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SCHEDULE OF PARTS SUPPLIED

The complete equipment comprises the following items:—
1. One Instrument, Type TF 1245, complete with attached mains lead and valves, etc., as under:—

Valves: One: Type OA2, Voitage Stabilizer.
One: Type 85A2 (5651), Voltage Stabilizer.
One: Type 12AU7, Double Triode.
One: Type EAS52, Diode.
Semi-conductors: Four: Typc CS2A, Silicon Diodes.
One: Type C2D, Selenium Rectifier.
Fuses: One: 1-amp, Cartridge, for 190- to 260-volt operation.
or
One: 2-amp, Cartridge, for 95- to 130-volt operation.
One: 150-mA, Cartridge.

Lamp: One: 6-3-volt, 0-15-amp, M.B.C., Pilot Lamp.
2 One Inductor Support Platform, TC 28850; for supporting small test components.
3. One Coaxial Lead, TM 5725, for coupling TF 1245 to either TF 1246 or TF 1247 Oscillators.
4. Two Tie Bars, TB 28691; for bonding TF 1245 to either TF 1246 or TF 1247 Oscillators.
5. Onc Operating and Maintenance Handbook, No. OM 1245.
6. When speciaily ordered: One 1- to 40-kc/s Matching Transformer, Type TM 5728A ; Inductors,

Types TM 1438 (Series) and TM 4947 (Series); One Series Loss Test Jig, Type TJ 230;
One Dielectric Loss Test Jig, Type TJ 155B/1 or TJ 155C/1.

OM 1245 5
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Frequency Range:
Magnification Factor (Q)
RANGES:
Q MULTIPLIER RANGE!:

ACCURACY OF TEST
CIRCUIT Q INDICATION:

DELTA Q RANGE:

Nominal Test Circuit Parameters
1-ke/s TO 50-Mc/s TEST
CIRCUIT:
20- To 300-Mc/s TEST
CIRCUIT:
Tuning Capacitor
(I-kcfs to 50-Mc/s test circuit)

MAIN CAPACITOR:

INCREMENTAL:

Tuning Capacitor
(20- ro 300-Mc]s test circuit)

MAIN CAPACITOR:

INCREMENTAL:

Power Supply:

Dimensions and Weight:

DATA SUMMARY

1 kefs to 300 Mc/s using external oscillators.

5 to 50, 10 to 150, and 60 to 500, with Q multiplier at x 1.

x1to x2.

With the Q multiplier at X 1 and a Q reading of 50, 4-5% up to 100 Mc/s,
rising to 4129 at 200 Mc/s, and +209% at 300 Mc/s. At Q readings
of 150 and 500, measurement accuracy falls by about 1% from the figures

quoted above.

25-0-25.

Injection impedance: resistive, 0-02 ohm. Shunt loss: 12 MQ at 1 Mc/s.

Injection impedance: inductive, 0-1 muH. Shunt loss: 0-3 MQ at
100 Mc/s.

20 to 500 ppF; accuracy, 4 1 ppF 4+ 1%,

5-0-5 ppF with 0-2-ppF increments; accuracy, -+ 0-2 uuF, above 50 upF.

7-5 to 110 puF; accuracy, 4 0-5 upF + 19%.

1-0-1 up.F with 0-05-puF increments; accuracy, + 0-1 puF, above 16 puF.

The h.f. test circuit capacitor can be used in the Lf. test circuit by external
cross-connection.

190 to 260 volts, or 95 to 130 volts after adjusting internal links, 40 to
100 ¢/s. Models supplied ready for 95- to 130-volt use if specified at the
time of ordering.

Height Width Depth Weight
14 in. 174 in. 94 in. 23 1b.
(36 cm) (43 cm) (24 cm) (10:5 kg)

OM 1245
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DATA SUMMARY

ACCESSORIES:
Inductors:
Approx. Approx. Approx.
Tvpe Nominal Muagnifi- Self Frequency
Inductance cation Capacitance Range

TM 1438A 0-2 uH 200 8 ppF 15— 40 Mc/s
TM 1438B 1-0 uH 200 8 upF 8-5- 22 Mcfs
TM™M 1438P 1-5 uH 200 8 ppF 6'5- 18 Mc/s
T™ 1438C 2-5uH 200 8 upF 52— 14 Mc/s
TM 1438D 50 uH 200 8 upF 3-5-9-0 Mc/s
TM 1438E 10 +H 200 8 ppF 2-5-6-5 Mc/s
TM 1438F 25 wH 200 8 ppF 1'6-4-3 Mc/s
T™ 1438G 50 wH 200 8 puF 1-1-2-9 Mc/s
T™M 1438R 75 uH 200 8 upF 0-9-2-4 Mc/s
T™ 1438H 100 +H 200 8 puF 0-8-2-0 Mc/s
T™ 1438Q 200 vH 200 8 upF 0-6-1-5 Mc/s
T™ 14381 250 wH 200 8 puF 0-5-1-3 Mc/s
T™ 1438) 500 uH 160 9 upF 370-970 kc/s
TM™M 1438K 1-0 mH 160 9 uuF 270-680 kcfs
T™ 1438L 2:5mH 150 10 puF 150-410 ke/s
T™M 1438M 5-0 mH 130 10 puF 110-280 kc¢/s
TM 1438N 10 mH 80 11 uuF 80-220 kc/s
TM™M 14380 25 mH 80 1l puF 50-140 kc/s
T™M 4947/1 2:5uH 350 40 upF 20- 30 Mc/s
T™ 4947/2 0-5 uH 350 1-5 ppF 25- 70 Mc/s
T™ 4947/3 0:05 uH 300 1-2 puF 70-230 Mc/s

Dielectric Loss Test Jigs, Types TJ 155B/1 and TJ 155C/1:

RANGE:
Tan 3:

Resistance:

ACCURACY !

THICKNESS OF SPECIMEN
ELECTRODES:

EQUIVALENT SHUNT LOSS
OF JIGS:

0-001 to 0-07, varying with capacitance of specimen.

100 kO to 1 ME2, varying with frequency.

Approx. -+ 5%.
Up to 0-375 in. (9-5 mm).
1-in. diameter; edges bevelled to minimize fringing.

About 10 MQ at 1 Mc/s.

Series Loss Test Jig, Type TJ 230:

MEASUREMENT RANGE:
Capacitance:
Inductance:
Resistance:

ACCURACY:

Capacitance and
Inductance:
Resistance:

OM 1245
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480 puF to 0-25 ¢F.
0-005 wH at 50 Mc/s to 25 mH at 40 kc/s.

0-003 ohm at 50 Mc/s to 1500 ohms at 40 kc;s.

Maximum accuracy of about 4%, when C reading changes 2:1.
Maximum accuracy of about 109 when Q of circuit is halved.



1 INTRODUCTION

1.1 GENERAL

The TF 1245 Q-Meter covers the range 1 ke/s to
300 Mc/s. It allows direct measurement of Q-
factors from 5 to 1,000; inductance of coils can be
readily determined from the test-circuit capacitor
reading by means of an attached conversion chart;
self-capacitance of coils, inductance and power
factor of capacitors, phase angle of resistors,
characteristics of transmission lines, and many
other quantities can be evaluated by indirect
measurements. A delta-Q control facilitates
measurcments on low-loss insulators and simplifies
batch testing.

The Q-indicator and test-circuit section of the
Q-Meter is a separate unit energized by one of two
specially designed external oscillator units, Types
TF 1246 and TF 1247; these have ranges of 40 kc/s
to 50 Mc/s and 20 to 300 Mc/s respectively, and
one or both can be supplied as required. Below
40 kcfs, an Lf. oscillator such as the Marconi
TF 1101 may be used.

Matching units are available to allow the
oscillators to be used as general-purposc signal
sources.

1.2 OPTIONAL ACCESSORIES

The following items are optional accessorics for
use with the Circuit Magnification Meter and are
supplied only if specially ordered.

g

Y
INDUCTOR
™IOYs 1y

Fig. 1.1 1- to 40-kc/s Matching Transformer.

Type TM 5728A.

1.2.1 1 TO 40 kc/s MATCHING
TRANSFORMER, TYPE TM 5728A

This is a 600- to 0-5-ohm matching transformer
for use from 1 to 40 kc/s. It enables a conventional
oscillator to be coupled to the Lf. input of the
Q-Meter so that measurements may be made over
this lower frequency range.

'
WOUCTD, "
Mdyq
o
0-230
h‘—'—w:,.u hn
¢ S ——

Fig. 1.2 Inductors,
Types TM 1438
and TM 4947.
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1.22 INDUCTORS, TYPES TM 1438
(SERIES) AND TM 4947 (SERIES)

A range of 21 inductors, any of which can bc
supplied separately, is available for use with the
Q-Meter. Two basic serics are available:

TM 1438 Scries—for Lf. test circuit; 18 fully-
screened inductors on ceramic formers, fitted with
‘banana’ plug connectors. Values range from
0-2 uH 10 25 mH; each adjusted to within + 3%
-+ 0-05uH of its nominal valuc. They can be
supplied as a complete set, Type TM 4520, in a
polished hardwood case.

TM 4947 Series—for h.f, test circuit; three fully-
screencdinductors fitted with spade-lug conncctors.

The inductors available and details of their
frequency coverage are given in the Data Summary.

1.23 DIELECTRIC LOSS TEST JIGS,
TYPES TJ I55B/1 AND TJ I55C/I

These Jigs are primarily designed for the
measurement of the diclectric loss of flat specimens
of insulating material by the bandwidth-comparison
mcthod. They are also suitable for any measure-
ments where small accurately known changes of

Fig. 1.3 Dielectric and
Series Loss Test Jigs,
Types TJ 155B/1 and TJ 230.

OM 1245
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SECTION }

capacitance are required, e.g., self-capacitance and
r.f. resistance of resistors.

Each unit comprises a precision circular-plate
capacitor to contain the sample under test, and a
linear-law incremental capacitor by which the band-
width is determined; adjustment is by micrometer
head; the ° B/1 > model is calibrated in thousandths
of an inch whereas the © C/I " is in millimetres. Both
arc mounted on a low-loss ccramic base and the
asscmbly is arranged for attachment to the Lf. test-
circuit terminals of the Q-Meter. Each Jig is
supplied in a felt-lined wooden case.

1.2.4 SERIES LOSS TEST JIG, TYPE TJ 230

TJ 230 cnables the measurcment of small values
of R and L and large values of C to be made by
connecting them in series with the test circuit of the
Q-Meter. The unit consists of a printed-circuit base
on which arc mounted sockets, to accept the
TM 1438 scries of inductors, and a pair of low-
inductance series-connection terminals across which
the unknown is connected. The Jig is arranged for
connection to the Lf. test circuit terminals of the
Q-Mecter.




2. OPERATION

2.1 INSTALLATION

The TF 1245 is normally despatched ready for
operation from mains supply voltages anywhere in
the range 190 to 260 volts, but can be adjusted to
suit 95- to 130-volt supplies. Before switching on,
check the mains transformer tappings or adjust to
suit the local supply voltage, as described in
Section 7.2.

22 SETTING UP

To prepare the Q-Meter for operation, carry otit
the following procedure:

() Select the oscillator appropriate to the desired
test frequency (for further details. refer to
Section 2.2.1).

(2) When using either the TF 1246 or the TF 1247,
bond the oscillator and Q-Meter cases by
means of the tie-bars supplied with the Q-

Meter (for further details, refer to Section
2.2.2).

(3) Couple the oscillator output to the appropriate
Q-Meter input as directed below: —
L.F. Oscillator to INPUT I Via MATCHING TRANS-
FORMER TM 5728A.
TF 1246 Oscillator to INPUT 1 via LEAD
TM™M 5725.
TF 1247 Oscillator to INPUT 11 via LEAD
TM™ 5725.
(for further details, refer to Section 2.2.1).

@) If in doubt. make sure that the mains input
circuits on both the Q-Meter and the oscillator
in use are correctly adjusted to suit the
particular supply mains to which the instru-
ments are to be connected.

(5) Check the mechanical zeros of the Q-Meter
meters and adjust if necessary.

(6) Set the oscillator output level control to its
minimum-output position, and the Q-Meter
Q RANGE switch to 500.

(7) Connect both instruments to the supply mains
and switch on; the pilot lamps should now
glow.

(8) If required, mount the plastic Inductor Support
Platform. TC 28850, on the front panel. It is
held by the two captive, knurled-head screws
below the test-circuit panel.

OM 1245
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2.2.1 OSCILLATOR SELECTION

Over the Range 1 to 40 kc/s, any 600-ohm Lf.
oscillator may be used. provided it will give an
output of about 22 volts (0-8 watt). This input level
is that required for the Q-Meter Q MULTIPLIER tO
read at its X 1 mark. The Q MULTIPLIER is calibrated
over the range X099 to X2; therefore, if the
oscillator available is not capable of giving this
output, the input level may be set to a lower datum,
for example X 2. when approximately 11 volts will
be required, and valid measurements can still be
made.

The oscillator must always be connected to
INeUT 1 and via the optional 1- to 40-kc/s MATCHING
TRANSFORMER TM 5728A. The coaxial plug on the
unit is coupled direct to INPUT I, and the oscillator
output to the screw terminals on the unit.

The Marconi Oscillator recommended for this
application is : —

R-C Oscillator, TF 1101.

The following Marcont Oscillators arc also
suitable: —
Beat Frequency Oscillator. TF 195 series®
Video Oscillator, TF 885 seriest
Audio Tester, TF 894 series
¥ Certain versions of the TF 195 series have a 50-0hm
output impedunce and a maximum out put level of
10 volts and, therefore, are not suitable for this
application, All the basic models in the range,
however, are suitable.

T At22-voltsout putlevel, the TF 885 oscillators have
artout put impedance of 1,000 0hms. T heresultant

mismatch is not sufficient to affect the operation of
the Q-Meter.

Over the Range 40 kc/s to 20 Mc/s, use the
Marconi Oscillator TF 1246. It must be connected
to INPUT 1 via the special LEAD TM 5725 supplied
with the Q-Meter.

Over the Range 20 to 50 Mc/s, use either the
TF 1246 or TF 1247 Oscillators as convenient.
Above about 20 Mc/s, measurement errors due to
the magnitude of the Lf. test circuit injection
resistance (0-02 ohm) can tend to become signifi-
cant. If both oscillators are available, and tuning
capacitances exceeding 110 nuF are not envisaged,

it is preferable to use the 20- to 300-Mc/s Oscillator
TF 1247.
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Fig. 2.1
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SECTION 2

The TF 1246 must be connected to INPUT 1 and
the TF 1247 to INpUT 1; both must be coupled via
the special Leap TM 5725 supplicd with the
Q-Meter.

Over the Range 50 10 300 Me/s, use the Marconi
Oscillator TF 1247. Tt must be connccted to
INPUT 11 via the special LEAD TM 5725 supplied with
the Q-Meter.

2.2.2 BONDING THE OSCILLATORS

If the Oscillator and Q-Meter are not bonded
together, a tuned circuit will exist between them.
[t will comprise (i) the capacitance between the
adjacent side plates of the two instruments and
(i) the inductance of the outer screen of the con-
necting LEAD TM 5725. At certain {requencics,
particularly in the range 30 to 70 Mc/s, the resultant
magnetic field sct up can have a very marked effect
on measurcment accuracy due to its interference
with the ficld set-up by the Q-Meter test circuit.

