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BRIDGE SET, UNIVERSAL, CT530
108/6625-99-948-8768

The Services version of Wayne Eerr Universal Bridge B221 is desigmated
B2218 and has the Service reference number CTS530, Performance of the
two instruments is identical but, in addition to certain internal construc-
tional differences which do not affect the information contained in this
Manual, there are certain external differences.

1 C©T830 is supplied with a lid suitable for housing all the measurement
cables and the power input cable. The lid can be attached to the fromt
panel for transit purposes or to the rear panel whilst the instrument is in
operation.

2 Power input to the CT530 is by means of a Plessey Mk. IV connector on
the front panel in place of the moulded three-pin connector which is fitted
to the rear panel of the Commercial instrument.

3 In place of the illuminated push on/push off button for a.c. power, the
CT530 has a toggle switch. The two magic eyes provide a wisual reminder
that the instrument is switched ‘on'.

4 Low Capacity Clip Leads are supplied as standard equipment with
CT830 (these are optional extras for the Commercial instrument).

Bridge Set, Universal, CT330, does not include Low Impedance Adaptor
Qazl.
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Part | - Universal Bridge B22l|

INTRODUCTION

Universal Bridge B221 operates ai audio frequencies and provides accurate values for
all sppes of elecivical components over an extremely wide measurement range. The
internal Slandards are of conductance and capacitance, but the Bridge measures posi-
tive or negative conduciance or resistance, logether with capacitance or inductance.
Two displays provide, simultaneousfy bui withow! any interaciion, values for the
resistive and reactive terms of any Unknown, including alf cyphers, the decimal point

and the units of measurement.

The Bridge has an internal source and detector operating ai a fixed frequency
(normally 1592 o5 to simplify calewlations invelving 2nf) but can be operated with an
external source and detecior ai any audio frequency. Suitable instruments for this
purpose include the Wayne Kerr Audic Signal Generator 8121 and (above 100 ¢fx)
Waveform Analyser A321. Full derails of these instruments are available separately :
their use with the 8221 Bridge is described in this Manual,

A valuable property of the Bridge is fix abiiity ro make aceurate measuremenis
even when long cormecting cables are used and whilsi the component wnder fest rematns
connected in a circuit, Thus, remote measurements can be undertaken when environ-
mental tests are fo be made on componenis siiwated in ovens, refrigerators and pressure
ar humidity enclosures. Further, individual componenis forming pari of a printed cir-
cuit board or encapsulated assembly can be measured without disconmecting them from
the associated wiring and components. This Jacility is achieved by using the Newtral
terminals of the Bridge, enabling any arm of a delta-network to be measured in ihe

presence of the twe other arms.

This (the third) issue of the Instruction Manual has been revised to present a more
straightforward operating procedure, and the Manual is now produced in three paris.
Part 1 deals with the Universal Bridge and Part 2 with the Low Impedance Adaptor
2221, these twa parts each including the relevant fmformation on operation with an
external source and defecior. Pari 3 (omitted from ceriain issues) contains full
information on Autobalance Adaptor AA221. The Adaptor balances the B221
Bridge electronically, providing comtinuous readings of the iwe terms of any
Unknown on two mefters. A completely separate publication is available for the
various Cells and Adaptors which simplify use of the Bridge for measurements af

conductivity or permittivity.




SPECIFICATION

Measurement Ranges

R {+ve or -ve) G (+ve or =ve) B C{xly L (1592 cfs)]
Hin_ Max Firse First Min Max i First Min Max Min Max First
(15| for Divsn Crivsn for [0-15:) Dvivsn for (0:1%) (01528 for Diven
Ol %; 01%; 0% 01554
gm0 100M0D | S0,000M 0 | 00002pmbe | -Mpmhe | -1 lpmbe | D0 2uuF lpupF 11-lupF 200H 10kH SMH
G-9MLy | 10MO | 5,000M2 | -0M2umhes | -luymbe | 1] lumho i D2ppF 10upF | 1lipuF | #0H 1kH 0-5MH
QokCy | IMG S00MOY D lpmhe Ipmha Il lpmha 3 “dppF 100puF | 11LIppF | 9H 1o0H S0kH
il 100K | SOMEL Ulpmho IOumbe | 11 pmhba 4 Q00002pF | -00IpF | OI0IpF | O9H 10H SkH
S00LY | 10k | MO 2pmho 100pmhe | |11 gmhe 5 00002F | -DluF | uF HWmH | IH S00H
9001 | k€l | 500ki 002mmhe | Immhe | |1 lmmbe é 0002uF | pF | gF | mH | IH 50H
9101 10062 | S0kL) 02mmhe I0mmbs | | 1Immbe 7 002pF IuF 1 IpF 08mH | 10mH | 5H
Accuraey 4+0-1%;, (see Table).
On Ranges 6 and 7, corrections must be made for the leads.
Discrimination G and C: 0025 of Maximum (see Tahble).
R oand L: 002% of Minimum (see Table).
Source Frequency Internal: 1592¢/s { w=10%)-411%.
(Other frequencies to special order).
External: 50c/s = 20kc/s.
Power Bequirement 100 - 125V or 200 - 250V, 40 - 60c/s.
Consumption approximately 25W,
DNimensions Width: 17in. (43 cm.).
Height: 114 in. (29 cm.).
Depth:  Thin. (19 cm.).
Weight 251b. {11 kg.).
The extension of the measurement ranges obtained with Adaptor Q221 is specified in Part 2.
* All figures become ome-lenth of values gquoted when { Frequency-dependent: L = 1/@C.
C swiich is sel o 01, (Mot available from AAZZL) § Accuracy of 0¢ %, applies if source frequency is measured:
otherwise % applies.
10




OPERATING

SETTING UP

Power Requirement

Set the voltage selector at the rear of the instru-
ment to the appropriate tapping for the supply
voltage. Connect the power cable to a suitable
plug [green to ground (earth), red to live and
black or blue to neutral]. The instrument will
operate from supplies of 100-125V and 200-250V,
40-60 ¢fs, and consumes approximately 25 walls.
The Bridge is switched on or off by pushing the
Supply button on the front panel.

Measurement Cables

The Bridge is supplied with two screened measure-
ment cables, each terminated in a pair of crocodile
clip leads. One cable (E) is associated with the
voltage transformer on the source side of the
Bridge: the other cable (I} is associated with the
current transformer on the detector side of the
Bridge circuit. In each case the green lead is
connected to the screening (braid) and these leads
are the two Meutral connections. The exposed
metal sleeve between the two moulded sections is
also connected to Meutral.

If Low Capacity Clips are to be used, these
should be connected to the E and I sockets of
the Bridge in place of the normal measurement
cables. Again the Neutral connections are pro-
vided by the green crocodile clip leads.

Trimming

Link together the two MNeutral leads. This can
be achieved by clipping the green lead from one
cable on to the green clip lead or metal sleeve
of the other cable. Do not make any connection
other than this. Turn the Range switch to posi-
tion 7 (the number appears between the two
magic eyes) and set all six decade controls to
zero. Set the G and C switches to *1" and turn
the Sensitivity control to an approximate mid-
position. Adjust the Trim G and Trim C controls
for maximum shadows on the magic eves, finally
increasing the sensitivity to maximum (fully clock-
wise). This trimming adjustment will hold good
for all Ranges fromi 7 down to 3.

If the Range switch is turned to position 2 or
1, the trimming operation should be repeated on
this Range. When either of thess two Ranges is
used, maximum accuracy will be obtained by
substituting Low Capacity Clip Cables for the
normal measurement cables. Whichever type of
connection is employed, it is important {on Ranges
1 and 2) to arrange that the measurement leads
are laid out for the trimming operation in the
same relative positions as they will occupy for
the actual measurement.

INSTRUCTIONS

MEASUREMENT PROCEDURE

Connections to Unknown

For normal ({wo-terminal}l measurements the Meu-
trals are linked as described under ‘Trimming' and
the component under test is connected between the
two red clip leads. When the Low Capacitance
Clips are used instead of the normal measurement
cables, the Neutrals must be linked by connecting
together the two green clip leads. The component
under test is then connected between the two
spring-loaded end connectors.

For three-terminal measurements the two green
leads must remain linked and one of these is taken
also 1o the third terminal of the Unknown., The
Bridge then measures only the component situated
between the two red leads.

Four-terminal measurements are made by sepa-
rating the two Meutral connections. Inpul to the
component or network under test is then provided
by the red and green leads associated with the E
cable and the output is applied to the red and
green leads associated with the | cable.

Coarse Balance

Set the G switch to ‘1" for all measurements of
positive conductance (or positive resistance). Set
the C switch to ‘1" for capacitance measurements
or to ‘-1' for inductance measurements. The
Range switch should remain in position 7.

Adjust the Sensitivity control until the least
sensitive (top left) magic eye shadow just begins
to open. Rotate the continuously-variable (ver-
nier) G andfor C controls until the magic eyes
are seen to open. If this occurs when the con-
trols are moved only slightly from the 0 setting
it indicates that the Range switch setting must be
reduced from position 7. In this instance the

_procedure could be repeated on Range 6 or 5.

If (on Range 7) the eyes have not opened when
the vernier control(s) are Tully clockwise, addi-
tional G or C must be inserted by operating the
appropriate switched decade controls.

Fine Balance

When, on any range, a first indication of the
value of the Unknown has been obtained on the
vernier control(s), the Range switch setting can
be reduced by two positions and the first and
second digits of the value set-up on the appro-
priate switched decade controls. Re-adjustment
of the venicr control(s) for maximum shadow will
then provide the final balance with a four-figure
reading of the major term. As the final balance
is approached the Sensitivity control should be
advanced progressively until fully clockwise.

11




B221 Operating Tustrociions

Refer to final paragraph of ‘Trimming’ if the
Range switeh is moved to positions 1 or 2.

When the approximate value of any compo-
nent 15 known before measurement, the appro-
priate Range and decade settings can be selected
in advance. Much of the balance procedure
described above can then be omitted.

INTERFRETATION OF RESULTS

When the Bridge is balanced, the two dial displays
show values for the Unknown in terms of the
equivalent paralle/ components of conductance
and capacitance. When inductance is measured,
the C multiplier switch will be in the *-1" position
and the value of the Unknown is obtained from
the C dial, using the expression:

L=1}{ w*C)
where @w=2n » frequency of measurement.

If the Bridge iy opevated ait the normal frequency of

1592 cfy, m®=10%
The equivalent series components of the Un-

known can be derived from the Bridge dial read-
ings at balance by using the following expressions:

Rs=1/[Gp(1+Q%] (1

Cy=Cp(1+1/Q%) (2)

Ls=1/[ @*Cp(14+1/Q%)] i3
The value of ) can be caleulated directly from
the numerical readings presented by the decade
controls without reference to the Range in use,
the units of measurement or the position of the
decimal point. At 1592 ¢fs, Q is always equal to
the ratio of the numerical reading on the C de-
cades to that on the G decades. For example, if
balance is obtained on Range 4 with -000625 uF
and 12-50 pmhos (where the digits underlined are
those presented by the decade controls—first C
decade at zero in this example) then, ignoring the
decimal point, Q@ = 0625/1250 = 05 If the C
multiplier switch is on 0-1, the reading on the C
decade must be divided by ten before Q is
computed.

Note: When the Bridge is operated at 1592 ofs,
@?=10% Referring to equation (1), it can be
seen that

if Q<1, Re=1/Gyp.
Referring to equations (2) and (3), it can be seen
that ¥

if Qel, C=Cp

and Lg=1/{ w?Cp).

Gpand Cp are the Bridge readings of the equivalent
parallel components.

Tables of reciprocals are provided at the end of
this Manual.

12

SOURCE

The internal source operates at 1592 ¢fs +1 per
cent. This value was chosen to simplify caleula-
tions, since 2nf {or w) is 10%

When it is desired to operate the Bridge at
frequencies other than 1592 ¢fs, an external source
can be employed. This should be capable of pro-
viding an output of 10-30V r.m.s. into an imped-
ance of approximately 20k£2. The larger output
is required at low frequencies but the input to
the Bridge must never exceed 40V rm.s. The
frequency coverage available depends on the
measurement accuracy desired and the lollowing
figures provide a guide to this.

200c/5-10ke/s: Better than -1-0-257%;
100c/5-200c/s and 10ke/s-15ke/s:
Better than +0-5%
S0¢/s-100c/s and 15ke/s-20ke/s:
Better than 1%
The source output should have a low harmonic
content and any d.c. component must be blocked
externally. Wayne Kerr Audio Signal Generator
5121, which covers 10c/s to 120ke/s, is an ideal
instrument for this function. The external source
is connected to the Bridge by means of a screened
cable, using the jack and socket provided on the
rear panel. Insertion of the plug automatically
disconnects the internal source from the Bridge
circuits.

DETECTOR

The internal detector is a two-stage amplifier
tuned to 1592 ¢fs. One magic eye indicator is
connécted to a point between the two stages and
the second magic eye is connected to the output
of the second stage. Each magic eyc has two
shadows, of differing sensitivity. Thus, four de-
grees of sensitivity are available at any one time
and a front-panel control enables the overall sen-
sitivity to be varied. When the Bridge is balanced,
the shadows are al a maximum (i.e. the eyes are
open),

When the Bridge is operated with an external
source at frequencies other than 1592 c¢fs, an
external detector must also be provided. This
must operate satisfactorily from an input falling
to 10-20pV near balance and should have an
input impedance of not less than 100k€. It is
essential to employ a tuned amplifier, adjusted
1o the same frequency as the source, as this mini-
mizes the effect of harmonics masking the point
of balance at the required frequency.

When measurements are made at the lowest
frequency (50-200¢/s) the sensitivily required is
1 to 5 microvelts. In general it is preferable to
use a high-gain detector to obtain the required
sensitivity, rather than to increase the source
voltage, Wayne Kerr Waveform Analyser A32]
{covering 20c/s to 20kc/s) is suitable for use as




an external detector above 100c/s. Connection
to the external detector must be made with
sereened cable, using the jack and socket pro-
vided on the rear panel. Insertion of the plug
automatically disconnects the internal detector
from the Bridge circuits.

Nater When an external source and detector are
in use, the Bridge should be disconnected from the
a.c. power supply.

Certain bridges muost be modified slightly before they
arée uged with an external source and detector. The ins-
truments affected are all serial numbers from 1293 to 1440
inclusive, except 1366, 1383 and 1428, Also affected are
the following: 1443, 1444, (445, 1446, 1448, 1456, 1460,
1462, 1463 and 1466, The modification needed on these
instruments s as follows:

(1) Remove both jacks from the rear panel and
expose the wiring.

(2) Sirap together the two jack contacts nearest
to the rear panel i.e. two metal braids. Repeat
on the other jack.

(¥ Re-assemble with the aluminium screens on
1o the rear panel,

TEST JIGS

It is possible, within the limits of the trimming
controls, to balance out the conductance and stray
capacilance of test jigs, etc. An accurate absolute
measurement of the component under fest can
therefore be made. With the test jig alene con-
nected to the measurement leads the Trim controls
should be adjusted on the range to be used for
measurement. If the component is now con-
nected to the jig, its correct value can be measured

directly.

LEAD CORRECTIONS

When the Bridge is used for the measurement of
conductances exceeding 10 millimhos (resistances
of less than 100 ohms), capacitances exceading 1
microfarad* or inductances of less than 10 milli-
henrys*, an allowance musi be made for the
series resistance and inductance of the measure-
ment cables and the bridge transformers.

