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M.l. In Measurement:

A Total Customer Service

Experience is one of the key components in any MI instrument: close understanding
of the needs of instrument users which spans some 35 years. The application of this
knowledge and experience with the most up to date design, engineering and
manufacturing techniques, has gained for Marconi Instruments a place at the fore-
front of progress in electronic measuring instrumentation.

Ml has become the principal European organisation in its field and an

acknowledged world leader, not only by producing soundly engineered, well-specified
and skilfully manufactured instruments, but also by recognising that it has a commitment
to provide a complete service for customers covering every aspect of selecting and using
advanced- instrumentation for increasingly complex and critical applications.

This commitment starts at the outset of every new instrument design project with an
exacting study of evolving user requirements and the technological developments
which may be exploited in satisfying them. It continues for many years after any
design has become a commercially available instrument, in the form of comprehensive
maintenance and calibration services. And between these extremes it is the basis of a
wide variety of customer services designed to help in selecting the best instruments
for a given task, in modifying standard instruments to meet special requirements, in
extending an instrument’s scope of application and in guiding customers’ own

service engineers on routine maintenance.

The insistence at Ml on high integrity of product performance, consistent value for
money, and the provision of customer services based on practical appreciation of
users’ measurement problems has built the Company into a multi-million pound
organisation with a reputation which is relied upon by discriminating users in over 100
countries throughout the world.
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Summary of the M.l. Customer Commitment

O The continual development of technologically advanced equipment to meet
carefully researched user needs. Instruments in which the benefits of the latest
available component and design techniques are carefully balanced with the need for
unvarying reliability.

0 A 50-nation network of trained Sales Engineers able to give immediate advice
on measurement problems and to make available to users the entire range of Ml
customer services.

[0 A meaningful guarantee, backed by effective after-sales service arrangements
formulated to minimise turn-round times on repairs and spares supply, and to provide
a comprehensive range of facilities to meet widely varying needs.

[0 A total service for calibration covering both special and general-purpose
requirements, whether for calibration to full B.C.S. certification, to E.I.D. release
conditions, to original sales specifications or others supported by a Measurement
Standards Laboratory providing traceability to internationally recognised standards.
O Customer publications giving a continual flow of information to guide users in
the selection, use and servicing of instruments, and communicating the latest
developments in electronic measurement techniques.

[0 Technical services provided by a specialist team of applications engineers with
full laboratory facilities able to undertake the physical modification of equipment for
special purposes or to advise users on difficult measurement problems.

Profile of Marconi Instruments

For the first time all the electronic measurement activities of Marconi Instruments
have been brought together into one catalogue. The equipment it describes clearly
demonstrates the strength of the MI range, both in fields where its leadership is
traditionally recognised, and in new areas of instrument application and measurement
technique where the Company’s experience and facilities are producing important
advances. :

During the past few years Ml has greatly expanded and diversified its activities.
In the last three years alone this has led to the introduction of the most advanced
and economical fully automatic test system of its type available—""Autotest”. It
has also led to the establishment of MI—Sanders as the leading British organisation
for microwave equipment development. It has generated entire new ranges of test
equipment for specialised purposes such as television transmission testing and
pulse-code-modulation measurements.

Yet, at the same time, M| has maintained the development and introduction of
progressively more advanced general-purpose measuring instruments such as signal
generators, power meters, voltmeters, impedance bridges, response analysers and
counters.

The MI production, sales and servicing units in the U.K. are located at St. Albans,
Stevenage, and Luton and employ some 2,500 people. The Company has its own
subsidiary companies and divisions providing local sales and servicing support in
U.S.A., Germany and France. The 50-nation network of M| export distributors,
together with the Company’s own overseas organisations, accounts for half the total
annual turnover.



A tape controlled
automatic drilling
machine.

Our manufacturing system
/s among the most
advanced in Europe,
utilising fully programmable
machinery and test
equipment, together with
automatic aids to manual
routines where these are
more suitable.

To produce the advanced electronic instrumentation required to meet each new
generation of measurement problems, demands a continuing and substantial investment
in design and engineering, and the use of the latest production techniques and
processes. At Ml over half a million pounds is devoted each year to new product
development, quite apart from investment in a range of supporting facilities and
laboratory equipment. The manufacturing system employed is one of the most highly
developed of its type anywhere, involving extensive use of programmable machine
tools, automatic aids to manual production processes and automatic test assemblies.

Marconi Instruments has always been associated with high product reliability. This
is more than ever the case today, and to ensure the maintenance of our stringent
standards, considerable engineering and management effort, and financial investment,
is concentrated on quality control and reliability, involving exhaustive environmental
testing of all new designs and adherence to special test and inspection methods and
procedures at various stages of production.
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The Thin Film Laboratory.

Advanced techniques
frequently call for
special processes,

requiring plant that would
be outside the scope of a
smaller establishment. For
example, the “thin-film"
load resistors and
thermocouples in our new
range of r.f. power meters
are produced by high-
vacuum evaporation in
ultra-clean conditions

The Environmental Test
Laboratory.

An instrument undergoing
vibration testing.
Considerable engineering
effort is devoted to
special test methods to
ensure that our products
maintain their performance
in all reasonable
environments. These
methods inc/ude shock
and vibration testing,
checks on the results of
various kinds of
mishandling, measurements
under conditions of
overload, and subjection
of equipment to simulated
climatic extremes.
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Selecting the Instrument for the Job

The selection of measuring instrumentation for even comparatively straightforward
applications is a difficult operation requiring detailed appraisals of instrument speci-
fications and close understanding of the functions which the equipment must
perform. When questions such as the physical modifications to standard instrumentation
are involved, selection becomes greatly complicated. Because it is essential to ensure
the closest possible match between the measurement problem and the measuring
instrumentation, M| provides services to assist at every stage of this process of
selection and decision. i

Product Literature

This is the starting point. The technical data sheets on individual M| products are
written to /nform: descriptions are designed to be concise, comprehensive and
helpful, and the specifications to give an accurate statement of performance
characteristics.

Field Sales

The MI sales organisation is world-wide. Sales Engineers receive regular and
thorough training in the capabilities of Ml equipment and the measurement problems
they are designed to solve. They are able to deal at first hand with the large majority
of users’ questions. Their primary responsibility is to ensure complete customer
satisfaction and to make available the benefit of the range of MI customer support
services to every user. In the U.K. and in the principal overseas markets the field
sales engineers are supported by equally experienced staff sales engineers at the local
sales office. No user is further away from prompt assistance than his telephone!

The many MI distributors overseas are in regular and frequent contact with the
headquarters operation in the U.K. and will immediately obtain assistance on users’
measurement problems which cannot be answered locally.

Modifications and Technical Services

The MI team of applications engineers has available full laboratory facilities able to
investigate specific measurement problems raised by customers and undertake the
modification of standard instruments when requirements outside their original scope
are encountered. The support provided by this service is available to all instrument
users in the U.K. or overseas, through their M.I. sales engineer, or local M.I. sales
office, or distributor.

Instrument Demonstrations

In selecting electronic measuring instrumentation, one of the surest ways of
assessing the suitability and capabilities of an instrument is for a user to get the feel
of it for himself.

MI provides many opportunities for this. A demonstration of any M| equipment
on your premises may always be requested of course, and, in addition, Ml participates
in a large number of international, national and local exhibitions where a wide range
of instruments'is featured. Also, the M| mobile demonstration unit is visited each year
by some 7,000 instrument users, to see a comprehensive selection of M| equipment
in working demonstrations, and assess their performance under operational conditions.
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The mobile
demonstration unit.

Equipped with a
representative selection
of instruments from
our range and staffed
by trained engineers,
this unit visits most of
the major industrial
districts of Europe and
the U.K. about once

a year. Your local

M.I. distributor or
representative will
advise you when the
demonstration unit
will be in your area.

Inside the demonstration
unit.

Measuring instruments
are rack-mounted for
convenience of
operation and
demonstration, and
space is provided for
suitable test pieces.
Patchboard inter-
connecting systems are
included so that test
rigs can be assembled
without physically
moving instruments.
The unit normally
utilises the mains

a.c. supply., but

carries its own a.c.
generators for use in
difficult situations.




M.l. After-Sales Services

While it is essential to select the right instrumentation for the measurement task,
it is no less critical to ensure the availability of efficient maintenance arrangements
to keep it working satisfactorily throughout its useful life. Today, costly development,
manufacturing and maintenance programmes depend inevitably and increasingly
on the ready availability of the measuring instrumentation. No matter how good an
instrument may seem for a given purpose, without rapid and efficient maintenance in
the event of failure, it soon becomes a liability rather than an asset.

In recognition of users” pressing needs for effective after sales service, M| has
completely reshaped its facilities and policies for instrument maintenance.
Proprietary instrument servicing and Government servicing requirements are now
handled by one common organisation, fully equipped to handle the widely
varying servicing needs of different users.

At MI, servicing is operated as a separate Division of the Company, with direct
responsibility for ensuring customer satisfaction in all matters concerned with
repair and calibration. In addition to strictly controlled turn-round targets, the
comprehensive MI Maintenance Policy provides contract service arrangements which
enable users to budget in advance for all their servicing requirements, with a single
annual payment. This Policy also governs the provision of a full inventory of
components, active elements and mechanical parts in phase with the production of
each new instrument so that the majority of spares orders dealt with by MI are
filled within 24 hours of receipt.

At the local level overseas, Ml subsidiaries, associates and distributors in all
principal markets are able to provide prompt maintenance and repair, backed by the
full facilities of the headquarters servicing operation in the U.K.

Through their local Ml distributor, and in turn the MI Service Division in the U.K.,
users of M| equipment have access to truly comprehensive maintenance facilities
providing efficient turn-round for repair and spares supply ; contract servicing
arrangements tailored to varying needs ; calibration repair and spares supply to full
E.Q.D. approval ; and calibration services supported by a Measurement Standards
Laboratory which ranks amongst the best in the Industry.

Calibration Services

The broad range of calibration services available through MI Service Division include
calibration with traceability to internationally recognised standards under the British
Calibration Service, supported by B.C.S. certificates; to E.Q.D. release standards; or,
where national standards are not available, a proprietary scheme in which the
calibration certificates are authenticated. by Marconi Instruments against strict
cross-referencing procedures and our standing in the world of metrology.

The Measurement Standards Laboratory at St. Albans is fully environmentally
controlled, and contains reference standards of voltage, power, impedance and time
which are traceable to national standards. A similar laboratory at the M.l. Sanders
Division, Stevenage, undertakes calibration at frequencies above 1GHz. The M|
Measurement Standards Laboratory was one of the first to receive approval within
the British Calibration Service and offers the widest range of approved parameters in
its field of any laboratory in Britain. Full details of the MI calibration services are
given in the publication “MI Calibration Services".
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Service Division;
Calibration and Test
Dept., Luton.

Maintenance and
repair of the product
is one of the most
important services
that any manufacturer
offers his customers.
Our after sales service
really meets the needs
of the industry.

The Measurement
Standards Laboratory.

The accuracy of any
measuring instrument is
dependent on the accuracy
of the standards against
which it is calibrated, so
that the operation of an
efficient standards laboratory
is a vital element. The

St Albans Measurement
Standards Laboratory is
fully environmentally
controlled and operates
under clean conditions, the
air being filtered down to
700 microns. It contains
reference standards of
voltage, power, impedance,
and time which are traceable
to National Standards. We
have a similar standards
laboratory at Stevenage for
calibration work at
frequencies above 1 GHz
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M.l. Customer Publications

The MI policy of providing a technical data sheet on each instrument which
accurately describes its performance and specification is only one element of the
Company’s active customer-publications programme. In to-day’s climate of rapid
technological change MI recognises a responsibility to keep instrument users up-to-
date with developments by communicating its knowledge and experience on new
products and on trends and techniques which are shaping the future of electronic
measurement.

To this end Marconi Instruments produces a wide variety of customer publications,
each designed to convey information which will help in selecting, using or main-
taining electronic measuring equipment. These publications take the form of regular
journals such as ""Marconi Instrumentation” and ““MI Contact” ; applications and
servicing notes dealing with specific topics on the maintenance or use of Ml
equipment; and also detailed reviews of specialised areas such as television
transmission measurements, automatic testing, etc. The principal M| customer
publications are summarised below. If you are not already regularly receiving our
house journals and bulletins, or require further information on the applications and
servicing notes already available, please contact Ml St. Albans or your local Ml
distributor.

Information about instrument design and the associated measuring techniques is
given in Marconi Instrumentation. Written by engineers for engineers, it is highly
authoritative and is recognised throughout the industry as a leading technical journal.

The bi-monthly news bulletin Contact summarises the Company’s current activities,
with items of technical interest, new product announcements, and notes on the
Company’s organisation. Contact is also a vehicle for bringing other new publications
to your notice.

MI Service Division produces its own /nside Information notes, which are
intended primarily for Ml Instrument users who operate their own test gear
maintenance departments. The notes give practical information on techniques
employed in servicing individual instruments, and also contain useful information
about the structure, and activities of the Service Division.

An important new aid to the application of measuring instrumentation is the series
of Measuretest Notes. These notes, which are available on request, cover methods of
using MI instruments to extend their scope of application, or to solve newly revealed
measurement problems.

THE ‘"2000°° RANGE

Most of the instruments in this catalogue have four-digit type-numbers beginning
with the figure “2”". We call these instruments our “2000" range, and this series of
type-numbers has real significance apart from simple identification of a design. For
example, every “2000" range instrument conforms to the modular dimensional
standard, which also means that (oscilloscopes excepted) it can be supplied, without
the need for modification, in a bench or rack-mounting case. Furthermore, with very
few exceptions, each “2000" range instrument is environmentally tested, so that its
suitability for use under abnormal conditions may be accurately assessed.

MODULAR DIMENSIONAL SYSTEM

The modular dimensional standard of the “2000" range of instruments offers to the
user the advantage of easy grouping, either on the bench or as rack-mounted test
assemblies.
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The example illustrated shows a “full-module” assembly of three ““one-third
modules”. Panel sizes are multiples of the unit pane/ dimensions as shown, the full
module being six unit widths. Plug-ins or sub-assemblies may have panel sizes of
any number of unit dimensions, either vertical or horizontal ; but the panel sizes of
complete instruments utilise even multiples only, the smallest being two horizontal
units by four vertical units.

The full module width of approximately 17 inches fits conveniently into a standard
19-inch relay rack; and rack-mounting versions of all modular instruments except
oscilloscopes are available. Instruments less than full-module width normally have a
four-unit panel height. Such instruments fit into the Rack-Mounting Case TM 7010
(illustrated) either singly, with the unoccupied panel space filled by a blank panel
unit, or as a multiple assembly of two or three instruments according to size.

} 48 cm STANDARD RACK PANEL WIDTH 19 —]

435 cm USEFUL PANEL WIDTH 17"

ENVIRONMENTAL TESTING

Marconi instruments are expected to withstand the normal shocks of transit and
to operate over a wide range of climatic conditions. New designs are, therefore,
subjected to thorough environmental testing at the prototype stage, followed by
sample testing during production to ensure that this aspect of quality does not
deteriorate. For this purpose MI has built a special environmental laboratory
equipped with bump and vibration testing apparatus as well as the means of
simulating extreme conditions of temperature and humidity.
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AUTOTEST

Programmable
Fully-
Automatic
Test
Systems

As electronic equipment
becomes progressively more
complex, routine test and
calibration absorbs an ever-
increasing proportion of the
total manufacturing cost, a
trend which is aggravated by the
universal shortage of skilled
testers.

Significant reduction in test
cost can be achieved by the use
of instrumentation that can
(a) be operated by comparatively
unskilled personnel and (b) make accurate measurements very rapidly. These
requirements are met in varying degree by a diversity of automatic and semi-
automatic test equipment, ranging from single-purpose self-contained units to complete
fully-programmable systems capable of conducting complete test sequences with
virtually no manual control.

The M./. Autotest is a fully automatic test system capable of reading its
instructions directly from punched paper tape. *

Its flexibility and versatility are comparable to those of a computer controlled system,
butitis normally less than half the price. Furthermore, programs can be written simply and
quickly by any competent test engineer, without need for special training.

An Autotest set can conduct any sequence of tests within the scope of its instrumenta-
tion on complex or simple electronic devices at speeds of the order of sixty times
those that can be achieved by manually operated test systems. One unskilled operator
can, in many situations, supervise six or more sets, thus effecting an enormous saving
in personnel and labour costs in comparison with the conventional manual test methods.

An Autotest system basically comprises four main function units as follows:

(i) The Test Jig, which provides the interface between the instrumentation and the
device to be tested.

(ii) The Programmable Instrumentation which includes power sources, test-signal
sources, and measuring instruments. These are digitally programmable analogue
instruments, generally equivalent to the manually operated instruments for the
required tests. Also included are programmable test-signal routing switches

to provide the interconnections. All units are self-contained modules, which are easily
interchanged in order to meet various test requirements.

(iii) The Digitising and Data Output Peripherals for conversion of the analogue output
from the instrumentation into digital form, making the decision as to whether the digitised
result is within programmed limits, and printing out results. This peripheral equipment is
usually rack mounted together with the instrumentation.

*International E.I.A. 8 hole code is used. A typist can prepare tapes after only brief instruction.
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(iv) The Controller, which receives its instructions from punched paper tape, converts
them into digital command signals suitable for operating the programmable equipment,
and routes the commands to the appropriate instruments and peripherals.

The Controller performs, in effect, the same function for Autotest as the human
operator performs in amanual system. For each test in a sequence it connects the
instruments into a testrig, sets the instrument “‘controls”, and then makesthe measurement
by delivering to the peripheral eguipment the appropriate command signals to
initiate the selected form of test-result presentation.

