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COMPLETE SPECIFICATION

Improvements relating to the Measurement of Electrical
Impedance

I, EpMUND RAMSEY WIGAN, a British sub-
ject, of “Kerry”, Barnham, Bogner Regis,
Sussex, do hereby declare the invention, for
which I pray that a patent may be granted to
me, and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:—

The present invention relates to apparatus
and methods for detecting and measuring elec-
trical impedance and concerns particularly, but
not exclusively, the measurement of resistance,
especially the resistance of circuit components
for example (inductors and capacitors) which
have a high ratio of reactance to effective
series resistance.

Conventional methods of measuring such
resistance require careful adjustment of the
measuring circuit before each measurement is
made and in particular before measurement is
made at differing frequencies. It has also been
necessary that the stability of the test fre-
quency is carefully controlled. The testing and
checking of large numbers of components as
in factory production is therefore difficult and
specially trained labour is required.

One object of the invention is to provide
an apparatus and method for testing reactive
circuit components which is particularly use-
ful where they are tested at high speed or
in large numbers.

According to the present invention there
is provided a network consisting of purely
resistive components, purely reactive com-
ponents or components of complex impedance
which all have the same time constant, and
first, second and third pairs of terminals,
the network having the property that, when
an oscillator is connected to the first pair of
terminals so as to cause a voltage or short-
circuit current to appear at the third pair of
terminals, the voltage or current is reduced
to zero when an impedance matching that seen
looking into the second pair of terminals (with

[Price 4s. 6d.]

the oscillator connected as described) is con-
nected across these latter terminals.

It is another property of the network de-
fined that the modulus of the voltage or cur-
rent at the third pair of terminals is the
same when the second pairs of terminals is
open circuited and short circuited.

The network is theoretically completely fre-
quency-independent and in practice is sub-
stantially frequency-independent over a cer-
tain range of frequencies.

The impedance looking into the second pair
of terminals is purely resistive when the net-
work components are purely resistive and is
in this case hereinafter denoted R, in this
specification.  Similarly the impedance
is purely reactive when the net-
work components are purely reactive and is
complex when the network components are
complex. In this latter case the impedance has
a characteristic time constant and is matched
by a complex impedance having the same time
constant. Further description is restricted to
the cases of purely resistive and purely reac-
tive impedances, the extension to complex im-
pedances being obvious.

A resistive network, wherein the voltage at
the third pair of terminals is reduced to zero,
may comprise a transformer with the input to
the primary winding forming the first pair
of terminals and having a tapped secondary
winding, the two ends of the secondary wind-
ing being connected through three resistors in
series, the second pair of terrmnals being the
junction of two of the resistors and the tap-
ping point of the secondary winding, and the
third pair of terminals being the other junc-
tion of resistors and the tapping point.

Another form of the network, wherein the
voltage at the third pair of terminals is re-
duced to zero, may comprise three resistors
connected in series between the first pair of
terminals and two further resistors connected
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in parallel with the three resistors. The second
pair of terminals is then the junction of two
of the three resistors, and the junction of the
two further resistors, and the third pair of
terminals is the junction of the other two
of the three resistors, and the junction of the
two further resistors.

One network wherein the current through a
short circuit connected across the third pair
of terminals is reduced to zero when a resis-
tance equal to the resistance looking into the
second pair of terminals is connected to these
terminals, comprises a transformer with a
tapped secondary winding, the input to the
primary winding forming the first pair of
terminals, two resistors each connected to ons
end of the secondary winding and a third resis-
tor connected to the tapping point of the
secondary winding, the second pair of termi-
nals being the unconnected end of one of the
two resistors and the unconnected end of the
third resistor, and the third pair of terminals
being the unconnected end of the other of
the two resistors and the unconmected end
of the third resistor. Many other forms of
the network can be built.

In those networks which comprise trans-
formers, in series with the secondary windings
of which resistors are connected, the said resis-
tors may be replaced by resistive attenuators
of equivalent output resistance. In addition
one of these attenuators may be designed co
as to incorporate the resistance of a measur-
ing device utilised to detect voltage or cur-
rent changes at the third pair of terminals.

