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‘POZIDRIV’ SCREWDRIVERS

Metric thread cross-head screws fitted to Racal equipment are of the
‘Pozidriv’ type. Phillips type and ‘Pozidriv’ type screwdrivers are
not interchangeable, and the use of the wrong screwdriver will cause
damage. POZIDRIV is a registered trade mark of G.K.N. Screws and
Fasteners Limited. The ‘Pozidriv’ screwdrivers are manufactured by

Stanley Tools Limited.
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HANDBOOK AMENDMENTS

Amendments to this handbook (if any), which are on coloured paper for ease
of identification, will be found at the rear of the book. The action called for by

the amendments should be carried out by hand as soon as possible.
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1. INPUT CHARACTERISTICS

30MHz to 1500MHz. Avutomatic measurements

2.

9009

Carrier frequency range
(Automatic operation)

Carrier frequency range
(Manual tuning)

Input level

Level setting

Input impedance

FM MEASUREMENT

Deviation ranges

Modulation frequency

Accuracy

Residual f.m. noise

A .M. rejection

can also be made in the bands 10MHz to
13MHz and 20MHz to 26.5MHz.

6MHz to 1500MHz using external local
oscillator with a range of 13 - 28MHz.
Input required 200mV to 1V r.m.s. into 50Q.

Low input:

T0 - 100mV r.m.s. to 500MHz.

20 - 150mV r.m.s. from 500MHz to 1GHz.:
50 - 150mV r.m.s. from 1GHz to 1.5GHz
(temp range above 1.25GHz 10° C - 30° C)/
High input:

100mV - 1V r.m.s. to 500MHz.

150mV - 1V r.m.s. from 500MHz to 1GHz.

Fully automatic.

50Qnominal.

1.5, 3, 5,10, 15, 30, 50 and 100kHz peak
deviation f.s.d. Measurements of positive
and negative deviations can be made.,

50Hz to 10kHz.

Better than + 3% of f.s.d. and £ 2% of
reading over the modulating frequency range
300Hz to 3kHz; + 0.5dB with respect to the
above over the modulating frequency range
50Hz to 10kHz.

Without filter: less than 100Hz for carrier
frequencies up to 250MHz then doubling

per octave.
With o.f. filter: less than 30Hz for carrier

frequencies up to 250MHz then doubling
per octave,

Additional deviation error is less than 250Hz
with an a.m. depth of up to 80% and a

modulating frequency in the range 300Hz to 3kHz.

Tech. Spec. (1)



3.  A.M. MEASUREMENT

Modulation depth ranges

Modulation frequency
range

Accuracy

Residual a.m.

F. M. Rejection

4. I[.F. OUTPUT

Frequency

Level

Output impedance
5. A.F. OUTPUT

Bandwidth

Level

Output impedance

Distortion

6. POWER REQUIREMENTS '

Voltage
Frequency

Power Consumption

9009 Vol . 1

5,10, 15, 30, 50 and 100% f.s.d.
modulation depth. Measurements of either
peak or trough relative to mean carrier
can be made.

50 Hz to 10kHz.

Better than £ 3% of f.5.d. and = 2% of
reading up to 95% modulation over the
modulating frequency range 300 Hz to

3 kHz; 1 0.5dB with respect to the above
over the modulating frequency range 50 Hz
to 10kHz.

Less than 1% modulation.

Additional a.m. error is less than 1.5%
with peak deviation of up to 100kHz.

500kHz, nominal. .
100mVr.m.s. e.m.f., nominal.

600Qnominal.

Normal: 50 Hz to 10kHz * 0.5dB.
With filter: 300 Hz - 3kHz at 2dB points.

IVr.m.s., e.m.f., nominal, when
meter is at f.s.d. '

600Qnominal.

Less than 0.5% for f.m. deviations up to

100kHz.
Less than 1% for a.m. depths up to 80%

(typically 0.5%)

115V or 230V ¥ 10%
45 to 440 Hz.
Approximately 15VA.

Tech.Spec.(2)



7. ENVIRONMENTAL CONDITIONS

Operating temperature

Storage temperature

8. DIMENSIONS

OPTIONS

Option 07 -
Battery pack

9009 Vol. 1

0 to 55°C, 0 to 40°C with battery pack.

-25 to + 70°C, -25 to +50°C with
battery pack.

Height 96.5 mm.

Width 240 mm.