DATA INPUT

Normally, the test instructions (or program) are fed into the system via a punched
paper tape. Manual controls also provide the means of supplementing or overriding
the programmed instructions.

The Autotest controller reads the tape at the rate of 120 lines per second,
which is more than adequate for operation of a normal test system and gives a rate of
testing compatible with the speed of the print out equipment.

The Controller's logic circuits, however, are capable of accepting the coded data at
speeds up to 120,000 lines per second, and the unit could be arranged to receive its
input data from a computer or similar data source. A single computer, for example, might
then drive several medium capacity Autotest systems on a time division multiplex basis or,
alternatively, one very large capacity Autotest system.

DATA OUTPUT

The results of the tests can be presented in several ways, with simple switch
selection. These are:

(1) A full print out of each measurement showing the test number, the numerical
result, and whether it is “*high”, “low"”, or within limits.

(2) A printed record of “out-of-limit” results only, also showing test number and
direction of error.

(3) The “stop-on-fault” instruction; i.e., an out-of-limits test result arrests the action,
the reason for the stoppage is indicated by an annunciator on the control panel, and
the test result is indicated by the digitising peripheral. This mode can be used with or
without print out.

In addition, a tape punch may be substituted for the output printer normally fitted,
the punched tape then being suitable for off-line analysis of complex test sequence
results by a computer. For normal purposes, however, the Autotest system itself gives
an analysis of “out-of-limits" test results and recurring fault patterns are easily
detectable.
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SUPERVISORY REQUIREMENTS

Operator intervention is required only if programmed as a function of the test
routine—e.g., for manual alignment or for changing test pieces at the end of the cycle.
Even this last function can be obviated (if warranted by the volume of testing) by
integration of automatic transfer devices into the system under the executive
control of the Controller unit.

SYSTEM FLEXIBILITY

Flexibility, one of Autotest's most important attributes, stems partly from the
system’s modular design and partly from the simplicity of its programming system.

For any given set of instrumentation a wide variety of measurement sequences
can be followed by simple substitution of the control tape. Changes to test parameters
or specified tolerances can be effected very nearly as easily with Autotest as with
manually controlled test systems.

Moreover, by including several test sequences on the same tape, batches of
devices requiring the same instrumentation but with differing specifications can be
tested without changing the tape. The relevant test sequence can readily be selected
by use of the “search mode” on the manual control panel (see illustration) ; or,
where differing devices arrive in random order, the system can be programmed to
recognise the test piece and select the appropriate sequence automatically.

This flexibility is further extended by the facility for substitution of measurement
modules in the instrumentation bank, enabling the basic system to be used for the
widely diverse test requirements that occur, for example, in batch production of a
range of electronic equipment.

Autotest accepts a wide range of programmable instruments to suit each individual
user’s requirements. Those who already have programmable instruments available
may purchase the Autotest control unit and necessary peripheral equipment to
complete their own systems. Alternatively M.l. will supply an Autotest system
incorporating any appropriate selection from the range of programmable instruments
offered by other manufacturers as well as those of M.I. manufacture. Code converter
units are available for use with programmable equipment that is not directly compatible.

FURTHER INFORMATION

For further information about *Autotest” systems and equipment U.K. Customers
. . . should contact Autotest Sales Department, Marconi Instruments Ltd., St. Albans, Herts.
The "Autotest” response measuring Telephone, St. Albans 59292, Ext. 527. Overseas customers should contact their

system incorporating Siemens local M.1. distributor, (see the list of Distributors at the end of the Catalogue).
programmable instrumentation

in use at the St. Albans factory of

Marconi Instruments to check out One of several “Autotest” L.F.
filters from the large scale production measurement systems installed to
of White Noise Test Sets. check P.C.M. terminal equipment.
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Signal Generators and R.F. Attenuators

The term signal generator is sometimes used loosely to
mean any instrument which delivers an a.c. output for
test purposes. In this catalogue, however, the title is
confined to those instruments that deliver a standard
modulated signal of accurately known characteristics, and
are primarily intended for measurements on radio receivers.

OUTPUT LEVEL AND SOURCE IMPEDANCE

For sensitivity measurements on receivers it is essential
that the signal generator shall deliver an accurately
calibrated r.f. output voltage from a source impedance
equal to that of the aerial with which the receiver is to be
used. (N.B. This is not normally equal to the true input
impedance of the receiver.)

As this aspect of signal generator performance is some-
times controversial the following notes may be helpful.

OUTPUT VOLTAGE

At frequencies up to about 1 GHz radio receivers are
generally regarded as voltage sensitive devices, and their
sensitivities are specified in appropriate terms. In Great
Britain and Europe it is standard practice to state the
sensitivity in terms of source e.m.f. available via the
specified source impedance, the receiver input impedance,
and hence the p.d. across it, usually being unknown. In
some engineering circles, especially in the U.S.A., the
sensitivity is stated in terms of the p.d. that would appear
across a matched load; i.e., half the e.m.f. voltage.
Although most authorities recommend the use of e.m.f.—
as the more logical way of stating the voltage—it makes
little difference which form is used providing the voltage
statement is qualified by the appropriate initials; e.g.,
100 wV e.m.f.or 50 uV p.d.

In the U.S.A. the terms “"hard microvolts” for e.m.f. and
“soft microvolts” for p.d. across a matched load are
sometimes used.

Marconi Instruments signal generators are calibrated
basically in terms of e.m.f., with provision for reading p.d.
across a matched load directly from the attenuator if
desired.

SOURCE IMPEDANCE

Marconi Instruments signal generators, used with
standard accessories, offer the choice of 50Q or 75Q
source impedance, with a 300Q balanced output accessory
available for most signal generators in the range. A
standard dummy aerial is also available for use at fre-
quencies below about 1:56 MHz. These source impedances
cover most requirements, but other values are sometimes
needed for special measurements. At frequencies up to
several hundred megahertz, resistive impedance-conver-
sion pads can be constructed using the following
arrangements.

COAXIAL CONNECTOR Rs

Eo s )

Zo=Ro

" Rou=Ro+Rs

Eou=Eo
| ——y

SIGNAL GENERATOR

Rs COAXIAL CONNECTCR
R a w—

Eo —n

Zo=Ro+Rs

Rout=Ro+Rs

Eout=Eo

SIGNAL GENERATOR

Increasing Effective Source Impedance This can be
achieved by the addition of a single resistor, Rs, whose
value is given by Rs=Rout—Ro. Where Rout is the
required source impedance and Ro is the source imped-
ance of the signal generator. The additional resistor can
be fitted at either end of the connecting cable, but, if it is
at the sending end, the characteristic impedance of the
cable must be equal to Rout.

Ro Re
ANV
MW % — Ao s
| T RptRo
Eo gﬂv
p
Eou=Eo ——
out’ ORP+R°

SIGNAL GENERATOR

Decreasing Effective Source Impedance The effective
source resistance can be reduced by simply connecting a
resistor, Rp, in parallel with the load, so that Rout=RpRo/
(Rp+Ro).

Unfortunately the output e.m.f., Eou, is then also
reduced as Eout=EoRp/(Rp+Ro). This can produce an

‘ inconvenient voltage conversion ratio, and it is usually

more satisfactory to make up a two-element pad of the
form shown above. Choosing a convenient value, N, for
Eo/Eout, the resistor values are given by,
Ro Rp Ro
N—1 Rp + Ro

and Rs=

Ro Ri+Rs=Ro

Rs(Ri+R
Rou= 3(Ri+Ro)

+R,

Rs

R
Eou=Eo -—

2Ro

SIGNAL GENERATOR

Three-element Reduction Networks The two-element
pad has the slight disadvantage that, unless N=2, the
receiving end of the cable is mismatched regardless of the
ultimate load impedance. Providing the source impedance,
Ro. is accurately matched to the cable no voltage error is
caused by this mismatch, but there may be other factors
demanding correct termination at the receiving end: e.g.,
susceptibility to the effects of r.f. radiation fields. If the
additional attenuation can be tolerated, such requirements



can usually be satisfied by the use of the simple two-
element network in conjunction with the 20 dB Attenuator
Pad available as a standard accessory for the signal
generator ; but, for other cases, a three-element impedance
conversion pad is useful.

For applications where the ultimate load impedance is
normally high compared with Rout there is some advantage
in using a pad which terminates the cable correctly when
the pad is unloaded. In this type of pad Ro. Ry, and Rs form
a simple potential divider, so that

3=2Ro/N
RzzRo— Ra

R2=Rout — I:Ra(Fh + R°>/2Ro]

The more usual requirement, however,
impedance-conversion attenuator of the form
below, where Rin=Ro when Ry=Rout.

Ro Ry Ra
@W‘AR“—) % R’ (_Rou' % HL

T NETWORK

is for an
shown

—VWW\—

<«Rout

Rin— Rs Rs

MWW

7z NETWORK

These are the conventional T and & networks. Standard
formulae for the calculation of their resistor values are
usually given in terms of power ratio, whereas receiver
sensitivity (and hence signal generator output) is usually
expressed in voltage for frequencies up to about 1 GHz.
Voltage ratio is, thus, a more useful design parameter, and
the appropriate formulae are given below, in which

N:Ein/Eout‘ and F=Rin/Rout

T Networks
Ra=Rin . —2N__
N2 —F
N2 4 F
Ro= [Rout . —Nz—_?:l — Rs
N2+ F
Ri= I:Rin . _N;-——E} — Rs
7t Networks
a1 2N
R6 Rout N2 - F
A N+ F T
Rs Rout N2—F Re
A N+ FR T
R4 Rout N2 - F Rg

SOURCE IMPEDANCE ACCURACY

It has already been stated that, for quantitative measure-
ments with a signal generator, it is essential that the
output e.m.f. and the source impedance should be
accurately known. The full significance of the need for
accurate matching of the source impedance to the
characteristic impedance of the output connecting cable
stems from the fact that, when the cable is correctly
terminated at the receiving end by Ro. the phase and
magnitude of the voltage developed across.Ro by the
reflected power exactly matches the effect of the related
standing wave. The e.m.f. and source impedance at the
receiving end of the cable are, therefore, exactly equal to
the e.m.f. and source impedance at the sending end
regardless of the final terminating impedance. A complete
explanation of this effect has been given by Flanagan,
Marconi Instrumentation, vol. 4, p. 105, March, 1954,

The analogy can thus be made to the existence of an
“image source” at the receiving end of the cable, which is
identical to the real source. If the signal generator source
impedance does not match the cable impedance, however,
the image source will not be an exact facsimile of the real
source, and there will be errors in the e.m.f. and source
impedance of magnitude depending on the .degree of
mismatch and angular length of the cable.

Zsg
d
COAXIAL LINE
Eo 0
Zo=Ro
Eout
[
REAL SOURCE + NETWORK
Zowt
d=2
a
Eout ZL |L= Eow 2L Zom=R—°‘
Zi+Zow Zsg
R
Eour=Eo —
Ze

IMAGE SOURCE (LOADED)

Image E.M.F. Error The e.m.f. error reaches a maxi-
mum when the cable length is equal to an odd multiple of
Al4, and is zero for cable lengths equal to even multiples.

The magnitude of the maximum error is given by

Eout:Eo.Ro/ng ................ (1)
where
Eo is the real source e.m.f.
Eout is the image source e.m.f.
Ro is the nominal source impedance—equal to
the characteristic impedance of the
cable.
Zsg is the actual source impedance of the
signal generator.
Image Source Impedance Error For cable lengths
equal to odd multiples of 4/4, the image: source
impedance Zowt=Ro?/Zsg. . . . . . . . . ... ... (2)
For cable lengths equal to even multiples of /4,
out‘—:ng. ................ (3)

For cable lengths equal to the intermediate
multiples of 4/8, Zout=Ro . . . . . . .. (4)



V.S.W.R. Itis now customary to state a signal genera-
tor's source impedance accuracy as voltage-standing-
wave-ratio. This may be defined as the ratio between the
voltages at the nodes and antinodes of the standing wave
that would appear on a loss-free line, of characteristic
impedance Ro. when terminated by the signal generator
I(i.e., with the signal generator’s source impedance as the
oad).

The v.s.w.r. figure given bears no relationship to the
standing wave pattern on the connecting cable when the
signal generator is in use. This is entirely a function of the
terminating impedance at the receiver end of the cable.

Interpreting the Accuracy Although nominally resis-
tive, the signal generator’s source impedance is inevitably
complex, containing series and parallel reactive compo-
nents of positive and negative sign, so that the actual
impedance must vary with frequency. The v.s.w.r. figure
given in Marconi Instruments specifications, therefore,
represents the worst condition within the stated frequency
range.

A simple statement of v.s.w.r. gives no indication of the
phase angle of the source impedance, a statement of the
angular displacement of the voltage node also being
required in order to carry this information. As the phase
angle is a function of frequency, however, its omission
from the general performance statement is virtually un-
avoidable.

Nevertheless, the phase angle of "“the real source
impedance is a relevant factor in assessing the image
e.m.f. and image source impedance.

If Zsg=Rsg + jXsg. the impedance relationships for any
given value of v.s.w.r. can be summarised as follows:

Let S=v.s.w.r. (Vmax/Vmin)

When Ro/Rsg=1 and Xsg=0, S=Ro/Zsg . . . . . (5)

When Ro/ng=1 and ng=O, S=ng/Ro

When (R34 X33):=Ro so that Ro/Zsg=1,
(S2—1)/2S=Xsq/Rsgortanéd . . . . . . (7)

Referring back to expression (1), it is apparent that,
for any value of v.s.w.r,, the e.m.f. error is greatest when
Zsg is purely resistive, and is zero when Zsg=Ro.

Taking the worst case—if the connecting cable is equal
to an odd number of quarter wavelengths and the signal
generator's source impedance is purely resistive, the
possible image e.m.f. error is given by

Eout—_—Eo + EO(S'—1) or Eo—‘ Eo(1 — 1/8),
which, if the v.s.w.r. is close to unity, is very nearly equal
to Eo +Eo (8—1)

This magnitude of error is, however, never actually
realised, because the v.s.w.r. figure quoted in the specifi-
cation is invariably partly due to reactive components in
the signal generator’s source impedance.

The limits of image source impedance error for both
even and odd quarter wavelength cables are given by

Zout:Ro :t Ro (8—1 )

SOURCE IMPEDANCE AT HIGH OUTPUT VOLTAGE
LEVELS

Restriction of the v.s.w.r. specification to output levels
up to 20 dB below maximum output carries a generally
accepted implication that this aspect of the signal
generator's performance deteriorates over the highest
voltage decade. But this is only true in certain circum-
stances ; for, although the output impedance may appear
to be seriously in error when measured by an r.f. bridge
or the standing-wave-ratio method, the error in the test
voltage is not necessarily significantly greater at maximum
output than at the lower levels.

The diagram below shows the effective form of all
Marconi Instruments signal generator output circuits, the
carrier level from the r.f. source being monitored by means
of an r.f. voltmeter before application to a constant
impedance variable attenuator. Providing the attenuation
exceeds about 20 dB, the r.f. source is effectively isolated
from the output socket, and the source impedance of the
signal generator is that of its output attenuator. At the
small attenuation settings required for high output levels,
however, this isolation disappears; and the impedance of
the r.f. source, Zs, becomes a significant part of the source
impedance of the signal generator.

% Ro

\—

R.F.SOURCE

VOLT
METER

It is obvious that the passive impedance measured at
the output terminal is likely to present a v.s.w.r. that is
far from unity. But, when the signal generator is in use,
the p.d. across Zs is compensated for by adjustment of the
carrier level control to produce the correct reference
indication on the r.f. monitor; and it is the voltage across
this monitor that should be regarded as Eo.

Therefore, providing the appropriate carrier level correc-
tion is made for any change in load impedance, the
image source at the receiving end of the cable will retain
the form giving VL=EoZL/(Ro+ ZL) for all attenuator
settings. Several of the signal generators in the Marconi
Instruments range include an effective automatic level
control system (a.l.c.), so that the correction is made
automatically and the dynamic impedance of the internal
r.f. source is very low indeed.

This effective source impedance is not, however, the
impedance that the signal generator would present, while
in operation, to an external source; e.g., a second signal
generator used in two-signal tests on a receiver. It is
therefore important, in such applications, to make due
allowance for a possible mismatch, which would affect
the voltage applied by the second generator—not the one
giving near maximum output.



Swept-Frequency Signal Generators

The application of sweep-generator
receiver alignment is now well accepted, but, for general
measurements on receivers, it is an advantage if the sweep-
generator also has the normal attributes of a standard
signal generator; i.e., an output attenuator at the correct
impedance, giving an accurately controlled amplitude
down to the order of 1 pV, and full modulation facilities—
a.m. or f.m.

Apart from television receivers, most receiver band-

techniques to;

osciltloscope can be connected in parallel with it. Although
this makes connection very easy, such meters are usually
by-passed by a fairly large capacitor, which must either be
disconnected or allowed for by keeping the sweep speed
so slow that the time constant of the capacitive detector-
load does not maodify the displayed characteristic.

This second course can only be taken if (1) the oscillo-
scope timebase operates at very low speeds—say 5 Hz;

widths are within the deviation range of an f.m. signal
generator. V.h.f. and u.h.f. signal generators are available
which can be frequency modulated to deviations upwards
of 100 kHz. For example, a Marconi TF 995B/2 Signal
Generator can be modulated up to 200 kHz deviation
at the standard broadcast if. of 107 MHz. This is
equivalent to a total sweep width of 400 kHz, which is
more than adequate for the 240 kHz bandwidth of an f.m.
broadcast receiver—one of the widest bandwidths in
common use.