Therefore, to eliminatc these spurious eflects,
the TF 1246 and TF 1247 Oscillators should be
bonded to the Q-Mecter by means of the tie-bars
supplied with the Q-Meter.

The tic-bars arc located at thc top-rear and
bottom-front of the instrument. They pass through
both side plates of the Q-Meter and screw inte two
threaded bushes in the right-hand side plate of the
Oscillator, The bars are held captive to the Q-
Meter by means of rubber grommets which fit into
slots on the bars.

223 INITIAL MEASUREMENTS

On first taking delivery of a TF 1245 Q-Meter it
is good practice, though not cssential, to take a set
of readings of Q and capacitance using the Marconi
Inductors TM 1438 scries and TM 4947 series. The
results obtained can then be tabulated and filed for
future rcfercnce. A sct of data is thercby always
available for comparison purposcs in the event of
re-calibration or other maintenance work being
required.

It should be remembered that these inductors are
intended as test-circuit-resonating inductors for
general measurements and not as high-precision
inductance standards. The conditions existing at
the time of measurement can have some cffect on
the inductance, sclf-capacitance, and Q readings
obtained; for example, change in ambicnt tem-
perature will have some cffect on the ohmic
resistance of the inductor and hence on its Q value.
In general, the long-term measurement repeatability
will be of the order of 4 107 at the lower fre-
quencies, decreasing somewhat at the higher
frequencices.
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2.3 BASIC @-MEASUREMENT
PROCEDURE

The following sections, 2.3.1 to 2.3.5 describe in
general terms the Q-measurement procedure; they
are intended as a guide for thosc not familiar with
Q-Meter techniques and as a reminder for the
expericnced operator.

The user should be fully acquainted with the
information given in the following sections before
proceeding to the detailed measurement and
calculation procedures given in Section 5.

23.1 SETTING ZERO

Before commencing a measurement, it is essential
that the electrical zero of the Q@ AND 3Q meter should
be accurately set by carrying out the procedure
described below. Where the highest order of
measurement accuracy is required, the zero setting
should be checked immediately prior to making
cach mecasurcment.

[t should be remembered that, because a series-
connected voltmeter diode is used, there should
always be a d.c. path between the HI and E terminals
otherwise the Q zERO control will not have any
effect on the meter deflection. This d.c. path is, of
course, usually provided via an inductor connected
to the 11 and Lo terminals.

(1) Short-circuit the 11 and E terminals on the h.f.
test circuit.

(2) Sct the @ RANGE switch to 50.

(3) Adjust the @ zero control to bring the Q AND
3Q meter to the left-hand zero mark.

(4) Sect the @ RANGE switch to 500 and remove the
short-circuit from the HI and E terminals.

2.3.2 MAKING A MEASUREMENT

Having set zero as described above, the general
procedure for making a measurement is as follows:—
(1) Sclect the required test frequency.

(2) Conncct the component under test (sce
Section 2.4).

(3) Adjust the oscillator output level control to
bring the pointer of the Q MULTIPLIER meter to
its > 1 mark. In cases where the parameters of
the component under test are liable to vary
with respect to the applied voltage, a different
level setting may be required; this is dealt with
fully in Scction 2.3.3.

(4 Tunc to resonance—as indicated by maximum
deflection on the Q AND 3Q meter—by mcans
of the tuning capacitor control. If nccessary,
restore the @ MULTIPLIER reading to the x|
mark.

OM 1245
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(5) Adjust the @ RANGE setting, as necessary, Lo
obtain a convenient reading on the Q AND
3Q meter.

(6) Rcad the Q value of the test circuit from the
appropriatc Q@ AND 3Q meler scale; perform
any necessary multiplication as indicated by
the reading of the Q@ MULTIPLIER meler.

Note: Hand capacitance effects will be noticed when
coils of large diameter and high Q value are in
use. While such effects cannor be entirely
eliminated, except by elaborate screening,
comparatively consistent results may  be
obtained by adopting similar procedures in all
measurements.

2.3.3 USE OF THE @ MULTIPLIER
METER

The calibrated @ MULTIPLIER meter, in conjunc-
tion with the output level control, provides a means
of controlling the amplitude of the voltage
developed across the component under test. This
facility, primarily intended for mcasurcments on
components whosc permeability or permittivity
varies with applied voltage, may be utilized in two
ways as described below.

(1) The effect of varying the voltage developed
across a component at resonance can be
investigated; for example, variation of in-
ductor inductance with applied voltage.

The @ axp 3@ meter serves as an indicator of
relative voltage across a component under test at
resonance; the voltage at resonance can be halved,
for instance, by reducing the output lcvel control
until the @ AND 3Q meter reading falls by half. At
cach setting the Q lactor is determined by multiply-
ing the reading on the Q AND 3@ meter by the factor
indicated by the Q MULTIPLIER.

It will be appreciated that if the initial measure-
ment is made with the Q MULTIPLIER at <1, the
applied voltage can only be reduced.

For absolute voltage indication the Q@ AND 8Q
meter reading can be used since the meter reading
corresponds to | volt per 50 Q.

(2) The resonant voltage can be maintained
constant while other parameters are assessed;
for example, the cxtent to which the dissipation
factor of a capacitor varies with frequency can
be observed independently of the effect of
voltage change.

The resonant voltage can be maintained con-
stant by readjusting the output level control at each
successive measuremcnt in order to maintain the
same reading on the Q AND 3Q meter at resonance.

OM 1245
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The Q value is determined by multiplying the read-
ing on the @ AND 8@ meter by the factor indicated by
the @ muLTIPLIER.  Since there will be a different
Q MULTIPLIER meter rcading at cach measurement
it is generally advisable to make the first of a scrics
of measurcments with the Q MULTIPLIER reading at
about mid-range, that is, 1-5.

23.4 USE OF 3@ FACILITY

For some types of measurement, an accurate
knowledge of change in Q as well as absolute Q is
required: an example of this is bandwidth deter-
minations on low-loss components. 1f the change is
small, it is difficult to read the Q difference
accurately on the normal meter scales because of
the inherently low incremental accuracy. To over-
comc this, switching is incorporated within the
instrument so that any portion of the Q rangc above
50 Q can be expanded.

This expanded scale is calibrated from — 25 Q
to --25 Q and is direct-reading when the Q
MULTIPLIER reads at its X1 mark. Readings
obtained from this expanded—3Q—scale are sub-
ject to any multiplication factor indicated by the
Q MULTIPLIER meter.

To make use of the 30 scale:

(1) Rcsonate the test circuit in the normal manner.
(2) Note the Q reading.

(3) Sect the COARSE 3Q zERO switch to the ncarest
position below the indicated @ AND 3Q meter
reading, ignoring any Q MULTIPLIER factor.

(4) Sect the @ RANGE switch to 3@ and adjust the
FINE 3Q ZERO control until the ¢ AND 3Q meter
reads at the centre zero mark on the 5q scale.

(5) Make the required change in the measurement
condition, check resonance where appropriate,
and note the new Q reading.

If the change in Q exceeds the half-scale coverage,
and it is known that the change will always be in the
same direction, it is permissible to adjust the FINE
3Q ZERO so that the Q AND 8Q meter reads at one or
other of its full-scale marks.

An extension of the 8q scale should not be made
by altering the sctting of the COARSE 8Q ZERO control
after the FINE 3Q zeRO has been adjusted.

It is recommended that whenever the opcerator is
making a measurement involving a knowledge of
change in Q, the 8Q facility should be used, where
possible, in order to obtain maximum discrimina-
tion.

13
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235 USE OF 3C FACILITY

In addition to the main tuning capacitor control,
an incremental-capacitor control is fitted to enable
small, accurately known changes of capacitance to
be made. It is calibrated from — 5 to - 5 uuF for
the Lf. test circuit capacitor, and from — 1 to
+ 1 uuF for the h.f. test circuit capacitor. A
slipping clutch mechanism permits rotation of the
incremental dial relative to the main dial so that the
* 0’ can be set to the incremental-dial cursor line at
any position of the main dial. Rotation of the
incremental dial alters the setting of the main dial
so that the main dial is always direct reading:
rotation of the main dial does not affect the
incremental-dial setting.

(1) To alter the tuning capacitance by a known
amount: set the incremental dial to its central.
zero position; adjust the main control to
obtain resonance; then use the incremental
control to advance or retard the capacitance
by the required amount.

(2) To set the tning capacitance to a known value:
sct the incremental dial to its central, zero
position; adjust the main control to bring the
dial to the calibration point which indicates the
capacitance nearest to that required; then
advance or retard the incremental dial to bring
the main dial to the required capacitance.

When measurements are made using an incre-
mental-capacitance method of determining Q, the
condition arises in which the circuit is deliberately
detuncd from resonance with the result that the load
presented to the oscillator will vary slightly. This
may have the effect of pulling the oscillator
frequency slightly. In the great majority of cases,
this slight change of oscillator frequency will not
matter and can be ignored. Where the highest
possible measurement accuracy is required, the
operator may find it desirable to monitor the
frequency and restore it to the value at resonance
il any shift occurs when the test circuit is detuned.
The monitoring can be achicved by coupling a
crystal calibrator very looscly into the test circuit.

24 CONNECTION OF TEST
COMPONENTS

2.4.1 GENERAL

Two test circuits are incorporated in the TF 1245;
the LI. test circuit (right-hand set of terminals) is
used for measurements in the range 1 kc/s to
50 Mcfs; the h.f. test circuit (left-hand set of
terminals) is used for the 20- to 300-Mc/s rangc.

14

When the energizing source is connected to INPUT 1,
use the right-hand (large) set of terminals; when
the energizing source is connected to INPUT 11, use
the left-hand (small) set of terminals. The exception
to this rule is described in Section 2.4.4.

The exact method by which a component is con-
nected to the appropriate test circuit depends (a) on
the type of component, (b) on the type of measure-
ment, and (c) on whether any auxiliary apparatus is
used. In general. an inductor is connected between
Lo and the 1 terminal immediately below, and a
capacitor between E and the HI terminal immediately
below. The individual methods of connecting a
component are specified in the Sections which deal
with the different types of measurement that can be
made with a TF 1245,

The distribution of the residual components of
the various combinations of test circuit is shown in
Figs. 4.9 and 4.10 on page 23.

242 L.F. TEST CIRCUIT

Interconnect the mr 1 and H1 11 terminals by means
of the link provided.

Screw the 1o terminal into either of its threaded

sockets to suit the inductor in use. This terminal is
provided with alternative positions so that both
Marconi-pattern and US-type Inductors may be
uscd. If the inductor is wire ended, it will probably
be more convenient to screw the terminal into the
lower of its two sockets in order to reduce lead
length to a minimum.
The imternal tuning capacitance that exists between
the 1 and E terminals is variable over the range
20 to 500 uuF with an incremental variation of
— 5to + 5 uuF above 50 uxF. Tuning capacitance
is read on the outer arcs of the dials. The incre-
mental dial is linked to the main dial by a slipping-
clutch mechanism so that the main dial is always
direct reading regardless of the setting of the
mcremental dial.

243 H.F. TEST CIRCUIT

Make sure that the v rand wir terminals are not
linked.

The terminal spacing of the test circuit is such
that both Marconi-pattern and US-type Inductors
can be used.

The internal tuning capacitance that cxists
between the i 1 and E terminals is variable over the
range 7-5 to 110 uu F with an incremental variation
of —1to + | uuF above 16 2uF. Tuning capa-
citance is rcad on the inncr arcs of the dials. The
incremental dial is linked to the main dial by a
slipping-clutch mechanism so that the main dial is
always direct reading regardless of the sctting of the
incremental dial.

OM 1245
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244 CROSS-CONNECTION BETWEEN
CIRCUITS

Over the range 1 kc/s to 50 Mc/s, a combination
of both test circuits can be used in order to attain
tuning-capacitance values of less than 20 puF.

To do this: Connect the energizing source to
INPUT I make sure that the H1 1 and HI 11 terminals
arc not linked; and connect the circuit inductor
between the Lo terminal of the LI test circuit and the
right-hand 11 11 terminal. The tuning capacitance
range is then 7-5to 110 uuF.

245 CONNECTION FOR SERIES
MEASUREMENTS

For measurements on low-impedance com-
ponents (low-value inductors and resistors, high-
value capacitors) it is convenient to connect the
component in series with the test circuit. This
scries connection can be achieved in one of two
ways: ecither by making up special connectors for
the purpose or, for the Lf. test circuit, by using the
Serics Loss Test Jig TJ 230.

(a) General. The following remarks apply to both
test circuits.

The component under test is connected between
the test-circuit Lo terminal and the low terminal of
the circuit inductor. Any simplc arrangement of
clip leads can be used for this purpose provided it
is rigid. The length of the clip leads is not critical
as their inductance can be considered as being part
of the circuit inductance. In the part of the
measurcment where the component under test is
short-circuited, thc shorting strap should be as
rigid and robust as possible so that its inductance
can be ignored. If this is not possible, its inductance
should be calculated (see Section 4.3.6) and correc-
tion made to the final result. The main point to
remember is that the configuration of the clip-lead
circuit should not be allowed to alter during the
complete measurement procedure.

(b) Using the Series Loss Test Jig TJ 230. For
scrics measurements between 1 ke/s and 50 Mc/s,
using the Lf. test circuit, the Series Loss Test Jig
can be used. It incorporates a shorting switch,
screw terminals for connecting the component
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under test, and sockets to accept the inductors of
the TM 1438 scrics.

Before plugging the Test Jig into the Lf. test
circuit terminals, make sure that the test circuit LO
terminal 1s screwed into the upper of its two
threaded sockets. The four plugs on the jig then
locate with the four terminals on the Lf. test
circuit.  The component under test is connected
between the two screw terminals at the base of the
Jig: the component can be short-circuited by means
of the screw switch immediately above thesc
terminals; this switch can, for all practical pur-
poses, be assumed to possess negligible inductance
so that no correction is required on this account,
The circuit resonating inductor is plugged into the
two sockets near the top of the jig, the low
terminal of the inductor to the 1.0 socket on the jig.

P LATN trpag r ."". " -
SERIES LOSS TEST JIG
MENTS LTD. Ti39

MARCONI INSTRY

Fig. 2.2 Test Jig, Type TJ 230,
fitted for Series Loss Measurements.



3 OPERATIONAL SUMMARY

Once the user is familiar with the principles and
techniques of operation detailed in Section 2, the
following abridged instructions may be found
convenient.

SETTING UP
Select the appropriate oscillator and connect to
the correct INPUT socket :—
(1 to 40 kc/s—600-ohm Lf. oscillator via
MATCHING TRANSFORMER TM 5728A to INPUT 1.
(ii) 40 kc/s to 50 Mc/s—Marconi OSCILLATOR
TF 1246 via LEaD TM 5725 to INPUT L

(ii)) 20 Mc/s to 300 Mc/s—Marconi OSCILLATOR
TF 1247 via LEAD TM 5725 to INPUT IL.

BEFORE SWITCHING ON

(1) Check that the power transformers of the
Oscillator and Q-Meter are correctly adjusted,

(2) Bond the Oscillator, if TF 1246 or TF 1247,
to the Q-Meter with the tie-bars.