Depth 268 mm.

Weight 2.5 kg approx.

(4 kg approx. with battery pack).

10 rechargeable Nickel

Cadmium cells give approximately 6
hours continuous operation.

The charger in the 9009 enables cells
to be trickle charged during normal
mains operation. A discharged battery
can be fully charged in approximately
14 hours by selecting CHARGE.

Tech. Spec .(3)






CHAPTER_I

INTRODUCTION

General

1.1 The Racal Modulation Meter 2009 provides a simple and unambiguous method of
measuring the modulation depth of a.m. signals and the peak deviation of f.m.
signals. A feature of the instrument is the entirely automatic tuning and level setting, with

manual tuning also being available.

Operating Ranges

1.2 The automatic tuning is operative within the bands 10 to 13.0MHz and 20.0 to
26.5MHz, and continuously from 30MHz to 1GHz. By using a suitable (13-28MHz)
external oscillator a manual tuning range of 6MHz to 1GHz is obtainable.

Facilities and Display

1.3 Measurements of peak deviation in eight ranges and modulation depth in six ranges
are clearly displayed on a meter. A divide-by-two Meter Range switch enables

readings always to be taken in the upper half of the meter scale where measurement is more

accurate. A switched A.F. Filter is provided for use in conditions of high signal noise.

Input and Outputs

1.4 On the front panel there are two sockets for signal input; one (commonly referred to

as the Low Level input) accepts signal levels in the range 10mV to 100mV up to
500MHz and 20mV to 150mV above 500MHz. The other (High Level) input has an operating
range of 100mV to 1V up to 500MHz and 150mV to 1V above 500MHz. The third front panel
socket is for the external oscillator input used in manual operation. On the rear panel the
500kHz i.f., the demodulated a.f. and a d.c. (analogue) output equivalent to the meter
reading, are available at BNC sockets.

Operating Manual

1.5 For operating instructions and a description of controls, reference should be made to
the Operator's Manual supplied with each instrument.

Battery Operation

1.6 The instrument is designed for operation either from normal a.c. mains supplies, or
from an optional battery pack containing re~chargeable nickel cadmium cells, which

1-1
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can be fitted internally. The batteries allow approximately é hours continuous operation from
the full charged condition and come into operation automatically whenever the a.c. supply is

disconnected (See Note below).

IMPORTANT NOTE:

When the instrument is out of use (a.c. supply disconnected) check that the POWER
switch is set to CHARGE, otherwise battery power will automatically come into
operation with consequent discharge of the batteries.

1.7 With the battery pack fitted and the instrument connected to the a.c. supply the
internal power circuit will operate as a battery charger whenever the POWER switch
is set to the CHARGE position. Complete charging requires 14 hours although inadvertent
over-charging up to 48 hours maximum will not cause any damage to the batteries. Long-term
battery life may, however, be adversely affected if the batteries are allowed to charge for
periods longer than 48 hours. When the instrument is operating from the a.c. mains supply the
batteries receive a trickle charge which can continue indefinitely without detriment to the

batteries.

Power SUEEIZ

1.8 The instrument operates from a nominal 115V to 230V a.c. supply, 45 to 440Hz.
Soldered links within the unit must be correctly set according to the supply voltage

to be used. (Refer to Chapter 4).

CALIBRATION

1.9 Calibration of the measurement circuits requires test equipment of high quality to

match the specification of 9009, particularly with respect to low noise and
modulation accuracy. The customer is recommended to take advantage of the calibration
service offered by Racal Instruments Ltd and authorized Racal agents.

9009 Vol .2



NOTE

OPERATING INSTRUCTIONS

Before using the instrument for the first time, or at a new location,
the power supply should be checked as described on page 4-3.

AUTOMATIC OPERATION

1.11 (1)

(2)

(4)

(3)

9009 Vol .2

Set the controls as follows:-

(1) POWER switch to ON.

(i) AUTO/OSC switch to AUTO.

(i) FUNCTION switch to A.M. or F.M., according to the signal to be

checked.
(iv) A _F. FILTER to OUT.
(v) PEAK/TROUG H switch as required.

(vi) The two-position METER SCALE switch to the 3/100 position.
(vii)  The METER RANGE switch to the 100/50 position.

Connect the signal to be checked to the appropriate INPUT socket. If the
amplitude is not known use the 1V r.m.s. socket initially.