The iotal values for the two cables can be
taken as 0-14 ohm and 1-5 microhenrys. The
corresponding values of resistance and induct-
ance (also reactance) for the two Bridge Trans-
formers can be obtained from Tables 2 and 3,
(page 17). The procedure for applying the corr-
ection is as follows.

The Bridge readings must first be converted
from the parallel to the equivalent series com-
ponents, and the correction is applied more easily
if made in terms of resistance and reactance.

* That is, reactance less than 100 ohms Values quoted
apply at 1592 ofs and must be computed for other meas-
urement frequencies. The effect of shunt loading is
described on page 16 (‘In Site Measurements'),

B23F Operaring [nsirocilons

Let the Bridge readings be ¢ and +C or —C,

Then parallel components of resistance (Rp)
and reactance { X} are given by:

Rp=1/G and Xp=1/2rfC
Equivalent series componenis are given by:
Ry=Rpl(1+Q% and X,;=+Xp/(1+1/0%

where O=Rp/ X,

The corrected series values are obtained by sub-
tracting the total resistance (leads—transformers)
from K., and by subtracting the reactance of the
total inductance (leads + transformer leakage)
from X;, [i.e. corrected series reactance = X—2rf
{inductance of leads + leakage inductance of
Bridge transformers)]. Denoting these true scrics
values by Rgr and Xgr, the result can be con-
verted back to the parallel components, if’ desired,
by the expressions:

True Rp=Rsr{l+Q% and
True Xp= Xsr(1+1/Q).

When X: represents inductive reactance, the
true value, Xgr, will be less than X

When X, represents capacitive reactance, this
must be regarded as negative. The true value in
this instance will be more negative by the amount
[2nf (inductance of leads+leakage inductance of

Bridge transformers)].

MAJOR ANMD MINOR TERMS

The Range Switch operates on G and C simul-
taneously and the maximum values on each Range
are such that I

Gmax= wCmax
(or Rmin= 1 wCmax).

On any given range the larger of the two read-
ings (G and C) is the major term of the Unknown
and the smaller reading is the minor term, It will
be realised that when the Range switch setting has
been progressively reduced until a four-figure read-
ing is obtained for the major term, the minor term
may show as less than four significant figures. For
many applications this is no limitation since the
reduced reading accuracy is associated with the
term which, in itself, is usually of less importance.
However, it is possible to obtain a capacitance
range 1/10th of normal by setting the C multiplier
switch to the 0-1 position. Use of this facility
provides increased reading accuracy for the minor
term when this is the reactive component. When
the C switch is set to 0-1, the Bridge dial reading
of capacitance must be divided by 10.

13




B22I Operating Tnstructions

CERAMIC CAFPACITORS

With certain capacitors the value changes con-
siderably with the value of d.c. polarizing voltage.
In such instances a polarizing potential can be
applied as shown in Fig. 1. The blocking
capacitor should have a value at least 100 times
that of the Unknown.

0.C. BLOCK| HG
CAPAC|TOR Cu

Fig. 1. Polarizing Ceramic Capacitors

ELECTROLYTIC CAPACITORS

The alternating potential applied across capacitors
being measured on the Bridge is so0 low that it is
generally unnecessary to polarize them. If it is
necessary to measure them with a d.c. potential
applied, the arrangement shown in Fig. 2 can be

1y

REUTRAL

Fig. 2. Polarizing Elecirolyiic Capacitors

used. The two capacitors, C, should be reason-

ably matched and of known value, very much
smaller than Cy. The Unknown capacitance is

given by
c;;’:m;{:m

where Cpy, is the value measured on the Bridge.
The phase-shift introduced by this circuit may
necessitate setting the G multiplier switch to —1
when balancing out the losses. The series loss
resistance is given by the expression

re=—Gmlw?Ct

14

LOSS ANGLE

The loss angle or power factor of capacitors can
be computed from the values measured on the
Bridge.
tan 6=0 mC
cos p=0GY~GfwC=1an &

An allowance for the impedance of the measur-
ing leads must be made when dealing with large-
value capacitors. This is described on page 13,

IRON-CORED INDUCTORS

Great care must be taken when interpreting the
results obtained [rom measurements on iron-
cored coils and transformer windings. With mains
transformers, for example, the core will have
only its initial permeability due to the low value
of the a.c. potential applied from the Bridge.
The effective permeability at full operating voltage
may be as much as twenty times higher.

With high-permeability materials such as mu-
metal, the effective permeability changes so rapidly
with excitation, even at very low levels of magnet-
ization, that widely different values of inductance
may be obtained on different ranges of the Bridge
or even on iwo Bridges of the same pattern,
Therefore, unless the operating conditions are
simulated, the measurements made are of value
only for comparison purposes.

INDUCTORS PASSING D.C.

It is often necessary to measure inductors carry-
ing a known value of direct current and three ways
of doing this are shown in Fig. 3. In Fig. 3a)
the d.c. supply, with a large-value capacitor
by-passing it, is connected in serics with the
inductor being measured. This arrangement
cannot be used, however, if one terminal of
the d.c. supply is connected to Ground, as this
would short-cireuit the Bridge voltage trans-
former. The maximum values of current that
may be passed through the Bridge are given in
Table 1. Under no circumstances must these
values be exceeded.

TABLE |

MAXIMUM PERMISSIBLE CURRENMT THROUGH
BRIDGE

Range | ' 3 4 H] & 7

Max, D.C,  50mA 50mA 054 ©O5A [-0A 10A 10A




%@ HEITAAL a

{a)

HEUTRAL

=)

Fig. 3. Inductors Passing D.C.

With the arrangement shown in Fig. 3(b) the
d.c. supply 15 connected between the two Meutral
leads. If one terminal of the d.c. supply is
grounded it must be connected to the Neutral of
the £ lead. The limitations on current specified
in Table 1 must be observed.

If the reactance of the by-pass capacitor shown
in Fig. 3{a) and (b) is significant, it can be
allowed for by calculating its equivalent indue-
tance value at the Bridge frequency and adding
this to the effective series value derived from the
measurement.

Where it is required to pass a current through
the inductor in excess of the values given in Table
1, the arrangement shown in Fig. 3c) may be
used. The resistors R must have a value of 50
to 100 times the impedance of the Unknown, and
the capacitors € a reactance which is low com-
pared with the value of R. The T-network may
then be regarded as equivalent to a capacitor in
parallel with a resistor connected straight across

R22I Operaring Insfructions

the Bridge. The equivalent serfes components of
the Unknown are given by:

Series Resistance, R,=RLG,y
Series Inductance, L,= R5Cp,

where Gy and Ciy are the values measured on the
Bridge.

SCREENED COMPOMNENTS

When resistors or capacitors are enclosed in

~ metal cases and one terminal of the component

is connected to the case, this terminal should be
connecied to the E lead from the Bridge. This
method of connexion ensures minimum stray
pick-up by the case and the component can then
be measured in the usual manner.

When measuring sub-standard three-terminal
capacitors, care must be taken to ensure that the
conditions of measurement are the same as those
under which the capacitor was calibrated. A
three-terminal capacitor is shown schematically
in Fig. 4. In addition to the main capacitance

R

Fig. 4. Three-terminal Capacitor

between the high- and low-potential terminals
(K and L) there is the stray capacitance between
each terminal and the metal case, E. Calibration
is normally carried out with the low-potential side
joined to the case. Under these conditions the
stray capacitance between the L terminal and the
case is shorted out, leaving the capacitance
between /A and the case in parallel with the main
capacitance between M and L.

If the sub-standard is connected to the Bridge
with the case connected to Meuwtral, horh stray
capacitances in the sub-standard will be neutral-
ized and the reading obtained will be low. To
this reading must be added the capacitance
between H and the case. This can be measured on
the Bridge by connecting the case to the voltage
(E) lead from the Bridge, the A terminal to the
current (/) lead and the L terminal to Neutral.
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TEMPERATURE COEFFICIENTS

Since leads of any length may be used without
their capacitance affecting the accuracy of the
reactance measurement, and as lead resistance can
be allowed for (see page 13), the Bridge is ideally
suited to the measurement of lemperature and
other coefficients of components placed in an
oven, refrigerator, pressure chamber, humidity
chamber, etc, If full use is made of the decade
controls, the discrimination of balance is 0-01 per
cent of maximum for the range in use.

IN SITU MEASUREMENTS

It is often convenient to be able to measure an
impedance in sitw, without disconnecting any
other components which may be associated with
it. This applies particularly when components
form part of a printed circuit or encapsulated
assembly. Moreover, with certain test jigs, it is
often impossible to ‘disconneet’ the effective shunt
and stray capacitances. Generally speaking, any
circuit can be resolved into a three-terminal net-
work, the arrangement being as shown in Fig, 5.

Fig. 8. Three-terminal Netwaork

The impedance to be measured is 2, and the
effect of impedances E-N and F-N must be
removed. The arrangement ean be considered as
a m-network and is shown in Fig. & in this form,
connéctéd o the Bridge. Zgp shunts the voltapge
transformer and Z;y shunts the current trans-
former. In many instances these shunting effects
may be disregarded (for reasons given under
‘Principle of Operation’). In Fig. 7, for example,
it may be possible to measure the impedance
between 4 and B without disconnecting the other
components simply by connecting point C to the
Bridge MNeutral.

Fig- 6. Thres-terminal Measurements

16

|

=
Fig. 7. In Situ Measurements

& T WENTRAL §

Fig. 8. Shunting Effect

Important: Under no circumsiances must the imner
af either measurement lead be connec-
ted te Grownd while the green wire of
the Bridge power cable is grounded.

The MNeutral circuit of the Bridge is
grounded internally and such action
would short-circuit both Bridge trans-
formers,

When it is necessary to connect either measure-
ment lead (inner of £ or I) to the chassis or
framework of the equipment under test, this
equipment must first be isolated from Ground. If
this is not practicable, the Bridge must be isolated
from Ground by disconnecting the green wire of
the power cable from the Ground pin of the plug.
Care must be exercised while aperating the Bridge
in this condition and the Ground connexion
should be replaced when isolation is no longer
NEcEssary,

When the shunting effects (Zgp and Z;y of Fig.
6) cannot be ignored, the series resisiance and
leakage inductance of the Bridge transformers
must be taken into account. The measurement
circuit must now be drawn as in Fig. 8§ and a
simple calculation, described in succeeding para-
graphs, must be made in order to correct the
readings obtained from the Bridge.

The loading effect of the Unknown impedance
itself is small and can be ignored. It is only when
the shunt impedances are low compared with Z,
that errors arising are of importance. Therefore
Zy can be considered ps an open-circuit and the

" . ______._ﬁ




shunting effects on either side of the Unknown
can be considered separately.

The fall in potential at £ caused by the load
Zgpn will depend on the ratio of Zgy to the imped-
ance of R, and [, the effective series resistance
and leakage inductance of the voltage transformer.
A similar argument applies (o the corrent side of
the Bridgs and the two effects are additive,

Table 2 gives the average values of effective
resistance and leakage inductance of the windings
for each tapping. When it is necessary to correct
for shunt loading the following formulae may be
used to caleulate the troe value of impedance, 2,
from the value read on the Bridge, £5.

With loading on the voltage transformer
only:
Zu=l —Zo/ZEN).Em
where Ze=R4jol, (0=10%.

With loading on the current transformer
only:
L= —Zil ZyN)-Z,
where Zi=Ri-fjml,;.

With both transformers loaded:
Zy=|1 —(Z:/ZgN —LZ"IH'Z;N}].Z,,,.

TABLE 1

Yoltage Transformer Current Transformer
(T1} (T2)

Turns
I.-r'F} Re Le e R L; X

10 | 002502 | 0-36pH (000360 | 0-0320 | O-9uH 00090
100 | 1263 18:0uH (0184} 15403 | 46-0jH | 0-4600
1000 | 72002 | I-4mH | 14450 6800 | 1402mH | 020}

0-02502 | 0-36puH |0-003600) 0-0070) | 0-63pH | 0-006302

If the loading iz at the end of leads, add 756
milliohms and 0-3pH per yard of Uniradio 32.
The transformer taps in use for the various ranges
are given in Table 3.

TABLE 3
TRAMNSFORMER TURMS
RAMGE
Yoltage (T1) Current (TZ)
I 1000 1000
2 100 1000
3 100 100
4 1o [
5 o ]
& I 10
7 i I

B3] Operating Insirwetions

NMETWORK CHARACTERISTICS

The facility for three-terminal measurements and
the readiness with which either or both the con-
ductance and reactance Standards can be made
effectively negative mercly by switching to a
winding of reverse sense, make the Bridge a most
efficient instrument for measuring the character-
istics of networks. Transfer admittance, for
example, is measured simply by the arrangement

i

= " NIUTMAL

Fig. 9. Metwork Characteristics

shown in Fig. 9. The input of the network is
connected between the wvoltage terminal and
Meutral. The oulput is connected, in series with
its terminating resistance Ry, between the [ lead
and Meutral. The right-hand side of Ry will be at
Neutral potential when the Bridge is balanced and
the network will then be correctly terminated.

Let the transfer admittance, defined as the cur-
rent flowing in the terminating resistor for unit

input voltage, be |¥|A£. Then, at balance:
|¥ | 8=+ Gmt jeoCm

where Gy and C,, are the values of conductance
and capacitance read on the Bridge.

Then |V |=(Gpd4+ 02Oy
and et 4 0C Gy

ATTENUATOR MEASUREMENTS

The characteristics of attenuators can be measured
quite simply on the Bridge and the circuit arrange-
ment is shown in Fig. 10. With the resistor Ryin
the position shown the attenuator is correctly ter-
minated at balance, when the right-hand side of
Ry will be at Neutral potential.

Ry

ATTENUATOR

i

Fig. 10. Attenuator Measurements
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If the Bridge is balanced with the attenuator sat
to zero, & value equal to the matching impedance
K3 will be measured. If the attenuator steps are
now switched in, the vollage atlenuation can be
calculated accurately from the ratio of the appar-
ent change in value of Ry

EFFECTIVEMNESS OF TRANSFORMER
SCREENS

The effectiveness of screens between transformer
windings can be determined wsing the arrange-
ments shown in Fig. 1. The method of measure-
ment when the transformer has a single inter-
winding screen is shown in Fig. 11 {a) and, in
Fig. 11 {b), the method of connexion when each
winding has a separale screen is shown,

% 1] J;l?

=t
' i

I
|
I

i

Fig. 11. Transformer Screens

With perfect screening there should be no feed
through the transformers if connected as shown.
Any effective capacitance between the windings
will be indicated on the Bridge,

TURNS RATIOS

The turns ratio of afl. transformers can be
obtained by using an arrangement similar to that
shown in Fig. 9, substituting the transformer for
the Metwork. The value of Ry must be high
compared with the output impedance of the
transformer.  Assuming the transformer has a
primary: secondary turns ratio of 1:N and that
the primary is connected to the £ lead of the
Bridge, the voltage produced across the secondary
will be M.E. The secondary current (at balance)
is given by f=NEfRy. The conductance reading
of the bridge, Gp, is equal to [JE. Therefore the
turns ratio, I, is given by Ryx Gy,
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50c/s - 20kes OPERATION

Reference should be made also to the sections
on ‘Source’ and ‘Detector’, which include de-
tails of suitable external equipments and a
guide to the measurement accuracy over the
frequency range,

The Bridge is direct-reading in terms of con-
ductance and capacitance, at all frequencies.
However, when inductance is measured, con-
version from the bridge capacitance dials will
depend on the measurement frequency:

L = 1fim®C) = 1/{4=x**C)

mH = 253{(f2F)
Permissible Bridge loading restricts the maximum
capacitance that can be measured accurately at
frequencies above 1592 ¢fs. [However, it should
be noted that as the frequency is increased, the
restriction in the Bridge coverage is accompanied
by a corresponding extension in the measurement
range of the Low Impedance Adaptor].