(3) Set the mechanical zero of the TF 1245 meters.

CONNECTIONS

For L.F. Test Circuit (1 kc/s to 50 Mc/s):—

(1) Link ui 1 and ui it terminals for 20- to 500-p.u.F
tuning capacitance.

(2) Use right-hand (/arge) terminals.
For series measurements use Scries Loss Test
Jig TJ 230.

(3) For 7-5- to 110-ugpF tuning capacitance
remove link, connect inductors between HI 1t
and Lf. Lo terminals.

For H.F. Test Circuit (20 to 300 Mc/s):—

(1) Remove link between w1 1 and Hi 11 terminals;
tuning capacitance 7-5 to 110 uul.

(2) Usc left-hand (smalf) terminals.

16

SETTING ZERO

(1) Short-circuit 1 i1 and LO terminals.
(2) Adjust Q ZERO control on 30 Q RANGE.
(3) Remove short-circuit.

MAKING A MEASUREMENT

(1) Selcct the test frequency.
(2) Connect componcnt under test.

(3) Adjust oscillator output level to give x1 on
Q MULTIPLIER meter (or as required).

(4) Tunc to resonancc—indicated by maximum
deflection on Q AND 3Q micter—by mcans of
tuning capacitor controls.

(5) Q value given by Q AND 3Q meter reading multi-
plied by @ MULTIPLIER meter reading.

(6) To use 3Q scale—sct COARSE 5Q ZFRO switch to
ncarest valuc below Q AND 3Q meter reading,
switch @ RANGE switch to 8Q and adjust FINE
3Q ZERO control to give zero on 8Q meter-scale.
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MEASUREMENTS ON INDUCTORS, CAPACITORS, AND RESISTORS

Ca = Absolute capacitance value of a capacitor under test.
Ce = Effective circuit resonating capacitance.
Cina = Reading on the tuning capacitance dial. In all substitution measurements, the term

C, refers to the indicated reading with the test component out of circuit, while the
term C, refers to the reading with the test component connected.

Co = Self-capacitance of the circuit inductor.

Cr = Combined sclf-capacitance of two inductors in series.

Cx = Effective capacitance valuc of a capacitor under test.

f = Frequency.

fo = Natural (self-resonant) frequency of a component under test.

Lo = Self-inductance of a component under test.

Lr = Residual inductance of the test circuit.

Ls = Inductance of a flat strip.

Lw = Inductance of any leads directly associated with a component under test.
Lx = Effective series inductance of an inductor under test.

Qa = Absolute Q of an inductor under test.

Qc = Q of the test-circuit capacitor.

Qina = Reading on the Q AND 3Q meter. In all substitution measurements, the term Q, refers

to indicated readings with the test component out of circuit, while the term Q, refers
to the reading with the test component connected.

Rp = Shunt resistance of the circuit capacitor.

Rr = Residual resistance of the test circuit.

Rx = Effective scries resistance of a component under test.
Rxp = Effective shunt resistance of a component under test.

Tan 3x = Phase defect of a component under test.
Xcr = Total capacitive reactance of the test circuit.

MEASUREMENTS ON TRANSMISSION LINES

A = Attenuation of the line.

Cqa = Effective short-circuit shunt capacitance of the line.
Gy = Effective short-circuit shunt conductance of the line.
k = Dielectric constant of the transmission line insulator.
L, = Effective open-circuit series inductance of the line.
R, = Effective open-circuit serics resistance of the line.

S = Physical length of the line.

Z, = Characteristic impedance of the line.

A = Wavelength in the transmission line.

X = Free-space wavelength.



4 Q-METER THEORY

4.1 DEFINITION OF @ AND TAN 5

The symbol © Q * indicates the quality of a com-
poncent or system and is equal to 2= times the ratio
of encrgy stored to energy lost per cycle. Numeri-
cally it is the ratio of rcactance to resistance at the
frequency of test.

X 2=l
R S

. 1] . . .
The reciprocal 6 1s not strictly the ‘power

factor.” Power factor is the ratio of true power to
apparent power in a system and is rcpresented by
the cosine of phase angle ¢, that is, the angle
between the current and voltage vectors. In other
words, cos ¢ is the ratio of resistance to impedance,
not to reactance. It is the tangent of the com-
plementary angle—3—which represents the ratio of
resistance to reactance:; tan 3 is known by various
names, such as dissipation factor * D, phasc dcfect,
and loss tangent. Although it is truc to say that
cos ¢ and tan 8 are for all practical purposes
numerically equal for Q values greater than about
10, it is important that the lack of equality should
be borne in mind when referring to the dissipation
factor of a component by the technically incorrect,
but generally used, term ° power factor.’

cos ¢ =%:
tan § ~ cos ¢ for tan § << 0-1

R
tan 8§ = <=
1n X

Fig. 41 ¢ and 8
Relationship.
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42 BASIC CIRCUIT
ARRANGEMENTS
Consider a simple series-resonant circuit as shown

in Fig. 4.2. An e.m.f. of amplitude ¢ is injected at
the resonant frequency . The current through the

139

4

Fig. 4.2
Basic Circuit.

T i:

circuit al resonance is equal to ﬁ- where R is the

total circuit resistance. The c.m.[. developed across
the inductance = iXy which, at resonance, = iXc.
The magnification of the complete circuit, from

cquation (1)

X X

—R=q®"
From this it can be seen that Q equals the ratio of
the developed e.m.f., across one or other of the
reactances at resonance, to the injected e.m.f., that
18

Hence, if e is maintained at a constant, known
level, a conventional voltmeter can be connected
across the circuit capacitor and can be calibrated
directly in terms of circuit Q.

It should be remembered that the resistance R is
the total a.c. circuit resistance at the {requency of
test and is not the resistance associated directly with
the component under test. Thus the measured Q
is not that of any particular component in the
circuit but is that of the complete circuit.

The circuit resistance can be considered as being
of two forms: series and shunt. It is substantially
correct to assume that all series resistance is in
series with the circuit inductance and that all shunt
resistance is in parallel with the circuit capacitance.
The total Q (Qr) of the circuit can then be expressed
as:—
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| 1 1
_—
Gr ~ QU Qe 3
where Qr = the magnification of the complete
circuit

Qv = the magnification of the inductive part
of the circuit

_ oL (L = the total effective series
 Ro inductance

Rr = the total effective serics
resistance)

Qc = the magnification of the capacitive
part of the circuit
= wCRp (C = the total effective series
capacitance
Rp = the total resistance in

parallel with the capaci-
tance)

To obtain a truc measure of the quality of a
component rather than the quality of the complete
circuit, it is necessary to have a knowledge of the
residual “ error ’ resistances and rcactances of the
circuit. Do not forget, of course, that in a properly
designed circuit the residuals are of very small
magnitude and can be ignored for most measure-
ments. On this basis, thc measured ratio E/e can
then be taken to be the Q value of the component
under test.

The preceding remarks arc all based on theoretical
considerations. The following section deals with
the practical aspects of such a circuit and the ways
in which residual components can affect measure-
ment accuracy.

4.3 CORRECTIONS

Theoretically, a Q-Meter measures the Q of the
complete circuit; this would be true if the circuit
inductor were perfect and possessed no self-
capacitance. The true Q of the circuit will always
be greater than that indicated by the Q-measuring
device by a factor dependent on the relative values
of the self-capacitance and the main circuit
capacitance: the reason for this is explained in
Section 4.3.1.

In gencral, the operator is not interested in the
complete circuit but in the constants of a particular
part of that circuit—that is, the component under
test.  Once the true Q of the complete circuit has
been determined, it remains to separate the con-
stants of the component under test from those of
the remainder of the circuit. Sections 4.3.2. to
4.3.6. discuss these circuit constants and the ways
in which they can be used to obtain the required
result.
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4.3.1 SELF-CAPACITANCE OF CIRCUIT
INDUCTOR

Probably the most important factor affecting
measurement accuracy, and the one most often
overlooked, is the self-capacitance of the test com-
ponent. In the preceding sections it has been
assumed, quite correctly, that the test circuit is
purely a series arrangement (remember that the
capacitor shunt resistance Rp can be expressed as a
series element but that it simplifies calculations to
make use of the shunt value). When making
measurcments on a test component that is largely
inductive but includes some sclf-capacitance, it is
no longer correct to consider the circuit as a purely
series arrangement. This is because the sclf-
capacitance, which acts as part of the total tuning
capacitance, is an element in parallel with the test
inductance (Fig. 4.3 shows the effective circuit).

Lx
il
c o)
§ Lo ° HI
e
E Ce HI
3 I 5
- E

Fig. 4.3 Effect of Self Capacitance on Test Circuit.

The total effective resonating capacitance is not
due wholly to the permanent circuit capacitance
(Ce) but is affected by the self-capacitance of the
test component. As a result, the voltage developed
across Cg is not the total voltage developed across
the circuit capacitance but is less than that total by
the ratio

Cc
Ce + Co
From this, the true Q of the circuit is given by the
expression

Qt = Qina { 1 +g—2} ................ 4)

where Qing is the indicated Q reading.

4.3.2 CIRCUIT CAPACITOR LOSSES

In the conventional Q-Meter, the measuring
device is connected across the circuit capacitor.
The capacitor will be shunted with resistance of
finite value derived from two sources: first, that
due to the input resistance of the measuring device,
and sccond, that of the capacitor insulation
resistance itself. By carcful design and layout of
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components it is sufliciently accurate to express the
two components as a single resistance directly in
parallel with the capacitor plates. This means that
the circuit capacitor and its loss component can be
disassociated from any residual circuit inductance
(discussed in Section 4.3.3): a fact which simplifics
calculations considerably.

Transposing expression (3), the Q of an inductor
under test is given by

Qu=Qr PQrf (5)
Qc
where Qr = the magnification of the complete
circuit

Qc = the magnification of the capacitive
part of the circuit,

Thus, provided Qc is very large compared with
Qr, no correction nced be applied.

The cffect that the shunt resistance will have on
measurcment accuracy can be divided into two
categories for simplicity of explanation: the effect
at h.f. and the effect at 1.f.

Although a very high value of shunt resistance
can be attained, 12 MQ at 1 Mc/s is typical, its
value will decreasc appreciably with increase in
frequency to, say, 50 k€2 at 300 Mc/s: but it can be
scen from Fig. 4.5 that the resultant values of Qc
still, for all practical purposes, approach infinity.

SECTION 4

At frequencics below about 100 kefs, the shunt
resistance will approach a limiting value dependent
on the constants of the diode circuit; numerically,
the shunt resistance at Lf. is typically 50 MQ. As
the limiting valuc is approached, Qc becomes
directly proportional to frequency for a fixed value
of capacitance as is shown in Fig. 4.4. It will also
be noticed that Qc drops to a low value at 1 ke/s.
Bear in mind that, although Qc appears low, its
shunt impedance is still considerably greater than
that of practically any circuit into which the com-
ponent under test may eventually be connected.,

From expression (5) it is implied that a consider-
able correction would be necessary. In practice this
is not so because, in an Lf. circuit, a large value of
tuning capacitance is uscd in order to obtain
maximum circuit Q. As a result, the correction is
usually negligible.

43.3 RESIDUAL INDUCTANCE

Regardless of how substantial the elements con-
necting onc part of the test circuit to another are
made, they will still possess a certain residual
inductance. This inductance will be distributed
around the circuit but can be lumped into two com-
poncents whose effective positions in the circuit are
as shown in Fig. 4.6.

L1 is the inductance that exists between the
capacitor Hl and E terminals; L2 is that attributed
to the remainder of the circuit.

1o 100
l-__\
\3
10°— oW — / >/ \ ~ '
OO Rp \ Q \
D) C
s ML
10 Q/ / |
X
,\oo‘? Rp
10° // \\ o1
I - o0
° 10 100 \i o 00 1000
L —— KILOGYCLES /N MEGACYCLES ——J
Fig. 4.4 Fig. 4.5

Graphs of Capacitor Q against Frequency.
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From Fig. 4.6 it will be seen that the effective
capacitance that resonates with a test inductance
(Lx) will depend on the value of the residual
inductance. Depending on the type of measure-
menl, this inductance can be considered in two
ways:—

(i) For Q and inductance measurements (that is,
measurements in which the test component is con-
nected across the HI and Lo terminals), it is usual
to combine the residual inductance with the
inductance of the test component. The resonating
capacitance is then indicated directlv by the tuning
capacitor dial (Cing). Qu is then given by the

expression
1
Qu = Qr IJ_[_.Jr]_,2 ........... (6)
' Lx
1
and Lx = (-)T(: — (L]_ + Lg) ............... (7)

Generally, if L, - L, is small compared with Lx,
these corrections can be ignored.

(i) For capacitance measurements (that is,
measurcments in which the test component is con-
nected across the circuit capacitor) a knowledge of
the effective capacitance that exists between the i
and E terminals is usually required. The effective
tuning capacitance (Cg) is given by the expression

1
C[; i C:nv.l m ............... (8)

At large values of capacitance at high frequencies.
this correction can become very significant. A
typical graph of Cg against Ciyg is shown in Fig. 4.7.

43.4 INJECTION IMPEDANCE

Ideally, the injection e.m.f. should be developed
across an impedance of zero magnitude: m
practice, this is obviously not possible. The ncarest
approximation is cither a very small pure reactance
or resistance.

A close approximation to a pure reactance can be
achieved by using an inductance of very low value:
if the value is made small enough, any associated
resistance and self-capacitance can be neglected.
Inductive injection is generally used above about
20 Mc/s because ol its negligible resistive loading
on the resonant circuit.  This system of injection
functions extremely well at v.h.f,, but as frequency
is reduced, the current required to develop the con-
stant-level injection e.m.f. increases and, eventually,
reaches unpractical proportions,  Assuming there
are no other sources of error, the magnitude of the
injection inductance will cause the measured Q
(Qr) to be greater than the true Q (Qu) of an
inductor. Q. can be expressed as

20

E

Fig. 4.6 Distribution of Test Circuit

Residual Inductance.

QL= Qr Li

where Li = the inductance of the circuit inductor
and L, = the injection inductance.

In general, no significant Q error is introduced from
this cause because Ly is always much less than any
test inductance, even at the highest frequencies.
To enable a Q-Mecter to operate down to audio
frequencies, it would be necessary to change the
value of injection inductance a number of times in
order to satisfy the oscillator-current limitation
mentioned above.  Because low-frequency  test
circuits include significant effective series resistance,
it is convenient and practical to utilize a non-
inductive resistor—such as a disk resistor—of very
low value. This system of injection can be used
below about 50 Mc/s. Assuming there are no other
sources of error, the magnitude of the injection
resistance will cause the measured Q (Q+) to be less

1000 . —
/i S?M[g/g
300 Mc/s/ | 200 | |
Ce / "Mc/s |/ i
ppF / '/ IOMic/s
/Y
100 = — =7
748
B I
1015 100 1000
25 Cind PFF

Fig. 4.7 Graph of Effective Capacitance
against Indicared Capacitance.
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than the truc Q (Qu) of an inductor. Q. can be
expressed as

QL—QT{|+%] ................ (10)

where Ry = the circuil resistance
and Ry = the injection resistance

In general, cxcept at the highest frequencies, Ry is
always much less than the cfTective resistance of the
resonant circuit and, therefore, can be ignored.

