponding to the
tapping points marked 0—10 in Figure 3 and
is adjusted by means of a control knob pro-
vided with indices correspondingly marked
from 0—10. The tap 33 is connected to one
end of the resistance 30 which likewise has ten
resistance elements which, in this case, are each
of 10 ohms. resistance. An adjustable tap 34
may be set on any of the tapping points marked
0—10 of resistance 30 and is adjusted by
means of a control knob provided with corres-
ponding indices. The tap 34 is connected to
one end of a continuously variable resistance
31 which is linearly variable by movement of
an adjustable tap 35 which is connected to the
terminal 32. The total impedance of the resist-
ance 31 is 10 ohms.

Between the junction of the resistors 26 and
27 and the connector 25 there are provided a
number of sats of adjustable shunt impedances.
The first set 40 is associated with the resist-
ance 28 and the magnitude of the shunt
impedance introduced into the circuit is con-
trolled by means of an adjustable tap 41 which
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is operated by the same control knob as
operates the tap 32 on resistance 28. In the
first position corresponding to zero impedance
on resistance 28 there is an infinite shunt
impedance introduced into the network. In
each of the other positions of the tap 41 there
is introduced a resistive impedance, the magni-
tude of which is such that the product of the
shunt resistance and the series resistance 28
provided by the corresponding position of the
tap 32 is equal to 1,0002. Thus, the resistance
42 in the second position of tap 41 would
have an impedance of 1,000 ohms, the resist-
ance 43 in the third position would have a
resistance of 500 ohms and so on to the imped-
ance 44 in the tenth position which would be
1000

—— ohms.

9

A similar set of shunt impedances 45 are
associated with the resistance 29. In this case,
a tap 46 (which is controlled by the same con-
trol knob as tap 33) can be adjusted to insert
a shunt impedance of infinity in the position
corresponding to zero on the indices of the
control knob, The shunt impedances are
arranged so that the product of the shunt resist-
ance introduced by the tap 46 and the series
zesistance introduced by the tap 33 is equal to
1,000° and the shunt resistors are proportioned
accordingly. Thus the tap 46 inserts a shunt
resistance 47 of 10,000 ohms. in the position
marked 1 of the control knob. In the position
marked 2, a shunt resistance 48 of 5,000 ohms
would be inserted and so on until, in the posi-
tion marked 10, the shunt resistance would be
1,000 ohms.

A similar set of shunt impedances 50 are
provided in association with the series resist-
ance 30, an adjustable tap 51 being controlled
by the same control knob as controls the tap
34. The shunt resistance for a zero position
will be infinity. The resistances for positions
1—10 are arranged so that the product of their
resistance and that introduced by the tap 34
in a corresponding position on resistance 30 is
equal to 1,000 as before and thus, for example,
the shunt resistance 52 for the position marked
1 would be 100,000 ohms.

The resistance 31 is continuously variable. Xt
would not be practicable to introduce a con-
tinuously variable shunt resistance in this case
since the shunt resistance would have to be
adjustable between 100,000 ohms. and infinity
following a reciprocal law. For practical pur-
poses it is sufficiently accurate to introduce
infinite resistance in the first and second posi-
tion of an adjustable tap 55 which controls the
shunt impedance and which is operated by the
same control knob as controls the tap 35 on
resistance 31. Hence there will be an infinite
shunt impedance until the tap 35 has been
moved one fifth of the way from resistance
31 from the zero end. For the remaining part
of the shunt impedance, there is provided a

linearly variable resistance 56 of 200,000 ohms
connected in series with a fixed resistance 57
of 100,000 ohms so that when the tap 55 has
been moved to the lower end of the resistance
56 in the diagram, that is corresponding to
maximum impedance of the resistance 31, then
there is 100,000 ohms. in the shunt impedance.
The shunt impedance is thus 300,000 ohms.
when the series impedance of resistance 31
is two ohms. and the shunt impedance
decreases linearly to 100,000 ohms. as the
series impedance increases to ten ohms.

The use of two continuously variable
resistors 31 and 56 may be more clearly under-
stood by reference to Figure 4 which is a graph
having the index positions of taps 35 and 55
as abscissa. The straight line 60 shows, on
the right hand ordinate scale, the magnitude
of the series resistance 31. The dotted curve
61 shows the desired value of total shunt resist-
ance such that the product of the shunt and
series impedances should be 1,000®. The
straight line 62 shows the value of shunt resist-
ance obtained using a variable resistor 56 of
200,000 ohms. together with a fixed resistor
57 of 100,000 ohms. The chain-dotted line
63 represents the shunt impedance obtained
with an alternative arrangement in which the
resistor 56 is 350,000 ohms. and the resistor 57
is 50,000 ohms.