The IN LOCK lamp should show a steady illumination, if it continues to flash
the cause is likely to be one of the following:-

(a) Signal level too high.
(b) Signal level too low.
(c) Signal frequency outside the automatic operating range .

To deal with (a) or (b) check that the appropriate input socket is in use.

A meter reading may be taken as soon as the IN LOCK lamp gives a steady
illumination. Set the METER RANGE and/or METER SCALE switches to give
the most convenient indication on the meter scale., Under noisy signal
conditions the A_F. FILTER may be switched in IN.

Read off the measurement from the appropriate scale on the meter, according
to the settings of the METER RANGE and SCALE switches.



MANUAL TUNING OPERATION

1.12

9009 Vol.2,

(1)

(2)
(3)
(4)
(5)

Connect a tunable oscillator with a range of 13-28MHz to the EXT.
OSC. socket. (The required input level is 200mV-1V r.m.s. into
50 ohm).

NOTE: It should be appreciated that the oscillator frequency is
divided by two, therefore the external oscillator frequency

must be pot less than 13MHz. This will ensure coverage of
input signals down to 6 MHz.

Set the AUTQ switch to EXT. GSC.

Switch POWER to ON.

Set the FUNCTION switch to TUNE and the A F. FILTER to CUT.
Conrect the signal source to the appropriate {NPUT socket.

The METER switches are not relevant at this point and may be in any
position; the meter will be displaying a steady reading at about half-

scale.

Tuning

NOTE: To avoid 'image frequency' tuning the following procedure
should be followed exactly. The correct i.f. can be obtained
at various settings of the external oscillator tuning, thus
several meter responses may be found which will be of equal
suitability provided the tuning procedure is followed precisely.

(i) Set the external oscillator initially to the higher frequency
end of its range. '

(i) Tune the oscillator slowly downwards in frequéncy until the
meter reading goes hard over to f.s.d.

(iii) At this point reverse the tuning direction and increase the

oscillator frequency until the meter reading falls to the 'tune’
diamond on the meter scale, This is the required tuning point.

Set the FUNCTION switch to A. M. or F. M., as required.

Set the METER RANGE and METER SCALE switches, as required, to

give a suitable deflection for accurate measurement,

Read off from the appropriate scale of the meter, according to the

settings of the METER RANGE ond SCALE switches.



CHAPTER 2

N OTE:in reading this chapter reference should be made to the explanatory block diagram
Fig. 2.1 located at the end of this chapter. The overall block diagrem Fig. 8 (at
the back of the book) gives grecter detail, relating circuit functions to the separate
p.c.b. Assemblies as well as showing interconnections.

SUMMARY

2.1 The Modulation Meter 9009 dispernses with the tedious tuning and level setting
procedures of conventional modulation meters by exploiting the principle of the

Sampling Mixer combined with a frequency - locked loop controiling a local oscillator. If

required an external maonually tuned oscillator may be used, which extends the operating

range of the instrument.

2.2 The input signal, and the signel derived from the local oscillator are applied to
separate inputs of the Sampling Mixer. By tuning the oscillator a point will be

found at which a 500kHz “difference frequency" is obtained at the output from the Sampling

Mixer. This is the required tuning point, which is achieved automatically by the oscillator

control loop when on AUTO operction or by manual tuning when using an external oscillator.

2.3 The output signal from the Sampling Mixer (referred to as the i.f.) is offered two
distinct paths:-
(a) Via an automatic level control (a.l.c.) stage to the a.m. and f.m. detectors
of the measurement circuit.

and (b) Via a low~pass filter to the oscillator control loop.

2.4  The a.l.c. stage in the measurement path ensures that a constant mean i.f.

signal level is applied to the a.m. detector. By virtue of this constant input level
a reading of percenfage modulation depth can be obtained by measuring the absolute value
of the detected audio signal and applying this measurement to the meter. A 'peak and
trough' switch permits measurement of both positive and negative- peaks of the modulating

waveform.

2.5 On F.M. measurements the signal (i.f.) is applied to a 'pulse' discriminator which
has an output level proportional to frequency. The amplitude of this output waveform

has a mean level which corresponds to the i.f. Variations from this level represent positive

and negative peak deviations. These variations are 'peak and trough' detected and displayed

as a meter reading.