435 VOLTMETER RESONANCE AND
TRANSIT TIME

In order to make the circuit capacitor shunt
resistance as high as possible, it is usual to employ
a diode valve voltmeter as the Q-measuring device.
The diode can be either series or shunt connected ;
series connection yields the higher input impedance.
Regardless of the type of valve voltmeter used,
however, measurement crrors can be intreduced
because of transit time effect and frequency
response. The reasons for and results of these effects
are already well known but are summarized here
for completeness.

Transit time errors are brought about by the fact
that electrons in a diode take a finite time to travel
from cathode to anode. If the transit time is short
compared to the period of the applied signal, no
error results: if the transit time is comparable, the
diode conducting period is too short, resulting in
the voltmeter reading low. This effect only applies
at low inputs since transit time decreascs propor-
tionally with increasc in applied level.

The frequency response, and hence the measure-
ment accuracy, of a diode voltmeter drops at very
low frequencies due to the increasing impedance of
the diode load capacitor: at very high frequencies,
the response is subject to the natural resonance
of the diode input circuit.

Both types of effect could introduce serious
measurement errors if not properly controllea, but
modern design techniques, including the use of
planar, low-capacitance diodes, have enabled the
possibility of error from these causces to be reduced
to negligible proportions over the full 1-ke/s to
300-Mc/s range.

4.3.6 CONNECTING LEAD
INDUCTANCE

It will be appreciated that a measured result will
include the effect due to all resistive and reactive
components that exist between the terminals to
which the component under test is connected, that
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is, it will include both the constants of the com-
ponent itself and thosc due to the lcads connecting
the component to the test circuit.

To explain this more fully, consider the parallel
combination of a capacitor Cp, with self-inductance
Lp, and shunt conductance Gp. In scries with this
combination is the inductance Ls, and conductance
Gs, of the leads protruding from the body of the
capacitor. This overall series/parallel combination
can be said to be equal to a single capacitance C
and conductance G in parallel,

The evaluation of Cp and Gp is generally of
academic interest only, because any circuit into
which such a capacitor might be connected will be
presented with an impedance which includes the
constants of the capacitor together with the con-
stants of the leads connecting the capacitor into the
circuit. In other words, the circuit will “see” a
parallel G-C combination and not a Gp-Cp com-
bination.

The procedure detailed in Section 5 enables the
effective values (G-C) to be calculated except where
otherwise stated.

It is usual to connect the component under test
with the shortest possible leads. If it is desired to
simulate a particular operational condition, the
connecting leads should be approximately equal in
length and configuration to those anticipated when
the component is connected into the particular
circuit.

On occasions, the operator may be forced to use
leads in addition to those associated directly with
the component under test. In such circumstances,
the cxtra leads should be as thick as possible or,
preferably, should be tape or braid so that the
error due to these additional leads may be con-
sidered negligible compared with the leads directly
associated with the component under test.

When measurcments are made by the series
method and it is desired to eliminate lead in-
ductance, the method of connection described
below can be employed. This applics particularty
in cases wherc the component is too large,
physically, to enable connection to be made with
virtually zero lead length. The Scrics Loss Test Jig
1s not quite suitable for such measurements because
unless the component is so dimensioned that it just
bridges the gap between the terminals of the Jig, its
leads form an unknown variable that is not
measured either directly or indirectly.

It is necessary to provide (a) a pair of stable
connectors to link the component to the Jig and
(b) a ‘shorting” strip of known (calculated)
inductance having a length equal to the distance
between the connections to the component,

The stable connectors can be fabricated from a
pair of crocodile clips and a length of fairly stiff
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copper strip; Fig. 4.8 shows a mecthod of con-
struction. The way in which the component is held
is also shown in the diagram. The * shorting * strip
should be fabricated from stiff copper strip, its
length is dependent on the dimensions of the com-
ponent under test; the recommended dimensions
are 0-5 in. wide by 0-01 in. thick with about  in.
folded down at each end. The inductance of the
strip is given by

Ls — 0-002D | 2-303 log,, bzfc
£ 0.5 + 022350 Lo l[ ........... an

where Ls is in uH
D = length of the strip in cm,
b = width of the strip in cm.
¢ = thickness of the strip in cn.

When using the arrangement described above,
the measurement procedure is exactly as detailed in
the appropriate section dealing with series measure-
ments except that the component under test is not
shorted out by means of the screw-switch; instead,
it is replaced by the ‘shorting” strip, The true
reactance of the component under test is then given
by the algebraic sum of the measured reactance and
the reactance of the ‘ shorting ’ strip. For resistance
measurements, no allowance for the *shorting’
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Fig. 4.8 Connectors to Eliminate
Lead Inductance of
Component under Test.

strip need be made; fundamentally, this is not
strictly truc but the error incurred can be considered
negligible.

4.3.7 SUMMARY

In theory, the Q-Meter indicates the Q of the
complete circuit; in practice this is not so because
of the inductor self-capacitance. The tuning-
capacitor dial always indicates the capacitance that
exists between the capacitor plates. Strictly, a
mcasured result should not be taken to be the true
value, whether it be Q, L, C, or R, of the com-
ponent under test. More often than not, the
measured result is a close approximaiion to the truc
result because the residual components arc designed
to have as little effect on the circuit as possible. The
user should always consider the possibility of
corrections when making a measurement; this
applies particularly at the highest frcquencies and
at the highest capacitance settings.

To summarize the preceding scctions, when
making a Q-Mcter measurement, the following
factors should be borne in mind:—

(1) Self-Capacitance of component under test. This
is by far thc most important correction. (Sce
Section 4.3.1.)

(2) Circuit Capacitor Losses. It must be remem-
bered that although the capacitor Q is arranged
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to be as high as possible, the correction can be
significant particularly for high-Q components
resonated with low-value capacitances. (See
Section 4.3.2)

Residual Inductance. This correction nced only
be considered if (i) the residual inductance will
have a marked effect on the cffective value of
resonating capacitance and/or (ii) it is com-
parable with the inductance of the circuit
inductor. (Sce Section 4.3.3)

Injection Impedance. This correction need only
be considered if the circuit inductance or
inductor h.f. resistance, depending on the type
of injection, is comparable with the injection
impedance. (Sce Section 4.3.4.)

Fig. 49 L.F. Test Circuir.
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Voltmeter Frequency Response and Transit Time
Error. Can be ignored under all conditions.
(See Scction 4.3.5.)

Connecting Lead Inductance. Tt is normally
only necessary to take this factor into account

in certain series measurements. (See Scction
4.3.6.)

44 DISTRIBUTION OF RESIDUAL

COMPONENTS

For values of Qc (= wCimuRyp) see Fig. 10.4 at the
end of this handbook.

Fig. 4.10 H.F. Test Circuit.



5 MEASUREMENTS WITH CORRECTIONS

This section describes the procedure for making a
wide range of direct and indirect measurements
with the Q-Meter and its accessories, and includes
the application of the corrections that may be
necessary for the highest accuracy of result. It is
assumed that the user is already familiar with the
general operating techniques and basic Q-measuring
procedure detailed in Section 2.

5. MEASUREMENTS ON
INDUCTORS

5.1.I @—DIRECT METHOD

(1) Connect the inductor under test to the HI and
LO terminals.

(2) Resonate the test circuit by adjustment of
either the tuning capacitor or the oscillator
frequency as convenient. Let the indicated
resonating capacitance at resonance be Cing.

(3) Note the indicated Q reading on the Q AND 5@
meter.

For most measurements, this Q reading (Qing) can
be taken as being the true Q of the inductor (Qr).
Under certain circumstances, however, it may be
advisable to apply corrections in order to obtain the
true Q of the inductor. The most significant
correction is that for the self-capacitance (Co) of the
inductor under test which can be cvaluated as
described in Section 5.1.4 or 5.1.5. Applying this
correction, ( c
o]

QT = de l | + Cond® 1’
It must be remembered that Qr is strictly the true
Q of the complete circuit and not that of the
inductor under test. Qr can, for almost all practical
purposes, be said to be the Q of the inductor, pro-
vided (i) the capacitor Q is high compared with Qy
and (ii) the residual impedance of the circuit is
negligible compared with the cflective series im-
pedance of the inductor under test. For details of
these other corrections, refer to Section 5.1.3.

* In general, it is sufficient to use the indicated value
of capacitance in the expression. Strictly, the
effective value (Cg) should be used. Graphs of
effective against indicated values are given in
Figs. 10.2 and 10.3 at the end of this handbook.
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5.2 @—INCREMENTAL-CAPACITANCE
METHOD

(1) Connect the inductor under test to the Hi and
LO terminals.

(2) Set the incremental-capacitance dial to 1ts
central, zero position.

(3) Resonate the test circuit by adjustment or
either the tuning capacitor or the oscillator
frequency as convenient.

(4) Note the reading on the Q AND 3Q meter. Let
this reading be Qg.

(5) By means of the incremental-capacitance con-
trol, detune on both sides of the resonance
point until the Q AND 5Q meter reads at
0-707Qr. Let this reading be Qp.

(6) Note the incremental-capacitance dial reading
in each case.

Let the rotal capacitance change be 3Cing and the
tuning-capacitor setling at resonance be Cina. The
Q of the complete circuit is then given by

2Cin
Qina = E‘g ........................ (13)

The general expression for Qina is

Qune — %Cind \ {%}z iy
E\!Cind QD

In the particular case where Qb = 0-707Qg.
expression (14) simplifies to expression (13).

The principal error, particularly when Q is large,
will be the observational error; consequently, it is
good practice to make a number of measurements,
at different values of Qr/Qn, and take the average.

For most measurements, this Q value (Qind) can
be taken as being the true Q of the inductor (Qr).
Under certain circumstances, however, it may be
necessary to apply corrections in order to obtain
the true Q of the inductor. The most significant
correction is that for the self-capacitance (Co) of
the inductor under test which can be evaluated as
described in Section 5.1.4 or 5.1.5. Applying this
correction to expression 13,

~ 2(Cina + Co) -
Qr==Sm ol (15)

It must be remembered that Qr is strictly the true
Q of the complete circuit and not that of the
inductor under test. Qr can, for almost all practicat
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purposcs. be said to be the Q of the inductor, pro-
vided (i) the capacitor Q is high compared with Qr
and (i) the residual impedance of the circuit is
negligible compared with the effective series im-
pedance of the inductor under test. For details of
thesc other corrections, refer to Section 5.1.3.

5.1.3 ADDITIONAL CORRECTIONS FOR
Q MEASUREMENT

The preceding sections, 5.1.1 and 5.1.2, give
details of the correction for Co. There are a
number of other corrections which it may be
advisable to apply under certain circumstances in
order to obtain the absolute Q of the inductor
indcpendent from any particular test circuit.

Assuming the correction for Co has already been
applied, the absolute Q of the inductor under test is
given by

Xer
QA = R_\( ......................... (] 6)

where Xcr = the total capacitive reactance of the
test circuit at resonance and is
calculated from the expression

1
~ o(Ce + Co)
Ce = the effective value of resonating capacitance
(eraphs of Ce against Cina are given in
Figs. 10.2 and 10.3 at the end of this hand-
book).

Co = the self-capacitance of the inductor under
test.

Rx = the effective series resistance of the inductor
under test and is calculated from the
cxpression

_ Xer Qc _
Rx = Qr  @GCind(l + Qc?)

Qc = the magnification of the circuit capacitor at
capacitance Cinga (a graph of Qc against Cing
is given in Fig. 10.4 at the end of this hand-
book).

Cina = the capacitance reading of the tuning capac-
itor dial at resonance.

Rr = the residual resistance of the test circuit
(0-02 Q, for the L.f. test circuit; negligible,
for the h.f. circuit).

Xcr

Rr

5.1.4 L, Co AND R—NATURAL
FREQUENCY METHOD
The inductance, sclf-capacitance, and resistance
of an inductor can be determined by making
measurements at two frequencics, one of which is
arranged to be the natural resonant frequency of the
inductor.
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(I) Connect the inductor under test to the i and
LO terminals.

(2) Set the tuning capacitor to maximum capaci-
tance.

(3) Adjust the oscillator frequency to obtain
resonance.

Let the frequency and the indicated tuning
capacitance al resonance be f; and C, respectively.
With the usual values of sclf-capacitance possessed
by practical inductors, it is a good. but not rigid,
guide to cxpect the natural frequency to be 5 to
10 times fy; therefore check that the probable
natural frequency is within the range of the
oscillator.

(4) Remove the inductor under test, and in its
place, connect an inductor that will resonate at
the probable natural frequency.

(5) Set the oscillator to about 74 times f.

(6) By means of the tuning capacitor, resonate the
test circuit.

(7) Connect the inductor under test in parallel with
the resonating inductor and restore resonance
by means of the tuning capacitor.

If, in order to restore resonance, the tuning
capacitor setting has to be increased, increase the
oscillator frequency: if the tuning capacitor setting
has to be reduced, decrease the oscillator frequency.

(8) Remove the inductor under test and resonate
the test circuit at the new frequency.

(9) Repeat operations (7) and (8) until the addition
of the inductor under test causes no change in
the resonating capacitance required to main-
tain resonance.

Let the indicated Q, as read on the Q AND 3Q
meter, with the inductor under test disconnected be
Q.. Let the indicated Q with the inductor under
test connected be Q,. Let the indicated tuning
capacitance at the natural frequency be C,.

The test circuit is now tuncd to the natural
frequency (f;) of the inductor under test. The self-
capacitance of the inductor under test is then given
by

Co= b — =

e

* In general it is sufficient to use the value Cing in
this expression. Strictly, the effective value of
tuning capacitance (Ce) should be used. Graphs
of Ck against Cina are given in Figs. 10.2 and 10.3
at the end of this handbook.
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and the absolute inductance of the inductor under
test is given by

........................

The effective shunt resistance of the inductor at
its natural frequency (fy) is given by

QIQ2 . 1 . CO
Q—Q 0,C* {1 +C—1*} .e..(19)

Rxp =

5.1.5 Co—FREQUENCY DOUBLING
METHOD

A quick and simple method of determining the
self-capacitance of an inductor is to make two
measurements, one at twice the frequency of the
other.

(1) Connect the inductor under test to the HI and
LO terminals.

2
(3)

Set the tuning capacitor to maximum capaci-
tance.

Adjust the oscillator frequency to obtain
resonance.

Let the frequency and indicated tuning capaci-
tance at resonance be f; and C, respectively.
(4) Sct the oscillator frequency to 2 times f;.
(5) Restore resonance by means of the tuning
capacitor.

Let the indicated tuning capacitance at frequency

2f, be C,. The sclf-capacitance of the inductor
under test is then given by

5..6 L—DIRECT METHOD

Inductance values between 40 muH and 100 mH
can be measured by direct connection to the test-
circuit terminals. The inductance is measured in
terms of the tuning capacitance required to resonate
the inductor at a particular frequency and then
translated to inductance by reference to the chart
on the top of the instrument. The chart is repro-
duced in Fig. 5.1.

(1) Connect the inductor under test to the Hi and
LO terminals.

Estimate the probable inductance and, by
reference to the chart, sclect the oscitlator
frequency which cmbraces the expected in-
ductance value. The test frequencies are de-
noted by dots on the oscillator dials.