Figure 1 shows the method of connecting a signal
generator and oscilloscope to a receiver in order to display
the i.f. or overall frequency/response characteristic. The
diagram shows an external detector in use; this is
necessary for f.m. receivers and may be convenient for
a.m. receivers in which the internal detector is not readily
accessible. With many a.m. receivers, however, it is
possible to make direct connection to the internal
detector so that an external one is unnecessary. But, if
this is done, care must be taken to be sure that any time
constants in the detector load do not modify the shape
of the displayed curve. For example, if the receiver is
fitted with "a signal strength meter, the Y input to the

R.F. A.F.
F.M. O 1 eecever | SQUARE-LAW | 2 Y T
SIGNAL  |—p— —— - IN ouTt
G e UNDER TEST DETECTOR -:\— C.RO.
S2
EXT
F.M.
SWEEP-WIDTH
< CONTROL ) <
Fig. 1

(2) the external modulation circuit of the signal generator

will accept such low frequencies, and (3) the Y amplifier

is d.c. coupled.

It is not usually possible to display frequency markers
when a signal generator is used in this way; but, fortu-
nately, Marconi Instruments f.m. signal generators are
equipped with directly calibrated incremental frequency
controls so that the width of the displayed characteristic
can be measured by varying the tuning to bring relevant
points on the curve to a central cursor line on the c.r.t.
graticule. ’

F.M. signal generators do not normally operate at
frequencies below about a megahertz; and, until recently,
swept-frequency measurements on receivers in the m.f.
and h.f. bands has been restricted to orthodox sweep-
generators. The Marconi Instruments Signal Generator
TF 2002AS, however, has f.m. and frequency sweep
facilities at centre frequencies tunable from 100 kHz to
70 MHz. This instrument can be frequency swept from
an external source with d.c. coupling to the voltage-
controlled reactor, so that very low sweep speeds can be
used if necessary.
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The built-in crystal calibrator of the TF 2002AS gives
calibration beats at 10 kHz intervals. When the signal is
being frequency swept, the audio output from the crystal
calibrator can be rectified and applied to the Y deflection
or Z modulation terminal of the oscilloscope to provide
frequency markers. At the comparatively narrow sweep
widths used, however, these markers have a very definite
double-pulse form with the zero point between the two
pulses corresponding to the 10 kHz interval
Figure 2 shows the connections.

mark.

At these lower frequencies, receivers are used which
have very narrow acceptance bands and crystal controlled
ocal oscillators; e.g., single-sideband and independent-
sideband receivers. When making protracted measure-
ments on such receivers with a signal generator the
problem of the generator's frequency stability can be
quite serious. With a frequency swept signal generator
this problem is greatly eased because, unlike the single-
frequency signal which gradually drifts out of tune, the
swept signal is continually traversing the acceptance band,
and the only effect of a small amount of drift is a movement
of the displayed characteristic curve across the oscillo-
scope trace. Thus the attributes of the frequency swept
signal generator can offer advantages for purposes other
than actual frequency/response measurement or circuit
alignment.

F.M. Demodulator Response
A somewhat specialised case arises in the setting up of
f.m. receivers.

Important as the shape of the frequency/response
characteristic is in this type of receiver, the main appli-
cation of the swept frequency measurement is probably
for examination of the demodulation characteristic. For
this particular application the dynamic display of the
characteristic can be made using an oscilloscope and a
frequency modulated signal generator of the type that
would normally be used for general tests on the receiver.
The method of connecting the test set-up is given in
Figure 3.

In order to test the demodulation under realistic
conditions the test voltage applied to it should be the full
limiter voltage and it should also be derived from the
correct source impedance. To obtain these conditions, it
is convenient to use the i.f. amplifier of the receiver as
the connecting network between the signal generator and
the demodulator. So the output of the signal generator
is fed into the input of the receiver’s i.f. amplifier or into
the aerial socket.

However, care must be taken that the displayed
demodulation characteristic is not modified by frequency/
response characteristic of the receiver’'s tuned amplifiers ;
and to do so the modulating frequency should be kept



as low as conveniently possible, 560 Hz being quite
satisfactory in normal circumstances. The bandwidth of
the receiver must be sufficient to accommodate the
multiple f.m. sidebands at much higher modulation
frequencies, so all significant sidebands at 50 Hz spacing
are easily handled.

It is necessary to modulate the signal generator from
an external source; and, in this case, a sinewave source
is more convenient than a sawtooth. With sinewave
modulation the signal generator's modulation meter
indicates the frequency deviation, which is, of course,
half the sweep width. The horizontal deflection on the
oscilloscope is obtained by also feeding the output of the
modulating oscillator to the external time base terminal of
the oscilloscope; and the total length of the trace then
corresponds to twice the f.m. deviation as indicated on
the modulation meter. With the comparatively restricted
frequency sweep, errors due to non-linearity of the f.m.
modulator are fairly small and the calibrated graticule of
the oscilloscope can safely be used as a frequency
scale.

The Y input of the oscilloscope is connected directly
to the audio output terminal of the receiver's f.m.
demodulator. The high input impedance of the oscillo-
scope is unlikely to affect the operation of the demodu-
lator, so no special precautions are necéssary from this
point of view.

To adjust the demodulator, the signal generator is set
accurately to the if. (or rf) centre frequency, and
sufficient output is applied to operate the limiter of the
receiver. The familiar ’S” shaped demodulator response

will then be displayed on the c.r.t. screen; and the
demodulator trimming controls can be adjusted to bring
it to the centre of the display. If the receiver contains a
ratio detector, the normal precaution of replacing the bias
capacitor with a suitable voltage source must be taken
in the same way as for static methods of measurement.

The Derivative Curve

Providing the signal generator is suitable, it is possible
to produce a very much more useful display by the use
of two superimposed modulating frequencies.

For really comprehensive assessment of true linearity of
the demodulator over the nominally linear part of its
characteristic, the ideal display is that of the derivative
of the demodulation curve; or, in other words, a display
in which the instantaneous vertical position of the spot is
proportional to the instantaneous slope of the demodula-
tion curve. Such a display provides far better discrimination
than the direct picture of the “S” shaped curve; for if
the demodulator were perfectly linear, the display would
take the form of a straight horizontal line, any deviation
from this form representing.non-linearity.

Figure 4 shows examples of direct and derivative curves
for linear and non-linear demodulation. Note that the
vertical locus of the derivative curve falls to zero at the
turnover points of the direct curve where the slope is zero.
The correct theoretical curve beyond these zero points
is shown by the dotted lines in the diagram, but,: for
reasons that will become obvious, the displayed deriva-
tive curve takes the shape of the full line in the diagram.
As only the part between the zero points is required,
however, this does not matter very much.
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The connections for obtaining this display are shown
in Figure 5. A very slow sawtooth voltage (or very low
frequency sinewave) is applied to the external modulation
terminals of the signal generator and simultaneously to
the X deflection system of the oscilloscope. In the diagram
the internal timebase generator is used. This is the actual
sweep voltage and its amplitude should be such as to
give a frequency sweep which completely accommodates
the demodulator characteristic. Its frequency should be
below the |.f. response of the receiver’s audio amplifier.

Superimposed upon this voltage, by means of trans-
former T,, is an audio frequency voltage (say 1 kHz) of
sufficient amplitude to give about 1% of maximum rated
deviation.

The Y input terminal of the oscilloscope is connected
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Fig. 4

via a rectifier to the a.f. output of the receiver, thus
utilising both the gain and the |.f. cut of the audio
amplifier. The 1 kHz output from the receiver at any
instant is then directly proportional to the slope of the
demodulation curve at the instantaneous input frequency,
so that the spot traces out the derivative curve. Any non-
linearity is easily detected by aligning the curve with one
of the graticule lines on the oscilloscope. Furthermore,
the relative magnitude of the non-linearity can be
measured by comparing the amplitude of the departure
from this line with the mean height of the display from
the zero points.

Frequency calibration is best done by a slide back
method against the signal generator’'s incremental fre-
quency control.
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Multi-Signal Receiver Selectivity Tests

IMPEDANCE
, , MATCHING
The TF 995B/5 (page 25) is particularly suitable for UNIT
measurement of adjacent-channel-suppression or inter- SIG 5 < SIG
modulation on fixed and mobile communications receivers. GEN A GEN B
Two-signal tests for assessing the receiver’'s response ,
to unwanted adjacent-channel signals usually utilise the )
arrangement shown in the upper diagram. The output from
signal generator A represents the wanted signal, and that
from signal generator B the unwanted signal. The inter- RECEIVER
fering signal is regarded as part of the noise, and the
suppression is evaluated in terms of degradation of the
signal-to-noise ratio.
Y
For.identification, and to avoid heterodyne beats, it is
usual to modulate the two signals at different frequencies.
Signal generator A is normally modulated at 400 Hz and 0%2'\3/5%!
signal generator B at 1 kHz, their a.m. depths or f.m. METER
deviations being equal—usually 30% a.m. or 30% of
maximum f.m. deviation.
With zero output from signal generator B, generator A
is tuned to the receiver's centre frequency, and the r.f. ON-FREQ INTERFERING INTERFERING
level is adjusted to produce a signal-to-noise ratio of SIGNAL SIGNAL SIGNAL
20 dB (10 dB for mobile radio).
] ) ) FM SIG SIG FM SIG
Signal generator B is then tuned to one channel spacing GEN 1 GEN 2 GEN 3
away from the centre frequency and its output is adjusted

to produce a signal-to-noise+interference ratio which is FREQ f, FREQ 1, FREQ f,
3 dB less than the ratio measured with signal generator A
alone. The ratio between the input levels due to each of
the signal generators, expressed in decibels, is the
adjacent-channel suppression figure for the receiver. The

suppression should be at least 70 dB. VW MW

The arrangement shown in the lower diagram is that ¢
recommended by the U.S. Electronic Industries Associa- 2
tion for intermodulation measurement on f.m. communi- fy = f
cations receivers. With signal generators B and C
delivering zero output, signal generator A is tuned to the =21y RECEIVER
receiver’s centre frequency, and its r.f. output adjusted to UNDER
produce 12 dB signal-to-noise ratio. Signal generator B TEST
is then tuned-to one channel spacing above or below the
centre frequency, and generator C to two channel
spacings from the centre frequency in the same direction
as B. The equivalent outputs of generators B and C
are maintained equal, and the levels are increased until DIsT
the signal-to-noise ratio is reduced to 6 dB. ANALYSER
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The ratio of the level from B or C to that from generator
A, expressed in decibels, is the measure of intermodulation.
In the U.S.A. the recommended maximum is 50 dB, but
in some European countries the standard is raised to
60 dB or 70 dB.






Listed in order of upper frequency limit

Frequency Range
10 kHz to 72 MHz
10 kHz to 72 MHz

0-2 to 220 MHz
10 to 470 MHz

10 to 470 MHz

4 to 1,000 MHz

d.c. to 100 MHz

d.c.to 1 GHz




MF/HF AM/FM Signal Generator

OO0 OO 0Od

Frequency range: 10 kHz to 72 MHz

High discrimination electrical fine tuning calibrated
against comprehensive crystal calibrator

Amplitude and frequency modulation

Internal modulating frequency continuously variable from
20 Hz to 20 kHz '

External control of carrier level
External frequency sweep or fine frequency control

The TF 2002AS is almost certainly the most advanced signal generator of its type at present available. The use
of solid-state active circuit elements has enabled the designers to utilise completely new mechanical and
electrical arrangements far removed from what is regarded as conventional signal generator design practice. By
doing so, they have produced a signal generator which not only performs all the normal functions with more
than normal efficacy, but also has a number of unusual facilities that considerably extend its usefulness.
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CARRIER FREQUENCY

The full 10 kHz to 72 MHz frequency range of the signal
generator is covered in eight switch-selected bands, each
band having a maximum-to-minimum frequency ratio of
approximately 316 : 1 up to 32 MHz. On the highest
frequency band, however, the ratio is reduced to approxi-
mately 2 : 1 giving a rather more open scale.

Main Tuning The main tuning dial has eight hand-
calibrated near logarithmic tuning scales—one for each
band. These are arranged in a continuous zig-zag, with
scales running alternately left and right, so that the main
frequency control is rotated clockwise for range A, counter
clockwise for range B, clockwise for range C and so on.
This feature cuts out much of the tedium which can occur
when tuning a signal generator close to the band change
frequency.

The signal generator is tuned over the full cover of each
band by ten turns of the main frequency control, which also
carries a subsidiary dial with a linear logging scale num-
bered 0 to 100. Corresponding numerals engraved at the
top of the main tuning dial show the rotational position of

the control. Provision is also made for adjusting the.

mechanical position of the main tuning dial to correct the
calibration, if necessary, when the frequency is set accu-
rately against the internal crystal calibrator.

Crystal Calibrator The internal crystal calibrator pro-
vides check points at intervals of 1 MHz, 100 kHz, and 10
kHz. The heterodyne beat note is audible from a loud-
speaker mounted within the instrument; but, if desired, a
pair of head telephones may be used via the output jack
socket mounted on the front panel.

Itis also possible to switch into circuit a 1 kHz band stop
filter which gives the effect of a second null when the
carrier frequency is 1 kHz away from the 10 kHz check
point.

Incremental Frequency The incremental frequency
control facilitates high discrimination setting of frequencies
above 100 kHz. Below this frequency the discrimination of
the main tuning dial is such that incremental control is
hardly necessary.

The incremental control is directly calibrated in three
ranges, selected by means of a Af Range switch, the total
cover being dependent on the main frequency range in use
as shown in a table on the panel beside the control.
Provision is also made for setting up the scale length
against the internal crystal calibrator, giving increased
accuracy for bandwidth or similar measurements.

External Frequency Shift Incremental frequency shift
can also be applied to the carrier by means of a control
voltage fed to an appropriate terminal on the front panel.
The frequency shift produced is directly proportional to the
d.c. level of this voltage, +1 volt d.c. producing a shift
equal to at least the limits shown in the table located beside
the incremental frequency control. The facility can be used
for manual or automatic frequency control—e.g., by the
use of a phase discriminator the signal generator frequency
could be locked to a standard frequency.

It can also be used for frequency sweep, a particular
application beirg:the display of the frequency response

characteristic of a'tuned amplifier or receiver on a cathode-
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ray oscilloscope. The sawtooth voltage of the oscillo-
scope’s time base is applied to the frequency shift terminal
of the TF 2002AS ; the r.f. output from the signal generator
is fed to the receiver or the amplifier in the normal way ;
and the output from the unit under test is applied via a
suitable detector to the Y input of the oscilloscope.

R.F. OUTPUT

For carrier frequencies up to 32 MHz a maximum r.f. out-
put of 2 volts e.m.f. can be obtained with 100% modulation.
On the highest frequency range—32 to 72 MHz—a makxi-
mum of 2 volts unmodulated is obtainable but it is neces-
sary to reduce the maximum carrier level to 1 volt e.m.f. if
heavy modulation is applied. The output can be adjusted by
means of two attenuators in cascade, one of which covers
120 dB in 20 dB steps and the other 20 dB in 1 dB steps,
giving a total variation of 140 dB.

Calibrated output levels down to 0-2 pV are, therefore
available. The attenuators are calibrated in both voltage
and decibels.

The output impedance of the signal generator is 50Q,
and it is normally intended that the instrument should be
used with the 6 dB pad—standard accessory—connected
at the end of the output cable. The attenuator voltage
calibration is then directly in e.m.f.; but.if it is more con-
venient to have the attenuator calibration in terms of p.d.
across a 50Q load, this can be obtained by disconnecting
the 6 dB pad and feeding the signal generator output
directly to the receiver under test.

Carrier Level Monitor The carrier level monitor is
calibrated in voltage from 0-5 to 1. The instrument is nor-
mally used with the meter setto 1 volt but, for small changes
in r.f. output voltages, it is sometimes more convenient to
use the carrier-level control than the attenuator controls,
the final output voltage being given by the product of the
meter reading and the attenuator setting. It is a feature
of the TF 2002AS that the carrier level can be varied over
the range of the monitor without affecting the modulation
depth or the carrier frequency.

The converse also applies; for the signal generator is
equipped with a very effective automatic level control
system, which enables the operator to vary the frequency,
change the frequency range, or adjust the modulation
depth without affecting the carrier level.

Counter Output It is sometimes desirable to monitor
the frequency of a signal generator by means of an
electronic counter. But very few counters will operate
correctly when the applied signal carries deep modu-
lation ; so the TF 2002AS is fitted with a separate “counter
output’ -socket so that the carrier is available from a point
in the circuit prior to the modulator. This point is, however,
subsequent to a buffer amplifier so that connection of the
counter does not affect the carrier frequency.

Radiation Many modern receivers are fitted with
highly sensitive internal ferrite-rod aerials. For tests on
such receivers it is, of course, extremely important that the
signal generator shall be free from stray leakage field. To
this end, the TF 2002AS employs no less than six screening
layers plus the outer case to give a stray radiation figure
some 40 dB better than most other signal generators
operating in the same frequency range.
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MODULATION

The TF 2002AS can be amplitude or frequency modu-
lated internally or externally. Internal a.m. can also be
applied simultaneously with external frequency shift, so
that dynamic bandwidth measurements can be made using
a modulated signal.

Modulating Oscillator The signal generator contains
an internal modulating oscillator which is continuously
variable over the frequency range 20 Hz to 20 kHz. This
a.f. range is covered in six sub-ranges, each having a
maximum to minimum frequency ratio of approximately
3-16:1.

The output from the modulating oscillator is available
for.external use from a terminal at the rear, the level remain-
ing constant at about 1 volt irrespective of modulation
frequency or depth.

Amplitude Modulation A.M., continuously variable up
to 100%, can be applied from the internal oscillator or
from an external source over the frequency range 20 Hz
to 20 kHz. At the lower carrier frequencies, however, it is
obviously not possible to obtain deep modulation with
high modulation frequencies. For guidance of the operator
the range switch of the internal modulating oscillator
carries markings indicating the lowest carrier frequency for
which each a.f. range can be used. These markings also
serve to show the approximate limitations when external
modulation is used.