Also according to the invention there is
provided a method of measuring or detecting
resistance in the presence of reactance in a
circuit component, using on of the afore-
mentioned resistive networks, by finding the
modulus of the voltage or current at the net-
work’s third pair of terminals when the circuit
or a component to be tested is connected to
the second pair of terminals, and comparing
this modulus with the modulus of the voltage
or current at the third pair of terminals when
the second pair of terminals is open circuited
or short circuited. For convenience the circuit
or component being tested will be called the
test object.

The ratio of moduli so derived has the
value unity if the test object is purely reac-
tive whilst, if the object contains resistance
‘the ratio falls short of unity, by a small num-
ber which number is related to the resistance
of the object unless the reactance is zero and
the resistance is close to R,. when the ratio
approaches zero and is zero for the resistance
equal to R,.

A purely reactive network, in contrast to the
already mentioned resistive network may bz
used to measure or detect reactance in the
presence of resistance. A network in which all
the components have the same time constant
may be used to measure the time constant of

components or detect components having the
same time constant as the components of the
network. That is the components of the net-
work must all have the same resistance/reac-
tance ratio. It will be appreciated that this
same requirement applies equally to the purely
resistive and the reactive networks where the
ratio is of course, infinite and zero respec-
tively.

In measuring or detecting resistance using
a resistive network of the type in which mea-
surements are made in terms of the voltage
or current at a third pair of terminals, a
measuring device may be used to which is
applied a uni-directional voltage proportional
to the alternating voltage or current at the
third pair of terminals, together with a second
uni-directional voltage which acts as a refer-
ence and is proportional to the alternating
voltage at the first pair of terminals, the
measuring device being arranged to register
the difference between these two uni-direc-
tional voltages, and thus to respond to the
presence of resistance in the test object when
it is connected to the second pair of terminals.

For example the conversion from alternat-
ing to uni-directional voltage may be made by
amplifiers associated with rectifiers, or by
thermo-junctions and the like, and the dif-
ference between these voltages may be derived
by connecting the sources of the said vol-
tages in series, with the junction point earthed,
the loop teing completed with a resistor pro-
vided with a sliding tap. A D.C. meter con-
nected between earth and the tap can then
be used to give the required indication, its
zero reading being adjusted by moving the
tap.

The resistance of the test object may be
derived in terms of a first variable (and
known) resistance cennected in series with the
test object, the said known resistance being
initially set to zero and the deflection of the
meter brought to zero by connecting an ad-
justable uni-directional voltage in opposition
to the voltage causing the deflection, the first
variable resistance then being adjusted to a
kncwn value and the meter deflection being
adjusted to a convenient value by means of
a seccnd variable resistance connected across
the meter (so calibrating the meter in terms
of the said known resistance), the required
resistance of the test object being then read
by reducing the first variable resistance to
zero and observing the new meter deflection.

Embodiments of the invention will now be
described by way of example only with refer-
ence to the drawings accompanying the pro-
visional specification in which:—

Fig. 1 is a block diagram showing a test
object (T) and the equipment required to
check its resistance,

Fig. 2 shows a network used in testing the
object, T,

Fig. 3 shows the similarity between the
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network of Fig. 2 and a conventional bridge,

Fig. 4 shows the network of Fig, 2 after
modification to reduce the effect of un-
wanted reactive impedance associated with the
transformer,

Fig. 5 shows a circuit for measuring the
voltage output from the network,

Fig. 6 shows the current dual of the circuit
of Fig. 2,

Fig. 7 shows the circuit of Fig. 6 in a
form suitable for practical use,

Fig. 8 shows another network satisfying the
required conditions,

Fig. 9 shows the dual circuit of Fig. 8,

Fig. 10 shows a four arm bridge circuit de-
veloped from the circuit of Fig. 9, and

Fig. 11 shows the circuit of Fig. 5 modi-
fied to allow the resistance of the test object to
be read directly and to make a further con-
nection for the reactive effect of the trans-
former.