It may be shown that such an arrangement
introduces almost negligible error compared
with the use of correctly proportioned shunt
fesistances. The effect of the infinite resistance
in the first two positions is to alter the input
impedance of the network and the effect is
dependent upon the value of the impedance
from which the network draws its input. Ina
typical application, as described later, this is a
cathode follower of an amplifier stage and in
such a case the impedance may be as low as
10 ohms. If the ratio of the source impedance
to the characteristic impedance R, of the net-
work is K it can be shown that the error is

oa+2KR,)

——

1+K
R{@+2R,)

where a is the magnitude of the resistance 31.

If we assume that the steps represented by
taps 32, 41 are unity, then the index markings
for taps 35, 55 are steps of 0.001. For these
to be reliable to one tenth of a division, the
quantity ¢ above must not exceed 0.0001. For
an attenuator setting of 1.002, which is the
setting known to yield the largest error, the

e=

a
value of — is only 0.002. Thus a is negligible
R,

in comparison with R, whilst KR, is small and
thus it may be shown that, for this required
accuracy, K can reach a value of one quarter.
With a characteristic impedance of 1,000 ohms,
the source resistance must therefore not exceed
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250 ohms, if the 0.001 dial is to be relied upon
to one tenth of a division.

If it is not possible to use a low impedance
source, the final shunt and series resistances
may be made in decade steps like the others.
If the attenuator is used, as described below,
with a null indicator, interpolation between
steps may be made by reading the “off-
balance ” indications on the indicator.

Another method of obtaining the required
accuracy if the attenuator is to be used with
a source not of sufficiently low impedance
would be to use a shunt resistor arranged such
that movement of the tap 55 gives a non-linear
variation of resistance.

It may be noted that the precision of the
resistors 30, 50 may be substantially less than
those of the earlier stages of the attenutator and
in a typical case may be of the order of 1% as
against 0.1% for the earlier stages. The pre-
cision of the last stage may be still less, for
example, of the order of 10%, whilst still main-
taining the required overall accuracy of the
attenuator.

To revert to consideration of the attenuator
as a whole, if the first taps 32, 41 are set to
index marks 3, the second taps 33, 46 are set to
index mark 2 and remaining taps are set to
zero, then the series impedance is 2,200 ohms.
and the shunt impedance, which it will be
noted are in parallel, will be 1,000X0.5 in
parallel with 1,000X5 making an effective

1,000
ohms. Thus the
22
product of the shunt and series impedances is
1,0002. The value of N, as defined above, is
2.2 and the loss ratio L is 3.2 which Is equal
to the sum of the indices of the tap settings.

In Figures 3 and 4, there has been described
a form of adjustable attenuator based on the
principles of the bridged-T network of Figure
1. Tt will be readily apparent that a similar
form of attenuator may be constructed based
on the principles of the network shown in
Figure 2. :

In the arrangement described above with
reference to Figure 3, it has been assumed that
the series resistances 28, 29 and 30 each con-
sist of a number of resistance elements con-
nected in series and provided with an adjust-
able tap. It is, however, possible to combine
resistance units so that it is not necessary to
have as many units of resistance as there are
steps of adjustment. Figure 5 shows one
arrangement for the adjustably-stepped resistor
28. Instead of having a single tap 32 and 2
fixed connector to the terminal 21, the resist-
ance unit 28 is provided with two ganged
adjustable taps 90, 91 connected to terminals
92, 93 respectively. The taps 90 and 91 are
ganged together so as to be movable simul-
taneously over two sets of tapping points 94,
95 respectively. Four resistances 96, 97, 98
and 99 are provided, these having values res-

shunt impedance of

pectively equal to one unit, two units, three
units and six units of the required steps for
the resistance 28 of Figure 3. In the example
previously described these steps are 1,000
ohms. each. By connecting these fixed resistors
to the tapping points indicated by the indices
2, 3, 4 and 7 respectively and by intercon-
necting the other tapping points in the manner
shown, it will be seen that movement of the
ganged adjustable taps 90, 91 along the tapping
points will provide, between the terminals 92
and 93, resistances which vary in unit steps
from zero to nine units as the taps are moved
from the positions indicated by the indices 1—
10 respectively.

A similar arrangement may be used for the
adjustably-stepped resistances 29 and 30 of
Figure 3. In this case it is necessary to have
eleven steps and a suitable arrangement is illus-
trated in Figure 6. Five fized resistors 101-—
105 are provided having magnitudes of 1, 2,
3, 4 and 6 units respectively. Two ganged
adjustable taps 106, 107 are provided as before
and by moving these along the fixed tapping
points corresponding to the indices 0—10,
there is provided, between terminals 108, 109,
resistances which vary in unit steps between
zero and 10 units.