External Levelling When the FUNCTION switch is in
the LEVELLING position the external a.m. terminal is
connected directly to the modulation/level control system.
This provides the facility for adjusting the carrier level by
application of an external d.c. voltage. With the instrument

Eight bands, with scales graduated in fre-
quency:
10 kHz to 32 kHz
32 kHz to 100 kHz
100 kHz to 320 kHz
320 kHz to 1,000 kHz
1 MHz to 3:2 MHz
3-2 MHz to 10 MHz
10 MHz to 32 MHz
32 MHz to 72 MHz

IOoTMMoOO®>

Scale position is adjustable against internal
crystal calibrator. Using the index position
the accuracy is +£1%.

;Fhe frequency scales are near-logarithmic.
A linear logging scale, with effectively 1,000
divisions, is provided.

At constant ambient temperature between
10° and 35°C, the frequency drift in the 15
minute period commencing 3 hours after
switch-on is typically less than 30 p.p.m.
+ 3 Hzand will notexceed 90 p.p.m. +3 Hz.

During the period 10 minutes to 3 hours
after switch-on, the frequency drift will not
exceed three times the amounts stated
above.

Following a 10°C ambient temperature
change (within the range 10° to 35°C)
occurring after the above period of opera-
tion, the maximum frequency drift rate
during the next 3 hours is typically 200
p.p.m. per 15 minutes.

The frequency variation produced by a 10%
change in supply voltage is less than 20
p.p.m. +5 Hz,

in this operating condition a d.c. voltage of +6 volts
produces +100% variation in carrier level. This control
voltage is, however, relative to a —6-75 volt standing
potential, which is present at the terminal when no input
is connected. For use with fully floating d.c. sources a
—6-75 volt reference is available from a terminal at the
rear of the instrument.

Frequency Modulation At carrier frequencies exceed-
ing 1 MHz the signal generator can be frequency modu-
lated from the internal oscillator or an external source over
the a.f. range 20 Hz to 20 kHz. Between 100 kHz and
ZHLVFI{HZ the maximum modulating frequency is reduced to

Z.

Deviation is continuously variable in three ranges, the
maximum for each being equal to the maximum incre-
mental shift as shown in the table on the signal generator’s
front panel.

Modulation Monitor The a.m. depth or f.m. deviation
is monitored by a panel meter, which is directly calibrated
in per-cent a.m. depth and kHz f.m. deviation. When used
as an f.m. monitor the sensitivity may be standardised by
means of a trimmer control, with the built-in crystal
calibrator as an ultimate reference.

POWER SUPPLY

The signal generator is normally intended for operation
from an a.c. mains supply and is suitable for use from
supplies in both the 110 volt range and 230 volt range. As
it can be operated at frequencies up to 500 Hz it is very
suitable for operation in aircraft or similar situations. The
instrument can also be operated from external batteries,
the required input voltage being from 19 to 32 volts, and
the current consumption is 400 mA.

Operative above 100 kHz only.

Each carrier frequency band is provided with
three ranges of- electrical fine tuning as
shown below:

Af Range in kHz

Fine Cal Af

1 2 3 Points | Range
+015 | +056 +1-6 | +£1-0kHz 3
-0-6 +1-5 +560 | £10 .. 2
15 +50 +156 +10 ., 3
1-5 +50 +15 +10 3
50 +15 +50 +50 3
50 +15 +50 +50 3

Incremental frequency accuracy:

15% when not standardised.

The accuracy can be improved to 5% of
full scale, onthe + Afor — Af ranges, by
use of the Fine Cal points shown in the
table above.

Discrimination: better - than 0-005% of
carrier frequency.

Incremental tuning is obtained from external
d.c. sources, with the same ranges as the
internal system. Further applications of this
facility are covered under frequency modu-
lation.

Check points at 1 MHz, 100 kHz and 10 kHz
intervals.

Crystal accuracy: +1 x10~*overrange 10°C
to 35°C.

Additional check points at +1 kHz on
crystal points. Accuracy: 10 Hz.




Between 10 kHz and 32 MHz (c.w. or
modulated up to 100%) 0-1uV to 1 volt
e.m.f. using 6 dB pad or 01V to 1 volt p.d.
across a matched load.

Between 32 MHz and 72 MHz: as above
for c.w.; maximum output half the above
with 100% modulation. If working into an
open circuit without a 6 dB pad, 2 volts
e.m.f. is available using up to 30% modu-
lation up to 32 MHz, or using c.w. above
32 MHz. ‘

Seven position coarse attenuator with
20 dB steps. Marked —20 dB to +100 dB
with respect to 1pV.

Twenty-one position fine attenuator, with
1 dB steps. Marked 0 dB to +20 dB.

Both marked with equivalent voltage at each
setting.

External Attenuator Pad, TM 5573/1 pro-
vides 6 dB.

Scale graduated in voltage.
Voltage Range: 0-5 volts to 1 volt, with
graduations of 01 volts.

(Above 1uV with or without 6 dB pad, with
meter at appropriate reference mark.)

Below 32 MHz: 41 dB from 10°C to 35°C.
Above 32 MHz: +2 dB of which approxi-
mately +1 dB is caused by temperature
effects over the range 10°C to 35°C.
Automatic level control maintains carrier
level meter setting constant within 0-5 dB at
all carrier frequencies.

Effectively 50Q at all level settings. BNC
connector.

V.S.W.R.: Better than 1:15: 1 for outputs
below 200 mV, with or without 6 dB Attenu-
ator Pad, TM 5573/1.

Notless than 10 mV into 50Q.

Continuously variable up to 100%.

Reads equivalent average modulation, and
is not dependent on carrier level reference.

+5% modulation to 10 kHz and 10%
modulation to 20 kHz at 23°C subject to
mod. frequency limits at the lower carrier
frequencies. An additional error of + 3% may
occur at 10°and 35°C.

Covers 20 Hz to 20 kHz in six ranges.
Frequency Accuracy: +10%.

Frequency range 20 Hz to 20 kHz subject to
depth accuracy and distortion limits.
Requirements. Approximately 1'5 volts into
1 kQ for 100% mod. depth.

At fixed level from terminal, giving approxi-
mately 1 volt from 10 kQ with 1-6% distortion
factor, derived from internal modulation
oscillator.

Less than 2% distortion factor using internal
oscillator at a modulation frequency of
400 Hz for modulation depths up to 80% at
carrier frequencies between 100 kHz and
32 MHz.

Carrier level may be varied by dc. A
‘potential of —6:75 volts appears on the
terminal when switched to this function.
Input: Approximately 4-6 volts d.c. (into
16 k) or 12 volts p-p about the — 676
mean, gives full control of carrier.

Continuously variable with three ranges to
maximum peak deviations as shown in the
table under electrical fine tuning.

20 Hz to 4 kHz at -carrier frequencies
between 100 kHz and 1 MHz.

With carriers above 1 MHz the modulation
frequency range is extended to 20 kHz with
aflatness of +-2-0 dB.

15% without standardisation.

Above 1 MHz. £6% of full scale when the
Af system has been. standardised at the
points shown under electrical fine tuning
with modulation frequencies between 20 Hz
and 4 kHz. An additional error of £3%
f.s.d. may occur at 10° and 35°C.

TF 2002AS

Less than 3% at maximum deviation with
modulation frequencies from 20 Hz to 4 kHz.

As for amplitude modulation.

20 Hz to 20 kHz, accuracy of deviation and
frequency limitations as for internal modu-
lation.

Input: Approximately 1'5 volts r.m.s. into

26 kQ for maximum deviation given under

electrical fine tuning. (Deviation adjustable
at panel.)

Carrier frequency may be varied by d.c. A
potential of —6-75 volts appears on the
terminal when switched to this function.
Input: Up to 41 volt d.c. (into 100 kQ) or
2 volts p-p about-the —6-75 volts mean is
needed for maximum deviations given in
table under electrical fine tuning.

Allows measurements on sensitive receivers
with ferrite aerials to be made close to the
signal generator.

Individual harmonics are less than 3% at full
output.

Below —65 dB relative to 30% mod. depth
in a 3dB bandwidth of 650 Hz at frequencies
below 100 kHz, and in 20 kHz above 100
‘kHz.

Less than 5 Hz +1 p.p.m., using mains
operation.

For 30% a.m. up to 1 kHz mod. frequency.
Below 32 MHz: Less than 100 Hz +
10 p.p.m.

Above 32 MHz: Less than 50 p.p.m.

95 volts to 130 volts, 190 volts to 264 volts,
45 Hz to 500 Hz; 15 VA.

19 volts to 32 volts: earthed positive:
load 0-3 amps max.

Height Width Depth Weight
11 in 18 in 14 in 59 Ib
28 cm 47 cm 36 cm 27 1b

Output Lead
50Q coaxial cable 6 feet long fitted with
BNC connectors.

6 dB Attenuator Pad

With pad in use, the TF 2002AS is direct
reading in output e.m.f,

To fit cores of r.f. trimming inductors. (Fits
into clips inside the instrument.)

For removing r.f. box cover. (Fits into clips
inside the instrument.)

20 dB Attenuator Pad.

Output Lead

An alternative lead fitted with a Belling-Lee
type L778FP small Screenector at the output
end.

Matching Pad
Converts from 50Q to 756Q impedance, with
Belling-Lee type L734/P output plug.

Matching Pad
Converts from 50Q to 75Q impedance, with
Burndept type PR4E output plug.

Matching Trahsformer
Converts from 50Q unbalanced to 300Q
balanced.

Dummy Aerial and D.C. Isolating Unit
Provides “dummy’ aerial output-and also
output via d.c. stopper capacitor suitable for
d.c. voltages up to 300 volts.

Rack Mounting Kit
Converts bench model, TF 2002AS, for
mounting in a standard 19 in. rack.




A.M. Signal Generator

[ Frequency range: 10 kHz to 72 MHz

L] Stability: 0-002%

[J High discrimination, plus crystal calibrator
[ Good r.f. waveform at all frequencies

[J Protected thermocouple level monitor

————"

TF144H/4
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This signal generator has all the desirable attributes that have been
such important factors in the traditional popularity of its famous pre-
decessors of the TF 144 series, but it is smaller and lighter, and with
many features that greatly improve its utility value.

Tuning System

The tuning system is simple and of conventional form familiar to
most users. Much attention, however, has been given to such aspects
as operator convenience and clarity of indication.

The frequency range is divided into twelve switch-selected bands,
each having a frequency cover of rather more than 2:1. Thus, a large
effective scale length is obtained on the main tuningdial, which carries
a separate scale for each band. The reading discrimination on this dial
is such that a 2% frequency change on any band occupies more than a
quarter of an inch of scale length. Itis also significant that the medium-
wave broadcast band coincjdes with a single tuning band of the signal
generator.

An 8:1 reduction drive from the main tuning control permits easy
and precise adjustment. The control knob also carries a dial calibrated
with a linear logging scale of 100 divisions over the total circum-
ference. As the variable tuning system follows a straight-line-
frequency law on most bands, the logging scale provides the means of
accurate interpolation between the direct calibration marks on the
main tuning dial. Excellent discrimination is obtained by the use of this
dial, fourdivisions correspond to a frequency change of about 1%.

For greater convenience the instrument is also fitted with an elec-
trically céupled incremental frequency control calibrated directly in %
frequency change. This control covers +0-5 and has a travel of 315°.
With it frequency changes of 0:01% can easily be discriminated,

Full use of ‘this discrimination is possible, for the instrument has
exceptionally good frequency stability. The use of fully regulated d.c.,
I.t. and h.t. supplies is an important factor in attaining this stability and
in the reduction of spurious hum modulation.

To enable a high order of absolute accuracy to be obtained, the
signal generator has a built-in crystal calibrator with two crystal fre-
quencies, 400 kHz and 2 MHz, automatically selected by the band-
change switch. A double mixer system is used to provide check points
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over the entire carrier frequency range. The crystal-calibrator circuit
includes an a.g.c. system so that the audio volume of the heterodyne
beat note does not vary widely over the tuning range of the signal
generator.

Output Level

The output level is variable over the range 2 uV to 2 volts by means
of coarse and fine resistive step attenuators calibrated in voltage and
decibels. The carrier level control, used in conjunction with +0-5 dB
calibration marks on the level meter, allows continuous interpolation
between the 1-dB steps of the fine attenuator. A plug-on 20 dB pad
is supplied to extend the outputrange down to 0-2 uV.

The output impedance is 50Q with a v.s.w.r. better than 1-25:1.
Matching to higherimpedance loads merely requires the use of a single
series resistor. A matching pad for 75Q output impedance and a com-
posite dummy aerial and d.c. isolating unit are available as accessories.

The level of the signal applied to the attenuators is monitored by a
thermocouple voltmeter. This gives a high order of absolute accuracy
regardless of frequency. But the common disadvantage of the thermo-
couple — fragility — has been overcome in this instance by special cir-
cuitdesign. The circuitis so arranged that the thermocouple cannot be
damaged by any form of misuse of the instrument. Automatic level
control applied to the r.f. oscillator contributes to the thermocouple
protection and largely eliminates the need for level-correction adjust-
ment as the frequency is changed.

The maximum output is also available from a separate socket. The
voltage from this outlet is not variable by the attenuators but is
monitored by the carrier-level meter. For special tests where a level of
100 mW in 75Q is required, the TF 144H/4 incorporates a NORMAL/
HIGH switch, giving a choice of 2 volts or 2:75 volts at the direct out-
put socket.

Modulation

Amplitude modulation can be applied to the carrier from an internal
or external source, at depths up to 80% over most of the frequeney
range. It is monitored by means of the thermocouple meter in
conjunction with a calibrated potentiometer.
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Functional Diagram of TF 144H/4
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PHONES

Negligible.

Less than 2% distortion factor.
Less than 0'1% modulation depth
Deviation < £1x10-¢

Deviation < +1x10-40r 100 Hz,
whichever is the greater, at 30% mod.
depth, on carriers less than 30 MHz.

Below —50 dB relative to 30% mod.
depth.

Twelve bands ; scale marked directly

in frequency:

A 10to 20 kHz G 1to 2MHz
B 20to 40 kHz H 2to 4MHz
C 40to 80 kHz | 4to 8 MHz
D 80to 200kHz J 8to16 MHz
E 200to 535 kHz K 16 to 32 MHz
F 535to 1,600 kHz L 32to72 MHz

Scale Accuracy: +1%.
Drift < 4+ 2% 10-5/ten minutes.
Range: + 0-5%; scaled in percentage
frequency change.
Discrimination: 1 division=0-01%.
Accuracy: +10% of reading, bands D
toJ.
+15% of reading, bands K
tol.
Frequency: 400 kHz, or 2 MHz, accord-
ing to band.
Accuracy: +5x10-5,

200 to 250 volts.and 100 to 150 volts.
4010 100 Hz, 80 watts

L.T.: 6 volts. 2 amps. H.T.: 240 volts,
50 mA

Height Width Depth  Weight
33cm  48cm 28 cm 26 kg
14%in 19%in 11in 58 Ib

Output Lead.
Mains Lead.
20 dB Attenuator Pad.

Direct: NORMAL: 2 volts.
HIGH : 2:75 volts.

Attenuated: 2 uV to 2 Volts, e.m.f. (0-2 uV
to 200 mV, e.m.f., usingTM 56573).

4+ 0-5dB.
+0-7 dB between 10 kHz and 30 MHz.
+1-0dB between 30 and 72 MHz.

50 @ type BNC connector, v.s.w.r. better
than 1-25 : 1.

Output Lead.

An alternative lead fitted with a Belling-
Lee type L778FP small Screenector at
_ the output end.

6 dB Attenuator Pad.
Matching Pad.
Converts from 50 @ to 75 @ impedance.

400 Hzand 1 kHz ﬁrl:\?t]aet?ct):\os shown wlith Belling-Lee type L734/P output
intable plug. .
20 Hzto 20 kHz below Matching Pad.
0O to 80% . anverts from 50 @ to 75 @ impedance,
Accuracy: 5% mod. depth. (r.m.s.mod.). with Burndept type PR4E output plug.
Matching Transformer.
Maximum Modulation Frequency at Converts from 50 @ unbalanced to
various modulation depths 300 q balanced.
0-30% 50% 80% Dummy Aerial and D.C. Isolating Unit.
Provides ““dummy’’ aerial output and
1 kHz 400 Hz 200 Hz also output viad.c. stopper capacitor
5 kHz 2 kHz 1 kHz suitable for d.c. voltages up to 300 volts,
20 kHz 14 kHz 8 kHz
20 kHz 17 kHz 15 kHz Battery Lead. ,
20 kHz 20 kHz 20 kHz 6 ftlong: terminated with accumulator
clips for I.t., wander plugs for h.t.
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Rack Mounting Arrangements

The TF 144H/4 is normally supplied in a case for bench use: but, if
desired, the case may be removed and the signal generator mounted in
a standard 19 in. rack. The panel is the correct size and is ready drilled
forrack mounting.

A rack-mounting version — TF 144H/4R — fitted with a rack-type
dust cover is available as an alternative to the standard instrument.

TF 144 H series

Military Versions

TF144H/4S and H/6S are special military versions of the TF 144H/4.
Electrically these versions meet the same specification as the standard
instrument. They are, however, fitted with fully sealed meters and
Plessey Mk IV mains plugs. The two military versions are identical to
each other, the distinction between them being that the H/4S is
supplied without accessories, whereas the H/6S includes a standard
military set.

Military Type Nos.

TF 144H/4S: JointServices Ref. CT 452A
NATO: 6625-99-924-8875
TF144H/6S: JointServices Ref. CT 452 Set

NATO : 6625-99-900-8337

TF 144H/4S
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A.M. Signal Generator

] Frequency range: 10 to 470 MHz
(485 MHz for military versions)
[1 Built-in crystal calibrator

(] Internal and external sine a.m.