9009 Vol . 2



FUNCTIONAL DETAILS

2.6 The principles of the insirument will be now discussed in slightly greater detail .

Signal Input

2.7  Alternative front panel input sockets are provided. The "high level" input feeds
into a 20d3 ottenuator whereas the "low level” input signal is applied direct to
the input of the Sampling Mixer. The tnput Attenuater and the Sampling Mixer are
mounted on separate p.c.b. Assemblies. The remainder of the signal processing and
measurement circuitry is mounted on a large p.c.b. referred to as the Motherboard.

Sampling Mixer

2.8 Referring to Fig. 2.1, the divided output from the voltage controlled local

oscillator drives a pulse genercior, thus producing a train of narrow pulses (fs) which
are applied to an input of the Sampling Mixer. The external signal (fi) which is applied to
the other input of the mixer, is sampled by this pulse train. !f a harmonic of the sampling
frequency 'fs' is identical in frequency to the external signal, the output frequency from
the sampling mixer (the i.f.) will be zero. When the two frequencies are not identical a
"difference" frequency cuiput will be obtained.

2.9 The frequency relationship can be expressed by the formula:-
i.f. = (N.fs ~i)
where N.fs is that harmonic of fs closest to the external signal fi.

2.10 In AUTO operation it is the function of the control loop to sweep the oscillator
(and hence the sampling freguency) until a 500 kHz difference frequency (the
i.f.) is obtained at the sampler output. The oscillator frequency is then held at this point.

'"In Lock Indication’

2.11  The IN LOCK lamp is driven by a multivibrator which has three control lines. The

multivibrator will run and cause the 'IN LOCK"' lamp to flash until the required
conditions on the three control lines are satisfied. These lines are identified as A, B and
Con Fig. 2.1. Measurements are not valid until the flashing indication is replaced by a
steady illumination.

2.12 The conditions which can cause the IN LOCK lamp fo flash are:-

Condition 1 .. ... I.F. level (i.e. input ievel)toohigh (Control 'A")
Condition 2 ... .. |.F. level (i.e. input level) too low (Control 'B')
Condition 3 ... .. Input frequency out of range. (Control 'C")

The Oscillator Control Loop (Auto Operation)

2.13 Letit be assumed that the local oscillator, an AUTO operation, is searching for

9009 Vol . 2 2-2



the required tuning point. The output from the Sampling Mixer (which is not yet at the
required 500kHz) is applied via a low-pass filter and limiter to the discriminator stage.

2.14  The output from the discriminator is a d.c. voltage which is proportional to the
frequency of the i.f. This d.c. voltage is applied to one of the inputs of an

integrator, the other input being a fixed d.c. reference voltage. This reference voltage

has a value such that when the frequency of the i.f. reaches 500kHz, the discriminator

output level will equal the reference voltage.

2.15 The reference and discriminator voltoges are summed in the integrator, the result-
ing output being opplied as a tuning voltage to the oscillator, as follows.

2.16 For example, if the i.f. exceeds 500kHz the discriminator output level will be
greater than the reference voltage and the integrator output will act to reduce the

oscillator frequency untii the exact 500kHz i.f. is achieved. At this point discriminator

and reference voltages will be equal . The necessary oscillator search is initiated by a

Hunt Generater circuit.

2.17  The function of the Hunt Generater is to produce a sweep voltage which will bring

the oscillator frequency into the capture range of the frequency-locked loop. The
discriminator voltage and the reference voltage (see para. 2.14) are compared in a Voltage
Comparator circuit, the output of which controls the Hunt Generator. If a 'difference’
exists between the two comparisen voltages the Hunt Generctor will remain in action unfil
the two voltages almest coincide (i.f. approximately 500kHz). At this point the Hunt

Generator turns off.

2.18 The output of the Veltage Comparator, which drives the Hunt Generator, is also

applied as an 'out of range' signal to the In-Lock multivibrator circuit. (Control
'C'in Fig. 2.1). Thus, if the frequency locked loop is unable to lock because the input
frequency is out of range, the Hunt Generator will remain in action and the In Lock
multivibrator will maintain o flashing signal on the indicator,

In-Lock Detection System

2.19  The principles of the system are summarized in paras. 2.10 and 2.11. The three
indication signals are applied to a triple And gate which controls a multivibrator.
The out of range signal has been discussed in the previous paragraph. If, the input signal
is too low (Control 'B') this is detected by a low level on the i.f. line to the discriminator.
Too high an input signal, on the other hand, is notified by a d.c. voltage developed in the
a.l.c. stage in the measurement path (Control 'A'), Until all three control conditions
are satisfied the multivibrator will continue to run, thus maintaining a flashing signal at
the In Lock indicator. Note that the system is "fail safe" in that the lamp is never turned
off except when the instrument is inoperative. A failed lamp cannot cause misreading.