Table 4 provides a puide to the maximum cap-
acitance and minimum inductance values that can
be measured accurately on the Bridge at selected
frequencies throughout the band. In all instances
lead corrections must be applied when the admit-
tance of the Unknown exceeds 10 millimhos (i.e,
when the impedance is less than 100 ohms)—see
‘Lead Corrections” {page 13).

When the Bridge is used on Range 1 or 2 (for the
measurement of large values of resistance and/or
reactance) at frequencies above 2000c/s, par-
ticular care must be taken to avoid heavy shunt
loading to the Meutral from either the voltage or
current leads. Il such loading is present, the
measured value of the Unknown should be
corrected wsing the formulag given on page 17,

TABLE 4

Source Maximum Minimum

Frequency Capacitance Inductance
50cfs 10pF IH
&l /s 10uF 0-TH
1005 10pF 250mH
200c s 10uF &imH
A00c (s 10uF I&mH
B00c/s |OuF 4mH
1000¢ s 10uF 2:5mH
1592¢/s OyF ImH
eefs BuF 0-8mH
4kefs 4y F OedmH
Bhkefs uF 0-ZmH
10kefz | -&uF Q-16mH
15kes IuF 0-1lmH
2Whkcfs 0-8uF 0-0BrmH




PRINCIPLE OF OPERATION

The design of the Universal Bridge is based on
the transformer ratio-arm principle. A full
explanation of the theory of operation is given in
Wayne Kerr Monograph Mo. 1, "The Transformer
Ratio-Arm Bridge’, available on request.

Balance of the Unknown impedance is against
Standards of conductance and capacitance in
parallel. Tappings on the two Bridge trans-
formers, connected to decade controls, permit
measurements (o be made accurately on a wide
range of impedance in any quadrant of the
complex plane.

An internal osecillator adjusted te 1592¢fs
(w=10" provides the Source voltage. A buffer
amplifier isolates the oscillator from the Bridge
circuits, to which four-terminal connexions can be
made. The Detector is a tuned two-stage ampli-
fier, incorporating a scnsitivity control, with a
double-shadow “magic eye’ associated with each
stage. Instrumenis can be supplied to special
order with Source and Detector tuned to frequen-
cies other than 1592c/s,

A simplified diagram of the circuit arrangement
iz shown in Fig. 12, where Z, and Z; are the
Unknown and Standard impedances respectively.

- i: 1 100 TURRS

-[ | I [ I
SDURCE g
Ti ’

MEUTAM DETECTOR

. -
2= 700 Tunws

Fig. 13. Principle of Operation

Balance will be indicated by the Detector, con-
nected to the secondary of the current transformer
T2, when equal currents flow from either end of
the centre-tapped primary of T2. In this con-

dition, the potential across the primary will be
zero and, therefore, the right-hand terminals of
Zy and Z; will be at Neutral potential. Thus the
same voltage is applied to both impedances and,
for equal currents to flow in the two halves of
T2 primary, the resistive and reactive components
of the Unknown impedance must be equal to
those of the Standard.

For a given value of Unknown impedance the
Bridge can be balanced in three ways. The value
of the Standards can be adjusted, differing poten-
tials can be applied to the two impedances, or the
currenls they pass can be fed through unequal
numbers of turns on the primary of T2. A
selection of taps on T2 primary and on the second-
ary of the voltage transformer T permit a wide
range of Unknown values to be measured agains
a minimum number of Standard components.

The Standard components are resistive and
capacitive but, by reversing the sense of their
connexions to the current transformer, an imped-
ance in any quadrant of the complex plane can be
measured. As the Standards are connected in
parallel, the Bridge wmeasures the equivalent
parallel components of the Unknown.

Since, at balance, no potential exists across T2
primary, it is possible to connect an impedance
between the right-hand terminal of Z; and Neutral
without affecting the accuracy of measurement.
The only effect will be to reduce the sensitivity of
the Detector and this can be compensated for
by increasing the gain.

It is possible also to conneet an impedance
between the left-hand terminal of Z, and Meutral.
This shunt impedance will reduce the voltage
applied to Z, but will reduce also the voltage
applied to Z;, in proportion to the turns ratio.
The accuracy is therefore unaffected and any loss
in sensitivity can again be compensated for by
increasing the detector gain,

The transformers are so designed that very
heavy shunting iz possible without seriously
affecting the accuracy of measurement. Com-
ponents can in most instances, therefore, be
measured in sifu.
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CIRCUIT DESCRIPTION

FOWER SUPPLY

The Instrument operates from sup-
plies of 40 to 60 cfs, consuming
about 25 watts. A circuit diagram
is provided at the back of this Hand-
book and from this it can be seen

WOLTAGE
TRARSFORMER

that the power transformer is tapped
to suit supplies of 100-125 and

200-250¥. The full-wave rectifier, Cajs 1 r
V4, supplies approximately 15maA T !
at 250V,

H

SOURCE

Refer to Fig. 13. One section of the
double triode operates in an LC
oscillator circuit and a fraction of
the alternating potential is fed at low
impedance to the right-hand section
of F1, serving as a buffer amplifier.
Inductor L2 has a ferrite pot core
and the frequency of oscillation is
set to precisely 1592¢/s by adjustment
of the trimmer capacitor C6. A
potential of approximately 30V is
developed across Tl secondary.

CURRENT
TRANSFORMER
DETECTOR e
The Detector circuit, shown in Fig. C8i

.

Fig. 13, Source Circuit

14, consists of a two-stage tuncd-
anode amplifier using ferrite pot
cores and silvered-mica capacitors.
A double-shadow “magic eve’ is con- Ran
nected 1o each stage, providing lour
degrees of sensitivity overall. The

Rz2

Sensitivity control (RFF4) affects both :
‘magic eyes” and balance is indicated .
by maximum shadow,

BRIDGE CIRCUIT

The Bridge circuit, shown in simplified form in
Fig. 15, consists essentially of the voltage trans-
former T1, tapped to provide an accurately-
related selection of voltages across the Unknown
and Standard impedances, and the current trans-
former T2

The primary of T2 consists of two separale
windings on a core of high-permeability metal.
Omne winding is fed from the Unknown impedance
and the other from the Standards circuit. Balance
occurs when the ampere-turns in the two windings
are of equal magnitude but opposite sense.

20

Fig. 14. Detector Circuit

The MNeutral connexion from the veltage trans-
former is taken to the centre-tap of the Standards
winding on the current transformer. By connecting
the Standards to a winding of appropriate sense,
positive or negative conductance and capacitance
can be measured.

The MNeutral connexion of the Unknown
winding on the current transformer is linked to
that of the Standards winding for most two- and
three-terminal measurements, The link is removed
for four-terminal measurements, to provide two
Neutrals.




B2 Circuit Deseription

1300 TURNS
RANGE
- SM I TCH
UNEROWH
oo _;nreumcsc
L]
APRER J 1 CAPALITANCE
l io STANDARDS
- EXTERNAL
4 L LINE
- DETECTOR
P
1 CONDUCTAMCE
STAKOARDS
! . MEUTRAL I‘ :
i
RANGE
MULTIPLIERS
Fig. 15. Bridge Circuit
STANDARDS close-tolerance resistor (R17). This is illustrated

For details of the Standards arrangement the
complete circuit diagram at the back of this
Handbook should be referred to.

Swilched decades are provided by two fixed
resistors (R15, R16) and two fixed capacitors
{(C12, €14} which can be switched independently

T

ar

AVz A

in Fig. 16, The continuously-variable reactive
decade is provided by a variable air-spaced
capacitor {C11) connected to the 3-turn tap on
Tl

The values of the conductance and capacitance
Standards are so chosen that they normally cover
the same range. However, to extend the effective

Fig. 16. Third & Decade

in l-turn steps to taps of from 0 to 10 turns on
the voltage transformer., This gives each Standard
effectively ten different values.

To provide the continuously-variable con-
ductance decade, a linear potentiometer (RV2) is
connected across nine turns of the voltage trans-
former and produces a variable voltage across a

range of one Standard with respect to the other,
T2 is tapped to provide a capacitance rangeé one-
tenth of normal. The range multiplier switches
have the following settings:

G 1 and —1. {(—1 for negative conductance).
€ 01, 1 and —1. {—1 for inductance).

2]




B221 Circuir Deseription

TRIMMING OF STANDARDS

The two main resistive Standards (&135, R16) are
wire-wound and slightly inductive. Their phase
angle is reduced to zero by means of trimming
capacitors (C36, C15 and CI6) connecied in
parallel with them.

The 0-001pF Standard (€12) does not require
correction. Losses in the 0-01pF
Standard (C14) are compensated for
by a resistive current fed into the
current transformer through a tap
of opposite sense. This is shown in
Fig. 17. RF1 is adjusted to balance
out the resistive current produced by
the losses in C14. R12, R13 and R14
form an attenuator to obviate the
use of high-value resistors which
might become unstable, RI3 is al-
ways connected to a tap having the
same number of turns as that con-
nected to Cl4 but of opposite sense.
The trimming holds, therefore, for
all pesitions of the C multipher
switch.

o—

RESIDUAL CAPACITANCE
TRIMMING T

Tocompensate for the residual capa-
city of the continuously-variable
Standard Cl1, a trimmer (C13)

of a fixed 33puF capacitor (C18) and a 100ppF
variable capacitor (C17) connected across the posi-
tive and negative ends of the Standards winding on
the current transformer. The same vollage as
that used for conductance trimming is fed to their
Junction. With this arrangement the effective value
of C17 can be made either positive or negative.

-]

feeds a current into T2 through a tap
of opposite sense. The arrange-
ment is shown in Fig. 18. Whatever
the connexion of C11 to the current
transformer, the trimmer C13 is
always connected to a tap having
the same number of turns but of
opposite sense. Once C13 is ad-
jusied, therefore, the trimming holds
for any position of the € multiplier
switch,

MAIN BRIDGE TRIMMING

The eircuit arrangement of the two
external trimming controls (Trim G,

Ti
g T2
Lla
* {i
Riz -
R¥I :
A4 =
C MULTIPLIER SWITCH
Fig. 17. C Phase Trimming
g ;
=" g
—[ 7T TRIRMER

b

cn

£

VARIABLE STANDARD

Fig. 18. Residual Capacilance

£

Trim ) is shown in Fig. 19,

A compensating voltage from the
O-turn tap on T is fed via R18 to the
slider of a potentiometer (Trim )
connected across the <+ 100 and
—100 taps of T2, This allows the
effective value of RI& to be made
either positive or negative,

The capacitive trimming consists
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UNKNOWN CONNEXIONS AND
RANGE SWITCH

The circuit arrangement of the connexions to the
Unknown impedance and the facilities for range
changing are shown in Fig. 20.

The impedance to be measured is connected
between the voltage transformer and the Un-
known winding of the current transformer via the
Range switch (§7). The Range switch connexions

Ti ety
(L] /‘f

EXTERHAL
LIMK

8221 Circwir Description

to the taps on the transformers are such that in
cach of the seven positions the preceding range
is effectively multiplied by ten.

Physical connexion to the Unknown is by means
of two external coaxial cables. The sereen of each
cable is connected to the associated Meutral of the
Bridge. For two- and three-terminal measure-
menis the two Meutrals are linked: this method
of connexion prevents the inherent capacitance of
the cables shunting the measurement terminals,

Fig. 20,

MEASUREMENT YOLTAGE

The a.c. voltage applied to the component being
measured on the Bridge cannot be specified
accurately, measurements being made by com-
parative values of the Standard and Unknown
currents. The voltage varies from range to range
but is constant over any one range. Approximate
values are:

Range Switch

Bridge Range R.M.S. Voltage
1 oV
2 and 3 iy
4 and § 03V
6 and 7 30mV
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MAINTENANCE AND SERVICE

Important; No aitempi should be made by un-
skilled personnel 1o sevvice the Bridge.
Maintenance, and pariicularly any
trimming wsing the pre-set contrels,
must be carried owi by a qualified
service engineer in accordance with
the following instructions.

SOURCE AND DETECTOR

The location of any fault in the oscillator or
detector amplifier circuits will be indicated by
checking the valve potentials against the values
shown in Table 5. These readings were obtained
with an AVOmeter model 7 (negative lead to
chassis) and are average valucs: vamations of
up to 20 per cent must be expected.

TABLE 5
Valve | Electrode | Pin Mo, | Ave Range | Voltage
¥l | Cathode | 8 I 100V d.c. 38V
¥i Cathode 2 3 10V d.c. 4.2
wi Anode | B 400% d.c. 250
W Anode 2 | 400V d.c. 120%
Y2 Cathode 2 0¥ de. | 15
W3 Cathode 2 | 10¥ d.e. 11V
E| Screen 7 | 400V d.c, 75V
W4 Cathode T | 400% d.c, 155¥

OVERALL GAIN

To check the overall gain, first set-up the Bridge
according to the procedure given on page 11 but
with the Range switch on position 3. Using
two 100-ohm (20 per cent) resistors, connect
one between inner and neutral of the £ lead and
the other across the [ lead. Leave the Sensitivity
control at maximum and adjust the variable con-
ductance control to read 5(0-05p Mho). The most
sensitive ‘magic eye’ section should close com-
pletely. This degree of sensitivity is required only
when the Low Impedance Adaptor is in use:
for all normal Bridge measurements one-tenth
of such sensitivity provides adequate discrimina-
tion.

OSCILLATOR FREQUENCY

The oscillator frequency is adjusted in the final
test procedure to 1592¢/54+0-25 per cent. If a
Frequency Standard or Frequency Counter is
available, it can be fed with the measuring poten-
tial from the Bridge. The Source frequency will
be obtained with an accuracy determined by the
Standard or Counter.
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An alternative method, depending only on the
Bridge itself and two components, can be used il
the Bridge Standards have been checked (see pages
25 and 26). The components required are a high-
stability resistor, and a high-precision mica
capacitor. The exact values are not important
but should be about 1040 and O-0IpF (1582 and
0-1uF could be used as an alternative). The
method iz as follows:

1 Measure the resistor and record the value of
conductance .

2 Measure the capacitor and record the value of
capacitance C.

31 Connect the two components in series and
measure the effective conductance G, and
effective capacitance Cp, of the combination,

It can be shown that
w={ Gull(CHG) (1—GulG) }} - - (1)

or  @=(G/C). (C/Cw—I17* . . . . .02

Equation (1} or (2) can be used to establish
accurately the angular frequency of the Bridge
Source. The tables used for the calculation should
preferably be five-figure. If the Bridge Standards
were checked correctly, the values of G, C, G
and Cp should be obtained with an accuracy of
+0-1 per cent. The angular frequency will then
be obtained with an accuracy of better than 03
per cent.

BRIDGE ACCURACY

An important feature of the Universal Bridge is
the ease with which the accuracy can be checked
and, if necessary, the Standards re-set. As
described earlier, the B221 uses only one, fixed,
Standard per decade; the steps of the decades, and
the Bridge ratios, being obtained from the ratio-
transformers. The Standards fitted to the Bridge
are adjusted to an accuracy of 0-05 per cent and
should have a long-term stability of the same
order. The ratio-transformers have an accuracy
an order higher, about 001 per cent,

Before the Standards are checked, the following
points should be noted. If high accuracy is
required in measuring any component, all three
decade controls must be in use. There is no
requirement for these three controls to be checked
to the same order of accuracy. Ignoring the
decimal point and units, consider the reading
1234. The 1 is given by the first decade, the 2 by
the second, and the figures 34 by the continuously-




variable control. The reading accuracy is within
-1 per cent. If the Standard of the first decade
is 0-1 per cent in error, the true value could be 1233
or 1233, The same effect would be caused by an
error of -5 per cent in the second decade, or 3
per cent in the continuously-variable control.