Likewise for the shunt impedance 40 it is
not necessary to provide nine separate fixed
resistors and, are shown in Figure 7, only four
fixed resistors 111—114 are necessary. The
resistor 111 has a value of one unit which in
the example previously given would be 1,000
ohms. The resistor 112 has a resistance of half
a unit, that is to say 500 ohms. The resistor
113 has a value of one third of a unit, that is
333.33 ohms. and the resistance 114 has a
value of one sixth of a unit, that is 166.67
ohms. All of the resistors 11—114 at one end
are connected together and to a terminal 115.
The other terminal 116 of the shunt resistance
is connected to a pair of ganged adjustable
taps, 117, 118 which can be moved together
along a series of tapping points 119, 120 res-
pectively, which tapping points are connected
together as shown in Figure 7. It will be seen
that by this arrangement the nine step values
of shunt resistance required for the unit 40 of
Figure 3 are provided between the terminals
115, 116 together with the infinite resistance
in the position corresponding to the index 1 on
the dial.

A similar form of shunt impedance may be
used for the impedances 45 and 50 of Figure
3. In this case 11 steps are required as shown
in Figure 8 and for this purpose it is necessary
to use five fixed resistances 121—125 of magni-
tudes respectively equal to one unit, half a
unit, one third of a unit, one fourth of a unit
and one sixth of a unit. All these resistors
121—125 are connected together at one end to
one terminal 126. The other terminal 127 of
this shunt impedance unit is connected to two
adjustable taps 128, 129 which are ganged
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together so as to be movable simultaneously
along two steps of tapping points 130, 131
respectively. By connecting the various tapping
points together as shown in Figure 8, the
required 10 steps of the shunt impedance are
provided together with the infinite impedance
in the zero index position.

It will readily be apparent that other arrange-
ments for combining units of resistance may be
used in order to reduce the number of fixed
resistors employed in the attenuator.

What we claim is:—

L An adjustable attenuator comprising a
four terminal constant impedance network of
the bridged-T type having a first branch con-

necting one input terminal to ome output

terminal, a second branch connecting the
second input terminal to the second output
terminal and containing in series two equal
fixed impedances, a third branch also connect-
ing the second input terminal to the second
output terminal and containing a variable series
impedance, and a variable shunt impedance
connected between said first branch and the
junction of the fixed impedances in said second
branch, in which the attenuation ratio may be
varied without changing the input impedance
of the network provided that the dimensions of
the variable series and shunt impedances are
always such that R,R,=R,% where R, is the
series impedance, R, is the shunt impedance
and R, is the desired input impedance in the
network, characterized in that the variable
series impedance consists of a plurality of sets
of variable impedances and the variable shunt
impedance consists of a like number of sets of
variable impedances, the attenuator including
a plurality of pairs of switches equal to the
number of sets of series and shunt impedances,
one switch of each pair controlling one set of
series impedances and the other switch of each
pair controlling a related set of shunt imped-
ances, the two switches of each pair being
mechanically linked so that a series and a shunt
impedance are varied together, each pair of
switches having a numerically indexed scale,
and the series and shunt impedances are so
dimensioned that for all settings of the switches
the product of the series and shunt impedances
in circuit is constant, whereby the sum of the
scale indices is equal to the numerical ratio
of attenuation between the the input and out-
put terminals,

2. An adjustable attenuator, as claimed in
Claim 1, in which one of the fixed impedances
in the second branch is made infinitely high.

3. An adjustable attenuator, as claimed in
Claim 1, in which one of the fixed impedances
is made infinitely low.

4. An adjustable attenuator, as claimed in
any of the preceding claims wherein each of
the fixed impedances has a magnitude equal
to the required input impedance of the net-
work.

5. An adjustable attenuator as claimed in

any of the preceding claims wherein said first
branch comprises a direct connection of
negligible impedance between said one input
terminal and said one output terminal,

6. An adjustable attenuator as claimed in
cither Claim 2 or Claim 3 wherein said first
branch includes in series two equal fixed
impedances and wherein there is provided a
fourth branch also connecting said one input
terminal to said one output terminal and
including in series a number of adjustably-
stepped impedances which are similar to and
associated respectively with the adjustably-
stepped impedances in the third branch and
arranged so that the impedances in the third
and fourth branches are varied together by
said switch means, the magnitudes of the
impedances being such that the separate pro-
ducts of each shunt impedance with each of
its associated series impedances in the third
and fourth branches remains constant,

7. An adjustable attenuator as claimed in
Claim 1, wherein the adjustable shunt and
series impedances are so proportioned that for
any setting of the switches the product of the
shunt impedance and the series impedance in
circuit is equal to the square of the input
impedance of the network.