An embodiment of the invention will now
be described with reference to Figs. 1. A
purely resistive network 10 has three pairs
of terminals a, a’, b, b’ and c, ¢’. A high
impedance voltmeter 11 is connected at the
terminals a, a’, an oscillator 12 at the termi-
nals ¢, ¢’ and a test object T, with unknown
resistance, at the terminals b, b’. The net-
work is designed to meet both the following
conditions : ~—

the first condition is that a resistance of
value R, can be found which when connected
at the terminals b, b’ will reduce the voltage

-at the terminals a, a’ to zero (which implies

that the circuit is of the bridge type), and
the second condition is that the resistance
so found equals the resistance looking into the
terminals b, b/, when the oscillator and the
voltmeter are connected.
If these conditions are fulfilled then the vol-
tage at the terminals a, a’ when the terminals
b, b’ are open circuit will equal the voltage
at the terminals a, a’ when the terminals b, b’
are shorted, there being however a 180° dif-
ference in phase between the two voltages.

To understand why this is so, imagine that
T is removed and a resistance equal to R, sub-
stituted and consider that voltage changes A,b
and A.b occur at the terminals b, b’ when R,
is first short circuited and then rtemoved.
When R, is shorted the voltage at b, b’ falls
from a value e, to zero; thus A,b=—e,. Now
consider the voltage change Ab at the same
terminals when the resistance R, is removed
and the terminals become open circuit. Since
R, equals the resistance looking back into the
terminals b, b, the voltage at these terminals
rises from e, to 2e;, that is Ab=-+e,.

By the “principal of superposition”, the
voltage at any point in a circuit is the sum
of the voltages at that point due to each volt-
age source in the circuit taken one at a time
the emf’s of the other sources being made
zero. The voltage changes &b and Azb, could

equally be caused by the connection one at a
time of voltage sources having voltages Ab
and Aqb at terminals b, b’ terminals c, ¢’ being
shorted. Thus by the principle of superposi-
tion these voltage changes are accompanied
by voltage changes Aja and A.a at terminals a,
a’ which are equal and opposite to one another
as were Ajb and A.b. Since the voltage at the
terminals 2,2’ was initially at zero when the
external resistance R, was connected, it must
follow that when the terminal b, b’ are open
circuited and short circuited, the voltages at
a, a’ induced by A;b and A b must also be
equal and opposite.

In order to show how the network can be
put to practical use, consider the quantities
{es/e)r and (e./e;) o0 which relate the volt-
age at terminals a, a’ to the voltage at termi-
nals ¢, ¢’ when a test object T is connected
at terminals b, b’ and when terminals b, b’
are open circuited.

It can be shown that, writing M=(e,/e.}/
(e./e) o0
in the case that T contains series resistance I
and reactance x, then

1—(z+jx:)/R,
M—
1+(+ix)/R,

or if
Iy
—-—.:u’

0

and

M=

14+a+iB
Thus if x,=0 and the unknown is purely
resistive and small compared with R,, « is

small and
M 1—24 ., . . 1

Thus is « is vanishingly small |M|=1; but
from the general equation is is clear than
IM{=1 when «=00, also, provided S remains
Zero.

If the unknown is purely reactive, «=0 and
from the general equation

1—-jp
M=

for all values of £ . . . (2)
1+iB
and [M|=1.0 again.

If, however both « and 8 are finite, 8 being
>z and o< unity, as will nearly always be
the case in practice: —
then  |MID1—24/(1+ 6% 3)

If o is not small relative to 8 this approxi-
mation is modified by terms in « and <%, which
appear below the line, and complicate the
expression beyond the point of usefulness.
Note that the amount by which |M| falls
short of unity is proportional to « when «
and B have the sort of magnitudes likely to be
met in practice. The fall is, however rapidly
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reduced as B grows; and when 8=1 the fall

is equal to =

The equations (1) to (3) show how the net-
work can be used to detect or measure resis-
tance, by making use of the fact that by equa-
tion (2) ratio [M| will equal unity unless the
unknown contains resistance, and further that
by equations (1) and (3) the difference between
unity and 'M| will be proportional to the
resistance of the unknown. There are a variety
of ways in which the resistance can be fully
determined. One of these will be described
later.