The highest reading accuracy is obtained when
all three decades are at maximum, giving a reading
of 11110, With the Sensitivity control at maxi-
mum, & | per cent change in the continuous
variable can be noticed. This corresponds to (01
per cent in the second decade and 0-01 per cent
in the first decade., The highest accuracy is
obtained, therefore, by adjusting the Standard in
the first decade to 0-01 per cent, the Standard in
the second to 01 per cent, and the continuously-
variable control to 1 per cent. If this is done, the
Bridge can often be used for measurements to an
accuracy of 0-02 per cent.

One further point to be noted is that an aged
Standard has a better long-term accuracy than a
new one. Consequently, whenever possible the
existing Standards should be adjusted by means
of series or shunt elements in preference to being
replaced.

CHECKING AND ADJUSTING
STANMDARDS

The absolute accuracy of the Bridge can be deter-
mined using only two external fixed Standards,
one a resistor, the other a capacitor, As the Bridge
Standards are themselves adjusted to 0-05 per cent,
the reference Standards must be known with
certainty to at least thiz degree of accuracy.
The ideal reference Standards are a 001 per cent
resistor of either 1000 or 10000 ohms, and a
001 per cent capacitor of either 0-1 pF or 0-01 pF.
Using a reference of less than 1000 ohms (resist-
ance or reactance) causes difficulty with the series
impedance of the leads etc.; above 10000 ohms
trouble can arise from the spurious shunt
elements. Even with a 0-01 pF Standard the con-
nexions to the Bridpe must be made carefully
because 1 puF represents an error of 0:01 per
cent, and this capacitance is produced by two
inches of wire exposed outside the Neutral sereen.

CONDUCTANCE STANDARDS

The procedure for checking the conductance
Standards of the Bridge is described for a 1000-
ohm external reference. If a 10 000-ohm refer-
ence is used, the Bridge range settings stated must
be reduced by 1.

Ja
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B221 Mainrenance and Service

With the measurement leads ( Neutrals linked)
in position, and the G and C multipliers both
get to 1, switch to Range 6, set all capacitance
controls to zero, the two switched conductance
decades to zero, but set the continuously-
variable cond uctance control at 06 (-006pM ho).

Adjust the two Trim controls for exact balance
with the Sensitivity control set fully elockwise.
The reason for setting the variable control at
06 is to ensure that, when the Standard used
in the first decade is checked, balance is
possible without using the un-checked second
decade, whether the Standard be slightly high
or low.

Connect the 1k{ reference resistor to the
measurement leads and balance the Bridge by
means of the frsr and rhird conductance con-
trols only. To obtain a clean balance it may
be necessary to adjust the Trim C control or to
change the C multiplier switch setting to —1
and, after any necessary re-trimming, to oper-
ate the variable C control. If the exact point
of balance lies between 1-005 and 1-007 mMho,
the first decade Standard is within the speci-
fied tolerance and no adjustment is necessary.

If balance does not occur within these limits,
suitable series or shunt resistors should be
added to the Standard in the Bridge. These
resistors do not have to be close tolerance,

If it is desired to adjust the first decade
Standard to 0-01 per cent, carry out the pro-
cedure described in 3a and 3b.

Disconnect the reference resistor and repeat
steps 1 and 2 with the Range switch in position
5.

Re-connect the reference resistor, set the first
conductance decade to 10 (&) and, if neces-
sary, add series or shunt resistors to the first
decade Standard until balance occurs between
1000-5 and 1000-TuMho. Adjust the C
controls as described in para. 3.

Disconnect the reference resistor and repeat
step 1.

Adjust the two Trim controls for exact balance
with the Sensitivity control set fully clockwise.

Re-connect the reference resistor, set the
second conductance decade to 10 (&) and
balance the Bridge using the continuously-
variable control. The exact point of balance
should be between 1-005 and 1-007TmMbho. If
necessary, add series or shunt resistors to the
Standard of the second decade to bring the
balance point within this range.
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Sel afl decade controls at zero, disconnect the
reference resistor and switch to Range 7. With
the Sensitivity control fully clockwise, adjust
the two Trim controls for a precise balance,

Re-connect the réference resistor and balance
the Bridge. The reading should lie within half
a scale division of the 10 calibration mark
(ImMho). If outside this tolerance, set to 10
and balance the Bridge by adjusting the pre-
set potentiometer RFFS.

The calibration points 1 to 9 on the con-
tinuously=variable control can be checked
quickly with a decade resistor box but this item
is not essential. The alternative procedure is
as follows.

Zero the Bridge on Range 3 and then set the
first decade control to 1 (1-000pM ho).

Connect the outer terminals of a 1052 poten-
tiometer to the inner and Neutral respectively
of the £ measurement lead. Connect one end
of a 100&L) (20 per cent) resistor to the inner
ol the ! measurement lead and the other end
of this resistor to the wiper terminal of the
polentiometer.

With the Sensitivity control set at mid-position,
adjust the potentiometer to balance the
Bridge.

Without disturbing the potentiometer ad-
justed in para. 11, change to Range 5, set the
first decade to zero, and balance the Bridge
using the continuously-variable control.
Balance should occur within half a scale divis-
ion of the 1 calibration mark.

Repeat the procedure described in paras.
9, 10, 11 and 12 with settings at 2, 3, etc. to 9.
If desired, intermediate points can be checked
by using both switched decades in para. 9.

By means of successive adjustments to the
pre-set potentiometer RIS, it should be pos-
sible to bring the accuracy at all settings to
within half a scale division. Any serious
departure from this calibration is most likely
to be due to a worn track on potentiometer
RF2, in which instance it should be replaced.
Play in the drive mechanism linking the
potentiometer to the dial can also cause
trouble. The degree of engagement between
the racks and pinions can be adjusted by re-
positioning an eccentric cam.

CAPACITANCE STANDARDS

Succeeding paragraphs deseribe the procedure for
checking the capacitance Standards of the Bridge,

using a 0-1 pF external reference.

If a 0-01pF

reference is used, the Bridge range settings stated
must be reduced by 1.
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With the measurement leads (Meutrals linked)
in position, and the & and C multiplier
switches both set to 1, switch to Range 6, set
all conductance controls to zero, the two
switched capacitance decades o zero, but set
the continuously-variable capacitance control
at 20-002pF).

Adjust the two Trim controls for exacl bal-
anee with the Sensitivity control set fully
clockwise, The reason for setting the variable
control at 2 is to ensure that, when the Stan-
dard wsed in the first decade 15 checked,
balance is possible without using the un-
checked sccond decade, whether the Standard
be slightly high or low.

Connect the 0-1pF reference capacitor to the
measurement leads and balance the Bridge by
means of the first and third capacitance con-
trols only. To obtain a clean balance it may
be necessary to adjust the Trim & control. If
the exact point of balance lies between <1019
and -1021pF, the first decade Standard is
within the specified tolerance and no ad-
justment is necessary.

Il balance does not occur within these
limits, remove C37 and replace it with a low-
loss capacitor of suitable value.

Il it is desired to check the first decade
standard to 0-01 per cent, carry out the
procedure described in 3a and 3b.

Disconnect the reference capacitor and repeat
steps | and 2 with the Range switch in posi-
tion 5.

Be-connect the reference capacitor, set the
first capacitance decade to 10 (&) and, if
necessary, make further changes to the value
of €37 until balance occurs between 10019
and -10021pF. Adjust Trim & if necessary.

Disconnect the reference capacitor and repeat
step 1.

Adjust the two Trim controls for exact balance
with the Sensitivity control set fully clockwise.




6 Re-connect the reference capacitor, set the
second capacitance decade to 10(&0) and bal-
ance the Bridge using the continuously-
variable control and Trim &. The exact point
of balance should be between -1019 and
A021pF.  If outside these limits, unseal
trimmer C38 and adjust this component as
NECESSATY.

7 Set alf decade controls at zero, disconnect the
reference capacitor, and switch to Range 7.
With the Sensitivity control fully clockwise,
adjust the two Trim controls for a precise
balance.

8 Re-connect the reference capacitor and bal-
ance the Bridge using the continuously-
variable capacitance decade. The reading
should lie within half a scale division of the
10 calibration mark (-1pF). If outside this
tolerance, first check that the racks and pinions
are engaging properly and if necessary adjust
the eccentric cam. The relative settings of the
dial and wvariable capacitor can be altered
slightly but, if this is done, CI13 will have to be
re-sel as described in step 10,

9 Set aff decade controls at zero, disconnect the
reference capacitor, switch to Range 1 and,
with the Sensitivity control set fully clockwise,
adjust the two Trim controls for a precise
balance.

10 Change the C multiplier switch position from
Oto 01 and to —1. The Bridee should remain
balanced on all three positions. If it does not,
unseal trimmer C13 and make a small
adjustment. Repeat the process and adjust
Trim € until the setting 15 found where balance
is maintained on all three switch positions.

The calibration points 1 to 9 on the con-
tinuously-variable control can be checked
quickly with a decade capacitor box but this
item is not essential. The alternative pro-
cedure is as follows:

11 Zero the Bridge on Range 2 and then set the
first capacitance decade control to 1 (10upF).
Connect a variable capacitor, covering the
range 10-90ppF, to the measurement leads.

12 With the Sensitivity control set at mid-position,
adjust the variable capacitor to balanee the
Bridge.
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13 Without disturbing the variable capacitor,
change to Range 4, sei the first decade to zero
and balance the Bridge using the continuously-
variable control. Balance should occur within
half a scale division of the | calibration mark.

Repeat the procedure described in paras. 11,
12 and 13 with settings at 2, 3, etc. to 9. If
desired, intermediate points can be checked
by using both switched decades in para. 11.

Should the calibration error exceed half a
division at some points, adjustment should be
made to the mechanism linking C11 to the dial.
This adjustment must be followed by a repeti-
tion of the procedure described in paras. 9
and 10.

PHASE CORRECTION

Succeeding paragraphs describe firstly the adjuse-
ment of the two trimmer capacitors which off-set
the slightly inductive properties of the two wire-
wound conductance Standards and, secondly, the
adjustment of the pre-set potentiometer which
controls the current compensating for the losses
associated with the larger capacitance Standard.

1 Zero the Bridge on Range 4.

2 Belect a 10kLY carbon resistor slightly below the
nominal value, so that balance is obtained with
the first and last & decades only (the centre
decade must remain at zero).

3 Adjust trimmer C16 to obtain & clean balance.

¥

4 Change to Range 3, return the first decade 1o
zero and set the second decade at 10 ().

5 By means of the variable @ decade and trimmer
36, oblain a clean balance.

The pre-set potentiometer RF1 is adjusted in
the Test Department while a 3-terminal 10ppF
absolute Standard is connected to the Bridge.
The potentiometer is not likely to need re-adjust-
ment and, unless a capacitor of accurately-known
power factor is available, the original poten-
tiometer setting should not be disturbed,

If the external reference capacitor used for
checking the decades has & tolerance of 0-01 per
cent, the power factor will probably be quoted
(at 1000cfs). This factor will be virtually un-
changed at 1592¢/s. The capacitor could be used,
therefore, to check the setting of RF1.
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Part 2 - Low Impedance Adaptor Q221

INTRODUCTION

The lower limit of impedance measurcment that
can be made accurately with the Universal Bridge
is determined by lead resistance and the winding
registance of the Bridge transformers. The Low
Impedance Adaptor, designed to operate in con-
Junetion with the Bridge, extends the range of
measurement to include large values of capaci-
tance and very small values of resistance and
inductance.

Measurements with the Bridge itsell are of the
equivalent paralle! components of conductance
and capacitance, obtained by applying a reference
potential to the Unknown and measuring the
resulting current. The function of the Adaptor
is to reverse the procedure Lo one of passing a
reference current through the Unknown and
measuring the resulting voltage. This reversal is
achieved with a resistive T-network where the
shunt arm consists of the Unknown. The re-
quired value is derived very simply from the
Bridge dial-readings in terms of the equivalent
series components of resistance and inductance.

The prime function of the Adaptor is to permit
measurements on impedances of less than ten
ohms to be made with the first decade swirches
set permanently fo zero, Under these conditions
the value of the Unknown has a negligible effect

on the reference current and measurements are
of the specified accuracy. Only when absolute
accuracy is a sccondary consideration to the
detection of small changes should the first decade
be used, The usefulness of very fine discrimin-
ation and measurements from 10 to [ ohms are
described in the text.

SPECIFICATION

Measurement Ranges

R L cg
First Division Maximum* First Divigian Maximum® Minimum?* Firse Divizion
20 02 10 me1 002 uH I uH 10,000 uF 5F
200 ui2 100 me2 02 uH 10 yH 1,000 uF 5F
7m0 I 0 2 pH 100 uH 100 uF 05F
10 mil 100 2uH | mH |0 uF -005F
Accuracy R: +1% 425 uk. &

L: 41% +0-005 puH.
C: Frequency-dependent (see Text).

* Values quoted apply with first G and C decade switches at zero (see Text). With all three decades in use:
R maximum and L maximum are increased by a factor of 10, and C minimum is decreased by a factor of 10,

1 All L values decreased by a factor of 10 with multiplier on € x0:1. (Mot aveilable from AA221.)
§ All C values apply only at 1592 ¢fs. Sée text for other frequencles.
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Discrimination R:
L:
C A

Dimensions Base Diameter:
Height:

Packed Weight Mot exceeding

Q221 Operating Instrictions

0-2% of Maximum (sce Table).
0:2% of Maximum (see Table).
Frequency-dependent (see Text).

5 in.  (12-9 em.).
3 in. (85 em.).
5% Ib. (2:5 kg).

OPERATING INSTRUCTIONS

MEASUREMENT PROCEDURE

RBemove the measurement cables from the
Bridge and connect them to the sockets
provided on the Low Impedance Adaptor.

Connect the two cables from the Adaptor
to the corresponding sockets on the Bridge.

Turn the Bridge Range switch to position 3.
The Bridge must always be on this Range
when the Low Impedance Adaptor is in use.

Turn the Low Impedance Adaptor to the
desired range and connect the two leads
from the ‘blue’ socket to either side of the
impedance to be measured.

Connect the neutral (green) lead from the
‘white’ cahle between the unknown imped-
ance and the neutral clip from the ‘blue’
cable.

Clip the ‘inner' (red) lead from the “white
cable on to the neutral clip of this same
cable. This provides the necessary condition
of only a single-point contact between one
side of the Unknown and the detector for
the initial trimming adjustment,

REFERENCE
CURRENT

Ls.

———
T CIRCHIT
MEASURING WOLTAGE

INCORRECT USE OF COMMECTING LEADS
Fig. 21.

REFERERCE
CURRERT

L*:t

Set the Bridge decade controls to zero and
adjust the Trim G and Trim C controls for
maximum shadow on the magic eyes.

Transfer the red lead from the ‘white' cable
to the other side of the Unknown. The points
of connection for the two leads from the
‘white’ cable must be immediately adjacent
to the impedance it is desired to measure.
The two connections from the “blue’ cable
should lie outside these. This is illustrated
in Fig. 21 {below right) where the reference
current is obtained from the ‘blue’ cable and
eonnection to the ‘circuit measuring voltage'
is by the *white’ cable.