1 External pulse modulation

Signal generators in the TF 801D series are general-purpose v.h.f./
u.h.f. a.m. instruments with provision for pulse modulation. Two
versions are available: the standard model, TF 801D/1, and the
military model, which bears the type number TF 801D/8/S or
TF 801D/9/S depending on the accessories supplied with it. The
instruments are, of course, basically similar, utilising the master-
oscillator/power-amplifier configuration, with a capacitive attenuator
acting as.a buffer stage. Isolation of the oscillator from unwanted
feedback is adequate to prevent spurious f.m. on 30% a.m. exceeding
0-001% of the carrier frequency.

Tuning System
The frequency range of the instrument is divided into five switch-
selected tuning bands, each having a frequency cover of the order of

20

2:1. The Marconi-patented system of contactless turret switching is
used in both the oscillator and the amplifier, giving complete freedom
from the noise and other adverse effects of passing heavy oscillatory
circulating currents through metal-to-metal contacts.

The main tuning dial, hand calibrated directty in frequency, has
approximately 70 inches of scale. The frequency calibration can be
standardised against a built-in crystal oscillator at 5 MHz intervals,
the dial cursor being movable to facilitate correction when necessary.
The slow-motion tuning control carries an auxiliary interpolating dial,
calibrated linearly 0—100 over its whole circumference. This is useful
for accurate tuning between frequency calibration marks, or, in
conjunction with a linear logging scale on the main dial, for accurate
re-setting. There is also a dual range fine/extra-fine frequency
trimmer to aid accurate tuning when testing narrow band receivers.



Ganging of the tuning capacitor of the r.f. amplifier to that of the
master oscillator is achieved by means of a special mechanical link
which enables the relative angle between the rotors to be varied, by
means of a panel control, in order to facilitate accurate peaking of
the amplifier's tuning. Over the whole of the lower four bands,
however, the automatic level control system obviates the need for
re-peaking when tuning adjustments are made.

R.F. Output

The final output is drawn via a piston attenuator calibrated in
terms of source e.m.f. and in decibels relative to 1 pV. A second line
on the cursor also indicates the p.d. across a matched load. The
input level to the piston attenuator is monitored by means of a diode
voltmeter, which is marked with a SET CARRIER reference level—
where the attenuator dial is direct reading—and also carries a dB
scale and voltage multiplier scale.

Modulation
Facilities are provided for internal and external sinewave modulation

Standard Version TF 801D/1

10 to 470 MHz in five bands.

The main dial has a total scale length
of approximately 70 inches. Calibration
every 2 MHz between 110 and 260 MHz;
every 5 MHz above 260 MHz. The in-
cremental dial has a uniform 0-100
calibration and makes 30 turns over each
band.

A separate dual-range fine frequency
control allows precise frequency setting for
checks on highly selective receivers.

Using crystal calibrator, within +0:5%
over entire frequency range.

Better than +0-1% after initial warm-up.

Provides check points every 5 MHz over
entire range. Accuracy better than 0-01% at
normal ambient temperatures. Cursor on
main dial adjustable to allow standardisation
of calibration.

After warm-up, drift is not greater than
0-005% in a 10-minute period at ambient
temperatures between 15° and 35°C.
Following band-switching, a further stabil-
ising period is required.

0-1 uV to 1 volt source e.m.f. Attenuator
dial shows source e.m.f. in voltage units
and in decibels relative to 1 uV, power in
decibels relative to 1 mW in 50Q, and
power relative to thermal noise in a 10 kHz
bandwidth.

+1 dB overall for c.w. outputs up to
0-7 volts e.m.f. Level during mark periods
of pulse modulation is within +2 dB of
corresponding c.w. output. Automatic level
control stabilises output during tuning.

50Q; v.s.w.r. not greater than 1+ 2.

Negligible; permits receiver
measurements down to 0+ 1 uV.

sensitivity

Modulation frequency: 1,000 Hz +10%.
Depth monitored and variable up to 90% at
carrier levels of 1 mW and below.

Modulation frequency range: 30 Hz to
20 kHz. Modulation depth as for internal.
Input requirements for 90% modulation :
1 to 5 volts, depending on frequency,
across 1 MQ,

+10% of full scale.,

21

TF 801D Series

and for pulse modulation. The sinewave modulating signal is a.c.
coupled to the centre tap of the decoupling choke between the grids
of the double-pentode r.f. amplifier. But for pulse modulation there
is a d.c. path from the input socket to the modulating grids, with a
diode to prevent the grids being driven positive, so that the signal
amplitude at peak pulse height is equal to that of the unmodulated
carrier.

For sinewave modulation the depth is indicated by means of a
demodulating-type monitor with the panel meter calibrated in a.m.
depth up to 90%.

Military Versions

These versions differ from the standard instrument principally in
their specially rugged construction and sealed meters. The military
instruments are also fitted with a separate r.f. outlet for use with an
electronic counter frequency meter.

Less than 5% at 30% internal modulation ;
less than 10% at 50% modulation.

Deviation less than 0:001%
frequency at 30% a.m.

of carrier

The a.m. due to hum and noise is better
than 40 dB below 30% modulation.

Recurrence frequency range: 50 Hz to
50 kHz. Minimum pulse width varies
between 1 usec at 470 MHz and 10 psec
at 10 MHz. Combined rise and decay time
less than 4 usec from 40 to 260 MHz; and
less than 1 psec from 260 to 470 MHz.
Carrier suppression at least 20 dB below
peak pulse output. Input requirements:
Positive pulses of 50 volts across 1 MQ.

180 to 250, or 100 to 150 volts, 40to 100 Hz ;
100 watts.

Height Width Depth Weight
14%in 23%in 10%in 67 Ib
37 cm 60 cm 27 cm 31 kg

Military Versions TF 801D/8/S and /9/S

These instruments differ from the standard version, TF 801D/1 only in the
following respects:

10 to 485 MHz in five bands.

Minimum voltage across a 50Q matched
load

bands Ato C 50 mV

band D 75 mV

band E (up to 470 MHz) 100 mV

Modulation frequency range: 30 Hz to
50 kHz.

Moduiation depth input requirement as for
TF 801D/1,

Carrier suppression at least 20 dB below
peak pulse output from 10 to 470 MHz.
Other characteristics as for TF 801D/1.

Two coaxial free plugs Type N.

Type 9403 Mains Lead.

TM 4824/1 Output Lead
Two coaxial free plugs Type N.



FM/AM Signal Generators

O Frequency range: 200 kHz to 220 MHz
O Built-in crystal calibrator

O Direct-reading incremental frequency control

OO Output range: 200mV to 0.1 pV

O Frequency and amplitude modulated; also simultaneous f.m. and a.m.

L GENERAT
"
sm«lan;g .

LAR

The TF 995B series of signal generators are conven-
tional f.m./a.m. instruments for receiver measurements over
the commonly used v.h.f. bands and the appropriate i.f's.
There are three standard versions. TF 995B/2 is the
general purpose model, suitable for measurements on
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broadcastreceivers and medium or wide band communica-
tions receivers. TF 995B/5 is primarily intended for use
with narrow band f.m. v.h.f. communications receivers
and a.m. or f.m. mobile receivers.



Frequency

The total frequency range, 200 kHz to 220 MHz, is
covered in five bands, the carrier being originally derived
from a single range oscillator which is variable from 4-5 to
9-16 MHz. Output frequencies above 135 MHz are
obtained by means of a series-of harmonic multipliers, with
range switching effected by selection of the appropriate
multiplier as the output stage. This system has the advan-
tages that noise and instability due to switching of heavy
oscillatory circulating currents is avoided, and that
amplitude modulation applied to the output multiplier
stage is effectively isolated from the oscillator, thus
preventing excessive spurious f.m. on a.m.

Frequencies between 200 kHz and 135 MHz are
obtained by utilising the heterodyne beat between the
output of the third multiplier stage and a fixed 30 MHz
crystal oscillator.

A built-in crystal calibrator, which provides fourteen
check points on each range, is automatically switched on
when a plug is inserted into the telephone jack on the front
panel. The calibration beats are obtained between the
output of the master oscillator and the crystal harmonics.

For small, accurately known, changes in carrier fre-
quency the signal generators in this series are fitted with
directly calibrated incremental frequency controls, which
vary the d.c. applied to the reactor valve associated with
the r.f. oscillator. For larger changes, and for accurate inter-
polation between calibration points on the main tuning
dial, the slow-motion control carries a dial with a linear
logging scale of 100 divisions over its complete circum-
ference.

On the TF 995B/2 the incremental frequency adjust-
ment is made by a single control, whose frequency cover
varies from £50 kHz to £400 kHz depending on the r.f.
range in use.

In order to cater for tests on narrow-band receivers a
rather more elaborate arrangement is used on the
TF 995B/5. In addition to the slow motion drive, there is an
electrical fine tuning control covering about 24 kHz on the
top range and proportionately less on the lower ranges:
the dial on this control bears an arbitrary calibration
(20-0-20) for resetting purposes. Two calibrated incre-
mental frequency controls are provided. One of these gives
a stepped adjustment, and the other is continuously
variable for interpolation between the steps. On the two
highest frequency ranges the stepped control provides
shifts of 20 and 40 kHz in either direction, and the calibra-
tion marks on the continuous control are only 1 kHz apart.
On the lower ranges the total shift is determined by
simple division of the reading on both dials.

Output

The output level direct from the permanently attached
connecting cable is variable from 2uV to 200 mV e.m.f.
the source impedance being 756 Q. By using the plug-on
terminating unit supplied with the instrument output levels
over the range 1 pV to 100 mV e.m.f. may be obtained at
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source impedances of both 75 Q and 52 Q. For low out-
puts, down to 0-1 pV, a 20 dB attenuator pad is also
available for insertion between the cable and the terminat-
ing unit.

Two resistive attenuators in cascade are used. in con-
junction with the carrier level monitor, for setting the
output level. One attenuator covers 80 dB in 20 dB steps
and the other covers 20 dB in 2 dB steps, intermediate
levels being set by adjusting the carrier level to the
appropriate meter reading. The attenuators and the level
monitor are calibrated to be direct reading in e.m.f. when
the terminating unit is fitted.

Temporary interruptions of the output can be made by
means of a carrier on/off switch in the h.t. supply to the
oscillator and multipliers.

Moduiation

Frequency and amplitude modulation can be applied to
the carrier from an internal a.f. oscillator or an external
source. The internal oscillator on the TF 995B/2 operates
at 1 kHz only; but that of the TF 995B/5 can be switch-
ed to 400 Hz, 1 kHz or 1-5 kHz. External modulation is
accepted by both instruments at frequencies up to 10 kHz
for a.m. and up to 15 kHz for general purpose f.m.

The frequency modulator is of the conventional reactor
valve type coupled to the tuned circuit of the r.f. oscillator.
In order to maintain constant f.m. deviation as the output
frequency is varied, the a.f. modulating signal is applied to
the reactor valve via an attenuation system which is
ganged to the main tuning control and frequency range
switch.

The normal deviation ranges on all bands are 0 to 25
kHz and O to 75 kHz for the TF 995B/2 and O to 5 kHz
and O to 15 kHz for the TF 995B/5. It is possible, how-
ever, to switch out of circuit the part of the a.f. attenuation
system that is ganged to the range switch, so that the
maximum deviation increases proportionally with the
carrier frequency multiplication. TF 995B/2 also includes
a switch-selected uncalibrated maximum sensitivity f.m.
facility for use with external modulation only. When this
facility is used the frequency/response characteristic
modulation circuit is suitable for stereo modulation
signals, and the sensitivity is adequate for use with com-
mercially available stereo encoders.

Amplitude modulation can be set to any depth up to
50%. Both a.m. depth and f.m. deviation are monitored by
switching the panel meter into the appropriate part of the
circuit. The meter is, of course, scaled in per cent a.m.
depth and kHz f.m. deviation as well as carrier level.

Simultaneous amplitude and frequency modulation is
obtainable by setting up the instrument for internal a.m.
and applying f.m. from an external source: This facility is
useful, not only for measurement of the a.m. rejection on
f.m. receivers, but also for swept frequency measurements
on a.m. receivers in conjunction with a suitable oscillo-
scope.



TF 9956B/2

0-2t0 220 MHzin five bands:
0:2t013':5 MHz
13:56t027-5 MHz

27 t0 55 MHz

54t0110 MHz

10810 220 MHz.

From0-2to 135 MHzthe
frequency calibration has an
accuracy of £3% when the crystal
calibration is used. From 135 to
220 MHz the calibration of the
main frequency dial is accurate to
within 1%. In addition, the built-in
crystal calibrator provides 14
check points to an accuracy of 2
partsin 104 on each of the four
higher-frequency bands.

After warm-up the frequency drift
is not greater than 0-005% in a ten
minute period, and is typically
0-002%.

The cover of this controlis as
follows:
+100 kHz on band 1 above
300 kHz.
+50kHzon band 2,
+100 kHz on band 3,
+200 kHz on band 4,
+400 kHz on band 5,
The calibration is accurate to
within £10%.

Built-in coarse and fine 75 Q
attenuators connected in cascade
provide—in conjunction with the
6-dB Terminating Unit—a source
e.m.f.variable in 2-dB steps from
1 pVto 100 mV. Interpolation
between the 2-dB steps is by
means of a £1 dB calibration on
ther.f. level meter.

Sourcee.m.f.’'sup to 200 mV atan
impedance of 75 Q are

output cable.

Source e.m.f.'s down to a nominal
0-1 pV atimpedances of 75 and
52 Q are obtained by inserting
20-dB Attenuator Pad TM 5552
between the Generator output
cable and the Terminating Unit.

of the attenuators and level meter
iswithin1dB £0-25 pV up to 100
MHz, and within 2dB +0-25 pVv
upto 220 MHz.

Normal deviation continuously
variable in tworanges £25 kHz
and £75 kHz on all carrier bands.
Accuracy at maximum deviation
at1 kHzis £5% of f.s.d. with a
possible additional variation of
+10% due to valve ageing or
random replacement. High
deviation of X2 normalis also
available on band 3, X4 normal on

obtained direct from the Generator

The accuracy of the jointindication

band 4, and X8 normal on band 5.
Internal modulation at 1 kHz, with
modulation distortion not exceeding
2% at maximum deviation. On band
1 the high deviation facility should
be used only with carrier frequencies
above 350 kHz. In the normal
deviation condition care must be
taken at carrier frequencies below
300 kHz that the instantaneous
output frequency never falls below
200 kHz. External modulation
characteristic flat within 1 dB

50 Hz to 15 kHz, with respect to

1 kHz.

An uncalibrated maximum
sensitivity facility is also provided
for use with external f.m. only. When
this facility is selected, the
modulation frequency/response

and frequency/phase characteristics
are suitable for stereo modulation
signals, and the sensitivity is such
thatan input signal of not more than
5voltsr.m.s. at 1 kHz will produce

a peak deviation of 75 kHz.

Deviation less than £50 Hz
between 13-5and 100 MHz and
less than £100 Hz between 100
and 220 MHz.*

* The wide frequency coverage on
band1 (1:5t013:5 MHz) is
achieved by heterodyning the
normal band 3 signal with a
fixed oscillator.. At some fre-
quencies on band 1, spurious
f.m. in excess of the figure
quoted for the other bands may
occur. Atthese frequencies the
deviation accuracy will also be
affected.

Internal at 1 kHz to a depth
variable up to 50%, with distortion
not exceeding 6% at 30% depth.
External modulation characteristic
flatto within 1 dB, 50 Hzto 10 kHz
(with input adjusted for constant
modulation meter reading).

A nominal 100-volt high-imped-
ance output from the internal
1000 Hz oscillator is available
atthe front panel.

200to 250 volts, or 100to 150
volts after adjusting internal link,
40to 65 Hz; 65 watts. Both the
mains and h.t. circuits are fused.

Height Width Depth Weight
13 in 17%in 8%in 331b
383cm 44cm 22cm 15 kg

Terminating Unit.
75Qin,75Qand 52 Qout.
20 dB Attenuator Pad.

For use between ouiput cable and
Terminating Unit.
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TF 995B/5

O Narrow deviation model for mobile radio testing
[0 Stepped and extra fine incremental tuning

O Less than 25 Hz spurious f.m.

[0 Three modulation frequencies

Specification as forthe TF 995B/2
except for the following:

After warm-up the frequency drift
isnot greater than 0:002%in aten
minute period except onthe
lowest band

A fine tuning control is provided.
This has an arbitrary cover of
approximately 24 kHz on band 5.
12kHzon band 4, 6 kHzon
bands 3and 1, and 3kHzon
band 2.

Both stepped and continuously
variable calibrated controls are
provided. The stepped control
enables the carrier frequency to be
shifted by £40 and £20kHzon
bandsband 4, £20and 10 kHz
onbands 3and1,and £10and
+5 kHzon band 2.

The continuous control has a
coverof £0-75 of one increment
of the stepped control on any
band; e.g., the coveris £15 kHz
on bands 5 and 4.

Normal deviation continuously
variable fromOto 15 kHz and

0to 5 kHz on all bands; accuracy
and high deviation as for TF 995B/2.
Internal modulation at 400 Hz,
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1 kHz, or 1-5 kHz; distortion and
external modulation characteristic
asforTF995B/2.

On band 1 the high deviation
facility should be used only with
carrier frequencies above 230 kHz.
In the normal deviation condition
care must be taken at carrier
frequencies below 215 kHz that the
instantaneous output frequency
never falls below 200 kHz.

The uncalibrated maximum
sensitivity facility is not provided
inthe TF 995B/5.