When large number of components having
reactance x, always in a certain range are
being tested it will often be sufficient to set
a limit on the permissible change in 'M| In
this way the Q (quality factor) of components
of known reactance may be checked.

Any network which fulfils the above men-
tioned conditions may be employed in utilis-
ing the invention. One such network is shown
in Fig. 2. A transfoermer 13 with a primary
winding 14 and secondary windings 15 and
16 applies voltages from the oscillator 12 to
the network which consists of three resistances
R, R, and R,, the voltmeter 11 and the
test object T. If the voltage across the secon-
dary winding 15 is E; and that across the
secondary winding 16 is E: then when the
terminals b, b’ are open circuit or short cir-
cuit the voltage e, across terminals a, a’ is
given by:— )
€a €a RE

=(—1)—= .
E, Ri+R;
T=0 =00
When e,=0, the resistance of the unknown T
equals the resistance looking into terminals b,
b/, that is when

e,=0, T=R,.
The value of R, is given by:—
1 1 1
=t ,
R, R, R;+R.

since R, is found by looking into the terminals
b, b’, voltage sources E; and E; being replaced
by short circuits.
The values of Ry, R: and R, appropriate to
a given voltage tatic E:/E, in Fig. 2 can be
found from the following equation:—
R,+R,(2+

3
=)
2] 1 2

= RN
E1 Rl

For the network to give the desired per-
formance it is necessary that the ratio of the
voltages E: and E, is a real number. This can
sometimes be achieved by using a transformer
with interleaved secondary windings when the
secondary voltages can be arranged to be very
nearly in phase with one another over the
range of frequencies to be used.

The best method of using a transformer to
obtain a “real” ratio is to use a transformer
with a secondary winding having the same
number of turns as the primary and centre
tapped, such as the transformer 13 in Fig. 2.

In this case E,= 3=——0— where E, is the
2
voltage of the oscillator 12.

It can be shown that if E;=E, in Fig. 2,
values of R,=15r, R2=5r and R,=4r, where
7 is any real positive number, satisfy equa-
tion (4) but this solution is not unique since if

1
we write K=-——, then if E;=E.
2

K+2 R,
= NG
K—-2)(K+1) R,

The above quoted values of Ry, R, and R,
are derived from K=3.0, but by putting
K=2.5, the values of R,=45r, R,=18r, and
R,=7r are obtained. Although K may have
any value whatever provided K>2, it is usu-
ally advantageous to keep K as small as pos-
sible. Again as r can have any value, the net-
work can be designed so that R, suits the
impedance of the components likely to be
tested.

It is not necessary that the transformer 13
be centre tapped, and in fact the sensitivity
of the circuit can be increased if an adjust-
ment off-centre is made. In this instance E,
will not equal E, and equation 5 will not apply.

For the network to function correctly the
parts of the network immediately adjacent to
the detector and test object must appear to be
substantially resistive and therefore to mini-
mise the effects of using a less than ideal trans-
former two resistive attenuators 25 and 26
shown in Fig. 4 are used.

This circuit is of the transformer “ bridge ”
type and has the advantages that the oscillator,
the unknown and the common terminal of the
measuring circuit may be earthed, thus reduc-
ing the influence of stray voltages and currents
upon the meter 11. If the resistors R, Ry, R,
and R, have the values np, np, mq and n.q
respectively, then the ratio my/m, should be
greater than 5 in order that the network shall
function correctly in spite of transformer de-
ficiencies.

In Fig. 4 resistors R, and R; have an effect
equivalent to R; in Fig. 2, that is

1/R1=1/np-+1/np, and R6 and R7 have
an effect equivalent to R3 in Fig. 2 that is

1/R3=1/nq-+1/nq.