Set the G and C switches as follows:
both at | for R and L,
Gat ]l and C at -1 for R and C,
gither or both at =1 for mutual or
transfer impedance.

Adjust the second switched decades and
vernier controls of the Bridge to obtain
maximum shadow on the magic eyes. The
first switched decades should not be em-
ployed if the measured value is to be derived
from the simplified expressions shown for
each of the four ranges on the Low Imped-
ance Adaptor.

s

T0 CIRCRIT
MEASURING NOLTAGE

-

LEADS DISPOSED FOR MINIMUM COUPLING.
VOLTAGE MEASURED ACROSS UNKROWH OWLY

Connexion Lo the Unknown
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IMTERPRETATION OF RESULTS

The equivalent series components of the un-
known impedance are derived from the Bridge
dial readings at balance by using the conver-
sion formulae shown for each of the four ranges
on the Low Impedance Adaptor. These formulae
are reproduced in Fig, 22.

Capacitance can be also be derived from the Con-
version Chart on page 35. In either case, however,
the results apply only at 1592 cfs (see 50 c's — 20
ke/s Operation’ on page 32).

E KERR
dence Adaptar
rsal Bridge B221

DGE TO RANGE 3

MHE +Cx40
%

aE s

0 - 10000 K

C A-100uF

Fig. 22, Adaptor Range Plate

Example (R) Adaptor on 0-1€ range
(as shown on Q221 dial)
Bridge reading 0-337TpMho
Adaptor range plate:
O=+4+G/10
=0-337/10
or Ry=003370)

Exampie (L) Adaptor on 0-10000uH range
(as shown on Q221 dial)
Bridge reading 64-8ppF
Adaptor range plate:
pH=4C= 10
=64-8 10
or L,=648uH

Example (C) Adaptor on 1-100uF range
{as shown on Q221 dial)
Bridge reading -17-4ppF
Adaptor range plate:
uF=10%-C
= 1000/+-17-4)
or Cy=57-5pF

0

MEASUREMENT OF REACTANCE

The Bridge 15 so designed that the resistive and
reactive scales cover the same range in ohms. 1f
on a particular range of the Adaptor the Bridge @
dials cover 0 to 1 ohm, the C dials, therefore, cover
0 to 1 ohm also. Assuming the Bridge has heen
balanced, the procedure for measuring reactance
directly in ohms is as follows,

Mentally transfer the figures on the C dials to
the & dials (so that the last digits are coincident)
and insert in this transferred reading a decimal
point where one occurs on the & dials. Apply to
this amended reading the scale multiplying factor
for ohms given on the Adaptor range plate.
The result is the required reactance value.

Example:
Adaptor range plate set to 0-10042,
Bridge reading 0-362uMho and 117-4ppF.
If the figures that appear on the C dials {giving
the reading 1174 puF) had appeared on the @
dials, the reading would have been 1-174pMho,
This is seen by writing them underneath in
corresponding positions:

0-362pMho (actual reading on & scale)
I-174pMko (fgures mentally transferred from
C scale).

The range plate on the Adaptor gives
D=4Gx10
giving for the resistance term
R,=0-362x 10
=3-62 ohms
and for the reactance term
Xy=1-174 % 10
=11-74 ohms.

CONNEXION TO THE UNKNOWN

When very low values of impedance are to be
measured i sife, some precautions musl be
observed or large errors may arise. Two fauolts
are indicated by the left-hand illustration of Fig.
21. Firstly, if the two cables are arranged side-
by-side and large loops formed at their ends,
there is considerable danger that the reference
current in one loop may induce a sufficiently
large voltage in the other to cause a significant
error. Secondly, the voltage being measured is
not only the potential drop across Z; but also that
occurring in the leads from Z, to the point of
contact of the current clips.

In this respect it must again be emphasized that
the lead coded blue, from the Adaptor to the
Unknown, although associated with the E plug of




the Bridge is effectively the CURRENT lead from
the Adaptor. Similarly, the function of the white
{(7)lead is to feed back to the Bridge the VOLTAGE
measured across the Unknown.

The areas of the loops involved in the con-
nexions should be kept as small as possible and
the coupling between them made as low as possi-
ble. This is shown diagrammatically in the right-
hand illustration of Fig. 21, which shows also the
correct positioning of the current clips outside the
voltage clips. These connexions must be made
independently on to the leads from the Unknown;
the clips must not touch and one set must naver
be used as a connexion for the other.

ERRORS IN THE MINOR COMPONENT

It must be realised that inaccuracies may oceur
when measuring the minor component of a com-
plex impedance whose resistive and reactive
elements are very different in magnitude at 1592
cfs. (It may be noted that a minor component of
0-1 per cent affects the modulus of the im-
pedance by less than one part in a million.) The
Adaptor is not suitable for accurate measurements
on small minor components, but a reliable
approximation can be obtained if great care is
taken in the adjustment of the Trim controls
and the leads are disposed for minimum coupling
and for minimum disturbance when changed
from the trim to the measurement connexions.

A correction to allow for the residual reactance
of the Adaptor can be made as follows, The
measured values of the resistance and reactance
of the Unknown are first obtained in the usual
manner. The Unknown is then replaced by a
carbon resistor of near value to the resistance of
the Unknown, using the shortest possible con-
nexions from the terminals or elips. The resist-
ance and apparent reactance of this resistor are
measured. As a carbon resistor has a totally
insignificant reactive term at the Bridge frequency,
the reactance must be due to the Adaptor or
Bridge circuits. In both measurements a note
must be made of the sign of the reactance (positive
for inductive and negative for capacitive). The
true reactance of the Unknown is given by:

(Apparent reactance of Unknown)—{Apparent
reactance of carbon resistor).

This true value of reactance can be converted
inte the corresponding inductance or capacitance
from the appropriate expression:

L=(True reactance)/104,

or C=1/(10%x True reactance),
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MEASUREMENT OF R.F. COILS

It must be borne in mind that, although measure-
ments can be made in the millimicrohenry region,
the Adaptor is not ideally suited to the measure-
ment of r.f. and v.h.f, coils. This is hecause skin
effect and self-capacitance result in the inductance
at the operating frequency of the coils being very
different from the value at 1592cfs. The change
is dependent upon so many factors (geometry,
wire size, spacing, type of insulation, effect of
screening and so on) that no useful extrapolation
can be made. Furthermore, air-cored coils of
small inductance behave, at audio frequencies,
like slightly inductive resistors, so that accurate
measurement of a minor component would be
required.

The Adaptor is useful for comparison measure-
ments and for obtaining the coupling coefficients
of if. transformers, sections of delay line, etc.
Also, in v.h.f. circuits a large proportion of the
cireuit inductance is contained, often, in the wiring
and switches. The geometry in such instances
makes possible reasonably accurate measure-
ments using the Adaptor and, in fact, the value of
such inductance is difficull to ascertain otherwise
because the measurement must be made i sifw.

MEASUREMENT OF MUTUAL
INDUCTANCE

The method of connecting a transformer is illus-
trated in Fig. 23, where the two resistors are the
Standard components in the Adaptor. Assum-
ing that the loading imposed by the secondary R
is insignificant and that the self-impedance of the
primary is so low that it has no effect on the
current, the current through the primary will be

M
E:{D %a:iwnﬁ

Fig. 23. Measurement of Mutual Inductance

given by EfR. This will induce into the secondary
a voltage of +juM.E/R, where the sign is deter-
mined by the relative sense of the windings. At
balance the induced voltage will drive a current,
4 joM.E/R®, through the current transformer
of the Bridge. From equation (1), under Principle
of Operation, (page 34):

+joM=FRk:. I/E.
k)|
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Replacing /{E by the equivalent on the Standards
side of the Bridge:

JoM = jol . R®
or M=4C.RY

Mutual inductance is read, therefore, in the same
manner as self-inductance, the alternative signs
being catered for by the 1 and —1 positions of the
O selector switch, The setting required depends
on the relative sense of the two windings.

POLARIZING ELECTROLYTIC
CAPACITORS

When it is considered necessary to prevent a
reverse polarity (caused by thesmall a.f. measuring

- Ii..,_
i
— e
[ 3 T0 CIRCUIT
REFERERCE MEASURIHG VILTAGE
CURRENT

Fig. 24. Polarzing Elecirolyiic Capaciiors

voltage) from appearing across an electrolytic
capacitor, a polarizing potential of one or two
volts from for example a single dry cell can be
applied as shown in Fig. 24. Under no circum-
stances should a high polarizing voltage be used.

ACCUMULATOR RESISTAMCE

The Low Impedance Adaptor can be used for
certain measurements on accumulators. A limit-
ation is imposed by the permissible d.c. through
the Adaptor resistors. These have a continuous
rating of 0-5 watt. The maximum values of d.c.
voltage that may be applied to the Adaptor ter-
minals (these values must not be applied directly
to the Bridge), and the corresponding current
values, are given below.

Adapter Maximum d.c. Maximum Direct Current

Range Voltage into Adaptor
I v 140 mA
2 12y B0 mA
3 Friy 45 mA
4 40V 25 mA

It must be realised that the measurement will
be of the impedance of the accumulator, con-
sisting of a resistance in series with a small
reactive component.
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50c/s - 20ke;s OPERATION

Resistances of less than 10 ochms are measured in
the normal manner.

Inductances of less than 1mH (or 10mH if the
first decade control is operated) are measured on
the Low Impedance Adaptor. When the value
exceeds Im A (or 10mif) the measurement can be
made with the Bridge alone provided that a
sufficienily high frequency is employed (see
table 4, page 18).

Capacitances whose reactance falls below 10
chms at any one [requency (the dividing line is
indicated in table 4) are measured with the
Low Impedance Adaptor but the relationships
for capacitance, given on the Adaptor range plate,
do NOT apply at any frequency except 1592e/s.
The value of the unknown capacitance 15 given by
the expression

Cp=—1{0*R2Ch).

At a frequency of 15%2¢/s (w=10%) the above
expression can be simplified to give the scale
multiplying factors for capacitance shown on the
Adaptor range plate, These same four factors
can be used for computing the measured capacit-
ance al other frequencies if the result is multi-
plied by a suitable constant (K). This is equiv-
alent to re-writing the above expression as:

Cu=K[—1/(we*R3*Cp)]
where wo=2n 1592 and K={wa/w)®
The value of K at selected frequencies between

50c/s and 20kcys is shown in the table (below).

Measurement Measurement

Frequency Frequency K
50cys 1015 1592 /s |00
Bic/s 04 ke s 0634

| (e s 254 e 0158

200c/s 634 ket 00704

400c s 158 Bkt 0-0397

600c/s 7-04 10ke/s 00254

B0cs 397 I 2hefs 00176
1000¢ 54 1592kefs 00
1200¢ s 176 20kee/s 0-0063

Example

With the range multiplier switches set at 1(G) and
—1 (), balance was obtained on Range 3 of the
Adaptor with a capacitance dial reading of
—T74-1ppF.

The measurement frequency was B00c/s.




From the Adaptor range plate:
pF=104—C (at 1592c/s)
=K[10% —C] at 800c¢/s.
From the table, X at 800c/s is 3-97.
S Cy=397 [10% = (=74 1)]uF
=397 x 135pF
=S536QF.

With a Bridge dial reading of 10ppF, the maxi-
mum values of capacitance that can be measured
at a fmequency of 400c/s are:

Range plate at 1-100&pF 1-58 Farads
Range plate at -1-10KpF 158 000uF
Range plate at 10-1000pF 15 800uF
Range plate at 1-100pF 1580pF

The range of capacitance measurement is further
extended by the use of lower measurement fre-
quencies.  Also, if the Bridge dial reading at
balance is less than 10ppF, the measured capacit-
ance is of a very high value. Such measurements
are obtained with reduced sensitivity and accuracy.

When very large wvalues of capacitance are
measured, the inductance of connecting leads
becomes of extreme importance and must be
kept to the absolute minimum. For example
if & capacitor of 200 000pF is measured at lkefs,
a lead inductance of only dpH will resonate with
the capacitor. Ewven Y/souff will cause a 10 per
cent error in the measured capacitance value,

Note: ALL measurements with the Low Impedance
Adapter must be made with the Bridge on
Range 3, Ar all frequencies the resulis are
derived from the simplified formulae (used
in preceding paragraphs) only i the firsi
decades of the Bridge are af zero (see
* Discriminarion and Acouracy'—nexi seciion)

DISCRIMIMATION AND ACCURACY

The Low Impedance Adaptor serves merely as an
impedance invertor between the Bridge and the
Unknown, measurement being made on the
Bridge itsell. This has two decade switches and
a continuously-variable control on each compon-
ent and is consequently capable of a discrimin-
ation of 0-02 per cent. Such a high discrimination
extended to the Adaptor ranges can be useful
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for comparison of component values or the
detection of small changes such as in temperature
cocfficient measurements. This order of dis-
crimination is obtained only when the first
decades are in use and, in these circumstances,
the approximations referred to under ‘Principle
of Operation” are not justified. Absolute values
cannot be derived with an accuracy of 1 per cent,
therefore, using the simplified formulae, but can
be calculated from the balance equation:

RYZ, + IR=1/ (Ga+fwlh).

It may be found more convenient to make an
absolute measurement without using the first
decades and employ this as a reference for subse-
guent comparisons where increased discrimin-
ation is important,

From the foregoing considerations it follows
that Range 4 of the Adaptor should be used for
measurements up te only 10 ohms if maximum
absolute accuracy is required. Above this value
the Bridge should be used. Where high discrimin-
ation between values of resistance is cssential and
the first decades are used, the true value can be
found either from the balance equation or by
reference to the correction curves given on page
36,

If an unstable value of impedance, such as the
resistance of a defective switch contact, 15 to be
measured, only an approximate reading is
necessary. The continuously-variable controls
alone should be used to obtain balance. If the
switched decades are operated, the discrimination
may be such that the random drift in resistance
occurs more rapidly than the controls can be
adjusted, making balance impossible.

CURRENT THROUGH THE UNKNOWN

The absolute value of alternating current passing
through the Unknown cannot be specified
accurately: the Bridge measurements are ob-
tained by comparison. The values given are,
therefore, approximate.

Adaptor Range R.M.5. Current through Unknown

I BmA
2 Sma
3 2miA,
4 0-FmA

i3




PRINCIPLE OF OPERATION

Refer to Fig. 25. When the Bridge is balaneed,
the veltage across the current transformer winding
is, for all practical purposes, zero. Resistor ®;
i5 therefore effectively in parallel with the Un-
known, Z,. 1f the value of Rz is very high com-
pared with Z,, the shunting effect is negligible and
can be ignored. The current through the
Unknown is then equal to E{R,4+Z,). If R, also
is made very high compared with Z,,, the effect of
Z, on the current is negligible and can be ignored.
With these two approximations;
current through the Unknown,
i=ElR
voltage across the Unknown,
e=Z, EfR
current fed back to Bridge,
F=pglRy=2Z, . E{RiRs.

E
=2y mm
Ri A2 lk

—

T BRIDGE
CLHRENT
TRANSFORMER

FROM BAIDGE
VOLTACE
TRARSFORMER

Ri 5= I, == R2

Fig. 25. Principle of Operation

For convenience, By and Ra are made equal,
50 that:
Ri=R;=R
and I=Z,. E/R*
or ZTy=R*HE:.. . . . .(0)

The current { flows in the Bridge current trans-
former and E is the potential provided by the
voltage transformer. The ratio J(E is therefore
the admittance represented by the Bridge dial
readings at balance. The value of the Unknown
impedance is obtained (using equation 1) by
multiplying the admittance read off the Bridge by
R* and translating mhos as ohms. By making R*
a suitable multiple of 10, the system becomes
direct-reading.