The Oscillator Qutput

2.20 The oscillator output is fed to the Sampling Mixer Assembly, where, after binary
division it drives a pulse generator which in turn drives the sampling mixer.

9009 Vol . 2



Measurement Circuits

2.21  The measurement signal path is shown in heavy line in Fig. 2.1. From the input to
the main board the i.f, is fed via a low-pass filter to the Auto Level Control (A.L.C.)

stage.

2.22 For accurate a.m. measurement the mean carrier level of the i.f. must be constant;
this is ensured by feedback from the a.m. detector to the a.l.c. stage.

2.23  The level-controlled i.f. signal is supplied simultaneously to the a.m. detector and
f.m. discriminator, the required facility being selected by the Function (AM/TUNE/

FM) switch. The TUNE position has no significance at this point.

2.24  From the Function switch the audio signal is fed via an amplifier and filter to the
PEAK/TROUGH switch S5, This switch selects the signal either direct or via an

inverting amplifier,

2.25 From the Peak/Trough switch the audio signal is offered alternative paths, either
direct or via the a.f. filter. Filter selection is made by the A F. FILTER (IN/OUT)

switch on the front panel .

2.26  The four-position METER RANGE switch together with its associated toggle switch
(for convenience referred to as the Meter Scale switch) effectively provides eight

attenuation settings to accommodate a wide range of modulation depths, thus enabling most

readings to be taken in the upper half of the meter scale where measurement is more accurate.

2.27 From the 2nd A.F. Amplifier the audio signal is fed to a peak detector and also to an

A .F. Output socket on the rear panel. The peck detector provides a positive d.c.
output bthe meter, this d.c. signal also being available at @ socket on the rear panel. The
Peak Detector operates on positive half-cycles of the audio waveform. The Peak/Trough
switch referred fo in para. 2.24 enables both positive and negative peaks of the demodulated
waveform fo be measured.

Manual Tuning

2.28  For manual operation an external tunable oscillaior may be connected to the EXT OSC
socket. The oscillator requirements are a frequency range of 13 to 28MHz and output
level between 200mV and 1V r.m.s. into 50 ohms. With the AUTO swiich set to EXT OSC the
internal local oscillator is inhibited and the exterral oscillator signal is fed via a buffer on
the main board to the divider and pulse generator on the Sampling Mixer Assembly. To
avoid the possibility of 'image frequency' tuning, the manual tuning instructions in the
" Qperator's Manual must be followed precisely.

2.29 Although the internal oscillator frequency-locked loop has no control function when
on EXT. OSC., the integrator output voltage is fed fo the TUNE position of the

9009 Vol . 2



Function switch fo provide a meter reading for manual tuning; the integrator for this purpose
being converted to a fixed gain amplifier.

Battery Check

2.30 The state of charge of the battery pack (if fitted) can be checked by depressing
switch S3 to BATTERY CHECK. This disconnects the meter from the modulation

measurement circuits, and connects it to the battery check circuit. A reading within the

green portion of the meter scale indicates o satisfactory state of charge. It should be noted

that this check is valid only when the battery is on load. For this reason a reading can be
obtained only when the a.c. supply is disconnected and the instrument is switched on.

Battery Charging

2.31 A mains-powered battery charging circuit is built into the instrument, although the
battery pack is available only as an optional item. The batteries will receive a
trickle-charge whenever the instrument is operating from an'a.c. mains supply. The maximum
charge rate is obtained by setting the POWER switch to CHARGE. The recommended :

charging time is 14 hours during which the instrument is inoperative. Advice on correct
battery operation is given in Chapter. 1 and it is essential that this be noted.

A.C. Power Supply

232 The a.c. supply is connected via a 3-pin fixed plug on the rear panel feeding

through a single line fuse and mains filter Assembly to the power transformer. Mains
voltage selection is made by means of soldered links on a terminal panel inside the irstrument.
Instructions are gi ven in Chapter 4, (Also in Chapter 2 of the Operator’s Manual).

9009 Vol. 2.
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