Resonate the circuit by means of the tuning
capacitor and note the dial rcading. Let this
value be Cing.
Convert this dial reading to inductance by
reference to either scale * A’ or scale * B,” as
appropriate, on the chart.

Alternatively, the inductance value can be
determined at any frequency by the use of the
expression

L ind=

2

(3)

@

1
©*Cind

For most measurements, this value of inductance
(Lina) can be taken as being the true inductance
(Lx) of the inductor under test. Under certain
circumstances, however, it may be necessary to

Co— C* —4CH (20) apply corrections in order to obtain the true
K inductance. The most significant correction is that
INDUCTANCE-—sec table
10 5 4 3 25 2 s l 08
A }Ii‘Trl - ]ltw"llwh[”ylgﬂl%% % I — L e { T [J|
50 100 150 W00 250 300 350 400 450 500
TUNING CAPACITANCE in yuF SCALE| INDUCTANCE SCALE | SET TEST FREQUENCY
TO READ TO
100 mH — 10 mH 79-5 kefs
0mH — 1-0mH 2525 kefs
A 0mH — 01 mH 795 kefs
100pH — 10 uH 2:52 Mc/s
I0pH — 1.0 pH 7.95 Mefs
I0OpyH — Ol uH 25-25 Mcfs
B 40pH — 04pH 25:25 Mcjs
— 79.
INDUCTANCE-sea table 400 myH — 40 myH 93 Mcfs
40 30 20 15 10 9 8 7 [ 5 4
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for the setf-capacitance (Co) of the inductor under
test. Applying this correction,

Cind }
Cimi + CO
For the smallest inductances, less than about
100 myH, subtract Lg, the residual inductance of

the circuit, from Lx. Lgr for the Lf. test circuit is
9-8 muH, and 2-8 myH for the h.f. circuit.

LX — Lind {

5.1.7 L AND R—SERIES METHOD

An alternative method of measuring inductance
—particularly on low-value inductors—is to con-
nect them in series with the test circuit. The most
convenient way of accomplishing this i1s by means
of the Serics Loss Test Jig TJ 230 (for details, sce
Section 1.2).

The range of inductors that can normally be
measured by this means is shown in Fig. 5.2. It
should be remembered that maximum accuracy is
obtained when the capacitance change is 2:1.

(1) Connect the Scries Loss Test Jig TJ 230 to the
I.f. test-circuit terminals (sce Section 2.4.5).

(2) Connect the inductor under test to the jig.

(3) Connect a reference inductor, of the TM 1438
series, to the jig.

Optimum accuracy is obtaincd when the value
of the reference inductor is approximately equal to
that of the inductor under test.

* In general it is sufficient to use the value Cina in

this expression. Strictly, the effective value of

tuning capacitance (Cg) should be used. Graphs
of Cg against Cine are given in Figs. 10.2 and 10.3
at the end of this handbook.
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(4) Short-circuit the inductor under test by means
of the screw switch,

(5) Set the tuning capacitor dial to about the
middle of its range.  Let this indicated
capacitance be C,.

(6) Resonate the test circuit by adjustment of the
oscillator frequency.

Note the reading on the Q AND 3Q meter; let
this reading be Q,.

(7) Bring the inductor under test into circuit by
unscrewing the screw switch,

(8) Rcsonate the test circuit by mcans of the
tuning capacitor. Let the indicated tuning
capacilance at resonance be C,.

Note the reading on the Q AND 3Q meter; let this

reading be Q,.

The inductance of the inductor under test is then
given by
% Cl o C:!
LX - m ..................... (23)
If Lx is negative, the mcasurcment has been
made at a frequency above the natural frequency of
the inductor. The effective series capacilance of
the inductor under test is then given by

The eflective series resistance of the inductor
under test is then given by

1 l 1
Rx::{m‘"é@ ............ (25)

* Strietly, expression (23) should include correction
Jor the self-capacitance of both inductors. In
general, ignoring this correction will introduce
errors of less than 107,

|- 100 = —
T4 Tl
Mc/s L M/NM;U
10 A4 = Ay
4L C
A”AxQ s Af‘qc‘/r,
- ‘ IML’MF ‘\{/ d L. “r-.. ‘lNCE —T
o \{q //
CAr 4 }7%/
100 Crrgat )
NCE ~2= ;
kels
Fie. 5.2 Inductance L To)
Measurement Range |
Series Method. 20 10 100 ! 10 00 | [}
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Applying this correction,
— (C, + Co) — (C, + Co’)
o¥(C; 4+ Co) (G, + Co')
where Co = the self-capacitance of the resonating
inductor

Co” = the self-capacitance of the combined
resonating and test inductors.

5.1.8 R—GENERAL METHOD

The general method of determining the effective
series resistance of an induclor under test is to
calculate the value from a knowledge of the in-
ductance and Q of the component. The effective
series resistance is given by

Rx= 6“ .......................... (26)

Corrections for L and Q should be applied where
appropriate.

52 MEASUREMENTS ON
CAPACITORS

52.1 C, TAN §, AND R—
SMALL-VALUE CAPACITORS

For measurements on capacitors of less than
480 puF, using the Lf. test circuit, or 100 puF,
using the h.f. test circuit, the following direct-
substitution method can be used. The measurement
may be carried out at any frequency but it must be
remembered that the effective capacitance varics
with frequency because of the residual self-
inductance of the capacitor under test.

(1) Connect a suitable resonating inductor to the
HI and LO terminals.

(2) Sect the tuning-capacitor dial to around maxi-
mum capacitance. Lct this capacitance be
C,. If the capacitance valuc of the unknown is
small, C; should be set to near minimum
capacitance to allow greater discrimination.

(3) Resonate the test circuit by adjustment of the
oscillator frequency. Let the indicated Q
reading at resonance be Q,.

(4) Connect the capacitor under test to the H1 and
E terminals.

(5) Resonate the test circuit by adjustment of the
tuning capacitor. Let the new tuning-capacitor
setting at rcsonance be C, and the indicated
Q reading be Q,.

The effective capacitance of the capacitor under
test is given by

28

If it is now required to mecasure the absolute
capacitance, refer to Section 5.2.3.

The phasc defect is given by

Q&l—QzQz . o C_:l,::; ...... (28)

The effective shunt resistance is given by

QQ | _ I
Q—Q: oCGH

Tan §x=

Rxr = e .(29)

522 C, TAN 3, AND R—
LARGE-VALUE CAPACITORS

For measurements on capacitors of between
480 puF and about 0-25 uF, using the Lf. test
circuit, the following method can be used. In
this method, the capacitor under test is connected
in series with the test circuit by means of the
Series Loss Test Jig TJ 230 (for details, see Section
1.2).

In order to retain the d.c. path between the @
AND 8Q meter input diode and earth it is necessary
to connect a high-value resistor across the capaci-
tor under test. The resistor should be about 1MQ
nominal value, of small physical size.

(1) Connect the Series Loss Test Jig TJ 230 to the
test-circuit terminals (sce Section 2.4.5).

(2) Connect the capacitor under test together with
the shunt resistor to the screw terminals of the
Ng.

(3) Connect a suitable resonating inductor to the
jig.

(4) Short-circuit the capacitor under test by means
of the screw switch.

(5) Set the tuning-capacitor dial to about the
middle of its range. Lect this capacitance be
C,.

(6) Rescnate the test circuit by adjustment of the
oscillator frequency. Let the indicated Q
rcading be Q.

(7) Bring the capacitor under test into circuit by
unscrewing the screw switch.

* In general it is sufficient to use the indicated value
of the tuning capacitance. Strictly, the effective
value should be used. Graphs of effective value
against indicared value of tuning capacitance are
given in Figs. 10.2 and 10.3 at the end of this
handbook.
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(8) Resonate the test circuit by adjustment of the
tuning capacitor. Lect the tuning capacitance
at resonance be C, and the indicated Q reading

be Q..

Optimum measurcment accuracy is obtained by
using a high-Q inductor and the 3Q facility.

At the test frequency the effective value of the
shunt resistor will probably be less than its d.c.
value. Its cffective valuce at this frequency must
therefore be determined by the method described
in Section 5.3.2. Let this value be denoted by Ry,

The effective scries capacitance of the capacitor
under test is given by

The value of Cy obtained includes the inherent
capacitance of the shunt resistor, which should,
however, be negligibly small. but i considered
necessary it may be evaluated from expression 41
in Section 5.3.2.

If Cx is ncgative, the measurement has been
made at a frequency greater than the natural fre-
quency of the capacitor. The effective inductance
of the capacitor is then given by

Lx = —]~ ......................... 3D

If it 15 now required to measure the absolute
capacitance, refer to Section 5.2.3.

The Q of the capacitor and shunt resistor com-
bination is given by
QQ (C.—GC)
Cl Ql - C:: Q::

The shunt resistance of the capacitor under test
is given by

Q=

Q Rsi
GG Ren—Q
Thercfore, for capacitors of Q>>10, the phase
defect may be determined from
L
wCx Rxp 77T

Rxp =

fan dx =

523 ABSOLUTE CAPACITANCE AND
SELF-INDUCTANCE—GENERAL

The preceding sections, 5.2.1 and 5.2.2, give
details for measuring the effective capacitance, at
the frequency of test, of the capacitor under test.
The effective capacitance is made up of three com-
ponents: the absolute capacitance and the self-
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inductance of the capacitor together with the
inductance of any leads used to connect the
capacitor to the test circuit. The effective capaci-
tance is given by
11
oCx  oCa

where Ca = the absolute capacitance.
Lo = the self-inductance.
Lw = the lead inductance.

In the great majority of cases, a knowledge of the
effective capacitance is required in order to assess
the performance of the capacitor in a particular
circuit at a particular frequency. There are
occasions, however, when it is desirable to scparaic
the capacitive and inductive components. This can
be achieved by measuring Cx at two frequencics;
often it is convenient to make one of the measure-
ment frequencies equal to the natural frequency of
the capacitor where this frequency lies within the
range of the oscillator.

Il onc of the test frequencies is arranged to be
the natural frequency of the capacitor, the measure-
ment procedure is as sct out in Scetion 5.2.4. If one
of the test frequencics sclected is not the natural
frequency of the capacitor, then the procedure is as
follows.

Mecasure the effective capacitance at any two
frequencies by either of the methods described
previously. The greater the difference between the
two frequencies, the better the measurement
accuracy.

The self-inductance of the capacitor under test
plus the inductance of any connecting leads is then
given by

—o(Lo +FLw).......... (34)

1 1 1

and the absolute capacitance is given by

Cx
Ca = 5 L . 36
I + ,® (Lo + Lw)Cx, (30)
where Cx, = the effective (measured) capacitance
at a frequency of o, radians/scc.
Cx., = the effective (mcasured) capacitance
at a frequency of o, radians/sec.

52.4 ABSOLUTE CAPACITANCE AND
SELF-INDUCTANCE—NATURAL
FREQUENCY METHOD

(1) Mecasure the effective capacitance, by either of
the methods described previously, at a fre-
quency which is known to be less than the
natural frequency of the capacitor under test.
Let the measured capacitance be Cx and the
frequency f;.

(2) Increase the test frequency and determine
the frequency at which the addition of the
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capacitor under test causes no change in the
resonating capacitance required to maintain
resonance. Let this frequency be f,.
The test circuit is now tuned to the natural
frequency of the capacitor under test. The absolute
capacitance of the capacitor is then given by

Ca—=Cx|1— —} ............. 37
f,
and the self-inductance by
1
Lo= m ................. (38)

5.2.5 SELF-INDUCTANCE—DIRECT-
CONNECTION METHOD
The self-inductance of large capacitors can be
measured at a frequency well above their natural
frequency. At the test frequency the reactance of
the capacitor is largely inductive and the capacitor
is treated as though it were an inductor. No circuit

nected directly between the HI and LO terminals of
the test circuit.

For this measurement it is necessary to eliminate
the inductance of the capacitor leads. This is done
by making use of stable clip leads and a “ shorting ’
strip—described in Section 4.3.6.

The measurement procedure is as follows:—
(1) Connect the capacitor under test to the H1 and
Lo terminals by means of the stable clip leads.

Conncct a high-valuc resistor—about 1 MQ—
between the HI and E terminals: this is to
retain the d.c. path between the Q AND 8Q meter
input diode and carth.

@

(3) Resonate the test circuit at a frequency known
to be well above the natural frequency of the

capacitor.

Let the indicated capacitance at resonance be C,
and the frequency be f.

(4) Replace the capacitor under test by the * short-

resonating inductor is used; the capacitor is con- ing” strip.
1000 — A
loo :")/ >

k 10 2/ %\ _ -
S j// //% //// //
100 s j///% ;» / %
b AN /;ARAZL MEASUREhﬁ;IZlﬁ//%
my i
100 X \ K \\\\N\
O 1o ‘_\ <th-:\\§ MEASUREME\N‘\T‘S\\\\\\
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o
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A
N

Q

ma 10
l \
ks 00 Uets SO0 921990 p s Reianc
129 lke/s =50 Mc/s circuit 20-300Mc/fscircuit Range.
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(5) Resonate the test circuit by means of the tuning
capacitor control. Let the new indicated
capacitance at resonance be C,.

The self-inductance of the capacitor is given by

1 C, -G, 1
@=MN* | CC, ' Cx
where Cx = the capacitance of the capacitor under
test: it is sufficiently accurate to use

the nominal value of capacitance in
this expression.

Lo=

} + Ls ..(39)

-

Ls = the inductance of the * shorting * strip
and s calculated from cxpression 11—
Scction 4.3.6.

5.3 MEASUREMENTS ON
RESISTORS

53.1 INTRODUCTION

Mecasurements on resistors can be made by con-
necting the resistor under test either in series or in
parallel with the test circuit; the method of con-
nection uscd depends (i) on the frequency of test
and (i) on the value of the resistance.

FFig. 5.3 shows the resistance measurement range
for both serics and parallel connection. The areas
enclosed by solid lines show the measurement range
using the TM 1438 series and TM 4947 series of
inductors. The dotied lines indicate the extended
range, down to | kc/s. using inductors whose
inductance is greater than those of the TM 1438
series.

532 R AND C—LARGE-VALUE
RESISTORS

Measurements are made on large-value resistors
by connecting them in parallel with the test-circuit
capacitor. For details of the measurement range,
see Section 5.3.1.

(1) Connect a suitable resonating inductor to the
HI and LO terminals.

(2) Adjust the oscillator frequency and tuning
capacitance to rcsonate the test circuit. Let
the indicated capacitance at resonance be C,
and the indicated Q reading be Q,.

(3) Connect the resistor under test to the Hi and E
terminals.

* In general it is sufficient 1o use the indicated value
of the tuning capacitance. Strictly, the effective
value should be used. Graphs of effective value
against indicared value of tuning capacitance are
civen in Fies. 10.2 and 10.3 ar the end of this
handbe ok

OM 1245
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(4) Resonate the test circuit by means of the
tuning capacitor. Let the indicated capacitance
at resonance be C, and the indicated Q reading
be Q..