It was assumed above that the value of the
series resistors of the T-network was so high com-
pared with the Unknown impedance that their
shunting effect could be ignored. The balance
equation is:

RYZy + 2R=1/(Gb+jwCb)

where Gp and Cp are the conductance and the
capacitance values read from the Bridge dials
The approximations made in the derivation of
equation (1) are based on the assumption that
|RY2Z,| is much greater than 2R. This approxi-
mation is valid provided that the first decades are
not used,

CIRCUIT DESCRIPTION

A circuit diagram is provided al the end of this
Handbook., Four pairs of equal-value resistors
form the swiiched series elements of a T-network.
For most measurements the Blue and White plugs
are effectively connected in parallel, The shunt
arm of the network is then completed when the
Unknown is connected between their inners and
Meutral.

The series resistance of each arm is, for the four
ranges, 4/10%, 4/10% +/10% and +/107 ohms. The
resistors in the Adaptor have slightly lower values

to allow for the resistance of connecting leads and
the Bridge transformer windings. The capacitors
correct the small phase-shift introduced by the
leakage induclance of these transformers.

As stated in the Introduction, the function of
the Adaptor is to reverse the method of measure-
ment as compared with the Bridge. Thus the
Blue plug of the Adaptor, although associated
with the £ plug of the Bridge, serves to feed a
constant current to the Unknown, Similarly the
White plug of the Adaptor feeds back a voltage
to the Bridge.

MAINTENANCE AND SERVICE

A circuit diagram of the Adaptor is provided at the back of this Handbook. The Bridge itself may be used
to check the values of the Adaptor components. The switch and all plugs and sockets must be maintained

in good order.
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PARALLEL TO SERIES CONVERSION

Impedance is defined by Ohm's Law as Z=§E/[
the ratioc of a voltage to a current. If the im-
pedance is complex, the voltage-to-current ratio
also must be complex and E or [ must have two

where [, is in phase with £ and [, in quadrature.
If the eurrent is chosen as a reference, the voltage
must have the form E,4 JE,, where E, is in phase
with [ and E, in quadrature. There are, therefore,

components.

If the voltage is chosen as a refer-

ence, the current must have the form [ 4l

two distinct but equivalent ways of representing

a given complex impedance.

SERIES CIRCUIT

Q =

!
Ry = R+ @)
"
X7+ @)

PARALLEL CIRCLIT

g_-xﬁ.—-«_,n;:ﬁ—n

R,

"X
R=R(1+Q")

X,= X(i}

wHEN () =7

-

X9

A=

R-QR,
X=X,

WHEMGﬂH:

R~ R,

X, = G,

R,=R

-
s

X
X, =28
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Part 3 - Autobalance Adaptor AA22I

INTRODUCTION

Auwtobalance Adaptor AA221 enables the Universal Bridge B22{, and Low Impe-
dance Adaptor 0220, to be aperated without any manwal balancing procedures.
By suitable choice of Bridge Range, the full value of the Unknown can be dis-
played on the two melers or—with the Bridge decader set-up for the firsi two
digits of a reading—ithe meters complete a four-figure read-out. In either case
the B221 vernler controls are set to 0 and a continuous balance iz maintained
electronically.

Quiputs are avallable, at a rear sub-panel, for operating recorders, pass/reject
mechanizsms, alarm systems, remoie melers, control circuits or digital velimeters
with their assoclated print-oui factlities. Thus the B221]AA22] combination is ideal
Jor continuous measurement of changing impedanceladmittance values, such as the
determination of tewperature coefficients, and the rapid batching of components on
production lines or in Good Tawards depariments,

The Adaptor includes a source and detecior operating at 1592 c/s and the tran-
sistor circuils used are powered from an internal battery. Thus the Bridge and
Adaptor can be used even when a.c. supplies are not available. When operation
Srom 110 or 200-250V a.c. iv desired, Power Supply Unir PSI109, which iy available
as an optional extra, can be substituted in place of the battery.

All the advaniages associated with the Bridge ave retained. For instance, long
mearwrement leads can be wsed and compoenents can be measured whilst sill con-
nected in a circwit. The ancillaries available for the Bridge—Low Impedance Adaptor
@220 and the various conduciivity and permittiviiy celfs—can be employed whilse
the AA22] isr in wse,

The accuracy and diserinination available from B22] and Q221 are fully main-
tained in all respects when the Auiobalance Adaptor is employed. The basic (x/)
measurement ranges are unaffected but the extension provided by the *C 01" switch
ir not available whife the AA221 is in use. The Adaptor iv housed in a case of the
same size and siyle as thar af the Bridge iself.




Measurement Ranges
Accuracy, Discrimination

Source Frequency

Meter Display

G and C Outputs

Power Requirement

Dimensions

Weight (including battery)

SPECIFICATION

See Bridge Specification (Page 10) and
Low Impedance Adaptor Specification (Page 28).

1592 ¢fs (w=10*)+1%.

Simultaneous readings of conductance/resistance and
capacitance/inductance. Linear mirrored scales, 4} in.

Yoltmeter: 0 - 100mV (output impedance 200k0, balanced),
Record:  100pA (- 1002 affects meters by < 1%).

Internal 9-valt battery type PP or equivalent. Power Supply
Unit PS108 (optional extra) can be substituted in place of
the battery. Operates from 110 or 200 — 250V, 40 - 60c/s.

Width: 17 in. (43 cm.),
Height 11in. (29 em.).
Depth: 74 in. (19 cm.).

1941b. (87 kg).




OPERATING INSTRUCTIONS - AA221 WITH B221 ONLY

Nore: Certain Bridges must be modified slightly
before they are used with the Autobalance Ad-
aptor. The instruments affected, and details of
the modification, are shown in smaller type on
page 13,

SETTING UFP

1 Disconnect the Universal Bridge B22]1 from
the a.c. power supply.

2  Use the jack leads supplied to connect the
Adaptor AA221 to the source and detector
sockets on the back of the B221 Bridge.
Turn the Range switch of the Bridge to
position 7 and set all switched decades and
both vernier controls to zero,

3 Switch the Adaptor to Volts. If the meter
deflection lies on the coloured sector of the
scale, the battery condition is satisfactory.

4 Set the +/— switches for G and C on the
Bridge to the position required for measure-
ment. Set the G switch on the Adaptor to
the opposite sign to that of the Bridge and
the C switch on the Adaptor to the same
sign as that of the Bridge. Switch the Adaptor
to “On®.

5 Link together the two neutrals of the Bridge
measurement leads but leave the “inners"
apen cireuit. Adjust the Trim G and Trim C
Bridge controls for zero reading on the
corresponding Adaplor meters,

& Switch in one minor decade step of G (on
Range 7 this will represent a reading of 1
mimho). Adjust ‘Cal Fs.d' to give full-
scale deflection on the G meter and adjust
‘Cal Zero' to give zero deflection on the C
meter,

7 Switch out the minor decade step, and re-
turn the G +/— switch on the Adaptor to the
setting corresponding with that of the Bridge.

Since the adjustments described in step 6 are not
completely free from interaction, some repetition
may be necessary if a large alteration is made to
either control.

MEASUREMENT PROCEDURE

1 When the trimming and calibration checks

{above) are completed, connect the Bridge
measurement leads to the Unknown,

2 If, on range 7, neither meter reads more than
10% of full-scale deflection, progressively re-
duce the Range switch setting until such de-
flection is obtained. The meter reading(s) will
give a pood indication of the value of the
Unknown but greater reading accuracy can
be obtained by transferring the first digit of
the reading to the second switched decade
and reducing the Range swiich setting by 1.
Even greater accuracy is obtained by trans-
ferring the first and second digits of the
original meter reading to the first and second
switched decades, respectively, and turning
the Range switch down by 2.

3 Should the meter showing the minor term
of the Unknown read more than 10% when
the Bridge range has been reduced by |
from the original setting, the first digit of
the minor reading must be transferred to
the appropriate second switched decade be-
fore the Range switch setting is reduced
further,

4 If the meter deflection exceeds full-scale on
Range 7, the first and second decades must
be adjusted as necessary, on this range, to
bring the meter deflection(s) on scale,

5 The first two figures of the value of the Un-
known are given by the switched Bridge
decades and the third and fourth figures by
the corresponding meter readings from the
Adaptor. The Adaptor +/— (G and C)
switches must be sel to positions corres-
ponding with thosze of the Bridge. If set to
opposite positions the meter readings would
have to be subtracted from (rather than
added to) the decade settings.

6 If it is desired to measure variations in

either sense about a particular value, the
vernier control(s) can be used to off-set the
meter reading(s) to any desired extent. The
vernier controls must be returned to zero
when absolute measurements are to be made.

IMPORTANMNT

Unless the Bridge controls are so adjusted that
both meter readings lie on-scale, neither reading
can be regarded as reliable,
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AA228{B22] Operaiing Fustrnciions

MEASUREMENT CONDITIONS

Approximate values of the voltape appearing
across the Unknown at balance, when the
Bridge is operated with the Autobalance Adaptor,
are as follows:

Range Yolts (r.m.s5.)

| 25 (420 per cent)
2 and 3 25 5

4 and 5 250mv -

6 and 7 25mV i

The following resistive loading produces less
than 1%, change in the reading of fs.d.

Range | |00k LY

n o 43 IkQ | Between inner and braid
. 4,5 100 | of ‘source’ (E) lead.

. 67 0IQ

Range 1,2 250k02

w 3,4 25kQ | Between inner and braid
5.6 250} [ of ‘detector’ (I} lead.

L]

PO 0250

Capacitive loading between inner and braid
of the E lead causes a frequency change in the
oscillator.  With either meter at full-scale de-
flection, the effect will cause the other meter
to read not more than 1 per cent of f.s.d. for the
following loadings:

Range 1 200pF
= 0-02pF
w &5 2uF
wo 08,7 20pF

Capacilive loading between inner and braid
of the I' lead changes the effective input impe-
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dance of the detector, causing a phase shift in
the feedback current. With either meter at full-
scale deflection, the effect will cause the other
meter to read not more than 1 per cent of f.s.d,
for the following loadings:

Range 1, 2 500pF
. Bgh 0-05uF
A i 5uF
w 7 S0uF

Note: The effect of shunt loading can be mini-
mised by making the fs.d. and zero adjustments
with such loading applied. This may not be
possible with 3-terminal in-situ measurements
but, if necessary. such loading could be meas-
ured separately and simulated for the trimming
aperations,

MONITORING OUTPUTS

A three-position switch on the rear sub-panel
can be set lor the following conditions:

1 NORMAL

G and C jack sockets disconnected from
internal circuits.

2 VOLTMETER

G oand C jack sockets provide 0 - 100 mY,
Output impedance 200k0, balanced, Neither
lead of this output showld be grounded.
Mormally the fsd. and zero adjustments
will be made with the external voltmeter(s)
connected. When agreement must be ob-
tained between the internal and external
meters, the pre-set controls (RYS5, RV6) can
be adjusted. The procedure is described on
page 47.

3 RECORD

G and C sockets provide 100pA. Recorders
of resistance 10 ohms or less affect meter
reading by less than | per cent. As with
“Voltmeter', fs.d. and zero adjustments will
normally be made to suit the external recorder.

The G and C meters of the Adaptor remain
operative on all three switch positions.




OPERATING INSTRUCTIONS - AA221 WITH B221 & Q221

Setting-up, and the measurement procedure, are
essentially a combination of the nstructions
given for the AA22] (with B221) and those for
the Q221, with the proviso that the Low Impe-
dance Adaptor should be on the 0- 1008
range (as shown on the Q221 range plate) when
the AA221 15 first switched on. This procedurs
ensures that the load imposed by Q221 is ini-
tially at & minimum (maximum resislance) and
enables the oscillations of the AAZZ] source
to build up and stabilise in the shortest time
(approx. 30 seconds). For ease of reference, the
appropriate sequence of setting-up operations is
repeated here in full

SETTING UP

1 Disconnect the Universal Bridge B221 from
the a.c. power supply.

2 Use the jack leads supplied to connect the
Adaptor AA221 to the source and detector
sockets on the back of the B221 Bridge.
Turn the Range switch of the Bridge to
position 3 and set all switched decades and
both vernier controls to zero.

3 Remove the measurement cables from the
Bridge and connect them to the sockets
provided on the Low Impedance Adaptor.

4 Connect the two cables from the Adaptor
to the corresponding sockets on the Bridge.

5 Turn the Low Impedance Adaptor to the
0-100L2 range (as shown on the Q221 range
plate) and connect the two leads from the
“hlue’ socket to either side of the impedance
to be measured.

6 Connect the neutral (green) lead from the
‘white’ cable between the Unknown and the
neutral clip from the ‘blue’ cable,

7 Clip the ‘inner’ (red) lead from the ‘white’
cable on to the neutral clip of thiz same
cable. This provides the necessary condition
of only a single-point contact between one
side of the Unknown and the detector for
the initial trimming adjustment.

£ Switch the AA22] to *Volts'. If the meter
deflection lies on the coloured sector of the
scale, the battery condition is satisfactory.

S  Set the 4 /— switches on the Bridge and on
the Adaptor as follows:

both at 1 for R and L,

G at | and C at —1 for B and C,

either or bath (G and C) at —1 for mutual
or transfer impedance.

Switch the AA221 Adaptor to *On’ and wait
one minute for the oscillator to stabilise.

10 Turn the Low Impedance Adaptor to the
desired range and adjust the Trim G and
Trim C Bridge controls for zero reading on
the corresponding Adaptor meters,

11 Turn the Adaptor G switch to the opposiie
polarity to that of the Bridge G switch.

12 Switch in one minor decade step of G {on
Range 3 this will represent a Bridge dial
reading of 0-1 pmho). Adjust ‘Cal Fis.d. to
give full-scale deflection on the G meter and
adjust ‘Cal. Fero’ to give zero deflection on
the C meter.

13 Switch out the minor decade step, and re-
turn the G +/— switch on the Adaptor to
the setting corresponding with that of the

Bridge.

Since the adjustments described in step 12 are
not completely free from interaction, some re-
petition may be necessary if a large alteration
is made to either control.

MEASUREMENT PROCEDURE

1 Check the trimming adjustment as described
in the previous section (*Setting Up”). Trans-
fer the red lead from the ‘white’ cable to the
other side of the Unknown. [This operation
is identical to that described in detail on
page 29, step 8, and the correct measure-
ment connections are shown in the right-hand
illustration of Fig. 21].

2 Adjust the second switched decades of the
Bridge to obtain on-scale deflections on both
meters. The first switched decades should not
be employed if the measured value is to be
derived from the simplified expressions shown
for each of the four ranges on the Low Impe-
dance Adaptor. The Bridge must remain on
Range 3.

3 The equivalent series components of the Un-
known are derived as stated on page 30, except
that the meter readings replace those of the
vernier controls.
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AA22N/B221/Q221 Operariag Instractions

MEASUREMENT CONDITIONS

The absolute value of alternating current pass-
ing through the Unknown cannot be specified
accurately: the Bridge measurements are ob-
tained by comparison. The values given are,
therefore, approximate.

SPECIALISED

The specialised measurement techniques des-

cribed for the B221 and the Q221 apply when

the Autobalance Adaplor is in use provided

that the following points of difference are barne

in mind.