In practice R5 would be made to include
the resistance of the voltmeter 11, and in
tests made at radio-frequencies the voltmeter
impedance can form part of the termination
of a transmission line, the input impedance of
the line then being arranged to be resistive,
and forming all or part of R5. The parallel
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combination of the voltmeter and any addi-
tional terminal impedance should be the char-
acteristic (resistive) impedance of the line.

The ratio of the voltages E; to E; need not
necessarily be unity, Even using a trans-
former with a centre tapped secondary wind-
ing having the same number of turns as the
primary and thus ensuring that the secondary
voltages are in phase with one another, the
ratio of the voltages applied to the effective
network need not be unity since the attenu-
ators can be designed to attenuate the secon-
dary voltages by different amounts,

The above described network and any net-
work according to the invention will, of course,
be subject to frequency limitations. What
these limitations are, will be determined by
network design and by choice of components.
An example of the frequency range of one
network is given later in the specification.

The circuit of Fig. 2 is equivalent to the
four arm bridge of Fig. 3 if the transformer
secondary windings are replaced by two resis-
tors R, and Ry,. If transformer 13 has a centre
tapped secondary of the same number of turns
as the primary then, on replacement, the resis-

‘tors Ry and R, are equal and resistors R,;

and R,; are not the same as resistors R, and
R,. The equations for the circuit of Fig. 2
do not apply to the circuit of Fig. 3. How-
ever a similar set of equations can be found
which apply to Fig. 3.

The current dual of the circuit of Fig. 2
is shown in Fig. 6. A current sensitive detec~
tor 20, with theoretically zero resistance, a
test object S, and two current generators 21
and 22 are used instead of the high imped-
ance voltmeter, the test object T and the
transformer secondary windings. If S equals

(F
T

tance of the test object and F is a normalis-

) where T as before equals the resis-

ing factor, and is R,=—— R,=
. R:
F F
—— and R,;=-—— then this network con-
R,

3

forms to the equations (1) to (4), the quantity
M in the rew equations representing the ratio
of the current flowing in the detector 20 when
the unknown is connected to the current flow-
ing in the detector when the test terminals are
open circuit. Here T, Ry, R, and R, are taken
as numbers without dimensions and the nor-
malizing factor F is any real positive number
and has the dimensions of resistance.

The current generators 21 and 22 with the
resistors R, and Ry, respectively in parallel can
be replaced by voltage generators with resis-
tors R, and R;; in series. Such a circuit is
shown in Fig. 7 where the two halves 24 and
25 of the transformer secondary winding are
the voltage generators. It should be noted

that the voltages V; and V, from the secondary
winding are in opposition to one another
round the loop, unlike the voltages E, and E,

1 R,
in Fig. 2, and also that ———=m———,
2 Rll
Practical values of FRQ,- Ry, ‘andFRu can
be found from Ry=e— Ry= and
F Rl Rll

Ryy=—— or from an equation similar to equa-

tion (5)3 which can be found from the circuit
of Fig, 7.

_ F F
Such values are R,= 5 Ryp= and
15
F V. R,
Ry=—, with these values ——=—m=
4 V2 Rll

4
——, Hence, agdin there are many values of
15

resistance which could be used to make a net-
work of this type, the only restriction being

10
—_—2,

12

Anothier network of the type in which the
current at the third terminals is reduced to
zero when R, is comhected to the second
terminals, its current dual and a four arm
bridge equivalent will now be briefly men-
tioned. The network is shown in Fig. 8 and
4 low resistance current sensitive detector 20
is used. The sense of the voltages across the
two halves of the secondaty winding are as
shown by thie arrows. If also these voltages are
equal and R, =mRy, where m is any real
number, then

Re Re
2R13= - Or RI:;: ———— . (6)
1+m 2(t+m)
and also
14+2m
R0=R12_‘R13=7 i ng . e (7)
2(1+m)

The number # may theréfore have any real
value and therefore there are again many
values of the resistances.