The cffective shunt resistance of the resistor under
test at the frequency of test is given by

Rap— Q1

SR (- [4]
Q —Q o(CY) (40)
The cffective shunt self-capacitance is given by

Cxp=C* —C*..o 41

Il Cxr is negative, then the measurement has been
made at a frequency greater than the natural
frequency of the resistor. The cffective shunt self-
inductance is then given by

533 R AND C—SMALL-VALUE
RESISTORS

Measurements are made on small-value resistors
by connccting them in series with the test circuit.
For details of the mecasurement range, sce Section
5.3.1. In this method the Series Loss Test Jig
TJ 230 1s used (for details, sec Section 1.2).

(1) Connect the Serics Loss Test Jig to the Lf, test
circuit terminals (see Scction 2.4.5).

(2) Conncct the resistor under test to the jig.

(3) Conncct a suitable resonating inductor to the
Jg.

(4) Short circuit the resistor under test by means
of the screw switch.

(5) Resonate the test circuit by means of the
oscillator frequency and the tuning capacitance.
Let the indicated tuning capacitance at
resonance be C, and the indicated Q reading
be Q,.

(6) Bring the resistor under test into circuit by
unscrewing the screw-switch.

(7) Resonatc the test circuit by means of the

tuning capacitor. Let the indicated capacitance
at resonance be C, and the indicated Q rcading

be Q..
The effective series resistance of the resistor under
test at the frequency of test is given by

1 1 1
RX—(—){—CE—Q“—ETQ—;} ............ (43)
The cffective series self-capacitance is given by
I o o
CX — rq ...................... (44)

To convert expressions (43) and (44) to the more
usual parallel combination, the following ex-
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VAN

i,—™=

T

Fig. 5.4 Equivalent Circuit
of a Transmission Line.

ggo

pressions should be used : —

Rxp =

Cxr

1 4+ (0oCxRx)?
(oCx)*Rx

Cx

~ T+ (oCxRx)?

- — - ——

If Cxp is negative, the measurcment has been
made at a frequency greater than the natural

frequency of the resistor.

inductance is then given by

Lxp = —/——
?Cxp

......................

54 MEASUREMENTS ON
TRANSMISSION LINES

5.4.1

INTRODUCTION

The cffective shunt

The characteristic impedance, attenuation, and
phase velocity of a transmission line can be
determined by open- and short-circuit measure-
ments on the line. The equivalent circuit of a line
is shown in Fig. 5.4.

¢

If the end of the line is open-circuit, the effective
circuit can be considered as a single capacitance
Ca in parallel with a single conductance Ga. The
effective shunt admittancc is Ga + joxCg mhos.

If the line is short-circuited, the effective circuit
can be considered as a single inductance L. in
series with a single resistance R,. The effective
series impedance is R, -+ joL, mhos.

The characteristic impedance is then given by

Effective short-circuit series impedance

L= — -
¢ 7 Effective open-circuit shunt admittance

.(46)

From a knowledge of the four components men-
tioned above, all the characteristics of a trans-
mission line can be calculated provided that the
clectrical length of the line is short compared
with a half-wavelength. In practice, when making
measurcments by the methods described in Sections
5.4.2 and 5.4.3, the clectrical length of the line
should be as short as possible; the maximum
practical length to use is about one-eighth wave-
length. Fig. 5.5 gives a graph of #/8 against fre-
quency; the wvalues are calculated from the
expression

>
(o]

o]
=

Fig. 5.5
Variation

of the Electrical
Length of a

128 — 1000
~ 1000 \
100
00
FEET 10
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| 8
L | =
\ A/ %%
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2 7o
e 47
8 3k

where » = the wavelength in the transmission line.

%o = the free-space wavelength.
k = the diclectric constant of the trans-
mission line medium,
When the diclectric constant is not known, the
physical length of the line should be made no
greater than 2,/16.

5.4.2 EFFECTIVE SHUNT CAPACITANCE
AND CONDUCTANCE

This measurement is made on the open-circuit
line. The measurement procedure is exactly the
same as that described in Section 5.2.1 for small-
value capacitors.

From expression (27), the effective shunt
capacitance of the line for the length of line under
test is given by

Ca=C,—Couvrriiiiiiiii, (48)

From expression (29), the eflective shunt con-
ductance of the line for the length of linc under test
1s given by

Note: The correction for effective capacitance
mentioned in Section 5.2.1 may be applied in
expressions (48) and (49).

5.4.3 EFFECTIVE SERIES INDUCTANCE
AND RESISTANCE

This mecasurement is made on the short-circuit
line. The measurement procedure is exactly the
same as that described in Section 5.1.7 for small-
value inductors.

From expression (23), the effective series in-
ductance of the line for the length of line under test
Is given by

From expression (25), the effective series resist-
ance of the linc for the length of line under test is
given by

I 1 R B
Rs“m{CQQ._, o IRRREECR T (51

544 CALCULATION OF TRANS-
MISSION LINE CONSTANTS

In the following expressions, the quantity S is the
physical length of the line in metres.

OM 1245
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The characteristic impedance of the line is given

by
o Rs + j(')Ls & \/—E
zu_.\/Gd%ij“_, o (52)
The attenuation of the line is given by
I GdZu + &,
A= % m nepers/metre. . . .(53)
l [ Z, - }nc_pc.rs/mctrn
— G oo
=328 l Z, when S < /60
4-34
=< { GuZy + = 7. }dB /metre
The phase velocity of the iine is given by
Vo= Lo GSM metres/second. . . .. (54)
tan! w4/L:Ca
= \/_LS.E metres/second  when S < 2/30
i =
The dielectric constant of the line is given by
0-31L«)*
k — { Z—OS'} .................... (55)

W mJ.mm,hzo

{RCUIT M»‘«-JNiF'C’N e TEl
1245

Fig. 5.6 Test Jig, Type TJ 15581,
[fitted for Dielectric Loss Measurements.
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r—_ PLATE SPACING IN THOUSANDTHS OF AN INCH
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Fig. 5.7  Capacitance of Plate Capacitor due to Uniform Field.
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55 MEASUREMENTS ON
INSULATING MATERIALS

For the measurement of the peimittivity and
diclectric constant of solid diclectric insulating
materials, the Dieleetric Loss Test Jig TJ 155B/1 or
TJ 155C/1 should be used. The two jigs are
identical except that the * B/1° is calibrated in
thousandths of an inch and the ¢ C/1° in milli-
metres.

The jig plugs into the LF test circuit m and g
terminals (see I'ig. 5.6), and is retained there by a
special screw supplied with the jig.

The screw passes through the hole in the jig
insulator between the two micrometer heads and
locates in a threaded bush in the front panel of the
Q-Meter.

When finally assembled, the micrometer heads
should be at the top. The left-hand micrometer

SECTION 5

capacitor is a lincar-law capacitor and is used for
bandwidth determinations. The right-hand capaci-
tor is a platc capacitor to hold the specimen under
test.

5.5.1 PREPARING THE SPECIMEN

The specimen should preferably be between
about 25-4 and 27 mm (1 and 1-06 in.) in diameter
so that it projects slightly around the edge of the
clectrodes; this gives a good compromise between
errors due to surface leakage over the edge of the
specimen and errors due to the fringing of the
clectric field. The exact thickness of the specimen
is not important, but should be of the order of 1 to
5 mm as it becomes difficult to obtain accurate
results with specimens much outside these limits.

The surface of the specimen should be as flat as
possible; for the best possible accuracy, disks of
thin tinfoil about 0-002 nch (0-05 mm) thick and

[ PLATE SPACING IN THOUSANDTHS OF AN INCH n!
10 100 1000
4 6 8 20 40 60 B8O 200 400 600 BQO
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Fig. 5.8 Capacitance of Plate Capacitor due 10 Fringe Field.
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Lin. (25-4 mm) diameter must be carefully applied
to the surfaces of the specimen with a trace of
vaseline. The main-capacitor electrodes are then
made to cover the foil when the specimen is in
position. The smallest possible trace of vaseline
should be used and the foil smoothed into place
with a small pad so that all air is cxcluded. When
properly applied, the foil should have the appear-
ance of a mirror.

5,52 MAKING A MEASUREMENT

The procedure described below is the funda-
mental and preferred method of measurement.
However, it is sometimes more convenient to treat
the specimen as the dielectric of a capacitor formed
by the jig and measurements madc as described in
Section 5.2.1.

(1) Set the main tuning capacitor control on the
Q-Meter to around minimum capacitance.

(2) Connect the jig to the L.f. test circuit terminals.

(3) Connect a suitable resonating inductor to the
Ht and LO terminals.

(4 Insert the specimen between the electrodes of
the plate capacitor. Screw down the micro-
meter until the specimen is just held. Use the
small ratchet-controlled knob at the end of
the micrometer head to avoid overtightening
the micrometer. Let the plate-micrometer
reading minus the total thickness of the foil, if
used, be D,.

(5) Set the linear capacitor to 12-5 mm or 0-5 in.,
as appropriate.

(6) Resonate the test circuit by means of the
oscillator frequency control. In order to
obtain a convenient reading on the Q AND
8Q meter, adjust the oscillator amplitude
control.

(7) Detune the linear capacitor and note its
micrometer rcading both above and below
resonance, when the indicated Q reading is
halved. Let the total change in micrometer
reading be M,.

(8) Adjust the linear capacitor to restore resonance.
Do not alter the oscillator frequency.

(9) Remove the specimen and, without altering
the oscillator frequency, resonate the test
circuit by means of the plate capacitor. Let
the new plate capacitor sctting be D,.

(10) Detune the linear capacitor and note its
micrometer readings, both above and below
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resonance, when the indicated Q reading is
halved. Let the total change in micrometer
reading be M,.

5.53 CALCULATING THE RESULT

The permittivity of the specimen is given by

In general, this expression will give a rcsult
accurate to within +59%. If the plate capacitor
change, from specimen-in to specimen-out, is large
so that the change in fringe capacitance is appre-
ciable, the following expression should be used

C -+ CF-) - CI:
k——2——2 = ... 57
= (57)
where C; = the capacitance of an air-diclectric
capacitor having spacing = D,. (Sec
curve, Fig, 5.7.)
C, = the capacitance of an air-diclectric

capacitor having spacing D,. (See
curve, Fig. 5.7.)

Cry = the effective fringe capacitance when
the plate capacitor is set to spacing
D,. (Sece curve, Fig. 5.8.)

Cr, = the effective fringe capacitance when
the plate capacitor is sct to spacing
D,. (Sec curve, Fig. 5.8.)

The loss tangent of the specimen is given by

tan dx = lj(—M-if,_S—m - D, where D, is
in millimetres ........... ... .. (58)
P(M : .
tan §X (I\/leM_) . D. where D. is in

thousandths of an inch............ (59

where P = the conversion flactor for the linear
capacitor and is marked inside the lid
of the box in which the jig is supplied.

If the platc capacitor change, from specimen-in
to specimen-out, is large so that the change of
fringe capacitance is appreciable, the following
expression should be used

P(M1 — M:)
3-46 (Cg -+ CFg - CF[) .....

The quantities C,, Cr,y, and Cr, are determined
as in expression (57).

tan dx =

OM 1245
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6 TECHNICAL DESCRIPTION

The following detailed description is intended to

be read in conjunction with the circuit diagram,
Fig. 10.6.

6.1 GENERAL

The Circuit Magnification Meter TF 1245 in-
corporates two separate low-loss test circuits to
ensurc optimum operating conditions over the
complete range of 1 ke/s to 300 Mc/s. Both are of
the conventional series-resonant type, in which Q
is mecasured in terms of the voltage developed
across the tuncd-circuit capacitor.

Separate voltage injection systems are used for
each test circuit; a crystal voltmcter monitors the

plication factor. The circuit Q is measured by a
valve voltmeter connected across the h.f. test
circuit tuning capacitor, this being common to both
test circuits; the value of Q is read from a panel-
mounted meter.

6.2 MECHANICAL LAYOUT

For ease of opcration all controls, terminals and
meters are mounted on the sloping front panel. The
terminals for the two test circuits are arranged in
two adjacent groups; those for the Lf. test circuit
have socket holes to accept the standard plug-in
inductors, of cither Marconi or US pattern, and the
two Loss Test Jigs.

level of the input signal and indicates the Q multi- The voltage injection systems, the tuning
Q RANGE
lsom 250 2300
::fu?r(::mg;\sn 06 22 .80 200 4 22 4 350
TMSTI28 lkc/s to 50 Mc/s 150 o * 400
- TEST CIRCUIT 00 ® 450
so® ® 500
L0 S e HI ' FINE COARSE
=0 by . h : ,
1 TO 40 kels L") | ) |
EXT L 1 " SET §Q ZERO i
I 1 [ +
oR ! . .
1 ! 1
| e e - |
"""""""" ’r_ | IL
]
| Lo
L ol
:' ! | I\.‘\ <
: z ' | VA <
\ - z | ! \ ¢
) " © 1 |
| 2
~ 7
B OEE
25 R 2
40kc/s TO 50 Mefs ! \_, I
OSCILLATOR _ - MAIN INCREMENTAL . :
TF 1248 ‘ :, || CAPACITANCE z |
OR MULTIPLIER | L
I 20 to 300 Mc/s
| TEST CIRCUIT
1
1
1
)

20 TO 300 M</s
OSCILLATOR
TF1247

Fig. 6.1
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capacitor, the terminal groups and the valve volt-
meter diode are all mounted on a substantial
aluminium-alloy cast frame for good stability. This
tuning unit is shown in Fig. 6.2. The tuning
capacitor is, in fact, two ganged sections, the rotors
being on a common spindle with the two stators
mounted on a low-loss ceramic plate. The smaller
section of 7-5 to 110 puF, is used in the h.f. test
circuit, and when the HI I and w1 11 terminals arc
linked the other larger section is connected in
parallel with it Lo give a total capacitance range for
the Lf. test circuit of 20 to 500 puF.

The capacitor spindle drive mechanism consists
of a main tuning control of near-dircct drive ratio
and a fine incremental control with a drive reduction
of approximately 50:1. A face cam on the incre-
mental-tuning control spindle actuates a lever which
rolates the capacitor spindle via a spring-loaded
clutch. When operating the incremental control the
clutch is solid and the main drive rotates, maintain-
ing absolute capacitance calibration; but when
turning the main control the clutch is overdriven
and the incremental control is inoperative.

6.3 VOLTAGE INJECTION
SYSTEMS

A separate injection system is used in cach test
circuit, the Lf. injection is resistive and the h.f.
inductive. In both systems the injection voltage is
20 mV, derived from 25:1 potentiometers; the
vollage input to each system being 0-5 volt. The
Lf. injection potentiometer (R27, R26) comprises a
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non-inductive disk resistor of 0-5 ohm with a con-
centric tapping to give an injection resistance of
20 mQ. Above about 50 Mcjs even 20 mQ
becomes a significant circuit loss so inductive
injection is used for the h.f. test circuit. Here also
a 25:1 potentiometer (L2, L1) is used, consisting of
a flat screened inductor 2-5 in long, tapped 0-1 in
from its carthed end. This gives an injection
inductance of approximately 0-1 muH.

The two potentiometers arc accurately adjusted
during manufacture so that by monitoring the
morc manageable input level of 0-5 volt the actual
injection voltage can be easily determined. This
high voltage level enables crystal voltmeter circuits
to bc used as injection monitors; two full-wave
circuits are used here, both feeding the same moving
coil meter, M2, which is calibrated in Q-multiplying
factors. Full-wave circuits are used so that errors
due to any distortion in the input signals are
minimized, for since the Q-reading valve voltmeter
measures a virtually perfect sine-wave so should the
input monitors.