1 The two wvernier controls of B221 are re-
placed by the correspending AA221 meters.

2 The source of AAZ2I, set at 1592 efs, oper-

Adaptor Range R.M.5, Current through Unknown

(as on Q22| plate) (B221 /@221 with AAZZI)
0—I10 15
0—In B
01061 25
0 —1005 o0&

MEASUREMENTS

ates at a slightly lower level than that of
B221.

3 Provided only that the appropriate Range
has been selected on B221 (and Q221 when
in use), and the Bridge decades (when re-
quired) set to provide on-scale deflections on
both meters, the Bridge balance is maintained
electronically.

POWER SUPPLY UNIT PSI09

Power Supply Unit PS109 can be fitted into the
AA22] in place of the battery holder, providing
for operation from ac. supplies of 110V or
200-250¥, 50-60¢/s. The Unit produces a stabil-
iscd d.c. output of 9 volts. Before connecting the
PS109 to the a.c. supply, check that the primary
taps on T1 are connected as follows:

230-volt zupply
2-3 linked {no other connection)
1 live
4 neutral

FI0-valt supply
1-3 linked, to live
2-4 linked, to neutral

In addition to the two line connections, as
above, the green wire of the power cable must
be connected to a ground terminal. The fuse
(F81) should be 25mA for 110-volt operation or
10mA for 230-volt operation,

One lead to the primary is switched by the
OfVolts/On control. A bridge rectifier is ener-
gised from the secondary of Tl and a capaci-

tance-input R-C smooth-
ing eircuit is employed
1 (5ee Fig. 26). The emit-

ter of ¥T4 is held at a
i reference  potential by
Bt zener diode MRI1. Any
variation in the h.t. line

l; LY

potential causes a cor-
hen c3 responding change in the

e potential of VT4 base
e (the meanoperating point
Tk being established by
- adjustment of the pre-
Fan set control RV1), The
- 2 change is amplified by

¥T4 and VT3 and ap-

plied, via the emitter foll-

*5 ower VT2, to the basc
of the series regulator
transistor VT1. The net

FOR 230V OPERATION COMMECT 2 TO S oM TI. FSI I0m 4. effect of the circuit is to

L E H FOR 11V CPERATION CONMECT | TOIAND 27O 4, FSI:Z5e A, m{nimis.ﬂ ﬂ]'l}fﬂumlatiﬂﬂs

Fig. 26. PS109 Cireuit Diagram

in the h.t. potential.




PRINCIPLE OF OPERATION

A block diagram of the Autobalance Adaptor
and its eonnections with the B221 Bridge are
shown below. The Source oscillator circuit in-
cludes a thermistor bridge to provide an ampli-
tude-stabilised signal at 1592c/s (w=10%, The
signal is applied to the primary of the B221
voltage transformer, and to the two phase-
sensitive detectors (PSDs).

Any unbalance in the B221 Bridge circuit will
result in a current flowing in the secondary of
the current transformer. Megative feedback

from the amplifier produces a current in oppo-
sition to this, so reducing the net core fAux
effectively to zero.

The voltage developed across the feed-back
resistor (Ry) is applied to two phase-sensitive
detectors, one of which is preceded by a 907
phase-shifting circuit. The detectors resolve the
voltage into two components, proportional to
the in-phase and quadrature terms, respectively,
of the Unknown. The two values are indicated
on the G and C meters.

1592 e |
SOURCE

Fig. 27. AA22I Block Diagram

CIRCUIT DESCRIPTION

A circuit diagram of the Aulobalance Adaptor
is provided at the back of this handbook.

SOURCE

Transistors ¥T1, VT2 and VT3 are employed in a
positive feedback amplifier oscillating at 1592 ¢fs.
The amplifying stage VT1 is coupled directly
to the emitter-follower circuit of VT2, which pro-
vides the drive for the output stage (VT3). Trans-
former T1 and capacitor C5 are the components
determining the frequency of oscillation. The
amplitude of oscillation is stabilised by the
bridge circuit consisting of the centre-tapped
winding (6-7-8) on TI, thermistor TH] and re-
sistor B8, these components automatically con-
trolling the amount of positive feedback to
minimise any changes in the output level

Meon N1, fed from a multi-turn winding on
the tuned transformer, serves as the visual re-
minder when the instrument is switched *On’.
The source output is taken from a tapping on
the transformer to the ‘Voltage' jack socket
Reference signals for the two phase-sensitive
detectors are taken from the balanced winding
(6-7-8) on TIL.

AMPLIFIER

Input to the high-gain tuned amplifying stage
%¥T4 iz derived from the secondary of the B221
current transformer. Components C% and L3
form the tuned circuit: LY is connected to pro-
vide a voltage step-up and phase reversal. To
ensure that performance of the tuned circuit is
not impaired by heavy loading, an emitter-
follower stage (VT5) is introduced before the
next amplifying stage, VT6. Diodes MRI1 and
MR2 limit the extent of any overloading, which
might otherwise introduce phase-shifts giving
false on-scale readings. To simplify the pro-
vision of direct coupling, the transistor employed
for the amplifying stage VT6 is of the NPN

type.

Detector amplifier VT7 serves a dual purpose.
Feedback is produced at the emitter and is taken
from this point (by CI12) to the feedback net-
work, But the emitter circuit resistance can be
altered so that a second output, taken from VT7
collector, can be adjusted. This second output is
applied to the emitter-follower VT8 whose func-
tion is to provide a low output impedance for
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AA22T Cirenir Deseviption

feeding the phase-sensitive detector (VT9, VT10)
and the phase-shifting circuits associated with
VTIL

FEEDBACK NETWORK

This part of the circuit, represented by Ry in the
Block Diagram, actually comprises:

a 100:1 potential divider (R30 and R29);
a fixed phase shift introduced by C17;
a variable phase shift (RV3/R31 with C16);

compensation for ambient temperature
variations (TH2/R28); and

the feedback resistor R27.

Feedback (from R2T and C16) is applied to
the first stage (VT4) of the amplifier. Also, the
flux in the core of the B221 current transformer
15 maintained virtually at zero by the opposing
current fed back from the amplifier. Since the
current transformer secondary is closely coupled
to the primary, the effect is the same as that
of providing a balancing current in a primary
winding,

The purpose of the 100:1 potential divider is
simply to increase the effective value of the feed-
back resistor (R27) from 39k to 3-9MLQ with-
out the need for using high-value resistors with
their associated shunt capacity difficulties.

Phase shift is required for Set Zero purposes
to offset the phase-shift occurring in the overall
Bridge circuits (including the primary-to-second-
ary characteristics of the B221 wvoltage and
current transformers). The set phase-shift of
approximately 10° introduced on the main feed-
back linc by CI17 cnables the control provided
by RV3I/CI6 to become effective in either sense
about zero.

Variations in the ambient temperature could
(by affecting TH1) cause small changes in the
amplitude of the source signal. The effect of
these is nullified by thermistor TH2, which pro-
duces a compensating change in the amplifier
sensitivity.

PHASE-SENSITIVE DETECTOR (G)

The in-phase component of the feedback, whose
magnitude is determined by the value of the G
term of the Unknown, is selectzd by the circuit
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associaled with VT9 and VT10. Gating signals
for these transistors are provided by winding
G-7-8 on T1 of the source circuit. The unidirec-
tional output is applied, via sign-reversing and
other switching arrangements, to the G meter.

0 CIRCUIT

An output from VT8 is applied to the network
associated with VTI11. Components R32 and
C19, with VT11, form the essentials of an op-
erational amplifier producing a phase shift
approaching 90°, The small additional phase-
shift is produced by components RV4 and CI8
préceding the operational amplifier. Thus the out-
put from VTI1 is proportional to the feedback
but is in quadrature with it. Emitter-follower
VT12 provides a low-impedance output for
driving the phasc-sensitive detector VT13, VT4,

PHASE-SENSITIVE DETECTOR (C)

Operation of this detector is similar to that of
the "G’ detector but, since its input has been
shifted in phase by 90°, it responds to the gua-
drature component of the feedback, whose
magnitude is determined by the value of the
C/L term of the Unknown.

YOLTMETER/RECORD OUTPUTS

The unidirectional outputs from the two phase-
sensitive detectors, G and C respectively, are
applied to two identical metering circuits. Each
meter is a [00pA movement and is shunted by
the series combination of a fixed and pre-set
resistor. When the rear-panel switch is set to
MNORMAL, the jacks are isolated from the
Adaptor circuits,

On VOLTMETER the potential developed
across the fixed resistor is available at the jack.
The value of this, normally 100mV at full-scale
deflection on the Adaptor meters, can be varied
by adjustment of the pre-set controls.

On RECORD the internal meter cireuit is
interrupted by the jack., The external recorder
should have a resistance of less than 10 ohms
if the Adaptor meter readings are to be affected

by less than 1% fsd

—




MAINTENANCE AND SERVICE

SOURCE

The output can be checked at the voltage (E)
jack socket JKI1. The frequency should be
1592¢fz +1%. If outside this tolerance, adjust
the core of transformer T1. The amplitude should
be TOV peak-to-peak -£20%. If low, the fault
should be localised by checking voltages against
the typical values provided on this page.

AMPLIFIER/DETECTOR

1 Disconnect the negative terminal of Cl12
from VT7.

2  Adjust an audio oscillator to provide an
output of 10mV r.s at 1592¢fs.  Apply
this, using a 3-9-ML} resistor in series with
the tip connection, 1o the Detector jack, JK2,

3 Connect an a.c. valve voltmeter between
chassis and Cld —ve (VT8 emitter).

4  Set ‘Cal.F.sd.” fully clockwise and, using a
trimming tool, adjust L3 for maximum read-
ing on the voltmeter. This should be at least
20mY r.m.s. If less than this, the fault should
be localised by checking voltages apainst the
typical values provided on this page.

5 Replace the connection between CI2 —ve
and VTT.

The following procedure is particularly relevant
if difficulty has been expericnced in making the
calibration adjustments for *F.s.d.” and “Zero’
{step 6 on page 41).

6 Make the appropriate ‘Source’ and ‘Detector’
connections between the AA2Z] and a B221
Bridge (disconnected from the a.c. supply).
Set all the Bridge decade and wvernier con-
trols at zero, and turn the Range swilch to
position 7,

7 Set the +/— switches for G and C, on
Bridge and Adaptor, to *1* ().

8 Adjust Trim C and Trim G on the Bridge
for zero readings on the corresponding
meters of the Adaptor.

8 On the Adaptor only, set the C switch to
—1. Switeh in 1 minor decade of C on the

Bridge.

10 Set ‘Cal. Zero' fully clockwise and adjust
“Cal.F.s.d." for Tull-scale deflection on the C
meter.

11 Using a trimming tool, adjust the core of L3

to obtain a reading of 4 minor divisions on
the G meter.

12 On the Adaptor only, set the G switch to
*—' and adjust ‘Cal. Zero' for zero reading
on the G meter.

13 Re-set the minor decade C switch at zero
and check that the Bridge remains balanced.

14 Switch in 1 minor decade of G on the
Bridge.

15 Adjust the pre-set potentiometer RV2 (in
AA221Y) For full-scale deflection on the G
meter, and RVY4 for zero reading on the C
meter,

Note: It is important to check that the Bridge
remains trimmed during the above adjustments,

VOLTMETER OQUTPUT

Zero the Bridge in the normal manner and obtain
full-scale deflection on the C meter by switching-in
one minor C decade and setting the C switches on
Bridge and Adaptor to opposite signs. Connect a
d.c. Valve Voltmeter to the C output jack (JK3)
and switch to “Voltmeter'. Adjust RVS for full-

scale deflection (100mV) on the voltmeter.

A similar procedure should be carried out for
setting-up RV6 on the G circuit, taking the output
from JK4.

Typical Yoltages (D.C.)

Figures quoted are a guide and variations of 4+20% arc
normal. Avometer model 8 (+ve 1o chassis).

Transistor Base Emitter Collector
YTl 1-8 I-¥ 35
Lar) 35 35 8
VT3 oTe 066 B
VT4 2 13 8
VTS ] &7 8
Y¥TE &7 &6 2
Lar 22 -3 55
VTE 55 55 8
Y19 035 - -
YTI0 035 - -
VTl I | 4
VTIZ 4 41 8
¥TI3 35 -

VT4 035 - -
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B221 COMPONENTS LIST

Ref. Value F:::;E Ref. Value Type
R1-R4 Mot used CI1-C5 Mot used
RS 56 k(2 10 Ch 400 ppF Trimmer
Ré 470 kid 410 c7 5000 puF 41 per cent
R7 Mot used Ca 0-01 pF 30
RE 11 k) 10 L] B pF 350V
Rg 10 k£ Twe in 410 clo 001 pF 380V
R 10 k&2 | parallel 410 cil 440 ppF Wariable
RID 15 kil 410 i 0001 pF -+0, —I per cent
RII 100 kef2 +10 cCl3 3=—30 ppF Trimmer
RI2 10 kA2 + 10 Cl4 0-01 pF +0, —| per cenc
k13 100 k2 +10 cCis 21 puF =+ 10 per cent
R4 3k +10 Clé 3—30 ppF Trimmer
RIS lag ki & 0:05* cI7 100 ppF ‘Wariable
Rl& 10 k£ £ 0-05*% clg 33 puF =+ |0 per cent
RI7 B0 kL2 +I cle I uF Fio R
Ri8 I MO £1 c20 5000 uyF =1 per cent
RIF I kD +10 <l 001 uF 350V
R20 100 k2 £10 en 5000 ppf 4| per cent
R2I I kY + 10 13 0001 pF ELTIRY
R2IZ2 -2 M0 + 10 Cl4 BuF LR
R23 A7 kL2 410 C15-C33 Mat uged
R24=R3| Mot used C34 0001 pF
R32 21 My +210 Ci5 0-001 pF
R313 1 ML} 410 C36 05 —5 puF Trimmer
R34 I M2 L c37 See page 26
R3S I M2 + 10 Cie 0-8 —5 ppF Trimmer
R3& I M} +10 c39 I pF 50V
RY1 B0 ki) Linear TI Voleage Transformer Type R.T. 3.8
RV 10 kL) Lin. to 5 por cent T2 Current Transformer Type R.T. 4.8
RY3 25 k3 Linear T2 Mains Transformer
RV4 | Mg Log Pri: ©-100/125 and 200/250Y
RYS 50 kL2 Linear Sec: 210-0-210 ¥, 40 mA
Fsi 500 mA &3V, 1175 A
&3V, 10A
* Adjusted in circuit
§Measurement Cable (2 per inst.) D 0065
fLow Capacity Clip leads LCC3 DI0&42
Power Cable Assembly (CT530 anly) D054z
Lid Assemnbly {CT530 enly) Di0544
Bridge Cased Assernbly (CT530 only) D057

§5pecily BMNC (bayonet) or Miniature Pye (threaded) connectors.
FLCC3 is fiteed with BMC connectors.
LCC2 is flered wich Min. Pye connectors,
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AA22]