The spurious f.m. due to hum does
notexceed 25 Hz deviation at any
carrier frequency. The unusually
low level of spurious noise
modulation allows full use of the
signal generator for adjacent
channel testing on narrow band
communication receivers.

Internal at 400 Hz, 1 kHz, or1-5
kHz; depth and distortion as for
TF995B/2. External frequency
characteristic—with input adjusted
for constant modulation meter
reading—is flat within 0-5 dB

from 100 Hzto 10 kHz.

Accurate to within 5% modulation.

Available at 400 Hz, 1 kHz or
1-5 kHz.




F. M. Signal Generators

TF 1066B /1
[J Frequency range: 10 to 470 MHz
[J No multipliers or mixers
[J Drift <25x10%/ten minutes

(] Stepped as well as continuously-variable
incremental tuning

] Internal modulation at 1 and 5 kHz
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The Marconi F:M. Signal Generator TF 1066B/1 covers the range
10 to 470 MHz. Direct carrier-frequency generation without multi-
pliers ensures the complete absence of spurious sub-harmonics in the
output, and its direct-reading incremental tuning system brings ease
and accuracy to bandwidth measurement.

Stability and purity of signal are enhanced by the use of a rigid cast
r.f. box and a transistor-regulated d.c. filament supply for the r.f.
oscillator. There are preset potentiometers to simplify setting up and
to enable the user to choose the values of stepped incremental shift.

F.M. deviation is variable up to 100 kHz and a.m. depth up to at
least 40%. Modulation can be applied internally at 1 or 5 kHz, or
externally between 30 Hz and 15 kHz. For both internal and external
modulation, f.m. deviation or a.m. depth is directly indicated.

The open-circuit output voltage is continuously variable from
0-2 uV to 200 mV and is derived via a source impedance of 50
ohms. The level of output is controlled by a piston attenuator with a

1-inch dial bearing two scales, one calibrated directly in units of
voltage and the other in decibels relativeto 1 pV.

R.F. Oscillator

The heart of the TF 1066B/1 Generator is its craftsman-built r.f. unit
employing the Marconi-patented system of contactless waveband
selection in a highly developed form. It is this system, supported by
such measures as fully stabilised h.t. and |.t. supplies, which yields the
excellent frequency stability figure of 0-0025% over a 10-minute
period ; this is equivalent to a drift of less than 800 Hz per minute at
300 MHz — a point of performance that allows the user to take full
advantage of the incremental tuning facilities even when making
protracted measurements.

10to 470 MHzin five bands :

10t022 MHz 1100 240 MHz
22t048 MHz 24010470 MHz
48t0110 MHz

Controlled via precision slow-motion
drive. Total scale length, approximately
60inches.

1%.

Uncalibrated control provides cover of
approximately 25 kHz.

After warm-up, 0:0025% or better in
10-minute period.

Negligible below 50 mV; not greater
than 0-1% above.

Carrier shift is variable from —100 to
+ 100 kHz by continuous and stepped
control. The stepped control has three
negative and three positive shift posi-
tions, each with independent preset
adjustment, and one zero shift position.
Shift is monitored by meter with two
ranges, — 20 to + 20 kHz and — 100 to
+ 100 kHz.

Direct accuracy varies inversely with
carrier, frequency from within 10% to
20% of f.s.d.
Using correction chart supplied, accur-
acy at all carrier frequencies is within
10% of f.s.d.

Total harmonic content is less than 10%.
There are no sub-harmonics.

The source e.m.f. is continuously vari-
able from 0:2 pV to 200 mV. The at-
tenuator dial shows the source e.m.f.
both directly and in decibels relative to
1 wV. The dial cursor can be positioned
to indicate voltage across a 50-ohm load
instead of source e.m.f.

Incremental, 0:2 dB ; overall, 2 dB.

50 ohms ; v.s.w.r. not greaterthan 125 :1
using the 20-dB Pad, TM 4919, or 1-6
using the 6-dB Pad, TM 4919/1.

Negligible ; permits full use of lowest
output.
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Modulation

Frequency modulation is applied via a ferrite reactor coupled to the
oscillator tuned circuit. For amplitude modulation, variation of carrier
amplitude is obtained by applying the modulating voltage directly to
the anode of the r.f. oscillator.

Modulation is monitored by a meter with two scales, both of which
indicate either f.m. deviation in kHz or a.m. depth in percentage,
depending upon the type of modulation in use.

Incremental Tuning System

An outstanding feature of the TF 1066B/1 is its incremental tuning
system by which small, precise changes can be made in carrier
frequency, either continuously variable or stepped, and read directly
from a panel meter. The stepped control provides six preset incre-
mental shifts up to + 100 kHz — a feature which greatly facilitates
rapid checking of receiver bandwidth during production testing. Both
incremental frequency controls vary the d.c. applied to the reactor
used for frequency modulation.

In addition to the incremental tuning arrangements there is a fine
frequency control for setting the Generator accurately to the centre
frequency of a narrow-band system under test.

Rack Mounting

An alternative version, TF 1066B/1R, is available for mounting in a
standard 19-inch rack.

Accessories for the TF 10668 series are listed at the bottom of
page 29.

Modulation frequencies: 1 and 5 kHz.
Deviation variable to 100 kHz maximum
and indicated on two meter ranges, O to
20 kHzand 0to 100 kHz.

Modulation frequency range: 30Hz to
15 kHz. Deviation as for internal. Input
requirements: 25 volts across 5 k@ for
100 kHz deviation.

Direct accuracy for internal modulation
varies inversely with carrier frequency
from within 7% of f.s.d. to within 20% of
f.s.d.; using correction chart supplied,
accuracy at all carrier frequencies is
within 7% of f.s.d. Accuracy over ex-
ternal modulation frequency range is
within 5% of accuracy at 1 kHz.

Typically, less than 5% modulation depth
atmaximum deviation.

The f.m. due to hum and noise is less
than 100 Hz deviation.

Modulation frequencies: 1 and 5 kHz.
Modulation depth variable up to at least
40% and indicated on two meter ranges,
0t0 20% and O to 100%.

Modulation frequency range: 30 Hz
to 15 kHz. Modulation depth as for
internal. Input requirements: 10 voits
across 1 M@ for 40%.

+ 5% modulation on 0 to 20% range.
4 10% modulation up to 40% on 0 to
100% range.

For 30% a.m., varies typically from 4 kHz
at10 MHzto 60 kHz at 100 MHz.

The a.m. due to hum and noise is better
than 50 dB below 30% modulation.

200 to 250 volts, and 100 to 130 volts;
40 to 60 Hz; 90 watts. Fuses in mains,
h.t. and L.t. circuits.

Height Width Depth Weight
15%in 21in 10%in 54 Ib
39-6cm  53-5cm 27cm  24-5kg




TF 1066B/6

[0 Up to 400 kHz deviation with up to 100 kHz mod.

frequency

[0 Stepped and continuously variable incremental tuning

TF 1066B/6

TF 1066B/6 is a wide deviation frequency modulated
signal generator covering the frequency range 10 to
470 MHz. Direct generation at the final output frequency
without the use of multipliers ensures complete absence
of spurious sub-multiple frequency components in the
output signal.

R.F. Oscillator

Stability and purity of signal are enhanced by the use
of a rigid cast r.f. box, stabilised h.t., and a transistor
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regulated d.c. filament supply for the r.f. oscillator. The
Marconi patented system of contactless waveband
selection is employed in a highly developed form, giving
complete freedom from the adverse effects resulting from
the passing of heavy oscillatory circulating currents
through metal to metal contacts.

The open circuit output voltage is continuously variable
from 0-2 wV to 200 mV and is derived via a source
impedance of 50 Q. The level of output is controlled by
means of a piston attenuator with a 44-inch dial bearing



two scales, one calibrated directly in units of voltage and
the other in decibels relative to 1 pV.

Meodulation

Frequency modulation is applied by means of a ferrite
reactor coupled to the tuned circuit of the oscillator. The
deviation is variable up to 400 kHz at carrier frequencies
between 50 and 270 MHz, the modulation frequency
range (external) being 30 Hz to 100 kHz.

The carrier can also be amplitude modulated up to a
depth of 40% at any frequency in the range 30 Hz to
15 kHz.

An internal modulating oscillator—for either a.m. or
f.m.—can be switch tuned to either 1 or 5 kHz; and, for
both internal and external modulation, f.m. deviation or
a.m. depth is directly indicated. The modulation meter has
two scales, both of which indicate either f.m. deviation in
kHz or a.m. depth in percentage, depending on the type of
modulation used.

10 to 470 MHz in five bands:

A 10 to 22 MHz C 50 to 115 MHz
B 22 to 50 MHz D 115 to 270 MHz
E 270 to 470 MHz

+1%.

10 MHz and 1 MHz.
Accuracy: £0-02%.

Uncalibrated control = provides cover
of approximately 25 kHz to 100 kHz
depending on carrier frequency.

Drift is not greater than 0:015% in a
10 minute period after 1 hour warm-up.

Negligible below 50 mV; not greater
than 0-1% above.

Carrier shift is variable from —100 kHz
to +100 kHz by continuous and stepped
control. The stepped control has three
negative and three positive positions,
each with independent pre-set adjust-
ment, and one zero-shift position. Shift
is monitored by meter with two ranges,
—20to +20 kHzand —100 to 4100 kHz.

+15% of full scale at all carrier fre-
quencies. Above 115 MHz this tolerance
applies after use of correction chart.
Direct accuracy above 115 MHz without
chart is +25% of full scale.

There are no sub-harmonics of the
carrier frequencies.

The source e.m.f. is continuously variable
from 0-2 uV to 200 mV. The attenuator
dial shows the source e.m.f. both directly
and in decibels relative to 1 uV. The dial
cursor can be positioned to indicate
voltage across a 50 Q load instead of
source e.m.f.

Incremental, +0-2 dB; overall, 42 dB.

Modulation frequencies: 1 and 5 kHz.
Deviation variable to 100 kHz maximum
on ranges A and B, 400 kHz on ranges
C and D, and 300 kHz on range E.
Deviation indicated on meter with three
ranges: O to 20 kHz, O to 100 kHz and
0 to 400 kHz.

Modulation frequency range: 30 Hz to
100 kHz. Deviation as for INTERNAL.
Input requirements: 25 volts across
5 kQ or more for maximum deviation.

TF 106 6 B series

Incremental Tuning System

An outstanding feature of the TF 1066B/6 is its incre-
mental tuning system by which small precise changes can
be made in carrier frequency, either continuously variable
or stepped, and read directly from the panel meter. The
stepped control provides six preset incremental shifts up
to 100 kHz—a feature which greatly facilitates rapid
checking of receiver bandwidth. Both incremental fre-
quency controls vary the d.c. applied to the ferrite reactor
used for frequency modulation.

In addition to the calibrated incremental frequency
control arrangement there is an uncalibrated fine tuning
control for setting the signal generator accurately to the
centre frequency of a narrow-band receiver under test.

Rack Mounting

An alternative version, TF 1066B/6R, is available for
mounting in a standard 19-inch rack.

Accuracy for internal modulation is 10%
of full scale at all carrier frequencies
on_ deviation ranges 0 to 20 kHz and
0 to 100 kHz, and +15% of full scale on
the O to 400 kHz deviation range. Above
115 MHz, these tolerances apply only
after use of the correction chart. Direct
accuracy without the chart above
115 MHz is 20% of full scale. Accuracy
over external modulation frequency
range is within 12% of the accuracy at
1 kHz.

Distortion introduced by the modulator
is not greater than 10% at the maximum
permissible deviation on each range.
Between 215 and 265 MHz the distor-
tion is not greater than 5% at maximum
deviation.

Typically, less than 5% modulation
depth at maximum deviation.

The f.m. due to hum and noise is less
than 100 Hz deviation.

Modulation frequencies: 1 and 5 kHz.
Modulation depth variable up to at least
40% and indicated on a meter scaled
0 to 50%.

Modulation frequency range: 30 Hz to
15 kHz. Modulation depth as for INTER-
NAL. Input requirements: 12 volts
_ across 270 kQ for 50%.

+5% modulation.

For 30% a.m., varies typically from
15 kHz at 10 MHz to 60 kHz at 100 MHz.
The a.m. due to hum and noise is better
than 50 dB below 30% modulation.

200 to 250 volts and 100 to 130 volts:
40 to 60 Hz: 90 watts.

Height  Width Depth  Weight
144%in 21in 10%in 54 |b
396cm 5365cm  27cm  24-5kg

Correction Chart

Output Lead

6 dB Attenuator Pad

20 dB Attenuator Pad

Matching Unit

Matching Unit 50 Q unbal. to 300 Q bal.
D.C. Isolating Unit

Coaxial Fuse




F.M. Signal

Generator

Total frequency cover: 4 to 1000 MHz
Up to any 4 from 5 frequency ranges
300 kHz maximum deviation

Low noise and microphony

Internal and external Af facilities
Built-in crystal calibrator

All solid-state active elements

gobooogao

This signal generator is suitable for measurements on all types of f.m.
receivers operating in the frequency range 4 to 1000 MHz. Its good
stability, low f.m. noise, and low microphony render it particularly
suitable for tests on narrow-band fixed and mobile communications
receivers, with complete freedom from the acoustic ringing that can
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often cause difficulty. On the other hand, the high maximum
deviation, coupled with good performance over a wide range of
modulation frequencies, permits the use of the TF 2006 for measure-
ments on wide-band multiplex systems, including telemetry and
f.m. stereo.



The R.F. Source

An unconventional arrangement is used, whereby each frequency
range is covered by a separate r.f. oscillator unit, of which there are
five, with provision for assembling up to four into the signal generator
during its factory calibration and test. The respective ranges covered
are given in the performance specification under the heading
Fregquency Range. Thus, with four r.f. oscillator units assembled, the
instrument gives continuous cover from 4 to 500 MHz or 10 to
1000 MHz. For many purposes, however, adequate frequency cover
is provided by fewer oscillator units; e.g. 10 to 500 MHz with three
units. Where less than four oscillator units are fitted, the vacant
space is occupied by blank panel units.

Range Selection and Tuning

Each oscillator unit is complete with its own tuning control and
calibrated drum-type dial. The main scale law is substantially linear;
and the slow-motion-drive control carries a 100 division logging
scale, which can be used for interpolation between scale markings if
desired. An adjustable drive brake is provided for prevention of
accidental movement of the control and mechanical shift due to
vibration. There is also a separate dial brake. This enables the
operator to standardise the dial calibration against the built-in
crystal calibrator by adjusting the oscillator frequency with the dial
locked (i.e., by changing angular position of the dial drum on its
spindle.)

Range selection is effected in the usual way, by means of a four-
position panel switch. In order to prevent warm-up drift after band
changing, the oscillator transistors remain energised at all times
while the instrument is switched on. Oscillators not in use are
prevented from oscillating by forward biasing a diode connected in
parallel with the tuned circuit. This diode is, of course, biased to its
non-conducting condition in the oscillator for the selected band.

Crystal Calibrator

The TF 2006 contains a built-in crystal calibrator capable of
providing well defined standardising beats at switch-selected
intervals of 10 MHz, 1 MHz, or 100 kHz over the entire tuning range
of the instrument. This performance is achieved by the use of
specially designed harmonic generators and mixers.

Although the a.f. hetrodyne beat, with adjustable output level, is
available from a telephone jack for special purposes, zero-beat is
also indicated positively by an a.f. integrating-type frequency meter.
When the crystal calibrator is.in use, the modulation monitoring
panel meter functions as a null indicator; and the output frequency
can be set accurately to the appropriate calibration harmonic by
simply tuning for zero indication on the Deviation meter. (Internal
‘modulation is automatically switched off when the crystal calibrator
is used.)

Fine Frequency Control (Af)

Accurate incremental tuning is facilitated by means of a fine
frequency control system which utilises the frequency modulators
built into the r.f. oscillator units.

This control is directly calibrated symmetrically about zero in
three ranges, selected by means of a Af Range switch, the incre-
mental cover of each range being dependent on the main frequency
range in use, as shown in a table on the front panel of each oscillator
unit. Provision is also made for setting up the scale length against
the internal crystal calibrator, giving increased accuracy when this is
desirable.

External Frequency Shift

Incremental frequency shift can also be applied to the carrier by
means of a control voltage fed to an appropriate terminal on the
front panel. The frequency shift produced is directly proportional to
the d.c. level of this voltage, a shift equal to the maximum obtainable
with the internal Af control system being produced by £1:5 volts
input relative to an off-set voltage of —2-5 volts.

The facility can be used for remote manual or automatic frequency
control. It can, for example, be used for low-speed frequency-swept
display of receiver or amplifier response characteristics on an
oscilloscope.
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R.F. Output

The r.f. output level is variable over the range 0-2 pV to 200 mV
by means of a two stage resistive stepped attenuator. The first stage
covers O to 100 dB in 20 dB steps and the second covers 20 dB in
1 dB steps. They are calibrated in both voltage and decibels.

Output impedance of the signal generator is 50 Q, and it is
intended that the instrument should normally be used with its 6 dB
pad—a standard accessory—connected at the end of the output
cable. The voltage calibration is then directly in e.m.f.; but if it is
more convenient to have the attenuator calibration in terms of p.d.
across a 50 Q load, this can be obtained by disconnecting the 6 dB
pad and feeding the signal generator output directly to the receiver
under test.

Connection between the attenuator and the r.f. source is made via
a detachable coaxial link. By removing this link the direct output
from the r.f. source is made available, and access to the attenuator
input is obtained.

An effective automatic-level-control system maintains a sensibly
constant output over the whole frequency range, obviating the need
for manual adjustment to the carrier level when the frequency is
varied.

Counter Output

A separate outlet is provided to facilitate the use of an electronic
counter for precise frequency monitoring—as an alternative to the
built-in crystal calibrator. The r.f. amplitude from the Counter Output
socket is adequate for stable triggering of all Marconi Instruments
counters and most counters by other manufacturers.