64 VALVE VOLTMETER

A disk-scal u.h.f. diode, V4, is uscd to rectify the
voltage developed across the test circuit capacitor.
The output from the diode is then applied to a
double-triode d.c. bridge circuit with a moving-coil
meter, M1, as the indicator.

The diode is used as a secrics rectifier and is
mounted directly behind the 7:5 to 110 ppF tuning
capacitor. The use of a series circuit ensurcs the
lowest shunt loss possible, since the loss presented

Fig. 6.2 Resonating
Capacitor Unit.
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by the diode load resistor of a shunt circuit would
be greater than that of the diode itself. There is,
however, one limitation in the series circuit which
has been used, a d.c. path is required in the resonant
circuit under test.  This path is generally supplied
by the resonating inductor but in cases where, say,
the Lo of a capacitor is being measured and the
¢ inductor * has no d.c. continuity, a d.c. path must
be supplicd by a suitable coil of large inductance or
a resistor connected in parallel with the test com-
ponent across the inductor terminals.

For good discrimination the panel meter is
calibrated in three Q Ranges—50, 150 and 500—
corresponding to full-scale deflections of 1, 3 and
10 volts respectively.  The 3Q facility gives an
cxpanded Q scale of 25-0-25 anywhere n the Q
range; the d.c. output from the diode is backed off
in steps of 50 Q with a stabilized d.c. voltage
derived from V2 via the switched potentiometer
chain R6 to R15. This d.c. voltage is applicd to
the grid of one of the d.c. bridge triodes (V3b) and,
in effect, shifts the bridge zero by the required
amount.

OM 1245
1*—11/61

SECTION 6

6.5 POWER SUPPLY

Both the h.t. and Lt. supplics to the valve volt-
meter are stabilized against variations in mains
input voltage. The valve heaters are fed from a
special transductor stabilizer circuit designed to
give a constant r.m.s. current instead of the con-
stant average current common to simple (non-
feedback) magnetic amplifiers. The h.t. supply to
the d.c. bridge and the 3Q backing-off voltage are
both derived from reference neon stabilizers.

Since all valve supplics in the instrument are
stabilized the instrument can be operated from a
wide range of mains voltages without recourse to a
multi-tapped mains transformer primary. Earlier
models mercly have the two primary windings
connected in series for 190- to 260-volt operation.
and in parallel for 95- to 130-volt operation. In
order to improve the regulation, however, later
models have extra taps which halve the major
ranges Lo give ranges of 190- 1o 230-volts, 220~
10 260-volts. 95~ to 115-volts, and 110- to 130-
volts.
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7 MAINTENANCE

7. GENERAL

It is strongly recommended that the user should
become familiar with the contents of Section 6
before commencing the adjustment or replacement
of component parts of the instrument.

It should also be remembered that the TF 1245
is a precision instrument and its calibration at the
factory is dependent upon the use of specialized
test equipment and techniques. The maintenance
information given here will enable simple com-
ponent failures to be rectified, but for any major
fault or damage the repair and recalibration
should only be carried out by the manufacturer.
In this event the instrument should be returned
to Marconi Instruments Ltd.. Service Division,
Hedley Road, St. Albans. Herts., England.

The circuit diagram, Fig. 10.6, shows all the
clectrical components contained in the instrument

PRIMARY A
HIGH LOwW

H[GH
PRIMARY B z

(@) for 190- to 230-volt range.

PRIMARY A
HIGH LOW S

?
— LT

HIGH LOw S
PRIMARY B

) for 220~ 1o 260-volt range.

Fig. 7.1 190- to 260-voli Conncections.

190- to 260-volt range

Only one link is used, as shown in Fig. 7.1;
this connects the two primary windings in series.
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and also gives their values. The descriptions of
these components—their types, tolerances, ratings,
etc.—are given in the Spares Ordering Schedule;
this Schedule also lists certain sclected mechanical
components.

The physical locations of the clectrical com-
ponents are shown in the Component Layout
Ilustrations.

7.2 MAINS TRANSFORMER
ADJUSTMENT

To get at the mains transformer remove the top
and back panels (see Section 7.4).

Compare the transformer link arrangements, as
viewed from the rear of the instrument, with
Figs. 7.1 and 7.2. For earlier models not having
the intermediate taps. use the connections shown
in Figs. 7.1(b) and 7.2(b).

PRIMARY A
HIGH

HLGH
PRIMARY B
(@) for 95— to 1135-volt range.
PRIMARY A
HIGH LOW
[sansusww
AT - ]
HIGH Low
PRIMARY 8

(b) Jor 110- to 130—volt range.

Fig. 7.2 95- 10 130-volt Connections.

93- to 130-volt range

Two links are used as shown in Fig. 7.2; these
connect the two primary windings in parallcl,
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7.3 FUSES

The TF 1245 is protected by two fuses. One is in
series with the mains transformer primary and the
other is in series with the h.t. sccondary. Both are
standard 1-in. long, {-in. diameter cartridge fuses.
The fuse in the primary is rated at 1 amp for
190- to 260~ volt mains and 2 amp for 95~ to
130-volt mains working: the fuse in the secondary
is 150 mA. Both fuses are accessible at the rear
of the instrument and can be replaced without
removing the instrument rear cover.

7.4 ACCESS TO COMPONENTS

To remove Case Pancls:—

(1) Detach the case top-panel by undoing the four
screws at its edge holding it to the top of the
mstrument.

(2) Detach the rear casc-pancl after detaching four
screws; two of the screws hold the panel to the
rear of the instrument and the remaining two
arc on the underside at the rear.

(3) Detach the bottom casc-panel by undoing the
two screws at its front-panel edge holding it
to the bottom of the instrument.

7.5 WORKING VOLTAGES

The voltages given in Table 1, for guidance when
servicing the instrument, were obtained from a
representative TF 1245; the voltmeter used was an
Avometer Modcel 8, which has a resistance of
20,000 ohms/volt. The vollages were measured
with 240 volis applied to the mains transformer, on
the 190- 10 260-volt range.

TABLE |

All measurements except the transformer-
secondary voltages were made with respect to the
h.t. negative fine.

H.T. Secondary (between tags on mains

transformer) 110 Va.c.
L.T. Secondary (between tags on mains
transformer) 27 Va.c.

H.T. Rectified (junction of MR1 and
Cl) 250 Vdee.

HTI (pin 1, V1) 150 V d.c.
HT2 (pin 5, V2) 83 Vd.c
V3 cathode voltages (pins 3 and 8) 73 Vd.c.
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7.6  REPLACEMENT OF VALVES

The types of valves used in the instrument, their
base connections, and some guidance as to suitable
alternatives il the types originally fitted are not
readily available, arc given in Table 2 on page 42.

The valves may normally be replaced without
special selection. VI, V2 and V3 are immediately
accessible on removing the top case-pancl as
described in Section 7.4 (1). Access to V4 is
described in Section 7.6.1,

When replacing the voltmeter valves, V3 and V4,
itis advisable to age new valves for about 100 hours
at their normal working voltages before making
any calibration adjustments.

7.6.I REMOVAL OF @ AND 3@ METER
INPUT DIODE V4
(I) Remove the case pancls as described in
Section 7.4. Atthe rear of the tuning-capacitor-
assembly casting are two plastic dust covers,
one large onc small, and a U-scction metal
bracket which supports the diode.

(2) Remove the large plastic cover by undoing the
four screws holding it to the casting.

(3) Remove carefully the bracket after undoing the
four screws holding it to the casting.

(4) Unsolder the two diode heater wires.

(5) Unsolder the cathode resistor from its feed-
through capacitor. The diode is held in
position by a U-scction clamp plate. Under
the cathode band is trapped a metal plate and
a mica sheet which, together, form ihe by-pass
capacitor C4. Special care should be taken to
ensure that the mica is not damaged by
removal of the valve,

(6) Unscrew the two nuts and bolts which hold the
diode-cathode band to the bracket. Make sure
the spacers do not fall out and get lost.

The diode can then be withdrawn from its
mounting assembly.

To reassemble the diode, reverse the order given
above. When fitting the assembly to the casting,
the following points must be observed.

(@) The two contact fingers which protrude from
the bracket must be clean and must locate in
the grooves in the capacitor spindle. The
correct grooves are those which lie betiveen the
first and sccond rotor vancs at cither end of
the set.

(b) The diode anode pin must locate properly on
the anode connector strip. Do not allow the
end of the strip to jam against the side of the
anode pin.

(c) Ensure that the mica sheet is not shorted out.
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TABLE 2

Any valve which becomes faulty should preferably be replaced by a valve of the type originally supplied
in the instrument. If this is not possible the additional data given by the table may be used as a guide (o

suitable alternatives.

British British U.s.
Ve Bwc - Gemmecia | Semicer | g
A% | Brimar a 150C4 CV1832 0A2
OA2 QS1207
Voltage
Stabilizer
V2 Mullard a QS83/3 CV449 0G3
85A2 M8098+
Voltage 5651 CV4048
Stabilizer
V3 Brimar b ECC82 CVv491 12 AU7
12AU7 B329
Double 60677
Triode M8I1367 CVv4003
V4 Mullard c —-_ CV5140 EA52 is
EAS52 available in
Diode U.S.A. from
Marconi
Instruments,
New Jersey
T High reliability rype.
a C
CATHODE 5

HEATER

42
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7.7 PRESET COMPONENTS

During the factory calibration of the instrument,
certain of its performance characteristics are
brought within close limits by mcans of preset
components,

Following the replacement or ageing of certain
fixed components, it may becomec nccessary to
repeat part of the calibration procedure by which
the prescts were adjusted.

7.7.1 INJECTION POTENTIOMETERS

The Lf. test circuit injection potentiometer, con-
sisting of R27 and R26, is accurately adjusted
during manufacture. Likewise the h.f. injection
potentiometer. L2 and LI, is accurately preset Lo
the required ratio of 25:1 by adjustment of L2. No
attempt should be made by the user to readjust
these components—see Section 7.1.

7.7.2 ADJUSTMENTS OF PRESETS

The circuit references of certain preset com-
ponents arc given in Table 3, togcther with their
circuit function and the numbers of the sections
describing their readjustment.

TABLE 3

Presct Adjustment Section Describing
Component Function Adjustment

RV1 Heater current 7.8.3
RV3
RV35 3Q accuracy 7.8.5
RV9
RV6 Q accuracy 1.8.4
RV7  MULTIPLIER 7.8.6
RVS8 [ accuracy

7.8 SCHEDULE OF TESTS

The following information is based on extracts
from the internal Factory Test Schedule.

7.8.1 APPARATUS REQUIRED

(@) 750-volt Insulation Tester.

(6) Variable Mains Transformer, e.g. Variac.

(¢) Voltmeter, true r.m.s to measure at least
63 volts.

(d) Oscillator to provide 10 volis r.m.s. at 5 kcls,

e.g. Marconi tvpe TF 1101, TF 195 (Series),
TF 8944 or TF 885 (Series).

(e) Valve Volmmeter, standardized, e.g. Marconi
Type TF 1300, TF 1041 (Series) or TF 428 (Series).

(J) High resistance d.c. voltmeter, standardized,
e.g. Avometer Model 8.

(g) Oscillator, Marconi Type TF 1246.

OM 1245
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(" Oscillator, Marconi Type TF 1247,

() A.C. Millivolimeter, standardized, to measure
20 mV at 1 and 50 Mc/s.

(J) Capacitance Bridge, |- 0-25%, e.g. Marconi
Type TF 1342 or TF {313,

7.8.2 INSULATION
(Apparatus required: Item a)
Measure the insulation resistance between chassis
and cach * live * pin of the mains supply plug with
the suppLY switch oN. The reading should normally
be approximately 40 MQ or above.

783 HEATER CURRENT
(Apparatus required: Items b and ¢)
The valve-heater supply stabilizer is set up by
adjusting RV1 to give the correct voltage across
the heater of V4,

(1) Monitor the voltage at the secondary of the
isolating transformer, T3, with the r.m.s.
voltmeter.

(2) With the TF 1245 mains transformer set to
the appropriate range connect the Q Meter to
the mains via the variable transformer. Set
the input voltage to the centre of the range;
see Scction 7.2.

(3) Adjust RV] to give a heater voltage of
6.3 volts.

(4) It may be necessary to add a resistor across
the primary of T3, in order to increase the
stabilizer current to ensure that V3 heater
also has 6.3 volts across il.

784 Q RANGE ACCURACY
(Apparatus required: Items d and €)
(1) After allowing the instrument to warm up for
20 mins. short the HI and © terminals of the
h.E. test circuit. (Link LKA need not be fitted.)

(2) Set the Q RANGE swilch to 50 and adjust the
Q SET ZERO control to bring the @ AND 8Q meter
pointer to zero.

(3) Remove the short and connect the oscillator
across the 1 and E terminals,

(4) Apply a signal of 1-0 volt r.m.s. at 5 kcfs,
monitored by the standardized valve voltmeter:

(5 Adjust RV6 to give full-scale deflection on the
Q AND 3Q meter.

(6) Turn the Q RANGE switch to 150 and check that
an input of 3-0 volts r.m.s. gives full-scale .
deflection within + 29/,

(7) Turn the Q RANGE switch to 500 and check that
an input of 10-0 volts r.m.s. again gives full-
scale deflection within + 2%.
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If the error on the 150 or 500 ranges is greater
than 4 29, RV6 should be adjusted to give the
best overall compromise accuracy.

78,5 Q@ RANGE ACCURACY
(Apparatus required: Items d, ¢, and f)
Adjustment of RV3 and RV5 gives the correct
backing - off voltage and mecter sensitivity,
respectively, for the 8Q ranges. RV9 may need
to be adjusted to centralize the @ zErO control
after adjustment of RV3; soflen the vinyl cement
on the slider with a solvent such as acetone.

(1) Connect the high resistance d.c. voltmeter
across any onc of the 1 kQ resistors R6 to R15.

(2) Adjust RV3 to give a rcading of 1-36 volts on
the d.c. voltmeter.

(3) Set the Q RANGE switch to 3q.

(4) Connect the oscillator to the h.f. test circuit
HI and E terminals, with the standardized valve
voltmeter to monitor the oscillator output.

(5) Set the oscillator output to 5 volls r.m.s. at
5 kaS.

(6) Adjust the 8Q FINE and COARSE ZERO controls
until the Q AND 8Q meter pointer indicates
£ —25, (i.e. left-hand zero).

(7) Increase the oscillator output to 6 volts.

(8) Adjust RV5 until the @ AND 85Q meter pointer
indicates ‘ 4- 25" (i.e. full-scale right-hand
deflection).

78.6 @ MULTIPLIER METER
ACCURACY

(Apparatus required Items g, h, and i)

The sensitivity of the crystal voltmeter circuits
used to monitor the injection input signals are sct
up by adjustment of RV7 and RVS.

(1) Conncct the TF 1246 Oscillator to INPUT 1.
Set its frequency to 1 Mc/s.

(2) Connect the standardized a.c. millivoltmeter to
the Lf. test circuit LO and E terminals.

(3) Adjust the oscillator output until the milli-
voltmeter reads 20 mV.

(4) Adjust RVS to bring th¢ Q MULTIPLIER melter
pointer to the 1 mark.