The dual form of this circuit is shown in
Fig. 9, with two current generatots 21 and
22, and a high resistance voltage detector 11.
If the resistances and the test object in this
network are proportional to the reciprocals of
those in the fietwork of Fig. 8, and

, F

—_——m —
Ru. Ry
then equations (5) and (6) apply if m is re-
placed by m’.
The bridge form of the dual circuit of Fig.
9 is shown in Fig. 10. Here a voltage sensitive
detector 11 is used and the resistances R,
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and R;; will be equal if the currents from the
generators 21 and 22 in Fig. 9 are equal.
Equations rather similar to (5) and (6) will
apply to the bridge but only after they have
been meodified to allow for the presence of
R;; and Ry,

In all the circuits illustrated it can be
arranged that the detector and the test object
have a common terminal. This terminal may
be earthed.

It can be seen that there are many networks
of different types which satisfy the conditions
laid down. Any of these networks can be used
in exercising the invention.

From equaticns (1) and (2) it can be seen
that, in order to detect or measure the resis-
tance of the unknown, it is necessary to mea-
sure the small quantity by which a voltage
ratio fall short of unity. A circuit for making
this measurement accurately is shown in Fig.
5.

A reference voltage from the terminals c, ¢’
is applied to an amplifier A; whose output is
rectified by rectifier B, and applied to a
capacitor C, which consequently has a uni-
directional voltage V; developed across it. In
the same way a capacitor C, has a vcltage V.
dependent on the alternative veltage at termi-
nals a, a’ developed across it. Voltages V;
and V, are added and combine to drive cur-
rent through a resistor R,. The point 16 of
connection between the two capacitors is con-
nected to earth. A tapping point 18 on the
resistor R, can therefore be found which is
at zero potential to earth and a milliammeter
17 connected between the tapping point 18
and earth is used to find this point.

In operation the tapping point on resistor
R, for zero current in the milliammeter 17,
is found with the terminals b, b’ open circuit,
that is with T absent. The circuit can be
checked by short circuiting the terminals b, b/
when the meter 17 should still read zero. The
unknown T is then connected and a deflection
in meter 17 results which is in accordance
with the terms other than unity of equation
(3) or an equation derived in a similar way.
The voltages V, and V; are, in one embodi-
ment, about 5 volts, R, has the value 10000
and the meter 17 reads from 0 to 50 zA. The
oscillator delivers about 1 volt to a 1:1 trans-
former associated with a network in which
R,=68Q and the gain of the amplifiers is
about 30dB. Successful measurements have
been made in the frequency range 100 c/s
to 50,000 c/s.

The only requirement for the stability of
the zero reading of the meter 17 is that the
component circuits Ay, A B, B, and the
capacitors C; and G, retain their performance.
Even gross deficiencies in performance can
be corrected by moving the tapping point on
resistor R,. The frequency characteristics of
the rectifier B; and B, and the amplifiers A,
and A, are unimportant though it is an ad-

vantage that they behave alike if the fre-
quency is changed but if they do mnot the
tapping point can be readjusted.

From equation (3} it can be seen that 1,
cannot be found directly from the change in
IM| unless 3 is known. However [M/—1 is
proportional to r, if S is constant, that is at
a fixed frequency, and consequently it is pos-
sible to derive r; by a substitution test, as
follows.

If a deflection d, is measured on the meter
17 in Fig. 5 with the test object connected
and then a known resistance Ry is connected
in series with the test object and a new deflec-
tion d; is measured then, from equation (3),

I,
A—)/A+5)
R

1 0
dg I +RB
Ay /(1+ 1)
R'l
and thence,
R;
Ty = ey
dy
—_1
d

1
this, however, is an awkward formulation.

In Fig. 11, variable resistors RV4, RVS
are provided which allow r,/Rz to be deter-
mined as the ratio of two deflections of meter
17.

Switch SW1 is first moved to the left hand
position and then, by adjustment of the vari-
able tap on potentiometer RV5 a voltage is
applied across the meter equal to and in op-
position to the voltage causing deflection d,,
thus reducing the deflection of the meter 17
to zero.