Modulation Facilities

The TF 2006 can be frequency modulated internally or externally,
or squarewave on/off modulation can be applied either internally or
from an external sinewave or squarewave source.

Modulating Oscillator

The signal generator contains an internal modulating oscillator
which is continuously variable over the frequency range 20 Hz to
125 kHz. This a.f. range is covered in nine sub-ranges, each covering
a half-decade.

The output from the modulating oscillator is available for external
use from a terminal at the rear of the instrument, the output level
remaining constant at 0 dBm in 600 Q irrespective of the setting of
modulation frequency or f.m. deviation.

Frequency Modulation

The signal generator can be frequency modulated internally or
externally to a maximum deviation of 300 kHz at carrier frequencies
above 215 MHz, or to 100 kHz deviation at lower carrier frequencies.
The wide modulation input frequency bandwidth and flat response
characteristic ensure minimal phase distortion between the input
signal and the f.m. envelope. The f.m. noise is small enough to
permit signal-to-noise measurement ratio on the most sensitive
receivers, and the f.m. microphony is amply suppressed to prevent
audio ringing when testing receivers with built-in loudspeakers.

Modulation Monitor

The f.m. deviation is directly calibrated in kHz deviation. Four
deviation ranges are provided, the monitor sensitivity being auto-
matically adjusted to suit the deviation range in use. Provision is
made for standardising the calibration of the modulation monitor
against that of the Af control. This, in turn, may be standardised
against the internal crystal calibrator.

Power Supplies

The TF 2006 is intended for normal operation from a.c. mains
supplies in the 110 volt range or 230 volt range. It can also be
operated from external batteries where this offers some portability
advantage. Battery operation, however, produces no advantage
regarding the hum suppression; with normal a.c. mains supplies
the hum content in the output is imperceptible.
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A meter null indication is provided at all
10, 1 and 0-1 MHz points.

;, The meter readout gives 1 kHz discrimina-
tion at check points.

The oven controlled crystal reaches 3
parts in 10¢ after 15 minutes in the
ambient temperature range of 10°C to
35°C. To reduce external d.c. consump-
tion the crystal oven can be switched off.

4 to 1000 MHz using 5 oscillator units, of
which any 4 can be assembled into a
generator.

(1) 4to10MHz (2) 10to 90 MHz
(3) 881to 220 MHz (4) 215 to 500 MHz
(5) 440 t0 1000 MHz

Each carrier range unit has an independent
28 turn knob. The main scale is
substantially linear and a vernier scale has
100 divisions.

+% of a scale division, but the internal
crystal calibrator can be used to increase
the accuracy to £3 parts in 10¢ +1 kHz.

Frequency scale

200 mV e.m.f. down to 0-2 pV.

Coarse: 100 dB in 20 dB steps.
Fine: 20 dB in 1 dB steps.
External: 6 dB pad.

Frequency range divisions With a terminated output, automatic level
4to 10 MHz 100 kHz control maintains the level meter reading
10to 90 MHz 2 MHz substantially constant so that no manual
88 to 220 MHz 2 MHz adjustment is necessary.
215 to 500 MHz 5 MHz
440 to 1000 MHz 10 MHz +1dBto 500 MHz.

At a constant ambient temperature in the +2 dB to 1000 MHz.

range 10°C to 35°C, immediately after
switching on, the drift is typically 10
kHz per 15 minutes at 10 MHz and 50
kHz per 15 minutes at 1000 MHz.

At a'constant ambient temperature in the
range of 10°C to 35°C and after thermal
equilibrium has been reached, the drift
does not exceed 15 p.p.m. +1:5 kHz per
15 minutes.

Thermal equilibrium is reached after the
following times:

V.S.W.R. better than 1:15 to 200 MHz
1-25to 500 MHz
1-5 to 1000 MHz
100 mV r.m.s. minimum across 50 Q up to
600 MHz.

50 mV r.m.s. minimum across 50 Q up to
1000 MHz.

Less than 23% from 90 MHz to 1000 MHz.
Less than 4% from 4 MHz to 90 MHz.

Frequency range Time With a two-turn loop of one inch
MHz (min) diameter connected to a receiver, a signal
4— 10 30 cannot be detected at a distance greater
10— 90 9 than 1 inch from the signal generator at
88— 220 6 frequencies up to 500 MHz with the
215— 500 45 receiver sensitivity set at 1 pV, or above
440—1000 45 500 MHz with the receiver sensitivity set

The thermal equilibrium times stated are at 2 pV.

not additive. If, on a given frequency
range thermal equilibrium has been
reached, and the instrument is switched
to another range the drift specification
will be met within 3 minutes.

One hour after a 10°C change in ambient
temperature, within the range 10°C to
35°C, the drift does not exceed 100
p.p-m. +3 kHz per 15 minutes after 3
hours the drift rate does not exceed

15 p.p.m. +1-5 kHz per 15 minutes.

For a supply voltage change of £10%
about 230 volts or 115 volts, the
frequency change is less than 500 Hz
at the highest generated frequency.

With the coarse attenuator set to give at
least 20 dB attenuation, the maximum

frequency shift between the output open
circuited and loaded with 50 Q is 1 kHz.

With the output loaded with 50 Q, the
maximum frequency shift between a
coarse attenuator setting of 20 dB
attenuation and any greater attenuation
is 500 Hz.

Three calibrated rangés are provided for
each carrier band.

Carrier oscillator units 4 to 10, 10 to 90,
and 88 to 220 MHz have fine tuning
ranges of £10, 30 and 100 kHz. The
smallest scale division is 200 Hz.

Carrier oscillator units 215 to 500 and
440 to 1000 MHz have fine tuning .
ranges of £30, 100 and 300 kHz. The
smallest scale division is 1 kHz.

When standardized independently for
positive and negative excursion on the
100 and 300 kHz ranges, the accuracy
is as follows:

A full-wave peak-reading meter is scaled
0-100 and 0-30.

Four ranges are provided for each carrier
band. Carrier oscillator units 4 to 10,

10 to 90, and 88 to 220 MHz give
monitor full scales of 3, 10, 30 and 100
kHz peak deviation. Carrier oscillator
units 215 to 500, and 440 to 1000 MHz
have deviation ranges of 10, 30, 100
and 300 kHz.

D.C. and 20 Hz to 125 kHz. Suitable for
f.m. stefeo. Typical channel separation
figures are 33 dB at 50 Hz, 36 dB at

1 kHz, and 34 dB at 15 kHz.

At 1 kHz modulation frequency the
deviation accuracy, when standardized
against the internal crystal calibrator is
+6% of f.s.d. on all ranges.

Without standardization the accuracy is
+12% on all ranges.

Fine tuning and frequency modulation
can be used simultaneously, provided the
total excursion does not exceed the range
maximum shown for fine tuning, but the
deviation accuracy will be impaired.

+0-5 dB relative to 1 kHz from 20 Hz
to 125 kHz at carrier frequencies from
10 MHz to 1000 MHz.

+1 dB relative to 1 kHz from 20 Hz
to 125 kHz at carrier frequencies from
4 MHz to 10 MHz.

Using the internal oscillator for maximum
deviation, at modulating frequencies from
100 Hz to 20 kHz, the total harmonic
distortion does not exceed 2%, except
between 4 MHz and 20 MHz, or above

Afrange Accuracy 500 MHz carrier frequency where there
(kHz) (kHz) may be an extra 2%. At modulating
300 +6 frequencies from 20 kHz to 125 kHz at
100 +2 maximum deviation, the total inter-
30 +1-5 modulation distortion (CCIF method)
10 + does not exceed 3%.
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At maximum deviation on the ranges from
90 MHz to 1000 MHz, less than 2% a.m.
At 75 kHz deviation on the ranges from

4 MHz to 90 MHz, less than 6% a.m.

With psophometric weighting as follows:

Telephone: less than 20 Hz equivalent
deviation, typically 12 Hz.
Flat: less than 60 Hz equivalent

deviation, typically 40 Hz.
(15 kHz bandwidth)

Range: 20 Hz to 125 kHz.
Dial accuracy: +10%.

Qutput level: 0 dBm £0-5 dB into 600 Q
from 30 Hz to 125 kHz.

Distortion: Less than 1% from 30 Hz
to 125 kHz.

Input terminals for external f.m. or fine
tuning or both.

Input level: 15 volts r.m.s. into 600'Q
for maximum frequency
deviation.

—1 volt to —4 volts for
maximum fine frequency
shift.

ON/OFF square wave modulation. An
internal squarer will square a sine wave
input, or a square wave drive may be
applied.

630 Hz to 2 kHz.

1-5 volts r.m.s. or 4:5 volts p-p into
600 Q.

Greater than 60 dB down on 100%
modulation, measured in a 20 kHz
bandwidth.

When checked on a mechanical vibrator,
less than 12 kHz deviation is caused by
1 g. acceleration in the range of 10 to
80 Hz. (At 10 Hz, 1 g corresponds to a
displacement of 0-1 inch.)

Each generator is checked on the mobile
radio bands to ensure freedom from audio
feedback between the receiver speaker
and the generator under normal working
conditions.

TF 2006

95 to 130 volts and 190 to 264 volts,
45 to 500 Hz, 25 VA.

23 to 32 volts positive earth, 0-55 amps
or 0-35 amps with crystal oven off.

Height Width Depth  Weight
13in 18in 16in 80 Ib
(33 cms) (46 cms) (41 cms) (36-4kg)

Mains lead, TM 7052, 6 ft long:

Link, 50 Q type N male—type N male,
connects DIRECT OUTPUT to ATTEN
INPUT sockets.

Set of accessories in box, TM 9130

comprising:
6 dB pad. type N male—type N female.
Impedance: 50 Q.
Frequency range: D.C. to 1000 MHz
Accuracy: +0-3dB.
V.S.W.R.: Less than 1-1:1.

Maximum input: 1 Watt

Output Lead TM 4726/12 50 Q type N
male—type N male 3 ft long.

Output Lead, TM 4969/3, 50 Q BNC
male—BNC male, 5 ft long.

Adapter, type N male—BNC female.

Telephone jack plug. for crystal
calibrator output socket.

Extension Board, TM 8884, permits the
instrument to be operated. for
servicing, with any one of the plug-in
circuit boards clear of the instrument.

Extension lead, 12-way, feeds the
supplies and inputs to an r.f. oscillator
when operated clear of the instrument.

Extension lead, coaxial, TNC male—
TNC female, feeds the output from an
r.f. oscillator when operated clear of
the instrument.

Rack Mounting Kit

TM 9130, set of accessories
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TF 1073 A Attenuator

O D.C. to 150 MHz
[(J 1dB steps
[0 Double-screened construction

'F.ATTENUATOR
TF 10734 Ne 52475/070
MARCON! INSTRUMENTS e
‘ ENGLAND -

)

E
i
f
|
|

This r.f. attenuator is variable in 1-dB steps from O to The attenuator allows -accurately known changes of
100 dB at 756 Q impedance. lts basic construction gives an output to be obtained from video or r.f. oscillators. It can
exceptionally flat frequency characteristic. The. attenuator be used in measuring amplifier gain, transmission loss of
is an instrument in its own right—not just a component networks, frequency response of filters, power-level tests
which must be built on to the equipment with which it is on transmitters and generally extending the usefulness of
to be employed. other test equipment.

100 dB in 1-dB steps. Provided by coarse
and fine controls; one giving 80 dB in
20-dB steps:; the other giving 20 dB in
1-dB steps.

0 to 100 MHz; usable to 150 MHz with
reduced accuracy.

75Q.

Each step of the coarse section introduces
20, dB +0-2 dB, but the cumulative error
due to these steps never exceeds +0-5 dB.

Each step of the fine section is independent
and introduces the nominal attenuation
+0-2dB.

Inputs up to a maximum of 0-25 watts can
be applied.

Height Width Depth  Weight
8in 104 in 7in 7% b
206cm  266cm 18 cm 34 kg
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U.H.F. Attenuator

TF 2163S

TF 2163S is a 50 Q switched attenuator suitable for use at.
all frequencies up to 1 GHz. Its accuracy and freedom
from standing waves has been achieved by the use of a
novel design in which special resistive pads are selected
by cam-operated microswitches. Careful attention to
internal screening prevents errors due to leakage fields
at high attenuation settings.

Controls

Attenuation is selected by means of two rotary step
controls, one covering 120 dB in 20 dB steps and the
other covering 22 dB in 1 dB steps. The sum of the
settings gives the overall attenuation.

D.C.to 1 GHz.

0to 142 dBin 1 dB steps.

Up to 130 dB at 1 kHz +0-5% %
0-1 dB.

Up to 100 dB at 1 GHz *=1%
+0-2 dB.

Up to 130 dB to 1 GHz +15%
+0-2 dB.

50 Q input and output.

Not exceeding:

1-1 below 200 MHz.
1-25 below 500 MHz.
1-5 below 1 GHz.
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0 O0to142 dB in 1 dB steps.

O V.SW.R. 1.1 up to 200 MHz,
1.5 up to 1 GHz

0 50Q impedance.
0 Low insertion loss.

Connections
Type N inlet and outlet sockets are provided.

Housing

The instrument conforms to the Marconi modular

dimensional standard; and in its bench mounting form is
housed in a one-third module casing. It can, of course
occupy any position in a full-module rack mounting case.
It is provided with a front panel lid equipped to stow a
coaxial r.f. fuse unit, spare fuses, and two type N to BNC
adapters.

0-5 watts.

Approx. 0-3 dB per 100 MHz.

Width Depth  Weight
2in. 2in. 104 in. 8Ib.
196 cm 14'5cm 27 cm  3:63 kg

TM 7010 Rack Mounting Case.




Signal Generator Accessories

R.F. Connecting Cables

CONNECTORS
TYPE No. Ro LENGTH INPUT OUTPUT SUITABLE FOR
TM 4969 50 Q 36 in BNC Plug BNC Plug
Frequencies up to 500 MHz
TM 4969/3 50 Q 60 in BNC Plug BNC Plug Signal Generators:
TF 144H series
~ TF 2002AS
TM 4726/152 50 Q 60 in BNC Plug Belling Lee
L778FP Small
Screenector
TM 4824 50 Q 36-in N Plug N Plug Frequencies up to 500 MHz
Signal Generators:
TF 801D series
TF 1066B series
TM 4824/1 50 Q 54 in N Plug N Plug Attenuator TF 2163S
Attenuator Pads
TYPE No. ATTENUATION | IMPEDANCE | CONNECTORS SUITABLE FOR
TM 5573 20 dB 50 Q BNC Frequencies up to 500 MHz
Signal Generators:
TF 144H series
TF 2002AS
TM 5573/1 6 dB 50 Q BNC
TM 5552 20 dB 75 Q BNC Signal Generator:
TF 995B series
TM 4919 20dB 50 Q N Frequencies up to 500 MHz
Signal Generators:
TF 801D series
TF 10668 series
TM 4919/1 6 dB 50 Q N
TM 5554 10 dB 50 Q N Frequencies up to 1200 MHz
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Matching Units

TYPE No.

DESCRIPTION

SUITABLE FOR

TM 5569

50Q to 76 Q Matching Pad. Comprises a single 256 Q
series resistor to convert the 50 Q source resistance
t0 75 Q.

Input connector: BNC Plug.

Output connector : Belling Lee L778FP.

Signal Generators:
TF 144H series
TF 2002AS

TM 6599

Similar to TM 5569 but with Burndept type PR4E
output plug.

Signal Generators:
TF 144H series
TF 2002AS

TM 5955/5

Matching Transformer 50 Q unbalanced to 300 Q
balanced. Comprises toroidal auto-transformer. Suit-
able for use at frequencies up to 100 MHz.

Input Connector: BNC Plug.

Output Connector: Miniature Terminals.

Voltage ratio: 1 to 0-5+0-5.

Signal Generators:
TF 144H series
TF 2002AS

T™M 6123

Composite Dummy Aerial and D.C. Isolating Unit.
Includes connecting cable with BNC plug; spring-
clip output terminals. For general receiver testing or
for use on circuits with d.c. potentials up to 350
volts.

Signal Generators:
TF 144H series
TF 2002AS

TM 4918

50 Q to 75 Q Matching Pad. Comprises a single 25 Q
series resistor.

Input connector: N socket.

Output connector: Belling Lee L734P plug.

TM 5548

50 Q to 75 Q Matching Pad. Comprises a single 25 Q
series resistor.

Input connector: N socket.

Output connector: Burndept PR4D plug.

TM 5549

50 Q to 75 Q Matching Pad. Similar to TM 5548 but
with Plessey Major CZ71060 output plug.

Signal Generators:
TF 801D series
TF 1066B series

Attenuator TF 2163S

TM 4916

Matching Unit 50 Q unbalanced to 300 Q balanced.
Uses resistive networks only for measurements on
receivers with balanced transformer inputs.

Input connector: N socket.

Output connectors: Solder spills.

Coaxial Fuse

TM 5753

T™ 4917

For use with signal generators TF 801D series and
TF 1066B series to prevent damage to the attenuator
through accidental application of r.f. or h.t. power to
the circuit under test.

Rating: 0-4 watt.

Insertion Loss: Nominally 0-5 dB.

V.S.W.R.: 1-35 or less when terminated with
a matched 50 Q load.
1-6 or less when terminated with
the signal generator attenuator via
20 dB Pad TM 4919.

Connectors : Type N.

Fuse: 1/16 A Littlefuse Cat. No. 316.062.

10 spares are provided.