8. An adjustable attenuator as claimed in
any one of the preceding claims wherein the
impedances are all resistive non-reactive
impedances.

9. An adjustable attenuator comprising a
network with a pair of input terminals and a
pair of output terminals and including a first
branch connecting one input terminal to one
output terminal, a second branch connecting
the second input terminal to the second output
terminal, which second branch contains in
series two fixed resistances each equal to the
input impedance of the network, a third branch
containing a plurality of adjustably-stepped
resistances connected in series between said
second input terminal and said second output
terminal, a plurality of sets of shunt resistances
the number of sets being equal to the number
of said adjustably-stepped resistances, a
separate selector switch for each set of shunt
resistances, Which switches are arranged to con-
nect a shunt resistance from each set in parallel
between said first branch and the junction of
said fixed resistances in said second branch, the
said switches also each being associated with
one of the adjustably-stepped resistances so
that operation of a switch selects a shunt resist-
ance and alters the associated adjustably-
stepped resistance, the switches being arranged
and the resistances so proportioned that opera-
tion of each switch maintains the product of
the magnitude of the shunt resistance con-
frolled by the switch and the magnitude of the
associated adjustably-stepped resistance con-
stant.

10. An adjustable attenuator as claimed in
Claim 9 wherein said adjustably-stepped resist-

70

75

80

85

90

95

100

105

110

115

120

125

130



786,189

10

25

30

35

45

50

55

60

65

70

ances comprise decade units each divided into
equal steps and wherein said third branch also
contains in series a continuously-adjustable
resistance of maximum magnitude equal to one
step of the decade unit of lowest resistance and
wherein there is provided an adjustable shunt
resistance in parallel with the other selected
shunt resistances, the operation of which
adjustable shunt resistance is mechanically
linked with said continuously-adjustable resist-
ance, which adjustable shunt resistance com-

prises one or more steps of infinite resistance
together with a further range of adjustment
formed by a continuously adjustable resistance.
11. An adjustable attenuator as claimed in
Claim 10 wherein both the continuously
adjustable resistances are linearly variable.
12. An adjustable attenuator substantially as
described with reference to Figures 3 and 4 or
with reference to Figures 3 to 8, of the accom-
panying drawings.
MARKS & CLERK.

PROVISIONAL SPECIFICATION
Improvements in or relating to Attenuators

We, MuirHEAD & COMPANY LIMITED, of
Croydon Road, Elmer’s End, Kent, a
Briish Company, do hereby declare this
invention to be described in the following
statement: —

It is common practice to provide universal
shunt networks for use with high grade multi-

range measuring instruments both fo adjust

their sensitivity and also to hold the input
impedance constant irrespective of the sensi-
tivity or “ range * adjustment; alternatively the
universal shunt may be arranged so that when
the range is changed the impedance presented
to the meter is held constant, this being done
to maintain constant the damping of the instru-
ment. Generally several ranges are provided,
say, X1, X2, X5, X10 and so on, the value of
the quantity to be measured being calculated

" by multiplying the reading of the instrument

by the range index. The precision of reading
is a maximum at full scale, but, if the ranges
provided are widely separated (e.g. X1, X10
X100.) the accuracy will be drastically reduced
at one end of each range.
It is the object of this invention to provide
universal shunt networks in association with a
measuring instrument; —
such that (a) the input impedance is strictly
constant at all range settings;
(b) a large number of range settings

is provided by several decade
type dials, the shunting ratio
being read off as the sum of the
dial settings; and

which are (c) associated ~ with  subsidiary
apparatus adapted to indicate
with high precision the output
voltage or current delivered by
the networks.

One great advantage of the proposed net-
works is that, since the shunting ratio can be
made, for all practical purposes, infinitely
variable, the associated measuring instrument
can be used at all times at very nearly full scale
deflection, where the reading accuracy is a
maximum. In a preferred embodiment a con-
ventional deflecting instrument is dispensed
with, and a non-linear bridge network sub-
stituted. This is arranged to give a very precise

indication when the power fed to it reaches
a critical value.