The resistance Ry in series with the test ob-
ject is then adjusted to a known value (say
one ohm). The deflection d’, now shown by
meter 17 is adjusted to some convenient
value, say 10 divisions, by a variable shunt
resistance RV4. Ry is then reduced to zero
and the new meter deflection d”, measured;
as each division now corresponds to 1/10 ohm,
f, is measured as d’;;, ohms. To measure
larger values of r,, Ry is increased as required.

The circuit of Fig. 11 also includes ele-
ments for reducing errors in the measured
value of r, due to the network not being en-
tirely resistive. These errors mainly arise from
the ratio of the voltages of the transformer
secondaries not being unity and from small
reactive terms in the transformer output im-
pedances.

A variable resistance RV2 is used to cor-
rect for changes in circuit performance due
to the departure of the voltage ratio from
unity and the reference voltage at the rectifier
B, is derived not from the oscillator as in
Fig. 4 but from one half of the transformer
secondary; this makes the circuit performance
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largely independent of the transformation
ratio. Since this reference voltage may change
slightly with frequency a small variable resis-
tance RV3 is included to allow the initial
zero setting of 17 to be adjusted precisely.

The procedure for setting up the circuit of
Fig. 11 is as follows:—

(1y Set Rp to zero,

(2) short the terminals b-b’,

(3) Put SW1 to the right, thus disconnect-

ing battery Bb,

(4) Adjust the tap R8 (course control) or

RV3 (fine control) until 17 reads zero.

(5) Open circuit the terminals b—b’, and

(6) Adjust RV2 until the meter again indi-

cates zero.

(If large adjustments were called for, repeat
from the third item)

The circuit is then ready, the test object
may be connected and its resistance r, mea-
sured, SW1 put to the left and 17 being
calibrated by RV4, RV5 and RS as already
described.

WHAT I CLAIM IS:—

1. A network consisting of purely resistive
components, purely reactive components or
components of complex impedance which all
have the same time constant, and first, second
and third pairs of terminals, the network hav-
ing the property that, when an oscillator is
connected to the first pair of terminals so as
to cause a voltage or short-circuit current to
appear at the third pair of terminals, the

“voltage or current is reduced to zero when

an impedance matching that seen looking into
the second pair of terminals (with the oscil-
lator connected as described) is connected
across these latter terminals.

2. A resistive network according to claim
1, wherein the voltage at the third pair of
terminals is reduced to zere, including a
transformer with the input to the primary
winding forming the first pair of terminals
and having a tapped secondary winding, the
two ends of the secondary winding being con-~
nected through three resistors in series, the
second pair of terminals being the junction
of two of the resistors and the tapping point
of the secondary winding, and the third pair
of terminals being the other junction of resis-
tors and the tapping point.

3. A network according to claim 1, wherein
the voltage at the third pair of terminals is
reduced to zero, including three resistors con-
nected in series between the first pair of ter-
minals, and two further resistors connected in
parallel with the three resistors, the second
pair of terminals being one of the junctions
between two of the three resistors, and the
junction of the two further resistors, and the
third pair of terminals being the other of the
junctions between two of the three resistors
and the junction of the two further resistors.

4. A network according to claim 1 wherein

a current in a short circuit between the third
pair of terminals is reduced: to zero, includ-
ing a transformer with a tapped secondary
winding, the input to the primary winding
forming the first pair of terminals, two resis-
tors each connected to one end of the secon-
dary winding and a third resistor connected
to the tapping point of the secondary wind-
ing, the second pair of terminals being the un-
connected end of one of the two resistors and
the unconnected: end of the third resistor, and
the third pair of terminals being the uncon-
nected end of the other of the two resistors
and the unconnected end of the third resistor.

5. A network according to claim 2 or 4
further comprising a voltage or current mea-
suring means connected to the third pair of
terminals and wherein resistive attenuators are
connected in place of the resistors connected
to the secondary windings, one of these attenu-
ators incorporating the resistance of the mea-
suring means, whereby the network impedance
as seen looking into the second pair of termi-
nals appears substantially resistive.