Similarly, for the h.f. test circuit:—

(1) Conncct the TF 1247 Oscillator, set to about
50 Mc/s, to INPUT II.
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(2) Connect the millivoltmeter to the h.f. test
circuit LO and E terminals.

(3) Adjust the oscillator output until the milli-
voltmeter reads 20 mV.

(4) Adjust RV7 to bring the Q MULTIPLIER meter
pointer to the x 1 mark.

If it is found that RV7 or RV8 have insufficient
cover to cnable the Q MULTIPLIER meter to be set up,
the appropriate meter diodes MR3/MR4 or MR35/
MR6 should be tested. Measured with an Avo-
meter Model 8, their reverse resistance should not
be less than 10 kL.

7.8.7 TUNING CAPACITOR
CALIBRATION ACCURACY

(Apparatus required: Item j)

Check the accuracy of the tuning-capacitor dial
calibration as follows:—

(1) For the Lf. test circuit, connect link LKA
between the Hi 1and HI 1 terminals. Screw the
LO terminal into its upper socket. Connect the
capacitance bridge across the right-hand Hi and
E terminals. The calibration accuracy of the
main dial should be within 4 1 uuF 4 1%,
that of the increment dial should be within
+ 0-2 unF.

(2) For the h.f. test circuit, disconnect link LKA.
Connect the capacitance bridge across the left-
hand Hi and E terminals.  The calibration
accuracy of the main dial should be within
4+ 05 uuF + 1%, that of the incremental dial
should be within -+ 0-1 uuF.

If the calibration accuracy is found to be outside
the above limits a correction chart should be made
or, if preferred, blank dials fitted and the capacitor
recalibrated.  In the event ol gross inaccuracy or
suspected mechanical derangement the user should
not attempt to rectify the fault; the instruments
should then be rcturncd to the manufacturer for
scrvicing—see Section 7.1.

1.8.8 INDICATED Q ACCURACY

The accuracy of the Q factor indicated by the
Q AND 3Q meter may be checked by using the
incremental capacity method,

2C

Q= C
where C is the tuning capacitance for resonance,
and 3C is the change in C between the two half-

power points, i.e. 0:707 x Peak Q Rcading (see
Section 5.1.2).
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Section 8 COMPONENT LAYOUT ILLUSTRATIONS
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v3 Tl
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R22 MR2
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R28 RV2
R29
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9 SPARES ORDERING SCHEDULE

When ordering replacement parts, always quote the TYPE NUMBER and SERIAL NUMBER of the instrument,
the QUANTITY required and the appropriate soS ITEM NUMBER.

For example, to order replacements for the 15-k€) resistor, RS, and the 8-wF capacitor, C2, quote
as follows:—

Spares required for Tl 1245, Serial No. 000000

1 off, SOS Ttem 4
1 off, SOS Item 43

It is important that the distinguishing code * SOS * preceding each item number should not be omitted.
P g

SOS
ftem Cirenit Description Works
No. Ref. Ref.
RESISTORS
I R2 Wirewound, 4-7 k& - 109, 10 W, 5-TM4943BA
2a R3 Carbon, High Stability, 22 kQ + 2%, 1 W. 27-TM5642
3a R4 Carbon, High Stability, 5 kQ + 5%, 1 W, 6-TM4943BA
4 RS Composition, 15 kQ |- 109, 4+ W. PC66611/39
5 R6 Carbon, High Stability, 1 k€ + 1%, 1 W. 2-TM5643
6 R7 Carbon, High Stability, 1 kQ -+ 1%, 1 W. 2-TM5643
7 R8 Carbon, High Stability, 1 kQ ++ 19, 3 W. 2-TM5643
8 R9 Carbon, High Stability, 1 kQ + 1%, 1 W. 2-TM 5643
9 R10 Carbon, High Stability, 1 k€2 - 1%, 1 W. 2-TM5643
10 RI11 Carbon, High Stability, 1 kQ2 - 1%, 1 W, 2-TM 5643
11 RI12 Carbon, High Stability, | kQ + 19, 1 W. 2-TM5643
12 R13 Carbon, High Stability, 1 kQ + 19, 1 W. 2-TM5643
13 R14 Carbon, High Stability, 1 kQ + 19, 1 W. 2-TM5643
14 R15 Carbon. High Stability, [ kQ + 19, 1 W, 2-TM5643
16 R17 Carbon, High Stability, 33 kQ + 59/, L+ W. 13-TM4943BA
17 RI8 Carbon, High Stability, 4-7 kQ + 5%, 1+ W. 2-TM 5644
18 R19 Carbon, High Stability, 118 kQ - 19, + W. 3-TM5644
19 R20 Carbon, High Stability, 28 kQ - 1%, L W. 4-TM 5644
20 R2i Carbon, High Stability, 2 kQ + 19, 1 W. 5-TM 5644
21 R22 Carbon, High Stability, 330 k2 4 5%, 1 W. 7-TM4943BA
22 R23 Carbon, High Stability, 330 k@ + 5%, L W, 8-TM4943BA
23 R24 Carbon, High Stability, 100 MQ, Welwyn H.11. 25-TM 5642
24 R25 Composition, 100 @ + 109%. + W. PC66609/7
S R26 Special, 0-02 Q.
2 R Special, 0-48 Q. [ 1-TM 5641
21135 s0s |
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SOS
Item Circuit Description Works
No. Ref. Ref.
26 R28 Carbon, High Stability, 6-8 kQ 4 5%, 1+ W. 9-TM4943BA
27 R29 Carbon, High Stability, 6-8 kQ | 5%, + W. 10-TM4943BA
28 R30 Composition, 47 Q - 109, + W. 66-TM5639
29 R32 Carbon, High Stability, 3-3 kQ 4 5%, 1 W. 11-TM4943BA
THERMISTORS
30 THI Brimistor, Type CZ3, 1-5 kQ + 209, at 20°C. 6-TM5645
31 TH2 Brimistor, Type CZ3, 1-5 kQ 4 20%, at 20°C. 68-TM5639
POTENTIOMETERS AND KNOBS
32 RVI Wirewound, 5 kQ + 10%, 3 W, Linear. 28-TM 5642
33 RV2 Wirewound, 500 Q + 10%, 1 W, Linear, 29-TM 5642
34 RV3 Wirewound, 30 kQ + 109, 3 W, Linear. 30-TM5642
35 RV4 Carbon, 1 MQ 4 209, 14 W, Lincar. 31-TM5642
36 RV5 Wirewound, 5 kQ 4 10%, 3 W, Linear. 28-TM 5642
37 RV6 Wirewound, 5 k2 4 10%, 3 W, Linear. 28-TM 5642
38 RV7 Wirewound, 5 kQ -+ 10%, 3 W, Linear. 28-TM5642
39 RVE Wirewound, 5 kQ -+ 109%, 3 W, Linear. 28-TM 5642
39/1 RV9 Wirewound, 1 kQ + 10%, + W, Linear. 12-TM4943/CU
40 Knob for RV2. TB23920/1
41 Knob for RV4. TB17848/3
CAPACITORS
42 Cl Electrolytic, 8 uF + 509 — 20%, 450 V d.c. 35-TM5642
43 C2 Electrolytic, 8 pF + 509 — 209%, 450 V d.c. 35-TM5642
44 C3 Feed-through, 4700 puF, 500 V d.c. 75-TM5639
45 C4 Mica, 20 puF, Special. 16-TM5639
46 C5 Feed-through, 4700 wuF, 500 V d.c. 75-TM 5639
47 Co6 Paper, 0-001 pF 4+ 20%, 600 V d.c. 74-TM5639
48 C7 Paper, 0-001 »F + 209, 600 V d.c. 74-TM5639
49 C8 Variable, 10-400 v.uF, Special. 7-TM5639
50 C9 Fecd-through, 4700 puF, 500 V d.c. 75-TM5639
51 Ci1l Variable, 7-5-110 puF, Special. 8-TM 5639
52 Ci2 Electrolytic, 32 wF, 35 V d.c. 72-TM 5639
53 Ci13 Electrolytic, 10 uF, 6 V d.c. 73-TM5639
SOS 2 OM 1245
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RIOAY

Item Circuit Description Works

No, Ref. Ref.

SEMI-CONDUCTORS
p MR2j  ST.C.Type C2D, Selonium Rectfer. 13-TM5642
56 MR3 B.T.H. Type CS2A, Silicon Diode. 43-TM 5639
57 MR4 B.T.H. Type CS2A, Silicon Diode. 43-TM5639
58 MRS B.T.H. Type CS2A, Silicon Diode. 43-TM 5639
59 MR6 B.T.H. Type CS2A, Silicon Diode 43-TM5639
VALVES, VALVEHOLDERS AND RETAINERS
60 A OA2, Voltage Stabilizer. 45-TF1245
61 Holder for V1, B7G, with skirt. 11-TM5642
62 Screening Can for V1. PC17501/2
63 V2 85A2, Voltage Stabilizer. 46-TF1245
64 Holder for V2, B7G, with skirt, 11-TM5642
65 Screening Can for V2, PC17501/3
66 V3 12AU7, Double Triode. 47-TF1245
67 Holder for V3, B9A, with skirt. 12-TM 5642
68 Screening Can for V3. PC17502/2
69 V4 EAS52, Diode. 82-TM5639
70 Retainer for V4. 17-TM 5639
71 Mounting Bracket for V4. 18-TM 5639
12 Anode Contact Spring for V4. 13-TM 5639
SWITCHES AND KNOBS
73 SA Toggle, 2-pole, ON/OFF., TB23903/2
74 SB Rotary, 2-pole, 10-position, 2-wafer. TM5643
75 SC Rotary, 2-pole, 4-position, 2-wafer. TM5644
76 Knob for SB or SC. TB17848/3
TRANSFORMERS
77 T1 Mains Transformer, TMS5149/33
78 T2 L.T. Transductor., TM5645
79 T3 Heater Isolation Transformer. TM4818/3
METERS

80 Mi Moving-Coil Panel Meter, 100 pA fs.d., 500 Q. TM3970/74
81 M2 Moving-Coil Panel Meter, 100 A f.s.d., 500 Q. TM3970/75

OM 1245
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SOS
Item Circuit Description Works
No. Ref. Ref.
PILOT LAMP AND HOLDER
82 PLPI Tubular, 6-3-volt, 0-15-amp, M.B.C. 36-TF1245
83 Holder for PLP1, M.B.C. TB25073/2
FUSES AND HOLDERS

84 FS1 I-amp. (or 2-amp) Glass Cartridge. 51-TF1245

85 Holder for FSi. TB24330/1

86 FS2 150-mA, Glass Cartridge, 52-TF1245

87 Holder for FS2. TB24330/1

PLUGS AND CONNECTING LEADS

88 PL1 Mains Plug, 3-pin, 5-amp. I-TM2560/AU

89 Mains Lead, 3-core, 6 ft long, including Item 88. TM2560/AU

90 Coaxial Connecting Lead. TMS5725

91 BNC Plug, included in Item 90. 2-TM5725

92 LKA Link, for connecting HI 1 and HI 11 terminals. TB28343

MISCELLANEOUS

93 Dial Blank, for main tuning capacitor. TB28130

94 Knob, for main capacitor dial. TB17848/11

95 Dial Blank, for incremental tuning capacitor. TB28131

96 Knob, for incremental capacitor dial. TB23920,21

97 Cursor, for tuning capacitor dials, TB25273/1

98 Front Panel. TD21824

99 Meter Pancl. TD21827
100 Case Top Pancl. 27-TF1245
101 Case Back Panel. TE27392
102 Casc Bottom Panel. TD27395/1
103 Screw, 4 BA Spccial, for attaching Items, 100, 101 and 102. TA4008/4
104 Case Side Panel (left- or right-hand). TD27383A
105 Handle (left or right side pancl) TB27473
106 Screw, {-in. B.S.F., Phillips-hcad, for attaching side panels. 33-TFI1245
107 Clips (sct of two), for mains lead stowage. 23-TF1245
108 Dust Cover, for tuning capacitor, located bchind terminals. 40-TF1245
109 Terminal, large, for LI. test circuit TB27500
110 Terminal, small, for h.f. test circuit. TB27499
111 Hand Screw, 2 BA Special, for attaching inductor support

platform. TB24900/4

112 Inductor Support Platform. TC28850
SOS 4 OM 1245
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RYOA
ltem Circuit Description Works
No. Ref. Ref.
113 Tie Bolt, for bonding oscillator to TF 1245. TB2869]
114 2 BA Hcexagonal Wrench. 55B-TF1245
115 Operating and Maintenance Handbook. OMI1245
OPTIONAL ACCESSORIES
116 1- to 40-ke/s Matching Transformer. TMS5728A
117 Series Loss Test Jig. TJ230
118 Dielectric Loss Test Jig (English Calibration). TJ155B/1
119 Dielectric Loss Test Jig (Metric Calibration). TJ155C/1
INDUCTORS FOR L.F. TEST CIRCUIT, TM1438 (SERIES)
120 0-2 pH Inductor. TMI1438A
121 1-0 «H Inductor. TM1438B
122 1-5 uH Inductor. TMI1438P
123 2-5 uH Inductor. TM1438C
124 5:0 vH Inductor. TM1438D
125 10 »H Inductor. TMI438E
126 25 uH Inductor. TM1438F
127 50 »H Inductor, TMI1438G
128 75 uH Inductor. TMI1438R
129 100 2H Inductor. TMI1438H
130 200 vH Inductor. TM1438Q
131 250 vH Inductor. TM14381
132 500 o H Inductor. TM1438)
133 1-:0 mH Inductor. TM1438K
134 2-5 mH Inductor. TMI1438L
135 5:0 mH Inductor. TM1438M
136 10 mH Inductor. TMI1438N
137 25 mH Inductor. TM 14380
138 Set of 18 Inductors, Items 120 to 138, in hardwood casc. TM4520
INDUCTORS FOR H.F. TEST CIRCUIT, TM4947 (SERIES)
139 2-5 yH Inductor. TM4947/1
140 0-5 uH Inductor. TM4947/2
141 0-05 pH Inductor. TM4947/3

OM 1245
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CIRCUIT NOTES

*These components are selected during test as follows:

. If necessary capacitor C14 is incorporated to level the response
of the 1 ke/s—50 Mc/s test circuit at 50 Mc/s.

If necessary capacitor C1S s incorporated 10 increase the
aceuracy of readings at 200 Mc/s.

™

If necessary resistor R31 s incorporated across the primary
of transformer T3, or in parallel with the heaters of valve V3,
to adjust the heater voltage of V3 as required.

Resistors R19 and R20 may., if necessary for the calibration of
meter M1, have resistors added in parallel with them.
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esistors : No suffix—ohms. k= kilohms. M —megohms.
Cipacitors: No'suffx microfarads. popicofaradis
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e

67
(EX XD 28134 Is.1l; CIRCUIT DIAGRAM Fig. 10.5
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CHANGE TO MANUAL
No. EB 1245
for

Circuit Magnification Meter TF 1245

Correct error on Circuit Diagram Fig. 10.5 as follows:

Interchange the values of inductors L1 and L2



Manual Change
for
Circuit Magnification Meter

TF 1245

Equation 55, on page 33, should be

2

k = 3x108Ls
Z S
0

EB 1245
C5 - 1/68
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