The networks disclosed here are based upon
the so-called © Bridged-Tee” constant-resist-
ance attenuator, in which the loss is varied by
adjusting simultaneously a resistance whicn
shunts the two fixed series elements of the
Tee and a resistance forming the shunt arm of
the Tee. These two variable elements will be
referred to here as R, and R, respectively. It
is necessary that (R.XR;)=R,?, where R, is
the characteristic impedance. The voltage loss
ratio (L) through the network is equal to
(1+N) when the load is Ro;

wiere N=R3/RQ=RQ/R1,; and L=91N/90UT

If a measuring instrument replaces the load
R, ihe network becomes a universal shunt of
“range factor” L, when the quantity N is
adjusted to be equal to (L.—1).

According to this invention the quantity N
is controlled by several decade type dials which
switch into circuit such values of R, and R,
as will fulfil the condition that the sum of the
dial indices shall indicate the value of the
quantity L.

To provide first for integral values of L, a
decade type switch is arranged to put into the
R, circuit a set of (L—1) resistances, all in
series, and each equal to R, and to put into the
R, circuit a set of (L—1) resistances, all in
parallel, and each equal to R,, or equivalent
resistance values. The lowest index-mark on
this dial is unity and corresponds to R,=0,
R,=inf; the highest may be 10 or some larger
integer, as required.

To provide for decimal values of L, any
required number of subsidiary dials are added;
these may be indexed in units of 0.1, 0.01,
0.001, and so on. It is to be observed that all
dials other than that with lowest index unity,
have a zero index mark, corresponding to
R.=0, R,=inf. The values of R, and R, in
these subsidiary dials are equal respectively to
R, multiplied and divided by the index num-
ber. The R, elements of all decades are con-
nected in series and the R; elements in parallel.

Thus if there are three decade dials, indexed
X1, X0.1 and X0.01, the values of R, and R,
will be as follows:—
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X1 Decade
Index R./R, R./R,
1 ZET0 inf,
2 1 1.0
3 2 ' 0.5
10 9 0.111
X 0.1 Decade
Index R./R, Ry/R,
0 Zero inf.
1 0.1 10
2 0.2 5
3, 0.3 3.33
10 10 10
X 0.01 Decade
Index R./R, Ru/R,
0 Zero inf,
1 0.01 100
2 0.02 50
3 0.03 33.33
10 0.10 100

Consequently if the dials are set to:—
3 X (L0
2 X (0.10)
Zero X (0.01),
the effective value of R,, (all dials being
in series), wil be 22R, and the
effective value of R,, (all dials being in
parallel), will be R, (0.5//5)=R,/2.2, the
symbol // being used to indicate “ in parallel
with . Thus the product the combined resist-
ances of the R, and R, arms of the network
is R,? as required; the value of N is 2.2; the
value of L is therefore 3.2, The loss ratio is
thus equal to the sum of the dial indices.
It is possible to provide the resistances for

the R, arm of the “X 1.0 ” dial by combining
in pairs 4 precision resistances, and similarly
the shunt arm. In the case of the other dials

-5 resistances can be combined in pairs. Simple

and economical switching arrangements are
therefore possible.

A preferred embodiment of the invention
consists of a resistive, constant impedance
attenuator of the type described having a
universal shunt fitted with decade dials
indexed : —

1 to 10 in unit steps, 0 to 1 in 0.1 steps, 0
to 0.1 in 0.01 steps, and 0 to 0.01 in 0.001
steps; alternatively this last dial may be
replaced by a pair of “ ganged * rheostats. It
is found that the product of the resistances of
these rheostats need not precisely equal R,2
Additional attenuators indexed X1, X10, X100
are connected in tandem with the universal
shunt to increase the range of the instrument
by 10 or 100 times,

These attenuators and the universal shunt
are followed by an amplifier of fixed gain to
the output of which is connected a fiducial
indicator, for instance a so-called lamp-
bridge ”.  Means are provided to indicate when
this bridge is “ balanced ».

In the case of apparatus designed to measure
alternating current or voltage, a DC instrument
is preferred as an indicator that the non-linear
bridge is balanced. For example, 2 small direct
current is superposed upon the alternating
current fed to the bridge by the preceding
amplifier. When the bridge is balanced to
alternating current it is also balanced to direct
current. The DC instrument is connected to
indicate this. The DC instrument has the
advantage that it shows by the sense of its
reading whether the input to the bridge is
below or above the critical value.

Apparatus which uses a non-linear bridge
of the kind just described registers the true
“ heating value ” of an alternating signal fed to
it; e.g. the Root of the Sum of the Squares
of the amplitudes of the components of a com-
plex wave, and therefore does not suffer from
errors due to the form factor of the alternating
signal,

MARKS & CLERK.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press,—1957,
Published at the Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.
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