6. A network according to claim 5 wherein
the measuring means include a first amplifier
and a first rectifying circuit to provide a first
unidirectional voltage proportional to an alter-
nating voltage appearing at the third pair of
terminals, and further comprising a second
amplifier and a second rectifying circuit to
provide a second unidirectional voltage pro-
portional to an alternating voltage applied at
the first pair of terminals, the two unidirec-
tional voltages being applied to two capaci-
tors respectively, which are conmnected in
series across a potentiometer, and the tapping
point of the potentiometer being connected
through a d.c. meter to the junction of the
two capacitors, whereby the voltage across the
third pair of terminals when a test object is
connected to the second pair of terminals can
be compared with the voltage across the third
pair of terminals when the second pair of ter-
minals are open circuit.

7. A network according to claim 6, wherein
one of the resistances connected to the ends
of the transformer secondary winding is
shunted by a variable resistor.

8. A network according to claim 6 or 7
wherein a first variable resistance is connected:
to one of the second terminals to be in series
with the test object when connected, and
further comprising a variable voltage source
connected across the d.c. meter whereby its
deflection can be set to zero when the first
variable resistance has been adjusted to zero,
and a second variable resistance connected
across the dic. meter whereby its deflection
can subsequently be set to some convenient
reading when the first variable resistance is set
to a known value.

9. A method of measuring or detecting re-
sistance in the presence of reactance by apply-
ing an alternating voltage to the first pair of
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terminals of a fesistive network according to
any of claims 1 to 4, finding the modulus of
the voltage or short circuit current appear-
ing at the third pait of terminals when a test
object is connected to the second pair of ter-
minals, and comparing this modulus with the
modulus of the voltage or current at the third
pair of terminals when the second pair of ter-
minals is open circuited or short circuited.

10. A method according to claim 9, where-
in the modulus voltages are compared further
comprising converting the alternating voltage
appearing at the third pair of terminals to a
first uni-directional voltage, providing a sec-
ond uni-directional voltage proportional to
alternating voltage applied at the first pair
of terminals, combining the uni-directional
voltages in such a way as to produce a pre-
determined voltage when the second pair of
terminals is open or short circuited and find-
ing the difference between the uni-directional
voltages combined in the same way and the
predetermined voltage, when a test object is
connected to the second pair of terminals.

11. A method of measuring or detecting re-
actance in the presence of resistance by apply-
ing an alternating voltage to the first pair
of terminals of a purely reactive network ac-
cording to claim 1, finding the modulus of
the voltage or the short circuit current ap-
pearing at the third pair of terminals when a
test object is connected to the second pair of
terminals, and comparing this modulus with
the modulus of the voltage or current at the
third pair of terminals when the second pair
of terminals is open circuited or short cir-
cuited.

12. A method of measuring the characteris-

tic time constant of a test object or detecting
when the time constant of a test object dif-
fers from a predetermined value, the method
comprising an alternating voltage to the first
pair of terminals of a network according to
claim 1 made up of components having com-
plex impedances and all having the same time
constant, finding the modulus of the voltage or
the short circuit current appearing at the third
pair of terminals when a test object is con-
nected to the second pair of terminals, and
comparing the modulus with the modulus of
the voltage or current at the third pair of
terminals when the second pair of terminals
is open circuited or short circuited,

13. A network substantially as hereinbefore
described with reference to and as shown in
Figs. 1, 2, 4, 5 and 11 of the drawings ac-
companying the provisional specification.

14. A network substantially as hereinbefore
described with reference to and as shown in
Fig. 3 of the drawings accompanying the pro-
visional specification.

15. A network substantially as hereinbefore
described with reference to and as shown in
Figs. 5 and 7 of the drawings accompanying
the provisional specification.

16. A network substantially as hereinbefore
described with reference to and as shown in
Fig. 8 of the drawings accompanying the pro-
visional specification.

17. A network substantially as hereinbefore
described with reference to and as shown in
Figs. 9 and 10 of the drawings accompany-
ing the provisional specification.

REDDIE & GROSE,
Agents for the Applicants,
6, Bream’s Buildings, London, E.C4.

Leamington Spa: Printed for Her Majesty’s Stationery
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be ubtained.

Office by the Courier Press.—1966.
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