D.C. Isolating Unit

For use with TF 801D series and TF 1066B series
signal generators. Allows the signal generator to be
used for testing at d.c. potentials up to 300 volts.
Connectors: Type N.
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Signal Generators:
TF 801D series
TF 10668 series
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Oscillators and A.F. Attenuators

Frequency Nomenclature

In this catalogue the term oscillator is used for the simple
sinewave source in order to distinguish it from the true signal
generator designed for radio receiver measurements. Although
the technical differences between the two types of instrument
are too obvious for comment, there is considerable frequency
overlap. But because of their differing applications, the fre-
quency nomenclature used with signal generators is not
meaningful for instruments in this section.

The terms in common usage are somewhat imprecise, but, as
the main differences between the various signal sources in this
section is that of frequency coverage, a somewhat arbitrary
nomenclature is used for identification purposes. The term
“medium frequency'’ is applied to instruments covering fre-
quencies above the audio range but not high enough to be
regarded as video frequencies. In this context the term has a
different meaning from that given in the 'Useful Data”
Section, but no confusion is likely to arise as the frequency
ranges of the instruments involved are clearly stated on all
descriptive literature associated with them.

Attenuation Networks R, R

At the frequencies covered by the instruments in this
section, it is frequently convenient to build into test circuits

simple attenuator pads of the form shown. The accompanying Ro z Ro Ro * °
table should be helpful in calculating the values of the resistive
elements.
Atten. e lvi
in dB Multiplying Factors
Ri R» Rs Ra
0-5 0-0287 17-361 0-0576 34-79
1 0-0575 8-669 01156 17-39
2 0115 4-305 0-232 8:726
3 0171 2-838 0-352 5-848
4 0-226 2-094 0-478 4-425
5 0-280 1-645 0-608 3-569
6 0-333 1-339 0:747 3-007
7 0-382 1116 0-896 2:614
8 0-431 0-945 1-058 2-323
9 0-476 0-812 1-232 2:101
10 0-519 0-703 1-423 1-925
12 0-599 0-536 1-865 1-670
14 0-667 0-416 2-405 1-499
16 0-726 0-325 3-:078 1-377
18 0-776 0-254 3-907 1-288
20 0-818 0-202 4-950 1-222
25 0-894 0113 8-876 1119
30 0-939 0-0633 15-80 1-065
35 0-965 0-0356 2813 1-036
40 0-980 0-0200 50-0 1-020

In order to find the actual values of R; and R, multiply the
figures given in the table above by the characteristic resistance R.
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Frequency Range
10 Hz to 10 MHz
20 Hz to 200 kHz

Rack
Mounting Kit

41

3 Hz to 30 kHz TM 7010
10 Hzto 1 MHz -

20 Hz to 20 MHz TM 7010
2:5 Hz to 2-5 MHz -

Rack

Frequency Range Mounting Kit
D.C. to 550 kHz TM 7010
D.C. to 1 MHz TM 7010




Wide Range R-C Oscillator

Squarewaves up to 100 kHz
High outputs- 316 volts up to 1 MHz

O 00O

The TF 1370A is a general-purpose sinewave generator
covering the audio and video frequency bands. It also
delivers a high quality squarewave output at frequencies
between 10 Hz and 100 kHz.

The oscillator is primarily a signal source for measure-
ments and tests on a.f. and v.f. amplifiers and networks.
With its four output impedances—600, 130, 100 & 750—
it is very suitable for use with transmission lines, filters,
attenuators, etc.

Sinewaves

The wide-range Wien-bridge oscillator covers 10 Hz to
10 MHz in six decade bands. The top band, with its

42

Frequency range (sinewave): 10 Hz to 10 MHz

TmV to 3-16 volts at 75, 100, 130, or 600 © via attenuator

DUTPUT VOLTAGE -

WARNNG
CHETH RANGE

exceptionally wide cover of 1 to 10 MHz and stable output
characteristic, is ideal for response testing in the video
and lower h.f. bands. A single scale is used for the four
lower bands and separate scales for the two upper bands;
this gives a total scale length of 105 inches and makes a
1% change in frequency easily discernible. Speed and
precision of tuning are reconciled by a dual-ratio control,
3:1 for rapid adjustment and 18:1 for fine tuning.

Outputs from 1 mV to 316 volts are available via a
switched attenuator covering 60 dB in 10 dB steps. The
signal level applied to the input of the attenuator is
continuously variable and is monitored by a meter calib-
rated in open-circuit voltage and decibels. The output
impedance can be set to 75, 100,13 0,0r 600€, as required.



Low outputs down to 10 pV at 75 or 5L can be nabtained
by using the x100 Attenuator Pad available as an
optional accessory.

High outputs up to 31-6 volts, at frequencies up to
1 MHz, are delivered at a separate outlet. This output is
controlled by a switched potential divider with a continu-
ously variable input, with the meter indicating the voltage
across the load. Switching to a higher frequency band
during high-output operation automatically lights a
warning lamp to show that this is not an operative
condition.

Squarewaves

Squarewave outputs up to 31:6 volts peak are available
at frequencies up to 100 kHz. The warning lamp facility
provided for high output sinewave operation also applies

10 Hz to 10 MHz, in six decade bands.
10 Hz to 100 kHz, in four decade bands.
+2% +1 Hz!

Drift less than 1x103/fifteen minutes,
after one hour’s operation.

Seven ranges of e.m.f. between 10 Hz
and 10 MHz, with maximum r.m.s. values
of 3-10-30-100-300 mV, and 1-3 volts.
Output/Frequency Characteristic—
relativeto 1 kHz : Between10 and 100 Hz:
Within +0-6 dB.
Between 100 Hz and 1 MHz: Within
--0-25 dB.
Between 1 MHz and 10 MHz: Within
+1 dB.
Attenuation Range: Six 10 dB steps
between —50 dB and +10 dB.
Seven ranges of e.m.f. between 10 Hz
. and 100 kHz, with maximum peak
values of 3-10-30-100-300 mV, and
~ 1-3 volts. (For p-to-p values, multiply by
- 2)
Output/Frequency Characteristic—
relative to 1 kHz: Between 10 Hz and
100 kHz: Within +£0-3 dB.
Attenuation Range: Five 10 dB steps
between —50 dB and O dB.

Four switch settings giving values of
75Q, 100Q, 130Q, and 600Q unbalanced,
- at all attenuator settings, except on the
maximum output step using square-
waves, when the source impedance is
increased by 250Q.

The switch ranges are within +1 dB
overall.

(p.d. across loads greater than 2:2 kQ)

~ Two ranges of at least 10 volts and 316
volts r.m.s., between 10 Hz and 1 MHz.

Two ranges of at least 20 volts and 73-2
volts p-to-p (410 volts and +31:6 volts
peak with respect to zero), between
10 Hz and 100 kHz.

10 volt Range: Nominally 650Q.
31-6 volt Range: Nominally 256Q with
500 pF in series.

Two ranges, graduated from O to 10 and
0 to 31-6.

Sinewave Operation: +3%
between 10 Hz and 1 MHz.
+3% of f.s.d. +2% of reading between
1 and 10 MHz.

of fs.d.

TF1370A

for squarewaves if a higher frequency band is selected.
Output arrangements are similar to those for sinewaves
except that the meter indicates the peak amplitude with
respect to zero, /.e. half the peak-to-peak voltage.

Both sag and mark/space ratio are adjustable by front
panel presets. Below 50 Hz, the sag can be adjusted to
zero for any particular load ; above 50 Hz, one zero setting
is valid for all loads. The mark/space preset enables the
ratio to be brought exactly to unity.

Rack Mounting Facilities

The standard instrument is housed in a case for bench
use. The front panel is, however, the correct size and
ready drilled for mounting in a standard 19-inch rack. A
rack-mounting version—TF 1370A/R—fitted with dust
cover and panel rails, is also available.

Squarewave Operation: +3% of f.s.d.
+2% of reading between 10 Hz and
100 kHz.

One range from —20 dB to O dB relative
to f.s.d.

The scale is also marked with two
reference points for 1 volt p-to-p (p.d.)
across a 75Q load with sinewaves and
squarewaves, when using the 1 volt
(0 dB) attenuator setting and the 75Q
impedance setting.

The distortion factor is less than the
levels in the table:

PERCENTAGE | DISTORTION
BANDS | ATTENUATOR | DIRECT
OUTPUTS OUTPUTS

A 2% 2%
B.C&D 0-5% 1%

E 1% 2%

F 2% —

F 5% —

Rise Time: Not greater than 0:4 usec
at § fs.d., and not greater than
0-75 usec at f.s.d.

Sag: Approximately 5% at 20 Hz using
2:2kQ load.

Mark/Space Ratio: 50/50 +5%.
Front-panel adjustments for sag and
mark/space ratio are provided.

Less than 0-1% of the output at f.s.d.
above 10 mV.

100 to 150 volts and 200 to 250 volts;
45to0 65 Hz; 150 VA.

Height  Width Depth  Weight
14 in 20 in 11in 38 1b
359cm 506cm 275cm 17 kg

Coaxial Free Plug, Type BNC, 75Q; for
use with either output socket.

Unbalanced-to-Balanced Transformer;
600 to 600/200/150Q.

75Q Coaxial Lead; 3 feet long: with
BNC 75Q plugs to connect any of the
above accessories to the instrument.




TF1101

R-C Oscillator

O Frequency range: 20 Hz to 200 kHz

[0 Thermistor stabilized oscillator

O 60 dB step attenuator

O 0-1% distortion at 1 kHz using built-in filter

o
b
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20 Hz to 200 kHz in four ranges of 20
to 200 Hz, 200 Hz to 2 kHz, 2 to 20 kHz,
and 20 to 200 kHz.

+1-5% +1 Hz.
+0-15% =1 Hz after warm-up.

For any given setting of the output
controls, the output level remains constant
to within £0-5 dB from 20 Hz to 200 kHz.

Continuously-variable up to 20 volts for
external loads of 600 ohms or greater.

Continuously-variable up to 20 volts
source e.m.f. in seven steps with
maxima of 20 mV, 60 mV, 200 mV,
600 mV, 2 volts, 6 volts and 20 volts.

The instrument is also calibrated from
—60 to +28 dB relative to T mW to show
the power delivered to an external

600 ohm load.

44

A wide frequency range together with high output, purity of wave-
form, and frequency stability, are primary requirements in any
high-quality general-purpose oscillator. All of these features are
combined in this compact Marconi R-C Oscillator.

The frequency coverage of 20 Hz to 200 kHz with %-watt output
at low distortion can be put to good use in a variety of applications
ranging from audio work to carrier telephony testing. For distortion
measurements on high-quality audio amplifiers, a built-in band-pass
filter can be connected in series with the output to provide a 1 kHz
test tone with harmonic content less than 0-1%.

Frequency response measurements are facilitated by the semi-

logarithmic frequency scale which gives the same order of setting
accuracy at all frequencies, the overall frequency characteristic of
+0-5 dB, and the virtual absence of switching transients between
ranges.
The large tuning dial has an effective scale length of over 48 inches
and ensures excellent discrimination. The panel meter and 60 dB step
attenuator are direct reading both in source e.m.f. and, for a 600 ohm
load, in decibels relative to 1 mV.

Fundamentally, the instrument comprises a two-stage thermistor-
stabilized Wien-bridge oscillator in which the capacitive elements
are varied by the frequency control and the resistive elements by the
range switch. Even-order harmonics and hum are minimized by the
use of a push-pull transformer-coupled output stage; at high
frequencies the quality of output is maintained by the provision of a
ferrite-cored output transformer. A high order of frequency stability
is assured by a carefully designed oscillatory circuit and a series-

stabilized power supply.

Less than 0-5% between 50 Hz and
20 kHz; outside this range, less than 1%.

As above except that, for outputs above
10 volts and/or loads less than 1 kQ,
distortion may rise to 1-5%.

At 1 kHz, using the built-in band-pass
filter, less than 0-1% with reduced
output.

200 Hz to 200 kHz: —60 dB.
20 Hz to 200 Hz: —50 dB.

100 to 150 volts or 200 to 250 volts;
45 Hz to 65 Hz.

(Permissible voltage variation of +5%
on tapping value).

Height Width Depth Weight
12%in 8% in 14% in 31 1b
31cm 21-5cm 37-6cm 14 kg




A.F. Oscillator

TF2102M

0 3 Hz to 30 kHz
0 Complete freedom from amplitude bounce
0 10 volts across 600 Q

AF OSCILLATOR
IHe Xk

3 Hzto 30 kHzin four decade bands.
2%.

Drift less than 0-02% per 15 minutes
after warm-up

(assuming fairly constant ambient
temperature).

600 Q +£5%, floating or unbalanced.

Oto 10 volts across 600 Q

(20 voltse.m.f.) in 1 volt steps ‘with
fine control giving continuous
cover between steps with at

least 5% overlap.

Level remains constant within 1 dB
over the full frequency range.
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This all-solid-state oscillator, intended as a general
purpose a.f. source, provides a moderately high output
level over a range of frequencies extending well below the
normal audio range. In addition to the usual applications
as an a.f. test oscillator, therefore, the TF 2102M is
suitable for use as a primary source in vibration equipment,
and even for tests on servo systems.

An important feature of the instrument is its complete
freedom from ““amplitude bounce’ when rapid frequency
changes are made, or with frequency range switching. It
is also particularly free from potentiometer noise effects
as frequency is varied; and its low impedance circuitry
gives a generally low figure for hum and noise.

It comprises an oscillator driving an output amplifier of the
complementary symetric class B type. This amplifier
operates at fixed gain, heavily stabilised by negative feed-
back, output level control being effected by means of a
potential divider system' between the oscillator and
amplifier. The total output level variation of O to 10 volts
across 600 Q is achieved by a switched Coarse control,
having ten 1 volt steps, and a continuously variable Fine
control covering 1 volt.

The output amplifier has a constant, very low, source
impedance, the instrument's 600 Q output resistance
being obtained by internal connection of a fixed series
resistor. The general performance and distortion are,
therefore, unaffected by the impedance of the external
load; and the instrument can be used as a current source,
operating directly into a short circuit, if desired. By
operation of a panel switch, the output circuit can be
connected to or isolated from chassis.

Lessthan 1%.

Less than —80 dB relative to full
output.

100to 130 volts or 200 to 250
volts, 40 to 65 Hz, 5 VA.

Height
7% in.
20 cm

Width Depth Weight
2in. 10%in. 8% 1b.
15cm 27 cm 3-8 kg

Shielded Adapter (GE 51002).
Coaxial Output Cable.
Twin Balanced Qutput Cable.




TF 2103

Wide Range Oscillator

[0 10 Hz to 1 MHz
O Sinewave and squarewave
O Low price
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The output frequency of this sinewave/squarewave portable oscill-
ator is continuously variable from 10 Hz to 1 MHz.

A bank of five range-selecting push-buttons and a clearly
calibrated dial are used to set the output frequency; the effective
scale length for the band exceeds 3 ft. Output signal amplitude is
continuously variable (in four switched ranges) from O to 2-5 volts.

The instrument is powered by two internal 9 volt batteries. A
push-button operated indicator lamp facilitates occasional checking
of the supply.

10 Hz to 1 MHz. Continuously variable
in 5 ranges: 10 Hz to 100 Hz; 100 Hz
to 1 kHz; 1 kHz to 10 kHz; 10 kHz to
100 kHz; 100 kHz to 1 MHz.
Calibration accuracy: £3%.

Sinewave or squarewave.

Squarewave rise-time: Not greater

than 100 nsec (typically

30 nsec) between 10% and 90% amplitude
points.

Typically 0-5% for frequencies 50 Hz
to 10 kHz.
Less than 2% for frequencies to 100 kHz.

0 to 25 volts r.m.s. Continuously
variable in 4 ranges: 0 to 2:5 mV;

0 to 256 mV; 0 to 0-25 volts; O to 25
- volts.
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If mains operation is preferred, the batteries may be replaced by a
Mains Power Unit TM 9808 which is available as an optional extra.

The TF 2103 employs a transistor Wien-bridge variable frequency
oscillator as signal source; this is followed by an inverter/amplifier
when sinewave output is selected, but by a Schmitt trigger circuit
when squarewave output is selected. The signals of selected
waveform and frequency are applied to a complementary emitter
follower output stage and hence pass via an attenuator to the
output terminals. Amplitude stabilisation is provided by thermistor-
controlled negative feedback.

600 Q on 2:5 mV, 256 mV and 0:25 volts
ranges.

Not greater than 600 Q on 2-5 volts

range: typically 100 Q at maximum

output.

Note: The attenuator is frequency
compensated to feed a high impedance
load. If excessive capacitance is connected
across the output a fall off in high
frequency response will result.

Two series-connected 9 volt batteries:
Vidor type VT9 or Ever Ready type PP9

or equivalent (Mains Power Unit optional
extra). Minimum supply voltage: 12

volts DC.

Consumption: 0-4 watts (25 mA: 16 volts).

0° to +45° Centigrade.

Height Width Depth ~ Weight
43 in. 8% in. 5in. 4-6 b
12 cm 21em  12:7cm  1:9 kg

Weight without batteries 2:7 Ib (1-1 kg)
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Mains Power Unit

T™ 9808

OUTER (_)

SOCKET QUTER (1)

PLUG

* MAINS LINK
POSITION ‘a"
‘o]

FUSE
FSI

(TOP PLATE REMOVED)

FIG.2

This compact mains operated power unit is specially designed for
use within Wide Range Oscillators type TF 2103. The need for two
series-connected 9 volt batteries (type VT9 or equivalent) is
eliminated when the TM 9808 is incorporated.

The circuit employs semi-conductor devices in a stabilizing
configuration for which the reverse-breakdown voltages of two
Zener diodes combine to serve as reference potential.

Voltage Setting Instructions

Unit type TM 9808 is normally supplied set for 200/250 volts
mains operation. To change voltage setting for 100/125 volts
operation proceed as below.

(i) Before connecting supply, remove<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>