COMPONENTS LIST

Ref, Value Type
Ri 11 kL2 + 10% Erie 16
R 68 ki +10% Erie 16
R3 10 k2 + 1095 Erle 16
R4 3149 kil +10% Erie |6
RS 319 kD) 4 10% Erle 16
RS 143 kLD + 0% Erie |4
R7 a0 & 108 Erle |6
RE 560 £+ 0% Erie &
RS 7 k) + 0% Erie 1&
RID 33 kD =+ 0% Erig |6
CAl 68 k) + 0% Erie 16
RIZ 2-7 k2 + 0% Erie |4
RI13 1-2 k2 + 10%; Erie 14
R4 15 k2 4 10%; Eriz 18
RIS i) +10%, Erie |&
Rl& 27 kL) o 10% Erie 16
RI7 I8 k2 + 0%, Erie 16
RI18 &8 kD) =% Palncon 72
RI9 I kg2 =+ 10%, Erie 16
R20 22k -+ 108 Erie &
R21 | ki} =+ 0%, Erig 16
R 2.2 k03 £3% Palnean 72
R13 4-7 kil =+ 105 Erie 1&
R24 4-7 ki =+ 0% Erie |6
R25 22 k02 +2% Painton 72
R24 56 03 =+ 0% Erie RMA 16,
Margan 5.
R27F 39 kD2 +2% Painten 72
R28 56 (1 +10% Erie 16
R29 100 £ £10% Erie 16
R30 10 kf2 +10%; Erie 1&
R3I 47 ki +10% Erie 1&
R32 10 k2 +10% Erie 16
K33 B2k +10% Erie 1&
R34 12 k(2 +10% Erie 16
R35 1-2 k2 +10% Erie 16
R3& B2 kil +10% Erie 16
R37 IR0 +10% Erie 1&
L 1 kQ) +10% Eriz 1&
R3% 21k +2% Painton 72
G2 47 ki £10% Erie 16
R4l 47 ki +10% Eria |&
R4z =2k +2% Painton 72
R43 100 kfz 2% Painton 72
R44 22 ki) +2% Electrosil C-07
RAS Mot used
[[E7 Mot usad
R47 12 kid +2% Electrosil 07
P48 Mot used
R49 Mot used
RS0 47 kit +10% Erie 16
RE51 A7 ki} +10% Eria |6
R5Z 12 k2 +10% Erie &
LA I kf2 Linear Flessey E
kW2 | k2 Flassay MF
RY3 | k2 Linear Plessey E
LATE I k2 Plessey MFP
Y5 0 k2 Painten
Flatpor 316508
RVE 20 k2 Painton
Flacpot 316508

Ref. Value Type
Cl 160 uF Elec. Mullard C426 CE/B1&0
ci Mat uzed
ci B4 uF Elee, | Mullard C426 CE[D6d
C4 160 uF Elec. Mullard C426 CE[B1ED
C5 0| pF +1% | Salford FF (Polystyrene)
Cé &4 pF Elac, Mullard C426 CE[D&4
c7 160 uF Elec. Mullard C426 CE/D160
B 01 yuF +1% | salford PF
Cce 160 uF Elez. Mullard C426 CE /D160
clg &4 pF Elec. Mullard C426 CE(Dé&4
Cll 15 pF Mullard C426 CE/FI5
ciz |6 pF Mullard C4216 AE[DI6
Cl3 160 pF Elec. Mullard C426 CE/DIGD
Cl4 160 uF Elec. Mullard C426 CE[DIED
CI5 2500 pF Elec. Hunt MEF 106T
Clé 250 pF 4+2% | Lemco ISIOE
|7 01 F Mullard CIE0 AAFI00K
cla 001 pF Mullard C280 AA[FIOK
cl9 001 uF Mullard C2E0 AA[P|OK
C20 160 pF Elac. Mullard C426 CE/DISD
cii 100 uF Mullard C426 CE[B100
[ ¥ A4 puF Elec, Mullard C426 CE/D64
C23-C26| Mot used
c7 16 uF v Mullard C426 AE[DIE
C28 0-1 pF Mullard CE0 AAPIIOK
cx é-4 pF Mullard C426 AE[Fé-4

Raf. Dezeription

YT Hullard Transistar OC45

V11 Mullard Traneistor OC45

VT3 Mullard Transistor OCT2

VT4 Brush Transistor OC305/1

VTS Brush Transistor QC305/2

YTé Mullard Transistar OC139

vT7 Brush Transistor OCI05/2

vTE Brush Transistor OC305/2

YT9 STC Tranzistor TK20C

YTID STC Transiszor TK20C

NTHI Brush Transistor OC3056/2

YTI2 Brush Transistor QC305/2

YTI3 STC Transiseor TEIOC

YTI4 STC Transistor TR20C

MRI Mullard Dizde OABI

MR2 Mullard Dieds OABI

M1 Meon Indicator CY2213

THI Ose. Tharmister STC R4

TH2 Amp. Thermistor STC G52

JE3 € Output | Mating Camponent: Bulgin

JK4 G Cutput Jack Plug F38
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UNIVERSAL BRIDGE 8221 # /3979

and

LOW IMPEDANCE ADAPTOR Q2214 17 %

It i. regretted that Instruction Manuals for the

above instruments are temporarily out of stock., The

Manual is being revised to provide a more siraightforward

operating procedure and it will include details of the new

Autobalance Adaptor AAZZ1. The instructions attached to

this sheet are produced as an interim measure only.

Custorners are requested to fill in the appropriate details

on the attached reply-paid card and return this to Vayne

Kerr., One copy of the printed Instruction Manual will

then be despatched, free of charpe, immediately it

becomes available.

The Wayne HKerr Laboratories Lid.,
Coombe Road,

MNew Malden,

Surrey.

Telephone: MALden 2202
Telegraph: Waynkerr, New Malden

.

Wayne Kerr Corporation,
1633, Race Street,
Phiadelphia, 3,
Pennsylvania, U. 5. A,

Teleghone: LOcust 8-6520
Telegraph: Waynkerr, Philadelphia

TR ——— . o




UNIVERSAL BRIDGE
OPERATING INSTRUCTIONS

Power Requirement

Set the voltage selector at the rear of the instrument to the
appropriate tapping for the supply voltage. Connect the power cable to a
suitable plug [green to ground(earth), red to live and black or blue to
neutral]. The instrument will operate from supplies of 100/125V and
200/250V, 40-60 c/s, and consumes approximately 25 watts, The Bridge
is switched 'on' and 'off' by pushing the Supply button on the front panel.

Source
The internal source operates at 1592 e¢fs = 1% (w= 10%).

When it is desired to operate the Bridge at frequencies other than
1592 cls, an external source can be employed. This should be capable of
providing an output of 10 - 30V r.m. s. into an impedance of approximately
20kil. The larger output is required at low frequencies but the input to the
Bridge must never exceed 40V r. m.s. The frequency coverage available
depends on the measurermnent accuracy desired and the following figures
provide a guide to this.

200c/s-10ke( &: ' Better than + 0. 25%
100c/5-200c/s and 10ke/s-15ke/ s: Better than = 0. 5%
50c/5-100c/s and 15kc/ s-20ke/ s: Better than £ 1%

The source output should have a low harmonic content and any d. c. component
must be blocked externally. Wayne Kerr Audio Signal Generator 5121, which
covers l0c/s to 120kc/s, is an ideal instrument for this function. The
external source is connected to the Bridge by means of the jack and socket
provided on the rear panel.

Detector

The internal detector is a two-stage amplifier tuned to 1592 cls. One
magic eye indicator is connected to a point between the two stages and a
second magic eye is connected to the output of the second stage. Each magic
eye has two shadows, of differing sensitivity. Thus, four degrees of sensitivity
are available at any one time and a front-panel control enables the overall
sensitivity to be varied. When the Bridge is balanced, the shadows are ata
maximum (i. e. the eyes are open).




VWhen the Bridge is operated with an external source at irequencies
other than 1592 c/s, an external detector must also be provided. This must
operate satisfactorily from an input falling to 10 - 200V near balance and
should have an input impedance of not less than 100kiz. It is essential to
employ a tuned amplifier, adjusted to the same frequency as the source, as
this minimizes the effect of harmonics masking the point of balance at the
required frequency.

When measurements are made at the lowest frequency (50-200c ls)
the sensitivity required is 1 to 5 microvolts. In general it is preferable to
use a high-gain detector to obtain the required sensitivity, rather than to
increase the source voltage. Wayne Kerr Waveform Analyser A321 (covering
20c/s to 20ke/s) is suitable for use as an external detector above 100c/s.
Connection to the external detector is made with the jack and socket provided
on the rear panel.

Note:

When an external source and detector are in use, the Bridge
should be disconnected from the a. c. power supply.

Certain bridges must be modified slightly before they are
used with an external source and detector, The instruments
affected are all serial numbers from 1293 to 1440 inclusive,
except 1366, 1383 and 1428. Also affected are the following:
1443, 1444, 1445, 1446, 1448, 1456, 1460, 1462, 1463 and 1466. The
modification needed on thege instruments is as follows:

(1) Remove both jacks from the rear panel and expose the wiring.

(2) Strap together the two jack contacts nearest to the rear panel,
i. . two metal braids. Repeat on the other jack.

(3) Re-assemble with the aluminium screens on to the rear panel.

Measurement Cables

The Bridge is supplied with two screened measurement cables, each
terminated in a pair of crocodile clip leads. One cable is associated with
the voltage transformer (E) on the source side of the Bridge: the other cable
is associated with the current transformer (I) on the detector side of the
Bridge circuit. In each case the green lead is connected to the screening
(braid) and these leads are the two Neutral connections., For two or three-
terminal measurements the two Neutral connections must be linked and this
is achieved by clipping the green lead from one cable on to the exposed metal
tube between the two moulded sections at the end of the other cable. The
impedance to be measured would then be connected between the 'inner' of the
E lead and the 'inner' of the I lead.
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Arimming

Turn the Range switch to position 7 (the number appears between the
two magic eyes) and set all six decade controls to zero. Connect the
measurement cables to the E and I sockets and link the two Neutrals together,
leaving the 'inners' open~circuit. Set the G and C switches to 1 and turn the
Sensitivity control to an approximate mid-position. Adjust the Trim G and
Trim C controls for maximum shadows on the magic eyes, finally increasing
the sensitivity to maximum (fully clockwise).

Measurement Procedure

The Bridge will measure any type of impedance, i.e. positive or
negative conductance in combination with capacitance or inductance. For
inductance measurements the C multiplier switch should be set to the =1
position. If the nature of the impedance to be measured is known, the
appropriate multiplier settings and Range switch positions can be selected
and balance readily obtained by adjusting the decade controls for maximum
shadow on the magic eyes. When the nature of the impedance is not known,
the following prodedure provides the most straightforward method for
locating the balance point.

(1) Trim the Bridge as described in the previous section and connect the
unknown impedance to the measurement cables. For two-terminal
measurements, link the two Neutrals by clipping the green lead from one
cable on to the metal tube of the other cable, The Unknown is connected
between the two 'inners'!. For three-terminal measurements the unused
green lead provides the third (Meutral) connection. In the case of four-
terminal measurements the input to the network under test is provided by
the leads from the E calle and the output is connected to the two leads from
the I cahle,

(2)  Reduce the setiing of the Sensitivity control from fully clockwise until
the least sensitive (top left) magic eye shadow just begins to open.

(3)  Rotate the continuously-variable (vernier) G and/or C controls until
the mapgic eyes are scen to open. If this occurs when the controls are
moved only slightly from the 0 setting it indicates that the Bridge Range
switch setting must be reduced from position 7. In this instance the
procedure could be repeated on Range 5 ur 6. If the eyes have not opened
when the vernier control(s) are fully clockwise, additional G or C must be
inserted by operating the appropriate switched decade controls.




(4) When, on any range, a first indication of the value of the unkiaown
impedance has been obtained on the vernier control, the first one or two
digits of this value can be set up on the first and second switched decade
controls and the Range switch setting reduced by two. Re-adjustment of the
vernier control for maximum shadow will then provide the final balance with
four-figure readings of the urknown impedance.

Interpretation of Results

The Bridge measures all types of impedance in terms of the equivalent
parallel components of positive or negative conductance and positive or
negative capacitance. The Range switch operates on G and C simultaneously
and the maximum values on each Range are such that Gpax™ WCrax(oT BEmin
= 1/wCip25 ) On any given range the larger of the two readings (G and C) is
the major term of the unknown impedance and the smaller reading is the minor
term. It will be realised that when the Range switch setting has been
progressively reduced until a four-figure reading is obtained for the major
term, the minor term may show as less than four significant figures. For
most applications this is no limitation since the reduced reading accuracy is
associated with the térm which, in itself, is of less importance. However,
it is possible to obtain a capacitance range 1/10th of normal by setting the C
multiplier switch to the 0. 1 position. Use of this facility provides increased
reading accuracy for the minor term when this is the reactive compohent.

The equivalent series componente of the unknown impedance can be
derived from the Bridge dial readings at balance by using the following
expressions:

R, = 1/[G (1t ) (1)
c, = cp(1+1!a2} (2)
L = 1!{m2cp{1+1mz}] (3)

The value of Q can be calculated directly from the numerical readings

presented by the decade controls without reference to the Range in use, the

units of measurement or the position of the decimal point. () is always equal

to the ratio of the numerical reading on the C decades to that on the G decades.
For example, if balance is obtained on Range 4 with + 000625uF and 12- 50 pmhos
(where the digits underlined are those presented by the decade controls - first

C decade at zero in this example) then ignoring the decimal point, Q = 0625/1250
= 0* 5. If the C multiplier switch is on 0- 1, the reading on the C decade must be
divided by ten before Q is computed.

Note:
When the Bridge is operated at 1592 cls, mz = IGE. Referring to

equation (1), it can be seen that if Q<<1, Ry = li’GP.. Feferring to equations
(2) and (3), it can be seen that if Q>>1, C = Cp and Lg = 1/ (w?® GP].

Gp and Cp are the Bridge readings of the equivalent parallel components.
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LOW IMPEDANCE ADAFTOCR
OPERATING INSTRUCTIONS

(1) Remove the measurement cables from the Bridge and connect them to
the sockets provided on the Low Impedance Adaptor.

(2) Connect the two leads from the Adaptor to the corresponding sockets
on the Bridge.

(3) Turn the Bridge Range switch to position 3. The Bridge must always
be on this Range when the Low Impedance Adaptor is in use.

(4) Turn the Low Impedance Adaptor to the desired Range and connect the
two leads from the 'blue' socket to either side of the impedance to be measured.

(5] Connect the neutral {(green) lead from the 'white' cable between the
unknown impedance and the neutral clip from the 'blue' cable.

(6) Clip the 'inner' lead from the 'white' cable on to the neutral clip of
this same cable. This provides the necessary condition of only a single-
point contact between one side of the Unknown and the detector for the

initial trimming adjustment.

(7)  Set the Bridge decade controls to zero and adjust the Trim G and Trim
C controls for maximum shadow on the magic eyes.

(8) Transfer the 'inner' lead from the 'white' cable to the other side of the
unknown impedance. The points of connection for the two leads from the
'white' cable must be immediately adjacent to the impedance it is desired to
measure. The two connections from the 'blue! cable should lie outside these.

(9) Adjust the second switched decades and vernier controls of the Bridge tu
obtain maximum shadow on the magic eyes, The first switched decades should
not be employed if the measured value is to be derived from the simplified
expressions shown for each of the four ranges on the Low Impedance Adaptor.
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Tuterpretation of Fesults

The equivalent series components of the unknown impedance are
derived from the Bridge dial readings at balance by using the conversion
formulae shown for each of the four ranges on the Low Impedance Adaptor,

Important

The basic measurement principle of the Bridge alone is the
application of accurately-related voltages to the standard and unknown
impedances, with comparison of the two currents passed. The basic
function of the Low Impedance Adaptor is the passage of a reference
current through the unknown impedance and a measurement of the voltage
developed across it. When capacitance is measured on the Low Impedance
Adaptor, the C multiplier switch on the Bridge must be set to -1, Tor
inductance measurements on the Low Impedance Adaptor the switch is set
to 1.






